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MANUFACTURE OF PRINTED CIRCUITS USING
SINGLE LAYER PROCESSING TECHNIQUES

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The present invention relates to the manufacture of circuit boards. More
10  particularly, the invention relates to a 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, such as telephones, radios

and personal computers. In producing such printed c.ircuits, 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




Abstract A continuous process for formng nmulti- layer circuit &tApd200%S
whi ch includes applying and curing a filmformng polynmer 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 devel oped-—:
to renpbve the noni mage areas but | eave the 1imge areas. The foil under the
renoved noni mage area is then etched to forma copper pattern, and the
remai n- i ngpaieot of esalblindssnd ppacosierhich atathepetehet iatsl the cembwtice The foil is
t hen cut inr[:Po sections, and then optionally but prefer- ably punched with
registratio 1]nol es. 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 circui Itisa pommon graciise inghen ubisst the foid tosbodenhancemept sushaed: For

two-|l ettger cages, and, ot her abbreyi ations. r.efer to the," Gui d-_w thout
e mats ond ik BRfte? LaSoRl AL KRR bpel S bRl Bl by eHbfical DOUC
andAbbr evi ahji@o%tchird Bedisichemithily featb®@itha 1450 6f édppet @lideowiislals report ni ng

of each regul ar issue of the PCI Gazette. 15 April _ 2005 MANUFACTURE OF
PRI NTED Cl Rbolarls Ths igatment ieips 10 preeRipromesdheimmedthnia fleoter BACKGROUND OF

THE T NVENTI (1 b f- Be oy Hand Y BT di 6 ssion in U.S. Patent No. 4,997,516,

which is incorporated herein by reference, for a discussion of forming a black

10 oxide on the surface of a foil. The adhesiveness of the foil surface to prepregs
or other materials is greatly enhanced by the black oxide treatment, resulting
in greater heat and moisture resistance of the resulting multilayer circuit

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.




The present invention relates to the manufacture of circuit boarsdspril Mrse
10 particularly; the invention relates to a continuous process for formng
a nultilayered circuit structure, which prevents damage to conductive
foils during the formation of nultilayered 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 large scale
appl i cat i onEjelstadc Rleaiblé Gircuitilschnbily, Sikeun Valley PubBsRi Growp, 19814l as in smal |

scal e devi CﬁE StjCh és cé]ﬁ ephon%f, radj o and personal conputers. In
produci ng stth’H 'ﬁoﬁf‘. de v spdegcgibed By P AYRissy ﬂaﬁl Wamytapiugh degree of
accuracy angr 4 s WidQ0L 1535 éﬁ@%@@@&m&éﬁg@g\l&ﬁ%@ AfoesPace widths

to ensure good perfor rrancesgr* ecircuit. | y to produce accurate
f eat ur es hafor hgferconnectinmbid Phickegisg Blestronip &litciits) 1897, yindhe 100 or less, is
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whiich are then etched into the conductive foil. 't is a common practice to
then suld) ecorintehciraiipreessaistionsddn mubsireteshickeass hetasen 50 and Bdick oxi de”

treatnment, j I.cRat copper i.s -pre-roughen by .chem_.cal . m cro-etching,
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Thi s treat nrhathekids ringe B ARh&] HiOGLt ChidBREStAbeWbtdifiRl thQjely t 0 ot her
materials. See, for exanple, the discussion in U S. Patent "No, 4,997,516,
whi ch is i ngetbisegmedisher ein by reference, for a discussion of fornming a
bl ack 10 oxide on the surface of a foil. The adhesiveness of the foil
surface to prepregs

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.




or other materials is greatly enhanced by the black oxide treatnent,
resulting in greater heat and noisture resistance of the resulting
multilayer circuit structure. 15 One problemthat arises in the formation
of circuit structures is that damage to netallic foil surfaggagnf RN
spots on the foil, and handling of thin | am nates have been known to cause
| ow yield. This danage is nmainly caused by excessive nmanipul ation of the
foils during manual handl iISUMMAARYSSE THE INVENTRON t hose presently wi dely
used in the art. It would therefore be desirable to 20 enploy a process for
f or minaceBididriceaVe a Girst EabbctSdirtHs inleffonMhérB i8\pPdvitfedOs cohitfliets prétreags and

| Mpekdrafid & Ailtlfye Rt dvcuit StrbGureWHidrecaHa®g circuit lines and spaces with
hi gh resol ution and accuracy. The present invention provides a solution to

this problem by providing a contjnuous process which mininmzes panual
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t o t e dpRivird arlddikihg HIHR-fRAMSESSRReddrio teaflattdsiéd ef thaelf act uring of
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pol yester fil has a circuit 30 é)attern $ut_ on, on% or, both sides. Typi cal
pr oc &9aPplyigsang eptigRally dryiagia potpresist to e shiny gigs oFffeifelad, Fi exi bl e
Circuit Technology, Sjlicon Vall ez Publ i shers Grog . 1994. The reel to

r eel @é@ﬁﬂ‘?‘ﬂﬁ%%ﬂé‘% ‘L‘%P gorssish agipiersadigiionsto there Elf‘“’ml\}ﬁ}‘f‘&?é‘@ (PRMage 4
LayeP™S#M L' s Using Reel to Reel Manufacturing Methods", Institute for

I nt erconnecting and Packagj ng, El ectronic Crcuits, 1997, in the 5

pr od GE (4RUFIORIFY g'@ﬁu Phpigirsist ﬁmrgms FE'POYIRR (1% BONEREC 13BAT 8poXsAY 98 He
cont 8f®€d that if the epoxy substrate is extrenely thin, it would be
flexihle enough to pe processed in a continyous process. The problemw th
epox{8) <iaiag thy fall yndey ﬁ'gﬁ rerRRVESRUIPRIE RIFES L it§e|n‘f1m<¥%ﬂsttte tgﬁrﬁgﬁg"r‘fmaﬁel y
150 RPRRSSREUEMSi nce above that the substrate |oses flexibility.

Additionally the current flexible 10 printed circuit process is limted in

subs{Mardondlly fgmedrd thergrainingP @980 microns in 50 micron increments.

The present invention addresses these issues
(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;




in that a wide range of finished product thickness can be obtained in very
smal |l increnents. 15 According to the present invention, nultilayer circuit
structures are formed by a continuous process which includes applying and
curing a filmformng polymer onto the matte side of a coppeis {4 boosThe
opposite (shiny) side of the foil is optionally but preferably cleaned,
and applied with a photoresist which is then optionally but preferably
dri edg) éithinghtbe G6iEBh@dr the reMBOSE Honitiage 2Peste Ve irPpitbibresisE D irerdbycforard nage
ar easobpér pttane t he i mage areas. The foil under the renoved noni nage area
is then etched to forma copper pattern, and the remaining photoresist is
opt i qRpdemoviRgtthereriamiagbiiotorssved. The foil is then out into sections, and
then optionally but preferably punched with registration holes. The copper
pat t gnreuttihgtithesoil @i sedtihty but preferably treated 25 with a bond enhanci ng
treatnment, optionally but preferably inspected for defects, and | am nated
ont o0 (P pabésig RgRtrhtior 0188 tré0ghtthe fler ed circuit structure. This approach
is preferably conducted in a reel to reel manner. This technique results
i N Mgk Eretiog tt coppechutiegn ankl abwhl enhaiciHy trgdthenttti ty t han known et hods,
because the optinmal orientation (face down) through the wet 30 processing
st epql) empeltihgithé bopped patlerh JorAfdiddts; 2685 SUMVARY OF THE | NVENTION In
accordance with a first aspect of the invention, there is provided a
cont i(my dawinaties &% Jedsdronel ilndsttio tod substies; edhus i folting = Mukildyered whewh
conprstragitre.(a) unrolling a roll of copper foil, which foil has a shiny
surface side and a matte surface side; (b) applying and curing a
fi | mih @ceoragngeolisine thichhspdchef et iheergibaethefe isherolioed a doRlinuuisi ppoedsk Yor
cl eaorting & enuitidyeyedstideit frutthe ¥iaeH corishsesppl yi ng and optionally drying a
photoresist onto the shiny side of the foil; (e) inmagew se exposing the
phot garenrslling @ rolt of sopper &sll, athicbrfoll faé Besh@yysurfatsidetgel @nthtieGurfaegsidear eas;
(f) devedthpides halvieg pbet pestad ithbbad eyarchigisangedthe noni nage areas and
| eaving the inmage areas;

(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.




(g) etching the foil under the renoved noni mage areas of the photoresist to
thereby forma copper pattern; (h) optionally renoving the remaining
photoresist; (i) cutting the foil into sections; (j) optionally punching
regi stration holes through the foil; (k) optionally treating {5hgyitosper
pattern wth a bond enhancing treatnment; (1) optionally inspecting the
copper pattern for defects; and (m lamnating at |east one foil section to
a suhgtakadréandehwith & esurinngspacnef thé riselicee tiedré Glplovidel laUsdnthgous! progse dardance
wi t h fermsisg 8 LiasResd cifduitistractuRMEANEN smpridegr e is provided a conti nuous
process for formng a nultilayered circuit structure which conprises. (a)
unr olchj Gfrofing @l foll @f cEsHRP S, fabidh, folhbs B shiriyl sUkBe didehindlya Sattbatffasd digeand a
matte SWhbsCehih $is had beerttpstted Wih aBEnd BRtA@ing tfdatmedtor mi ng pol ymer ont o
the matte side of the foil, (c) cleaning the shiny side of the foil; (d)
appl b ap@yiflg 8hd tiihgta flelofhiag ipslymen bitolthe sisiy Side of the feif, the foil; (e)

i magew se exposing the photoresist to actinic radiation to thereby form

I maggcpdilioRdlly oiekdfhg thé Aitdte side)oféayvmll.opi ng the photoresi st thereby renoving
t he noni nage areas and | eaving the image areas; 4 15 April 2005 (g)

et chi@gagpiing and optivdstly driiag agrewrekist@nto g ehinlyeRie dlthd fo, phot oresi st to
thereby forma copper pattern; (h) renoving the remaini ng photoresist;

(1) qo) imdiewideaxbesihg tHat photsr64istan aictirid radiHtioh itd) thefatifoint Mdgerandaioasndde ough
the foihreagk) treating the copper pattern with a bond enhancing treatnent;
(I') inspecting the copper pattern for defects; and (m lamnating at | east

one f(pideveling the tphoforedisistherbe reblifg fthe MoRthayenarehs laad aegdng the imdge
strugiédse. | n accordance with a third aspect of the invention, there is
provi ded a conti nuous process for

(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.




formng a nultilayered circuit structure which conprises. (a) uryghiti2ogs a
roll of copper. foil, which foil has a shiny surface side and a natte
surface side, both sides having been treated with bond enhanci ng
treatment; (b) applying and curing a filmform ng pol yner onto either side

of the foil, (c) optionally cleaning the side of the foil that has not been
applied with the filmformng polyner; (d) applying and optionally drying
a photoresist onto the uncoated side of the foil; (d) inmgew se exposing

the photoresist to actinic radiation to thereby forminage and noni nage
areas; (f) developing the photoresist thereby renoving the noni nage areas
and | eavi ng the i mage BREEZQESCRIPTRONOR FHEHARANINGhder the renpved

noni nage areas of the photoresist to thereby forma copper pattern; (h)
optionally renoving the remaining photoresist; (i) cutting the foil into
sections; QIGRpthewad flywRbHat Riphgeritigithé potéstRicpe bawrdifg toiph the foil; (k)
optionally jinspecting the copper pattern for defects; and (lI) |am nating at
| east ore f@VENBetion to a substrate; thus forming a nultilayered circuit
structure. 15 April 2005 In accordance with a fourth aspect of the
invention, there is provided a continuous process for formng a

mul ti | ayer ed ADECAIRER DHRKARIPEIONIGIhTHERREFRREDEMBODIMENTY a rol | 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 treatnent; (b)

appl yi ng_ ANt CHULbnrbliies d QnhishishobdSPhor pRIACDE sifllilyesiide of the foil;
(c) optionally cleaning the matte side of the forl'; (d) applying and

opti onald y dropitstyuetupsh okherpeedest ofithe preséns insigintign &i poefersblyt doadcied ; (e)

i mgewi se exposi t he photoresist to actinic radiation to thereby form

i mge and ﬁBrﬁl‘ﬁ%ﬁgmé °L. () devel opi ng the photoresist thereby renoving
t he noni nage areas and | eaving the image areas; (g) etching the foil under

the renoved noni mage areas of the photoresist to thereby forma
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




copper pattern; (h) optionally renoving the remaini ng photoresi 5% Aprli2p05
cutting the foil into sections; optionally punching registration hol es
through the foil; (k) optionally treating the copper pattern with a bond
enhancing treatnment; (1) optionally inspecting the copper pattern for
defects; and (n) lamnating at | east one foil section to a substrate; thus
formng a nulfilayered circuit structure. 6 15 April 2005 BRI EF

DESCRI PTI ON OF T%&DRAW NGS FI G. 1 shows a flow chart representing the
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i nvention i dqSiean &ohbd Ince ofi @leeluld, OhicaOtheebuitablertonl] enbaotig. The first step
i n one enbodi 0 the rese ventjon is to uproll aroII copper
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the inventi ﬁéannteﬂﬂs%Hcl{‘oxfaéRﬁﬁﬁnécn@'v‘rhml%ﬁfi?zé@@l'e)éo MmaﬁOpper or a
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be manufac | ect rodeposi ti rocesses. .One preferred
process incPi% %‘%ﬁ%‘gggg}f’@w@oﬁ% “HRE P 1:15 ? 6’?&3 copper salt
onto 20 a rotidiitrsgched fdivhs Uypocklegites | SlBceathe bi@ﬂaﬁt(?sbluu@ﬁ)ié alkflidehe drumis

typically the sppoth or shiny side, while the other side has a relatively

rough surf aeeppeniosls treﬂ‘iﬁ"é\ﬁﬁﬂlatbe pridantgplugon may neqhiosbeswashed sfierdbenl | y made of
t | o] th
copper % | Efnef O oBghetBe L Bk Sl Moo SRR REERMBRR | “Conet r uct ed

froma IeadPlaiﬂspMN.A cell 25 voltage of about 5 to 10 voI ts is applied

bet ween the anode and the cathode to cause the copper to be deposited,
whi | e oxygen is evolved at the anode. This copper foil is then renoved

fromthe dr Nfim forming polymer composition is then applied and cured onto one side

OR

of the foil. It is preferred that the film forming polymer composition is

15 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




The foil's shiny side, matte side, or both, may optionally be pieagiieased
with a 30 bond enhancing treatnment known in the art, which nmay serve as an
adhesion 7 promoter for the copper foil. One preferred bond enhancing
treatment includes Durabond, a tin oxide, which can be purchased
commercially from MGean Rohco Inc. of Ceveland, Chio. Oher suitable
bond enhancing treatnents al so nonexclusively include oxide treatnents.
One preferred oxide 5 treatnent is black oxide treatnment, which oxidizes

t he copper domdiicted b camventiotiall Geohnitjsrsatly ad leatingiedrt oviche Pesdiggplely, on t he

substrate to spiny copper oxide. Black oxide treatoent, preferably uses, as
a treating @Eﬁ5¥' SP g@y@fﬁgﬁmggmgweog OHgﬁFméﬁ@EEE%a@gﬁgbﬁﬁﬁypochIorite.
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oxi dant solution may need to be washed after tfie 10 treatment. One supplier
of this chefor §tspgotion aftiee storaghend vaiobed #iai lawf tiviedbeconPiletionof MN. A film

f orm ng pol I _conmposition. i hen appligd.and cured.ontqg. one side of the
foi 1 1| SR G chesrin Lo PrermkeRBim Stetagolibe 5o Rl oni s 15
appl i ed andmgyb&dom Byoand stitsifle Bethoh &nbwh lin Riashsith%s Be@BinpaR-treated with a
bond enhancing treatnent. This nmay be done to either side of the foil,
pref er abl y adsempdgfare side. In an enbodi ment where both sides of the foil
have been pre-treated with a bond enhancing treatnment as descri bed above,
then the polymer conposition nay be applied and cured onto either side of
the foil. 2Qexihiecchippglhd foillwhich kebebahlapphal wWithkieyfilar folningy unrol | ed
prior to the application _and curing of the filmform n\%@pol ymer

conposi ¥ orpolgpen may eptianally beeleaned using comeantiona dechaiqyes- Il | ncl ude

pol yi m des, I t [l G0~ aryl ene
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conbi nat i onshisyheddemby offiortalie de clepoddy iCunsaselsid ap@mbediness whbrear e t he nost
preferred. The filmformng pol yner conposition nmay optionally contain a
filler. Th Pﬁlplﬁyﬁ@@%ﬁﬁ Prphed Witk Hspenmsnihaahegiatigide mey by

convent | onalyd SEINbAUECAL Hs BrRARKANASE fIRD by 6ORLY Rgroldgct orl ng bl ade
coating, sputtering, evaporatfion, vapor deposition or the Iike to allow for
cont r ol 15andpriorit oleanitiy. Cleahing npylberdene b ankomsenticdabmpthioy kmewn s t hen

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,

9




30 preferably cured onto the foil, thus form ng a prepreg. CuringaApr 2005
preferably 8 15 April 2005 conducted by conventional techniques such as
heating in an oven. Preferably, heat curing is perfornmed at a tenperature
~of from about 100F to about 600F, for about 1 to about 10 m nutes. After
curing, the copper foil may be re-rolled for inspection and/or storage and -
unrolled at a later tine for conpletion of 5 subsequent steps according to
the invention. Such re-rolling and unrolling may be done by any suitable

met hod knovedNedsBPasAhll adSiGPleS-1iRY pyésbﬁgis@meg%ﬁw?wt@k%ts apext, the side
of the foil which has not been aag lTed with the filmformn 10 pol yner

may opt i onadlbywisisly¢aramengially iaviajlablsn vidwphoteadsist ixrefeepbbsarplind an enbodi ment
wh th t,t i ] . i W th hi
o e’y ottt s SRS R PRGBSl TR et 1E P T

shiny side ftase bERhthigkpkisad phbiotesishRy@e nyyevary desendingenrthé t e si de may
optionally be cleaned. It is preferred that the foil iseaq%arti ally or fully

unrol | ed 15d?ﬂ°FIGPnP53°@¢‘§8Hﬁ?¢g.T}‘SIP@8WW§ftﬁﬁ}’ﬂ_ﬂf@%ﬁéﬂbﬁb _ {ed B ent i onal
net hod knorﬁerﬁipﬁ Q&V%P{iﬂ“ﬁ%mgiﬁesﬁgﬁlﬁ?S'lgéagﬁ%nﬂﬂw 5@1 iigm persul fate or

rinsing w sulturic aci toresi'st” 1's applied and

opti onal | y. éptionpltefsihthy phetbesist @b thetfhil, the deppe? ibiay beremwilkd opposite to
that applied with the | ymer. The photoresjst. c osi tion rmmay be positive
wor ki ng or é&&PPQ;@W_B&F\ﬁl@mgﬁﬂngE‘?’}éﬂFé?%%r %ﬁ?"&? ﬂ‘%}l(’gj\iai | abl e.

Sui tabl e Pogirkéqnt ¥Rkl -RERRtOIRThERR0R! SutlelrolkBaNTuhRIlie art and may

conprise an o-qui none diazide radiation sensitizer. The o-duinone diazide
sensi t i Ker smaybt doee byhanycutjshlemethod kpows i thefapin guch28 vgingahdes di scl osed in
U S. Patents Nols 2,797,213; 3,106, 465; 3,148,983; 3,130,047; 3,201, 329;
3,785, 825; 4f{iM¥3¥2 885. \Wen o- qui none diazides are used, preferred

bi ndi ng resins include a water insoluble, aqueous al kaline soluble or

swel | abl e binding resin, which is preferably a novol ak. Suitable positive
phot odi el ecThs phaterssistsis Hep itvegartisctxpostddo matinic radistion suelr asdlighiil e, 30 under

the trade nﬁg%is%le,%ﬁapwﬁ%g orf ignﬁar?ec(lj reagrici)nas%tf th%osr gt%?xﬁ ith%ug%f a I%%E oY ile,
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




9 15 April 2005 New Jersey as well as Shipley |-line photoresistsApagaos ve
photoresists are also widely comercially avail able. The photoresist is
preferably applied onto the shiny side of the foil by conventional

t echni ques such as nentioned above. The thickness of photoresist |ayers
may vary depending on the 5 deposition procedure used. The photoresist my
then optionally be dried onto the foil by conventional techniques such as
heating. After applying and optionally drying the photoresist onto the
foil, the cephieg tHecidndnaiye baeyer with bighetcutiacy andyspesivhomhisetbhod st or age and

-unrolled at g later_ti.ne f.or conpl.etion,of subsequent, steps.,according to
t he inventiBﬁJ‘ernSH’@ﬁbFéQ F‘?’Vﬁﬁnﬁh%ﬁﬁ?ﬂhﬂqﬁﬁs Sﬂ?ﬁﬁﬁﬁmggt%@#@ngy any suitable
met hod knowqichithe! dihifd, t SuibRleichantd HbAexisivaly GatRideiliRlline SIQtiOMOt or esi st s

then i magew se _exposed to actinic radiation such as light in the visible,
ul t ravi ol et oxacidipsolytiens, sushias auprest chlorideyaitric apids lsnippefesredask, or 15

scanned by an.el.ectro Lop: J0r [.Or . X adiation, to

t her eby orﬁeﬁl%%gléaeng Shoi ng%r§§1g§.e%ﬂ;é%ﬁ:ﬁ§19?%ﬁﬁ> %rg%%@jﬁ%e%nr olled prior to
exposure. Agptidghially baeingivied RsifR yobentiondl kehhiones subh basicibpingot | i ght or
coherent | |q%$ for exagg_l e, light froma laser. In one enbodi nent, the
process of #H&EE. iIAvEpemBeCime)t, His RreassPhile Preseh! IBVGIHARBRYI st opped after
exposure of =) Leshst L.ati c@sSi st is then

i magew se dtg@og&pg%e t|£Tfr%lgaﬁ e;ﬂt@usfc;tpgﬁ gﬁésrgf}%}gﬂ%l,&suctﬁﬂagg%%‘n aqueous al kal i ne
sol ution, thereby renoving the noni mage areas and |eaving the inmage areas.

Preferred sg| vent. devel opers .are w del 5 commercjally avail abl e and may
conpri s&¥ aqﬁé%ggl @gﬁw EVWY Hio sechg %&?WWFL’&?FIH&‘&S' i um carbonat e
sol utions. JREAEKE pRdrERbly SaldesS BhiGhk) HEI RhGAhAAkCEREYIBNS of the copper
foil under tyr%eo rengveﬁg?\gnﬁrra%é ar eajs o%ﬁj't he phot orgsi.s | ayer, form ng an
etched copppartiGflapapplieation of ipieeph Registetisn holas mey thedeptionallye excel | ent
quality et CBunncatuSriéd ocr)ugjhothéL ?oiﬁpfﬂelho%a%%e preferably made using a punch

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




etching the conductive |ayer with high accuracy and precision. Thagilebé¢hed
pattern may be fornmed by conventional techniques such as acid etching and
al kal i ne etching. Suitable etchants non-excl usively include al kaline
solutions or acidic solutions, such as cupric chloride or nitric acid.
Al'so preferred are 5 ferric chloride or sulfuric peroxide. The renaining
~photoresist nmay then optionally be renoved using conventional techniques
such as stripping or ashing. In one enbodi nent, the process of the present
i nventi on nfoyl ssetiontsangobealaininatadrtogaherane a sibstrste bpiyedn afljaeentr enoval of t he
photoresist, 10 The f.oil i.s then cut preferably iptp sections by
conventionaew#g@hDﬁﬁﬂ&?gmfﬁBK%§5@?F8W§E%?énﬁﬁE%EFgﬁgvuﬁﬁﬁgpgi, but may be
any other shapeaboeCEISErny absift 380°M) Midre GrifSEbIFHRIM S5tk P70°¢r tPr 0Ccess.

Regi stration holes may then qgtlonall be unctured through the foil. The

| y

 hol es are pitofbP4hiG apdimesiugeispbly Bomahouish/Ste g awi@¥ELC .any ot her et hod
known in:t . I i 3 I foarred that the
regi st rgti gﬁaﬁgjltatel{smglrng p%%%ﬁ@&%%é@ﬁ% %@%gflr? %rgﬁt%)snﬂoéipg‘t&ﬁlgﬁ -foil. Next, the
copper pat t mimitesayhobepefiratdn Sbhyabone30 mihudstth aboid00 neénltag)@hdg treat nent,

whi ch serves as gfn %iihﬁsi on praonmofer for. the copper foil to the 20 bondi ng
material (SO BigierRby fambaiddOanispies o alau SQminutes Brgierably, 8§ . The next

step accor%@&ﬁ%&&%%@ﬂﬁ%k%ﬂaﬂéa@@zé%%aaéjm&q}%&' hred substrate.

Prior to |amnation, the copper pattern may optiona e”inspected for

def ect's. Therefgpatilp fratn dboap2fttoi abnutndymbeofomerdury; @l hyst areferablyt abl e et hod 25
known in the art. Preferred nmethods nonexclusively include jn-]ine optical
i nspect on;E?%‘r‘?&iB’r‘ﬁ igatﬁﬁ%f’wg’,o 1p¢hes 0 P’(?E“IX'nglﬂq RYESS PEFRIULgi ’§@5?fje¥ahg’pecti on.

Accor di g tQafnRenddWeHolPDs t@%lbdu??g%@ﬁﬂ ﬁ;@éeﬁf@gﬂ th8b&i@itgated to a

substrate, thus formng a nmultilay d crrcdi ucture. In the practice

of the inveatoubd) kgloms, auidumast preferatily fioin atout® kghs” egbduk21 ani nat ed
together. Also.2a plurality of the 11 foil sections may be |an nated
t oget her vi substrate between adjacent sections. Lam nation is

preferably conducted in a press at a tenperature of from about 160C to
about 320C, nore preferably from about 170C to about 245C and nost
pref er difl y Fymieal aulbsinates oss subighle t@BO@ocessed 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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S5 Lam nation tine preferably ranges from about 15 minutes to abpiapdi®00s

m nutes, nore preferably fromabout 30 m nutes to about 120 m nutes, .and
nost preferably from about 30 m nutes to about 90 m nutes. Preferably, the
press is under a vacuumof fromat |east 25 to about 30 mm of nercury, nore
preferably from about 28 to about 30 mm of nercury, and nost preferably 10
fromabout 29 to about 30 inches of nercury. The press pressure is
preferably mintained at about 3.5 to about 70 kg/cnR2, nore preferably
from about Ih anotheabmbodiBRkiy pemiRyladdy dvhen ssing v édibwhbie\pothr thasibout 9 kg/ cnR to

about 21 kg/cn®. 15 .Typigcal substrates are ose suitable to.be processed
info a prin %Vg%(‘?fﬂ? tq:llhl%/"? to b8P¢:E‘§“Hf"@EE’3f‘%‘FP£ @U&B@liseé’."f%av%l e
substrates {h@rcof)ﬁ@tpﬂﬁ&ﬁ%ih 4 BorREntisbing \esknRaf lidhadt Yetymhdic| ude epoxi es,
pol yi m des, polyesters, cyanate ester, BT- Epoxy Or conbinations thereof,

polymers reinforced with materials such as fiberglass, organic paper,

aram d (Kev} ard, am. d er. (Ther nount ). Q pol yhenzoxol ate paper or
conbi natéfonisnst learngglger&&ﬁﬁggte?n%rp(gjo a%'?fl%?icﬁ%‘?%?‘gg@a?{g?nforcerrent is the
nost pr ef er glecraiyially dkgted 3h thehitfyaidend fodnba fdﬁgﬁ@ﬁng)éoﬂphﬁd?éﬁﬁt rate is of

from about 10 to about_ 200 nor e referably from about 10 to about 50 m

25 In one epsodeqiohttically weptedionthe matiesiderio deppsitmpierogpdulss#f ast eps of

cl eaning t ' drpy, [ SRV t remai ni ng

phot or esi s?@eﬁjﬁfcﬁoﬁ{g m?%g}@?%?@%%gﬂ%@?ﬁ%ug dopﬂeer ﬂ?@ﬁ , HTtar eating the
copper pat ticreasd ddhesiobtondsubstirdtenThagurface aticresttuctaadf thefpig st i ng t he copper
pattern for defects are_all perforned. 30 12 | not her _enpodi nment ,

parti c[}hﬂanl}w%%fﬁlhys%waﬁ@me&ris éf ﬁﬁ@%‘l@tﬁ?’@n@%&g@% W8 WREh subjected to
bond enhancj : AR : ' : copper pattern
with a bOndiS%%ﬁ%#\eg?%\lgpﬁagg%lgngr??pMs notln e?f%%%%ﬁ&gaﬁgﬁgﬁl > anot her

enbodi nent , Ohioi dropbgraplninessirenrentshef thoppface faid striurdef pakeatd ol ytical ly

Lyeated on Log Sy £L0e e Lorm o, QUREN 0 bopReL deport | and

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.
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nmetal or alloy. These nodul es are preferably copper or a copperiaipfypoosand
i ncrease adhesion to a substrate. The surface mcrostructure of the foil is
10 measured by a profil onmeter, such as a Perthoneter nodel MIP or S5P which
is commercially available from Mahr Fei npruef Corporation of C ncinnati,

Chi o. Topography neasurenents of the surface grain structure of peaks and
val | eys are made according to industry standard | PC-TM 650 Section 2.2.17
of the Institute for Interconnecting and Packaging Circuits of 2115 Sanders
15 Road, NomrhbhireRk trehtiﬂehf&Qiaﬁie@QQ@ﬁrodh&bié\ﬁfé&@_@@tﬂﬂl&%ﬂﬁngﬁa@ﬂ@dur e, a
measurenent | ength Imover the sanple surface is selected. Rz defined as

t he aver agandrealiciuenpeashinosida Mhish prefleetroughnessparaegiers atheraie sanpl i ng

| engths wi t,hin the neasu nt ngt h_L.m ere.lo is I.Lm5). Rt is the
o mum 1 oG eSS FaBTRRHLE I bout £ Bk Pretehoy S5ar et BAERTY: stance between
t he hi ghest md@oRe akid Alde: friRrdb®)\RSH abaht P bl RidkfiR. MRRY RNt | ength Im
Rp is the maximum |l eveling depth and is the height of the hi ghest peak

wi t hi n the rangessimemnagoticgrigtahoutrd.5 Rey, preferably frageahovtiyhiesbquidsd defi ned as
the arithneti.c average value.of all absol yte distances of the roughness
oot il o oS BEkRBRe DIETHDI, om Ao L A APR8 A BT ongt h 1 M The

paraneters of inportance for this 25 invention are Rz and Ra. The surface

treatments carried out produce a surface structure having peaks and
val | eys, whiTbéspfad tregtmentsglaniEdoup prodmes essfacekiarotirg hikang asakss from about 1

to about 10 d Rz ranges .from.gbout. 2 to. about 10 m .13.15 April 2005
The- surf ace™td ELPHe A4 CRA Hi STRCEPOMESORE A BEANSPPIERRE havi ng peaks
and val |V RatftgklitoshioBl: £l¢iBoutll G, RERSUEPEORUBRSES PRLARY! o s wher oin

Ra ranges from to about rom about 2 to about 4

m crons, angmyesi mpstefrefembly/frdh abmalbaotabutt7 pinoThe Rz vhlae eages The Rz val ue
5 ranges from about 2 to about 4.5 g{g} preferably fromabout 2.5 to about
4.5 ni cr on§omahauirhbiceabgrietpmbpiplasdyriapaboutst tapbabUpimy aml gm  The surface

treatnents carried t .produce ur e structure having peaks and
val | eys, onmtoﬁeeprﬁﬁé(%iYgBﬁé’, Ot %ﬁ%?ﬂﬁﬁ&&% oughness paraneters wherein

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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10 Ra ranges from about 4 to about 10 gm preferably from abouti#Afilt2005
about 8 gm and nost preferably fromabout 5 to about 7.5 gm The Rz val ue
ranges from about 4 to about 10 gm preferably fromabout 4 to about 9 gm
and nore preferably fromabout 4 to about 7.5 gm 15 Preferably, the shiny
side has a copper deposit about 2 to 4.5 gmthick to produce an average
roughness (Rz) of 2 gmor greater. Mire preferably, the natte side
preferably will have a roughness Rz as made of about 4-7.5 gm The

m cr o- nodul ¢Be RiloPRi@horPhmine@¥tatiblel sdHe & RusitAStR inALh. &wingm O her
nmetals may be deposited as mcro nhodules if desired, for exanple, zinc, 20

i ndi um ti nbe aprepiated hehvariatippoinfsopmtdonseadialipmatiwsiin elsnwotsd thes nore

thor oughl . dGRLERRRelD HoRoe BB E10.230, RIS LRedioar porated herei

by reference. e sShiny ‘surtace pre a pee€l ngth rangi ng from
about .7 25thisgd dkiiliealsin thgrart andodye within the ls@dpei of @iy preseat avprdrer abl y from about
.9 kg/linear, cmto about 1.6 kg/linear. The matte surface preferably has
a peel rength ranging fromabout .9 kg/linear cmto about 2 kg/linear,
nore preferably from about 1.1 kmi?wlcmto about 2 kg/linear. Peel
strength is neasured according to rndu y standard | PC-TM 650 Secti on
2.4.8 Revision C. 30 14 15 April 2005 The following non-limting exanples

serve to illustrate the inv ion. It will be appreciated that variations
5 bt opor t | SiiGll B EICSF PR I8 P08 PR BRSO L BEIREUHSHED of f he

phot osensi tj t (11| bl - i f:hgse skilled in
the art andf s‘goé.ﬁ \%% t n|niglt e ‘ggdéfﬁiéog?%ﬂemg’?%@gﬁt% I e{ﬁgsllglﬁf.HQS EXAMPLE 1 A
rol | oflCel emilesddpangphtiddr Rflers, amhento anewind egler Thefdi] is@héid nmeters in width

is mounted on .,an unwind roller. The foil is threaded throygh,tensioning 10
rollers, thFeBﬂadeitaYXé?oupeweéﬂ%cﬁl%ﬁ@-o&dﬁvamﬂm F BBA TOURRES foi | i's then

tensi oned. t ggfpROHRAGS! RO hRfRMiikd) A Mqfid pofyifRIYesiats Adjesisety nd rol ler is
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




engaged and set to 1.2 neters/mnute. A liquid polyimde resin 15Apilj208% ed
to 25%solids, a viscosity of about 20,000 centipose, with

N-net hyl pyrrolidone in a stainless steel mxing vat. The pol yi m de
solution is supplied to a 15 di spensing system.and a film of approximtely
50 mis applied to the matte side of the noving foil using gravity and the
| iquid polynmer viscosity as dispensing forces. A doctor blade is adjusted
to produce a wet filmof 43 min thickness, 20 resulting in a flexible

conposi t e hueighttodilay thisiness) Ywdiustmentaic the raie efpriumids dispassedamd 6 m A
3 ol . ' e L ned
ot he-upat Pebitdt bRER IS OV 04 HEE: Rleed IR me BhEE THS, T bl e

conposi t e fpilonesshs whessbuwil dheaddsiredififm drclaksd inettaidet] air  bubbl es. 25 The

solvent is evaporated off and the polyner is cured in an oven at 425C. As
the coated foil first enters the oven, an initial tenperature drop should

be antisci ; ; G AL, : j d in the oven,
5 M@ﬂm@&@oﬁm@wyﬁ{,ﬁﬁ%@g&% ﬁz?da!é SRhed %é%tlaﬁﬁﬁ

film thickness i's checked by _ sanp conparing the coated
wei ght 30 tpersulate; faltowed hytat watr titre ahd applicstiomof siphgiodensitivelzsidensi ty to

convert fr 1 ight. to filmthickness. justnments to the rate of
polyi mi de ﬁ%@?ﬁ&gg‘ﬁﬁdﬂ%‘i arﬁfc?&ag?wEF ﬁ’fféosﬁ‘ﬁ%‘?ﬂgﬁl&}'@?j‘ttﬂéwlﬂpl are made
based on t hiadiafiBASsihe BRIV expdRiu® unft6 BRSShy f5rmh GRARIAE ndfitnidget he desired film

thickness is attained. 5 The shiny side of the foil is then cleaned and
ni cr o- et che®ed tihedbatompist frtheudevgtoped paing emeansoys sodim earbpiistee and

applicaty o . LI LSt . ] hot or esi st -4, S i ed and
agen e cobuicB BRRRARIRE bkt bl e BB E AL IRPL OV Sposure
unit to theisehun diciethin meR chlvidead forB0ecoppeeiftern] MEheHa0inge 85ikst i s then
devel oped using an, aqueous sodi um carpbonate 10 solution to renove the

noni mage artst 15 sEPPERIVRGUSHEPqta e hydsexide ipawing dhe desired eonpar et ched i n
cupric chI%&tgﬁlto forma copper pattern. The bal ance of the resist is
stri pped away usSi ng potassi um hydroxi de | eaving 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




15 The foil is cut into rectangul ar sections which are then punth#eilaDeh
tooling -holes using a optically registering nmechanical 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 sodi um hydroxide and 12 gll of

tri sodi um phosphate, at 85C under agitation for 3 mnutes thereby to
provide a black oxide 20 treatnment. The treated foil section is then

| am nated to an epoxy substrate reinforced with fiberglass, in a hydraulic
press at 278y &pping thaocapgecini ferthregoninities insan adibens Yackawides under vacuum of
28 inches of Leury.. A f.0l ti.on is 25.lamnated to the first
foil secti O%eat%exftﬁgﬁzg&eafgﬁﬁgavn]{?ﬁheﬁg@% B CUPRIMYY Structure. EXAMPLE 2
30 Exanpl e Lis repeated except that the step black oxide treatnment is’
conducted 16 15 April 2005 by di pping the copper foil for three mnutes in
an aqueous NrGkk-Bligde treatnent solution at 85 C havi ng the foll ow ng
conposi tg OnNaéﬁ—C—J;%/l"?’l g/l 5 NaOH-15 g/ 1 Na3PO4 --12 g/| EXAWPLE 3 10
Exanple 1 i's repeated except a 10 m sheet of p-phenyl ene-2, 6-

benzobi soxaXalP@®spd@ayt i s | am nated bet ween the polyi m de surfaces of the

foil sections on the substrate. Resulting product has inproved di nensional
stability and tear resistance. 15 EXAMPLE 4 Exanple 1 is repeated except
| ami nation is done using a conti psoagPpgts roll |l am nation process at 300C

and 21 kg/cn2 . The product is subjected to a post |am nation oven bake to
achieve final cure. 20 EXAMPLE 5

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
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Exanple 1 is repeated except coating is done with an extrusion toagrir0@nd
25 am nation is done by a nip roller process. Afiller is coextruded with
the polyimde. EXAMPLE 6 30 Exanple 1 is repeated except the matte side of
the foil is treated with nodules 17 15 Apri 12005 to i nprove nechani cal

- adhesion to the polyimde. Maxi mum nodule size is less than 120

m cro-inches to avoid the possibility of high potential failures. EXAVMPLE 7
5 Exanple 1 is repeated except that a fiberglass cloth is inpregnated with
a non- hal ofpafares mechanioglsidhesion teohy poliyheid¢.KMaaimum 66dyle sizeisi ng a

prepreg. Th .1S.then, partiall ur.ed...The thickpess of this
prepreg is gég%%?ﬁég@%nnérg-q%gsEog%v&#%f:g#m 12‘&%@?}&%@%&%{%%% prepreg
with the polyner coating 10 facing the prepreg. The lam nation is done
under a vacuum (28 inches of Hg) _at 275 C, with 14 kg/cn2 of pressure for
90 m nutes. EXAMPLE 8 15 Exanpl e EXAMBEInZat ed except a non- hal ogenat ed
~epoxy replaces the thernosetting polyimde. The lamnation is conducted at
185 C for 60 mnutes. EXAMPLE 9 20 Exanple 7 is repeated except the
substrat e | Examgle hds repbdted gtcepstharuadiibdsglassuiethieanirbgeksdesith & Sombout 115
(err)ym Wi t he pr.esent i nventiqn S bee articularly shown and
descri bed mi’ﬁ?ﬁeﬂﬁfsﬁgi%e%et% Rfﬁlé‘Fréﬁkr @‘?Prml pRyng pprepes. e readily
appreci ate : I,y ar j . i i ous changes and
nodi ficati g%@*ﬁl%l}}gg}gen?a 1e g%hi\j\n@f %E@é%%%ﬁ#ﬂ%ﬁ%?é#ﬁ%oéﬁgrﬁ' and scope of
t he i nvent i Bl cdpper foiliinthen denintisd to the peepedivith tHeolyth@rophiged to cover the

di scl os epbodi nent, thgse alternatives which have been di scussed above
and al | le(gq u{;‘g’&g@ﬂ RICPRE, gg%latqgat{onais 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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15 April 2005 What is clained is: 1. A continuous process for fbrspmgoes
-multilayered circuit structure which conprises: (a) unrolling a roll of

copper foil, which foil has a shiny surface side and a 5 nmatte surface

side; (b) applying and curing a filmform ng polyner onto the nmatte side of
the foil, (c) optionally cleaning the shiny side of the foil; (d) applying -
and optionally drying a photoresist onto the shiny side of the foil; (e)

i magewi se exposing the photoresist to actinic radiation to thereby form 10
i mage and nihahmgtimediss; (f) devel opi ng the photoresist thereby renoving

t he noni mag reas and |eaving the i areas; . tching the foil under
t he rem)ved?‘n‘gﬁ?" "g'glé‘u%lpré’ggssgl?ﬁgmﬁ&q@ﬁ Frgﬁcfrsmgg#ecﬁgﬁ)vﬂhf m a copper
pattern; 15cddwrisept i onally renoving the remaining photoresist; (i) cutting
the foil into sections; (fi) optionally punching registration holes through
the foil: (@ veisllingpaolhoficosparifoil, whieh foukdse p shiay satiacosiderand ahond enhanci ng
treatmend ; &;ﬁe&ﬁﬂcggﬁu y inspecting the copper pattern for defects; and 20
(m lamating at least’ one foil section to a substrate; thus fornmng a

][rul tilayer le@)applginigtan_ébuﬂng mﬁhn-lfé’a;miﬁ%polpmﬁms tlef matkeodide %E) the€aibi n thﬁ fil ][n
orm ng po r..COMprjses ol yi.m Q) yester, or conbinations thereof.
25 3. The p&‘ggﬁ%@aggclﬂaﬁi% e@’b‘ﬁb?‘ii"s?]ﬁbefod" nating 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() imapswiskExpbsing ttiel php@DEsist 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.
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5. The process of claim4 wherein the substrate conprises a reinforced
polynmer. 6. The process of claim1l wherein the substrate conprises a

rei nforced pol ynmer which conprises an epoxy, polyimde, polyester, cyanate
ester, bisnal ei m de-epoxy or conbinations thereof. 7. The5papde8s of claim
1 wherein the process is stopped after exposing the photoresist to

radi ation. 8. The process of claim1l wherein the process is stopped after
stripping the photoresist. 9. The process of claim1l wherein the foil is
et ched by ACEPretashichgaim f whergin }S\eo%légfgatgpowam arefi{@iced ROWMEr-foi | i s
etched by al kaline etching. 11. The process of cIa|n11 mhereln the shi ny

si de of th%_f0|I is cleaned according to step (c) after ste 12. The

proceds of edrasess\ghslaimy wagreln taﬁéuwm%é@npmrﬁ@fﬁ@eﬂaoynmw&vcdi ng to

step 0) afobﬁfpr@ésﬁﬁn(ép)oxy,l olyiflide, oNeRES, efarlcdeBlel VHISHhALMidE8pSIPHET
pattern is. ond enharci ng treatnent according to step (k)

tr

after step C@W%'"f O”Sﬁﬁ'@reﬁ -ocess of claim1l wherein the copper pattern is
treated with a black oxide treatment according to step (k) after step 0).
20 15 Apr|I 2005 15. The process of claim 1l wherein the shiny side of the
foil i's notiheIRERGRsy of aé%gdvfﬁge'mes@fsﬁe%& sioRaed ﬁﬁerc%ﬁas@ngﬁmfmmew%t not
treated W tifradation] de according to step (k). 16. The process of claiml
wherein the foil is punched according to step (j) after step (i). 17. The
process of claim 1l wherein the copper pattern is inspected according to

step @l) affherprédee® of Maim 1Ahdfin thePrédeds RSstosed il Btripping BeSprdtdrbgisd 0i | 'S
rolled up after curing of the film formng polyner according to step (b)

and then unrolled prior to step (c). 19. The process of claim1l wherein the

foil igs rolThe@retesebt @indT wheirtheidiEs eldhed B beiiasdiig.according to step (d)
and then unrolled prior to step (e).

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).
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20. The process of claim1l wherein the foil is rolled through ars April 2005
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 a shiny surface side and a matte surface side; (b) applying and
curing a filmform ng polynmer onto the matte side of the foil, (c)
cleaning the shiny side of the foil; 25 (d) applying and drying a

phot oresi st onto the shiny side of the foil; (e) inmgew se exposing the
phot or esi st 15.dhegirodessof daiival wherelnathé bieng bide bbth@foil iR cRaged oni mage ar eas;
(f) devel opin he phOtf)Sglic{tiut t hereby renovi ng t he noni nage areas and

| eavi ng t he®§© torsep(e & COpReT patiegipts nofreded Withgnoxider oi | under t he
renoved nongd@ggﬁn&afoes@ei,(g_ the photoresist to thereby forma copper
pattern; (h) renmoving thée remaining photoresist; (i) cutting the foil into
sections; 0) punching registration holes through the foil; (lc) treating

t he copper ern wt .bond. enhapci treatnent; .. (1) ingpecting the
copper attg(?a' (?Fo‘%féﬁ‘%‘cﬁ%‘fn Qwher(a%tﬂq: l@%ﬁ&ﬁ%geé‘f’cqr@&éﬁg gﬁ%agoil section to
a substrat eafidriRtep (hormng a nmultilayered circuit structure. 10 22. A
continuous process for formng a nultilayered circuit structure which

conprises: (a) unrolling a roll of copper foil, which foil has a shiny
_ surface sid . face. sid bot h. si des having been treated with
~ bond enhancﬁﬁg{%gf%%e%%cmu{ W?%ffmztb%?‘iﬁpﬁbpag‘ﬁ&l b*dP-?Pﬁgteﬁ a?‘iOF‘ﬁW or ni ng
pol ymer ont#® s@iﬂ(l[ﬁﬁesgﬁp(@t the foil, (c) optionally cleaning the side of

t he foillothat has not béen applied with the

18. The process 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;
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filmformng polyner; (d) applying and optionally drying a phot by &mil00bnt o
t he uncoated side of the 20 foil; (e) inmgew se exposing the photoresi st
to actinic radiation to thereby form inage and noni nage areas; (f) ‘
devel opi ng the photoresi st thereby renoving the noni mage areas and | eaving
the image areas; 25 (g) etching the foil under the renoved noni mage areas
of the photoresist to thereby forma copper pattern; (h) optionally
renoving the remai ning photoresist; (i) cutting the foil into sections; 0)
optional |y (@ethingghe fgl wideathe aembvddamnithageugdss toff éhef phiotoresisi@o (k) optional |y
i nspecting the,c er pattern for defects; and 22 15 April 2005 (1)

| ami nat i ng BFTPE BREPHHPHMEBCt i on to a substrate; thus forming a

mul tilayer ed)edhGihd thelbMainiHeSh ;&4 continuous process for formng a
mul til ayeregl)ci r‘g‘ﬁil1 strructu \Rﬁ)i}%sﬁ 5 conprises: (a) unrolling a roll of

copper foi | (i) etiigdhthedoil ittaseciosh)i ny surface side and a matte surface side,
whose shiny,.side,has heen.treated w.t bond enhancing treatnent; (b)
appl yi ngm> aprBIHF%%@F‘jF%?PP&f%%HQ%‘b% > onto the shiny side of the foil,
10 (c) opti@yalehtngcihead ﬁwpaﬁh@nmta%oﬁﬂ%ﬁh@{cﬁg&a&ﬁeﬂt% (d) applying and

optionally drying a photoresist onto the shiny side of the foil; (e)
i mgew se eflpaspasting te qoppergateindor dafedsitandi ¢ radi ati on to thereby form

t o nont mao AR Bok 5 e ohd KB AR T BB B R e o o the Toi |-
under the rgoBlg@rddditciR@guaneas of the photoresist to thereby forma
copper ﬁfltern;
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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(h) optionally renoving the remai ning photoresist; (i) cuttingidAgi?2004

I nto sections; 20 (j) optionally punching registration holes through the
foil; (k) optionally treating the copper pattern with a bond enhanci ng
treatnment; (1) optionally inspecting the copper pattern for defects; and
(m lamnating at | east one foil section to a substrate; thus formng a
multilayered circuit structure. 25 23

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

multilayered circuit structure.

23. A continuous process for forming a multilayered circuit structure which
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;
(i) cutting the foil into sections;

20 (j) optionally punching registration Holes through the foil;
(k) optionally treating the copper pattern Wlﬂ'l 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,

25
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