N U Ui/i-5Y8144594 / Lsut 2! 2t ) 227 PRINTED Cl RCUI T SUBSTRATE WTH-SORTROLLED
PLACEMENT COVERCOAT LAYER Background The disclosures herein relate
general |y to ARNTHR GREINE SUBRTRATE WIDHGOXIROLYEDOPLACEMENTI rcuits
with covercoat |ayers forned to GOMERCOXNT Lal¥ER placenent. Flexible
circuits generally include a pattern of conductive traces that are
supported on a base substrate such as a |ayer of diele:tric material. The
conductive traces typically have a ¢QppghusPre plated with a corrosion
resistant material such as 10 gold. Potyrmde is a conmon base substrate.
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desi gn and specific application, a flexible circuit may have an openi ng

formed 28 i goth&Bemudsispermmaen bashsubsiraigoleS diatemdosohB8it100 ¢ 374085 may
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openi ng. The |l eads may ‘al so be ornmed 1'n"a manner 1n e Phey THe span
across the dpengadlexibhe pdmmeappdse cabivanssuch hepdiblmidel U clIiRagniBysbe exposed

to an aggress) Senyironment . Unprotected conductive traces and the
interface bét%ﬁégﬁét‘géb%g dﬁ%@ﬁélﬁ%géﬁgy %FFgDTetP_éoct?é%eé f%rdléért“?aélt“_é are two
areas susceptinlli@id @i aﬁgefn@@l?gig*?a’b&g\é%s%@te%% EONBER AlnfGRag tions

such as exposure to corrosive fluids. Exposing unproteCted conductive
traces tlé adpetswmpositc.onnental conditions typically !;-ads to the traces

oAy ot e elren s MR el Bvic SURRY BB Griet Fipenon - 90Shifber or
t he body of panff bétseire fefmor Bfpllcaasss RNeBleichit 8L AMNNEEIQeLi®s Sffer

el ectronic device carried by the rigid structure or to an electronic device
that is attributes such as fine pitch traces, complex circuit designs and flexibility. Depending :

on the design and specific application, a flexible circuit may have an opening formed
20  inthe base substrate. One or more of the conductive traces may include a lead that
extends in a cantilevered manner from an edge of the opening. The leads may also be
formed in a manner in which they the span across the opening.
In some applications, flexible circuits may be axposed to an aggressive

environment. Unprotected conductive traces and the interface between the conductive

N
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traces and the base substrate are two areas susceptible 1o being affected by a3verse
environmental conditions such as exposure to corrosive fluids. Exposing unprotected
conductive traces to adverse environmental conditions tyvpically lzads to the traces
corroding or delaminating from the basz substrate.

The flexible circuit is typically attached to a rizid structure such as a stiffening
30  member or the body of a printer pen. The leads may be interconnacted o an
electronic device carried by the rigid structure or to an electronic davice that is

attached directly to the base substrate of the flexible circuit. Typiczlly. the side of the
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attached %d@hxtsgéfz to the base substrate of the flexible cipeyifsoodogpi cally.
the side o | WD 01/ 15502 PCT/ US00120227 base substrate carrying the

conductive traces,i s attache apsul ant is
typically apb?ﬁeesﬁbg%(f “Fhé g 583“‘%‘8%25? %fg?ea %&885%#83“%?8‘& %‘% o from
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over the conductive traces to prevent 5 the traces from being exposed to

adver se envi edrararmairopagat godEionthe covercoat layer is often a
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Due to limtations I'n conve na € cover oat | ayer,
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thickness or a wel|-defined pattern. .In sone areas,. the thjckness of the
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the type of devicge attached to the |ead e en sul ant may al so be used
to protect t98agsHrddingspgiery | "as"%raée%seﬁ‘ieé}&}&ﬂl&é %faR%ﬁ?‘fffcoaB%%‘ati?se of the
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facing SI con uctl ve trac However encapsul ating the
i nwar d faC| nghss defiof t}tehasecmthmrd:uxieshadm‘gfppmﬂlns of mnnrap@cﬁcgbsd arf edgeed the

adj acent to the Ie@ let%ﬁ ({;? encapsul ati on can serve as pat hways for

cont ani nant s P A aces. Over tine. traces having an insufficient
thickness of 20 GOV&eRRtantRidHehApplidine Peorddt ROkl . DepeRhh@bh BRSO of
causing the flexible circuit, the attached device, or both, to fail.

Accor di ngl y, davmee‘tﬂadha@toalhﬁ irads, ftloy ensaprulont WBgtSp@F@S%ﬁ@lm@}ﬂé ﬁb@@'@/ﬂ@oat
formed tgereon p. which the shert caniigs af preyions Aechniues and

COI’]StI’UCt as now een |scovere

phot oi migeab|1§ea€s9\i(€émp§ulaiélﬂletlﬁit\f/@6 fixng ¥ibé 6ﬂhha§ndmﬁﬂ¢dt®dde§d}{p{va€£ﬁe nt
beyond t he base substrate and onto. the_lead.. port| on of _the conductors. Use
of a covercoé?hq}qYﬁicé%lllﬁtinﬂrﬁ}ﬁw&éfdpﬁaa@éﬁ@ﬁ@ Hrsaritgbit & qiffiquits AdT BYFXeliel ps to

ALy are Pl QBhSIESRURRE iR QuRAE KRLDsl i an SOSERS M ARE, R, BT OV 41 0 an
addi ti onal |ayer o protec ot oi mageabl e covercoat can be
f or med contaminants to reach the traces. Over time, traccs having an insufficient thickness of
20  covercoat material can be attacked by contaminants, causing the flexible circuit, the
attached device, or both, to fail.
Accordingly, a need has arisen for a base substrate having a covercoat formed
thereon in which the shortcomings of previous techniques and constructions are
overcome.
25 It has now been discovered that a photoimageable covercoat can be formed
which has controlled placement beyond the base substrate and onto the lead portion of
the conductors. Use of a covercoat with such improved placement characteristics also
helps to alleviate problems caused by air pockets in the encapsulant by providing an
additional layer of protection. Further, a photoimageable covercoat can be formed
30  which can be coated to a controlled thickness beyond the edge of the base substrate to

assist in corrosion protection, and the like.



30 whic n coated to a controlled thickness beyond t f the
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base sub 0 assist in corrosion protection, and th
01/ 15502 PCT/ USQQ 20227 Summary The invention provides a printed circuit
havi ng i nproved resistance to adver seSUHayr onnent al conditions. The
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controll ed and substantially uniformplacéenment, 1.e., a predetermnm ned and
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hot oi mageabl e ceover goat be a direct tension of a trace_ portjon of

!to he plhot gi n%odﬁg%?o\ém@g\%&%ggqs erx.tfé’.d,ullg ?eyﬁﬁg)ﬁﬁéuaét(%"nﬁ (?ﬂ?cﬂiémﬁﬁﬁ‘il;eﬁg, Iheor it
nmay be a corpd porebi oﬂﬂfe%ﬁ&ﬂmﬁ@%bi%ver?h@t 1IR3 Dia$ B Bt af'f\HQulpsiein'f'itaﬁgt hat
e., a

circuits fornmed therefrom al so have a nonconductive portion, i.
part of theunjfpsatplagemenhil.eh aipsedgirsminedaad isybstantiaBy contenl edmffseSlistencer  al | of

L PO ", TR R RIS Sk s R e

enbodi nent, the p geab overco al so

beyond the sdge mttiéhef thaphotslifapetlt Covertsht GRV,8f Safibe h@BlinduPBdingh Of the
upper surface and_the | ower surface of the |leads. A principal advantage of

t he enbodi n%rrif%‘ab#’§§éﬁﬁ’§&tﬂéﬁéﬁaﬁhqd§oﬁﬁ%§- the | eads 20 can be encapsul ated
with @ uniform | pua 0lub@t GaFhin B HELM rohRed BlGford ARoRGLENT 1 a1 of L he

| eads being attac y contam nants. uniformlayer of covercoat can be
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advant is the ability, . using a substrate having an interior

openi ngl_%et o“FGRetPT é%ﬁé%%ﬂﬁm&ﬂl Rl %E’W?Yﬁr %@’e&ﬁé‘?ﬂ’?@ on the |ead
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A principal advantage of the embodiments presented herein is that the lcads
20  can be encapsulated with a uniform layer of covercoat material to reduce the potential
of the leads being attacked by contaminants. A uniform layer of covercoat can be
formed on the leads to encapsulate and protect the leads.
Another principal advantage is the ability, when using a substrate having an
interior opening, to form three-dimensional features within the opening on the lead
25  portion of the covercoat; a conductor having a lead extending into such opening need
not be present to form such a feature.
As used herein, these terms have the following meanings:
1. The term “trace” refers to that portion of the conductor(s) which is
supported on a base substrate.
30 2. The term “lead” refers to that portion of the conductor(s) which is
unsupported by the base substrate, e.g., a conductor extending beyond an edge of the

polyimide substrate.



30 2. The rm"lead" refers to that portion of the conduc Leh is
R SRRl

unsupport Bylisﬂ% base substrate, e.g., a conductor exten yond an
edge of the polyimde substrate, WO 01/15502 FCT/US00/20227 3. The term
"l ead portion" whén reflderierny lesd paidophuhel weiguadiothe phatpisergeablef ers to the
portion of t r t i . | vd 11 de
Subst rate. NoPEicErERRy M S EHRE o WA ARR sRiehs Bhyohilly R
extendi ng beywbrigidensubsige. oNotehthisStehs i@k é fovhied hationsf thekcovercandxtehding | ead
al so extends 5 therefrom. 4. The term "trace portion’'. when referring to

t he phot oi mad®¥endan ¢dgsef Bsatbsieewaetier QrHet peendusier pd alse cx594s coat  whi ch
coats at I5eastbﬁ;9§&n'grace portion of the conductor on the base substrate.
5. The term"” means ultraviolet and refers to radiation froma source
10 havi ng wavel engt hs difhefteranttedee portib@0, wieenabfeningdb@he pgsintagaable 6. The

term "of fset distance’ rrea\}r%s t he dfic;ﬁt ance whi -ﬁh t he hot oi mageabl e
cover coat extONHSOB &S50 tPoEiyLoidne eaTEnat whichisests 4t lgast pne #Ree RAEHR | i ne

and space patdrefdvondBabSofhP Bl ABSkKd S used that allows only certain
portions of the covercoat surface to be exposed to UV. while other 15

areas receive no W expdsuerer “BY" Teans Wiraviviel aolkeiaps 10"rhdioteh frposwiraeef er s

to a UV exposure in iC | east entir vercoat surface is exposed
to UV. QﬁéTh}af"é’_rnga”:é\%P% FSf{rE‘HQf@O”tr@ngéQ‘E% 43%&3865308?5? ginally facing an
opening forned i the THat&k Qffsef diaRaS enaHOHk iRk ce Whidhdh@r ocessi ng. Such
an edge may 20 becone an exterior edge on the final circuit after

si ngul ati on. phBimezeBblscPVEEddgxEnds hryom thriedge ¢ Gabass spbgratd. is a

perspective view i |l ustgating,an _ephodi t of a base substrate wi.th a
phot oi mageabl e cov7lér co;—[ltrheltl%ar?’griﬁ‘regpgrrg%acf%Eg%moglgﬁrilsna %}Oﬁon?ehs HEE Ikéadbst rate.

Figs. 2A-2D afllewsbalsceReidipotitak of tRWSvércbat stifadeitd Be axposedb @A WERhi1©bther
met hod 25 of form ng a _phot oi nageabl e covercoat |layer. Fig. 2E is a cross
sect i onalldvi &fFa axcsHea0 YY §8PBIRE in Fig. 1. Fig. 3 is a flow chart

illTustrating an ergbodi rpat.Of “f?oogeﬁp%o(afexiaggemré}grs% aWE)QJo@B%?ﬁWh?ch

covercoat |ayer.
at least one entire covercoat surface is exposed to UV.

9. The term “interior edge” refers to an edge originally facing an opening
formed in the interior of a base substrate during processing. Such an edge may

20 become an exterior edge on the final circuit after singulation.

Brief Description of the Drawing Figures

Fig. 1 is a perspective view illustrating an embodiment of a base substrate with
a photoimageable covercoat layer formed in an opening in the base substrate.
Figs. 2A-2D are cross sectional views illustrating an embodiment of a method
25  of forming a photoimageable covercoat layer.
Fig. 2E is a cross sectional view taken at line 2E-2E in Fig. 1.
Fig. 3 is a flow chart illustrating an embodiment of a method of forming a
photoimageable covercoat layer.
Fig. 4 is a perspective view illustrating an embodiment of a printed circuit
30  having a photoimageable covercoat layer formed thereon.

Fig. 5 is a cross scctional view taken at line 5-5 in Fig. 4.



Fig. 4 is a perspective viewillustrating an enbodi nent of a gqrﬂi nt ed
circui t We8VIRN ng a phot oi mageabl e covercoat | ayer f or metCVHEPRER7 Fi g. 5
is a cross sectional viewtaken at line 5-5in Fig. 4. -4 WO 01/15502
PCT/ US00/ 20227 FHg-§.1s 8 pesspectiysvigys dlusirating @wthqueu&pdmenﬁgf apuntedr

embod et cbuPnRk BbGIm i 1BVL00: AR RBlTTAGERL © Covercoal | ayer

formed thereon. Cross sectional vie s¥en at line 7-7 in Fig.
6. Fig. 8 is a péggoeatctoss sedtionali titwsdkeatat lige A7 iaf@d. ment of a printed
circuit 5 with_a |ead portion of the covercoat |ayer being spaced apart
froma trace poft§ &ds2 PRESPEStve VI disiping#n ombediment af< pripted aipuitri g. 1,

i ncl udes a JT?&% I 14 i ed to as

t he covng(\)&g{?l O%Igil/e 1%? o? g%%g&?gé’te{%yegég{%g#gaﬁeggﬁaﬁéﬁ%{a%grﬁcés ({)rg{)}r;'ate 10 may
be a flexible dielectric substrate such as polyimde, a rigid dielectric 10
substrate such as a gl ass rei nf olstailedddesyriptiorposi te material, a conductive

material such gs,al um nu ot her i tabl e types, of substrates_for an

i ntended appl i CZ\P%E.SL%WE ]E:H(’b&lfégr oﬁ‘tc_ﬁ’l%%%? Tﬁ"ﬁ%ﬁalblg COYTTRRAY 13y6T ?%cl ude one
or nore phefiéinaeadeferal i @5the $6vdiat el PAREALInI R JehiRl 19X tTgRMasd hr ough
the entire thickness of the covercoat |ayer 12 and a channel 16b that

ext ends onBybsyatet [0may be a flexigic diplscieiesebsia suchye polyimidesa rigidakiclecttise of

i o1 bott; ¢ TRsBEREEnE: FRRN EReSLE b AP hGe Lk Fro SRR (e

feature i s stghpdscihipnufosehkrisnitable openbN@bsiatthoriafirended ppliédienbase
substrate. _Jhis feature is forned by UV exposure of differing patterns on
the top andDBGPYBRIAIaYEE L pmay bgdormeditp ppcluds one grmorpRbetgirasasdieareres over coat

materials typheakl L Bb4 1 &ty - o d the cure
does not penetra é%tao ?he fﬂﬂ ttﬁlidégﬂrgg%l g%%ﬂreeqh#}r%s%%%se ds?r\{g%?t t hese

f eat ures atayebé2 einha piEngelifbstbatdapnds balyguaitially though dre wivertchst lajdnilgkness of
the coyegrcoat. These features can,be created by exposi ng one side of the

f1 exi b?fg ci r cui I“‘%Sg’a“%"& Péﬁ‘%"g‘baioéessﬁ&?@ﬁﬁéé %P‘HCGH&QPI%& fng the other
side. The diegistonaf dithetrienoek wigir@BpbBlimak dp¥ninbe MHMMhAdesRRRIARR 1 ed to
the fl ood exposed side. 25 Many materials that are used as photoi nageabl e

cover coat [fyleptyreds dypicadlyrfarmedsia an@peing i thsiintsketiof the bass spbuimien cBhisf LV
light to f ?%Jﬁ%ﬂg i %B@B%ﬁ\ﬁk#}%s%%f dﬁ%rﬁlg \}Jlaﬂextnggn %et%g U588 bc(?tftor;l1 S tc:s E) '

achi eve en resi stance verse e ronment
the flexible circuit. Photosensitive covercoat materials typically exhibit a limited

20  depth of UV cure; i.e., the cure does not penctrate to the full thickness of the films.
As shown, these features and be channels whose depth is only a portion of the
thickness of the covercoat. These features can be created by exposing one side of the
flexible circuit to a “line and space” pattern and flood exposing the other side. The
depth of the channel is controlled by the UV dosage applied to the flood exposed side.

25 Many materials that are used as photoimageable covercoat layers are
formulated to be crosslinked in the presence of UV light to facilitate patterning and
cured in the presence of heat to achieve enhanced resistance to adverse environmental
conditions, such as corrosive fluids or gases, biological contaminants, etc. Suitable
covercoat materials include photoimageable epoxy acrylates, polyimides, and the like.

30  Commercially available materials include the product sold under the trademark
“Imageflex” by Coates Circuit Products under the part number XV601T; “PSR-
4000/AUSS5” sold by Taiyo America; “NPR-80/ID431” sold by Nippon Polytech

-
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condi tionsyggysddgAs corrosive fluids or gases, biological eeRh&FHR@RS,
etc. Sui tab? covercoat naterials include photoi nageabl e epoxy acryl at es,

pol yi m des, d the like. r laII avai ] abl e mat er ncl ude the
P otuct sl d CarRERIYH o ar b risagesh B 1 Hartah B fitide BT o1 o
under the paffe RHEDREMYBNGTBY0 Eid t‘rB%E’omAO&QMM&S theS@Ad Yk TEArdPaclVET b,
"NPR- 80/ 1 D431" sold by N p 8(gon Pol ytech -5 WD 01/15502 PCTI USOCO 20227

Cor por at i on; Eﬂ‘ﬁé"é‘é’ﬂ&dﬂl@ﬁa ChemigaloiAmeracmdgiide pat RemberdediRdi& " Pr obi ni de”

e e e 9o RIaglong, aat e AU, R MNTRL s AgE

nunber EMPI 1Gs ilibstraedindFigd. ZfADﬂ’OYBB‘IgﬂhhﬁleﬂfoﬁfxQils(edk;ﬁ@mﬁfncthaﬂowdmeﬂ oIE;g)n t he
base substrate 10 5 is illustrated in Flgs 2A to 2E. This nethod is al so
depi cted in Bhdbelopariaaaf is lormed g the Basepnbstagife i nEheldess subpbatsdd ahat he base

substrate 10 e basheS Rt S IO R Gl o JftFedfncd 29, Figospd of de

20. A first si ana ered Tiner amntedtothe
second side Zﬂnmhtetih@t}basmrﬁuhktzomfehelﬁhseIhimzat&ﬁé)r dih atihmemt 1R2r Phyhaybe a

| ow-tack tape havin backi.ng such as pol yester wit yer of acrylic,
mastic, 10 rfﬁ’s@??“'dgc avérus% élééHﬁ}éE? %@m&m@l Bglﬁy&fr as%% REUCA key
requiremgpt frQbbel Bfemha%%aetadﬁes%rfog@ea h tﬁq@@sculﬁg,t SRQEY fhgRLmBAY fbﬂm@dgeSI on

over time so that It can be easily renoved fromthe base substrate )
Anot her r equiadberenttlines22 Isabattitshoakdret build ddhesion ovartonaso hhioitbah Exdusily t

substanti al | (RY ransfer .to th substrate. The coyerco ayer
1ot By o CreEv R st ASle o ho Ao et FdRisE e ot e R Tug
substrate 10 rangval Bhculd Behikiavibstanddily xEd SthedBe 8RS thelyibsthge Openi ng 14 and
the adherent liner 22. The covercoat |ayer may be fornmed by applying a

| ayer of a liquid H)c@meqr@@aimmatlbﬁgﬂcuwhgl &rmefépvqﬁghenﬁnshs;de $ gﬁthas kni fe
coating, ;extrusion die.,co tLin in.r screen

spray coa mém%ersu T I%ﬁrll kﬂ eg v‘(/n181 E&%gds dfbgrﬂ?n(i)ﬂf’ﬁnglgl a éllrd

cover coat nmataghdraht.linEhe2. C'Dh/d&kﬁ@ﬁbaﬂlay@ﬁ'na]/%elfb‘nﬁém 4RByang £thyat om@@t
tenperature or in a suitable drying apg%at us such as an air, convection
oven. O her FEYHERR Msferiabpiinmy ceativgvegtheshiuch gy brifespaHnaxirusipmaki ng a  dry

L mtever, | Sohle, sull ek srnie ok AaRReRLFL il B AR RYIRR ! (e
trace porti omeBodand f@ami®ba lagadbiporércan ridierial h€hd caaemopidayerdd id theaf t he
cover Coat20| a%rxed %tz ar}aﬁegxtqgépéjrgtl;jgei c?rr}n];%aga‘?ﬂe drying apparatus such as an air
convection oven. Other methods of forming a covercoat layer such as laminating a
dry film layer to the substrate are also contemplated within the scope of the present
disclosure.
As shown in Fig. 2C, the covercoat layer 12 includes a trace portion 13 and a
25  lead portion 15. The trace portion 13 of the covercoat layer 12 is that portion formed
on the base substrate 10. The lead portion 15 of the covercoat layer 12 is that portion
of the covercoat layer 12 formed on the adherent liner 22. The lead portion of the
covercoat layer 12 may be formed adjacent to an exterior edge 17, an interior edge 19
or both edges.
30 Next, the covercoat layer 12 is photoimaged, Fig. 2D. The photoimaging step
includes exposing and developing the covercoat layer 12. The exposure step inciudes
exposing the covercoat layer 12 to a light source 23 such as a UV lamp. The depth to

which the material is crosslinked relative to the overall thickness of the covercoat
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on the base substrate 10. The |lead portion 15 of the covercoat |ayer 12 is
t hat por‘?’Pc?H'ss(% the covercoat |ayer 12 forned on the adh&FEMS0308, 22
The | ead portion of the covercoat |layer 12 nmay be fornmed adjacent to an
exterior edaxeri? is aenerallyes fupetieniglthe applind exposure dugrgy. S@nevally speaking.

t | - j ' L9: 2D Th hot oi ' t i nclud
cxposi ng. ard Sfet T BOBBUIROR horcls pnsfibes I AR SlnTRRPE Sl ne e

exposi ng t HeheaoMeonshih bétagert thkAhickness bt gletcresliflesd Mefslcdhdage expdvrkanp. The
depth to which the _material s crqosslinked relative to the overall

thi ckness dPeiEoRBIRYE A Enatlingdhotickaseoperieadoonipop 37 of theyevereoati s
gener al kky qa)téilg?tdt) EQ f&;“em??%ﬁ{ﬁbﬁn%tagiaﬁg’?‘%ﬁ TRRSEY - Ceneral | y speaki ng,

t he thickness e crosslinke I ncreases with increasing
exposur e ener gy. Whieene el atdre pbdtojmdget feeures hé atehdesited asfiref pHolanak @gs! i nked

material and t exposure. energy contributes to enabling the thickness of
the | ead p(r;grjlg'iﬁﬁsmﬁ beopositifie 89%%’8&? thecovercaat layerld apd aiseeordd to a

trolled i f i i t 16
controlle f@ﬂm‘rﬁ%k D8Iy bptfdhaRS Be pmgaisrgeg%g%c% tﬂpgegog@%dg!zﬁ%ggﬁaﬁgﬁé ures

are desire a first photonmask™ 24, . . may ositione Jacent to
t he cover coabstiasy &0. The phaiomage@dnds cpihdndndskparte negjoryits formatd in de

ositigned adjacent t second _si.de 20 of e se , substrate 10. The
Bhot omcajlsra ks %ﬁ, e‘ﬁ%ar%tggb ﬁ%@%&%r%ﬁé W%cd}'%eﬁég}g Tofm, beg emsagwgaesi red
pattern. ThedeRpapfediGil sMbe edveRdcRElayaeld. I1ghn dxposhp ehdshverdeasiapk 119 t he

underlying regions of the covercoat |ayer 12. Upon éexposing the covercoat
|l ayer 12 tt® agight grcesdly theeplpgomesks 2dhbt predutessxpaseda®riwnsdiZeané xposed

portions 1 - S r i ; [: 2D. . Co rci,all vai | abl e
equi pnent 2&‘2‘\}’8%@ p&@éﬁgﬁgg’ %gbglg'etdto e ccr(%l\%gy 8@%&”%@3“’%%’?% qgoqs%{%% ng the
cover coat |expese the chwercugt bawposEd, it is subjected to a devel oping

sol utiqn. Wen egati ve-acting photoi nageable material i s used, the
porti orlg not exg:d’g@ "E%)%i\eﬁé'vﬂﬁmﬁi]@ﬁ 1%!':’F1Flgl§ép?séﬁd%sc§uﬁl?ﬁeﬁé°Fhe devel opi ng

st ep. Vmerhe%cl@ﬁ%%tsbﬂﬁbﬁ.cww PRLA TBARB NG 10MBA S bR mbrikSE dsed! (i POTLiOns
exposed to the light will be renoved by the devel opi ng so? ution. After
t he cover carertionsynet exposedtoptbe 484 bghypwidl beirempgededuriag thy deehopeng stemal

met hods, e. G [

R RN R NS
anbi ent t engenightiv] B¢ fnwigd bl iheddvelopafpSsoRitidhe ATRY thdtoveRvAREI&NbRY due to
time 20  developed, it is cured by conventional methods, e.g., thermally cured at an elevated

temperature in an air convection oven, cured using infrared radiation, of simply dried

at ambient temperature although this is less preferred in manufacturing due to time

constraints,

Figure 2E shows a photoimaged feature 16 which has been formed over the
25  interior opening.

In a lesser preferred method for forming a covercoat layer, a non-adherent
liner is used. The non-adherent liner is brought into contact with, but not adhered to.
the base substrate. The liner prevents covercoat material applied adjacent to openings
in the base substrate and adjacent to the edges of the base substrate from

30  contaminating the process equipment. However. because the non-adherent liner is not
physically attached to the base substrate, it is somewhat susceptible to shifting relative
to the base substrate during processing, and assists in placement of thc covercoat. To

prevent the non-adherent liner from shifting and unintentionally smearing covercoat
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constraints, ure 2E shows a photoi maged feature 16 whic f or med
over the ‘Z@ |/r’|?5é’?| or opening. In a |lesser preferred net ho{})%sglggﬁ%ng a
covercoat |ayer, a non-adherent |liner is used. The non-adherent |iner
brought i nt o waetialantardiacenbareasritthabise sebstrats, thetroa- adbsr@ntslummramvedrhe

Liner prevent s, Gouer coal RUSK! i BRRE SAuA ALHRLL B,QRRNLAS. 0, t he base

substrate and a J ace ge Se S rom

cont ani nat i ngmétedalpidpeenso egkddgeest the kibseuRmaybeaiae atjaecrnportiedhef gt
liner is not physically attached to the base substrate, it is sonewhat
suscepti bl e t¥s§ ﬁ‘ilwlﬁwgcauéunattbwwk%%pﬁ thergpyercaaitiaer i oF BRIFFHETEF ocessi ng,

and assists igQ Jyréﬁﬁ@g‘a@% w8l of?ﬁof&&ﬁ%hﬂ?ﬂher r;&cep{h%\fﬁﬂﬁatitoﬁ%rg%ﬂk@q’g%€5502

liner from Shl tin uni nt enti ona sneari ng covcrcoat
PCT/ US00/ 202Zd)ntmﬁéétfmﬂ:hessnmahatﬂaape:mﬂonar eas of the base substrate. t he

non- adherent |iner to. t covercoat |ayer dri ed.
During the drying Bt E‘?:B"sc "cgﬁ’éetg‘i‘d/‘éfr%%‘t“g FRFTCQpt. alge E"émo r¥dges of
the substrat NS b W Hfagtat %beﬁia\t@?@ %ab?é%riﬁé %@ﬁaﬁg%&mm@%& ﬁwﬁbr ate,

causing the ness o e covercoat |ayer e non-uni form
Accor di ngl y mb]etdmgéeanifpoaumriSdﬂhagemlatwdgnomtadladasduhléorimplaemmmmd a

uni form ontrolled thickness an the.lead .pqgrtion. In the preferred
ot hod o 1 or TG ShGeCETEHE GRS CH Tt A A G VG NI B DEYSSHET ¢ o

the base s ubsm Ak Abhaah AR bhke A6 Ms&r@ﬁ 1@fun%1 ﬁ@wﬁ@@a@rdoaVﬁperh% is
including |l ead portions 15 having a relatively controlled and uniform

pl acenent anddrlf@ tDepehdiag sn t@enmeequm@mheé dertiretl ipnasess22quencadhesi vel y

attached to th §§ é?str te can, remai n taclilgg to the&?ase
substrate 10 feP 1Y & BHeC 8’(?8?’%0%&“ %ﬁrcofzrc? Ot ¢ 2dBERRRET A on t he
process equi pjfwﬂ&headweﬁsﬁllgﬁélpﬁ ssedsequence. the adherent |iner 22 may
be rennved prior to the covercoat [ayer 12 being exposed or after the

cover coat!d ayer 12Thesadbgrsaslingr preslugpsthg gaugreont matgiist fipmallawine dutingthe

cover coat mtcﬁ%g'ste{g el {hafwle gy dgu% 9 5t H8he sia%mgﬁ %g&an}%gum Q%ﬁur%h 16q! €ad

portion 15 of ver coa as a contro
t hi ckness. Thenifedihahiekitess.i T adh2reat Boer @D alibesalilbethe ovesrcmataybay®rio bk2 t o be

phot oi maged in a .manner that produces a covercoat ove h | eads (I ead
portion) 15 &W‘ﬁ’ég @@ﬁ?mer@at}apg a&PEqr&??éé‘%@e{ﬁ?é‘ e3d PPRONYE P set

di stance 35 i ﬁavﬂ%fd Aeehol1d B8set distance 35, Fig. 5. The offset distance 35 is defined to be
20 the distance from the adjacent respective edge of the base substrate 10 to the far edge
of the lead portion 15 of the covercoat.
An embodiment of a printed circuit 30 is illustrated in Figs. 4 and 5. One or
more conductors are formed on the base substrate 10. Each conductor includes a trace
32 and may be formed to include a lead 34 that extends from the interior edge 19, the
25  exterior edge 17 or both edges of the base substrate 10. As shown in Fig. 5, the lead
portion 15 of the covercoat layer 12 is formed to cover at least a portion of the top
surface 40 and the side surfaces 42 (only one side surface shown) of each lead 34.
Another embodiment of a printed circuit 30 is illustrated in Figs. 6 and 7. The
lead portion 15 of the covercoat layer 12 encapsulates a portion of each lead 34. The
30  lead portion of the covercoat layer 12 also encapsulates an edge interface 44, Fig. 7.
established at the intersection of each lead 34 and the respective edge of the base

substrate 10. Encapsulating the edge interface 44 and the portion of each lead 34
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20 the c{gﬁt Z}j 2fromthe adj acent respective edge of the base substrate 10
to the f4P0 553 of the lead portion 15 of the cover coat . PANYUSAAIdR rent of
a printed circuit 30 is illustrated in Figs. 4 and 5. One or nore

conduct or s fareed adisreat wrihe pdebiatsfase b reduces the porat#l foofallucssassaciatddudes a

trace 32 a‘pﬂ‘ g@yos?(ﬁ]egtgggg etigtei_fggéyge a lead 34 that extends fromthe

interior edge eriror edge 17 or both edges of the base

substrate 10. AsFigh®illusirate$yq.anbthet frabddiadnt gior priraed dibcudf whdteinGRy Rag oat

| ayer 12 is forrrgi }?1 cover aiﬁleast a portion of the top surface 40 and
the side sROFARILE abthe Gaysroonp eaver de issqamnietelydetarhgd Bpmdhe rasepartisn 13.Anot her
enbodi ngnt gf. QvelcbatigskrabhiSH 11Sy | e Eigs. The
| ead portion elSVOfC t hgﬁéovéfgﬁ()%gteaggil@rhhél‘g%%@?gsu rfa es Cgl%begr%tyﬁg%leé%is each

| ead 34. The an@0s bpemed ppart fram tbé tradeepartved 2 bpt coaydiedladdaintforre péagsul at es

an edge interface 4 Fig. 7. estaplished at the jntersection of each |ead
34 and the ‘ﬁ%@‘iﬁ?gﬁ 3@8&6@@06?02 i%og%éov?ﬁ%tl?y&f éb ey bederpedtodpllng: t he
edge inter gﬁmlﬁﬂenaﬁ&uralf@;h@%}abé}ﬁ peftidesttbnk @R thopéead 8340 01/ 15502

PCT/ US00/ 20227 formed adjacent to the edge interface 44 reduces the

potential for fdnlanp@dsr embetiingnied subsitrate ipoludessd basc aubstiate ledtgg dnnt er f ace 44.

Fig. 8l t t hen odi nent, of a printed,circuit wherein the
| ead [ygrt :{)?ﬁﬁ%gq%ﬂ et%htggrg%\ggurgch(ba elogglélflgflfﬁp%s a&dﬂ%ﬁ& 8987~ dbt ached from t he
trace portipghdtoldageadbleldd@eROMAnER G forEe on e base katsiRa. Slth%fbhbfbii"fha%éaﬁlel ead
portion 15 is carried b¥ the leads 34 and is spaced apart fromthe trace

portion 13 99yergodtdyer indludes adepd nortien farmed iethe operingin£be BBd potion haad
portion 15 -nﬁd . gr partially
encapsul at ecgli.lgge’ﬁidd(jﬁg%g ﬁltg&g%er %@%@n&rﬁ;ﬁg@%@%ﬁ%ﬁé ea{léfs%r%jucvéﬁesgfn ot her

enbodi ment, a subdirtiar embodimetesroaideaaenahidasaf fatrring adoRngreain laykd ofpeni ng

f or med herethr@u&h. %ge ope i_na gefinnes an_interior edge. A )

phot oi gedBFeSPsTFc 'P“}eglf’grm' 5 ¥4 ﬁé‘ﬂp%?fﬁrﬂ‘é‘d%sae‘?%%B%QSFfaieéla_VmISe

phot oi mageappsing SMeY; ¢8R natiAY &1 adHafdn¥ HRS 18 al SRR RS %i_s@ QuisRaRe e, }rﬂhoé]?e
opening. The | ead portion has a controlled offset distance and ¢ rolled
and subst arithiotgimggeahlefasivancostilayanbeawing A l¢agrporéen fomped bnihet adberent bess; a net hod

of form ng r,on.a base. substrate. The nethod incl udes
the steps oa?\d%%t\%/)lhﬁ?%}ég gl%gggsd o I}s?f#g‘f’ gﬁ%tQW?'ﬁja&S BREEr ?%Yleﬁles; | ani nati ng
an adherent | i neAs it cardbsicde, thé einbedibRas predeaied dein ok MHengvetal
phot oi %geabl e covercoat | ayer having a | ead portion forned on the adherent
li ner: advantages, including thé following advantages. The edge interface and the surfaces

of a trace adjacent the edge interface can be encapsulated by the covercoat layer. The

covercoat layer can be formed to include a lead portion. The lead portion of the

covercoat layer may be attached to the trace portion or completely detached from an

edge of the base substrate by a controlled offset distance. In the preferred

25  embodiment, the thickness of the lead portion of the covercoat layer is also controlled
as desired, and is substantially uniform, although nonuniform thickness can also be
made by this controlled method where desired. The covercoat layer can be patterned

to include one or more photoimaged features, and the method of manufacturing the

embodiments presented herein is economical to implement.

30 Example 1

A flexible circuit having a polyimide base substrate with an opening formed

through the base substrate was provided. The opening defines an interior edge. The

9.



and phot oimln%okhe | ead portion of the photoi mageabl e covfecrﬁgﬁ%/ibﬁyer. As

it can be seen, e enbodi nents presented herein provide sever
advant ages, ipcluding.the foll gw ng advant ages.. The edge interface and the
surfaces of fiw@segmaa?aé@éﬁwam@féa@ qtive dpresdermiesPivelisheidp slithatas by t he

covercoat | ayghgrhea; &Q&%{)@ﬁnemmomm%e{f;&g m%ﬂnlg%iaaei 'e%ﬁ%ig% lrad

portion. The |ead portion covercoat [ayer e attac to the
trace porti ortheinteooredet ef the beteaubechtd. r Amadirerere diger lndvinghepdipssterdbatidhg at e by
a controlled offset .distance..In the preferred 25 enbodi ment, the thickness
of the Iead p‘SP{t‘ Pgh‘éhg)f O 1£%W6§tadﬁﬁ¥@rw?§ia%%déﬁﬁtSFEﬂr’Igébde ‘géh‘a&%sf’r ed,
and is sutz,staﬁbgﬂté.ym@uﬁe@raﬂaﬁ@lctpeﬁuglaeﬁﬂéwemgrmra?emﬁﬁfd can also be
made by this controlled nethod where desired. The covercoat |ayer can be

patterned t ophoteinageablmeovercoatoesin piidtbyiMinperdPélpwtiutBeck MadVPREN/ARhved of

manuf acturing_t odi nents .presented herein is economical to inplenent.
30 Exanple 1 o opRg Hefli o HedpRnyRRenB S  Frealerin SO B EPiEFesah t o
openi ng f or megbstaiiAyAlisttheclag e The bstdradae 133@.8“@51% 86l in HARIRAVENSn
defines an interior edge. The -9 WO 01! 15502 PCT/ USQ00/ 20227 flexible
circuit has aovysra@t appreximetclceNEuier rrproximaeady 30 orinues. drollawing e dgyise of the
base su r e i of 1 ductive traces includes a

| ead ext gﬁji ?1%&% rmgérrtﬁag) % ﬁgst rieﬁ}og%f %ngg%féasgtg S?Srir(e%%balggatseu esdt;fngfo 2SR dher ent

l'i ner havi ng pospidhyéadjetenbaaké 6@ craviat ayér dndghd yovercoasihydrked tagy akpaded to
adhesive was | amnated to_a second side of the base 5 substrate. The liner
and the openihl Vdight suree famiths firshsifie gbihe pse sugsiiaie: phest WV liggbatires wasver coat
resin sold by.N ] S : / C o0 the
frrst oide ot |APERGCSbBRRSAR G, DY chihs R Sne A Ehedllyé

subst anti al | ysuffidiérs enérgy camire vhe chherccave b depth abprpeimarels ety o theitkidkneds an

air convegtio oven at approxj,mately 80C for roxjmatel y 30 m nutes.

Fol | ovi ng X hebidps Fgudeyateps: X{*ﬁ_ecwa%%awé BV aPF] B RLBO8 st  at e.
A patterned pReLOEBRKpWRDrialedddat bpﬂ‘é@o@&b@eﬁ%&r.?ﬁné&ﬁuﬁ%@ﬁ%ﬂa&akécﬁ%er_ and
the covercoat |ayer was then exposed to a W light source fromthe first

si de of the mppeoxsmbistyl 58°%: foThpproxiniategdn 80 sumteetowasplegethetcoripg of/thde

approxi mately 500m./,cn?. ..The UV dos was, specified t I OV sufficient
energy to curcé’vFrﬁthché'r ZB%‘ECS{‘{?}/“%PH@‘%%“&%W%WW&% @Fﬁ“‘%&%&?cn{ ’gﬁﬁtﬁ cdin

thi ckness 15 m®g. 3.he conductive traces. The covercoat was then devel oped in
an alkali solution to

20 Example 2
A circuit was formed using the same method as in Example 1, except that the
covercoat was exposed to UV light from both sides of the base substrate. The two-
sided exposure process provides a circuit wherein the top, bottom and sides of the
leads are encapsulated with covercoat. The resulting printed circuit resembles the
25  embodiment illustrated in Fig. 7.
A wide range of modification, change and substitution is contemplated in the
foregoing disclosure and in some instances, some features of the embodiments may be
employed without a corresponding use of other features. Accordingly, it is

appropriate that the appended claims be construed broadly.
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remove t priate areas of the covercoat layer. The c¢ircuit was then
baked at‘%gg@?s@gi mat cl yl 50C for approxi mately 30 m nutes FST@§W°§%7e t he
curing of the covercoat |ayer. The resulting printed circuit resenbles the
enbodi ment Yhetisclamedisin Fig. 5. 20 Exanple 2 A circuit was formed using
the sane nethod as in Exanple 1, except that the covercoat was exposed to
W light from bolth silges.n?f t.he. base substrate. The two- sided exposure
process provides a cit S AHERE; $PPRIRG,  bot t om and si des of the |eads
are encapsul ated Wit ha Ba¢en6RAte habig: &e\g‘sﬂet butgacR! & HvRA sificeUinll of RAGMDI es
the 25 enbodinent illustrated in Fig. 7. A w de range of nodification,
change and substonefdeen i s contenplated in the foregoing disclosure and in
sonme i nstances, sone S of ' ) be .enmpl.oyed without a
corresp?ndi ng use of %ﬁ%tes{rjg ee%ot%ﬁ]}l'tétsgsfoigggghirﬁﬁ%??gwmiagm I%M‘Q%?i ate that

the appended cl aiomdudibeanies supatedboatk Yase sibstdl b/ i4808iagRAEAIISOD 20227
What is clainmed is: 1. Aprinted circuit, conprising: a base substrate

havi ng an upper SfdineTon ansdes okthebasesubsimataiandeast one edge; 5 at | east
one conductor formed o &b, S i neludi five trace
supported by the base gb(%stra%t@%ﬁ %nﬁ%?%\({:aﬁagﬂlgﬂgld@a%%agtx %%@g%mp rom an
edge of the basefosubdon ttedecadatie: laadpation v deghbeinagablogivelcayeaydrncl udi ng
at Ieaﬁ;tg a |l ead portion fgrmag. ogl.the Ieadf the | ead portion of the

phot oi negeabl e tecspntiolled priset gligtanee fepmy the diass Bibsedeor f set di st ance from
t he base substrate. 2. The printed circuit of claiml| wherein the edge is
an exterior edge, of i d. : s T rinted circuit of claiiml
wherein said of 1?Zs'et d?%%ﬁ@g&)glylﬁéo&b% Th ?lg Y tﬁﬁleg%erﬁ\anfﬁ{eﬁ'.or Hri nt ed
circuit of widsubsttatturther conprising an opening forned in the base
substrate and wherein the edge is an interior edge defined by the opening.

3. The printed circuit of claim 1 wherein said offset distance is

substantially uniform.

15 4. The printed circuit of claim 1 further comprising an opening formed in

the base substrate and wherein the edge is an interior edge defined by the opening.

5. The printed circuit of claim 1 wherein the lead portion is completely

detached from the adjacent edge of the base substrate by a pre-selected distance.

6. The printed circuit of claim 1 wherein the photoimageable covercoat

20  layer includes a trace portion formed over the first side of the base substrate.

7. The printed circuit of claim 6 wherein the lead portion of the covercoat

is attached to the trace portion of the covercoat layer to form a continuous layer.

8. The printed circuit of claim 1 wherein at least one lead and the edge of
the base substrate establish a respective edge interface, and wherein said edge

25  interface is substantially encapsulated by the photoimageable covercoat layer.

. i



5. The pri cuit of claiml wherein the | ead portion p er
det ached ﬁ&éﬁgqﬁﬁiadjacent edge of the base substrate by a 6&RE§§%22
distance. 6. The printed circuit of claiml| wherein the phot0|nageable
covercoat 20 |ayér indihgdested cireié ef glaim B arherein aiad vwisee anfeatfl¢assa si de of
the base subsgf cl ol Iead
portion of t eﬁg%ég}égo¥mfmgé‘9F§g &%fﬁHhE%Q{@FQ%%ﬁ%%ongig%ﬂx1 K& cover coat
| ayer to for poaionafthapioisinagysie cderchielapsri nted circuit of claim1 wherein
at | east one lead and the edge of the base substrate establish a
respective edge interface, and wherein said edge 25 interface is

subst anti al Iy encdfsul dihegribiedicireuiphhelainy fader thedendgrocivat of thy erverdoat

T P e D e B R Rl B9 o e

circuit Of C lp3itMnt Nekia e ledstink WadPelsapeeedPar frohfRs had s‘ﬁ%ﬁ‘ét@ﬂv gbreapposi ng
side surfaces of said at |east one lead is covered by the lead " portion of

the phot oi r agels@rédisiapes.coat |ayer. 10. The printed circuit of claim9
wherein the | ead portl on of the covercoat 5 |ayer substantially

encapsul ates at ort| n.of, at |.east one | ead, the encapsul ated
portion of said aﬁ?i ea (Hﬁ‘@te éﬁﬂu‘b%{ﬂ E&@Eﬁ"&%‘é Otojrppgepble cpvRIeoat

substrate by Ia’:s,eprsedn @@i@g&%r%@{.@ﬁce 11 The printed circuit of claiml
wherei n the phot oi rageabl e covercoat |ayer is an ultraviolet curable
resin. 10 12. The printed circuit of claiml wherein the circuit is a
flexibleigircuit. 1213. Thegriptet Rireglt 6f dlgii 1 whkreqd @b ArtuiVRer Rixibid ligcddase
substrate includes a |ayer of flexible polynmeric material. 14. The printed
circuit of claiml wherein the base substrate is a polyimde film 15 15.
A covercoat ed basé3subdihe atim;ed@ilmjt ofsilzigy | whizagethe bhstsubtimidiaviudes an
opening formed th rou the opening defining an interior edge; and a
phot oi nageart;rraéef:?)&% Stpog'gifélf W?évpaﬁg a | ead portion extending beyond the
interior edge into the opening, the covercoat |ayer having a

14, The printed circuit of claim 1 wherein the base substrate is a polyimide
film.
15 15. A covercoated basc substrate, comprising:
a base substrate having an opening formed therethrough, the opening
defining an interior edge; and
a photoimageable covercoat layer having a lead portion extending
beyond the interior edge into the opening, the covercoat layer having a
20 controlled offset distance.

16.  The base substrate of claim 15 wherein said base substrate includes at
least one conductor, said conductor including a trace portion and a lead portion, said

lead also extending into said opening.

17. The base substrate of claim 16 wherein said covercoat covers at ieast

25  one lead.
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20 contrgl | fset distance. 16. The base substrate of I erein
sai d baggbgﬁgﬁﬁiate i ncludes at | east one conductor, saigé@gggﬁé?%f
including a trace portion and a | ead portion, said |ead also extending
into said opening: 17 hehaee Bibswats obstaimtle vherein spithlaas! porderehas aai d

cover coat . t 25 one lead. This Sheet Has Beer4 Replaced C L
ii:/i s *!%8?(5?@@%‘3&‘&%%‘ WO 01/ 15502 PCTI USOQ 20227 18. The base
substrate of claim 15 wherein said |lead portion has a controlled

thickness. 19. Tie bage vasbsibs@ie oPtlafhalsRyHepcinBaE RbRrafidthfkRALL:G: | ed
thickness is substantially uniform 5 20. The base substrate of claim 15

wher ei n t hsubsiamiapunifemn.of t he phot oi mageabl e covercoat' | ayer includes a
t hr ee- di nensi onal phot oi maged feature formed therein. 21. The base

substrate of claim?2 erein the photoi ed featur i.ncl udes a channel
havi ng é dept h ?p-legg%ﬂﬁﬁhmFﬁEmEGEﬁkﬁpﬂ_d%FWFEHHﬂg ' BIrtipREI they cover coat .
22. The basgofhladdableRoPirc6iahylr 2X1INMNR 8RR e B M PhRRGREE E&%:ﬂ.ﬁrg

includes a passage conpletely through said covercoat. 23. E nmet hod of
form ng a dovmsddtberein. ayer on a base substrate, conprising the steps of: 15
provi ding a base substrate having a first surface and a second surface,

and at | east one edge, attaching a adherent liner to at | east one surface
of the base subsilrat €l be bags sHbsEats of Risiai2Rudeasin dheadpiaimesaed fealpes havi ng a

control | ed ;ofif §&ty &ggﬁe@ggﬁnéghgﬁ@gscﬁhgsmgh% E@tp%ie&%me@gqtﬂe” ion formed

on the adherent Iiner; toi magi n ot ol rageabl e cover coat
| ayer. 184. cohercomt hod of claim 23 wherein at | east one surface of said
substrate conprises at |east one conductor including a | ead portion and a

trace portion. . .
22, The base substrate of claim 20 wherein the photoimaged feature

includes a passage completely through said covercoat.

23. A method of forming a covercoat layer on a base substrate, comprising
the steps of:
15 providing a base substrate having a first surface and a second surface,
and at least one edge,
attaching a adherent liner to at least one surface of the base substrate,
forming a photoimageable covercoat layer having a controlled offset distance
from said edge including a lead portion formed on the adherent liner; and

20 photoimaging the photoimageable covercoat layer.

24. The method of claim 23 wherein at least one surface of said substrate

comprises at least one conductor including a lead portion and a trace portion.

25.  The method of claim 23 wherein the step of photoimaging the
photoimageable covercoat layer includes the steps of exposing the photoimageable
25  covercoat layer to a UV light source and developing the photoimageable covercoat

layer in a developing solution.
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25. The nme{RQe8da2C! @i m 23 wherein the step of photoi magi NnGedH8soo20227
phot oi mageabl e covercoat | ayer includes the steps of exposing the

hot oi bl 2 t, | 1 | i ght d d | opi th
bhot o mageabl o covir coat™e Teyed ot 2L versE fg “eBPLPTBNIENDS |1 11 111111
LETET 1T IgholditnhgdabM coviidolihyled 2P2 URCTENIS0GH € Bl Rilles ?ﬁ-steﬂ@c’%ﬁé had of

claim 23 wherein the step of exposing the photoi mrageabl e covercoat Tayer to
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cl ai m 28 whergiefetfiRedPRhRI iFRGSG{eat ure includes a channel having a depth
of less than the controlled thickness of the covercoat. 30. The nethod of

claim 28 wherein the photoi maged feature includes a 15 passage conpletely
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29. The method of claim 28 wherein the photoimaged feature includes a

channel having a depth of less than the controlled thickness of the covercoat.

30.  The method of claim 28 wherein the photoimaged feature includes a

15  passage completely through said covercoat.

31.  The method of claim 23 further comprising the step of removing the
adherent liner from the base substrate after the step of exposing the photoimageable

covercoat layer.
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