5 Oct ober 2005 SUBSTRATE ADHESI ON ENHANCEMENT TO FI LM BACKGROUND OF THE

| NVENTION 5 FIELD OF THE | NVENTI ON The present invention relates to the
manuf acture of printed circuit boards having inproved interlayer adhesion.
More particularly, the present invention pertains to adhesiveless,

flexible printed circuit boards having excellent thernmal perfornance 10 .
and useful for producing high-density circuits. DESCRI PTP&Qiaber 2445 RELATED
"ART Printed circuit boards are enployed in a wide variety of applications.
For exanple, they can be found inside radio and television sets, telephone
systens, 15 autonobil e dashboards and conputers. They al so play an
inportant role in the operation of airborne avionics and gui dance systens-
Polyimde filns are used in the production of circuit boards because of
their excellent fJUHSITLAIBABHESION SNaDONCBRMINETECtLvgal properties. Mre
particularly, it 1s conmon to attach a Tayer of a conductive netal foil to
a surface of a polyimde filmto provide a surface upon 20 which a pattern
of an el ectrical condugt g ch cases, it has been
- recognized in the art ' i retal foil on the polyneric
filmgould potentially inpair the performance of the equipnent
-incorporating the circuit board. To avoid this problem it is necessary

t hat theFHHﬂHGEFﬂMBBHHEAHTONhyer be strongly adhered to the polymeric

aj? 3});?{ ?B%gregen?\{nev@}mgnn}éla% t];ttﬂenlgar?tffaétgree of prmte mrcmt X er<rils l(l)aqrngghe films5

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

10 and usefui 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 paitern 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.




There have been various efforts in the art to inprove the adhesion of netal
foils to polyneric substrates in formng printed circuit boards while

mai ntai ni ng good thermal resistance and | ow cost of manufacture. U. S
patent 4,382,101 offers one proposed solution to this problentmherein a
substrate is etched with a plasma 5 etchant and then a netal is va
deposited onto the etched surface of the substrate. Th|§(bW$@é§@3 eqU|r|ng
the vapor deposition of a metal directly onto an etched surface is very
expensive. U S. patent 4,615, 763 provides a nethod of inproving adhesion
~of a photosensitive material to a substrate by selectively etching

resi nous t f | and an 10
| nor gant o P erEBBol AT R TR ATAR G RRIITIRTELSS D ocess
wherei n aolynetiakulistiatesiis foainigchaded arﬁtttﬂiﬂafﬁﬁﬂt&fmﬁn&}’rﬁh@g}éd& resin

substrate via an |nterned|ate silicone-based adhesive |ayer after treating
t he subsf]}eé‘t"‘g rgsjstangeangd;lo cgst ofwmanpiasiae-abu- @atspbd A%, 10helfsrsane enper at ur e

pI. asnha Uhfdpr%CLohﬁmﬂ’?? ﬂﬁg%gle%%&%ﬂq %,g)gﬂ%g nsdetw)ﬁd wi a 812‘151?1 ani ¢ gas, such

as oxyge rovi a po m produced from

a polyinbﬁhmﬂ@nd&mnmngﬁmxdwspﬁﬁﬁpdnmaah@anéemhapmﬁﬁ&eoFﬂ&tICleS of the
i norgani c powder protrude fromthe filmsurface to roughen the film The

filmsur F%E@tearTEIStm%??st reautrey e vapoa depnsting ofiasesiak djeecily paitgtarent to al ter

P G EERe A REAbE PRV LU ool 4 B 584 pfy S, B arones &

pol yi-m de m coa a vapor eposi a vapor

deposi t etinprding apision @gihotaBekifial heas By sabakitd Wée?édu'{laﬁw th copper.
U. S. patent 5,861,192 provides a wet chem stry nmethod wi th nechani cal and

proj ect i #Rhige FW‘W@ pegtonp gEq @%@atewenmah@guadnsmwan@imqhand de filmsurface
are. ¥ SefRteshDuERd . REBHLECE PR P R s AP AP80Rae whor o n
pol ynmer i gefai Foil is attached to a surface of a synthetlc 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 a polyimide 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 ele.ctroplating 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




is coated onto at | east one surface of an etched polyneric substrate
followed by lamnating a netal foil onto the coated film The substrate
surface may be etched 5 Cctober 2005 with either a chem cal or plasnma
etchant, and rmay conprise either the same or a different material than the
polynmeric film The result is a circuit board with a substrate that
exhi bits high thermal resistance and excel | ent el ectricaP Q4ihgrg8¢9hg
. properties. 5 SUMMARY OF THE | NVENTI ON The invention provides a process for
formng a printed circuit board conposite conprising: 10 a) etching at
| east one of two opposite surfaces of a planar polyneric substrate; b)
at t achi ng I.c. £ o_ane or .both etched surfaces of the
pol yner i g‘ﬁlsﬁglse%{rgg[x%&céin%ﬁé?&ﬁaae&l KRG TR FORRSE RS F B 2 0i | onto the
pol ymer i alifféreiit ma®ridingan thé @olyn@micilnd NBle L&V dQ5rcait BEREGRMH f or forming a-
printed circuit board conprising: a) etching at | east one of two opposite
sur f aces Sgbstetgthatrhilits gl theomal upsstangeand esgellant eledtiiery imsupohgmeric fil m
onto one or elPt? Sh etched surfaces of the polyneric substrate; 20 c)
| am natir?g Bnd at t achi ng a netal foil onto the polymeric film d)
deposisti ng a photoresist onto the netal foil; e) exposing and devel opi ng
the photoresist, thereby revealing underlying portions of the netal foil;
‘and

SUMMARY OF THE INVENTION

The mvention 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

¢} 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) aﬁaching a polymeric film onto one or both 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;
¢) 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




f) renmoving the reveal ed underlying portions of the netal foil. 25 5
Cctober 2005 It is also within the scope of the invention to form

mul tilayered printed circuit boards or conposites by incorporating

addi tional polyneric filnms or netal foil I|ayers. A description of these
enbodi nents is included herein. 5 DETAILED DESCRI PTI ON OF THE PREFERRED
EMBODI MENT The invention provides a printed circuit boar & Qghsb£®0%havi ng
~inproved interlayer adhesion, enhanced thernmal stability and excell ent

el ectrical insulating properties as conpared to the prior art. 10 The
~first step in the process of the invention is to etch at |east one surface
of two i f, & sul i th appropriate

et chant, wﬁglﬁgéﬁthﬁ?%}fﬁ%&ﬁ% Og ﬂ?ﬁalp E%Ht%){% Ehg(g%g%ﬁtg%;ee?e%&t%a{}msu Etbst rates are

t hose subbaiit er tcnfsitePhoiBespedting héditom! ipdlyatricifley ol netal @diher

-mcroel ectronic device. Preferred substrates for the present invention are
pol yner i EY&ih<t faeertianef thess coberlimgniseisynclededderaigle material s conpri si ng

pol yester, polyimde, liquid crystal polyners and polynmers reinforced with
materials such as fiberglass, aramd (Kevlar), aram d paper (Thernount),
pol ybenzoxol BT ATBEE DESCRIFMIONAOF ansE PREFERREIOEMI@SBRVBENTPO! yi m de
substrate is the nost preferred. Al so suitable are sem conductor materials
~such as d&Af MVERiey rreridgea paptad pircwt beasd pupned hagmsdsiprdved sntedasteai ni ng 20

silicon - aS_ Gryst in i-l-l.con, ilicon,. amorphous silicon, .
epi t axi a?éh%glloﬁi %ng)ﬁ?{gegﬁ g5e ?tg%h{yﬁngxﬁxg‘gll%‘gfﬂfﬁtfc WHHSWEQ@LW%%”?WH eof . The

- pr ef err egh ¢dmpeaR®Ihe pliotdie substrate is of fromabout 5 mto about 200 um
nore preferably from about 5 pmto about 50 m

10 The first step in the process of the invention is to ctch 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 mto 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 sui.table are semiconductor
materials such as gallium arsenide (GaAs), silicon and compositions containing

20  silicon such as crystalline silicon, polysilicon, amorphous silicon, epitaﬁciai
silicon, and silicon dioxi@e (Si0) and mixtures thereof. The preferred thickness
of the substrate is of from about 5 pm to about 200 pm, more preferably from

about 5 um to about 50 um.

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.

4




25 Appropriate etchants are those which are capable of selectively renoving
portions of the substrate surface. Preferred etchants for the present

i nvention non- exclusively include plasma etchants and concentrated aqueous
etching solutions. 4 5 October 2005 Preferred are aqueous al kal i ne

sol utions, non-exclusively include Goup I or Goup 11 hydroxi des which

i ncl ude hydroxi des of elements from Goups | or |l of thEGEEI A5 tabl e,
such as sodi um hydroxi de and pot assi um hydroxi de. Amoni um hydr oxi de nay
al so be used. The useful concentration of an aqueous 5 etchant varies with
t he chem cal conposition of the substrate to be etched. Typically useful

t chant i bout 5% t bHout % ight of th
ctanant anervape R AYNC. K ATA R R IR SR 0r Gxampl e, one

usef ul adueopH Htakals whichainpioti@Bsdrofidby e Qxhélfs §omUGioaps havii By a
concentration of from about 8% to about 12% of potassium hydroxide. Al so 10
sui t abl e thespaiodisdpbi gl posadiem bpfigridsrind powsiwmdedtoxidei on of from about 8%

oo B OIS R 2,

which is’'suita ng pol yrer su 8" Thi s plasma

et chapt leschanthiagibd with e Geshi@SorhPaditidishIBE Shsbsthe 6 bé Bichedd surface with
positive _and negative charged species causing inpurities on the surface to
degr ade dgpisally sedul gihart qegcertizatipny isngauirpmaedoutiite seatione R3idedyhal ogen

cont ai ni ng.: Rl , in terial nd Qgx ont ai nj,Hg-pl asma et chi ng
mat eri al 2\% I@ﬁ?%r%g Cté’%’:ﬁe%gﬁﬁq%s%fe&bi%iﬂfn %Sﬁﬁ%z‘éa O“éggdg"oﬁgr m xture of
oxygen  eRahplanshetigbfphdudonoseidhana fdendlum Rebapaiiidheigsm et chant
conprises at a 20 m xture of oxygen 1pI asma and tetrafl uoronet hane plasm
conpri si ﬁ@nqegggtgonag(ﬁqm about 8% to about 12% of potassium hydroxide. Also

7 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 compriseé a gaseous mixture of oxygen
(02) and tetrafluoromethane (CF,). Preferably the plasma etchant comprises at a

20  mixture of oxygen plasma and tetrafluoromethane plasma comprisi-ng least about
3% of tetraﬂuoromethang, 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.

5




3% of tetrafl uoronmethane, nore preferably it conprises fromabout 3%to
about 20% and still nore preferably fromabout 7% to about 20% of

tetrafl uoromethane wth the bal ance bei ng oxygen. This mnimum quantity of
tetrafl uoromethane is inportant to prevent any over etching of the
substrate. 25 The etching step of the process of the present invention is
acconpl i shed by contacting the polymeric filmw th the a§istabgs2¥ise
etchant or plasma etchant. 5 October 2005 Etching is conducted by
contacting the areas of the substrate to be etched with the etchant
material. Plasma etching is conducted under conditions sufficient to

renmove atpdfagt ARy e mitihk P flasl PAR suBRF SR A hellwibil\fe SUPSLrat €.

- Such  procedures are we nown~in the art. anot her enbodi ment of the
i nvent i orgichabtomhtesalr fPdses afhibhs cendstddaindendoadionh edficiehl owi ng addi ti onal

| ayers to be added to h% printed circuit board support of the invention
havi ng sUPBPYOR leathequpR-4p ¢inp fram al lgsst ongrserfaggrithqgibaatan Suefueous base

etonant . bt i 001 Blobii G 81 D SLEPelBohsf dugered based on

the chem'cal conposition o e substrate an % r om about 10
seconds thotlabofatesbithasitbesate ard @eigtihallomoig Xdatiglablaywhenbeadded @  KOH
et chant, t]%‘he,et ching tine for a Pol'yi m de substrate is from about 20 _
seconds POPHEMEL EIratRogH BwpopeEihsinyaniion hevieg syperigt adbesion énthes mai nt ai ned -
at a tempgrat e of fromabout 40C to about 65C. It has been found that
neutralizing the surface 15 with a dilute mneral acid to forma sol uble
salt and subsequently rinsing clean the surface with deionized water is
desirable, Further, by altering the filmresidence tinme, the etch rate can
be alt er e}§hen using an aqueous base etchant, the duration of the etch_mg 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 using 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. Tt 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 eiched surfaces of the
polymeric substrate. The polymeric film is preferably deposited onto the film asa
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




When etching is done by plasma etching, it nmay be perforned in a plasnma
etching 20 chanber as is well known in the art. The next step is to apply
a polymeric filmonto one or both etched surfaces of the polyneric
substrate. The polyneric filmis preferably deposited onto the filmas a

- liquid by coating, evaporation or vapor deposition to allow for control and
25 uniformty of the polymer thickness. Preferred pol yrre?’ﬁ?%’ﬁf%qq al s

i nclude polyimdes, polyesters, polyester containing co-polyners,

pol yaryl ene ethers, liquid crystal polyners, polyphenyl ene ethers, am nes,
and conbinations thereof. 6 5 COctober- 2005 O these, polyinmides are the

oSt pr eShEd. pdlfindQtaREhe AHADHICRBRY, O aldifer chiBUANRLRBE ffoe POl yrreric film

and the polyneric substrate conprise the sane polyner ol yi mi des are

pr ef er r ednveotion the pobinyamerfilm anilitherpdgmanis sutistratg chaypeishihghamkbect ri cal

strengt hs ood insulating properties, a high softening point and are inert
to many (b,lrlfg}ﬁrcal s. Preferred are pol yi m des having a glass transition
tenperature (Tg) of fromabout 1 60C to about 320C, with a gl ass
"transition tenperature of from about 190C to about 270C are preferred.

Pr ef ef abPylyirnies pt@lpy¢fené¢fdritiher1pal\ymérid_ﬁlnhamwz thiy hdsradsh déctficlm about 2 pm

to about t:}Ootmgr%{rriléjr.e\gﬂreferabl ?out 5 pmto about 50 }rm The
pol yneri & R ‘BRI H15 Rraperies. ? éghp?? tﬁ%ﬂ?&l%&%@fﬁa@@ ByEPati ng a
sui-tabl e gohiehis. Opre?éﬁe‘a atr@E lgﬁ‘l}ﬁﬁ&sr @V&ﬁngagrty‘fjnglﬁ nTé}ﬁ e%&hﬂ:t(g%gnfray be

conprised of 15 poly ursors xture o cur sor d polyner or
just pol ;ﬁnmab@ndl@r‘ic toa@anﬁ@()%hlwadnﬁ glai;ﬁtransnmheérﬁpe’retdrd d&kora singl e sol vent
be used in

about ?%LCS toa out ?70"C are preferred. Preferably, the polymeric film will

10 have a thickness of from about 2 pm to about 100 pm, more preferably from

about 5 pm 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 solveﬁt 1s 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 p;olymer, 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




Useful solvents include acetone, nethyl-ethyl ketone, N nethyl pyrrolidone,
and m xtures thereof The nost preferred single solvent is N nethyl .
pyrrolidone. The polyner-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 my
conprise from about 10 % by weight to about 60% by wei gftOadsbepgP8rer, nore
preferably from about 15% by weight to about 30 % by wei ght of polyner
with the remaining portion of the solution conprising one or nore

- solvents. After application, the solvent is evaporated 25 Ieaving a

pol ymer i @mfbbalmegp atrnﬁte?llmésrs rtlarrgathm%a& beae)art'sta %Bs@a the

pol yner may be | ani nat ed un a an ress ont o Lhe sub rate In
anot her 7hesubsttanber 2005 enbodlnent a nDIten mass of the polyner mat eri al
may be extrusion coated onto the substrate. The polynmer filmmy al so
optionally incorporate a filler material. Preferred 5 fillers

non- excl ram i b Ei I iumtitanate,
ctront i i PEaeck Ofh e, ) @ifobtyy BRI L L yaBlinl PRl Do
(m cro- sphiersesh; exclaktumynnkrhldb(ésﬂ:ﬁnic@@‘drr@em&ﬁﬂd; silich,|afiEmanghaLQNbi nat i ons
thereof. If jncorp a filler is preferablytfresent i n an anount of
f r om aboBfforEoHT %taa%ﬂftaﬂee%twﬂw tefARate, uagth lgss ppgdskieoppedredabl y from

about 10‘:'4)1.1}[91] gﬂdesrpoﬁ) &¥al¥l\ﬁlf9 S Q’Id é IP]%]I{IAtJn% thJEQCOI}Jei(ftthOTP(i)rlafngl foil 1s

| aminated to the substrate surface on fhas been
formed. filled inpteferably presest ianakmouaosisat adoﬁi)[)%ltﬂ ﬂﬁhﬁg@mb@fﬂd’@{tl on, vacuum
hydraullc % %?5|n non- vacuum hydraulic pressing or by hot rol
{ the film, more preferably from about 10% to about 50% by weight of the film.
16
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
Jamination. Lamination may also be conducted using an ADARA™ press which
15 comprises heating the metal foil by an amount sufficient to soften the polymeric
{ilm 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 trte printed circuit board support of the invention
COmpriSe copper, zinc, brass, chrome, nickel, alttminum, stainless steel, iron, gold,
silver, titanium and combinations and alloys thereof. Most preferably, the metal
.25 foil comprises copper. Copper foils are preferably 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 pum, more




| am nation. Lam nation may al so be conducted using an ADARATM press whi ch
15 conprises heating the netal foil by an anmpbunt sufficient to soften the
polymeric filmby flowing an electric current through the foil and
attaching the polynmeric filmto the substrate. When using a vacuum press,

| am nation is preferably conducted at a m ni num of about 275C, for about 5
30 mnutes. Preferably, the press is under a vacuum of Q@tohes2995 28

i nches of mercury, and maintained at a 20 pressure of about 150 psi.
Preferred nmetal foils for the printed circuit board support of the
invention conprise copper, zinc, brass, chrome, ni ckel , al um num

stainles I i_nat s and al |l oys
t her eof . ﬁ’?\e/b%r?(9 fig e?%t;lltg?mghoea%% g(f[x%%#ttgﬁ%'n\} s 1r%@’B%efl?ﬁpwpper foils
are pref maabhylsqai ibhbumet the rellimgtprottepissiffeting:ly limfod peprofivicing fdlsut i on onto a
.rotating tal drumas is well known in the art. The netal foil preferably
has a thi'¢ then ErmBierdiSout 3 p. mto about 200 m rnore 8 5 October 2005
preferably fromabout 5 mto about 50 pm Alternatively, wought copper
foils may be used. However, the rolling process is effectively limted to
produci nghé eid & botosities elithe nicke foil haploptionsly b rdipheadtls s@th Layh sides of the

nmetal foil %/ optionally be raoughened, such as by mcro-etching, by being
‘el ect r ol PiGeE th‘&» PB¢8Y elﬁ‘i“ﬁ’b{@c i thgptesh Qi’e‘h?éhlflﬁﬁlﬁlﬁéo f%’ﬂi’gﬁﬁened copper

deposi t, L clude
the plggg?élngg oﬁﬁ(er% (gsgt%g'l' ul egy gief %Mlg?ﬁ af {}i»eg?é‘ t{e Sldse tg ’?”qe& The

surf ace depoeision B0 dhics n@ditesp b4 Sicald by e RSy 6 oﬂnqm@mfacal Thé%&‘, and
i ncrease adhesion to the 10 polyner film The surface mcrostructure of
t he foi |nq¢él§est§1§e pﬁg&g@hlégowr gr 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 S5P which is commercially
available from Mahr Feinpruef Corporation of 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,
IHino1s 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 about 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 structur;a_having peaks and valleys which produce with a

roughness parameters wherein Ra ranges from about 1 to about 4 micréns,

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.




profil oneter, such as a Perthoneter nodel MiAP or S5P which is comercially
avai |l abl e from Mahr Fei npruef Corporation of G ncinnati, Chio. Topography
measurenents of the surface grain structure of peaks and valleys are nade
according to industry standard | PC-TM 650 Section 2.2.17 of the Institute
for 15 Interconnecting and Packaging Crcuits of 2115 Sanders Road,

Nort hbrook, 1l1linois 60062. The surface treatnents are B&Mi¢hed20Gf to
produce a surface structure having peaks and vall eys which produce
roughness paraneters wherein the average roughness (Ra) ranges from about
1 to about 10 mcrons and the average peak to valley height (Rz) ranges
fromabout 2 to about 10 mcrons. 20 The optional roughening of the shiny
side of the foil is preferably carried out to produce a surface structure
havi ng pdhkeptersl waighenisg whihe Imapte sitlecd thd foll aze prefiughineasicpanaioet er s wher ei n

Ra ranges fromabgut 1 to about 4 mcrons, preferably fromabout 2 to about
4 m cr onBrodyfe ﬂﬂg’tce BV‘é"ft'érteg'SVngHeﬁlfﬁ aé’lﬁlc}@ﬁe)@ whych prodygrogfoughpgssr ons. The Rz

value ' apahelet OMhaRAa Anka ARAUbod o Hb6dnicRR! SEAMBY fipam about 2.5

to about 4.5 m crons, andn re preferably from abou about 4.5 _
m cr ohs. a8k 4Ccibebeut RAForEhandpbitqralrabbugdranboag b sbbet Thtt e si de of the
foil are prefer bll%nv% rried Qqut to produce surface structure having

|

peaks and"$<f8M-ey's s & abqub  dp kg lgﬁ‘aﬁrz&’ﬁét%?%ra\h’h’eﬁ%n Ra ranges
f rom aboyo 449 aRRAY it £MSHe RUELEHARIN ab0RM 10 3b@RE 4.5 Lo about 8

m crons, and nost preferably from about out m<crons. The Rz
val ue ramg@snd.rom about 4 to about 10 microns, preferably from

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 pm 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/]'ihear 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




about 4 to about 9 mcrons, and nore preferably fromabout 4 to about 7.5
m crons. 10 An optional copper deposit on the shiny side of the foil wll
preferably produce a copper deposit of about 2 to about 4.5 pmthick to
produce an average Ra value of 2 mor greater. An optional nodul e deposit
on the matte side preferably will have an Ra value as nmade of about 4 to
about 7.5 m The mcro-nodules of netal or alloy will have a size of about
0.5 m OQher netals may be deposited as mcro 15 nodules if desired, for
exanpl e, zinc, indium tin, cobalt, brass, bronze and the like. This
process is nore thoroughly described in U S. patent f5 679, 23]9. |B|thﬁ
referr I - j i I: r Ie rably has a
ﬁi ni wmqgggﬁmgﬁﬁdé%lﬂ&%f&fg%oﬁp é!rgfb%. ﬁ‘g?ﬁ r%ﬁ%“érﬁlg%%?ﬂéfz g?e g@afglli ?“ﬁ%r om about 0.7
20 kg/ | ithegolymetic fibm pbtid mbabldyey iy eptionally be BREBoR LB @pbyitedr om about 0.9
kg/linear cm to about 1.6 kg/linear. cm The matte surface preferably has
a ni ni mARHEEer side ok Hgmetalifodp dyfier danainpigyn ofribamegahfoihipthpr ef er abl y from

about O. j e . i ne ferably from
about 1.p%ll)ég§l+dlﬁr}§grat@gm %lgﬁe?)%é%négél” %e‘ger#"’%%d (gg(geﬁ"eg{)ﬁength i s neasured
accordi rgrihce oppdsisd thy pslyasiatm 3Cokivhg, 2putdthgSeadpbamod of b Revision C. 10
I n anot her . enbodi nent of the invention, prior to [amnation of the netal

foi | ont'dminaHen gefpyhretoildaysry Rreferablyithe pritapal 1hay@|etahﬁyeb@taitbma: |y ]E)e
el.ectrolytical Qs t I ther side-of the netal foil. After

| am nat i%ﬁ%@cltoﬁ'g%n%tagﬂlnhgg?ll S%pi g%td ﬁsg&f)gﬁr?}r%rféai Py fl?nmlg HI%fnr‘im}mt al layer may
opt i onaldhyorbieng epaiint,etblobdeuié dli0s theRoSUNM &S praapRBSithemife pol yneric
filmby coating, sputtering, eva_Eli?ration or by lamnation onto the foil

| ayer. MRERIdRgBomprEes siskeberain.t Hanthiremata! Jaggtaprefesably bisian

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 o
to selectively etch away porﬁons of the rhetal foil; 6r ih the meté! foil and op“ti.t.)nal thin
20  metal layer, forming an étched pa&'em of circuit !‘iheé and s‘pa(‘:esritul the foil or foil
and optional thin metal layer. This etched pattern is formed by well known
photolithographic techniques using a photoresist compositioﬁ; First, a photoresist
1s deposited onto the metal foil or optional thin metal layer. The photoresist
composition may be positive working or negative working and is generally -
25 commerciélly 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-quinohe-4-or—5—sulfonyl—diazi'des disclosed in U.

11



filmand conprises a material selected such as nickel, tin, palladium

pl ati num chromum titanium nolybdenumor alloys thereof. Most
preferably the thin netal |ayer conprises nickel or tin. The thin netal

| ayer preferably has a 10 thickness of from about 0.01 pmto about 10 pm
nore preferably from about 0.2 pmto about 3 pm The resulting |am nate
wi Il have a peel strength that varies wi dely based on th2Ocidhec®if8ss of the
pol ynmeric layers and the anmount of substrate surface renoval. For .15
exanple, in order to obtain a | am nate. having an adequate peel strength of
at least 4 Ibs./inch, it is necessary to renove at |least 0.45 pmfromthe

cubetr at 5: PeFRSRER L WD T0BES LU TAaB IRl B one. of the ot al
foil, orsimsihs satador s wnd: &ataneﬁealatlttesrhrea&dﬁgte?érrédaaf ing fOrm ng an

etched pattern of circtit lines and spaces in the or fol and
opt i onal reshisnnahedesd Whtaymsoluliht auevetrkhlipatoleble drswibabtetindingnel | known

photol it hographic te ques i ng. hot or esi st_.conposition. First, a
ot or es St ShEhGaEErALER Bt R e B P Trog iR PRI oMb et al | ayer.
The phot BE 86fhitied cSRAMRRTALY, @d}emptaeumﬂﬂeume%h o4 20P4 28 BYRIH Ve wor king
and is generally 25 comercially available. Suitable positive working

phot or esCsntCerpesition lofiSameiville, Neev Jarsey andelimy ShiphgyrlHge an o- qui none
di azi de rﬁgiatjog$sensit¢zer The qui hone d|a2|de sen itizers include
H@Sl&t

the o-quP CBBULE PRYRFFISE eseidgvoruRegal i auiebk. 5 oot ober 2005 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. \When o-qui'none di azi des are used, preferred

bi ndi ng Thephateresisik tica imagavies ciprsal whicanic asliatussuah kalighdn gl ubl e or

IIabIe ndj n

SWe vist ll e, ultra%iolet or infrared regions of the spectrum through a mask, or scanned
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,  remaming 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




resin, which is preferably a novol ak. Suitable positive photodielectric
resins may 5 be obtained commercially, for exanple, under the trade nane of
AZ-P4620 from d ariant Corporation of Sonerville, New Jersey as well as
Shipley . I-1ine photoresist. Negative photoresists are also widely
commercially avail able. The photoresist is then i magew se exposed to
actinic radiation such as light in the 10 visible, ultra®copet2p infrared
regions of the spectrumthrough a mask, or scanned by an el ectron beam ion
or neutron beamor X-ray radiation. Actinic radiation may be in the form
of incoherent light or coherent light, for exanple, light froma |aser-
The photoresist.is th i magew se evelo ed usin i tabl.e solvent, such
as an an@t %Eecgﬁh%ﬁ"?ﬁgg%q‘a eBﬁlsefPﬂfégraelb‘ﬁ ﬂé%lééileicﬂdn%fﬁg r4thingtSor t i ons of

ot he net alpetal Foil OhkeLthe AR 'n%llafehlsr&tdm:a ahe Iné%%&,}o&?‘#p%ﬁﬂﬂgm y, the revealed

underlying portions of the netal foil or netal optional thin
met al IayswahdanmﬂmeQMMﬁbmxnmmemwﬂmfﬂdﬁwwndﬁhghmngnbemhqu@ﬁﬁe such as

acid or alkaling. etc renovi ng the portions underlying the 20
r emai ni n§°PH WB?B %@F@?ng%Pﬁgﬁyggé T RAMTLING I@%EFE@?@@KW“PW@ﬂ@@e aci dic

© SOl Utk ONgnetal $HEH r@\%aﬁhﬁ)ﬁérﬁoﬁ%ﬂﬁ%ﬁﬁgﬁl@ ggﬁﬁ?ﬁhﬁr)jﬂ% th%t %ﬁ'ﬂl ¢fy nickel) or

nitric acid (preferable for etc arred are ferric

chl ori def@wk sul furic peroxide (hydrogen peroxide mnth sul furic acid).

Sui tabl e etchants al so non-exclusively include al kaline solutions, such as
anmoni um chl ori de/ ammoni um hydroxi de. 25 If the optional thin netal |ayer

i's incluggd, oﬁtmn%l ﬂﬁrﬁﬂegﬁ} lagelr 1@1’18@'!‘1(:1{1?&{ rﬁ'lhﬁpﬁjﬂ% dfr@ﬁq}g é?a‘}eﬂ_f?_lf oi |

underlying the etc ortions o In nme is 12 5
Oct ober 2888ing the portions of the polymeric film underlymg the etched off portions of

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.

Aftgr 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.




patterned thin netal layer is then useful as a high quality etch mask 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 nmetal foil by
etching while not renmoving the portions of the nmetal foil underlying the
non-renoved portions of the optional thin netal |ayer, revealin ortions
of the polymeric filmunderlying the etched netal foil. S/dctqhgs2 i onal
~thin netal layer is not included, the netal . foil is directly etched to
reveal ing the portions of the polynmeric filmunderlying the etched off
portions of to the netal foil. The |l am nate may then be rinsed and dri ed.

The resu circuit boar Vi n xcel l ent resol ution and
uni f or ni 'tT;l?e fcz%oo H%H ﬁﬁ?m?%@f&gf@? ﬂ&ﬁ‘é%t(r@ It ﬁ%m"e?tﬁﬂr’érl ayer adhesi on.
After the circuit lines and spaces are etched through the netal foil, the
remaining . 15 photoresist can optionally be renoved either by stripping
with a suitable solvent or by a£ﬁﬂﬂ§_h£JMell known ashi ng techni ques. The

ayor, oo PNe BS st dea" DS A BeaRt oFi iy iedRobRas bl orr ca

enbodi meghs ﬁfxtﬁﬂa%fbﬂy@mt(ogﬁandttbﬁamhemldam@%@Fﬁsthg@fs Rgktufcepeated on an
opposite side of the substrate. In this enbodi nent, two opposite surfaces

of the sgﬁgmﬂaﬁéméﬂﬁheﬂbhehmbyemh@ﬂﬂwﬁﬁmnuuh@fﬂesmﬁubedﬂabove and a | ayer
of a pol be coated or .|.am nat onto each etched
surf ace, ¥°$§W$% ‘%n%§P §HF@5¥$£%”8FSﬁmﬁﬁﬁ%PEPUPFS?%@@E$@ﬁPHh§§€h pol yneric
- film Eagyridtfd a%ﬁdtiﬂlg'tllle HRY QIrtBY ThREAHS, 88} FRldvesda d by the

t echni ques descri bed above, including by usi'ng an o |ona t in netal
| ayer. 18.7 um 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 § p
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.

s ‘
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% CF,. However, the etching step is conducted to

20 remove approximately 0.475 pm 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 Ibs./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




5 October 2005 The followi ng non-linmting exanples serve to illustrate the
invention: EXAMPLE | A polyimde filmsubstrate is plasna treated with a
hi'ghly charged plasma etchant 5 gas m xture of oxygen (02) and
tetrafluroronethane (CF4), the gas mixture containing 7% CF4. The plasma
etchant bonbards the filmsurface with positively and negatively charged
speci es causing inpurities on the filmsurface to degra8&ctabar &%ating t he
- filmsurface. This etching step renpves approximately 0.7 mof materi al
fromthe surface of the film Subsequently, the etched surface 0 is coated
W th a continuous |ayer of polyimde to achieve a |ayer thickness of 8 m

- The coated.substrate and, a.copper foi.l |ayer. are_then | am.nated together in
a vacuuﬂFB?%Qﬁhﬁﬁﬁg%ﬁﬁfqugﬁg]?ﬁfDQBWﬁ?%ébﬂﬁPﬁﬁ?Egynﬁhg@¥sa vacuum of - at
| east  28reshitGhen RbrciBEE !H’rﬂinat@mlq\fiﬂg'réﬂtﬁb@?&[ ke tlpr’ﬁ%}%e?stﬁgngﬁlbom 150 psi.
The resulting |am nate has a peel "strength of about | bs. /1’ nch. 15
EXAVPLE of the pohipaiiafier 8lidemt mintitesiisogy abomt 0tS batimd.- under sinilar conditions
as in Exanple | using an etchant consisting of a gas m xture of oxygen
(02) and tetrafluroro nethane (CF4), containing 7% CF4. However, the
etchisng step is conducted to 20pxenmperapproxi mately 0.475 p. mof nateri al
fromthe surface of the film After coating the etched surface with a
pol yi m dexdmplent anckpkatnd. et Fatigertthem eotib@an etshdvstubsitate wathetmhean Wi t h a copper
;gloljt az %Qpﬁé?q?o!ﬁgﬂl%ﬁ@g;,e a EZearLrlll (Eolatnigg lo? ;T)l?i?rgige isea)l()giigci.t’ishi? ree,leﬂ%lngSt rength of

laminate exhibits peel strength of about 7 1bs./inch.

10 EXAMPLE §
Example 1 1s repeated, but rather than coating an etched substrate with only an
8 um layer of polyimide, a 30 pm coating of polyimide is applied. This resulting

laminate exhibits peel strength of about 9 Ibs./inch.

15 ' EXAMPLE 6
A 25 pum polyimide substrate is etched on both sides using similar etching
conditions as in Example 1. Each etched surface is coated with a 12 pm 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 Ibs.finch.

EXAMPLE 7
A 25 pum 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 pm copper foil is then laminated to the coated

15




EXAMPLE 3Conparative Exanple | is repeated except using an etchant having
only 3% CF4 and rather than |imting the etching step to renove
approximately 0.7 pmof material fromthe 14 5 COct ober 2005 surface of the
film the etching step is continued for about 15 mnutes. 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 | bsPiQeper80§% EXAMPLE
4 Exanple | is repeated, but rather than coating an etched substrate with
only an 8 pmlayer of polyimde, a 12 pmcoating of polyimde is applied-
This resulting |am nate exhibits peel strength of about 7 I|bs./inch.

EXAMPLE §, kx4 i S: - ut rather than coat.ing.,an etched

subst r at guvm tﬁmé‘?f“’;""é‘ﬁ“{?%g%ﬂflg‘gé"r )(()?m%lglly?hfi Fauge %6“18??‘:%&18%? PHY of

pol yi m detrémgilapps iedinclhi s resulting |am nate exhibits peel strength of

~about 9 Ibs./inch. 15 EXAMPLE 6 A 25 pm pol yi m de substrate is etched on

both sides using simlar etching conditions as in Exanple 1. Each etched

- surface is coated with a 12XWPBY& ((fnparativ®) Yi m de, fol |l owed by

| am nation of a copper foil onto each polyimde | ayer on ~the opposite

Si des5_of the substrate under conditions simlar to Exanple 1. The 20

;ffglntg | NGl BRI 5 [oth IR So00ail PRt OlnPAGlyinfadn having a peel
A9 um copper foil laminated to the coated substrate under conditions similar 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 spirif and scope of the invention. It is intended that the

15, claims be interpreted to cover the disclosed embodiment, those alternatives which

have been discussed above and all equivalents thereto.
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in excess of 7 Ibs./inch. EXAMPLE 7 A 25 gm pol yi mi de substrate is
chem cally etched by running the filmthrough 25 solution of 12% by wei ght
NaOH in water at 47C followed by a 5% sul furic acid neutralization and a
final deionized water rinse. The substrate is subsequently coated with 5
pm of polyimde. A9 gmcopper foil is then am nated to the. coated 15 5
Oct ober 2005 substrate under conditions simlar to ExanpPéetoberg@0% esul ting
| am nate has a peel strength of 6 | bs./inch. EXAMPLE 8 (Conparative) 5 An
unet ched 25 pm pol yi m de substrate is coated with 5 pmof polyimde. A9 pm
copper foil lamnated to the coated substrate under conditions simlar to
- Exanpl éVhat igFtlainedssilt is a | ami nate having a peel strength of only about
0.5l bs./inch. 10 While the present invention has been particularly shown
and deskri bédrrasass forfamminga panted cispudibepidaympebitaitorenrising: it will be readily
appr ecjcagt ed b ,th?E of ordinary skill in the art that various changes and
nodi fi &dtio shnfer! MY PPRASHE BWfRees PiRyPlRpYROYMENS Sibstfateand scope of
the inyention..lt is intended that th 5, clai be interpreted to cover
the di 401 oscmimtist pRlER: RiartSpeedihety veledaiBres siberolbfianbeiaed
above qhfkrAldiynfidiniRLEnbise RGhSESat séBoted from the group consisting of polyimides,

polyesters, polyester containing co-polymers, polyarylene ethers, liquid crystal polymers,

polyphenylene ethers, amines, and combinations thereof; and

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

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

surface of the substrate.

3. The process of claim 1 wherein a polymeric film is attached onto one etched surface of

the substrate by coating.
4, The process of claim 1 wherein both opposite surfaces of the substrate are etched.

5. The process of claim 1 comprising laminating a polymeric film onto both opposite etched

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

surface of the substrate , attaching another polymeric film onto an opposite etched surface of

~ the substrate by coating, and attaching a metal foil onto both polymeric films.
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5 Cctober 2005 What is claimed is: 1. A process for formng a printed
circuit board conposite conprising: a) etching at | east one of two opposite
surfaces of a planar polyneric substrate; b) lamnating a polynmeric film
onto one or both etched surfaces of the polymeric substrate, which
polymeric filmconprises a material selected fromthe group consisting of
pol yi mi des, pol yesters, polyester containing co-pol yrmer8Ocsbeydish ene
ethers, liquid crystal polyners, polyphenylene ethers, am nes, and

conbi nations thereof; and c) lamnating and attaching a netal foil onto the
polynmeric film 2. The process of claim1l conprising |am nating the
polynmeric filmonto one etched surface of the substrate. 3. The process of
.claim1 wherein a polyneric filmis attached onto one etched surface of

the subbt r atkhetpyoessact ¢lgm Ywharhie the powsericiimanditme dolyharicaiubstbadé horoprixasi t e
surfaces of the substrate are etched. 5. The process of claim1 conprising
| ami nattPB§ame pevyseric fil monto both opposite etched surfaces of the
substrate and | am nating and attaching a netal foil onto both polyneric
films. 6. The process of claiml conprising lamnating the polyneric film
onto ong et of e. substrate . attachi not her pol yneric
filmonto aﬁﬁ‘gg’é%%%% Ieﬂa(g 'r@h%‘@%ﬁ'ln?I&ec%l”bgﬁatetcﬁg]pg%sﬂ Pog’%(??aﬁy coating, and
attaching a netal foil onto both polyneric films. 17 5 October 2005 7. The
process of claiml wherein the polyneric filmand the polyneric substrate

conpri st depastesPel SR whbreid iR ULRESS Tofbrisdsal pBijimiMger ein the substrate
conprises a p0| yester. .

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

11.  The process of claim 1 wherein the polymeric film comprises a polyimide.

12.  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.

13. The process of claim 1 wherein the metal foil comprises copper.

14.  The process of claim 1 wherein the polymeric film has a thickness of about 3 um to

about 50 um.

15.  The process of claim 1 wherein the metal foil has a thickness of about 3 um to about 200

' pm.

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

18




9. The process of claim1 wherein the substrate conprises a polyimde. 10.
The process of claiml1 wherein the polyneric filmconprises a polyester.
11, The process of claim1 wherein the polymeric filmconprises a

polyi mde. 12.. The process of claim1l wherein the netal foil conprises a
material selected fromthe group consisting of copper, zinc, brass,
chrone, nickel, alum num stainless steel, iron, gold, %0ctpber2G05t ani um
and conbi nations and all oys thereof. 13. The process of claim1l wherein the
metal foil conprises copper. 14. The process of claim1 wherein the
polymeric filmhas a thickness of about 3 gmto about 50 ~tm 15. The
processodfioe] ai m 1 wherein the netal foil has a thickness of about 3 4mto
about 200 Rm 16. The process of claim| wherein etching step (a) is
conducted with an aqueous al kaline 18 5 October 2005 solution. 17. The
process of m 1 where etchlng step ag is conducted with an agueous

sol uti o ﬁjﬁﬁﬂf%qeﬁﬁofapw&uﬁhqrefaﬁ ENgdIER @) yPapGidasviian adpseupsdeions of
claiml x\@%g %_‘(s)%?eﬁkw .S conducted with an aqueous al kal i ne
ISI

sol uti on 9% The process of claiml wherein etching
step (a) is conducted with a plasma etchant. 20. The process of claiml
wherein etching step (a) is conducted with a plasma etchant conprising a

m xt ur egof qry¥geitetd)cland Wr%frélﬁteldﬂﬁlb%@ Qﬁi@%on&ilstedw& 4 é?ﬁx%&?’s Skaipbai m 20
wherein the plasma etchant conprises at east about 3% of

t et r af Isolutionredrigistig NaOH or KOH.
19. The process of claim 1 wherein etching step (a) is conducted with a plasma etchant.

20, The process of claim 1 wherein etching step (a) is conducted with a plasma etchant

comprising a mixture of oxygen (O,) and tetrafluoromethane.

21. The process of claim 20 wherein the plasma etchant comprises at least about 3% of

tetrafluoromethane.

22. The process of claim 20 wherein the plasma etchant comprises greater than about 7% of

tetrafluoromethane.

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

0.45 pm 6f the substrate surface is removed.

- 24.  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 polymeric film by flowing an electric current

19




- 22. The process of claim20 wherein the plasma etchant conprises greater

t han about 7% of tetrafluoronmethane. 23. The process of claim1l wherein
etching step (a) is conducted such that at |east about 0.45 p.mof the
substrate surface is renoved. 24. The process of claim1l wherein | am nating
i s conducted by autoclave | am nation; vacuum hydraulic pressing;
non-vacuum hydraul i c pressing; hot roll |am nation; or byUOswhei 2095 t he
metal foil by an anobunt. sufficient to soften the polynmeric filmby flow ng
an electric current 19 5 Cctober 2005 through the foil and attaching the
polymeric filmto the substrate. 25. A process for formng a printed

ci r cui tthizogh thedoihand aftaciing jhegiobimenig fib td teastbstmte. of t wo opposite surfaces
of a planar polyneric substrate; b) lam nating a polyneric filmonto one or
bot h etched surfaces of the polyneric substrate, which polyneric filmcom
ri ses a mat eri al . selected fromthe group consisting of polyimdes,

pol yest®r s, ‘poreesseiomypg %Pﬂntﬂﬁc'é"é“tg’ﬁﬁﬁﬂrﬁé’f@"s'fb%l yaryl ene ethers, liquid
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and f) Wr%ﬁ)b/dlﬁﬂerfchﬁn E@MQ?@E@Q nmc}%r Lold ek ﬂp&mﬂe%u&&oﬁs@en@&ﬁ ey,rﬁ gé 26. The
process of claim25 further conprising roughening the su t'he net al
foil  qepestets pblikestdr@odamirgCeot pdlyindds, | plyabyanste@itrd, dljuid crystal polymers,
_polyphenylene ethers, amines, and combinations thereof;
c) larminating and attaching a metal foil onto the polymeric film;
d) depositing a photoresist onto the metal foil;
e) exposing and dev_eloping the photoresist, thereby revealing underlying portions of the

metal foil; and

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

-26. The process of claim 25 further comprising roughening the surface of the metal foil

opposite the polymeric film prior to step (d).

27. The process of claim 26 wherein the roughened surface of the metal foil has an average

‘roughness value that ranges from about 1 to about 10 microns.

28. The process of claim 26 wherein the roughened surface of the metal foil comprises

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

29.  The process of claim 26 wherein the roughened surface of the metal foil is roughened by

- micro-etching.
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27. The process of claim 26 wherein the roughened surface of the netal foi
has an average roughness value that ranges from about 1 to about 10

m crons. 28. The process of claim 26 wherein the roughened surface of the
metal foil conprises mcro-nodules of a nmetal or metal alloy on or in the
roughened surface. 29. The process of claim26 wherein the roughened
surface of the metal foil is roughened by micro-etching8 Quol®regedpber 2005
30. The process of claim25 further conprising the step of renoving any
remai ning photoresist after step (f). 31. The process of claim25 wherein
the reveal ed portions of the netal foil are renoved by acid etching. 32.
The process of claim25 wherein the reveal ed portions of the netal foil are

renoved by alkaline etching to the substrate. 21
30. The process of claim 25 further comprising the step of removing any remaining

photoresist after step (f).

31. The process of claim 25 wherein the revealed portions of the metal foil are removed by

acid etching.

32. The process of claim 25 wherein the revealed portions of the metal foil are removed by .

alkaline etching to the substrate.
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