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1 Etchant solutions and additives therefor The present invention is
concerned with etchant or etching solutions and additives therefor, a process
of preparing the same, a process of patterning a substrate employing the
same and a patterned substrate thus prepared in accordance with the
BressRtveRlion Ratiernipg @ metal, metal oxide or other material over a
substrate is a common need and important process in modern technology,
and is applied, for example, in microelectronics and display manufacturing.
Metal patterning usually requires the 10 homogeneous deposition of a
material over the entire surface of a substrate and its selective removal using
a combination of photolithography and etching techniques. Cheap and large
area patterning technology is of utmost importance for the development of

future large afpa, dishlayepdoRlastin elacuenisstaphnelogins Migtasaniagt
printing (CP) is a soft lithographic patterning technique that has 15 the

iderar Petehtid Terchie LAsspaEae At EnedPraproRicrdR BnsieRifEr
shiffasescands e cliioni paicenilissubth e prépaiig in esohdiar: (feattie sitent
?#Jé}?né%’ > 100nm) even on curved substrates. It offers experimental
S|mpHC| y and flexibility in forming various types of patterns by printing
molecules from a stamp onto a substrate. The four key steps of a
microcontact process are (with reference to Figure 1 of 20 the drawings):
Reproduction of a stamp (1) with the desired pattern; Loading of the stamp
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Geneyaiel Prterredifonlecs keatsegicdournal of American Chemical Society,
114, 9188-9

Microcontact printing (LCP) is a soft lithographic patterning technique that has
the inherent potential for the easy, fast and cheap reproduction of structured surfaces and
electronic circuits with medium to high resolution (feature size currently > 100nm) even on
curved substrates. It offers experimental simplicity and flexibility in forming various types of
patterns by printing molecules from a stamp onto a substrate.

The four key steps of a microcontact process are (with reference to Figure 1 of
the drawings):

- Reproduction of a stamp (1) with the desired pattern;

- Loading of the stamp (1) with an appropriate ink solution;

- Printing with the inked and dried stamp (1) to transfer the pattern from the
stamp (1) to the surface (2); and

- Development (fixation) of the pattern by means of chemical or electrochemical
processes.

Printing of higher alkanethiols as ink molecules onto gold was the first pCP
technique developed (A. Kumar and G. M. Whitesides, Formation of microstamped patterns

on surfaces and derivative article, US 5,512,131; A. Kumar, H. A. Biebuyck, N. L. Abbott
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(1992); and A. Kumar and G. M. Whitesides, Features of Gold having
micrometer to centimeter dimensions can be formed through a combination
of stamping with an elastomeric 5 stamp and an alkanethiol ink followed by
chemical etching. Applied Physics Letterg 63, 2002-4 (1993)). These
Rﬁ"thMQgQiJME&elesoi@gmeeeﬁeeame ORRIBYSEESAMEH to

deprotonated thiolates on the surface resembling the pattern of the stam
PRE°HIS G FERRIF (R TBFh AR LiHETSARA eﬂgﬁbﬁmﬁ%rb&‘h&ﬁ%ﬁfr) e
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fh rop JobIc) van der r(1Eerac fon beH/lveen the apo Feail groups in
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or chemlcal attack Besides the described example, other types of inks or
ritraleaie (hio aisie yhetbiare tem ittt et 81 sxpstipdriving
setfacs wia foreevicaiat (FANINg thERe G geeemtedommtepaleddayeremead dups

be u ed ap etch resist S|p1 lﬁr toq velo ent roc in.conventjonal
a%a atom or atoms of ot eta u) nb sur ace lager on the one
zxf)lho - PRthSgraphic processes. ta suc layers as an etc
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and silver, as well as alloys based on any of these metals, by wet chemical
éi"c‘IHR’i@ei@(b%%8%?%&1?6&%/&%é‘g%sé%EW*&@E‘&HE%E}%%%%b%ﬁedér@ﬁ“des
ele a@niss] RREEHED A MPISAI TN &Itheegﬂsme@ebaéelymyem)etebnm patterned
lPaths avalla?tletthat ’?re suitable i in | blntatlonﬂ/l\nth 1CP on d;;glepora&q ¥,
SEAleTTREY RAYE QBT AN BRERE SRR A8 0w STy Hig ioxicity 6 a ™
boosseleetiviigh tbmtmaylzlrranﬂlﬁwtbwneappimtﬁMyn ndavgetlsoalépﬂlmmqlon
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substrates composed of more than one metal layer 25 to be pattern
aiicsHBregrrSKigpstrdies the hatf Fedehiecdiithanedion layer to assure an

indispensablesudticigsphichiat athesian @hgatddana siver [Ryerndaite;, as well as

Hbst%ate These ? hesion I?Sy%rs are, forme nlcl:e afe to some tens of
%Y((f ese et ¢he etc utmost 1m orf nce,
RORAEHO MOk ThISTS B ASPhdSh IR ialSiFh! romitim or alfoys’
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complete removal of all metal layers is essential to assure eIectrlc insulation

sfsethrIigsLsT BB O LS mMPOhEIRY FePiStdnel lsutStefd § AT goIRFBHLY
gilicaiayaiiaps: BRATIYIicbIAR umaagmeie@Mhaﬁqmewéy deyaiaResd Bibblem

f|r the go layer using a strongly alkaline to tral cyanide-,
S R Bt R R e e e L ek AP el tayer

trtdmpattda;tdr Svlthoa stigaglyubxidizing @dldicetchingadhthiok dplergtchinge3in
indispensable sufficiently high adhesion of gold and silver layers to the substrate. These
adhesion layers are, for instance, a few to some tens of nanometers thick layers of
molybdenum, titanium, or chromium or alloys thereof. For the development of such multi-
layer substrates usually a different etching bath is required for each individual metal layer.
The complete removal of all metal layers is essential to assure electric insulation of the
individual electronic components. For instance, substrates of gold on silicon wafers, bearing
a titanium adhesion layer are usually developed by first etching the gold layer using a
strongly alkaline to neutral cyanide-, thiosulphate-, or thiourea-based etching bath followed

by etching the titanium layer with a strongly oxidizing acidic etching bath. Each etching
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procedure (which itself usually consists of several steps) of such multi-step
development procedures causes significant physical and chemical stress to
the etch resist and consequently reduces the achievable quality and
resolution of the patterning process. Morebver the resist has to be stable

BRRINRT B MR TRRIGRANHALR A8 ARl P8 RE s MG haAtIde AR DBsikeRt

etching solutions, All these problems become increasingly important for very
BESHRTES eruting sRidistal Riyyralaidudeisalrifre e Gepkhatestang snsequently
paiiey de glaﬁszsubsﬁﬁalﬁeﬁaﬂdheamlﬁﬁmeﬁlaib/punmﬁt@mrdmbew&lreomblmmm
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PREIFYIRE Y dRfigGsERRAgYglepment of microcontact printed silver

substrates by wet chemical etching has been reported. The used etching

solutions are¥ifffaicts R eEeyFor te subsHrE Bithedpreatialfolgportant
&;ﬂaaﬁmteﬁn@m@a ihetiact Baatisyvianysriessiinebie dhanogaldsdbtisnihisadrsien
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e B R R R PR SR MR RER S
almmmprM@ aguaetsn foiotidie é@m{hﬁm@@b&)@mﬂ rapartjdolar(Aigasid)s.

selected to r%@%&&%ﬂﬁ%@%@%h& %%nEB@E"f‘i'v@PQlﬁ‘ﬁr%W'%t?ﬂ%ﬁcal

with a sufficiently high redox potential to cause oxidation of the metal in the
piduehtes &F%Héq?@&ﬁ@ BRI eS N fRntiss dRgHREY Héheyanige for the etching

tiasylehateont ibetiies. Bickbehdexelopmanial Ratieshs: hameiadanyimior
aIIo sther ofare Il bas d on acidic etching pbaths, due to th for t
i AT 5 2l

T to. OX IZC, usua Il‘ebC 1ng rates arg onserved 10r Si deotm are &
St passivating 1ayer oly m - oxides or polymolybdatesin modeidte

dﬁsaﬂiheimbnmlwomelgmﬁgIyeatk@llmemdmekymikalmngrmuwmusgw
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such as oxalate, are sometimes employed as well. The use of etching baths

D5t BRSSP REEEIY HAS ﬂgﬁ%wwé&h ETEUTTISHI RS TP I‘Ei&lé%flfB‘rOf the

mebibd exnusrespaitesninglidhere ismpheed ika clheapalagearpminaliarainghate

of the conductive layers in the driver electronics of AM-LCD displays and TV
or thiourea
systems. 1n a key step, substrates with the following structure need to be

p .atte.rned fortheddetinitioenob thhetgateie lmoiybdeniayer oflsycthSoé lecianity
GG Namel fianaSURRIBR ML 200 YPORBUIRQF 18&%??@%1?bdenum

moI bdenum - chrémium adhesion layer (97% Mo, 3% Cr, Mo(Cr); thickness
Sspatieretypdresdn éw}eréwgn9&%15%90{9802%@60@%@&11 dibgling baths
ed?ﬁumgm@ﬁﬁ@@&ms ﬁ?ﬁ&ﬁﬁdé Migkaeeat petdinting af gilkanethiak SAMs

coo%) qutlig 1%5};0?&% gsn gx ate are sometimes employed as well. The use of etching baths
in combination with uCP has not, however, previously been employed for molybdenum
patterning.

There is a need for a cheap, large area patterning of the conductive layers in
the driver electronics of AM-LCD displays and TV systems. In a key step, substrates with the
following structure need to be patterned for the definition of the gate electrode layer of such
electronic circuits, namely a glass substrate with a molybdenum or preferably a molybdenum
— chromium adhesion layer (97% Mo, 3% Cr, Mo(Cr); thickness 20nm, sputtered) and a layer
of silver alloy (98.1% Ag, 0.9% Pd, 1.0% Cu; APC; thickness 200nm, sputtered).

Microcontact printing of alkanethiol SAMs on gold in particular and also

silver is a well established procedure for the patterning of layers of those materials down to a



10

15

20

25

30

silver is a well established procedure for the patterning of layers of those
materials down to a 4 resolution of micron or even submicron feature sizes
on small substrates. Controlled microcontact printing on large areas has
recently become possible in view of the récently developed wave printing

1eENn0MAPY: AR IR S DEH I WOAFARRE G3es i RAHS BRG] TYSElYS,

molybdenum or molybdenum alloys with CP 5 has, however, not hitherto
BRERGBRHS RSP RS ThI Y S PIHES GRS P RS RO RY etehingeertly
gilvelopdloyayvspentag Ak ols gnareddesribatlingvinan/tvessthing of pure silver
layers. The efch stability of SAM resists on silver alloys, h as APC, ha
e boon T S Ale RS B YR R s Wy
brsalialieertohihighbreHz ehalenavstistedrinuged fdithhdoléaphiggafsiicabonntact

printed silvergygisgQ BRGRISMMOYRAGIMN AE ARV SUTIERE IALE th5PhNGching

etching of molybdenum, preferably acidic etching solutions are used, due to
HPYestie#8FRation of passivating oxide or polymolybdate layers in

moderately dikalifte ateingIShd dbistEbahing odieglyhdany mFcheumiever been

alloys is ore deman ing thlgn the etching of pure molybdenum. The use of
1mnv 1galed and 1S CIreIore. Unknown. . . . .
aci |cge%c ing solutions Fas rarely been reported in combination with

microcontactIhdrkedvetotrtedistsldhonatchamsi bahdtizaibic ebching sblotitns
focHe Y PRGNS RSO EIHRBUYR!: §R AR GO ARIR QIR RGP SE AR S ite.

that no simple selective two step etching procedure has hitherto been

envisaged. VWRR BEHHE B ATHRKASIAH o RISt tacliorsging solifpagare used,
phetelilhearapyfomnmeuihfipasselect vitidean feyawiNeded, | andsaslditonatlly

g_%aﬁynfgig{a?r}tl {;g%goducible and homogeneous etching can be achieved. 25

us an etching bath is required to etch both metal layers of microcontact
printed substiatkinobfneojbdenibed vomposilbryhismogedmuusipgthen the etching
S¥BsiEaieR Wit d, diameter of about or more than six inches with a high
selectivity ‘and resolution. The described problem is only one example of the

general probil ¥ el siehingsRrisnbbisius v Sripaseerted dngembgtion

mieyladestsmaleylayesglinaiage step procedure. 30 In the context of the
prior art rela to %LV?CF %tggl? , Xlet&et at E}( Xia, E. K|g1dand G, M

Whitesides, MISFSACRACEBHHTRG SF A& SHNS ThRARBIRN plso tch silver ata
comparable or even higher rate, so that no simple selective two step etching procedure has
hitherto been envisaged.
- With etching baths known from other technologies, such as photolithography,
no sufficient selectivity can be achieved, and additionally no sufficiently reproducible and
homogeneous etching can be achieved.

Thus an etching bath is required to etch both metal layers of microcontact
printed substrates of the described composition homogeneously over substrates with a
diameter of about or more than six inches with a high selectivity and resolution. The
described problem is only one example of the general problem of etching multi-layer
substrates composed of silver and molybdenum alloy layers in a one step procedure.

In the context of the prior art relating to silver etching, Xia et al (Y. Xia, E.
Kim and G. M. Whitesides, Microcontact printing of Alkanethiols on Silver and its
Application in Microfabrication, Journal of the Electrochemical Society, 143, 1070-9 (1996))

reported a systematic study on microcontact printing on silver and producing silver micro-

and nano-structures therewith via wet chemical etching. The suitability of a variety of



10

Application in Microfabrication, Journal of the Electrochemical Society, 143,
1070-9 (1996)) reported a systematic study on microcontact printing on silver
and producing silver micro- and nano-structures therewith via wet chemical
etching. The suitability of a variety of 5 pétential etching baths was

prRmiredeiReyRfU IS At sHmRMatizedindaloving dBRIeid fondichodeiails,

solutions examined for use with patterned SAMs of hexadecanethiol on 50nm
YRieh eSS Y UHQBTE P BRURINSEOBIHRATYE MY R A deraptig) on S0nm
kilgandgcs3Fe(CN)6(0.01) None - -- K2S203 (0.1) ++ ++ NH4O0H (8.2) ++ +
NH40H (0.16) + + KSCN (0.1) + + KC1(0.1) + + KBr (0.1) + + KI (0.1) + +
Fe(N03)3 (0.05) None ++ ++ 02 (saturated) KCN (0.01) + ++ NH4O0H (8.2) +
+ H2NCH2CB¢!- -- (0.1) KSCN (0.01) - -- K25203 (0.01) - -- H202 (0.17)

NHAOH(GHP) + + HANGHARGE FEdHitd RECLS (QhbhtG(O-1)
(0.1) *+ - 12 (0.005) KI (0.1) ++ - a (Concentration, M) |b All etchings w
carried out at room te n{ﬂéﬁ%@&re
K3Fe(CN)6(0.01) | None - --
K;S:05(0.1) | ++ o
NH4OH (8.2) | ++ +
NH4OH (0.16) | + +
KSCN (0.1) + n
KCI(0.1) + ¥
KBr (0.1) + +
KI(0.1) + +
Fe(NO;); (0.05) | None ++ ++
O, (saturated) KCN (0.01) + ++
NH,OH (82) |+ +
H,NCH,COOH | - --
(0.1)
KSCN (0.01) |- -
K>S,0; (0.01) | - -
H,0, (0.17) NH4OH (0.16) | + n
H,NCH,COOH | + +
(0.1)
FeCl; (0.01) KCI(0.1) 0 -
KI(0.1) + -
L, (0.005) KI(0.1) o ;

* (Concentration, M)

®All etchings were carried out at room temperature
++ = very rapid (100 to 300 nm/s)
+ = rapid (10 to 100 nm/s)

0-Kl
ere
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++ = very rapid (100 to 300 nm/s) 10 + =rapid (10 to 100 nm/s) 6 0 = slow (<
10 nm/s) - = very slow (almost no etching) key: ++ = excellent, + = good, 0 =
fair, - = poor, -- = not examined because the etching was too slow. The
evaluation of selectivity was based on thédensity of defects 5 (using SEM)
produced in {he gAM eqyergd)regions after the underivatized regions of silver
just completely (or close to) dlssolved Etching solutions based on
thiosulphate 7 TeYFySATUEIMSFARREC B e rrinitrate generally show a very

good silver etehing-pertatmanece: Egﬂomg) baths eamjowng&hﬁlogeﬂiﬂes betause
o-halogenides as.the ligand are less syl |ted rob u

B R T A P e B SR Bl e SR St

(vateg SEMhpeestigeda ﬂ@t@ﬁh@@am@rﬁgw@mﬂmﬂh@ wikativetioedwsgteab pFsilver

gg}%m\yfg{gg@mgy Rigséprdpe etching of MoCr. Based on the described
results a thlosuﬁ%hate/ erricyanide etchlng bath has been used as the

preferred etchiflysaipEpHH g&?ﬁ’r PR plFE SiRrfssub@idess qyersinirate
Benvankateswaran; £3oQiflyd: éfdﬁmgqmﬂf&meWEtBh&i@eﬁtﬂsl Eﬁlﬁlbﬁhﬁg;ffﬂl%@ﬁldes

Silver as 15 the ubstr tem icro rin Is and it
A e R B B SRR R PR SRR,
pusoghizationt aﬁﬂeMlgmd@nmnbmmfnﬂgaanBkduhﬂiless widi@r ASblmMnshméed

E@QHEQE&&BER%&W&%QBi%ﬁ’é)&%%tﬁ'ﬁgﬁi%ﬁ%e%@l% B iEFAPRIChe
Active Components. Langmuir, 16, 6054-60 (20 O; Other reports discuss

fiehine S6MG6H Srsadap ﬁhee@eﬁﬁﬁaesé?ﬁ%“ﬁés%@w BeniGtewr ik Aihiprdach has

(Berﬂmwaamﬂkﬁr@aaédét&ﬁ@ua@ @ﬁhﬁi@&gﬁ@t@fﬁﬁéd};ﬁmmmwtﬁtes (Y.
niourea in the pres c taIIrl | Transac

M REE ee Rt A S

drooine ¢ lleumamaﬁpbﬂntmgmf TherBisodd atidniBwiphivicon of @mrefaubncatlon.

Ampniacal Relyl 'i‘§9 ”j GLRIiE aﬁmn@&aé&yaﬂam{cﬁ,'&ﬁm@'@mﬁg'm
Society, 141, 91- 6 ( Guan an Han, The 25 Dissolution

Bl f%ﬁﬁr%m|§@W}I%B%@A4R5y§%mmﬁ%ﬁr§ééw§amﬁehégq\m@é%%ﬁwems
Metadkigicoh Rrecessipgnchls. lan%rﬁll%‘m Hmsknas@bgmﬁ;p of any patterning

resist. With n8 eference {o any patter nfgue the use of d|| te nitric
er reports discuss t Ge 1ssou ono suver 1 etchl dbon
acid solutlons as been reported to roug he surface O ver olls

dtchirg thensithatshidrPoseriod 6f Sienk wom@mlg SDdngf S\ﬂablé)ﬁﬂvbmon
@HH%‘B%%E’J PSS ¥ {08 NiR A RAEAGRNg, MR 9L I8 & SRR ocess

Enhanced Raman Scattering Study. Analytical Chemistry, 63,
Metallurgy, 21, 419-27 (1990)) or in ammoniacal solution with cupric ammine (Y. Guan and

K. N. Han, The Dissolution Behaviour of Silver in Ammoniacal Solutions with Cupric
Ammine. Journal of Electrochemical Society, 141, 91-6 (1994); Y. Guan and K. N. Han, The
Dissolution Behaviour of Silver / Copper Alloys in Ammoniacal Solutions. Minerals and
Metallurgical Processing, 11, 12-9 (1994)) in the absence of any patterning resist.

With no reference to any patterning technique the use of dilute nitric acid
solutions has been reported to roughen the surface of silver foils by etching them for a short
period of time (G. Xue and J. Dong, Stable Silver Substrate Prepared by the Nitric Acid
Etching Method for a Surface Enhanced Raman Scattering Study. Analytical Chemistry, 63,
2393-7 (1991); R. Perez, A. Ruperez, E. Rodiguez-Castellon and J. J. Laserna, Study of
Experimental Parameters for improved adsorbate detectability in SERS using etched silver

substrates. Surface and Interface Analysis, 30, 592-6 (2000)).
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2393-7 (1991); R. Perez, A. Ruperez, E. Rodiguez-Castellon and J. J.
Lasema, Study of Experimental Parameters for improved adsorbate
detectability in SERS using etched silver substrates. Surface and Interface
Analysis, 30, 592-6 (2000)). 7 With respelt to prior art techniques relating to

molybdenumeighinge& geiRcHE: RIONINASYRIGM A5 MOYRAGIHCMing, a
combination with the use of microcontact printing as a patterning technique,

SHECGS P RSHGITAREY MRk RA b BN LR P Hm el JsTecqeith
gtﬁhmg%b, ﬂk’ﬁlﬁlﬁﬁigﬂéekﬂﬁd}l&iyab&ﬁﬁheﬁmﬁagﬁﬁhtﬁﬂkﬁtﬁ 5393 anthtd&mbled
no?f 670 de crl aco osition for etF ngnthln fllm% of metal, such as

onolayers as thé es1s as not tev10
n?1rom m or mo enur’n comprising atkaline metal salts of weak inorganic

acids which yield, é@%&ﬁﬁr@ﬁé&ﬁdgﬂwmwbrélbang@mpqsztmi@rBtOéalgg dikafilms
Br&LRP" Qéﬂmh%ﬁf?&n?61591‘319931&%9{399859@1%%1@51%9&%@!51QQ@Q?QI&QC“VG

in alkaline solutions, such as potassium permanganate or sodium
BPFRAPR il TR igldriBtiREshiyies mabcmobed e Etida bt defet iy meta-
ethtH@sﬂwaysWﬁﬁwﬂﬁtﬂcfrﬂuiﬁhcmﬂfabfIHﬁth&yd[Bﬁglﬁgl@m@cﬂmﬁl\Mﬂahﬁ@&ﬂM&)ns
alk li develope hoto resists angl tre?tln the(rin gh etc{:hln(%1 Lfltllgh
d‘éscrst}’e"éass “08H1% S0P de ame Petehing

escrege 94 methdd for etc
mdlybtj@frﬂglwwmcﬂybm@my mektiatioyfsudaoetad @hosﬁmalﬂabnﬁemhraﬁbm ofith
BosRARGIRAT RARTYEE AR RSRAUERIYC R deRasited metalic platng- aIla@smbed
pre-treatment comprises expositing the crystal boundaries of the surface by
FQ?‘éﬁwodlzmg the surface in acidic solution to form a continuous film of grey

molybdenumwmlmmeaesar&{la)rﬁemmgetbmﬂgm nld@tﬁ&&ﬂaﬂarﬁlgkn&am

thod of d b h t t
R & G B R s e 55 S
damtbémataﬂwtalaémgnﬁgem@e@%mw@hnmgrmmmm ﬂ@chmr@hbmadarjcs of
whstedbeynei Asingh etab et a2 drizre 200,408 AV INARiEAd ’Eﬁ'ﬁeof grey

etchlndg6 solution is reduced, the active ingredient being selected from the

groipdenrsistidy ﬁ’ferf‘é’ﬂh%“i@)ﬂ@ e ihs, eerie ions, chromate ions,

dichromate iQrss4 a8d, iodifieiand ndtredwring.azpnadirisaicheisbng salutiach
tore uver%atet and al%gte the solu |otn M Eals 25D mgc?[t ed in the given
&3 rbs a5 CoOMprisenic emln saenum, cHroRitMnd gotd. US 4,995,942
proposes a sUﬁJﬂdﬁ?@ﬂﬂr@wdmmatmmng\ati@nssﬁnpeismgaumgddwgns- of
PRlyolRIass Qe %@HQ&%@&&@H&%%EE‘}%Q&H ORI in the

tungsten in neutral ferricyanide solutions. The proposed solution comprises
ﬂﬁ@%&ﬁi@ﬂ%ﬂar%méfrﬁé%a a@éréﬁhﬁ&ﬁb@faéeéﬁ?%#@gééﬁﬂwwmwa of
seh that Wﬂ@@&ﬂ&%ﬂ@&l@ﬁons, chromate ions, dichromate ions, and iodine and

introducing ozone into said etching solution to rejuvenate and agitate the solution. Metals

escrlbe a

being etched in the given examples comprise nickel, molybdenum, chromium and gold.

US 4,995,942 proposes a solution for the problem of the formation of
passivating layers of polymolybdates or polytungstates during the etching of molybdenum or
tungsten in neutral ferricyanide solutions. The proposed solution comprises the addition of a
soluble molybdate or tungstate and an essential compound such that upon combination of
said soluble molybdate or tungstate and said essential compound, a heteropoly compound is
formed in which said essential compound contributes at least one heteroatom to said
heteropoly compound. In essence insoluble homopolymolybdates are converted to soluble

heteropolymolybdates to avoid the formation of a passivating layer.
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30 said soluble molybdate or tungstate and said essential compound, a
heteropoly compound is formed in which said essential compound
contributes at least one heteroatom to said heteropoly compound. In
essence insoluble homopolymolybdates &re converted to soluble

heteropolymelybilaies 1o aueith e armeaiem el ﬁlgﬁ%i‘éﬁéi R RYBE Bk

5,518,131 describes the use of ferric sulphate and ferric ammonium sulphate
SeRhuRte m@v&aﬁ@m@wgﬁlé&ﬁtﬁﬁgﬂ@ﬁﬁwr@é@t pteE L ShOYBEEhum
sulastiakes. US 6,221,269 discloses a further improved method for etching

and removing, 3 T%"&f&f&%b@?&j%‘ém Orrg\%%{ 15,90 Seramic substiales i
such as semiconductor devices and also 101 mo y%laenum efching in the 8
fatrdoeniomof yhddgbaenmdebphotaerasks sttt atee ikl ae papliopsdagiondistises and

RIQCRESURIDEAMAGTIM 2 BRUSHRRIMRN PRAI(RIA Sa b IR LRmNeHRIGRIHEE

molybdenum debris followed by contacting the treated substrate with an

PYE AUt AR RTSRTISE AT Ry s Ritre s RaTE98 o TRERBYdAGTRBYSERICh)
axiaesywhiabnmnap et doetbbnashaatinetexpesed suktate withraateghnic
molybdenum features in ceramic substrates. %SQWISQJXC sed,silv r.%nd

ua ammonmm hydrpxide to remove any mol 0x1<%esw ich may have
ﬁ']O yBl(?\%um ef}:Hlng SOPLﬁIOFIS are aseaf on X/aI'IOUS combpinations or aclds
fromethendho upposebistifageafinitdtedoidlybdosphdeitracidny cuuricelzitiates.

hydrochloric éSlHﬁJlﬁy%%H%ﬁFéﬂaM@l%%ﬁﬂﬁ%l@ﬁ%ﬁQ&@M@ G @HQSn

amounts of water. 157In particular, nitric acid is one of the most frequently
VderbKRIbIRS tianst e hASY SIENRIBI S THRCpPS ISR ShRHTf R eRpRigEg acld,
elchingasolUtiarschomerad, dsdthalihay i ukipwnrdRiitisicdeaninifosmeich
result% Wpicht are difficult to reproduce. It has been suggested that the
6%00%%% adstciated with nitric acid based etching solutions may be related

to the depenttepat oftheitetchiddgs rate drihhmeo ficgntrabiomsaf ehalants in etching

UNEIRRCHAHE B B6ICh PR R AR DR EIRaR SOMHRI Fro Qe A TIDRY fhe%rﬁ:

Suskin, and V. I. Gaponenko, Importance of kinetic and diffusion layer in the

kietietontheduiedufeet stthairme Yudtitissl dBetir A gerioditcoH BAERRSY in
thedaNQ 3 Ih S ystBBmS s stew kgt aftfdectmshemitiin g2l dtid28a{ b38ted
M. Sc(polte(rll and }].t E. At . V. dt Met rakker, Qnt.the E@Chaéﬂsm.o{ ITO.d ¢
B SRS S L LS R A TB G SR REIFECTRTHNAT BF ErAPSERERTSS Sisnggse
imMe 4Tham (90BN (B35 dhvdinte withva foskaisiedtviclcOnptantvaveizetnce of
WRH LA eIHARINE AT Y AL HAYSSPCIAIRG Beld R RHGRF1EhANSs JGrring in

concentration of undissociated acid will also considerably increase in
SieRToPIShAERtTE AN o axiire: Srvist divgnai{(Bleetroghamisty R 18-25
sk NamEnGitbn GRPOREAKS IMBOKRBERIRE KDiEle ARehaHIsION Y EIJRIABEThe
Eig]eecyf(l:cslt(}?fo%%aﬁ)(l)ggn Acids. Journal of Eletrochemical Society, 140, 471-5 (1993)).
Solvents with a low dielectric constant have been used to reduce the amount of undissociated
acid in such etchants. The concentration of undissociated acid will also considerably increase
in solutions with acid concentrations exceeding SM (S. O. Izidinov, A. M. Suskin, and V. I.
Gaponenko, Importance of kinetic and diffusion layer in the kinetics of coupled
electrochemical reactions occurring in silicon etching in the HNOs-HF system. Soviet Journal
of Electrochemistry, 25, 418-25 (1989); M. Scholten and J. E. A. M. v. d. Meerakker, On the
mechanism of ITO Etching: The Specificity of Halogen Acids. Journal of Eletrochemical
Society, 140, 471-5 (1993); J. E. A. M. v. d. Meerakker, P. C. Baarslag and M. Scholten, On
the mechanism of ITO Etching in Halogen Acids: The Influence of Oxidizing Agents.

Journal of Electrochemical Society, 142, 2321-5 (1995)).
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electrochemical reactions occurring in silicon etching in the HNO3-HF
system. Soviet Journal 30 of Electrochemistry, 25, 418-25 (1989); M.
Scholten and J. E. A. M. v. d. Meerakker, On the mechanism of ITO Etching:
The Specificity of Halogen Acids. Journalof Eletrochemical Society,

140,471-5 (12?)7'&3\1%&%&11%Mh@oM&%‘i%ﬁ%n%i& nﬁﬁ@ﬁ%i@%ﬁﬁ@ﬁ;ﬁéric acid, and
S:

Scholten, On the mechanism of ITO Etching in Halogen Aci e Influence
BSOS AR AyEOIngs LA fortese addiiNeSmical Society, 142, 2321-5 (1995)).
9 A general e&hjazplrathaaanipaistiar 6ootacnsdiicacichfpinespbiokasabidl,

d acetic acid, often combined with rg; r additives.. US 4,629 539 and US
e Bt e SRR A AL A RGeS R &
eleciryohenrieal @ieysing method for the patterning of aluminum or 5

aluminum-cogRef @oys: b é@%@s@%@ﬁgc‘}é&%%ﬁﬁl%cﬂlﬁﬁ'@éﬁﬁﬁif@ﬂaf

etching composition comprising at least phosphoric acid, nitric acid and
a@@ﬁewtfﬁﬁ ehrophRtiaaficaatEe 2eibratraRis Al dTidraraRiaandred stk
wetctihamicad éitching oldahy fintawexide laysrachighiiglsysiemesases an
nitric acid ar%F ¥nentir(-€l ugdeﬁstgodﬁ\{vith ircfg,lp%c 1n .19 tth ?ttChicF%' th ¢
mechanism, a ofgwsi “doedséem that Eertain c%rﬁpoﬁr?’dlé are |(r)r(1)por{antes 5°
hetsinaftbingisotebeedin gteateh deles. sepaittitylkarimponezminds mpoupeltiet as
RiraagR Al NP 2. Mdighfas been used as the sole source of the

active etching agent as disclosed in US 4,497,687 for a process of etching
cen

copper or otHePFHEAR MpXREHTerPRBB it EasRp dinsits SR budhich fas

(N 2k avbieRoaccosding detilkSet¢h BoSh8 RAntktIS < R20 T 0Q Thealy 58S hecess
d'{s§ollqution of metallic co%gfer in nitric acid based etchants. Addition of a

o1 etching copper Qr other metals. . .
Scavenger i nitréus el may accordingly even allow control of the etching
process with Aucthesohpiotet USnBR6d, k5iitdise vsé HANMStddcbfaetohdngg to US

SAAPHRNG PIRPZYRY AT CLENG A0 é@é‘dﬂR{B&QNR&?ﬁQ @éfdﬁiﬂd&f M ELh based

nitric acid and optionally acetic acid and etching while adding a nitrite ion or
sirhatt MR HOOd Ry TRt AOA Qi Pm W R RISRTG RS AYI 2BoRTEPABR) fhdhe
eRNGRIratian Wimiite ondathe etching solution is detected based on the

concentation AENO I 1he gas phace, wEh f i an equilbrum relation it
the etching solution and NEcESSaty Mittite Tons are added 1o tiereteHnig 8
solutiiorcbatseungrhyde RGoconcehirationcat M optiSh &3 726¢A¢ 4dfidrihé etching while
9&%91'1%%?1%&*&%&9 Bf@h&tﬂmﬁ %Ppr%ﬁﬂ&ﬁg‘iﬁﬁll%m%n to the etching solution.
Preferably the concentration of nitrite ion in the etching solution is detected based on the
concentration of NOy in the gas phase, which is in an equilibrium relation with the etching
solution and necessary nitrite ions are added to the etching solution based on the
concentration of NOx.

US 5,376,214 further discloses that control of the NOx concentration may
alternatively be achieved in such a process via electrodes immersed in the etching solution
serving as a detector for uniformly controlling the nitrite ion concentration in the etching
solution.

US 5,324,496 proposes that maintaining a high concentration of highly
oxidized nitrogen species, such as HNO3; and NO,, and thus a high etching rate may be
achieved by maintaining a respective etching solution in an oxidizing atmosphere, which for
instance, contains a high dioxygen concentration, to re-oxidize reduced nitrogen oxide

species, such as HNO or NO, which are products of the etching process.
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alternatively be achieved in such a process via electrodes immersed in the
etching solution serving as a detector for uniformly controlling the nitrite ion
concentration in the etching solution. 30 US 5,324,496 proposes that
maintaining a high concentration of highly? oxidized nitrogen species, such as

HNO3 and NRZyand fousia Bigh-f GG, TR Rre @R RIENREBYS,

maintaining a respective etching solution in an oxidizing atmosphere, which
fEUAKETES 2EtHtiS Y W@mﬁ%ﬁ@@%ﬁl@&fwﬁtranon, to re-oxidize reduced
nitrogen oxides SpEsise2sueitiass HiNDoasadiDe wiicks anepredtictsoidhe: acid in
siching procass, 40.While acetin aciis.cliensed in HNOS hasgd ciching,
Solutions, “trifluoroacetic acid is rarerfy Brodjoseﬁ 48 an aemative.
411330, 604 | nye hiopef wiffluditotee tieddeid lax aacaliduidbiveptsificatie teidoinis ant
ehing.selieRkased on nitric acid and phosphoric acid for the etching of
aluminum, 5 silicon or alloys thereof as a diluting and leveling agent, but the

specific use thedBrIRCi ASjslEfl iy HRSEsEeP I SrE ATEMR QRarapigposed as
deriativescibeieoihpienin dhesritirg betmpPrepnsedbas ithesastve, 1ngtadient
%212‘7 a dry-etching systems as described in US 5,626,775 and EP

A. 10 Goetting et at (L. B. Goetting, T. Deng and G. M. Whitesides,
MicrocontactGpeititiagtefl AlkBnEphtmghdnReagidsl én MiuwirksrdesMiengrontact

BrARRES VIR BRI S NG ARG iﬁa&én%@%‘@?ﬂ#%ﬁﬁ&ﬂ%ﬁ d

%%tternlng of aluminum layers by CP using an alkanephosphonic acid as the
ikhipgelARsmttHar tHE DAL FESONABATGHPR B QT pafurHe dNerply HCP
abitinedikynepabipgdiie AlidminbmdRy sy tbuadsiienglybasi disodiabiner Iife printed

solution containin spharic, acetjc and nitric acigs and water.in a ratio of
ittt NP R
etbiing eystermgthbegphovides dompanableacidhing vates ifor thieodifferdnt 2.

materials in theMaHousJayer %nélj1§y‘ér%ff§ a0 Qh?ﬁl@lég%éi‘g GHENIRE MetRedQlm

the one-step etching of a three layer titanium-nickel-copper metallization.
RERSRYHISORIIEBIN pITREE E16 1%31 1Badifaeobratsrdnite sy arthidaceEid,
about 2.5 to #:9 /alesdidisarsbicacithakautBod A onelessliennitris adicke

ndbalance water. Use of s solutop permis e pattered eiching of
saquertiatTayers of ARl * nicke and cCoppet Witho U 8XEs8 4R attack ©
urdier lyterdrysilidbomdioxidealzape 55 WS4, 2R0;7 08 discliosesl arbett Ringoshlution
IHBlETAHlIEJ%Yt?{@QL@ gﬂﬂ'ﬂ@%ﬁ&% water. Use of the solution permits the patterned etching of
sequential layers of titanium, nickel and copper without excessive attack of underlying
silicon dioxide layers.

US 4,220,706 discloses an etching solution for multi-layered metal layers
comprising an aqueous solution of from 0.5 to 50% by weight of nitric acid, from 0.03 to
1.0% by weight of hydrofluoric acid, from 0.05 to 0.5% by weight of hydrogen peroxide and
from 0.1 to 1.0% by weight of sulfuric acid. The solution is compatible with
photolithographic techniques and uniformly etches three or more metals.

There are a couple of etching baths known for silver that have proven useful
on small laboratory scale samples in combination with microcontact printing but these do not
allow homogenous etching of thin silver layers on larger substrates. They are either neutral or

only moderately acidic or basic. Molybdenum etching on the other hand requires strongly

basic or acidic etching conditions, but these have not been reported for use in combination
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25 comprising an aqueous solution of from 0.5 to 50% by weight of nitric acid,
from 0.03 to 1.0% by weight of hydrofluoric acid, from 0.05 to 0.5% by weight
of hydrogen peroxide and from 0.1 to 1.0% by weight of sulfuric acid. The
solution is compatible with photolithographic techniques and uniformly

QRN RR KSR 08 M BT AR héé)'c% @t’&%ﬁﬁ%‘éfﬂ&‘d%?&ﬁbé@ % RBH S HAPHRum

silver that have proven useful 30 on small laboratory scale samples in
ShSIES FAkttBeontact printing but these do not allow homogenous
etching of th|Btsnlwgrﬂa&ye®mﬁd@tgeﬂlﬁuhsdmeadﬁb@c atgdeithendvaubial Bing
rately aci iCc enum etchin e oth f
s R P R S e
refpegeacdforcoswenncs miindtisiutionwiss provrocoatale MNorintidghoebauithbbaygde date

glehing Mmsthod iosilverialidusahmolybdenum (alloy) layers is not known.

Etching baths composed of nitric acid and acetic acid are known and being

used for etchih§AVA B O hiEvarAPRE LRI RS SNdcaneFAtdriigystems and

aaﬂeatj@letsltate@ Daritrogei M1®mﬂmﬂﬂl§5dmﬁm&ﬁl@tlﬁﬁ§ﬂwﬁi@h@l\/ﬁil’general the
EfUI N eof th Il%([)ve hag date been use %roco 1 %I rinted
cht 0 t

2 80 n used 1 the secon st uspa r}/ t il ond
S tes n general tnere are es or one-step multi-layer e C Ing

Waﬁm I’flhmmfttaldﬁlﬂadnﬁve1bﬁ@nt®gbmhf®n®fuéregmlmbllythdgnm an etch
?J&E'ﬂ Q%pﬁ%&%@%@gl&%ts'ﬁtg@ ﬁwﬂgtheéfélﬂmg SN EedHR NS REGeRT.

etching step must usually etch the metal of the second 10 layer faster than

ﬂ?@‘ﬁ?@tﬁ}%‘ﬂ‘i‘ﬁ@ ﬁP&w&cw&B&é}m seeraekansaboThieh Prrdbhtors Isstheetats-
resist employedshetieobrstahiamagrinstbatireieaingisolidionpihaatdhe
second tCh'nﬂt %olutlop h%lljl b 00%, selﬁcf fort %e chond metal,
T PATE Y EVET FE e e A AHIHARR Br M that needs 16 berddc reesésed

itiithd levedpm ebﬁemedriictb@@nmmlmmedesamd@ isxtreanfdyrsratidthokness of

H&ﬂ?@f%sg WG tﬂg@, GERRINGRLQTERS ud BIINQIRS Argspiten observed in these

samples as a result of the extremely small thickness of usually less than a

few nanomet@FégﬂFliﬁéaﬂjéMd Eawlea i rediatesissitu Ecding Micreseriarmentad
Seategipsitasichiog ddicrasomiast-pomecr-Mrial Gubstiste 001 tear2BRitisco,

ical Saci O I ,
S M e T R B AT B e er %0
Tolemmamh@memnﬁbvmhﬁi‘meﬁysﬁa’msﬁ@ Mmlnlg}l\‘it@ 1o I&«ysers dsaﬁ@sj‘stsl 8,
banamUihod A & ﬁo&&%@@&ﬁ)ﬁ@%ﬁﬁ@%‘@fﬁa’iﬁﬁe&t%F&% H&ﬁﬁ% & be

defects during etching can be “reduced by the addition of a S ilizing

Kglered rht/c%@déﬁweaf thondfayahiisneiesshhéthies poaty enrgwqu an
GdYQe-aleh e Padh sontaining tReanetiahfalih containing 1-octanol at half

saturation showed a significant reduction in the density of defects compared to an octanol-
free etching bath, especially at the periphery of the printed structures. This “defect healing
effect” was ascribed to the high affinity of molecules like 1-octanol for defects in the SAMs
but not for the bare gold substrate, as hereinafter discussed in greater detail.

In line with the above Geissler publication, US 2004/0200575 describes a wet
etching system for selectively patterning substrates having regions covered with SAMs, and
controlling the etch profile thereof, the system comprising a) a liquid etching solution; and b)
at least one additive to the liquid etching solution having a higher affinity to the regions of
the substrate covered with SAMs than to the other regions of the substrate. The liquid etching
solution comprises a CN/O; etching composition. For the additive, linear molecules with an

alkyl chain and a polar head group are described as preferred, such as long chain alcohols,
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saturation showed a significant reduction in the density of defects compared
to an octanol 25 free etching bath, especially at the periphery of the printed
structures. This "defect healing effect" was ascribed to the high affinity of
molecules like 1-octanol for defects in thd25SAMs but not for the bare gold

M@%B%Iﬁ a8l %@g@@&rm ﬁﬁfﬁﬁﬁ%t&eiéﬂg Ehdineithde ARe\@ain
Geissler publication, US 2004/0200575 describes a wet etching I%f,gstem for

BbnskRven lonrebain g LiBstore SR RIG RGBT Eyavd dRs e R
spedrndang dﬂeleieh mdifik&ihﬁlaaf:, libexSysiesthicomprissguayl a liquid etchlng

solution: and,0) ot 1R351,906 AGAITVE o gl iching, salytion iaving e 1.
higher affinity ) the T regions of Re ‘substrate Covere Wlt Rﬁsf an to
otitrnotedibine of hhmalisalratencinel fesity @t@hmgﬂlssdlm@hm@mmlmtherefore has

CIN/ARi SR 0] GRRIRORIURONGRE IS ARAINRHIT t}élr‘lr{%l&FH}%Wﬁﬁt%yaéK%r

chain and a polar head group are described as pre such as long chain

SReOAER 145 Merg R Al IERRg FoiRp AV LeRiReE s 2RdiAng il rigpga poor

@blalmﬁwf@ﬂate@hlbmg ohainr plkosphaietitdqng Gbﬁ@emmtssmﬁaﬂgxr&mch B.
honi san long, chai |oI Cifi aII

B R R e O R PR s o

teisiedMdmekling asrR@e&f@chhwg 183747t B. ddrahpdraditve group does,

REReaRtieyoFidRGHRNCh Ay ﬁ?oi’écﬁ%%lﬁ){' ae@ﬁﬂb%{?'ﬂ&'@r@ﬁﬁ'lm RS

an affinity for the defects in the monolayer into which it may |nsert or which it
PRERF Etrdt solthle Humpieis Thisdp isieny f@Pﬁﬁﬁ& @%M@@Amféh%%f?ﬁk@r
gald ang SWEiydtiba s a@ipeokcselidhiliy rdhatetch bath to favor its healing

state (M. Gei sler H. Sc d E. Delamar

above, Defec Cfofdln pr n[(%Brec I?o(?: %:;effﬁné gyste e%g?o’r ?Jnsﬁﬁﬁtﬁmer
Mon@t@@ﬁ@k@@hmtsﬁ@@m@ﬁﬂm F1812834by ('z@@@l)))lTIh%Ohyde@tdllr 14,
9599%9@@8)5“?"8@%{1%1 ﬁEHsH{HY{g&f@Ss]In%BHQthBP}S&EH 1}\’Xirshafi‘dsér{féﬁ:iﬁ&’&teases

hydrophilicity to make it to some extent soluble in water. This is the only

Féﬁavﬁﬁiltﬂéc&mfdhe&%%%reﬁé@f forthstABHRA tbpshnrieRstes &4 Hifist
wehishemitahetabantso AeeoBlRE e ydieiepeat atitivh lyremnete ahdnSedgth of the

Enh d 5P Alkaneth dG Id
s S EAS 1 ST Shdim b L4 G S0 AR5
ﬂylhtmhobdddgtfdlawﬁdélﬁefatssmalkmﬁﬂamIombmﬂlfayeisl{adm&@lmlmehwuir,
g‘%%‘()eé"%lf §5‘3‘?]5<5‘1§§§e85m9 ?ﬁéﬂ@ﬂd@r)/c%roﬂ_ fﬂ%%lfl%’arﬁ@@ﬁcf%ﬁ?ﬂem%ﬂ%ﬁws on the

properties of the combined alkanethiol / 1 -octanol barrier layers depend

éHlédﬂ%h‘ﬁl@%?ﬁ#ﬁ’éﬁb@#@?‘ih@Wﬁneth|oI Creager et at (S. E. Creager
and G. K. Ros¢gn &Iapéwlm\%ﬁﬁgat@nm?e@ lahtﬂmpmmed\/tam{amhsﬁréqwﬁy

ngl t|'£s Igffecttg%éerwter% ?lfl ﬁ§ %ﬁ %(g/ $ éurr 9d 233 ﬁf %%%

Ps& répoRed QTR SH LR AGRRRBM B arafSrBsEHiad 6?. Re
Surface. Langmuir, 10, 2060-3(1994)) and Ward et al (R. N. Ward, P. B. Davies, and C. D.
Bain, Coadsorption of Sodium Dodecyl Sulfate and Dodecanol at a Hydrophobic Surface.
Journal of Physical Chemistry B, 101, 1594-601 (1997)) investigated the co-adsorption of
sodium dodecyl sulphate (SDS, CH3(CH;);;0SO3Na) and 1-dodecanol (DD, CH3(CH,),;OH)
at octadecanethiol SAMs from aqueous solution. According to their results SDS and DD
form a second monolayer, in which both the SDS and DD molecules contain few gauche
defects, on top of the ODT SAM. Even at a very high SDS/DD concentration ratio of about
600/1 the mixed layer still contains about 63% DD and 37%SDS in neutral solution.

US 4,632,727 discloses an etching bath composition for copper etching

comprising nitric acid, water, a polymer, a surfactant and sulfuric acid or methane sulfonic
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chain length of the used alkyl alcohol additive. Bain et at (C. D. Bain, P. B.
Davies, and R. N. Ward, hi-Situ Sum-Frequency Spectroscopy of Sodium
Dodecyl Sulfate and Dodecanol Coadsorbed at a Hydrophobic 25 Surface.
Langmuir, 10, 2060-3(1994)) and Ward éat (R. N. Ward, P. B. Davies, and

CoidPas BaiMefno@dser Elﬂ%fefa%fa%mﬁ Padesy SHIeieAPAdRR2AV R printed
)égophoblc Surface. Journal of Physical Chemistry B, 101, 1594-601
£y

l7f§t)3“fnvest|gz;1ted the co-adsorption of sodium dodecyl sulphate (SDS,

CH3(CH2)IIQM&)I&I@H&MO&I}WQBEQI&HQ{[@HR&@@M cdposition for
ochadec%ﬂethlol SAM al?ms ueous solution. Accordln%gl) their.re r ults SDS

sium an com rls ng a 5
rma secon onoFaye %h CFF% ﬂ1e g an
molgautessicontelierdely wjarisciwed, d@fb@iﬂl\@nttaﬂimwmtrcmMSEmrm a

¥R RG-SR RR GRéaﬁf‘crkt{iﬁBH{} HRTiR. o ARows 896 s the mgg%gé@mr ilyith
contains about 63% DD and 37%SDS in neutral solution. US 4,632,727

AIERSBE PR DS S BRA SRs ASTORI IS BRIt RSB SR B R -
acid, water, aJs@yman) Bsurfgctantanshaufyrforaciding meeaitianessulionial13

aci asan lternati sulfonl acid onl his bath is.not intended fo
e e i G R T e T
aﬁpét@mﬁ@%@ﬂhlmmpmwmetéuﬂqﬁmglw ﬁqfragmslgfn anﬁa@silpgtseth@mfstmg of
G&Eﬁ%ﬁg%ﬁﬂcﬁkﬂ%%ﬁéﬂyﬁml%%1%5%0Wtﬁai&%&@ﬂ%ﬁﬁﬁh@&%ﬁ{ﬁﬁ%ﬂ%@)

acid, and adjuvant. Those ‘adjuvant comprise organic phosphonic acids and
B BRI BE RIS ﬁ?@’a‘iﬁﬂ% wpélhﬁﬂm&é%ﬂbfﬁ} melegyigs is formed on
Miciactach pikiedctibslictesmad phatthisalasiire s disstad ﬁgmpnmc (or
g.0r % % 2003/0010 41 |scloses a strate for sea}l cts
Eégﬁg 111 (0211 CI‘ 1S mg I‘Bl‘flfllnln unc? %/ areas o sur Cce O
reintércing 82, ity agains |ons with a’certain
paistritie. M@@@p@@ufm%lwdd@ WQ@Zﬁ@@ﬂ@M@MhO@I@lmsla!qbanbﬂmh@mm@ofrom

@%HP&“%@?JH?%QE&&&H@ 9&%%@&&9@&%@&&99%3%@ %QHQQ@&ype
and hydrophilic areas, in that a first gdrophlllc (or hydeﬁE ic) monolayer
R

e&m@ﬁﬁbwwﬁgmﬁéwmmu TN ROAE)Gh BRIB 81 1198 A

orpathie ssurtac Onanath HIAe Qi TICRARQITIAGN JXiR REa AREki: thalcfc SR GR MG

now dro hlg)bt“: or hy rqBhlll monolayer is formed in the remaining
umr%lc()’v BT AR AL SRS Y URACE 5P e substrate by adsorption of a second

type of now Fijdre mmqmwm@pmh eh mylecetestidhom sslolitionpivtiehaip
theReith Re AlneleckIBR A ARG ERAPHENIIY than the first type of

molecules, or wherein the second type of molecules is adsorbed from a
solution in an organic solvent (or in water). This second type of molecules
may reside in defects in the monolayer of the first type of molecules as well.

According to the present invention, there is now provided an etchant solution
for patterned etching of at least one surface or surface coating of a substrate, which solution
comprises nitric acid, a nitrite salt, a halogenated organic acid represented by the formula
C(H)n(Hal)m[C(H),(Hal),]qCO,H, where Hal represents bromo, chloro, fluoro or iodo, where:
- nis0,1,2o0r3,and mis 0, 1, 2 or 3, with the proviso that m + n = 3;

- oisOor 1, pis 1 or2, with the proviso that o + p =2;
- qis 0 or 1, with the proviso thatq+ m=1, 2, 3 or 4;
and balance water.
The function of the different components is hereinafter discussed in greater

detail.
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20 There is a need, therefore, for an improved etchant solution, and etching
method using the same, which alleviates the problems of the prior art.
According to the present invention, there is now provided an etchant solution
25 for patterned etching of at least one slifface or surface coating of a

substrate, whighslufion: 1%9 BRIRES QG Aith A Rifrie Salhadalpasnated
mi;anlc acid represented by the formula C(H),(Hal)m[C(H).(Hal)p]gCO2H,

EAGE TR MY HPY a‘éwe)fam?mo% 8F fgaBugpprsticrsidoespeaiallys.
&n@ma&@uclaczdomaa\mghrmedm@wﬁe dbidttur vsain di eaharl @ldtidn t&c’loﬂﬁr% to

ith the provis thato sOorl with roviso tha
PP REVERINS D AAAD chB Al i AP PUBIORR LRl 1 Dt
hememnﬂetrldl ibuissiedsinagestenrcderttsil. bwmhpfeﬂembg/gcherlqémmed

eiganifc i EQNRHRE S A CANArcH LN ANACTHEBHh SUSRIBRNE organic

preferablyamono- di- or tri- fluoroacetic acid, esggually trifluoroacetic acid.
AoKRIgsA AR OrgaRie Wi PLRSEH TSR ke D Q61 itForaE eb rifFEeRS Hhs
priesent foveniatuidaalbaenativoky ﬂmmpﬁeey@ehaﬂ@glegateﬁ)pmpm U}g’iﬁiﬂ ac1d

and suitable ro cid der vatlve the f llo
generic formﬁaﬁe &%—‘I&Iﬁ%f&hﬁaﬁ&é 18?-??3[6&[&1 % E(¥tll—_‘ga% ﬁu r
prefsend itha tha loitren asdid soveshwiic naoid. for use in accordance with the present
invention, cap Qg %r?ﬂmﬁa?ﬁfé'ﬁ&{%mklﬁ oRHaWINg;fer SYpRUiHUeR Y. PRe,

or more than one, type of halogen atom in the organic acid. Preferably, the
tfeburTe b asRaT PRt ARFRENSAIOR FrISEiS] Pﬁléé|aﬁ§)@%m?é?%>tﬁ5?m

e qfji©salicswediuia, niE s s dpipasia Aty ibetenaapiatianetitric
qu is madt?talned within a reltafatlvel¥ maIIE1 ge such .as a conc ntratlﬂp

FANGE Of Abotit b - 2BvVolts (preterably abolit: 12voits). On the other hand, the
@beé%éplrmh%e aienshyvid ratmey brsewditilie totthe Chlalggmmdlovgeﬁomontrol

BFIACINRERTALQR AT ARSHED R QQHQ@HF%% [anae,PEARAME At Pand

95vol% (preferably about 36vo1%) may be used. The nitrite concentration

SIRIGISYGr cOBRRSR M FRN gtk rald altPringer e frsb s ebaati8d molaitte
ERkjgeyel concentiatinnsadad iy picadh ﬁ)ﬁ@i&ﬁ&ﬂ%@ﬂﬁa@@ﬁ:@ft@%ﬂbi%d}@

olar ferabl about 0.1 molar) is em Io %ﬁd rema|n| oft
SRR D BRSO OO A BN B GErH O e 0 oSt
coneenkaticnohtmerotfoe ngomporpehist %nemaﬂgcandlammuhe pfet @Yo ofontater

20 is considered 2. MImIMRILIAL 456 AR SiaRaNL SN BN IR NG ion
present |nvent|on
can further comprise additional components, such as phosphoric or sulfuric acid, or

derivatives thereof, although this is not a requirement for an etchant solution of the invention
and in certain embodiments it may be preferred that these additional components are not
present. For example, phosphoric acid may be present in a small amount, such as less than
about 10%. Even very small amounts of sulfuric acid (1-2% or even less) can cause a
dramatic increase in the achievable etching rate and as such may be beneficial for some
applications. Generally, however, the inclusion of sulfuric acid is not required for etching of
microcontact printed samples, with the presence of sulfuric acid typically reducing the
selectivity of the etching solution against alkanethiol SAMs, resulting in a much increased
pinhole density. The presence of certain sulfonic and / or phosphonic acid derivatives may,
however, be beneficial as hereinafter described in greater detail.

Etching solutions based on HNOj3, such as provided by the present invention,

are one of the most complicated etchants. No general mechanism can describe the actual
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In certain applications an etchant solution according to the present invention
can further comprise additional components, such as phosphoric or sulfuric

acid, or derivatives thereof, although this is not a requirement for an etchant
solution of the invention and in certain eddbodiments it may be preferred that

Iﬁ&%ﬁc@s@ﬁ%&%&%&?ﬂﬂﬁﬂﬁ% RN RRRSERE FAL RXRMMAEHL RAI PR iere are
acid may be present in a small amount, such as less than about 10%. Even

Y SRRSIPRMBIFA A DI EARIRR KETd VL9 vo edistp ey axhedinsaci et diNatic
netegseing thehachieviablasiahingniate awrekagislichamaybehbendbinial for
some applicalions, Genetally, Naweysra e nalusion,of sulfyre acid is not
required for etching of microcontac prin{e samp?e%, With the presence of
sulfuric acid typically reducing the 30 selectivity of the etching solution
against alkangiltiol SAMs-resulfingyjna much increased pinhole densigy, The
presence of certain sulfonic and / or phosphonic acid derivatives may,
however, be beneficial as hereinafter described in greater detail. Etching
solutions baged asih OB dssehtas providgdniidhidpiiesatiinvention, are
one of the most complicated etchants. No general mechanism can describe
the actual 15 metal dissolution process in all known applications. The main
reason is the3fach thibthereare—mayldbecidsOwhich are in equilibriung2)
relation with dissociated and undissociated HNO3, participating in the
etching reaction. Some of these equilibria are as shown below. Nitric acid is a
strong acid tHAHhead i hnsponaFf dorashieur snapqeydent R DM fepstions:
formed by dissolution of nitrogen dioxide in water: 10 3NO2 + H20 2HNOS3 +
NO (2) Thisl% ction is the su%gf at least four independent equilibriu
reactions: 2NO2’°N204 (3) 15 N264 NO' + NO3- (4) NO'+H20 H +H (5)
20 HNO2 + NO2 HNO3 + NO (6) It is important to note that all the above
reactions arw%dgm;mblﬁ@ﬂq m@j-diﬁerent components of these 4)
equilibria will azlways be present in "nitric acid" solutions in varying
concentrations. The individual concentration of each component is
determined hydhe E5@presenee-androngaration of other componentgxf the
etching solution.

HNO, + NO, HNO; + NO (6)

It is important to note that all the above reactions are readily reversible and the
different components of these equilibria will always be present in “nitric acid” solutions in
varying concentrations. The individual concentration of each component is determined by the
presence and concentration of other components of the etching solution.

The question by which component or components the actual metal oxidation
and dissolution reaction is mainly determined remains an open question for many
applications. It has been proposed that in some cases the concentration of undissociated acid
is the most important factor, indicating that this might be the actual oxidizing species (S. O.
Izidinov, A. M. Suskin, and V. I. Gaponenko, Importance of kinetic and diffusion layer in the
kinetics of coupled electrochemical reactions occurring in silicon etching in the HNOs-HF
system. Soviet Journal of Electrochemistry, 25, 418-25 (1989); M. Scholten and J. E. A. M.
v. d. Meerakker, On the mechanism of ITO Etching: The Specificity of Halogen Acids.
Journal of Eletrochemical Society, 140, 471-5 (1993)). Nevertheless an inspection of Figure
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The question by which component or components the actual metal oxidation
and dissolution reaction is mainly determined remains an open question for
many applications. It has been proposed that in some cases the

concentrat_ion of undissociated_a_ciq is thkﬁ_most importan_t f_actor, indicating_
hakihisomightbe dNeRetal eXidiZRg SHeRIBEESID- AR IZIAIAAN A M S USKiTO.
and V. |. Gaponenko, Importance of kinetic and diffusion layer in the kinetics
Sidblifiddiekidendralica i arior deethisarinisihatariny fh firspecies
PR3- hitBy siedsohnvied kiadrnatqfBlecirh ohemsishigh250:4didi2bphR8Syhdd.
Scholten and J. E..A. M.. v. d. Megrakker, On the mechanism of ITO Etching:
PR G A S g ISR S 1A
4iffiersni1oe8) .im‘a@_rme@&isan iAspedtigrof, @gm@gp@ E%da@fmmiAAFid, and
higlieman20d SR RS gnd:BAHRUCH dRMARHIARITRR L HNRD1€1.93-4980)). That

Aufl. Ed. 1985, Berlin: Walter de Gruyter) clearly demonstrates that ma.ng. of
therspracnage Srasent sRssifidelysdorithsasplnwsidptiegasaipigh Grasldndicated
biotheobxddizig pawmaes whibhg eamparediiaitti ecaciths &l diselissi anaafdhgalytic
individual reactigns of these speci ith 5 different. metals is given b

R o e S R A e e B SRR Sttt W e
asiMedia for Inorganic Reactions. Chemical Reviews, 80, 21-39 (1980)). That

there are moggihath QRGSRGEIES doVKEdi T (aidheXIdBOR RREHYY Hiric

clearly indicated by the observation that the etching reaction with nitric acid
Bideth SORMONES TS ButaCatirytieciing B SMtrol of the same is important for
the selectivity of the etchant against the used 10 resist. Following equation

(7) describes the princi alﬁmﬁ%ﬂ n of a metal bx itric  aci it may, accur
in water free etchingﬁgcﬁl?{lons. $+nr’%2HN03 +nW'm M@%@JM@%I# )
n/2H20 (7) 15 Although this often used description is oversimplified, it

indicates thatyiroig tﬁ‘ﬁigf{éﬂ'%lééa)db%%{}ﬁm{?ig’@b%%ﬁm&ﬁPi}}M@%a?Jstﬁﬁt nitrous

dissolution reaction. As was shown above, nitrous acid does further
peirtidipHRe)its dtEcEgLMEARiAadishel 8o AEaHBoRtsAttiaauiNas WAKK
are\espRGal ycimpesianiirrwaiesipas et skeh giselilin Reaaiens Usdmarizpeh it
20 Flgure 7..HNO2 Is a gﬂoderate atcljgl \g%tlé?g %(125%2 and a weak base \ﬁ%lrglralzze din

Sy T VIS % R S S G A G R S AIaE St RS Y
HigsociafbRCbfishemibiomated GPacics? HINOR welk PIgN@E:(8) 25t H2NDE be

Rohaid8 G Po¥F A5 ASHONG iR RGO 2GR AR MY A S ABIBIRE Mecies:
orming NO as
HNO, + H® =——= H,NO," (8)

H,NO,” =——= NO" + H,0 9)

NO" is a strong oxidizing agent and may oxidize a metal M forming NO as

follows
M +nNO" =——= M""+nNO (10)
which in turn reacts with nitric acid to form back nitrous acid

2NO + HNO; + H,0 =———= 3HNO, (11)
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follows 30 M+nNO™ +nNO (10) which in turn reacts with nitric acid to form
back nitrous acid 2NO + HNO3 + H20 3HNO2 (11) 17 The important fact is
that in each reaction cycle more HNO?2 is formed than it was present before,
which causes the autocatalytic effect. Th&’more metal is etched the more
oxidizing species are produced and thus the faster becomes the etching
reaction. 5 An alternative autocatalytic cycle is shown in the left half of Figure |
7.1nan equiliBFilRYEHRLBH NEEBHTATBpHHAES S NG K Yo tdprnRAaHan it
whighdeiitbafexistehioh egusdidicauivithaNZ04fas afeadtaserib8ctkiched the more
BRI SEANA 3 L. NAT AR SR ddlnd s I SXREINed

Urther Datow. this omproportionation reaction 1S of parflcugar Importance for
the selectivityrnftirenatolsing solatid. creleachion (12 jlefchal fod diigaeticlbsan
E‘ﬁﬁﬁIﬁMﬁﬁl ?@a%ﬂ&{%*{goﬁ&l%ﬁ%dﬁ%% %N%M?&%%Ol%‘ﬁ’ﬂ{?hh axieatithen

comproportionation reaction occurs, depends on the reaction medium and
firaiBhrdim s it e At hedettinRddn erHsrrsBitidon, thus a medium
with a high dielectric constant and many ionic species, the ionic couple on

the left handﬁ'yjieJr e eguation,wigl\%gé stabilized,wtll'}l%in aless polar(éz)
iel

medium, thus a medium with a loweT diglectric constarit and fewer ioni

species, the equilibrium will be shifted to the right. Thus the overall

composition of 1§ sOlipR-deRHRINeSINE ﬁﬁ@b\fﬁﬁ?@ﬁ}ﬁgﬁﬁ%ﬁr}e‘aﬁﬁ%ﬁ is of
species in reactlong 2). 20 According to Figure 6 the NO2/N204 couple is an

1
BYIT W ReF BN a AT ot adEds o Aer SR BRish A i annTater R (YR behasged
paytiationcaL8)vitd A Qaentd MR N&Z (18D, 2hoTdeel gy ouehhtbisreaation

is a%ain rr1tiltrgu§ %c%ioéli. @notherrinag)egr:{['on rg)%‘hthre otverall Ei?aCt;ia%rc} &P’Cl?hirr‘ the
fEr folgf(f;u?e ?ev%aﬁsotllllgfcélg%iin feamourit o1 HNGY molellites” 18 dbubled
weachensaptterntyule vty sdtarspiesentherraltehvativetiaatoghidibrtd oy chesiant

UEARIPISH ARGRIIIG ARAHDN 3R ﬁ}%ﬁ@ﬁ BERIARRVE: 1ESUIS: b will be

inhomogeneous and poorly reproducible etching reactions because it strongly
&l

elaiiged whily 130 th Rt BeREEhIRGHSIHRRAHR Sjvsedipkstigrgiptant and

lecallyoditfeperittakisguratemnContiling:tis reaction Weeomesy dharedaigosition

dramalally mere mRoraRtAnen he SE8 o . Jubsirale o A sifhed
According to Figure 6 the NO,/N,O4 couple is an even stronger oxidant than

HNOs; and can oxidize a metal M as described in equation (13).
M +nNO, + nH" =——== M"" + nHNO; (13)

The product of this reaction is again nitrous acid. Another inspection of the
overall reaction cycle in the left of Figure 7 reveals that again the amount of HNO, molecules
is doubled in each reaction cycle, thus it represents an alternative autocatalytic cycle.

An uncontrolled autocatalytic reaction as described above results in
inhomogeneous and poorly reproducible etching reactions because it strongly changes only
the local concentration of reactive species resulting in locally different etching rates.
Controlling this reaction becomes, therefore, dramatically more important when the size of
the substrate to be etched increases.

It has become clear from the above that although nitric acid or nitrate ions are

the ultimate source of the oxidizing power, species in a lower oxidation state (Figures 6 and
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It has become clear from the above that although nitric acid or nitrate ions are
the ultimate source of the oxidizing power, species in a lower oxidation state
(Figures 6 and 18 7) can play a dominant role in the actual etching reaction.
The lower the initial concentration of thes® species, the stronger is the effect

of the AeNGRRIAIOR DErFARE &E&Qﬁé@lﬁ%&%&?%&' RGO AL OCRELRon
in the autocatalytic reaction. ure 8 shows the decrease of the time to clear

ef fhesqeetisie! %é%@%%ﬁvwlé FERE AP T SARS TR MR ARSToRy SYSBFSHRAT S
aBovagasafibed édﬁ@ﬂﬂ@(@f)}&lﬁm%@tel?)laseacfwﬂﬁﬂﬁ)gmﬁ gReosmieelcofease of
ﬁ%*bs”‘%es glehed in,an etcn'” WcorHP?%eld of nitric acid, phosph gr’s'r% the
aCI water. As a resu OF% up O igner concen a%
@dmé@ﬁmﬁm@éﬁ@%ﬁé@é@%@sﬂ@ flecteasdshapidipdnofisebbegirmighed in

Qﬁ‘gtéﬁﬁ@ﬁﬁﬁ%@ﬁﬁ%@%@%ﬁﬁﬂ%ﬁ%&ﬁ'gﬂf%%ﬁ&%ﬂﬂ‘%ﬁ%&g GANCRANAYOM OB uild

these species later in the series. 10 This effect can be reduced by the

4R akRGrRIsRRIstoR etatdusrigyEnesRxeshspiembs IdicheasstrdariAly in

tdegihiliheomaitite (NABpsatiss iminer eithingoselulomitasingulicienthibight

ﬁgncentrathél in. th% flrstglace This results in higher overall etching rates
€S€ SPECIES erint
amore omogeneous etching reaction for large substrates. In particular,

in accordancé&hwittftiaecprdsamtiigve hiidhe widisonpiblowa pitdaionStewlnitugknaso
analsallanetah %Eﬁ?ﬂ%@ﬁ JRAEGSOFGIf hﬁﬁubé PREUMLTES N Qfiution in a

potassium nitrite (KNO2), most preferably in an amount equivalent to a
éb‘?ﬁ&é‘ﬁ‘ttﬂéit]i’é%llGf’“éEB‘HEﬁt@nJER/Ithﬁlﬁfé}ﬂﬁé?dér}tﬁé%lé]éi pebighstqyralhelrbing rates

gisclased ptehahsaluieniag tectiby entiaréuitbareamprising nitric acid, a
halogenatedforganlc Cld and vgiater Inlg%eeral the addition of an amount of

nitrite equivalBntth A SORCERTTALGN of T0-5-&Rd 5 molar preteraBly °3d Bo1S.

Satholah is bedbiiciaktManyitcoatimeeciapetchindysollitionstate @oNposed of
}?@(AQH&MM&{EG&WG‘ irigo &%@f&@&?ﬁﬁ Qﬁ%ﬁoﬁﬁ{%&lﬁ%ﬁ?{b %'5&1@&%&1@1?%

he role of nitric acid as an oxidant'has been discussed above. It also

pPevideMhitrhtehisicdda shp Seginretis ihths sHityingarrd< i ao i Ridhe
mesaliinnsa-Rer thapeie@hphosplaosieAcidineLsimiching aﬁﬂiwwasliﬁgeneral the
sggﬂewh?t less clear FtII‘St of all, |t |{s a solventt In sont](? E1s t |sladdeq as |
ACBHRBORTARIBIRS ()1 ARSLRT BiPOGaN TSRSkl it AR, BRtFrey
Thheir Mintlressasidiedid. for Inorganic Reactions. Chemical Reviews, 80,

21-39 (1980))1, L& SaiR AaPeRhal 0 lcUen 5 D6 LrpPRHABS tnMAHIRYS nitric

metal phosphate species that have a low solubility and may thus cause

peldsRheanResy it snshefia alipsgete aidrdde. @e@ﬁaltfsc ﬁrgﬁ Wiy iapshas
alsa MiavaRa MMPRCHAKkENRovides nitrate ions as possible counter ions or ligands for the

dissolved metal ions.

The role of phosphoric acid in such etching solutions is somewhat less clear.
First of all, it is a solvent. In some cases it is added as a corrosion inhibitor (C. C. Addison,
Dinitrogen Tetroxide, Nitric Acid, and Their Mixtures as Media for Inorganic Reactions.
Chemical Reviews, 80, 21-39 (1980)). The main aspect of this function is the formation of
various metal phosphate species that have a low solubility and may thus cause passivative
layers on the substrate surface. Due to its high acidity it will also have an impact on the
equilibria described above and will thus influence the chemistry of the various nitrogen oxo
species. Furthermore, phosphoric acid has a high viscosity, which is an important aspect with

respect to etching reactions that are diffusion controlled. In those cases controlling the
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equilibria described above and will thus influence the chemistry of the various
nitrogen oxo species. Furthermore, phosphoric acid has a high viscosity,
which is an important aspect with respect to etching reactions that are
diffusion controlled. In those cases contréfling the 19 viscosity of the medium
taseome sirnhaliaws ol atihairie And hamagene ity Oldhe Sieng the
reaction. Acetic acid to some extent fulfils functions similar to those of
BIBYSHERRIARid. It is a solvent, it forms metal complexes of low solubility in
water anq it iA@t’i(ﬁ&‘dﬂi ) Mﬁﬁt@t@HYyiﬁi§ finthesmthaminitric tokd aﬂﬂlospho_ric acid.
Rhospheric acidan araanic, afid. Being, an oply, moderately stopo.agd it -
gives the Solution a somewna organic and less %&ar character. As aresult it
Additiasrbngtimpaletidhatheltabovel dedohbadatpaliishianaerdawidl abidsBafhgermcenly
mgd&ge%mls%ﬁgssﬂf YRFRUSHRILEAGRH DBRReRIES lamilicANEY JDIASIRIARCa s

with an etchant solution as provided by the present invention we 10 emplo
a Iisdgbhrsa steraineast ol PretrapNrirrbut saudbEamg with Ausipilyugnee the
prenides osigeifisanisadirapiagrooyreihiaidadiainpiyosphoric acid or acetic

acid, and in qgrticc:glgr the use of ahga %glenated orgva}gé gcigl, prefer?bl TFA

I
. C apce with an et ution as.pr e'present mvention' we
provides advantages for patterned ePcthmg Of Mitrocontact printe

suptyatdisldgenapié fegrad emb odateertlofrtleoprestiataindéhtion, whdrenhades

SENARR AMHAM L3 RRIQYEEL IR U CIREPBIACLIRY A AP QUG the use
sample, durlng early optimization steps of the etching solution we found that

i BT REiEErpMBSiHbREEasayavagey R iR e fishing of
3R richachtbe sdesesibed microcontact-printed APC/Mo(Cr) samples with
an acceptable resolution and selectivity as long as the size of the s les . .
i ot excodt TS S L he 6 AR AT M ol ST gon
pictupbopétlch amsmati 2@ PO By bathpleaside, ktora 2yyinpsichigition steps

BFtRdeRANGINAl ARRUBERY Hﬁ@g%ﬁhcﬁﬁg%%% FHHHQ %&8’,33%@&%9%@@997

phosphoric acid and water (volume ratio: 3/9/13). Figure 10 shows a sample

Jrtre(slier daitpdSition Aeitedridstdu tHeed apiraareRaritPritedomRi-dYirdfem samples

thighh thesRpme: $k261iNidhisndasewiaty s1ohpede kraaithis dbppreMEsclerkeed
that a{th u%tht??g déegcsﬂbed etching olution }/ields.reasonab{le r?fults for

ERAh 'subsTPhtd 48 T B VS BRLT'AP S SRS E MG I RITELE At BrthE

desahbednemmbsition mlt&)iwiummmmg@awu@mm ingsophatijortend in a
E}am{?&iJEJﬁQ{&Qg%&*?H%&é}laﬁo%ﬁmgaéﬁ?&iﬁ?wﬁ{é}%ﬂﬁﬁgﬁ&@%ﬂf%%ﬁ@&!%%o

various phosphoric acid concentrations and a constant nitric aci

EeRTERhEIRIN HeNSISEOERTEPEIA By RIIREIRY thespRegppotichdbronly difference

QR a5 2EGRITG: REGOMBS MROSENTFOMEFIERRALISERBECIBiB Bt although the

aubs aes,lproba | dueli
escribed etc mg solution yic

s reasonable results for small substrates, it is not useful for
etching larger substrates of the described composition due to its very inhomogeneous etching
behavior and the poor reproducibility of the etching results.

From the experiments with the various phosphoric acid concentrations and a
constant nitric acid concentration we also found that by reducing the phosphoric acid
concentration, etching becomes more homogeneous on the larger substrates, probably due to
a decrease in the viscosity of the etching solution as a result of the lower content of this high
viscosity component. This was accompanied by an unchanged poor pattern quality of the
etched substrates and a lower etching rate. We could compensate for reduced etching rate by

the addition of sodium or potassium nitrite for the reasons explained above. The quality of

the patterns did not, however, improve significantly as a result of this modification.
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30 a decrease in the viscosity of the etching solution as a result of the lower
content of this high viscosity component. This was accompanied by an
unchanged poor pattern quality of the etched substrates and a lower etching
rate. We could compensate for reduced éfthing rate by the addition of

sodium or poigsRIM WIS IRENE FREPASRXRIINRHVARONST JRAEHRIIBs Bbletely

the patterns_did not, however, improve significantly as a result of this

HRiAEL AR dberr e reterel i dmeiae dPthE BB Ror e el tHee! s rate

emelagaailyc@ﬁmnﬁa&ﬂydwﬂh taeeﬂala@hcbﬂwmby@eadumbmmwﬁwfgdmarﬁmh

C%uallt f% fyrther reduced etch rate was again compensated for by the
éltlon of even higher concentrations of sodium or potassium nitrite. 5 We

found that a Nithlerhdhagentoubatobinmgobe hwbiog bolddipecobithhret twithd with

§%199511%mp&%%pﬁlmmﬁpIgbeﬂe%tafa arlchaRd water (iys 2R/ @bl&lﬁ%th

problem with  this solution, however, was that the resulting pattern sti

iR o BN BN RIS I8 Patt e e Terst) féOﬂagR}é%VaH large
awvyawlﬁﬁlmlegosgg@w Inhategraphswidhemasioeipn Iﬂmﬁcgﬂﬁ}iﬁmd the most

ortcomln t}be develo ed[}pa tertp c¥he |cr ntact rinte
& 6 om1 1n the dev 0 emlcr ntac nﬁ
ﬁ\ﬂ substrate e succee in re ucmg e number 0 IiE)ln oles

éi@ﬁi’ﬁé@(lﬁi&%}h@tratsm obtaining a generally much more homogeneous and
better qualityypf the.deyalaprdRal RYnisRIAGIh NG aERliGARI) SANIRRL

completely by trifluoroacetic acid (TFA). The best results were obtained with
SRUREPETGRBATH BY theeFomeTiRerasrFiisostl: bassLE RO bsifir:enadzasttern by

te5I%0in@brRuicd&ORId ebittindosagtat’y asit kRt @abaid 2BOMLToE batetand
about 3 45 of SOdI 1mtrbt?h F%g%gref ﬁ% shows the Ef\ffect of a (\)/(?mlﬁ ?n .of the

obtaine an e W, o) 1tion: about nitric acid
nl?rl e concen ra I0nh on |me Clear (LF‘%& Iﬂ‘?est Ime necessary t

coTip etalyt d tthndvedyrifieo ARC tarig ithe WB(Caboleyaiydf otﬂewabomai about 3.45g
srbsirateskip.an etching bath of the composition given above. Without 20 the
addition of a nitrite salt, a TTC of about 230 seconds was observed (dotted

line in FigureF i#w1e Thehewn deneiioAlor siaaansdhsRiitFiLowsa4AB AN the

befeandQ-BN and iy (relegdNAZ ddvhbretly O awtipng AlPtostdineavio(Cr)

P [& éf}fc%g'f the TtTCt: n the nega atl e Io%#lthm of th nitrite conce thg)n
THONF WStEReA &g FCTRS Patyel TR ELRSSE e 1r‘t’eeé\lsae fthe 1PE,

thelgd&lﬂ(&tnfngnrmm@ewTﬂCeOéuﬂmW@BatEWnﬂsmmdgdoﬂmﬁuﬁﬁn Figure

995“Gi‘?f%%ﬂ@éﬁt?ﬁﬁb?%#ﬁ%@d@oﬂﬂ&tﬂﬂﬁtéhﬁ‘?@ BORIQRETSS A e 1RFD.

however, conS|der|n$Cthat the etch quality does also depend on the nitrite

IR Rer AN frPArtesfan S giRE dpeet ‘i‘éﬁ%@%ﬁﬁfg}éﬁ@?}? ontHhs BEEAING
1aierand trend ensity @hpiaheiRs. (AbHTA0,1/M)) was observed in this range. The strong

decrease of the TTC, thus the strong increase of the etching rate with an increasing nitrite
concentration can be used to fine tune the etching properties of the bath, however,
considering that the etch quality does also depend on the nitrite concentration, in particular
with respect to the homogeneity of the etching rate and the density of pinholes. At the
preferred nitrite concentration of 0.1M a TTC of about 60 seconds was obtained.

TFA is a very strong acid as illustrated in Table 2 below, and without wishing
to be bound by theory, there are at least two possible explanations for the superior

performance of TFA containing etching baths as now provided by the present invention.
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a=F. W. Kuster and A Thiel, Rechentafeln fur die Chemische Analyse. 103.
Aufl. ed. 1985, Berlin: Walter de Gruyter.

b =D. R. Lide, ed. CRC Handbook of Chemistry and Physics. 84™ Edition ed.
2003, CRC Press: Boca Raton.

One consideration is that TFA is a stronger acid than phosphoric acid and
acetic acid due to its three electron withdrawing fluoro substituents. Thus it will in aqueous
solutions be dissociated to a greater extent than phosphoric or acetic acid. Consequently
TFA-containing solutions will be more ionic or polar. Figure 7 gives an overview of some of
the more relevant oxidizing species in nitric acid solutions. Of particular interest is the

equilibrium reaction between the two very strong oxidants NO" and NO»/N,0y.

NO" + NOy 2NO, N,O4 (12)

Since the species on the left side of equilibrium reaction (12) (NO" and NO3")
are charged species and the species on the right hand side (NO; and N,O,) are neutral
species, the relative concentrations of these species will be strongly influenced by the polarity
of the medium. The ionic species on the left hand side will be stabilized in a more polar

environment, whereas the neutral species on the right hand side will be stabilized in a less



10

15

20

25

30

are charged species and the species on the right hand side (NO2 and N204)
are neutral species, the relative concentrations of these species will be
strongly influenced by the polarity of the medium. The ionic species on the
left hand side will be stabilized in a more%Bolar 20 environment, whereas the

peuial aREHRR ONMR Jightiand sids witkhfisiatizedin AlERS doEhhoric

environment. Consequently a solution containing TFA instead of acetic or
pridShHEHEMESararHat A d dEeadativFiERg o BcraEvaNy Highehan @
solnaenyaitanial MO-bikavaesohutioridsontaining any of the other two acids.

The etch resi usefd in.micro ontact printin referre
e & resor e L B B R S RS or ehe
Pescpematraiionsof ivdroBiavibyeHatisenblofeoulmi ayge CiesMoihenerstetting of the

salviigp J&RMIRdR e RRUeR Al RIBRAlES <Nt H SRBE &S havs g sipdre
chance to penetrate this SAM. Hydrophobic and in é‘%artlcular uncharged

Bpbelss E%%a&bws&a&ém@hw&aw&w&%m%@ sMHaRY fagin

pbmged aﬂam%sdkgealamaa Fohbhsrsiss Baulhdicsang stakle:agatnsi

i gﬂsolurtlc?} S ‘Q’Q‘cclh the active species are hydrophilic and charged,
ﬁcrh NG 2fwgn against those in which the active species are

hydrophobic &me abéhdngedt sheohdds NO?2 sirtlN20iasTRivdraforeluthmnoreich
9%'%EtV%@E?&%&%?ﬁ‘BﬂlﬁlQ%ﬁ%%ﬁ%Q&eﬁH%ﬁg@mﬁ’iaﬂlf'Qg%Mﬂ&g PENRAhe

less pinholes in thefinal pattern than the phosphoric or acetic acid
EHNGRRTRdCE fER AN taRh oI ASh ¥ i@hé@ﬁ%m Ny Ane prresdessy the more
POIRITOTS cAlsReond dansidesaigrisitbasiabiliy SAteaFdvhaga) mé‘ststisl@holes in
R R S M e RGeSk I S

g etchants RaVe&fedd polar charac er
tivan @uedpe thivverdemt-oontéining etchant. The molecules forming the SAM

should conseguenily %ﬁ§ﬁ%{ﬁtl&9f§t§@§ﬂé¥ﬂﬂﬁ?@r%9@%%%9&1%%@@%&%&?%% to

acid and thus the stability of the SAM in such an etching solution should be

Hsdabeat peneles raeHAYe 18188 Hvas ijeRetithe S S 6 RDAYSYtsiE 4 cid

@btﬁﬂiiﬁga&madd@%amqmamrmﬁe&dm aspiaiveirRNGoRfaitdAtiSHAMEThe
as ro aC|dt an ti jd but due fo ditional rox rou these
g S o B D R e s R b
cmrrrqmmmgepmmﬂemibrh@més rabilbpwates Sidhedswithaswethag &Bustahshguld be

Falution Ifl‘ésxl@v'éi‘o{%% 1‘?&9@QQOVYJHE&%QQ%%%%?B%%Q%%‘?@Q&Ht(g'l‘}%‘fﬁtﬂéﬁi

Ic acid derivative is no major argument for

that the hydrophobicity of the ace

%'Béé@éé é’f?e)dﬂlsfﬁa%’étaé%afaﬁg?é‘ﬂﬁﬁﬁo%@r‘?é?ﬂé‘s“&?é%bé@ﬂ@&%ﬁ%
uawﬂﬂydt@ RHE BRRPAPKIASI AP NS NSREET N0 MIGU RS FRuRMSHIAthan
IH?AV L{lcegt e s%tvevre]t%glll?l(? I:osrlrll\p/)g{able pinhole densities in substrates etched with such an
etching solution as in those etched with an acetic acid containing etchant, indicating that the
hydrophobicity of the acetic acid derivative is no major argument for the observed effect. In
fact even larger pinhole densities are observed for the very hydrophilic phosphoric acid.

Another inspection of Figure 6 reveals that the reduction potentials of silver

and molybdenum differ by as much as about 1 Volt.
Agt+e = Ag E;=+0.80V (vs NHE) (14)

Mo®" + 3¢ ==———= Mo E, = -0.20V (vs NHE) (15)
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and molybdenum differ by as much as about 1 Volt. 30 Ag+ + e Ag Eo =
+0.80V (vs NHE) (14) Mo + 3e - Mo Eo =-0.20V (vs NHE) (15) 23 Therefore
rather different etching rates would be expected for these two metals. The
etching of molybdenum should proceed @8a much higher rate than the

etching of sitvgh AR dighussrRRRICIGiSOMRMIIAF oL, RASTHAINGIAVETS

during etching. In 5 particular, molybdenum forms a passivating layer .
asisolbe %?%W@I%HWWB% ROt BrOESTA AR B HIGH) 1 terstghing of

witkRra low solubility is also possible. To dissolve this passivating layer at a

reasonable rate almost.all known mol enum etching solutions are either
e e R b O D B AT S SRR e R
Reyeeutar e indenreasomior rrysradiigalagteivingpets tfanedyledgertharides. The

foaAIabFAIBXAREIRh R10GRNGH] f&%gﬁﬂfl@i%ﬂlj?@ﬁﬁfamﬁ%%@@ﬁ@s

of its dissolution, are dependent on the composition of the etching solution,
IResHRara I BteHihg AR BPIR SHHEBIE ISyl adlsas Mot oM BRRIfeh
eftlibeseisianbakiolothe diRieincliRCINeaaRIRRY) 6 e BHNRASHIAT, A besalekinglasatds

r the 20nm thick molybdenum or malybdenum chromium. layer is .
Ao E A BIARE SOOI vt TP A RO gt Since the
rdepengent dhohingeipeé thnsmgivsit! 15 diagotsubstrateschéanting baly a

g&ﬂg&%ﬁ'@ﬁ%%hiﬁnggﬁtg@%%rlefé%ﬁﬂg%Mmy%nmmn ly depends

compares well with a total etching time of about 60 seconds for a full Z20nm
finche pommavibee Afdbsaichrng dinefhr trecldiirlgsedetsBingheomposition, the etching
rmelyhdenaomshranionadeyu\e kol bgsomenybailaweydhiad dapadbe: Mahat

h further found that in addition to the gctual individual components of
SR SRR - o e I BHEET HhE 1S BLr g ERad
fhasthellstchtanbesohgionyits &linis alsty htgrortaatfEC thigatioat etchiagonds was found,

RASIAORNGRes WGH & ith IISRR L RIRYIARH. BY M5 A6 SETVRRYGH BRAGIRIG 12

process of preparing an etchant solution substantially as hereinbefore
AESCMIRENTHich [reersel donsfridesra)en %@OM’GYQP%%@P&W alloy
ilggeyatedmsgan toaddikeprespmtesipy the formula 25

ot toto, wherlt ERTSOUE PHPLAS AL 1o ord S BIoSB L o
thetetaharB solotier) and thpamdunts Hhenddt, the provistothptooed et @;the gtihénor
g’@lﬁf&%%l? f@ﬁ&? 1%&13‘7[ ﬂ)]r?hg' ’ﬁ%a?e%ﬂig performance. There is further provided
by the present invention, therefore, a process of preparing an etchant solution substantially as
hereinbefore described, which process comprises:

(a) mixing, under cooling, a halogenated organic acid represented by the formula
C(H).(Hal),[C(H),(Hal),]qCO,H, where Hal represents bromo, chloro, fluoro or iodo, where:
- nis0,1,2o0r3,and mis 0, 1, 2 or 3, with the proviso that m + n = 3;

- oisOor 1, pis 1 or 2, with the proviso that o + p = 2;

- qis 0 or 1, with the proviso thatq+ m=1, 2, 3 or 4;

- and a selected amount of water (typically at least about half of the water to be
employed, and more preferably about two thirds of the water to be employed);

(b) adding nitric acid to a mixture obtained further to step (a) to obtain an acid-
water mixture;

(©) mixing a nitrite salt and the remaining amount of water; and

(d) adding, under cooling, a solution obtained further to step (c), to the acid-water
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- and a selected amount of water (typically at least about half of the water to
be 30 employed, and more preferably about two thirds of the water to be
employed); (b) adding nitric acid to a mixture obtained further to step (a) to
obtain an acid- water mixture; (c) mixing #'nitrite salt and the remaining
aneHRLelYRLER AR t(ﬂ@té}ﬁgﬂﬂ o UDHRIHLGORIINGd LR AN QBN ehiah{ee
m téc), to the acid-water 24 mixture obtained further to step (b), so as to
R aH EtEHEt solution in accordance with the present invention.
Step (@) is V@&@é@ﬁ@@ﬁi‘}i@@ﬁﬁbﬁﬂ& impm@anﬁpbghwﬁmiﬁnﬁeﬁﬁ{ia@i&g is
rovide s Exthermors, additien,of e e salt 5 ale0.3 Koy step, Latgs
mounts of 5 nitrogén oxides wifl be releasad 1o the gas'p A€ Sbove the
sdtationafides witkhereclrasedost thegs ohaleadbdoathasoloben tEipevaturehasmot
Rere ARIEHRRNY Bl RGPS AR #?@F%%l}%lé@%k% @fNL AU Before

solution obtained further to steﬁ (c). Prior to the addition of nitrite, itis

eI AG IS T AP WARB PREL B BHRIRHES (Rl 2iis miRE AddiH Rl adsite,
mpshpbthat kiysisrregy T fititecshouid alEnietubeadded asassiide

E)%(%P(ﬁvy%% %-\é\/%tg rT[Pl]elxl rri‘taets g’u Eﬁa\lig(l)dn!)(%%aél%gl&q Cé) %%0 i%r tlt%n%c?ffi—r\]rsllg:[%re mixtyre to
owing the guiaelines 10r tne preparation o the etchant solution, goo

reprdthyeliieresulentirt oistaiméd tin Bdbtordanibeseithidabnpsdsete imegmtiam of
Eﬁ%‘i’éhiﬁqfléﬂfﬁ%ﬁrQNéq?Q?P}'dHE%Qr%% IVERUOR AR SLebinh BN oG

an etchant solution substantially as hereinbefore described, suitable for use
H4BIJtess of 15 patterned etching of at least one surface or surface

coating of a quesirtRdEishpreinRtey desprided invenrtiatemdataihdBshicbn@ining
etching bath as prqvided by the present inyention, it i reé)erred.that there i
T T BT O BT Coey: AR Bt o proces F
triflgorabgehingoich{(10006) s abdatc266miact watoe ahd sbouwrtd #3grefrefidium

E&&%éﬁ preferetasheatating Qﬁﬂg%gtﬁag}%mod@ﬁ{é%gs&%ﬁ%&{&q&?ﬂ is

ath, 20 which in particular enables a new microcontact rintinéqemethod or
MefpErtehatig 6 hetariegp dirase coatinb ﬁ@ﬁ?@xﬁﬂ'@&%"/ab PRk
theyieseatdavantiom\Vitkb thissomrestinnes ulstisie: sosingsafithendeseribed
composition ¢an for the first time be microcontact printed and the printe

pattorn can 55 HEVEGLETTHE DreBRRROan I Gec oA 8o, PG
mihdeb co ntaat hrirterb s bsteates anaaacetohding sotttivhfasiprosvidedngyo P ietal

DS REESENRYERI, A DAYE LR B ARG RARSLR G RGIRAG A ANy

other method that requires etching of substrates bearing any of the indicated
Al sghsbre sramesrhthsidescribed composition can for the first time be

microcontact printed and the printed pattern can be developed. The present invention is not,
however, limited to microcontact printed substrates and an etchant solution as provided by
the present invention may have utility in other patterning methods or any other method that
requires etching of substrates bearing any of the indicated metals or other suitable materials.
According to the present invention, therefore, there is provided a process of

providing a patterned substrate, which process comprises:

(a) providing a substrate including at least one surface or surface coating to be
patterned;

(b) providing an etch resist on said surface or surface coating; and

(©) treating at least said surface or surface coating with an etchant solution

substantially as hereinbefore described so as to selectively remove surface or surface coating

material substantially not underlying said etch resist.
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According to the present invention, therefore, there is provided a process of
providing a patterned substrate, which process comprises: (a) providing a
substrate including at least one surface or surface coating to be 30
patterned; (b) providing an etch resist on%aid surface or surface coating; and

(c) treating aplepsiiaish Yufacs LrsUaGe Lot Ybah LIEhR P AMIRAPention

substantially as hereinbefore described so as to selectively remove surface
GPTERTEEE Q163G C RiateriiP Ay eanisty hiBE SHRRNARY Esitos i pes eqatg by
hieferatbe arietely. e sisirtoerustiataheibad @catkding tarfaccps@pto which a
' tion co ises at least one.SAM,. typi lied to the substrate
B APE S A A S AT e
usteataduiifaicd of AlHcmiogatingaotevhiohtes €M el desdhibsr grensthat

243 BRRlcshsand herRAM-{amming.shggies, should be selected 5 together

such that the SAM-form]lér{? species terminates at one end in a functional
group that bihd8 Ry fessUibstre SaFfacRd dtsstifat M datig e Astsstrataccies are
suifacr B¢ sStifAcacorting *tSAdMdoramitiganole aulat speaiestateridhalroup

?r%'t gled fo“t%g gt the 'E?é"?ftﬂ'asru%p&&'eeé ermintes aLa ISt SO NG derero).
Unctional‘group’ that binds to the desired Stfface (the subStrate or a surfac
snenddoatingtiapietiedch thegetond! 0 /Aasneed hespimicthené tainvlotpy " snokaof &

MRAIREUBILSRE PR AN LG HIURR IS0 IS MEanh g RGPS R She AbiEife!

terminus of a molecule as well as any portion of a molecule available for
forhls pEHIiRgR bradmdderir st tharihbandrerglsr Upetedss sAE T &
SAM, @20y REdHosT oha MRIRGHAE tialiie Hgns Exhes et Waaitithasnolesulein
is,jnvalved in rmation. A SAM-forming molecular species typically .
St A e S e R S AT
arspackyepart ternthvel firststesnpriratd kyda sproprisinga funbtivtahgrelignd

g'&lﬁfﬁ]l@gé% hﬂ{aq(}f?aﬁ Hﬁmegtg@ t%%ﬁg%% Qlirfacl Hﬁ‘&?uﬁk@a%f OPQ@’HHQCG film or
applie | | d

d thereto), and the second terminal group optionally including a

fortasABPlSIohFr<elettddifosproviderRisH pra fndi et dachulingg dnctional
desipablecexnogeeh funetnalisy. thERersiRatat ngHianeiiRe mpelec tladmaabe .

lected to provide a particular thickness of the 20 resultant SAM,.as well
T i S TE/ AR AR REON SRR B Bt Ay
vanftimttRiskhes sydkad 65 Gribgdtd Blov, [SAMB havitgwbHickvie s thE lgssethan

aheHid PGS AR AR geneially: Rgiaiisd SRR Rraiera bl Knese Prung.a
thickness ot less than about 50 Angstroms and mored%;?%erably those havmfg

abatekAR S BiIes Hascatally mofarigstrom$rafreby dierehsigng atickness o
gepearalyvdigtatednbyihasseleatins gtthardAlbIOHNIRG a thickness of less than about

30 Angstroms. These dimensions are generally dictated by the selection of the SAM-forming
molecular species and in particular the spacer portion thereof.

A wide variety of surfaces (exposing substrate surfaces on which a SAM will
form) and SAM-forming molecular species are suitable for use in the present invention. A
non-limiting exemplary list of combinations of substrate surface material (which can be the
substrate itself or a film or coating applied thereto) and functional groups included in the
SAM-forming molecular species is given below. Preferred substrate surface materials can
include metals such as gold, silver, titanium, molybdenum, copper, cadmium, zinc, nickel,
cobalt, palladium, platinum, mercury, lead, iron, chromium, manganese, tungsten and any
alloys of the above typically for use with sulfur-containing functional groups such as thiols,

sulfides, disulfides, and the like, in the SAM-forming molecular species; doped or undoped
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25 molecular species and in particular the spacer portion thereof. A wide
variety of surfaces (exposing substrate surfaces on which a SAM will form)
and SAM-forming molecular species are suitable for use in the present
invention. A non-limiting exemplary list c¥&combinations of substrate surface

gﬂ%@ﬁ@imm§%l&1m§si§ﬂp§t§@ﬁé§&ﬁdy farfl SR IBRPLS s such as

thereto) and functional gﬁro_up_s included in the 30 SAM-forming molecular
PiszidudiangiB eIl (PréteivRraingstidé st ap RBR dyartz,
medalsndubh 182 gopdc Silv e danidiarbokylid atids b raaipes, miimisias iZéineling
nickel, cobalt, palladiu latinum, mercu iron, chromium, . .
B S B AR Ch S SO iy platinum
sudfeelboimaimimiedlindtions! grbupsikschdisahioilss, sutid &\ Miserfides matagular
thectike Afdhe MY 8RR (BRI CHIRSSRERIESA URREAAE HRAREH R RIEAD

with silanes and chlorosilanes; surface oxide forming metals or metal oxides
Slrgacidireloridei i aiaud oY FaHRhZheoRRiec (T2 RTagHedion!
extbeieatalkinthea ngitaillts cghaissivae gdhmaliken typitaty dakhiseandtBtanboaybside.
acids or hetego nic.acids includin osphonic, sylfonic or hydroxamic
acids, in e CTRNTIRG T BB L DB RS Aot At e
ippiodiy foricdly withmisdiesragiad isbaitilesrint thestSAMEoerite miblecdanr a thin

FMRGESoMAGHGRR Sy Bake IHPGHRN SRS &ﬁe%%ﬁ&%%,%ﬁﬂ?l?&%%etal,

species can include acid chlorides, anhydrides, hydroxy

: ] de: groups and amino
gy reupE R RE SRS teliBeril SIRPRCO NSRS A4 ﬁ*ﬁ‘,‘ﬁid@ﬂé‘fﬁﬁanium,

galliavnarsasuisy@nch@allivinzaisenidel, Byefrrahiydhewpueimansulstiaietat,
use in a method according to the present, 10 invention typically,compri a
R e Aoy IO RS IEow? i b SiEshtle
depositedopatirensdbstmatecont \ehithnthagalttemtitg ppirliedi fccomprdsdsig

Qﬁﬁéﬂjatevgl}}@i}é:%{h%lg E%MX@?&@J&%Q%HP%{S&Q&%&&R%?QQQe?éiﬂﬁ’é?ore

silver, titanium, molybdenum, copper, cadmium, zinc, nickel, cobalt, _
peiradrshivhstipRmPrisse RGN &S, S PrerBATG e aeg PR At iREeta S
andany alipys afdheshpveilPpeierahlyibe sk bsiaie diisurfacenotheoating.
Bat}er% dt om ristes at Ieta?t one metal coatinhgla%ﬁpli?dtt%?n utderl inﬁg i
SUDSHAR: 'ShARCEhAY A EN SRS BrERPEH AL A Process SUbStAtARy 3y s e
hégeidbefore tidesenbe firdbamcompriscsprovidingatiekst ortelisyritedium,
m&ﬁﬂhﬁﬁﬁm&& ARG RHRSHAE SRR A, SHRSRAUBIVPIRYIHIO.

e etch resist on said surface metal coating. Preferably the at Ieast one

metal coating BoRTPAKESUPHIBIAFSERsEtda PEoTPRIAS B P> ConERatinBup gastprise a
gaict-givaeltignianbamolyiRdaRLEN c6aRREaTRAARIIUPInZIREh ke WBeRAltseparate
T T T B e S oy

S SRS ST the BBEVE. CHRE X Sosdd SNSRI EESS t5'BE LB AEHS
witteza s Aihldke thush eemjieiseoa glass, and suitably as hereinafter described in greater
detail in the Examples a glass substrate is particularly suitable for use in a patterning method
according to the present invention.

In a preferred embodiment of the present invention, at least one exposed metal
coating to be patterned in accordance with the present invention is a silver coating, and even
more preferably a silver alloy coating, such as an APC silver alloy (APC =98.1% Ag, 0.9%
Pd, 1.0% Cu). It is further preferred in accordance with the present invention that a process
substantially as hereinbefore described comprises applying to the substrate surface at least
one adhesion coating prior to application of the exposed metal coating, so as to achieve a

required high adhesion of the subsequently applied metal coating to the substrate. Suitable
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substrate itself, or may be a thin film or coating deposited upon a substrate.
Where a separate substrate is employed, it may be formed of a conductive,
nonconductive, semiconducting 25 material, or the like, such as silicon or
glass, and suitably as hereinafter described in greater detail in the Examples

%@ﬁﬁl%%%%tgaiﬁo%{ﬁﬁw %My%ﬁ'éﬁ@lﬁ IQQIH@%J&QIH@H&IHJHQ Qﬂl%glqgereof, and a
according to the present invention. In a preferred embodiment of the present

RUBRHIBHY BtaEastsHbegop sl MLYse danrrg B BAtdhT PR Y ARG RiLEn
withpifie prasbadrimvie atiDevis ansily pre€aabing, Ao Rienm3iogosacpraferably a
silver alloy cqating, such a ilver alloy (APC =98.1.% A .9% Pd,
HSh Ehe S 00 AR RSB BB Al s Beter bttt or
thproewss isgbstarticiptasatienaihb efyrs dscriveskdsnifiisesasipplyidg to the
sHstRIR SURGRiBHIaAS!) AResAthesian %&ﬂﬁ%ﬁ&a%ﬂﬂ 2RRNGaHANiRE thSlecular

exposed metal coating, so as to achieve a required high adhesion of the
seisiesqiehts eibisist des ddetmngostHBusteEniatae StntHon! zrownedicn 2
agaljRgsidancdrapitie molybdenum, titanium, or chromium, or alloys thereof,

and 2 particyary preferred aghesioncoating (oL use n BccordaEe IR

ion can . comprise molybdenum, and even more preferably a
and|pbderaLthe Allaytiosatiras ackmdddibd mdrte pharbenlansuloyt¢ITak iabin3siy of a

Ghiel) AHEVE0MATE PrRIGIESE, PRRRRG %ﬁﬂ&l@&ﬁé@&)ﬂ{ﬁﬁdﬁﬁg SWRNHR R

combination of a silver alloy exposed surface coating and a _

OISR RS EhEeRRTANY &%‘iﬂsﬂﬁé@%‘ﬁ Bstingeliberrphsy e thhfanctional group
SAMLOIO G rolechat SPabiespStagipiehigsis! ARMingi dIe A §acer may
sulfuqu)ntaining lenctionaIcpfouc}%., sulch as a thitol, ulpdet.or isulfide. Aj red
SAN-forming holecuraPSpecias Ay terminats it s deCoR ahFEpPosiE the
bOeribiabdlaring atre Avp chieraltipolp sede disdoSdivtino bagis slatabith Stratpacer

m@%@%&:ﬁﬂé{r&g_ ﬂr,‘fﬁ@ﬁf&’eﬁ{ SHél}rG,EQ,'}?e'gi‘%eﬂy'Qﬁa‘EgéH! 8l RMHARRN MRIGCHIBR, a

comprising SAM-forming molecular species generally includes a spacer

fanEEsA yresHmsding et rRd iy e tBeHagr B by drQirhee
anddine expageefy petiapadijyd AlteraatiMahirdhiebopaceksodyrassentiatyte
comprise the exposed.functionality, if no particular, functional group is
SRSl 0 Syl R e iR P 9 s
prbkinglis bultabld, Akensphageloatial helpdlarladonpoiarppdsiivetyybreegedind
NE9ALYVRlY FRAEd R HEChBARoERE R} AT AR SAIWAIGHRY HRSAIW B8 thms

linear or'branched hydrocarbon or halogenated hydrocarbon containing

gefiphiesA e et lbyBaS e RsHDh R OeapIs o3 S sd hete g d ERbte
skaighy; chainadoeraeehesapd &y cicalphatikapthiienatitag iRURss N th GR

Ijcal 20 nclude o, sy ot cicioaly YRR AR
hydrocarbon groups can contain up to 35 carbon atoms, typically up to 30 carbon atoms, and
more typically up to 20 carbon atoms. Corresponding halogenated hydrocarbons can also be
employed, especially fluorinated hydrocarbons. In a preferred case the fluorinated
hydrocarbon can be represented by the general formula F(CF,)x(CH,),, where k is typically an
integer having a value between 1 and 30 and | is an integer having a value of between 0 and
6. More preferably, k is an integer of between 5 and 20, and particularly between 8 and 18. It
is of course recognized that although the above are given as preferred ranges for the values of
k and 1, the particular choice of k and | can be varied in accordance with the principles of the

present invention. It will also be appreciated that the term “hydrocarbon containing group”
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arylalkynyl. The term "hydrocarbon containing group” also allows for the
presence of atoms other than carbon and hydrogen, typically for example,
oxygen and / or nitrogen. For example, one or more methylene oxide, or
ethylene oxide, moieties may be present4f the hydrocarbon containing
GQURIAIK YRR ATINR LS PR MAN-AIRREHSE I BUiidbM, IB8@RY O or N, as
hydrocarbon groups can contain up to 35 carbon atoms, typically up to 30
ESRBRFLEONE: and more typically up to 20 carbon atoms. Corresponding
halogenated hiydibeas hots caboalsmbe gesupdayad]seseeialyt Buatinatady

hyd ferred the, flugri d b b

s S N
intkger. Ravitiepayokivie GetlkoarCl a0 amntbiyiskar.iftegkokgsariyry V&lue
ofiRstyaRIL A, RN DA B R RUGHRIANN K4 RB-BHRAEKOLRELUBEH b A0,

and particularly between 8 and 18. If is of course récognized that although
{ReQLBVE dfe gRENI 48RP fEARY YARGRLABICHIR SHRTEE SPow At the te
particular chaieesof & Aavidfdrgary be\atiadspeaccoedanie wittpthespripeidesHfing
the presgntventiongltwil.also bea s%%?gé?éfgot&%fﬁ e lerm ﬁﬁ‘%dﬁ?{%%ébo?;‘
corﬁalnlng groupp Elg also alfows feort e presence or atoms otner than caroon
antehyldrogenspygpicallyl B'os N gasipahpl ainapoatsbwbeithe sivoive foyaroc8Aidn

SRALER MR GRAEHAR] REfUThBHSUOSIEMR X i Sy BRIEHRRHNE L KRAWO RP_A -
the art, such as Ci_balkyl, phenyl, Ci_bhaloalkyl, h dro'xg_cl 5 6alkoxy,

Ri-AsRilcosieimal, 16T SaMRgpescoalksgiayody OkBoASB -afkoxgicas don the
Cynb alkaixiearbamuied RabnnLd-@alkylcarbonyloxy, arylcarbonyloxy,
arylcarbonyl, amino, mono- or di- (Ci_6)alkylamino, or any other sujtapl
obetituents SHBHT ATRREIER, s LR T RS P QS b B fom
gefierediytgompnedsdspacikssrkingr tnd gevlerdiizéiistrdotupdaR’s ArR1s like,

WhESE, Re R REISEIRATCLIRG SRRIMBHIC H&?Js?ﬁﬂ%ﬁaﬂfiéﬁ?cf&%‘?% 1RdSoRother

spacer, and R" is a group that is exposed when the species forms a SAM.
IRGIVhee REBdiatvspasidthnialidcs righedkea species having the generalized

structure R"-A'pRiiAdk'c MRIEd1¢513S 6l TPACES RratBA SRIeA% AMdMcular

R"-A-R-A-R", where R" is the same or different exposed functionality as R".
SR hor RS A AR Y THOIBEUIAR SR o B G Rd ap o
i kalfli-Ednaiingvholeceds, ts2ohimsatiopl oratydi¢baotshidisulfides,

dithiolanes Oém\%%&%w189(!{QQME&‘@Q@&@%H&%MO@E'ﬁ%%%&%}ﬁ/%taue

hydroxamic acids or the like, or other reactive compounds, such as si

ey SRR, the gerfetrrRRIED L ABTRIEU O BUHRIBIE o TUIERHE g Phase, or
2AM-EaEpIRg malacolarsepeaiestoraugaoyith a sivatsalloy caatessubsiaie

Ia&% 1(9(? btyhilorlnsl’c}gc%g{&%%lr%t%% ?‘elc anqgltlg i\?v lich is generally preferred for use in
accordance with the present invention. Preferably, a patterned stamp defining a required
pattern is loaded with an ink comprising the SAM-forming molecular species and is brought
into contact with the surface of the substrate to be patterned, with the patterned stamp being
arranged to deliver the ink to the contacted areas of the surface of said substrate.

Typically, a stamp employed in a method according to the present invention
includes at least one indentation, or relief pattern, contiguous with a stamping surface
defining a first stamping pattern. The stamp can be formed from a polymeric material.
Polymeric materials suitable for use in fabrication of a stamp include linear or branched

backbones, and may be crosslinked or noncrosslinked, depending on the particular polymer

and the degree of formability desired of the stamp. A variety of elastomeric polymeric
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20 such as H-(CH2)"-SH, where n = 16 to 20, in particular octadecanethiol.
SAMs provided according to the present invention can be formed by suitable
techniques known in the art, for example by adsorption from solution, or from
a gas phase, or may be applied by use dPa stamping step employing a flat

Hﬁ%éfﬁﬁ%@@é@ﬁ&&fsmmfa@ﬁcQRRJJ_%QSE’MQWSMSQB@PFH@flgéﬁ&%ﬂ@lﬁb{‘&%@icone
which is generally preferred for use in 25 accordance with the present

RRIERGE CRPRrMRHRE R 94 el SRR Gebnie Ly et eenrattiomss sy tbls
Withs2ninkeappitsiag thecbidisfianaing paoledatar seecies dhcbis braughdr is
inotﬁ 1(r)mrgt cf W(i)%tgwgrie of the substrate to be patterned, with the

Ba erne }éfsamp eing arranged to deliver the ink to the contacted areas of
the surface dfisaithbulsstrald-fTypicaiiplecstarsprampiciedliedimeshbgnt for
%ﬁé’t@i%@a%ﬁi&%ﬁﬁﬂééﬂ?ﬁ@&@&e??@qﬁ&l%%%A?&ﬁia?@ﬁeﬂ?&qﬁtﬁf&%r& Qfivent
relief pattern, contiguous with a stamping surface defining a first stam_pln%
frattemstersBosld i selentebiedimiey el Palyhsenecintensl-abuyhad o the
shatpiialsstitabia dodisenbadaricatios afdissasNnalsidecl ineafearbrtanahgdrial
backbones, and ma crosslinked or nongrosslinked ending on th .
B e e P e TS e i o
mm@ﬁm&mMWm@@ZQO mMepial%rabélimmb@lﬁoﬂéumbout 20.0 mM,
fRRricaUgR. RERESIRN RELER PLEDE: 98 RGFRK .CJﬂﬁSsefvl%HWHﬁnR%}’éﬂ ale:

epoxy polymers and acrylate polymers. Examples of silicone elastomers
g&ﬂkﬁ%@f fFtisedisel stafiyd PR eItk aaasarbsdiduibsIspreiated
siliereictastonahisudalydimathilsiiexasied RIS Is felaengyaihilaa relatively
SAIM-fo({mir&E n”tlole uIart' ISI{:)e%ies IS d{ssolveld ilﬁa so& ent for .transfer to a
Btatnping SUHACE *The condertration of the mofecular SPECIeS i Suth &
sohrenty fomprelasferditouly bengelecielddd beydw ahougkethattihbospedies is
%%BESR{B@%'%@am, ffﬁm%%rﬁ%g@S&aﬁa%&%F@y@f&Qxﬁ?@t @iethyl ether, and
well-defined SAM may be transferred to a material surface without blurring.
hedikamytivs spalggedwilinge Heitsrreaens: starhpmpehidiraedyh s solvent
alaSanCEUNE Pk o e ssd thamhQDimMeqeeiRiaklyi ahalyalifnp, thakout
20.0 nl1M, and more refetra}bfl%frotrg ablol:it 10toa ?#t 10.(21m .Anﬁ ,?gi ent
BRI O T PG et el S5 5ieS Y18 avEL “ahd WHEH &y B calie E‘le?‘{:f.
atrsembd d) Ioynthel btampiigusurfaceais suitablegdnesubhagblectiermbifoaption of
siemninhsTase s elptiveb palat-arelativele. Raleh anddat Rt salvqnt

may be advantageously choseén. If a stamping surface is 15 relatlveglé

Hamdesd @ fatatBRIsoNporsr SHITERTATRIYIbR SAiKrahtHGSEIRINNE Y Ease shopld be
exampiRréahianemaifianotedHEAcidne [IS0askIRe heXaRas ayCRPRAGhe
L S e AR ERIONS RED.R PG I PN IEN "

surface may be air dried, blow dried, or dried in any other convenient manner. The drying

manner should simply be selected so as not to degrade the SAM-forming molecular species.

With reference to preferred specific embodiments of the present invention,
etching of microcontact printed APC/Mo(Cr) substrates is illustrated in Figure 2. Figure 3
shows the principle steps of a multi-step etching process and it is important to appreciate that
the provision of a process which allows multi-layer etching using a single etchant solution as
is now provided by the present invention provides significant advantage over the prior art
processes.

There is an important difference between the requirements of an etch resist for

photolithography and an etch resist for soft lithography, with respect to the stability against
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elastomer (PDMS) as referred to above, is selected for fabrication of a stamp,
and in particular a stamping surface, toluene, ethanol, hexane, cyclohexane,
decalin, and THE are 20 preferred solvents. The use of such an organic
solvent generally aids in the absorption of? SAM-forming molecular species

by &SP RIS SHI iaRR. MYBER SR BRAISCUIR! SPEGRRYSpBRABIRIEAERKREss of up

stamping surface, either near_ or in a solvent, the stamping surface should be
&Pr.é%?%a?apénﬁﬁ@%%aﬁﬁs‘ﬁ@ iproieuis s iR BUR P S b slfedus Temi! of
dryradaencihe r&AMeig sliaknpeie anta thersiatietpdhsurideeyilhisg abth ﬂl&ﬁtbﬂmg
canesylt. The stamping 20 spiface may Be i dried, blio pdried, oranied i e
any ot]ﬁer convenlen manner. The rying manner % u (‘:’i S|mp(fy e se ec e
sveg riopsdhdenrtadi b yhe sSand sidtmingp onebde tdsr specie e Wisnedfesshowndor

petead apeoisen y'snglrﬁ of.thg present invention, etching of

microcontact prlnted APC/Mo( r) substrates is illustrated in Figure 2. Figure

3 shows theBPRSEIHIB QhERRIGHARIEMTE SRR IS L ds3and TETsiARIBIERH
wcap@rﬁma@tmm&(})éha@amdmm@dmaqﬁsslmmaﬂmnwhrdmrThe
ﬁ%‘%@i&‘r?m%%'t” a gl et“f& Nt solu asrdéerO}‘:th roy! eflca%t'i more den: ndlng,
Invention provides S|g ificant adva OVEr the priorart processes. “Tfiere
aheimportaat differeddy ld@tmeqnthewetm@m&yoﬁaﬁt@wpm@@ﬁw can be

REQIRUINRArARY,RDE AR RICOTEIIR R RO HREIIIRE e MR FESBEFLISs Ttthe
stabll% against 30 the etchin gqésolutlon Photolithographic etch resists are

aainpsipnathamnddigEeds of up to 1000 nanometers as shown in
Figure 4. After pRatsoprieming {bat m&s@@ﬁ&%&memmfmmliﬁ&ﬁ é@)ha
relatlvtel}/ thlck rt%sst Iﬂ/e t1§hpr ﬁ;un underl)éln fr&f?tal from the et
REON. (A AW ored East CLER ARG S RS Y B Ny SI%HI Catly
étcﬁmmsmglsmmblatatwet@@ém@.rratehagméutrmta‘f\’lalyefr(s)emﬂ@thb above discussed

Fﬁ‘ﬁﬁ%ﬂ#ﬁ'@d&%ﬁﬁ"&%&% 9‘3@@&9 2B FAOW @h@étcﬁﬂﬁ%%@&lﬁ)? 1@/111\& %(Q{Q acid,

ers in Figure 4d. Inspection of Figure 5 reveals that a low stability

SW%@%@%&M&F&? %Hﬁﬁ@%@)m%ﬁ %&nﬂ&sﬁéttéll@réié‘ﬂr’é}ﬁae\f&’éﬁﬁﬁ’?ﬁf’ed

R I Ri Ao ket Lelghinm Prace seidl bRogavalopme ot abiglching.salHiorSar
a lCP process [ thug qnlflcan}ly or%d I andlngf 10 but h now bteen
NS BY i SrUsLA TRVERHISH BALICSRYS HOFAHEK B e SKN RAIVES VS

abmmédzsapmb@aam fonbilahaticmiss atlhmlsdat@ldlsemwl io defasolie
DiBRRles PobfadASURFERIGARSHANR IR FldHFed4 IhIERiASQRERA EHPQHd

that in accordance with certain embodiments of the present invention t
GuHny bestedevdisyed [Sattern can be further improved significantly 15 by
choosing suitable additives for an etching solution. With reference to the

above d|SCU58ﬁ9(CH2)7OH +H — [CH3(CH2)7OH2]+ (16)

Such positively charged, protonated alcohol molecules experience repulsive
Coulomb interactions, when forced together in a densely packed assembly or monolayer.
Consequently the tendency to densely fill in defects in an alkanethiol SAM as illustrated in
Figure 15 is being reduced dramatically.

Furthermore, alkyl alcohols are subject to oxidation in nitric acid or nitrate
containing acidic solutions, by which they are converted to aldehydes (RCHO) or carboxylic
acids (RCOOH) as shown in equation (17) or they even undergo unselective oxidative
decomposition (J. March, Advanced Organic Chemistry. 1992, John Wiley & Sons: New
York. P 1167-71).
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prior art, the use of 1-octanol as a possible additive to the etching bath
comprising nitric acid, trifluoroacetic acid (TFA), water and a nitrite salt,
substantially as hereinbefore described, and etching baths comprising nitric
acid, phosphoric acid, acetic acid, water &hd nitrites in various amounts,
showed no improvement in the etching performance in these systems was 20
observed. A possible reason for thls mlght be that ﬁclf% Icohols such as
1-octanol, arB s}k to-BrotOnktian inRGHRylyaki F’i in
following equation (16) and further illustrated in Figure 16: CH3(CH2)7OH +
W - [CH3(CH2)70H2]~ (16) 25 Such positively charged, protonated alcohol
molecules expieritoce depuﬂséd@rﬁomiommoifm&cmrﬂﬁn\ﬂbmjbmmmg&thewa
inad nselt¥ V@acked asse blx or.mo

tl
0od a yl?]ﬁ v de]pce as.a sl lzli]fkanethl Tré?gerotqob érh X 5 i ierﬁ?[y acidic

ense ects in an as | ustrate (6} ure

peidijipaslotey eicmnabetligndo hysthieneroite hamyﬂséle@hf@rsp@pémb ject to

oxidation in nifric AeEHRE WlfiRige B%%ﬂ%&%ﬁ'%@%&m Ry Mehieh mﬁmr e
converted to aldeﬁég)es (RCHO) ar carbaoxylic _acids (RCOOH) as shown in

AdiLHENRL P DF s sen GFFoGélr]&H‘lfrﬁ’?éllé8f|98°89&‘8&iﬁ/@"%86?ﬁ5%§?ﬁ@ﬁ (J.
b%afﬁig AdvantedrQliig aneceabBnibidtopRa2e dIle?hdi\éll@}lg?oﬁﬂ M3iobéemtdivioek are
7-71).31 RCH HNO3]- RCHC (A7) The
e R A SR R e et S e
gn@d@h@ﬁ@mv@@nbéra@% mﬁm@r@@maéstéh ﬁns:tnbarémﬁtél@h@ﬂxgh\wﬂﬁéry the

SsStrenay RAIdIGsGRRMIORS AL the RICHBG Hath anshisidids subiRctBnic acids

ydrolytic ester cleavage. In accordance with the present invention, we have

ARt LYREAB IRICAGHRRAEX Feidis Al itg SRz HaBh Yring ardkiecshionts acids
phmsmbﬁmﬁta@idsranrgsan§ thercof, frerringyan drganiovgroppfipiefierailyces the
ri)c%? & or ary rouph;rhose additiv Sé erllobu erfucl}ln com Qmatlon
fﬁ é)cilc ete ﬁ o efmnlncg SBIbitions for the deve oen%gn of
miérddotitactapiitadvbabstratdsy dinan ntpimnmﬂatlwimgmréqi@lgammdﬂon as

Reavidesthy. theq RigsenhinveRtian substantially as hereinbefore described. In
particular, alkanesulfonic acids are excellent additives in such strongly acidic

etching solutiShargiag ds- alkanrsullBisiacs dEe i AU sotRasFRIaRsH Mg D

AQ-Bide, hOaM opredacahbyylfidi¢adiHdM, significantly reduces the 15 number
of pinholes formed in an etching process, such as hereinbefore described for

APC/Mo(Cr) samples, when etched with an etchant solution comprising nitric
acid, CH;3(CH,),SOsH === CH;3(CH,),S0; + H" (18)

The dissociation equilibrium reverts to the left hand side only in strongly
acidic media, such as an etchant solution substantially as hereinbefore described. Thus in a
strongly acid solution the molecule exists mainly in the neutral protonated form, which does
not suffer from Coulomb repulsion between the molecules when aggregated on top of or in
defects of a hydrophobic SAM (Figure 16).

Furthermore, sulfonic acids are much more stable against oxidation or
decomposition than any of the above discussed additives (again Figure 16).

We have observed the most dramatic reduction in etching defects in a process
according to the present invention on an ODT SAM resist with alkanesulfonic acids H-
(CH2)»SOsH and alkali metal salts (especially sodium salts) thereof, in which n =8 — 12. For

shorter alkyl chain lengths the number of pinholes was reduced less significantly. Longer
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trifluoroacetic acid, water and a nitrite salt. As strong acids, alkanesulfonic
acids are to a large degree deprotonated in alkaline, neutral or moderately
acidic solutions. 20 CH3(CH2)"SO3H ° CH3(CH2)"SO3 +W (18) The
dissociation equilibrium reverts to the leféRand side only in strongly acidic

mefigh3HCT A aBRIFhART, selionsyhsianialofs AerfPRRIr edeRCHRR ST very

Thus in a 25 stro%){ acid solution the molecule exists mainly in the neutral
(ARAGRARFYSRRC proBL R idhfrey B SBlIBME i Epulsion between the
molecules wm@nﬁglgragatedleﬂdmdﬁnoe b’ftﬁlefaﬁﬁiﬁlg)flﬁmtﬁﬂﬁﬁfﬂdablﬁoﬁﬁwtely

(Fpuate, 8k HHPImale, SHlfqaic acids Substralie uehm ?5%1%5?21%?&&1% arban

omda‘fvo}]] ecomposition than anyo ove discusse |ves again
Fiiguréengh. 310 Vthhaddedbienged fitnacraad i HrdohiiS o tuctioncirnedatitign of the

dQiShiS IBi AREERSBRCHRILIN RN MIGKEN HVERIR AR AR QIRE $AMuality of

resist with alkanesulfonic acids H- (CH2)" SO3H and alkali metal salts
(RS puisENy NEaRIATA IR RE r‘é&?e"}?f:%i’éﬁll%/ Loga sybsteels ciHhsrtér Ahajh CRATHNINE
Mgihs dbigsnuithber of I)lhla%lﬁﬁt&%ﬁﬁ%@ddﬂ&&ﬁk@mémyblnyals@Bgﬁ{eaZVlth the

ale Ch |nS P(p he OCF]EI’ I}l n TC?SUI%?%C@)/ racgs(l;.ﬁl‘ Ig]?h g@raﬁglam]ﬁoyed

in cases Of very ong chaing SOETCLsH probiems o Uifonic a n
amerallF'slgm@d?%ﬂﬁwﬂhmd@p@uﬁmg@mﬁm@mm@me\mu ibedeten from

%@gﬁ@'@tﬁ%eeﬁ@b @gamm rﬂ@;@ds@ﬁ dff iendesCiRRARYORIALSS dtimg to

clear, TT C) on the carbon 5 chain leng th n" of the added alkanesulfonic acid

BWG‘F%ZB*"SW% B eSO oA LR SIIVEREER B btk

sadtiteanendhmasid 13 %éhmugimubha&nm;&d&mqn@hbwei dnehpatigiiccted
obtam{e&llaft%r et?hln |ncr sed tea [ a¥1 Ct)r a ubstr?te etcrlgd ina baLh

area, € su ate su. tlona no S SO{I]C? eft
con alnlng Su onic aCI SW owes efect

densitionwize chissindd avdrlhlmel adxmwm MOn Dl@ @neah@dbr@ndcaqmeféfoed
Q&' fJecanesyinpicactd Péﬁfﬁéae*?ﬁ(c? RRleYed AR Asanakalbpsihpalke

thereof, in particular sodium decanesulfonate. As can be seen from Figure

kTG SAGHiFEERIININR SYE AigdgTeated sichingimShere is a

correlation he@u&emmﬁ)m%aﬁs@dﬂdﬁiﬂeTMamM&%@mdeﬁﬁmleﬁMhe

SH<:f%Qs'8 O%'S'e% dilive AL 1%%{' 3 th's fpela % feorpfion.pf the
Ohic acid nioteclied ol the thprotstist areas siraeie slifface.

iﬁqeema‘drmmﬂladﬂdlﬁmn@hmn@ﬂwe Bmehdmgdm%MaMEgphot@chmg phadess

Gapseadg,addiianal SlaRing Hine. L hie e HanshiRRgsiEhainRufaa '&bove
acids do, provide a better defect healing effect, which results in a more stable
aoNk %ﬁa{\/l can more clearly be seen in Figure 19, which shows a double logarithmic plot of

the same set of data. Figures 20 and 21 show the corresponding quality of the etched samples
in microscope photographs taken under reflective and transmittive illumination respectively.
The Figures clearly show that the number of defects decreases dramatically at
decanesulfonate concentrations above 3x10*M. It can further be seen that the etch quality
does not improve significantly for concentrations higher than 10°M.

Considering the very low defect density and the still very low TTC it can thus
be concluded that decanesulfonic acid at a concentration of 10°M is a good compromise
between an improved etch quality and a practically reasonable etching time in this particular
case. For other samples or etching baths, different solutions may be preferred.

The effect of an increasing etching time may be compensated for by changing
the concentration of other components of the etching bath, such as nitric acid, TFA or

preferably nitrite. We have found that for the listed alternative measures to compensate for
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translates in a good sample quality even after increased etching times. Figure
18 shows the dependence of the TTC on the concentration of the
alkanesulfonate additive, namely sodium decanesulfonate (H(CH2)ioSO3Na).
The TTC 20 increases dramatically for cdhcentrations exceeding 10-3M,

méll‘éﬁgc@aeeﬁ}ﬁﬂg}gtpf@ﬁ%ﬁ&@%@%i%@'&oﬁ&%&% QIR PEPARWACE producible
influence of the concentration on the TTC above about 10-3M can more
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shangeské phyadal. frigures 3@tﬁﬂdt&ﬁr§hﬁ\m thekasrespeading quality of the

etched sam §;;in microscape togr flective
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significantly for concentrations higher than 10-3M. Considering the very low
aetderaanshys h?fltﬁécgiuﬂ%}éﬁﬁﬁ%ﬁeﬂéth%%h’i"fﬁ%%@%ﬁ&fﬂ%&olﬂ%?n
dewnprissy fomic Redd Eta aamantratt@mafsm -3 fisiadgonaliCemMRIeNsiSa phole
etV\]{tee an Im raol)éQ(%O ‘.‘_J%hal’q a“%s Q[ 1 CaHXOH a.Sol’lr]al’lbl eel’ltgehlgg'lltqulonlc
i thi %’paﬁlcu(fa case. For o samp or e chi ing saths, différént sofutions
may be preferred. The effect of an increasing etching time may be

compensateg-{Qt Ry FRANGING 40e EARCE RN ARG QG GRIMARNEINS Qlhb&:

etching bath, such as nitric acid, TFA or preferably nitrite. We have found
asdon e el AerAdiios alelistres 1y aﬁ%&%@é 9653l prerdghesponic
etehiogsatehtieoinarpaseont ditrite sonEeNtration, ipsatest yn tie-hesiv)

r bIe esults, ibl be ause v e o centration of this
O B B o b S AL e
emqmgdbmﬂh astsMaksitsidddosity: Eratiphind), expdrindéitsihaversielet that

theioM Shapliziag ?ﬁﬁﬁ%% By 'tB‘ih%‘%&BsﬁH Lopig QeidsanG o H?d'?@;%blc

and to aliphatic alkyl chains on the other hand. In experiments in which we
51&&19%éwlé@@m%a%ﬂméﬁéoﬂﬁw&@%%téﬁ@éé.gf%%wéﬁwahng

bareRaphenRrbapiv@cid as the additive in the above descrlbed etchlng

solution comﬁlﬂsm nitri a id, TFA, watetr and a ntltrlte salt, w lllm dit

similar decrent&RR PIAHbI AL IREHEO AN APEE o THEPAF S Sy By es

smthtm@ rakam@mr@ﬁoﬂmmbxwho@phmmds 40 mgishophtrs desitd\afftotimchtlvagly
IR SionadY 3oidie G i6hINg ROlHARS: éP&&&ﬁp%k‘?&&l Raggd\an AiKtigafidethe

addition of alkyl- or arylsulfonic acids or alkyl- or arylphosphonic acids or

BEIROtIE PRI oM IFS W eidriesplieatipra (hioysmedi. iie peeraratop el melsopiay are
diamaticallyieducesdiaywiien ohiriRhelpsindar siehemsubstrate, if such a

substrate is : : : : o
As hereinbefore described the preparation procedure of an etching solution is

also important for the final etching performance. More specifically, a process of preparing an
etchant solution substantially as hereinbefore described comprises:

(a) mixing, under cooling, a halogenated organic acid represented by the formula
C(H)q(Hal)m[C(H),(Hal),]CO,H, where Hal represents bromo, chloro, fluoro or iodo, where:
- nis0, 1,2 or3,and mis 0, 1, 2 or 3, with the proviso that m + n = 3;

- oisOor 1, pis 1 or2, with the proviso that o + p = 2;

- qis 0 or 1, with the proviso thatq+ m=1, 2, 3 or 4;

- and a selected amount of water (typically at least half of the water to be
employed, and more preferably about two thirds of the water to be employed);

(b) adding nitric acid to a mixture obtained further to step (a) to obtain an acid-
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15 patterned with a SAM deposited by, for example 1CP, and the SAM is
composed of molecules with a head group for binding to the substrate and
sufficiently long hydrophobic alkyl or aryl tail groups. This effect is probably
based on a SAM healing or SAM sealing3#ffect as described above. The
REAROSEdselution has important advantages compared to known additives
20 such as alkanols or SDS. Those known compounds do not show the
ffesired effectini B&BAYRAalbRE HBITE BB RIIYA O Brifsrton or
d®compositiciddasteadyvhestiag, theheikeinbpiapdaethen alsayes) wotke acid-water
excellently in those media. The herein proposed molecules are. furthermgre
St b R S R S
dedalibedthet prepaication procedure of an etching solution is 25 also
Important forﬂhgefﬂnﬁéle&ém&@ﬁﬁp{ﬁ@ %P&%sMﬁfﬁé%ﬁ{Bﬁ%b’ st@pRE%C%ﬁ&&B a
escribe

reparing an etchant solution substantially as hereinbefore d
Eé%ﬁé&.z{%g Hilihg, Wridhcbolitg! eeR ARsgara Sgatdeddeithrepréskiited
yohecaseratlac G bhldhabNLG () H(Hal) phatoR friiesa tkial depresents

bromo, chlorq, fluoro.or.iodo, where: -nis 0,1, 2 or.3,andinis 0,1, 2 or 3,
it e orovRe TR Sl sy b SR G 0nd T8

thiaquots ¢f riRogemosideowil] byitieltascdtovivgthahepeaboxelth s@usion if thadhature
aeleRias amoyiah Abwate AR icalle Alleash RO e WRAISEIRPE o R E ure

and more preferably about two thirds of the water to be émployed); (b) adding
ArifecABRAHIIH IR e BBtERY oRtARARr S e oS tBteth BiCakid s 4 dgi4Rsy of
mixtera;i{Gmiptning Do kiitecsalt wndthe Reainirg @HeUuRIDhWAIRS jaRk4{eh most

adding, under coolin salution obtained further, to ste .tothe .
B e B L RISl 8 e pcigvarer
etciiamitsehgtid v fal bdoghdamcens atithsthengras drvil invertidasd gig delitive for the

BrESEEsh BAhING RERFESE RNSHERL Rf&%‘éﬁ;l%_t?e‘&ﬁ‘?&a%%%(ﬁ%é‘irﬁ&%@élrdance with

stabilizing additive typically as described herein should be added to the
S5OSO I SEHPRemperature or below) etchant solution obtained further to
step (d). As herenbeiene exphanabyaddiliesaf itheribite Kaltisca KeyEiep.

Lglrege amounts of nitro en oxides will.be eleabsedd to the gas phase above
ta1in ?.[) a ﬂrﬂ%ess su stant% as eBembe ore eaccril ed.

e soljution € mixXture nas not been coole own to room temperature, or
more preferabhgrioesasapormidedipettatpreseiseforatihe apiditton ditheufittiteng an
§%'&IB%HCQQ@HE%M%%[&%s%%%&)at':e’ 'i&?&&%et@%ﬁﬁigé@{éﬁl% material substantially as
hereinbefore described, which patterned substrate is prepared by a process according to the
present invention. Electronic devices suitably prepared by the present invention include
driver electronics of display devices, and organic electronic devices in general. More
specifically, a process according to the present invention can provide electronic devices that
include organic electronic circuits, and such devices can be selected from the group

consisting of LCD, small molecule LEDs, polymer LEDs, electrophoretic (E-ink type)
displays, plastic RF (radio frequency) tags and biosensors.

The present invention will now be further illustrated by the following Figures
and Examples, which do not limit the scope of the invention in any way.
Fig. 1 is a schematic illustration of the main steps in a method of microcontact

printing. More specifically, the four key steps of a microcontact process are reproduction of a



10

15

20

25

30

nitrite, it is important that sufficient water has been added to the acid mixture
to release most of the hydrolysis energy. The nitrite should also not be
added as a solid to the acid-water 15 mixture to avoid locally high
concentrations of nitrite. Following these Juidelines for the preparation of the

SLGHATHSOINIRR cOaRd: 1{)%95961 Y&HalGs %?k’t'&ﬁlﬁ@ %@'Qﬁgpﬁé}ﬁﬁﬂéqa%ﬁd%ﬁ

the present invention. There is further provrde the present invention a
PERPRSHIB sIPAEE BAdTE I BYRDIEESES Qﬁa@%ﬁnaﬁ%sm iR orebstrate

gasertiey. 30 ddverepisaals@inpronigedthy e prepant insanboohampikacess of
manu &%tu”n%g n_electronic device which includes a substrate provided with

lect
e atterne rralesu[s)stantrally as hereinbefore described, which patterned

su bstrate is grigparbdvinaziososebsraicddidienyitg the lprerserdniniadmtaeh can be
Elgclionicdryiaes éﬂﬂéﬂ%%ﬁﬂ%@&%ﬁhﬁdggﬁaﬁ@wtﬁg HGIWAR dIYET

electronics of display devices, and ganlc electronic devices i |n%8]enera

AR (A BearBg Ny Cd st a5 metab by s taas sessent 0B i yfr alloy layer

prpuidecatectranmalewees Apbinchydrdiquyemic @iaetoonrwiteyits, sanelaeium-
| t df m th nsisting, of I

B STE SRRl AR eI O TR RO

frequency) td"gssaﬁl@lﬂdsénwdi@ B0Wdibks preseftinvéintion wwmme\mb@mfsrms (a)

%%ﬁ%aﬁgr@k’p%%‘f&”@“ﬁmg FIGHESR tﬁQQrE%%}PJﬁ% MW&%&QM‘}B&W}&d with

scope of the invention in any wag 1 is a schematic illustration of the
W%@b@tﬁ%%@ﬂ%@b?tﬁma aﬁtabtbiﬁtﬁﬁhghr%m%eiﬁéﬁraﬂwmw (6)
Kemstemssaﬁtadmm@cgntagtw@msa@iﬂléem@dﬂaﬂe&mt@a’imamry@,)wﬂﬁu

E«hl gﬁsﬁ e, '0 dln chf esgqqgﬁ]gzg)\;lth Epeo riate ink solution;

Ing Wlth e k& sta ran patfe¥n from stamp (1)
to a substraté lglﬁlrfacsréze)$ anhlu@welmpmm (ﬁsaatlmﬂl)emﬁmhmcpaﬁmt(@) by

anR Qi chemicalan SJesUaRNEICAl BRGRSSS Srov it #iFNAVER URRS alloy

substrate (4 bearl two layers of metal which can be etched in accordance
\oier (R (Frekaesin Hﬂeﬁ ORISR0 BepirivdRnumcshrosBN S Masfaa sadinsiudaeer
(4) teakngstwodaygrs of metal (5 6) which may represent an APC silver alloy

layer (5) (thllg %Sfl stzrgt%gg] T%AM Ssis 90/ re e ts%o{? on t(Pgtch
of a molybden chromi unW esion ayer ness*

Mm&‘t oMo g 8V 94)0C1s¢ 306y dir Rtgbe Baseﬁdlstmwpth Mprmmmeﬁs@lusﬁﬁm etch
MY SR RIGNIND PGS RS (RIRRS (N PEO )l MB&%%@?%S‘C&WOIF 92 3R Rim-

the provision of a glass substrate (4) provided with
chromium (Mo(Cr)) adhesion layer (6), provided to glass substrate (4).

Fig. 6 provides data from A. F. Holleman and E. Wieberg, Lehrbuch der
Anorganischen Chemie. 91-100. Aufl. Ed. 1985, Berlin: Walter de Gruyter), and shows the
respective potentials of species present in nitric acid solutions.

Fig. 7 summarizes important equilibria in water based etching solutions.

Fig. 8 shows the decrease of the time to clear (TTC, the time necessary to
completely remove all metal layers from the described APC/Mo(Cr) substrates) as a function
of the number of substrates etched in an etching bath composed of nitric acid, phosphoric
acid and water (H;PO, / HO / HNO3 9:13:3).

Fig. 9 shows an atomic force microscopic picture of a small APC/Mo(Cr)
sample (size 1x2cm?) printed with octadecanethiol and subsequently etched in a solution

containing nitric acid, phosphoric acid and water (volume ratio: 3/9/13).
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an APC silver alloy layer (5) on top of a molybdenum-chromium (Mo(Cr))
adhesion layer (6) as also illustrated in Fig. 2; Fig. 3b shows application of
an etch resist (7); and Fig. 3c and Fig. 3d show selective etching of metal
layers (5) and (6) respectively. 15 Fig. 4 #fustrates etching with a photo-resist,

wherein photgirefishR)s ERIGHIEsS md IS SAPIQUEH Wil & AlesmSUPSirale
g%frowded with an APC silver a||_0é layer (5) (thickness - 200nm) on tog of

By BB SRR RS Y TSERES R et () HARRAESLCr Sttt was
[Fig.1 5citidistrates application of a SAM resist, which represents a preferred
etch 20 resist for puse in a process according to the present invention. More
Specifially, S bE TARR! 5] T are g po DL P R
alloydgred Byrionmores fratim dsistimed petchromitmm{Me{@tir apietsibARGYo(Cr)

(hsRiRNided toglass ayRsIraisd Ak ii%if. RIAY|dRSAIRLRD Ad FiddoIgHaRd
and E. Wieberg, ehrg)%lz]ch er Afnourgtjarigchg%’Chemé}l?QLmO. A1§$I Eﬂdm

1585 sty the wraed de e GifRE-and shows the 25 respective potentials of
species presefy i RitowsabidesRidAS ahigion SHMMMRIIZE Sologariaioh o Whdaiiae
in wate tching solutions. Fig. 8 shows the de se.of the time to
B e B BB S S S R s o
the adescribetrARTIMO(Crhisgbsthaté s campofitnctiomipiting mtmerdofT FA and

SRS irRiRSBHpGSTh A |IgRNgNGIBEmBesRd oK, a¢id) phosphoric 30
acid and water (H3PO4 / H20 / HNO3 9:13:3). Fig. 9 shows an atomic force

microscopic piétdrbSBPHShidiSEBEIINRIER) 26chTBRCTIZE Hoo e iEihth
simdecasiiil apdsubsemie By e EhiF 2 sabtion, qoriainingaifric acid,
phosphoric acid and water (volume ratio: 3/9/13). 36 Fig. 10 shows a s |
UV A T S S e N B R AR
veithittheeonlin giffarehcerbeitigatrat thiel SMDIE BiZenfyrafig fd Wed, on a perfectly

K dsiice Kl deb QYRS RURMEY W tﬁb&? W??g?ﬂmm‘i%gf??%%&wﬁé%ﬁt

often 5 encountered shortcomings in the developed pattern of the
RTILFEEBHBRY P MTE QUAlPT MR ce Tl abarate domHa RO I ar A ) RS A g SPstrates,
igpuitiduigr dhdo)aparea pinpalesiandikigs: fekeigrh: ki) shpwdhpresult abo
DR B SRS AT PR R T R s
EtcthawayetleecARC: alvdntheivl ef@rp fayarsadficlih grrepatiostdy slbstrates pinsarface
GHENiNGDatR A ACPIBOHHAD SRR S HIRIHIR Akl ok #hand side of Fig. 14,
which will again reduce the homogeneity of the SAM resist layer. In the subsequent etching
step, such defects will translate to pinholes (13) or larger defects in the etched metal layer
(Fig. 14).

Fig. 15 illustrates this “defect-healing” or “defect-sealing” effect of the 1-
octanol additive (13) schematically.

Fig. 16 illustrates the differences in protonation and oxidation in acidic and
basic etching solutions.

Fig. 17 shows the dependence of the etching time required to completely etch
away both metal layers of the described substrates (time to clear, TTC) on the carbon chain
length “n” of the added alkanesulfonic acid.

Fig. 18 shows the dependence of the TTC on the concentration of the

alkanesulfonate additive, namely sodium decanesulfonate (H(CH,),0SO3;Na).

Fig. 19 shows a double logarithmic plot of the data of Fig. 18.
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water (bath composition: 12 vol% HNO3, 36 vol% TFA, 52 vol% H20) Fig. 13
shows a substrate etched in accordance with the present invention (bath
composition: 12 vol% HNO3, 36 vol% TFA, 52 vol% H20, 10-3M NaNO?2).
Fig. 14 illustrates defects encountered in3drinted or solution adsorbed SAM

15 resist layer 'Q@%H%'@ﬁcﬁ@tﬁ@%&:ﬁ&ﬁﬁﬂ@g M R QulYaRRRSTECH

AM, on a perfe flat substrate surface would resemble SAM (10a) in Fig
ﬂcr é‘ ARISCR AT Er Bl HATE HavGs SRR U RTGREEEHAFTY - at
dafya&@mldarmenbam@aﬂ%dﬁm@Edﬁﬁbﬁtﬁbﬁﬂr@éeshomrpartlcuIar those
prepared by sputtering, are not perfectly flat, these imperfections will also
impart the order in the covering SAM (11) as indicated on the right hand side
of Fig. 14. 20 Furthermore, even in a clean room environment achieving a
perfectly clegn, siihgirate surface will always be hampered by dust particles
(12), as indicated on the left hand side of Fig. 14, which will again reduce the
homogeneityEéﬁﬂ’iéleSlAM resist layer. In the subsequent etching step, such
defects will tramnstatstiapinialese(ila) askapges skeferis 1i0xtrﬂa1ﬁ%cbaddmefa1his a

Fi 5F 5|IIu rates th| gi-Dealing r "defect-seal
R A ey TR L o e
dm@@ﬁmhwpi@mn@ﬁmnﬁdﬁd demiaiiom (ARCdi23alid Azai8 % tBhind Yolutlohke

R'EC L4:phowsthedensmdence ahihe Qhﬁh{%ﬁkgﬁ% Eﬁﬁl Wieed 49, ARTPA ?%ear

etch 30 away both metal layers of the described substrates (time to
95 RinsteafBaeh ﬁri&f&twmf BrtheOXtidas 3a‘PR‘§HI$§tB’f6’ﬁ f© RERiEighhe

tSnghisiiie tdepa@ﬁe@@@e@ﬁﬁhehﬂ&lmﬂdh@o@cﬂmplmﬁ&l Q’@aﬁﬁéhﬁwere crucial for a
alkan esulfonPte d%tlve nar;rf Xt%t? 14 dec nes Ifonatef(g )lo O3Na).

&?0 POEHBRLY dou elcf)odlélrl mlcp SRS data liﬁase

dﬂd@mghdw ttreeacm edpording sgtiEdiopihf thmceft@hmﬂmampid@ |f®matrmsoﬁ paface
BRQRGFARDA FRKEH ”ﬁ%ﬁé&@@ﬁﬁ\éﬁl%&H%Bﬁm%%eaﬂ%‘@?&%ﬁ' 5} FRSREGHKE!Y

at varying molar concentrations of sodium decanesulfonate as shown. 5
eshiphssiorRsivsre heamstauBxeratdvis dasguhsfgiass plate of a size 10x

I5cm2. On top afdhis polznmethjekilavas QPmRIghdenywighsemidmhatiayte (Dow

ozn%)ng/l 3% t%lr kvr\lle?sss Ut e&?t fao Islloz\évg about 10x15cm” was used. It was inked with
the ink solution at least one hour before printing. In this procedure the stamp was immersed
in a respective ink solution and stored therein for at least one hour. The ink solution was a
clear and colorless 2 millimolar solution of octadecanethiol (Aldrich) in ethanol. Prior to
printing the stamp was taken out of the ink solution and thoroughly rinsed with ethanol to
remove all excess ink solution and subsequently dried in a stream of nitrogen for about one
minute and in the air for another half hour to remove all ethanol from the surface and from
the topmost layer of the stamp material.

The so prepared stamp was used for printing the cleaned substrate. Printing
was performed with a wave printing machine. Intimate contact over the entire surface was
assured by optical inspection. The effective stamp-surface contact time at each position was
about 10 seconds.

Subsequently the printed substrates were developed by wet chemical etching
at room temperature using an etching bath composed of 60mL of nitric acid (65% Merck),
180mL of trifluoroacetic acid (100% Acros), 260mL of water and 3.45g of sodium nitrite
(97+% Aldrich). Etching was performed by immersing the printed substrates vertically in the
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10 by a 200nm thick layer of an APC silver alloy (APC =98.1 % Ag, 0.9% Pd,
1.0% Cu). The APC surface was rinsed with water, ethanol and n-heptane
and treated with an argon- hydrogen plasma (0.24mbar At, 0.02 mbar H2,
150W) for 3 minutes prior to printing. Thé8composition of the plasma gases

Lt cRMEHEQBR QNG RIRTR IS PIREHE e B EMAIBL I RifgOPRRNIBtrate was

quality. We have found that the addition of a reducing component, in this
EeeV 4 oomy o gehints e argeis Al hAneial wWatrisardio rarBvhe ARG spiRsss
thgidasmationl @fr wfﬂ‘aﬁevmﬁiaﬂdmﬂm&ﬁﬁetwemﬂ‘@ oderate pasiids to remove
onditi were a rUCi for malntalnl dhe etw
P S S e R PR dfine
(EEDMS)A@Eampmheld bygmsglbm@@laseb@@iwnmmdmglﬁﬁwemmw theim)

WiLth % S Rhak Wa hO2cRE Mre MASUFER  JF WAS IKES WiktoaOsiEiBK The

solution at least one hour before&[irlntlng In this procedure the stamp was

e SaemibepespbetvE thrIGnOkiG Ry stBrerfiBreitrsrad isdiBrs o of

e dek Jokiponsidsatureiansrang Qotdrirss 208dltwolaniseltii®sr fkolution (line

ct decan thiol (Aldrich).in ethanca Prior to . printing the stam ast
R R e P RS S RS e

exoess itk sohstiopantlsabsesupatbe izl dnalsthdagnetaitapere mfoe aboted
QRS mﬂﬂfﬁﬁﬁ@dﬂdﬁgﬁlﬁw%ﬁﬁg%%m& BHH{eH)réEFES}RVﬁ@l%%UE%q £RMd be

the surface and from the topmost fayer of the stamp material. The so
BPEsRad taedAN RRES RFd e ﬂsrﬂﬁrﬁﬁ%@ %@%ﬁé&ﬁ?&eﬁﬁw%&v PR niingedge

peEetesmRdwith anvang PNt gnrckinel drtimaigepontact over the entire
surface was @assu Edzby optical inspection. The effective stamp-surface
contact time &t eaeh position was 30 about 10 seconds. Subsequently the
printed substfaselssuaecevibveiapsdGlayeetotemiod] B whiegomatassons described

IRIRETAYR Mg ADRIGHAG 9&@&9@8%&9&@98‘{;&&%@&@ﬂl(@s{%mp was

Merck), 180mL of trifluoroacetic acid élOO% Acres), 260mL of water and

Sllﬂ%’gaé‘ﬁ SBUNGHT hiaTR G795 FeRHTES IE@ﬁﬁﬁl\?vés performed by immersing

the printed SleBié@t%ﬁt‘l@eﬂﬁl@ﬁﬂMtlﬂl Hﬂ@saatemd&aw]ﬁ&hmgywwawhauhmg
special precautions and witha t|rr|n The 1b5;'§ rr?ﬁe as rem

roQm tem era} ure using an e n {1 0S¢ c a01 rcé()
e atentm Utfor 'AR&P &t eg A WaS e away A& AS pro(tec?e
rlégmhsaﬁmdlmubeeﬁt'pau‘emm@s Yigitole 200w redwined stdBidggindeodias G@rite

%&P@/n%&ﬁ nﬂyﬁn% f@llnlﬁﬁer; 1%96%@%91}@8@9 9@&%9*& %}gcally in the

selectively etched su str e. The etchlng 5 reaction was quenched

iﬁf’rﬁéﬁ%qr?@cw§9b§ﬁﬁt@ltﬁﬂﬁéﬂ?&t&¢r&ﬂ@ﬁwaﬁmﬁwﬁé@&rﬁh@%verﬁén
kﬂcﬁlbglmrﬁqﬂi@lmr%gcmf&etdliéiﬁo% BatehHaoRy MA@ Ust S iRgmbR&cous and

substale was hep washad with effanol o (emove most of the waey and . o
resolutlon (line thlckness and gaps) in the etching procedure. Thus the monolayer was
transferred in the printing step so as to provide a resist, protecting the underlying metal layers
in the printed regions but allowing undisturbed etching in the not printed regions. The
substrate was removed from the etching solution after all the metal was etched away in the
not protected regions and a clear pattern was visible. The etching solution was quenched by
immersing the substrate immediately after removal from the etching solution in a three liter

bath of water with vigorous stirring. The substrate was then washed with ethanol to remove

most of the water and dried in a stream of nitrogen.
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nitrogen. The printed features were resolved down to below 1 micrometer
resolution (line thickness and gaps) in the etching procedure. Thus the
monolayer was transferred in the 10 printing step so as to provide a resist,
protecting the underlying metal layers in #le printed regions, but allowing
undisturbed @g@j}migl the not printed regions. In Figure 13 it should be

noted that the inhomogeneities at the edges of the substrate are merely due

to printing edH¥ BRECECIRSAUESYIRABI BGENeite¥h e 2UaPBIORIAGTReD.
Bxamipliek2derABSubstsataunita spprdRCriayereans a Mo(tirhathegionlayarC

describ b a red fo tterning according to the described
A e o U TR i st
desserioe chi B Ermhagleltly Subgbeuantgdtvatprinteked MHEES twsmpered devalcpedias

RYsWRlahe @)&ﬁ“lp%qhm f_@:ﬁ[ﬁ’@m& iy G@ay§m&ﬁ(ﬁtﬁh@ﬁﬁmtboth metal
composed of 55mL of nitric acid (65% erckge 20 165mL of trifluoroacetic

LeeryaedobialaR iy massRseusARthteleclh ey Ashedrubtiiain Ritfitichdnerygs quenched
Aldrnehyr Biehisddsas periarreagly imRegising henponiedstbsivede®wn to below
\{ertié:%gy in the .indicated t?ﬁcping%socllution without special Qr l(l:r%utions and

c

1CT cter.resomifion (1ne. 1N and gaps) 1n the etchin TrQCe .
without stirring. e required etcning IFPIg was 1 segdonas 0 remove both

metal layers Branpitain a homogeneous and selectively etched substrate.

The printed fegluiRRWRr G Je3lyad Aaua ﬁ%@%@WsﬂzéﬁM?é@&@b%ﬁJﬁPlHﬂ%ﬂ

line thickness and (_31;1 S) in the etching rocedoure. Th(ys the monolayer was
%%‘?f&f@ﬂ?édai}‘?ﬂ?é BehbAensmas s R AIRRAE aYisiste frotketisrygeed followed
undenying tmetahiayersinin Peesprigtetbiegieas-0is RHovd NG Mo tigturidadu). The
ing in the nat printed regions, The substrate was, remoyed from the
R e e e e T TR S ey
rodiopenaniahmac(@ 2 phtiep, WAS vibi[H., TIHEWichingsolutioprivam gueticpickhe

@efé&émmﬁiﬂga@w%%@@&ﬁd MEHaIEN AftehE ‘BTQQM_Q'tIféQ[‘EHe‘iﬁ%vb‘SFQ RiNGial for a

solution in a three liter bath of water with vigorous stirring. The substrate was
gne v ed WitV sdhardre déhble adibdene e hatErzanmarrsa inldfedin

afhyidregen e Bxamplesda b sulbsicats Wwasoad egipaéelassdiaiasba sfzarface

|Ox ISCmE. of this a 20nm thick layer of molybdenum was sputtered
IOV 40 D9 B 20 DR AT B KRR oy (ABL LioB g

09l sibiDBeCueEnThe rsetbbtrate wakthegtsd sahsirsleaned as 5 described in
Example 1. '%W@%M %%(Hﬂﬂéﬁf}l\ﬂm}ﬁl%i@‘ﬁ%%%%f@mB gﬂ%W&%ﬁL‘f@ed

as described in Example 1. The required etching time was 50 seconds to
fefdvebotinhisest ayardnkpdobidhs BhophBigaribdiast ane atebeivenp et ngdn
substrrteuiheIeRpIwamalkaReed respective ink solution and stored therein for at

least one hour. The ink solution was a clear and colorless 2 millimolar solution of
octadecanethiol (Aldrich) in ethanol. Prior to printing the stamp was taken out of the ink
solution and thoroughly rinsed with ethanol to remove all excess ink solution and
subsequently dried in a stream of nitrogen for about one minute and in the air for another half
hour to remove all ethanol from the surface and from the topmost layer of the stamp material.

The so prepared stamp was used for printing the cleaned substrate. Printing
was performed with a wave printing machine. Intimate contact over the entire surface was
assured by optical inspection. The effective stamp-surface contact time at each position was
about 20 seconds.

Subsequently the printed substrates were developed by wet chemical etching

at room temperature using an etching bath composed of 60mL of nitric acid (65% Merck),
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in a water bath as described in Example 1. The printed features were
resolved down to below 1 micrometer resolution (line thickness and gaps) in
the etching procedure. 10 Example 4 The substrate was a regular glass plate
of a size 10x15cm2. On top of this a 20rftH thick layer of

MEMPASIHMSERBAURR Y069 Wa- P 236 £ Drwag SBUiterec Sallawe ki ¢+ %
200nm thick la I@/er of an APC silver al oy (APC =98.1 % Ag, 0.9% Pd, 1.0%

Alfrieanhp g ofrspdiuds s HiinAETe AFan SramI R e R HHd
;refatﬁdewitb mmaigog e piytkagebsplasmar(Adnmbeie AldQ05 mbiangkdlution
w1t§ £°£éf’a nutes ﬁ%‘%ﬁ%ﬂ‘h@ﬂ&% R -Gomposition of thedo'adsﬁ‘omq SRhin
({H ons (0] e plasma trea m nt were crumal ora goo pri nﬁ £
splation W@r h&@@fm@ﬁh%&tﬁ@@d@@ﬂan bf areploticigdoosipaomd 2 iddhigattern

GASEi Y ATRIRA IR ARG AFIOMRIASI A 68 B HLRIGRIM I SIRRVE BUIH REEM SR ers

the formation of surface oxides in the APC layer. Moderate plasma

eBthaRiHAS RIS & GRS NS EiFRRTG W 67 o SBSAIHELRTR SRR SN the
qietrhkayeysnanekiheg giaSﬁbStibﬁt[ﬁhﬁﬁed&até]@dﬂérﬂ@lﬂédﬂﬂ%ﬂ)ﬂﬁﬂQ).Q&fl@ solution in

glﬁ}}t S()n%taflrlrr]l(%t gﬁ‘: flt Ias baat'grk lat Or)gl:ll'sss {n 2 7 ulsﬂg qralttev\\)lva lfgivq'ashed
he in on at east one OUI‘ ore prin INg IS proce ure

stahgthamd fomeeesedintafdspeativeridkdsedun @rratmdls;tﬁued)meréilw fionraed
least QNGO Nag dl%§%‘ﬂé‘?M%1@r8ﬁﬁ&éﬁ%§oﬁ9i9£'@ﬁ% 2PHEROIRR gaps) in

solution of 25 octadecanethiol (Aldrich) in ethanol. Prior to printing the stamp
{hastehkmPaeRearinel TR e RmABAAEE YR FSORIVEA R EE RitRHBEHFRISS to

fﬁmméeaalsse;&qﬁs&@ﬁhgsmaugﬂbﬁpﬁlgwasegya@lﬂy depdiredrsfioasntaf allowing
nltroi%llrg c? out one mlpur'glelt?d in the air for another half hour to remove
SRS FromT e SHrScR aN M tie topmost layer of the stamp material.
The so prepdfegmstiarhp was used for printing the cleaned substrate. Printing

30 was perfofmerih &G PARLIGL aRBIDEI IR RR CORTRRL AT lbea

entire surface was assured by optical inspection. The effective

abaMspYSs HEPAEd MABEHFHHENG S INIBS &iBR JeL R RiP B WecOAEMS stamp was

aubsesuentiotea piiptadisy b§H@tﬂ&meieM@1@ped by wet chemical etching
at room tem%e ature u?lq an.etching bath compos OmL o%nltrlc aci

(65% Merck). 40 1O 0% HlSt ARS8 16 Wcro‘é)weﬁ RAIGa ctching
watem k4pgrefusoaiun aniithi(@badh caigrick) aﬁﬁ@xﬂ@@noﬁs@d]d. 665% Merck),

}edahanesHIRRAS (28R 0% RLIRN SRbICINGNAS, g@?EH&%ﬂrP%mte (97+%

immersing the printed substrates vertically in the indicated etching solution

withislh apelidPp Fééaﬁwahbdéﬁ%flwnﬁemt%?ﬁr{wwqé QrassiratelirAe Eefiidved
pamihedele ings sl utiosaftarsalsthecsneial-wasig iab adirway dr kb Bltition

e&/rohggtt ggegleglf())rgcsza%ggngaﬂ %Jlt%(a)'gtesrt?rring The required etching time was 130 seconds
to remove both metal layers and obtain a homogeneous and selectively etched substrate. The
printed features were resolved down to below 1 micrometer resolution (line thickness and
gaps) in the etching procedure. Thus the monolayer was transferred in the printing step so as
to provide a resist, protecting the underlying metal layers in the printed regions but allowing
undisturbed etching in the not printed regions. The substrate was removed from the etching
solution after all the metal was etched away in the not protected regions and a clear pattern
was visible. The etching solution was quenched by immersing the substrate immediately after
removal from the etching solution in a three liter bath of water with vigorous stirring. The

substrate was then washed with ethanol to remove most of the water and dried in a stream of

nitrogen.
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was visible. The required etching time was about 100 seconds to remove

both metal layers and obtain a homogeneous and selectively etched

substrate. The etching reaction was quenched by immersing the substrate

immediately after removal from the etchift§ solution in a bath containing

three liters ofpwaigidider vigorous stirring. The substrate was then washed

10 with ethanol to remove most of the water and dried in a stream of )

nitrogen. The! BrittBHTHEataF S Bl FEASIDGEE QoI H10 0B iR iBRRItHYs 2

poaaluticr [Hine dhiekhessmantvgapp)ittré eofitehia praomaur ehidihlas dhef an APC
nonolayer trapsferred in,the printi tep so as tq provide, a,resjs

e B rtal e I Eh e S AR e g *

derdisbadoe dE etutpitegh it thies Motiprimedadyidnan ik @dpiblesBapsuldstitetehitt as

QAR YRR aMLGUarResinn AYar AR IS ARARNE VAR metal

repared for patterning according to the described procedure. A PDMS

Ui e ik dURePERRNIS YaH TOF phishhe RS LiedehBisd TR % quenched
subseguentyaiRrprivtadnsehstistes Werprigseciopettdy snetchiendidahatehirgw

0 at room temperature using an etching bath composed of 55mL of nitric
e e o e e e o D s ot of
water, 3.45¢ lbfsadilipn mitade (@ Thosbadnichitiane GniByiofeatdillestrate rather than
figie %Xﬁ%&lﬁ%@%ﬁﬁ%&%@i@é@ anigskEleh iﬂkgcgf%ldoﬁr B%E@ﬁﬂ é%an_y

C

immersing theFPrlnted substrates vertically in the indicated etching solution
aigreribereder preris i it o tie St OnT S the tiraptiepringttiekdy the
wipenki30 gerends (RS dniksNaerdRtbnodalighlayessdanpebiaisses kpinegepeous
and selectiyely etched substrate. The, printed features were resolv wn to
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po@c_edude .tm_mssmeemb_ci@iaglés wasenwsmml@d thmipdﬁimglgtelpisma_ﬁleto
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but allowing undisturbed etching in the not printed regions. The substrate
i sesnela el mnans etchiing 30rsollie i aridion mRbmtal s eddnggeans of
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YeRiRh AN AuSe, BiAS IR ATl OGER (s ARG Salhe SURSHRAS YA Rse
regular glass plate of a size 10x I5cm2. On top of this a 20nm thick layer of
MgAyHaR AIRPIREsIsELite1 i BB wed by a 200nm thick layer of an APC



10

15

20

25

silver alloy (APC = 98.1 % Ag, 0.9% Pd, 1.0%Cu). The substrate was treated
and cleaned as 5 described in Example 4. It was further printed with an inked
PDMS stamp and was etched as described in Example 4. The required
etching time was 80 seconds to remove Bdth metal layers and obtain a
kemageneous and selectively etched substrate. The etching was quenched
in a water bath as described in Example 4. The printed features were
resolved down to below 1 micrometer resolution (line thickness and gaps) in
the etching procedure. 10 It should be noted that the above-mentioned
embodiments illustrate rather than limit the invention, and that those skilled
in the art will be capable of designing many alternative embodiments without
eparting from the scope of the invention as defined py the appended
s, 1 the A SIFHER A PSR BRSBTS SHLSEh AT HE
corigteuda aslimitinylivd ethinns ddnepurieschiicompdsingtrianshlicemboisastedind
thealike, d0rs AR RS IR HEIRESENGRAT RBTIRER Of Si5Rp QIS han
those listed in any claim or the specification as a whole” The singular
FERETESHEELET BN AtgERer istexdieide the plural reference of such
elements ang Weeversas e inyention gay YeHmplgmasseshby mgans of
hardware comprising several distinct elements, and by means of a suitably
programmed® obnoﬂﬂré)r.lﬁr% g et @%%O‘é]ﬁ%m%trgﬁné:s%\/eral means,
several of these nedng ithaldieRBehivartiec byl ohe and;the same item of
hardware. The, mere fact that certain measures are recited in mutually
different dependent claims does not indicate that a combination of these
measures cannot be used to advantage. 42 CLAIMS: 1. An etchant solution
for patterned gtehingnofcatlgastoBRis IfackRiSHIaae LaaiN8@h&¢ acid is
supstrate, which solution comprises nitric acid, a nitrite salt, a halogenated
GHHENIREHS PESresented by the formula C(H),(Hal)m[C(H)o(Hal)p]gCO2H,
where Hal represents bromo, chloro, fluoro or iodo, where: 5-nis0, 1, 2 or

,and mis O 3. with. i tm+n=3,-0i g is 1.
% \Z/ivri]th l;?]éspr%\]lsi%%lt?én ac‘é"éﬁjalﬂéeéooé%‘ﬁﬁ 9 g;@ Wher n sard n19r1lf%9 rlslarpalﬁa}l gfetal

, W ato+p=2;-qis 0or1, with the proviso that g + m =1,
pitBtepadt. and balance water. 10 2. A solution according to claim 1, wherein
the halogenated organic acid is trifluoroacetic acid. 3. A solution according to

claim 1 or 2, wherein said njtrite salt is an alkali metal_nitrite salt. .
4. solution according to claim 3, wherein said nitrite salt is sodium nitrite.

S. A solution according to any of claims 1 to 4, which further comprises at least
one SAM stabilizing additive selected from the group consisting of sulfonic acids,

phosphonic acids, and salts thereof.

6. A solution according to claim 5, wherein said SAM stabilizing additive is

decanesulfonic acid, or an alkali metal salt of decanesulfonic acid.

7. A process of preparing an etchant solution according to any of claims 1 to 6,
which process comprises:
(a) mixing, under cooling, a halogenated organic acid represented by the formula

C(H)n(Hal),[C(H)o(Hal)p]qCO,H, where Hal represents bromo, chloro, fluoro or iodo, where:
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15 4. A solution according to claim 3, wherein said nitrite salt is sodium nitrite.
5. A solution according to any of claims 1 to 4, which further comprises at

least one SAM stabilizing additive selected from the group consisting of
sulfonic acids, 20 phosphonic acids, and“Salts thereof. 6. A solution according
to clalm_5, whgsin saig §,&%§Eﬁ?@'}l[‘9&dﬁ'u¥§l e gm{fmcna;@ or

an alkali metal salt of decanesulfonic acid. 25 7. A process of preparing an
atchant solutfoli A8ESrdifg! (8 anyy Tt DIaRHY P48t AHichProcess comprises:
(a) mixing, uqdeo co0linghahkginganatadprgania asid sepresented by the
formul "(Hal)m[{C(H)o(Hal)p]gCO2H, where Hal represents bromo,

¢ ﬁlgargaﬁ(g(éfkgléf)%ggngv%%%’e: 43 nis0,1,20r3,and mis 0, 1, 2 or 3, with

the proviso thdding-nifrie @iddag Mmpture ptitainag Rrtheittotbieppio visobthit an #cgsl-
weChis iR 1, with the proviso thatq + m =1, 2, 3 or 4; and a selected
amount of water; 5 (b) adding nitric acid to a mixture obtained further to step

(8) to obtain BRgd-WetesHixidrde iR RMNMR! $415nd the remaining
ammount of watRlinfdheddingliupdesconingbtaisal Hinhep kiatae tfuidhies 40istepter
c), to the acid-water mixture obtained,further to step (b), so.as to thus ..
e BB B e I S e o omy
wihdrenehtirédnddding to the etchant solution obtained further to step (d) at
leqst one SAM,stahilj M,%ﬁl}ég%o%ﬁke&%q{{%h%% GEOHR- GRNHRIRIRY, () at

sulfonic acids, %hpspgonlp,am S, and salts thereof so as to provide an

ki ane SorftiabHEBeddd sl grddiommthe SPE aensistnppbepidanit acids,
provitiiigcasuhsiiatenithetepadternechroai@s ial cwhieh Ieees sc & isasiy(a)
g{gvigg\g %substrate including at least one surface or surface coating to be
paferlrnecf; 20 (b) providing an etch resist on said surface or surface coating;
and

8. A process of providing a substrate with a patterned material, which process
comprises:

(a) providing a substrate including at least one surface or surface coating to be
patterned;

(b) providing an etch resist on said surface or surface coating; and

(©) treating at least said surface or surface coating with an etchant solution

according to any of claims 1 to 6, so as to selectively remove surface or surface coating

material substantially not underlying said etch resist.

9. A process according to claim 8, wherein step (a) comprises applying to
underlying substrate surface at least one adhesion coating comprising molybdenum, titanium,
or chromium, or an alloy thereof, followed by application to said adhesion coating a surface

coating comprising silver or a silver alloy.

10. A process according to claim 8 or 9, wherein said etch resist comprises at least
one SAM.
11. A process according to claim 10, wherein said at least one SAM is applied by

a microcontact printing technique.



(c) treating at least said surface or surface coating with an etchant solution
according to any of claims 1 to 6, so as to selectively remove surface or
surface coating material substantially not underlying said etch resist. 25 9. A
process according to claim 8, wherein stéf (a) comprises applying to
underlying substrate surface at least one adhesion coating comprising
molybdenum, titanium, or chromium, or an alloy thereof, followed by
Application td'SRFEINESIBRUERARE A ElciERniE davie whirips grsivaP s
siivadallayth30piferAcpiosesslaadardiog fartetabmn B et Whetpirescid £itcbcess as
[ie%iget(f%rggrigﬁsﬂg“eg% ane SAM. 11. A process according to claim 10,
wherein sard at iéast one SAM is applied by a microcontact printing
technique. 44 12. A process of manufacturing an electronic device which
includes a substiate REovided withaPattemedmatedrkaptwhishagirined
substrate is prepared by a process as defined in any of claims 8 to 11. 5 13.

liﬂlé%ess according to claim 12, wherein said electronic device is an LCD
display.





