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Et chant solutions and additives therefor The present
invention is concerned with etchant or etching
wa@eloaeoms and additives therefor, a process OPCT/IB2005/053989
preparing the same, a process jof patterning a
substrate enploying the sane and a patterned substrate
EtcHahtsolpioap ahdsdditiveaahaefdance with the present
invention. Patterning a netal, netal oxide or other
material over a substrate is a common need and
i mportant process in nodern technology, and is
applied, for exanple, in mcroelectronics and displ ay
manuf acturing. Metal patterning usually requires the
honobgeneous deposition of a material over the entire
surface of a substrate and its selective renoval using
a conbi Fgt hRReM inhAbP s doReGhaPRh Bitfarfior Riclifhg solutions and
techni ques. Cheap and | arge area patterning technol ogy
additigesthengfarpsprocess of prapesng the saie, afproedss phpatteruihg fusubstrate
arge,area di spl a l.astj,c el ectr.onics .
cmplc ik 15F e e §p BiecRf e ot s BreRg e ctrdange wifhythe present
invehtiéh10gr aphi ¢ patterni ng techni que that has the
i nherent potential for the easy, fast and cheap
reproduction of structured surfaces and el ectronic
circuits with nediumto high resolution (feature size
currently > | OOnn) even on curved substrates. It
of f er s PapdhingRFhethl, et bkide by othetimbieeixl dick bisybsitrate is a common
formng various types of patterns by printing .
need g ddppogantireseshingnadasn éﬁ?gaolagb @84 5 appdied, TRecxagple, iy

mioEDFofs SdUEIALRIN R RO RGN B Bl batpli PHELARER!

homegtreotihéepdeition ofl a pattdreal nyerlthaehtivg swface lo€ a stlsstrate(ahy its selective
wi t h .an appropr.i ate i nk,. sol ution;. Printj MW th the

romgyak BeinaA dORPTBHIOS DR R OB EPI o hng oEhmideserheaprapthlaree

areal ﬁeﬁh@f@c}ﬁﬂﬁog?% 5Rmde hfoRan for MRUevelEMEMIPTROLe large area

~ (fixation) of the pattern by nmeans of chem cal or
disphly et pbistie plectadnigy tedewdagdes. Pri nti ng of hi gher

al kanet hj.ol s as ,i nk..nD l.es ont.0 gol d. was the first

MCP tec Fraﬁ%nq%fg\pg!n@&%h; :1s ?(aﬁﬁlﬁlgﬁn&péc H@?termng technique that has
the MAérb@ISiotaSial fop EHERdak P Tad indchdap SEROBRAioR dF biRlidhsre@Burfaces and

surfaces and derivative article, US 5,512, 131; A.

elecomg circyits with Bediym tokhigineselution featurgriizecurgently > 100nm) even on

cur AT o 3SR S A 0B s o
pattetasibypitintifg AdREuleaffofesampbntoeCiudityate. 114, 9188-9

(1992); and A, Kumar and, G M Witesides, Features of.
Gol d havthaépusikey sfept efra miprocontact 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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centinmeter dinensions can be forned through a

conbi nation of stanping with an el astoneric stanp and
wa@eooalokiamet hi ol i nk fol l owed by chem cal et chiPgl/IB2005/053989

Applied Physics Letters, 63, 3002-4 (1993)). These

anphi pathic thiol nolecules forma self assenbl ed

and GOMD I Wikigsside§ e 0de sfeRifA sambRd MbnioddyeisshderSdétive Etch to
surface resenbling the pattern of the sta

Genenarevl’wsmér@q%d Featuienelopmahef Awgriean @Wlsﬂrl\%%e& a4, 9188-9
9% 00, Kbl G A b oA hap Rty e Lo

centunqﬁardmnsmmydaad)e fbm;m]rthrotugh tlcembimatibm ofistampohgtwich an elastomeric

s S e ST 8l M T
20021T4f(@§93|7)a ﬁﬂeserﬁ?pr Y] Iﬁalee&leé f528% stemsée%‘tﬁé@ﬁlbh@ﬁ?er (SAM)

results in a well ordered SAM of high stability
of depgefonated thielates oo alhe supfage fesethbling thh eafiteralof thetstankp. The driving

foreg Tt b oo B SASH 5708 P inBtEon o BB Oy e groums

withQRe golatahﬁﬁg @k tom IR Yiketal 8 if HIRCEIYeRRbst BiirfAte143@r, ohBe one
enerated patterned | ayer nay be used as an et’ch

hang, @93 the lgieﬁwlsﬁulardhméf\%h@%%\f@p dst Yaalssiateraction between the apolar tail
o B RN, LS . RSB BRN BBSE35G By s in

welldegeedi SAM of ligh s@bRicy h@inst efephamidal physiosl ovehéhieal staek. Besides
of etching bath used. The devel gpment of m crqcontact

the dgserifed gxprapleepther Wnesgqaﬁlakssmdn@?m%may 28 emqyeaéo gliepigypgpatterned

layeP8 qu&ﬁaﬂc@(lrf%e Yif ?rﬁ@rog@ﬂtéét %rmmf sG b8 Hd: %&Hé(ﬁﬁyer may
IS ut nost | nportance, eC|a Ty forf appll atlons

be ubad dsaangptchancsist sahﬂmttocolnvdepmmt ptocepdeayn apyentiatal @hsto-)

it e T B i R Pl Bepends o s
moléc%ié?"céﬁl 6§{t1§19§ﬁaeon he ypel P eRhay Batth Bsedr awbacks, such as

low stability, high toxicity or a poor selectlwty

t hat nay“hhdmrmdmepf mmmqnwbpmmtecjlpattﬁmsamwldsm slver, as well as

odu tion cess r r obl
oy HSHE B, PSR B o SR BT 6P o8 B iRy iBortance,
espeeiallp Gsepphtativhs ¢ rhrébﬂﬁed’tﬁﬁlﬁis ah@¥iplaly ppEcapivhs. QIiiREgh there
Silicon or glass substrates usually require an

are vdious plehing Hotbs ayailahledhatare spitahlei is sembistien svthfi(d eme laJvoratory

) B S BEL P PIEP 1 gy v

that iy Hampsofeir tapplicability anlargetsesls ptdductior prpedssesofA particular problem
num _titanium ar ghrom um or aIIo s th r eof .

) de
is thFéP"ftkf PRInGHS OE i REAach Prinige fubsifates compesed ggne metal layer
b 0 S i, S
indispensabld suyfgcient]yshigls sdhesioalof goldsmﬁwlleerdhms tol tbe substrate. These

| ati on of .the vi dual roni c.co

adhegip ryeet ST ISTBCEALEHLO Some ng L ARG A PUpS Of

molﬁﬁféﬁlhrﬁgtlﬁnﬁﬁﬂ BPEMOAEN 0F by s tRMBSS. Bbeth ﬁb'@élépfnent of such multi-
devel oped by first etching the gold | ayer using

layes substigtes usalla hidifferens etahing beth tsyraquitkd-for e@hos@mnaltreetal layer.

The %(r)m%ﬂ!teor%rrn%%alb ?1 % clgylferllg 1sbe%§e|i]1t1];10tlolags%g 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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by etching the titaniumlayer with a strongly
oxi di zing acidic etching bath. Each etchi ngprocedure
W@ 60617t sel f usual |y consists of several stepS)/IR05/053989
such nulti-step devel opment procedures causes
significant physical and chen1ca| stress to the etch
proced@t $Whizhdis€10 siallY eohidists eRuerabstedy ofaivhamatilseepidestiopshent
and resol ution of the patterni n rocess. Nbreover_ the
procedirpss ¢augessignfigant ghg%qaz algbgheﬁgg saessite theredeh resist and consequently
CVESRS
red DML bR oo Bl Yoot o ity Bltbl P MBbver th resist
has forterstedbde aglinst angiffeteatitorfditions @as ytrmgi]ys otidizénge veryianilic and basic
as those used {n Substrates and in.

eS| S I}jﬁ
etCht‘PgrSP ‘E’ﬁf‘%r’ﬁ& S&probisms bggquae W%%S@alwgweem pryvery sensitive
etchiﬂ'g'&%ét@%clf@stﬁb&@tﬁse&%ﬁcpat ion are those bearing a
' dyer of silver or an alloy thereof on an adhesion
| ayer ofubstiates dedm mrpaxtwtdar gasscsybsmeaswth aﬁrd;spymalﬂ)ennportant
telrillii sagled as_t river e oni dh
matgril GoREgAYN AP ‘ﬁe ?B?rf%taa eéf)" AMEEH R %’( ﬁg?feé?ﬁanaﬂa esion
layePaf tabBBHeHum! & #ediogiBeredh Th@lﬁai@ Ieﬁﬁa@gw a8 thd Bagis F6 LA Abiver
printed silver substrates L\K'IWEt chem cal etching has

electerips plefybire generation (ngelgble) AM-h& L displey andinpastialar TVadesigns.
to th
S 8 bst ?2 aS%u(%)%Eentt ?ﬁmﬁi& tnﬂ%’;lg{mtec? ? {i}\ge‘rf tsﬁlys?r %g Ig9 wqb f:hemlcal

etchidg&has b@érdr,eptbﬂmﬂs Thé usedl edetBngsolitons )are‘islﬁﬁilar w&h@deluﬁed for the etching
gher etch| ng rates are observed for silver conpared

of rqseecglap &0 dﬂ"?bStEPé%Scpi‘lﬁé‘Uthét 2 thag sidvar i fessroblg thap epldy Bus it is
eam&q bkflizeOhsuZRY & EleétXhlﬁ% ﬁ%é € oBferdtd 3 SiIvad F&ﬁgﬁe to gold. The
U|oné con |nga oor natlnglon%a ig nds1

descslbbcbewhmigisolunenhme gblhmalipni&mrabmt raoddratelyafikdline otmd:idic aqueous
soluBgéjs an}:aglzr%g é%égrgtg%%gggqyggﬂgﬁg@fssg E‘r:g Irt[(g%]etéllpgqtﬁ ?ﬂ]é)x potentlal ofthe
metd]'afi@ 8R! B%d&fmé 5‘%& wiR A Qufiferai Hish féflo;@f)&t%ﬁ‘tldl $6ehulsé 8RA8on of the

are cyanid i osul phate or "t hi ourea. The devel opnent
metadfin rjmptr@en@ ¢frth¢rbga,t1dd Eramples offtamused higanslsfareagyanide, thiosulphate

sual |y based on acidic etching baths, due to the

hll fation of passi vati ng | ayers of m)I ybdenum oxi des

or pol ymhé yéeidpsent 6f pREaisdh alolyteliami R lls @ tHeleoNsre usually

However, strongly al kal ine baths containing oxidants
based gptacigic etehipg bt dve to therfpematiparpfpessivatiog layiees of molybdenum

t u

oxidB 8 S AL IRE RSB int SOMsior Fnerd Bl Patatine baths
contbmtngoydldhlnM‘nfob h a:afdrﬁdfyl anAdglmfr lhfj&o@ﬁﬁpegoilde hndvadditional weak

previ ously been enployed for nol enum patterning. .
coorgiating janscSueR adotakte.fire fIagIImes wfilt Ty ngf cighing baths

I |

in C&WL%D%S‘?E?% ggsﬂagﬁgtr ﬁvvés\gfﬁsr {}gﬁxg{)ﬁs‘ll')ﬁf)%e% e?@léﬁélpf??mgiybdenum
pattgndngt rates with the followi ng structure need to be

pattern for th eflﬂltl n of t %ﬁate %ect
| ayer of "¥GdH? BPECIPF B APPCIRFEAATEAPAME 9‘? “a‘g’ﬁ“"e layers in
the P bleiréhit¥ A NI-INODYIXHERM Bh@ TVRSRIcRTsalH ¥ kéy Jiéii ¥askentédwith 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
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- chrom um adhesi on [ ayer (97% Mo, 3% Cr, M(Cr);

t hi ckness 20nm sputtered) and a | ayer of silver alloy
W@ 28608674y, 0.9% Pd, 1.0% Cu; APC, thickness 2BOFIB2005/053989

sputtered). Mcrocontact prinyi ng of alkanethiol SAMs

on gold in particular and also silver is a well

resoRioa lbif niéref op eeeesiibingcrb® featdie siped dresmalhghbsfratba ongoldd
. those materials down to aresolution of mcron or_even
mictMHACt PHALIAS aR lAree araschas sereatly becomppassihleds view of the recently

dov U ST EIRRAND AE s BELCRbES WD h08S1c3r cas has

possS I'n vi ew e recently
devel op&He patteenipg ofisilveg all@shmolybdynunasr thetybdednaal alloys\With pCP

3/ 099463, . Th [ . Si.l | Y | ybden
has, G REATy BRI By R Yis OF Hvia e pgpsideratons.

hi t her t gLbeRRing TR WA R sihdh a1 A Qf mloReddrddad¥ tih the etching
consi derations.” The etching of silver alloys, such as

of puPGilvérdayess.e demandi ng than the etching of pure silver

al | oys, TRCERS A@OHBCB A s om b o3 Jufifas bt Shps nover been
invebtSgatdd ¥idas, Ah&efors) ARNSWn.- The known neutral or

al kal i ne etching baths that have been used for the

- et chi ngThe knewn bewsisl acalkglinerpteingbathsstha haye bgenjesed der the
etch@?gﬁ nﬁ&lo\é?&%gc ;ﬁ%%télnsﬁl&gr lgfgé'; a§ hgiréytc}{ fiﬁ)g{bgg I C%?aﬁlé/ sufficient rate.

ing o era acl
- sol uti oRer the etchiigahf ntblgbdepuinh prefastsly htidicf aachimg salmicds are used,
msi vating oxide or polynolybdate |ayers in .
due jpfhe pagsihls formation aEpaspivafing0Hdg erspolymedybdate layess in moderately

lkﬁgé APEERY g_hrorri umalloys is nore demandi ng t han _the
2 aet C%P%ggo?@hpure nol ybdenum The use of acidic etching

- sol ut i oBchimgsofrmaslgbdenbmechrorajm dlbaysiis mooaddnmealingthan the etching
£ m'crqclg) tact printed etch resists. Known basic and
OTPYUER¥OETEM: ng sol utions for nol ybdenum al so etch

- silver ghe gsec@RAMAARLRING 5olBMERS Hik 308l Yeh Fopofted i@ mBifation
sinple selective two step etching procedure has

withihichasontactrortedeetoh tesigtsd. Wt h et chi ng bat hs known from

oL RADRLR 5 ol R THA GRBAun o siver s

compétdbleiopBadn ighet ratdf Jo thataid! diviple@Bleb@iCivd tepdtehing Rl_'ocedure has
__honpgeneous etching can be achi eved. Thus an etching
hith¢sta beepenyisegedr ed to etch both nmetal |ayers of

m croc QWiﬁlCétﬁlﬁﬁn% Bﬁtﬁg kﬁ'é{?x’? Fbfl oqﬁerqgch%g ﬁ)lggeg,s&ﬁ:%l E? ghotolitho graphy,
conposi t1 on honbgeneousl'y "over Substrates w
no salffieivat soleddivitfloanibe achidved canidhddit®inAlly He hefficiehtly reprddugible and
selectivity and r e%ol ution. The
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
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descri bed problemis only one exanple of the genera
probl em of etching nulti-layer substrates conposed of

w@ariose617and nol ybdenum al l oy |ayers in a one SPEPIB2005/053989
procedure. In the context of

silver etching,

Xi a et al

he pri or
(Y. X a,

art

relating to
E. Kimand G M

poteﬂﬁilteasahr@eﬁathd\mﬁmﬁmac Thetdstltd 41¢ sehmAtikahiatfbllekinganble 1,
jcation in Mcrofabrication

Silver and its

whl%clwmsomw%@wenm fop upRoYvith apttesaed 2als of lusxadf@ﬁmﬂ@ol on 50nm

Sﬂwg g)) reported a systematic study on mcrocontact

pri‘nting on silver and producing silver
nano-structures therewith via wet chenca
ity of a variety ofpotenti al
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FeCl; (0.01)

KCI(0.1)

KI(0.1)

I, (0.005)

KI (0.1)

? (Concentration, M)

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

+ = rapid (

10 to 100 nm/s)
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with Organic Active Conponents. Langnuir, 16, 6054-60
(2000)). Other reports discuss the dissolution of
W@ 200606174 et chi ng bat hs based on thiourea / PCT/IB2005/053989
ferrisulphate (B. Pesic and Tg Seal, A Rotating Disk
Study of Silver Dissolution with Thiourea in the
presence=os‘lovFe{ 10 em%)l phate. Metal | urgi cal
Transactions B. Process Metallurgy, 21, 419-27 (1990))
or in amﬂﬁﬂaﬁ!‘&w(%lmoéﬁm%ﬁcwgh cupric ammine (Y. Guan
and K !Hq[,],_ ssal _ avi ot
Amoni a?é Sol u%;%bglr%@ti/\ft I‘%ld ?@r“ (li:s‘ﬁ g\nm @gg, Jodlr% F]g)}/a%? Sdbecause
the dithing wac tverslaval THsevakabtion dfsklecHtityowad Baddd pn Yhe dansity afdbfects

ST FEE O A TR
just E@Ihﬁlle{ely@)'r%ﬁke Ryesssweag. 11, 12-9 (1994)) in the

absence of any patterning resist. Wth no reference to
any pat Etshinigrsglutionh basgd entthiesulplmtef fediidyanidenicyaride-aeri f@rrinitrate

sencigth AppS7 vt e Skt ER et oot SRfik RS Hraltifnd halogenides
ofpéduﬂ@-hﬁﬁgeﬁfd@ a&ee Hgandan@lessSiuafet SprSbabt: I\gaue%ktﬁé fatr@tion of
Prepared by the Nifric Acid Etchln thod for a

precm;ﬁafe@@é sityerrdigardicomaplares Seith a lw mubs.htydy watgtaAJlinyestigated
etch%%{f%% Jgley ?fag% tﬁg gliglgl%f( %%%ﬁ?ral pa%s 1éarn§5 %}gflﬁé IBV ?tﬁ{a%fe' foFthe

etchingpf M oEN BabedRar thedeseribed msultspthivsatphawds G’élblayafmde etching bath has
detectability in SERS using_etched sil ver substrates.

beengused 3¢ thegmefeired giching datfar ygqrgconﬁqyt printed guyexolyer) Subgiates (V.
X1a,r1\?.5\ﬁ&§5te§\9alaﬁ 9O §. &L RNk GURE Wh t@sﬁdeg 9U§eio ﬁ%béﬂlﬁé’sg $i¥ver as
et chi ng, yb

a s€lective etéhing system enum in
the smbstiate it m@moasintaet priveingsodf atifanethiod @minitscapipligationtin ngcmﬁabaication.

atte ni ' ,.and t in co ation th.th
Lan 3671 SEBNEH TareHlRl AlpRiataf SRR MiGorfptpel riging oo
Elec%&sé"ﬁive? IRkt RSB @ EDRicHH PR8EHRresUSr Bmbiiliage ﬁ%cﬁ‘ﬁﬁﬁc Systems
73,670 describe a conposition for etching t

w1thf(D11gﬁmc gective Composenth Leagmbitoht, HA5 460 100MHenum

ol ds. R eEr dRGunane SRS Hich S ol e sdnges on

thio@ta Aferiishlghatd(B. Pedic afd Fa§dal TR Raeitin@ DifloStuldy 688 A¥erissolution
sodi um ort hophosphat e, and oxi di zi ng agents active in

withaThieurpa i the presenss of Fﬁg&&aghq@ﬁa M@@M%%b?%ﬁgﬁ%% Rypcess
f
Met&‘lﬂ%@k’ | E?f Qz gﬁggﬁl v gﬁﬁu‘?n%?&l%%ﬁﬂfoﬁ v&l{‘hr ﬁé B‘g.ﬁGuan and

ng awa o n S
K. Nvé#{aa| Tfle Dil@olbﬁomﬁekdvﬁlglrtolﬁ Sil{érl 1ﬂB\rmnbima¢Kl SSlolutMﬁs itk uipric

G B LT b e B P AED o B o o
D1ss§ﬁﬁﬁ%ehwloﬁt&*§1ﬁgr /BCn%@ ?ﬁ%?#‘m&ﬁmﬁ'ﬁ A ROSIHB A g merals and

oy surface to pro ormati1 on of an heren
Metidbmgical Rrhcaasiagbble d 24l D94)il epths inbsed ceref alyl pattenmiirgg nesngt_

ggﬁnggrel ghe@é re ertenc%otgpalrlylr fc’)gt?ernmg ?echmqueq thtehuese G }ﬁute 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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the surface by (a) anodizing the surface in acidic

solution to forma continuous filmof grey nolybdenum
w@iodect7ner eon and (b) renoving the film US 4PGTB0B20053053989

clains a nethod of cleaning apd etching nol ybdenum

whi ch conprises treating nol ybdenumin a solution of

2- pr opamith @sskcttoPrior bt tdchhfjhe O flatiig 36 mdidsdeAum®tching, a

et chi ng process invalving an oxjdationreductign

selegtivgctshéng surlermefor molyRderym ie Forgbiatienswith heguse of mierogonact

pnnﬁ%asaé? t%é Q%ﬁfﬁ Gbnd 'Ehug B oG llﬂhtn&l vcvﬁ* e 1% §elf assembled
reduced, (he act | elngrelent elng se ecte rom the

mongiayens asdmseteit fesigt, hbs fi@préviousniscenfeavisagedani de i ons,

eerie i ch t ' i chraopate ion and d'n.
oo+t DRot eSS $793 620 AtkBhe hnmnastion [0 qrcbihe thin films
of nfe?dl WHEN A Ghréiflin? o ﬁl@l}%d&lﬁﬁn %%hif)‘n'sﬁ‘l@ al{Bhe e td? SAIRGD f weak

etched in the given éxanpl e€s conprise nickel,
lnorMIq/axd@wmch orhlcbsnlumrmm rhavgtglad)H Shd ro@s 0642 t(p tbpospslkali meta-
lgl n for..the gﬁt theH{orma on 9 1i Tuti
or 0‘3 iy PR 0 OSB 1B R IIFRE AR IATYE ihgkplipesglutions,
suchigpoR@sitiepeingiianste ¥ so@hMIBRIRYANIGE. TheSEdcRmhehf further describe a

neutral ferricyanide solutions. The proposed sol ution
methagrafispleetivel hetchiag |awab pogiong oSgich iatal Flmy by anaskipg the films with

ro NSRS A 030 SRR A R i

abowai d essenti al conpound a heteropol y compound i s
formed in which said _essentjal &‘gound contri butes at

| east oNE hetZetlatessrtes ag%ﬁt@%fer@ pe1amelyhdenutor malybdenum

h %ﬁff glfr?ach 1 oﬁl?)lte[fthg cm g#o grk&n g@ﬁfv&@ %Béeﬁgeﬂtg/
rie e ropol yno tes to avol or mat 1'on of
depqmtpubsmtas]/lat pla‘g;ng dhe priﬁeaﬁxrﬁﬂi&omlsehewmhag thehwrystaldboohdaries of

the b By ol pRGAFBR A oG mcAChT RGN B PP orcaEpaious Him of grey
molﬁi‘fehﬁh%%ﬂie"fﬁé%&ﬂ%[&%b sNinAhe $HilmUS 6, 221, 269

di scl oses a further inproved nethod for etchln? and
r enovi n§SekT %h%m]@mml méthed ofeleaningdnd efching melybdenum, which

msubs%l_r ates sr&ﬁ otqdu%t%orr devi ce d al so for

COMRBIYB'E Y ?‘H‘én "na? 2 Bé’?f“b% Fybdenum
phot onaviss4, 74/he0 ks bxitses armémm obéss i 1¥ah a6 BRidation-
usi ng an acj di ¢ aqueous sol ution a ferric salt to

redugienipectias Bhare fieanei) BRI ighRdeKidEzer opd hecsting ingredient in the
etchﬁlgr%%)ﬁﬁ{)h nsgre'iinge {h%%'i:ﬁxde d&‘ggﬁ Oeé?t;&n él@ct%]ﬁ8$QRg F[%BB con51st1ng of

ernary ermve any o
fernb hmkfeﬂxaydﬁﬂe \Mnspéernsaynsh alveniaty iors dichrérhate eompaﬁﬂlodme and
surface of treated nol ybdenum features in ce

intradyging pzenesintorsgigiFiips selEdonsio r@@ﬂ@%ﬂ%@f@@éﬁ% solition. Metals
belngcrxﬂg@?} le Wlch QRSmpBle ¢ ke, 3061 H&enmgﬁﬁrﬁ%d gb1d.

mthe gropconlstlngo Irtric aci
phospholiSc4, 285 %2 pruj)dsas a solationd for tlyeprobletnoofi the formdtiamaf
passwa%ng ?a glgsl o po ?ybd%tés %r %)8fy¥unlg(s)tgtsés %Srr}ltlga {hglert]&iﬁ/ga(;fj Iggﬁfbdenum 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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anmounts of water. In particular, nitric acid is one of
the nost frequently used oxidants in etching
waeaeoms. The problemwith nitric acid basedP@r/mBRTH53989
sol utions, however, is that tkey are known for their
non-uni formetch results which are difficult to
repr oduts. 5,518, I sdeberities shegge df eigrit Baphdtd endfeplit SFonium
associ ated w th nitric acid based etching sol utions
sulphaig aptheagtivg wgredignisia ag shrbingdnth foyresisy @aﬁ%ere@cwply@dem
subshdtekNe concentration of the undissociated acid present
In the etchant solution (S. O 1zidinov, AL M Suskin,
and V. US 6226dndiss]osesp dnrtleen umpmfve&mﬂtodd’orae‘tchmg and removing
di ffusi | ayer the kinetigs of co
extrgentet o BhdrsPr (s On SR, SRRy Yol 2SS PicgRdusteneiges and
also 'f&' thEK bR &hify i ﬁ@fab?ﬁ:‘éh@ﬁ of]ﬁHfg'Baémﬁﬁ hotomasks. The method
El ect fochem stry, 25, chol ten and
emplpys . myltissep process us@graalalcehq angommlutmm:fm femicohlt tar®@move (etch)

Clt of. | e Ac' s. Jaurnal of
the 19 §BydIRin. duis PRSI Cohiibfint e AR GbS5e YaH ) Braeflc
quatéinbFy AnmeMiuf 1B)/de6idd fo 16RI0FE am} mbwbaelhﬁle Blabk 6&idePwhich may have
reduce the anmount of undissociated acid in such

formed ondhe exposedbsusige ehtreated welybhemme featiey intceramie sebsiptes.

al so copsj (Je]e | '
concent - AR b sl 88 Sy o'ty Wibor Sk Chased on
varid@isdobinatiofls df acids. frda plengrokconsivpiag banitte adid ghosghogic acid,
and diffusion layer in the kinetics of coupled
sulfipceacid: Gy ArorbIoHr afid apd pemtic asid ysyaliydn ﬁwugqmﬁ COBIRITIRE MaTIRYS
sHPG/a -HF system Soviet Journal of
ectroc eni stry, 25, 418-25 (1989); M Scholten and
E. Aln\particulat, nibeacit lxsame oDrthe imestrfmqhalﬂysmedbxidiﬂs in etching

soluﬁ?%'? TBE hushiet PR EGitr s piebases 2598 Solptirsahowsyers as gy are
knm)én &t thYE RS Rk rm &eh qul%a@ﬁﬁh afk @fstulto RGHGdUCE! I"I_tl_ h&dbeen

he nmechani sm of I TO Etching in Hal ogen Acids:
suggesiﬁd that e poobloms dispriatyd Agnnitric abidibased etshing Solutlons may be related

ctroche ci et 42, 2321-5 95
to thg ERERRAST A oo Fiek in Hironfitlieibp bf e ntisSo 0T AG present
in theRehpMFoltioaqs dO. Bitlinas &l M. Sigkie, aref Vel Gy gaimnﬁe,ctnmohance of
further additives. US 4,629,539 and US 4,642,168 o
kinetig gu¢ ftstasionlayer insthgtkinetiesef coupled elpctrpehemical seactipyg eecprring in
c f | . i=n
siliBfleEnfiif ARIAOEHE S, S REIdh Lo IR RAYE, 25825
(19889’;(ML§C1E»1t818 mBRE. N. M \Oﬂel\/fteﬁﬂkk{eﬂ, ﬂh tbéhmhd':}tmlsm (af ITO Etching: The
G (0] tion corrpr|S|ng at east P spnori ¢ acl
Speqﬁ? %Tsf %1! Halpgenpeids, Japnal %fcﬁlatroq%ﬁwag RPOIRwe [4k AdI-Add42))-
Solvteﬁt@ rvﬁﬂlna oy &’i@le@ﬁ%' Bhﬁ&ﬁém@%(b%rﬂseé Eﬁ& A EmBORBradlissociated
et chi ng of alum num oxi de | ayers. I ng systens
acidbmswd etchantst Thecacenraios ofi undieswialtcﬂl ayzldjwdbalsdt amttld&'rabﬂy increase

RSBk AP P EAL B SL50 RT PHBYE A S9888 v 1

Gaponenko, Importance of kinetic and diffusion layer in the kinetics of coupled

amo

electrochemical reactions occurring in silicon etching in the HNO3-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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herei nafter discussed in greater detail. A particular
i nportant conpound is nitrogen dioxide (NO ), which
wha®oloelsm used as the sol e source of the acti VRCEIROING3989
agent as disclosed in US 4,499,687 for a process of
et chi ng copper or other netals. Another inportant
conponenAt genérahétching dathGothpokitNoh kontahk @lhiriaa¢id) siosphdrie acid, and
US 4,846,918 and US 4, 927, 700 catal yses the
acetigjagich pfien epmbinedrwith fysther addit¥es i n nitric acid based
et chant grs £68h 4309maqls & 35 UG RAFibE Mtk oPtRs 6L IR e
accordi ngly even | ow control of the etching process
electtolyte inanfelestrbeltemica etcbifighm@bed fdsZhalpatetisgef dumitunodr
qQf etchin conpr|5|ng preparing an etching solution

alumapm-GoRpet FUAYYr of | uoric acid, nitric acid and
opt i onajsys xei44candqisls 889,888 AfdtIdG ¥idikr 8€AINELofposition
nitrite ion of a medi um for producing nitrite acid ion
compusing et least phorphen¢ adid.ontricRacit andzgktjc m@ veithhdwomicadidadded

of nitrite ion i,n the, etchi | yt.i.on det e

therdlh a8 fidiona® B9 E it Bl a¥inipihet AuB L lavers.
whi ch i Btdhihgsystefibd ibhédddnUiliricalcat 4r@ Rotritiell; hBd&Et0Hd Mth respect
sol uti on an ecessarg nitrite ions are added to the

to their erhing wethgniser albaengl iodpes Feene that egttaiheqrappusknase impertant as
t | oses that control of the NOx
hereﬁiaﬁzlﬁd? fefd%g?regﬁer%f glrnatlvel y be achieved in such a

proc eSSAVpamuﬁila&QmIpoﬂﬁﬁt commipbsil nitfodeh ehcechdrl‘cN(gz) which has been
solution serving as. a detector for uniforn
f

usedcasithe #nle porgee pidhe petivierciehingaaephrsetitaloses SHUSH- 47587 for a process
5,324, 496 proposes that
Ofet%ﬁg %e?%gggﬂeﬁ&eﬁﬁ?oncent rati on of highly oxidized
nitr ogeAnememnqmrtasmdmmmehﬂ\i@mimmd adi@ (HNggL winicls a@:ording to US

4 84??88@5@ ﬁy Ap g:ﬁ %(ﬁﬁt@%qeg{e}} (afﬁ \{lgdﬁ og)){rregcr%g %%)ngll' 1r1]1 itric acid based
etchﬁ{tmlﬁof P GdhobPfor nARFR BER mHPRCFIdE IR etintTlow control of the

di oxygen concentration, to re-oxi'dize reduced nitrogen
etchingi pdecespwith @uch solutfonas HNO or NO, which are pr oduct s
of the ssV\h ¢ acid is often.
°1 Hos S LR RS A Mol Hetind Rl nein i o rehing
solutién E@taihinghyarRTReflc asidamitrd) 4l at dptPnallitacttié 36idadd etching while
mentions trifluoroacetic acid as an alternative to

addigg amitgitesien @r p meairm@ farpredycing nitrito acid iondlg thietghipg selution.

|
pB54 S AR 15y 00 R S P
concegiation fNO{ iineths p&sCcpHabe; witich i Iinemeecfluﬂﬂmm Trelatlon with the etching

specifically described. Trifl o cetic acid and
solutjen prdRGcoesaty HETR ins AER Aded i ng %}@é

concentration of NO,.

US 5,376,214 further discloses that control of the NOy concentration may

Cas

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 HNO; 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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the active ingredient in plasma dry-etching systens as

described in US 5,626,775 and EP 0774778A. Coetting et
w@pkooph617BL CGoetting, T. Deng and G M Wit esi deGT/1B2005/053989

M crocontact printing of Al kapgphosphonic acids on

Alum nium Pattern Transfer by Wet Chemi cal Etching.

Langmui Whilk%aceticléiid Blofleh A8EY In HINOO based ephirigesonitiogs,of

al um num_ | ayers by nmCP usi n(lg an _al kanephosphoni ¢ aci d
mﬂ%oatq%caﬂﬂlsrﬁrﬁéypmematswa @ltematiest resol uti on of the

printedyjeaf ﬁﬁfﬁZ‘iﬁ#tﬂmQ?nﬂ’tﬁﬁ | B86da %H afhf é}ﬂatwéq acetic acid in
al um numl dyer  with a strong y acidic etching Sof &f5 on
an etchnigalohltmg bptedmhnmccamcbmﬂtphos;mmic racidrfoctha cetaﬂlmgarfchluminum
inarati o

1; Et chi e than on
sticpageiay? teredtas & hyis e bt Jinepasnh BlBemeetii g ereoris no
specBficall§ Aeddi@bd provi des conparabl e etching rates for the

different materials in the various |ayers. US
4, 345, 969ﬂd0®@¢®s@sldaamdeieuhatngs ﬂmremfdhamﬁmdlhlemm beert proposed as

f a t ree . n| um

the L5 R MRl bIERE aP¥Shink bR st R0 Sh6.7gana EP
07747384. 0 m)l eslllter hydr of | uori c aci d about 2.5 to 4.0

nmol es/liter acetic acid, about 8.7 to 9.0 noles/liter

nitric Sertingstialdhi BnSeetiiag.er. Dangand G. MeWhisesidasoMicrocontact
pnn{ﬂ?g gﬁ; ){xg(r%hébglpﬁ’ t}a{%ra{% o%t&ﬂ{h{‘l%u{hh qu;géeﬂssgegrvgw& éheg&cal
Etchixig. Wafigmiy) 159 1$82-DT Qm%))axpdifedl payteming diQlumiddo, 14%os by uCP

di scl oses an etching solution for nulti-l| aglered et al

using g9 alkanerbrpphogicragidss the inkohbexs Bund that thsrbestgsplation @f&he printed
p M SR At 3ok 1800 % LR ccting

solutien gnhttalnﬁlglphdsm@an qmetlo andisitramatidsrandhvéatdr iha raild)@ﬁ lﬁjl 1:2.

wei ght sul furi aC| The solutiqn is comati &
wi th ph fcéfl}gtfﬁ?;f@rt 1 1p¥T Bh eI CTEs ﬁﬁ’efyo% giching system
that gﬂfvﬁfes @bmpPRrable '&’Jh%gsrateyf&r tfe ﬁ{ﬁ’eréht G A the V&R Sayers.
hs known for silver that have 1E)roven useful on

smal | | BiSc, 334599@9 discddses gmaighing met @bfm rrhmnecaﬁepmtcmng of a three

.crocont inti.ng but
tayef R RER Bk s afiaitn, THF REL S Sh pBhpR¥s abgu 18 1020
molé&sst iyl Gfuorithieid, absut i fael0 Mols/Iidr aktidaVid, BBES. Ric9.§
acidic or basic. Ml ybdenum etching on the other hand

molgsdifer nitrie acid ylfralanse siater dsexefithe golatiarnpaigite Siedrattemed etching of
t [

oo R o R iR B ol Pl B o of yigpving

silicef dloixilg lagirhod for silver (alloy) and nol ybdenum

(alloy) layers_ is_not known. . Etching baths conpose
nitric HSit2dhtoHisoses %P’&hlélgéogﬂ%n@fdﬂ‘é‘tlb‘é}’fﬁ @a?ayers

com| H§1n$ EIF Q%@P@S&iéﬁdl?&fyﬁ(qg 05 084 b);'r 5&%"6& it cid fﬁw%jo 03 to
ow oxI dation state ni en oxo conmpounds

1.0% by sweddht sOhydrofwericeedd, fronv 8.05 e 81584 by Neight of hytdnegealpercxide and

fronp 8‘1 Gf‘o tl%%jg}t’ sveight 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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been used for mcrocontact printed substrates. In

general there are few exanples of one-step nulti-|ayer
wet®bisg4syst ens and none to date have been uskETIB2DEV053989

silver or nolybdenumetching.q{t is noted that in

general the etching solution used in the second
w1thﬁhibhidbgta6ﬁ intifgsA nusitidhyey efhitg thétBodrfir 3llveaf(alldig afié amilybdenum

er faster than the netal of the first layer, to

(auodb BYPTY i nQfdaown. result FurthernDre, an etch resi st

enpl oye [ o3 1) .

sol uti oﬁtéﬁﬂ%ﬂﬁgs% secon %tag ar?g%g%ﬂﬁ{uﬁ%?]&s SYYPé“‘ %gemg
usedlfod étchiap @actarivky dfonetalhlél“}&exddmibnrmamﬂ conttol ofilofwasxddationvstate

is the case. A fur robl em t hat s tq be
nitroga PR SOAPTIRE HLS b SEREBTORRS TEP S SL VS 5 bpve Bave to date

beerSRER f&:SmicPodoffact sHTEd §ubRirabs. P1 nhol es during the
etchi ng process. Pinholes are often observed in these

sanpl es Ilagenaral oot aredéw ehamples ofetvm-%tersmalti -layéri etéhring systems and

none { C(ﬁfc’etjl%as i)Fe Y oSt iﬁtg?a eﬁlﬁlg]{ orarpgl?rﬁﬁ? %eétg 1gg L{s ngie e tﬁat in general the

etchidle's8lgiBh @Sed Brthd§debhd thMn%E%Qﬁﬁs@ﬁiuaﬂz lefthaHe Metalbf the second
Substrates, in the 200th etin

layerfaster tha eavingtal ofdbe fisst Jayendo thagamusemlﬁes@chrtmm@sﬂn etch

resisb bS8 N Bt sl Fotnec bl Botufon. A e ot toting
solufdyss steikd Heo10096 sélectiVerfort ty e&cond sndReswhich hatddynevan iis the takse.
2374-7 (2002)) have shown recently that the formati on

of defe %lrta%rmrﬂ@e@ttm%@dsctarbe@édﬁeéwdé%aleuiﬁvs pment of
micf3EGHhtBFinf gY@ Mrafibf B BRROTes ol BBl rfites,
Pinbeles ragfidradtserved irathasensgmblesas amedultaif t]hraéxftresml)usrmll thickness of
howed a sjignificant reducti the density of
usuqly fessi on s B B AVIRTURERS o bat b
especi aleksiRt ettall BVID EfeisPBEEN] Witraiddfesot Efcﬁﬂlg?&[{c%&oﬂfa%ﬁpnnted

This "defect healing effect” was ascri bed t he hi
MetalfSubsiiratgs, irf the@08 ¢ Mesting ok the Elettogherhicaldyocibsy. €00 San Francisco,

o B9V beitor, PE schBids N RigRbapEhichel 4RFE BhiirpRle, Pkt
Tolerdi? aBd DR ctighiab WeR EtdhUihstetd foPlsind oA R4 £R 20 BRdists. Langmuir, 18,

descri bes a wet etchi n&lﬂ q¥1St em for selectively
{

23743 {22 hagye shoyen regerily f dormagips @8 defects daanggtehing can be
t ol

g yR AR RSPl FRE R Ao idSer,

eicogdnethid SECON 6n gdldi witlyen CN/Oh etchingbath eintdinifg 1saxtatiol axrhalf

havi n gher, affipity to the regions of the
saturafigy FlPoé’t’f‘éih %%%’élﬁé@t\m‘{:’ﬁt@x%tht’ Esmltw @ﬁ%cewﬁ@paﬁeé@? amgctanol-

free chhhg%aﬁp Q? ) at EBQ ehgﬁ’éfy df HePHnt sﬁ%bftﬁ'éso'ﬁhls “defect healing

conpri ses conposi tion.
effectt dias asoel,becﬂ totha ﬁng’mﬂfﬁmmy efmulettleshkal -k)yianclrfar defactslirathe SAMs

ol .ar are descrihed, as ferred, ch as
bu i, 5 e e el o et et inarien aeiith
am nes, 11 PROwRR &ehbové Galssier putMastic) @J I9N 60420081 Fdoscribes a wet
| ong chai n phosphates, long chain nitrites, long chain

etchipigsypharfor seémtlcrslyaxaﬂennmggsu $trates havingrregibhotayered 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,



10

15

20

25

30

Specifically disclosed additives include

hexadecanet hi ol and 1-octanol. Figure 15 illustrates
W@ bios/osdef ect - heal i ng” or "defect-sealing" effRCI/IR2005/053989
the 1- octanol additive sche ically. 1-octano

firstly is at its alkyl end lipophilic and therefore

longl'tﬂﬁmé‘d’d:l(ﬁf rong ichain findsieng eh#if k6lfites, 1dhg dﬁ@m@hﬁbﬁk{tes numg chain
whi ch insert or which it may cover. Secon

phospgaqeﬁéwaﬂ}a@ pifritess dongrhain RSPl nsghan alls%nethlols
Spe%g{:ﬂly?g&fl&sgﬂ Egéhﬁvés ma ae fi‘ex’%ﬁ@éanét?ul' Qg!l to\é a'nHl the etch

avor 1Its |ng state |ss H.
Schm d, Figurdl ieilkmsﬂna,teﬂhlsl\ﬂdefeet heahitigEor ‘Edelfez:l:lﬁuealing” affect of the 1-

octa G5} TG CPIOTIRERLY oAy BF S S AsHCY end Yidefiy nd herefore has
an aﬁ‘ﬁﬂt@ fér thé ngi?e):ﬁs -in Tﬁbembﬁ{c%)%}‘ Yto %ﬂﬁc}ﬁf 4l nﬂjs@ﬁ%r “hﬁMﬁY filay cover.

til pr0VI de the 1-octanol nolecule Wth a sufficient
Secqnylb'r m Mncapabkwf forminge StabletSd&Mmmn@nls éxkte ggtd and| thirdly it has a poor

sotutit i nd Bleh b b g e e AV PPGaPL FL SERIA, Higgen. B-

Mickd1 @i Eabeﬁhiak’@fetas abd\&g Wetacm;olefanFaﬁmheatonai WebEtch Systems for
French and S. E Creager Enhanced Barrier Properties

using MoroleyigestasiRsisistso hargmuip 18, 23 Hc? (2998. Bhye hydopxyd sad grawp does,
how?\?% 1u§t |H?Fg'8‘é bétan?]lé}nolg%uﬁﬁg %vﬁl?f a(sillﬁ’?:@n} hédrgﬁlgﬁgl&étnodrggl?e it to

S in kane ayer

somé BXtesiEsohbld inamame Taislis theionknepert of t}tehmhbaidni effsutlayseeffect for
They further found that the properties of the conbined

stablénzwgr%wrrswstﬁ agaipstvest sherpigal ‘?t%lTanFSayer s depend
criticahlyo g%gt@%n%%ﬁ &f‘all(ﬁ/f‘g:tréhc @eEaglfeag&t g*zﬂnhw:e(} Barrier

Creager et eager an
Propagips @df aﬂkamtlml- d)@hkllﬂlectl‘ddnsnbﬁyé)ctﬁlm ireSestiem dLangmmr 14,

21 25%% gfﬁg) 8%”5'9(%11}6({1 fgSgsofa]:l gmp(geg'o Xﬂgqaa %ﬁéﬂ({]éﬂ!{@rf%gyslt aﬁ)él even increases

the (?Jekeﬂf‘tﬁwﬁh@s o? ﬁ{erﬁaﬁ‘ier%}%l? elé]fe?t@ﬁrtﬁé? 50 HhEhe pfo%@ﬂfe@ oPthe

t he used al kyl al cohol ive. Bain et al
comBumied alkenetlBol Diorctagol lainm{erlilayelks dapend critigallgi qnuhe chain length of the

akaa#ﬁ* SRR 1 S PRER g &, K BOME MR E Kl
BBi'dlMonoleyer BGfces @Ad &éE}’feéﬂﬂl s fhcRl Radlox Gherhistry. Langmuir,
Davies, and C. D. Bain, Coadsorption of

9, 23§9d6 olrﬂ%B@éS@ypp@tﬂdfaade@emcm@@aﬂ@me@tolbm PEpRBISE en the
Chem stry B, 101,
Cha@%{%ﬁbﬁl e(J 1?Inc\(/)e a}%&g &d t he io Z\dsor ption of
sogl gm Baﬁhlmlytl (G D.Buid, CIE?|2 )BSUSyleﬁ;l'ﬁ(l(Bl-INd M%h@a&tlfilﬁiR-Frequency
1- dodecano t octadecanethi o )
Spethamwﬁé&ém@%% %ulf%e 3% aPBl G opdserbpeatg Hgdsfsgoblc
R SR Z"V"sﬁégtu%ﬁ'é“ﬁ fard . B, Biiestdig C. 0
Bain, ﬁ,‘@_adibfptﬁhl\df Sﬁvlmm BodecyV Su}_fatb agdh DeBK/abbl aitarﬂylhd)p}_nblqﬁurface
Jourglthaisttd amaadatdie s -HELCPENS kit 6 oS adSorption of

sodium dodecyl sulphate (SDS, CH3(CH;);10SO;Na) 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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US 4, 632, 727 di scl oses an etching bath conposition for
copper etching conprising nitric acid, water, a
w@ologer741 a surfactant and sul furic acid or neP¢EIB2005/053989
sul fonicacid as an alternativggto sulfonic acid only.
This bath is not intended for m crocontact printed
acid s s bltérhstive tbiSulforld acid ohly. Thi Hafh # ndBihtchdSd dirsaicARentast printed
etching bath conposition for etching of nmagnesi um and
subspiesy s t her eof conprising an aqueous sol ution of a
strong [
ad] uvanyS HREELIB BAGS 105790 BRLlsOln Hbfind Byl coilsiton for
etchingi af snagnesinm gad alio g théreof conamrisiiey anfgaeoustsolusiohat b streng

not su es er use wth.m Cr ont a i nt ed
inor e S ESICRAlY HIF B B AURLaTtoT ISk ACLYRT SOMRY e QiEane
phos%h&lﬁb %&d@ Qﬁd/ orghlsic %Ql%”rﬁ@ gé'lg; ‘Ngaﬂi % DR ot %%@5‘[@@ YorhRE with

Seal i ng defect's in SAVs d reinforcing the
microtersadtipripted gubsiates swd the @sréosmet is limitedrto anagnesiim retcmylg only.

ot hod” 5 200F D0} Gaa kv SmEEY for Seiphie e th SAN: B

reinfoRiifig el PVOMQtabARP bEABStIsORItBHIWRR laebﬂﬁnépadriﬂy WM& Rpédifically, US
areas, in that a firrst hydrophilic (or hydrophobic)

2003pAI24Y eleirenn ppiEsrning naﬁrthqsl for t@tfotfyﬁ@ndfff arpprfeesppaticrcconsisting of

cont(*a%ﬁr&%ﬁf&rgﬁkb%gé &Rd ]@L %ﬂ% X Splrnl tgl%t:gsﬂrs{) %%frgpe]h ﬁﬁ gr{r%gﬁro?)iloblc)

monslageﬂld)nﬁﬂﬂng‘lyﬁaf fishopt of h?cﬂrobbﬁﬁé ()qithtyldrdp}loliibﬁmbsztﬁles issformed on
formed in_the remainin uncovered areas of the surface
the syrfag@f asubsirats by mygrogeriact prinpg and 1 thaldreqond paw Bydraphpbic (or

hydﬂ%ﬂﬁh@f’ﬂ%ﬁﬂ&yér% f&%lg& APfe %ﬁ&m{ﬂgeﬁ?g&é&ﬁi %Eé’é"ﬂﬁﬂé HirfR0 of the

erein the second type o a shorter
substrai by ddsorgtibn bflasecbhét}fple o o whydraphobio [(echydesphila) molecules from

wher e seco ecul.es | adsorbed fro
soluffig gytsgyib e EGH HPATTG EEB B YIGReT SRR taphe Fst type
of mORCARE drivRr&h tHE'%Je&%H t??e Wofe@ﬁbﬁ% a!dEbrg&f ﬁrﬁltnsa do‘lhtfotﬂein an
monol ayer of the first nol ecul es as wel

orgaTifgerodvent(oa imwetdr). This rsecrondéypef ermelnculwpn@w wdidetin Idefhcts in the

S et h|n thod usi ng the sane, which
nmnﬁ%V@V#gﬁ%g ﬁ@ 3§“tﬂe prior art. According to

the pregyhét id medat, t}iéfeforte NRY: @n liBpfd9ed Bichtit d6idtien) and etching

et chant sol ution for patterned etchi ng of at | east one

methngrysingethe sanaq hiehealleyiatesiie problems aidhe priar artahi ch
solution conprises nitric acid, a nitrite salt, a
hal ogenat ed organi c acid represented by the fornula
C(H) n(Hal ) n{ C(H) o( Hal ) p] gCq 2H, where Hal represents

br ono, chloro quoro or.iodo, where: nis Q,. 1, or
3, and MCFYAmg tq thepresentinvention, theee i BNV Ry negvided,an ﬁ;f:haqt, solution

for patterned Sfcﬁm% otlat ﬂegst%ne ?uﬂ”ac%roE guﬁgﬂetcgaﬁﬁﬁoﬂq{ ‘15'st§aﬁe tvblﬁt:h Sblution
+p=2, -qis or 1, wt e proviso t '+

comfrise nitBic acidda nimi sbih| salredegenated organic acid represented by the formula

C(H).(Hal)n[ C(H)o(Hal),]CO-H, where Hal represents bromo, chloro, fluoro or iodo, where:

- nis0,1,20r3,and mis 0, 1, 2 or 3, with the proviso that m + n = 3;

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

- q is 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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The function of the different conponents is
herei nafter discussed in greater detail.Preferably,
w0 b@olel7egenat ed organi ¢ acid conpri ses a nonoPCT/IB2005453989
trihal oacetic acid, even norejpreferably a nono-, di-
or tri- fluoroacetic acid, especially trifluoroacetic
aci d. Aprfeféralpigiht ddlogetdd ergait dcifl @mpsigesi amariv-£dic bat-
sol ution according to the present invention ma()! .
haloggetig agids £eB| IOTE BIRTABY BMAR-0dk RhtTEJTYFASEEHRUd. Sepesially
tin@RSacEHE b R pRIogP A gL Al 25 Wi M7 St sPfiion according to
the grki2hiainCetitiinGaRyHalsamht BB @dingir SR Halogertdte dHadopaicpacakard suitable
I.n.a hal.ogenated qrganic a%'d tﬁ?or Pse in ac.cgjda ce
Propjpmyi¢yagt éengaé%%i’a‘ﬁ spresBited Ryathe fllaviag geprsicdprmulae
CH,Hia{ ARSI, 1t dHASCIR CTPM4109), F 1O EadHH R8I ds ipid sk R in BVhafipenatéd organic
nore than one, type of halogen atomin the organic
acidder ube iPpefordanbé withtthespneseant inventset, can be the saink at diffesens thus
nitrite. salf. nd it is rticul arl ef erred. t hat .
el iyt ipian,BY Snd; og i i o e o BlcieR afgf i fpraanic acia.
t hat t here&IS19hE Attt kaRfis A1 AIKAIE Rt ditfite sAR] 44dat Rrticularly
within a relatively small range, such as a

prefessasctbat the nitdte spld iigiodam adalgt 5 - 20vol % (preferably

about 12vo]| 2 d,c I DJ

densi tyﬂi 1§1ﬁ%$a§]th%ﬂ@8%§$%ﬁge ooﬁlﬁ%%ﬁgfaglgewnagrg%@wu’% a
relativeljpsingl] Bdigel sacinaentsmtnteationamtgeard abowt!s -a20vol% (preferably about

concentratjon r an}gle of about. 10 - 95vol % (preferably
12voligg On S Shephandythe ebsgived pinhipde density israthshmesnsttie e the
halog%;ﬂa orkMic ﬁ&gtc{)ﬁ’éen&ati Qn(fascgﬂcﬂg cofilentdfibh FRYe bf4bout 10 —

so be“varied Tn a w dé range of concentrations, and

95valypipeefeiablyaaboonitent’ amap be nsety #he hitate@oncebfration alldws for control

nol ar (preferably about 0.1 nolar). is enpl oyed. The
of tE T Rl 49 oeSihus RSO be Lived o e Faee oL coeBiratipheand
typiGPN GEIdhESH 00N BingbF §houdl 80€ BFIS nTari(PRIGSBIF 8PS L1 AB1a%Y is
t hé ot her conponents. Generally an anount™ of 10% of
emplogeédr Thesremaindngienrieof the eichantiselufion isymater, theanoneanttation of which
sql uti.on accordin Q t.he present invention. In o
depcid phRY e RbT bR aiPeE eBRERIEM, CRVFE R amplin of 193 of water
is conbidlefetl @SBRMIMIIA \f8iNlise G ak 8f2hantlsblu€ibn 66UBRdihS & e PrdseRiialention.
conponents, such as phosphoric or sulfuric acid, or

der i vat [neestaimanplieations jan gtehant sphitien jagcasding 4o the present invention

con S B 5.5 O SRR R i
deritdrigsethectdf,talthowdh iz asenicquitdraen dér goredctant solktivn of the invention

exanp| e, phosphoric acid y .be present .in_a snall
and i G5aiain, Crabaok gl 1taaay IR ToR that ddienay EPPAes|are not
| > | - 20, .
eI S LT 40 gk b HCE SR SRRl 3ERUES e
abowt d 0% Elvemsgry benall emefuntsi cefIsulffionic anadrel -2fpdrievernt less)an cause a
ner al t he incl usi$n of . sul furic

dranggg i i PG iR PRYPEFoeb] BLoih 268 B e el Tof Some
appl?:ggﬁxgsi? E}gen%i‘ﬁgﬂ HoRRvEX BRANAEsIOH 0B slIfukiciaBidas hék feyte@dbt ¥ching 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 HNQOs, 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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selectivity of the etching solution against

al kanet hiol SAMs, resulting in a nmuch increased
w@rWbhobe4density. The presence of certain sul f BCT/B2a65d53989

/ or phosphonic acid derivatiyges may, however, be

beneficial as hereinafter described in greater detail.
metdFidisso ngos prodedsdn all lkaswd applidalibls. Thel atairbreagnOy ittbefdctaliat there are

the present invention, are one of the nost conplicated
man@tsemfm whickgreyrranibrivarielation withdissesiatediand umlésocmted HNO;,

I

parRiFale TPg Eichingigncioh Syt BERER Jofljiip ok o below,

ar e manWitsipacidds a sismgdridithat dissceiptiesl in ipolan solverdtsit | on

wi th di ssoci ated and undi ssoci ated HNO3, participating

in the etching reaction. Sonme of these equilibria are

as showpNgs| ew—Ntxi grraai@,1s a strong acid that (1)

di ssoci ates in polar solvents: HNOB H+ + NCB (1) It is

formed by dissolution of nitrogen dioxide in water:

3NO2 + OZH ction is the sum of
2t L eastU TR Ry disRatint oL Bl ERkE M Mtk ons: - 2NCD
N2O4 (3) N204NO++NG3(4) NO+ + H2O H+ + HNO2 (5)
HNO2 + NO2 HNOB + NO (6) It is inportant to note that
al | t he3MPevdl@aettons ardIN@atNG reversible and t K
di fferent conponents of these equilibria will always
be present in "nitric acid" solutions in varying
concent Thisiredtsion Ishe st iof ati¢adt foarindopetidint equilibrigaedactions:
conmponent is determ ned by the presence and
concentration of other conponents of the etching

sol uti OQNOI%% (Q‘y whi ch conponent or 3)
conmponent st he act ual fretal oxi dation and dissol ut i org
reaction is mainly determ ned remains an open question
for man pplicatiagn th\gﬁs been proposed that in
sone casSeés*the conce i of undi ssociated acid i &
the nost inportant factor, indicating that this m ght
be the actual oxidizing species (S. O lzidinov, A M
Suski n, N&hd‘rH:zOI:%dﬁRbHN@portance of kinetic (5)
and di f f usi on | ayer in the kinetics of coupled

el ectrochem cal reactions occurring in silicon etching
i n the HNOB-+HNGYystem—SevHNO,JoNonal of (6)
El ectrochem stry, 25, 418-25 (1989); M Scholten and
J. E AM v. d. Meerakker, On the nechanismof |TO

Et chi ,
£ o 9 TPREEl A i GRS e R Rl xSl and e
diffenent ebﬁipehm§oiahese regipibtia evill afwdyis G hesedtdat aitfi¢ asid’Psohitions in

varyeaRAFReT T he Ml soraanetomel S COMRAGE Bl ermined by the

presSdd¥%h8 tdn&hBaidnofARNR 3 ipBhéEs S \RE ofERINS sBfutibhe speci es

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 HNO;-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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present in nitric acid solutions have an equally high
or even hi gher oxidizing power when conpared to nitric
W@e00d/06184di scussi on of the individual reacti onBCDIB2005/053989
these species with different ygtals is given by
Addi son (C. C. Addison, Dinitrogen Tetroxide, Ntric
6 (da Ifﬁbm AnEH. thqﬁnﬁanl\dnmm rve&bag, Naﬁbac}fdm Alﬂwga@imh@ Chemie. 91-100.
React i ons. m cal Revie 21-39 (1980)). That
Aufk Rdy 83y Be%r EVathﬁaiiP @ﬁ@yt@,rb elearé‘é derpQusirgtes thah may ofthegpecies

pres&E A 30 Acif %@Eﬁb&'}h&v@ afile ﬁ@e[ﬂgyhl% agl:: ]&%ﬁ %%}{3% oilﬁ zm g power gvhen

servation e etc acl
compasé th sitdiciddic s dissussioh@d aitealhgiiwdnalaredctidm of dre:t;er s;iecxeﬁ with

e sa IS i ort r.th sel CtIVIt . .
GRS iy oD pgSR S G Bt osan s Ve R Nigfc Acid, and

Their MixAR&Hs MEEa FIndghmie 'Héﬁétl&%' @l?éﬂn@ﬂ l&fvm@vm@) ail $9(1980)). That
nitric acid, as it may occur in water free étching

therg ateunare than duke-spevicHnggved in the Metal exidatioineactionrs 2ldady indicated

ft d..d i pti is .. . .
byt T PR R Bt SET R 4o DR uiops s petosatalytc
and the Aniéll STEhdSHmeN ikl péritand fa tRelsidctiofty b theidhaad apaindiithe used

reacti on. As was shown above, nitrous acid does

resist.ur t her participate in other equilibriumreactions.

Some | g 3\91'3%{@ % a(zj(; %ﬁ% Iil‘fﬁ% tﬁJ] ﬁ?%a:f %Qﬁgﬁgﬂ !)fy a metal by nitric

|nportan I ons
ac1d§asrinﬁ1aybed1rlanEtegtﬂ1ree e%hmlgl\dautrana mnder ate acu d (pKa =

3.29) and a weak base (pKb = 21). It can thus be

protonated in strongly acidic nedia to form NO+ after

di ssoci ati on of gpat ed speqi egpt HNRING
H2NC2 + (8) Hgfr\lo%mn% maHzo (9) Noiﬁu s a st r%;htn/szo D

oxi di zi ng agent and may oxidize a netal Mform ng NO

as foll M.+ n L +.+.nNO h, in
reacts MERE (i Qe el SORRHOR B aLE TR Mottt Hicaiepegt nitrous
acid tTHNS B ista ﬁ’aﬂh@aﬁo&ﬂﬁﬂﬁ@ off EH%QMS@HIUOB &dctibs Amﬁs $Hdwn
each reaction cycle nore HNO formed than it
abovysy pidrons a¢id ﬁo¢5eﬁ1r1>h¢n renticipate esotheneeqadtbmmat Tehetidng. %im‘eunportant

.The r.e netal et ched .t he e Lzi ng .speci es
cquifip§a, ThHich 48 s heclehy inBo ity 0 SalPE b Sl DB Be hypmarized in
Figur€ACHINOY is \hodériRraeat (pkKg =829 Gal %'Wéak%a%’@'l(% = 1) Sl @ithus be
inthe left half of Figure 7. In an equilibrium

protenaied instrongly agidisgnedia tq fasmaAY@s affgridissnigtionof the pratmated species:

which in turn exists in

HNO, + H =———= H,NO,’ (8)
H,NO,” =———= NO" +H,0 )

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; + b0 =——= 3HNO;, (11)
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equilibriumwith N O4 as already described in

equations 4 and 3: NO+ + NOB 2NO2 N2O4 (12) As will be
wexpbacyied further bel ow, this conproporti onatPCHIB2005/053989

reaction is of particular inp})-ytance for the

selectivity of the etching solution. In reaction (12)

two charged particles react with each other to form

two neutral NO nolecul es. To_ which extent the

conpr op&he frepprtanbfact isdkatin pachreantion cyelp e HOYP:ip formed than it
s EEH AR MTAR 3y B8R BTRAU O ol B2GT el e mar
oxidiieg spetics arequodicad ind thais heenfiastecacomsp thei etching teectiomni ¢

S i |1 SBGEHES POGTSE Y i shergrrLR 1l Highe ot an

equitibfitin@edcPivE NCH @Inrbpdriof@AShATNOING HANRO,! @Rich in turn exists in
species, the equilibriumwll be sShifted to the right.

equilfhiigmtwith W@y asl direadyngbassiibadan eqhatione 4swd dt i on

determines the relative concentration of the species

in reaction (12). According to Figure 6 the NO2/ N2O4

coupl e N®'anNeNer—stteargepNeyidant—thamNdyO3 and can(12)

oxi dize a netal M as described in equation (13). M+

NNO2 + nH Mh+ + nHNO2 (13) The product of this

reaction.i ' [ i ' i .

t he ovegglvfm;%ggsé |ic?)lre180yc éﬁl‘é]ﬁng ﬁ@?‘é@%‘#ﬁéﬁa&ﬁlﬁ%&g is of
partic@Merhportahed forgiad seldctieitypoDihs etchingNORition) Bavhk®ni($2) two charged

doubl ed in each reaction cycle, thus it _represents an

partigles &paghwith sachRtBerip et o BtabNOAmQlerudsst Fo Mhigh extent the
. n . .
comltpBARaHM e FELA RRAEIEl RGP RGeS b ol
compemnts esnh éx awery pdlarsblutiog) thucharedmsn withy Higtedielectric constant
concentration of. reactive species resulting in.loc
and Ry B POEROHPR (IR QiR 145 Fargrer s el b
stabf¥SEPWRe i PREEHAECmeALRANMuUL 6 FhddfurfTWith 4 BRRE HRRL M @Rstant and
the size of the substrate to be etched increases. It
fewdraenip spasies, bk equilibriamwil desbidied to thetright.t Thya die overall gomposition
acid or nitrate.iqns,.are the ultingte source of.t
of 13 3o e 35 dRleb R e AL o Rfgtioh cE eGP Pnttih
(Fi gur eacéoraing td Fostife BiiRyNO,/MOOL Baiiple s@h&vemstidiper oxidant than
actual etching reaction. The |lower the initial

HNQuindegan oxidizon wetal Neasedeseribaddn equationdiPonger is the
effect of the concentration increase of these species
resulting fromtheir generation in the autocatal ytic
react i oM +hiNg@yrenl8" strows—ttre MEcrsliN©,0of the tinme to(13)
clear (TTC, the tine necessary to conpletely renove
all metal layers fromthe above descri bed APCVb(Cr)
Subst r aTRS brodicrh il flakibh RlachBhiRUIDRI. AnofP A4 of the
etched in an etching bath coffposed of nitric acid,
overph osetion cyclami the daftofléigue .7 réweads thatsaghin thé atmbentmfiHNIOumolecules
is dqg%@gi ig Itggc er{q@c%%‘%%?t L tg'{sjgtgg)%s‘fé‘fesd 05 Fftlgﬂlgltiger %%Sgatﬁ%z(t?c 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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the begi nning and the effect becones snmaller with an
overall increasing concentration of these species
WO 2106406171 t he series. This effect can be reduckdI/BroeINS3989
addi tion of |ow oxidation stajg nitrogen oxo
conmpounds, such as nitrogen oxide (NO or nitrite (NO
7) cain play b domirant fode Bl thé hétgaletdhirig @action. Thslowfer eedifiitiay concentration
gh concentration in the first place. This results in

of ﬂﬁﬁf‘gW@Pl%\F@? strqnget i phegffechpbthe &ﬁepeatrﬁ%qnelnﬁr@m?gﬁr%a §pecies

resuftingHdd tﬂgﬁ'%ehéﬁﬁo%ﬁf tﬁg BEYAS taRliGP F%}He BRhow S e Hecrease of
I n-accor e wth the present invention, we enploy a

the tithé¢ td ¢1em$ﬁ[l’C the dmie messaryab lcaiipletely admaowetall hetablayérs from the

aboye, ({elsqrflgg | (b{}égg gé %rglp{ggp% I\ﬁﬂile Mﬁ{ gfo su%ghsatgsng:tched in

an efeHifl [g\iﬁhleéﬁmﬂdée@opﬂﬁﬁ%bﬁd %hbéiﬂioﬁf: a@RAHY water! M a Y@%hﬁ Bf the build
yi el’ds the best results in the herein disclosed

up oéa datémt canskntration offedubed nitregert oxsnspecies, g TECMectieasen gapidly in

the tﬁfg i a%ttﬁ%etz%c& %?‘f ee%%]tﬁg ﬁl‘r H%?)V%%h gl?c?%csipg concentraﬁon of
thes@gtwciéahﬁ&tmtﬂqb @riegncentrati on of 10~5 and 5 m)l ar,
preferably 0.01 - 1 nolar, is beneficial.

conmer cThis efleetinan e seduged by theadditionrad dese exmtl%wfé ddfrogen oxo
comb 55y ekl SxRENg) BPARRIRIBT o  ALARH: SBuion n

suffiolentig highhwscdit@tionl irsthy fiss lab OVids rdstlteindoighpr overdR #tching rates
nitrate ions as possible counter ions or |igands for
and g FRorehermegapeeuT RN regRdon foR dargsubstatephosphori ¢ aci d
in such C :
i ot ol i, ROLCbIGRA \if BRI inltbnc e Bploy a nitrite
salt, aukcheab msal]ealmnetabmtrﬁﬂ salt; Imdre tspecifically Godidohdiis e (NaNO,) or

Di.ni t r oge t.,r oxi de, ic AC|d and heir M xtures
potaSUITTE (VO GPY raRbhion Sl 198 GoRegRtration of
abmﬁ@ 11\3 L Bieh GcdBQhd besT?&uH@inWh@ﬁ%ﬁlt d1§lflo§eh lefchhsti6iutiBR of the

formation of various netal phosp hat e species that
1nvenmftmthlenwrsmsmg mtrtqzacad; @ hatpgendted onganis ecidawd iwadgri Inegeneral, the

J.ayers on the.substrate face to.its_ hjgh
aaailiB G & SRolnfor PR o By eBH g seritifioh 3 1 i Phob by
0.01deB foldeld baksic@land wi I | thus influence the chem stry

of the various nitrogen oxo species. Furthernore,

phosphoMagay semenarcial eiching;solytions 653 eqmpagpd ehvaripug pixtures of nitric

| t L
acidy FRBPACHISs ARPEE oftn il 5P &G TheSRTIBREL B0 B Sridant s
beercdigdussad aboge. Thalvo prookies yitate foheasmiiibla doanteo ivhs extigarids for the

IIovvs fontrol of the rate and honobgeneity of the
disslyedhgg I@&ction. Acetic acid to sonme extent fulfils
functio '

sal vent. ‘i*ﬁe OB Bosp ol Aol HERAR Ao ATH Spmplupiiied clear.
Firstraftad it ama:l solVentsInasnnmccaszbs ithd dddddasal doyrosioh intsbitayt(Be€. Addison,

Dini gg‘?l}b I ! r| @1‘: tn(cj: Ac (9 a%g equ\/hx(f‘urgscallsdl\’/[e(?ig fgrrlgglpglagic%elagfions.

Chemical Rev1ews, 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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noderately strong acid, it gives the solution a

sonewhat organic and | ess polar character. As a result
WO 200ba61741 st rong i npact on the above descri bedPCT/IB2005/053989

equilibria and will thus inflygnce the chemistry of

the various nitrogen oxo species significantly. In
viscesiyufdmpedinm to see @kRAtdllowsontrolosT the rais ad Ktatbdljteityhef the

present invention we enpl oy a hal ogenat ed organic

eWhHBﬁ@““BPeferably trifluoroacetic acid (TFA), which

provi de AR

phospho%cgﬁ%%&ll%{ or aec etl c@tggg?lﬂ&ﬁ%f %ﬁ‘ﬁ})“‘g?‘ﬁhgg phoﬁ%honc acid.
It is aselveﬂt i fbmlscrgetahtomblexeg afilow srﬂub‘ihtypmeﬁaerainﬂyt i EAamd

AddioaAibahisatberghaaie Sith it BsBhoTicRCi o regpiceigid. Being an only

mod%ﬂtﬂé?? kY ackd, it %’l@es%@ ﬁﬁﬁoﬂ DYSRGV IR orgﬁﬂﬁ:ra%dtléﬁ g%la? BRfhcter. As
solutions errp oye for a m crocontact - prlnte
a resulldr Ihas(aGitiong anpzwé on ther dboye descripedenuilpiriseanidonillghespioflognce the

hi on we faun bat h conposed of
cherfisfy B Ao h b e o b i Vol ame rat i o
3/ 9/ 13) LA bRENENWitH 88 efchBR doRiti6h 9§?ﬂ@bﬂ1@ﬂ ’oP rhdhresbnt 1nvent10n we
APC/ Mo(Cr) sanples with an acceptabl e resolution and

employ achalogenatpd arganisragidy praferablyi t@ﬂu@ﬂoa@qﬁ@ asisirfdIFAd, whigh pevides
{
ST s RSB G e B ARG BB e
ofa hsllogalated%rgmﬁa a¢id) prefechbly TRApprogidies adventziged foapatterned etching of
) subse%uently etched in a solution containing nitric

micrggpriact prgtedisybstiatesci d and wat er (vol ume rati o:

3/ 9/ 13) ,

conpos) 1 SR hiAMEy B BRTREn O biten” §Ere thg cchant solution
is enoiplb et knaanbﬂmabnt&dt@rﬂmmECMa(@r) sampie Siuuag eanlyeptifizdtion steps

mthis_it eco cl ear t. alth h the .
of thgstgineRatRispoHs Fyd S ataie s 91 Asth Blsbiig acd and
watécr @olafie ratios BRI I)@ided the desritdaimidRRbitact fint&d RbCVMogCr) samples
| arger substrates of the described conposition due
withj mcvmta}bw rdsolutige aedselectivith an lpng b the size <a°rth|e saﬂm)lmbd not exceed
dUQI of the et.ching res
abo‘g rf?‘%‘“ﬁnb Hoppan 9%’?‘}1%?}? ‘%Wb%ﬁ%? cé”‘ii%ﬁea"f ih a small
AP@M&)@@f)tsaﬁbleC(@ﬁe aRELndt) pAnGH Aith dvtddetancfiolind subsequently etched in a
concentration we also found that by reducing

solufie egti@ining nifeic @cidppleasphorig acidhandewater ﬁ@l%@%@ﬁ@syﬁﬂﬁé Figure 10
t

sho P LRARIERE e Wink ISpbAA ! i FRLAE Pk A7 ORICURY irerence

that ehersasipld siaf intthie cheeweds lmmscﬁnft Fedm tHis & baé@heswdlee disit thhough the
Thi s accomnpani ed by an unchanged poor

onent .
descgggi) giching salutioy YiGHS RSOBR A, Bl D sall SUDSHAWS 3t isgppseful for
I

etCh%qugggsqb e&gsd(ydﬁt | g%ﬁch sogl iu mﬁfgr% (%gtt%g glqu qnl t r(%%h&%s ciching
behavaar antie?aerpms oepsodaciliilitiyrodcheadichieg rebhlts.qual ity of the

pattern not, .howeve rove, signi.ficantl S.a

resul t Efon? CEXPFIMPRIY 3’1‘*&‘6’&3 ‘?%lé’r“éph?sé’ iC ped F%‘é&“ﬁﬂ?s and a
cond%ﬁl@ fRAOLEA caﬁéeﬁtrﬁ(ﬁp% 8Ro @&ﬂld&ﬂﬁ%‘%@ﬁddngmm'@h@pﬁbﬂc acid

th acetic acid thereby gradually inproving the etch

conqqut;athny etclring becomésanoredangenesus lon thet 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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was agai n conpensated for by the addition of even

hi gher concentrati ons of sodiumor potassiumnitrite.
wa\eooboenTdl t hat a rat her honobgeneous etchi ng beP@wiB2005/053989

could be obtained with a sol ujg on conposed of nitric

acid, acetic acid and water (vol% 12/36/52). The

probl enThéreforé e Sepladedith®phosploriyvaid stemsisé bl e\tehﬁlally completely

resul ti n%gattern still suffered froma relati

with agetieacié Hisreby ssadually fraproyingpthe;eich quality; Tﬁ@sﬂlﬁherdf@@mi &igh rate
was Q 2ifl 6 g?ﬁe‘sgf&i fm R95La0H05n 8 {]etﬁlé%ﬁz? Loftlehfitions of SOdllflm or

count short’comngs Int vel oped pattern o
potasdimnnmtmtmcont act-printed APC/ Mo(Cr) substrates. W

succeed uci n he nunber o . pi,nhol.es . .
oo 1 B fopd HS sittks MBRF oMy cEnigB e P oRlkhe hpined with

a sol@OR gg{ﬁﬁ@s‘éﬁ oRBAriD 8Ll Scefdadid bd Rhtek t\%l%e‘fffs 9159)1 The problem with
pattern by replacing the acetic acid content

this sxﬂtmrble ﬁleWyveurywas that the resultmgipatternistill (sUfered fipmea bedafively large
|nedvv|tha bat h of the
denG iRl Raet L o ANy B HPLaPT pPoSgrabtiof the most
oftert BRMUinterddnbridsiiaks B the devdloRdPaREhI oF tiRCmitrécbRi¥-printed
about 260nL of water and about 3.45g of sodium
APGIMo(Ep)substiaasre 12 shows the effect of a variation of

the 11 e eb@REsiHoBG B aR hlBEr bt BfndIE: e fRborl By alo
obtairiey Mpériergllyl rapeh momf honfsgeadime ané bersdr rqahlﬁy)of ithie &HVeloped pattern by

et ching bath of the congosntl on_gi ven above. Wtho
replacies e draticHviconient cempleieha by triflugroppeticacid GFA)- ’ﬂ;ebest results

weré@&&’iﬂ&fwm%n%%ﬁgvtg%a g\dt% g@lﬂmlnhg @oﬂn odlicH ﬁo&%\()gmLT&emtrlc acid

concentration |umntr| e was varie
(65%) bbee i 30ML5tafidorbadetic atidd{)0%)R abdut)266mb. of viiter aAd about 3.45g
£ qﬂtéron al nost |inear dependence of the TTC on the
ors ¥-| ogarithm of the nitrite concentration

(- | og( [ Mrd {MnowdaRc OF&E bF £ Yaridtioh Hf $he BRAE contBRtration on the
strong decrease of the TTC, thus the strong increase

timegp clear (R Hhame areessdry o mmplntebeqsh angaynthe rARCeand the Mo(Cr)

tayefs LI 63 SGRoERD Barisicing Bk PP EesBPatPFn EVER 2P, Without

the Ridafonaifalrifrire simes TAICSEF AHORETRD slé@oﬂdb Gvaliobsdri@l (dotted line in Figure
concentrati on, @E)artl cular with respect to

th
12). F{bﬁ@gwetrwormf atdﬁ gqdivin piriteawes anigd bplavege Agi WendflM (-

o (RO B4R BB ERORRRITE Rl

logavighny ofthe O)ﬁlgteaccUnder&fatlbh I(Usg(MOsTIM ) nwasibbservzd e Hﬁw:angﬂ dF he strong
wi t hQut wishing to be bound by theory, there are at
decrpasg of theybt é@ﬁ e STengHIngHTALS itk plgpingirase H(itean 1ggreasing nitrite
RELRITBAGE u3ld ththeTBRE e Mtdhth rH&s L@ﬁ A Shd Wi,
con provi élr%ﬂ %e preesentﬁll nvent onf%a = @ﬁ} uster glfﬁd
considefing ¢hat theeIﬁeqmaéiﬁ}e H«_nesfalﬂo dtpendChrethie ndthiee camaentsion i@ particular
withArlélgplebt t(e)dthe ﬁ(?rggg’eneal%rl l)}‘ t?l'e e}%gntger%teda%d %eugetngirty 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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phosphoric acid and acetic ach
el ectron withdrawi ng fluoro substituents.

due to its three
Thus it will

I N agqueluble 20AUidit9REndigntslobrlhitRillst 0 a greater

extent than

nhncphnr

LC_Oor ac

ot c_acid

Conseq

lentl v

Troswlint ai
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F Refsrance
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concentrati

_ ese—sped]
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nore pol ar environment,

wher

512)
es on th
beci es, t
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hand si de
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anettigi de
Consequ
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vasl | be
ently a
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51 abilizdg
50l uti on
ric acid
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cont ai ni
ap the s
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ng TFA
AITe
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coﬁ%ent?ati
the ot her t
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t_printiA

d [l e
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gihap

gtively
50l uti on
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tof orred

i3| ggner
cont ai ni
used in

e Focontac
PQaErk: i ny

nonol ayer (

nol ecul ar 9

etritiugro o 29

FoMc ac @f

peci es

hydr o0
penetra
omthe e

bhobi ¢ se
ion of t

chi ng sd

b
ng any of

t of thg

epbodine
1%5Zhssen
he SAM b

dbed
y active

lution r

bsul ts i1

the formation of pinholes. Not all species have the

same chan o_penetrate fhis SAM rQphqbi ¢ and i

parti cuP5&%&&6@%@@#@3&6@&*&5@@&% gﬁﬁwﬁgsc & Analyse. 103.
AufD¥@r10BE 0 fin SAM 181, ;| y than hydrophilic or

charged species. Thus & SAM resi st should be nore

stabl e hgaDrRtLide,cdi 6B Csldandbookef Chemistry bnd Rbysiest B4/&Edition ed.

Les are hydrophilic and charged, such as NO+, than
2ooiggf¢1§fes§‘f€%°§¥{jaﬁor§hi ch the active species are
hydr ophghi comsidbrat 18 i3e TF ASIH @ RirasgeNabid MBhnpHIdphoric acid and
Therefore, the nore polar TFA etchants shoul d be | ess

acetigepgidedyrei to éts shyee pleetramwitisixpwingdlupse sybstituents sEhysiihwil msaqueous
S ot ) ) . .
sl RSy foBleanh Ly chal BAF pRABSBRCRE ot s vty

TFA-cutitginidy sbluciofy wHERE mbievienic @F polad FIQG0 MGl Adiodervidw 6fsome of
is the stability of the SAM against the etchant due to

the merg relsyans exidizigpEnecies &n pifigasid selations; Of partigniar ingprest is the
equillbif [rLdcFiSn béfvesh %e%o%?}’&ror@co%daﬁts%d and NO,/N,O4.

NO" +NOs’ 2NO, N204 (12)

Since the species on the left side of equilibrium reaction (12) (NO" and NO5)
are charged species and the species on the right hand side (NO, and N,QO,) 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
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contai ning etchants have a | ess pol ar character than a
respective TFA-containing etchant. The nol ecul es
WO 2006061J4t he SAM shoul d consequent |y di ssol ve P@F/E2005/053989

easily in an etchant containifg acetic acid and thus
the stability of the SAMin such an etching solution

polas toinfat. G RNt HY ¥6luien cortaifing G FA ﬁl@teamuﬁafetlg at plibsphoric
the use of hydroxyacetic acid (glycolic acid

acid @tihe sapa roncediratien Wil have relagyely higher qanenmop§f NQ'ghen a

id but due to its

Somﬁ%e&?%{ﬁlgggﬁg8?%%&%@2%%%@%5e nol ecul es are nuch | ess

hydr oph®he etch Inesist Tisedl. in Nevecoitettgamting inf @ predercdnpatrodithent of the

presER R RO R 8 LY BFPALE s s R BAYAT YA MR- TR Psritaton of th

SAM ‘B{y %ﬁ%@le@ﬁl&ﬂsp%&%@ #6n th BRhE3IsbRMioh R&dulté Bethe formation of
hydr ophobicity of the acetic acid derivative is no

pmhnlﬂswo‘raaﬂgﬂpnens hdverthe semneodtivncetodenétiate this $AM. dbdrephehic and in
le.d d.f h
parte P hctPledd SRS B PPRTRSTE nRE PR SABA e e then

hydﬁbﬂﬂib%r@h;{rgé@s’ye&eg hat the reduction potential s of
Il ver and nolybdenum differ by as nuch as about 1

VoI t. Adghusia SANfrest shoulyl Ixonoresiablg-mainst afphipg 3elutionsin which

the 'M?N%Qpemes {ezlgr\éré \fﬁ’l d‘!\%@ %g{r%gﬁ fei% g@h@gé Q?Jm& rtr%{sg |rn§ {.%nch the

actlv'El”@eﬁésC"ﬁrb hgdiephobit yhdiemhargetosuchl apNeG @aad NaO,.aTherbre, the more
hiygher rate than the etching of silver. As di scussed
polap &F fretchants shoyld bg less ﬁsgrﬁﬁ%\gs@am tha SAM pad genrgrate lggs pinholes in

the 5‘? Eht%}n tHad tg%f)ﬁ(#sﬁﬂér?({/ or dAcBtid: OXIE%{&B&% }@ntpaﬁ‘ﬁschﬁé% Wi has

r conpos ormation o
beemfohmﬂ)tigﬁwprmtaﬂvaﬁom th a low solubility is also

P easonal eond doranraEen Bthe RABIY Rubg AN ARt L ighant due 1o

its s§1%ﬂ{tﬁr6ﬁé§tle%rr§th€1‘ tthQI? fts §ilﬂ%§§ MroPasibE AQstaddd ML Yacetic acid
aci d Neverthel ess, the formation of a passivating

contalay@etqﬂ@ntsﬂsvm llass pelas olrarfater tharpa respéctiat Téet¢rintajning etehant. The

moldeafis tain@ i s AT bR ERY ir R iRlE oy, A4 clchin

cont@linfifpQiceti¢ 8¢id afd thud eRayibEIRy oFthd SMCARRES AL £tBHin® bolitién should be
etching solution, the overall etching rate of

redugey. }Bﬂ@ﬁemmha@ﬁ glsg inneplégatrd the ushel hydngxyasaticowiddilycalic acid,

HO(?[%;?@(?C ml 3 1nsItc?a% %5& <{:ae g(%%fd &I;?Ig ti§ t}lls@g 5&815#? %J:lh 'R acetic

acidvat Wﬁurmfdinioﬁﬂh hyﬂrdxmgedsuﬁ &emwlamﬂ?d &re nfuchhleéds htyﬂrophebw than
200nmt|c S r or APC er, In fact, in
TFA. e Weéperme SRIIRAERRLE P Hledepities 1&83@@3&5 ighed pvdth such an

etchﬁg%()l n%‘ r)’ @%&f@dmﬁlt BOEAHBRcid cbil ﬁlﬁ)ﬁ\/& &ﬁ%‘ﬁ 1§d1c?t7ng that the

con conpares we
hydteph(bbmgy d)ﬁ the acn‘tlc abdeden@ﬁmsaels on sigjérargemént fbr tAE Observed effect. In

fact %génﬁﬂggpm%%ggﬁgﬁés%%g B‘m %Jger alveltyr}?yd?(gp%rﬁlicn&orsgltloel'ic acid.
Another inspection of Figure 6 reveals that the reduction potentials of silver
and molybdenum differ by as much as about 1 Volt.

Ag++e == AgE,=+0.80V (vs NHE) (14)

Mo*" + 3¢ =————= Mo E,=-0.20V (vs NHE) (15)
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(M(Cr)) is sonewhat |ower than for pure Mb. W have

further found that in addition to the actual
W0 a6 derl conponents of the etchant sol uti onPCEMLOINS3IISI

amounts thereof, the preparatypn procedure for the

etchant solution itself is also inmportant for the

final eThéefige palidr difframetchiiieiatsiviouldibé &ected dor tHewd two

by the present invention, therefore, a process of .
metals. dihg etchingef raelybdanumsshopld; nspcesd gt Bwe Elghyr tafe than the etching of
silvaier ei nbef ore described, which process conprises: (a)

m xi ng, under cooling, a hal ogenated organic acid

r epr eseAk @ikctysed hefofen somé me@(s-omfhHimbksivdting Hyefdthirjng] acddng. In
pr Rl PP S SA R B RS et o, h
forn&(é)f;ibﬂ of BR1yHaeNIS Acdthiad with 5 18w SoRibility isSaléd fssible. o dfssdlve this

or 2, with the proviso that o + p=2;, gis 0 or 1,
passivatihg ldyer graoeasonablp sate glmostralbknqwiemolybdenum etehihgasolutions are

et g7 TS Bty BE hisHBDER! bk B PR R0 ver s
the B8iAtEasbiBortd PhraélicaDétchiig re tRE istiowbethgieosidally ddpbcted. Since the
adding nitric acid to a m xture obtained further to

compesatior( efj thisdaysis: amdrihekingldesciats dlisselution,rage degnendent en e a
comPhfiti 5 S Lt Soh D RO BFTBRE of ouhim Sy dcpens
on thedcopipoRition Jof theoetéHaat. Fot theviichti HisxlosudectcHih@tdippbsitiont theretching

to st e(gpéb),, so. . as to thus_provide an _etchant sol ution
rate for the 2y HHckem@dodenuma opmebbdenym sliefiyh lays iscompargbie to that

of th\ééefObm'ﬁxtﬂﬁ:ﬂ &hivarr aﬁg‘g: Ila%elj. ﬁhfl‘agtp H ﬁlﬁé}%egg&ﬁ.tet&ﬁig é.)élf)hlgﬁlﬁents with

ooling I's provi urt hernore, I'tion
glassisubsirates baaring ionlysd 2innamoégbdstan, a TECgd abotdnt 8 sexfonds was found,

.nitrogen oxj des wil e released to the gas p .
whiGh PR ik et e e bt R SomeEs Byl gapg thick
APCHMICE) Qe R O deREFRETHA ktthfhe 18fe 1OPhE nyIfRhaRlchrfiRluaalloy

room tenperature, before the addition of the nitrite

(Mogo)Lisisomewhatdpwetthaw faripure Mo. step (c). Prior to the

additio f nitrit it.0,S 1 rtant that,.suffjcjent

mater hoXe a8 e Soprdihartin s ROH R e iy ieividual @bponents of
the éiEtint lutidie ahy the Ambeing tR&te6the plétRrdtiohprédsfRdot the @tchent

not be added as a solid to the acid-water m xture to

solutiomiteelf is elsp impgriant serche finaliateling parfosmenge; dhereds fusthierprovided
L 1LN a.l .0 .
by LR R0 DR ARERD 4 b 1SR Bty
hereirtbe foréel descabad, whidhgrogese semprisesvent i on. There is
further provided by the present invention an etc Ln
glgle formula

(@) bat h coMUENE WYeRePolngahrlogspiGe BRNiAAsE RTSSENS
C(Hznfﬁﬁbﬂ?ﬂtlgfl@alﬂﬁqwzm GHhereSaltrBfteSntsHBromd ScHISr o2 fIREB OF S0, where:

- nis0,1,20r3,and mis 0, 1, 2 or 3, with the proviso that m + n = 3;

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

- q is 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;

(c) 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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patterned etching of at |east one surface or surface
coating of a substrate as hereinafter described in
w@e@aber4detail . I n such an etching bath as prpwvi/tBdo3ns3989
the present invention, it is eferred that there is
cont ai ned therein about 601L of nitric acid (65%,
mixtaboolitaihEORirthef totstépf (b)i@6 @8 tethus paide dnlddéiiht sohlt@uitin accordance
260nL of water and about 3.45g of sodiumnitrite. A
withjhe.preserd dnveafiet of the invention is the thus
describ , o
enabl esg{%pra i Reﬁégggﬂﬁtgg%?a&l tSrltl 1&‘?&1@&&%?&2@%@%&%@ ling is
providedt Bunthemporef addition oBthb :nitrmi saltamitsm agsey stop.dearge auowtegof

in accord th th re invention, Wth this
nitrqg{y BRIPLI B Faesol b i B4S HHGE BV Fib S90gioniihg mixture has not

beeFQITRASAIWOR 1660 téRperhiif, ()i' fridte priefa ‘t@%b@[bﬁ/r Iﬁﬁﬁr’c&ﬁﬁ&ature before
printed and the printed pattern can devel oped. The

the qﬁdﬁmrqf thamitrite selntips obfained fiothey tor step (q)n Rrem to the add1t10n of nitrite,
t rint d ,substra ant
itis FppepHES IRt By R AR EIE SRUBRGHBTS rispsnmpt of the

hyddélysis én)érgﬁrnTHé figrite BRGU1E BIRb MBt bPidied Ss @kolaMb tAé AQd-water mixture to
met hod t requires etching of substrates bearing any

avoidfloqahbigh ganesatradonse altsiteo Folewiae thase ghisieinaseforthe areparation of

the éﬁ—\&&ﬂf éjdhﬂg) go&ﬂ% PJd?R?l%ﬁT reétﬁ‘ééeapé bined Ehe{c%r)%ﬁc \R/Rl? fife present
provi 2458 prgcess of “providrng a pa terned

1nveﬁti@natrat e, which process conprises: (a) providing a

substrate including at | east one surface or surface
coat i ng Therepefusthet pxidgd by the piessnt tiverfionangtehing bath gentaining

an e%tﬂaxft%bﬂltlﬁﬂ rs{ll%?ﬁltlg y ééjﬁéré'iﬁﬁeﬁ#@dés&%edaﬁﬁltaﬁl%)foiﬁs%% aYocess of

east sal sur ace or surface coatin
pattabethetoliing of attleash omeushsfaam br aurfage asatingrod mrsbhitmt@as hereinafter

descri bed s el ecti.ve renove
deselfpd i SeigEetalh i Branionini et it PRvIcy oo gt fvgggion, it
prefSRdthal thére i€ Sdrtdin&d BERIPM Mt 80nE LFRitFie 818 (6599), ab&@ 180mL of

a method according to the present invention conprises

triflegrodcetie acid G E00SANmbauy 6@l lof mpqzs lang dbcuut 3t45g of lsb@umau@lte

sur face ,or urface C o) act.

ot 2O Aohrabe iR otThe Mo s HOBE bt k| Aghine barn,
whichOigtpaft ftula® evdblésh Rewsiidragontks pfmtb@gimaih@a €ori the gﬂtdﬂﬁng of metal

applied, and the SAM form ng species, should

subsiralecopingstto §e prasides jg aceardance mathdhevpiegeniiinugntiese Wish this
By o

microbbrithdt piiaited wnf sisepritte dpatfetc eancseadevalgpad d“hS,ﬁMséﬂtrm’ifemglon is not,
species are thus selected such t hat

mol ecu| a h
hOWﬁ’bqfe]é‘H}t%{ t°§B@E?°@§taFTe?riﬁt?f§Q®§“aéFS apdanyet¢hant,spl anaas provided by

he A5 0k i A S et s
requirkeetebiop of fubstratesl bdmingialny off e indicatied aletedy or" (ﬁhcf sugéble materials.
nol ecul ar speci e and "terni naﬁﬁge i s nmeant

to
i ncl ude SBIHTEHR EICRLINVEH I e, theredp prayided ggprocess of
proviihg a dattéHNYd RiBsratewlith Pro¥BistorpRises:

(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

(c) 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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avai |l able for formng a bond with a surface in a way

that the nol ecul ar species can forma SAM or any
w@obier4nf a nol ecul e that remai ns exposed WhRCT/1B2005/053989

mol ecul e is involved in SAM fo§ mati on. A SAM form ng

nol ecul ar species typically conprises a nolecule

havi ng Prefatblgnad ctshaedist foeinstiinalmahstbaccoringy @tthélpRyent invention

spacer portiaon, the first term_ nal_ end conppri si a .
ompumai lsAstiong Sé\M, typically applied to i subsirate %ﬁaf:%elém%ﬁ% coating by

mlcrﬁﬁaﬁ&ft g—:ﬁtlﬁ%éﬂsﬁﬂéfgﬁgﬁ g{ hBs@bs ‘Féasiu}fage SR EYc altmg to which a
ereto), and the second term nal group optiona
SANl ag Hesdnhgl a@olvel |rsc1b|hera@bhgi anpthecS Adt fodning species, slmukl BAMlected

n a desirabl e exposed, . .
togefhn P GREN P 3/ T S o BFRTRSHES 1 Dt @B e tionbgroup that
bind@ %o &8!sBEdHR%k {uPrabE BVdutBic@cRaingl cul ar thickness of the
resultant SAM as well as to facilitate SAM formati on.
Al t hough sBhitkatosurfdee op s@&@npoatmgamm&AMffagmmgmyolcqular species are
pnes described bel w SAMs  h a thic
thos e 8 S5 o R B St P s Aty o8 roup
that Birlf € 1he desifdalsarfRESfiRY ibbiratt 8PS Surfi¥ifile cbmrfg]l@wﬁéd fereto).
| ess than about 50 An%stroms and nore prefera t hose

As usgd«hﬁgmathp teraknedegy tmdl eEa mmlaasmeswdA'hgmmmﬁs is meant to
1nc1usde%ﬁ32)?{ %ﬁg@:aﬁ Q&n@k&@%ﬁ%lﬁéﬁg a {7&/81& slge é&ggf a 81ecu1e

avaifablet fof firming orkipaities spdiceiing vidyehaﬁoﬁe mAleouldmpeaires eiryform a
of surfaces (exposing _substrate surfaces on whic

SAMs 3Ry pprtiog o melg léma tﬁmﬁmgeweéameart %@@&ca@ lmnérolved in

SAl\I&% g%rhﬁﬁh]ﬁté %31\2 @n‘n g T({ﬁgat‘f' §g«?ﬁ st 1?&51&{ &t rias‘e§ a molecule having

first and s¢coad eermirmal anxls saphmatedly 4 spacertportion, him fitsttesmingl eralt e

compisiee p SRt OpAl s THERQdR Rord Rl h e it Fihge o  surface film or
coatii! @pHé PR CarRPthe Sec@hd SN S¥¥up ngﬁﬁﬂlfy‘%ﬁclﬁﬁﬁlﬂ? larfah&ional

surface materials can include netal S such
groupiselgeted te proaiderns AMoon,thd ewifane ha@mg@rdesm@kdmwectﬁmtlonahty

The Pt porPEAT ik armEimat b oOeffid RoE o BHpeuter Bjikngps of e

resultfit SNMNIVE Wl Pascalthallitagy S AIEfoWhitibnS Wlithbligh SAVRI oFithOpresent
functi onal groups such as thiols, sulfides,

invegtienmpy yary, in shigknens ap dessribedhbelow, &AMSfmmragthm@é of less than

about Hpor o?sﬁr&ﬁ? 51% % r%{gg gf%?é}?é h)?)?@gnfé%e%% ni kﬂo?g ﬁé\n %hlfkness of

anes; OXI

less ﬁ)ﬁhdbﬁuﬁiﬂmnnmoﬁislahd moré préifarably ithose )hadﬁg éltHiQ)ness ofllessnthan about
zi nc oxi{ﬁ)g (1.ZO) .magnesi um XI de qua

30 Aqegeams. Jigse qliglemﬂ%s arg generally F‘%ﬁd%}’s%e e s §AMcforming
mol@c%?#% lies il & &nglﬂgf the @gécglspdnﬁ% Q@ phosphoni c,

|c or hyroxamca Int eSAMformng
nol ecul arwelpeeriety of pirdiddes (axpesing pﬂjstratd |sunfa¢ey pn edlichya SAM will

form) i SNt el sBipiksiogSolahle ¥ e chs st ivention. A
non-liniGhd SORp1EHy NHIPSE do‘i}lﬂiﬁh%ow $ubsath QurtRle 8Ratéril (WRRHA (8% be the
can include acid chlorides, anhydrides, hydroxyl

subsyetsuitsslfand fdmvion @oamgcapgh@hyhsreto&mdtﬂnmﬁlanalﬁn@ms rlmleded in the
SAl\i ::félféﬁlfl% mni?fg aé chTclle%ﬁ?n g{,vglih ¥ ferrerziI SiBbtraAtS urfacrenmatenals 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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Preferably, however, a substrate for use in a nethod
according to the present invention typically conprises
w@2emeMel74substrate, or at |east a surface of tP@I/1B2005/053989
substrate, or a thin filmor ggating deposited on the
substrate, on which the pattern is printed, conprises
silicén Withailandstand hhl@ﬁfsﬂast; alfage beide Q?d)rﬁﬁﬁgidlefaﬂm héel efidesuch as
consj sti ng .of qol silver, titanium nolybdenu

silicg.gpdiam tin e (] )zlﬂlﬁ’dﬂm fine Reide (ZSHanagnesjain oddey ?ﬂumina quartz,

I
glasf Sﬁg glt[égnmeéﬁ?f&ﬂ Yor |+S§ 3\2&0 faﬂﬁ)ﬁgh@ %ggb ?'&EQ%P %éﬁlg] including
phosphomsity smlfen&wrﬂlgmexamwkm@samtthe SAM-cfmrpng sedecatar hpmms platinum

I AR -

spectdd bﬁﬁﬁﬁbhﬁls{lﬁa‘tﬁé flMefiGhal ?ﬁfuﬁﬁ & @6 SANIBAnhE MdI&ular species can
conprises providing at ast one surface netal coating

includs agid ehierates yanhydriddsshydaoxyl groupaerd amihosagbbgrquies tidgditional

subsHah g ¥ b 0l St el Sty SR A by asenice.

conpr i SPﬁefékalB‘l?t RwdRt, QGuBratd Mubd R LmemBd @&ﬂﬁdhﬁg kdhe present
of gold, silver, ti tani um nol ybdenum cop

1nveg‘g@;mygmally pw@pn:pqs @astal subsitate, or p‘aleas;g,sgﬁgcemfgﬁm shbgirate, or a thin
ﬁlmq)? ggﬁ‘%d o tfl)J] uggtgétg%l(%lgﬂg{s%%ﬂg phﬁ{égséo%br?sgéja metal,

whldi.kl’ailaﬁﬂﬁoly be beaectedafreﬁ thé pfoup c&ﬁi&th@oﬁgbus sitvempithsiema
substrate itself, or may be a thin filmor coating

molyhelspams €aPPeh Gamiugy, B!%‘Fr Iasléel eRbaltcpatladinpy platigumy, mefquey, dead,
I t
iron n(%lﬁ Gt %:ﬁt%?l aﬁésg gﬂﬁnﬂ aﬂﬁ ‘éhlg%t (gfr t|ﬁ§ Fl%{/g Pfégera‘trly the substrate
surfagdd ba pammecbmmprrseghtdeat ommhemhcdaalbg )appisedhe ap |undérl}éng

described in ater d tal in the Ex
subsEg e Asends Sart | ELpTERPE G P appes R po Ry s JeRibetore
descPiBE& RlriheP Sorida0 Brodsding Qﬂ 1885t bie §l¥tic hiRef Bbatin346 2h 'uﬁ&erlymg
a preferred enbodi nent of the present invention, at
subsne‘@wf@rﬂaa@qubmdembt providigr the gich aesing op seidsnrfec thetal coating.

C I resent i.nventi.o
PrefB 80 A A sl oA P 6P SR inoh S e sl Rorn Y eroup consisting
of g6laadiives ,tltzﬁiﬂl@rh, ﬁ&lybﬂen‘hﬁ@cﬁif)ﬁét dadililfyzifid)\Rickel, 98ball)/paitadium,
0.9% Pd, 1.0% Cu) urther preferred in
platigeme mgEayews 1ead; om, iehrqsnisge manpangsn tangstenisad any plexsedshe above.
subst an
appl i nghg‘&;{og th{rft {frg‘écg% r? B’eeéo%'ié hﬁeasgm 1§ Shus comprise a
subs&dfealﬁ;bmbr&ﬁ@t begthid fibn of @oaar;:pg Idbp@ﬁtb@ op@fa gﬂlﬁtrmp%eré a separate
net a coatlng sSo. as to.a | ev areqwre |
subsiiateds eRloyed.ihmay be, g‘é‘&ﬁ@r?? wora@}s% dlom@fw%\@amlgowctmg
matdrdf, of Whollehbifeh a9 ulfcB F BRAE S RuiCBA! dsHifeiffithr BRRDUGHh greater
detad multhe Fxantplasud glads\sulpstatesis pedicakifly suitable fomtusain & prrttemmg method

rdance .w th the present invention can conprise
accoﬁ%f’%g‘ﬂ@’ﬁl? et {AVERIOR nore preferably a nol ybdenum
al l oy, glgPrefdired SiitodRAGH M r@s{éhﬂﬁ\réﬂtioﬁ}’at(l%%ﬁ@exp%%d metal
Cr). In an even nore preferred enmbodi nent  of
coatingde ba pafterpedhini aspordamng vt nthe |pm$emfm@n@pnwsea SIhder gqatmg, and even
more ppe?eraeltgiy%léglgearc oy cggﬁnrég sucrﬂ 2san 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

=3

-\-

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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nol ybdenum chr om um al | oy adhesi on coating is enpl oyed
with a SAMform ng nol ecul ar species as the etch
WO e®69617hBVvi ng at | east one sul fur-contai ni ng PCT/IB2005/053989
functional group, such as a tgjol, sulfide, or
di sul fide. A SAMform ng nol ecul ar speci es may
adhds®nrdoatid dah cBmpasonolyddchudn pivaiilm, érvbra@niin)) eaalléyg théreof, and a
functional group selected to bind to particular | .
partigyladly praferredhadhesign cpzﬁmgﬁpr e g ag%)‘l'qlaélp? wath the present invention can
compttthb B 31id cYoAmE Rt Btab AL MR RIS MhiFas o
molybiehudebranispedly (0o p3talGr).\in an ewacmbregprefeered embodiment of
functjonal group .selected.to bind to 3 surface, and t he
the RIISELINCHANCE SBRbiRAtiop. of & situer alloy Fxpgsed syitace Sauine fgyp
mol R Rikhl AkdXiuf ATy sBedi e cNRAL $enpIp&d WRRE 'S'AtM-fohlfJin? ¢holecular
particul ar functional group I's selected other than The
specisas dhe, eteiniesisphaying atheast epewilnoronthigmgpun@vklbgrowp,sych as a
. ds i tabl e . The spacer may be pol ar, nonpol ar,
tthipslélﬁfLi?’\%l u’:ﬁ'fjgr ged, negatively charged, or uncharged.

For exaps AM-frsaigihale@tlaiipetios dhy iethithic Inl \@86ndénd opposite the
branched hydrocarbon or hal ogenated hydrocar bon

end bepsingithe fugcidonsl grovnyelseted ipbing taipartipidan subpiraly matseiat noay of a
L R R T e R

groups,

aroma
molécyir 6pddies deneraliylinchidey b sparek fimytionatitkgonykctingythé mcKymhal group
cycl oal kyl al kyl, aryl, arylal kyl, arylal kenyl and

selecfpd fohipg i3 suriace apd s expgssd denctigpdlity oMUYy, dhcotgeer may
: e of : .
esseff rRAE th okl RGRARES, np FeATRLP HRToR] Boup i seected
othet than tind spacere Any Bpaceethangides notdierupt SAN packiighy kweitable. The spacer
xi de, or ethyl ene oxide, noieties na e present in
may o DRI S LD LR TEEEONSY SR oL AR For example,
satufHiUR tinSBYrafldS Bnda® ob'B2héted hHEdcafbod or hABghaidaRArRabon

groups can contain up to 35°carbon atons, typically up
contaiping(greup ey bacoployeditherterme hygnocarhon s wsed herefiocapatenote

sraigh el HHERE Aol Fobn e PR P b ey
inchifeefiig) aﬂﬂerﬁ@%ﬂq?ﬁl? clelogIkyIN oy tehikyi sk oK %?b,ﬁayl(a%zl, ;a?rlalkenyl and

represented b e general formula K
arylaligenyd. Thej term y%\rdé@ﬁalrlgpnawntamgj efoupglsp gllaws &irdke presapee af atoms

o A 34 00 B0 LR AR
exarapld, ¢ie,or amete prethyilenel oxidey obethytesoide mibidies rhdy bespredent in the

course recogni zed that although the abgve are_given as
hydrgrarben FRIHAINIEFEQUD; 8 Tkl GEPQEONS oY P e Usefel Suitably, the

hydid8drbbit gilr??gs g\ﬁﬂf(i}?%tﬁaﬁlgﬁ%ko Ly 8?§’t tﬁ@iﬁ:ﬁl‘f‘}dgﬂe E)t 30 carbon atoms, and

accord rinciples pre
mor¢ typasatly ap to 2O cavbbh amhsoCheespopdieg halogehatdibydrdvartioms wan also be
“al so aI%ﬁgs for.the

* hydr ocar. hpn, cont ai.ni ou
emplgp L Eer ey Ot N a1 B CaneaNy HiRyispnated
hydio¥BbéRtdnbdIepreshte BBy ﬁfé@eﬁérﬂ%nﬁﬁlﬁ\NCF%m@PBﬂWEere k is typically an
hydr ocar bon spacer dgroups can al so be further
integen baving atvelre fpgptween 1 and 30 and 1is 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 1 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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substituents well known in the art, such as Cl-6al kyl,
phenyl , Cl-6hal oal kyl, hydroxy, Cl- 6al koxy,
w@leo6abkaxyal kyl , Cl-6al koxyCl- 6al koxy, aryl oxBCT/KE20er/053989
C2- 6al koxycar bonyl, C - 6alko%ycarbonylc 1- 6al kyl ,
C2- 6al kyl car bonyl oxy, aryl carbonyl oxy, arylcarbonyl
also albws forBéipresadice Of atofmebiier dali\atfbtnad hodrogey, tasiedly O or N, as
sui tabl e substituents known in the art. Thus, a
explajnggl AbAVSI ng ol ecul ar species generally conprises a
speC|es I
wher e R’TH?%S{MSQ% ct e Bﬁ @Ade{glggﬁgé%ggrlﬁ% @Péssﬁp?tggtgd by
substifuenstves]l ladlownAnitke art s;peh:aa:r C,-atly,Bheny, @, ¢hatmajkyl,Hatdraxy, C;.

ek L Al b G s C AP IR E a X el o AT ReroPRY. Co
sk B} 120 oI LS ok asFlcartifigloR o RarboRC Hitho,

spacer or the same as A,
monps o die (@mdk}dammﬁ pranyrthenspisatdel sibstitients rkaabwnyn e a&

Sui t abl SAM Qr m

can be Yyt ASAMAPEHRE ot s APR gAY FRloniES @ eciss having
the geherlikdd stictué RI-ALIRY, Gur}fere Rii§ uéléaé&ﬁ). bifidl 10 PAraOEEr Rirface of

the |i ke, carbox I!c aci ds, sulfonic acids, phosphonic
mategieil, ok is HSpaeexand R" i@ groupthat IS@XP(PS@é when the spegies fams aFAM.

| " 1

Also pgﬁ%ﬁ% 1l glgss ) %b)ln#)é%egl%e 835 I?ngf%?lg gE%e?ahZAd structure R"-A'-
R'-ASRNWitsrérAh{s améb@ﬁldpadierwﬁm mefaerA w8 ®"VWALR'-A-R, kwlefe R™ is the

al l gy coated substrate include thiols, in particular
same,ar diffierenbemosed fuagtionality 34 R'cHi ) n-SH, where n = 16 to

20, in gﬂftéﬁlf l{%&éfg?&%%}ﬁ\?{afﬂ g%olem%gp& %g sglected from

accor di ng e présent invenfion can
sulfigtdontipding trmchdmleq,mash nalkwl orrarylibiols; disulffides, elxthmiﬂms blythe like,

adsorptjo omsolution, .or .froma gas phase, or. m
carbEy g dscgltopic iR phosb Benisagit, PR DRI outh o chlies B other
reacHSEJHSIUABE usH @s“@?ll?ﬁali&&’opﬁle%t@' ied by a mcrocontact

printing techni que which is generally preferred for

use i n Aquotiadarciassof motehelep pwitablet for nsecastal RM-forming molecular

specbeg??r ys& vrlﬁi 3 %g{%at % {lﬁl eé%tu %Bat%%%ﬂi iﬁ%ﬂ% & e%ﬂgcru?ag an alkanethiol,

suchSAYI-{ OHY), ISH, FileCnIE=aI6 16 ROCinartRithr bstalécatiéthiol.i nt o
contact with the surface of the substrate to be

pat t er n84Msprovided acoezdipg foribe psqsaﬁpn‘{se@rlﬁg catt baxfogmed by suitable

techglﬁllésvlﬁlr anrig S‘ff[l éa}{ 8 %%}gnl geow ?rfﬁ)?r? SOClIl 1(1)'1{1 %r %M e?ggs phase, or

mayr’netabpﬂechla}cmsredjfrag;tatr@m@ stepp emphzmngi mﬂanhsmtmratt kuadx@sor aiay be
one i ndentation, relief patteﬁ p)ée?ont |fgﬁuous
Y

applwd%xtaam&r%%mbp@mqgée@mmlwhl Flyisgeneta e1rRdi fRguse n
acco?cﬂnt:@ IW‘IIh tﬂ%@ﬁe%@ FRefiddh. l?’?efgll‘%ﬂ;gg p aﬁ%ﬁ%e@?t%b Ylgﬁﬁlh% a required

mat er : yneric materials use
pattdralw loeddd with ad ink cotmpmpsingrtiid SAM-Formisg motech]uaamhxesl and is brought
backbones, and may. be crosslinked or non r.ossl i nked
into &@H@ﬁdylﬁbthg ﬁu:?zﬁ:g 0& élget qu@aﬁra&? toplaﬁ m}:ned 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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and the degree of formability desired of the stanmp. A
variety of elastoneric polymericmaterials are suitable
W0 o066t f abri cation, especially polynmers of PEEIB2005/053989

general class of S|I|cone pol ygrer s, epoxy pol yners and
acryl ate pol yners. Exanples of silicone el astoners

matetials @6 keitdbly fou sechafabiicasibAng@pedisllyustdyhbe otfltﬂeogeﬁsltal élagsof silicone
A particularly preferred silicone el astoner

PolygsTs, GPFE RRIYRFTS GRA ALYl Ay merse Rearaples of %11®Aﬁ/lﬂ¥aé¥°m%5111table

I
for (0228 Mol HBGA B2 chbrdHiSia; XGAr anGAokEM sliBbne elagomer is
polydhmethyilsmmaha(PBMtscLl es in such a solvent for transfer

shoul d be se] ec be lo ough that the S
el | CEnRal e AM: Briving o e pocits B isolad B piaient for
tranﬁﬁotﬁ%rktchﬁlﬁhg §urﬂ§:5| Tﬁéeédn@&ﬂraﬁéﬁ/bf*ﬁﬁé n@ﬁe&ﬂﬁ’k?EﬁH dutiPa Solvent

material ‘surface w thout blurring. Typica _
for teanefer shwould b¢ seﬂmtetdrta hsflew reeohlghdhat the mleﬁgs wcnlnl abmzbadnnb) the
sol v

stamiig e god Pl S0k Pa! £VefasBars AR Gar R vibiiorg g a matera
surfibé%ﬁfo@bbhﬁrﬁﬂgoﬂ?l\rﬁ N, tﬂe $heties JNOBE trafsf&rddiNo al%ﬂaanmg surface in a

solvent within t he nol ecul ar speci es di ssol ves,

solveiat apraeniiggonf 1@6& ﬂhmbwo(reh/b prefereblylfeaty abgut Orcto about 20.0 mM,
C I
wnd SRR SRR oSV bR By b0t AT RBREH bl 08
molg@ularispevid dissolvefrantl iwhictomsebé careiyd (eg. aﬂy(ﬁbédagﬁahébtympmg
chosen. |f a st an‘fﬂcng surface is relatively nonp

surfage, 1§ spitable Iy suehrssiscton.dbe stampingesyriaee laafz)ameésg%las |a>relatlvely

polaf 06 R0 praR s RIS o Pl A Rou T HRABH 17 4 SmeeaRe
relatiivekyenonppldnen eigtivelyebnpdhesoleens magbaradvpuigeoesly chaseh. Ecs

I d met h ne el ast oner ( PDVE) a r ef er
exariglpyaludne, angl 1B Pertoea BPPUEIS, BEASE, cyclanarise, dthy] her, and
the lﬂérrhé)ﬁl% éiﬁpl@ye?& RN Wsi RHEARS Ay mEQ bHENR ’poﬁldﬂﬁ&ﬁ&l’ siloxane

hexarie, §/C| ohexane, decalin,” and THF aré preferred

elastoniey BIDMS) Fheefersesl tofabeves fis setectaddanfabrieasionerfia stpsms and iny

" t he ab |on o
partfEp 5B SEBE WM, et h G IR BB iy and THF are
prefépCiobentsS Thé a@ssﬁnaegh blegamh SoReMEn&EIl dids 36 the aBbdrbRén of
near or in a solvent, the stanping surface should be
SAMforaing arodecalar specigs v Hieping serdace; When the meleguler spegiegis
I I
wan AP SRS Gl Pl 90 cPe ARce shoula e
dried bsfotd the $tampirtgeptpéess issaarricaicait. Ty stam;ﬁmg' suttface &, ndd dowivhen the
dried, dried in %ny oth ¢onveni ent manner. '{lhe )
SAM F%/ﬁtﬁgpffdz;?ﬂﬁ%F edREIa S “Hé“%%ﬁ & PAY san wesulp Jrhesipmping
surffiE A P it Mo A ggﬁéﬂe@ R SinERont fpfyer The drying
manpereshouli] simplgrbeiselected se hs ng toﬂegradrr the SAtM dorming m(ﬂebular species.

élF)gju rM;( % ﬁ’n@ ba{cirel Z(t) g?fifflﬁ%?d:[ﬁpgm t on glffl‘egltﬁl‘:éfqﬁq prgf&gl’s invention,
etchﬁ%fdflnﬁ&oebﬂﬁé%ﬁn%m@m&orfm5&@5& is iusRRRA 6 Flufe 3.MAkure 3

provi sion of a process which allows multi-layer
shovest thi iprigeiplsi staps af 8 imdiisteptetdhing proodss phd it imimportant 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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I's now provided by the present invention provides
significant advantage over the prior art processes.
wab@ee6i7¢1 an i nportant difference between the PCT/IB2005/053989
requirenments of an etch resisggfor photolithography
and an etch resist for soft |ithography, with respect
the dtéhihdsolaficb Photolithagriphitdidieresibts rangsuslly aiiplRd with a thickness of up
Phot ol i t hogr aphi c etch resjists_are usuall i ed

to 1040 RngmetersasRbewn i Figyre 4 Afiriph H@rﬂﬁﬁé‘fn@?&&’é@ RIGGHIvE femoval of
the 1?&61%}; la‘}gllgf{f‘{]z Ehlapl%ﬁt 2%51? gﬂit&gin 2&% ‘?ﬁétél‘ﬁom the etching

resi st rela |ve k resi st
solutiary.dn aiveorgy cise sctelnango t}feafeslstdmy ba eftgheﬂml\mly byrtheretchent solution at the
etchln sol a., Wor se se S ena the resis
e il o, roB o ale Feu R e SRS 2 Shewn for
the Zz@hﬁl RPCM@(O?EIa%rs nilFFg'hfeSéid and still a reasonable
resul t woul e obt ai ned, as shown for the 220nm
APC/ I\/b( mspedtma@rf Figume 5|rwale tied 2 10w stabdity ofia SAMEragist agadnst an
re S _t hat w_st.abi of, a SA e ai nst
etchin Gt o Hos B ErRU AR stouli Rt st A B o bR, e
devddépvénd ©f @n yt@ﬁﬁlglsomhsﬂ lfdirQh m ncgﬁfééss i s dipuElcamiembreodemanding,
an etching solution f rocess is thus
but kgs gqqywr be@a Behigvaddryethe) Qmﬁmlmgantlg@thsggllybm ahtaelnon the SAM can be

0
oo A lld PRSI MBI e ALY 10t i e
ﬁnalvmbbtfht@ad‘lﬂromsa Figrashate directly to defects |ike
pi nholes .in the fipal substrate as shown in Figure 14.

It has Hihaalsebper foynd thahin aqeﬂrda%@owlaﬁ‘a‘ealwmh@memapﬁ the
pres&ﬁtiﬁ\g%nv eﬁg}%e(gfah A etfr?én &%%%Hpeﬂ B?ur 'ﬁgt?b% ﬁﬁthgflﬁllloﬁrb‘ye(f’sflgmﬁcanﬂy

by chogimgf suitabit lagdiblyescfoo o embmglsohmbhewaﬂdekrenee; tof the above discussed

priofrG e Geeipl JraanoLas  bossioie Slahiaye to 15 f1liinf Bab eqmprising nitric acid,

triflRRSsehE EcﬁgﬂFA) ‘(@atér%nﬁ Q%t%&ﬁ'ltnﬂlbgﬁhﬂalﬁpm&éthOre descrlbed
nitric aci trifluoroacetic acid (TFA), water and

and piching theths sbmprisin sitein aéid] phosplwrisecs, abaskcaicil, wate and etﬂrltes in

.and etc S _conpris ic acid hospho
variGRog SR, DR bt iR A plebing s8Th ooy PSS dyStems was
obseRVEAl Al SossiblRGE@An F6r thi¥PhigHEHE bt allayltaﬁbi‘)hSIsCéiicﬁ @s 1-octanol, are
performance in these systens was observed. A possible

subjecs 4 pretangtion 1 sronglyracidie medis; andasqribed) in Jolaveing sguationd16) and
ﬁlrt}i'erﬂgfsﬁ@t%h Refire {pj ect to protonation in strongly
di &,

as described in foll ow ng equation (16)
and further illustrated in Figure 16: CH3(CH2)7C]—| + H+

CH3( CH2) 702 16), Such posit h
|[or ot gna Célli)'(fﬂé I‘g‘cﬁl_eﬁeilgégcéhg@aﬁ puI sive (16)

Coul omb interactions, when forced together in a
densel y packed asserrbl y or nonol ayer. Consequently the
t endenc ﬁud:lr)pqtiih&bl qhafg'eldl protondteflatdobol mokoulad éxpeeieieakpulsive

oum I ééljloﬁ% tvsr/haenefgrceg toget%elt h alc?ensgly pacl?e% arsseegn%(iy 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).



10

15

20

25

30

Furt hernore, al kyl al cohols are subject to oxidation
innitric acid or nitrate containing acidic solutions,
wWh00sl610im t hey are converted to al dehydes ( RCHB)T/tB2005/053989

carboxylic acids (RCOOH) as skpwn in equation (17) or

t hey even undergo unsel ective oxi dative deconposition

(J. March, Advanced Organic Chem stry. 1992, John
Wley & Sons: New York, P 1167-71). [HNO 3
RCHO - RENGOH r )—HE0H Fire aBEW® dis %-m H( 17)
use of SDS (sodi um dodecyl sul phate) is not a good
alternative, since as a sulfuric acid ester it is not

st abl e o h upder the strong pdic c itio

the et cﬁP‘ﬁ@ CHW‘& PEO% %Eses‘?}%?rgéfsofi’émh&tﬂ% H’i‘ate is not a
good SltRhatie eﬁﬂé&% -2 JulFuA€ GARURRER ivhdt @tabﬁ%n@ﬁﬁ?‘ﬁtmer the strongly acidic

I nvention, we have now found that suitable additives

conditionsSithesttaliing bathtand is ﬂmesmﬂct mwlnxdr@lmﬁc estarrclgavegphoni c
acids, or salts of an or an| c qr
ot o ol sreatdhen Wi B e O iR re ags nlis bt suitable

addiidléll fol SAM swkiligRRnre sWlfopRdHd Va5 ipRBspNohit adlds, @GaHd thereof,
et chant or etchi ng 1I utions for the devel oprrent of

bearifigany BRiG ETOUps PTA % & bydrophabic alkyilor anylgseun. dilpsg additives are

usefyﬂI 1}1'}0 %m%hgg gﬁtﬁ‘l i’l?elcﬂ# + thhﬁl% P Et%fﬂng %glup n d&)? t}%rcgezfgl%linﬁnt of

nven ereln ore

microdsrithe Lphafed sabdtanssad mrpaﬁ;loalﬁr gidthametehattddhtivh as provided by the
additives in such strongly. acidi¢c etching solutions

preseRtiipypnton sybsetially avheEciRbeaEs described. Bmamarealkgsulfonic acids
are Jx@@l% 38%iRvdsGn %19&1&524 Q{)&L ﬁﬁ@%ﬂm& g?l'il 1#2 I%M§ 1} alkane 1fon1c acids

SI gni |cant y re nu orne
in thaontenbation pnge £83to UM, mefei'abi}elm‘bmfm ™M d@nﬁcahﬂyl rédmlces the

numbg ofiiy @%l%fﬁﬁvn?iﬁnﬁg chthing Brose<such b1 hetbigPERRSseribed; far

APOO‘MO@Cr g Ffés Nifhen! ét&lea%mh arP@tcl?aﬁlE %Qtlﬁfé&ﬁprlsmg nitric acid,
kanésul Tonic acids are to a | arge degree

trlﬂldnmcctl@mad,sdatemmila(mtntﬂealt neutral or noderately acidic

sol utions., CH3 SOBH CH3 nSA3 ,+ H: (18), The .

o sooe RS SEMEAS MRS orids Mo Alaret Hedrtd HentoBpefed in
alkaBf¥, Yiehtfal 9 hiddetatelpediflicGoi@idhd, such as an et chant

sol'uti on substantially as herei nbefore described. Thus

in a strongly acid solution the nol ecul e exi sts mainly

in the not suffe
from Cogﬁé%ﬁﬁ)‘épd?él on bet weeh >t (‘flﬁz)tgt?ecu es when a8

aggregated on top of or in defects of a hydrophobic
SAM (Fi gure, 16).. Furthernore, sulfonic¢c acids are .nuch

more st ABF issRIAtioneapIlibHYM; TEYerts to aléeclsﬁﬁlagql $idg gniyrin gtrongly

ol 08 OB SO Sl BAREL BALEES T
strorggly héid goldtibe thesmolacude pxists @sagnly 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),SO3H 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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according to the present invention on an ODT SAM
resist with al kanesul fonic acids H (CH )nSO3H and
wW@bkMaloé17wet al salts (especially sodium salts) PECEIB2005/053989
in which n =8 - 12. For shorggr alkyl chain |engths
t he nunber of pinholes was reduced |less significantly.
alkyl_mm; ah kel othidtdiang, resuilted heingiri@icahlong ctchizguiniedchntfin cases of very
npracti cal | .ong et chi n]g‘F times and in cases of very

longl Céﬁlgls e¥en s%ulébfé(rprglapras pf theygulionip peifs hWatehe sul f oni ¢
aci ds [
e e o e

etchrmstag bothaetaklagérs ol thediesaribield (sdbssmtes i(tiat éscledr WCD on the carbon

chaigi%gﬁa’ ‘Q}TLPE ﬁ]éeg%][dtpg %]]%g%gﬁﬂ n 1(1@:‘{ §Cﬁ%{ﬂ PI) Tﬁ? concentratlon of the

sulféfié! 5&8] ta&cﬁh’v@ F]br %fméthesaﬁ %Jr G/aé‘fd) %qgfé)lll%hd{ﬁ tfeXeriBs. The quality of
metal salt thereof hr oughout the series.

the mﬁerlmmdtlm@afﬁl‘ etdhmgaacnemed S@bdl&r fos@ substeate esthsidiing bath containing

|ncre eadi,! or .a s rat echd.' b
%?%%Wﬁﬁ nt> ?‘gﬁybc? St f’w) O‘He H‘f?émb/gsvi’asé)%’f‘ed with the
acid§lWahint 16, 1qmt12d@ﬁ@zs:f)red&fbal aciis ﬂ@&n@@ﬂi@hf&%ﬂ%&fér&ﬂl‘ﬁemployed
acids with n = 10, 11 and 12, and a preferred acid i's

as anjalkalh metal sghtherebiin ppitisplar sasliym dlagringsrifonate. Ascan heeen from

I [..sodi
FiglfE 17 e SFAGRy idheRB fpiAy) 4 nSOH k. thorg is 2 gqrelation
betwbEf tin igeredsedatid TTC and eieshainrienpthl bfthe aulfonie adid wheksn > 7. We
there is a_correlation between the increase in the TTC

ascripg dhis ﬁ@rr%lh%ﬁmt0|tbwisﬁrnsmt0ﬁ hesyyifppisiasidanplgeyipeenths unprotected
areag Bme Qe RS élhﬂbﬁf The/ 856 %rﬂ*eh%ﬁdﬁﬁn&lr}ﬁo&qﬁ%f Dleldd %Oﬁlfe ewﬂe

oni ¢ acl es on unpr ot ect’'ed” ar eas
protédtien shey sausas thesaddftmnel etélfimg smef@n ﬁm:bth&idland bomgkr cha1n sulfonic

TR AR Mt R S ShSE LA o SR o
tran§it8d i Spddd ]g‘giél?leacﬁiaﬁﬁl éi@n Bft@lvlhgl%as"édké?éhﬁrf‘g' tifl&d, ect

heal i ng” ef whi ¢h results in a nore stable SAM
t hat t r H@tfat Sshows the depstdensapf thedi(S pr theeppeendation of the

oG RS PSR eb i oI E PSP, The TTC

incrédséPdiemutié0y b econddhtttions exvas@ihy 108 taking the etching process
decanesul fonate (H(CH ) 10SC3Na). The TTC i ncreases

impraetaeably Yew| This srore Brenewnced infhieacesictbe gpngntrasiomgn the TTC above
13 t c 4

ool VRS 000 9 REGF RT3 0 26hif Bl Sl ke it o

the shivle sabefidata Piguires10 ahlll 2d sshowahecatesspondingquatieof the etched samples

Figure 19, which shows a double Iogarlthmﬁ pl ot of

in my¢igscopfrBhategrapls takanaumdey glieelivesnd frrgsmittveiygyination respectively.
The Fulr @ssﬁéhglg/' s‘ﬂﬁwqﬂaﬁlthé urﬁﬂ;ertotPﬁef%E ligde FHJ‘aﬁ?atchl af

m  Croscop otograp s tak en un er re ctive dn
decanemhbnaibtcm!@ntrhmm abavé vl 07*d& Jecani fugthgr, beFeen thiatihe ech quality

coes i ARp LG IR i e oA R FORRIR B8R BBR RN one above

3x10 M Cbhsi@éthgltHE V&9 NoR AefeBEdensiiRhnd he sBl ¥BryAB® TTQ it can thus
does not inprove significantly for conc§ntrat| ons

be cm@m@d that slecangsudfanicCGend atcreganaentration wé 1§ "Mdasa geddeampromise

betweglrll %1'1 1ir}{pro(}‘ejd gtgﬁ qlslatlﬂtly lan a p}(acltlca\lﬁy-l;el:_e%olngble e&:h}n% fine 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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be concl uded that decanesulfonic acid at a
concentration of 10 3Mis a good conprom se between an

WO pgoovdl et ch qual ity and a practically reasoP@blB005/053989
etching tinme in this particul case. For ot her
sanpl es or etching baths, different solutions may be

the red@fed letchihg rhikgthefihc@edse @ff nﬁﬂtei doACEBHLIoN rastiledd inghd be¥ereproducible
may be conpensated for changi ng the concentration .

resulig, p@s%@f/ bem%ﬁemng the CQI}‘Fén‘&t@qufi ghl@ seHPongEdoes ot significantly

char{gg:gltﬁé I?ha? akpro é:rf\eéjgf tﬁf Sichin glﬁlaﬁl Bhdnldstifs visbsifjpve found

i ste terndtivé neasures to corrpensate
forthe Pmlﬁunmiy ekpdfnmglts kdve, showie than tdrecS8¥sM stdbiliding effert is not

. nce atlo ulted in the uci bl

timifag 06 PlEon 80 0t o bt endniids plimticralBL SFt e Sieother Bpnd. Tn

expérﬂl'le?ltsclﬂ'mﬁa?% paRGRePBAM 8P4 f)blf}%&ﬂa?t’lc ¢ha1gant Beh resist on silver
physi cal propefrties of the etching bath, such as its

and bexgcwlmsphomcmnsrtm gdditipeini the abaye asczibed etshingisatutiohe

bili.zi ef f.ect t Ljmted to sulfqgnic . .
compfng hiFEé paif T esfcing s BRE st Neispiind 8ppylr Risfasg inypinote
densitSvitnRempaadde tHohndloaehd SEKIhS sd;mnaﬁw&ﬁalﬂﬁg PRtHeBzdhephddphonic

SAM of a polyaromatic thiol as the etch resist on
acidsj | ver and benzenephosphonic acid as the additive in
the abo I r
aci d T 8 Bl Bl Il Bl dh| RO CRAP SRR, Biddsthose
basedioniditik adile theaddition of alklyhloe ati@ngionjc avhdsror aikyb-asreslylplRosphonic
the anal ogous_etching solutian coptain

acids, g saliA e i By eongentations, (L0 wel%al‘(lepmfﬁa%@§ 1? Far 10AM)
dran?dtfc lofudsit &%‘fgg]hﬁfé's% {hg &Q&ﬁbn%{% }ffé ?Ft?o%ﬁgte is
e a t on

r|c aci d, Ion o - or ary I C
pattemecblmth) a SaﬂMyileposmed ay yfop bxesgiie pCB atd tie SOM ssadangposed of

mol¢sifis S eoditod 96 Bfrcsp dhebens gnd SifFEty fome hycrophobic
ancyrlbm?r tafferdtipS ig SFrech id 151%@519 badd sH ARt iRalind oﬁS‘&M Raling

rate i S patterned with a SAM deposited by, for
effe@maldpscelbﬂttﬁbovand the SAM i s corrposed of nol ecules with
ahead for nding to t substrat e and

2uf' i SHE Popa sl Bin bBeerals RYR ke Ryitileg p known additves

suchddsQligsols DR ISHS Theset knoSmioatpalthds dvasst dhew tike dodivedefdt Rfstrongly
or SAM sealing effect as described_above. The proposed

acidiggnedia pessibly duaisdretenatianar decemypesitianises dvheseds Haglperein
prop%gé%f ﬁlbfé %gf(‘jﬂ( {3& @én\lﬁl']ﬁ ltI?oag é}eﬁm‘{ Féé‘%lt% ﬂi‘gﬁ Vé’?d molefcules are
ﬁlrtlaaﬁ:mdrecswmejinasnpﬁglyldxﬁdizmgl and strgpighyt auidit isoltions.

[ reas the herein propose

ﬂgfggﬁ@t}%ﬁ%ﬁ]@e gggchg’”sf £ theiprenarabion prRSsflure ofde ewg}ng sqlution is
o B PABSR oL S5 A G AEANS! WEF LRy rS 0 pkoaring n

etchirgrselutibs SubrstantieBy as hmdlnbtferepﬂesmhedtqompripcso c e dur e of an
IR IR IESN, T AR R -,
C(HR{BRRLCE) Aal),],CO,H, where Hal represents bromo, chloro, fluoro or iodo, where:
- nis0,1,20r3,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;

- q is 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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et chant sol ution substantially as herei nbefore
descri bed conprises: (a) m xing, under cooling, a
whadoogertat ed organi ¢ acid represented by the fRCTIB2805/053989
C(Hyn(Hal )n{ C(H) o(Hal ) p] qCq 24} where Hal represents
bronmo, chloro, fluoro or iodo, where: nis 0, 1, 2 or
wat@mlam@lemls 0, 1 2 or 3, with the proviso that m+ n
- o0.is Qor or 2,, with the proviso that
©) o + D —nnmnaa.nsm@ é@ftaa}d the TemaiTing Hrewntob weakearand + m =
1, 2, 3
@ (typl caflﬁ/ gdt easot% hﬁ%la%h?g? E’g&mﬂgd e@ﬂh&@%@&g% K} the acid-water
mixtardobtained furthbetoasitdp(balzo ak td thos pfuwdi:sancn‘tc}tah’esohﬂiomrmtaocordance
enpl oyed (b) adding nitric acid to a m xture

.. b
Wlth&E‘fB’l’eﬁ"éﬁnf"l? %y to step (a) to obtain an aci dwater

m Xt ur efy i§ fthet fﬁ'e?éi*reﬁ tﬂétttﬁ dﬁr%cés@'fﬁrt}i%? @oﬁlﬁﬁsers%f@'(gj Rherein a
anmount of water; di ng, under cool i ng,

SAM stabilizing addithie l’iﬂdcaﬂlyras hﬂescrtb@d Seren ghoyld henddpd to the cooled (to

roorf el el or Bt e Rt AR ot eRTirehst S EB (Ehneewi o1

the preaghbreinbéedtt eQlainkd, aditioH of AR nilit€ 51 i Atkel RRD. Large
the process further conprises step (e), wherein a AM

amoyntg jof nitsogery oxider willlee felgasadip the gas nhe%eca’qozﬁ@ thetselugion if the mixture
res QAL oRIeq Al BB ARL oKt PRRLIOTRELRLNER, Frperre

befoAsthb additioh ef theaititpsoitivachbtaitet further ﬁofstdpt(e) Pribf tot the addition of
salt is a ke% ste Lar e ampunts_ of nitrogen oxi des

nitrifg; ftjis Feporienthakyiiicient e @fat@s Bresaddgd i, e apid mixfuge foyslease most

of tHefh N felhye THERithARish ﬂrélsg)%ltg AR5 5R0li@ R the acid-water
erature,”or nore prefera POwW T oom

m1xm1m11pavaiddoea,llyﬂngloccmc’emmtmdsi of mtmtedfoltolwénglt}bsd gudelines for the

sol ut| ob further to . st. Pri.or. t t he .
prepaiph pEfheateran o, £ood rebionfe bRatdts i oiined ljaprdance with
the pHBdeBf inbaftidaeen added to the acid mixture to release

nost of the hydrolysis energy. The nitrite should al so

not be Zhereds Awthar providdd by thepresent thverticara patiernedsubsirate

avqid | ocal ntratlon itrite.

obiafhsfibg Gt Yl O R R Reibeld &1 bt o of e
et chant TE&re4d 4186 progivied b!’thH presehk Hventi®italpioSesdof manufacturing an
obt ai ned in_accordance with the present 1Invention.

electrepie deyige Wh}chhmlucéﬂs @subgtptoprovided prithaatterned yeateriab substantially as
hereﬂl%%}"o? ﬁ#ﬁ; %Jhl rttgfhtn gepgs?rgr%lle ?Ce%lgeﬁg% rocess Iaccor(}m% to the

presmtaﬂvdﬁadn USAeﬁft&nqml@ﬁm suitablepitebared By pieogresent m‘ventlon include
. manufacturing an el ectronic device which includes
driver ghedtiontcs op A iSpiRY daVigss: ANhIREARIE FLGirARIC deYiges in general. More

spec?ﬁ’(gﬁ foddds Yedbidill E@’ch@ és@ﬁtem oh!cf Brovid¥ didktronic devices that
2 BY

substr at repared by a process accordi ng
1nchlde: drgmnc 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
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present invention. Electronic devices suitably

prepared by the present invention include driver
web®@eveiowi cs of di splay devices, and organi c ePEDIB2007/(53989

devices in general. Mre specgglcally a process

according to the present invention can provide

stanrl (@ Wwith thededRd paifert, Noddingd6f stiap ON) et an fpedirfatink solution;
circuits, and such devices can be selected fromthe

printingWih dhshiaked aneyrisd stanmp tostransfer iths nagigmefromrsiamny(d) Yo pubstrate
surf%E?%)r, é|1 g&%eg gq ue E] gﬁ);a?lto (z;l\)gE%1j tgg 8£%| o?g Sig(?ﬁ éa?ﬂé 'ST’E glmﬁl?i gélleogt
electronhenti¢ad prosedskes. now be further illustrated by the
fol |l ow i gure ch do not |i
sco peWIoFggt Elég‘g‘ﬁ%é ﬁ %)F('ﬁaqg ﬁ‘ﬁ%ﬁ@&ng‘ V—'Y‘bgy% 0% ATWhidh tn be
etch§d3 fefRbidande \*/M?’f}feziﬁ‘és@ﬂt ifberitid. m%i'é“sp%&%@ﬁl}} Figl ZFQ%R'@Q glass
m crocontact printing. More specifically, the four

subSkrege (4) bgasingftwe layletsrqfcmtala(é 16),priucle vy sepreseeparod BE silver alloy layer

5 i TR0l 8 AL S, LT r By ggycenam

chromlhﬂﬁ (MWECHD K&i&s@aday& (O tEéIarEs L 204mh AMsCeMb Iowmfdr@%))
fromstanp (1) to a substrate surface (2);

devel opHigst 3 Bk shavo e pémcmlﬂestmstqf @rmult@;epcgtcmn@cgss (steps (a)
o (G $EE Sl P, S IR B BRFT Bie i et wir

an AP@hsilver silohlageri(f) acoprod amﬂ(ﬂybvldnhni-diﬂomhms @V1b(Cr)) adhesion layer (6)
inyention, More specifically, Fig. 2 shows a glass_.

as alge Hlustrated iy Hig. e Hyshows apaly@ﬁlgnef apgich resist ( hand&mc’# and
Fi gy RO g W) S Gy 1 C1ess

of a rmF;gbeleﬂumtes etvhing iklog Bh)th-redistewheminl phyptr-resi) (8)

(hickhags G ¢ RRDIDIEH A (- Sle SpaTEHe () Risddedi i RBisier atloy
layepaﬂ ‘Eﬁ%clmés%tﬁﬂﬁ)nfrﬁ)onttg? bfla )nol%&ﬁnﬁ-‘éﬁfﬁr&hﬁ%‘l\&d{&)’fh@hesﬁﬁh layer

OWs the provision a gldss substrate (4) provid
(6) (Whlclhlemmtl | ver alloy layer (5) on top of a

| ybd 6
st | ik prNBEe Abpicgtoh bt SAVF B4R i lepisb g prsforra etcn
resis® foraRe & & Processiagtorlinyito ﬁIéCbrEsleﬂt ingéntdMIMoréspeddicailR8AM etch
sel ective etching of netal ers (5) and (6)

rsish QU Bekngs-y Sn) §.3pRied 1o SRG: M\ o' Iy Shiantiop,of a molybdenum

R e R e

with anF&PEpsoviderdael f[r@m A&y Elollefmpn bhdy Ecuﬁam& L eRftiol)er

on top of a nolybdenum chrom um adhesi on
A A Q. S PR Begin: SVt o€ Crriss, and shows the
respédt 91@ o?&p&w@%%s@ ih itric WhaGBIuEiBRY, €Sent s a

pre rre et ch resi st or use In a process according

to the Pized e;nmmamzesmtnpmtanﬂ\dqumbs]pen whiet bhded, etﬁmg mlmtons
ey T R I
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;PO4 / H,O / HNOs3 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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(Mo(Cr)) adhesion | ayer (6), provided to gl ass
substrate (4). Fig. 6 provides data fromA. F.
woiobeemt and E. W eberg, Lehrbuch der Anor ganPGrB005/053989
Chem e. 91-100. Aufl. Ed. 198% Berlin: Walter de
Guyter), and shows the respective potentials of
speci esFiy. €6 edws disamplé bfthahrtle 8Gmpoésitivibas ifugrated in Fig. 9 and
summari zes i npartant equilibria in water based etchi nﬂ)
treatgd n,the sage way gvithgthe palicdifferenepchsingthat the sarpple sjzgdor; [jg. T0 was
10xF§c r (TTC, the tinme necessary to conpletely renove
net al Iayers fromthe described APC/ Mo(Cr)
s u bst r aF%s) 1 givesah umrtnemofoﬁwtdseopymtiaﬂrgraﬁhssxﬁ st madt eften
etch in an, etchin conposed, of .nitric acid,
enc E?§ Fieorgings mythe %&é‘iﬁﬁﬁed( m?@@f/th%f?cqqﬁ&%mfé AR C/Mo(Cr)
subsfafds, Whetd P{% 1%} i’stngﬂda L QAC Bight P(‘fzb%l%%)é Finkd16d éﬂd%ng. 12(c) and
smal | APC/ sanpl e (size€ | x2¢nP) printed wt
11((1)@h<afddmnsﬂmf01ndalrmclgug)sequent ly etched in a solution

cont ai nL.n tric hosphori c..aci d.and wat er. ;
00! o FRS 17 ghdvit i S o SRRASA 6 AE bt aindBlsffion an the time

to cISAETCY MRAThS h&Rssasy !o' dotplidtelly RELhi dvalyitBe APCaNd the BRIES layers of
in the sane way with the only difference being that

the ghewe sehsispies)sin 28 echhrngli?a@l Oﬂ@cmsmmlcoammgml@.c agigl, TFA and
i Vi 0 f the
ward) (6 SBRpOHEIN. 15 Yo RG] 3B B TRICSILOPRIBOA, ol oped
pat t er nFipf 18 Skows a:mbeﬁﬁtte atuheqbtn ar&:eldlamiﬂb(}ﬁrp)resent invention

substrates, where Fig, 1(2/ s_a good result, Fi
(bath porosifiesd 2 ¥ ivh SINK, Ao p%{?A PP veyo BhE. 19 (M)Naéﬁga)»
the respld 19fnd ?@5 ﬁ@l‘e&g'eﬂ&)un@r&i inpfin %oﬁlﬁ‘énﬁasfo‘?ﬁéd SAM

of a varration o e nitrite concentration on
re51SI layerst m pdrmﬂar(aﬁ'b@tadbctaaeﬁlio‘hSAM((é&)s Only 4 perfotrBAM, @nya perfectly

na Sy Ay s BB A TtaT S et G SR are

perf&? BRI have TAwA 'sﬁéﬂ & Iﬁ@]egularT(lfe‘fe@é"gr Fhdh bolRiaRes. Since real substrates,
conposition: 12 vol % HNO3, 36 vol % TFA, 52 vol % H20).

in paitlgﬂan@omﬁwmr@d buspitterng aeet eotgerfeetlafatothdsaiowenfections will also

5 ¥t 900 STMAT) B DR gt T 1

Furthériégd, R Fetatlodmeiifuhthertedhieing fal petfoetypEleSOdubbir28 surface
adsor bed SAM resi st | ayers, in particular an

will glyyaya be haeperied by dnsiparioyes (&), ps aldgp@rerlemtth@m hagd sile of Fig. 14,

wh1c?lje\!éslel;e Cg%l nyl‘Eﬁlll(%tthé H&% V\gvtgrﬁy 8?{6115?@%@%&&% ﬁ*b?éal}{lent etching

stephilubh defeets MlH\bIﬁnﬂalle ho phokrk em)loallargﬁfdefﬁcﬁs ia Ithdje’tahiﬂdnnetal layer
Aéndari es. Since real substrates, in particular those
(Flgplf pared by sputtering, are not perfectly flat, these
[ nperfe i 7] N .
cover | mh Bk gl B UchpRLAe Tor MR SRite SHicetof the
octandl addigive {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;),0SO;Na).

Fig. 19 shows a double logarithmic plot of the data of Fig. 18.
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Furthernore, even in a clean room environnent

achieving a perfectly clean substrate surface w ||
W@bwayel7we hanpered by dust particles (12), asPCT/IB2005/053989

indicated on the left hand sige of Fig. 14, which will

agai n reduce the honogeneity of the SAMresist |ayer.

I'n the PighsHHaRIT shoethd QorséspPndifg Ghalile bethetdied kamples in

transl ate to p| nhol es (13) .or larger _defects in the

micTeseane phatestphs taken upder geflegtiye and fgansmiftive [llpmipgtionsresneryvely, at
t of the 1-
vary et oA s B sy G RECanBon i as BRGAE o°1 11°

illustrates the differences in protonation and
oxidation in acidic and basic etching solutions. Fig.
17 shows the dependence of the etching tinme required
t 0 conpEgiBplés €t ch away both netal layers of the
descri bed substrates (time to clear, TTC) on the

car bon Ekamplellength "n" of the added al kanesul fonic

id. Fig. 18 sh he .d d f. TC» he o...
concent 1Ot PFARTEF Ve SRUB BET AR af €zt oom Vin e tis o
20mﬁm§ud myéﬁgﬂﬁsgzuhéxmﬁablﬁoﬁiﬂﬁ%nb% BORNR BY% Ef)gwaslsguﬁé}@a%nowed

ubl'e |l ogarithmc plot of the data of Fi |/g
by a2§0nmdhigk Jayenefan ABC@dwr@élpm GAPeg Wikl Ag (b?%ﬁtﬂdel 0% Cu). The
L
hydregen/plasthin (0. 2arhisdr A00. OE Iihi‘tfaaﬂz,orﬁi)\@)‘ foB Odmumes prior to prmtlng The

decanesul f onate as shown. Exanpl es nple 1 The
compogitien of the plasma spseg and theqonditiops aﬁt@e a%asgaéﬁez@lepmre crucial for a

gooﬁglﬁﬁ?té]élg’]‘tu m%hr 5 mtf({ijunq% atﬁt%ﬂ@%@é%&l%f d %ﬁ%@g’ I:omgonent in this case

d1hydmgbn godlek drgonh plasrda ban mfﬁ(‘)@nﬁ]]y telmovk ahd peventfthafordBtion of surface

oxidipin 156 AP BY g arersteRlading FORAiHAES Weit HlatGIC g fpr mainigining a
good‘adh%ﬁibﬁ‘%tv?e@ﬁ tﬁer ﬁ@ttafv‘ﬁy% taﬁd e 5%&@ Qbydtogen pl asma
24nmbar Ar for 3 mnutes prior

to pri nt mgulafﬁhﬂ)’(dunﬁbglsﬂcpmebﬁ’ﬂl\lié) ghrmp weithegless baokplate (Dow
Cor B e} 5B W PR s v it

the 8k dblutiOmatdtast oh®ROLE bR EHrE PN M thid Probdtiufe e SRmp was immersed
di hydrogen, to the argon plasma can sufficiently

in a FesResfive aFkasohtioneand stared theroimfor ehleast ose hpure &he iikgedution was a
clea1t Ql% &If% g? ?ﬂlllugéagfsro%ﬁ)npéf%éﬂg %gﬁtgisoll l(gﬁrzlﬂ%e%e t Pég Prior to

aining a goo
pnnﬁﬁ ﬁnle s‘campewa; takeh dthof dedalk selutien amd thorobghilggitlsed with ethanol to

ol y(di net hyl si | oxane PDIVS with a _gl|ass
remqb\gcq{( xg@qg 1 / t10n and s)ubéequent] ile%nlg a stream of %Jtrogen for about one

minute and in the air for another half hour to remove all ethanol from the surface and from

o

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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Corning AF 45, thickness: 2mm) with a size of about

10xI 5cm 2 was used. It was inked with the ink solution
wW@eoobeerssl one hour before printing. In this prPCEROE/053989

the stanp was imersed in a rggpective ink solution

and stored therein for at |east one hour. The ink

indicdddteing valatich withat spevial padcanli@sand witholut §titiAg. The substrate was
sol ution of oqctadecanethigl (Al drich) in ethanaol.

remgsefl from thesthing spdutioneafier aththemetal wresichndiavesyy in e nofprotected
ol ! Laren
re glo;iﬁl Al 'aUlea Blgtﬁ{fﬁ' gvra? WEH1Y, fﬂegéilglgw' e'ﬂ!an% %Q Yas 66 sEONBYH remove

excess ol ution an seque drledsln a
bothaheteblayars amd obstaiperhdnargeadnms tand seleativelyt etctmddubsiratdd &haietching

f.or anot hege alf hour to renpve. all .eteFagf?l fromthe
reactiof at QISR EEG DY ReIEng iratg amegiptely,afierreppyal from the
etchR{s81utBh in 4 BEhIBnRIERASHEL BHERT? wid vid&dif@buPtirRhd e

t e cl eaned substrate. Printing was performed with a

substvateewasrthert washedsidthi atanol totiemeve moshefdbe weteeand dried in a stream of

BB o RS S RO B P BV PERE e Bit aie
thicki@Ss @1d0ksbs)Lif tREamAS Fro%@&ﬁs.qnﬁfstthe/mbﬂﬁawriwus @fnsferred in the

_ substrates were devel oped by wet chem cal etching at
printingsteR hsclopreivide @ sasisy papteetingtthe yndsalyingcoatgblesers ot the printed

. I | G- i 0 . .
regig oy o it iR BB O e b pr T g n Eigare 13 g should e
noted tKdb thedhhsaogangities hr the edgdd 6ftheSubstratdidre nidrelyi dug tovpsnting edge
performed by i mrersing the printed substrates
effects pet; qugtp jnbomogprsities 18 herstual 1¢hing S ut i on wi t hout

speci al E9£rﬁmg1@liti ons and without stirring. The
substrate was renoved fromthe etching solution after
al |t he Ammbstratevevith atton A®PCalaper and atNMie(Grpadhesioh dayteeds described

regions and.a clear pattern S visibl.e. The r ,.ed
abovs i HEPA o AL B Bt 1 e dEntpec Bincfite 1P DMS Stamp was
inkel @& EMpRIYEd AR pRinfing o§ QEREABOERUSafp Bl ectivel y etched
substraté. The etching reacti on was quenched by

i mer si Bybseheentlythe printed substratessweteydeatloped by wet/elienfigad gtching

th t chi lution. i bat h i i h !
ot rogt P uBPe o B Pnadedh et Oh BB e fgagf Merek,
165t DT thifhgd164betit héid €10086 lcrdsy, T60HDVEE warert andf3.49peo Wl nitrite
and dried in a streamof nitrogen. The printed

97+ AMldnie). Riehiag meas opvenaddurimmeeryiag o printed:subieates vertically in the
e SRR AT 20 R0 o el o
etchingitivhe was 50 &eonds B3ethovb@l infbeal dayerssdngltobtai @hefogér@ous and

AT S S —
resolfuﬁl‘%g?rfgﬁe thidkn&ds GHA ?aﬁ éﬂ fhg%%'ﬂgjpl?ﬁedﬁ% §flué BRimdddByer was

geneities a edges e substrate are
transfenre m thieiprintingostepda asgo pdyadeed festst, pratedting uke gralerlying metal layers

ok RS it s e B

substratéBiasaeme @& bR 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.



10

15

20

25

30

above was prepared for patterning according to the

descri bed procedure. A PDVS stanp was inked and
weppboyedl f or printing as described i n Exanpl ePQT/1B2005/053989

Subsequently the printed subsigates were devel oped by

wet chem cal etching at room tenperature using an

et chi ngERa@hple@onposed of 55nL of nitric acid (65%

Merck), 165nL of trifluoroacetic acid (100% Agros),

2600 oihmlwats s 3. ragarcglass gate Y #pige .1%15@174@9 top of this a
20ndehiEk T'%): Béhufttwa 5t feﬁ%ﬂnw }ga(elag?]r of an APC

printed su ates vertlc Pn th elnlcat
silves alloy { APC wi 981t%tAgs P BH, hﬁ%éfmmtT}mrmbmmb whd freasdd and cleaned as

stirri h ui_r detchln tine seconds to
deschh RPRERTIC el 209 Farier Bisied e e MOVSRHBD AL whgetched as
descPiBbE it E)Yﬁllﬁle ¢t ’Pﬁbe&lq&%&sét&ﬁﬁ§ tim& RPas 301 sBE s L ERINYVE Doth metal

were resolved down to below 1 microneter resol ution
layers| and @btain & homegereaus guipelectively ktshed subistigte gFlscesching was quenched

. Thus.the nol ayer -was .tr ferre the printi
ina S4R ob s dRERY B pHE® ) CTRRhA ey Vg Brsbtveddown to below
1 midiAedénrefdutiont (fihe HaNEISs dnd daP§ iRthdét€%ing pecOM e bUt
al | ow n% undi sturbed etching in the not printed
regi onsExampledubstrate was renoved fromthe etching
luti I .
ot pr ot Bevii@ovas s 1egllE! sl 81 55E) BT HARG or s

20nmhkickelaybt @gnslybdémmncmﬁnmu ansjn esvz%)Mo BmeCﬁ)ivm sptmered followed
substrate i nmed after enpva romthe etc

by aZQ0up;thigk layepof wé@qsvlv@raﬂem(ﬁ%r %i%rAng%\Pdnge{g Gu). The
APcsédrfa'éé Qs rihd ﬁlﬂf@tﬁﬁ?teﬁla%ﬁam 2fle d tatcl vﬁhhaﬁ{‘&ljgon-

to renove nost € water and dried In a stream
hydnogén plgsma E)(Z#Ipbaﬂe A, 062 nshabﬂz; kﬁO@V)/\ﬁm 3anineigs paor tglpamsing. The

BI ate fl ze 10)(%{]@ 5)1 gﬁgf ’hIS a 20nmthick . 16
compagition gt AB1ayHa EAteH sﬁ?B Higps.of e plasiia freiment yistsfpcial for a
good ﬁl‘ll?t“i;phﬁ%’eWeq{av@ FoudGhatithey §4diddd &pa W&gc&ﬁp@n&f\% this case

1. 0%Cu The substrate was treated and
dihydragandd tlmargetsp sme darn suffisiemily wmbve land memtum frgmation of surface

) and
oxidfLhF ABY TelereMadBieE mAecal e e 458 kT Y affqugiping o
gooPEHEsi6n BtV tﬁeexﬁeeaplap@*s Andredeadlass 3iigstateand obt ain a
honogeneous and sel ectively etched substrate. The

et chi ngAviggulaiedivldenacthylsBoxgaePIIMS hstarsp sether glpesdackplate
(10@@‘{{@) as]use(ir ITFW J fnﬂéfgntfa tlﬂf(“:s‘fllu%ﬁg ;aes% &Lé’ ﬁgurq)%gﬂ bﬁntmg In

CfOﬁE reso I on ness

this papedure thetsigne wasinvgeedmetesgectizx mkpbitibn hhé stored therein for at
te of size 10x1

lasiSiRouta] ReaR G Wasp SBHARRRPIRIcp BillgPIar solio of

oA A AR ok v

solution et thatdughly(riisel w1th&tlm%m9,rem0@é’/ﬁlpekceﬂs iﬁk/csﬂuylon dik

subSﬁquélﬁgrr i ag 3 %@%&é@%ﬁ“ﬁfgg‘ﬁ%ﬁ rﬁ%ﬁﬁ%ﬁ% gllglnm tge 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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pl asma (0. 24nmbar Ar, 0.02 nbar H, 150W for 3 mnutes
prior to printing. The conposition of the plasnma gases
wa@pwevbs4rondi ti ons of the plasma treatnment wePE&I/1B2005/053989
crucial for a good print qualjjy. W have found that
the addition of a reducing conponent, in this case
1801ﬂlefdxﬁﬂ>lgﬁ6acetlo atit €1G0% Aerdd), BBOmLCemwater, Bi4SE @fitddium nitrite (97+%
e and grevent the formati on of surface oxjdes in

Aldlilqlpé ap@v@lpay podiyy dedleeanesifonsted 98 briires Grganigs) é?t%hl%was

g TR LGSR NG O ECIEE i oo
withpot speciahmredapktiohd andawehout Riiviay. Thasgbstrate lvas rggh@sed from the etching

hackpl a x| 5cm It was i nked w he
solufofa e Ak ek WPRSChed A R BRUTSPECIEH Fostonsgna pieas patirn
was ‘vﬁ;‘ﬂﬁe pﬂ‘lfé‘i‘@&“ifeﬁ &&ﬁlgsﬁﬁgﬁva‘éﬁﬁodtm &R 1 RmMbSS BEGrhdMA layers
k solution and stored therein for at | east one hour.
and tﬂbtelnu aomaegeneius mnd/asle@tl\wbeqch@irsdbstrﬂt@ rllhe stching reaction was

f hi ol dri.ch
uerihid o e SRRl RS AERGS Bfdmrem e roRUR YR gotution in
a baﬂf&ntdil’ﬁn? eHréd Bitery cﬂ%térhﬁlﬂ@tuﬁﬁbﬂbuﬁ stREag ThelsabstAaRad thel washed

renove excess ink solution and subsequently dried
with; qthagok torremeve most efitheywater and duieslin agtiream; oA witeogghdTheprinted

feangrgsewgll[e rggog\her a%bgs}élhtg:llo ﬂ)f%r g rrﬁﬁ?fégneteg rés%ﬂ{ﬁ\()ﬁ éfﬂé&r tho(%kg?%%d gaps) in

the atlangprosédire. ahus Theemetolyee pak adnﬁbmmmwhsmmmg i€y so as to
printing the cl eaned subst r at e Printing per f or med
provjde regislygiteqiing i wleruingimal layars e PE‘BW@ a%&w%%w allowing

undi%jﬂ?oeﬁ ﬁ“cﬁé ﬂ&?pﬂﬂzezlr@g§ﬁg ed by optical inspection.

e ef ve sta ce contact tine at each
positi oExavapleébout 20 seconds. Subsequently t he

2{ Icm ﬁg ?Sttf?g%"’t? §Fgﬁ\éel g‘lgﬁg 1\2%((3? %thefﬁllggl 6%%}:] as described
above ORI Eshr&d P %rﬁlfng 'ﬁb&drﬂiﬁ/gﬁ'&ﬂfé deS& WelYBESKHurt SOEDMS stamp was

__trifluoroacetic aci 100% Acros), 2601 of water,
inked and gmploysd firgminting as d@cnbadk%mamwetﬁ) and 0.1Qg of

v per POITRGRY hoaRed npsba ETHeatORRL T b deledl Gting

at 1068 fetpatabite using Be etcﬁﬁg%ﬂﬁﬂ)nﬂk@m BO556L of hﬁﬂc ¥did (6895 Merck),
165r§EeCI al precautions and without stirrin

oS trifparoagstic pEiB IR0 Picerm). 208md efiwater, g d15gtof spdivmmdtrite (97+%
A1df?é aﬁ@@l éi"ko 1%‘epi?xt% 1o (gﬁ%tK&BFB"rga%% J. 95058 was

Ions a ear ern wa ereu
perfemeldj bydintmereingds: primed subbitateeaaticidlytio thecfticated etchmg solution

WihG R GRS TSN SHFRG. T Wi en delingtiEictas Hyeconds
to 1 ot Hetal G T%' BRd bt d ﬁﬂgﬁ&gneﬁ&&is%a él@étl\feﬁ)ﬂa&?%d dub&Fte. The
t u at ree

e etc ngs tionina contalning t iters
printefl fowtres waruiesolw@dnvuum beiow il inmigromketer resohgionaline ﬂmimess and

S} TG QU8 OGS, A B THMOIGEN oS FBTeTac o e BrITE step so o
to plo9fie Lérﬁéistv\ﬁlro%cﬁﬁg He\de AN ndefal llkﬁje%Wn 1hé'@)1%t@d7%gﬁfns but allowing

resol ution (line thickness and ag
undisturbed etching in the not printed regions. The su strate 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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the etching procedure. Thus the nonol ayer was
transferred in the printing step so as to provide a

WO 2®b®6174pr ot ecti ng the underlying nmetal | ayerBCT/IB20¢1¢053989
printed regions, but allow nggundisturbed etching in
the not printed regions. Exanple 5 A substrate with a
t op APCEkamigle 6and a Mo(Cr) adhesion | ayer as descri bed

above was pre ared for patterning accordi
descri béBe prhsbalg yyas a ragubangl as§t Oﬁ@ng? AQ}@J%cg)n{pn top of this a

20n YR o DR Ra S RO R Gl FAGUIR, Bidk Jayrgfan APC

silvenatloy (BPEC (,=698 oy, 0% Pdy hovYeCugifiersabstrate was'. mgatahand cleaned as

RELVICIE R N RN T NG

desc%@% @iarﬂiﬁé g rThe,3refit'i_ige:(f)étc}ﬁﬁgl hh'l@vﬂistSU' sE@onﬁ@? réhﬁivg 'bbﬁlhr}letal

of sodi um 1-decanesul fonate (98% Acros
layet&agndmbm) a hemopénequsversl setectivelyretthed substrate sThegetehing was quenched

in 2 8518 b % RN FORXERE 5 P ifled B GR RO B0WASo below
1 mﬁfdrﬁétéﬁtgsolﬂim (Tigé wla@@ssedxﬁfgap@ ih thPetWiifg prfeedgeonds to
renove both netal ers and obtain a honogeneous and

sel ect i {tshqulde métfdé dhq ghove-mmiioped embadiments ilfusgate rather than
timil{BE Sy, ¥ a0 Rst Sl Stnd wlf il BUE 14 S3RLb B huany
alteriﬁlnm& drhodimenas aythoutdeparting fiohethc edopemfttlirelnpéntim d3@lefined by the
SO as tociarow de a resist, protecting.the

appqm elpimsa In therckaims apyreference pighyplaeRdda PP@@F}’SF&S shall not be

LS
confk 14 rheLAie VG "Rl bl e P o g e, o
not e;mludb itlonpragenee ofi¢lemeitite onstepd othasthat thbsﬂjhsmbm any cldmca or the

speciatiBh 81,8 ROt T hE DA pL e cronse ok g cBpent glpha(#w#@%e plural

refel%ﬁ&%fr SAtR eleﬁﬁﬁg'aﬁa k- RtdaCThe ﬁ‘ﬁ@ﬁ‘tﬂin th&PBR {ifeBERBd BP means of
solution in a three liter bath of water w th vigorous

hardsare ¢qm1g151mvstab@smm elementsy mb)wansmmfw sulialy prognemmed
to nove .nost the%/vater ag 3? stream of b

compyet Sﬁ‘eﬁﬁ%ﬁlﬁ 178 SRR SR ST F?%&evaer é’SHTe&“r m§fesaay be

embplied By @he andiheQarh® XtbmsTHardvidie. (TR ridre vt thad cefiiirieldugds are
| ayer of rmlfg;denum was sputtered followed by a 200nm

recited, iﬂtmutvai}ﬁ difgreny depgnden; qlajms daps vet indigate thabg cambingtion of these
% ubstrate was treated and
meagtfxgs%ang ‘%éggar? V];gﬁi Exanple 4. It was further
printed vvlth an i nked PDMS stanp and was etched as
described in Exanple 4. The required etching tine was
80 seconds to renove both nmetal |ayers and obtain a
honbgeneous and sel ectively etched substrate. The
et chi ng was quenched in a water bath as described in
Exanple 4. The printed features were resolved down to
bel ow
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1 mcroneter resolution (line thickness and gaps) in
the etching procedure. It should be noted that the
wW@bweeerent i oned enbodi nents il lustrate rat herP@HEB2005/053989
limt the invention, and thatyfhose skilled in the art
wi |l be capable of designing many alternative
CLAaAMBdi nents wit hout departing fromthe scope of the
i nvention as defined by the appended clains. In the
claims, any reference signs placed in parentheses
shal |l not be construed as limting the clains. The
word "conprising” and "conprises", and the |ike, does
not excl ude the presence of elenents or steps other
than those listed in any claimor the specification as

a whol e, T, ' r t
L excl ud eAtnheg&Sﬁ {uibg#iogeff) Ireﬁ%%%geﬁ%? Chg{ lﬁ?(ﬁﬂlé I(i%earg}e nts a n%sO&g}face
coatingadf-awabsiaate, Which soleivhi compriggs tierid avpd, ametniteeshltby hategarmted
of hardware conprisjng several distinct elepents, and
orgagie aeitnepresented QY thefpmypuly F&Eﬁ%%ﬂh@%&ﬂ&%ﬁ yhere Hal
' j i ral neans, several of
repr?sﬁﬂﬂs ®Forhib, AhiBrE! mgp%es g%rjoogg,l vzgéég

ese means may y one and the sane item
of har dwnas @.1, Zhe 3nandemfisd;t 1, Chat3, wathitle promsa shat es+ are3;
recited i.n nutual lly different dependent clains does
© ot § ndpdbR 8 Lt or o B kB R Rece S s r oo
- cannot RQes ¢iseel with AE\vARiROBald-AS 1, 3. 3 fryet chant
solution for patterned etching of at |east one surface
and balarpgrwatete coating of a substrate, which sol ution
conprises nitric acid, a nitrite salt, a hal ogenated
organic acid represented by the formula
2. C(H) n( Hal soidtionHkedrttial oL aGE 12%Wheretiethe hifakeratidr @&ié Scid is
__brono, chloro, fluoro or iodo, where: - nis 0, 1, 2
triflygroagetigagidm is 0, 1, 2 or 3, with the proviso that m +
n=3 oisOor 1 pis 1lor 2, with the proviso that
o+p=2;, qis0or 1, with the proviso that q + m=

3. 1, 2, 3Aacldionawcbrimiganchimdte?, wherefh said nitritoRalt is an alkali metal

. .according to claim1l, wherein the hal ogenated organic
mtr“éi’cﬁag- is trifluoroacetic acid. 3. A solution according
to claim1 or 2, wherein said nitrite salt is an
alkali nmetal nitrite salt. 4. A solution according to
4. cl ai m 3A seh#iosiaccarding toiclam Sewberiein sagl siode salt isisbdiutrenitrite.
5. A solution according to any of clains 1 to 4, which
further conprises at |east one SAM stabili zing

5. addi tiva »altRataeebriingd bie oSEIfuR ICRNS wiidhEirtBér comprises at least
sul foni ¢ aci ds, phosphonic acids, and salts thereof.
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. An etchant solution for patterned etching of at least one surface or surface
coating of a substrate, which solution contains at least one SAM stabilizing additive which

comprises decanesulfonic acid, or an alkali metal salt of decanesulfonic acid.
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6. A solution according to claimb5, wherein said SAM
stabilizing additive is decanesul fonic acid, or an

w@bkwaloé17wet al salt of decanesul fonic acid. 7. PEI/IB2005/053989
etchant solution for patternegyetching of at |east one
surface or surface coating of a substrate, which

8. sol uti on sohnioniadsordinglteakim 6re 75mMvBich d dlkdln@etal salt of
addi tive which_conprises decanesul fonic acid, or an

decagpsurfonicracichis sedipm dsrangselfonaddsl f oni ¢ acid. 8. A sol ution
according to claim6 or 7, in which the alkali netal
salt of decanesulfonic acid is sodi um decanesul f onate.

9. 9. A prageeeesodf prepprarg angetaantsatition acsaddirtg torany of claims 1 to 6,

ding to any of clains 1 to 6, or 8, which process
or SC\BﬁIﬁLP% S8 CPH)pr i ng, under cooling, a hal ogenated

(a) Or gani Cnfi‘;ﬁil_lr%l %eéjhaﬁé(gehﬂﬁd LRSI Rid represented by the formula
H) Pl qCq” 2H, where Hal represents

C(HMHaﬂmn[CéH)oéHai)p]qUQn& @Vh@re Hadepresenésy tromp, ¢hdoo, flugrodr dedo, where:
3, and m.i .3, WLt h . the OVi SO ht +__
- 200 R opors. pdh o et 5,8 hoRRe Wl T B
- tp =2 1sOﬁrlspﬁler21W1Wtﬁ@p1bbﬁolﬁid@w48p—t2hat q+ m=
1, 2, 3 or 4; and a selected anount of water; (b)
addi ng Aii ¢ pe Lawithithe previsa theiq & wbtla2nker 4iurt her to
an acidwater mxture; (c) mxing a
andggsg(:t%&elg%léﬁt%m’%&#he remai ni ng anount of water; (d)
(b) addi ng, addifiehitéoadid fga méxtarel dbtdinsd fakther tostbpf(a)y folodtaith an acid-
step (c), to the acid-water m xture obtained further
Watftrémﬁué‘b (b), so as to thus provide an etchant sol ution
accor di [ ere
requi reg:qmg%g%ﬂym?%ﬂtt gﬂ‘é@t%g#aﬁfan%mrl t on 0 éthju ned
(d) further addingtlmﬂer(mb))lmg, al sehﬂioncubenr&dl\fuﬂhabo kfepi(c)gto the acid-water
.addltlve ectedf mthe nsi stin f. .
mix{y ghipingd BEREEto Sardbhiaas o Bes elppRsolyfigneaspordipe to any
Ofcﬁﬁnstptoﬂgf%ﬂde an etchant sol ut| on accord| ng to any of
claims 5, 6 or 8. 10. A process of providin
(e) subst r awheng rtscmnmdpaidlm todbe atghant |salntlomhbtahne3rﬁmi®sm step (d) at

teasQENA N ST e Ry el AR Bl ¢Sist Bfomiepeias,

phosdpBdniB a6idb,(ind Galdd thede6Nsd Kb Provade &rétehahvisdlatéh Kcording to any of
surface coati ng; and (c) treating at |east said

clairgypf@e1B.or surface coating with an etchant sol ution

10. 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

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

according to any of claims 1 to 8, so as to selectively remove surface or surface coating

material substantially not underlying said etch resist.

11. A process according to claim 10, wherein step (a) comprises applying to

underlying substrate surface at least one adhesion coating comprising molybdenum, titanium,
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according to any of clains 1 to 8 so as to
sel ectively renove surface or surface coating nmateri al
waawsventdi al |y not underlying said etch resi stPCI/IB2005/053989
process according to clai m 1044 Wherein step (a)
conprises applying to underlying substrate surface at
or chrefsim,odteinatlbe shepsofCodbwed be application i uhdsion Goating a surface
titaniumor chromium or an alloy thereof, followed by
coatipg RoMPEIINg $ilver of 3isiVerme¥i on coating a surface coating
conprising silver or a silver alloy. 12. A process
according to claim10 or 11, wherein said etch resist
12. conpr i sAspratest eccordingito Gl 103 114 wireosie sasid atch aesist cgmiptises at
cl ai 2, wherein said at |least one SAMis applied by
leas"ao%i’g contact printing technique. 14. A process of
manuf acturing an el ectronic device which includes a
substrate provided with a patterned nmaterial and which
13. pat t er nAdprecdss tecarding o gaiap b, ehepgin saig ableasi ona SAM is applied by
midefi nted[ in ian¥ E{‘ clainms 10 to 13. 15. A process
a groc 8y rPémeg Ge8MHS4, wherein said el ectronic device
is an LCD displ ay.

14. A process of manufacturing an electronic device which includes a substrate

provided with a patterned material and which patterned substrate is prepared by a process as

defined in any of claims 10 to 13.

15. A process according to claim 14, wherein said electronic device is an LCD

display.



