WO 02/ 089546 PCT/ US02/ 11801 SUBSTRATE ADHESI ON ENHANCEMENT TO FI LM
BACKGROUND OF THE I NVENTION 5 FIELD OF THE | NVENTI ON The present invention
rel ates twothmssmaeuf acture of printed circuit boards havi mgT/isopiseed
interlayer adhesion. Mre particularly, the present invention pertains to
adhesivel ess, flexible printed circuit boards having excellent thermnal
performance 10 and useful for producing high-density circuits. DESCRI PTI ON
OF THE RELATED ART Printed circuit boards are enployed in a wide variety of
applications. For exanple, they can be found inside radio and tel evision
sets, tel ephone systens, 15 autonobile dashboards and conputers. They al so
play an inportant role in the operation of airborne avionics and gui dance
systens. Polyinmde filnms are used in the production of circuit boards
because of their excel e er j St Cs el ectrica
properties. Mre paf§¢%§£%é&§fﬁ?ﬁgggﬁ§u|nun ¢€N%$ﬁgQR%; ayer of a

conductive netal foil to a surface of a polyimde filmto provide a surface
upon 20 which a pattern of an electrical conductor can be provided. In such
cases, it has been recogBAGKGRAUNGRROETHE MYENRONDvenent of the netal
foil on %he polymeric filmcould potentially inpair the performance of the
equi pnent” i ncorporating the circuit board. To avoid this problem it is
necessary t hgElbeF THRANMENEONEt al | ayer be strongly adhered to the

pol yneric substrate to prevent ang shifting of the 25 netal |ayer on the
film 1 The present invention relates to the manufacture of printed circuit boards having

improved interlayer adhesion. More particularly, the present invention pertains to
adhesiveless, flexible printed circuit boards having excellent thermal performance

10 and useful for producing high-density circuits.

 DESCRIPTION OF THE RELATED ART

Printed circuit boards are employed in a wide variety of applications. For

example, they can be found inside radio and television sets, telephone systems,

15  automobile dashboards and computers. They also play an important role in the
operation of airborne avionics and guidance systems. Polyimide films are used in
the production of circuit boards because of their excellent flex characteristics and
good electrical properties. More particularly, it is common to attach a layer of a
conductive metal foil to a surface of a polyimide film to provide a surface upon

20  which a pattern of an electrical conductor can be provided. In such cases, it has
been recognized in the art that any movement of the metal foil on the polymeric
film could potentially impair the performance of the equipment incorporating the
circuit board. To avoid this problem, it is necessary that the conductive metal
layer be strongly adhered to the polymeric substrate to prevent any shifting of the

25 metal layer on the film.



WO 02/ 089546 PCT/ USO02/ 11801 There have been various efforts in the art to
i nprove the adhesion of netal foils to polyneric substrates in formng
printed cwoariogoshoar ds whil e naintai ni ng good thernal re®cCIsaresand | ow
cost of manufacture. U S. patent 4,382,101 offers one proposed solution to
this problemwherein a substrate is etched with a plasma 5 etchant and then
a netal is vapor deposited onto the etched surface of the substrate. This
process requiring the vapor deposition of a netal directly onto an etched
surface is very expensive. U S. patent 4,615,763 provides a nethod of

i nprovi ng adhesi on of a photosensitive material to a substrate by

sel ectively etching resinous portions of a substrate conprising a resinous

mat eri al andTlgne Hdifeibleelf gaivug effeid in ¢hd £t © inpteeitidl adhbbicn ofiaéietbiléto639, 285
teaches a pro ess rein.a_netal fojl is attached to a surface of a
synt hetic r gy F%ﬁ@ iy formang Rrinted Gyt Rpards while peintaniag eeodadhesi ve

| ayer after dea kégata{ne@arﬁﬂg@%&t R yRHLEEGR, Y0 Sl @92 1BTBREGLHE © P! asma

The | ow tenperature asma utiliz si l'i'con "~ conpound with an
i norganic gamppaﬁdhﬂasmnmymepmmumSwhmamanmbﬁum5ﬁe&ﬂéiwnbmm&sﬁm15 a

I de fil d f d t di di i
ovdler < Bar 1B A el R B OVEL PR A S0hed SROTHE {11 m our face to
roughen the §blite Thes Lfolc@gs el Rake Hr Hé}%@mbﬁ 885 filta ydﬁﬁ%@ rfa?lna

di scharge treatnent to alter the surface chemstry o
pat ent 4, 863%t8B8 stifarctievern exrhsiveri UeS. patemh Lolat76d providesa makmiofdepom t ed

chrom um | ay.er or. depo 0 o) nd foll d by
el ectropl ati 1%”?51%@’8?)18%?& %Oéose’bsé%\éerﬂqa Elpééaai@{rétﬁﬁwflagye wet chenistry
nmet hod wit h @Eftharkeshs fitorRoPh86Bstar Bhipishd résthoub Refefiabdldpe adhesion of
a polyinmde filmsurface. The present invention provides an inproved

sol ut i onl%v dnoLgas @a@tpulgwénqjqzriaér Ua4Y. patent 4,639,285 teaches a process wherein a

metal foil is attached to a surface of a synthetic resin substrate via an intermediate
silicone-based adhesive layer after treating the substrate surface with a low
temperature plasma. The low temperature plasma utilized is an organo-silicon
compound with an inorganic gas, such as oxygen. U.S. patent 4,755,424 provides
15 apolyimide film produced from a polyimide containing a dispersed inorganic
powder. Particles of the inorganic powder protrude from the film surface to
roughen the film. The film surfaces are then treated with a corona discharge
treatment to alter the surface chemistry of the film. U.S. patent 4,863,808 teaches
a polyimide film coated with a vapor deposited chromium layer, a vapor deposited
20  copper layer, and followed by electroplating:with copper. U.S. patent 5,861,192
provides a wet chemistry method with mechanical and projection grinding to

increase the adhesion of a polyimide film surface.

The present invention provides an improved solution over those of the prior art.
25 A process for forming printed circuit boards is provided wherein a polymeric film
is coated onto at least one surface of an etched polymeric substrate followed by

laminating a metal foil onto the coated film. The substrate surface may be etched



25 A process for formng printed circuit boards is provided wherein a
polynmeric film is coated onto at | east one surface of an etched pol yneric
substr at ewbokiogeseel by |anminating a netal foil onto the ceawrdasot/iism The
substrate surface may be etched 2 WD 02/ 089546 PCT/ US02/ 11801 wth either
a chem cal or plasma etchant, and may conprise either the sane or a
different material than the polyneric film. The result is a circuit board
with a substrate that exhibits high thermal resistance and excel |l ent

el ectrical insulating properties. 5 SUMWARY OF THE | NVENTI ON The i nvention
provi des a process for formng a printed circuit board conposite
conprising: 10 a) etching at | east one of two opposite surfaces of a planar
pol ynmeri ¢ suigt eithieea chdm)ica tot glahrhmgtcmnmcﬂnslmmyicombﬁkmidmt thecmee ora bot h et ched
surfaces of e pol yneric trate c) lam nati, apd, attaching a

et el foi | SGeRREar PSR it s THYERE CBHIT SRANEIE Br ovi des a
process for shegtméwataexafwt@hrg@l thdrinGHiedistRR@Td eﬁ&ﬂ‘iEﬁt' chlchébal Rbuigi! Ng at

| east one of two opposite surfaces of a planar polyneric sul[l)strate b)
attaching appopeyttesri c fil monto one or both etched surfaces of the
polymeric substrate; 20 c) lamnating and attaching a nmetal foil onto the
pol ymerié film d) depositing a photoresist onto the netal foil;

SUMMARY OF THE INVENTION

The invention provides a process for forming a printed circuit board composite
comprising:

10  a) etching at least one of two opposite surfaces of a planar polymeric substrate;
b) attaching a polymeric film onto one or both etched surfaces of the polymeric
substrate; and '

c) laminating and attaching a metal foil onto the polymeric film.

15  The invention further provides a process for forming a printed circuit board
comprising:
a) etching at least one of two opposite surfaces of a planar polymeric substrate;
b) attaching a polymeric film onto one or bofh etched surfaces of the polymeric
substrate;

20  c) laminating and attaching a metal foil onto the polymeric film;
d) depositing a photoresist onto the metal foil;
e) exposing and developing the photoresist, thereby revealing underlying portions
of the metal foil; and
f) removing the revealed underlying portions of the metal foil.

25



e) exposing and devel opi ng the photoresist, thereby revealing underlying
portions of the netal foil; and f) renoving the reveal ed underlying
portions whoisdsaetal foil. 25 3 WD 02/089546 PCT/ US02/ 1P8FwSor1180s al so
within the scope of the invention to formmultilayered printed circuit
boards or conposites by incorporating additional polyneric filns or netal
foil layers. A description of these enbodinents is included herein. 5
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT The i nvention provides a
printed circuit board support having inproved interlayer adhesion,
enhanced thernmal stability and excellent electrical insulating properties
as conpared to the prior art. 1o The first step in the process of the

i nvention i dt salsetwithimthelsegetof tdrednsantiba cefoah mwitlayepppsited cisamitt aces of a

suitabl e substrate with_an appropri.ate, etchant, thereby form.ng a first

et ched surf Bér.dsﬂlb‘?rﬁ%qs‘t%n@’slpgcﬁi’ ating %idetm%@poémfffé%ﬁ[ﬂgwt% njal IEﬂ‘ﬁpocessed into
a printed cijgei tA QEscBbfRG! of Th&e RRbEGH AR indRMESBereill €f €rTed  substrates
for the presént invention are polyneric substrates and non-exclusively 15
include materials conprising polyester, polyimde, liquid crystal polyners
and polyners r; i er | i amd
(Kevlar),5 ar am g—pap Ther ottt —pot ybet ot ate & conbi nati ons
thereof. O mResRnfion PRV fAnSH BREUIBERArd SuphH€ hikBed infir6Verihletlayef SO
suitable are sem conductor nmaterials such as galliumarsenide (GaAs),
silicon and adhespus enhaness thenmebstabilty and expdlieaiorectuiesh inguladpg/propgrtiene silicon,

pol ysi I con.. apRLRhgyssshlbegn epitaxial

10  The first step in the process of the invention is to etch at least one surface of two
opposite surfaces of a suitable substrate with an appropriate etchant, thereby
forming a first etched surface. Typical substrates are those suitable to be
processed into a printed circuit or other microelectronic device. Preferred
substrates for the present invention are polymeric substrates and non-exclusively

15  include materials comprising polyester, polyimide, liquid crystal polymers and
polymers reinforced with materials such as fiberglass, aramid (Kevlar), aramid
paper (Thermount), polybenzoxolate paper or combinations thereof. Of these a
polyimide substrate is the most preferred. Also suitable are semiconductor
materials such as gallium arsenide (GaAs), silicon and compositions containing

20  silicon such as crystalline silicon, polysilicon, amorphous silicon, epitaxial
silicon, and silicon dioxide (SiO,) and mixtures thereof. The preferred thickness
of the substrate is of from about 5 pm to about 200 pm, more preferably from

about 5 pm to about 50 pum.

25  Appropriate etchants are those which are capable of selectively removing portions
of the substrate surface. Preferred etchants for the present invention non-

exclusively include plasma etchants and concentrated aqueous etching solutions.



silicon, and silicon dioxide (Si02) and m xtures thereof. The preferred

t hi ckness of the substrate is of fromabout 5 mto about 200 m nore

pr ef er ablwofeoses4s@bout 5 mto about 50 m 25 Appropriate @Cxhsar/sisare t hose
whi ch are capabl e of selectively renoving portions of the substrate
surface. Preferred etchants for the present invention non- exclusively

i nclude plasma etchants and concentrated aqueous etching solutions. 4 WD
02/ 089546 PCT/ US02/11801 Preferred are aqueous al kal i ne sol utions,
non-exclusively include Goup | or Goup Il hydroxides which include

hydr oxi des of elements fromGoups | or Il of the periodic table, such as
sodi um hydr oxi de and pot assi um hydr oxi de. Ammoni um hydr oxi de may al so be
used. The usktfeired arcgntouatlkalinofohaivnaqueanslusively divirie Gravp Ber Wi t h t he

chem cal conposition of . the.gubstrate tqo,be etched.. Typically useful

et chant concrr(gﬂlpiftl?ygﬁog“ﬁieéﬁﬁ’éc lpawgf&@ﬁ?X‘%%OthIe%Bﬁtﬂ%é‘F Skﬂélﬁﬁt of the
et chant mat ehé gbriodX RbR! alkh ¥s sdddih Ah@BLidd A4 pRaRRRYAydeOdEe. FOor  exanpl e, one
useful aqueous etchant 1s a potassi um hydroxi de sol ution having a

concent r at i ohmgfonfunp hydspride m8ysise babsadt Thouseti copenisationf by dqusriie. Al so 10

suitable Js sodi um hydr.pxi.de.sol uti on. at concentration of from about 8%
to aboutg 1633/3}@9‘\’/%16(5%%{&5 e‘é‘&&?‘i? C(?‘}‘S}%‘Fsgﬁnc?ﬁh%’fgs%t%@%ﬁ egc[hg i ng technique
whi ch i s suiTypiatly hesfuldteahn@nb@lmiTeds & dibesit SOP abeutserhy This pl asnma
etchant is a highly charged gas that bonbards the film 15 surface with

posi tive andveielfithecteleat gagriglppiefesably: fromiahgut Ljutoiabpei20dm Fohe surface to
degr ade as S i I . i d gen
cont ai ni ng \;I)%;Jgs Rge ’ 81?32%%?% gﬁ‘ﬁettote]%talbgsn masflag{ Of(t)a%g/lgrennhyégoﬁfdgi Sﬁ%‘ég %ﬁ\glg g et chi ng
concentration of from about 8% to about 12% of potassium hydroxide. Also
10  suitable is a sodium hydroxide solution at a concentration of from about 8% to

about 16% by weight of sodium hydroxide.

Any plasma etching technique which is suitable for etching polymer substrates
may be used. This plasma etchant is a highly charged gas that bombards the film

15 surface with positive and negative charged species causing impurities on the
surface to degrade as well as ablating the film surface. These include halogen
containing plasma etching materials and oxygen containing plasma etching
materials. The preferred plasma etchant comprises a gaseous mixture of oxygen
(Oy) and tetrafluoromethane (CF,). Preferably the plasma etchant comprises at a

20  mixture of oxygen plasma and tetrafluoromethane plasma comprising least about
3% of tetrafluoromethane, more preferably it comprises from about 3% to about
20% and still more preferably from about 7% to about 20% of tetrafluoromethane
with the balance being oxygen. This minimum quantity of tetrafluoromethane is
important to prevent any over etching of the substrate.

25
The etching step of the process of the present invention is accomplished by

contacting the polymeric film with the aqueous base etchant or plasma etchant.



materials. The preferred plasm etchant conprises a gaseous m xture of
oxygen (02) and tetrafluoronethane (CF4). Preferably the plasm etchant
conpri seswatozas®d m xt ure of oxygen plasnma and tetrafl uor eaattusaneispl asma
conprising | east about 3% of tetrafluoronethane, nore preferably it
conprises fromabout 3% to about 20%and still nore preferably from about
7% to about 20% of tetrafl uoronmethane wth the bal ance bei ng oxygen. This
m ni rum quantity of tetrafluoronethane is inportant to prevent any over
etching of the substrate. 25 The etching step of the process of the present
invention is acconplished by contacting the polyneric filmwth the
aqueous base etchant or plasma etchant. 5 WD 02/089546 PCT/ US02/ 11801

Et chi ng i s doddogisednéyctasidntmotacting thhercas efztbe aifbstrife tshdtehedtvathitbe be et ched

with the etchant teriial. Plasma etchi,ng i s conducted..under conditions
ot 1 o1 ont 1o ARl PRsina el s St dpedts R SUABREs o T ace. of the
substrate. SU@Bve ANOLEMHELE 4808 M6thlat KRRWRe biRfHST RE bubstrkeaRAMEr

enbodi nent of the invention, bot h surfaces of the substrate are etched,

al | owi ng addire¢ednigh ateayadt lmoma ih éheaatd dd anghertambogdinant efthe inveuiian, boar d

st ng an “aqueg PEERL R AR RS 4R Gk 2l BREGR Pl Bkt R BN " S0 1o

determ ned kpspanted cirdift KDARIGupPdrt 60HP afkhti@ha®ingtshiferiod Bétiesidh € tdd i S
generally from about 10 seconds to about 4 mnutes in |ength. For exanple,

when usi ng #Ub$@$-et chant, the etching time for a polyinide substrate is
from about 20 seconds to about 3 mnutes. Preferably the etching solution
is maintained at a tenperature

When using an aqueous base etchant, the duration of the etching step is also

10  determined based on the chemical composition of the substrate and is generally
from about 10 seconds to about 4 minutes in length. For example, when usiﬂg a
KOH etchant, the etching time for a polyimide substrate is from about 20 seconds
to about 3 minutes. Preferably the etching solution is maintained at a temperature
of from about 40°C to about 65°C. It has been found that neutralizing the surface

15 with a dilute mineral acid to form a soluble salt and subsequently rinsing clean the
surface with deionized water is desirable. Further, by altering the film residence

time, the etch rate can be altered.

When etching is done by plasma etching, it may be performed in a plasma etching

20 chamber as is well known in the art.

The next step is to apply a polymeric film onto one or both etched surfaces of the
polymeric substrate. The polymeric film is preferably deposited onto the film as a
liquid by coating, evaporation or vapor deposition to allow for control and

25  uniformity of the polymer thickness. Preferred polymeric materials include
polyimides, polyesters, polyester containing co-polymers, polyarylene ethers,

liquid crystal polymers, polyphenylene ethers, amines, and combinations thereof.

6



of from about 40C to about 65C. It has been found that neutralizing the
surface 15 wth a dilute mineral acid to forma soluble salt and
subsequenwibDy2/089586 Nng cl ean the surface with deionized watPem/use2/ussi r abl e.
Further, by altering the filmresidence tine, the etch rate can be
altered. Wen etching is done by plasma etching, it nmay be perforned in a
pl asma etching 20 chanber as is well known in the art. The next step is to
apply a polyneric filmonto one or both etched surfaces of the polyneric
substrate. The polyneric filmis preferably deposited onto the filmas a

| iquid by coating, evaporation or vapor deposition to allow for control and
25 uniformty of the polyner thickness. Preferred polyneric materials
include polfthesdgsolyipides@sd the SosPRtiasd.eh Moihbednbdign&noptHey Mer s,

pol yaryl ene ethers, Iliquid crystal polyners, polyphenyl ene ethers, am nes,
and  conbi natiPsHEoR Hemebmeri filp 20d thrawsviteriscrpustromeng theapme hese,

pol yi m des Q£ﬁ?ﬁ$? nost preferred. In another enbodi nent of the invention

t he pol yneri'c filmand the polyneric substrate conprise the sanme pol yner.
5 Polyimdes are preferred for the polyneric fil mbecause they have high

el ectrical _strengths, od, . nsul ati ng, properties, hi gh softeni ng point
and are i5nerBt°E3fl’6“‘}g?éﬁ§F pr%%’éﬁq toame_po&sp@eg@rf{l CEuec %V;PYE lggléelﬁ%WFﬂg a gl ass
transition ts@fepgﬁs%}?&;a@ingl];ﬁggnggir%op%%&%ﬁ Aubft dift AR indeimatdf th @ gl ass

transition tenpéerature o r out I90C to about 270C are préferred.
Pref erabl y, dhbmicebl Preferral dre bolyimilés Hhwinigagdasa traimitidrtemperafurd (Ighofibout 2 gm

to about 10G, M a7 809l S5 %Ned, Wi 2 AR anstuiS M ehrperRRe bf fomS™
about 190°C to about 270°C are preferred. Preferably, the polymeric film will
10  have a thickness of from about 2 um to about 100 pm, more preferably from

about 5 um to about 50 pm.

The polymeric film may be applied to the polymeric substrate by coating a
suitable solution onto the substrate and drying. The solution may be comprised of

15  polymer precursors, a mixture of precursors and polymer or just polymer and an
organic solvent. It is preferred that a single solvent be used in each solution.
Useful solvents include acetone, methyl-ethyl ketone, N-methyl pyrrolidone, and
mixtures thereof. The most preferred single.solvent is N-methyl pyrrolidone. The
polymer-solvent solution will typically have a viscosity ranging from about 5,000

20  to about 35,000 centipoise with a preferred viscosity in the range of 15,000 to
27,000 centipoise. The solution may comprise from about 10 % by weight to
about 60% by weight of polymer, more preferably from about 15% by weight to
about 30 % by weight of polymer with the remaining portion of the solution
comprising one or more solvents. After application, the solvent is evaporated

25  leaving a polymeric film on the substrate. Alternatively, a thin sheet of the

polymer may be laminated under heat and pressure onto the substrate. In another



The polyneric filmmay be applied to the polyneric substrate by coating a
suitabl e solution onto the substrate and drying. The solution may be
conpri sedwof02/08B4¢o0l yner precursors, a m xture of precurs®Cy/isadi1sol yner or
just polynmer and an organic solvent. It is preferred that a single sol vent
be used in each solution. Useful solvents include acetone, nethyl-ethyl
ket one, N-nethyl pyrrolidone, and mxtures thereof. The nost preferred
single solvent is N-nmethyl pyrrolidone. The polyner-solvent solution wll
typically have a viscosity ranging fromabout 5,000 20 to about 35, 000
centipoise with a preferred viscosity in the range of 15,000 to 27,000
centi poi se. The solution nmay conprise fromabout 10 % by weight to about
60% by wei ghdmttingkit,\am6ltentBise optiRipalyaidh yhatdrahimap beléxthbimpategbalot t o
about 30 % by weight of polynmer with the remaining portion of the solution
conprising @ RSUPBT#EBr e sol vents. After application, the solvent is
evaporated 25.leaving a polyneric filmon the substrate. Alternatively, a
thin sheet of the polynmer may be | am nated under heat and pressure onto

t he subst r athe potyneon dilihemay afsoWptioad a8t orRE R/ 1O Rateti8D PPreferrbddi ment, a
nol ten mass t he polypey .material may be extrusion coated onto the
substrat €. ﬁlkrw%@%wﬂw %ﬁ%ﬂr%l% 19 siliraopgsypuiitanaiesf i | | er
material. P rs%ﬁﬁﬁr@@itanétef bdrivRl strAB0mSHSIHS hﬁ(a"ijcz%/ gl 8 HAEMAELAFhGSs), bOr on
nitride, silica, bariumtitanate, strontiumtrtanate, barium strontium
titanate, qudurhippmgixides nireegtsmicriileroansipombesyipns thbraof. dfiimcoopocieed, mon- cer ami ¢

s and o e oL kol SRS S o bl AR 172Dl
more pref er ajghie filnD MRS Piéterddlyfib HBOLLYSRIAUBME 380h B iveltht 6£18e filrhm
10 |
Next, a metal foil is laminated to the substrate surface on which the polymer film
has been formed. Lamination is preferably conducted by autoclave lamination,
vacuum hydraulic pressing, non-vacuum hydraulic pressing or by hot roll
lamination. Lamination may also be conducted using an ADARA™ press which
15 comprises heating the metal foil by an amount sufficient to soften the polymeric
film by flowing an electric current through the foil and attaching the polymeric
film to the substrate. When using a vacuum press, lamination is preferably
conducted at a minimum of about 275°C, for about 5 - 30 minutes. Preferably, the
press is under a vacuum of at least 28 inches of mercury, and maintained at a

20  pressure of about 150 psi.

Preferred metal foils for the printed circuit board support of the invention
comprise copper, zinc, brass, chrome, nickel, aluminum, stainless steel, iron, gold,
silver, titanium and combinations and alloys thereof. Most preferably, the metal
25  foil comprises copper. Copper foils are preférably produced by electrodepositing
copper from solution onto a rotating metal drum as is well known in the art. The

metal foil preferably has a thickness of from about 3 pm to about 200 pm, more



10 Next; a netal foil is lamnated to the substrate surface on which the
polymer film has been fornmed. Lam nation is preferably conducted by

aut ocl avewbaniosestié on, vacuum hydraul i ¢ pressing, non-vaceemusyziisol i c
pressing or by hot roll lam nation. Lam nation may al so be conducted using
an ADARATM press which 15 conprises heating the netal foil by an anmount
sufficient to soften the polyneric filmby flowing an electric current
through the foil and attaching the polyneric filmto the substrate. Wen
usi ng a vacuum press, lamnation is preferably conducted at a m ni mum of
about 275C, for about 5 - 30 mnutes. Preferably, the press is under a
vacuum of at | east 28 inches of nercury, and maintained at a 20 pressure of
about 150 pgirefefabbfferm eboutetpan tof abiobsSF wm. Allengivieht auought capper fodar d support

of the invention c ri se co r, zinc,. brass hr. ni.ckel . .al um num

Stai nl ess SUBS 0° ysp Hovsey thebfiing afocsys iy SRR i Ed i PRAoiBn BiBng &l | oys
thereof . Msio tRin@éahaPI ¥midrbi@. Metal 25 foil conprises copper. Copper foils
are preferably produced by el ectrodepositing copper fromsolution onto a

rotating netal drumas is well known in the art. The netal foil preferably

has a thickngss of from abo 3 m,t.0, about,. 20 re 02/ 089546
her tson L s oae onf e bR MRS St e T ih 287 i Bl B RGeS pa vel v,
wrought  coppgicrd-eithifig,/Bbelfy ddeadlytitiwawated ok shdyl diditoB6RCLSS i S
effectively limted to producing foils no thinner than 18 mcrons. 5 The

one or bot h reyghesedgopppicdepetipnd/or by plggtralpis dllydreeipdipa thomgiiesidato such as by
m cro- et chi Ny Do Ar§nBEIES oY S hietth bYmblaPRIcFbnD if 8 &MY ThEe to form

a
nodules are preferably copper or a copper alloy, and increase adhesion to the

10 polymer film. The surface microstructure of the foil may be measured by a
profilometer, such as a Perthometer model M4P or SSP which is commercially
available from Mahr Feinpruef Corporation bf Cincinnati, Ohio. Topography
measurements of the surface grain structure of peaks and valleys are made
according to industry standard IPC-TM-650 Section 2.2.17 of the Institute for

15 Interconnecting and Packaging Circuits of 2115 Sanders Road, Northbrook,
Illinois 60062. The surface treatments are carried out to produce a surface
structure having peaks and valleys which produce roughness parameters wherein
the average roughness (Ra) ranges from aboﬁt 1 to about 10 microns and the
average peak to valley height (Rz) ranges from about 2 to about 10 microns.

20
The optional roughening of the shiny side of the foil is preferably carried out to
produce a surface structure having peaks and valleys which produce with a
roughness parameters wherein Ra ranges from about 1 to about 4 microns,
preferably from about 2 to about 4 microns, and most preferably from about 3 to

25 about 4 microns. The Rz value ranges from about 2 to about 4.5 microns,
preferably from about 2.5 to about 4.5 microns, and more preferably from about 3

to about 4.5 microns.



roughened copper deposit, and/ or by electrolytic ally treated on the matte
side to deposition of mcro-nodules. of a nmetal or nmetal alloy on or in

t he surfawe.02/0kis3e€ nodul es are preferably copper or a copgarusat/isy; and

i ncrease adhesion to the 10 polyner film The surface mcrostructure of the
foil may be nmeasured by a profiloneter, such as a Perthoneter nodel MAP or
S5P which is commercially avail able from Mahr Fei npruef Corporation of

C ncinnati, Chio. Topography neasurenments of the surface grain structure
of peaks and valleys are nade according to industry standard |IPC TM 650
Section 2.2.17 of the Institute for 15 Interconnecting and Packagi ng
Crcuits of 2115 Sanders Road, Northbrook, Illinois 60062. The surface
treatnments are carried out to produce a surface structure having peaks and

val | eys whi ¢ch prqduce roughne paraneters wherein_ the average roughness
(Ra) ranges Tihe Dol tRIZhOBE BB attn S B B 401 LHE Prefigably garrigdatjeak to

|1 hei : ] h [ I
valley heig %odu'é?lisﬁﬁdb@%t?u%{é&g&?@i?gg&%k%iaflrn@}ragf%g%’gv%a%fr? gmdﬁé@é‘ﬁ)ugﬁ&sg_ e optiona

r ougheni ng the shiny si bly carried out to
produce a sefaasterswhereinuRerahgesifron peak4 tasut H) méyensypietnabhy iduce with a

roughness paraneters.wherein Ra ranges fr bout 1 to abo 4 m crons,

pr ef er abPy fali)g%%%mbogt f{%’mé‘%gu?n pﬁq%g;eéngTy g"HH‘ gt[§ Tﬁra@%&a%l y from about
3 to 25 aboyhicthni e Svaluk8ndds o] aduf ARUBSul T0aMARS UireRrdb® RhRUL 4. 5

m crons, preferably fromabout 2.5 to about 4.5 mcrons, and nore

preferably fabouhdetb@bout® miceonajrmdtmate Brefisrehly from abovid ©2bOBILS 6
PCT/ US02/ 11801 The optional roughening of the matte side of the foil are
preferably CHFMd out to

10  An optional copper deposit on the shiny side of the foil will preferably produce a
copper deposit of about 2 to about 4.5 pm thick to produce an average Ra value of
2 um or greater. An optional nodule deposit on the matte side preferably will
have an Ra value as made of about 4 to about 7.5 pm. The micro-nodules of metal
or alloy will have a size of about 0.5 pm. Other metals may be deposited as micro
15 nodules if desired, for example, zinc, indium, tin, cobalt, brass, bronze and the

like. This process is more thoroughly described in U.S. patent 5,679,230.

In the preferred embodiment of the invention, the shiny surface preferably has a
minimum peel strength of about 0.7 kg/linear cm., preferably from about 0.7

20  kg/linear cm. to about 1.6 kg/linear cm., more preferably from about 0.9 kg/linear
cm. to about 1.6 kg/linear cm. The matte surface preferably has a minimum peel
strength of about 0.9 kg/linear cm. and preferably from about 0.9 kg/linear cm. to
about 2 kg/linear cm, more preferably from about 1.1 kg/linear cm. to about 2
kg/linear cm. Peel strength is measured according to industry standard IPC-TM-

25 650 Section 2.4.8 Revision C. .

10



produce a surface structure having peaks and val |l eys which produce a
roughness paraneters wherein Ra ranges from about 4 to about 10 m crons,
pr ef er abl wofozosa58 about 4.5 to about 8 m crons, and nost pCafEsozbisyl from
about 5 to about 7.5 mcrons. The Rz val ue ranges from about 4 to about 10
m crons, preferably from about 4 to about 9 microns, and nore preferably
fromabout 4 to about 7.5 mcrons. 1o An optional copper deposit on the

shiny side of the foil will preferably produce a copper deposit of about 2
to about 4.5 mthick to produce an average Ra value of 2 gmor greater. An
optional nodul e deposit on the matte side preferably will have an Ra val ue

as made of about 4 to about 7.5 m The mcro-nodules of netal or alloy

wi || have a Isazehaferdiodiniend obthg inveidng priordd ddnsination dfehaimpabioiledtas nmicro 15
nodul es if sired, .f exanpl zinc, indiu tin obal.t, brass, bronze
hnd the 11 85 pomric i SRRt Fis PO e ALY Herdb 8L oy et
5,679, 230. lontd dithePiis 6rthe theiMRAN ARMarRihatidiofithy @Bl Ml.to ke shiny surface
preferably has a mninmum peel strength of about 0.7 kg/linear cm,
preferably fpobimesisdim, @tlin petak tayed mesaeptionallit ke depesited on® thgfdil near cm, nore
preferably fraom about. 9 kal/linear, cm. tQ out 1.6 kg/linear cm The

Tt te our! ackieaRr ity RO CRRT b flint e R SO o

kg/l'i near cmmmadorP6@b eeabll Yaybr. AreRROULthE oftided] thinvaatal 8yRr i Hthimbout 2

kg/ l'i near C:-E nore preferably fromabout 1.1 kg/linear cm to about 2

kg/ | i near criilmpad|comprisasgrmnaterial selecied wgh agiskdi iy peldadivie pktipymst andar d

| PC-TM 25 t.on. i.Si 1JS02/ 11801 In
anot her enb%g?onngﬁﬁ" gﬁﬂ{u@éﬁ?oﬁ%@ﬁ%ﬁ}% R?Q%}oﬁs glgepﬁo\égl\ggns{t ﬁlgé? %%bﬁy (E)i}g% e netal foil
ont o metal layer comprises nickel or tin. The thin metal layer preferably has a

10  thickness of from about 0.01 pm to about 10 pm, more preferably from about 0.2

um to about 3 pm.

The resulting laminate will have a peel strength that varies widely based on the
thickness of the polymeric layers and the amount of substrate surface removal. For
15  example, in order to obtain a laminate having an adequate peel strength of at least

4 1bs./inch, it is necessary to remove at least 0.45 pm from the substrate surface.

After the metal foil has been laminated onto the coated substrate, the next step is
to selectively etch away portions of the metal foil or metal foil and optional thin

20  metal layer, forming an etched pattern of circuit lines and spaces in the foil or foil
and optional thin metal layer. This etched pattern is formed by well known
photolithographic techniques using a photoresist composition. First, a photoresist
is deposited onto the metal foil or optional thin metal layer. The photoresist
composition may be positive working or negative working and is generally

25  commercially available. Suitable positive working photoresists are well known in
the art and may comprise an o-quinone diazide radiation sensitizer. The o-quinone

diazide sensitizers include the o-quinone-4-or-5-sulfonyl-diazides disclosed in U.

11



the polyneric film a thin netal |layer may optionally be electrolytically
deposited onto either side of the netal foil. After |lam nation of the

met al f oiwotoo/osdses pol yneric film a thin netal |ayer nayPepttisonaishy be
deposited onto the foil 5 surface opposite the polynmeric filmby coating,
sputtering, evaporation or by Ilamnation onto the foil layer. Preferably
the optional thin netal layer is a thin filmand conprises a nateri al

sel ected such as nickel, tin, palladiumplatinum chromum titanium

nol ybdenum or all oys thereof. Most preferably the thin netal |ayer
conprises nickel or tin. The thin netal |ayer preferably has a 1o thickness
of fromabout 0.01 gmto about 10 gm nore preferably fromabout 0.2 gmto
about 3 gm Sliratena3Ndst 2,Ag7,2 Eyi3(1&64654 3, 148?9583e3,a3(p1%‘1 3$2tOr1;§agih that varies

i del base t f th | d t of
\ému bst )r/at essng e@ge%‘?ﬁ%{:g&( Q eg 90~ Bﬁlﬁg’iﬂ éangirklﬁcaé"r @%ﬁ BQ E&‘Pﬁmgn});rr:] ngt e
havi ng an adg, h@xh@lu@@?bva&tf ERORbR, /fuedis All?a?h%& sGlublB$r édvéli%ﬁle Yiidih$ necessary

f‘ e ? h

to renove at |east O. fromt substrate surface. After e net al
foil has beepsih awhwlarspd:fe:rahlpanbre)laﬂ@§u¢a:blsprbmmeqﬂmetodtdtwtrrcemasmssmlep is to

sel ectlvely et ort. n of th f Oi and opti onal
hi 20" et 4 DAY CorBIAG: S e eREHA e RIsRTRS PP A7 and Spaces
in the fOII ganér@ldorpoambnmﬁﬁahué e TR bs WelY 8¢ Shiplel $-1ige ched pattern is
formed by well known photolithogr aphl c techni ques using a photoresi st

conposi t i on.phpforesist. Negaiive phetoiesists aresalgieyisisltcomnanteially ivailade.al foil or
optional thin netal |ayer. The photoresist conposition may be positive
wor ki ng or negative working and is generally 25 conmercially avail abl e.

Sui t abl e posfHei phBtor&disk istHerPRRHzOWRE bgiosedloticiii kadididiuéinas lidheinahé and may
conpri se an 0- g}gl none di azi de radi ation sensitizer. The o-quinone diazide

sensi ti Z6r s visibleudEayiplst or igfiaied Frgions of s-speatfushijraugh aamaskeordra@edsed in U.

by an electron beam, ion or neutron beam or X-ray radiation. Actinic radiation
may be in the form of incoherent light or coherent light, for example, light from a
laser. The photoresist is then imagewise developed using a suitable solvent, such
as an aqueous alkaline solution, thereby revealing underlying portions of the metal

15  foil or optional thin metal layer.

Subsequently, the revealed underlying portions of the metal foil or metal foil and
optional thin metal layer are removed through well known etching techniques,
such as acid or alkaline etching, while not removing the portions underlying the
20  remaining photoresist. Suitable etchants non-exclusively include acidic solutions,
such as cupric chloride (preferable for etching of nickel) or nitric acid (preferable
for etching of tin). Also preferred are ferric chloride or sulfuric peroxide
(hydrogen peroxide with sulfuric acid). Suitable etchants also non-exclusively
include alkaline solutions, such as ammonium chloride/ammonium hydroxide.
25 :
If the optional thin metal layer is included, this step will reveal the portions of the

metal foil underlying the etched off portions of the thin metal layer. This

12



11 WO 02/ 089546 PCT/US02/11801 S. Patents Nos. 2,797,213; 3,106, 465;

3,148, 983; 3,130,047; 3,201, 329; 3,785,825, and 3,802, 885. Wen o-qui none
di azi des woa@2/08%d¢ preferred binding resins include a watrer/isazoisabl e,
aqueous al kaline soluble or swellable binding resin, which is preferably a
novol ak. Suitable positive photodielectric resins may 5 be obtai ned
comercially, for exanple, under the trade nane of AZ-P4620 from d ari ant
Cor poration of Somerville, New Jersey as well as Shipley I-1ine

phot oresi st. Negative photoresists are also widely conmmercially avail abl e.
The photoresist is then i magew se exposed to actinic radiation such as
light in the 1o visible, ultraviolet or infrared regions of the spectrum

through a naghtermed thinaneteldayddys then edefid tas @ highe@ality oA nisk fstletdhidy theam or
X-ray radiation. Actinic radiation nay be in the faormof incoherent |ight

or coherent me&hf?ﬂ-f%ﬁerék%m weta] kaﬁ‘_ﬁtis fielsdh e neXisiap, is fememMe ther esi st i s
then i mgew %&egeaﬁh%gggﬁﬁpﬁggf&wrﬁ&agal %Lt\éﬁaﬂ% whA A6 refiBviR yRAUCO NS

al kal i ne solution, t I'ng underlyrng portions o e nmetal 15
foil or opti podions df the netahfoil enderlyinSthesmgirembved, pottims oéthealptional tider | yi ng

portions of th tal foll or.netal foil an opt.i onal thi tal layer are
r enoved tﬁroﬂﬁﬁlﬁﬂ’ “fé’ﬁ&‘lﬂgp&rt&ﬂs gtt}eé’é’h'ﬂ?e(ﬁ'ﬁg'gr,n né?&ﬁ“%@leﬁE‘g?fﬂg‘Fta | kal i ne
et chi ng, whi kg not renoving the portions underlying the 20 renai ni ng

phot oresi st. Suitable etchants non-excl usively include acidic solutions,
such as cupric chloride (preferable for etching of nickel) or nitric acid

(preferable r etchj of tin). Al so ferre r.e. ferrjc chloride or
sul furic per g{gﬁggpeuo(nﬁbtga&bragtﬁlt 16%% &dY én‘i]\hp‘{eﬁ’ tgﬁ rnlega]l ?‘Eﬁééfra‘id.y eé%‘leg g’ol e _
etchants al sgvegIipaKe boiGibiLdNthe halghbiierimt Kitlet PR AR dEHeRRSE podtiid oS ammmoni um
chl ori de/ ammoni um hydr oxi de.
10 the metal foil. The laminate may then be rinsed and dried. The result is a printed
circuit board having excellent resolution and uniformity, good thermal resistance

and excellent interlayer adhesion.

After the circuit lines and spaces are etched through the metal foil, the remaining

15  photoresist can optionally be removed either by stripping with a suitable solvent
or by ashing by well known ashing techniques. The photoresist may also be
removed after etching the optional thin metal layer, but prior to etching the metal
foil.

20  In another preferred embodiment of the invention, the above processes may be
repeated on an opposite side of the substrate. In this embodiment, two opposite
surfaces of the substrate are etched by the techniques described above, and a layer
of a polymeric film material may be coated or laminated onto each etched surface,
followed by lamination of a metal foil layer onto each polymeric film. Each metal

25  foil layer may then be patterned and etched by the techniques described above,

including by using an optional thin metal layer.

13



25 If the optional thin nmetal layer is included, this step wll reveal the
portions of the netal foil underlying the etched off portions of the thin
met al | aywn.02/Dk4586 12 WO 02/ 089546 PCT/ US02/ 11801 patter n@dTiusomirset al

| ayer is then useful as a high quality etch nmask for etching the netal
foil. After the thin netal layer is etched, the next step is to renove the
reveal ed underlying portions of the netal foil by etching while not
renoving the portions of the nmetal foil underlying the non-renoved
portions of the optional thin 5 netal |ayer, revealing portions of the

polymeric filmunderlying the etched netal foil. If the optional thin
nmetal |ayer is not included, the netal foil is directly etched to

reveal i ng t HEhefolldwingsiondlintitiey @ahipisBsewe to fllnsttbiehbe inventgod:ne et ched of f
portions of 10 the netal foil. The lam nate may then be rinsed and dri ed.

The result is a printed circuit board having excellent resolution and

uniformty, good thermal resist ancEXAm}@Ecel l ent interlayer adhesion.
After the circuit lines and spaces are etcned through the netal foil, the

remai ni ng LSpphundaﬁhnsummaw19phmnmﬁﬁﬂqi®&hahq&h&ﬂa&wﬂbh&mby&hmnlpp|ng

with a SU|tabIe solv b ashin technlques The
phot or esi’st SaJPHIEMEP t?é‘yg‘?ne(ﬁ)éi;@@ t%ff*{%g’f éwmﬁf‘ﬁ’f'g)a}ﬁ)\em&ﬁa 1"ﬁt hi n netal
layer, but RiohRinih@7RtCH) webta@mﬁe{cﬁém bbBbhrds 41 IR saARNGHL Pref erred

enbodi ment of the invention, the above processes nmay be repeated on an
opposi te si dwsiivelyraad lewlatc}aargetd\spbhescagmbgdnpmntes ot e filppwsfaceto surfaces

of the SUbStc{egra e hd abeigt?nherge P Mn sur ace ﬁﬁs efd 1ng S el%%gnrqcl)\peggp&ggl\ﬂq%’tely and a layer

0.7 pm of material from the surface of the film. Subsequently, the etched surface

10 is coated with a continuous layer of polyimide to achieve a layer thickness of 8 u
m. The coated substrate and a copper foil layer are then laminated together in a
vacuum press at about 275°C, for about 30 minutes, under a vacuum of at least 28
inches of mercury, and maintained at a pressure of about 150 psi. The resulting
laminate has a peel strength of about 4 Ibs./inch.

15

EXAMPLE 2

A polyimide substrate is plasma treated under similar conditions as in Example 1
using an etchant consisting of a gas mixture of oxygen (O,) and tetrafluroro
methane (CF,), containing 7% CF4. However, the etching step is conducted to

20  remove approximately 0.475 um of material from the surface of the film. After
coating the etched surface with a polyimide film and laminating the coated
substrate together with a copper foil as in Example 1, the resulting laminate

exhibits a peel strength of about 4.5 1bs./inch.

25 EXAMPLE 3 (Comparative)

Example 1 is repeated except using an etchant having only 3% CF, and rather than

limiting the etching step to remove approximately 0.7 um of material from the

14



of a polynmeric filmmaterial may be coated or |am nated onto each etched

surface, followed by am nation of a netal foil |ayer onto each polyneric
film Eacwormesds4@5 foil |ayer may then be patterned and eCThesd2/ibagot he
t echni ques descri bed above, including by using an optional thin netal
| ayer. 13 WD 02/089546 PCT/US02/11801 The following non-limting exanples
serve to illustrate the invention: EXAMPLE 1 A polyimde film substrate is

plasma treated with a highly charged plasma etchant 5 gas m xture of
oxygen (02) and tetrafluroronmethane (CF4), the gas m xture containing 7%
CF4. The plasma etchant bonmbards the filmsurface wth positively and
negatively charged species causing inpurities on the filmsurface to

degr ade and sabhet ofiibe filng the ¢tehisgisttpiseonilinied fatabbutnid minetesr €hivves

appr oxi mat el 0.7 m of terial fromthe surface of the film

Subsequent | Q%S‘{“ﬁé“ & %Y?éﬁé%l‘ﬁ?“é@_@tef@“ing r %ﬁ?dgfbeeaﬁt’feﬁg@' &6‘[‘3 peslaieneth ayer of
polyi m de t qfakdia@YifitattedYifberd RifttdeSsnIPhbdt 0.5Mbs/ihBg coated substrate and a
copper foil layer are then amnated together in a vacuum press at about

275C, for about 30 m nutes, under a vacuum of at | east 28 inches of

mercury, and maintained at a pressMout 150 psi. The resulting
| am nat e "has a peel strength of ab .linch. 15 EXAMPLE 2 A polyim de

substrate i EphpRistrefateadbuNaRér Binddabfig SPAIsORSraftSwitodRtafPl € 1 using
an etchant consisting of a gas m xture of oxygen (02) and tetrafluroro
met hane ( CFA pmdayist af palyigidem CE4m ¢datiey ef polyimedeets applreg. Thispesudtingonduct ed to

laminate exhibits peel strength of about 7 Ibs./inch.

10 EXAMPLE 5
Example 1 is repeated, but rather than coating an etched substrate with only an
8 um layer of polyimide, a 30 um coating of:polyimide is applied. This resulting
laminate exhibits peel strength of about 9 Ibs./inch.

15 EXAMPLE 6
A 25 pm polyimide substrate is etched on both sides using similar etching
conditions as in Example 1. Each etched surface is coated with a 12 um layer of a
polyimide, followed by lamination of a copper foil onto each polyimide layer on
the opposite sides of the substrate under conditions similar to Example 1. The

20  resulting laminate is a polyimide dielectric of about 50 um, having a peel strength

in excess of 7 lbs./inch.

EXAMPLE 7
A 25 pm polyimide substrate is chemically etched by running the film through
25 solution of 12% by weight NaOH in water at 47°C followed by a 5% sulfuric acid
neutralization and a final deionized water rinse. The substrate is subsequently

coated with 5 pm of polyimide. A 9 um copper foil is then laminated to the coated

15



20 renove approximately 0.475 mof material fromthe surface of the film
After coating the etched surface wwth a polyimde filmand |am nating the
coated swbakisdsestogether with a copper foil as in ExanplP€TajSor/mso1
resulting lam nate exhibits a peel strength of about 4.5 | bs./inch. 25
EXAMPLE 3 (Conparative) Exanple 1 is repeated except using an etchant
having only 3% CF4 and rather than |imting the etching step to renove
approximately 0.7 mof material fromthe 14 WD 02/ 089546 PCT/ US02/ 11801
surface of the film the etching step is continued for about 15 m nutes.
This results in an overetched | am nate having reduced peel strength. The
peel strength of the lamnate after fifteen mnutes is only about 0.5

| bs/inch. 5 sak#MRLEder Exalitpine sitnilas to Bxragtle 8, THeutsultatgHeminatedras apadli ng an
etched substrate w éhbonl an 8mlayer of polyimde, a 12 mcoating of
pol yi ni de i SUSPEOLE ] ‘resulting |amnate exhibits peel strength of
about 7 |bs./i nch 10 EXAMPLE 5 Exanple 1 is repeated, but rather than
coating an etched substrate w 8 ml|.ayer of polyimde, a 30 m
coating of polyimde is applieé: 8 It | am nat e exhi bits peel
strength sof about 9 |bs./inch. 15 EXAMPLE 6 A 25 m pol yi m de substrate is

Each et ched ABMIETEI2S Hb GRS dF HHFR4E 5 TRICATan k™ &t PaIYH de. Tol | oned
by Iami natiog 9cﬂm @oﬂb%pfb‘?lrlalfnmalcedqghﬁ Ak Sl%%{réﬁje %&ie? chﬁ&‘lﬁfinsqsﬂnilar to

Example 1. The result is a laminate having a peel strength of only about

0.51bs./inch.

10
While the present invention has been particularly shown and described with
reference to preferred embodiments, it will be readily appreciated by those of
ordinary skill in the art that various changes and modifications may be made
without departing from the spirit and scope of the invention. It is intended that the
15 claims be interpreted to cover the disclosed émbodiment, those alternatives which

have been discussed above and all equivalents thereto.

16



the opposite sides of the substrate under conditions simlar to Exanple 1.

The 20 resulting lamnate is a polyimde dielectric of about 50 m having a

peel strewgton/o8dsmé excess of 7 | bs./inch. EXAMPLE 7 A 25 mppalusomisel

substrate is chemcally etched by running the filmthrough 25 sol ution of

12% by weight NaOH in water at 47C followed by a 5% sulfuric acid

neutralization and a final deionized water rinse. The substrate is

subsequently coated with 5 mof polyimde. A 9 mcopper foil is then

| am nated to the coated 15 WD 02/ 089546 PCT/US02/ 11801 substrate under

conditions simlar to Exanple 1. The resulting | am nate has a peel

strength of 6 I bs./inch. EXAMPLE 8 (Conparative) 5 An unetched 25 m

pol yi m de substrate is coated with 5 pmof polyimde. A 9 mcopper foil

| am nat ed to‘éﬁlhe coat ed substrate under conditions simlar to Exanple 1.
i

The result 3 15 glAimed & having a peel strength of only about
0.5l bs./inch. AQ.00dd8 tRGin &4 &4 dcularly shown
and descri bed WPro Sr er erelngeaeﬁ?o pr%@g??eége?%ﬂgﬁltggﬁl?gﬁﬁlﬁ% will be readily

appr eci at ed Dygtchingseleast onenﬂtwmmgposlaa durfacas of hplanat palymadricsabstoites changes and
nodi ficatio t and scope of

may . be t hout departi fromthe
the inventi .att?%‘lrfgsagﬁi"@ﬁré‘ém%ml AP Ofl‘hg"a%‘fs hg ]é?dr%“rf?ﬁ sioht rpﬁlyé‘ieé‘él to cover
the di scl osegpgmpodhdarent, those alternatives which

¢) laminating and attaching a metal foil onto the polymeric film.

2. The process of claim 1 comprising attaching the polymeric film onto one etched

10  surface of the substrate.

3. The process of claim 1 wherein the polyméric film is attached onto one etched

surface of the substrate by lamination.

15 4. The process of claim 1 wherein the polymeric film is attached onto one etched

surface of the substrate by coating.

5. The process of claim 1 wherein both opposite surfaces of the substrate are
etched.

20
6. The process of claim 1 comprising attaching a polymeric film onto both
opposite etched surfaces of the substrate and laminating and attaching a metal foil

onto both polymeric films.

25 7. The process of claim 6 wherein each polymeric film is attached onto opposite

etched surfaces of the substrate by lamination.

17



have been di scussed above and all equivalents thereto. 16 WO 02/ 089546

PCT/ US02/ 11801 What is clainmed is: 1. A process for formng a printed
circuit bwerod/ogmaposite conprising: a) etching at | east omeTafSor/msoppposite
surfaces of a planar polyneric substrate; 5 b) attaching a polynmeric film
onto one or both etched surfaces of the polyneric substrate; and c)

| am nating and attaching a netal foil onto the polyneric film 2. The
process of claim1 conprising attaching the polynmeric filmonto one etched
10 surface of the substrate. 3. The process of claim1l wherein the
polyneric filmis attached onto one etched surface of the substrate by

| am nation. 15 4. The process of claim1l wherein the polyneric filmis

attached ontgo TR@réfesEltlaimy Wie€in @hchl fodyrsdtsiimak ettdifie€ O@b ioEﬂ)sitE- The
process of claim1 wherein both opposite surfaces of the substrate are

et ched. 20 @Gtchehgurficereldhe gibsiEata byraativgnpri sing attaching a polyneric film
onto both opposite etched surfaces of the substrate and- |am nating and
attaching a netal foil onto both polynmeric filns. 25 7. The process of

cl ai m 6 whereiThegacdesyafl cjaimrli whdréih the lahdrciiachndntopdppadd dubstraé ched

surfaces of the substrate by lamnation. 17
5  comprise the same polymer.

10. The process of claim 1 wherein the substrate comprises a polyester.

11. The process of claim 1 wherein the substrate comprises a polyimide.
10

12. The process of claim 1 wherein the polymeric film comprises a polyester .
13. The process of claim 1 wherein the polymeric film comprises a polyimide.

15  14. The process of claim 1 wherein the metal foil comprises a material selected
from the group consisting of copper, zinc, brass, chrome, nickel, aluminum,

stainless steel, iron, gold, silver, titanium and combinations and alloys thereof.

15. The process of claim 1 wherein the metal foil comprises copper.
20
16. The process of claim 1 wherein the polymeric film has a thickness of about 3

pum to about 50 pm.

17. The process of claim 1 wherein the metal foil has a thickness of about 3 pm to

25  about 200 pm.

18



WO 02/ 089546 PCT/US02/11801 8. The process of claim6 wherein each
polynmeric filmis attached onto opposite etched surfaces of the substrate
by coati g0 02/089e process of claim 1l wherein the pol yneripcTiiSommnd t he
pol ymeric substrate 5 conprise the sane polyner. 10. The process of claim
1 wherein the substrate conprises a polyester. 11. The process of claim1l
wherein the substrate conprises a polyimde. 10 12. The process of claim1l
wherein the polyneric filmconprises a polyester. 13. The process of claim
1 wherein the polynmeric filmconprises a polyimde. 15 14. The process of
claim1 wherein the nmetal foil conprises a material selected fromthe group
consi sting of copper, zinc, brass, chrone, nickel, alum num stainless

st eel, iron,18gdhalprosésswéclaint il wdiareimetalriolg stoprta) matondugedawith ah hquesug her eof .

15. The proc§$?. of lcl.ai m 1l wherein the nmetal foil conprises copper. 20 16.
The process 208 SP'HY Y wherei n the polymeric filmhas a thickness of about
3 mto about 50 m 17. The process of claim1 wherein the netal foil has a
t hi ckness of about 3 mto 25 about 200 m 18 WD 02/ 089546 PCT/ US02/11801
18. The pr od@s$haprog¢saiofrelainphavheiein eleling stgp &0 égcondyctédswith anlagieeds wi t h an

aqueous .l ksg uiﬁngc OlHéilquQ rg‘ug'lo}-r&gﬂolpﬂﬁ%§§r%xﬁg. claim 1 wherein etching step
d TR AR
(a) is conducted w an® aqueous

20. The process of claim 1 wherein etching step (a) is conducted with an aqueous

alkaline solution comprising NaOH or KOH.

10 21. The process of claim 1 wherein etching step (a) is conducted with a plasma

etchant.

22. The process of claim 1 wherein etching step (a) is conducted with a plasma
etchant comprising a mixture of oxygen (O,) and tetrafluoromethane.

15
23. The process of claim 22 wherein the plasma etchant comprises at least about

3% of tetrafluoromethane.

24. The process of claim 22 wherein the plasma etchant comprises greater than

20 about 7% of tetrafluoromethane.

25. The process of claim 1 wherein etching step (a) is conducted such that at least

about 0.45 pm of the substrate surface is removed.

25  26. The process of claim 1 wherein laminating is conducted by autoclave
lamination; vacuum hydraulic pressing; non-vacuum hydraulic pressing; hot roll

lamination; or by heating the metal foil by an amount sufficient to soften the
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5 solution conprising a Goup | or Goup Il hydroxide. 20. The process of
claim1l wherein etching step (a) is conducted with an aqueous al kaline

sol uti on wormpissiieng NaOH or KOH. 10 21. The process of cl acmusominsoei n
etching step (a) is conducted with a plasma etchant. 22. The process of
claiml1l wherein etching step (a) is conducted with a plasma etchant
conprising a mxture of oxygen (02) and tetrafl uoronethane. 15 23. The
process of claim 22 wherein the plasnma etchant conprises at | east about 3%
of tetrafl uoronethane. 24. The process of claim 22 wherein the plasna
etchant conprises greater than 20 about 7% of tetrafluoronethane. 25. The
process of claim1 wherein etching step (a) is conducted such that at | east

about 0.45 PoBimdrieilBUISAdvARE ar eledtFie Curréht BROTIKEHe foRland Gitaching e Ocess of
claim1l wherein lanminating is conducted by autoclave |am nation; vacuum

hydraul i ¢ preebsiig filmda theawbsiratqy dr aul i ¢ pressing; hot roll |anination; or
by heating the netal foil by an amount sufficient to soften the 19 WO
02/ 089546 PCT/ US02/11801 polyneric filmby flowng an electric current

t hrough t he 270Alpredess fk faahng@piidted cip@ityborrd condprikiigi 0 t he substrate. 27. A
process for formng a printed circuit board conprising:. 5 a) etching at
| east oné ofd) eiRBIng ghlsastoae efiyoRwesitsssusfagas 9ha plage RpbENsTic sUhii%Gat e: b)

gglt ;‘frg'r I“g 2 UG £pd 1 thPAMPoRE GnObr A Befddififees YE RS Rmict Ne
substrate;
c¢) laminating and attaching a metal foil onto the polymeric film;
d) depositing a photoresist onto the metal foil;
10  e)exposing and developing the photoresist, fhereby revealing underlying portions
of the metal foil; and

f) removing the revealed underlying portions of the metal foil.

28. The process of claim 27 further comprising roughening the surface of the

15 metal foil opposite the polymeric film prior to step (d).

29. The process of claim 28 wherein the roughened surface of the metal foil has

an average roughness value that ranges from about 1 to about 10 microns.

20 30. The process of claim 28 wherein the roughened surface of the metal foil

comprises micro-nodules of a metal or metal alloy on or in the roughened surface.

31. The process of claim 28 wherein the roughened surface of the metal foil is
roughened by micro-etching.

25
32. The process of claim 27 further comprising the step of removing any

remaining photoresist after step (f).

20



substrate; c) lamnating and attaching a netal foil onto the polyneric

film d) depositing a photoresist onto the netal foil; 10 e) exposing and
devel opi yotokesyshot or esi st, thereby reveal i ng underlyi ng portisonsisonf the
metal foil; and f) renoving the reveal ed underlying portions of the netal
foil. 28. The process of claim 27 further conprising roughening the surface

of the 15 netal foil opposite the polyneric filmprior to step (d). 29.
The process of claim28 wherein the roughened surface of the netal foil has
an average roughness val ue that ranges fromabout 1 to about 10 mcrons. 20
30. The process of claim28 wherein the roughened surface of the netal foi
conprises mcro-nodules of a netal or netal alloy on or in the roughened
surface. 31. The process of claim 28 wherein the roughened surface of the
metal foil i hene Cro- et 2. T r ss _of claim27
Further Ccompel TPRGHERS S eam A SRR PG AHgT Pr2R Ao PSROTBI S ot af er
step (f). 2QeMEIddyQ3RA4hikCT /USOZ/ 11801 33. The process of claim27
wherein the reveal ed portlons of the nmetal foil are renoved by acid
etching. 5 34. The process of claim 27 wherein the reveal ed portions of the

metal f 0|5| %€ ThE %rocg of %i’élrﬁl |21§ %vhe&?n {ﬁ% ?eveg'lgd }Z)(())I'UORS ofsthlg ﬁ‘l {a?%o?l' are2 1

removed by alkaline etching to the substrate.
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