1 ETCHANT FORMULATI ONS AND USES THERECOF FI ELD The invention relates to
etchant fornul ations. Mre particularly but not exclusively it 5 relates to
etchant formul ations useful in, but not Iimted to, the nmanufacture of
flexible circuits and to a nethod of e{ching. BACKGROUND Flexible circuits
are pliable alternatives to rigid printed circuit boards. As the electronics

10 i ndustry noves t e i r i . bl e and nore
functionally int egrmwﬁml%@géﬁﬁgﬂsﬁNh%ﬁ%Fg%@gjﬁt ry increases.

These circuits are often used as they allow the nore rapid construction of
a device in addition to their ability to conformand tw st during the
assenbl y BH&Br operation of the products. 15 Flexible circuits nay be made

by a numbey. of,.a4lt 30Les TELHAHSt SHGIARBRNVRAE idait@larlySHRT A@CEHIKBively it
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additive-sd%tracﬁlve and senl-aagltlve process. In adg}tlve flexible circuit
manuf act ufelang, tot dtehant domsdativeny usatll ugebysrret diesitadetot thef mahefastyrss of Hexdble
(generally a. gﬁé rreriﬁlﬁfi I mﬁuch as polyimde) to renove water and to
enhance aglHeds RelRdOhECh WSSt rate and the circuitry. Following the
pretreatnent, a tie layer nmetal or metal alloy is 20 typically deposited on
the substrate. Typically the tie layer is subsequently sputtered with a
seed net aBAKIGROIINDhe circuit netal and then a flash layer of this netal

is electroplated. A resj.st sk i.s then.def] . LIS ot 0l . The
ot al ¢ abB Oyt syl o Bt e el R S BAREG 4l BRaRAohR b BRREARY. |
has bgen manaMedovekhBwhRisirsduitise thivgier, Jightepp@sekibladnd hvre Gxpdsedlydotetiaca of
the flash netal layer is etched to electrically isolate the traces. Finally
25 the expodeds gonaidier fexibiecifquary mgeasassThase sirgtisse ofgmyscd s theywllgw
conplete glectrical, isolatio - I aGeS. ¢ I e acts
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circuit. Gappahe bftembif dneforGppratién af tRtpadduesmmonl y used to formthe
circuitry. The tie 30 layer also has a variety of other functions such as a
corrosion resistance nediumand a facilitator in flex-chip bonding w thout

af f ectd ngpf.0)S Ef?éﬁi{safnﬁy @Jﬁ'{g}ﬁg HyNe Bhibli B9 sQftabifndth&ds QYEM as GRBdHigel O be
taken to renpbve as nmuch” of the tre |ayer as possible w thout attacking the
met al tr aoétractive, additive-subtractive and semi-additive process. In additive flexible circuit
manufacturing, the process may include pretreatment of the substrate (generally a
polymeric film such as polyimide) to remove water and to enhance adhesion between the
substrate and the circuitry. Following the pretreatment, a tie layer metal or metal alloy is
20 typically deposited on the substrate. Typically the tie layer is subsequently sputtered with a
seed metal layer of the circuit metal and then a flash layer of this metal is electroplated. A
resist mask is then defined using photolithography. The metal traces of the circuitry are
electroplated at areas where the resist has been removed. The resist is then stripped and the
exposed portion of the flash metal layer is etched to electrically isolate the traces. Finally

25  the exposed portion of the tie layer is also etched away to provide complete electrical

isolation between the metal traces.

The tie layer acts as a bonding medium between the substrate and the metal traces forming
the circuit. Copper (hereafter Cu) is a metal commonly used to form the circuitry. The tie
30  layer also has a variety of other functions such as a corrosion resistance medium and a

facilitator in tlex-chip bonding without affecting the substrate.

During the etching of the tie layer, care is to be taken to remove as much of the tie layer as

possible without attacking the metal trace.



2 An etchant may be tie layer and tie |layer-thickness specific. An etchant

whi ch works for thinner tie layers nay not be suitable for thicker tie

| ayers. A change in the etching paraneters or the etchant conposition may

be required if an etchant that is suitabble for thinner tie layer is to be

used on thi cker tie layers. 5 The tie |ayer thickness may be represent ed by
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of the su strate e tre’layer Ist erence etweentheOT
of the sulishmeattée llmrh_rr,r maarmbtd:iet euitablee fdri ﬁaldkalyeue lsmrst &r clmgge Vihi the dt¢heng

thinner tie |ayer w hi her | ues. e |l ow surface
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a nunber of considerations when sel ecti ng atie |ayer etchant. An etchant

with ah aqueous chem stry capable of attacking the tie layer with m ninal
attack on.th tal,. .15 traces i.s di_f.f.i,cul t
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m ni mal attack of the substrate, which would otherw se gWade and have an

adverse ebewen dir Ohof the pilipirate bpfospand afier Um fis kuerppering, Biule dhehinngear s,
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propertles hus a I consideration i1s se ant capa

et chi ng t lhickeetie ldyess Widlydioss [psecOTagliehdsetoothe H%‘}bsaffdcéi@%tﬁg): in an
acceptable tinmefranme. According to a first aspect of the invention there is
provided an etchant fornulation 25 conprising an inorganic acid and an

organi C CQ{R% (wﬁhﬁant Pigncarboxylic acid group (-COOH) or its

salt. Optionally the et or rruI ation further includes a source of
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the tie layer without etching the metal traces,

Another consideration is that there should be minimal attack of the substrate, which would
otherwise degrade and have an adverse effect on the circuit reliability. Furthermore, in
20  recent years, tie layer thicknesses have increased to optimize bonding and barrier
properties. Thus a further consideration is selecting an etchant capable of etching thicker

tie layers (such as those of 70% and 50% OT) in an acceptable timeframe.

According to a first aspect of the invention there is provided an etchant formulation
25 comprising an inorganic acid and an organic compound with at least one carboxylic acid

group (-COOH) or its salt.
Optionally the etchant formulation further includes a source of nitrate ions.

30 The concentration of the inorganic acid in the etchant formulation is less than about 20
weight % (hereafter wt %), alternatively in the range of about 7 to about 14 wt %, with
less than about 10 wt % of the organic compound, alternatively in the range of about 4 to

about 8 wt %.



There is optionally a source of nitrate ions, at |less than about 10 wt %
alternatively in the range about 4 to about 8 wt % Another enbodi nent of
the etchant fornulation conprises sul ph;;gi c acid (hereafter 5 H2SO4),
acetic acid (hereafter CH3COOH) and potassiumnitrate (hereafter KNO3) with
concentration of H2SO4 in the range of about 7 to about 14.5 w 9% CH3COCH

in the raﬂ%?e %];ogglirgg%ﬂ#gél fG(EIRC@QPHirtI‘a% Bhs %EEQ&SQWO&W@ ‘I’Abgﬂ%ﬁat?\tel)?glotﬂg 4 to
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about 8 wt 0 a second aspe e 1 nven n ere

provi ded arangd &todt ofo shouhB8rvg %f a 10 netal or nmetal alloy conprising the
steps of : provision of a netal or netal alloy, and exposing the netal or
netal alloy to an etchant formulation conprising an inorganic acid at a

concent r at h QfihdeSsibbiiafnf RFUthe Setchint YoRlHafbh UYoliiises sGRARAY NEidV(hdteatier
carboxylic acid group or the salt thereof at a concentration 15 I'ess than

about 31 wH:3Q4)faetia apigr (hettatitr CHEOOH)aand patassiune nahwa  hereafive ra Qpewitlr,

Sui tably the etchant forpnul.ation co i,ses-H2S04 | he, bo 7 to
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in the rangfedbf HEY tohabolt 9 ZQ R RRUK NG, WA (Horahge sMBoBPRAILTRNE wike netal or
netal alloy 1s atie layer, the nmethod conprising the steps of: a)

provi sion of a substrate, 25 b) formation of a tie |layer on the substrate,
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an et abed peabatchetaBlcSuwohbisingtthestepscdfant forrmul ation is as previously
di scussed. In a preferred enbodi nent the tie layer is one of nickel chrone
(hereafter NiCr) oPrayisqedl a wriabpiemetal dlloy(prd eafter NNCrox), the nmetal is Cu

and use of the et cOaDLid OB Uheh! 8P nlefS1bS «f it o AT EorhBhisi
di ssolution of, the X gT{}ﬁ S may {;e Evi dler?;ceci1 bya} ess t anqmgr%uﬁ"of"gé@a?oss
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compound with carboxylic acid group or the salt thereof at a concentration
15 less than about 21 wt %, for a period of time t, and at an etchant temperature

T.

Suitably the etchant formulation comprises HySOy in the range of about 7 to about 14.5 wt
%, CH3COOH in the range of about 4 to about 9 wt % and KNO; in the range of about 4 to
20  about 8 wt %,

In one embodiment the metal or metal alloy is a tie layer, the method comprising the steps
of:
a) provision of a substrate,
25 b) formation of a tie layer on the substrate,
¢) provision of a metal on one or more regions on the tie layer,
d) etching of the tie layer using the etchant formulation of the invention to provide

an etched product.
30 Suitably the etchant formulation is as previously discussed.

In a preferred embodiment the tie layer is one of nickel chrome (hereafter NiCr) or nickel

chrome oxide (hereafter NiCrQ,), the metal is Cu and use of the etchant formulation results



The nethod may be appropriate for tie |layer thicknesses generally in the
range of 10 to 500 nanoneters, and in step (d) the tenperature T of the
etchant generally in the range of 50 to, 5 90C (nore suitably about 75C),
and with the tinme taken to etch the tie'layer, t less than 90 seconds (nore
suitably | ess than around 60 seconds). In one enbodi nent step (c) may

i nclude a, Sh‘ﬁ"rﬂm%i dgﬁlggé %S,gtfiﬂ’eaisécgytﬁno%, t?%t(ﬁl. 1Bs ARG ¥ ovilBARATROIRhAl t he
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of the photoresist to actinic radiation through a 15 mask and devel opi ng
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with an appropriate solvent. (ie both i.tive.,and negative are appropriate),
and remgﬁﬁﬁgp%gnégfﬁéglg%?%ggﬁﬁ%ﬁgmélpggﬁée 03§Sg'r of metal with an appropriate
etchant. This step of patterning the layer of netal results in the exposure

of one or nore regions of the tie layer and one of nore of th?se regi ons
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according to a_ process which includes the t hqd as descri bed above.
Accor di ngot B! peipg hé‘Fh‘)&EapP@&te@?nlqws?%ﬁgg@ﬂa}%@%‘y}s provi ded a flexible
circuit wherein during the preparation of which, a tie layer is etched

using an etchant fornulation conprising |ess than about 20 wt %
al t er nat i $eitablphleittcf diopateminhg te WyeRobincl SOy incdsl: 86 stépsno@bpnlyindG wt %
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of patterning the layer of metal results in the exposure of one or more regions of the tie
layer and one of more of these regions is/are etched in step (d).

20
In one embodiment the method of the invention may further include a step of treating the

etched product with an alkaline solution following the step of etching the tie layer.

According to a further aspect of the invention there is provided a flexible circuit prepared

25 according to a process which includes the method as described above.

According to a further aspect of the invention there is provided a flexible circuit wherein
during the preparation of which, a tie layer is etched using an etchant formulation
comprising less than about 20 wt %, alternatively about 7 to about 14 wt % of H,SQ4, less

30 than about 10 wt %, alternatively about 4 to about 9 wt % of CH:COOH and less than
about 10 wt %, alternatively about 4 to about 8 wt % of KNO;.

According to a further aspect of the invention there is provided a method of preparing an

etchant formulation comprising the steps of mixing H,80,, CH;COOH and KNO; to



about 4 to about 9 Wt % of CH3COOH and | ess than about 10 wt %
alternatively about 4 to about 8 wt % of KNOB. 5 Definitions As used
herein the term "carboxylic acid group" denotes both the aliphatic and
aromatic conpounds with a - COOH group its salt. 10 As used herein the
phrase "m ni mal danmage to, or dissolution of the netal"” when used in

ref erence ac Al hen {,races
means no atgﬁgeﬁ% %ll cegcnht?J1 Hﬁ{la(r%{%?f‘en% tgl%o}l%b féﬁfﬁﬁ}edlﬁelteg{i?&gl 8\‘/‘}728%4’ ’
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"tinme to qgg@out%rw%ofmﬁ% the tinme taken for the removal of tie |ayer
(either by dissolution or by de-bonding or both), which results in an
increase in the resistance of the substrate to 1010Hertz or hi gher when
measur ed if?gﬂ?ﬁ mul timeter. 20 As used herein the term "undercut" means

t he renpovdlEF et al (which can include the tie layer and conductive | ayer)
at the intgy fagecafin ihe i@t @hrdok d6e @B Grélpe RHOSE 'b@ﬂﬁhe%?ﬁﬂi&ﬁm afbfatkbt in
weakened attachnment of the metal trace to the substrate 5 As used herein

t he term "coinpoprdserith aea@AOHagnebp af itvsalret al al | oy which is used in flexible
circuit manufacturing between the substrate and conductive |ayer and which
is etched by the etchant fornulation. As used herein the term "and/or"
means 10ans @ded Hefein Y pigde'midnAsiabrge td) &F eisdoll (151) of tied e’ Nghénh tedrin Means
the plural and/or singular forns of the noun. 6 As used herein the term
“conpri si ngferagane atephatsin fighant predhe mefplisaiion daver or pagtal drages BISHNS Bpen
interpretig e
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f eat ures cesiral so imiendededéitl .reference to Cu metal traces, this is generally loss of trace

thickness of less than 10%, more ideally less than 5%.

15
As used herein the term “etching time” or “time to etch” or “t” means the time taken for
the removal of tie layer (either by dissolution or by de-bonding or both), which results in
an increase in the resistance of the substrate to 10'®Hertz or higher when measured using a
multimeter.

20

As used herein the term “undercut™ means the removal of metal (which can include the tie
layer and conductive layer) at the interface of the metal trace and the substrate, which can

result in weakened attachment of the metal trace to the substrate.

25 As used herein the term “tie layer” means a metal or metal alloy which is used in flexible
circuit manufacturing between the substrate and conductive layer and which is etched by

the etchant formulation.

As used herein the term “and/or” means “and” or “or”, or both.
30

As used herein “(s)” following a noun means the plural and/or singular forms of the noun.



5 To those skilled in the art to which the invention relates, many changes
in construction and wdely differing enbodi nents and applications of the
invention will suggest thenselves wt hoqut departing fromthe scope of the
invention as defined in the appended clainms. The disclosures and the
descriptions herein are purely illustrative and are not intended to be in
any sense i NG 'ﬁﬁ%{ ‘ DRAWL Ngﬁ P

i nvention Ava ]lmle& r?(@)%l%élgft% E&e:(} esc i%é@yvm%%s-ﬂrfgger ence toa-F{'ﬁ%’ ?‘?S%?Eés?a? n the
acconpany iwlgndmntampiretgg indepehidah patgraphginchding thatatesulybe fdavireoprebicedbnthat i mes
for NCrQ,, tie layers; Figure i, a cuhe plot_.of etchi times for Ni Cr
te 1 ayer smingarnbaagiarh i bfed ol of et g Ditee CBIERA: AT,
conposition against etching time; 20 Figures 4a and 4b are digital inages
of scanning electron m crographs (SEMs) of a circuit following etching with
di f f er ént Tettbbserskiltedris tthe arett whishdkeninventionrslateli maneciBinges i qohssruction and
illustrating . the.effect, of. KNO3 concentrati on etching,tine. 25 TAI LED
DESCRI P11 CRASH LD PO B st oapg s SR B ot o oREesh RmBENG of

et chi ng suiithdbl epafingCh@althd geope M MUCInkBichealddfifsd HUGH apferfldll ch@hs.| THE t ed
to flexible circuit manufacturing. OQther potential applications as would be
r ecogni sedisclpsuige apd thegdascriptingis herean ateriairelr éllustratiye st ae 90 irdendef do ke @3 |

Ni CrO Ni By < iS i Ni CrO , Co surface coatings and al so the oxi di sed
surface Iay%rs ored on the NiGr, NiCo and Ni CrCo all oys are within the

scopelof the invention. 7 The features of the fornulation include
constituent identit constituent concentration and the selectivity of the

et chant t BREFHPESCHRIPTRON OF THEPRAWKRYe® degrading the integrity of the
o or (
net a ay Qe ﬁ%g&%@ wﬁl?ab% l?es fiffnet Hgsc%éch%ith't [%?ér%% e qf&%ﬂ:s

in tge. .
t enperature et chi As 1s known in e art, a typical additive
fl exi bl e atsomapahyingrvdfvaiotuimi wigiclpr ocess i s hereafter

15 Figure 1 is a cube plot of etching times for NiCrOy tie layers;
Figure 2 is a cube plot of etching times for NiCr tie layers;

Figure 3 is a plot illustrating the etchant constituent composition against etching time;

20
Figures 4a and 4b are digital images of scanning electron micrographs (SEMs) of a circuit
following etching with different etchant constituent concentrations;
Figure 5 is a plot illustrating the effect of KNOj; concentration on etching time.

25

DETAILED DESCRIPTION

This invention relates to an etchant formulation and method of etching suitable for creating
conductive features such as but not limited to flexible circuit manufacturing. Other
potential applications as would be recognised in the art are those that include the removal
30 of the NiCr, NiCrQy, NiCo, NiCrCo, NiCrQ,Co surface coatings and also the oxidised
surface layers formed on the NiCr, NiCo and NiCrCo alloys are within the scope of the

tnvention.



descri bed. The etchant fornulation of the invention and the etching nethod
of the invention are particularly suited to such a process. However, the
etchant and the nmethod 10 may be suitably enpl oyed in other etching
processes as woul d be recogni zed by one "skilled in the art. A typical
process starts with the preheating of a substrate (generally a polyneric
filmsuch as.polyimgde) to,remyv ter..in_a wvacuum f } y

pl asma tre en%%tureén(g‘ tﬁ%}ocrﬁlélrlﬁtl@glln((::f'lé\égﬁ?nr?tgllute%talgﬁ Thce %ﬂ@@gﬁ%oenggrgﬁa%ﬁ%{l @r

t hi s pret rigakaeatvityaoftthe elohi@r torgdtahg of thenid Bl erakitiyut idegaha@stht étegryty \wdcuum
Sputtering or vacuum evaporation in an inert atnosphere. The tie |layer acts
as the intl@¢ mekl fver | ayer to electro-deposit and bond netal traces to the
substrate. The tie |layer conposition can vary with the incorporation of one
or nore of the elenents such as (but not restricted to) chromum (Cr),

ni ckel 5( Ni Additaizfdat26s ¢f3by methaldyibdedetii ehh)tempérttmnd ami (pEed of etihihg.a

t hi ckness variation of 10 to 500 nanoneters. The tie layer is subsequently
sputtered with a seed netal |ayer, such as a Cu layer. Then a flash netal
layer (Cu RgRibwAfin Ihd 81,2 HhRLOIRHRLIdkHIELIRGHT ARMALAGHAD froRedsqS hebalRSK 1S
defined using photolithography. The netal traces are electroplated at areas
wher e t he deswilstl. Thasetokan josmplatdn ofhther msption gnd Hbe eehing peethed it the
exposed fl.ash nmetal |layer is etched. .25 In the subsequent, process, the
exposed tiBY§HPRATE Qa@é}flﬁgﬁ 55&5@“1 f’)ucrljlraol%oa%sscg[%%?e%ee‘%}%l?f{%} iag‘gl%hﬁz 2“8{}8{% on
bet weerp t hgay Bt auithb12CESployE irt othel RYBhinLbfbdGs iah Wh8d i B Rec6iiigad by one
manufacturing is usually carried out in a separate step, in order to

guar ant ee skilfedfipthe atenoval so that a conplete electrical resistance between
30 netal traces is achieved. The dissolution or renoval of the tie |ayer
with mnimal netal trace dissolutionis inportant. A desirable property for

the tie | ayeypi€il phasets dtartd Wath thd p@besingeff aaubacike {deredlly atpeiynack filat suekn t he
substrate and the base of the netal traces resulting in uggercut affe(citi ng

the bondi riy RAYIIHE) FR{IEMOYE AR, In Ph¥ALBNERMOED FHAVERG B PeeranEraiBEr ondt he
LT e ke Bk e, 'hSe) BIEDSuc g Aegpt e
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traces to the substrate. The tie layer composition can vary with the incorporation of one or
more of the elements such as (but not restricted to) chromium (Cr), nickel (Ni), cobalt
20 (Co), molybdenum (Mo), titanium (T1), with a thickness variation of 10 to 500 nanometers.
The tie layer is subsequently sputtered with a seed metal layer, such as a Cu layer. Then a
flash metal layer (Cu again) of | to 5 micrometers 1s electroplated and a resist mask is
defined using photolithography. The metal traces are electroplated at arcas where the resist
has been removed. The resist is then stripped and the exposed flash metal layer is etched.
25 In the subsequent process, the exposed tie layer is etched away to provide complete

electrical 1solation between the metal traces.

The tie layer etching in flexible circuit manufacturing is usually carried out in a separate
step, in order to guarantee its full removal so that a complete electrical resistance between

30  metal traces is achieved,

The dissolution or removal of the tie layer with minimal metal trace dissolution is

important. A desirable property for the tie layer etchant is that it does not attack the



of 60 % OT woul d take about 150s or nore to etch using a commercially

avai |l abl e al kaline etchant such as, but not limted to, potassium

per mmnganate. Wth the etchant fornmul atign 10 of the invention, the etching
time of the 60%OT tie |ayer could be brbught down to about 60s or less, a
mar ked increase in the etching rate One suitable specific application of

the etchant cetrr%etateler? Osubiiud e (? Hd %n ¢ §t %ee%eta? t%agg% r@shﬁmrg”% Hltu LQj ck

Ni CrQ or 'Rfe dyers “use I'exibie’circul m ng met al

15 traces gcffecttulf@thelbbﬁaﬁhgpftHa:anétaletrdcayer is etched away in order to isolate
the traces electrically. One enbodi nent of the etchant fornulation of the
i nvention includes three constituents nanely, H2SO4, CH3COOH and KNG3. 20

The exper 'ﬁg%é}lanfiﬁ;&ﬁm(a@tsﬁ%a BeghddbA6e Bivbnddh drBSuiEHRRY $8ih ﬂhmmep@é Bythat in

ot her iments, sultable substitution of one or nore of these
consti tSuer(ﬂcSN@Tpes@itbinaewtmhkamrs (di@haOfT)n’g"thkmlthley@sapa b etdhed i wntent i on.

Part, but not .of t he H2SO4 nma ubsti t ted f or. ni t

(her eaf t er® PRy iy ue PR, b Bcrofig ot sethids e e
(hereaft erthm&s @h Hatéﬂafedsawﬁ@hlf@stél hRBatyic Ay, AR (R0Y R 16yedd
conmpound wth carboxylic acid group (-COOH) or its salt as woul d be knovvn in

the art. aiéOratEl wonkl ta’m/almlt tléﬁsacbrlryorab@ewh uping scwmnesrbioty pesilablomkalige in

M PR N S R M e

preparigd byf thd ¥ivesti@ MOREhiAL GnkOSGBAENBL D DRIS 19fer thEd H3brewis HbWQ@hBoutThe
concentrations of the three constituents of the enbodi nent have a prom nent

i nfluence ﬂbﬁ“#ﬁéf@ﬂ@ﬁﬁ%g“iﬁﬁ%”hmﬁeﬁ ie¢déeage reduction in netallization. W
have specifically considered Cu | ead thickness as Cu is a conmon net al
enployed in flexible circuitry. 9 However, other suitable nmetals such as

gol d (Au),0md suitablewspesifi Japplicasivaiofites siclsdne éornalldtaysof thaymkmtienfrpélmty:ed; th¥he
concentratiqn of the constituents, when nmgintajned at |le s bout 35 wt

% of H2SOEChrHek thirk NiCrok gr Neprieedeyers Hepddp dlgxibhocijguits, a?l?geéumeéal in
short grs e%t?e{&%?@fth%@‘r?@mt %Pert?e 1%/9& 1§‘Qﬂcﬁed"é\*fs§r iH2Rie d &otaffheth@%e@sr%&ﬁéa range

of about about 1 the concentration range of about 4
to about 9 wt %and KNOB in the concentration range of about 4 to about 8

0 i 0
W % elciung tines of phout 40 Lo S0 secopds WD s g S L educt o
namely, H,SO4, CH;COOH and KNO;.

20 The experimental data (described in detail in the Examples) indicate that in other
embodiments, suitable substitution of one or more of these constituents is possible without
departing from the scope of the invention. Part, but not all, of the H,SO4 may be
substituted for by nitric acid (hereafter HNO;). CH3;COOH may be substituted for by
sodium acetate (hereafter CH3COONa), or other suitable aliphatic or aromatic organic

25  compound with carboxylic acid group (-COOH) or its salt as would be known in the art.
Nitrate ions may be totally absent in some embodiments whilst in others, KNQO; may be

substituted for by HNO; or other suitable nitrate ion sources as would be known in the art.

The formulation is conveniently prepared by mixing appropriate concentrations of the

30  constituents.

The concentrations of the three constituents of the embodiment have a prominent influence
on the etching time and percentage reduction in metallization. We have specifically

considered Cu lead thickness as Cu is a common metal employed in flexible circuitry.



The present invention results in no appreciable attack on the side walls of
the Cu traces 10 which would otherwi se | ead to uneven etching and wavy

| eads. In other words, after etching with suitable etchant concentrations, a
generally uniformCu trace width is obtained. In general, vertical etching
is preferred over horizontal etching. Vertical etching is etching 15 in the

direction perpendicul ar_to the substr d_hari.zon i i i ng
in the direction Ogt)}éerrasﬂtaétile o teﬁ%%ucsu Ssgc%?cg{ el’.B’ ﬂhlgll”!rlfé% @5 Pg%/tgl}l%? & elgln%F(%Pf
there is tag Bdemphoedz0ht @bneedtratibhgf thidheordstitichl®y &hehahginmairitd arelesl thai aces

woul d be attacked resulting in yndercut  Thi woul d aken t ondi n

Dot ween  HEOBAIOYT el HaPnaho 3T PACES! PO Shorbis b0t phSNChESUE. The
etchant f I QR: : i 1 Hall i tal 20
ot chi g a0 G N L L Lk Ohe ol T PR . g
process$ ofabbinel4 meent CohCOED impid cedentoatinGangr ofNal@n® 4 td leodt Hywt o andt h

metal tra include that N Cr/Ni , tie layers g .val.ues between 75 to
500 can  Bev8t Ehi PACHELUOR e 8 “GuitchBeboYet P TS fiee o ERET A

trace di sslutd8 v bQAhil &2 BERiioR 0L MAcUBIKheund obRriQl dtgs%. than 5% of
the original netal trace thickness which was 83 mi crons. The undercut after

tie layer etching was found to be less than 1 mcroneter. 30 The tenperature
of the etchant has.an effect, on etching {i . JAn _ipcrease.,jn rature

bt i ngs. dovheCRiEseaT VRGO Fvaitdi gt ERaergblegiiask P IR SRE arals B fiedh
testedp Thehigh Al ofREWldt abdd b ufcvwhaditigngviahl WisryalepdseClmbtier destis, ndtern i ts
chem cal activity durin and after etching of the tie layers. 35 10

EXAVPLES Exdvis evith suidahle etohapy coaeeniiptdanst e gefordbt vpdpes sCoftrasg widthdht of
t he preseq%¥ﬁﬂ%ention on NCrOX 5 and NCr tie layers. Tie layers of 70% OT
wer e used. e H2SO4 concentration was fixed at 17.66 wt % the CH3000H
concentration was vari ed between 10.5 to 21.0% and KNO3 concentration was
vari ed between 10 to 20 wt % ThF tgnperature ?ffept was, studied at .
In general, vertical etching is preferred over horizontal etching. Vertical etching is etching
15 in the direction perpendicular to the substrate and horizontal etching is etching in the
direction parallel to the substrate. During tie layer etching, if there is too much horizontal
etching, the tie layer below the metal traces would be attacked resulting in undercut. This
would weaken the bonding between the substrate and metal traces resulting in reliability
issues. The etchant formulation was found to etch vertically with minimum horizontal

20  etching as observed from the undercut measurements.

Features of an etching process of the invention when applied to NiCr or NiCrO tie layers
with metal traces include that NiCr/NiCrOy tie layers of OT values between 75 to 50% can
be etched in less than 60 seconds.

25
In one example, the metal trace dissolution during tie layer etching was found to be less
than 5% of the original metal trace thickness which was 8=3 microns. The undercut after

tie layer etching was found to be less than 1 micrometer.

30 The temperature of the etchant has an effect on etching time. An increase in temperature

brings down the etching time drastically for all chemical concentrations tested.

The etchant formulation 1s stable with no appreciable decline in its chemical activity during
and after etching of the tie layers.

35



| ow (50C) and noderate (70C) tenperatures with the center point at 60C. The
exanple showed that both the NCrQ, and NNCr tie |layers were successfully
etched by the etchant 10 formulation of the invention. Figures 1 and 2
present the results for NCrOX and Ni Crl(l‘espectively, as cube plots. One
observation deals with the effect of tenperature on etching tine. This is
further 15 illustrated in Exanple 6, below In general, for both NC Ot

and NFCr tie layers, the etching ti found to decrease by several
orders of magnitude with increase iﬁ&m@%ture from50 to 70C. Figure 1

shows thatgjn,fhe case of NCrQ, tie layer etching, at 21 wt % of CH3COOH
and 10 wt % of KNG3, the etching tine decreases from 150 to 15 seconds when
t he t enpeFatmpk 1 dlustawedhd eentBenesy of C. etghgnErais| weenExaeplien oniNiCiat r at es

the abplit ..the etchant . to etch,thicker t] f

i or ent EORET PEURERCOIEBERa: Or D1 SR bPARED PRafolhpEfied o
The capabiy i1 §6 Ok v&nhetehatioRkohdar@sent virid atvi@n 11006 &t Thi%hhed NGO, tie
| ayers of 60% O, (which are thicker than the 70% OT tie | ayers)

was
studi ed. Thecehater wayveriask betyeen &9 éh3Rtvtwas Thei liRRpEgC sttesibras Studied at

concentrati ons,. He S n . e i tion
ange of €0PY S 36 HEspeh0 bbby hPe 8% SROBEMAIE
respect i vehytwedlihat b&EUhE NishoyathBiCH fielaheSr@re stidcesdfalyyeetchédhy tig dttlmpt can
be 30 brought down to a range of 45 to 60 seconds with | ess than 5%

r educt! P on formutpiionrofdle invenptideness. Fi gure 3 presents the etching tinmes and

t he correspondi ng percentage reduction in Cu trace thickness in the etchant
process with the change in the concentration. For nost of the chem cal
conposi ti Ehgiréseisaell) picheant pler eauitsdfgeNi@dyahd diCi resietiveigces dubk plotess i s

found to be less than 5% i ndicating the capability of the etchant to
preferably attack the tie 35 layer. The | egends for x-axis values are as

given (e. 8 y ILAdigat %, Qf 5. 9
& ¥ T3000H g0 Bonptof SR el B KERe Colier o e Rincp e Y SHEL e

concensr atihraet H2SCMplCHECeW.ad deNGal, dor bBh2EiGH0,%nd1 Nid6tintlapasarite 7. 5

wt % respectively, the %reduction in Cu trace thickness |ncreases. .
Si m | ar |y SIRiEn il it St £ RFPEeorY SR oo BHERAUG RO TETeaes I e
% 7.88 Wienipdfre/from W0 1¥070°C. Figure 1 shows that in the case of NiCrO, tie layer etching,

at 21 wt % of CHy;COOH and 10 wt % of KNOs, the etching time decreases from 150 to
15 seconds when the temperature 1s raised from 50 to 70°C.

20
Example 2

Example 2 illustrates the ability of the etchant to etch thicker tie layers, and the effect of

different constituent concentration on undesirable Cu trace dissolution.

25  The capability of an etchant of the present invention to etch the NiCrOQ tie layers of 60%
OT, (which are thicker than the 70% OT tie layers) was studied. The temperature of the
etchant was maintained at 75°C. The concentrations of H;S04, CH3;COOH and KNO;
were tested in the concentration range of 6.02 to 20.45 wt %, 3.58 to 12.16 wt % and 3.41
to 11.58 wt % respectively. The results show that the NiCrOj tie layer etching time can be

30 brought down to a range of 45 to 60 seconds with less than 5% reduction in Cu trace
thickness. Figure 3 presents the etching times and the corresponding percentage reduction
in Cu trace thickness in the etchant process with the change in the concentration. For most
of the chemical compositions tested, the percentage reduction in Cu trace thickness is
found to be less than 5% indicating the capability of the etchant to preferably attack the tie

35  layer. The legends for x-axis values are as given (e.g. 8.83, 5.25, 5 indicates 8.83 wt % of



5 respectively, the %reduction in Cu trace thickness increases. Exanple 3
The role of chem cal conposition on etching behavior is further clarified by
viewing the circuits subjected to the ﬁchi ng treatnments. 10 Figure 4
presents SEMs (4a and 4b) of a circuit eviously having an NCQt tie

| ayer after etching. It shows the influence of chem cal corrpositi on of the

t chant hi h
o SRS R PR RPN e B GPP T e Pl
(Fi gur e 4ayittaimd canccatreha@nsdt MiSdy,, 201,¢DOH a@BKND =t 4B 2ESvirtihsSE2. 1©wa°/s@de7.e

attack on Cu traces (Figure 4b). Note that the | egends for ch%( m cal
conposi ti o %r tespestivelyy 8¢ Yeereguctiiorgm Cp tase thickns dBtTESs. BEGK Yo the s,

5.25 wt % ) 2 3 f
BhedHREEDE 80605, WU SARNOLIPREL Y1) 7,88 Wi Bacuphersib 94 ©

ExarrpIeBS get'her vvlt the results o Exanple 2. In

par ti cdl arrgspettively, sheedoamihationii Cruﬂraobﬁmrkned; ihbagsewhen the chem cal
conposition of the three chemcals is nmaintained at 13.25, 7.88, 7.5, the
attack on Cu traces is mininal. On the other hand, with the change in
concentratgon 403 20.45, 7.88, 7.5, a severe reduction in Cu 25 trace wdth
and thickness'is observed (as was the case in Exanple 2). This indicates
that the Henstd oludrmicdroenositivh on dilieg béhaviarfis deticeslaieddichientg the
behavi our and. that usin ropriate concentrations can reduce Cu trace
di ssol ut i GHCWE Céediogﬁ?el‘ﬁgngg?%mﬁf“seach of the cations and anions in the
etchanf formul ation was studied by suitably substituting themw th other
anions and cations. As previously discussed, a preferred enbodi nent of an

et chant ofFigire 4i presentsi SV tacandpds ela erClliiQ}S@dlouﬁngl@EmEI an Fﬁﬁd)myef attes

car | o BETHMes | S00K B BRERAR Dhen B Spt i BF 0t SRR tnefhnE

substi t ut qﬁhwloﬁlem)ved, are as foll ow 1. K+ by H+. (HNOG3 was used instead of
KNOB) .

15 In particular, an etchant with 13.25, 7.88, 7.5 chemical composition gives rise to minimum
attack on Cu traces (Figure 4a) and an etchant with 20.45, 7.88, 7.5 gives rise to a severe
attack on Cu traces (Figure 4b). Note that the legends for chemical composition are as
given {e.g. 8.83, 5.25, 5 indicates 8.83 wt % of H,S0O4, 5.25 wt % of CH;COOH and 5 wt
% of KNO; respectively).

20
The results of Example 3 should be read together with the results of Example 2. In
particular, in this example, it is observed that when the chemical composition of the three
chemicals is maintained at 13,25, 7.88, 7.5, the attack on Cu traces is minimal. On the
other hand, with the change in concentration to 20.45, 7.88, 7.5, a severe reduction in Cu

25  trace width and thickness is observed (as was the case in Example 2). This indicates that
the constituent concentration directly influences the etching behaviour and that using

appropriate concentrations can reduce Cu trace dissolution.,

FExample 4

30 The role of each of the cations and anions in the etchant formulation was studied by
suitably substituting them with other anions and cations. As previously discussed, a
preferred embodiment of an etchant of the invention is composed of H>SQ4, CH3;COOH,
and KNO:. The method and conditions of this Example were the same as discussed in the

eartier Examples (100ml of etchant at 75°C ).



2. H+ with Na+ (CH3COONa was used instead of CH3COOH).
(H2SO4 was replaced with HNG3) 4. Conpl ete renoval

ions. The results on etching tine with

presented in Table 1. The table shows ﬁﬁ

constituent species. The role of individual

53. SO42- by NO3-

of 5042-, NO3- and CH3000

ange in anions and cations are
e change in etching tine and Cu
di ssolution tendency with change in 10 constituent concentration and

ions on etching tine is

di scussed in separate sections below Table 1 Test Etchant chem cal
conposi t i orhe(ivdOnbEidbhiverg stibstieutéd sefermbved rrd\Nes 11dwl0. 6H2SO4 + 5. 41- 1NO3 +
8CH3COONa75No %gprecLable Cu dlssolutlon 2.10. 6H2S04 + 5.4171 NO3 +
6CH3000Na60 3:

8CH3COONa80 5.
4. 2CH3CO0H45"7

4. 2CH3G00HA5Be &8, Gy NDs LSO} oas kplate@BHNOBNO;)

di ssol ution
13.7.061-12S04
| OKNOBNot et chedHeavy Cu di ssolution 16.10. 5CH3000H + 20KNC3Not etched in
240sEtching tinme very high 17.18.5. 4HNO3+ 6CH3COONa75No appreci able Cu
di ssol uti drhe results on etching time with change in anions and cations are presented in Table 1.

10

15

20

1
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L i e S N S
2 K03 + 40B0B0NATO

19R$43COOH90 15. 10. 5CH3COOH +

Complsrgmonios St 1805 10458550

ONa60 4.10. 6H2SO4 + 6KNO3 +

2SO4 + 5. 4HNO3 +
CH3COOH80 9. 7. 23HNOB +

The table shows the change in etching time and Cu dissolution tendency with change in

constituent concentration and constituent species.

time is discussed in separate sections below.

The role of individual ions on etching

Table 1
Test | Etchant chemical composition (wt%) Etching time Observation
No. (s)
1. 10.6H,;S0, + 5. 4HNO; + 8CH;COONa 75 No appreciable Cu dissolution
2. 10.6H;50, + 5.4HNO; + 6CH;COONa 60
3. 10.6H,80, + 5. 4HNQO; + 4CH;COONa 60
4, 10.6H,50, + 6KNO; + 8CH;COONa 80
5. 3.53H,80, + 5.4HNQO; + 4.2CH,COOH 45
6. 1.77H;S0Qy + 5.4HNO; + 4. 2CH;COQH 45
7. 54HNO; + 4.2CH;COOH 65
8. 5.4HNOQO; + 8. 4CH,COOH 80
9. 7.23HNO; + 4.2CH;COOH 45 Heavy Cu dissolution
10. 7.23HNO; | cemeememeen Heavy Cu dissolution
11. 9.04HNO; + 10.5CH,:COOH 120
12. 723HNO; + 4CH;COONa 70
13. 7.06H;50, + 4.2CH;COOH 90
14. 10.6H;S0, + 4.2CH;COOH 90
15, 10.5CH;COOH + 10KNO; Not etched Heavy Cu dissolution
16. 10.5CH;COOH + 20KNO; Not etched
in 240s Etching time very high
17.18. | 5.4HNO;+ 6CH;COONa 75 No appreciable Cu dissolution.
5. 4HNO;+ 12CH;COONa 110 No appreciable Cu dissolution.

The test conditions which resulted in heavy Cu dissolution are marked in BOLD and the

normal letters show conditions without appreciable Cu dissolution.

Role of K~ and CH;COQ (acetate) ions

KNOj was replaced with HNO; and the results are presented in Table 2. This illustrates

the role of K” ions and CH;COO" ions on the etching time.



5. 4HNO3+ 12CH3000Nal1lONo appreci able Cu di ssol ution.
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not have a signi f| cant effect on etching tine. 20 As the earlier Exanples 1

and 2 shO\Aﬂ Tests CrvoboPHi@pNsavas asqsk mwh&wofeﬁffl&,(‘t)%lnand in Tests 5 and 6,
CH,COOH was used. The replacement of K by H™ did not result in any notable change in

I UII

10 etching time as observed in Tests 5 and 6. This shows that the effect of K™ ions on etching

time is insignificant.

A similar observation is made, when the etching times of Tests 1 and 4 are compared. The

etching times of the etchant with K ions, i.e. 10.6H,804 + 6KNO; + 8CH;COONa (Test
15 4) and that without K" ions, i.e. 10.6H,S04 + 5.4HNO; + 8CH;COONa (Test 1} show
similar etching times indicating that the replacement of K'ions by H'ions does not
influence the etching time. From the above results, it can be concluded that the K' ion
concentration does not have a significant effect on etching time.
20 As the earlier Examples 1 and 2 show, the CH3COO" ions have a prominent effect on
etching time and Cu dissolution. Replacement of CH3;COOH by the acetate salt
CH;3;COONa, however, showed only a small increase in etching time possibly due to the
increase in pH with the replacement H' ions by Na” jons. With the H,SO4 and HNO;

concentrations maintained at their respective concentrations of 10.6 wt % and 5.4 wt %, the
25  increase in CH3;COO concentration from 4 to 8 wt % increased the etching time from 60 to
75 seconds. This indicates that the CH;COO’ ion concentration has a significant influence

on the etching time, consistent with the earlier Examples.



etching tinme and Cu di ssolution. Replacenent of CH3COOH by the acetate salt
CH3COONa, however, showed only a small increase in etching tine possibly due
to the increase in pHwth the replacepent H+ ions by Na+ ions. Wth the
H2SO4 and HNOB concentrations mai ntainEd at their respective concentrations
of 10.6 wt %and 5 4 w % the 25 increase in CH3000- concentration from4
to 8 wm 0/%‘:[2& d?{ﬁ etching tine from60 to 75 seconds. This indicates
that the 8H H’é’éntratl on has a si gnl ficant infl uence on the

etching t COI’ISI sten h t ear | 042 and |1 C
ions In o:[‘blg’ide’EEP {eéts{h rﬂ]é: ?ftoﬁu@}lﬁf ¢ O p(lﬁg;e) tlbe Omf"@&?&m Oﬁ? heé (‘?on%%sn Fation
of the 504ReréPRSMVES 1 MAWELAE tHehQhmldiély Fepiicedobandirhlaasns; NGBS eThe jesulepl aced
by nitrate ions, NO3-. The results wth respect to etch tinme are shown in
Tabl e 3. VablrespectThetcliainae argishowe & Tode 3w are extracted from Table 1

pr ovi dgd earlier. No.Etchant chem cal conposition (WM % Etching Observation
tinme s }gf} SO + 5.42HNO3 + 4.2 CH3COOH#45No appreciable Cu 2.1. 77H2SO4 +
5. 42HNO3 CH3000H45di ssolution in all 3.5.4HNG3+ 4.2
CH3COOH65concentrati ons tested. 4.5.4HNO3 + 8.4 CH3COOH80 5.7.23HNC3 + 4.2
CH3COOH4 5B dgta Gibudnitedsbgleiv jashergrapted Sraqobable 1 provided gaslisr- cu di ssol ution 10 15

This Exanple shows that the addition of HNO3 does not change the etching
time to @ Namot pbichachemical dompbeisips (it Wihd 2, Rtéleng epl ace@bservagionKNC3 by HNO3
and the decreage in H2SO4 concentration to |3im8sif % and 1.77 wt %
respectively, di63H60, ¢RadyaO:hd 2a2RI00H tijne4s No appreciable Cu

2. 1.77H,S0, + 5.42HNO; + 4.2 CH,COOH 45 dissolution in all

3. 5.4HNO, + 4.2 CH;COOH 65 concentrations tested.

4, 5.4HNO;+ 8.4 CH;COOH 80

3. 7.23HNO; + 4.2 CH;COOH 45 Heavy Cu dissolution

6. 723HNOs ] e Heavy Cu dissolution

10

This Example shows that the addition of HNO; does not change the etching time to a
notable extent. In Tests 1 and 2, the replacement of KNO; by HNO; and the decrease in
H,80, concentration to 3.53 wt % and [.77 wt % respectively, did not change the etching
time.

15
With complete replacement of H,SO4 by HNO;, the etching could take place, but with an

increase in etching time possibly due to the decrease in H™ ion concentration (lowering of

pH).

20 Role of NOy ions and SO42' ions.
The role of NO;j'was studied with the etchant composed of H,SOQ4 and CH;COOH without

KNOs. The results on etching time are given in Table 4.

25 Table 4

The data tabulated below are extracted from Table 1 provided carlier.

No. Etchant chemical composition (wt %) | Etching time (s) | Observation

1. 7.06H,S0, + 4.2 CH;COOH 90

2. 10.6H,S0, + 4.2 CH.COOH 90

3. 10.5 CH3COOH + 10KNO; Not etched Heavy Cu dissolution.

4, 10.5 CH3COQOH + 20 KNO; Not etched in | Etching time very high.
240s




Wth conplete replacenent of H2SO4 by HNO3, the etching could take place,
but with an increase in etching tinme possibly due to the decrease in H+ ion
concentration (lowering of pH). 20 Role of NO3- ions and 5042- ions. The
role of NO3-was studied with the etchan}’ conposed of H2SO4 and CH3COOH

wi thout KNO3. The results on etching tine are given in Table 4. 25 Table 4
The data ul at ed. bel ow are extracted from Tabl e ovi ded, ear]. er.

No. Bt chant® i 651 2cbn B G it A P ef et e bab b o5 b Y soa
4.2 CH3COMAD Qerg-hlfh, GIgASOH stcorfts 3n SO0 HIBe 31chihbtitBOOH0 seddhdNGBNoved

et chedHeavy Cu dissolution. 4.10.5 CH3COOH + 20 _KNG3Not etched | nEtchjng
tinme veryithihghpresepos of SNQr iqesstldis) cemum previeueEsamaly weslte ahhei Bgreasst in n t he
absence of -] e [ j r [ S in
contrast PSRRI S, SRS Ry MRUR el diprek UANOTIEACES
NO3- i®nsimpdiiagt @aht efchantpr evi ous Exanpl e results. The increase in etching
time with the absence of NO3- ions indicates that sone degree of NO3- ions

is 5 inportant _in the etchant. In Tests 3 and 4, the etchjng was carried
out wi t hotlt Tepsshand i ghe slehing yis @BIRdPY SYithput Hﬁ@hegr@v%%iaéf%t ‘é?“?%ﬁ"te osure

tinme of 240pspendster Ehi&pSQﬂé dnReo il {Lotdie TIRW-RidYe Rt ehadiowWpe b0 the
conpl ete renoval of H2SO4. This highlights the role of the inorganic acid

i n gover netabartt e éd ¢he camplte kcRel ef HiNaetTtes hightights thheolefof ¢t irofganive
CH3000 ion .from CHBCO%; acqi d or CH3000Na on etching behavior was studied
and the radgin go%rungMrich iifapl e 5. Table 5 The data tabul ated bel ow are
extracted from Table 1 provided earlier.

10 Role of Acetic acid

The effect of the CH3COO ion from CH3;COOH acid or CH;COONa on etching behavior
was studied and the results are given in Table 5.

Table §

15
The data tabulated below are extracted from Table 1 provided earlier.
No. Etchant chemical composition (wt%) | Etching time (s) Observation
L. 54HNO; + 6CH;COONa 75 No appreciable Cu
2, 5.4HNO; + 12CH;COONa 110 dissolution in all
3. 5.4HNQO; + 4. 2CH;COOH 65 concentrations tested.
4, 5.4HNQs + 8 4CH;COOH 80

At equivalent concentrations of CH3;COOH and CH3;COONa, the etching time with

20 CH3COONa was found to be higher than that of CH3;COOH at the same HNO;
concentration. This could be due to the slight pH increase with the use of CH;COONa in
the place of CH3;COOH.

Example 5
25  The significance of constituent composition in governing the etching behavior is further
studied by using etchant compositions with and without KNO3. The studies were carried
out at certain specified concentration of the constituent and the results are given in Figure
5. This figure shows the effect of KNO; concentration on etching time. The legends for x-
axis values are as given (e.g. 8.83, 5.25, 5 indicates 8.83 wt % of H,SOs, 5.25 wt % of
30 CH3;COOH and 5 wt % of KNO; respectively).



No. Et chant chem cal conposition (wt% Etching tinmesQoservation 1.5.4HNO3 +
6CH3COONa75No appreciable Cu 2.5. 4HNO3 + | 2CH3COONal110di ssolution in all
3.5.4HNO3 + 4. 2CH3000H65concent rati ons tgsted. 4.5. 4HNO3 + 8. 4CH3COOH30 At
equi val ent concentrati ons of CH3COOH and®CH3COONa, the et chi ng time with 20
CH3COONa was found to be higher than that of CH3COOH at the sanme HNO3

concentration. This.could be due t sl,i gh H [.ncrease, W th.the use of
CrBCOONG 1THe S dadicyss Owgﬂ?ﬁ&g%i e iy, LG SRl Al pmicat
const i t UerRbn&R@SIstteQ8d. | ThedBMedWiiBE of KNGO} Géurftgedeleddlnfg tithef difidtieelly by

studi ed by using etchant conpositions with and w thout KNO3. The studies
wer e carrilléhcat@ﬁtltsétm@&?ﬁf%tﬁn§§@él8f-i ed concentration of the constituent and
the results are given in Figure 5. This figure shows the effect of KNO3
concentration on etching tinme. The | egends for x- axis values are as given
(e.g. 8. 8FxabpRy% 5 indicates 8.83 wt % of H2SO4, 5.25 wt % of 30 CH3COCH
and 5 wt % of KNOB3 respectively). 16 The exanpl e indicates that w t hout
KNOB, t he lduglirameple dpads Wéthﬁli‘fg?ﬁ%ﬁ blempeRByE eartchitg{iBht rati ons tested. The

i ntroduction of KNOB decreases the etching tinme drastically by indicating
its strong effect on etching. 5 Exanple 6 This Exanple deals with the effect
of t enper dtesits evene cendifviedgat tthevetchdie dermpavetuescd il €, &6 "Gt and#)°€t c Ahatresults
tenperatures of 75 .C_. 80 and 90C. The results are presented in Figure 6.
10 Fi gureaB‘ili’rﬁ%ﬁnE“éitIBElg‘H% “an increase in solution tenperature results in a
decreage in etching tinme. Legends (7.06, 4.2, 4), indicates 7.06 wt % of
H2SH, 4.2 vt % of CH3COOH and 4 wt % of KNO3. 15 Thus, in general, the

et chi ng t ifimre écdndiastes that fth iamedsndn ealsgon tengtecdiametresdispe madagraase ifhechieg chant

s generally, eLiEGLi¥e § 9M SURASTR 81V St ARl 235 WOTTPCHOEOBFIITE 11

is
wt % of KNO;.

15  Thus, in general, the etching time decreased with an increase in etchant temperature. The
etchant is generally effective from room temperature (at 25°C, where the etching time is
expected to be very high) to very high temperatures of 90°C or beyond. However, the
operating temperature for the etchant is preferred to be less than 90°C due to the relatively
low boiling points of water (100°C) and acetic acid (118°C). At higher temperatures,

20 solution loss due to evaporation is observed, as well as attendant safety concerns.



expected to be very high) to very high tenperatures of 90C or beyond.
However, the operating tenperature for the etchant is preferred to be |ess
than 90C due to the relatively |ow boiling points of water (100C) and
acetic acid (118C). At higher tenperatudds, 20 solution |oss due to
evaporation is observed, as well as attendant safety concerns. 17 CLAI M 1.
An etchant_fo | ati on conprising an inorganic acid and an organic acid, the
or gani ¢ aci légﬁpri sing an aliphatic or aromatic organi c conmpound having a
5 carboxylic acid group, or the salt thereof. 2. An_ etchant fornulatlon as
claimed in claifn lojelr Birmutaﬁl@nettmmngr ot nrartipricidpatian piganigRssd dhgour ce
of nitrate ions, tjo f clains
1 or 2 wherei notr%"%n?C %(C)Incen éﬁ{h‘? |no§1 dgniﬁgﬁ%g?&ﬂ?%?edgg] %IHE;{%%E’BR‘\%E g%

t he Coﬂcentratk@ﬂmﬁ?h@&ﬂ@@kﬁm,@qhdsﬂf&ﬁﬁbf thereof is less than 10 wt % and
t he concentration of the source of nitrate ions, when present, is |less than
10w % 15 4. An etchant fornul ation as cl ai rred in claim3 wherein the
concentrati Oh Uy e{c'ﬂ%tg?orﬂncﬁlagl%hdas' éﬁfnrﬂadt{h cltél re7n 4Re %ﬁchéntv‘f’orrﬁhlaﬁ ibe
concentration of organic acid or the salt reo I's in the range o to 9
w % and t he cdnckeatindtdsn sofircehé ngatr oas.of nitrate ions, when pr esent, is
inthe range of 4 to 8 Wt % 20 5. An etchant fornulation as clainmed in
claim3 or 4 wherein the inorganic acid is selected fromthe group

consi §pi ng of, SAH %hp B flatiol S| Qa@fdddiRing T X4HR 9f or SUhRRWGA Ghand
nitric acids, erein the source of nitrate ions Is selected fromthe
group consi sti m‘gna:ﬁnmahom b€ irmcgahic pod as issithani 20r at &, ahel cemtntration ¢ff argenic 25 6.

A met hod of etchin net.al  or all o rrpr|5| 1 he eps of

provi ding a met¥%ld g’r ﬁ]ﬂeo 1§ &S ﬂéar?d?ik"ﬁoéi %‘?fp C%?’ﬁﬂ‘t‘(‘i’fl (?jrét}‘ﬁlsoﬁrlc?é’yi; to
an etchant formaatifn, @géfplgﬂe@n@gs f4s tHaRQ0@ANLC acid at a concentration |ess
than 35 wt % and an organic acid conprising an aliphatic or aromatic

conmpound having a carboxylic aC|d 30 group, or the salt thereof at a

f g%gg;{ 3? Ieon O}{n e?c?hantt r}armu%e]ﬁlon as clalmed in [a|1r91d3 wLeremm?he cofitenBRiG %Ifuant

inorganic acid is in the range of 7 to 14.5 wt %, the concentration of organic acid or
the salt thereof is in the range of 4 to 9 wt % and the concentration of the source of

nitrate ions, when present, is in the range of 4 to 8 wt %.

20 5. An etchant formulation as claimed in claim 3 or 4 wherein the inorganic acid is
selected from the group consisting of sulphuric acid, nitric acid and a mixture of
sulphuric and nitric acids, and wherein the source of nitrate tons is selected from the

group consisting of nitric acid, potassium nitrate and sodium nitrate.

25 6. A method of etching of a metal or metal alloy comprising the steps of:
providing a metal or metal alloy, and
exposing the metal or metal alloy to an etchant formulation comprising an
inorganic acid at a concentration less than 35 wt %, and an organic acid
comprising an aliphatic or aromatic compound having a carboxylic acid
30 group, or the salt thereof at a concentration of less than 21 wt %, for a period

of time t, at an etchant temperature T.

7. A method as claimed in claim 6 wherein the etchant formulation comprises

sulphuric acid, acetic acid and potassium nitrate with concentrations of sulfuric acid



7. A nethod as clainmed in claim®6 wherein the etchant fornul ati on conpri ses
sul phuric acid, acetic acid and potassiumnitrate with concentrations of
sulfuric acid 18 in the range of 7 to 14.5 w % acetic acid in the range of
4 to 9w %and potassiumnitrate in t he range of 4 to 8 wt % 8. A nethod
as claimed in claim6 or claim7 wherein the netal or netal alloy is a tie

5 layer, the nethod conpr.ising,the steps.of: .providing a str at e, r mng
atie |layer on‘“tﬂ@ ?B%%tofafé‘? qérsoWd/lg"h CeHC ARG gl‘he & eo?ishr:g(r)ed’ rwetg‘l/(’o%‘lﬂg1 on

the tie layer, ,@Rdifh ahiaddinttherdnoe of 2yeg wag.h the etchant fornulation to
provi de an et c%ed 10 product. 9. A nmethod as clained in claim8 wherein the

tie layer is selected fromNC or NCOt and wherein the tie layer has a

thi ckness gegne)é?llé%t?f{?cggs lgﬁnerdaiﬂgﬁeg&% é‘g?lgiﬁa 5%&:1’&!?@%5@[ Sr m%é% %l@oy # o't hod

as claimed in erein ne I'S copper use o e “et chant

formulation regybt $he eth8s sSohpAsing Mersegpsol:i on in the original copper trace
thickness wth less than 1 mcroneter undercut of the netal. 20 11. A
nmet hod as cl ai ned Piovihge spebsHRtee] ai ms 8 to 10 wherein in step (d) the

etchant tenperatu : I e range of 50C to 90C. 12. A nethod
as clainmed in any goﬁgﬂ}gfgggga??é&yh%ég 6%11%%{31& einin step (d) the tine taken

to etch the tie | apewidihg A mekad 98 chbanmdee wewosnds the2te lager, #Andret hod as cl ai ned

in any one of clains 8 to 12 erein step (c), of provision of..a netal

i ncludes a step of ¢Ehivgi dende d2yEywith o&“’ rRbthgnt gﬂ"‘ﬁ'ﬁ@‘%’r t(?rd)rr‘é“ij%@noﬁ@ﬁ%jf t he

tie lgyer by a Pr BGRREL. sel ected from vapour deposition, sputtering,

el ectroplating and” electroless plating, followed by a step of patterning

of, or on, the layer of metal 30 using a |ithographic technique. 14. A

rrrm;: 2|Od as CI96.II r}“xe?nelthnodcellsalclg}n%gi Y\nglraﬁrll ;[vﬂgrelsnt t%% t(i)e]c lal:))fglt %segerl]elacrt]gi %rp)ren W Ehr of
NiCrOy and wherein the tie layer has a thickness generally in the range of 10 to 500
nanometers.

15
10. A method as claimed in claim 9 wherein the metal is copper and use of the etchant

formulation results in less than 5% reduction in the original copper trace thickness

with less than 1 micrometer undercut of the metal.

20 11. A method as claimed in any one of claims 8 to 10 wherein in step (d) the etchant

temperature T is generally in the range of 50°C to 90°C.

12. A method as claimed in any one of claims 8 to 11 wherein in step (d) the time taken
to etch the tie layer, t is less than 90 seconds.

25
13. A method as claimed in any one of claims 8 to 12 wherein step (¢) of provision of a

metal includes a step of providing a layer of metal on one or more regions of the tie
layer by a process selected from vapour deposition, sputtering, electroplating and
electroless plating, followed by a step of patterning of, or on, the layer of metal

30 using a lithographic technique.

14. A method as claimed in claim 13 wherein the step of patterning the layer of metal
includes the steps of applying a photoresist, exposing one or more portions of the
photoresist to actinic radiation through a mask and developing either the unexposed

35 portions or the exposed portions of the photoresist with an appropriate solvent, and



i ncludes the steps of applying a photoresist, exposing one or nore portions
of the photoresist to actinic radiation through a mask and devel opi ng

ei ther the unexposed 35 portions or the exposed portions of the photoresist
with an appropriate solvent, and 19 remd¥ing the exposed portions of the

| ayer of netal with an appropriate etchant and wherein the step of

atterning the layer qQf netal, results . in the_.exposure of one.or  nore
Pegi ons. of t he TV s XARRFIGREIGS SHedast of RsLE P LgHoPReToRIAs Rkl i n

step 5 15. A myihapsh a ﬁéﬁbﬂ?ﬂtérﬁng liRd My6r O melaPtd¥uBs Whakixpodie ofBhd106
further includes a step of treating the etched Eroduct wi th an al kal i ne

treat nent fol | owiragegions oftthp tipflayeearchprggon merct ¢fdhesgyregiond o/are ctched inesiib| e
circuit prepar%% according to a process which includes the nmethod as
clainmed in any‘one of clains 8 to 15. 17. A flexible circuit wherein during
the pregparation of which, a tie |ayer was etched wusing an etchant
formul ati on conprising sul phuric acid of concentration generally 15 | ess
than 20 wt %35 dceethedasiclpined dosledntt: o ¢loim §evherain the n@g@dtfﬁaherllocweso/% and
potassiumnitr t i cal |yl e 9 t hod
of preparing aﬁkgﬁgﬁgdgﬂfﬁgé%ﬁ%?3@%ﬂ§g§%?f%f%%ﬁ?%é&gﬁﬁﬁéq%m5ﬁ¢%f%%“efpr
sul phuric aci detchipgtthetiakivek. and potassiumnitrate to achieve an etchant
formul ation 20 with concentrations generally less than 20 wt % 10 w % and
10 wt % for sulfuric acid, acetic acid and potassiumnitrate respectively.

10 16. A flexible circuit prepared according to a process which includes the method as

claimed in any one of claims 8 to 15.

17. A flexible circuit wherein during the preparation of which, a tie layer was etched
using an etchant formulation comprising sulphuric acid of concentration generally
15 less than 20 wt %, acetic acid of concentration generally less than 10 wt % and

potassium nitrate of concentration generally less than 10 wt %.

18. A method of preparing an etchant formulation comprising the steps of mixing
sulphuric acid, acetic acid and potassium nitrate to achieve an etchant formulation
20 with concentrations generally less than 20 wt %, 10 wt % and 10 wt % for sulfuric

acid, acetic acid and potassium nitrate respectively,



