Flexible Crcuits and Met hod of Making Same Field This disclosure rel ates
to flexible circuits having tie |ayers and net hods of making them

Backgr ourmsloRbh@xickdos circuits are typically conposed of &CTIisass/oesser net al

| ayer such as copper (Cu), nickel (Ni), tin (Sn), silver (Ag) or gold (Au)
on a flexible polymeric filmsuch as pol yester (PET), polyimde (Pl), or
liquid crystal polynmer (LCP). Wen the netal is attached to the pol yner
filmw thout the use offleibRdGirtwityd Mdkasi ofMaRim Sathéle construction i s
often classified as a "two-layer” or "adhesiveless” flexible circuit.
General ly, two-layer substrates consist of polymer filnms of about 12 to 75
mcrons thickness. Athin tie layer igdgually enployed to pronote adhesion
between the netal and the polynmer film to prevent or mnimze corrosion at
t he met al / fi | Mhindiscldare relangtot fexiblo virdetsdadingftiedayars mad methodpef meldngt he
metal and the polyner film For high performance applications, the primry
netal |a 1s commonly copper while the filmlayer is polyimde. Tie

| ayers range from about 2 nmto about 500 nmthick and are forned by

met hpds such as vacuum sputtering, pakeidamyaporation, and chem cal plating
typically of chromium (Cr), nickel (N), cobalt (Co), nolybdenum (M) or
their rel at ed F¢Aiblpsirctits dre typdedllyl composadg ap baastomenneial lpyaspell @ eppetui t

(re 1 ayerChR IR BEIBRRD-SvIsTR By (T R mRtpdpnph o Sy thee |
el ect ri cgolyestes @RI)epolyldhide (PH) brdiguil @yshigidlgng (MCH) e Whonahenietal I e | ayers

that are hig{yy corrosion_resistant are difficult to etch. Aggressive
et chant s attheheddatheqnol wewr filvewithewtdhe we of @njaddifigpaligdhesivgdayere B al so

S 9(5]3 i C%%Mt}ﬁcﬁ{)ﬁ A 'li?asﬁﬂi%g% a "JwPo-Paggﬂ"tér Qthe?ﬁrQPésé‘%x%é Eﬁéﬂi@g tie layers
tend to passivate readily and are [ess active than copper. a :
Generally, two-layer substrates consist of polymer films of about 12 to 75 microns

thickness. A thin tie layer is usually employed to promote adhesion between the metal and
the polymer film, to prevent or minimize corrosion at the metal/film interface, and to
provide a diffusion barrier between the metal and the polymer film. For high performance

15 applications, the primary metal layer is commonly copper while the film layer is
polyimide. “

Tie layers range from about 2 nm to about 500 nm thick and are formed by
methods such as vacuum sputtering, vacuum evaporation, and chemical plating typically
of chromium (Cr), nickel (Ni), cobalt (Co), molybdenum (Mo) or their related alloys. To

20 be useful in high performance flexible circuit applications using copper as the metal, it
should be possible to etch the tie layer in the presence of copper, so that the copper traces
can be electrically isolated. Often this is a challenging requirement. Tie layers that are
highly corrosion resistant are difficult to etch. Aggressive etchants that can attack the
corrosion resistant tie layer can also significantly attack the copper. In addition, many

25 non-corroding tie layers tend to passivate readily and are less active than copper. Asa
result, copper can inhibit the etching of the tie layer and make it difficult to remove,

especially in fine pitch regions of a circuit.

Summary
One aspect of the present invention provides a method comprising: providing a
30 dielectric substrate having a first metal layer that is permeable to a dielectric etchant
capable of etching the dielectric substrate; and exposing at least a portion of the first metal
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result, copper can inhibit the etching of the tie |layer and make it
difficult to renove, especially in fine pitch regions of a circuit. Summary
One aspecwoabodidsoopr esent i nvention provides a net hod ceoprissensmis3provi di ng
a dielectric substrate having a first netal layer that is perneable to a

di el ectric etchant capable of etching the dielectric substrate; and
exposing at least a portion of the first netal |layer to the dielectric

et chant  gaeh td thetdidlégripecharnBudl thahBe gofloacifihecditidyieic lased @hdériibe exfosstd
portion of the first nmetal |ayer is etched, wherein the dielectric etchant

hed
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having a first netal layer that is perneable to a dielectric etchant
capabl e Y 'ng the dielectric substrate; and exposing at |east a

portion of theAﬁcﬁtlgei?tasl%Erélf gfﬁhk%mgﬁggfrﬁﬁ]egia%&ﬁédé&nﬁiﬂ@nﬁm gy 4 hat the

portion of the ec ayer e exposed portion o? the first
met al | aydeledtsic stbshreid havingraciingt mbtal biyed thettis pernesableania dideqiric sebargodi um

t t, | . b ., Anot h t of t ’ .
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capabl e of” etching the first nmeta er for a time sufficient to cause the

first netpitidregfghe ficst bistal fyenscteredughereim the distacirisadithant gomprises isedivmi ¢

et chant cag%bl e of e ct i n thg di el ectric substrate; and exposing at | east
a porti oPCHRAREINAte ApYF 8P°PYfer to the dielectric etchant such that the

di el ectric subsidtRdr@sptder the ieyeaKbe pRVidR8 atrhdRodéorhhiesitg: r}]ﬁxbvmﬁigad layer is
et ched. Anot her aspect of the invention provides an article conprising:. a
di el ect r idielectric substrate having a first metal layer; exposing the first metal layers to a metal
etchant capable of etching the first metal layer for a time sufficient to cause the first metal
15 layer to be thinned enough to be permeable to a dielectric etchant capable of etching the
dielectric substrate; and exposing at least a portion of the first metal layer to the dielectric
etchant such that the dielectric substrate under the exposed portion of the first metal layer
is etched.
Another aspect of the invention provides an article comprising: a dielectric
20 substrate having a treated surface, a patterned first metal layer leaving a portion of the
treated surface of the dielectric substrate exposed, and a second metal layer covering the
patterned first metal layer, wherein the exposed portion of the treated surface of the
dielectric substrate has been removed.

Other features and advantages of the invention will be apparent from the following

25 drawings, detailed description, and embodiments.

Brief Description of the Figures
Fig. 1 shows the peel strength for exemplary articles of the present invention.
Fig. 2 shows the heated peel strength for exemplary articles of the present
invention.
30 Fig. 3 shows the acid undercut for exemplary articles of the present invention.
Fig. 4 shows a graph comparing optical transmissivity versus electrical resistance

for exemplary articles of the present invention.
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substrate having a treated surface, a patterned first netal |ayer leaving a
portion of the treated surface of the dielectric substrate exposed, and a
second newel2odcapeao3coveri ng the patterned first netal | agenis2esesson t he
exposed portion of the treated surface of the dielectric substrate has been
renmoved. Ot her features and advantages of the invention will be apparent
fromthe follow ng draw ngs, detail ed description, and enbodi nents. Bri ef
Descri pt iDviaitdd DoRriptignr es Fig. 1 shows the peel strength for exenplary
articles of the present_ invention. Fi hows tt&&_heat ed peel .strength
1

ent. .2
for exenpl ary Fagsiblelcirguigyare %’Wﬁ@é’éﬁ%{u%}cﬁ%fé‘iwl% an plHvVROL} JRIAFRE aci d
under cut frc?cresselﬁgﬁatr@ \yafi%ﬁ§ SL&RIr& sukRgs et ggﬁtteiriﬂgex@gibtqamifa!tiﬂg, fsighows a
graph corparing opticcal transm ssivity versus el ectrical resistance for
exenpl ar gxpoding; ressst dével ygingyretehing, ahdphting o ThOstqiehediBesic piogedwes Whexi bl e

circuits_are typicall ufactured using an additive or a subtractive
process ibﬁé’F‘Uﬁ%lgb&WgF &?ngﬂ?ﬂ’%‘é .@,rrcégcuglpgﬂmgdlga tal sputtering, resist
| ami nati ng, rgl('a; 'ﬁl%%;%i@ai%a%eﬂﬁv%gﬁﬁgﬁtusﬁf‘gv@ﬁ@ﬁyaga df‘éléégﬂi@ﬂxbsﬁﬂ@ iPhiati ng. The

sequence of s ocedur es y be varied aS desired for the particular
circuit peovidedrabie. dielactaictsylptatd mayibe a ackymee fipm awasle of ot exxpraple.ipolyestear , a

ol yner  PRISHHE LA oryeet PR R el ie: SR RS bR R ol yotal
pol yner, }Bﬁlggw%i tgﬁikaw AR 2 BIAHERLE abRR19GA% RPARLECOPAmP A Hidbdniand

typical | ness of about 10 mmto about 600 nm The dielectric
subst r at substragpistspettezed withla fastfmetsk lapated] e.g.ayiekelpéhromegnickalichkahg, chr one,

RN T AL TR E GO RN N R S
00 0 FAREY SIS Iy gt g oy g it g e
plated up further with a conductive metal to a desired thickness by known electroplating or
electroless plating processes.
15 Next, a photoresist is applied onto the conductive layer of this metal/dielectric
substrate. The photoresist may be a dry film resist that is applied by lamination process or
a liquid photoresist that is applied by a coating process. The photoresist is then exposed to
ultraviolet light or the like, through a mask or phototool, crosslinking the exposed portions
of the resist. The unexposed portions of the photoresist are then developed with an
20 appropriate solvent until the desired patterns are obtained. The exposed conductive metal
is then etched away using a suitable etchant. Suitable etchants include ammoniacal
solutions and cupric chloride with hydrochloric acid.
Some tie layers may be completely removed during this etching step. This will
depend on both the thickness and composition of the tie layer. In addition the galvanic
25 potential of the tie layer with respect to the conductive layer material in a given etchant
will also have a significant effect on the removal of the tie layer. However, suitable
etching time is largely determined by the amount of conductive layer material that needs
to be removed. Additional exposure of the conductive layer to the etchant for the time
necessary to completely remove the tie layer allows the etchant to continue to etch the
30 metal traces that have been formed. Thus, a separate step may be needed to etch the tie
layer using an etchant that does not etch the conductive layer material. Finally, the

remaining resist is stripped off the circuit using a suitable solvent.



el ectrol ess plating processes. Next, a photoresist is applied onto the
conductive layer of this netal/dielectric substrate. The photoresist may be
a dry filwones/msssBhat is applied by |am nation processPoT/us20050u53d7
photoresist that is applied by a coating process. The photoresist is then
exposed to ultraviolet light or the |ike, through a mask or phototool,
crosslinking the exposed portions of the resist. The unexposed portions of

t he phot oresi g aaggichNRRIHRMRORRE A Md1bdiria ButRRRIcaRsy Risebs a@NWithAtlel the
desired patterns are obtained. The exposed conductive netal is then etched

away usi rgyes of.6.g athireme; niklsel or alpysithgseed usingayacyuinfpriieransiveionduse ah

sol utions, a cupri c. chl oride W t Vi hl. oric,aci.d. | ayers my
be conpl thléﬁrlﬁs?%oﬁgl\}ée\ta]ecfﬁ?#k ¢ #fpé&gp ¢ gf’ﬁ%’ '8 t?%éﬁl ) d?ﬁ%lgedvﬁ§ﬁ1r£ead‘$eaﬁg%% on both
t he thi ckpagerimdclandiro STid memils biithidk@edsay o thd dieRdlictsubstrdidgndgal vani ¢

potential of the tie |layer with respect to the conductive |ayer material in
a gi ¥en ecoafugitvengtal layss anayedhe sameyes for terfubgracive prsesshdescdhbgslaboves t he

tie layer ' [ | ' . ] e
arount  orASEEE et td 48 Syt B8 Pohcrk b o AR Yo AHEE BRI oF 10
exposur e t0f5 hiteomsanplacidi Vithelfayle taytois nbematycthasamé afatdrizg ag iheseditlagasary to
conpletely renpve the tie | ayer allgms the etchant to continue to e@gh t he

metal traces tHEtCORGYEIYdRT2 I3ysrean bepeferned e apmber %ftvéfgl poynyaethedyied ¢ o
etch the ihgﬁdihg?b;?}&o;ﬁﬁﬁedﬁ?aé%gi SR8 bichMaker 48RBONUndqhdel strling- ORAHE LAy | aver

material . Fina Ing resist is strippe the circuit using a
sui tabl e dfgphutentsists) whitlymiag &b aqubsus byl ypmb besd, ardl aebentgative supssitnat e may

first be goated with a tie layer . of, e.g., chrone, nickel or alloys thereof
using a E&sﬁal%dﬁ%mﬁﬁ ¢ fashied) 6B theA e mela! lagr do e d8ed | ayer |

typi cal | Vi, 2 9RR8E techfiguBescHeR e wﬁg A ERBt itk Ao HINeSP UFHeSSHoRBedi R G4HMeg UE.
The materi als and thicknesses Tor the dielectric substrate and conducti ve

met al | aysxposedyto nEravidetslight ontheflike, thrnwgh alsaskan photetqnl.ovessinkidg sher | bed
LGRS EE AT SENE T ACRR IR ER R LS
nor gl |y deRelopad®itiah@pppriae sohienc@fill tHedleSired trace patterns are obtained. The
exposed portions of the conductive metal layer may then be further plated using standard
electroplating or electroless plating methods until the desired circuit thickness is achieved.
The remaining resist is then stripped off the conductive layer. The exposed areas
of the unplated conductive layer are then etched with a suitable etchant such as a hydrogen

20 peroxide and sulfuric acid etchant. Some tie layers may be completely removed during
this etching step, but many are slow to etch compared to the plated metal, and are difficult
to remove. This depends on both composition and thickness and the galvanic potential of
the tie layer as compared to that of the conductive metal layer. However, suitable etching
time is largely determined by the amount of conductive material that needs to be removed.

25 As previously mentioned, additional exposure of the conductive layer to the etchant for the
time necessary to completely remove the tie layer will allow the etchant to continue to etch
the metal traces. Thus, a separate step may be needed to etch the tie layer using an etchant
that does not etch the conductive material. Finally, the resist is stripped off the circuit
using a suitable solution.

30 As stated, for both the additive and subtractive process, a separate step is needed to
guarantee removal of the tie layer. In general, it is difficult to find an etchant that can
selectively etch the tie layer without etching the conductive layer, which is typically
copper. Also, such an etchant is likely to be highly specific to one tie layer material and
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The conductive netal |ayer can be patterned by a nunmber of well known

met hods i ncl udi ng photolithography, print and etch, |aser ablation, and

| aser scrwbi2ng/o68903t he case of photoresists, which nay [PeTAB@S03530T

sol vent based, and may be negative or positive photoresists, they may be

| am nated on the conductive netal |ayer using standard |am nating

techni ques such as applying dry resist with hot rollers. The photoresist is

t hen eXpQﬁ@dbé odlytsa¥d Rir@hothe Réhif mbieg flridkd a fdileRleie de TBEKet@RarRhOt Ot 0Ol ,
crosslinkin e exposed portions of the resist. The unexposed portions of

t he phot ol @PEI are then devel oped with an appropriate solvent until the

desi red {race MALLELASALE AHAMASH UGG ARSRIoR A that Bl LhRRRdUCt  ve

metal |ayer using s andar

el ectrol esgui with agvﬂetdmgel of Udfﬁrd)sjloﬂ—fbglsdﬁﬁtlé RfeCinbetibls, inbludieigasighliy s
achieved. The remaining resist_is then stripped off the conductive | ayer.
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Some tie e conplete uring this but
many ar e wikenyihg tlettchaganparthe pbb’n‘tehetcbdtmteﬁdiesrﬂiealn,deﬂyndg@bbfmhrf the d:ml t to
renove. ThIS depends on both co ition.and thi cknesa and the gal vanic
pot ent i alla¥sf lscfH’éPRq WayyAs "a%upé’gﬁ% peath 1t é5 femeved s ACeEdinghin 4BY PYAZOSIRR 4

layer. HOuEM&t eI dr ye%eedsE@ 't(f‘glaké Erﬁeklﬁlel cfi‘ircﬁﬁl \¥1tﬁ<§ﬁt ShME gbcfﬁf the amount

of conductive nmateri a at needs to be renoved previ ous nmenti oned,
addia i onaeltclm]&qhm)sodfthe tif layee, thmmtwtdun@a $cdlsytmn 1botherwnﬁtodnhgnnb ld}@r the tinme

necessary ta co tely .renove the er will allowthe etchant to
cont|nue‘?@“@?FﬁSﬁﬁgoﬂéPBPr?ﬁiﬂﬁgan ﬁﬁglﬁéwéeparate step may be needed to

etch the tie |I'BYehethdliddtidMayRt fdiadifal hitahe SRRY aQ0int8SCtat thE iBpRA uﬁ&neve
material. Finally, the resist is stripped off the circuit usin sui tabl e

sol ut i on.copgerdraaeseid mlﬁmnalbétdldlttdmellﬁdﬂmablﬁé anpdditiud pragessi to de pmp teda
T s o TR BT Tl R R R b g b i P e
Wit pout  abKAbiing ifshes epRciietreyaud] YiRkide Wis Gatvieen oy Pt adakys.
Specifically, at least one embodiment of the present invention includes sputtering a
polymeric substrate with a corrosion-resistant tie layer to a desired thickness, then
subsequently removing the exposed portions of the tie layer by etching the polymer
substrate below the tie layer. Suitable selection of tie layer thickness enables the tie layer
20 to be removed where needed while meeting adhesion and corrosion-resistance
performance requirements. In at least one embodiment, the tie layer has an optical
transmission greater than about 20%. In at least one embodiment, the tie layer has an
optical transmission less than about 80%.
According to at least one embodiment of the present invention, the thickness of the
25 tie layer is controlled so that it can perform the functions of adhesion and corrosion-
resistance while also allowing an etchant access to the polymer surface. In other words,
corrosion-resistant tie layers can be deposited such that they are thin enough to be
permeable to an etchant to allow it access to the polymer substrate, yet sufficiently thick to
function as an effective barrier between the conductive metal layer and the polymer, in the
30 areas where the tie layer is not removed. If the tie layer is too thin, it will be easy to etch
the polymer, but adhesion and corrosion-resistance performance will be negatively
affected. If the tie layer is too thick, it will be difficult to remove the tie layer, because the

etchant will not be able to access the polymer surface, even though adhesion and
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copper. Al so, such an etchant is likely to be highly specific to one tie

| ayer material andnay be poorly suited for another, which makes finding a
gener al - vs80 2006068@per etchant difficult. At | east one agpeais2as/ouize’ present
i nvention allows for the manufacture of flexible circuits with a w de range
of corrosion-resistant tie |ayer materials, including highly
corrosion-resistant tie layers such as nickel, chronme, and nickel -chrone

al | oys. Tbfrotiberésist@ice ipsrfa@idnce chaybedaliEraiery. tIeh@IHeve@nﬁqha/trméree@ chant
access to the polymer substrate underlying the tie layer. As the pol yner
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| ayer clrcuit,
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tie |ayer éinents of corrosion resistance and etchability. This nethod
of the Ié@rél"g Bipbond CKYs ¢ he added advantage that the inpact on the copper
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renovi ng the exposed portions of | ayer etching the
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enabl es t tlngladhe5|on and

b ded whi
COr r oSi oﬁpsroé’ hstLhSﬁ%gé lﬁ%&f o@m%&ef VA ?aré:gr@n %ng{nﬁygf f?%ng‘tebyo‘ff' &Hbodi ment ,

the tie le@hght itthe dacd zéﬁ@ndﬁétﬁﬁé&ﬂat%mﬁhtWlﬁ%ls@retdhhﬁél tiapglet amPYehihp at
| east one enbodi nent, e tie layer has an optical transm ssion | ess than

about 80%31}’,4@@110&@4@0 Wltatue laéigsthe digec biyplowhindaettvegnaterid hep bexrgtchedvent i on,
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functions of orrosronresrs
15 potentially be used in the present invention. As long as an etchant is suited to the polymer

material, the tie layer material is not significant if it has been deposited to an appropriate
thickness. The same polymer etchant can be used for any tie layer material.
Oxidizing agents (e.g., potassium permanganate, sodium permanganate, potassium
ferricyanide, etc.) in an alkaline solution (e.g., sodium or potassium hydroxide) are
20 particularly suitable for etching surface layers of polyimide. Suitable ranges of
concentrations for the oxidizing agents, in particular potassium permanganate and sodium
permanganate, are from about 20 grams/liter (g/1) to about 200 g/1, including 20, 40, 60,
80, and 100 g/l. Sodium permanganate is more soluble than potassium permanganate,
which allows for its use in higher concentrations, which in turn, can provide higher
25 etching rates. Suitable ranges of concentrations for sodium hydroxide or potassium
hydroxide are up to about 100 g/1, including 20, 40, 60, and 80 g/l. These etchants are also
suitable for etching other substrates such as polyester. Potassium hydroxide is more
effective at higher concentrations, so its preferred range of concentrations is from about 60
to about 100 g/1. All concentrations of components of an etching solution discussed
30 herein refer to concentrations in a prepared mixed solution unless otherwise noted.
Whether using an additive process or a subtractive process, in conventional

processes, tie layer metal is typically removed in a manner that has minimal etching effect



while also allowi ng an etchant access to the polynmer surface. In other
words, corrosion-resistant tie |layers can be deposited such that they are

t hi n enowyb 20@/dssvoper neabl e to an etchant to allow it aeceds24s/0833e7 pol yner
substrate, yet sufficiently thick to function as an effective barrier

bet ween the conductive netal |ayer and the polyner, in the areas where the
tie layer is not renoved. If the tie layer is too thin, it will be easy to
etch the oﬁQhé’?@ymeﬁUEu@ﬁﬁ&Silﬂﬁhs&ﬁén Beligves tanex®ss sthing of prrfodymaitce Wil 1 be
negatively affected. If the tie layer is too thick, it will be difficult to
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pol ymer surfac i Welgl LS erformance
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covered by a patterned netal trace layers. The trace layer is typically of
a conposirtmovel afithedief hyaireettl hyhitcking e polyre subpstermatsasesttbe surfacdi el ectric

tchant. Typically th tal of t L I | f .the tie |
needs t o IBEIARATRGEARE ST Rccn bR PR EH VS et naanitgpelly” HORS hest SSeiBt ate i s
etched, thg;f étaﬁhgxﬁfherp%yyrﬁ& sabahedsuafabels doRBntddRr Lid YRS rdhanal, heen

fornmed, preferably using ‘an etchant that does not also etch the trace
| aydr . Alfgstharamprosky thetpodymersuefageaesisianes. may be formed by using an et chant
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| ater devel'oped in the art nmay potentially be used in the present
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| ayer material ;i s _not. sihani fi i i .
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| ayey natigihplovedirgics gl A@aResistired Oncp deakniaged pyeranganaived, sodi um

per manganat e, potassi um Lo . )
additional etching did not have a significant effect on the surface resistance. By removing

the damaged polyimide, much higher surface resistance (one or more orders of magnitude)
could be attained than with conventional circuit-making processes. Higher surface
resistance is important in passing more stringent reliability tests, e.g., high temperature

20 high humidity biased tests (HHBT).

Accordingly, after removal of the tie layer, etching may be continued to remove a
surface-treated portion of a polymer substrate, which may provide a higher surface
resistance than with conventional circuit-making processes. Polymer surface treatment
may include, for example, plasma, optical, flame, wet chemical, and mechanical

25 processes.

It should be noted that in the case of a polyimide substrate, the etchant should be
selected so that the surface layers are removed without a build up of polyamic acid within
the polyimide film. Build up of polyamic acid reduces surface resistance instead of

increasing it.

30 Examples
This invention may be illustrated by way of the following examples.



ferricyanide, etc.) in an alkaline solution (e.g., sodiumor potassium

hydr oxi de) are particularly suitable for etching surface | ayers of

pol yi m dewoSoedimkdoe r anges of concentrations for the oxipdradiSe@sagsnts, in
particul ar potassi um per manganat e and sodi um per manganate, are from about
20 grans/liter (g/1) to about 200 g/1, including 20, 40, 60, 80, and 100

g/ 1. Sodi um pernmanganate is nore sol ubl e than potassi um per manganate, which
al | ows f Ofxanigle yse in higher concentrations, which in turn, can provide

hi gher etching rates. Suitable ranges of concentrations for sodium

hydr oxi de or %@tﬂ@zg skampleyehipiaiide fiimeavaidahle uadss he gl dgsipnatiocKARTOYN 20, 40,

cubstrat oo R0k BUFRE: REVER SrBtd Boifhd, ard R fueRo Rl dRedhy Foer

hi gher congeith h8200BS0°CSfor 5169 spE@idets fehdvaRaer0The GERYs o theflgnsivierk r oM
about 60 to about 100 g/1. Al concentrations of conponents of an etching

sol uti on themselaanse dyriest gprreat exyacs sk ekl Fimbers §-pkY, Hrapafedhmnxed
sol uti on 4B ERECOLAGS 1 R§el0he R 0GEed R i afife etdlidiey & Ploymiser’ 2
n p e layer metal "is

subtractive process,” | onven%ll’uona?etp rocesses,

t ypi cal | yThedswaledf tfotal apticah nransrhiksibn (B3 forithé thade Wi-Chicogedffteritenwetee

pol yneric %ubst rate, Itwas been believed that  excess etching of the

pol yner i OWeb/<17aaRd {4n " EPseityeln el he telpyH $oRtRaE Wahaprigd ik a Tellripatoll on

Ci reui t ekl ahidobtobariis Ak TROBLOBERR SlioOlvadbd FRStedRSpARARE! 196 L he
present invention is thdt, as conpared wth conventiona pPoces es, the

sur fiace qfrotdse ggolvynemidutestfroagerodndargan, it axyden/agon raticnappraximbelypr esent

i nventi ori haﬁ%ﬂgj gher surface resistance between the conductive traces than
in circui'f$t /by other methods. It has been discovered that renoval of

the tie layer sRtake RibsBhEHWAE B ARPLY RS sohthnt dodlRisb AT 8REANOILait!! f ace

insul ation resistance between the conductive traces. Additionally, it has
been di sc¥vg patasshen pefmasgatrteigt YPCt Her the I5PMEr NitEstubstrae.sner tiealoperi vas

continued after tie |layer removal .. it.furth iompraoves t.h ol . surface
Fesi st ancEoVF s Pt A B slebine” oo PR CE e R T ineE
subsgt r at eshbliayRashifReaNcrehibg Q&4 niifuted B Heel, A6 the FAEMEMHNIPC or to tie
| ayer sputtering had a damaged surface. ) )

substrate was dipped in the etchant, the tie layer was removed in 2 minutes and surface

resistance was greater than le+12 ohms/sq.

Example 2
Two polyimide substrates were sputtered with NiCr tie layer, in a manner similar

20 to that described in Example 1, to a thickness having a total optical transmission of 72.5%.
In addition, a copper layer was sputter deposited to 200 nm thickness at 3 to 5 mTorr using
a roll-to-roll vacuum web coating system. The deposition source was DC magnetron
sputtering. Argon was the process gas. No photoresist was used; the experiment was
performed on just the substrate. The copper was then flash-etched at a temperature of

25 23°C for one example and a temperature of 45°C for the other example, with a solution of
15 g/l hydrogen peroxide and 180 g/1 sulfuric acid (made with Perma-Etch, available from
Electrochemicals Inc., of Maple Plain, MN) until copper was visibly removed and part or
all of the tie layer remained. Subsequently, the substrates were treated with a solution of
20g/1 potassium permanganate and 60g/] potassium hydroxide at 50°C for 32 seconds. The

30 amount of NiCr remaining was determined by elemental ESCA surface analysis. This
analysis detected no Ni or Cr on the polyimide surfaces. In this example (unlike Example

1), the 72.5%Tr NiCr could be etched because some Ni-Cr was removed during the

8



The plasma-treated surface had a relatively |Iow insulation surface

resi stance conpared to untreated polyimde. Renoving this danaged surface
by et chi ngotzndcepmByi m de resulted in inproved surface PaosaiSatsoms307

resi stance. Once the damaged | ayer was renoved, additional etching did not
have a significant effect on the surface resistance. By renoving the
damaged pol yi m de, nmuch hi gher surface resistance (one or nore orders of

nmagni t udegler&odd GedtBedttbAihdphdiatm¥idlh TaO P¥RRIde ARaimdit iLalslbwPded@and
processes. Higher surface resistance is inportant in passing nore stringent

rel i abi | iit lefiraesignificant gmounj of NIt @herethgsubsrats. dlowierer.dhe petpKisls dxgatnasnt s
(HHBT) . Acgardi nal r the tie L hg ma
conti nue(f%@gdreg?}%/}%dfe{ﬁ%fd‘rﬁ? éggﬁfa\rf@aetsg%segg? tipglrrlmo aétgéﬁ%%/tr?rlgern ¢ g%glié}egﬁlé? whi ch

may provirg@odallbf tHeNi-SHr Theethe efdcsisani@dotfaina wivehtie tyeerdmoanlvill also

circuit-making processes. Polyner surface treatnent may include, for

exanpl e, dsp | whgratfes! the cpppas remayal sisk hpean thedisdayss dhigknesal copipesitieses. |t

shoul d b%na(gfrﬁg%ut hat in the case of a polyimde substrate, the etchant
sel'ec

shoul d be 6d so that the surface | ayers are renoved without a build

up of polyamc acid within the polyimde film Build up of polyamc acid
reduces ddinafmpd®3resi stance instead of increasing it. Exanples This

i nvention ma [ I At by. f the foll ow | es. Ex le 1 I
L s exanpl o a7 VTN Ry gE oSBT aB AT e iR 18h KAPTON
1. 5E fromRyiRAtn EXRRpMSCdifhQhe bYRE RIW A8 all NS FUDSES LIl bl Whs ‘(’a"er e

¢ B
heat ed under vacuum a{) 200- 35§)OC for 5- go seconds to renove watér. Th
sur feaces spftteriteppditeddo RRQ emtthiskness ehhéddS mylodi. r'&ben theraoeper wasyrgenved,ow at

FERLECH A Y SN R R M IORN A X T

optical tyareH §oh@s/squdre. ftafastndedétbintitedNfa6) NeTaRLE reMbBSed B 8% HBHE
removal step. The film was then dipped in a solution containing 20g/l sodium
permanganate and 80g/1 sodium hydroxide for 30 seconds. The temperature of the etching

15 solution was at 30C. Afterward, no Ni or Cr was seen on the polyimide surface and the

surface resistance was 4e+10 ohms/square. Etching of the polyimide was continued for an
additional 90 seconds after the Ni-Cr was removed. Approximately 0.06 microns of
polyimide were removed. It was found that the surface resistance increased by 1000 times

to greater than le+14 ohms/sq.

20 Example 4
Two 77.5% Tr Ni-Cr polyimide substrates were prepared in a manner similar to

that described in Example 1, with the oxygen DC glow voltage at 4.5kV. A copper layer
was sputter deposited to 200 nm thickness at 3 to 5 mTorr. When the copper was
removed, according to the method described in example 2, the surface resistance of the

25 polyimide was 9.3e+11 ohms/square. It was not determined if any Ni-Cr was removed by
the copper removal step. The first substrate was then dipped in a solution containing
180¢g/1 sodium permanganate and 80g/l sodium hydroxide for 15 seconds. The
temperature of the etching solution was at 30°C. The surface resistance of the first
substrate was 2.75e+10. The second substrate was etched at the same conditions but for

30 30 seconds. For the second substrate, the surface resistance increased to greater than

let+14 ohms/square.



50% 72.5% and 77.5% respectively. The tie layer coating was applied in a
roll-to-roll vacuum web coating system The deposition source was DC
magnet r orvepoda/®8908g. The process gas was a m xture of @xygmsnocands3ar gon,

wi th oxygen/argon ratio approximately | ess than 5% All three substrates
were then dipped in a solution conprised of 20 g/1 NaOH and 20 g/1

pot assi um per manganate at 500C. For the 50%r Ni-Cr substrate, no tie | ayer
was rem%@gn after 5 - 10 m nutes of etching. The 72.5%r N -Cr
substrate al so_did not show any_ significant etching after 4 m nutes.
However, when thgexporimogtoffjxamplest yas repeatedigt the fparsratyrerf dheetehanhivast he

t| e Iayer i ater than
| ev12 onib o TR IBR JoRo TR itk B Rl AR SIS P Th N

tie | ayerAftérjua 16aoacoids of eichiap, the stk rekdsandelyed m¢*re®eé|tcpimre1tham be8l4

t hi ckness _having a total optical transm ssion of 72.5% |In addition, a

copper | SQYES- sput t er deposited to 200 nmthickness at 3 to 5 milorr

using a roll-to-roll vacuum web coating system The deposition source was
DC magnetg,appgPsit teri ng. Argon was the process gas. No photoresist was

used; the experinent was perfornmed on just the substrate. The copper was

t hen fl ash- et dieelsulistrates wnmemapamda imé nRAOG dimilaviedhaxigsqyibed amBxample 1,

e a4, Sl BAETIRL 1 K BT PRSP Rl

avai | abl eppfyo9andlests, @sdgbeéﬂvégl SA (da jﬁer%as%@ﬂt& depavited tdvD)0 HtthickGRPRET Was
visibly renoved and pa all of the tie layer remained. Subsequently,

t helGubstirtatSenTorr dhespettared odpphr wasiben ﬂasihetohe@ﬁgvtbmpcnaass p{i23°gewitanganat e

and 60g/1_ pot as roxide at, 5 or. 32. secan rmun f Ni Cr
et nt ngoRBon L e Hidipasy Peiogis apd TSR 8hANTET S08 Cida e BERRERanal yoi s
det ect ed a%ﬂ;mleﬁbm@lea?o&aeﬁnmlmwlmaﬁlam. In this exanple (unl i ke
Exampl e 1), the 72.5%r N O could be etched because sone Ni-Cr was renoved

during theper oiiccbstrasest wem theneprayhé wibppmelutiosraontdining Bee/bpotessiate t r eat nent

Is a sl Ovﬁeprngr?g%%gte%ﬂg 20g/1 potassium hydroxide and deionized water at a temperature of

15 30°C. Samples of all the substrates were etched for 133 sec. Samples of the 72.5%Tr Ni-
Cr substrate and the 82.5%Tr Ni-Cr substrate were also etched at dwell times of 37 sec.,
69 sec., and 85 sec. Samples of the other substrates were not etched for these shorter
times because, under the given etching conditions, satisfactorily results were not achieved
at the higher dwell times. For each of the samples, the surface resistance was measured
20 with a mega-ohm meter.

For the 72.5%Tr Ni-Cr and 82.5%Tr Ni-Cr substrate samples etched at 85 sec.
dwell time, the peel strength, heated peel strength, acid undercut and surface resistance
were studied.

Peel strength was measured according to the following process: A 25 micrometer

25 layer of copper was plated on the Ni-Cr coated polymer substrate. A 3 mm wide strip of
adhesive was laminated on the copper layer. The exposed portion of the copper layer was
etched away leaving only the 3 mm wide strip of the copper layer protected by the
adhesive tape. The adhesive tape was removed. The 3 mm wide copper strip was peeled
off of the Ni-Cr coated substrate at a 90° angle as the force required to peel off the strip

30 was measured.

Heated peel strength was measured in a similar manner except that prior to

conducting the peel force measurement to remove the 3 mm wide copper strip from the

10
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Acid undercut refers to the etchant etching the outer portions of a polymeric film

that are covered by copper.

Figs. 1 and 2 show that peel strength and heated peel strength were not affected by

the tie layer thickness. Fig. 3 shows that acid undercut was highest for the thickest Ni-Cr

layers. On the other hand, surface resistance after Ni-Cr etch showed the effect of Ni-Cr

thickness on the etching process. As indicated in Table 1, Ni-Cr substrates having lower

10

11

than 72.5% Tr showed low surface resistance (less than 1e+8) even after long etching



180g/ | sodi um per manganate and 80g/| sodi um hydroxide for 15 seconds. The
tenperature of the etching solution was at 300C. The surface resistance of
t he firstweubatossdod was 2. 75e+10. The second substrat e wag/ust@bmas3at t he
same conditions but for 30 seconds. For the second substrate, the surface
resi stance increased to greater than | e+14 ohns/square. Exanple 5 The
experiment of Exanple 4 was repeated but the tenperature of the etchant was
at 5Q0C righdiedNIar: AERatesThingThi héfltha%m‘ %%hb\%dl ﬁ%ﬁ%ﬁﬁa@ﬂesi&ﬁﬁcé anpl e was
1. 02e+12. After just 15 seconds of etching, the surface resistance was

i ncr easedgtestenthanl e Hawveratiafteo Bgrs dwelt Bmegxanpl e 6 Five substrates were
prepared, in a manner simlar to that described in Exanple 1, with

LRSS NS QLo d2- 5%

dep05|tedﬂ T0 200 nTATcknesy at 3 1o 5 mToer‘JEanﬁguttered copper was
then flagh-etched at a tenpenature of 23C with a solution of 15 g/ 1
hydr ogen péF‘SJﬂyﬁ'é and IS(%g/ 1 sdP¥esci c |aci ﬁsieﬁade wi Of s@er ma- Et37isec
avai | abl ¢—frgp Erectroghemcats tgg—, Nepte Prarmy— MYy —Thersubgigatesg were
then sprayed With a soltfion|containind 20g/l potassium perfranganate gnd
20g/ 1 po assNtﬂn hydroxﬁaé and deiM@i zed water at @ tenperatlire cNG 300C.
Sarrpl es & CLllc ouu%2|5at €9 Wc']g etched fu_i' 133-sec: Saupl €S \N the
72.5%r N| ]gr substratée and |t he (3 5%ir Ni -Cr substrate wefe also et¢hed
at dwel | |ti m¥gCrof 37 5625 69 [sec,0knd 85 se@K Sanpl esOBf the th:ekt
substrate»&—wﬁ rot—etched—+or ”"‘“e sherterti-res—because—unrderthegi ven
et ching ¢ond {(’fro {g?gf actlorily results re not achieved at ‘qI%e hilgher
dwel | tinmes. For each of the sanples, the surface resistance was neasured
with a nega-ohmneter. For the 72.5%r N -C and 82.5%r N -Cr substrate
sanp! es NGhedowresanse 1e+8 ohm

OK = acceptable resistance > 1e+8 ohm

14

Examination of the circuits with ESCA showed that Ni and Cr remained on the
72.5%Tr substrate etched for the 37 sec. However the 72.5%Tr Ni-Cr substrate samples

10 etched for longer dwell times did not show any significant amount of Ni or Cr remaining.

Example 7
This example was prepared in a manner similar to that described in Example 1, but

for this example, a mask was placed between the sputtering source and polyimide
substrate web. The mask opening was shaped to produce non-uniform film thickness

15 across the width of the web. The Ni-Cr sputtering was done so that the optical
transmission varies from 60% on one edge of the web to 80% on the other edge. NiCr was
sputtered with this mask and a substrate which has 60% to 80% Tr across the web was
obtained. Copper was sputter deposited then flash-etched at a temperature of 23°C with a
solution of 15 g/l hydrogen peroxide and 180 g/l sulfuric acid (made with Perma-Etch,

20 available from Electrochemicals Inc., Maple Plain, MN) to remove the sputtered copper.
After removal of the sputtered copper, the substrate was exposed to a solution containing
20 g/ potassium permanganate and 20 g/l sodium hydroxide for 100 sec. Electrical sheet
resistance and optical transmission were measured at the same, equally spaced locations
across the web. When sheet resistance was compared with optical transmission, it was

25 determined that a thickness of NiCr providing 70-73% Tr and above would provided 1e+8

12



dwel | tinme, the peel strength, heated peel strength, acid undercut and
surface resistance were studied. Peel strength was neasured according to

t he fol | owbrgogueemass: A 25 microneter | ayer of copper was/ysk@smasson t he

Ni -Cr coated polymer substrate. A 3 mmw de strip of adhesive was | am nated
on the copper |ayer. The exposed portion of the copper |ayer was etched
away |leaving only the 3 mnrmmwi de strip of the copper |ayer protected by the
adhesi ve oh@Resisthh& Féh §lerﬁid%Q:Rﬁiir¥31§y 1he FeMeshgarldie cBeriBiriV A8h6RARMEFigSt i p
was peeled off of the Ni-Cr coated substrate at a 90 angle as the force
requi red4to peel off the strip was measured. Heated peel strength was
measured in axsim.lar [, .exc . i j e _peel force
reacur ement ¢ & e RANESS AR R BlebBEbe s Blon8p ST R e e B C

subst r at g¢host beillsd isthe atteviiout dépatitngnBemshbipt and spirit bRthisdhi@ionand@at i ng
profile. Acid undercut refers to the etchant etching the outer portions of

a pdl ynesheuld be gndergipodthat thisiaventions peigede undplydimiteddq dhoillypziivenat peel
strength J .rength were not affected by the tie |ayer
thicknesgﬂlLIB ?b.£%§%%2ﬁ§4¥%%ﬁ'acid undercut was highest for the thickest

Ni -Cr layers. On the other hand, surface resistance after Ni-Cr etch showed
the effect of Ni-Cr thickness on the etching process. As indicated in Table
1, Ni-Cr substrates having |lower than 72.5% Tr showed | ow surface

resi stance (less than | e+8) even after long etchingtines and N -Cr
substrates having higher than 72.5% showed hi gh surface resistance (greater
t hanl e+8) even at after short dwell tines. Table 1: Surface resistance for
Ni -Cr substrate with different optical transm ssion NG = Low resistance <

| e+8 ohm OK = acceptabl e resi stance > | e+8 ohm Exam nation of the circuits
wi th ESCA showed that NI and Cr remmi ned on the 72.5%r substrate etched
for the 37 sec. However the 72.5%r N -C substrate sanpl es

13



etched for longer dwell tinmes did not show any significant anmount of N or
Cr remai ning. Exanple 7 This exanple was prepared in a nmanner simlar to

t hat descwoOhkeds/iésvoExanpl e 1, but for this exanple, a mekTWws008/0833eT

bet ween the sputtering source and pol yi m de substrate web. The mask openi ng
was shaped to produce non-uniformfilmthickness across the wdth of the
web. The Ni-Cr sputtering was done so that the optical transm ssion varies
from 60% on one edge of the web to 80% on the other edge. N Cr was
sputtere¢pnmdr this mask and a substrate which has 60%to 80% Tr across the
web was obtai ned. Copper was sputter deposited then flash-etched at a
tenperature of 230C with a solution of 15 g/1 hydrogen peroxide and 180 g/1
sul furi c laci d A methedwiottipridmgma- Et ch, avail able from El ectrochenicals Inc.,
Mapl e Pl ai n,. ..WN) renmpove. t sputtered c er. After r val,.qf t.he

sput ter edraigiben et RS e fide BN et PR Aeifhetie 20 o1
pot assi uracﬂagﬁtr@ﬁgﬁ@gf@tcgﬁg tROdieledirie @EbgMAN¥Ad oXi de for 100 sec. Electrical
sheet resistance and optical transm ssion were nmeasured at the sane,

equal |y sppeséng dtdest # padioasd theslishaeiakloyevindke diklsetricresediast suebhajdle conpar ed
ith tical t 1 SSj it d 1 h i ck . 1
or ovi di ngonsnalgia RSl srantne S0l Btoh st MaSi0ASS S buhtd]

pol yi m deyiRtdih inealibctiid@tdhanttangaine &) Ghdiringtaoynt e abaothat orprikes 4t
Various nodifications and alterations of this invention wll

1 | ) becone
appar ent leagt ensofd 1 xabqut 80 to abauh 0Qgramgliteraftsodiapulpxdrergde prri2) gRow O83e and
spirit of S0l AV.ent:i k be understood that this invention is
not to beEIb{)JLrtl}dlz)l()fQ%[ﬂérﬁlteggf?{)}q%s%&em| ?@J&g Fative embodi nents set forth
herein.Cains 1. A nmethod conprising: providing a dielectric substrate

havinig aofir StrHGhdthod 8Y@kint N&ritic? HRPIIADHS IndadeAt 8pbkich FURNmaL

capabl e of etching the dielectric substrat and exposing at |least a
portion afetslHaydriover theetched paryion of thetdiedediiebelstiaiec et chant such that the

3. The method of claim 1 wherein at least a portion of the first metal coating is

covered by a second metal layer that is impermeable to the dielectric etchant.

4. The method of claim 1 wherein the first metal layer is selected from nickel,
15 chrome, or alloys thereof.
5. The method of claim 1 wherein the first metal layer has an optical transmission

from about 20% to about 80%.

6. The method of claim 1 wherein the dielectric substrate comprises polyimide.

7. The method of claim 2 wherein etching of the dielectric substrate is allowed to
20 continue after the first metal layer is substantially removed.

8. The method of claim 7 wherein the dielectric substrate is surface-treated and the

etching is allowed to continue until at least a portion of surface-treated dielectric material

is removed.

9. The méthod of claim 7 wherein the etching is further allowed to continue until the

25 surface resistance of the dielectric material is increased.
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portion of the dielectric |ayer under the exposed portion of the first
nmetal |ayer is etched, wherein the dielectric etchant conprises an

oxi di zi ngvegerossesd a base that conprises at | east one @CT(Ukpooabaeisn7 20 to
about 100 grans/liter of sodi um hydroxide and (2) about 60 to about 100
grans/liter of potassium hydroxide . 2. The nethod of claim1 further
conprising renoving at |least a portion of the first netal |ayer over the
et ched pant i o gletHodeodRiskgt ri ¢ substrate. 3. The method of claim1
wherein at |least a portion of the first nmetal coating is covered by a
second marevidingypekicledirie substiatedwvingablitst metal lagenthat is permieablet tolaahielectdc The
met hod of .¢laim 1l . wherejn the fjrst tal |layer is selected from nickel
chrone, (S:FC%&% %’Pébl? Rg?tghlfn.g t@e_ dl?kga}%égﬁ%ﬁmo@n laim1 wherein the first netal
l'ayer hasxpssi@pitileat a poRdABI I DRt me@NMgB0M ithe GidcRicadichsnt &{d¥othd theThe

met hod of claim 1 wherein the dielectric_ substrate conprises polyimde. 7.

The Sret hawrtim ofithg dicleciisdpgrymdercthe ggpased poréion o thedirst metgl lgyerigeished
| | owed ' . ' ' tant i d.
a1 omed BRI WACOHE Stheechlf ks 0913k phGEab e SHPRAN bl bker eTove

surface-treated and the etching is allowed to continue until at |east a
portion afy, SU!’ﬂ@QﬁetBéc?@f@ﬁnﬂ_l@hﬁ‘ﬂfef bEmprRiSg feﬁ{ov'irﬁg ét%ﬁé_i’@ﬁorti%n of'ﬂ%ﬁ?@tt hod of
claim7 wherein the etching is further allowed to continue until the
surface megaldayanowenthe etebedpertionof ihe dielerit aubsirgtei ncr eased. 10. A net hod
conprising: providing a dielectric substrate having a first netal |ayer
that is perneable to a dielectric et cqant capabl e of _etching the dielectric

subst r at - and R pIRehef cein E%&"therénb‘ﬁ_r $3SbHPYHLOR 19 _ﬂﬁ first mget el Byer to the
di electri g gbg B?Qﬁeﬁﬁgh?étgﬁﬁyérhﬁaﬁ?{nﬁ el H"t‘ﬁﬁqgé?éc ¢ LicRadt@yer under the
ortion of the I et ched,

exposed p Irst” neta er 1s erein the dielectric
et chant conprises sodi um permanganate and at | east one base.

13.  The method of claim 10 wherein the first metal layer is selected from nickel,

chrome, or alloys thereof.

14.  The method of claim 10 wherein the first metal layer has an optical transmission

from about 20% to about 80%.
15 15.  The method of claim 10 wherein the dielectric substrate comprises polyimide.

16.  The method of claim 10 wherein etching of the dielectric substrate is allowed to

continue after the first metal layer is substantially removed.

17.  The method of claim 16 wherein the dielectric substrate is surface-treated and the
etching is allowed to continue until at least a portion of the surface-treated dielectric

20 material is removed.

18.  The method of claim 16 wherein the etching is further allowed to continue until the

surface resistance of the dielectric material is increased.

19. A method comprising:

providing a dielectric substrate having at least a first metal layer;

15



11. The method of claim 10 further conprising renoving at |east a portion
of the first nmetal |ayer over the etched portion of the dielectric

subst r at evo2B06/068®@3 et hod of claim 10 wherein at | east &Cparsteosn4ssh7 t he
first netal layer is covered by a second netal layer that is inperneable to
the dielectric etchant. 13. The nethod of claim 10 wherein the first netal

| ayer is selected fromnickel, chrome, or alloys thereof. 14. The net hod of

claim 10 e)é\%‘tféi | 11 143€a ﬁ)(brﬁ%ﬁ ofBledirst B¥ET lah@So AR eRBhiGApatlE BNESIThIRE tIRfifst oM
0O a

about 20% out 80% 15. The nethod of claim10 erein the dielectric

subst r at exeta dqyrer fas tipo¢ sufficiget toxeusethe fing mpesal lafer &0 bg thimed\grevgi ta bst chi ng

of the dielectric suhstrate,is all,owed .t.0_cantj. af h irst metal
| ayer i SPS%?#L?ntPiaa#%?Ctp‘éﬁ%b@ﬁ.ca a}ﬁe eetd%ﬁrel% ﬂg‘od 1%? &El g{ﬂ%ﬁf&e, \?\ﬂ&er ein the
di el ect r iegpssutdsitiedsea portish of ardirty BakEdyand tiddcktieiicngantssuah o t o
continue until at |east a portion of the surface-treated djelectric

mat ér i al dislectimgibsuate padertheexros¢bporen of Biedirtanetaldagstis gisedt ching i s
further allowed to continue until the surface resistance of the dielectric

Cubst  at 80naviihG MR Eeictain 1 Reeh e e g xnge St LBt BT 1 on

of the fiksi ARk Bber BY BhsPpoR bENRMelARabIRLGE, et ching the first netal
| ayer for a ti'me sufficient”to cause the first nmetal |ayer to be thinned

enough to be perneable to a dielectric etchant capable of etching the
di el ect r ¢, sub3iemadtesd ehthiexPowhaginahe Hizbstriesubsirite fntlet comprifdsaseconet al

| ayer to the dielectric etchant such that the djelectric s trate under
the exposesialjayer o8 hekirst metal Jaysg W%Ftcﬁgﬁé? Calpél’]@t ] !ngét?%%ﬁéﬁwaod of

clajm 19 [ ising renoving at |east a portion of the first netal
Ia;a/ieor ngééﬁnﬂgﬁé‘%@%gmr“ on of the dielectric substrate. 21. The net hod

of claim19 wherein the dielectric substrate further conprises a second
22.  Anarticle comprising:

a dielectric substrate having a treated surface,
a patterned first metal layer leaving a portion of the treated surface of the dielectric
substrate exposed, and
15 a second metal layer covering the patterned first metal layer,
wherein at least a portion of the exposed portion of the treated surface of the dielectric

substrate has been removed.

23.  The article of claim 22 wherein the first metal layer has an optical thickness of up
to about 80.

20 24.  The article of claim 22 wherein the first metal layer is nickel, chrome, or an alloy

thereof.
25.  The article of claim 22 wherein the second metal layer is copper.
26..  The article of claim 22 wherein the dielectric substrate is polyimide.

27.  The article of claim 22 wherein the portions of the dielectric substrate from which
25 the treated surface has been removed have a higher surface resistance than the portions

having treated surfaces.
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metal layer on the first netal |ayer and the etchant is capable of etching
both the first and second netal layers. 22. An article conprising: a

di el ect riwoxvndratcs@Be having a treated surface, a patter reua/useoos4sser al

| ayer |l eaving a portion of the treated surface of the dielectric substrate
exposed, and a second netal |ayer covering the patterned first netal |ayer,
wherein at | east a portion of the exposed portion of the treated surface of
the diel exg ri cTisddatitledlf elaia Q7 baRReih EENEMce Hiistahb&oftht ipHBnebf Heal m 22
wherein the first nmetal |ayer has an optical thickness of up to about 80.
24. The aheleeirie spbstiafedromaphicihie dicated sarfagerhps baen removad Bave asuifeskel |

chrone, . . Il ] i he second
ot al | ayleionct e ot AFLRE! ofririehAE Rl Bt B0 pGLBUTHARI BRI frled TG
substrate is polyimde. 27. The article of claim22 wherein the portions of
the diel est ri crigtbatedl elaimh OMwWRIGR e \Rrfat SALRANSHET BE BoRRRs BEER enoved
have a hi gher surface resistance than the portions having treated

sur f aces.Rgectiip gubsitatecfremovhich thi dneated whidaasi has bhen rworoivad bavesssusfaance of the
portions of. tq% gigﬁect#hﬁ ubstrate fromwhich the treated surface has
been renﬂS%ﬁaﬂaf)a %%ﬁf% &"Mesi stance at |east an order of magni t ude
greater than the portions having treated surfaces. 29. The article of claim
27 wherein the surface resistance of the portions of the dielectric
substrate fromwhich the treated surface has been renoved have a surface
resi stance of at |east |e+8 ohm
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