WD 2006/ 068903 PCT/ US2005/ 045307 Flexible Crcuits and Met hod of Making
Sanme Field This disclosure relates to flexible circuits having tie |ayers
and et hod them 5 Background Flexible circuits are typically
conposed o fﬂogﬁgﬂg{pone nmetal |ayer such as copper (OJ)PCTfSﬁS&%Oe 04%/ tin
(Sn), silver (Ag) or gold (Au) on a flexible polynmeric filmsuch as

pol yester (PET), polyimde (Pl), or liquid crystal polyner (LCP). Wen the
netal is attached to thg polyrrer filmwthout the use of an addltlonal
adhesi ve | ayer, the 10 cBigibleCinenits and Method of Ma 2¢M8s a "two-layer” or
"adhesi vel ess” flexible circuit. GCenerally, two-I ayer substrates consist of
polymer filnms of about 12 to 75 mcrons thickness. Athin tie layer is
usual Iy enpl oyed to pronote adhesion bdiielden t he rret al and the poI yner
film to prevenf. o imze corrosjon, at, the netal/fil |nter ,.and to
provi de a diffuifPJéﬁhSS Heéﬁaﬁéﬂ%é@ﬁbkwgcmwl% K n%l $P wkigr i gh
perfornnnc?1 5 applications, the primary netal |ayer is commonly copper
while the mlayer is polyimde. Tie layers range fromabout 2 nmto
about 500 nmthick and are formed by nethods such as vacuum sputtering,
vacuum evapor ati on, and chem cal pl thﬂ{grbymd cally of chromium (Cr), nickel
(Ni), cobalt (gﬁi%@ | ybdenum (M) or their Iat ed all O%ﬁ To 20 be useful
in high perfor lg giEsuits AEe YPic ‘EonéRf’ﬁF‘ile%‘%t ehkoneanglgl EyEEeh a%capRer net al |

it should e t t er, so
that the. oo RRRERC h P! fllel Do) drioldathSh oh ARBIPHAHRAE ofth SGAPRS

chal | engi ngolyesier (PEMR Holyithide (IPJi)yequLﬁdhaltysm polyieg{ilGP)c oWhasthometadsd st ant are
dlfflcult to etch. Aggressiyve etchants that can attack the carrosion

fesistant gitashedipdthe 68115{1”& Semsrighort the apt ohancaddiional adbesitpeer then addi ti on,
Tany o ”OQor%%Et%H 1@%?[51'1 Qlaéﬁﬂ&{ &d ‘%&9 15 rPRSSlN v%lers?aﬁéylﬂl{i%ﬁgn?re less
actlvethanc canln the etching of the tie

| ayer and mhaally, tdrbﬂfiya?lshﬁsufa&s bemmefpolgﬁuaeﬁlr@d dfyabont 13 10€7pmicednsr egi ons  of

acircuit. Summary One aspect of the present invention provides a nethod
conpri si ngthigkngss. dt’,xﬁgn He layer 1s usually employed to promote adhesion between the metal and

the polymer film, to prevent or minimize corrosion at the metal/fitm interface, and to
provide a diffusion barrier between the metal and the polymer film. For high performance

15 applications, the primary metal Jayer 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
1



30 dielectric substrate having a first netal |ayer that is perneable to a
dielectric etchant capable of etching the dielectric substrate; and exposing

at | east a’d%ﬁl,%fiéﬁ%%m the first nmetal 1 WO 2006/ 0689031‘1’%@39@%@%@@945307

| ayer to the ectric etchant such that the portion o tric

| ayer under the exposed portion of the first netal layer is etched, wherein

the dielectric etchant conprises an oxidizing agent and a base that

conpri ses, at | east. one of (I ut .20 to about ,100 . grans/liter of sodium

Py ox delasido (25 isigege C%%%ugﬁgﬁf thf@eﬂwféﬁ? ??@F“&qaﬁd_t“&é%ﬁ FPPORAr oxi de
Aot herp GRBR 6} the irk HerhNRA G4 AEhdA QUELRSE ABRAAeERAR oML AT OVI ding a

di el ectn% substrate having a first nmetal layer that 1s perneable to a

di el ect ri exidizigoagent and pdiabethaf catpitengt lednt odé ef @g bbbt 28ubsbaurtl 60 and

exposing at least .a portian of the first tal layer tq the dielectric

et chant sgFemsfiferofspdumdp; ‘Bﬂg%ﬁfﬂ%{@i@ﬂu&ﬁg‘gf{ %@W@Wﬁﬁ%&%ﬁ?@%%@osed 10
portgon o ycﬁ'gﬁdé! rst metal layer is etched, wherein the dielectric etchant

conpfri ses sodium pernmanganate and at | east one base. Another aspect of the
i nventi on providethersaspedtlod theciangntion ipreyidgsraavettiod gomprising| povidigg substrat e

having a first netal |ayer; exposing the fjrst al layers to_a netal
et chant c@igksire SEPSt@EPChﬁVHQ‘%%ﬁF:St me%?ayﬁﬁha? 15|p§§,l?@$é.%iedp aa‘ﬁﬁlp‘f"ﬁéc;f}tﬁi’ﬂﬁmci ent to

th LLat thi . |
i o ect r 1 carapliof il thopleRile fuBuRle Wl BREGENRIA: 4 Poro BELTARN R
exposi Ng Riyed toakd dielep@ictetddanDduch ket fherpsitidiedfahe HRYeetrid laydrimde tt eglokéd

etchant such that the dielectric substrate under the exposed portion of the
firg® netpertionpéthe first ragtalHayer ingtehade Whersieibe disleatieetchans somprsessedinges an

article conprising: pelectrnic 20 substrate having a treated surface, a
patternedp‘%%fa?ganﬁgetaé’l%algg’;%‘%troqeéjg\gﬁ‘ng a portion of the treated surface of the

di el ectric subghbibPasprR@Fet indéidion ps@s@ith MEhal chayeEingopRividig 4 he
patterned first netal |ayer, wherein the exposed portion of the treated
surface oflieldstric sybgrasehaviies a fing metal dayke xpewing thefstanctaldeyss toremeial es and

SO 20°5 By LRGSR s RS TR RS0 B LR e
Fi gukes  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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Fig. 1 shows the peel strength for exenplary articles of the present
i nvention. Fig. 2 shows the heated peel strength for exenplary articles of

t he present, .l lgn. 30 Fig. 3 shows the acid undercut_for _ exenplary
articles ofwPﬁg%zdrggsognt invention. Fig. 4 shows a graph %%W%”P%@B@ﬁt i cal

transm ssivity versus electrical resistance for exenplary articles of the

present invention. 2 WO 2006/ 068903 PCT/ US2005/ 045307 Detail ed Description
Flexible circuits are typically manufactured using an additive or a

subt ract i v@etpHesReserintion di ng” vari ous procedures such as netal sputtering,
resist |amnati ; kSt | | | J6k; ' apd

pl ati ng. The segg%}{r%@g%g?ﬁlgsu%ﬁ%rﬁggg%@g%bﬁgﬁ%Yﬁeﬁg%dg?gg%gagg[gailc}lgg for the
parti cul ar peocesuintludeigngrivadprocddures suptpacaktabsvttennd, iresist fanoicetie, nsisng a tie

| ayer, a dielectric.substrate is.firs rovided. The dielectric substrate
may be a p&?‘?‘??é‘i‘gaF?SP%%ﬁﬁ%‘é’l%,et g, é&‘gﬂlﬁﬁ’éé- %VQ&?@P,OQS%W?@H@,S maYqui d
cryst pol : | : . Yoki ol ycarbonate, or polyolefin
and tf/slpi caIbI\%r)p‘5 lgdsQée)l&étém?@{dr{eﬂgés-l}!)%?&Lg%ocﬁlﬁﬁqogﬁg?%adgbout 600 pm The dielectric
10 substrate is Ispuypiedledbivictibe probegssksingettal layayediekbiricaubstratnisdiestl , chr one,
ni ckel -chrone, . caobalt, nolybdenum to forma ipg | ayer.. This s typically

1

fol | oned byrensssi thesficlgstric gabstratei mas Ye appidmer ppmedeat. foppxpmple, golyestepper
I d, Ll Ays: f i : 0l i th
Qonduct 1 ve PeBYEidey B et BhERLE AN clisridd Bhie iR cdriohle 8¢ 11 2

el ect r ol espoploddfildhdavpiedbsias a thikiNgy bf atbup O LAY ©Sbsht 408 |@RPThedicRokR t he
conductive layer of this netal/dielectric substrate. The photoresist nay be

a drylfi| mspbgias istspattered with plfirsangdgl lpyeriohat 4. oricksl.adeerge, mickehchrpmgi d

phot or esi st t i.s | i ed. by a. coati Rg. process. e phot presj.st is then
xposed t o cobip i s ot PHis BRFaly PSR So5lic ot Bol
crossl i nki Rgindt cOrRRESE sdRaN4yeP Sy, prpérb@olﬂ?@ri Aloys HRR0H) VhRISAH tlRAel ONS  of
the photoresist” are then devel oped with an 20 appropriate solvent until the
desired patplaedep frtheopithiarmsdductive mekg) és @ dedisd daicknesebyrenawn eleetrapfiasingetr ched

away usi ng ill %rui?t ab]%{a etchant. Suitable etchants include anmoni acal
sol uti ons aNFTEEET PEUEHPEFFHE  wi t h hydrochl ori ¢ aci d.

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 liguid 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 chioride with hydrochlorie 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 maierial. Finally, the

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



Sonme tie layers may be conpletely renoved during this etching step. This

w Il depend on both the thickness and conposition of the tie layer. In
addi tion LR eaahiasy ¢ 25 potential of the tie layer w E’ETYlﬁﬁ@gﬁﬁﬂﬁp t he
conductive layer material in a given etchant will also have a significant

effect on the renoval of the tie layer. However, suitable etching tine is
| argely determ ned by the anpbunt of conductive |ayer material that needs to

be renpved. Additijona osure of the conductjve | to.the. etchant for
the 1. neceluprabs B dprs AdifEyae Sbteledim i berrudmieRa 88 chant 1o
conti nue Ia?ex%f?é‘.g.t Qﬁro%ﬂe, RRkal orta[l@fs&ﬁeﬁebﬁkiﬁ?&@aéﬁ%ﬂhpﬁﬁéﬂ;ﬁ%tecﬁﬂ , /@ separate

step may bé needéed to etch the tie |layer using an etch t hat does not
etch the tanfitsttonductivgseed dpenrtyptallyRionpdr] ig therhdepositadaisinignyvacesist i s
stripped off the circuit_using .a suitahle sol.vent.. 3 WO 2006/ 068903

T OB2008pAEmE bt THeiatbralsaie FRuers CUdls disl g SRR bst  at e ray
first. be 1 Byt Bad obe 2 €1 | | ; t her eof
Usi ng 8 Ve By B e e e S B e PP ey

t ypi cal | y Afepthertie lagerahé necdd pyes iateepputiaed gnta thapolyimids,ufldshrmets layee bfil que.

The nmaterial s, and fhickpesse r the dielectric substrate and. 5 conductive
metal | ay®> RiSFoBRISDe aﬁ}\‘? @@L:‘f@’ﬁr t%@@@hﬁéﬁ?ééﬁ‘?@@%%% Seeflaysti ped
above. After ' ; I t i m de,
S ash motal s ebhdbeli®V bt BB be e PO P SRHRLESROI0R ful AEDE ¥

nor mal |y idetudagphoteliteo graphyg prititendseeshd lakanablatiohhgnddased yaribing mthataseayer can
be patterned by a nunber of well known nmethods i ncluding photolithography,
Br i N0 and oEphOTesigtseWhigh rmay; bepqueny o saleent basadpanfnay Re pegativa gEpOsSTyeof

hot or esi 1.C ,qﬁ I negative or
positive %@ rc?\ré\%tssf g}eg,ﬁ}' he;}%ﬂng%%gzmﬁg?n&%g%@g%olﬁatﬁﬁgy%%ﬁgl ctl \9%% metal |ayer
usi ng st angsinsting techriqies 3aci BSCipplyinpadry sesidn wath Iappollern OTHH phot@sdigttis teh h  hot
rollers. The photoresist is then, exposed to ultraviolet |light or the I|ike,
t hrough ac¥resed torulgnuelst Haht or dheliks, thigueha mak orgbpiviead. govslinking thst ¢ he
resist. Th X | Ons i 5..devel oped with
an appr opre ?%({%ggggﬁégg?%%ﬁﬁ%'t Egé ]cliltﬁaegﬁ ?sgg%ﬁ{a@g "%Q}f’fp@rg‘h"ts’&zﬁea;@ o%?lgi ned. The

expoged pdetdl vaith ihepreepribicidlvat tmilahe deaited taeYpdtleay AobthintdeThd! at ed
usi ng standar el ectroplating or electroless plating nethods until the

desired ciekpased pertioak peids cpadusting metablayariaay theaibsifvrgher platet using standardst r i pped
off the C%ﬂag gﬁl.iatt\ill?g clnraéfeecctfole-gg sla%ﬁg %%%%dg Wiift¥he 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 efched 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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of the unplated conductive |ayer are then etched with a suitable etchant
such as a hydrogen 20 peroxide and sulfuric acid etchant. Sone tie |ayers

may be conpl et ved during this etching step, but _Slowto
etch comar@@@h&?ﬁg‘}g& ated netal, and are difficult tonﬁ‘gﬁf}g@.&@ﬁ'@
depends on both conposition and thickness and the gal vanic potential of the

ti.e layer as conpared to that of the conductive netal |ayer. However,
suitable etching tine is largely deternmi ned by the anount of conductive
mat eri al t HaeY hepersln Witsd foranpthey whpdh makes fiadingasgoperplnts bhkassr efeldnt i onal
exposure of ;:kheconductive layer to the etchant for the time necessary to
conpletely renove the tie layer will allow the etchant to continue to etch

the netal tracesAt[Eisne spseipdiibd presdnthvemsonaglonsddethe nnaf=eturé bef&iiBe! ayer
using an etchant  that, does ngt etch the conductive material. Finally, the
resist is stfUppaitharyide Fauge of eeresionsipisgntiisigyerapatenals, inelpding highins” st at ed,
for both th Lt ti , I S i eded to
guar ant ce. raRBaP TSt PRAY R ARE SRR ORERS, o ORI RCUER: TORF G an

et chant t haay&agapiiell &k imaathet t6allbwialiR]ine etoifracetss i@ the polyahérngbdthe:
conductive |layer, which is typically copper. Al so, such an etchant is
likely to banderlgmeghesiplayen Asthe palymer etchany svodantheningerlying palymer,2bob¢ 068903

PCT/ US2005/ Q45307 . hted.f r k.ch, nmakes finding a
general - usel%?relggtgyg%y ae‘{?%hagﬁﬁé g"c¥§1|p§ #{ibg’lﬁ%%h. l?iftr ’I%ggg(f %ﬁ(\ég@glgglgc?nyo@r{%lémpr esent
i nventi on ajekight fickydrhitayBiseded ake 9flctibRxibhie, wighdut YbicsrmMBdat e de range
of corrosion-resistant tie layer materials, including highly 5

cor r 09D on- resehadilityof thediellayesr tusproviding ssodtion for e saniliciingltiniayke| - chr one
alloys. The tie | i s _applied in wer to allow a polynmer etchant
access to tWgulﬁ%flﬁ?efcgﬂrﬁglfgﬁ?sé&a%ﬁ%&P‘gﬁ%@l?he tie layer. As the pol ymer

et chant erodes t1igs dieeRidl ofitidJayee keti®fal hdshBe ddded atiPuRigel that3hd indGtopidy as
t he support beneath it is renoved. Accordingly, any corrosion resistant tie

| ayer may besppsigacedismainsnal. Additiasally gt enables an addiiveiprosensde baimplementedhe 10
ctenant 11y gl RIE L1800 e EOMALI 8,30l o Con, LS a1t no
o) Sl e g et o | 12, copper
i npl enent ed 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

L)
(=]

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

5



wi t hout the need for chloride based chem stries to renove the tie |ayer,
thus avoiding 15 reliability issues related to residual chloride ions

bet ween ceppRisdganes. Specifically, at |east one enbodipgghis:dkoidie; present
i nvention includes sputtering a polyneric substrate with a
corrosion-resistant tie layer to a desired thickness, then subsequently
renovi ng the exposed portions of the tie Iayer by etching t he pol yner

subst r at t I ckness
enabl es t ke)‘%ltsﬁg Fg%éde (S;ht%%){ﬁ%necer er%%?gﬁvﬁ g{eg eb%fev\ktt;&%g tﬂrrée@?er%gg adhesi on
and cor r agpioally esan;gb afitelaypethidhesnc & Wlactuali efthadestundtioratcah bast one

enbodi nent the ay as a opt i transm ssi on greater than about
20% In aiamfé%@’fl @leé’ﬁgom; etrﬁ%get‘?afjélell 5}“%{?3% r agiyensystenyodtigrmi ssi on

| ess tha 0, 0 Ldi &2 tl t JPresent

| mvent | o abi Rl A ARG BichRyE %ﬁhé%;@?‘ﬁ. PR LBl Bl P
per f or m ttheuglimddliaadsrrof. adhesi on and corrosion- resistance while also

al 'owi ng an etchant access to the polyner surface. |n other words,

corrosi on- r esi Bhedlift at’fpréwllaty@ﬁgllselaw%’@redéw&mﬂé@eé dasielitrage IQYﬁ@y Thedrachi n

enough t « ol yner

S et ot s BEIIRTE bRpBISL NIy G ANt lo BRERRLAN B30 YT

bet ween tdielecteiodubbnty € ypiially theayietal ofittle trhe: lagdrisredppet. nlfmmléﬁyafr@a@s tohere
the tie layer is not renoved. If the tie layer is too th it will be easy

to etch hetlinged petore ctphung afithesinderlving pelymess p@isiraeds §tt0h¢1:b ghedia lngerragice wil |
be gat' eér]ééhed%&{e fikSfhce L&é/eltsnl%vé P%enl f?ﬁ}lrﬁéch g?etfér%)lprtug ng%.'nb éhaﬁfl ﬁuﬁtt@%ad' fficult

m)ve tie a er, cause ess t he

pol yrrer salsd @ele theaxRe® l4yenughcaihasy,aie Rast fanVis 209 b 632 RETIIS2005/ 045307
corrosion-resi stance performance nmay be satisfactory. It has been found that
there is ctelani emfheytrage ﬂfﬁflﬁg@I@UCHY@nﬁtﬁvé[rth@tWBI@?fﬁ@s@é@lsthattlemeé pnchgtrhing t hese

functions [ (o) ¢ n tie layer
t hi cknessmggpe Qﬁo‘?’%@% C?%/lﬁ‘]?eem o# ﬁ}ﬁ%ﬂ%?gg?onﬁg %t?n%ﬁjlaé% ‘% t‘?ﬁefi trace
| ayer, and et cmﬂy dwfdrént\[parymea@cthaﬂ@nbﬁ kﬁi@%ﬂbﬁldﬁdie%lbﬁécpmgﬁeéﬂthﬁ& and

error. The tie |ayer wl pically be covered by a patterned netal trace

| aydfs. Tpaentiadlyde uB%d,ﬂ@rth‘# Brese;rﬁ iiwentign. ofis longaapa sichamris srtgddutheipoiemr
el bRl T TB 50 DSy PR oFERlpa R Sabfude

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 tum, can provide higher
25 ¢tching rates. Suitable ranges of concentrations for sodium hydroxide or potassium
hydroxide are up to about 100 g/, 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



be thinned before etching of the underlying polyneric substrate is etched,
the tie layer may 10 be etched after the trace | ayers have been forned,
preferably i tchant that does not also etch the |
Alternativgﬁg%ﬁgﬁgg%face patterns nay be fornmed by usingpgkﬁﬁgg%ﬂ§§p7on t he
trace layer conductive material that wll also etch the tie | ayer and
etching may be allowed to continue after the trace | ayer conductive

mat eri al has, been etched. M di fferent | ymer etchants now known or | ater
ovel oped SHHERADERSRe. ol EHpeeRFYE 150 o B CEHEE ot SEaTont | o As
long as anggkedidBin aé%ra&e he Gith And RSveRR! MUBKe ifiBcebh Bireuit RRatilify. | aYer

material is not signiticant if it has been deposited to an appropriate
‘t hi ckness. The Aunpdditiohsirbenefgtof labletst oanaipeciddik prosendmyeniien isalysyasmat eri al .

pot asei um AR SR Gp R profheRy B R el Q6 PUPUR SEge OLeUdiGin or
pot assi um Rygl é@ébn‘éﬁﬁ% & Be RRsOAMVAHbRRAVE hisHet AR Qistilce BeReked Wid ace | ayers

of polyimde. Suitable ranges of concentrations for the oxidizing agents,
in parti cutcadugdredssisithap er coviamede banthes ndihods. pdasbemalisorcredtient f r om
about 20 grans/Jliter .(g/1) to.abouf. 200 g/l, including 20, 40, 60, 80, and
100 g/ 1 . S5HORA gt in dupLt B fshiof & ivied R hudririo btk ganat e,
whi ch al | oiisuibdn felaleChdrthel B0ebnARARCRACR! ABRIopMNY, Ghal BeditibkoveRR

provi de higher 25 etching rates. Suitable ranges of concentrations for

sodi um hy diheiif dehing qfdhapsymar subyttato surfbee dr @ntiputdafte datlayk0engoal, i ncl udi ng

20, 40, 60 nd, 80 %I@%gcg\gse etchants are also suitable for etching other
I

substlfat esMEGERTHYEC poer RS SRS dr oxi de is nore effective at

hi gher concentrgtj ; is : i [ rom
Abaut 60 Lo abmur e on S bR, R Rl RO 0 SR SRR O ng
sol uti on dsubpactedad oRPgdrepledinm refimenttpoioc tribelayerapitertng nda dameped edface xed

sol ution up] ess otherwi,se noted. Wether using an additjve process or a
subt ract i vﬁlf‘ppla%%-ér?aﬁeﬂ Su%%ﬁfféﬁg @5?43%1\’855@1%&1@5%1@@911 irkecs Kpisfaneeompared to
typically [ : 3 ¥ O 'I{égﬂ]g.f e

2006/ 068905%#?@%8@9%%@358@“}'%@% {%’3‘5%'? ;E)lﬁe@!e 2 ?tgﬁc?ist rat goﬁﬁ%l‘ arggaétgceln
bel i ensed t imdinpexedsarfetcinsulgtiof resibtangeo |Gmee thecdansaghd layat wacwmaodedr ade t he

filmand have. an adverse inpact on ¢cjrcuif reliability. An additional
benefit of aggitionehsichingcidupiciare spigphiancEiseiin 1 Suiacedrsistancen Ay, regeving

conpared Wit h,canventi,onal HEASESRE Surrid SestihlcB el hdlE oRRLY SBhasHRELY 2t €

of circuits
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.



5 made according to the present invention have higher surface resistance
bet ween the conductive traces than in circuits made by other nethods. It has

been di scoueigelodsbest renoval of the tie [ayer nmetal by petrafshavgoidser pol ynmer
substrate increases the surface insulation resistance between the

conductive traces. Additionally, it has been discovered that if etching of
the pol yner substrate surface is continued after tie |ayer renoval, it 10
further iﬁg €S t he pol yner surface resistance. In one particul ar instance,
it was fomféﬁ’\[igrat a polyimde substrate that had been subjected to oxygen

pl asma treat nehi thizréxample) pbiyémidayem, spilhble nhdg thatdade daimagesh Kuwpffaxe. The
pl asma-treated surface had a relatively low insulatign surface resistance
conpar ed t@E frpm DaRost Wes Hysdfor duearsakiiateny Tihsisubdieataiies Werethgaled gydest chi ng
this polyim I | #h f [ ' Lstance. Once
t he damatgl(‘%@“l(l!’glye{é\t ?ﬁgggﬁﬂje rmv5 etgb, é&g%;{? ?eg?fg{e Vgﬁ%hi]?\%%h%ée%&f ﬁﬁezf:]}?ér}saw‘%g

si gnisf i camieneldaped bpdirdds eusetitloaggen ew at B ¢80mByrr! BIRVI PG00MAe TrRABgEd
pol yi mi de, much higher surface resistance (one or nore orders of nmagnitude)

coul d be Z0PAN&T AllaniHelpren weap ARAISE Aenesitedeor tha threeraubistigtep Aot tossed ok gher

surface regi LS | rtant .| | [ e i ngent sreliability tests,
0. i g e SERER KR o s n D 2o B IREENP L BB St o gy,
after rengys), 725% i 17.3%0) RYRtivaty CThéGe BBy ddatisOMak BHibde a tSIRLEIR

surface-treated portion of a polyner substrate, which may provide a higher
surface vaglus weleeoatingsysiemh Tbe dvpasitionsanrce wag ING maghstrip prdodss ddie Pol yrer

surfgce treatnent i u for exanpl e l.as optical . f.la wet
chencal , PEIG>rRse r‘?’a?g.%)é%%f‘p"g‘%"g‘%%‘é@%% g%cga_irg? ’ ‘%%ho(?ﬁy%e‘%rg%t%%o P [E?%e case
of a pol yiggs@dansehstrate, the etchant should be selected so that the
surface | ayers are renpved without a build up of polyamc acid within the

pol yi ni de fi | mAlBhracsubgiratss e fhemidippad inja peduiiereeomapiised o€ 20 ¢4iNaQiherd i nst ead
Che 1or| onp &) pepRerBARyER o) et BB SRATIRS SR sirsiiohs feblsve’l”
removed, even after 5 - 10 minutes of etching. The 72.5%Tr Ni-Cr substrate also did not
15 show any significant etching after 4 minutes. However, when the 77.5%Tr Ni-Cr
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/l 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 becanse some Ni-Cr was removed during the

8



In this exanple, polyimde film available under the trade designation
KAPTON 1.5E from DuPont, was used for three substrates. The substrate filns

wer e heat eg,qjﬂjq%tss Jacuum at  200-350C for 5-60 seconds tq, [rﬁfg%’o-amx\%%f The
e ow a

surfaces o ns were 5 then cleaned by direct current oxygen ¢

10-1 OOmrorr, 1-5kV, 2-500mA. Then 80:20 Ni:Cr alloy tie |layer was sputter
deposited on the three substrates at 3 to 5 mTorr The | evel s of total
optical transm._ssion é&f‘% for the three -Cr ated substrates were = 50%

i
72. 5% and RPNl teastior ha sppperfemoval | g aer tr%an%éés & 3eMi REgeeshangd
roll-to-rofes xe«;&m&&%&e%mgc%ﬁt%b&% OBPREdr| B8 pSRY e GredfheenC

magnet r on sputte ing. The process gas was a mxture of oxygen and argon,
Wi t h oxygeeithedgamoughaof the 2prmseithatithe subsépsst pdrman@iatemdanmm emtphtmitthat es

bot assi um e ahgaa N ThuTiheRgoeh B! NeleR e gt Fatesel HiTERe | ayer
Was MDYV Eheng éﬁ gvlf'éf Lgct the co&?er%ﬂl%ﬁfﬁ%te?fhagbﬁ e 0 lagé}%lzgne%@onﬁyosﬁﬁn

substrate al’so not 15 show any significant etchihg after m nut es
However, whmehsttueand 7. 5%r Ni-Cr substrate was di pped in the etchant, the
tie layer was renoved in 2 mnutes and surface resistance was greater than
le+12 ohns sa. Egarrpl e 2 Two polyimde substrates were sputtered with N Cr
tie |ayer, €danner similar 20 to that described in Exanple 1, to a

t hi ckness havi ng 'ﬁy_f,%ﬁ“ﬁqu_g)?%b@h1dersﬁﬂ§tf£t§§£ f%{r {%%ﬁm&@lﬁ%%&g H%or ¢ using

copper |ayer was sputter ed to 200 n ness at 3 to
aroll-to- dc‘slci-ibechimﬂmnmh&ol amdtthn@xygmhﬁtgldﬁwomgmsnﬁkﬁn A5 onppee lawesswidC

magnet r on erin t ro No phot or esi st was used,;

]tlhe ﬁl)gpte“h e aﬁ@ %’etro%g &Igfq% 8tt?tg B T?@p‘éra‘ﬁﬁeﬁe% t{ten f
ash-etc PRSI, g,glqb r SR ure o

45C for thg gt 1n§to;t§anp l'e, v?,tgcrh eg sg utllo% th?@&f&)éqﬁ? tﬁ‘y‘%?}oéenﬁ pero?ﬁlde and

180 g/ 1 suiambetl ladlmt/s(qlumde IinwvandPeleteamined i, anaMrﬂlxa\bttseremoaed by the copper
i s,visibly renoved

andpart ofemaiEl sen Thln o b A AU GG BBRE0Y] SR e Ubst ot o5
bot assi um FyaL BETEE S D R S R RO RPeRR R o BT, e ng
was det er n‘swiaﬁlorbwa:eitétl@ﬁ}wtftaﬂterESiBAne INifoa € was adepsinsthe Philyimide salfyceiaad det ect ed
no N or sur ar(]:etrgs?stgtcle&arsn gEl 65 ('thms%gc?u%i‘e. Il?tcﬁmhlg gf ﬁ)é%gwmeﬁ el{{r]altsl clérettnlfti(e% orl a%
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
180g/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

le+14 ohms/square.



1), the 72.5%r N C could be etched because sone N -C was renoved during
the 8 WD 2006/ 068903 PCT/ US2005/ 0-i 5307 peroxide treatnent for the copper
removal . Wasdegidaesede treatment is a slow process and ipeth&béos@sSheni fi cant
anount of Ni-Cr on the substrate. However, the peroxide treatnment etched
enough of the Ni-Cr so that the subsequent permanganate treatnent conpleted
the renoval of the Ni-Cr. Thus the process window for a given tie |ayer
renoval V\EH @I g0 5 depend on what effect the copper renoval step has on the
tie layer ess, conposition, and structure. Exanple 3 A 77.5%r N -Cr
pol yi m de subsThaéperiatenpofaingle i ivasrgpemed busiheidmyseratoret dfahe etdigde Wabed i n
Exanple 1, with the ox%%%n DC gl ow voltage at 4.5kV. A _copper |ayer was 10
f

sputter deipdsy eatherntharp mbenngirhusgcgresigtanee B Hhegsarmplafanl £2¢ ldopper was
renoved, j 0 i ] f
resist anc%&%?fug#(yspetg?@#sﬁ? gﬁ}%égleggﬁ% %ﬁ%s#%q‘ﬁ%?g&eﬁea\%éﬁﬁ%@%é?ﬁﬁﬁ ned if
any Bi - Cronasqt#eoved by the copper renoval step. The filmwas then dipped
in a solution containing 20g/1 sodium pernanganate and 80g/1 sodi um

hydr oxi de_for 30 seconds. The tenperature of the etching 15 solution was at
30C. AfteEsgmpletno Ni or COr was seen on the pol yi m de surface and the
surface resi st + hs -Chi A0Ql: yi-0l S
continued for gﬁ’%%'éll | eﬁ%%?p%gg%g’clgﬁgé&gf Eelr Htaﬂ% ‘ﬁﬁrimtég&\l/\b/gg H)f{ggr}brgglg\@

Appr oxi maivedhypoliffdd filatfsdnasingNiCpak Yiyet cifticabtshRasium of 42 5983 5knwadet hat t he
surface resistance increased by 1000 tines to greater than 1 e+14 ohns/sq.
20 Exanpl é2.8%mand 8273 %oxeapectiveliy Adet laver s spuerdeppiitedvie 260 pmdpigkesssgh a

Vol e ap 19 S g7 ARSI HERAHRRY Wil e 3 Ereh B PraB B S8 it kness
at 3 to Syifhbd of Wllg/ngyd}ts%&wiam 180908Rric 368 Wi Grith R chRE EREL hod

descri bed in exanple 2, e surface resistance of the 25 polyimde was
9. 3e+11 ohwaslablyfenme Eldctrovkeanipals tgtMaple Rlath, MNany Ni - Cr was renoved by the

copper renoval . step. The first substrate s.then di, n a solution
contai ni ng. - 1650 FRSBEeG eI T o SO foRSOEBAp By APBSTER for 15
seconds. [Benanganate and 20g/! 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



tenperature of the etching solution was at 30C. The surface resistance of

the first
same condiyigoRgsRusesf or 30

resi stance increased to greater than

PCT/ US2005/ 045307
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nor e
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ase
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|n a manner simlar to

substrate was 2. 75e+10. The second substrate was etched at the

For the second supgtarRifsols
1 e+14 ohns/square.
Exanpl e 5 The experinent of Exanple 4 was repeated but
at 50C rather than 30C. The initial
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surf ace
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econds of
Mg

NiCr tie | ayer
82. 5%

I hi ckness at 10 3
a tenperature of

23C wth a solution of 15 ’ g/l sulfuric acid
(made with Perma-Etch, available ect rochem caI s Ihc., Maple Plain,
MN). The substrates were then spriged witih a sol wion confaining 20g/1

?nn/ | —pot assi

um hvdr@xr de an

pot assi um per manganat e ang
a tenperature of 15 30C
sec

t he ot her substrates were
the given etching conditiorn

. Sdnpl es 66 al |
. Sanpl es of the 72.5%’?—9«;—-—23?&[731—#
were also etched at dwell #ines 37 sec|

the substkates we

, 69 §ec., ahd

dei oni zed wat er at
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85 sec. Sanpl es of
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these shprter
lv results were

nmes because, under
not achi eved at

t he higher dwell tinmes. Forl each 28 t he sianpl es, T he surfjce resi stance was
measured 20 with a nega- olmreter—For—the—72-5%+—N—Cr| and 82.5%r Ni -Cr
substrate sanples etched at} 85 séﬁ”‘ dwel | tine, khe peel | strength, heated
peel strength, acid undercyt—and rface fesistance werep studi ed. Peel
strength was neasured acconfding to'the follow ng process:] A 25 m croneter

321 1

320 1

306 1

285 1

264 |

234 1

191 1

149 1
f 101 2

54 8

25 5

25 End

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 subsirates having lower

10

1

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



25 |layer of copper was plated on the N -Cr coated polynmer substrate. A 3 nm
wide strip of adhesive was |am nated on the copper |ayer. The exposed
portion olwg haseapper | ayer was etched away | eavi ng onlpyridi@oed oz de
strip of the copper |ayer protected by the adhesive tape. The adhesive tape
was renoved. The 3 mm w de copper strip was peeled off of the N-Cr coated
substrate at a 90 angle as the force required to peel off the strip 30 was

nmeasur ed. ..Heat e el .s u o/ bl ar ri.ner except that
o or o PR HIC D YRR RRATTRRL T e R il Al e U B
copper st {drgntéritRan1tng) evkh a2 ARG A8 Bz CT/ US2005/ 045307 Ni - Cr coat ed
substrate, the substrate structure was subjected to the foll ow ng heating

profile. Tenp (Q) Time (mn) 25 Start 45 2 128 2 185 1 226 1 258 1

284 1 304able 13 purface registance fpp i1 sabsirate withdifferenp gptiqal trapsmission 91 1 149 1
Dwell times
Tie layer Tr-% 133 sec 85 sec 69 sec 37 sec
NiCr 42.5 NG - - NG
NiCr 52.5 NG - - NG
NiCr 62.5 NG - - NG
NiCr 72.5 OK OK OK OK
NiCr 82.5 OK OK OK OK

5 NG = Low resistance < le+8 ohm
OK = acceptable resistance > 1e¢+8 ohm

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/l 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



101 2 54 8 255 25 End Acid undercut refers to the etchant etching the
outer portions of a polyneric film 5 that are covered by copper. Figs. 1
and 2 showgstd b, 3 strength and heated peel strength werg 9§,s3if:ect ed by
the tie | ayer t%?% ness. Fig. 3 shows that acid undercut was Eéﬁhégt for the
thickest N-Cr layers. On the other hand, surface resistance after N -Cr
etch showed the effect of Ni-Cr thickness on the etching process. As

indicated in Table 1,.N -Cr. substrates.having | ower, 10. t han 72.5% Ir showed
o o £ oot B3Rt and o Slin e iR BT e R AR nd Bish Vo FPE 14 e vy
2006/ 068903 PCT/ US2005/ 045307 times and N -Cr substrates having higher than

72.5% showed hi gh surface resistance _(greater than 1e+8) even at after
short dwel | ti nésiouwamdifietioguaicalisrations of teciavérgionnyillGecernbapranend toni t h

di fferent ti t.ransmn ssi o |l times Tie layer. Tr.- .% 133 se¢. 85 sec
59 sec 37 B Kiedih B! {RhON dergifing bl BS sconfand ik of wfgigdenionatis’” S%No
N Cr 42,5 GhuldbeGhdedstooliithdt B2 irveflfor I nko®s unduYGinrmkMoiBSiIRERAGR < | e+8
ohm OK = acceptabl e resistance > 1 e+8 ohm Exami nation of the circuits with
ESCA showeshhiddanent seidertiChereisnai ned on the 72.5%r substrate etched for the
37 sec. However the 72.5%r N -Cr substrate sanples 10 etched for |onger
dwel | tinmes did not show any significant anmount of Ni or C renaining.
Exanple 7 This exanple was prepared in a manner simlar to that described in
Exanpl e 1, but
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for this exanple, a mask was pl aced between the sputtering source and

polyi m de substrate web. The mask openi ng was shaped to produce non-uniform
filmthi ckness 15 across the width of the web. The N -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. NiCr was sputtered with this mask and a substrate
whi ch has 60%to 80% Tr across the web was obtai ned. Copper was sputter
deposited then flash-etched at a tenperature of 23C with a solution of 15
g/1 hy 19gen peroxi de and 180 g/l sulfuric acid (nade with Pernma-Etch, 20
avail a rom El ectrochem cals Inc., Maple Plain, MN) to renove the
sputtered copper. After renoval of the sputtered copper, the substrate was
exposed to a solution containing 20 g!1 potassium permnganate and 20 g/ 1
sodi umlhydr 8xnetbod amiGingsec. El ectrical sheet resistance and opti cal

transm ssi on were.neasured.at th anme ally,s d locations across the
web. Wien sheé’fovﬂﬁlgggt%éﬁ\%c ! ?Stéagﬁﬁ%‘(r'%a ﬁf%tj Wetggla?'grgtﬁaettl? BTGP 1% it was 25
determ ned that gclebiricletbas capabllk &¥etghinVthel diRgecrit-s(B%ald; andhd above woul d
provided | e+8 12 WD 2006/ 068903 PCT/ US200S/ 035307 . ohm resi stance after

pol yi mi de et clF¥PRiNGBALdeast hrartiemabihafiest astakayer ip thediclepisiggtchantspeh thaty

Vari ous nodi fi caj : | 1 ] f b B d ! A e appar ent
Lo Those ski1 1 eepBRioRDf it HEbAL B0 el Al EpdrIUERE hf Rrslell REEART BPPRI L
this invention aetchadt 5 should be understood that this invention is not to
be unduly limted.tq the illustrative. enbodihents set forth herein. 13
AP R Ry T A LTS R R Y U Sl
first metal |ayeg éd3ebnd oF (PRAVEREIT B abSutd 00 GiAREF dGolfubRikoGd@PRAl(e) Of

etching the dielectric substrate; and exposing at |east a 'portion of the
first metal | aye#boub6q teeabghiel Warameliter etpotassivmciydraxdde. t he portion of the
dielectric |layer under said portion of the first nmetal layer is etched,
wherein the dielectric etchant conprises an oxidi zi ng agent and a base that
conpri 2es  The method of claim 1 further comprising removing a portion of the first metal layer over

the etched portion of the dielectric substrate.

3. The method of claim 1 wherein at least a portion of the first metal layer 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, chrome, or

alloys thereof.

5. The method of claim | 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 ailowed to continue

after the first metal layer is substantially removed.
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at | east one of (1) about 20 to about 100 grans/liter of sodi um hydroxide
and (2) about 60 to about 100 grans/liter of potassium hydroxide. 2. The
met hod of claim|l further conprising renoving a portion of the first netal

| ayer over the etched portion of the dielectric substrate. 3. The nethod of
claiml1 wherein at |least a portion of the first netal |layer is covered by a
second netal layer that is inperneable to the dielectric etchant. 4. The

met hod of claiml wherein the first nmetal |ayer is selected from nickel,
chromeg or i t netal
| ayer has a};ﬁéohjt9 %?%F’P‘??g'ﬁfé Pthgrseilon Eg?)ér% ?Cd%lgit{a%z A)m;f%)cea Ee%a@ % eeéém&lgﬁ

met hod of clsaillmvéd toheandinure dritid adieast e portioa of slrfice-tcated divpacireanatpodlys mi de. 7.
The nethod of claim2 wherein etching of the dielectric substrate is allowed
to conti nuere“};ﬂyf‘gr the first metal layer is substantially renoved. 14 8. The
met hod of claim7 wherein the dielectric substrate is surface-treated and
the etching is allowed to continue until at |east a portion of

sur f ac8- t r edhepethod pEelpim & whatedt thgletching is Bwiboeallowsd tapentinse Ryl tas susfagg m 7
wherein the continue until the surface

resi stance osﬁt;dﬂw%th?%lg Ftltrg%at?ljé%l?a &ieéssg'flncr eased. 10. A method conprising:
providing a dielectric substrate having a first netal layer that is
permaag{)e tg diel ectric etchant capable of etching the dielectric

substr Eeﬂp%?m&% | east a portion of the first metal |ayer to the
dielectric et Cp'i’é\ﬂ&m?ﬂ‘a'ibléch% subEtPe&‘e H@J‘ ﬁgt @ﬂrs?ﬁqefahl%y&' tBAt8§ bérhizabldyes under said
portion of the first metal |ayer whefein the dielectric etchant
conpri ses sodi undlpbptmw?éﬁlattc@pmo%ﬂtcﬂlw@ﬁ d@}ﬁ@trméstratq;ynd The net hod of

clalmlofurther n nps A nmet al
| ayer over the™ %n% g 'igoorhog?tkl grgl } HS'%:E%@%%IE rtgfg Ch&‘g thgm&*t hod of
claim 10 wherei nthatpohmsifﬂ& dieledtiio yod urdbesald paitionef tht fitsaytal isSeciover ed by a

second net al Iayetrhthat is inmpernmeable to the dielectric etchant.
etched,

wherein the dielectric etchant comprises sodium permanganate and at least one base.

I1.  The method of claim 10 further comprising removing at least a portion of the first metal

layer over the etched portion of the dielectric substrate.

12.  The method of claim 10 wherein at least a portion of the first metal layer is covered by a

second metal layer that is impermeable to the dielectric etchant.

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.  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.
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13. The method of claim 10 wherein the first netal |layer is selected from
ni ckel, chrone, or alloys thereof. 14, The nmethod of claim 10 wherein the
first netal l|ayer has an optical transm ssion from about 20%to about 80%
15. The method of claim 10 wherein the dielectric substrate conprises

pol yi m de. 16. The nmethod of claim 10 wherein etching of the dielectric
substrate is allowed to continue after the first netal |ayer is
substantially renoved. 15 17. The nethod of claim 16 wherein the dielectric
substragte i [ t . j | S- i ntil
at | eag? a 38‘?#{5‘%9%? E{a elggvrh?%g]e{h? ?gg{cggg sgﬁlgsetfdé%tsr%lll{:f%rgg gﬁel(aaaﬁgimse ere(’?‘?r%ved.
18. The net sadlookd ad aintimidumti @t ast atpogiodtod thersyrface-tfreatéddieleettic owenliat B
continue until the surface resistance of the dielectric material is

i ncreased. I¥%VAlnet hod conprising: providing a dielectric substrate having
at least a first netal |ayer; exposing at |least a portion of the first netal
| ayer to an etchant capable of etching the first netal |ayer for a tine
suf ficilént Tbe pwthed Otfhgimilﬁs"themélle etchipgns fusthpraltoried tedontiou¢ fitditent |y to be
per meabl e t ielectri t.eh c l.e. of et.ching the dielectric
substrat e; g‘ﬁgacgr(%bsg@ﬁ%OgtthgId%é%gcamgtgﬁgil%ﬁm&a&fjhe first netal layer to the
dielectric etchant such that the dielectric substrate under said portion of
the first netal |ayer is etched. 20. The nethod of claim19 further

conpri 4Png ASREFIPOELBRIINNGSt a portion of the first metal |ayer over the
etched portio : | I t od of claim19
wherein the d{bé%g%lggcﬂggdégﬁﬁsgm?H?tﬁ{j]ée% lgag}r%?iirséysé%}i[%g@ond netal |ayer on
the first netaxpbayeat leastia portior pthadirstingtal dpyablosmnahichaticdapahje bbetbhingithef i r st

and  second net ahrslt et ?a'yerlé)r a time sufficient to cause the first metal layer to be thinned
sufficiently 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 said portion of the first metal layer is etched.

20.  The method of claim 19 further comprising removing at least a portion of the first metal

layer over the etched portion of the dielectric substrate.
21.  The method of claim 19 wherein the dielectric substrate further comprises a second metal

layer on the first metal layer and the etchant is capable of etching both the first and

second metal layers.
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