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{54) Title: MANUFACTURE OF PRINTED CIRCUITS USING SINGLE LAYER PROCESSING TECHNIQUES

{57) Abstract: A continuous process for forming multi-
layer circuit structures which includes applying and curing
a film forming polymer onto the matte side of a copper foil.
The opposite (shiny) side of the foil is optionally but prefer-
ably cleaned, and applied with a photoresist which is then
optionally but preferably dried. The photoresist is exposed,
and developed to remove the nonimage areas but leave the
image areas. The foil under the removed nonimage area
is then etched to form a copper pattern, and the remain-

"ing photoresist is optionally but preferably removed. The
foil is then cat into sections, and then opticnally but prefer-
ahly punched with regisiration holes. The copper patiern
is then opticnally but preferably treated with a bond en-
hancing treatment, optionally but preferably inspected for
defects, and laminated onto a substrate to form a multilay-
ered circuit structure.
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Abstract A continuous process for formng nulti- layer circuit StAmd205es
whi ch includes applying and curing a filmform ng polyner onto the matte

but pretar- ably cleancdWenOXARALD AL ) IRNERUBLY DAMNRMINARUREINAr < ' ¥

optionally but preferably dried. The photoresist is exposed, and devel oped
to renpy@eddhe noni mage areas but |eave he,.dbRAE: A RBSwirfond Rl o EGE t he
renoved RO g RatiddaBearch reporl AER belefbiBRtd t Qnch DU oke PP EHbreRAbs QbR gringdd the befiR
remai n- iupg rpiobOkestgt i s optional |y butig ek requadiise of ST EakerteThe foil is
then cut into sections, -and then optionally but prefer- ably punched with
regi stration holes. The copper pattern is then optionally but preferably
treated with a bond en- hancing treatnent, optionally but preferably

i nspected for defects, and lam nated onto a substrate to forma nultilay-
ered circuit structure. 15 Apri 12005 WO 02/ 052910 A2 Published: For

two-l etter codes and other abbreviations, refer to the "Guid- w thout

i nternational search report and to be republished ance Notes on Codes
andAbbrevi ati ons " appearing at the begin- upon receipt of that report ning
of each regular issue of the PCT Gazette.




15 April 2005 MANUFACTURE OF PRI NTED CI RCU TS USI NG SI NGLE LAYBR\pril 2005
PROCESSI NG TECHNI QUES 5 BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON
The present invention relates to the manufacture of circuit boards. Mre
10 particularly, the invention relates to a continuous process for form ng
a nultilayered circuit structure, which prevents damage to conductive
foils during the formation of nmultilayered circuit structures while
-enhancing etching precision and accuracy of the circuits. 15 DESCRI PTI ON
OF THE RELATED ART Circuit boards and printed circuits have w de
application in' the field of electronics. They are useful for l|arge scale
applications, such as in industrial control equipnent, as well as in small

scal e devices, such ANUSHAPNIREDF PRINTED CAOCUDRS G conputers. In

produci'ng such printed circuits, it is _inportant that 20 a hi gh degree of

accuracy and resol utiSWGhEé&mMB@OCESS%ﬁWQUE&e and space widths

to ensurg good performance of the circuit. The ability to produce accurate
features having very small dinmensions, particularly of 100 or less, is

extrenely inportant in tHRCRERODUNDOE CHEMENPDNND | arge scal e
equi pment . Etching precision becones nore inportant as the «circuit

patterns becone ever snmaller. It is well known in the art to use known
phot ol i t hog i ﬁﬁgﬂwﬁﬁ g produce printed circuit boards having small
features w F—@Lﬂﬁ? il I{?accur acy. Typically, an electrically
conduct i ve Thoplesdn$ imlepasi febfesqd ti matifigieaf eircdtitbatdspver esi st is then

deposited onto the 30 foil, The photoresist is then j nagew se exposed and
devel optll, pastelpdy, sheiinyentiqarelptes trps continuous process for forming a -

multilayeréd circuit structure, which prevents damage to conductive foils
during the formation of multilayered circuit structures while enhancing

etching precision and accuracy of the circuits.

- 15  DESCRIPTION OF THE RELATED ART

Circuit boards and printed eircuits have wide application in'the field of

electronics. They are useful for large scale applications, such as in industrial

control equipment, as well as in small scale devices, guch as telephones, radios

and personal computers. In producing such printed circuits, it is important that
20  ahigh degree of accuracy and resolution is attained for very small line and

space widths to ensure good performance of the circuit.

The ability to produce accurate features having very small dimensions,
particularly of 100y or less, is extremely important in the production of small
25  and large scale eqliipment. Etching precision becomes more important as the
 circuit patterns become ever smaller. It is well known in the art to use known
photolithographic techniques to produce printed circuit boards having small
features with a high degree of accuracy. Typically, an electrically conductive
foil is deposited onto a substrate, and a photoresist is then deposited onto the

30 foil. The photoresist is then imagewise exposed and developed, forming a




pattern of small lines and spaces which are then etched into tht amildoesive
foil. It is a common practice to then subject the foil to a bond
enhancenment such as 5 a "black oxide" treatnment, in which the copper is
pre-roughened by chem cal mcro-etching, and is chenmcally treated with a
| ayer of copper oxide (which is black). This treatnent helps to pronote
secur-e. adhesion of the foil to other materials. See, for exanple, the

di scussion in U S. Patent No. 4,997,516, which is incorporated herein by
ref erence, patiermofiirsallidsis@nd spackowhichgreathbh etchedlitoothe dendwwtivdhe surface of a
foil. The a% siveness of the foil surface to prepregs or other materials
is greatly anced by the black oxide treatnent, resulting in greater
heat and noi sture resistance of the resulting nultilayer circuit

structure. 15 One problemthat arises in the formation of circuit
structures Itssan@vm@am@éc@@thmwnact&eff@ﬂto&bm@@;@gncemtwcbp@ts on the

foil, and hangl »t Nl have .been k | ow yi el d.
Thi s dangge i ﬁ"?‘g%ﬁﬁ? gr ﬁ]gﬁzlés%opggr lﬁﬁle%’ Eﬁ?\%@%%?gﬁgﬁlﬁgl foils during
manual handhhﬂﬁ-elﬂﬂﬂfg?ﬁﬁ@&ch&xﬁﬁ:hﬂﬁ&eat&dlﬁﬁﬁ aliyes eNédpperd:xiéd fwvhisles in the art.
It would therefore be desirable to 20 enpl oy a process for formng

mul tilayer BlaclouiThisireatmenthelps hpromody sicwss adhesipnoefiibe foiignles and
| nperfecti O&l%tetrrlﬁls é‘lfoxt&ahgﬂe Wﬂ'(ﬁxg’cﬁ&&? dﬂ'@SCPﬁfeiﬁ?ﬂT 14 gand spaces wi th

hi gh resolu dccur sen rnvention pfovi’c}e a solution to

thi s probl ewhivh ipieuipdiaat laermroylréfmn& mmﬁscsussim ohforinivignd ack manual
handlin? of caopper, foils, to therebéhav0|d or egﬁce unnecessary 25 damage
to the ¥®il gmd@ewherﬁq@‘ege Phaoods ddis 2dhesivgnesy of thelpd sparsia BreRseag of

flexible pr ft Mi% terial
damage. Theblp‘% exi %tblrlﬁ té? E]héﬂcg%a ?%%éc?ocg%%ﬁegﬁgdﬂ ’}L)&%F@?n de or

pol yest er f id grpatlaecieatarci meiviute Bistaatd efithe mpytitiop mudidayer chrotith si des. Typi cal
process flows are described by J. 2

structure,

15 One problem that arises in the formation of circuit structures is that damage to
metallic foil surfaces, resin spots on the foil, and handling of thin laminates
have been known to cause low yield. This damage is mainly caused by
excessive manipulation of the foils during manual handling processes, such as
those presently widely used in the art. It would therefore be desirable to

20  employ a process for forming multilayer circuit structures which avoids or
reduces damage and imperfections to metal foils, while etching circuit lines
and spaces with high resolution and accuracy. The present invention provides

' a solution to this problem by providing a continuous process which minimizes
manual handling of copper foils, to thereby avoid or reduce unnecessary

25  damage to the foils.

Continuous processes are used in the manufacturing of flexible printed

circuits that minimize yield losses due to material damage. The flexible

substrate (ysually a copper clad polyimide or polyester film) has a circuit
30  pattern put on one or both sides. Typical process flows are described by J.




15 April 2005 Fjelstad, Flexible Crcuit Technol ogy, Silicon Valdail 2005
Publ i shers -G oup, 1994. The reel to reel technique was al so described by
D. Wiss, et al "Manufacture of 4 Layer MCML's Using Reel to Reel

Manuf acturing Methods"”, Institute for Interconnecting and Packagi ng

El ectronic Grcuits, 1997, in the 5 production of four layer nultichip
nodul es made from epoxy |amnate. He contended that if the epoxy substrate
is extrenmely thin, it would be flexible enough to be processed in a

conti nuous Betseels BlexibheeCirewibTevimuviof}n, SthepsyValkey Paibligie@sGidup! o84, t he core
thickness ig, limted to approxi nately 150 m crons, si“nce above that the
substrate Ii@%&ce ﬁoéﬁ?lﬁ?qhi“m})‘? Wﬂagfspidsmbpgby Re Weiss; eial “Maanfapiuee 10 pri nt ed

circuit pro ' FOR. i ' EES@ e nd 200
mcrons in g’?ﬁ?’é"? %¢Qn%§?%%§%%%@%%@é§# I'n Zﬁ?@%&a@éﬁ%&eges t hese

i ssues i n fondtemomiedting ambackhgifg Bleshamic lixdits; t1 99Ni ikhess can be obt ai ned
in very .small incr nts. 15 Accordi to,the present .invention,

mul ti | ayer E’iofh_(':ﬂ}afl Oggﬁ?l}}é{u‘{frggﬂ : ]F’Bflﬂ’gﬁmwe H@"-‘@BH{‘Y paedibcess which

i ncludes apgintnagd aReifehe spte §u}§étﬂaf@i§EiitE@:ﬁ’élytHﬁ’,liV%ﬁ]]d%tﬂéxiﬂP@ matte side of
a copper foil. The opposite {Shl ny) side of the foll is optionally but
pref er abl y encughéube pmcesaghiniacpntinudus propess The pioblemwhiithfepoxs t hen

optionally ref er abl dr'eg%1 The,.phot oresi st. i s, exposed, and 20

dovel oped” t S0v e HR R tohoeskC BB Sl TR ens. “The foi
under the rgngvedvetiat BAGbsAaRACS flcRBMNi9! AMHolly RS Blrfert ABESIe Pattern,
and the remaining photoresist is optionall énbut preferably renoved. The

foil isl0 thintedieirquifipsoeestisilisnited in sebsttaterthiskndse hetivegn H0end2eF er abl y punched

wth regis ' .S, .The ¢ r pattern i.s then optionally but
preferably ‘{ﬂrcg‘%rtsgg'sg%b\%%flﬁn%lelﬂ%lﬁgpgﬁwg?? PHgveena fs,egihﬁg? BRI y but

pref erabl y innbpaokide it of defhet sroden thiblaa@has BRif@nseRst rate to forma
multilayered cjrcuit structure. "~ This approach is preferabl’y conducted in a
reel to reeymaibig@mentthi s technique results in more accurate etching and

better etch uniformty than known

15 According to the present invention, multilayer circuit structures are formed by
a continuous process which includes applying and curing a film forming
polymer onto the matte side of a copper foil. The opposite (shiny) side of the
foil is optionally but preferably cleaned, and applied with a photoresist which
is then optionally but preferably dried. The photoresist is exposed, and

20  developed to remove the nonimage areas but leave the image areas. The foil
under the removed nonimage area is then etched to form a copper pattern, and
the remaining photoresist is optionally but preferably removed. The foil is
then cut into sections, and then optionally but preferably punched with
registration holes. The copper pattern is then optionally but preferably treated

25  with a bond enhancing treatment, optionally but preferably inspected for

~ defects, and laminated onto a substrate to form a multilayered circuit structure.
This approach is preferably conducted in a reel to reel manner. This technique
results in more accurate eiching and better etch uniformity than known
methods, because the optimal orientation (face down) through the wet

30  processing steps can be utilized.




nmet hods, because the optimal orientation (face down) through the wet 30
processing steps can be utilized. 3 15 April 2005 SUMVARY OF THE | NVENTI ON
In accordance with a first aspect of the invention, there is provided a
continuous process for formng a multilayered circuit struchyngmdyesh
conprises. (a) unrolling a roll of copper foil, which foil has a shiny
surface side and a matte surface side; (b) applying and curing a
filmform ng pol yner onto gUMMARY ©F THESNYENTIONfOi |, (c) optionally
cleaning the shiny side of the foil; (d) applying and optionally drying a
phot @4 asécrdarRBtvatd B Sirdt HisP¥ctSerdRe Mvehlich, ftRérk is (RIvidiBa RBhERIcBX PRSJEBY férhe

phot edrRdsa niuftilieidddireuit sfhdlrethidhocdnitstise®y form i nage and noni mage ar eas;
(f) developing the photoresist thereby renoving the noni nage areas and

| eavi ng t he irr?pge ar eas;. )@{%EC etching the foil under the renpved noni mage
ar ea$2)oinrelbng 3 padiob perpes foily RLPIENAP & THMY SHrTaes Siderand & Maltesurace siisi i onal | y

r enoyh)Epphyite) dr@lf&lhﬁ%amlrﬁlmgaﬁélﬁhér oritd IheGHittd $18e bh@ef@i,| into sections;
(1) ﬁtlonal | y punchi ng registration holes through the foil; (k) optionally

t r ealptionally clppiee heehiny pdget edobond enhancing treatnent:; (1)

opti or}al I }/ I nspecti nég t he cog)ger EEﬁg}%tern for defects; .and (m |amnating at
| eas{d)smeIving; andaptionally dndng,a ohptorgsit entorthg shipy pige Rhthe falli ti 1 ayered circuit
structure. In accordaﬂce with, a second as ectohtﬁf })h i nvention, there is

pr ov %?é@?ae\%%?rmmst 3PB@@5€§'%}actmrﬁﬂ'ﬁ§°rat PHE vicvgwa@geia,n MeRM&9Fyuct ur e
whi cA™&Snprises. (a) unrolling a roll of copper foil, which foil has a
shi2¥ surface sjde an

d d a matte surface side;, b) appl yi and curing a
£i 1 i GeKEIARING AhS RRPIOBFISS therebynerpeving dre Bpimgo1agees aht TEig the magé

areas,

(9) etching the foil under the removed nonimage areas of the photoresist to thereby form a
copper pattern;

(h) optionally removing the remaining photoresist;

(i) cutting the foil into sections;

(i) optionally punching registration holes through the foil;
- (k) optionally treating the copper pattern with a bond enhancing treatment;
(1) optionally inspecting the copper pattern for defects; and

(m) laminating at least one foil section to a substrate; thus forming a multilayered circuit
structure.

In accordance with a second aspect of the invention, there is provided a continuous process for
forming a multilayered circuit structure which comprises.

(a) unrolling a roll of copper foil, which foil has a shiny surface side and a matte surface side;
(b) applying and curing a film-forming polymer onto the matte side of the foil,

(c) cleaning the shiny side of the foll;

(d) applying and drying a photoresist onto the shiny side of the foil;

(e) imagewise exposing the photoresist to actinic radiation to thereby form image and nonimage
areas;

(f) developing the photoresist thereby removing the nonimage areas and leaving the image
areas;




(c) cleaning the shiny side of the foil; (d) applying and drying a

phot oresi st onto the shiny side of the foil; (e) imgew se exposing the
photoresist to actinic radiation to thereby formimge and noni mage areas;
(f) devel oping the photoresist thereby renoving the noni mage 1&g 26549

|l eaving the image areas; 4 15 April 2005 (g) etching the foil under the
renmoved noni nage areas of the photoresist to thereby forma copper

pat t ggnetching theToIV undertthe reBéd hoBimRBetpeRs bSthe pldidresist to t@rdbyefofraid | nto
sect iceppér gaktefrinchi ng regi stration holes through the foil; (k) treating the
copper pattern with a bond enhancing treatnment; (l) inspecting the copper
pat t ghyrehvingehe/insdiniag ghétd)esisgm nating at | east one foil section to a
substrate; thus formng a nultilayered circuit structure. In accordance

wi t h (B dultingdhefop @ttd sedtionse i nvention, there is provided a continuous
process for formng a nultilayered circuit structure which conprises. (a)

unrol(j)ipngcrﬂng@Iglstreﬁorcmﬁethrdu_g;hltheVdﬂi ch foil has a shiny surface side and a
matte surface side, both sides having been treated with bond enhanci ng

t r eat(ketrdating e @ppeypdi@ranih abohd enBaridnigtdathantig pol ymer onto either side

of the foil, (c) optionally cleaning the side of the foil that has not been
app! i(pihspitimgtthe cdpderphipsriifaaiefgutd; waer; (d) appl ying and optional ly drying
a photoresist onto the uncoated side of the foil; (d) inmgew se exposing

the gmytigmiatisd at deadttdnei foilr sebtien itor tsabdtiaes; ebys ffomiing ragailtiagrad riramge
ar eastrutiuje.devel opi ng the photoresi st thereby renoving the noni nage areas
and | eaving the imge
In accordance with a third aspect of the invention, there is provided a continuous process for
forming a multilayered circuit structure which comprises.

(a) unrolling a roll of copper foil, which foil has a shiny surface side and a matte surface side,
both sides having been treated with bond enhancing treatment;

(b) applying and curing a film-forming polymer onto either side of the foil,

(c) optionally cleaning the side of the foil that has not been applied with the film-forming
polymer;

(d) applying and optionally drying a photoresist onto the uncoated side of the foil;

(d) imagewise exposing the photoresist to actinic radiation to thereby form image and nonimage
areas;

(f) developing the photoresist thereby removing the nonimage areas and leaving the image
areas;

{(g) etching the foil under the removed nonimage areas of the photoresist to thereby form a
copper pattern;

(h) optionally removing the remaining photoresist;

(i) cuiting the foil into sections;

‘(j) optionally punching registration holes through the foil;
(k) optionally inspecting the copper pattern for defects; and

() laminating at least one foil section to a substrate; thus forming a multilayered circuit structure.




areas; (g) etching the foil under the renoved noni mage areas of the
photoresist to thereby forma copper pattern; (h) optionally renoving the
remai ni ng photoresist; (i) cutting the foil into sections; Q optionally
punching registration holes through the foil; (k) optionallysiAsipgsss ng
the copper pattern for defects; and (lI) lamnating at | east one foil
section to a substrate; thus formng a nultilayered circuit structure. 15
APr i lin 2085 dantedritPs §aitErasiietiofahé Hiehfibrasmee tis plovidBe a conemlidueprotderier i s

pr ovifg@fingia eRNIdyRveH SirdRit @G- astarel viHich ésmpriged. @ mul tilayered circuit structure
whi ch conprises. (a) unrolling a roll of copper foil, which foil has a

shi nyapufhrolieg aSollef assher foIRtWhhsiil has e ﬁi?esurfaw@m Sl Aynadtedairfbes sidgeen

t r eat edwhbddshnyosdsihgbadictrat@ed wittih BBAA enlidhcingltayhed; and curing a
filmformng polyner onto the shiny side of the foil; (c) optionally

cl eagbgpiifieg 8R4 E@irg HRnrclorrhing pbRivler ofitd)th@ptithy kidg ofth@ feipt i onal |y drying a
phot oresi st onto the shiny side of the foil; (e) imgew se exposing the
phot géﬁﬁtiﬁhalty(ble’aﬁtrigﬁmnfa@ldisr’rﬁeidllﬂ'né@il;t hereby form inage and noni nage areas;
(f) devel opi ng the photoresist thereby renoving the noni nage areas and

| eavi(@pagiing AMOSptioR&IBEEYING @)phetckdlisi@ntd e fsRink sidedsthd for; renoved noni mage
areas of the photoresist to thereby forma copper pattern; (h) optionally

I emo\(eNindge®ise@xPbsihg theHatReSistits bictirid fadeitibh itd thetdby foon Imagatandaveimaes ;
opt i onagfeds:punchi ng regi stration holes through the foil; (k) optionally
treating the copper pattern with a bond enhancing treatnent; (1) optionally

I NspgRtdevgiobing the pelor@sétt bl PeMEGhE ahé nodinthgeNireh@ indabavigy de IneRt one
foil sp@tion to a substrate; thus formng a nulfilayered circuit

structure.

(9) etching the foil under the removed nonimage areas of the photoresist to thereby form a
copper pattern;

(h) optionally removing the remaining photoresist;

(i) cutting the foil into sections; optionally punching registration holes through the foil;
(k) optionally treating the copper pattern with a bond enhancing treatment,

(1) optionally inspecting the copper pattern for defects; and

(m) laminating at least one foil section to a substrate; thus forming a mulfilayered circuit
structure.




6 15 April 2005 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 shows g Apwpgdart
representi-ng the process steps according to the 5 invention. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT The i nvention provides a continuous
process- for. producing a multilayered 10 circuit structure. The process of
the present invention is preferably conducted in a reel to reel nmanner.
The first step in one enbodi nent of the present inventionis to unroll a
roll of copper foil having a shiny surface side and a natte surface side.
According to 15 the invention, the term"copper foil" preferably conprises
copper or a copper aIIo . Copper alloys ma cont a| n zinc, chrone, nickel,
al um num stainl ess PRE alely 2 AR Myrnat i ons thereof. Copper
foils can be manufactured by mell knomm electrodep03|t|on processes. One
preferred process includes el ectrodepositing copper froma solution of a
copper sal tFIgn1 shodis #fl6wichint fegroveitilg the procesbiteps aetordifg tdwpef oi | next to the
drumis typicall]y the snooth or shiny side, while the other side has a
relatively W8ePsurface, also known as the matte side. This drumis

usual I'y made of stainless steel or titaniumwhich acts as a cathode and
receives the copper as it is deposited fromsolution. An anode is

general |y conshETAIGED DESCRIPTHAN GF THY. PREFERRER EMBODANENE about 5 to 10
volts is applied between the anode and the cathode to cause the copper to
be deposited, while oxygen is evolved at the anode. This copper foil is
then removed 08 tidA rgﬁﬁégaégﬁﬁnﬁ&ls r§ceSt ol YrodubiRe aiHiRySlede, or both, may
optionally be pre-treated wth a 63 bond enhanci %g trea?ment known in the
art, whilch cieopitstnetereasTherpromses] the piesent amention isqreferablycwpgested oi | . One

pr ef erred buor;adregﬂgggeil na%nt r eat ment

The first step in one embodiment of the present invention is to unroll aroll of
copper foil having a shiny surface side and a matte surface side. According to
15  the invention, the term “copper foil” preferably comprises copper or a copper
alloy. Copper alloys may contain zinc, chrome, nickel, aluminum, stainless
steel, iron, titanium and combinations thereof. Copper foils can be
manufactured by well known electrodeposition processes. One preferred
process includes electrodepositing copper from a solution of a copper salt onto
" 20 arotating metal drum. The side of the foil next to the drum is typically the
 smooth or shiny side, while the other side has a relatively rough surface, also
known as the matte side. This drum is usualij} made of stainless steel or
fitanium which acts as a cathode and receives the copper as it is deposited
from solution. An anode is generally constructed from a lead alloy. A cell
25  voltage of about 5 to 10 volts is applied between the anode and the cathode to
 cause the copper to be deposited, while oxygen is evolved at the anode. This

copper foil is then removed from the drum.

The foil’s shiny side, matte side, or both, may optionally be pre-treated with a
30 bond enhancing treatment known in the art, which may serve as an adhesion




I ncl udes Durabond, a tin oxide, which can be purchased conmer ci K Aprili208in
McGean Rohco Inc. of Ceveland, OChio. O her suitable bond enhancing
treatments al so nonexclusively include oxide treatnents. One preferred
oxide 5 treatnent is black oxide treatnment, which oxidizes the copper foil
with an oxidant thereby to convert the copper on the substrate to spiny
copper oxide. Black oxide treatnent preferably uses, as a treating
solution, a solution of an oxidant such as sodi um hypochlorite. Since the

oxi dant sol Btoutes for thecoppsrdoil. Oae prsterredihoad epkancing tigataert he oxi dant

sol uti on maycngRe hed:af , plier of this
chem stry is c.'EI ec%ﬂﬁg%%gpgﬁﬁb%ﬁ%yb%gg%gﬂ@g? E@Iﬂ}"ﬁﬁgﬁﬁ ?‘lﬂﬁm form ng
pol ymer - conplesiean &ehrs Intchefi Cgpland dObindOther audtablettondrehaictlg of the foil.

It is preferred that the filmfor | yner co sition is 15 applied and
cur ed gnt 0 ée%nﬁgg@ﬁsotqji)@e’f%ﬁww}lﬁ#&gQgﬁﬁé@ﬂmﬁ“@? neRrgteripi pRidg Egnd
enhanci Ny t @B blabRiokideaMabeent GRGcH SxiiIGk cﬁfalgeg tfﬂi gvlﬁ@%nf oil,

preferably the matte side. In _an enbodi nent where es of the foil
have been p¥idantitberelagtogopmerathssappasohdirsubsirate agpimsntopper aiider i bed above,

then the p . QS Li be a | ed and .cured.onto _.either side of
the foil . 2@%5‘%‘%3{%?‘3‘#“%P%?‘?rgﬁ%Pé‘?%?%%#‘?ﬁ%ﬁ‘&ﬁ%&f’ﬁ”f rutonof gt 0y ol | ed
prior to thexidpplsucieés @divnahgboehloritg Sificd 1€ okidbib sbRitidh AgalREHATET
conposition. Suijable filmform ng polynmers nonexcl usi Vel@f\{ i ncl ude

el

pol yi mi des, SqRBeyiodls dieated yaihibe pxidantsakution mey needtodst wasbed afigrdhg ar y| ene

et hers,;1d 1 gy y : i . t hers } nes, and

conbi naltdi oﬂrfsllét glﬁt'e?@ S&B B {I%resg@ﬁ 5 5%?%?@&3%%%@?98@%@%%& e the nost
preferred. HiamsfMNn form ng pol yner conposition may optionally contain a
filler. The filmform ng polynmer conposition may be applied by

conventional techniques such as spraying, neniscus coating, doctoring bl ade
coating, sputdigring; ' st f 1 i.ke to allow for
cont 1ol and iy Almg BeRRRY b0y HER Yor ERARL WP B ShBORLHEES Pren S0
preferably ofithetibnli is prifered iHat thetfilm fhoning polyanep compegtionQdri ng i s

f : .
preter aﬁl y applied and cured onto a side of the foil which has been pre-treated with a
bond enhancing treatment. This may be done to either side of the foil,

preferably the matte side. In an embodiment where both sides of the foil have
been pre-treated with a bond enhancing treatment as described above, then the
polymer composition may be applied and cured onto either side of the foil.

20 The coppef foil is preferably partially or fully unrolled prior to the application
and curing of the film forming polymer composition. Suitable film forming
polymers nonexclusively include polyimides, i)olyesters, polyester containing
co-polymers, polyarylene ethers, liquid crystal polymers, polyphenylene
ethers, amines, and combinations thereof. Of these, polyimides and polyestets

25  are the most prefetred. The film forming polymer composition may optionally
contain a filler. The film forming polymer composition may be applied by
conventional techniques such as spraying, meniscus coating, doctoring blade
coating, sputtering, evaporation, vapor deposition or the like to allow for
control and uniformity of the polymer thickness. The polymer is then

30  preferably cured onto the foil, thus forming a prepreg. Curing is preferably




8 15 April 2005 conducted by conventional techniques such as he@Arﬂ-gzo@'j an
oven. Preferably, heat curing is perforned at a tenperature of from about
100F to about 600F, for about 1 to about 10 minutes. After curing, the
copper foil may be re-rolled for inspection and/or storage and unrolled at
a later tinme for conpletion of 5 subsequent steps according to the

I nvention. Such re-rolling and unrolling nay be done by any suitable

met hod known in the art, such as by using an accunul ator. Next, the side
of the foilcondietbd bﬁsoxﬁ@hﬁ@@techmphéssdch\hst]J[Baﬁhgufaixi amef]onéfmgbly,lo pol ymer

may optionally be cl eaned 5| nc convent i tech u enbodi ment
where the gUgiede P &ha Teyeraipre f ﬁ%?’ﬁé’“bé)‘i["'(i/%é? ab‘t‘ﬁgﬂ(?%h shi ny

side may o £ I ere the
ey e de IR ko o 103aRey RAMGER Y OpRR SRR LRI e L
opti onal | y fwemspet&twcanddot stosagp ard anobet! athantet fimeffor ¢onm§etpmraf| ally or fully

unroll e r|or t o cl eanin ean e b an conventi onal

net hod SeqieR keps apcordin gﬁo%wegﬁg‘]gg‘i%rﬁdd%ngﬁn‘i persul fate or
rinsing WI tﬁaﬁbé Bonestyt driyTshiRtatd€ hidthol@Xbwn & BRAHOS@HI28 by usingak! | ed and
optionally but preferably dried, onto the side 20 of the foil opposite to
t hat appl i etfcuntdatathe pol ymer . The phot oresi st conposition nmay be positive
wor ki ng or negative working and is generally conmercially avail able.
Sui t abl e positive working photoresists are well known in the art and may
conpri se am@:tg&h@me%fm@tbildﬂnélﬂﬁﬁsmbtEm:n%@pﬁédmlthe filkhfor@ingui none di azi de
sensitizers include the o- qU|none 4-or-5-sul fonyl 25 di azi des di sclosed in

U S P erﬁ@ywnaszomalinhe c smﬁwswgson‘@n@a@a@@bmquss 1@n047; 3, 201, 329;
3, 785, 825; é‘%"’ eferred

bi ndi ng re5| ns 1 nc d&qéﬂw er S%%Fgﬁﬁ%pgg%%peﬁ&ép%nt ubl e or
swel | abl e bshisli side magp optionatiyy &b cieanddr €oaweardstly, ia an@wdodinenbuhebl e

the shiny side has been applied with the polymer, then the matte side may
optionally be cleaned. It is preferred that the foil is partially or fully unrolled

15  priorto cleaning. Cleaning may be done by any conventional method known
in the art, such as micro-etching with sodium persulfate or rinsing with mild
sulfuric acid.

Next, a photoresist is applied and optionally but preferably dried, onto the side

20  of the foil opposite to that applied with the polymer. The photoresist
composition may be positive working or negative working and is generally
éommercia:ily available. Suitable positive wofking photoresists are well
known in the art and may comprise an o-quinone diazide radiation sensitizer.
The o-quinone diazide sensitizers include the o-quinone-4-or-5-sulfonyl-

25  diazides disclosed in U. 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-~quinone diazides
are used, preferred binding resins include a water insoluble, aqueous alkaline
soluble or swellable binding resin, which is preferably a novolak. Suitable
positive photodielectric resins may be obtained commercially, for example,

30  under the trade name of AZ-P4620 from Clariant Corporation of Somerville,




positive photodielectric resins may be obtained commercially, fowAgidacd e,
30 under.the trade nanme of AZ-P4620 from C ari ant Corporation of

Somerville, 9 15 April 2005 New Jersey as well as Shipley I-line

"~ photoresist. Negative photoresists are also wdely commercially avail abl e.
The photoresist is preferably applied onto the shiny side of the foil by
conventional techniques such as nentioned above. The thickness of

phot oresi st |ayers may vary depending on the 5 deposition procedure used.
The phot or Qﬁbﬁtleﬁ?gyastxk}&[‘asoﬂﬁbl@?Mﬁlé’pﬁ&oﬁ%isﬁq\létﬁﬁ% hdtrebigislard)y conventional
techni ques such as heating. After agﬁly ng andi op?lonall_ drying the

phot or esi stalemwisdelyheommeicially geailablsp eﬁbmkﬂﬁmwliﬁﬁﬁd@bbﬁﬂni@d for inspection

and/ or storageangd. unr.ol t: r. 1] ' subsequent
cteps. accordmngrdiabRact ofils R CBhEiobl RhRbat R st hbBlnfd 1o 10" nay be
done by anyatswe.t Tht shidkbksad phowoydsist layé @adr vary degdnding oastheig an

accunul ator. The photoresist is then imgew se ex,posggbe';%éﬁ ctinic radiation

such as i ghapopifion prreedyrsiupede The nbplppssist &ay shen optiongl of the
spectrumt : : e : ion or neutron
beam or X- F{gg¥§ggfg{%ﬁfloﬁt&?ﬁg§%%ga?%aﬁﬂ 'gjéﬁgltn&({}j(ﬁ on ?rﬂaage areas. The

foi | shoul dofitionally divirgrkhe phetoresist ot lesfoil gthe Aapirenicil maylbate-wliedray be in t he
formof incgherent, |i or coherent i ght, f.or exanple, light froma

| aser. 1In o%é “Emﬁﬁnﬁg‘mm S‘PF?@eﬂP%E’éTQQe‘%)?t Ethlﬁ@r Lﬂ?\f%?qr%{ewfge tenporarily
or per manengesipRaH aldehe S RRIAVASE. SHth ROoMHARLA Sflofilngt 0 radi ati on.
The photoresist™is then i magew se devel oped using a suitable solvent, such
as an Hhuemaybatlied hynanysoitshle methotkeowhyn theraoly such asmsingeni nage ar eas and

| eavi ng the_ i Hnggfarar eas. Preferred solvent devel opers are wi dely 25

comer ci al 1§° %bl e and nay conprise aqueous sodi um hydr oxi de,
pot assi um hydr oxi de or sodi um carbonate sol utions.

The photoresist is then imagewise exposed to actinic radiation such as light in
the visible, ultraviolet or infrared regions of the spectrum through a mask, or
15  scanned bj an electron beam, ion or neutron beam or X-ray radiation, to
thereby form image and nonimage areas. The foil should be unrolled prior to
exposure. Actinic radiation may be in the form of incoherent light or coherent
light, for example, light from a laser. In one embodiment, the process of the
invention may be temporarily or permanently stopped after exposure of the

20  photoresist to radiation.

The photoresist is then imagewise developed using a suitable solvent, such as
an aqueous alkaline solution, thereby removing the nonimage areas and
leaving the image areas. Preferred solvent developers are widely

25 commercially available and may comprise aqueous sodium hydroxide,

potassium hydroxide or sodium carbonate solutions.
The next step is to selectively etch away portions of the copper foil under the

removed nonimage areas of the photoresist layer, forming an etched copper

30 pattern. This photoresist pattern defines an excellent quality etch mask for

10




The next step is to selectively etch away portions of the coppers Agilloeshder
the " renoved noni nage areas of the photoresist [ayer, form ng an etched
copper 30 pattern. This photoresist pattern defines an excellent quality
etch mask for 10 15 April 2005 etching the conductive |layer with high
accuracy and precision. This etched pattern may be fornmed by conventi onal
techni ques such as acid etching and al kaline etching. Suitable etchants
non- excl usi vely include al kaline solutions or acidic solutions, such as
cupri c chl oetchieg the suntlndtive dayieriwithlhsgh gsrekey argbpracisios. Thisretchedhl ori de or

-sul furic perqgxide. The renainin hotoresi st may the tiopnally be

r enoved ugiPé%%WgﬁF?%ﬁ’ﬁH%ﬁ'é%‘%i“ﬁ%%?%c ug%mlgt{,af: B?&Eﬁ&gg“ﬁangsm %g. I n one
enbodi ment ,M&er&&ﬁﬁ%% SSufabletechaiig $8RlextIRNOBN iniludeilkdtidie sblafibey ari |y or
permanent |y stopped after renoval of the photoresist. 10 The foil is then
cut pref er abi agidipselutiens: sushas pypricorhlerifle asmitricagidh dilsppreferredare secti ons are
refera War8S.. t ! r sh r a articul ar
gppl [ Ca’?le gnfse c(f) 8%%%%.8 eg? E%Pg][ﬂ?é'oﬁ{e&gmé%% % (ﬁgﬁ&op yim(%%]gl |y bg

punct ured t Gptiusalty bé eericviet usihf eodvehtionad khpiceéssueh by strippiggosi ng a punch

system however any other nethqod known |n the art mgy alternatively be
used. 15 I tashings lajone pwhodiment, thegrreeess gﬂhﬁﬁeéﬁmﬁ%‘fe@go%?'@yg’ﬁnched prior to

 am nation BhdoBfity of %]réﬁ%%}ﬁgtstotpkgfaﬁ&r}%Bﬁ%T%gﬂgl?%és’sis}%? optional Iy

treated wit d e eat nent, ich as an adhesi on
pronoter for the copper foil to-the 20 bonding material (such as a

fi bergl ass oth coated W th _epoxy resi . The,next step aggcording to the
i nvent i 6h iﬂ""t%ﬁglﬁ PW&“%@E‘W‘%?W‘?BS canygRy f@f’hlpﬂ‘%ﬁr ﬁﬂ@ﬁ | ami nat i-on,
the copper &%ﬁ&lg{ dte eﬁﬂ%ﬁ@ﬁ%&i YutiBay BSREIRY shhf¥f ned&lst§lsr o The optional

I nspecti on nmay be conduct any suitabl’e method 25 known in the art.
Pref erred npirtiodsr appheativnus ipvesess. iRegistrdton heles may dpnioptibnaliydepect i on;

random s anpllatlu'.&%’dreg h:ﬁ‘glggrhl tﬁg %oilt. eﬁ}el hots a?engre}graﬁalf? lmaldg 3 n%é: 5. ngrrrfdh

system, however any other method known in the art may alternatively be used.

15  Ttis preferred that the registration holes are punched prior to lamination of the
foil.

Next, the copper pattern may be optionally treated with a bond enhancing
treatment, which serves as an adhesion promoter for the copper foil to the

20  bonding material (such as a fiberglass cloth coated with epoxy resin) .

The next step according to the invention is thé lamination the foil to a

substrate. Prior to lamination, the copper pattern may optionally be inspected

for defects. The optional inspection may be conducted by any suitable method
25  known in the art. Preferred memods nonexclusively include in-line optical

inspection, random sampling, electrical testing, and visual inspection.
‘According to the invention, at least one foil section is laminated to a substrate,
thus forming a multilayered circuit structure. In the practice of the invention,

30  aplurality of foil sections may be laminated together. Also, a plurality of the

11




According to the invention, at |east one foil section is |am nat®edpril@0és
substrate, <thus formng a nultilayered circuit structure. In the practice
of the invention, 30 a plurality of foil sections may be | am nated
together. Also, a plurality of the 11 foil sections nay be | am nated
together via a substrate between adjacent sections. Lamnation is
preferably conducted in a press at a tenperature of from about 160C to
about 320C, nore preferably fromabout 170C to about 245C and nost

pref erabl y foibsectdrsunaylfslemiratealiiogitha3tia sulisirhte betveeeh adjatémte pr ef er abl y
ranges from about 15 .m nut.es t.o about,180 . m nute nore preferably from
Bbout 30 m CRBL: LEHRR 1 Bty CRLsicii o s S e O r om about 30
mnutes to abeboRP16UPCUb aBout BRETE madik Yrefbily e SSout $70%0dey a vacuum of
fromat |east 25 to about 30 mm of nercur nore preferably from about 28

 to about SOa'?ﬁW34501%13%@113@?’11Iﬁﬁférﬁbbﬁﬁo@rabﬂ@)r/fé[ﬁf@’fQ@Wf%3ﬁ°@oout 29 to about 30

i nches I I intai ned at about
575 to Syt B ROERR LGRS ol WP ELEAER X A0 C 1P 30k ol o,
and nost prmimtehinord preferatip fiomAbog! I0nirtudesab abdutd20 kghess and5 Typi cal
Substrates are th%s% s}gitaagl e to pbe processed into a printed circuit or

ot her ni cr CEPEJEFISHDY Hepiabeut 38 minyiss do abawt PP minutes direferpblpitesent i nventi on

non- excl usi elys Wl UARCARRYE idm R 23 HBonPR) HARISHGwGYABRL e ester, BT-

Epoxy or conbi nations thereo polynmers rerntforc terials such as
fi ber gl ass, prefegahly Eropogbent 2&toabbut 3Kewl @i herceny pariddngs pesfer@bilger nount ), 20

pol ybenzoxo) at e or ¢ inatigns theregof. O these, epoxy,wth
fiberglass %@E}%ﬁﬁ%@@@lﬁgmﬁﬁ PeHEY-e %He%?tsﬁ”&t’él’refﬁ]@%b'r ef erred
thi ckness ofyafnRBnRSitot £5 kS atut fﬂ% g@?r%ﬁpgﬂg&le#)@efeﬂb abQR 7% rore

preferably from about210 t o about one odi nent of the present
i nventi on, atvet 3Qke/omilandiagss prsferatily fivimapouh® kefent” kg aleny2hg t he
phot or esi st rrgm)vi ng the renmai ning photoresist, punching

kg/c

15  Typical substrates are those suitable to be processed into a printed circuit or
other microelectronic device. Suitable substrates for the present invention
non-exclusively include epoxies, polyimides, polyesters, cyanate ester, BT-
Epoxy or combinations thereof, polymers reinforced with materials such as
fiberglass, organic paper, aramid (Kevlar), aramid paper (Thermount),

20  polybenzoxolate paper or combinations thereof. Of these, epoxy with
fiberglass reinforcement is the most preferred substrate. The preferred
thickness of the substrate is of from about 10 ;co about 200 pm, more
preferably‘lfrom about 10 to about 50 pm.

25  In one embodiment of the present invention, the optional steps of cleaning the
~ foil, drying the photoresist, removing the remaining photoresist, punching
registration holes through the foil, treating the copper pattern with a bond
enhancing treatment, and inspecting the copper pattern for defecis are all |
performed.
30
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regi stration holes thfough the foil, treating the copper patters xdiross
bond enhancing treatnent, and inspecting the copper pattern for defects
are all performed. 30 12 In another enbodi nent, particularly when using a
foil where both the sides have been subjected to bond enhancing treatnent,
the optional step of treating the copper pattern with a bond enhanci ng
treatnent is not perforned. 5 In still another enbodinent, prior to

| am nation the copper foil may be electrolytically treated on the shiny

si de to fornaotlzpughbodingnt pppienlady pdisi tising aficil wheetbotd fieisidas | y treated on
the matte sjde.to deposit, m cro-nodul es of metal or alloy. These nodul es
are preferatty b@%ﬁ]gﬁcchta@eﬁé)ﬁlé‘?mﬁllnggﬂ?‘?% the W@stéepa(béﬁ@é% to a
substrate. HaRopptrpa&&n Wil OSdndbaliticingoatdibnt iPhdt peforktedreasured by a
profil oneter, such as a Perthoneter nodel M4P or S5P which is comrercially

avai | abl e from Mahr Fei npruef Corporation of Cincinnati, Onhio. Topography
nmeasur enent the surface grai.n structure.of peaks,and, valleys are made
accordi % t%sﬁifrlll 09 e{/e?{’%%u&lg%dpﬁl%pwﬁmé@gw rgql&r_nﬁbeof the Institute
for | nt er cogleasslith@linndatPhok a@i shthyGidea ifésn ffoudbddingedper epodib, Road,

Nort hbrook, 1]linois 60062. In the neasurenent procedure, a neasurenent
| engt h | m otkeleqiohdically wealer onyihe mattesidede deppsitppicpanqdyles 048 the aver age

AT UM PeahelsPon Al R A0 e b RNBOM! drktopAIRbDGliengt e wi L n

t he measurenent length IT'm ere I'0I's XI'mum roughness
dept h and i mctche gihesivetia pbstpeadThebafacdnitrastaeidre viuhedfoil ke hi ghest 20

peck Al e s Lt LR o RSl Shef SOl B 15 the
aver age val Seoareea i it BEE AR FANSIRRCRporBot B CAGRRET | 1S Mom the
center | i néhis tTopngiaplky messrements dfehgsurfacegraitharyotnaockpeksamf i nport ance
For this valleys are made according to industry standard IPC-TM-650 Section 2.2.17
of the Institute for Interconnecting and Packaging Circuits of 2115 Sanders
15  Road, Northbrook, Illinois 60062. In the measurement procedure, a
- measutement fength Im over the sample surface is selected. Rz defined as the
average maximum peak to valley height of five consecutive sampling lengths
within the measurement length Im (where To is Im/5). Rt is the maximum
roughness depth and is the greatest perpendicular distance between the highest
20  peak and the lowest valley within the measurement length Im. Rp is the
maximum leveling depth and is the height of the highest peak within the
measuring length Im. Ra, or average roughneés, is defined as the arithmetic
average value of all absolute distances of the roughness profile from the center
line within the measuring length Im. The parameters of importance for this
25 invention are Rz and Ra. The surface treatments carried out produce a surface
structure having peaks and valleys, which produce roughness parameters
wherein Ra ranges from about 1 to about 10 pm and Rz ranges from about 2 to

about 10 pm.

13




25 invention are Rz and Ra. The surface treatnments carried out 1Agshlceoa
surface structure having peaks and vall eys, which produce roughness
paranmeters wherein Ra ranges fromabout 1 to about 10 pm and Rz ranges
fromabout 2 to about 10 m 13 15 April 2005 The surface treatnents
carried out produce a surface structure having peaks and valleys, on the
shiny side, which produce roughness paraneters wherein Ra ranges from
about 1 to about 4 p.m preferably fromabout 2 to about 4 mcrons, and
nost pr ef er afk Yurfdce MeatiRits Arried G préldude Ahataed Struchil® hERAng pbalg S ranges from
about 2 to about 4.5 gm preferably fromabout 2.5 to about 4.5 mcrons,
and nore prarkyalsys; onmshatioside, vhich produae raughngsp paraveeterg heeatt t r eat nent s

i ed out d f t t hawi k d |l , th
mat e si de, RAATIER BPEUER' | GASRHES o RIEHARIE ASm{gRRPER 19 45Kd ¢ anges from
about 4 to ahabhs, 4d Bkt REREBIARLM sbbAD BROUE FmRréid. AWz Vhlugdm and nost

preferably fromabout 5 to about 7.5 gm The Rz value ranges from about 4
t o about5 10rapges Ppersfabeuitd) tp abowm. & oy preferably Slomabogt ZMmto abait 4fore preferably
from about 4.to abo‘gt 7.5 ngrqr% 1% Pref er blc%,, tlpg shiny side has a copper
deposit aboficrons gngmerepteterably f’%‘a%BP 0"k 28 age roughness (Rz) of 2
gmor greater. More preferably, the matte side preferably will have a
roughness Rz as made of about 4-7.5 gm The m cro-nodul es of netal or

al l oy will| Whesurfacs iizetnehtsaboied dit frogiove Onirface stmetak daviag phaksdeposi t ed as
m cro nodul es,if. desired, for.. ex l e, .zinc, .20 indiu ti.n, .cobalt, brass,
bronze and EMbVALcRS on i tally e ST redfes opgt S T ST BRA | n U, S,

pat ent 67 i 1154 1 i The shiny
surf aceﬁ?or e?g?%%e@ﬂ’ﬁfg?%gh%%ﬁ%@?f&%? Eﬂrre %ﬁ%ﬁgo?%%ﬁ%gﬁf%t% kg/l'i near
cm t o about pihn, Gndk@bbti prefarablynfosie apsefSanaboyt 73 min ThoRk valde kaiges near ,

from about 4 to about 10 pum, preferably from about 4 to about 9 pm, and
more preferably from about 4 to about 7.5 pm.

15  Preferably, the shiny side has a copper deposit about 2 to 4.5 um thick to
produce an average roughness (Rz) of 2 pm or greater. More preferably, the
matte side preferably will have a roughness Rz as made of about 4-7.5 pm.
T_hé micro-nodules of metal or alloy will have a size of about 0.5 pm. Other
metals maj} be deposited as micro nodules if desired, for example, zinc,

20  indium, tin, cobalt, brass, bronze and the like. This process is more
thoroughly described in U.S. patent 5,679,230, which is incorporated herein

by reference.

_ The shiny surface preferably has a peel strength ranging from about .7
25 kg/linear cm to about 1.6 kg/linear, more preferably from about .9 kg/linear
cm to about 1.6 kg/linear. The matte surface preferably has a peel sirength
ranging from about .9 kg/linear cm to about 2 kg/linear, more preferably from
about 1.1 kg/linear cm fo about 2 kg/linear. Peel strength is measured
according to industry standard IPC-TM-650 Section 2.4.8 Revision C. .
30
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cmto about 1.6 kg/linear. The matte surface preferably has a peshprgtoength
rangi ng -from about .9 kg/linear cmto about 2 kg/linear, nore preferably
from about 1.1 kg/linear cmto about 2 kg/linear. Peel strength is
measured according to industry standard | PC-TM 650 Section 2.4.8 Revision
C. 30 14 15 April 2005 The followi ng non-limting exanples serve to
illustrate the invention. It will be appreciated that variations in
proportions and alternatives in elenents of the conponents of the

phot osensi t Tﬂﬁfﬂeﬁﬂwﬁﬁﬂiﬁﬁtﬁ'&hﬁﬁleﬁ\’s&ﬁe ReilaRRAs 8RtindtiochhasAuski | Led in
the art and are within the scope of the present invention. 5 EXAMPLE 1 A

rol | of el ebeapprsiped thativatipps @rﬁ%ﬂﬂi@@ a@dpbemaifwﬁsm elpngatsrafithe s in width

i s nmount ed h tensioning 10
rollers, th(?cgnﬁwﬁ% ?%rigql%}oesgﬁssm‘;é %a I%porsew ﬁﬁﬂr 51%F gér Re foil is then
t ensi oned t thode ykdlistcia thxedrt amdre withidthe Acsbel of ehembant Divehdien. rewi nd roller is
engaged and set to 1.2 neters/mnute. Aliquid polyimde resin is adjusted
to 25%%olids, a viscosi ty of about 20,000 centipose, with

N-net hyl pyrrolidone in a stainlesgagfgg ™M Xing vat. The polyin de
solution is supplied to a 15 di spensing systemand a filmof approximtely
50 mis applied to the matte side of the noving foil using gravity and the

| iquid pol yne SCOSI ensi ng forces ctor plade is adjusted
to produce 4Tk ?IPWHC@O dé?g Hﬁgwe@r&s@w%ﬂl&gf mﬁmg | exi bl e
conposite I gghoe‘ t 7.6 m A
conti nuoushﬁ qU| eﬂlel g‘#u%{d@%dﬁl/é ulr%gﬂ% 12#3:3 I s mai ntained

on t he lfpstrodam ttmaﬂghaﬂletfuklerbomtcbmntblaadmnﬂmolMJ Mheifeil & thaonst ant fl exi bl e

conposite filmt ne and.a_f f of included a
mpos| %ensTone l§Lpo%flds per inch vlvildrtnn Af-rx eVe moltor onu erewmé roller is

engaged and set to 1.2 meters/minute. A liquid polyimide resin is adjusted to
25% solids, a viscosity of about 20,000 centipose, with N-methylpyrrolidone
in a stainless steel mixing vat. The polyimide solution is supplied to a

15  dispensing system and a film of approximately 50 pun is applied to the matte
side of the moving foil using gravity an_d the liquid polymer viscosity as

dispensing forces.

A doctor blade is adjusted to produce a wet film of 43 pm in thickness,

20  resulting in a flexible composite having a dried polymer film in thickness of
about 7.6 pm. A continuous liquid head height and volume of dammed
material is maintained on the upstream side of the doctor blade to maintain a
constant flexible composite film thickness and a film free of included air
bubbles.

25
The solvent is evaporated off and the polymer is cured in an oven at 425°C.
As the coated foil first enters the oven, an initial temperature drop should be
anticipated. Once steady state temperatures are achieved in the oven, film
thickness is checked by taking a foil sample and comparing the coated weight

30  to the base weight of the foil using the polyimide density to convert from

15




bubbl es. 25 The solvent is evaporated of f and the polyner is cut®edpil0gh
oven at 425C. As the coated foil first enters the oven, an initial
tenperature drop should be anticipated. Once steady state tenperatures are
achieved in the oven, film thickness is checked by taking a foil sanple
and conparing the coated weight 30 to the base weight of the foil using the
polyi m de density to convert from 15 weight to fil mthickness. Adjustnents

to the rate of gol i m de di spensed and _or doctor bl ade hei ght over the
foil are mateigh @éﬁnbthw@(ﬁ% Adistmenteierthe mie of polyinddadispense ted until

t he desired,f| ' ' [ I ] foil is
“then cl eane‘gfr‘?ﬁgartr?‘lf%:drégl-@ %tﬁgﬁ!é%ﬂ\%tiioﬂ so%?%%baggg?éﬁkgéﬁe%%ugeﬁ%%ko%% by a water
rinse and appkéssat iepeated until pirodesired fln thieknesssis attainedlhe photoresi st is dried

and i magewi se exposed through a mask to actinic radiation using a W
exposure unit to thereby forminmage and noni mage areas. The.photoresist is

then devel opegshig ide %@%ﬁﬁ%ﬁ%@@bﬁ@ﬁm&%&?&%ﬁ%&hﬁﬁn to remove the
he T oi st

noni mage areas and |eaving the image areas. T I en etched in
cupri ¢ chl opdrgidfaie; fllwadbycoper rigretand applicitien bfd phntesensitiviiresist.esi st i s

stripped a Si.ng .pot asst um.hydr oxi de | eavi ng.the desired copper

pattern. 1%@9}%@%1@%&4al}%g?\@ﬁgwpiﬁwg qlﬁ?g‘tﬁﬁf‘?:‘ﬂcare t hen
punched wi tfadiacioh usiglg abV efpddieishitdo @tidbyabiny ihAR Sl Yohiigaggechani cal punch.
The copper pattern on the foil sections is then treated wth a solution

cont ai ni ng @asy/Theghotpsesish in thery devislaped psing an agiegns sadfium eaibonatty dr oxi de and

12 gl ©@f tgi i . Ltation f M nut es
t her ebyl%t o] %F%%&g%ﬂﬁ%zggﬁ%@%g%ﬁggﬁggﬁﬁﬁ Elg‘}lﬁ%geﬁrg%ﬁ g[((ﬁle% il section is
t hen | am naik éigbntetchad iepuptic chltflera @l Lédphper s TH baldreebgihess, in a
hydraulic press at, 275 C and 10 kg/cn2 for, 30 m nutes. The

resist is siripped away using potassium hydroxide leaving the desired copper

pattern.

15 The foil is cut into rectangular sections which are then punched with tooling
‘holes using a optically registering mechanical punch . The copper pattern on
the foil sections is then treated with a solution containing 31 g/1 of sodium
hydrochlorite, 15 g/l of sodium hydroxide and 12 g/1 of trisodium phosphate,
at 85°C under agitation for 3 minutes thereby to provide a black oxide

20 . treatment,

The treated foil section is then laminated to an epoxy substrate reinforced with
fiberglass, in a hydraulic press at 275 °C and 10 kg/cm? for 30 minutes. The
press is under vacuum of 28 inches of mercury. A second foil section is

25  laminated to the first foil section to thereby form a multilayered circuit
structure.

EXAMPLE 2
- 30 Example 1.is repeated except that the step black oxide treatment is conducted

16




press i s under vacuum of 28 inches of nercury. A second foil setdAmi2D85 25
| am nated-to the first foil section to thereby forma nultilayered circuit
structure.. EXAMPLE 2 30 Exanple Lis repeated except that the step bl ack
oxide treatnment is conducted 16 15 April 2005 by di pping the copper foil
for three mnutes in an aqueous bl ack oxide treatnent solution at 85 C
havi ng the foll owi ng conposition: NaCl®2 --31 g/l 5 NaOH-15 g/1 Na3POM
--12 g/ EXAVPLE 3 10 Exanple 1 is repeated except a 10 m sheet of

p- phenyl enebmdwpmﬁéh&mpsgdf@l@qsmﬁﬁi;l&tmqunmSéﬂaC&e:uﬁ@en t he polyimi de
surfaces of_the foil . ' n_th ubstrate. .Resulting product has

i mproved ditrrféeansf"lgnsgbuoésag%él f@f‘?‘gna%%‘e?%li?‘mf%g?@%%% % 15 EXAVPLE 4 Exanple 1
is repeated except lam nation is done using a continuous hot roll ‘

| am nati on process at 300C and 21 kg/cn2 . The product is subjected to a
post | am naﬁ?@Wm@érgﬂbake to achieve final cure. 20 EXAMPLE 5 Exanple 1 is
repeat ed; exlqg@f{__qggrli ng is done wth an extrusion coater and 25 |am nation
is done by a nip roller process. Afiller is coextruded with the

pol yi m de. MRRLH2G/B0 Exanple 1 is repeated except the matte side of the
foil is treated with nodul es

EXAMPLE 3

10 Example 1 is repeated except a 10 pm sheet of p-phenylene-2,6-
benzobisoxazole paper is laminated between the polyimide surfaces of the foil
sections o the substrate. Resulting product has improved dimensional

stability and tear resistance.
15 EXAMPLE 4

Example 1.is repeated except lamination is done using a continuous hot roll
lamination process at 300°C and 21 kg/cm® . The product is subjected to a
post lamination oven bake to achieve final cure.

20

EXAMPLE 5

Example 1 is repeated except coating is done with an extrusion coater and

25  lamination is done by a nip roller process. A filler is coextruded with the

polyimide.
EXAMPLE 6
30  Example 1 is repeated except the matte side of the foil is treated with nodules

17




17 15 Apri 12005 to inprove nechani cal adhesion to the polyi m del5 Afai20@m

nodule size is |ess than 120 mcro-inches to avoid the possibility of high

potential failures. EXAMPLE 7 5 Exanple 1 is repeated except that a

fiberglass cloth is inpregnated with a non- hal ogenated thernosetting

- polyimde (Keramd 601), formng a prepreg. The polyner is then partially

cured. The thickness of this prepreg is about 68 pm The copper foil is
then |am nated to the prepreg with the pol ynmer coating 10 facing the

~ prepreg. Thb imp9veaneabanicsl adbestontedbe pelyirsideuMagiRBun mothds sizé iHg) at 275 C,

with 14 kg/ r.e.f 90. m,nut es,.... PLE 5 le 7 is
" repeat ed ex%tg%ﬁh%l%ﬁﬁ%%l%%gﬁgc{aevﬁl A S@B@%E@Cﬂ%ﬂhaﬁ%em ng
polyi mi de. The lam nation is conducted at 185 C for 60 m nutes. EXAMPLE 9
20 Exanple 7. is repeated except the substrate is another fiberglass and the
prepreg thickness is about 115 (EXAMPIFh|e the present invention has been
~particularly shown and described with reference to preferred enbodi nents,
it will be readily appreciated by those of ordinary skill in the art that
vari ous chaBzmsplands repeatéd estepoihat afilyerflassoicth iPnpregriacudtwalepassd ng from t he

Ehter pr ot ed AL R e ReS i SO L B s HANT  ToRUBE 2 arapRdiioves vl ch
have been dhagaSetheaautitedd! THEBLUALEHE Bis'EHES R abdfh P11 2005
The copper foil is then laminated to the prepreg with the polymer coating
10 facing the prepreg. The lamination is done under a vacuum (28 inches of Hg)

at 275 °C, with 14 kg/em® of pressure for 90 minutes.

EXAMPLE 8

15  Example 7 is repeated except a non-halogenated epoxy replaces the
thermosetting polyimide. The lamination is conducted at 185 °C for 60

minutes.

EXAMPLE 9

20  Example 7 is repeated except the substrate is another fiberglass and the
prepreg thickness is about 115 pum. '

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
25  without departing from the spirit and scope of the invention, It is intended that
the claims be interpreted to cover the disclosed embodiment, those alternatives

which have been discussed above and all equivalents thereto.
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1. A continuous process for formng a nultilayered circuit strubt®4préd208i ch
-conprises: (a) unrolling a roll of copper foil, which foil has a shiny
surface side and a= 5 matte surface side; (b) applying and curing a
filmformng polyner onto the natte side of the foil, (c) optionally
cleaning the shiny side of the foil; (d) applying and optionally drying a
phot oresi st onto the shiny side of the foil; (e) inmgew se exposing the
photoresist to actinic radiation to thereby form 10 i nage and noni nage
areas; (f) Whatiseopiimgdishe photoresi st thereby renoving the noni mage areas
and | eavi ngaé@et{mage area?' "i(o .etchilﬁ%yth fol. ung%r 2151 renoved

noni mage are TR SBWS?% grs & iy &59 FEF S f)B’ c%pattern; 15 (h)
optional ly gsnfise®tg the remaining photoresist; (i) cutting the foil into
sections; (&2% opt.i onal | ycgpunchi n_g re_%fst_rati on holes through the foil; (k)
opt i onal | y & &siolling a 1ed of sppRar pihtwhiethfollihap a ghing serfees @ treatnent; (1)
optionaldy &gﬁ@&}ﬁcg -dL.he copper pattern for defects; and 20 (n) |am nating
at least one foil section to a substrate; thus forming a multil ayered

ci Ircui t st r(h)iapplgeing%ndﬁl:ﬂng)a ghﬁ-@rnlﬁﬁg pbiswoer dntmﬂdwnxghum $iteof the ﬁ]ﬁit,or][ﬁ ng

pol ynmer co i ses ol yi mj de, pql yester, or conbinations thereof. 25 3.
The procesgP‘%PPté‘? }hcﬁeag ‘?%FIWQ“@%%'S &fdihg a plurality of the foil

sections t@t%ﬁkelﬁifhgialﬂdo ﬁ@uaﬂggﬁﬁ%%a?flotﬁfeﬁfs%r&o SRS ROFJIRL I NG A

plurality o sectio oget her via a substrate befween
adj acent se() imagewist®xposing the photoresist to actinic radiation to thereby form

10  image and nonimage areas;
(f) developing the photoresist thereby removing the nonimage areas and
leaving the image areas;
(g) etching ‘the foil under the removed nonimage areas of the photoresist to
thereby form a copper pattern;

15  (h) optionally removing the remaining photoresist;
(i) cutting the foil into sections;
(i) optionally punching registration holes through the foil;
(K) optionally treating the copper pattern with a bond enhancing treatment;
() optionally inspecting the copper pattern for defects; and

20  (m) laminating at least one foil section to a substrate; thus forming a

multilayered circuit structure.

2. The process of claim 1 wherein the film forming polymer comprises a
polyimide, polyester, or combinations thereof.

25 '

3. The process of claim 1 comprising laminating a plurality of the foil sections

together.

4. The process of claim 1 comprising laminating a plurality of the foil sections

30 together via a substrate between adjacent sections.

19




15 April 2005 5. The process of claim4 wherein the substrate conprises a
reinforced polyner. 6. The process of claim1l wherein the substrate
conprises a reinforced pol ynmer which conprises an epoxy, polyim de,

pol yester, cyanate ester, bisnaleimde-epoxy or conbi nat i®Aprilt2065eof. 7.
The process of claim1 wherein the process is stopped after exposing the
photoresist to radiation. 8. The process of cI ai m 1 wherein the process is
st opped after stripping the photoresist. process of claim1 wherein
the forl i sGtRERRESSISY Claky ﬂ“@e@wtttgsutetraeﬁemaw%@@"&@meqi BPIMNET-wher ei n t he
foil is etched by al kaline etching. 11. The process of claim1l wherein the
shiny side of the foil is cleaned according to step (c) after step (b).

12. THe pr ddEF¥oesss of glaip 11 Whees; theﬁHP%téat%P@mB[ﬁﬁ?t%EP'@fﬁfcﬁdg%?W whigh
accordi ng tcomptiess aﬂ)epﬁfx?ebolﬁrﬁﬂb (Polyesfe?; cyditdd e8RS isthalefdidlegoyhsr ei n

t he copper  pa tern |% treated with a bond enhancing treatnent according to
step (k) af® B 0F'°%44. The process of claim 1 wherein the copper
pattern is treated w th a black oxide treatnment according to step (k)
after step g'P 20 15 Aprl 2005 15. The process of claim 1 wherein the

shi ny ’si de T6F RFORESF &f Flajny 1 WretMSce%déémP%awegtpeﬁn@t*)e rRiieresigt copper
pattern is ingddidtiopated with an oxide according to step (k). 16. The
process of claim1 wherein the foil is punched according to step (j) after
step (i). 17. The process of claim1 wherein the copper pattern is

i nspe@t ed ahe@rélie’y of &GinB1 ABefeln thafprédess iselofdel-afttPstripping the photoresist.
9. The process of claim 1 wherein the foil is etched by acid etching.
10.  The process of claim 1 wherein the foil is etched by alkaline etching.

11.  The process of claim 1 wherein the shiny .side of the foil is cleaned according to step
(c) after step (b).

12.  The process of claim 1 wherein holes are punched through the foil according to step
(j) after step (i).

13.  The process of claim 1 wherein the copper pattern is treated with a bond enhancing
treatment according to step (k) after step (j).

14. The process of claim 1 wherein the copper pattern is treated with a black oxide
. treatment according to step (k) after step (j).

20




18. The process of claim1 wherein the foil is rolled up after tlApii¢0os
the film-formng polynmer according to step (b) and then unrolled prior to
step (c). 19. The process of claim1 wherein the foil is rolled up after
drying of the 15 photoresist according to step (d) and then unrolled prior
to step (e). 20. The process of claim1l wherein the foil is rolled through
an accunul ator. 21. A continuous process for formng a nultilayered circuit
structure which 20 conprises: (a) unrolling a roll of copper foil, which
foil has ?_ isﬁi'[;hplﬁweéachIMBwhaéirﬂhzﬁfﬁhjr eidsufﬂﬁtfeﬂ?dﬂﬁ;cleéfbéd_ I appl(yi) ng and
curing a filmformn r onto the natte side of the foil, o

cl eani ng th%ccg’mo%toﬁ%ﬂg@gﬁ‘%ﬁ% CORRST pattesn st ypafed g aaeeider yi ng a

phot or esi sta&eﬁgn%ﬂaest%@(gy side of the foil; (e) inagew se exposing the
phot oresi st to actini diation to thereby form imge and noni mage areas;
(f) devel opi ng the photoresist thereby renoving the noni mage areas and

| eavi ng t he, e areas, ,21 15 Apri 005 tching the foil under the
renoved “hon %%:gpécha%o%cflm{nnéwb%g@%é@f Pﬁlgghesﬁﬁ?cg SRR 35 copper
pattern; (hiftidr@p\Ng the renmi ning photoresist; (i) cutting the foil into

sections; 0) punching registration holes through the foil; (lc) treating
the copper pattern with a bond enhancing treatnent; (l) inspecting the

o Slbet Pt o T BrodR R PRy Bl bbbt atting, SO 1
to step (1) afier step (k).

10 |
18. The précess of claim 1 wherein the foil is rolled up after curing of the film
forming polymer according to step (b) and then unrolled prior to step (c).

19. The process of claim 1 wherein the foil is rolled up after drying of the
15  photoresist according to step (d) and then unrolled prior to step (e).

20. The process of claim 1 wherein the foil is rolled through an accumulator.

21. A continuous process for forming a multilayered circuit structure which
20  comprises: '
(a) unrolling a roll of copper foil, which foil has a shiny surface side and a
matte surface side;
(b) applyiﬁg and curing a film-forming polymer onto the matte side of the foil,
(c) cleaning the shiny side of the foil;
25 (d) applying and di'ying a photoresist onto the shiny side of the foil;
(e) imagewise exposing the photoresist to actinic radiation to thereby form
image and nonimage areas;
(f) developing the photoresist thereby removing the nonimage areas and

leaving the image areas;

21




22. A continuous process for formng a nultilayered circuit strlichpsl@00hi ch
conprises: (a) unrolling a roll of copper foil, which foil has a shiny
surface side and a matte surface side, both sides having been treated with
bond enhancing 15 treatnment; (b) applying and curing a filmform ng

pol ynmer onto either side of the foil, (c) optionally cleaning the side of
the foil that has not been applied with the filmform ng polyner; (d)

appl ying and optionally drying a photoresist onto the uncoated side of the
20 foil; (efgctrhimvhs foibxpiesihegerhbtrecdaionimagesirais of theqrhbtoresistt@di ation to

t her eby fo;g%e%nﬁge and noni nage areas; (f) devel oping the photoresist

t her eby r enBFToRY 192 RORPRCHBYE ™ ®r cas and | eaving the i mage areas; 25 (g)
etching the | gnﬁgﬁm 2N mage areas of the photoresist to

t her eby forgﬁg&%%%gggﬁgggter ; Fﬁgﬂ%%tionally removi ng the remaini ng

phot or esi st i) cutting thetfoil ogo séetiohxni | i nto sections; 0) optionally punching

registratiop holes through the foil;. 3Q (k) optionally inspecting the
copper g’tat tG)rplmF EJEFEY ;nthgfpa ﬂ??u%thﬁg?'ﬁ’! 2005 (1) laminating at |east
one foil segdk@idgithd copies bhtddrewithitonll QA theAreatiléri! | ayered circuit
structure. . A continuous process for formng a nultilayered circuit

st ruct ure wi}@ppecting thepopperpattem)fondafents;iand a rol | of copper foil, which

L1025, GBSO A G i Y A Al Moo STy i e

multilayered circuit structure.

10
22. A continuous process for forming a multilayered circuit structure which
comprises:
(2) unrolling a roll of copper foil, which foil has a shiny surface side and a
matte surface side, both sides having been treated with bond enhancing
15  treatment;
(b) applying and curing a ﬁlm—forming polymer onto either side of the foil,
(c) optionally cleaning the side of the foil that has not been applied with the
film-forming polymer; |
(@) applyin;g and optionally drying a photoresist onto the uncoated side of the
20 foil; |
(e) imagewise exposing the photoresist to actinic radiation to thereby form
image and nonimage areas;
(f) developing the photoresist thereby removing the nonimage areas and
leaving the image areas; |
25 (g) etching the foil under the removed nonimage areas of the photoresist to
| thereby form a copper patiern;
(b) optionally removing the remaining photoresist;
(i) cutting the foil into sections;
(j) optionally punching registration holes through the foil;
30 (k) optionally inspecting the copper pattern for defects; and
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treatnent; (b) applying and curing a filmformng polymer onto Iirmprﬂlz'{)my

side of the foil, 10 (c) optionally cleaning the matte side of the foi
(d) applying and optionally drying a photoresist onto the shiny side of t he
foil; . (e) imagew se exposing the photoresist to actinic radiation to

thereby form inmage and noni mage areas; (f) devel opi ng the photoresi st
t hereby renovi ng the noni nage areas and 15 leaving the i mge areas; (9Q)
.etching the foil under the renmoved noni nage areas of the photore5|st to

“thereby for (b sneisphing at pesst enerfoil sention e  swlstaty; thusfuinigg a he remai ni ng

phot or esi st ;, h f0| | into sections; 20 (j) optionally
punchi ng regl télh%%rg%%ﬁ g‘ml"l rough the foil; (k) optionally treating the

copper pattern with a bond enhanci ng treat rrent (1) optionally inspecting
t he copper gg\;&uern for defects; and (m [|am nat ng at | east one foil
section to GeRtingons PioRess feigiorming aqnulayerer sirenbsirusture whichst r uct ure. 25

23 5 comprises:
(a) unrolling a roll of copper foil, which foil has a shiny surface side and a
matte surface side, whose shiny side has been treated with a bond enhancing
- treatment;

(b) applying and curing a film-forming polymer onto the shiny side of the foil,

10 (c) optionally cleaning the matte side of the foil;
(d) applying and optionally drying a photoresist onto the shiny side of the foil;
(e) imagewise exposing the photoresist to actinic radiation io thereby form
image and nonimage areas;
(f) developing the photoresist thereby removing the nonimage areas and

15  leaving the image areas;
(g) etching-the foil under the removed nonimage areas of the photoresist to
thereby form a copper pattern; | ‘ |
(b) optionally removing the remaining photoresist;
(1) cutting the foil into sections;

20 (j) optionally punching registration Holes through the foil;
(k) optionally treating the copper pattern with a bond enhancing treatment;
(1) optionally inspecting the copper paftern fof defects; and
(m) laminating at least one foil section to a substrate; thus forming a
multilayered circuit structure,

25
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