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printer pens are common applications for flexible circuits. Flexible circuits offer
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 2 manner in which they the span across the opening.
In some applications, flexible circuits may be exposed to an aggressive
environment. Unprotected conductive traces and the interface between the conductive
25  waces and the base substrate are two areas susceptible to being affected by adverse
environmental conditions such as exposure 1o corrosive fluids. Exposing unprotected
conductive traces 10 adverse environmental conditions typically leads to the traces
corroding or delaminating from the bas:z substrate.
The flexible circuit is typically attached to a rigid structure such as a stiffening
30  member or the body of a printer pen. The leads may be interconnected to an
electronic device carried by the rigid structure or 1o an electronic device that is

attached directly to the base substrate of the flexible circuit. Typically, the side of the
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traces havi sgpsamtei (palldd leadsent t hi ckness of 20 covercoat naterial can be
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phot oi mageattraeddadigcente tealeadsedyringnengapsulation can serve as pathways for

contaminants to reach the traces. Over time, traces 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.
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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.
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20 can be encapsul'ated wth a unitorm |l ayer of covefcoat material to reduce
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thickness beyond the edge of the base substrate, and covers at least a portion of the
upper surface and the lower surface of the leads.
A principal advantage of the embodiments presented herein is that the leads
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 1o 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.
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8. The term “flood™ or “flood expose™ refers to 2 UV exposure in which
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 sectional view taken at Jine 5-5 in Fig. 4.
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layer 12 may be fofled, b Qrhd1fd, Y48 100R10es TPhSIMMBEbIEBGSEcbsAbYEe? 16
havi ng a passagepi%a tHatraext e’ggg t'hroug‘;:h the entire thi cknessyof t he
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an opening in the-interior of the baSe substrate. This feature is formed
by WV exposusmeh of aldinifuem pnothpasuiteblesyprs of sebstrapesdodarbiviended sprlwstion.  t he

flexible citguit. Photosensitive gcovercoat terials typicall ibit a
linmted 20 t VB‘F"W%??;’W ke @“Pﬁ‘i °cWF]§gg88%°h&°rep%%é?‘P§§ df%?‘%rﬁse full
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depth is only a portion of the thickness of the covercoat. These features

can be creatiaytriy ansd pobrmgl dAle that eends anhe partiply thspeghethe eoysreeas layer 12ne and

space" ttern and.f].0od 0Si t | : t he channel
Is controlled byqpﬂ%ewe eféﬁ%greg‘%ﬁq%ga&isggﬁ%bzésgﬁq %%g)%gjgﬁg@gg}stﬁ; €. 25 Many
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envir onrrgnt Feature is formed by UV exposure of differing patterns on the top and bottom sides of

the flexible circuit. Photosensitive covercoat materials typically exhibit a limited

20  depth of UV cure; i.e., the cure does not penetrate 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 1o 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 Coatés Circuit Products under the part number XV601T; “PSR-
4000/AUS5" sold by Taiyo America; “NPR-80/1D431" sold by Nippon Polytech
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covercoat layer 12 is that portion for
methods of forming a layer of covercoat material. The covercoat layer 12 is then

med by

20  dried at ambient temperature or in a suitable drying apparatus such as an air
convection oven. Other methods of forming a covercoat layer such as laminating a
dry film layer 10 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 13. 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 1o an exterior edge 17, an interior edge 19
or both edges.

30 Next, the covercoat layer 12 is photoimaged, Fig. 2D. The photoimaging step
mncludes exposing and developing the covercoat layer 12. The exposure step includes
exposing the covercoat Jayer 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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10. The photubaizsie 104 Tho shefagtasksrd. ddeaelpglindeopgnensemas L8 foredila2a 10
desired,patter.n. . T p [ el kaghty f | posed to
e A R L e T R
covercoat | ayeeridg rk@iods of BbBlcos@usndayR3 121 ipophaposing ke cddercdd Jpreodce

exposed portions 12a and un- exposed portions 12b, Fig. 2D. gom%rci ally
avai | abl e ed@RpigBhsowrsy 2hahe hetomgskeih s Prediee CEDeeE PAftiangyéf 2nduUN-15

Fol | owi ng t | Aabike ok -5,;&9'&

devel opi ng gg?ﬁ%ﬁﬁoﬁ%seinﬁé?%gg P@%ﬁglgﬁi ﬂgsig‘%gta %I}er‘r?ggl abl e%n%ft% gru Féz:ial t%i S
used, the papbieahs cootrcexpmzed2to the UV Iight will be renoved during the

the. por tPans. oxpdERUWBEHHaEoFOR BHET 1§ PATEETBREVER BYSFFE Yovel opi ng
Convent | onal N R O R N e i e o i n
an air conveagtiioms méxyéseﬁﬁedaaﬁVﬂ@gh’t wfill &e ecinoeadi diringrihe dévebipmd §lepiri ed  at
? inbnieenf:oagt r Wi E}tg g_rp%sﬁ{vtebag{ilggh pltlcra]tgismailgséa{ﬂ(?:sn?at rgflfise {Js,re%(,jthierfaornt?b%%fe%gés%a imngledue to
UV light will be removed by the developing solution. After the covercoat layer 12 is
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 ime
constfaints. .
Figure 2E shows a photoimaged feature 16 which has been formed over the
25 interior opeming.
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
1o the base substrate during processing, and assists in placement of the covercoat. To

prevent the non-adherent liner from shifting and unintentionally smearing covercoat
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Fi gure 2E shows a photoi naged feature 16 which has been forned over thbe ﬁ}
Interior opening. In a lesser preferred nethod for formng a covercoa1t FEB 7004
| ayer, awoniasbogrent [iner is used. The non-adherent |ingicriassebheMyht

into contact with, but not adhered to, the base substrate. The |1 ner

t t | }ed . adj t t ' in the b
Cubstrate anihagncibrapedt pBREL B8 off SR8 e fe BOEGIERw s smoves

cont ani nat i ngiok e ther eeezsarayr beRiRdriedo WRYRIE thO8SMISFrob R, AeRsadbg, ent
liner is not physically attached to the base substrate, It i s somewhat

Y, . -
suscept i bl e RYeurl; 5dacy pdhgedags of the suburamey Sopsintwadactar porgops ek si ng,

and assi stsy f . To event. t he nop- adher ent
li ner from slﬁ%f %lb%ggg aﬁﬁgntﬁgﬁ?ﬁ%ﬁg{%ﬁ%%%vg cfoﬁgfae\ff)’ilté’rb(?d%ﬂ“'q“? ofMg FEB 20 4
W01/ 15582 RXEEokiBAPK2(hE 2ide ohE abh-alheaii tinafiedcanithafRaatioh of R&nlidSSand

substrate, the n?n-adherent liner is renoved prior to the covercoat |ayer
bei ng dri ed.coptipieytugkacssan g lesd peBian. the covercoat nmaterial adjacent to

Substrate, causi i TRgThicqiRbned 81l BELBETHa PRbAE dobc tfhersi  or m

5 Accor di nglliner 2Reo thedasd substime-gdhsslenthe foraitioh@ducoserlcha 1hpirTat i on of a
uniformand. contralled thickness on the |ead portion. In the preferred
‘met hod of f dRFHidigetlerd RasveRsclohaving 2 dgtiyslyt cogtrobierband w fasm placanmest a®P t o

el o 09| Qe FesaRR AR AR RG22 ARl B AR Bbe b bt

pl acement arl@ if €art fenmlinasaheBrohe daset Snbstadn 80 antil dfich e A eicoapidhp@aive! ¥
attached to hﬁ tt?se ubstrate 10 it, can remain attached to the base
substrat e 16T§At HEPSREIAR Op iR RIGGRSE caipmeRland desiredsprogessegquenspdheli ng on t he

process equiapgRht RRG HeSky ﬁ‘é‘reH{onEﬁ‘?gégtft%‘ilﬁ?E%?rco%{‘E exafjfﬁéirﬁé"%%ﬁsg E"E ﬁg may

be renoved prior to the cdvercoat ng exposed
cover coat | after thexoverceatpepard? id &pised. adher ent |iner precl udes the

coverco mat er i fromflown uri the drying step such that the |ead
port i on?§5 of the %?F@F’é?&é ‘“‘T’égﬁﬁiuc%’ér&?gfa@vﬁrceé‘rff‘?’éﬂf‘ AP wing dporgthe

thi ckness. Th@ingdtgy oK Hak ﬂﬁrlea%zptﬁ'[i&?l?9?@1%%6vérbgatqwé?ﬁ§%§£ LEYEh #I%nto be
phot oi maged in a manner that produces a covercoat over the f&ads F ea%

portion) 15 unifguinribickneseniThohkdhederlineri? adsstmbba tBScovei@at ByerTiEtodefl set

di stance 35 js. defi ncgd to be 20 the distance fromthg a‘gj cent respective
edge of t he PBSEATREHLIAMANTH 2y, PRGRuCes g coygrraat et thederdsd{pad portiom 135 of

the cover coafaving a controlled offset 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 1op
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 135 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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An enbodi nent of a printed circuit 30 is illustrated in Figs. 4 andf Eﬁ?ﬂﬂh
or nore conductors are fornmed on the base substrate 10. Each conduc @IF
i ncl.udesw brpeex 32 and may be forned to include a | ead 34ctrhabegeetends
fromthe interior edge 19, the 25 exterior edge 17 or both edges of the

base substrate 10...As sh L N El 5441 L e or.tj.on of the
covercoat | we]dfﬁljalcgmf 18%8‘11 eomizeg@én? aétrp ué:gssﬁg & O%SEI?Ii fgﬁf%]?“retsﬁésclcbaﬁed
surface 40 anth dohshnde tskdRaaerfade §0nly one side surface shown) of each

| ead 34. Anot her enbodinent of a printed circuit 30 is illustrated in Figs.
6 and 7. The | edds pollupaeies Bet@nothge embodimenhe! 2 pyeied gipcuinwhersinl the teada

portion of e I 4. i f_the.covercoat |ayer 12

B S0 encapsAPatss it BhseVdira et 420 PR R RacE SRR RE§ARE pofiR 1

i nt er sec$ i omhefeoe@ebatll@ad 134s tditheliRack eapertieadepordge] Pis dahtediRsHie lGdbSt rat e
10. Encapsul ating the edge interface 44 and the portion of each |ead 34 -8
16FEB2004 W&end 1550edagRruSony the mage potiaad 3 dijaseatplledandimnibageoffsat er f ace
44 reduces t)h ntdal, f -al L ur i_at i orrosion. at the
edge. i nt or f Segers 3515 vead ort B ) SR Bt ORk B Bl 2SR R My e e
circuit whepahiallykaciparte grRradjRent!ordén shehecn \viure falds Bayer 12 is

conpl etely detached fromthe trace portion 13. 5 The covercoat layer 12 is
formed such that ln@eothengmperipiesh asybstzate Hichydegia BysersHbsiiasabavingannd i s
spaced art . t [ I ni f orm of f set

di stancZQSS.op Igg]lﬂge%%dﬁg%?}gﬁg@g g&%ﬁgm&%ﬁggg %‘%rf?gre é}g 'Bray be formed to
fully or pahbiciinkyeablicavetdoat Ryémie fatjedarithe pasetsubsirand. Dieplatoimageatlieads
34. in another enbodi nent, a substrate includes a base _substrate having an
10 openi ng fOYFREGRUIRNST dagivdrsgnicadrpartigp ormsd 1adhe ersgingn Tihstlead rartieyhas a A
phot oi magea . ' . ~ : The

phot oi nagea%%’glr&(g%aﬁgef?%gg s%gélrld ?%%Pﬁgggng%%%gmggf?{l lobﬁ%)h?ﬂ&el Ssl' n the

openi ng. The | eadA parther embodinent peovitesa method bf fatninh starcmanlagecanir ol | ed
and sub%LantiaI %}ésunif%mthickneiss. A further enphodi pent provi des a net hod
of formlng dasoukrEest Thsyrsthemngludestheseps of FAvidipg 2 baYtSUREFROB2YIAR | udes
the steps of Qi : ; | ' ' N Lhat i ng
an adhor ent FRRorE Fog 18na%0e SHUShEERIEK F1ds SPRP L IBLRE, forifg ¥

phot oi magealghetamageableatovierpar lalyenhavinga lead gopiontiommedf or the ddlrentHmerdher ent
liner; and apgo (o] r.ragi.ng ﬁhﬁ cljead. g‘ort [ Oé}] of. the bEhOt oi maﬁ abl e cover coat
layer. As itandaholpimaging the lead pamiog; afdhe RNIMeErAbCaYErerhlafovi de sever al

As it can be seen, the embodiments presented herein provide several

20 advantages, including the following advantages. The edge interface and the surfaces
of a trace adjacent the edge interface can be encapsulated by the covercoat layer. The
covercoat laver 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 destred, and is substantially uniform, although nonuniform thickness can also be
made by fhis 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.



20 advantages, including the follow ng advantages. The edge interfacgﬁzhr)tchb&p
the surfaces of a trace adjacent the edge interface can be encapsul at 04

t he covengoainidseyer. The covercoat |aver can be forned toPEQﬁLng%Z%Iead
tached t

portion. The |l ead portion of the covercoat |ayer may be at 0 the

trace porti : fel ached from an dge,of the base substrate by
a control egg)é ?ese]?agil }gﬁsgar%lérgﬁbno tcﬁ’gdB?tEfeérrarcgﬁFoé%e%Hﬁéd{}ﬁ‘é‘% ofithebassi ckness
of the | eadspatialonapkaithgontstesmnatonduate iiediftuaaNIEal LathaiAgrges! T .
and is substantially uniform although nonuniformthickness can SO be

made by t hi &icdairriosleratiohtie haw swharaie.désiadberentliver boviep agelyes@y backign be

patterned e re photoi naged f.eatures, and the nethod of
manuf act ur i %\gtht%:@gﬂgﬁngg%%%%dt ¥%1P§S@ﬁ€gae H’% g?‘?f“?lgéjé(bﬁﬁ%‘i’f’ gide of therhssenent .
30 Exanpl e bubhuhteexThd bneg ah tHelopdaioniz fide RRbYVityT 42328 igyASt rate with an
opening formed _through the base substrate was provi ded. "The opening

defines an PheeHPageablig@verthal regn solg tHERIPRO0 ol WOhU S 302 NFEBOLSAOM29227

flexible ci | ral i of conduct.ive traces fornmed on a first
si de of theEg%é&eo sﬁ%‘gtﬁ I?ng'tg led% 05}%1 beaégtggl?asqrﬁltcfrlf]iadﬂarg‘fﬂ'r i%‘@L’GBﬁIEFuquFKF@a‘t races
i ncludes a kesstargillefilisnge évam ThbolerkedtiiAVer 989 tredfdrleisn BRSH ¢ hkhic{igﬁte- AN
adherent liner having _ a polyester backing wth a hi u%hlﬁy‘bcross I nke
kAo

acryl at e adR¥%1 ¥ EPRESIMak NS Edfor approxumaely 39 mimutss. mgeh&dingst r at e.

The lin a t | ' Vit A layer of liquid

phot of mgean B Ao yaRcuatniSd Agutye Bl st pireem papsmeskas
NPR80/ 431) yasitiosabidisceantoQht bevekddaslayst SRl Bk chbPRchR IR 8 WAS i efpdsd fo
manner in Vmi}-i\?lifgge covercoat _substantially fills the cavity. e

covercoat |4 tsquieshiremithrifirshsig ohthe heshsubsiriton The kb light sepeowdsmat el y

80C for app ' ' oW rying 10..st t he tape
was remvedggﬁgﬁ\ﬁgygﬁgﬁ}sﬂé S‘f?g?!gﬂbk "3‘5?%9%20&9%%‘8%%5@&5&"%6% ti oned
adj acent t ostffieianoenergpad cilrayar coxatohtn® 2 depe fPpadxilaledy eqiasid fethiseesed to

a Ww Iiggt sgﬂ{ece fromthe first side of the base substrate. The WV |i ght
source s CLEYE BRI tEces phesevRzsoal Yassheomir veiaped Th an eikali selagen s
specified t gREAHES vk G e : rcoat .t depth
approxi mately equal F 81%? hé&%%gtﬁggggo%émg% l%ﬂger' gﬁ)jﬁgﬁc@lg’ggﬁ‘re gctzjggédaaf'he
cover coat wapprokumatdiynl 806 pfed approaimatlyH0iminateste complete the Bl dffiBe

appropriate _areas ?f thi cover coat, I%yer._ Theg_gji rcuit was then baked at
appr oxi mat eF§VTEREIRST Appresuiipg PERiedsircpt rescadles sheembodiment iHusteated ing of
t he Fig. 5.

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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covercoat |layer. The resulting printed circuit resenbl es the enbodi nent
illustrated in Fig. 5. 20 Exanple 2 A circuit was formed using the S&mEB 2004
nmet hod as in Exanple 1, except that the covercoat was exposed to WV |light
fromboth sides of the base substrate. The two- sided exposure process
provides a circuit wherein the top, bottomand sides of the |eads are
encapsul at ediaiindish covercoat. The resulting printed circuit resenbles the

25 enbodi nent—+ ustrated in Fig. 7. A wide range of nodification, change
and substitution is contenplated in the foregoing disclosure and in sone

i nstances, sone ieatures.qf t.he.enbodi.nents may be enpl oyed w thout a

correspondi ng use’ of é\[meq WIG W ELPRIRES g ngly, it is appropriate that

the appended cl ai ns bg panabstHREnBARAE Mppek BuifiR, 2 WiferGupfalBankt atA pPri nt ed
circuit, conprising: a base substrate having an upper surface, a |ower

surface and at leastoineedege;edge; 5 at | east one conductor fornmed on the base

substrate, including a, conductiyve. trace ,supported t he hase substrate
and inclfdi ng a Ieag aplepst 0H¢ ﬁ@%@ﬁgmeg@%5§a$ﬁgg%@% WYBPEAte; and a

phot oi mageabl e CoYLARAM rh@VHppdrtdl Bythe Sa@tsubQARe afl InERAiMOL feb@n  formed on
the |l ead, the | ead portion of ‘?he phot oi mageabl e covercoat | ayer 10 havi ng

a control |l ed of f sxtending fmncan ¢dgowf thedbdsaswbstratesancht e. 2. The printed
circuit of claiml wherein.the edge is an exterior edge f said substrate.
3" The printed ci rcul & EBpOUTEGHE CaHEPeAt ek ke 8o 8 epsbirias
substantial |y uniffeonlfe foad, tRE1eRE pBERA FiEEidtoiRfagedtlt Boderédht 1438F _
conprising an opening fornmed " in the base substrate and wherein the edge is
an intel@ or edgehaeng aedntoglladdfsetopstancegfrorb thelbese pubstiated circuit of claim 1
wherein the lead portion is conpletely detached fromthe adjacent edge of

t he base substrate by a pre-selected djstance. 20 6. The printed circuit of
claim | wherein he pHbeorindsupritof davme] oderen Header icanerderier adeace

portion forgp&i@g/ﬁsuhlg_e first side of the base

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.

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

25  continuous layer.
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substrate. 7. The printed circuit-of claim®6 wherein the |ead portion of
the covercoat is attached to the trace portion of the covercoat |ayéb k8 2004
forma 25 continuous |ayer. -11 16FEB2004 8. The printed circuit of claiml
wherein at | east one | ead and the edge of the base substrate establish a
respective edge interface, and wherein said edge interface is

substanti al | y engapsulThé pented cirtidt phadiei Magesil & leayenekal ahdyrredgd. The
printed circuit of claim8 wherein a top surface and at least a5 portion
of opposi ngoishebassspbyeaieesablishpagespectiveaesige oneriacsaand whersinesaidiedgg t he | ead
portion of the.photoimageahbl e covercoat..layer. 10.. The printed circuit of
1A m 9 el BEARE RS RRATR, SeBRU G e BT ormditaoafubebfubln. ol y
encapsul ates at least a portion of at |east one |lead, the encapsul ated
portion of said gt le | i r e 10
substrate by a p?'e-se@%f’@@%?gﬁgtng@igﬁéf%%gegnp?&%tggﬁfaéé)%%?ﬁ e%? §cI aim |
wher ei n 5t hepdition of sFuRigl side suofiescfahidl abeakt dift ledd ivlcbveared bY die lead abl e

resin. 12. The printed circuit of claiml| wherein the circuit is a flexible
circuit, anePriipepeihs phatoimagaablefovercattdaysicl udes a | ayer of flexible
polynmeric 15 material. 13. The printed circuit of claiml wherein the base
substrate is a ol yi Trj;%de_fi Im 14. The printed circuit  of fl aim| wherein

the | ead portionl®f ¢ ke Pinsd sirpubebaimm & sherentie leadrartiomef thies a

t hr ee- di nengj [ f [ : i rinted
circuit of n%%v%%%&]%?%sgpg?l% t e&p o1%teﬁégéJ3% at dEr"gSf iﬂr%c Sttjé%slegg’ghgnnel
havi ng a degichpaiattdpertiohafisdifi at eagitone ldad beidy sphcrdHpanffranhéhe lvwer coat .  16.

The printed circuit of claim 14 wherein the photoi naged feature 25
i ncl udelrsb a i}‘g’§t§%}§@3’éd?‘?ﬁ15%lf"‘é@%’csﬁ“6%gh sai d covercoat. -1.2

11.  The printed circuit of claim 1 wherein the photoimageable

covercoat layer is an ultraviolet curable resin.

12.  The printed circuit of claim 1 wherein the circuit is a flexible
circuit, and wherein the base substrate includes a layer of flexible polymeric

15 material,

13, The printed circuit of claim 1 wherein the base substrate is a

polyimide film.

14.  The printed circuit of claim 1 wherein the lead portion of the
photoimageable covercoat layer includes a three-dimensional photoimaged feature

20  formed therein.

15.  The printed circuit of claim 14 wherein the photoimaged feature
includes a channel having a depth of less than the controlled thickness of the

covercoat.

16.  The printed circuit of claim 14 wherein the photoimaged feature

25  includes a passage completely through said covercoat.
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