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BACKGROUND OF THE INVENTION 5 1. Field of the Invention This invention

rel at es twoa3omfposite material having an intervening rel eas@Soaysns More
particularly, a copper foil layer is releasably bonded to a carrier, |ayer
for transport and assenbly. The rel ease | ayer di sposed between the carrier
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printed circuit boards. A low height profile bond enhancing |ayer is
formed on a surface of the copper foil |ayer opposite the rel ease |ayer. 2.
Descri ption of Related ArBAUKGROBNROFJFHE IN¥ENIIYNey ol ve, there is a need
for thinner and smaller printed circuits. This decrease in size leads to a
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foil. Another problemw th thicker copper foil is that a longer tinme is
required to etch the foil increasing the manufacturing cost and increasing
the envi ponmemal i iRAERAMEARO the disposal or reclamation of dissolved
copper. Yet another problem arises fromthe presence of N /Au overhang.
Ni / A6 over handisaiectrogicwlegiteacilyeither8B aowad forghingeregndisivatieqsrirsed et ch resi st
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short circuit in the finished product. WO 03/022569 PCT/ US02/ 27703

Most printed circuit boards have a dielectric substrate, such as an epoxy or

polyimide, laminated to a layer of copper foil. The copper foil is etched into a desired

20  circuit pattern. As the need for finer line resolution increases, thinner copper foil is
required. This is because when copper foil is etched, etching occurs in both a vertical
direction and in a horizontal direction at about the same rate. While the vertical etching is
required to create spaces between adjacent circuit traces for electrical isolation, horizontal
etching at the sides of a trace damages the integrity of the circuit traces. Horizontal

25  etching limits the minimum line-to-line spacing to approximately twice the thickness of
the copper foil. Another problem with thicker copper foil is that a longer time is required
to etch the foil increasing the manufacturing cost and increasing the environmental
concern due to the disposal or reclamaﬁon of dissolved copper. Yet another problem
arises from the presence of Ni/Au overhang. Ni/Au overhang occurs when a Ni/Au

30 coating is applied as an etch resist and remains on the finished product to preserve
solderability. When a thick copper foil coated with with Ni/Au is etched, the etch
undercut can be severe resulting in breakage of the Ni/Au overhang and possibly causing a

short circuit in the finished product.



One copper foil presently utilized in the manufacture of printed circuit
boards is referred to as 1.53 g/dn2 (one-half ounce) foil. 9.29 dn2 (one
square fowD)302256his foil weighs approxi mtely 14.18g (OPETasnwz)oand has
a nom nal thickness of about 18 mcrons. Thinner copper foil, such as 9
mcron thick foil, is available in the marketplace, 5 however special care
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otherwise damage the copper foil layer.

U.S. Patent No. 3,998,601 to Yates et al. discloses a release layer formed from
20  sulphides, chromates and oxides. An alternative release layer is disclosed to be chromium
metal. U.S. Patent No. 4,503,112 to Konicek discloses that chromium metal release layers
have unpredictable adhesion and that preferred release layers include nickel, nickel/tin
alloys, nickel/iron alloys, lead and tin/lead alloys. U.S. Patent No. 5,114,543 to Kajiwara
et al. discloses a composite release layer having an immersion deposited chromate layer
25  that is coated with an electrolytically deposited copper/nickel alloy.

- U.S. Patent No. 5,066,366 to Lin discloses forming a release layer on a copper
alloy foil carrier by treating the carrier with an aqueous solution containing chromic acid
and phosphoric acid. While a generally acceptable process, areas of unacceptable high
adhesion may occur when a chrome phosphate release layer is formed directly on a copper

30 alloy carrier.



There remains a need for an inproved rel ease | ayer that consistently

provi des adequat e adhesi on between a carrier |layer and a copper foil |ayer
t o i nsur ewOhaw22ske copper foil |ayer remains attached toPChaSoaeTdEr | ayer
during transport and processing, such as lamnation to a dielectric
substrate. However, the adhesion to the release |layer is 5 sufficiently |ow

that th i I d I j i ti it t
ol ng ¢ he. CBBETITBs fared Br hS ERRre S5 R R B PRAES di ol y, i
i's an objeghatefadhdifon BBRBH LEhrfi& 1BYR ¥hAl8 cppdhifdl]l PPEAb linstrd @bl thé Bédper S

rel easably attached to a carrier |ayer. A’'second object of the invention is
t o provi el layermemhiog aftanhed bethawauica byer durfg transpareand prpeesfiogIsuclans i er | ayer

conposite. .A furthey ohj.ect. of e invention.is, t rovide a thin copper
For T s P paisigtc s eGieuE ARt iaPe FIRSE TBRE S mnut act ur e
of prd nt adficieh@yidw DasiheTarRd 1dybexbPberdidved ifdlfowin® ldntinktforwhigRk ur e of the
invention that the netal foil i's releasably attachéd to a carrier |ayer
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prematurely released. It is a further feature of the invention that a
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feature of the invention that a maximum force of 35.72 kg/m (2 pounds per inch), and

typically less than 17.80 kg/m (1 pound per inch), is required to separate the metal foil
20  layer from the carrier layer thereby facilitating removal of the carrier layer without damage
to the copper foil layer.

A further feature of the invention is that the chemical solutions utilized for
deposition of the release layer are dilute aqueous solutions that are believed to present less
of an environmental hazard than more concentrated electrolytes previously utilized to

25  deposit release layers such as metallic chromium.

Among the advantages of the invention are that the metal layer may be a thin
copper foil with a thickness of 15 microns or less. Such a thin foil facilitates the
manufacture of printed circuit boards and flexible circuits with fine features. A further
advantage is that the carrier layer is mechanically separable from the metal foil layer and

30  does not require etching for removal.



Furthernore, the lowprofile treated surface is nore suitable for high

i npedance/ high frequency applications. The snoot hness of the surface of
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and fine line capability in the manufacturing of <circuits. In accordance
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in a first aquéous electrolyte that contains first nmetal ions an
hydr oxi deirguatss; (3) subsequently cathodically depositing a release |ayer
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enbodi ment ‘of this nethod manuf acture includes the additional steps of
| ami nat i befwetieanreeatactsdidth Heyseppardlagerting [teemeiat fodlubyery This raleasetlnyan

separating the electrically . condycti S ort layer fromthe |am nate at
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circuit traces. 25 The above stated obj ects, features and advantages will
becone norectlydpadesiectfic suhstratiae speci fi cati on and drawings that follow IN
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conposite material of inventron lamnated to a rigid dielectric as a
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a release layer onto the electrically conductive support layer in a second aqueous

electrolyte that contains second metal ions and hydroxide ions; and (4) electrolytically
depositing a metal foil on the release layer.

20 One embodiment of this method of manufacture includes the additional steps of
laminating the metal foil layer to a dielectric substrate and then separating the electrically
conductive support layer from the laminate at the release layer. The metal foil layer, now
bonded to the dielectric layer, may then be formed into a plurality of electrically isolated
circnit traces.

25 The above stated objects, features and advantages will become more apparent from
the specification and drawings that follow.

IN THE DRAWINGS

Figure 1 illustrates in cross-sectional representation a composite material in

30 accordance with the invention.



invention lamnated to a flexible dielectric as a precursor to a flexible
circuit. 5 Figure 4 is a perspective view of the printed circuit board
precur sorweubsesoent to renoval of the carrier |ayer. Fi garass2ei7bustrates
in top planar view circuitry formed fromthe structure of Figure 4. Figure

6 illustrates an alternative release |ayer in cross-sectional
representati oy, 1F 7 1S ' d TRARkE [ of
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enhancemlerlté ﬁtté(gn ]}?ﬁ%l\%ﬁgdf #%a%kf%ﬁ%leg#ﬁ%}rt& At .lgrﬁ?%gorrgg %51 e%(@léai&gcglg'ss- secti onal
view of the | wusdd {acseripeofivd GeR@ithesSiriadiftuitbdhaesesr sabseffigitte 9
enbedded in a dielectric substrate. Figure 11 is a photom crograph at 450x
i |1 ust r atinyat pths gpige Byelopogr aphy of a diel ectric |ayer upon renoval of
a very low su e ile.bon ngt h e 0 0 dapnce with
the inventi onﬂ@iﬁ eg‘?J @éu%&ﬁée?lslptgp%%%[ta%ﬁe%rcgﬁr&a ﬁg’g’?&%ﬁ ﬂilef 7‘%‘150 %u?%ﬁ fﬁlgﬁ{ehe
surface gopography of a dielectric |ayer upon renoval of a | ow surface
profile bond strength enhancenent as known fromthe prior art. Figure 13

i s a phot oni cFigyFad Hlugtrates e aligrnatiie relgpsedevsr topress-eshgnadropgesgiiationt ric 25
| ayer.foll ow [ enoyv surface. I . t ncenent
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rel ease kayee psefilabathd SthenlgfH @hancendnf netbrdandefwitd dBtinahtion tenperature. 5
WD 03/ 022569 PCT/ USQ2/ 27703 DETAILED DESCRI PTION Figure 1 illustrates in
cross secti on&IgWedicsantaiactona vieshgidhe very dew swifzge profile hondsteanettance wit h
t he i nvent,i i i : S a support layer 12 and 5
a netal P%I}aﬁg?né%/_ﬁe%%f%%ﬁpe?zgﬁl&%%g%alﬁgéécr?nél%l%lrsrtgﬁ e formed fromany materi al

pap?bl e gf f suppoEd 9 igh piRorRiedrapiogt@rmdehifidatieh ef 000x illbBatigRngpical ayer 12
is forne rom an
15  low surface profile bond strength enhancement as known from the prior art.

Figure 10 is a cross-sectional view of the low surface profile bond strength
enhancement of Figure 9 embedded in a dielectric substrate.

Figure 11 is a photomicrograph at 450x illustrating the surface topography of a
dielectric layer upon removal of a very low surface profile bond strength enhancement in

20  accordance with the invention.

Figure 12 is a photomicrograph at 450x illustrating the surface topography of a
dielectric layer upon removal of a low surface profile bond strength enhancement as
known from the prior art.

Figure 13 is a photomicrograph at 450x of the surface topography of a dielectric

25  layer following removal of a low surface profile bond strength enhancement illustrating
incomplete copper removal.

Figure 14 graphically illustrates release layer separation force as a function of

lamination temperature.



electrically conductive netal and has a thickness of at |least 18 mcrons (1
mcron = | x10-6 neter). Suitable materials for the support |ayer include
st ai nl esswetog®b2s6@al um num  al um num al | oys, nickel, copp@cTarsdzzopper

al l oys. 10 When the support layer is stainless steel, a release |ayer, as
described below, may be optional. Preferred for the support |ayer are
copper alloys such as those a#@g %@@ﬁt{ﬁph@q the CDA (Copper

Devel opnent Associ ati on, New — all oy C110 (nom nal
conposition by weight 99.95% copper (mnimn and 0.04% oxygen), copper 15
all oy 0715 (nom nal conposition by weight of 30% ni ckel and 70% copper),
copper al | oy Fesuol ilustratesin eoppwsiionad reppssenietiofhe C@ﬂpmtemtwééerm 5% tin
and. O 2VupRaRon NSk Ak PRRY oo SRR FOBRAE! L SEROLANEIRREE
m xt U5 es a@f&etﬂqbn@ryeam thlpcpaﬂu@eﬂnmgaawbetfmﬁaa%oxﬂﬁny wRtegial capablezifnc. 20
Most preferably, the support layer 12 is a wought material as opposed to
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with a coppe). Siitablekeleribls@shiht suppoviabydd holefeadislessSdted, a@x&nmluﬁﬁur red during
rolling, that may interfere with the i)osition or renoval of the foil

| ayer. 28lumHeumadpyy, nigksy epppep apdhgonper dloyngl e material or a conposite

e pEhal LUl S SGAN LS BRELL SEh DY AN KONt RLOSESRANGLHAY N9
copper abdopfisiil.num are believed useful as conposite support |ayers.
Preferably, the thickness of the support layer 12 is from18 nicrons to 140
m crons 30 aRecippediopils Bippelt |ayer gmcgpparrBoxstych as thossalloys desigmtatdby
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| ayer tymmhhycdﬁqs)smohmywagﬁtw@‘swma (Binfthenpis @od% Jxpe)dopber ably is
under 10 microns. In accordance with one aspect of the invention, nost

pr ef &% abpioy EAES (?émanalfC@mpomalyé py wegight eE%Q%m}&thebwd 0% eprnsT), epTIe aHeran
al kal i “ec%wgﬁ&m%af@o% |l oﬂ%ﬁ S8 o158, L QP ued &éﬁb%%a 1&3& éfé%rﬁ%%s)

deposi tion om an aC| I'C Co conrairnt RGPl ec
t hi cknesandtofpepati@boud?2 bxlgerahedliigh copper BMEn@H ﬂllﬂl@iﬁlﬂ abpper ahadtit o3, by

weight, 99.9%) as well as brasses, mixtures of copp"er and zinc containing up to 40%, by

weight, of zinc.

20 Most preferably, the support layer 12 is a wrought material as opposed to
electrolytically formed. The wrought materials tend to have a higher strength and a higher
stiffness facilitating handling of the materials and enhancing peelability of a deposited foil.
The support layer may be coated with a copper or nickel flash to cover up defects, such as
incurred during rolling, that may interfere with the deposition or removal of the foil layer.

25 The support layer 12 may be a single material or a composite material with the
second layer applied by any known process including rolling, plating and sputtering.
Combinations of copper and nickel or copper and aluminum are believed useful as
composite support layers.

Preferably, the thickness of the support layer 12 is from 18 microns to 140 microns

30  and more preferably from 35 microns to 70 microns.



m crons. In accordance with another aspect of the invention, the netal foi
| ayer is electrolytically deposited only froman al kal i ne copper

cont ai ni yoaBee2ssol yt e and has a thickness of from about PQTASAE/ZT700 tO 6
m crons and nom nally about 5 mcrons. As 10 described bel ow, the netal
foil layer 14 maybe deposited froma single electrolyte or from

conbi nati ons mul tiple electrolytes.. Disposed.bet n_and.cqontacting both
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and ni ckel chromate, and ni ckel and nickel" phosphate. The release layer is
qui t e t hilicknsss eforarabiewt (bt micron o Grivderons gHx@mingdt shout) ntitionk And

typigcally 25 1 abgut 0Q..0 mcron t bout 05 m.cr.on, t hick. nmost

or ot 66+ ofeiiped B PLGEm ot 1e” e Bl Be BRRoq Bom AR B B el " one
non- met ako®BinaabebifmefplegectoBigy. consi sting of oxides of chrom um and
hydroxi des of chromium It has been established that the force required to

separate the Rispoised between and contestingbethdéhe sppoys layer b2 et demussal fpil dyver r ed

rel ease l.ayer_ is consi tly le than 7..1 kg/m. (0.4 30 .poynds .per inch)
even aft é§¥se§<f)e$%aﬁ? gayflbfé‘ gﬂ%e&%fﬁségerg‘? CBBSI%EB e%ﬁ%%lg'o‘ﬁ aBﬁg‘Q‘NgW.Oféi nce the
netal f oidetd1and ¥RbAFhY, LARREGER belisicd to BEMe RAGALIE I6MLRlievea tiht dhee! ectric
substrate prior 7 WD 03/022569 PCT/ US02/27703 to separation fromthe

suppb? t Imejal compheent of wgelepssrieyer genstitiftemizemndito tof 4t%eripeatemionsréent. an
B e e
portion 3@t &ib@rdipleasppbanad dibolvingd THEiR! bff sGithil¥ Bletal@fclvdesdBisksl bed
above, and is preferably Selected to ge ni ckel, chromumor a mxture
t her eof . chromium, titanium, copper, manganese, iron, cobalt, tungsten, molybdenum and
tantalum.
20 Preferred metals are nickel, chromium and mixtures thereof. Preferred non-metals
are oxides, hydroxides, phosphates and chromates of the metals. Preferred combinations
are mixtures of chromium and chromium oxide, nickel and nickel oxide, chromium and
chromium phosphate, nickel and nickel chromate, and nickel and nickel phosphate. The
release layer is quite thin, on the order of 0.012 micron (120 angstroms) thick and typically
25  from about 0.001 micron to about 0.05 micron thick.

A most preferred release layer consists essentially of chromium and at least one
non-metal selected from the group consisting of oxides of chromium and hydroxides of
chromium. It has been established that the force required to separate the metal foil from
the carrier strip with this most preferred release layer is consistently less than 7.1 kg/m (0.4

30  pounds per inch) even after exposure to temperatures of up to 380°C for one hour. Since

the metal foil is typically laminated, using heat and pressure, to a dielectric substrate prior



This first portion 30 directly contacts the support layer 12 and is
typically deposited by electroplating. O her nmethods of deposition such as
i mrer si orwploaeasge or vapor deposition rmay al so be utilizedT/Usoyewend
portion 32 of the release layer 16 is an adm xture of a netal and a non- 10
metal as descri bed above. The second portion 32 directly contacts the netal
foil Iay;[ar 14. . W.th reference b gk eio Fioq‘ure 1, on a side 18 of netal foil
| ayer 14"5j5BE@HoR HPHEhe SRR aﬁﬁ P refgrse O Ae SRPa e HORRAEHES K agent 20
may be dgpQstdneebnsiébdtRRl € bond strength enhancing agents include

el ectrolytically deposited copper dendrites or copper- nickel dendrites
havi ng a hei gAfteofativelyyibe reledso ltye0] Gisarndn@oFitedsdtosismtehid ceosheeagionalt o 15

di anmeter aspect .ratiao of be n abo and 5. Such dendrites. maybe
el ot of JRTRENFYOT g ot FTORP A S ool UeT G ORI b Ber | ons
uti liZi ngeeABRLAbIRE, diRBS preflrell sQ8GRSd W BhibiRg, GRIPR &6 MBLGEIRedO as the
cat hode. Pul ses of DC current are applied between the anode and the

cat hode &bisrfstepoitidn JO disetlyichrtdcts theluppat 1St 22andHa typntaliMaleposited b$, 671 t o

Pol an, et_ al. .20 O her bond.strength enhancing agents.include an ..

el ectrol W&E%ngtyl%e(gtgﬁf ]i“@g‘o?lﬁ %‘[{‘%Pgm 1% S”(‘?ﬁlaﬁ SR OTAEP R %@PSE@H in
U.S. Pat gpl a8 beRutifi381.932 to Lin, et al., a silane based coating as
disclosed in U S. Patent No. 5,071,520 to Lin, et al., copper oxides,

mechani cal abrascon pdrtisuB? at ths reladsedayenl 6 mopncadmiziute eff metalanaineinon-

m cro-etching. .Bond strength enhanci n ocesses that giv yer w

sur fate B’retﬁl %f g‘?scﬂgeiﬁl?ﬂvgvgge S%né:}’?lﬁl%{lﬁé drgtt e@n&%&&?p@?@?@’ﬁ@é& ‘Pat ent
No. 4,515, 671yigd RiRERdateth Figm%f@ baklsie 18T mANTBAUT S W bRRRItE Blaghness
(Ra) is 0.40 mcron or |less. The average surface roughness i's defined as

t he ari t halestse bayaw b6, adwnd airengtio entahting lagoit 30 enayi bstdgnested oSuitihde banughness
profile fromthe center line within th asuring | ength. The roughness
D of 11 o PSRt BRARHOA "B I BRAG oA OV iFAY GRBTPd Sne A iSRT GoRRGT U
(contact nﬁk&lﬂ&ﬂhﬁte@ﬂa\mgh%@ﬂgh{ Ot @l dbButsHs hAE 2 78RN anBALsighaye a nodul e
hei ght of greater than mcrons and a nom nal Ra value in excess of 0.4

m crion. TWameleragpdcovatiorafbetveces abduid eng SWSuoB ARRBGONPCT JSORIRAUS

o gL AT B8R B PABEET BREL0re O

hei ght i §1cb@s MR M thlthS cHp6QRIARGhI 4 02s Mecafidde. PRI DA LHRert 3rd £pTicl han
0.4 mcron and preferably Ra is between 0.20 and 0.35 m cron.

between the anode and the cathode as more fully described in United States Patent No.
4,515,671 to Polan, et al.

20 Other bond strength enhancing agents include an electrolytically deposited mixture
of chromium and zinc as disclosed in U.S. Patent No. 5,230,932 to Lin, et al., a silane
based coating as disclosed in U.S. Patent No. 5,071,520 to Lin, et al., copper oxides,
mechanical abrasion of surfaces, alternating current etching and micro-etching,

Bond strength enhancing processes that give a very low surface profile, as achieved

25  with the pulsed DC current of U.S. Patent No. 4,515,671, are preferred. Preferably, the
average surface roughness (R,) is 0.40 micron or less. The average surface roughness is
defined as the arithmetic average value of all absolute distances of the roughness profile
from the center line within the measuring length. The roughness profile is determined
utilizing a profilometer with a diamond stylus (contact method).

30 Typical low profile surface enhancements have a nodule height of greater than 3

microns and a nominal R, value in excess of 0.4 micron. The very low profile surface



5 The desirability of a |ower surface profile is contrary to the typical
surface profile applied to relatively thick, on the order of 12 mcron,
foil. TypwoaBlogzsehi gher surface profiles are utilized toPcariSoz/ze0peel
strength once the copper foil is lamnated to a dielectric circuit board.
Figure 7 is a photom crograph at 5,000 tinmes magnification illustrating the
very 10 L f. I tion.
Figure oot B8 olhinkinf nAPRS) LRRGL A PRE ERRENC Reich B IER | 13
shows t he.5minrbnsind@ginficrend) areferabiy, theXasimedaaihié hdightds Bteetd 1§ substrate
22. Figure 9 is a photom crograph at 5,000 tinmes magnification illustrating
a | ow s@ﬂqf%%seafﬁr%?ml%fo%n@hes 7 kg 18 lesp i d-haigge aed prefeepldyiRa iy om t he
prior ar i i . ...}5 Ccross-sectional view at a nmagnification of
450 ti rreéetwgglt%{gﬁgg\f\goﬁﬁe G{)or]?d strength enhanci ng agent 20 enbedded into

di el ectric subk¢ dairabifity ofisloskeosuifdca pfdffielisednikdryan theligpiciiharfacd profild traces
26 are forned by _etching nmetal foil |ayer, the exposed surface of

_ th 3
di el ect r?RPh%Bé’fqlaé’c"élyztblcﬁa%fﬁlet%%ﬁfé%H?Cﬁoﬁaﬁml- dypicalwnthégher pefacext ure of

e Don pRIdAeuDARDS IAATE Blal LA Encblnd S PRA! AGHAREAPH 20 of the

surface texture resulting a copper € very | ow
surface ¢iektirceirchivbdardnhanci ng agent of the invention. The magnification
is 450 tines. _Figure 12 is a photom_crograph at_ _a magnification of 450
times ill ustrBighcy sHehotqmicigeangat $980 seagpificaiompdiusaatngabe eyl owi ng
re I | ' | L.eal profile
bo gg\tgn h%ﬁvcﬁ&n% E% &g’ég%?&g%ﬁgﬂﬁﬁ%d&ﬁ%ﬁ%ﬁ%? g%(’glgﬁ)g)f tﬁ.lé)'%e %gg %?Igjg%v ant age of

t he typi seationadwisuatlanegrpficdtion®f B60 dnet tangidwsahbbowd sitenghesthanceni¥at e
apparent_with reference to Figure 13 that is also at a nmagnification of 450
times. FFQeRkeddsd mtpdipdectng absk#aL2wi th the typical |ow surface profile

Pore the: 0l SRR hoRloe IR S006 niS IR ERMAB BN CoeP! Y

into the dieleCtric substrate es n Ively renove

all of thefacoppdile beidwenghdinhaenig apenCasi knotvnaees thdGrice agi Piguieol (eisghort 30
circuit 34. 9 WO 03/022569 PCT/ US02/ 27703 Further, the snoother
et ch-Sex ptetsegiienag e ¢ aspgmbention of 420 Humes that shaws the ot $reB& bond sur f ace

enhancengﬂltanéiﬁ'gg n‘?26anieédéﬁliﬁ%cﬁi&?ga‘{ihgllﬁ%&&etﬁ entrap contam nants and is

much easier to cfean as conpa e nore textured etch-exposed
di el ectric suAfsleevn i Figores D ahd €2, twhEin@ideuit @acd3r26iard forived Uy stehfracBe
enhance nr?lg%al oEli l%fjerr?th% %gq')os-gg (glrlr%gc% ro% ’dieiletcm'c substrate 22 has a topography that
replicates the texture of the bond surface enhancing agent. Figure 11 is a photomicrograph
20  ofthe surface texture resulting from etching a copper foil with the very low surface profile
bond enhancing agent of the invention. The magnification is 450 times.
Figure 12 is a photomicrograph at a magnification of 450 times illustrating the
surface of the dielectric substrate 22 following removal by etching of a copper foil with a
typical low surface profile bond enhancement agent as known from the related art. A
25  disadvantage of the typical low surface profile bond strength enhancing agent is more
apparent with reference to Figure 13 that is also at a magnification of 450 times. Figure 13
illustrates that with the typical low surface profile bond strength enhancing agent, metallic
dendrites may be embedded deeply into the dielectric substrate 22 and etching does not
effectively remove all of the copper between adjacent circuit traces 26 leading to a short

30 circuit 34.



5 shoul d be possible to achieve a higher surface insulation resistance
(SIR) capability. A high SIRis inportant in the design of high density

i nt er conr®oto3meas6ui ts where the circuit traces are rout e¢Crlussz21703jet her,
for exanple, 25-125 micron circuit traces separated by 25- 100 m cron
spaces: For the manufacture of a printed circuit board, the conposite
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for the manufacture of a printed circuit board. Typical _ |amnation
par amet efBich easierdo clagn ap sempaedio hpaire teabied eieh-sEposed dicksstriapeiasnal |y, a

| d
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conductive material coated with a dielectric material such as a netal cored
printed BighctReis paRortrns iibibe datign of high densi dntarcamnashiirous veierathe ¢BPYIE  as

i1 m suohias Se SR Gesdtoderrhr L 2k AR e it oy il o™ Y™
pol ymer 1@80nbaodspgent 24 such as acrylic or epoxy polyner is preferred. As
in the preceding enbodi ment, netal foil layer 14 is bonded to the

diel ectric sulstthgmeanfactuse af fgrinted ciipuit besrddhe sgnpage nRderiad A0 ishanded

| ami pat i |y . f 4 f bI e

pol yirr%r cha %Fecg:rasgtﬁb%kﬁ? ggkﬁﬁﬁlﬁ%% C[uh{]& {E‘% Z;graggsusagﬁggmﬁ %2 éland cured
to a flﬁxﬂ hiyer 14 hay b@hofhited thrtueghabepdditisieofRdatindpresklrd t6 abigi@led to the
dielectric substrate 22, the carrjer. layer 12 and rel ease |ayer 16 are

renoved Biploslihion theananfagiare ofgprigtad) cgfculat éﬁwalTyp@awmlr&aanWeépm ¥ece to
h t
the o ol Smpd¥El CELERSREI! s iRRS, UfEkiLd A ARRERR A C2 1 0y

be eit hein fommaadd yf the bord hanicdligid mpeliak dor (hb did@triesubsigate m@hdfeor
separatlon referred to as release 30 force, is at |least 0.36 kg/m (0.02

pountP pe fibpigky feé‘hf@f%ﬁ@t)@ﬁlawsycfaﬁs FRéh sThayliglgcteig SHbstmternay gubgiaber i nch) .
Thi ),
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prenaturphnmd&umhta&uduﬁbmmwimﬁms@@aimnﬁmdmmlng bonding to the dlelectrlc
substrate. The release force should also be | ess than 35. 72 kg/m (2 pounds
per inch) andAdicarévaly) 35 lagmtedindigue 3othe digleqtric fo‘ﬁlﬁﬁ@e@@ﬁsﬁﬂéﬁ}’qo ensur e
t hat

polymer film such as a polyimide or polyamide. In this instance, the use of a polymer

20  bond agent 24 such as acrylic or epoxy polymer is preferred. As in the preceding
embodiment, metal foil layer 14 is bonded to the dielectric substrate 22 forming circuit
precursor 36. Rather than laminating the flexible polymer to the metal foil layer, the
flexible polymer may be cast on to the metal foil layer as a liquid or gel and cured to a
flexible film.

25 After the composite material 10 is bonded to the dielectric substrate 22, the carrier
layer 12 and release layer 16 are removed by mechanical means. Typically, removal is by
applying a force to the carrier layer/release layer in one direction and an opposing force to
the dielectric substrate/metal foil layer in a 90° direction. The forces may be either
manually or mechanically applied. The force required for separation, referred to as release

30  force, is at least 0.36 kg/m (0.02 pound per inch) and preferably at least 0.89 kg/m (0.05

pound per inch). This minimum release force is required to prevent the metal foil layer 14

10



during renmoval the netal foil |ayer remains adhered to the dielectric
substrate 22 and does 5 not tear or partially remain with conposite

mat eri al WO0.03@e2s6er ably, the release force is between 0. B6TRH02/2070D. 02
pound per inch) and 35.72 kg/m (2.0 pounds per inch) and nore preferably
bet ween about 0.89 kg/ m (0.05 pound per inch) and 17.861 cg/m (1.0 pound

per inc r

ot al 1ot Sy iife fopPnB S aRAt Iy bhéhlen] s S bl EERRMY ol O,
shows a bomijhge tonbt dieldotriid subayrste. Ehﬂﬁ&tﬁhsé forcd i@utdl stéocted lessCthanBS V2 &pkn 22,
additional nmetal foil layers may b onded to top surface 25 of the netal

foil | ayé:f' PR FBFrrﬁnﬁh)rﬁﬁlFltHf@fP@Pb’rleiﬁthﬁ% b%Sng/mﬁltp%QPar inglpytp cparethahce to
| I
Figure 1&% N h%(ﬁhé al f@ﬁﬂﬁsﬁ;}elﬂ% &Ja&% thh@ d e)fe %{Qﬁgtr%tQZ aﬁﬁ h&

prlnted C|r havi |ty of con rve ures such as

circust bt tbaimqmt%yaaﬂaldwaﬂpadﬁpoaﬂe niategial 10.CPlefdrstdy,ahé fuleadefoteen
conductive features is by di ek ctric subst rate 22. Electrically

conduct i bW%Péﬁé@lﬁé?x%%@O%f%dl%}a%? 5% 5885 &0 Ret PEHnENEngdmpots uch as
hot ol i f
P onposi t B boinIGS ab E4 RERPIB I b6 HE 1786 ARG LB B8 ¢ e

met hod minehhe utilized and that different 20 aspects of the vari ous net hods
may be m xed together to produce a desired result. All t hods general |y
require appr oprUag 8 IRsgIesdY g ewof @ cagpit H@clér§ora36rw1¢% metal é«pl yer ¥4 nsi ng,

such; @s ‘gbn%d%g%'d%’l‘écﬁ%dsdﬂ%&é sz%ﬂmﬂ pe;vg aL& ?etlﬁgtal fo ﬂafe%%@e%%e W th

a first iment, a carrrer strip rom c& copper allo

has a t hitekiiessatrietfigtiaiez2, h@dlﬁblqmmetalablﬂ’rﬁtyads nigyite Homslﬁi to tépsﬁ&ftﬁ'}lﬁ&ify
nom nal 25 thlckness for the carrier strip is approximtely 35-70 mcrons.

The car r fsmeplfof lpyer fopsmesguitinlagergriniadeciteyiibewrd;  al kal i ne” sodi um
di ch |
| chromat e Sowoséégerﬁfgéré tﬂ%%ﬂgspﬁéﬁ{éﬁaﬁ?&flqess 0{1 ﬁ’éjcﬂeﬂngeﬁge‘?chje 4

sol utions disc el n are ‘agueous herwse pecitied. Wen a

si ngl e vd&broea psntgd vecuit pdnat 44/hzi\meg i plurddity oB¢ondidtiVe@ed1ired 32HGA circuit
PCT/ U802/27703 Table 1 Sodl droxi de 10-50 grans per liter (c%/ 1) (br oad
rangs)  Hceszognd digpads @8 %ﬁ%é}) latian BRIVERR PORIC eRtuEes 1§ Provided By

0.1-10 glgler.LBELABs-298) Eleq'crfclaflﬁ? IR Ricfvefertufls me(y%eeifoﬁﬁéfgy Erﬁ}lggéess

known in the art such as photolithography.
The following methods are useful for producing the composite material described
above. It is recognized that variants of each method may be utilized and that different
20  aspects of the various methods may be mixed together to produce a desired result. All
methods generally require appropriate degreasing or cleaning as a first step and rinsing,
such as with deionized water, between appropriate steps.
In accordance with a first embodiment, a carrier strip formed from copper or a
copper alloy has a thickness effective to support a metal foil layer. An exemplary nominal
25  thickness for the carrier strip is approximately 35-70 microns. The carrier strip is
immersed in a dilute aqueous, alkaline sodium dichromate solution having the parameters
specified in Table 1. All solutions disclosed herein are aqueous, unless otherwise

specified. When a single value is given, that value is nominal.
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The carrier strip is immersed into an electrolytic cell containing the electrolyte and
a voltage is impressed across the cell with the carrier strip as the anode. The anodic
treatment generates a uniform microroughness on the surface of the carrier strip and
induces a subsequent uniform metal foil layer copper deposit. On completion of the
anodic treatment, the carrier strip is maintained in the same electrolyte and the polarity of
the electrolytic cell is reversed. The carrier strip is made the cathode to deposit a thin, on
the order of 10 - 500 angstrom, layer that is believed to be an admixture of chromium and
chromium oxides on the carrier strip. This admixture forms the release layer that
facilitates separation of the carrier strip subsequent to lamination or other processing.

The release layer is formed to a maximum thickness of about 500 angstroms.
When the release layer thickness exceeds this maximum, the minimum release force
requirements are not consistently achieved. Since the thickness of the release layer may be
less than the microscopic surface roughness of the copper foil, the precursor anodic

treatment is used to achieve a more uniform surface finish.
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WO 03/ 022569 PCT/ US02/ 27703 Subsequent to rinsing, a seed |ayer of copper
with a nom nal thickness of between 0.1 and 0.5 mi cron of copper is

deposi t edworo3bases el ease | ayer utilizing the parameters ®gaaisbr/edos n Tabl e
2. Table 2 Copper ions, such as from copper sulfate 5 - 35 g/l (broad
range) and/or copper pyrophosphate 15 - 25 gll (preferred range) Optional

i ncl usi ons of | eveli agents, Apgount as_requi . X1 and

sur f act ant s OSEPSEPRY R EEReat rp Bt ophR Wighf Bory B B AR

St ai nl esg 1940, 5 HicreRRPE6ppeYH degGQtea on tHe t@éabéla%ﬁdtﬂﬁﬁn@ﬁe?h@meﬂeﬁi- 6-53 8

Aln2 (10 - 50 ASF) Tine % 100 seconds 5 The seed layer fornms a

nucl eat i Specalgeshin fabte 2.he subsequent hi gh speed deposition of a copper foil

| ayer. While the seed | ayer is prefeL[aneéformed fromcopper, it may be
can

any electrically conductive netal t hat' be deposited in a mldly acidic

to al kallt erSi8hd! b PRnicSp Rl GhBNE € 3 N34 Be (SBh®raaBeM cal solutiohs as
copper. §H&/ﬁr9¢§ ”b%'pﬁ%bﬁésihitgﬂ 10 ttrL]e spje_dzg gfy&;refeﬁgﬁ%%e}:opper al I pys, tin,

iron, zimg,mcRer.. cobalt . etc, - The ed 1 ayer_ . pLotect s the refease | ayer
1 om chafiigralipelysiony of Isyeling agpntsy ' EATOWRG EPzgér8‘1”tnlég’ﬁc1|eposit the bul k of L he
met al f @i g fa : i i beed, an
acid cafneratisigeoninsraitie as specified INCral’e 3 is utilized
Al t er natjipkel y, immersion tine in the copp@r containing al kaline

el ectr ol|VAmdde Mgibridls 15 that di scl osgskainlesd 8tdeborcoppér | ncreased t ¢ on the
order of ﬁg{ggéeconds to 20 mnutes tof3depggst a copper Tayer withia

;[mlgﬁ?lez of “D(réq:i@gpr oximatetry 10t LptTi’G;gké;r sa(lp‘l_vr‘id&'s]l aspect|of the

oHent ot on H 1. o 1
—t 1 CoPPet MCKESS|I N a

U]

af s
copper i cidic electrolytel ?eldhseends 13 o 03/022569
PCT/ US02/ 27703 Tabl e 3

The seed layer forms a nucleating agent for the subsequent high speed deposition

of a copper foil layer. While the seed layer is preferably formed from copper, it may be
any electrically conductive metal that can be deposited in a mildly acidic to alkaline
solution and is etchable in the same chemical solutions as copper. Such other metals for
10 the seed layer include copper alloys, tin, iron, zinc, nickel, cobalt, etc. The seed layer
protects the release layer from chemical attack in an electrolyte utilized to deposit the bulk
of the metal foil layer thickness. Typically, to maximize manufacturing speed, an acid
copper electrolyte as specified in Table 3 is utilized.
Alternatively, immersion time in the copper containing alkaline electrolyte, such as
15 that disclosed in Table 2, is increased to on the order of 100 seconds to 20 minutes to
deposit a copper layer with a thickness of from approximately 1.0 to 15 microns. In this
aspect of the invention, the subsequent step of building up the copper thickness in a copper

containing acidic electrolyte is omitted.
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Copper

(preferred)
Qper at i ngwOasjoexsat ure 25C -

copper
ASF)

m nut es (broad)
treatment _nmay be used to roughen the outside

(b

ons,
Sul furic acid 30-200 g/l

Voltage 5 -
r oad)

such as from copper sulfate 20-80 g/l

(broad) 50-70

(broad) 40-100 g/l

gll

(preferred)
70C PH Less than 1.5 Anode MeCerisa?/217ead or
10 volts Current Density 322.8-10,760 A/ n2 (30-1000
430. 4-5, 380 A/ n2 (40-500 ASF)
1-5 mnutes (preferrpg), Jo enhance adhesion, a dendritic
surface of the netal

(preferred) Tine 0.5-8

foil

| ayer. On€oppiet ica) icH anont doppér b NR0-80Ig/li(BRRd) he paraneters b
specified in Table 4. Alternatively, aBoa0ldrbafEal | ayer such as a
m xture o, and zinc may be d¢R _§bbgﬂ(5}6agﬁcrease adhesiton w t hout
i ncreasi|ng surface roughness. Table 44&156 1 (h QRS edeCh as from copper
sul fate tr—#86 %’I {broat)—1+8—25—a1 _{PFre d 10 - 200
gl l (broaggte_rgﬂ_j@ﬂéam_p;ﬂprrpd) %ﬁﬁnm ICfmryI sulfate 1 - 20 m
Oper at i ngPHenperature 25C - 55C pH Lebssstthaml.3. 5 Anode Material| Lead or
copper |[\Anhdedegdatsrial 10 volts Current Deasd éryecobp&- 10, 760 A/n2 (50 + 1000
ASF) (brvaldge 1,076-5,380 A/n2 (100 15500 voRk) (preferred)
Current Density 322.8-10,760 A/m” (30-1000 ASF)
(broad)
430.4-5,380 A/m* (40-500 ASF)
(preferred)
Time 0.5-8 minutes (broad)
1-5 minutes (preferred)
To enhance adhesion, a dendritic treatment may be used to roughen the outside
surface of the metal foil layer. One suitable dendritic treatment utilizes the parameters
5 specified in Table 4. Alternatively, an anti-tarnish layer such as a mixture of chromium
and zinc may be deposited to increase adhesion without increasing surface roughness.
Table 4
Copper ions, such as from copper sulfate | 15 - 70 g/l (broad)
18 - 25 g/l (preferred)
Sulfuric acid 10 - 200 g/1 (broad)
35 - 100 g/1 (preferred)
Sodium lauryl sulfate 1-20ppm
Operating Temperature 25°C - 55°C
pH Less than 1.5
Anode Material Lead or copper
Voltage 5 - 10 volts
Current Density 538-10,760 A/m* (50 - 1000 ASF)
(broad)
1,076-5,380 A/m* (100 - 500 ASF)
(preferred)
Time 4 - 60 seconds (broad)
4 - 40 seconds(preferred)
In a second embodiment, a carrier strip as described above is immersed in the
10  solution of Table 1 for a time of from two to sixty seconds without utilizing electric
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Time 4 - 60 seconds (broad) 4 - 40 seconds(preferred) In a second

enbodi nent, a carrier strip as described above is imersed in the 10
solution wbho3akdseo 1 for a time of fromtwo to sixty secon@®ETuSONIIN3
utilizing electric 14 WO 03/022569 PCT/US02/ 27703 current. A nom nal 5

m cron copper foil layer and dendritic treatnent is then applied as above.
I n accor danes. U hbmhal b&ﬂxx@mﬁfé@ﬁp’ér W&ilia af anli*}f%nihﬁwce@édnﬁ&nt @t}féﬁaﬁﬁe&ay rier
strip, as described above, ectr l'ytically coated wth on the

order of dbetaseen 0.05 micron 5 and 2 mcrons, |ayer of nickel utilizing

t he paraneter descri bed ahl e 5. Table 5 Nlckel sul famate 150 - 600 g/l
(broad) 400 AnggyTgmes W@ft@ra prpodiggenief the HIVSPiieR: agoPPESaier SR 82d) 0 -
7 9/ 1 (Prb&iel Whov Bl diSt@btidadpcoatailh b 1l RAH Fhwhd (685 ed)
Qper ati ng Tenﬁera?%re 45C ﬁk ad?um' 2-5 Ano@b Nhtggggo Ni cke ﬁgﬁgﬁnless
St eel 5 Vaintl dgeicturs, layd of midksl mlrznrgiﬂhe Penasicteys @hbrildedGd T ableA. nP (20 - 60 ASF)
Time 20 - 60 seconds A chrom um phos giee rel ease layer is then applied
over the thin |ayer of nickel ion in a dilute chronic

aci d/ phd solution naV| n ) 10 dirsctosed 1Th Table
6. Tabl ¢ %\g@%éﬁgg%ﬁ%@am a0 1020 g/l (b % . ?JJ? gh1 (preferred]
Phosphorfi —86—gH—{(-broad) i el RV e er‘.rc:)redL
'Nlcﬂ%lrfrlorlde 0-15 g (broé
0 — 7 g/l (preferred)
Boric acid 25 - 50 g/1 (broad)
35 - 45 g/l (preferred)
Operating Temperature 45°C - 60°C
pH 2-5
Anode Material Nickel or Stainless Steel
Voltage 0.5 — 5 volts
Current Density 215.2-645.6 A/m” (20 - 60 ASF)
Time 20 - 60 seconds

A chromium phosphate release layer is then applied over the thin layer of nickel by
immersion in a dilute chromic acid/phosphoric acid solution having the parameters

10  disclosed in Table 6.

Table 6

Chromic acid 0.1-20 g/1 (broad)

0.2-10 g/ (preferred)
Phosphoric acid 0.1-80 g/1 (broad)

0.5-40 g/ (preferred)
Operating Temperature 20°C - 60°C
pH 0.1-3
Time 5-120 seconds (broad)

10-40 seconds (preferred)

A nominal 5 micron copper foil metal layer is then deposited as above followed by

a dendritic treatment as above.
15 In accordance with a fourth embodiment of the invention, a thin, on the order of

between 0.05 micron and 2 microns, layer of nickel is deposited on a copper alloy carrier

15



Qperating Tenperature 20C - 60C pH 0.1-3 Tine 5-120 seconds (broad) 10-40
seconds (preferred) A nomnal 5 mcron copper foil netal layer is then
deposi t edwadsamsee fol l owed by a dendritic treatnment as ®oeMEs02/2503 n
accordance with a fourth enbodi ment of the invention, a thin, on the order
of between 0.05 mcron and 2 m crons, Iayer of nickel is deposited on a

copper a's{rﬁ}’ascc%%{ré eh reftase ﬁ‘% : Om&%%?i@e% fiSe] Y % ofd 8lBtiorntd; nltzﬂniﬁg s A

rel ease | ayer deposite n aqueous s tion containin

hydr oxi délydmxdimldmwealm]’dﬁd: @ 7. Table 7 Sodi um hydroxi de 10- 80 g/I
(broad) 20-50 g/l (preferred) mer%gga Tenperature 35C - 60C pH G eater
than 11 Counter El ectrode Stainless Vol tage 0.5 - 5 vol ts Current

Density 1] Bl 10.76-538 A/ e |—) Tbroad)26.97376. 6
A (2. gs% Q%E}A(%é? (preferred) Curre g’%ﬂ 't%n(eﬁﬁt hodi ¢ step) $38-430.4
A n (0 A0—ASH JhanA) 16--76-26 /c\) AQI:\ l?’rnf I’I’Ed)

Ti me (aﬁ eat } Ccecaonds. 5-30 pnrﬁq)': Tine (cat hadl c step) 2-60

seconds |PHB0_seconds 5 The nickel coalt@mateathandd strip is first made anodic

and t hen Gamnteodflectipde f orm  reduced ni fckeinlesxitdels. Approxi mately 5|nicrons
of coppervdigmgthen applied as the netalgstgibitkayer followed by a dendritic
treat nenicgRnfPefdityRath AONE) 10.76-538 A/m* (1.0 - 50 ASF) (broad)
26.9-376.6 A/m* (2.5 - 35 ASF)
(preferred)

Current Density (cathodic step) 538-430.4 A/m* (0.5 - 40 ASF) (broad)
10.76-269 A/m* (1.0 - 25 ASF)
(preferred)

Timne (anodic step) 2-60 seconds

5-30 seconds

Time (cathodic step) 2-60 seconds

5-30 seconds

5 The nickel coated carrier strip is first made anodic and then cathodic to form
~ reduced nickel oxides. Approximately 5 microns of copper is then applied as the metal
foil layer followed by a dendritic treatment as described above.
In each of embodiments 1-4, an alkaline copper plating bath was preferably used to
deposit a seed layer having a thickness of from about 0.1 to about 0.5 micron of copper
10  prior to depositing up to 5 microns of copper plating in an acidic bath. In the alternative
first embodiment, the subsequent deposition of copper from an acidic bath is omitted. The
initial use of an alkaline copper bath avoids potential attack to the chromium oxide, nickel
oxide or nickel phosphate release layer as could happen in the acidic copper bath thus
mmproving the reliability/integrity of the release interface. Embodiments five and six
15  describe methods for forming a composite material having similar reliability and integrity
without the need for an alkaline copper bath.
In embodiment five, a smooth nickel deposit is formed on the copper alloy carrier
strip utilizing a suitable nickel plating bath, such as the nickel sulfamate electrolyte of
Table 5. The nickel plated carrier strip is then immersed in an aqueous electrolyte

20  containing sodium hydroxide utilizing the parameters recited in Table 7. The carrier strip
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In each of enbodi nents 1-4, an al kaline copper plating bath was preferably
used to deposit a seed | ayer having a thickness of fromabout 0.1 to about
0.5 m cr owoaB/oespper 10 prior to depositing up to 5 m crom€TaAfSowepPpRr
plating in an acidic bath. In the alternative first enbodi ment, the
subsequent deposition of copper froman acidic bath is omtted. The

initial lf§ﬁrs?fnaﬁ@fﬁ%(df?£ﬂ@ﬁe eRR&dic. b%(é%})ﬁéﬁh&ﬁ BALSR satheﬁﬁ%}%gllfecft%lﬁg@

chrom um oxi de oxi de or phosp ate re ease l'ayer as tould
happen i roppee saiphate bathofjable 3)dvlovidals denpritivtreagmiehig Tebleidabi 1 i ty/i ntegrity

of the release interface,. Enbod;. nts d.six_15 describe t hods for
formng a conpd&ish fv%@lmp‘f /4 @vegpﬁwrcgtlaﬂwga%thm?@ﬁss% Fﬁt‘ge Pity
wi t hout tb@evéaﬁ%cbsf@tcra{tmﬁt %ﬁﬁ Gso%gﬁed Ft%gcaﬂn@r &Hp?@am@%asfde\g Fribdd smoot h

ni ckel deposit is forned on t e co carrier  strip utilizing a
sui t abl e ahoekiellopkdby hgathenhin Bueeas sbheionicoktinisgdodamahpdrekiele twith thee of
Table 5. The nic | ated carrjier strip is then.i rsed_in an agyeous
el ectrol f@@%ﬂ@ﬁ‘%ﬁ%@ﬁ%@ ﬂ%%%ﬁ%&’ﬁﬁﬁ?f&?&%ﬁ%@“&&‘félaﬁﬂ ﬁmelt He Nsat-dherigkd 1t eci t ed
in Tabl € y&arcdReMmEAhHPIn & doiPeophbr WU M247 hideRehPniRe 1S first
made anodi geand then %élt OCI ccopk copger arret aﬁ%cﬁf}& ayelrf}zéi?ns t?ten deposi ted
using a pampmrsdmsph’aﬂmﬁabllaS(Tabl e 3) followed by dendritic treatnent
(Table 4). In a sixth enbodi nment, t]fég{t | ayer of nickel, having a
t hi ckness on the order of betvveen 0 ¢fi cron and 2 mcrons, is applied to
t he car Mcey, ) LT PRS- offowed by treatient in
an aquequs ggltlé%?g%&g%ﬁ?%@ﬁ?ﬁ%rg@l un d%)g@ BfSad) the carrier strip
first for the— arede—and—t-hen—the—gatt re.eyL abe—7—Next— he

S eang

LIL! AT C TNCANT,

ni ckel i 188¢%€d cathodically in an palyi fate bath at |ow

current |density and the paraneters i @stﬁﬂﬂémefeﬁe%bl e 8 Table 8 Copper
i ons, SL@peawiHEr"JEﬂmmer sul fate 40 }38C of0°C( broad) 60 - 70 g/l
(preferred) Sulfuric acid 50 - 100 gflescliapad) 60 - 75 g/l (preferred)
Oper at i n@aligfRIALNSIe 35C - 60C H LesgediRaRopper Cat Node Material Lead or

copper \(pd'lggge 5—=—8 VOoiTsS 5.8 volts
Current Density 0.32-21.52 A/m* (0.03 - 2 ASF) (broad)
0.54-5.38 A/m* (0.05 — 0.5 ASF)
(preferred)
Time 30 - 120 seconds (broad)

45 - 90 seconds (preferred)

10
Copper deposition as in Table 3 is then utilized to increase the thickness up to a
nominal 5 microns. Dendritic treatment as in Table 4 completes the process.
Composite materials formed from any one of the above processes may then be used
to manufacture either printed circuit boards or flex circuits as described above. The
15  advantages of the invention will become more apparent from the examples that follow.
In an alternative embodiment of the invention, the presence of pinholes in the foil
may be reduced by employing methods of surface preparation on the exposed surface of
the carrier strip that result in a smoother, more uniform surface. Examples of such
methods of preparation include making use of oxygen free copper for the carrier strip, as
20  weli as smooth rolling, micro-etching, and flashing the surface of the carrier strip with

copper or nickel solutions.

17



Current Density 0.32-21.52 A/n2 (0.03 - 2 ASF) (broad) 0.54-5.38 A/nR
(0.05 - 0.5 ASF) (preferred) Time 30 - 120 seconds (broad) 45 - 90
seconds (woaBwmersed) 10 Copper deposition as in Table 3 i ®crhsa2etmndized to
i ncrease the thickness up to a nomnal 5 mcrons. Dendritic treatnent as
in Table 4 conpletes the process. Conposite materials forned from any one

of the above . - ' orint ed

Gi rcur t boar da R rnse kRt Bl Eer AR LRE L B B R B O o

t he i nvenits dmthsidxpodedsarfecaafitie eppar i afisinntrbaheyregicess thdler boldbow. I n
an aIternatiYe enpodi ment of the jnvention, the presence of pinholes in the
foil maypapElssedibaythpyelarssiianer ayl fodiase depositedener these pits thaysonfoamda thae
exposed e L BT j - ' nor e

it o m S pEELofhe ph AL AR Rkl P bl oif Tt eob By RoBOHIEMe Mol ng use
of oxggemofticas of tppfeil depositet énto alier pigrofehitingss bagk 2Dl the &sl. STt h rol Ii ng,

m cr o- et %hi ng, and fl ashing the surface of the carrier strip wth copper
or ni ckelPr&sheR farTEsulm nighales wrbe sy taoef tisdoll oy wadesirge ippaksters if oxygen
in copperthg?ﬂlélivﬁg %ﬁ%ﬁ@@l&@ﬂnﬁisﬁﬁa&'oﬁh&ﬁiﬁ he formation of pits in the
exposed surface of the carrier s rip arising fromthe presence of copper

oxi de parti clHerefdikgond disbodihmeRse thepresenaiidefittin inedrpordep disd isedfoxpgent hese
pits, they conformto the structure of the pits. As a result, when the
carri er di4eiopPPY foicthsamicr ploim tlhe usepd oxyepriice erpper shdcesPr {aigely oi |

deposht eds;l | i f e | Lhi br eakage
can Fosur ke BE pflborkitbe: bR paHERS, LS regh Pl Bl P ™

i mper f ectprovidingdor 4 mereobdiforni o smehatbottebaforertinfl after Spafatee from thBeardier | .
Theref ore, ,one enbodi nent of the present invention incorporates the use of
oxygen ﬁﬁ&b copper for the carrier strip. The use of oxygen free copper
reduces or | argei; | 1Al . I ' .ticles,
husreduci ng e torpf ntlcs BRbRTeh HE R LRIy Bliof AP RS MG Rilont o7

surface lkatrier bigfponefacaihchiie emosthpalliak] @ivrddtehing, had eRpdsigl the Slrfich of the

Addi t i onal t hods enployed in the present invention to produce a nore
uni f &P m Carricr strip onto &Bmhxthe release layerpls to be deposited to a copper oe nickel flash.

Examples of microetching capable of smoothing the surface of the carrier strip to a
desirable uniformity include, but are not limited to, the application of a 119.8 kg/m” (1
Ib./gal.) ammonium persulfate solution with 3 v% sulfuric acid mixture at 115°F for
approximately 50 seconds. As stated above, the carrier strip may be coated with a copper

20  or nickel flash to cover up defects, such as those incurred during rolling, that may
adversely impact the uniform roughness of the surface of the carrier strip.

In another embodiment of the present invention, a dark and non-reflective layer is
interposed between the release layer and the foil. The dark and non-reflective coating
remains bonded to the foil after separation from the carrier strip and enhances the ability of

25  the copper foil to be fashioned through the use of a laser.

There are, in general, two types of lasers that are used to drill through or otherwise
remove portions of metallic foil. The first type includes CO; lasers which emit light in the
IR range. The second type of lasers includes YAK lasers which emit light in the UV
range. While YAK lasers can drill directly through copper foil, such lasers tend to do so at

30  arelatively slow rate. In contrast, CO; lasers are capable of transmitting more energy per

unit of time to the foil and, hence, drilling through the foil at a relatively faster rate.
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carrier strip surface include snmooth rolling, mcroetching, and exposing
the surface of the 15 carrier strip onto which the release layer is to be
deposi t edwDe3@21sepper or ni ckel flash. Exanpl es of m croetrchiusg2/eapabl e of
snoot hing the surface of the carrier strip to a desirable uniformty
include, but are not limted to, the application of a 119.8 kg/nB (1

I'b. / gal . Howreven Con RRi S ik foth@abPinbidaBls dkilind Heb er xture at
115F for approxi matQ%?y 5 se?:gﬁl ds ﬂaAs st at g% ab&(;%glc&%k{le?%lg%%g strip

maybe co&aderihbhdea te dplh grodth metallicdkidl a (EOablsertraqmms d¢hat thee shefaeedSthesuch as
t hose incu u ollin t hat rse act the uniform
roughnesg L{’ &ﬁacéji S?“‘ﬁlé&%aﬁm t%a‘?‘}dﬁreﬁ(b%‘?’ ({n‘ ﬁ‘éve dftent of the

present  mhBMaNthQrefRcER” %eﬁﬂﬂo@%&ﬁé&f&&ﬁﬁi&d'b@ﬁ%ﬂa& thh{$BLRAGAR bet ween
the rel ease l'ayer and the foil dark and non-reflective coating

remai fs bbyndes ratbertth@ fefledts,dhe energepatanddon lighbwhichantemrtsiveth the simfacnd
enhances the e fasgloned t hrough t he use

£, 2
of a laser. f‘ﬁ% V%ﬂi‘ ﬁeg%@rg’ﬁ tgﬁ‘%f %‘\ﬁo‘r’t%@g‘%{?? hepresentdpyerioay t o

drill thmwﬁ BEBMvSEh the SABKE 1 Hes%tﬁthefmémtfhi £ fihr st
type incl udes 1(:Cﬁﬁ)lgasers whi ch emtaﬁ ght 1n the 61 dangehharﬁ-gg%éé%nd type

of | aser sompusadadsiankaletise rsftastihctareen laydrilgand reﬂeash@yw 16 aegemowitl, | e YAK

30 rel A ok et bRt bored Blof RBRT sl Bhoradp S @R kluna & o 02 *°

transem t 1480 TRY @rieRSEI)3 RPreferdblylfomhed dMRivk@ntaBErokfhdret n@ga&p_ i11ing
t hr ough tr?e foil zrit glrel a'?lei/eel Hlyf gst%r rate. o1 Er\?\D 03/e 22569 8 Gfor it

PCT/ US02p27 7ig8el-¢dppenembitgivn) a)beltstnarlmlgmc,atdry of mclaqﬂémee Mosdrilling

th h tly. Rat d th talli
For ' a BRBRRY AR frubIPRE moHE s PHGRE Briniekeestt 1 yoBogPOR & | n such
a manner dag lhfer 188 refldctivelthe datdte 3NtheRBRiel @tfripel@tdp‘ﬁ@sﬁe%ﬁe Fl%’(qay QB% n,

"non-reflective" refers to the property exhib by a surface t
subst ant mldwnﬁomhismwf Begaiserthe hvaface wkivee ofthe chzicestepdy is nmprmtadad in

I|g whi ch eracts the surfac for th referenc to Fig
505, " oo e ihe Sk e e, e o SR ¢ i aer oSt o

pet ween tdirt Sl o LAY BF (hd Gn0itnly Rehgiiaftler SRl 12 RiEe 14 @ dark Iayer 13

comprised of dark material. After the carrier |ayer 12 and rel ease | ayer 16

are renoved, Thrs edést Re\dem}metlmis b rveliicisthb omdied of thet dagrieretrgd 13 cinlbd ayer 14
to facilitate 11, | aser.. Th ark. layer 13 is_preferably
f or med ofnag tswgai) ﬁﬂg@/%ﬁheﬁ@%ﬁ%{s‘@%& ngsare B?ta])énﬁ?%'f?ewq}gf)per
conbi nat Fifh'ﬁnﬁ @lﬁé@@&ﬁace bf the cABROANL SBIh ﬂlﬁl@ﬂn 196k QppKebonlikaiich Most
preferab e d | ayer is approximately .2 mcrons 1n thickness. In
or de20 t o Copper8ond @1 registered trademark of the Olin Corporation of Norwalk, Connecticut),

sandblasting the surface of the carrier strip, microetching the surface of the carrier strip,

and rough rolling the carrier strip.

The resultant non-reflective dark layer facilitates the use of a laser, preferably a
CO;, laser, to drill through the dark layer and the underlying foil layer. In addition to

25  driiling holes in this manner, the laser may be manipulated to etch into the foil a desired

circuit schema such as one required to form an integrated circuit.

EXAMPLES
Example 1
30 A 6.1 g/dm? (2 0z.) wrought copper foil was used as a carrier strip. The strip was

electrocleaned in an alkaline commercial cleaner using 215.2 A/m? (20 ASF) current
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dark layer 13 non-reflective, the surface of the carrier strip 12 opposite
the dark layer 13 is nmade uniformy rough. Because the surface texture of
the carriwoostoeised 12 is inprinted 15 upon the side of thePdaruso2bayer
opposite the attached foil, the dark |ayer assunes a surface texture
simlar to that of the uniformy rough carrier strip 12 surface. There

exi st sevghdty ELHOLS 1% MR rib& sd'h e?éle&s@?ﬁ?fré%ﬁfen%ﬁé QnfifictEgn be
made suitably uniformy rough. These nmethods 1 nclude, but are not it ed
t o, nodulie2035ai NgOHhe0.5fr ¢/aceomiun hersaasodien dd¢hrompateisblutiph nkingranbl ack
copper bondi.ng such 0 ey Bonq" egi.stered trademark of the din
Cor por at |aBﬂé183“ﬂfﬂt\B£ﬁ§7%é§%g&‘l au{| SFS gﬁi‘?&%ﬁi’é’ﬁ% 0@}?@%}%@&% t he
carrier sikba/mf GIREASH) @8 51008e8 UTASLR IR trdaife Apbediba %Lgeh fe PR Huah
rolling the carrier stri'p. The resultant non-reflective dar ayer

f aci | bt atmaisro-tomghisss of the duafses of the &fibarabihguca a Bidrhaspper depodil: iTHe t hr ough
t he dark | r .and the underlying.foil layer. In_addition to 25 drilling
hol es in Cﬁtﬁ%glcﬁ?ﬁ%@,t aPP@rquatQépr‘%%’f nshgRRtIayes oL ghromiwn ARd chogiYRe foil a
desired oidesUhkicR fIRy&IoMbeA8spRASLIFOH NG 88leds® of RleBaftfly ted circuit.
EXAMPLES E_xearrpllg 1 30 }& 6. 169/%)n12 (5 0z. vv?c?ug?%t ecé‘g%erf%; eilwas used as
a carri erasinaiipgn. The strip was el ectrocl eaned in an al kaline conmerci al

cl eaner using 215..2 A O_ASF) current 19 WD 03/ 022569 PCT/ US02/ 27703
density for 40'1g §eé’é.%ayﬁﬁg¥ Pgrzqs e OPF?@@HW&%I%P‘H%H%&‘;F%@ ‘i‘réi‘lgé]é@ QORDET

t r eaf pENt MRS s6RMEHC Aesmid 5 : = | & 1 i S
sodi um dipchr %nsgt e golyxu?imé%reﬂg%\%gg%g%%&c%cr%gﬁ%a%f u%gﬁ ?g?gg./lé%ﬁﬁ %!? (1-5
ASF) f ol liowed coppe sultthadd 60-96rlenuifuné adi 27430.219078 ATTR4G-10RASESFyr f or

5-20 e 4. [ t dt i f 5
i or o 1 oghAILamGlSc RUOTEN PR SBNEREPPI o A PG E-ER Ul copper
deposi t. &Hﬁaﬁ&ﬂwpﬂ@-ﬂépﬁg% gﬁﬁﬁarﬁépﬂﬂ@%%%ﬂtr&r %Qgééil&ggelteﬁ %ﬁlpaal&lg{ylélr%dayer of

chrom um and chrom um oxXi , ich 1s believed to responsi or the
rel ease dbnd beengtr of 7947 Bokegahi(@d-1.0 Bvimnat i on. A seed | ayer of 0.1-0.5

m cr cqpper s electroplated in an al kaline copper 10 plating solution.
A5 lﬂgcrj#%@b@gr deposit was then electroplated, using 60-70 g/l copper

ions as coppera gyldaheand HRuR 1 G el b aftf : e
(40- 100 ASF) for 4(2 1'm mlJ1 es(%#%l | owed eﬂ/ a agcgglﬁjerrﬁ?%cﬁ%e’psgégvéé
copper / nietdetrbcloanedtimentlkaliic eymmercial cleaner using 215.2 A/m? (20 ASF) current

density for 40 sec. The foil was rinsed and then the release layer treatment applied by
electroplating in a solution of 20-35 g/l NaOH + 0.5-5 g/l chromium ions as sodium
20  dichromate. This treatment appeared to form a transparent layer of chromium and
chromium oxides. |
A seed layer of 0.1-0.5 micron copper was electroplated in an alkaline copper
plating solution. A 5 micron copper deposit was then electroplated using 60-70 g/1 copper
ions as copper sulfate and 60-75 g/1 sulfuric acid at 430.4-1,076 A/m* (40-100 ASF) for
25  5.4-2.1 minutes, followed by a dendritic copper or copper/nickei treatment. After
lamination to an FR-4 epoxy substrate, the 2 oz. carrier was easily peeled with a measured
bond strength of 1.79-17.86 kg/m? (0.1-1.0 Ib/in.).
Example 3
After cleaning the copper carrier strip, a nickel layer was first electroplated with
30  0.15 micron nickel in a nickel sulfamate bath at 322.8 A/m?* (30 ASF) for 20 sec. The foil

was then immersed in a solution containing 0.2-10.0 g/l chromic acid and 0.5-40 g/1

20



| am nation to an FR-4 epoxy substrate, the 2 oz carrier was easily peeled
with a neasured bond strength of 1.79-17.86 kg/m (0.1-1.0 Ib/in.). 15
Exanpl e 2w@A08/0225¢% dn?2 (2 0z.) wought copper foil was use@CagiSa2/eHp3 i er
strip. The strip was electrocleaned in an al kaline comrercial cleaner
using 215.2 Alin2 (20 ASF) current density for 40 sec. The foil was rinsed

and t henphéphoft gds @oﬂ 40 sdcra@éxh%ﬁt teftipRlahfd. Wiie akhkd dopplidebdhyl 1narﬂ
sol ution of 20-35 NaOH + 0.5-5 g/l chromiumions as sodi um

di chr onap@idicreprert @Htgr?ﬁﬁﬁ Calyb@tﬁd@d deseribed i EXftmIdnépﬁr E@?ﬂabﬂQagPelrremltedhr oni um
and chr ?H%r‘i%?n%'ugﬁw ?"3"9 75?% ﬁ(% ? 0]1an ?gerof% ?n §OPPEr Was

el ectroplated in an a |ne co At ¥i%RS A 5 nicron copper
deposit Wasmplen el ectropl at ed using 60 70 g/I copper ions as copper
sulfate and 60-75 g/1 sulfuric acid at_ 430.4-1,076 A/nR2 (40-100 ASF) for 25
5.4-% 1 mi nut é§,in Egpmplect apjclal aerorastiiet despioplatesk Theprckel sirficewasr eat ment .

Af ter F rate, .t eaS|Iy
beeted with BoUEA Oelh g E A SPOXKDUPS RSy s QAo FAs G oy S
Exanpl e 3-38fseeto gdreadé 5 gickbleoxiddRRasEla é’rl GhissHi6lidd oxide MyeK@hs traier was first
el ectroplated with 30 0.15 mcron nic in a nickel sulfamate bat h at

322.8 A apthedicellxgriudedin 26058c/! N@@Hfsgluruon\aaé 384588 A/mré} 568 ASF)dosDB0t i on

cont ai ni chr 03/,022569.

PCT/ USOZEI %7%% éidh o%%ﬁ%rtfn@naé’l’aar]ﬁ@?" Iirﬁﬁ'ﬂﬁ g %cegtog]egr% ‘\?NP? TSRS ORETATEE The
al kad nemmrmmedt tha ¥etho @0 SeatdfndiiCthe QRRBE citkt: i80S tdoed as
descri bed in Exanple 1. Atpeelablefml resulted after |amnation wth

3.57-35. ﬁahweglﬂrhe(mO®Ged 2lfghe quw quryegt isdeehighy the plakxiahmpiicyon f@l gfteni n

Exanpl e e ckel .surface was
t hen anog?lc%% rfalte%l%r?g%%%y }Sﬁe@%§ 2 egl?rf’mﬁélﬁ‘-fg% lieﬂg?rﬁﬁieé’tro °§§ &% 6 A/ ne
(0.5-10 ASF) fAcftrer tHe13€ke$ 86d m@ka@aﬁreaie@nﬁerﬁltﬁmlka@ﬁ@ a@péxedes@ﬁa@eﬂ ﬁ]\def Thi s
ni ckel oxide |layer was then cathodically reduced 20-50"g/ 1 NaCH

sol ut i onTiEroB aggicaagpey ave dempsieds 0A AgRysetionce 51 685- 1§e?<6 kgvtmu(g 3édt01tbdmc)

treglt W?ﬁf;% red to produce reduced oxides and enlarge the operating 10
he cathodic treatnent, if the anodic current is too |low, a

non- peel 8bhwaplefsoi | woul d be produced. If the anodic current is too hi gh,

t he pl ated 5 mcron foil often
The formation of a smooth nickel deposit onto a carrier strip has been shown to be very

easily accomplished by deposition out of a nickel sulfamate bath using a current density of
322.8-538 A/m* (30 to 50 ASF) with times of 20 to 30 seconds.

20 Treatment of the nickel plate in a solution of 30 g/l sodium hydroxide was then
conducted with an anodic treatment of 215.2-430.4 A/m? (20 to 40 ASF) for 20 to 40
seconds with subsequent cathodic treatment in the same solution at 25% to 50% of the
anodic current density and for half the time. No seed layer was used, rather the nickel
coated support layer was cathodically treated in acid-copper sulfate bath at low current

25  density, 60 seconds at 0.32-21.52 A/m? (0.03 to 2 ASF), followed by plating of copper
from the acid copper sulfate bath at 699.4 A/m* (65 ASF) for 3.5 minutes to achieve the
desired 5 micron thickness. The foils retained their peelability following lamination.

For comparison, it was demonstrated that the above low current treatment resulted in
peelable foils free of defects while foils made using identical conditions, but without the

30 low current treatment, were full of defects and not peelable following lamination.

Example 6
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del am nates or fornms blister even before |am nation and renders the product
usel ess. After the nickel and nickel oxide treatnent, the al kaline copper
seed | ayewoan@2%69 m cron aci di ¢ copper are deposited. A recease2ztvrze of
6.25-17.86 kg/m (0.35-1.0 Ib/in.) 15 was obtained. Exanple 5 The fornmation
of a snmooth nickel deposit onto a carrier strip has been shown to be very

easi |y accompl émbesr My rél Ich 8 Lipg a
current density of 325 gﬁgqég&%t&%%ﬁatl(ﬂl%k%%mﬁdttﬁ t n@gg%ﬁbﬁgsﬂtﬂg 30

seconds. 19er froma enpper ippoth dayer islgsdphpdally @lustraed SwFiguieot#. dBotB@ o@tdmi:mdi um

hydr oxi de s the conduct ed. wi an anodi.c eaI ment of 215. 0.4 Al n?
(30t g steqiass ottt todh radon e PlsCHogren ek e rant | n
the same réi@als@‘lé;@f‘ aPdisdasaRr0 Wl effddfive t%riﬁghﬁe ﬁ‘r'élﬁt%mly BGN%sk Yhadth for hal f

the time. No sé€ed |layer was used, rather the nickel coatéd support |ayer
was cat héging §).5 poundsageeihchh Salalraimcfpmerat sohf @inpetaarh. Bver whercheateintd 25

d t 60 d 52 Ahn2 003'[ ASF foll d b | at i
of " coppei TSR UBLT DS e R B B iD: (RS S for 3. o
m nut es EQe@Cdit a¥utlehlal. BRWKE] abteMhelallied dHovE DEFE:, i \Rphlibfdi&d @k ned

their peelability follow ng I am nation. For conparison, it was denonstrated
t hat t he theohwemiuswralease bayer (trq:felanq@hne 38 dndreasds rapldlpwhilaﬁieee K abliscréasee of

defects whjle foils u i dentical conditi hout the 30

| ow curr élh{h tSF%aé?tf@ng’ﬂ e\%@’f ﬂ{qmlﬂlf“ Ry ﬁg?@lué‘ﬁﬁxﬁﬁelﬁaé%ﬁaéﬁé Hereiiag

| amipgtigp). anple 6 Ex 21 WD 03/022569 PCT/ US02/ 27703 The effect of the
rel ease | ayer on the separation force required to separate a copper foil

| ayer from Hnegqgﬁpnplesmwram theayider precegsiagiwinddw yvdilablesor latréhtion vFiliginge 14.
Both a ch um, net rel ease layer, as known fromthe prior art, and a
chr oni um“i'§ n]sea%el‘ﬁag‘?ﬁogﬁli‘eﬂv?ﬂ’z U el ease | ayer as di sclosed herein were

ef fecti vexh@pRrovide a relatively low, less than 8.9 5 kg/m (0.5 pounds per
inch), separation force at roomtenperature. Even when heated to

t enper at ur déigafes §pnd d Ozm@@amhatmawmtmgl sde wellpdr at obridfedrutitinmghiotis, t he

sep tion rces are a er t tenperatures above 200C
t heaégpamifmgg ]? 8% 8‘&111?%?(%‘%%8?2 ARG E‘(?)#\E 'ﬁ? é‘é&lg ﬂ?eang;)en ¢ %?%‘P@r%ré“lltﬁ’ ne 38)
i ncr easesichaRihst LM Ltithd @ffé‘ctiv% t&BnduRCEBEBRtal kb1 oPS@@ fﬁbﬁﬁh& orce for
t he chrom um plus chrom um oxi de rel ease | ayer (referen I ne
surface of the dielectric 22. Since the surface of the foil oppos1te the dielectric carrier 22
is exposed to the etching solution for a longer time than the surface adjacent the dielectric
carrier, a circuit trace width reduction at that opposing surface occurs. Due to the longer
20  etching time for the 12 micron foil, this over-etching is more pronounced.
Table 9 demonstrates conductive circuit traces having a nominal width as indicated
when formed by photopatterning a 38 micron thick dry film photo resist and then etching
in an alkaline solution at a temperature of 52°C. The 5 micron foil required approximately
half the etch time of the 12 micron foil. From Table 9, it may be seen that the conductor
25  width is closer to that of the designated conductor width for 5 micron foil than for 12

micron foil.
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10 40).

presence of
subst anti al
t he surface
t he etching
dielectric

surface occurs.

This exanple illustrates the w der processi ng wi ndow avail able for
| am nation utilizing
8 and 10 wbloaseaset e t hat nore verti cal
the 5 15 micron foi

the rel ease | ayer of the invention. Exanple 7 Figures
side walls 42 are @omaisazer7ozili zi ng
as conpared to the 12 micron foil. To avoid the

short circuits, etching nust be for a tinme effective to ensure
renmoval of copper fromtheg,sorface of the dielectric 22. Since
of the foil opposite the dielectric carrier 22 is exposed to
solution for a longer tinme than the surface adjacent the
carrier, a circuit trace width reduction at that opposing

Due to the | onger 20 etching time for the 12 mcron foil,

o [ A O P, I S s )
phot opaf t )'st and then jetching

in an al

kal i

i ne solution at a tenperaturg of gzg. The 5 nicrog foil required
approximately half the etch tinme of t Z ble 9, it

may be s$een that th conductor 25 width is closer to that of the designated
conduct r—wi 2o g . 22 WJ 03/ 022569
PCT/ USO2/ .=-.' Desi-ghed-Conduct-ot=-W.dt-h ched-Lonductor{ Wdth 5
(pm (P om-f-oi om-£-0 040 24 245 58 5 00 &2 76 125 117 101
10 15 Table—10Featfie % Fewer Defec Sh vs.— 12m £ i 43
10
15
Table 10
Feature % Fewer Defects
(5ppm vs. 12pm foil)
50 um conductors 30
20 75 pm conductors 4
100 pm conductors 65
125 pm conductors 62
50 pm spaces 31
75 pm spaces 19
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50 pm conductors 30 20 75 pm conductors 4 100 pm conductors 65 125 pm
conductors 62 50 pm spaces 31 75 pm spaces 19 23 WO 03/022569

PCT/ US02/ 00082258 anpl e 8 Tabl e 11 Sanpl e | D Anodi c/ Cat hoaiCa/uA02/21703

| am nation After Current (asf) C7025 carrier lamnation Cio carrier 1
1.7 Cracked open Wak release 2 1.25 Wak release Wak release 3 1.1
Cracked e k release 4 1.0 Weak rel ease No release 5 0.8 Cracked
open No %ﬂé%ﬁ@ 6 0.6 No release No release Additional Paraneters: Anodic
current plating tine = 10 seconds Anodibleddt hodic bath tenperature =

36- 37C Al kal i ne—eopper—ctrrent—30—astX20-—s5ee—52-55CA-3-05¢g{dn2 (1
ounce) C110 f o pampig 18 (05 épaﬁlﬁfqlaih%ce) @@i@?@??nv«ere&@@uti ized to
formcarrier strips. Prlior touembtasng in NatORSch@iof ol lasapgioas | wer e
imrersed in 10 %sulfuric acid to renove any surface |oxidES). Tp provide
consi stency none of the solutions were stirred. As the chjrieeti yve of the
test was to conpare the capabilifyy of foill Tratkeddpbherli ngyegnsi | e strengths
in providing a controlljable rel ease forceg, the paranet|ergsupder

2 1.25 Weak release Weak
release

3 1.1 Cracked open Weak
release

4 1.0 Weak release No release

5 0.8 Cracked open No release

6 0.6 No release No release

Additional Parameters:

Anodic current plating time = 10 seconds
Anodic/cathodic bath temperature = 36-37C
Alkaline copper current 30 asf X 20 sec, 52-55C

A 3.05 g/dm* (1 ounce) C110 foil and 3.05 g/dm?* (1 ounce) C7025 foil were
5  utilized to form carrier strips. Prior to cleaning in NaOH the foil samples were immersed
in 10 % sulfuric acid to remove any surface oxides. To provide consistency none of the
solutions were stirred. As the objective of the test was to compare the capability of foils of
differing tensile strengths in providing a controllable release force, the parameters under
which the tests were conducted were held constant while the two foils differed only in
10 tensile strength. The tensile strength of C7025 was approximately 689.5 MPa (100 ksi)
after lamination and the tensile strength of C110 was approximately 206.9 MPa (30 ksi)
after lamination.
As table 11 illustrates, the release force of both foils is dependent upon the
anodic/cathodic current parameters. The break off point for anodic/cathodic current is 8.6
15  A/m’(0.8 ASF) for the C7025 foil 11.8 A/m?and 1.1 ASF for the C110 foil. As used
herein, “break off point” refers to the minimum anodic/cathodic current treatment value at
which release is enabled.
It is apparent that there has been provided in accordance with the present invention
a composite material including a releasable metal foil layer and methods for the

20  manufacture of such a composite material that fully satisfies the objects, means and
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which the tests were conducted were held constant while the two foils
differed only in 10 tensile strength. The tensile strength of C7025 was
appr oxi mewelog/08882 5 MPa (100 ksi) after |lam nation and tRETIES0ER1703
strength of Cl110 was approximtely 206.9 MPa (30 ksi) after |lam nation. As
table 11 illustrates, the release force of both foils is dependent upon the
anodi ¢/ cakbiiges G f8lh RAEATBLE SWHlbtdlediohhs BehMeshbedagiodi ¢/ cat hodi ¢
current is 8 Ahn2 (0.8 ASF) for the Cr025 foil 11.8 A/n2 and 1.1 ASF
for the Cormbhafion Wlthmhsmiadeﬂteﬂmmf it isreemlentghft Ipmyﬂltéma@fs’@r, soddfigebiensyi ni num
anodi c/ cat hodi.c. current treat e at, which re |s enabl ed. It is
appar ent & E?ﬁ?mtt’r?é‘w’l g%@éf@?ﬂ\?ﬁ%%ﬂ%%ﬁ%%&h Oﬁna}erff 18r esent

i nvent i OResch ﬁ@ﬂpﬁéb&ﬁn@ Qb ﬁiteﬂd@@ ke R@call ﬁicﬁ%ﬁ@ﬁﬂaﬁvé‘éefr@hlﬁcﬁiﬁnsl Ayer and
met hods for he 20 manufaéture of such a conposite material that fully

sat i sfi evatitteonslap édt withimshespicihahd dad0opSH b2 BpRendaT tlaBaR/ 27703

advant ages as set forth herein above. Wile the invention has been
described in conbination with enbodi nents thereof, it is evident that nany
alternatives, nodifications and variations will be apparent to those
skilled in the art in light of the foregoing description. Accordingly, it
is intended to enbrace all such alternatives, nodifications and 5
variations as fall within the spirit and broad scope of the appended
clainms. 25 WD 03/022569 PCT/US02/27703 |IN THE CLAIMS 1. A conposite
material (10), characterized by: a carrier strip (12), said carrier strip
(12) conprising a first side said first side 5 possessing a substantially
uni form roughness; an electrolytically deposited copper foil |ayer (14)

havi ng opposing first and second sides and a thickness of fromO0.1 mcron
to 15 mcrons and said entire copper foil layer (14) thickness having been
deposited froma copper containing alkaline electrolyte; and 10 a rel ease
| ayer (16) effective to facilitate separation of said copper foil |ayer
(14) fromsaid carrier strip (12) di sposed between and contacting both
said first side of said carrier strip (12) and said second side of said
copper foil layer (14).
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2. The conposite material (10) of claim1l characterized in that said
substantially 15 uni form roughness results fromsnooth rolling said first
side of swpDd3ozsse er strip (12) . 3. The conposite materipall/ustn}770d cl ai m
1 characterized in that said substantially uniformroughness results from
m croetching said first side of said carrier strip (12). 20 4. The

conposi tgy maEari, Avi§10) of claim 3 characterized in that said m croetching
of said first side of said carrier strip (12) conprises the application of
amoni um persul fate. 5. The conposite material (10) of claim3

characteyized,in tha f said first side of said carrier
strip (1%) cothSPrPesl etlﬁééegf}ml%ﬁﬁ ‘ft}%zf%di’ Ysul furic acid mixture. 25 6. The
conposi te natggdrabr &A1 satd @drﬂérjst&ﬁ‘ﬁrz%érﬁﬁhﬁﬁgia'ﬁ!i‘stfsf@tsaﬁaﬁrﬁ sggbstantial l'y
uni form roughness results fromflashing said first side of said carrier

strip (12) wit hpowpﬁp%aS@Btaﬁtlaﬂ'shmlmWoagmsmt erial (10) of claim1l
characterized | th antla roughness results from
f1 ashi ng sai daq‘? %tfcd@yg? ﬁ?‘iﬂc@é’ﬁ Oélrla%elr? A{Q%@I O\RB?%H%&E?R@ secoRt WO
03/ 022569 PCT/ U@Q@é 2dd D hici@ressTo¥ardi Uﬁ%ichﬁl t@aitSEiﬁic?dns (@ kaiflenledoBper
characterized in that said carrier strip (12) is conprised of oxygen free

copper. 9. The doiprysi (ld) ﬂml@msSahaV(ngO))eelmﬂepplsmdnfram@mpaatcemtazredg| n that
said carrier strg g lzf’tf%% nprised of a copper-nickel-silicon based
alloy. 10. The & %{)‘ Prg e?l? (10) of claim1 characterized in that
sai docarrier stdldage t@&@s) éﬁébﬁ'vlaﬁ) fkNeRgkdpahionlbr k8@ bpP foiPlaYBa14p0 ksi).

10 11. The conposite material (10) of claim1 characterized ih that said
carrier strip (f®mshdsarset gripi(1® Mpmﬁdldmcﬂn%mﬂcmfasmnmgh SaitlMast(sikBO ksi ) .

12. A conposite rial )1~ Ch ter| b arrier str (12), said
carrier strip (fg?%}gﬁfmegétﬁa (Lz)f%ngﬁ” SPefe §bqedyffs?‘%§9p§‘?r i1 laygr g%%sessi ng a
substantially uniformroughness; an electrolytically deposited copper foil

| ayer (14) having opposing first and second sides and a thickness of from
0.1 micrdn tolhscamposgnsagerdl 614) df elaini i ehwegpzed ihdidt shidyebst{niia)lyt hi ckness

haV| beep deposited fr a _copper gont ai aline.electrglyte; 20 a
dar 3 ayBitpngpogngtiry s b SH0R o g ne iy Wird B stR/d) {13)

havi ng

3. The composite material (10) of claim 1 characterized in that said substantially

uniform roughness results from microetching said first side of said carrier strip (12).

20 4. The composite material (10) of claim 3 characterized in that said microetching of

said first side of said carrier strip (12) comprises the application of ammonium persulfate.

5. The composite material (10) of claim 3 characterized in that said microetching of

said first side of said carrier strip (12) comprises the application of a sulfuric acid mixture.

25
6. The composite material (10) of claim 1 characterized in that said substantially
uniform roughness results from flashing said first side of said carrier strip (12) with
copper.

30 7. The composite material (10) of claim 1 characterized in that said substantially

uniform roughness results from flashing said first side of said carrier strip (12) with nickel.
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opposing first and second sides, said first side of said dark layer (13) in
contact wth said second side of said copper foil layer (14); and a

rel ease |1wpaB/0t2569 effective to facilitate separation of e®ardSezer7Er strip
(12) from said dark layer (13) disposed between and contacting both said
first side of said 25 carrier strip (12) and said second side of said dark
| ayer (18) andrigf dodgidsit€ niakerial @03 6T Elafuh € cBMbétagLdGh MAchiA Chetel §@ipQi2pai d
first side of said carrier strip (12) to said second side of said dark

| ayer (l8pompgsedf@xygarpdes coppefat eri al (10) of claim 12 characterized in
that said substantially 30 uniformroughness results fromrough rolling
said first side of said carrier strip (12). 27 WO 03/022569 PCT/ US02/ 27703
14. The %0nNPOBhd @niftsRé idteriall QD) 6f clain@i BhdrdcteMaddas ek sag airier bpt(1spi d
substantially  uniformroughness results frommcroetching said first side
of s&i d 18 spmpasedsafnajgepparickelsilicpnbassdrfosi t e material (10) of claim 12
characterized in that said substantially 5 uniformroughness results from
sand blasting said first side of said carrier strip (12). 16. The

conposi ti. Mt Eid @Wmpob} niferial AONLAakh @ chEhaEHZRA0n ikt kAlalcasRt Sirip has a
substantial ly unlforn1rou8hness results fromnodule plating said first

si de of teegilg strangthef atleast g06.9MPa B0 ksi). The conposite material (10) of
claim 12 characterized in that said dark |layer (13) has a thickness
between 0.05 and 0.5 microns. 18. The conposite material (10) of claim17

chanact erti. zedThdcontpksits aiatbridB(10) beyeim { tBaractbdsedan R RLiQxhARE bl gkness of
0.2 mcrons. 15 19. The conposite material (10) of claim 12 characterized

in that hesiadensde girengjlepf gtigyst 689.5 MRl &sl).of a material selected fromthe
group consi sting of copper, nickel, tin, manganese, iron, and
copper-ni ckel alloys. 20 20. A method for the manufacture of a conposite

mat er i al12( 10) A cbmpagiteanhtens (by), theadéeRd byof : providing an electrically
conductive support |ayer )( 12);, anodically treating said electrically
A SB

conduct i ve sUbEIer Sty el2)(spi éami\er@trfp (2 conpuisimgsn fiet Bde sadd fitse sident ai ni ng
[ Lgb T o R OB e IR 0, o7 o oLl Y,
el ectrical | y sonebuoltically dgReitéd ¢apyper folllder (14) RabRe @PHodetiBR SnFicabhd Ol Yt e
sides and a thickness of from 0.1 micron to 15 microns and said entire copper
foil layer (14) thickness having been deposited from a copper containing
alkaline electrolyte;
20 a dark layer (13) effective to absorb light energy said dark layer (13) having
opposing first and second sides, said first side of said dark layer (13) in contact
with said second side of said copper foil layer (14); and
a release layer (16) effective to facilitate separation of said carrier strip (12) from
said dark layer (13) disposed between and contacting both said first side of said
25 carrier strip (12) and said second side of said dark layer (13)and effective to

transmit the surface characteristics of said first side of said carrier strip (12) to

said second side of said dark layer (13).

13. The composite material (10) of claim 12 characterized in that said substantially

30  uniform roughness results from rough rolling said first side of said carrier strip (12).
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contai ni ng second netal ions and hydroxide ions; and electrolytically

depositing a copper foil layer (14) on said release layer by imrersion in
a copper woraraseng al kal i ne el ectrolyte for a period of tCmassutfnEient to
30 achieve a thickness of said copper foil layer (14) of approximately 1.0

to 15 mcrons. 28
14.  The composite material (10) of claim 12 characterized in that said substantially

uniform roughness results from microetching said first side of said carrier strip (12).

15.  The composite material (10) of claim 12 characterized in that said substantially

5  uniform roughness results from sand blasting said first side of said carrier strip (12).

16.  The composite material (10) of claim 12 characterized in that said substantially

uniform roughness results from nodule plating said first side of said carrier strip (12).

10 17.  The composite material (10) of claim 12 characterized in that said dark layer (13)
has a thickness between 0.05 and 0.5 microns.

18.  The composite material (10) of claim 17 characterized in that said dark layer (13)
has an approximate thickness of 0.2 microns.

15
19.  The composite material (10) of claim 12 characterized in that said dark layer (13) is
comprised of a material selected from the group consisting of copper, nickel, tin,

manganese, iron, and copper-nickel alloys.

20  20. A method for the manufacture of a composite material (10) characterized by the steps

of:

providing an electrically conductive support layer (12);

anodically treating said electrically conductive support layer (12) in a first aqueous
electrolyte containing first metal ions and hydroxide ions;

25 subsequent to said anodically treating step, cathodically depositing a release layer
(16) onto said electrically conductive support layer (12) in a second aqueous electrolyte
containing second metal ions and hydroxide ions; and

electrolytically depositing a copper foil layer (14) on said release layer by
immersion in a copper containing alkaline electrolyte for a period of time sufficient to

30  achieve a thickness of said copper foil layer (14) of approximately 1.0 to 15 microns.

28



