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USI NG SI NGLE LAYER PROCESSI NG TECHNI QUES 5 BACKGROUND OF THE | NVENTI ON

circuit boards. More 10 particularly, the invention relates to a continuous
process for formng a nmultilayered circuit structure, which prevents damage
to conductive foils during the formation of nultilayered circuit structures
whi | e enhanci ng etching precision and accuracy of the circuits. 15
DESCRI PTI ON OF THE RELATED ART Circuit boards and printed circuits have

wi de application in the field of electronics. They are useful for |arge
scal e applications, such as in industrial control equipnment, as well as in

.smaldl scal e dﬁvi c_est sucR %@@%Pgm@ﬁlgaﬁgéﬁ%éona:] C(ﬁnguters. ]Icn
produci ng such prin a hig egree o
accuracy and resol uti 0§N(?L@%A@*EI€I*R6@ESSN@IWHJQ wpe and space widths to
-ensure good performance o e circuit. The ability to produce ac

features Shaving very small dinensions, particularly of 100u or ﬁ%\“ﬁ“\m “
extrenmely inportant int {on I d | arge sc

equi pnent . Etching preC|E§én%ﬁ%§§]J Qgﬁgﬁfﬁ%u.ﬁiut as the cirCU|t ﬁﬁ@ferns
becone ever snmaller. It is well known in the art to use known

phot ol i t hographi ¢ techni ques to produce printed circuit boards having snall

features mﬁtEEﬁIhOﬁﬁEﬂégﬁ%ENaﬂDEccuracy Typically, an electrically

conductive r_foil is, de 05|t d ont ra hpt oresi st is then

deposi t ed onﬁS © Pisecntve ‘;1q)nr OH ec éi%%tf‘rei%t%frﬁ g??*ﬂg S(féee exposed and

devel op :irm:\ﬂ%]f}t he inVE A 111:1]&1&2;,%-9 cggﬂtHﬁgglcfces%@@rgfoﬁ’ﬁmgei n of small

| i nes and spaces ch are then etched into the conductive foil. It is a

common pract moétilayerédarcugishpetote, Mﬂmﬁmewelmsndmetgewcmmammfmlat such as 5 a
"bl ack oxide" tre t t he c hened by chem cal

mi cr o- et chi ngWingHe n@ﬂ@ﬁ?ﬁ%‘lﬁgaﬁl%?l t\/ﬁhflﬁt“hep ‘gw% 5% pper oxi de
(which is blgtgﬁﬂ]Lg }@ﬁﬁoﬁéﬁﬁgﬁgﬁ$yQp%ggu&gwpronnte secure adhesion of the

foil to other rials. See, for exanple, the discussion in U S Patent
No. 4,997,516, which is incorporated herein by reference, for a discussion

of formpé) %@@@@@ﬁme of a foil. The adhesi veness of
the foil *Sur erials is greatly enhanced by the
bl ack oxide theat BB af®Shibd Blcif HAVEM R appRadtioans (g ure resistance of
the resulting nultilayer circuit

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 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 1001 or less, is extremely important in the production of small
25  and large scale equipment. 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
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FI ELD OF WOIR2/H3VENTI ON The present invention relates to tRETHNUABSSUre o,



structure. 15 One problemthat arises in the formation of circuit
structures is that damage to netallic foil surfaces, resin spots on the
foil, andvbanmdizwnmg of thin | am nates have been known to cR®EFEUIOW673 el d.
This damage is mainly caused by excessive mani pul ation of the foils during
manual handl i ng processes, such as those presently widely used in the art.
It would therefore be desirable to 20 enploy a process for formng

mul tilayer circuit structures which avoids or reduces damage and

| mperfect i Onﬁattte?n gﬂrﬁéﬂ u%s a%d S%HCL %vh%hczﬂ% ﬂﬁnce'tcrh%H lidto kﬂ&%ﬁge&fbes paces with
hi gh resol utfon and acc I'nvention provides a solution to
t hi s probl enfdiy prOV|d|ng a contlnuous process which m nim zes manual

s handl i ng of copper foils, to thereby avoid or reduce unnecessary 25 danmage
to the foils. Cbntinuous processes are used in the manufacturing of

[ exible briied obhbfi ool o ﬂzr;}, @hft%eyf o1l o/ A3 EShHELA B &1 | 3
-damage. The eX| strate usu copper clad polyimde or

pol yesters5fi hﬁbldb&&)xadeﬁltfeamnmlt Sﬁ V\dmtlt the nolppm 1meau@1mnedolm thegiickds. Typi cal

process flows are descrl ed by 1 PCT/ J~ 7GB3
Fj el stad, FI 84f19redchong@ees %%W@Wdﬁ@tedﬁlf \féflcé’gglellgﬁfﬁ ¥’ﬁe‘i£s‘ G oup,
1994. The re%lafcf()o T_fﬁ? 1e§tﬁ%ﬁﬂ%§&n@e%@cﬂ@§&ﬁe‘sﬁ%@f e il tY6ies, et al

"Manuf act ure eel to Reel nuf act uri ng Met hods"
Institute fonﬂwﬁﬁsdﬁmnﬁmtxmgmanmeﬁ&cwagmng1EBd%ﬁwﬂhkn4ﬁpﬁé&6¢s 1997, in

t he productlo f. four la multichip no nade 0 aminate. He
cont ended t h&¥ 1‘3 lstlwl%ﬁ%gilgﬁﬂ’sw ]§'5]eegrfc§ é%‘?ﬁﬁ/ont ﬂrmllng ai%%ﬁll “d be

{1 exi bl €16M0ugMeled REREREEPE LI ThadtRBERUOUPHBRAF Bftface Wfrepiogb! em wi th
epoxy substrates 1s t he core thickness is Iimted to approximately 1

SO microns, %iother aiatmelstwlgteatly\enlanb@ib}aﬂle blagls esidelterinhdnt,iresultivgddi t i onal |y
the current fl exibl rlnted ci.rcuit s i S hlmtedl substrate

t hi ckness beth}vé’é’ﬁteng ?Wt’r‘ﬁed?%ﬂ@lcier‘?f p%g]miu PPVERERSUY The present
invention addy, Eéﬁﬁ; these issues in that a mnde range of finished product

t hi ckness can be obtained in very small increnments. 1 S According to the
present invention, nultllayer circuit structures are forned by a conti nuous

process i ch_i ncl udes ap in dc r|n afl m f or m r ontothe
matte si \é\g ofOus R h"f‘td'ig‘lsgs *P&Eeﬁ’ﬁ & 89 lgcllﬁtr?ﬁmtg}eaés @‘%t‘? F o7
optional Iy byp.pfiefsl alkates |1@§?ﬁ‘ ts GthedBM) dn@ haWliliy oF tHlBQEIﬁfI@&'SSt V\'hl chis
then optionally but preferably dried. The photoreS| st is exposed, and 20
devel oped t o haserbean ltdmevnrtorwalrmdewam@@.sTblstdaH@aﬁﬂé mdielyicausgd bir eas. The foi l
under the renpved. noni ma en _etched,to forn1 p attern,
and the rerraﬁ*f???ﬁwﬁﬁ’&atn&i?‘g ?%’to %’blf SHAE | Iﬁ?’nﬁﬁthaﬁﬁn&gé?’l Sge%r%%\?gd The
foil is then gade driefilf RaddlPhsed iRk ) e wonld BereFdy bbutsilabrfter abl y punched
with registration holes. The copper pattern is then optionally but
pref erabl2p t resspleya p®cpsstthr ﬁnmmn@m’reammr@uttatleatwmhlclwwléww ly but
preferably inspected for ect an e e to forma
E :ceifungger% 1mpgrf$ df;mx go IL \%hﬁ@é glglﬁg%ﬁlglﬁ{ fiids

mul til ayer ed /Y y conducted in a
r eel to r eelndnpaR8Hvith hifh ﬁesbﬁtﬁhﬂlaﬁ&l@cdhﬁa%w The pfbsﬂﬁﬁ@ve@ﬁﬁmpﬁivmeetchl ng and
better etch uniformty than known net hods, because the ogptinal .orientation
(face down) teascdutisin totkis meablep by povedisg ﬁgoemrwes emefﬁéwmh PYBiBEZES WD
(12/0S2910 SUWARY, OF...THE / vention

provi des a cW?%Bmdhﬁ‘ggée@/@@rlg\k&t%ﬁgf §§eereg;'%)lszir uit structure
whi ch comyy i S@snactad tHertedd |l ing a rol | of copper f0|I which foil has a
shiny surface side and a matte surface side; (b) appl ying and curing a
filmformng polyner onto the matte side of the foil, 10 (c) optionally

cl eaning the écr)]liltpr}{loﬁis gr%cgsfsest 08 ub&H frthe manufacturing of flexible printed

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



(d) applying and optionally drying a photoresist onto the shiny side of the
foil; (e) inagew se exposing the photoresist to actinic radiation to

t her eby fwomiosmge and noni mage areas; (f) devel opi ng t he ptUSMA3ESSt

t her eby renoving the noni mage areas and 15 | eaving the inage areas; (Q)
etching the foil under the renoved noni mage areas of the photoresist to
thereby forma copper pattern; (h) optionally renoving the remaining
phot or esi st ; (i) cutti ng the foil into sections; 20 (j) optionally punching

o0t or o £ ERER FO kel Gl Bichdet KhicBR VR pulishiS el S8, COPPE!
copper patt emhefréﬁl tdjf%faptébﬁinq@dldaimo deabiivet byD, WeiskaRal “Mﬁﬁufﬁ&hﬂe section to
«a Substrate; thus form ni a multilayered circuit structure. 25 The

i nvention al §64papeiMEM-E’ cYsing R@@U@ Reebiegufagivring dathaddg”.dnstithtei | ayer ed

circuit stru h une 11 of copper foil,

awhi ch foi hg&gﬂg&%ﬁh&éﬁ f%%{ﬁggga% E%c roé’l%rg{lf%% T4adm tg de; 30 (b)

appl yi ng &ndpeaditctich of foui myémmlempMcmmrmmtfmﬁ Bﬁ:ﬁﬂbﬁmﬁm‘@é g of the foil,
|

4 WO 021052910 PCT/ USQ1/ ~7 cleaning the shiny side of the foil;
(d) appl yi ngCaRigndsd ﬁhﬁgfﬁleﬁﬁ@%@ ajp 1Scﬁ¥ﬁr@lrxebeth§hntny01§dheﬂ@mbime foil: (e)

i magew se ex r eby form

i mge and no%ﬁm&gﬂ e %P?a@agb%? )n?%gc\?/%C ntélg}l%%}ok:%e l%ﬁoﬁléelsnf)\gxttﬂg Pfg B’eby renovi ng
t he noni mage sahisaa&s gttt thacoreghickeess FEysital t@a@prdxghateltyclﬁl()ﬁﬁlcidhg foil under
the renoved noni nage areas of the phqgtoresist to thereby form a copper

pattern; (h) S#Dé%bmﬁdh%tﬁ]ée M&Wﬁﬂ%@s E%bk&%sﬁ@ﬂtlon@ﬂyehqut ﬂ‘ﬁ@b]@he foi l
into sectgfon ) (lc)
treati ng“t) heiblg%gec}re%&gg {HcQg i ﬁﬁ]é& 51‘g§db§ﬂaetgﬁlglﬁlgne%€5 Qlwg?‘{?‘% i nspecting
t he copper pmlbmnmlrf ﬂ)nﬁiﬁt@ﬁicﬁarneﬁﬁﬂﬂT(m”blds&mulﬂﬁnth@ a@dlgés%lﬂies@l@ﬁlefsm |
section to a,sybstrate; thu ormng . a 15 multi ayere circuit structure.
The inventi o &@F%W e‘ﬁ?‘%@/?é‘%@is@ d%?ﬁqchﬁ’&@eiﬁrcééﬁé) fesrediB vayng a

mul til ayer ed %mér?tg ucture which conprises: (a) unrolling a roll of
copper foi I, has a shiny surface side and a 20 matte surface
side, both si des havi ng been treated vm th bond enhancing treatnent; (b)
applying. and curing a filmformn yner onto. either side of the foil,

(c) opti égal Afc%qdéw&ée P%ée%i%ng@n tlﬁélﬂiaé’m CHQR Stygiresre Fussd B¥pl i ed wit h

the filmfor Szglgr ng a
phot or esi st g]r%?gmt cC(e)Sé EffincARR e o Mﬂt’}ﬂgl ggq?%f“gm“l’ig{%\jﬁds exposi ng the
phot or esi st tpolyaet loniocche aditakide rcnf tooppee feihyThodpposite (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 1'elnai11i11g 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 etching and better etch uniformity than known
methods, because the optimal orientation (face down) through the wet

30  processing steps can be utilized.



i mmge and noni mage areas; (f) devel oping the photoresist thereby renoving
the noni nage areas and 3 O | eaving the inmage areas; 5 WO 02/ 052910

PCT/ 11 SOMO47/0588 (g) etching the foil under the renoved weniutaye76ads eas of
the photoresist to thereby forma copper pattern; (h) optionally renoving
the remai ning photoresist; (i) cutting the foil into sections; 5 (j)
optionally punching registration holes through the foil; (lc) optionally

i nspecting the copper pattern for defects; and (1) |am nating at |east one
foil section to a substrate; thus formng a nultilayered circuit structure.
10 The invention still further provides a continuous process for formng a
multilayered circuit structure which conprises: (a) unrolling a roll of
copper foil, which foil ha%ﬂ@g@@&ﬁﬁ#ﬁﬁi&ﬁ@@a@ﬁgﬁgﬁﬂd a matte surface side,
whose shiny side has been t ; ] cing treatnent; 15 (b)
applying and curing a filmform ng polyner onto the shiny side of the foil,
-(c) optionally cleaning the matte side of the foil; (d) applying and

opti onal 1y difk¢ myestigphpowides i sontombos ploeess forfprsinge mbltildyerc@ircnit ( e)

i magew se exgosing ;Egﬁgpotoresist to actinic radiation to thereby form

i mage and notrHgE ¥ MPEEf ) devel opi ng the photoresist thereby
renoving t he@ AR RIPSToBPE thRAVAIRE f8iNBasl I BGE RBAS sidé IMd ﬁt ching the
foil under thée renoved noni nage areas of the photoresist to thereby forma
copper patt ematte gurfacepsidepnal |y renmovi ng the renai ning photoresist; 25 (i)

cutting the il into sections. (4) optionally punching.reqistration holes
t hr ough t he %bgiaPl?lytnlg:"ﬁnac%Wl%ﬁiqlhpiflogl?]é%ﬁoﬁ'énefH toctﬁﬁa’éﬁegb@?tog#}? ’fﬂﬁt h a bond
enhanci nH)triﬁ?ﬂ@ﬁa]ly(ol&a_nﬁ@th@ﬂﬁhﬂrMdb@ﬁﬂﬁ%iﬁ;ﬂg the copper pattern for

defects; and laminating at |east one foil section to a substrate; thus
form ng a 30(dnapplyirgypedegtionallydryingtarmhetovesist ofto thenehityp sidp ©F defoil;

PCT/ USUI | ~7 . BRI EF DESCRI PTl T AW NGS FI fl har t
representi ngcgét? Hgagpg&e&@ogpgllge%%pg?ﬁa %19 ﬁ%‘gmpg@ i‘?ﬁ% ‘itbg'\riﬁ“%ETA?\livEE) !
DESCRI PTI ON ot HEd RBERERREREMBCDI MENT The invention provides a continuous

process for producing a multilayered
(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;
(h) 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 pattern for defects; and
(m) laminating at least one foil section to a substrate; thus forming a
multilayered circuit structure.

25
The invention also provides 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 surfgce side;

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



10 circuit structure. The process of the present invention is preferably
conducted in a reel to reel manner. The first step in one enbodi nent of the
present iWO@OiWM0 is to unroll a roll of copper foil havi RETAUMHTIISurface
side and a matte surface side. According to 15 the invention, the term
"copper foil" preferably conprises copper or a copper alloy. Copper alloys
may contain zinc, chrone, nickel, alumnum stainless steel, iron, titanium
and conbi nations thereof. Copper foils can be manufactured by well known

el ectrodeposj tipn .processes.. O referred process includes

el ectrodepostcbFﬁamg‘%gbeesﬁmﬂ%ﬂ? 8Ft§gff?lli’i on of a copper salt onto 20 a
rotating met @) applying aﬁﬂ&lrﬁi;h}\ﬁ@ phbtobduest bolol thé\ghihy Side bhedbigi M is typically
.the snooth or shiny side, while the other side has a relatively rough
surface, al st kBedvVissexnesingdhe phojorgest tyaptinie radigtion to dheaghyforrade of

stainl ess st [ ' ich acts as a cathode and receives the copper
-as it is dep§§%¥g%dkbgﬁ@¥%?% ion. An anode is generally constructed froma
l ead al |l oy. @) detdoping thelphageesidt tisdpehit removing 1R H@lilnaged sreaypldi ed bet ween t he
anode and the cathode to cause the copper to be deposited, while oxygen is
evol ved at t f@ViRRsfeimagsiateagopper foil is then removed fromthe drum The
foil's shiny,si.de; j j pretreated with
a 30 bond en ﬁéfc:ﬁ}]n %tg(g% rﬁr%dr%? ﬂ%ﬁ%&\ﬁ%ﬁ%ﬂ@%ﬁ@%%&%¥1rlr(§§1eslg{ratee as an
adhesi on 7 théfebly¥amd S2dpeerPailédt SU 1 / 7653 pronoter for the copper foil.
One preferred bond enhancing .treatnent includes Durabond, a tin oxide,

whi ch can be(PdFRARESMCISHMNRE BIYCESm MGean Rohco Inc. of O evel and,

COhi o. Cxﬂyrnézg&ﬂﬁ fhedBNdnenBaHNg treatments al so nonexcl usively include
oxi de treat ts. e pre?erre oxide 5 treatnent is black oxide treatnent,
whi ch oxi di z§3 pluivhirgoepitrafi@i holed thiowgh tlexfodlant t hereby to convert the
copper on thg substrgte to spiny cppggr(?xide” Bl ack oxi de treatnent
pref er abl y u&@dreatiag thecoppernagedsyifh # sand enhageing flsmMsAtan oxi dant such as
sodi um hypoc I =TI I lutij on is al kaline, copper foils
treated vvithmﬂ‘gb%%ng?rﬁlg@gﬁﬂﬁ?ﬁﬁgg@%%eéfeéﬂ%do be washed after the 10

treat ment. Ofm) muppdtingrat ddast driesfoid Bestiontto ¢ silsstifatee divsdoimeéng aal s | nc. of Mapl e
Pl ai ns, NE. A Llnyéynning Eokzner conposition is then applied and cured
ont o onel3i d8ufleysied piEFHTSYUCtUE preferred that the filmforning pol ymer
conposition is 15 applied and cured onto a side of the foil which has been
pre-treated with a bond enhancing treatnment. This may be done to either
side of the flhelinveptied Antisl provides agbhiniwiud erocess fanfoemivgdi nrent where bot h

si des of theS{}gi.l ha e._been_{)r e-treated with a bond enhancing treatnent as
descri bed ab8WRtIaySed, Cirgrat Spicie W JE¥PBn may be applied and cured onto
ei ther side @zg unb§1ih©h kell 8Pcobper foAPRAICK Bl had £ sRAEERERBLMeRAL kI al |y or
fully unrolled prior to the application and curing of the filmform ng

pol ymer 2onpositieisoriaceSide, dbihesiddsihavingr brendrepiot yyithy bondenbarslingsi vel y i ncl ude
pol yi m des, Qpl%ias ers, polyester containing co-polyners, polyarylene
ethers, 1iqu'@®%&tal pol yners, pol yphenyl ene ethers, anines, and

conbi nat i onS(E)mfepbg%‘ &4d &g iRt ARty AAbROEYIRS kR Sf AR fBlie the nost
preferred. The fil m%orm ng pol ynmer conposition nmay optionally contain a
filler. The f¢)aptiboaliy ¢dleaming hsrded tipokoilttha hasmgt teen appliedwithyheconvent i onal
t echni ques siﬁ% S spra¥i ng, neni scus coating, doctoring blade coating,
sputtering, btzé}rﬁ]tnigd)r?,yr@ por deposition or the like to allow for control
and uni f osm {y) @b}ﬁﬁ@m@émmauf Biyeg e SlifotorEEISt diRd WERchAed figdoBthe preferably
cured onto the foil, thus formng a prepreg. Curing is preferably 8 WO
02/ 0S2910 PCfeilil S(11/-47153 conducted by conventional techniques such as
heating in an_.oven. Preferabl eat curing.is perfo d at-.a tenperature
of 1 rom about1 BB Y e SIS RReRls bl el lo RSBl i e vt or
curing, the gepgeind Winimhigyarb&;re-rolled fox inspection and/or storage and
unrolled at a later tinme for conpletion of subsequent steps according to
the inventi onf) deuelaping thephatergsisitheighy simaving thayopieage aecapgndiny sui t abl e

met hod kggwn i n.t [ uch as by using an accunul ator. Next, the side of
the foil Ig@hl éﬁavﬁlﬁﬁﬁé?g%eegelggsappl ied with the filmformng 10 pol yner may
optionally be cleaned using conventional techniques. In an enbodi nent where
the matte side has been applied with the polyner, then the shiny side may
optional ly be cleaned. Conversely, in anh embodi ment where the shiny side
has been applied with the polymer, then the matte side nmay optionally be
cleaned. It is preferred that the foil is partially or fully unrolled



15 prior to cleaning. Ceaning may be done by any conventional nmethod known
inthe art, such as mcro-etching with sodi um per sulfate or rinsing with
m | d sul fWOi0R08%NME. Next, a photoresist is applied and optR@iiE$oI@#7d5at
preferably dried, onto the side 20 of the foil opposite to that applied

wi th the pol yner. The photoresist conposition nmay be positive working or
negative working and is generally commercially avail able. Suitable positive
wor ki ng photoresists are well known in the art and may conprise an

0- qui none di 'eﬂ:ﬁir{g%ﬂé fil Aflep ﬁ%ﬁb@&ﬁmﬂﬂﬁg@ﬂ%‘ &Qﬁ@pl%t@%éigﬁosens' tizers

i ncl ude the 0O-quinone-4-or-5-sul fonyl 25 diazides disclosed in U S

Pat ent s Nos. thereb9To21 8 cofyet Poitet65; 3, 148, 983; 3, 130, 047; 3, 201, 329;

:3, 785, 825; apd 3,.802, 885. W 0- qui.none dj azj des are used, preferred
bi ndi ng resi ﬂg OPHBIPBﬁ{i'ée’QOWZﬂe WGH%BP%%QJ[O?&@{%OUS al kal i ne sol ubl e or
swel | abl e bi nylbieng @&l iNBisekidng; preferably a novol ak. Suitable positive

-phot odi el ectric resins may be obtained commercially, for exanple, 30 under
t he tradeS nafipoptionaily puecding regisiralien hales thovigbdhafoilon of Sornerville, 9 WO

112/ 11S2910 / -.476S w Jers s el | ipley I-line
phot or esi st . ﬁ%&ﬁ?‘%@ 18??3?%‘?%@%659%3133&%%%5?% (\&/ﬁf%%%;ﬁ@omr cially avail able.

The phot or es{I3lamifatigedt esaabdne falRbdtRA t6Alsabdtiee; iisMymsinda of the foil by
conventional techniques such as nmentioned above. The thickness of

phot or esi st mayidlpycredhgirepal sfruge¥bendi ng on the deposition procedure used. The
phot oresi st may then optionally be dried onto the foil by conventional
techni ques such as heating. After applying and optionally drying the

phot or esi®t @ht tnvehgod il furtheepeofdpes cotiduot®prodessifer foaningd f or i nspecti on
and/ or storage and unrolled at a later time for conpletion of subsequent

st eps accor difigiileyeredairguit,giciusn Whish Rmpelsess| | i ng and unrol ling 10 nay be
done by any i : al | i accunul at or.
The photores:]E t&@llﬁ%ﬁcglpﬁg% gé\fe%ﬂé{)%%focgg?ﬁp %)S %%iﬂlslgﬁrc g |dgtglll %ﬁ such as

i ght in themattsishiface side, rvealviselskiny eide ihag besnackateglgyiting boiid ¢dbansipgct r um

t hrough a mask, or 15 scanned by an el ectron beam ion or neutron beam or
X-ray radi at tgptmeng t hereby forminage and noni mage areas. The foil should
be unrol ked [ . : patd - be:q or m of

i ncoher elrlf I @h@%‘%@ﬁﬁ%ﬁ qlg‘ﬁ{d}ﬁ*r@rﬂ °Z}§%€r‘p‘1“g‘?“’1g?‘éﬁ‘ %}dreorbrﬁta Ofelal’ser. In one
enbodi nent, t¢eptivoagsdeafing the natte eittei afthaniyl; be t emporarily or pernmanently
st opped after expPsure

f the 2 hot oresi st to radi.atian. e ot or esi st
is then i magétid® yd’ég/@}cg‘ﬂi@l?nﬁgﬁ’ R’<¥ QBF’?'[QES@ 8’6‘9\3@91?11,1“3?]@?10%@6gﬁﬂaqueous

al kal i ne sol yky; ; hét8reki hi LRShEREY femavi ng t he
i mage areas. %@rlgagﬁggeg%tl}é\l}%ﬁg@ glé(\g/{glleglggtro;& girqu%%ﬁ %%Igly 25 cgymgr cially

avai | abl e andmageyarclompimage aeaseous sodi um hydr oxi de, pot assi um hydr oxi de or

sodi um cgrbonat olutions. The next.step s to sel ectivel tch awa
port i ons 2B LHeEIpE oriowae e tEloi R st igs “ere i of the
phot or esi st l@x@lg tht Qhide@esn et ched copper 30 pattern. This photoresi st
pattern defines an excellent quality etch mask for 10 WD 0210S2910
PCT/ USOL/ - 17 &g3:tehingihegoil maderche trmadved npaiyrage wiceh ofithg phatoesishty and
recision. This etghed pattern napy be forned by conventional techniques
guch as aci dmé I'SW ﬁoéma?n%ppel pattem’y d |
"(h) optionally removing the remaining photoresist;

25 (i) cutting the foil into sections;
()] opﬁonally punching registration holes through the foil;
(k) optionally treating the copper pattern with a bond enhancing treatment;
(D) optionally inspecting the copper pattern for defects; and
(m) laminating at least one foil section to a substrate; thus forming a

30  multilayered circuit structure.



al kal i ne etching. Suitable etchants non-exclusively include al kaline
solutions or acidic solutions, such as cupric chloride or nitric acid. Al so
pr ef er r edwaroe/0S2dierri c chloride or sulfuric per oxide. ThePGTaUNIATGIY
photoresi st may then optionally be renoved using conventional techniques
such as stripping or ashing. In one enbodi nent, the process of the present
i nvention nmay be tenporarily or permanently stopped after renoval of the
photoresist. 10 The foil is then cut preferably into sections by
conventional techniques. The sections are preferably squares, but may be
any ot her shape necessary for a particular application or process.
Regi stration holes may BRERF DESCRIETION OF THEORAWINGEr ough the foil. The
.hol es are preferably nade using a punch system however any other nethod
known in the au may alternatively be used. 15 It is preferred that the
regi stration LdQf: | am i fipl | . Next, the
copper pat t et BE 7 SBNBERERlint fho ARl a1 Foat et
whi ch ser¥esimention.adhesi on pronoter for the copper foil to the 20 bondi ng
material (such as a fiberglass cloth coated with epoxy resin) . The next
step according to the invention is the lamnation the foil to a substrate.
Prior to |am naprahyy EREHRSPREFTIOA DEHITBRER EMBdBpUpRAect ed for
defects. The optrTonal TnspectTon nmay be conducted by any sultabl e method 25
known in the art. Preferred nmethods nonexclusively include in-line optical
i nspecti on, rﬁndom sanpling, electrical testi ng, and vi@ulal i hspecti on.
Accordi ng t o TRR&VERUFINPIOYHIES acontinnous gipsess py Produgingh muhlexstdat ed to a
substrat gy t Bisuif QRBRE. ThEPlochdsRY BieBisteSent Fibihtich ik PedrbtaBly doRdddi& practi ce
of the invention, 30 a plurality of foil sections rmay be’l am nated together
Al so, a pl iraldet to el mlwmetl WO 02/ US2' )10 PCT/ USI I 1/-17(S3 foil
sections may be | am nated together via a substrate between adj acent
sections. Lamination is preferably conducted in a press at a tenperature of
from about 1G9E k9 s&BQHbnd éRbodiiRIEPNE bR idvehfiomisabeutolld A 40 about
245C and nost preferably from about 175C to about 230C . 5 Lam nation tine
preferably raoppes féit baniadeshing Sunficasidesind @ nadsisurfagosidg. ndeensdingie e
preferabhj%/ from ab(%ut 0 ,m nut es tfo.labogt €120 m nutes, and npst preferably
from abolt 3PSHREHERL: 1S tEh (OPBEF H0i!n BteALrablpCapRHSss OPPE 0L 85PRIY i s under  a
vacuum of franbﬁtcg%ﬁrauaﬁ, they @eath 230, EHome nidRl, GlintinuiD kRirksef er ably from
about 28 to about mm of nmercury, and nost preferably 10 from about 29 to
about 30 i nchisl, spnpiesiymyanduembinasioss geesobuerpe fpileda@rgbl y mai nt ai ned at

o/ one, and. RBRRArar SRl o tiEnii6Shof Biober s oRATBMS ) oo 15

Typi cal substpgdegsinaludes sleatrdepbsiiill @pper e prsoheida @ aicopyser aalpoitot ed
circuit or other mcroel ectronic device, Suitable substrates for the
present RBventPiaHng sia depmsilhe pide oh tefai nede thesdrupds msatlydhe pol yesters,
cyanat e ester 0 g I I . I €0L 1t el ced with
materi al s suéﬁmgis[ﬁﬁi %%nrygsﬁ%egg}m%?%éaé}tﬁ%ssﬂ)%%gaﬁ ?Hél? %ﬁ@g}(? Ee\%i'fjgf%%?ggéam d paper

(Ther nount ) , ka0wpak yianainxsilat Ehipdpen isousualbnipadads waslethedolt. O t hese,
epoxy with fiber glass reinforcement is the nost preferred sugstrate. The
preferred thitbRHEVIED pefe asy pathoderandirecedtes thesiAPRBIANIE BHePOsieBout 200 um

more pref er ably LEAMALRHnAR b AeAROY oStk EomIfIeANAIGTDOUAIENt of the

present invention, the optional “step ani ng the drying the
phot or es2§t , vobiagyofubotth® ta Eivedltsiin gppitedtbetvesinghe armdeehd tig cadyidste at i on

hol es through the foil, treating the copper pattern with a bopd. enhancing
treatment, arrgu$si8pEeRRchEP P%&P@%&ﬁwhﬁa&%&eﬂ 13 BYO?&%#%EI?%WS' Q‘F‘}S per

formed. 30 1Zopper 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



WO 02/ 0S2910 PCT/ USO1/-47GS3 I n anot her enmbodi ment, particularly when using
a foil where both the sides have been subjected to bond enhanci ng

t r eat mentwotbes2opt i onal step of treating the copper pattemrmemiwhizmssbond
enhancing treatnment is not performed. In still another enbodinment, prior to
| am nation the copper foil may be electrolytically treated on the shiny
side to forma rougheni ng copper deposit, and electrolytically treated on
the matte side to deposit mcro-nodules of a netal or alloy. These nodul es
are prefer alondt@BeiheYopperdoiP Ohe hdfGtYed B enRflcHRSEaBHBRSI ON 10 a
substrate. e surface mcrostructure of the foil 1s 10 neasured by a

pr of i | onet er inchesh Dasabande a tineridee whivhdeh bi/pRrchase8SPmeircihlly Somonmer ci al |y

.avail able fr h ei nprugef..Co ratiopn of CGncinnati, Ohio. Topography
measur enent SWHBOEE;‘? ?@c 8Fé:rlﬁ‘fei£ t@h’@t @Fléer S‘Fltag’geaﬁ%“%a%a\’fdﬁlg eys are made
accordi ng t otrkdifhéaisla¥soSionegaisdvd P incliMe@xReIRGthaNs. 208 préf@fedidi@dd nstitute
for Interconnecting and Packaging Circuits of 2115 Sanders 15 Road,

Nor t hbr ook, Treatingat is bbebexidel trpatrentiwhich owidigss thereopperied with areasur enent

| ength I moveyg. r e e is. sel i f ] 1S the average
maxi mum peakg;thggﬁ\}a@g%ykoeﬁoéﬁ%& glfe Cfoiplglee1 Oglc}ﬁgég%%l?@éo g@ﬁ%??ﬁ%&ﬁ?ﬁi&t hs within

t he measur enBhicklogfi@ttreatiRit Wagt@blyises ab BtieatingRolutiont HsolaBen HL4A r oughness
depth and is the greatest perpendicul ar, di stance between the highest 20

peak and t heokiggistich as sasjumpihypochlarie Hinge thearidant sadwidamisiafkalipg i s t he

maxi mum | evel, | i . hel . Of Iy p.thin the
measuri ng | elr:#g{h%r ﬁgt%g?eragymgg{g?gb%ﬁ{r %%ho%ergﬁ ffesﬁ 1%2??‘%5%%?5@ { ﬁ‘le arithnetic
aver age Val ugegifneafl 10adsgpliteofthBichagieydd Elebgodhedgdancing. pifMbplee from the
center line within the neasuring length Im The paraneter s of inportance
for this 25 PlsaMMn are Rz and Ra. The surface treatnents carried out
produce a surface structure having peaks and vall eys, which produce
roughness paraneters wherein Ra ranges fromabout 1 to about 10 um and Rz
ranges from ablt fo2migg pdigmer ddnpasitioh3s the\EpPldGmd QhfedRETd biFQIdé - 7C53 The

surface treatpents, carried out prodyce a surface structure having peaks and
val | eys, on Pﬁgeéﬂlil'n 18 PEf EEII‘%}’I%HR%HE‘H&’@H]} KRESOnRASHY 18r s wherein Ra

ranges fyiom : I f about 4
ges f{o a@ggzg ag)igltecﬁreér'ﬂab% a?Ide’t 611 S/HAM Nas b@&?})%gpéﬁedzwﬁﬁ)a

m crons, and rom about t o abou m crons. The Rz val ue
5 ranges frobvmbenttanging dreatommt. ThiS manbepiont e ethley sifle ofrihelfoilf 2.5 t o about

4.5 mcrons, and re preferab fromabout 3t bout 4.5 u The surface
treatments CBF‘??‘?IE@?’(%‘? _F%&@E'e_hga%‘?}m?%f@@e%tt‘?’l&?é? ?tg Sﬁgépﬁﬂ‘erfggbgveand _
val l eys, on phg ﬁﬁltﬁe%tea'\ﬁﬁxaB&&&&hﬁﬁ%ﬂg%@atfrféﬁ%ﬂfe%rib%araﬁa%, en thberein 10

Ra ranges from about 4 to about 10 referably fromabout 4.5 to about 8
um and nost pplyefee capgsifieromanbe applidtand abrsdtonto, SthensidghéthRAolal ue ranges

fromabouyt 4.to0 about. .10 um preferably from ahout .4 to about 9 um and
ror e pr eftr abh AR Taib Bl B & mligRholeY brids badripeeten'chi Dy si de
has a copper af¢pasid ofahe Btm Zofndng pSlyhidt tdthgdsitidd. FuddbleFilAFoaNREage
roughness (Rz) of um or greater. re preferably, the matte side

pref erabl y wpplymeaseongxelasigplydsdudepalyinigese pelyesi@ip.nolyester sonigninghe

m cr o- nodul es_of ,.net al ol .eil I Oe\ré v%n [ hcgvet si.ze of :ilbgut g 5 um O her
metal s may b&®@RPEE PRI TR R ALYt AR POy YIS e Zinc, 20
indium tin, ehelahhined Aslcontbigutioas giRebof.hOf tliek& poKinided 6A¢ B6iFedtesnor €

thqroughlg/ described in U S . patent 5,679,23 0, which is incorporated
herein 2 are the most preferred. 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



by reference. The shiny surface preferably has a peel strength ranging from
about .7 25 kg/linear cmto about 1.6 kg/linear, nore preferably from about
.9 kg/li nearo2omot® about 1.6 kg/1 inear . The nmatte surfad€TpWWiar@dl y has
a peel strength ranging fromabout .9 kg/linear cmto about 2 kg/linear,
nore preferably fromabout 1.1 kg/linear cmto about 2 kg/linear. Peel
strength is neasured according to industry standard | PC-TM 650 Secti on
2.4.8 Revision C. 30 14 WD 02/052910 PCTI USO011. 171>53 The fol | owi ng

non-1imti ngccﬁ?&t Bﬂéh% cofvehBiohd] tddhhiibs Alch ab B@ath%"lﬁ%'o@& befeféf‘éﬂljlf be

appreciated t arfations In proportions and alternatives in €elenments of
t he conponenheat ofringis petfotiogkaisi tenpeatioae gneboywdOtF trabeut 600SE, appar ent

to those ski and. ar t hi.n he scop t.he p

i nventi on. %@&V@g‘ﬁ‘ﬁqf‘o %Pgﬁ Oﬁlluéqsegfm ee“d’@% f??hm%'ntée ISJRﬁ%Fcopper
foil, 0.64 nRir@hspetiionrdid: stoiagé%hatlmﬂoma a@R 1a4amxﬁé1fdr@bh19remm@ foil is
.threaded through'tensioning 10 rollers, through idler roller s, and onto a

rewind rof | esubsatuent geps desondingriotsmicivention. tScuclalqzmlmaJ}ﬂe;ledi@g width, A"
drive notor on the rew nd e ed S ers/mnute. A
1 qui d ol yi Mg 2abf B RE ek SlmtfoSRIRHNR AT e 8hn bodednd Bt of “Lboit

20, 000 centi psagulatbt h N- rret hyI pyrrolidone in a stainless steel m xing vat.
The polyimde solution is supplied to a 15 di spensing systemand a fil m of
approximately 50 umis applied to the nmatte side of the noving foil using

el'y 50 um is | i de of ]
Bl ade 15 acj Deredi IO IPhn LRGP Rt Sy SRR BRRERRe 20" Ccul ti ng

in a flexbl golyaizp oty loptitieallyts cieaded eﬁngaodrmﬁirioﬁaﬂtemshmmésmmlaness of about
7.6 um A continuous |1quid head height and vol ume of mred material is

mei ntai ned ofMPRAMepsVhelsihemade gie Nﬁebeﬁé@PB]#edb‘V‘é]éiﬁ'ietRSﬂ)Hﬁ‘?rnfhﬁF fea const ant
flexible COgB;ﬁﬁ%r Eﬁefrﬁdg’H EIBh%m?‘efSaeﬁng ?ofﬂ/&%@ y%éﬁ%n Qhbbi f’%ﬂm@' r bubbl es.

2S The sol ven S eva I'S cure In an oven at
425C. As t hetlpohigckidohds betin appliedtvattsthe belymee,rthera#he inmitteiside thanper at ure drop

shoul d be anticipated. Once steady state tepperatures a achieyed in the
oven, filmt HP%‘P%W&@%%“B%CIIEé’ﬁ’lﬁéf@é@%@eafm partigl @lefruﬁﬁ ﬁ%ari ng the

coaL o0 Ol e ROSEUENED ke Sond REph AR bbRORRNNAT o, Cenc Y

Adj ust ment s ftmwthelet, sahensoficpettyhing dethckbémﬁnpcesillmuﬂoxaunsd@wijh nbldade hei ght
over the foil agre made based on this nmeasurenent. This process is repeated
until the de$t¥¢ 299 m t hi ckness is attained. 5 The shiny side of the foil
is then cleaned and mcro-etched with sodium per sulfate, followed by a
water rinse and application of a photosensitive resist. The photoresist is
dried and i miNgatiagthotrpnséslapilied and optieradik bubprafarably drwda@nmfg@ﬁidasi ng a W

ST U TR RN T 1O LN
noni mage ar eagmppdtibeaily™e pbfifivé IREEn@bLRZatiVERoA@id and is generally

commercially available. Suitable positive working photoresists are well

known in the art and may comprise an o-quinone diazide radiation sensitizer.

The o-quinone diazide sensitizers include the o-quinone-4-or-5-sulfonyl-

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,



is then etched in cupric chloride to forma copper pattern. The bal ance of
the resist is stripped away using potassi um hydroxi de | eaving the desired
copper pawoeems291c The foil is cut into rectangul ar secti ®I/UMIETHSAre t hen
punched with tooling holes using a optically registering nmechanical punch .
The copper pattern on the foil sections is then treated with a sol ution
containing 31 g/1 of sodium hydrochlorite, 15 g/1 of sodi um hydroxi de and
12 g/l of trisodium phosphate, at 85C under agitation for 3 m nutes thereby

o provide ol glkeoN g6y 200k bRIUTRALNOTE:L I RELTCTRblrpat g 19, ther

| am nated to an’ep e’rernforce ass, I1n a hydraulic

press at 275 aidtlyléonaéridlyfaotilabld) ThepHoasgesisiiepRie@ally applisader vacuum of
.28 inches of nmercury. A second foil section is.25 lamnated to the first

foil secti onontd thedinsbyids ok the Soikby eqnventionalfeehniques puchyas weantipeed EXAMPLE 2 30
Example | i p %%}{ : t i: atment is
.conduct ed 165"00"\/%‘?%!&2?%%% 0 g&%%%%’f% 1@%’5351?&%8%6%815%}%(3 copper foil
for threé m deposision praedagused ST @okoresistaeayt themopinially bt dtiedont@t 85 C
having the foll o 'n_g( co ositiﬁg; NaClgz --31 g/1. 5 Nala—l-lg g/ 1 Na3P04
--12 g/ 1 ExAbedel sy tereriiapl dechniaues Ygh 2 Bﬁt@ﬁc&erapwn&ml heet of

p- phenyl ene-g%tﬁﬁgnﬁ ARjiROMR PROBreddP ShtoitRe fo@mﬁ%ﬁ%ﬂ%ﬂ WeshelrBgoiral yi m de
surfaces of the foll "sections on the substrate. Resulting product has

i mproved di nfonsuspactionsindlyirlstarygesand unedled mbs lag¢rdinefor tomptvPE 4 Exanple 1

is repeated except |am natiaon i s done ysin cont.l nuo hat. rol |

| ani nat i on pf@égggengﬁte%eorgim t?ihq(lély %‘ﬁ’@n: %pgléreﬁ;o ?n%islg’rglﬁm?ect ed to a
post | ammat japvevehe BRkS fiftaBe RAENS! koAl inGhY &1, s4bh Bsid & 5 Exanple 1 is
repeat ed except coating i's done with an extrusion coater and 25 | am nation
i s done by aasumutaddd er process. A filler is coextruded with the polyimn de.

EXAMPLE 6 30 Exanple 1 is repeated except the matte side of the foil is
treated with nodul es 17 WO 02/0S291(1 PCT/ US(11/~7GS3

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 by an electron beam, ion or neutron beam or X-ray radiation, to
thereby form image and nonimage areas. The foil should be unrolied 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



to i nprove nechani cal adhesion to the polyimde. Maxi num nodul e size is

| ess than 120 m cro-inches to avoid the possibility of high potenti al
failures.waxanwb 7 5 Exanple 1 is repeated except that aPOTHESgHESS cl ot h
is inmpregnated with a nonhal ogenat ed thernosetting polyimde (Keram d 601),
formng a prepreg. The polynmer is then partially cured. The thickness of
this prepreg is about 68 um The copper foil is then |lamnated to the
prepreg with the polynmer coating 10 facing the prepreg. The lam nation is

done under o yAGUUR LAB.MENES: ol RenAls b pitcblbol e of pressure

for 90 m nutes. I'S repea except a non-hal ogenat ed
epoxy repl acgstetmay be fomsel Hyi cogvamniopalntedmiquek sudheasi acat é¢tcnng sndconduct ed at
185 C for 60 m nutes. EXANPLE 9 20 Exanple 7 is. repeated except the
substrate isalgﬁlﬁtelﬂf‘_éﬁ‘hmg-b_%‘l“&llf’g‘s%tc Q%‘ggjxﬁ_ﬁ’éb"rcb’gm{’ﬁﬁ% Eﬁf@@%e ?Oim ut 115 um
Wil e the prgseific 's&\agaﬁgﬁgﬂ%%%u BEBLIBAAL bEMER dold SARWHréaledifsCr | bed with
.reference to preterred enbodinents, 1t wll be readily appreciated by those

of ordinary fdii¢ thlbrid¢ tesudfurictphmixideaThormnaitiag pbstorasist maglitiencat i ons may be

made 25 w t hout dﬁ %rtin fromthe spirit and sco of . the invention. It is
i nt ended t haPPH9R gl & FSFROYRS Sy Stegel s ehriiss S{‘) BHENYEYI enbodi nent

those al ter n%H%Sln\Mﬁie%b@ﬁifﬁe&%ﬁ@ﬁh&%t&ﬂ%x@@yﬁw@mbrﬂhh Bgui val ent's
thereto. 18 02/ 052910 What is clained is: PCT/USUl/~7GS3 1. A

cont i nuous pteogmsaily or péroramenty sioppediafieniearaval ef the phetoresistict ure whi 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

filmforpyngTREKNAMBhENGR fpﬁ'éi&'aﬂ'?'tifu% sBtiftts Oy cohienftiohil tedmiquept Thoal |y _,
cl eaning the shiny side of the foil; (d) appl mghand optionally drying a
phot or esi st eentions hus reeferaplisiqyareasbut mayfogiany O{f@)'s APA FECHSERY EXfosi ng t he

photoresist to actinig.radiation to,thereb i oni mage

areas; (f j B%‘@P%bw@wﬁ‘ﬁ%ﬂ 8?1%198?53'5Fgglséﬁle&r{le%gés;%ég%nggﬁ %‘%ﬂﬂgﬁi nmage areas

and | eavi ng bLigcti¥Bg8roapiedR fofl rheheles B@ préferabbi madiaiiig 4 penchermoved

©noni mage areas of the photoresist to thereby forma copper pattern; 15 (h)
optional ly reyssehlpwever amhetherimefhprhlstr i e artanagy abigenativgly PR&S¢bI | into

sectionsys  pjs 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 the 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 methods 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



(j) optionally punching registration holes through the foil; (lc)
optionally treating the copper pattern with a bond enhancing treatnent; (1)
opt i onal Iwoioref™ei i ng the copper pattern for defects; and PRO/YSH)/476@31 nati ng
at |east one foil section to a substrate; thus formng a nmultil ayered
circuit structure. 2. The process of claiml1 wherein the filmformng

pol ymer conprises a polyimde, polyester, or conbinations thereof. 25 3.
The process of claiml1l conprising lamnating a plurality of the foil

sections t00gkNGktiodk mdf RERERSPIoRtNE! Ah MshhdaPidrptdtadifBNati ng a
plurality of the toil sections 30 Together via a substrate between adj acent
sections. 19sectivd®. A2mMi82ti9r B prE&TablySOndudted inZlpi8sssat aTéepgatmoess of claim 4

wherein the substrate conprises _a,reinforced. polyner. o~ 1N€ process of
claim1 wher BPR 508t E%&%_&%%“@&ﬂp‘ﬁﬂ&% p;;eﬁgaibfyfflﬁregﬁoggl|7§,&tom ch

conpri ses angiQRREY5°® Al nibstErefdaily @dhibout YATralts a86kte30°@T Epoxy or
.conbi nations thereof. 7. The process of claim1l wherein the process is

st opped a&f t eLamjgatien tigne: hefetablyptangesrfean gboutd Sraigites fozhoug 180he process of

claim1 wherei.n the process,.is. st af.ter stni ppj t he photoresist. 15
5. “the pr oceSLpe SrdtF AT R Tiofh ARRE S BihSes RULREI e bRt ching” 10

The process g@fosthefefably MBI ot $Mmikied tolabo@itgonathuley. Rtdfelablyethet ching. 11
The process of claim1l wherein the shiny side of the foil is cleaned 20

accor di ng t opeseis wdyr avacapmsafdipng By least 25 taploys 6 awy of BIer@IrBimere wher ei n

13, “The. pr ocBeranny i et AR e e SRESH SERR S Bu bRkt ieefirbl g WP ) %

bond enhamci hant dtRat DB RS atRGE 90 Hehes dfamertay. (The)predt pesssigt 6P pfdfdrably4. The
process of claim1 wherein the copper patjern is treated wth_a black oxide
treat ment acawinipingd albabeusd. X te)abant Erkedenap ngqry prefigrably from about 7 to

about 30 kg/cm?, and most preferably from about 9 kg/cm2 to about 21

kg/cmz.

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 to about 200 um, more

preferably from 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 defects are all
performed.'

30
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20 WO 02/0S2910 PCT/US(l |/~7GS3 15. The process of claiml|l wherein the
shiny side of the foil is not cleaned according to step (c) and the copper
pattern iwomovsieated with an oxide according to step (| ®CT/01/8765The
process of claim1 wherein the foil is punched according to step (j) after
step (i). 17. The process of claim| wherein the copper pattern is

I nspected according to step (1) after step (Ilc). 10 18. The process of
claim1 wherein the foil is rolled up after curing of the filmformng

pol ynmer accopdinBehet QmBBﬁHleﬁQr}ﬁ)aﬁwa_a}lp%leH'ﬁ%ﬂ%laqgilWHeEU bR i &des(C) - 19. The
process of claim1l wherein the foil”is rolled up after drying of the 15
phot or esi st lkavededi supjeaedstodipnd éhhancthgtiteatment,rtbé bpidonatl step of eatingp (e) . 20.
.The process of claim1 wherein the foi.l js.roll.ed thrpugh.an accumnul ator.
210 A Sont niter el Wb Putd fgtaos ey S et IR s tr uct ur o whi ch
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
filmforrh nglnsilyanethep ambodinenirgtipetoslagenagipn theecopped foil Mgy kel eani ng t he

shiny side of, the foil;: 25.(d).. applyi.n d_dryi a _photoresist onto the
shiny side o‘f’le?thogytf%‘;uV ;tref‘tg_ﬁl%flﬁléeg ﬁ?%/%d%?gfgéql ﬁdx‘t‘ﬂ‘gnﬁ’ﬁgf) géeelm g?ﬁ 0 actinic
radi ation t oadd@éamlyticallinrienByen atn e i dewalcpbsitmicré-nbdeey ef Hpi ng the
phot oresi st thereby renoving the noni mage areas and | eaving the inmge

areas; 21  wetaboy dioy) ihepydubomre pretaply §9rrer eht feprehellesand under t he
renmoved noni . t | t.0O tt X
()t enov no EREsPARRSiof 1o b Sl AERiThce ekt ae JiEhFI SORPOT B2 ohe:
5 (j) purchi ngaduegl by 4 piofidsméret, each dsraRegihoimaer brwidel M4P or S5P which

is commercially available from Mahr Feinpruef Corporation of Cincinnati,

Ohio. Topography measurements of the surface grain structure of peaks and
valleys are made according to industry standard IPC-TM-650 Section 2.2.17
of the Institute for Interconnecting and Packaging Circuits of 2115 Sanders

15  Road, Northbrook, Illinois 60062. In the measurement procedure, a
measurement length 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 Io 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 roughness, 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 pum.
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(lc) treating the copper pattern with a bond enhancing treatnent; (1)

i nspecting the copper pattern for defects; and (m |lamnating at |east one
foil sectwWonm20mI#0 substrate; thus formng a nultilayered AGTEURMEHHSBuct ure.
10 22. A continuous process for formng a nultilayered circuit structure
whi 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
wi th bond enhancing 15 treatnent; (b) applying and curing a filmformng

POl yTer o0t .16 Uiy O Led o s QBIAGALKIELERRL BEAL 1 de of

the foil that Has not Been a ormn nmer; (d)

appl yi ng and apdwhldsys) drythél’skﬂny@da whmh(plr(&mlcstoughh@spmmmmmwheﬁns| de of the
.20 foil; (e) inagew se exposing the photoresist to actinic radiation to

t hereby for mRaﬁa@@eSéw ARt i abit dagm, preferably e sbay 4 19eabit or esi st
thereby remoyi.ng t 31 &ng?e?e‘%aﬁg?%ﬁ %%tb?@%&lg4trﬁg¥on?39ﬁe%z%ﬁre 25 (9)

.etching the fmC]I noni mage ar eas toresist to

thereby fer mlsmg)@@ﬁﬂﬁfamw% fhoul B)5 108} preRadbly fr6@BYRITIS tdwoduem ni ng
phot or esi st cutting the foil into sections; (j) optionally punching

regi strati on nhictoss, andmoorg iprefer@blydirdm aB@lt(-’*ItO}ib@lpt‘li owal |y inspecting the
copper pattern for defects; and 22 WO U2/ 052910 PCT/ USO01/.17653 (1)
lami nating at |east one foil section to a substrate; thus fornming a

mul tilayer ed 1qjelsGihde BdaiMEhY Eoried But p16‘d19&'?1t§u91‘d5€1§rd€f&5 BSAng Péakfsor mng a
mul tilayered circurt structure which 5 conprises: unrolling a roll of

copper foil, antliveleyspon theasatte sida, M&u@mlbdure rsmghaeanmaammwélemmf ace SI de,
wh hi de h b t t b h

Apbl yi ng 1 YRS oK EPOH:FGR APy T0uyrir e RO REOuS [T BT ¢ he foi
10 t | t f d
optfﬁﬁaf’f’y' Sﬂﬁn%d%“‘%ﬁ [eBabD BB in Bl Aot 7\ %%‘Z VLo FRELY ' 1D, A1

i magew se ex{dRsh BBovt 8o RBEGtNINGSH Sire feabiE b abotittioaibb oo fue, bier eby form

i mmge and noni mage areas; (f) devel oping the photoresist thereby renoving
t he noni mage molemefamhl}ﬂﬁomehwtﬁ’gmtalheuﬁMgm areas; (g) etching the foil
under the renpved noni mage areas of the photoresist to thereby forma
copper pattern;

15  Preferably, the shiny side has a copper deposit about 2 to 4.5 pm 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.
The micro-nodules of metal or alloy will have a size of about 0.5 um. Other
metals may 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 strength
ranging from about .9 kg/linear cm to about 2 kg/linear, more preferably from
about 1.1 kg/linear cm to 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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(h) optionally renoving the remaining photoresist; (i) cutting the foi

into sections; 20 (j) optionally punching registration holes through the
foil; (loyoopvi¥nally treating the copper pattern with a PETQUSOMWHESEI 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

. AF5f . AL& A99. A&9. AL&. A9% A9. AL&9. AL&% A9&. AL9. AL&. A99. A&. A9. A&&9. A&% A999.

AL9% As9. A . ' . : . : :
~ytni d_zZU ?ﬁ{%&@f@%ﬂl@g@@ﬁ%ﬂ% 5?1(‘:/ g]t%gljucszté?tg é Ca %rg]oél a]Itc‘g]l%: a] c™aj ca] ca
] ca] ca] ca] capecdypleidted tatc adrix@baaincmbhatibis andidedediy ey infddnidica] tha] cal] ca] ¢/

.aU] ca] ca] ca] ca] ca] ca] ¢ca] ca] ca] caJ, ca] ca] ca] ca] ¢ca] ca] ca] ca] cal ca] ca] ca] ca] ca]
ca] ca] ca] ca! ¢pmponents of the photosensifive coating composition will be apparent to

PUgr ] %3&@?0 9 - : .ca] ca] ca] ca] ca] ca
-] ca] ca] ca] cﬁi%a ca cai ca?l%z caz;?ca ghan} g%%?%??%?%ﬁ%@?}lgg} ca} s&]&&&l ' O]( ;
)) *<*c*sH++++0, a, -/ 0y122*2; 2233405<555

6zupkfa\ W] ca] ca] ca] ca] ca] ca] ca] Ca‘i&%ﬁﬁ@? ca] ca] ca] ca] ca] c™a] ca] c”aU] ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] carFéat 8

OF: : .11 <<*=] >>>?Y??@AEBBBBB"EEEFTFFG vql gb] X] ] ] ca] ca] ca] ca] ca] ca] ca] cal] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca]ca] ca]ca]ca]ca]calG

G=HHHI <I | | &)A 181 bf dlekrédepwited INQUD<RIRPQREXMPHES fogk D Hd\Nidte]ic afidth] caU] ca] ca]
ool oo Selnb vl e Tl s pksakiakeaieal ol o3 o) o)

a] on] onEa] R R o ST RART | M | 1 i wi {val g
b] X] 1] ca] ca] eajioadcim]Lphud} péaihclaividih.c Aldroe|mapral derew]rclapteadisa] ca] ca] ca] ¢

I'w, | 8pzppgAr, tftttul $v6
TVt gb] x| ] PURPELTLLEE B b AT BHE] S B5q B DT AUk R SIEd] cal cal cal o
a] ca] ca] ca] cq d%?ixiﬁ}lawc%@ﬁf HBLCR] 60 CAUPBSEURU AN IFAFATbhY] | | | | @)}

J~~~, zupkf a\ ca] ca] ca] ca] ca] ¢a] ca] caj c*a] ca] ca] cajc”a] ca] ca] ca] c*a] ¢
a] ca] cal] ca] mad staipbdated]xajgralt.c dhe palynaifie saljition is supplied to a

, 2?2Sb?\ (M J+. 9B< | gb

ca] cal co) o] EAPRIEp A Y GH BL CAPEAS GAF DR Wae B 1o PO Moy 111 ¢
2};?};gfggfgigfgl;f%ﬁ%ﬁ%mﬂsﬁ?é S ePfahe ah Al ot Vhcahigpdcal cal cal caj cal
Yxnts/ ~pDSs| wdispdis¥ig focb.ca] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca! $/ ~pDSs| wrl gb] X]]] ca] ca]ca]c
aU] ca]l ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]]ca]ca]ca]calca

.0 0/R, i 0, (y ! - Y 0, 0, - YF
105k () -1 vve o PR d e pdi Feslms M Gt oe: (). y100@ () -
9, 10%& (20 yMEARRS() a flekitBy colfS6RItE havif) 2 A%EA pdlyhed THm 10 HReinpsd &1 0%& () -
"109& ()- !109&' ()-!qH ?s8" 10%&' () -
!F&3$1(()2>/¢>>&' e‘mﬂ%@&%fogﬂlﬁ(n}wmﬂg}éd/&e@(d)heighi@%V‘el)lme of dgogned) - I JKLZj uV7F
I}lggfv(??: Tﬁfs /e:éi%'& Q@%@%ﬂk&’é@ﬁé B de JARPaIEAFHIIANT mait@eBr& () - X
10%&' () - L10%8orskant GRa&ible eckiasiié FilmalBokhbkd A1P4Ra {i)m fied 0P@iclyded air
*g10%! ()-!\s' 109&' ()-!T10%& ()~ YL0% ()- .~_@"910% ()-L10% ()- 10

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
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10 10@ S10% () -! f96MLO%&: () - 210% () - 7dE~_@10% () - 310% () - 0% ()-

109 ()-L@ 109& ()-109%& ()-e9:;dE/ 10

10L8g10%@V0)02030%&’ () - 9/ 10%& ()-S) gl0%&: ()-9' 10%& () - &' - FEIRUYHTIEIct CXY: /
10y109& ()-y10% & ()-109% & ()- "910% & ()- 10% & ()-910% & ()- 10ChaB:/
1010% & ()-yZ 109% & ()-f 10% & ()-!S910% "-"& () - 910%& ()-y10% & () - PqdE: /
10,) 109%& ()-,) 10% & ()-& &10% & ()- 109C& () -

109 & ()-9Fz10% & ()-KdYNC 10 10" 10" 10"f @

s10% & () - L76«&ﬁ;&o(ﬁ1nF&ﬂ&ﬁ&s( )Ad:&s%eﬁt&tc( ﬁme%té% ﬂi&(}’(l‘)l tde @ispesed Bkd 10
1098 ()- 10%&' ()- 109%& ()- 1 %& ()- 109&' ()- - "IDT"$"dEYNC 10 L
109&' () - 109R01 Joct@ddade)berginpger(the fofi@re wrde ased@%tkzsm)eawrﬁmem/ FHESABYNC

10t a / YI0%&' () - zf ). 109&

£100& () - $1008ST)S i) }é& “ﬂ%%%é%‘*)émﬁﬂ&lﬂfé? isgitaingd- of -

t10%&' ()- 8yl0%& () - 610%&' ()-4F 10%&' ()-3 109%&' ()-% 98988 &s &IEYNC 10!
yl Z109%&' () -109&' ()-fS 10% & ()-fS 10%& () -

" &10%& () 103}@3 ghiny gidg of the foyl sethmyreleaned and micro-etched with sodium

persulfate, followed by a water rinse and application of a photosensitive resist.
The photoresist is dried and imagewise exposed through a mask to actinic
radiation using a UV exposure unit to thereby form image and nonimage
areas. The photoresist is then developed using an aqueous sodium carbonate
10  solution to remove the nonimage areas and leaving the image areas. The foil
is then etched in cupric chloride to form a copper pattern. The balance of the
resist is stripped 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/l of sodium
hydrochlorite, 15 g/l of sodium hydroxide and 12 g/l 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/em® 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
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L 109 ()- 109 ()-109K& () - 9109%& ()-y- 109%& ()-yGLOY% ()- O((;)))*<*dEYNC 10!
( 1090& ()-( 109& ()-( 10986 & ()-L9' g109%& ()- 109%& ()-

109& () - WO msmter+++dE: /| 10 10:t 109 ()-s7 109%& ()-0 109 T(YS0DL1GFE () - O
109%6& ()- f/ @OY& ()-+++0,a,,--rP./1f9 10%-& ()- ! X9s109%& ()- ! NOS109%& () -
&10%& ()-! @! 10%GG& ()- ! 10%& ()- 10--//0y1222zX9./ 10;

t 1098 ()-!\s610%& ()-!yL(10%@8& ()- 'fL(10%-& ()- 9 10%& ()-'f9

10% - & () - 222*2; 2733405mV

L10%&: () - YT1 v 21004 1005<555
69607d(E27N/ Rk %%9{%6%0%@/%@1%%%% )I@fa‘i%)‘1 /%]0?’)5/ “&%85&?“?)9 100/&'<() o778

OF:::::dE/ trémbOyscedutifgit 8 °Clliasbg¥se {ojlo®if2@inposiieh:

109%&' () - (109& ()- L& 109%& ()-::::<<*=]>xY:/ 10T10%& ()-L109%& ()-L
109&' ()-yS109& ()- "&I0%&' ()-910%& ()- 10]>>>?Y??@IE: /

10( 109&' () - Lﬁa@g@%gg% AYO0%& ()-1"10%& ()- 109%& ()-°

3109%&: () - GN\EBBBREB C 10910% ()- 10 10

10: t 1098 X ) - NAQIBY& /) - 0109&' () - S/ 109%&' () - BBAEEEFTFJENDC

NazPO4 --12 g/l
EXAMPLE 3

10  Example 1 is repeated except a 10 um sheet of p-phenylene-2,6-
benzobisoxazole paper is laminated between the polyimide surfaces of the foil
sections on 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 ke/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



10109 () - g10% ()-y109%& ()-9, 109 ()- Sy10% ()- "&LOY% () - TFFGG=HHHIENbC
10-s10%&' () - @ 10%&' ()-*, 109& ()-9s' S10%& () -

T10%&' () -WBg2OS®14) - H <I |1 &1) J*J+JdE:/ 10 10S; 10%&' () - S 7 PEOVBSOINT653
6YL0%&' ()-14109%& ()-31109%& ()- L/10%& ()-+J, J9J1JJI-K}KKxY:/ 1010% ()- F
109&' ()-y@O% ()-yf10%& ()- "910%&' ()-L10% ()- 10KLYLLNXNNA?:/

10$109& ()- !pL109%BS$& ()- ! XL109%& ()- 109%& ()- &MLOY& () -

- 109&' () - NOAD<PPPvQUB: / 10! f YA109&' ()-Z

1@Q0%& () - y/ 10M8orHye fbOP4kida) adﬁesmﬁ%@%(ﬁoi}%ﬂl@c%& Nz RS RIEERG s

10! yf mLO%& (3- "&10%&' () - 910%& ()

109%&' () - YA10%gs thanA28gnivrocinchesdsisvpid the possibility pf high@oengipl fadems.() - | SL
109%& () - Y -10%& ()-10%& ()-V) W WW2X! YdEbC

10F1109%&' ()-s/ 10%& ()-f, 109& ()-*109%& ()- (f10%& ()-LL' 10%& () -

LY$SY' Y(Y) Y*Y7YGYYbC ~ 10f f F109&' () - EXU9@LE)7 L10%&' ()- 10

5
Example 1 is repeated except that a fiberglass cloth is impregnated with a non-
halogenated thermosetting polyimide (Keramid 601), forming a prepreg. The
polymer is then partially cured. The thickness of this prepreg is about 68 um.
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/cm?® 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 pm.

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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10 10y: 109%& ()-710%& ()-VYY&Z[[]]]dEbC

10L310%&' ()-109& ()-9GLO%& ()-yl0%& ()-G 109 ()-ffl10%& ()-]1]"" X " dEbC
10210%&' (WO 02039’ () - Lf/ 109 ()- (109 ()-9L' 10%&' ()- 10%ETWYS01/47653" aaFbbC
10y10% & ()- "&10%& ()-&10%& ()- 10 10 10f: 109 ()-410%& () - FbbbcfcccdEbC
10F10%& ()-y 10%& () -

10% & ()-,nl0%& ()-10%& ()-& 10%& ()-cCdudde5ffdEDC 10) 10%& () -
3(10%& ()-!10%& ()- 10%& ()- z10%& ()- 10%& ()-fff)gPhShvhWwhxhdE: /

10z 10z; 10%2 &§1fa) 1 31O%E&§:) - 1@0% & () -L010% & () -.gl0%& () -

+10%2 & () - XhYhthwhiij M xY:/ 10zy: 10%& ()-ff10%& ()-109%& ()-ff10%& ()-
"109%&' () - &1LOVRA (cputih@mMppddesH fak fading a multilayered circuit structure which

10zy&10%&' ()-"10%&R ()-!10%& ()-9Y310%& ()-y@O%& ()-9, 109%& () -| mmm ozo}o~00
dE:/ 10 10SFOmMPrises:

igi/%w( é[ '8 1]9?/%1%%}{1%?%9 ?@1861‘) %dpgéi%@ \(vh'rcﬁgféi@ bk o Shi %y ﬁl}f?&f&'siﬁk aﬁ@??O?pZ ppxY: /
10qu(; & E%,;jBﬁ;latte s?n‘face)s-ide; 10%0& ()-T@L0W & ()- "&IOW & ()-&10% & () -
(b) applying and curing a film-forming polymer onto the matte 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) imagewise exposing 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;
(2 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;
(1) 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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S 6. The process of claim 1 wherein the substrate comprises a reinforced
polymer which comprises an epoxy, polyimide, polyester, cyanate ester, BT-

Epoxy or combinations thereof.

7. The process of claim 1 wherein the process is stopped after exposing the

10 photoresist to radiation.

8. The process of claim 1 wherein the process is stopped after stripping the

photoresist.
15 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

20  according to step (c) after step (b).

12. The process of claim 1 wherein holes are punched through the foil

according to step (i) after step (h).

25  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).
30
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according to step (c) and the copper pattern is not treated with an oxide

according to step (k).

5  16. The process of claim 1 wherein the foil is punched according to step (j)

after step ().

17. The process of claim ! wherein the copper pattern is inspected according
to step (1) after step (k).

10 |
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:
(@) 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 foil;
25  (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;
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‘ (h) removing the remaining photoresist;
(i) cutting‘the foil into sections;
5  (j) punching registration holes through the foil;
(k) treating the copper pattern wi@h a bond enhancing treatment;
(1) inspecting the copper pattern for defects; and
(m) laminating at least one foil section to a substrate; thus forming a
multilayered circuit structure.
10
22. 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
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;
(d) applyiné 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 pattern;
(h) 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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(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 to 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;
(h) 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 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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