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FIELD OF THE INVENTION

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 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.




_G (54) Title: SUBSTRATE ADHESI ON ENHANCEMENT TO FI LM cV O (57) Abstract:

The invention relates to the manufacture of printed circuit boards having

i nproved intcrlayer adhesion. Mrre par- ticularly, the present invention
pertains to adhesiveless printed circuit boardz havi ng excellentAthertftaI
erformance and useful for }~{ producing high-density circuits. nmet a

1|‘Ooil is laminated to an etched surface of a polyinide suBS{4obee2¢Mving a
polyimde film thereon. Etching the substrate surface allows for strong
adhesion of a pure polyimde filmto the substrate. 5 Cctober 2005

. SUBSTRATE ADHESI ON ENHANCEMENT TO FI LM BACKGROUND OF THE | NVENTION 5 FI ELD

OF THE | NYENH j ; ' t e mnufact ure of
printed E:I?{ r cwa%%gﬁ/ gj Bﬁi%%é Ig;fn%ér%\%gi p?Jr)l e@?%@lgers}oglcﬂ#gn%t%r@ i re

par ti cul aplymerit hebsprmes émforinhweprintedcipeiit wiafds Widle mdhesinebess, flexible
printed circuit boards having excellent thermal performance 10 . and

usef ul f FETBRIENRRY MAgAY aeHS! ipngfackiss-t §.S. ESER).PYE. BN diferypee RELATED ART
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syst esrs, etchintand dienhihaaldasbhnalkfssiad dneoP vichéSsurfleys akso play an
inportant role in the operation of airborne avionics and gui dance systens-

Pol yi mi déutsitptes ThiseProcssaraadirngtibe pinsa derassipnoft acmt@mitecﬁf)am@smbec ause (I\)/I)
hei .eriStd | | ectric properti es. re
AL N R

parti-cul ar e netal foil to

a sur f acenmbviagpohasion fe ftiokd¥eisit @ BNicd8l 18 aSUbSiAGEbyRMIZAyWHi ch a pattern
of an electrical conductor can be provided. In such cases, it has been

r ecogni z&8hiNA TesHOVA PerticRa T apybsiralgermrisoE arhenenstadtefidianden the pol ymeric

10 inorganic particulate material. U.S. 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 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
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filmcould potentially inpair the performance of the equi pnment
incorporating the <circuit board. To avoid this problem it is necessary
that the conductive netal |ayer be strongly adhered to the polyneric
substrate to prevent any shifting of the 25 netal layer on the filmb5

Oct ober 2005 There have been various efforts in the art to inprove the
adhesi on of nmetal foils to polymeric substrates in fornPiFieHeT B0 circuit
. boards while maintaining good thermal resistance and | ow cost of

manuf acture. U.S. patent 4,382,101 offers one proposed solution to this
probl em wherein a substrate is etched with a plasnma 5 etchant and then a
metal is I Q t etched surface of, the substrate. This
process Pﬁ%ﬂ%ﬁ?ﬂggﬁﬁﬁﬁgg%aﬂ&géB%@FPﬁg‘88?”&”HE¥§TE%HW' Mo an  etched

surface idfisenymesALntiny ge polyherRe@NTH, B i 83iRhi0YbAR it 4Bt hod of
i nprovi ng adhesi on of a photosensitive material to a substrate by

sel ect | vepbstrags Bai sidubisdiighthsrmpa resigarcesnd gxeallost electtienl donfatingi ng a

resi nous (gﬁ'al and an 10 inorganic particulate material. U S_ patent
4,639, 283 t'eaches a process wherein a netal foil is attached to a surface
of a synthetic resin substrate via an internediate silicone-based adhesive
| ayer after treating the substrate surface with a | ow tenperature plasna.
‘The | ow tenperature plasma utilized is an organo-silicon conpound with an

i norgani ¢ gas, such as qiﬁ%ﬁﬂé£§%§¥#ﬁﬁ%ﬁgggﬁgiéﬁi424 provi des 15 a
pol yi mi de film produced i ing a dispersed inorganic
- powder. A3EfmeEhEsn ?_fov‘idb@ al PRSP ‘forﬂﬁﬁ@@?riﬁfe@%ir@ﬁ?b&&@ @hihp6sife! | m surface to
roughen the film The filmsurfaces are then treated with a corona
~di schargéomprigagment to alter the surface chemstry of the film U S ;
- patent 4,863,.808. teaches olyimde _filmcoated with a yapor deposite
l[(;:)hr oﬁ‘lB u ma? avpe aﬁ%‘%ﬁ&‘r‘ ogﬁ%cggpﬁ/ogﬁ% S &CE%%%Pﬁp%fﬁmm WcF“%gﬁP‘rit%wedpby
el ect r oplphtddind 4 fbiGABRETIm bhis: onP dF 86th e?’cl%@ Luk@%s oPIHR\ollfSerR Wet chemistry

met hod wi th nmechani cal and projection grinding to
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




i ncrease the adhesion of a polyimde filmsurface The present invention
provi des an inproved solution over those of the prior art. 25 A process
for formng printed circuit boards is provided wherein a polyneric filmis
coated onto at |east one surface of an etched polyneric substrate foll owed
by lamnating a netal foil onto the coated film The substrate surface may
be etched 5 October 2005 with either a chenical or plasnd Qf8aRe05 and may
- conpri-se either the same or a different material than the polyneric film

The result is a circuit board with a substrate that exhibits high thernal
~ resistance and excellent electrical insulating properties. 5 SUWARY OF
THE | NVENE -1 | OV ar.m printed
cirouit BasilcorsBEREbiel] R RLLARS  SRP IR AL MP LIS Re O "t
opposi t ebsartif acasn@fsites il @d@pofathy additiona pbEitedicdilms B) ntd §ihi ng a
~polyneric filmonto one or both etched surfaces of the polyneric
subst r at &Yegnds egscripigftthesg cabadmanatisingdudeddstan. foil onto the pol ymeric
film 15 The invention further provides a process for formng a printed
circuit board conprising: a) etching at |east one of two opposite surfaces
of a planar DHTATEEDCDESORITIAOS; OF HHRPRECARREIAEMHODBVIENTf i | m onto one or
both etched surfaces of the polymeric substrate; 20 c) Tam nating and
~ at t achi ndbanygptien previdenp panted sirpnt hersd pepiort havingdinpeeisd siteilangr a

hot or es] t he | foil:  e), exposi and .devel opi ng the
Bhot or e5|Ll St 1%9 hééjrhtélg(il‘c“d?g%;glg, ?t%%lhalna g rqxﬁaﬁe ¢ %g?tf]lc%r}gsu\[a%mg properticy

as compared to the prior art. :

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




‘of ‘the netal foil; and f) renoving the reveal ed underlying portions of the

nmetal foil. 25 5 October 2005 It is also within the scope of the invention
to formnultilayered printed circuit boards or conposites by incorporating
additional polyneric filnms or netal foil [|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?Csiasge£05havi ng

i nproved 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 [ e strate wi th an appropriate
et chant ﬁﬁfgﬁé%gre%#%%%ggg@gﬁ? %@#ﬂ Bt cine(g&s&} fe!i clé]?‘lu% T &dl " Qubstrates are

those suiGratyp 8 Hydrox&les phoassiade hydroxidePsf diéipehts firb@Ublonps 1 BT _
m croel ectronic device. Preferred substrates for the present invention are

pol yner i dhspisiodicdakle, %‘ﬁ@aﬁﬁ?ﬁi‘éﬂ@w@rw@la;}ldpgmﬁﬂw&dér I erials po][rpri sidng. o
| Vi i qui | . i nforced w
A N e S L

mat eri al s suc arani d a

pol ybenz exbhatvaripaeh i chemidil Bathb&siort bahealbsirsk tb besenal. pol yinide
substrate is the nost preferred. Al so suitable are sem conductor materials

such as dapicelinseiyetihget qoopgmitptions lapgofiommdortorlp s ihduwas’edont ai ni ng 20

silicon C r l1ine silic ol ysilicon, a ous silicon,

epi t axi aﬁ)&é?é‘lt??g%r%%tﬁﬁdn 4F l?lt%rﬁfeﬁgb@(ﬁgg' %ﬁgf"%ﬁ%ﬁb#;&?f‘r Egr t hereof. The

pr ef er r edxddiplekiRasefuPquebas atimt fsH SorhSivdl hfdrOI@bAUoPhdidLa about 200 um
nore preferably from act)out 5 pmto about 50 m 25 Appropriate etchants are

t hose whicerreatrdiagddisneaksiut §& eabpviel 3)6 pEpetesshgn ppdroxidas 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




of -.the substrate surface. Preferred etchants for the present invention non-
excl usively include plasma etchants and concentrated aqueous etching
solutions. 4 5 Cctober 2005 Preferred are aqueous al kal i ne sol uti ons,
non-excl usively include Goup | or Goup 11 hydroxi des which include
hydr oxi des of elements fromGoups | or Il of the periodic table, such as
sodi um hydroxi de and pot assi um hydroxi de. Amoni um hydr 85dbengf0%l so be
used. The useful concentration of an aqueous 5 etchant varies with the
chem cal conposition of the substrate to be etched. Typically usefu
etchant concentrations range from about 5% to about 25% by weight of the

etehant nakgnk Al onfiQLREARINacki OMARONT MY G, DR, A9 B 1y, XAl €, one

. useful aqueous etchant I's a potdssium hydroxide sol ution having

concent r attéhant wétefialo PlabeudiciBAg isecoathetdd 28 @hdpohassiigienhydr oxi de. Al so 10
suitable is a sodiumh 8r xi de solution at a concentration of from about 8%
to about™P8Y% e%?l@r‘l‘%( 618“%‘6 At Pepgt aneisyeacegfhgsubsgie o Brell ng t echni que

which is i f i y . d. This plasna
et chant - PR RS B R ST Ao Y BRing it BhliiR f¥e BRelifE 20 witn

posi t isve tatidsunfaget dfitke atbange dresparidesdlovansidiftionaplayésitebe adietihe surface to
degr ade wel |l as ablating the filmsurface. These include hal ogen

cont ai ni ﬁ‘éeBﬂ“ﬁ%‘i‘rﬁ“‘é]t”c}?ﬂaﬁbswwépf%eén‘éﬁﬁﬁo%k%%swwwqﬁeﬁgnEﬂﬂi@ma et chi ng
mat eri al e preferred plasma etchant conprises a gaseous mxture of
oxygen ?823 and tetrafluoronethane (CF4). Preferably the plasma etchant
conprises at a 20 m xture of oxygen plasnma and tetrafl uoronet hane plasma
conpri si r{g | east about 3% of tetrafluoronethane, nore preferably it

conpri sesY RGO AqUSORS kesapishant, thodyratien efitht ptchipestepristles abl y fr om about

6 gt i 8L LAATEL Do LIS BRLBRS B oo TS
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




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
polymeric filmw th the aqueous base etchant or plasma etchant. 5 Cctober
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 renove at |east about 0.45 pm PiAstabst 2008ast one
surface of the substrate. Such procedures are well known in the art. In
anot her enbodi nent of the invention, both surfaces of the substrate are
etched, allow ng additional layers to be added to the printed circuit

board supREQhdseQlolfiRfddsAYEMMe nfiy: hRYIRY. wmﬁh&ren%ﬁfrﬁérﬁ%ﬂh% the substrate.
When usi ng an aqueous base etchant, the duration of the etching step is

al so 10 dweication hegobaseit fdm dridehe papineat subsnpebinpore tk stle substrate and

i s general from about 10 seconds to about 4 mnutes in |ength. For
exarrple,p "using a KOH etchant, the etching time for a polyimnde
substrate is fromabout 20 seconds to about 3 mnutes. Preferably the
"etching solution is maintained at a tenperature of fromabout 40C to about
65C. §t Ralyihulenafequefdirehinr tineptiyratiizfiingbédaesesthef hoe high stbdtica dil ute

mneral acid to forma soluble salt and_subsequently rinsing clean the
surface \ﬁﬁr?%ﬂ&eg%‘?‘i{‘?%‘g‘a@%@Pp‘?rgesdéi‘i‘@a%ﬁ@mr@ﬁ?%é‘i’@ aisyneat 0dPIRg the film

i d ey " s i16) S done b
resi dencenenhicil: pichGred agégpgg@ggﬂe@ﬁ%nfgasgﬁ%sm\é\g;?égﬁﬁ?éﬁ%meggggﬁf one by

plasma etching, it may | 'asma anber as is

wel | knotwem abotrh 08 tto alite 3A6E, vaittepglass ttansapplymperple/aiidg fil m onto one

or both etch rfaces of the ol yneric substrate. The polyneric filmis
prefer ab%?/"“ﬁzg%iy‘t‘) 0 tn’ng) t re& preicrieds Peeforpblyythg pYymesiatitigyillevapor at i on or

- Vapogy depag! 4 hRRndR o bMWHOA! 2 ARG BbudM jim, 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




25-uniformty of the polyner thickness. Preferred polyneric materials

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

pol yaryl ene ethers, liquid crystal polyners, polyphenyl ene ethers, am nes,
and conbi nations thereof. 6 5 Cctober 2005 O these, polyimdes are the
nost preferred. In another enbodimnent of the invention the polyneric film
and the polymeric substrate conprise the same pol yner. PdPsoherdedd are
preferred for the polynmeric. filmbecause they have high el ectrical
strengths, good insulating properties, a high softening point and are inert
~to many. chemcals. Preferred are polyimdes having a glass transition

tenper at @%Géth,%fmoltén%§Q@%e PG r&@s@gﬁéya%@o%&g’ui%%ga@d gh@ss

transition tenperature of from ‘about are preferred.

Pr ef er ablhe subkteatpol yneric filmw Il 10 have a thickness of from about 2 pm
to about 100 m nore preferably from about 5 pmto about 50 }rm The
polynmeric filmmay be applied to the polyneric substrate by coating a

Sul 1 bl €T50buk LRNTAALAAE SRS EqAA L H)0Guadhl, SALbLEN Y e

conprised o 5 polyner pre sor’s, X recursors and pol yner or
j ust Pol yibters nandxelnsivelygadlide cvdnienthordd nitdde 6t &bagdmtthatat@ si ngl e sol vent
be used in each solution. Useful _solvents include acetone, nethyl-ethyl

ket one, _W‘?Pé‘t“ﬁwtaW?’rWiiuBbﬂ@{“ﬁ}in_ita@ﬁt%t%iﬁ% alase beasts (mironmpkvrely ef erred
singl e sol M&Mtm bRidk: ﬁ%t—&ﬂmﬁyﬁlge?é %ﬂf@%ﬁ%iﬁ%@w H%r%)ggffgg&liré&n solution wll

typically have a viscosity rangin 3‘38“? 35, 000

cent i poi fileni prefaralply piaentd aviag0si $Hfrém abhie °ar0eoaf 8095 b@%i%}ﬁ 27, 000

centi poi,\&e% He sol ution may conprise-fromabout 10 % by wei ght to about
felg

- 60% by f M BFRsFablpp@ abput Klak gbaut d%edbyotsightsdlsyfilwi ght to
. about, 30 % by wei ght of polymer with the remaining portion of the solution
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 abouf 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, alﬁminum, staiﬁiess 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

3




conprising one or nore solvents. 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- substrate. In another 7 5 October 2005 enbodi nent, a nolten mass of the
pol ymer material may be extrusion coated onto the substrate. The gol ymer
filmmay also optionally incorporate a filler material. PrRf#eterdgtss
fillers non-exclusively include ceramcs, boron nitride, silica, barium
titanate, strontiumtitanate, bariumstrontiumtitanate, quartz,.glass
beads (m.cro-spheres), alum num oxide, non-ceramc fillers and

conbi nat j i neo . Lk F ool present in
R R A P A R R M s e L e

pr ef er abhyy be asedablbnevai) thet rollimg QubceSORoy civesl g hinited 1d fredidihifoilt0 Next, a
-metal foil is lamnated to the substrate surface on which the polynmer film
has beenn? BY#esH hang i AFSSN i s preferably conducted by autocl ave

| am nation, vacuum hydraulic pressing, non-vacuum hydraulic pressing or by
hot roll - Iam nation. Lam nation may al so be conducted usi ng an ADARATM

pr esss whTbhokbordenipsidessf the atetab doit hay wptiadallly delrolpheadd, svadtbysuf fi ci ent to
soften the polyneric, filmby flowng an electric current through the foil
‘and atta’@l‘ﬁrﬂ'é’t‘%{‘l‘f@» By bging elestroltica]y traieskonsihp shipy side lofism 4si ng a vacuum

, lam ' ' : I : 1 Nj f. t 27 f
Bbout 5 B0kl RGBT oy SRRASTLER e BeRETIR LRI R R cact

28 i nchedepofitioR bf uhi¢ro-acnthieRbNi Blettt dr Aleta alEy G SBUREsRfac@bPhse 150 psi .
Preferred netal foils for the printed:circuit board support of the
i nvent i ofPduissipe PisEeraldp pepper of eopnsF akey. aphinsrasse adberien to deuni num

§ stai esﬁol?ﬁn&%l’m.ifh%@mfg% ﬂicrostructure 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.




silver, titanium and conbi nations and all oys thereof. Mst preferably, the
metal 25 foil conprises copper. Copper foils are preferably produced by

el ectrodepositing . copper fromsolution onto a rotating nmetal drumas is
wel | known in the art. The netal foil preferably has a thickness of from
about 3 p.mto about 200 m nore 8 5 Cctober 2005 preferably fromabout 5 m
to about 50 pm Alternatively, wought copper foils may5kictebsed003However,
the rolling process is effectively limted to producing foils no thinner
than 18 mcrons. 5 The one or both sides of the netal foil may optionally
be roughened, such as by mcro-etching, by being electrolytically treated
on the shiny side to form a roughened copper deposit, and/ or by
electrolytic ally treated on the matte side to include the deposition of
mi cr o- nodbt eptiomwt reugheting olbthe meti@|sidzl dfolye foil a0¢ pieferaliie cavied aceto These

nodul es ar referably co r. or opp er all o and i ncrease adhesion to
the i0 Bl %3'7‘%9? S‘frchﬁrsx"mlé‘pgﬁr"fngd’églf‘ﬁ Fgatleyscriye PW“?%f%WeSﬁay be

measur edpbynRterPHREkInATEL or S5P which
IS comrer ci al feylr avarn | abl. géesrf(r)orﬁnﬂ%/g sith'|a§g!¥tulrehr(‘m%o(ﬁ{s fé nyh%ﬁo ncinnati,
Chi 0.5 Toplogrt 4y abrm&mrmnamd wbsttfhefembhf 2aa agowi rosbowct sire of peaks and

val l'eys are na according to industry standard | PC-TM 650 Section 2.2.17
of the |HE?YPP%&§ ﬁ%r"a‘%frrﬁ"-'érﬂeah#&r AQ akevd [ Parikegs-micicsabbuires of 2115

Sander s B9 s 0GBIR0TARYms, b 0013 000 BrorT B U 368,17 £ ment s are

carried out to produce a s ace TStruc avi n s and val | eys whi ch
produce mierghmess paraneters wherein the average roughness (Ra) ranges
fromabout 1 to about 10 microns and the average peak to vall ey height
(Rz) ranges fromabout 2 to about 10 m crons. 20 The optional roughening of

the §d1| an%'pqgnaq 0]5;513? df:;?dslt o'nﬁhg 5?9];)@ Elﬁ? o¥ the i \rv?ﬁ p%ll%ralt)l? 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/]'irlear 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. ' |
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produce a surface structure having peaks and val |l eys which produce with a
roughness paraneters wherein Ra ranges fromabout 1 to about 4 m crons,
preferably fromabout 2 to about 4 mcrons, and nost preferably from about
3 to 25 about 4 microns. The Rz val ue ranges fromabout 2 to about 4.5

m crons, preferably fromabout 2.5 to about 4.5 mcrons, and nore
preferably fromabout 3 to about 4.5 mcrons. 9 5 Cctober 2005 The ‘
optional roughening of the matte side of the foil are preferably carried
out to produce a surface structure having peaks and vall eys which produce
a roughness paraneters wherein Ra ranges from about 4 to about 10 m crons,

pr ef er abjhynb 0 G BHOMtornDink GO 0Bl Th NS oPRY (ISt REgLer bl y from

about 5 to a out m cr ons ue ranges about to about 10

m crons th@p&l@r&feﬁblf}lm)‘at mm nﬁﬁ@lﬁyeﬂtnhﬁoﬁthﬂiﬂly%e meefronﬁcalmpanfea preferably
fromabout 4 to ab m crons. 10 An tional copper deposit on the
shiny siU¥ &f et‘ﬁ’élef)gme m\it?llf‘f’ﬂr &f@mlyawlbﬁé}b@”&tal(f@bf?éhedepom t of about 2

t o about r Age mor greater. An
opti onalpiy'gumlhgag@flw(g% 1?%‘{%?”33({@%}5{@ e p?eéR)?Selygjb(f ofh ff)l have an Ra val ue
as made snffaab@:qi)sﬁe the palyaidkic fill b cokligg, rﬁbﬁﬂt&higpd\kdp@ﬁah@fl ofeyal or alloy

wi | | have a size of about 0.5 m Oher netals may be deposited as mcro 15

nodul es lpniglien prg the kol I@)}’@éﬁﬁ' referablythe optigialiiyin mickal layebiglatthinbr ass, bronze

and the r&ell ROL: rih n U S. patent
5,679, 2 8“4@ ﬁé&é lgelgtrgggl %?ﬁ)%gis Smf?kj‘%he *iPf @%&nFmdﬁgm{uﬂk shiny surface
pr ef er alzhyorhiam, atanmmnmmmbme}n (ﬁ‘tdlI@S]Q{Hérd@af. &b@éﬂ%reﬁerﬁbl&gﬁé inpgar cm,
preferably from about 0.7 20 kg/linear cm to about.1.6 kg/linear cm, nore

pr ef er adp§RiRsHCaBBTes Midelkep . nBaarthutmﬁtat by@mgﬁerabhshaega/ linear cm The
: mat 4§ s lfﬁltﬁr?e':s‘s Bf ﬁ%rﬁ ﬁ&!@@ (ﬁaﬁmato% t%m 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 m the meta! foﬂ and optlonal thin
20  metal layer, forming an etched pattern of circuit !1nes 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 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.
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strength of about 0.9 kg/linear cm and preferably fromabout 0.9 kg/linear
m to about 2 kg/linear cm nore preferably fromabout 1.1 kg/linear cm
to about 2 kg/linear cm Peel strength is neasured according to industry
standard | PC-TM 25 650 Section 2.4.8 Revision C. 10 In another enbodi nent
of the invention, prior to lamnation of the netal foil onto the polyneric
film a thin metal layer may optionally be el ectrol yticaPOptabepd¥lst ed onto

either side of the netal foil. After lam nation of the nmetal foil to the
polynmeric film a thin netal |ayer nmay optionally be deposited onto the
foil 5 surface opposite the polymeric filmby coating, sputtering,

o ret 8 PreaaRos AR S s on oo b BT 120 LSl oel eet ed buch as
ni ckel, tims s@@ldnadymsﬁsatwnam quiOROERAERS dit Lo ngmfermalamggum or alloys

t her eof . Most preferably the th|n metal |ayer conprises nic or tin. The
t hi n net adsinsaydwdey whter aisblybhaaltaoﬂxoaika’imclsnbbke wfswiHabie Almditg 0. 01 pmto

about 10 pm e preferab fro ut 0.2 ahout .3 pm The

ooul i LI R PRy alio Suatds peni PP odRT Bl y based on
the ¢hi Egaﬁlﬁﬁle@komﬁr&alwwelxgmté@m{&r ﬁmrah@ﬁa.?\%mtz -PlepUhh rate surface
renmoval . For .15 exanple, in order to obtain a [amnate. having an adequate

peel st r@ﬂﬂgtaht Gérpatatlloe@ﬁSomdrvhlbes Nemnlelsey at well an8bipssdrlinet o renove at | east

0.45 pmfromthe substrate surface. Afte{ t he rre,tﬂl fojl has been | am nated

ont o t hePRJareslt NNggafive photorcpats gmalsayidsly onpgerele avalpdley et ch away

portions of the netal f0|I, or in the netal foil and optional thin 20

nmetal |ayer, formng an etched pattérn of circuit |ines and spaces in the

foil or mphotamsisidptthemriaiagmiismem@d tol aagimic radidnich wick hetglpdhtiern is forned
phot ol i t hog ni ques u5|n a photore5|st

by wel | hic tech
' 'cgrrpb%l tY’é‘g’Y\gj Iﬂit@to}eté’rmﬁf%gioélﬁ O?ﬁ'§ speped therpehitmatkner seard foil or
opti onal u{ B BelRieab@YSEH or nbBEoPHALPEERISY 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 sﬁlfuric 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




conposition nmay be positive working or negative working and is generally 25
comercially avail able. Suitable positive working photoresists are well
known in the art and nay conprise an o-qui none di azi de radiation
sensitizer. The o-quinone diazide sensitizers include the

0- qui-none- 4- or-5-sul fonyl -di azi des disclosed in U 11 5 Cctober 2005 S
Patents Nos. 2,797,213; 3,106, 465; 3,148,983; 3,130, 047, 9cpber 2009,

3,785, 825; and 3,802,885. When o-qui none di azi des are used preferred

bi nding resins i ncl ude a wat er i nsol ubl e, aqueous al kal i ne sol ubl e or
swel | abl e binding resin, which is preferably a novolak. Suitable positive

photodlele trigc resins nay. be o ai ned, co rciall for .exanpl e, under
the trad&? H‘E"p‘(!i‘f“ 'R?ta&f@?)és aIEB E*:f a4 high qE%HE ht“i“bq fojretelingthgi 11 e, New
Jersey asetilibil aa nehhPhY rleudl] 'lzﬂér 1sp:lf@1tﬁ9rtﬁ§ hakt: st%]qg?é fe)ﬂ%v it oresi sts are

- also widely commercially avail abl e ot or I'S t en i magew se
exposed trovealed mndezrlym@pm;ommfshmmetakfdﬂ lghetching tvhde ndOrextiosidglthe ul travi ol et

or infrared regjons of the spectrumthrough a nmask, or scanned by an
el ect r onPBESH gf@‘ﬁ Walrf%‘ﬂPP IYH&{E? Ben-serpaxed pakfions iob Hhe O,Rélppﬂltl%mr adi ati on

- may be | &eﬁﬂ?&yfeprrme‘ﬁfl ﬁ&ﬂgﬁsr &the kél?;ﬂ%rrg"ﬁ QIHI W%Heg L, exanpl e,

light froma °laser- e phot oresist Is t en e oped using a
sui t abl efsbl vent, such as an aqueous al kal i ne solutlon, thereby reveal i ng
underlying portions of the netal 15 foil or optional thin nmetal |ayer.
Subsequently, the reveal ed underlying portions of the netal foil or netal

foi | andy tH@Bﬂnﬁﬂﬁi thi BalTH] 8@1] is }nﬁ%ﬁéluﬂé@ f eﬁ@t\éf%ﬂtlgflﬂé’&@te‘{@ed ghown et ching

t echni ques, acid Fhe &t ch renovi ng the
por ti onsravaalery thé pgrtlbhmf?tﬁe pelyaierit lﬁ@nﬁﬂﬁdé@ﬁ&g ihetetch®y ioffjdiriormtof] hant S
non exclysively jnclude_ acidic solutjons, such as cupric chloride
(preflr aﬁﬁeé“?tﬁlrfoétﬁﬁ lagpingfe mpy hen Pe ginsssd and; diicdclde ¢ %ﬁ“gﬂeﬁ apped for etching

of tin). B LARATL Bt FRbIukiSn SR QhSIGiR) oS hML G rReh gk de

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.




(hydrogen peroxide with sulfuric acid). Suitable etchants al so

non- excl usively include al kaline solutions, such as anmoni um

chl ori de/ anmoni um hydroxi de. 25 If the optional thin nmetal l|ayer is
included, this step will reveal the portions of the netal foil underlying
the etched of f portions of the thin nmetal layer. This 12 5 Cctober 2005
patterned thin netal layer is then useful as a high qual PtGrteheeR0%ask f or
~etching the netal foil. After the thin netal |ayer is etched, the next
step is to renove the reveal ed underlying portions of the netal foil by
etching whil e not reaning the portions of the netal foil underlying the

non-r eno rtlons e optional thi. | ayer, revealing portions
of the pﬁ’yrﬁ@ ey PPrrln gﬁ%ﬁ"f eR I P ix‘ésga?éﬁﬁfnve W% . 1f the optional
thin nmetal layer is not included, the netal foil is directly etched to

revealing the portions of the polyneric filmunderlying the etched off
portions of to the rretal foil. BxeAMEKENAte may then be rinsed and dried.

The result _i,s. a n ci.rc r V|n ellent resolution and
unlfornlﬁVXﬂgggﬁgfh% 13?&%P§?5ﬁ33%:gﬁﬂ ﬁ?gFﬁgﬁﬁpﬁﬁﬁLmﬁdhesion.
Af t er s t hgadinbarelof bkpes (@Qﬂmﬁﬁéﬁﬁﬁlréfo%e%a‘ﬁ@?@F})Wh@%%‘mﬁﬂ@remt al foil, the
remaining . 15 photoresist can optionally be renoved either by strlpplng

with a so¢ntaibing GolCrenthe plabya awhantdopybavdsithe Rinpwrfaswithy t echni ques. The
t he onal .t hin netal

hot . d aft t chi pt
e DAt el ety HEMRHE e Fhush g P Ies DR RS el or o

~ enbodi meaggrade ddaGablAivghd G sirbRe ARG SEPRIMATRY o oxifBRAL €d on an

opposite S|de of the Substrate. In this e I ment, opposite surfaces
of the sOHsUnafew&rﬁlﬁbmhhdmhﬁmbbéﬂmdﬁhnﬂhﬂs&udﬂSQnmbﬂdmﬂbmﬁax and a | ayer

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




of a.polyneric filmmterial nay be coated or |am nated onto each etched
surface, followed by lam nation of a netal foil |ayer onto each polyneric
film Each.nmetal 25 foil layer may then be patterned and etched by the

t echni ques descri bed above, including by using an optional thin netal

| ayer. 13 5 Cctober 2005 The followi ng non-limting exan‘gl es serve to
illustrate the invention: EXAMPLE | A polyimnide film sub3@Qctaber 2&5p| asma
~treated with a highly charged plasna etchant 5 gas m xture of oxygen (02)
and tetrafluroromethane (CF4), the gas m xture containing 7% CF4. The
-plasma etchant bonbards the filmsurface with positively and negatively

- charged specie i urltles on t rface t degrade and

‘abl ati ng® "Fﬁage ﬁhﬁ&ﬂ ﬂ%@é‘: BEhTIEP BrORIY g??’é?)boﬂéi'g{}’é%“tﬁspp i mately 0.7 m

of mat er jedhitd AN vBRhEA {AGRaRhal g réddcaa SUBSEHME T lpeet HRengltched surface
O is coated with a continuous | ayer of F imde to achl eve a | ayer
t hi cknesef ib¢ lﬁmnatmaﬁﬂ'hﬁft@mnmdtesu&smlyab@té)rﬁ:ﬂbahmpper foil layer are then
| am nat ed together in a vacuum press at about 275C, for about 30 ninutes,
under a vacuum of at |least 28 inches of nmercury, and maintained at a
pressure of about 150 psi. The ggawhping |am nate has a peel strength of
about 4 Ibs./inch. 15 EXAMPLE 2 A polyimde substrate is plasnma treated .
under si hxdnaple ¢ onttipeitothdubmiher tBoagvatineg in etabidmpbsimte withamty monsi sting of a
gas m'x\t,\gre of 02 g n (02) fnd tetrafluroro. methane (CF4), containing 7%
CF4. Howieyeylayqripd PRbERide &4 B Gogtine AbeRlY ey d¢ &5 2ppiiecs &resBlingxi mat el y
0.475 p.j até‘?:&ﬁ&'tsaéee §‘fgﬁ?&‘r‘§3‘?’?{‘ﬁf7ﬂﬁ’§-/@g‘i‘-t he film After coating the

etched surface wth a m an am nating the coated

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




substrate together with a copper foil as in Exanple 1, the resulting
| am nate exhibits a peel strength of about 4.5 I bs./inch. 25 EXAMPLE 3Com
arative Exanple | is repeated except using an etchant having only 3% CF4
and rather than limting the etching step to renove approximately 0.7 pm
of material fromthe 14 5 COctober 2005 surface of the fll!ﬁpthe et chi ng
step is continued for about 15 mnutes. This results in® thpe P hed
l am nat e havi ng reduced peel strength. The peel strength of the |am nate
after fifteen mnutes is only about 0.5 Ibs/inch. 5 to EXAMPLE 4 Exanple |
~is repeated, but rather than coati ng an etched substrate with only an 8 pm
layer of ¢ o} appl i, ed- Tlsresulting
| ani nat e “ex r)éi)l g€ CO%F&%P?g]H?Fa%E eFf % ?ﬁgﬁjfp%i%nﬁ% Exanmple 1
is repeat;edagtlbufG rbatlinelﬁ t han coati ng an et ched substrate vvlth only an 8 gm
layer of polyimde, a 30 gmcoating of polyimde is applied. This resulting
| ami nate exhibits peel strength of about 9 Ibs./inch. 15 EXAMPLE 6 A 25 pm
pol yi m de substrate is etchBgAMPLBRICsidRSiviSI Ng sim | ar etching
condltlons as in Exanple 1. Each etched surface is coated with a 12 pm
Iayer of a polyimde, followed by |amnation of a copper foil onto each
pol Y1 m Al g¥Rhe®Ds hINRRAShItGrak #calls HillPs AP HoRifhidgrder condi ti ons
simlar to Exanple E The

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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20 resulting lamnate is a polyinde dielectric of about 50 m having a
peel strength in excess of 7 Ibs./inch. EXAMPLE 7 A 25 gm pol yi m de
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 pmof polyinide. A9 gm copperOgieher 20@5 ¢ hen

| am nated to the. coated 15 5 Cctober 2005 substrate under conditions
simlar to Exanple 1. The resulting |am nate has a peel strength of 6

| bs./inch. EXAMPLE 8 (Conparative) 5 An unetched 25 pm pol yi m de substrate
i s coatWbhatug clainedgsn of polyi mde. A 9 pmcopper foil lam nated to the
coated substrate under conditions simlar to Exanple 1. The result is a

| ani nat’e hav prgeess ferdpmiing @ Rgetad eircudogriisppositoc@iisisingl nch. 10 Wiile the
pr esent |nven iton has been particularly shown and described with reference

to pref@rrefYRISISTEHE °f|t‘f’° W?qs’tﬁéurfaéﬁﬂ P %/pEB?TrF@BﬁW'ééUWVai%OS e of

di k h
mde Wt ﬁoh'f'mwsﬁ%i?5%5%?%@{%%?@%"%‘% Lt T T

d
onbon st rid ok oo bR Ak ﬁ‘e&ﬁg@gg‘ééé’ﬁ%?fﬁéﬁ%%@ LEGUERESy a1
equi valRRkstetshpsigdster c@aﬁtaﬁm@éoo&ﬂ-‘fm&g%lyarylene 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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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
pl anar polyneric substrate; b) lamnating a polynmeric filmonto one or both
etched surfaces of the polyneric substrate, which polynmeric filmconprises
a material selected fromthe group consisting of polyimdes, polyesters,
pol yester containing co-polymers, polyarylene ethers, |ig&ctPbergeisa]

pol ymers, pol yphenyl ene ethers, am nes, and conbi nations thereof; and c)

| am nating and attaching a netal foil onto the polyneric film 2. The
process of claim1 conprising lamnating the polyneric filmonto one etched
surface of the substrate. 3. The process of claiml wherein a polyneric
filmis attached onto one etched surface of the substrate by coating. 4.
The proGess Tdte procasapoficlgitnet wherebdhdpapperis file apd thepdpnatc substratelbahpridee ar e
etched. 5. The process of claim 1l conprising lamnating a polyneric film
onto bobhfSHPRESIE et ched surfaces of the substrate and |aninating and
attaching a netal foil onto both polynmeric films. 6. The process of claim1l
conprising lamnating the polyneric filmonto one etched - surface of the

substrate |, t [ ther polvneric filmonto an opposite etched
surf aczé'of @%g?é%ﬁgg fr%tqg' ﬂ'f/’ﬁ%{g'gtﬂ?{%ﬂfbsgﬂt& BIPESY %%oq%ss tal foil onto both
polymeric films. 17 5 October 2005 7. The process of claiml wherein the

polynmeric filmand the polyneric substrate conprise the sane pol yner. B.

The prazess Tok pedciabd claer whdteih i SIREAERbRPSQIIY poi@side. Pol yester. 9. The
process of claim 1 wherein the substrate conprises a polylm de. 10. The

... process of claim1l wherein the polyneric filmconprises a polyester. 11,

The .process of claim1l wherein the polynmeric filmconprises a polyimde .
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
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12.. The process of claim1l wherein the netal foil conprises a materi al

sel ected fromthe group consisting of copper, zinc, brass, chrone, nickel,
al um num stainless steel, iron, gold, silver, titanium and conbi nations
and alloys thereof. 13. The process of claim1l wherein the netal foi
conprises copper. 14. The process of claim1l wherein the polyneric film has
a thickness of about 3 gmto about 50 ~tm 15. The proce®&stober Z10&i m 1
wherein the netal foil has a thickness of about 3 4mto about 200 Rm 16.
The process of claiml wherein etching step (a) is conducted with an
aqueous al kaline 18 5 Cctober 2005 solution. 17. The process of claim1
wher ei rsobttiohi ng step (a) is conducted with an aqueous solution conprising
a Goup | or Goup Il hydroxide. 18. The process of claim| wherein etching
step (a) is conducted with an aqueous al kaline solution conprising NaCH or
KOH. 19_ The process of claiml wherein etching step (a) is conducted with
a pl asnd- et gﬁ’fﬁrﬁ’f‘?ce%‘.’feﬁﬁ'gw‘?’%@gg ngten (@ B CRRGGAIVIEY FHATHEOLE EPUteR) i s
conduct L. I et chant .conprising a m xture of oxygen (02) and

t et raf I%&‘Pﬁmﬁégﬁ?ﬁgu@%r?wyﬁ%%@% of claim20 wherein the plasma etchant
conprises at |east about 3% of tetrafluoronmethane. 22. The process of claim
20 wherein the plasma etchant conprises greater than about 7% of

t et r af lygor ompt akess &%ﬁirﬁh@vfﬁr&ﬁ@ﬁ;ﬁ%@%&éﬂ (@) RcdndMeedShith £ 4dtkBsk SkfRe(d) 1S
. p

conducted such that at | east about .mof the substrate surface is
r enovedoluidn cAgispigdeE$o0kOB] ai m 1 wherein | aminating i s conducted by
. autocl ave | am nati on;

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
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_vacuun1hydraullc pressi ng; non-vacuum hydraul i c pressing; hot rol
I am nation; or by heating the netal foil by an anmpbunt. sufficient to
soften the polyneric filmby flowing an electric current 19 5 Oct ober 2005
through the foil and attaching the polyneric filmto the substrate. 25. A
process for formng a printed circuit board conprising a) etching at | east
one of two opposite surfaces of a planar polyneric subst¥d &ckbebd0ibani nati ng
a polynmeric filmonto one or both etched surfaces of the polyneric
substrate, which polyneric filmconprises a material. selected fromthe
group consi sting of polyimdes, polyesters, polyester containing
co- pol yimeugh thedbiy and/atacking tHegrodymdricdjim th the yetistdatepol yners,  pol yphenyl ene
et hers, am nes, and conbinations thereof; c) l|am nating and attaching a
metal foil onto the polyneric film d) depositing a photoresist onto the
metal foil; e) exposing and devel oping the photoresist, thereby revealing
under | y?5ng p%P’PF‘iﬁ?sforJP"”t"Pﬁéa PHRIEG FiIrqUsiboardeaPFising enovi ng t he reveal ed

ess, 0 im25 further

der | I f
compri Sng KBTI, T &4 paRes S purage it B measaugq%@ ‘the pol yrrer i ¢
film prd or 1 |1$1£1t aﬁ( &%Iyn%%ric fTrﬂ%nB%?n%%?Botﬂfet&leg ! H?rf] es Faﬁialgl}{‘rﬁg? E%Qened

surface of t e has an average roug S from

about Lydigh ﬁlz@?ﬁgncjfﬂn R RESa rr%@ena-rg@ed?éd)ﬁ&ﬁ ﬁ'ie(groﬁ:; @dﬂg]sgrgg ?f‘(gbgﬁﬁhlﬂé he

roughened surface of the netal foil conprises ™ mcro-no of a netal or

et al  glolyeyted) pOiyedidr dohiniryuhinestrs, olyasene2therd, iguin'cRE RS §o|%e@l ai m 26
~wherein the roughened surface of the nmetal foil is roughened by
m cr o- giobiphenyleng@thers, 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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5 October 2005 30. The process of claim25 further conprising the step of
renovi ng any renmai ning photoresist after step (f). 31. The process of
claim 25 wherein the reveal ed portions of the nmetal 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
: 5 October 2005

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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