- 1 - Aqueous ink fornulation containing netal -based nanoparticles
for usage in mcro contact printing The present invention relates to
an aqueous fornul ation containing netal --dased nanoparticles, in
particular silver, especially for generating electrically conductive
and/ or opt iAma¢duyi udation eordaining mgtabbasedhwanopanticies|for dsgeernn miaye contagtprinti
printing, in particular on flexible and/or transparent 5 substrates
using 2 St 3P ofBAL iR bRl Vel IR ML ARRIn oML RENbeLANEAbL A, in
further rel'atBs 10 a method o generati ng struc?ures, particularty

bei ng el ectaiticdér yilvennebpediallyefoarngthontigptledatdly oafiictiet iaudpr optially reflective
substrate hy m crocontact printin sing the above define

Formul at {ontueTiE BEGRUAR pRURIcEaea Hrifes " PERIEr 15 1065 stmpigr dramsparen
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be a sinple a ersatile printing.process, that enploys . 10 .
m cro- patt érlﬁggfjcgf’gﬁﬁ%efa“fl%r“'g%%l ]éa%ﬁ‘% Yo e"ﬁo?lﬁqt’(‘?fﬁﬁe“toﬁ cHyg aydioregptically
(PDVB) in edffdedivel On @ bubbtrdid ®F GniS@adtacl SaihtinpeGsiNthe Abald delfned formulation. The
substrates. The substrates i ncl ude thosge being curved and havi ng
a | arge ar @ESeNiNVFSO8AHEE reg?%ﬁ??ﬂ’é’s%‘hcoﬁ@n%%ﬁmpé SEYSIME. inter alia,
sel f assenbl ed nonol ayers (SAM s), polyners, dendrinmers, catalysts or

bi onol ecul @ficiothbcABrifin@{LTH)Ss tohieP @SB ESimplRhfid a OdtsBUFnkiaE BB, that employs
choi ce. _However, there are_very few reports on printin nanoi)artl cl es

usi ng 195 MICPBEERICACTaHP Y EIRgIPIEBRds pispehnidmetpylriioningy (gPMP) inagirlgirp print
di oxi de (Tified sOddeR@kdsiohlceRriths AYaRLNTIRIONSsttds ithy ThAARCAMeAeing curved and
printing have been reported. By using stanps nmade of )

pol y- (di neil_h‘ylll%ﬁl laves sy MGFQCH@?WT@, g [¢ps beitsed it PriBei Agr alimotflipepsembled
el ast omer momaﬁrmmab?ayﬁe@}&reﬁaﬁﬁergEﬁwéérb%&ﬁmecsan@kdcﬁqgﬁ%teﬂgﬁiﬁo%mes,
its low surface energy, thus resulting in’poor wetting of polar 1nk
systens, s@€homsibgirpiesc shejas pweri, torstasgrrery Tiverepéty en prgingmateparsiclay esing
known 49 mugli,fantaBiS,ikh{ 36E; QYT G i '
order to i ncrre%gebﬁe s%?%géﬁfag%égﬁré@mgr%g% hﬁﬁ]@%‘%‘% QQ%S%’}IIQQO rﬁggfe&’)t% ﬁélﬁmum
wet ti ng beHety heing micrqyontagt prinfngdhpvd kaes repltt@se nodi fyi ng procedures are
typically multistep processes involving plasna treatnent and surface
grafting o r iLet] t - (d] i - : .
T R L
limted suelgsgeraxith hbydpaphokibirfacy prppsarse tlmllbezey duet th g |@6poidce wictdy, thus
repeated u nd/ a n alternatiyve wuld be tag

i er ocont aceAged A b8k Tl g g SFRENGH G SRS Bl P pegy. Theretore
choi ce 20 Howetheds atehleenappeadiy the sbefaceodf thie gloly-(dinsathyidlbomed stagpd i brdgr to

nmetal li ¢ nanoparticlgs usin i.crocontact printing. For instance
T cr ocont aBERT A PRECHTcB Aal GPeRt T Sropar i ERingheict Ot BI& Sk systems.
pol y(di net ijiéss irhabitying) prodedips amatgpicARomtieistep proseselsinbeliing pldsfnk hhiment and

el ectrol ess deposi.tion. of NNB or 30 c r. It has to _be noted that
Che. P S RAHEP AR Sabolar Aoy o bl (GREBSIATR) SO Mo e vt ohh dirface
as wel | beaflerftelodITicHeip0 Sdultd SfenQiresaRD ARAE duet@S aAnEl waRdbilit§ appeirsde BS Betting
structures. It nust also be highlighted that these seed nanoparticl es

are of ten BPYpdihdensated ugee i/ SOMGents |i ke tol uene or hexane. - 2

- Most of the known printing of netallic conducting pattern was
perforned Ry dRassiveaduliUbedd! lcbonktRE 5Snt RetAic@NIbida asenb el Bl ¥LEhoice.
of a suitable thiol followed by el ectrodeposition / electroless _
deposi t i onHeFewErnBems| 1PPears fobF et sRch heomiar op vaanEng Sstllicopaoptiglepeusing
substrat es nﬁd’l‘&oﬁia&ﬁ{rlnﬁng 0 lnsBh&d) hﬂ&o@o‘ﬁta’é@}%’fﬁl‘ﬁgg bPBd/dRePRE athRRAERSs & poly-

the gold surface. is obvious that this typ
(dimethylsiloxane) stamps was reported as seeds for a further electroless deposition of NiB or

30  copper. It has to be noted that the Pd/Sn nanoparticles are only used as seeds layers and this could
as well be a random deposition of nanoparticles and not really dense structures. It must also be
highlighted that these seed nanoparticles are often dispersed in organic solvents like toluene or

hexane,



50f patterning is process intensive and cunbersone. Known from US

2009/ 0191355 Al is a nethod of formng a layer of particulate on a
substrate, and in particular, a nethod of2forning a thin |ayer of
nanonet er sized particulate on a substrate for use in

m cr of abri &&ast ofithefknowmpointng of metdllidwendrgting ffdtfermwmmdfoan@bb)d pasgiveting gold
telhi'a.: t gﬁg??‘g Sa{cgse @? r agéﬁ' a&%%?“l Sh?c?m{a{,rc%u(?:tt % %glta%fle c@/:/fﬁ)gbxg%o%g electrodeposition /
conpositi omlMl@pm;glopa:rftd maﬂahi:cespeme:b @ d:leamﬁxssmtgd a@emﬁs dfotht kebstrates and
relief str I ectivel ansf n on fromthe.

ol of strderr eI Lamage EMERS Lot O R B RS Eaip Ay o s e
conposi ti onf pitlehigpliapgeds hamsit-Oatdenbyesde di spersing agent; and

i nduction heating to formfunctional connection of the particul ate.

The i nk us r met ho cont ai,n conductive

Tt er a1 o5 KoowR meRCUb SaB/ AR RIS Rl Y PR ek SR E TP Egn o gubstrate
bi nder, andndiipaaielr, aeitd of Heming amﬁwy&rﬁfnmn%wa%&ﬁ%mlaw on a substrate for
descri bes a method of . m cro{ abrication %nd nanof abri cati on of

el ectri cal "ShéP Feofaricaten st FoRRAAFYS 284 deHiersiles GIThRA Poeqiting ¢9 Ghis document
scale, for g@i@?d]]@'c@m?ﬂsemlﬁrs@ﬁé)éﬁ;ﬁ‘&tldl hin1hRfnerit Blaghp MRYROS refis €frubture; applymg
formul ati on conpri si ng pluralit nmetal | i ¢ nanoparticles, such a

si | ver lﬂanérf’&F’PP%tll@sm%‘Béﬂ’dﬁﬁulﬁé aqd cpdlipResying Jgeat of e relis! shpgtyrer selectwely
conprises (2 MahErhe %Qﬂp&hwhqaﬁ{ the 'i‘ﬁlePEtgﬁﬂl'r&toStﬁ’é éﬁ%m’atﬂosfghlji)kh% p‘ﬁftérﬁ" treating
wat er. The organic solvent being mscible with water may b

al cohol , sthercogposidgmaitle chargediees tapiemavp e ispersigg ageng ging urgde@ﬁond}eatmg to form
gl ycerol, ; t - ;
Lt her mor aonefreP PanEctl b pibitula s 161 510 BRRrRpin 162 Mltnod, mey contin
addi tives semhctas mgrbotdrmssiler anl ivperticelat slvertovapasicles,\a tikder, @agpmethanol as
to the, gbog g]?fl ned prior art, the swelling and wetti ng behavi or has
further ential to be inproved especially in absence of surface
nodi fication of the pol y(dinmethylsiloxane) stanp. In detail, a plasma
or W/ ozon@osundnaé\éo 20220 Afl glesambest @ mgthod of hécrs&ibriqati@rum wgofabrication of

stanp mdelel%tztn Xnd( g{e thXI §1lr|.l gsn%% tﬁehﬁlliltl:rgm Ezﬁld?s\{l mi d scale for example by

Consequent ere i s & néed urt ormu ng

i mpr ovi ng Inheroq:mtanlt @bntingt yl“hammepmdtﬁseulaafdrmu]ah@l wahpmsm@ Iaeb‘lanahm of metallic
especially _of a.hydro bi.c materi.a a poly- .30. . .
Car ot hy1 SPrsRBiEr sPEng Wierantep Rlosr ity Pl ulnagery e sopisp gomprises

the obpect wafer ahEatpie®s end oiganie nblvan niigitj whd&man’fl&qugmﬂcs sdleanirbéiag imdsaible

bei ng usabl e, as i nk act | ha i nmpr oved
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pol y(di met gt SdhhiXa@ddRYl, such a3 octanolT&]Qieﬁé’lﬁE eMtthérMy R tHeOPrindhtheGold s this
aqueous for mul ation particularly for generating electrically

conduct i ve I3 MPHOMBE E\‘i’@“‘é"fsrsﬂﬁll troBaqRpis AT dFBEHRtact printing,
characterized in that the 5fornul ati on contains at |east a) 15

toparts by Hoee@htwiitleSlect th}he abd® deOR@IrRr &Y, (M@ ing ah@ﬂaﬁhg beéhhvibiOhas further
.-45 parts by wei ght netal -based nangpart cies, d) ?40,5 toparts by

wei ght 28 onPPRRIBY i Waﬂ’@dll@ﬁ?‘fﬁgcl‘a?ﬁflallyaﬁa absence of surface modification of the poly-

(dimethylsiloxane) stamp. In detail, a plasma or UV/ozone surface treatment for wetting of the

stamp such as the stamp made of poly-(dimethylsiloxane) should be avoided.

Consequently, there is the need for further ink formulations improving the printability and
particularly the wetting behavior especially of a hydrophobic material such as a poly-
30 (dimethylsiloxane) stamp without pretreating the stamp. It is thus the object of the present
invention to provide an aqueous formulation being usable as ink for microcontact printing which
has an improved wetting behavior of a hydrophobic material such as of a stamp made of poly-

(dimethylsiloxane).



10e)to 10 parts by weight fluorinated surfactant, wherein the above
defined constituents a) to e) summarize to a concentration of _100
parts by weight in the formulation. The +3rm "netal - based"
nanoparticles in the sense of the present invention shall
particularly mean any nanoparticles which conprise a netal as such or
a conmpound being at |least partly formed from 15 a nmetal conpound,
such as an alloy, netal oxides or the like. As an exanple for netal
oxi des, titaniumoxide (Ti02) or indiumtin oxide (1 TO nay be
referred to in an exenplary manner only. Consequently, at any passage
net al - basedha@rpdritveoti@srcate toisnedpeduh dgewfation patiedariyafor lzeneneingl efsctrically
al | Oyf’ or .ot ugtli echw&upe?lsctls\flécsr%m%r mal% almigr)ééoql?asc{ prt f?nl:e%t,] Jhlz’ar%QPe}izna%t in Ehg? the
term "nanoparticles” in € sense o € present ‘1 nvention may

exenpl aéi | yormeinopemtaislaekadtavi ng a maxi num di ameter in a 20 range of
50 nm for exanple lying in the range of nmto 50 nm The term
"structure" ipnt sense of the . present invention shall particularly
mean any Ki nd ofzri%é ﬁ?&?%ﬁé’i%e&hg%ﬁsed to the surface of a
substrate. In,detail, fhe termstructure conprises a |ayer being
applied to a%e/\ho"r@t%rﬁgﬁalgxb a“ﬁeéggl}jalrc%hé)#on of a surface area, such as a
| arge region _coati [ defined pattern being applied just to
defined regi Sﬁs ‘blgﬁgﬁﬁgargsl}%w%%l?rgfgfﬁaese STBLRAs esf. 25The term

m crocont ac% prid:gttlon%o %ﬁg%\gélgﬁ n%g—ﬂ{lgr?aeﬁgﬁr a%]fan{, Qﬁ/(Fntl on shal | .
particularly an’a process "bel ng generari y knowmn’in the art. This

br ocesgqCoNDLj S&s 4 el ansy Pl Rk AyiaY! ati on, or an i nk,

respectively,” ontd a su or“at Teast onto d part of the latter of

a stanp, whj.chi gy t ok g [gpd

stanp is in furn tra?’jto(r%{gf%l tgfranlrr!egdpld %%f?u;ﬁ%ua? ?(gee %t@ﬁ%a%lrgg%oggisﬁg%@%géﬁ ?g*ég%&’g’% by
a struct ur eveightio thefernddticer . - 4 - A fornul ation according to the
present invention overcomnmes the problens of wetting without having to
subj ect a kohi. c of SHUGE - (di .S] )

curt ace, "t QPR AL SUE AL R NS, BE o0 0 K BP0 3h BN ARty mean
Apart fr ometsheanppartidesfvdrich domprissm meeles dichgr & cortfrand baiggwtilast pdobSometl from

swel | a r iC er..al u S .
ot y- (& nony T Pafand SR AR RS g BB or B ke 7% sy o g oxices
bel i eved t hghintrhexigeadi®,) veindiufnatit sxiden@T@du@Ncagiared i ingn pxeplae chatmer only.

Conduot 1 va CAERT 1-aF PRERI6S B 1Hise st ars e Ehe HES Mot By b meuls.

obt ai ned byll@ynemittd compahlcath aohethhaides. SHRet fionethe) tHe @ifiITnSnoparticles” in the
Particularl%lé i his bel i,eved that the aEvantgges ar e .obtai ned bX t he |
conponent s° ?H{;t B PERSEN (YRR SRR BIFNEE I NAY ¢ & Mekigum diameter in a
i nvent RON kdhgélof 39086, forRxSRE BitlgliA tHe@ihgl 3N 88 nnkd HNEXLm! 0 t he
conmponent s defined above, the ink formulation according to the

i nvention conprise further constituents wthout |eaving the scope

of the i nvaht SR agudyeh \EﬂSrserésﬁéﬁgﬁlFeePreﬁ%me‘EﬁtWﬁIsﬁ"tl} BT PR S CBr ngind of
at | east onRteadiicide\V@plidd 16 hida¥urfh@ JfARLBNEteONQIeR], KD fePm Afrudth® comprises a layer
properties of the fornmulation or to adapt themto the special use.
The f urt hePelBhEPPbFd fod Eholicn cReadHPHiEN plot BHaGeardeysuships 2 lgfeeregion gqRting, or
Formul at i op qaGkapsidRdbdifh dpBfed iR BN RB¥nOGSBL SGHELof hOMbLhRe. 9T OUP

15 conprising or consisting of surfactan s, pignments, defoaners,

l'i ght grotecting‘ggents, l'i ghteners, w ghteners, corrosion _

i nhi bi £&r s Tha Mo Xerasaniact gnging)’ @esrding Hsthe qirgseptsinvestion shedly partiGyiaaly gpcan a
thi ckener s p bl debrdt o bt &nbn ShIth& kY ThisNbeesd 36 pRIDeReLL BEafyi

pr esent inp{he Lﬁg%f%rnulgtionnaccording foﬁ%ﬁg pr% entqgﬁveﬁiioﬁggpgga
parti cul ar fyymglatiereer pminki wepeoivelyh entpatsuitang dyehlgsst onto @rpar of theriptteniof h stamp,
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substrate in order to apply a structure onto the latter.



Wthin the in fornulation according to the invention, the netal-based
nanoparticles essentially serve as main ingredient of the

particularly electrically conductive andfor reflective structure to

be 25 generated on the substrate of choice. They may be present in

the fornul &t fcmmulati@oa@iord@lgtm thix@rdsent gmtention pyer@mes tigeproblats oh vsietting heithout
range of t | ear for .ol

hat e t hefafftboSulcrEhgRispobt skt 8 ul P pa PR En S Glpd gt B oty
formulatio lancammthettnmg sirfact medificatien prooeduro Apait frf)ﬁﬂlﬁm,tthé(foﬁﬁiﬂatmfn according to the
nanoparticles may. in the. f.orm tlon accordin

vent on i EHGTAoPesh PR T PHUE A SHR o Ao s Wit irie Bppgonane).
ink formul ati on according to the present |nvent|on t he al cohol may

be presént Wirhoat iy Bnind ad kl@rthéody ithie belaaved thaf th&@oﬁiﬁvé&f@&rdzﬁ ddyantages being
wei ght and ma rve as co-solvent. Addjtionally, .t . take the

ol o s we Pt HGT Qe Aot ORI R ugielgY o EHB I GBF R Petpniutiive andlor
sur f act ant reftebigvel oaaﬁrgs adEEBMiu%Stb eled ialdnyios & \6Btaied 8P Syfergishit effedlelsf tHQ reslgéctwe

t he surface tension of rl SO that the wetti n%] behavi or of

stanp may KemMPRFRiparticHisE Bkl behlﬁveﬁir&vt & afhyapiegsniarg t?&“@o‘ﬁ’c‘éﬁf‘?“&%oflﬁﬁs being
in the ranggsgh ihe fobBulR@dnt e iny VR 1B invenVibh fh 4 @§lREG chiftehthfion range.
fluorinated surfactant, the latter nay especially serve as |eveling

agent and/ or agent for reducing the surface tension of the ink,

provi dilfig P65 B he compenents definpd rbise e ik fomailafion taceRidiBg Hanhe mvention may
nmay be preg&flrist furthef QRSRNEHPY RN leivih e s@PI6E AF ifventiohQs BRNL BorR¥ample, the
wei ght 10i n e formulation. The ink fornulation according to the

i nvention ﬁ%rgﬂubla@vmavécmﬁ Bt Mt ppeagldisivn ay prder to jRprEHe pug CéS’t%‘tP%thF properties
advant ageoysmu f%ll?mﬂeﬁ§)9%?tto B&pmh%%%} ﬁ)@&almsk nfﬂenfgrthér Q)ngg} 91'01'6’ admﬁves l?emg
havi ng a-good wetting behavior, the stanp, espe0|ally bei ng forned

a hydr ophobptentipdly @pit af the sﬂcﬁna@atpml ap¢adding tohitpe givedieanmesy, bervelyctésbirom the group
wettened a r r

Vet £ eneS S0foblh, BIHLARE ALk, el DL MAL O AR MBS 1
order to gem@t@m, faorm»etbn n'éldm’stsr mutouldaltamlacl@amlastlatwﬁ, saftereo andéertthiokpners,
behavi or i rder to generate the desired structure

by transfe]r%relq(r%g théQ?ﬂﬂ&;’fnnta e substrate. A structured stanp nmay
thereby particularly nean a stanp having at |east one surface being
provi ded wiThér campenents thging. pridest islttlhadnlurfce'mUIan'oroa@berdimg)tobélesmésbmbﬂneemhon are
m crocont ag i pantic have_ protr nd.re

por t1ons. 1 R s TR BEE LEHLBb eGP BREP oL AERE Frinune
may be2adj irsd mitltod of lrenctiemp re&dtnaqdp»l tonduiction and/dr mfgetivd stmcﬁme‘spf:bmequently, the

defined areas,. li.nes or spat for e | e. a re55|n

Fobl ons. kg B hrr ERG Bie 1 BB Soptile RIRE SRR O we prgrerty
that the delsdseea v@ﬁoasmhs’wetamgcbehmmo@ﬂayﬂlbﬂqo&tcrmmérmsesdc@ aDflapPhétBdsilodsne).
defined by the stanp or the stanp structure, nay accurately be

transferre te of c 251t .is there t nece sar )
oot Ty i Bhe P dR B ool Fipe TRihited b e ChaBpar g Codentially
pr ocessi ng sdriieas mdih efgrecheofw&t pardiiulat]l ¥lebRigally@h@rtdvdadionpiiened sbyctﬁrben be
ink forpulation as %F&P}E Consequent ]y, a 8}r|nt|n pro§] SS may

be
per f or ARd GRS Ot Yrate o chpics edigy may e pesantnn g {prplptien aqgerding o the

cost savi NghvBktRGEES & contBRradbABNGE AR ANE DG 45 d4at BY QSight 8 if aégrfﬂ&rdﬁegﬁned
j ust dependent fromthe stanp, or Its structure, 30 respectivel

bei ng used Zhie ak Hat githes g sanclind playnengrticise maybe eiesentiFr e pUBHENG, acwdmg to

using an i gl HRLA, F uRfrAf GREALMAns RS R REsehNY AR foRflatioh a'cé)rdmg to
possi ble to print conduct | ng and/or reflecting netal structures,

exanpl e, i theveveppswighonelaasingike invention as such.

30  The water being present may serve as solvent for dispersing the metal-based nanoparticles. It may

be present in a concentration in the range of =15 to <55 parts by weight.



- 6 - It is also possible to print sem -transparent grid structures,

for exanple with sheet resistances less than 5 52/sqg., especially if
appropriate sintering conditions are chosen after transferring the
formul ation to the substrate. Wth respect to the electrically

conduct i ve Vithin ¢leuinke Sorbwmiatign fomoriid: ©rthe hesait bstntanethe faloohdi may, bespredent in a
as conductin hs,. | .ar ge .a coatd.ngs, .t hey. referably be

5 tenperat ﬁ?%elgtgaglf@tnéﬁp ? r&c%rg °é°x%qn§|‘8 %tslollg‘lggtbyf ‘gglggﬂs{ dglrn?y psgrero C8TS°lvent'
time up to AN000MRlyals maeldke de rote ehadttigpdgep. f | exi bl e. The i nk

formul ati on according to the invention may furthernore be suitable

for generatj.ng structures,, or line r ctivel having a widfth of, .
100 pm or - PEREr 1 B P OB RSl S e Yy e i s gt B Raueine
advant ageotis suifide t¢reRp@E thetink, sohhtlthetivetinpShednast of tHeStamptn@s be Apaiet infpFasd. It

that, the applicabiljty of the ink formulation cording.to the
b esent i OB PP BRI eSisatrRRy s FOEH0. S fha) TS oY PRI ni
formul ati on according to the present invention is especially
cost - savi n@itlorepfeepanie: furdinkted sifictamdthe da@t b Bpkdiyly SFBY ap loWlirdegant and/or
superb shelf life. Furtger re, due #g?t e fact that the desired
struct ur es 288 RIFRTSBEI AR Biripen lengehet the et PrAYMliRRAsKiye GFpecta Byt rgtnget to the
bei ng fal s@leping ®at0fdr.aNelay biisrestMtin RRbiEntHSBRIAhE Rihgd Se>0l8 & ERFparts by weight
application nay be reduced up to a mninum 15 Consequently, the 1nk
for mul &Pi oft e &wmaleHYt o the present invention may provide a high
efficiency at its use. Besides, the ink fornulation according to the
present i NYRAGAKORBAIIRVRNcSoiAL 18 URMRveAEEH ndaf prdvideNubde WekiiP teWRkidr] #ich is
and/ or shrinking. In detail, shrinking is a process due to which the
stanmp chan§¥scipisadyprfageepsonish Tearedl tAguisrecantnst piintiegdn efail. gy hapag a good wetting
structure BgiR@:,PiRS @c@ﬁnpp@spfeaﬁuﬁrbbﬁﬁ' Rome2 Qr SHMyAGEhc WhilerR] a0Rh ] poly-
t

wel | bei ng changed. Consequentl’y, e printed structure wll not have

t he di mensidmsthylsidoxeng). may bagettered and 4bys phvifledkwith Agdink i foraildtipn ipgsdefined
or gani Gssoluent sch by, Qspaighy) [NGsP f : : Ly

Formou 1 7 omiEnTyC U eet iy PR ELL B PLESERR, @onth Rt TEoRE DUl BL alterned
to the stasrcineon hgsbstraict hgoodriettingrhghavis iy advantdgeessein ablsv & graeretd the desired

G 3a0want e b DRSS 58 Pt P00, 0 AONERNB R 0 e

accor di ng toctatipcaping seledst ionw gnfarobeingprpeded el astnyctgei Thalsirectrerin order to be
m cr ocont agt. iqnting and. in more detail for mcrogontact printj.n .
Usi g hydr s8Rl hitee g by Rl Sal b Pl BORFE B osRod R gmine
printiag tdehopliedytrenpd. djie sepcardassndphobbecadimie@ td thé ddsired dpphicdion. lemay thus
structure, or a pattern, respective to,a substrate of choigce. It
5" e engfrirtts Aol e BT S oL Pel BRI PO IP DR Ercbgh the an
obj ect of i@ r@pes eNbetiiiy @hdy®R abshired 3kt Fidrdpsited igbethetrySal Y@ fl dPyhedtructure to be
sui tabl e choi ce of an gn@&f or nul g{ai on having defi ned cgnsti uent s
parti cul ar FEPICE: 238¢0neE §Y L6 TRBROF DS ERPSEHGYE, maprecist ik OF rapsiiediqrsupyrate
t he i nvent pPshoics. provi ded, w thout being bound to a specific theory,
particularly by synergistic effects of solvents, co-solvents and
surfactants antg pot enti al IX further additjves especially in defined .
concentr at ol PP necespary 13 merity; g LEacenoleths AT RY chemgally or physically
net al - basedrRABAP A iafbre Thé QRMIVIRS nfily| iNEEANRNBPANED 6 8% inPr&hRLABA ¥s such.
all netal nanoparticles are silver nanoparticles. The silver )
nanopart i c CEBsCA¥p riePrafing IPJocss ayeke Pestormesdt Wity 8 durther step lsesulting in a highly
formul ati oggricfRERACH VRN préddsd he form of a silver nanoparticle sol
(Ag sol). The silver nanoparticle sol my be treated and thus
particularly purified and concentrated 5 by using nenbrane
filtrati onTeemengpnigng/of ptruchwrescaire fuethermare justalepandent fiom the stamp| ¢rgisgfructure,
100, 00,dal jql ' SO e -
prefer ggl y}éégeﬁgf’?@g%h’ag %Slg(i Sgar(si grgsglér-egnm? I,) %\ﬁh?é?he rraquchhzorn%(J'c()lf':‘i ér%lgla’ P}f oma™ ink
formulation according to the present invention, it is possible to print conducting and/or reflecting

metal structures, for example, in various dimensions.



According to a further enbodi nent the al cohol may be et hanol,

i sopropanol, methanol or a m xture conprising at | east one of the

af ore-nenti oned conpounds. Particul arly 4% usi ng nethanol, the 15
wettability properties of the ink according to the invention were

found to bédt ieapepbaiblestoipniptr @uddanspareityeid sot@yresyirizamople s sheet resistances less

preferred evap tion ra I‘OVIdI a very s dryi of the
Bl Tl cone. s ains Pt et B BRisPHAE T shrons SF SRSl Pty te
provi ded wif¢rdhutafien st theigibbtedte. vAnﬁegpef:trt@metetbaﬁmaupedohma{ze #ScRAS beiB @R on

to use andlsuLurtherrmre na{l Ierratlcvm h respect to its
handl i ng c&HdPHiBHs! SECACEE & & ‘tcan%lpeﬂeﬁ’ PhFeccRBOA g EHBEY preferably be

met al - base@enﬁt@fh@ﬁa&ésisfd@&‘oxc%ﬁﬁalcsﬁ 16d3t oY Qraee pefidest iiMe uf it@aBseC, &f well as
5.150 nm particularly of 100 nm for exanpl e of 40 nmto nm

and/ or a bimfeRically Sexille-slhe |1rﬁif9m4%atloqfﬁ%c0&h@getp ReigYnEen BRY fubergiope suitable
and the sizg géhé:rﬁtfdgl%%étﬁ’x@s o[’ﬁﬁ&eféfsﬁf%ﬂelﬁa Wikl 4 RREAH oL 78l @Ilbégrfup to 20 um or
spectroscopy 1s known in the art and déescri bed, for exanple, in

Al l en, Par eve lews)zBhigvmay Gﬁpéﬁ'élht fae adgantageouskyith wepeciecialti d¢mens10ned substrates.
Publ i sher s A9 Itbm A, & Ny JRRRORR £on Hebording 18R &

pr ef er abl yA[S)e used, ﬁéﬁ% claucgdﬂil nto t or ﬁucatﬁi1 o% t&jr egpﬁg%& %{/IE%XH is
in the lﬁormmtlaléy@pdid‘/er nanoparticl e sol (Ag sol). The binodal size
distribution may especially be preferred with respect to electrically
conducti ve r i . i OW.p o
content  of Treibist B2 4t Rim@S@Ph GG 18 e ARk Ren i bty Ml spying o
i s bel i evedrephratand tvi use efid, @ddltwr@llntumytmo‘adefa $ulpi=rhghe:if liﬁeh@rthcmnm,idngto the fact
gusset vol e | ar art|

Thi o resul tRE R GRS SlBaRs oA ARkoRRIAL B SEeNe R TR g BT bl Bene ety
especi al | y coated amgj thimewatdking meea:ﬂmﬁmtheodesmddeapphéanbmmIbatrednnechm:p{d ® thifidum.
the substr uen e ink formu tion ccording t

vent ton FosientB I LRk SmiPen g oo IR BFHIE BYY gt o high
sane el ect eff’mwc}camduml vity conpared to fornul ati ons having a hi gher
content of nanoparticles with nonodi spers size distributions of the
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distri b;Jt I ?ﬂﬁtlmh B\‘B?E@ ﬂldﬁﬂlihhaﬁf fkﬁﬁgl [31) @Eﬂﬁ;l,l @lirmﬂlfngri‘ﬁh @i‘ocl%%&ﬁd tt()hwhlch the stamp
nanopartl Ccl es avl e e ect.ilve I a to e S

ef f e(F:)t i ve QReRREY lésr nsﬂ‘??éﬁ?f’g‘ﬁlﬁlm B%Fs‘i'ﬂle’l‘?é%ﬁge Be; %’T”é%‘m l%eﬂ‘?’glﬂﬁ??%%“ q’a e printing

havi ng2a Vveirfachsik Istamptib RvelTabging @Bdnigbd r@héeﬁu&ﬂy,aﬁ&pm&ﬂsthtec‘hﬂu 1ot have the
especially pr eferr r defined patterns and/or_for conpac

subst r at es dgHsipgs gffSH fhatse the stappciipks. feyitgaallye mosy eamp tsﬁl‘%‘“hllejﬁ to a

contrast. AcaRkdbRPest @fa §thth} PEKicOERO B fromhfolf-(HRELNRIREne), as well having
surfactant conprises poly-(oxetane) polyners conprisin

(- C2F5) - gr stA3Eve qfffsisdo Khengiamp pndsifips @ctb%mltnstmgrr@vita elhgs %ev@anamegl digadvantaged
advant ageoysy BE Bﬂa@e”nftéd usihf aﬁs‘c}u@édsbaéeﬁ ?&ﬁmﬁiHSJ Aebaik %o JB@}S%&?%%&BH nd
not to b|0accunu at e. hereé is thus very | ow envi r onmrent al |npac

because of which these surfactants are enV| ronrrent ally preferred even
i f bei R f Euew ds thef ikt farmuationpageerdingoio thearesenth énvemiom s evariésulpelsieruitetdel for

may be redyggad.cdAtie: ﬁxﬂuﬂ% LRAHGREE @k f@%fcgﬁﬁgw ﬁg{%ﬂgﬁﬁ gfh (\Mat)}%lﬂlc Sﬂi%elt is

surfactants lead to an Tnproved wetting s printing
resul t. Fuetphenlisoswtablehies eny dinkaeft printing @@mﬁb@aﬁm}dnﬂnm @i H}drth@e@msa@al to

f which t ' - ' f the ink
Pl ot o el Dok, A%k BOLALR (el fiGaf S5k LA:APRFALRRCE Of the Tn

f ornmul ati on.

It is the benefit of the present inventors to have found out that the object of the present invention is
30  surprisingly solved by a suitable choice of an ink formulation having defined constituents
particularly in defined concentration ranges. The effect according to the invention is provided,
without being bound to a specific theory, particularly by synergistic effects of solvents, co-solvents

and surfactants and potentially further additives especially in defined concentration ratios.



15 and surface appearance nmay be inproved by using the surfactants

| i ke descri bed above. The surfactants used according to this

enbodi nent are purchasabl e under the namds Pol yFox PF-136A, PF-156A,

and PF- 151N from the conpany Omova, for exanple. According to a

still furtkerordimpowi ameretnbbdimentorthd [metal-barad ednwnfcmtcamtpris@rsﬁvdrsmomnicles.
si | oxane, rticul | en oxi de .

mept amot hy PO e hal B, HE X P S SR pemopgrices may mifirbly
preferred wetibddngr mgedicsd intwltheiforghuldnen, swpbaivelyt mrtke ﬁ:r.nm(]:ff atstieerinakoparticle sol
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formul ation, for_exa stanp and esse ally |ndependent from_,

the stanp RabeT & ﬂ%ﬂ géei @‘&f&mam@aﬁoles{afgﬁiv & CORPHYF ¢ Wyersys e, which
enmbodi nent mai;he R TEhoMOE IO o@HﬂhE@&h%ﬁEm@'@tyreQ@bfoEl@s QR 6D8hMTby weight Cs-
purchasable 25 under its nanme Silwet L77 fromthe conmpa CE y weight G

Si | i cones. PRYEBFd?heptsdy aveight €1-palypthenaind éhptsyraysicht R@Yﬁ*HFTF?uWé]E Fegpect to the

contai ns_alyibeasterddg agdtt, With 3 rB&idn &qﬁ@fehfﬁh of thé bR@fc&t §2 ot éﬁfék%“é polyether of
water, b) 25 toin partlcul artogyarts ht al cohol }5 %

t 03,5, 1Pn ga& mitsulfer expaplcoBispe’ kbiﬁoav@p@hasa tbalB‘ﬂéé?é@nWaN{ﬂgdb tle: gy of the
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surfactant. As ér%ﬁ% fggrﬁ wiicR IH%{_] ts%’g%)%éls \ééﬁ}{)pgﬁ% %g?ttéé gngrve r&fﬁlﬁgmcles are stabilized

f1luori nat edpmqmrfaaﬂi! &hnS,eque—ntlg, aggIMenae«mmftthmsﬂabma@p@lelfcleﬂevdy boprstantedent s

a) to e) sunmmarize to a concentration ofparts by weight in the

formul ati ofeodifiQ téH fittndr Bl TROAL B Hhay @%ﬁﬁﬁ&%@g@g&%&ﬁm b6 mixture
particularly wtR respect to mcrocontact “printin e’ achi eved.

| n detail, comprisivet atileryt behefthe afoof-mbngtneh brptriosndsuBaticwaryshy sirghmethanol, the

pol y- di .S h S - i |.e to t.an
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smal | di neifsftipmsore, methanol has a preferred evaporation rate providing a very short drying time of the

silicone stamp provided with the ink formulation, or the substrate provided with the structure.
Apart from that, methanol is cost-saving to use and is furthermore non problematic with respect to

its handling conditions.

20 According to a further embodiment the metal-based nanoparticles comprise an average effective
diameter of =150 nm, particularly of =100 nm, for example of =40 nm to <80 nm, and/or a
bimodal size distribution. The determination of the size, and the size distribution, respectively, via
laser correlation spectroscopy is known in the art and described, for example, in T. Allen, Particle
Size Measurements, Bd. L, Kliiver Academic Publishers, 1999. In case silver nanoparticles are

25  used, they may preferably be used, or introduced into the formulation, respectively, in the form of

a silver nanoparticle sol (Ag sol).

The bimodal size distribution may especially be preferred with respect to electrically conductive
structures such as patterns or coatings, having a low content of metal-based nanoparticles such as
metal nanoparticles. It is believed that this effect is due to a filling of the occurring gusset volumes
30  between larger particles by smaller particles. This results in large and continuous contact areas to
be formed especially during thermal treatment of the ink formulation applied to the substrate.
Consequently, the ink formulation according to the invention reaches, with low content of metal-
based particles, the same electrical conductivity compared to formulations having a higher content

of nanoparticles with monodispers size distributions of the nanoparticles and a comparable



It may be seen that the content of solvent and co solvent may be

conpar abl e. For exanple, the relation between water and al cohol may

be 1/1. Addi tionally, the anount of sw&-actants may be realized to

a mnor ampunt so that the conposition 10essentially conprises

met al - basedffncairvgptﬁamd:tctt ax, ewsudhgms ofdcinical cmahapémidsi odngsredwat eopodispdrs size
al cohol , suc han The ent | nti rt her a
nmet hod of glesgnéjr%g |ng°m (rg ctiures ara%’gr T a?ﬂ%ﬁtﬁé’?sﬁg ePEert w?e q]a“)l}g tﬁe same
conduct i ve effadivediamedet.ect i ve, on a substrate by m crocont act

printing, charact erized by the steps of 15A) Providing a stanp; B)

lving a at| or i nvent.i on t t | east ar t
P e S PhBUl i il SRR Beplled 8 b Gporf o B honticT o Eites DafiPl povery
stanp t6 thkmalswhisi ﬁlajt ﬁﬁduﬁiﬂﬁllyD)e aQil’faVeﬁnah&lylsteE;&aih]lﬁgefehed fop Aétitled bat@bns and/or

transferred to the ubstr te %vitthheat 20The rre%h od a,cco}rl,d}1i1|nq_l to the

i nvention l?gma%‘ff‘ igates- %P omp fhiah 2 SHUFUSF BrRg b achiey s Hhehigh gontrast.
formul ati on according to the invention. According to step A), a stanp
i's provi dececobhig ¢ &M theBymiinhedt e dlubfifdiRdsusfaétiaRbaprisas Qdilyfﬂ?]xetaﬁéacﬂblymers

as a hydrophobi ¢ al . th advanta es such _as the

vet ting beﬁ%tr&engﬁﬁ% %rstlﬁr‘?fﬁ% mdf‘s.(ﬁgw A, PridE: dHeralify g pdygnipgsous
the i nvent ipRipefiBy g aaeil ahdsy sagacrtsl habe basTb@dast RYbiosoud®ht8 IThere is thus very
hydrophlllc st anps. Partlcularly, however, the stanp nay at | east

part |y 1Be #Q5F FREORPEF.IBIPIFT berrpsstof yihish thses survactapig dre suiiaimeptally pesferred even
stanp nmay beneld thedrdusskrang ARy ftoﬂyﬁlapQ}t@fotﬁeoemg%?ﬁértte&wy%e\t@aueth b to a
to be printed on the substrate. In other words e sta

| east part Ffugsd ait nGepmTS degsrset A iy thgsesarfadtants lsmtpa@emb@iv weftiegibehavior
for printingy BYE PASER: re@tn%a%ﬁﬂ&tymemﬁrf%&% ark QR S thltt«sgg BBt which

at least of one surface of the latter is dependent on t

printing i thegelo noBdetpriorate thesdesired appearayeausp thedyk Eompletice C@n@allmnﬂgm leveling,
flat syefa to t .

flat susfagg b %9%@$e?{ra|n§l{]9ﬁ§%96mlbﬁged %%tugmpgtéeag&t Gfls ffe éagc{ﬂe,?dn abave. The
case such aurpfwtatle nged ascdrding® this ptnb@timtsm atehmrc&aaablamadan thetnlamesltdtﬁtm;i’ﬂ?els 6A,
For exanpl orresn dto attern of - 10 -

conduct i ng%Flﬂtstg‘g a@@?’}ﬁg%mﬁﬁ%ﬁ@f"% (? ri%é Xamgfrepounds and may

thus conprise relief patterns. This may be realized, for exanple, by
respecti ve Apeading do agtihrfdtheecwb@c&derpohet h@ﬂﬂuominatt:cheurﬁautaﬁta@mpaiﬁestehsa‘loxane, in
stanmp, |ike i s k from,mcr nt.in sugch. coldi

Co step B PP S EE PR RGP e BB s Bl PEGRERERE o
at | eag0 aecgacitllyoprefehed whitiag aé@meed]fcnighbe atrﬁaq)tendum afghalnlk, forintidation kiccording

formul ation i.s l.ied, to the nti urfac and.t
to that sult iSRS boa P b et Bt eg oo bf L GRR T K of non
formul at i OEbnioﬁsuﬁm&ﬂt@metv&tﬁﬂg%ew{cfraﬁ(EthGQﬂBiB disgibGgont dTehed IS fobr@Elation, for example
structure or pattern, res vel %EB‘X’ any known and appropri ate

techni que PhEFEBY Ffﬁeﬁt eP%Y‘F nEGE siawa msicial, g bf pRproved. For example,

formul at i oBcddRYngd® tﬁi@p:lmbeatnkﬁt tHRehoRTiuBEihang ﬁ%@t%%a?fbettﬁ@ ofid BdTR: PMchasable

|rmer5|2ng the |atter_ at |east ?artly into the for ation or

under its name Silwet L77 from the company GE Silicones.

According to a still further embodiment the formulation contains at least

a) =31to <42, in particular =36 to <37 parts by weight water,
b} =25to =35, in particular =29 to =31 parts by weight alcohol,
c) =23,5to =33,5, in particular =228 to <29 parts by weight metal-based nanoparticles,

30 d) =l to <5 in particular 22,5 to <3,5 parts by weight non-fluorinated surfactant, and

e) =0,5to 4,5, in particular =1,5 to <3 parts by weight fluorinated surfactant,
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10 by spraying the formulation onto the stanp, for exanple. After

havi ng wetted the surface of the stanp wth the fornulation, the

excess fornul ation may be renoved, or wi-&ed, respectively, fromthe
stanp, for exanple by using a wire bar. According to step C, the

f or mul at i onwhesint theabdverdefokdf qoostitien a3 tarpsunondribe tea batce@tacon nf arlde parts by
to generate t %gin§ﬁeryctuq£t%non the substrate. In other words, the

surface of 't stan‘B elng treated with 15 the fornulation, i.e. the
printing surface, is brought into physical contact with the desired

surface of Acbediaghsthiatebddmdne gopdciatlegood resdagarttchiarlp miithtrespeet Sol mfiaoentact
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formul asi ondimeihiigilgxass anespeiiallyhBoppév@t NesdingGo R4 iadd defitiell Istridures to be formed
transferred tao the substrate so that é:ihe desired structure is applied
to the sur PSP G35 (hTSTrUTiWES hayp ¥ery pRYLEMSINSPS; n case the stanp is

el astic 20this step may be i nproved. The substrate to which the

formul ati om sy bd @86 Fiek BrctoniM, offsofe@ e aiRb 8olvlf nfydd BmBAtBISE. MRtk @xample, the
being electrically insulating or having only a limted electrical
conduct i vi F§RUORSFNERHIRFEANA AR MaY BFl /A 1 exi bl e material . As an

exanpl e, the substrate may be fornmed fromglass or plastics, such as

a Igl ass ]p! i%'[d&iti@ﬁal@, Bk lal_&b@lﬁ of ﬁiri:fcaetaxﬁi Ifniaﬁ bdgﬁk’lizla@ tclaa Iﬂﬁlbi;’dzgﬁfupt ﬁulﬁzlﬂ tiéScodhposition
polynmer film or a siliciumwafer, for 25exanple. Additiona ,
accor dilflg e¥eattely comprises me3l-baseq pargpartiglesy pichras sihyer aﬁfl"aﬁ‘“leSah‘@%leératné&lwhoh
to the subsfdhat@ecihid) heat may follow During this step, the

formul ation may be sintered in order to achieve a coating having
especially _inproved properties, i.e. particularly with respect to )
bei ng el ecthf &SPy BumnteR fyrher sripsote baetyddPiacearing yoree: paecularly being
Addi tional kietritdlg SRAMEN SRR HRE el S PR BIMRIGSRAAL paftind) cftdMRterized by
formul ati on nmay be renoved. Step D) nmay be performed under mld

condi ti onstheplsps efcanpl e, tenperatures of nmore than 40C may be used.
Howevers pref gy pRAidifeLA;ures my lie in the range of .150 C to

500C, particularly inmthe range of .300 Cto 00 C, for exanple at 350
C. The tenperBx dypelyingrigiormustiopracfasdiap foythp énventinndn ai lsad @ peri@é theesudiice of the
the substrate apg pr_thus be naintai ned bel ow the nelting _
tenperature or softeni ng point of the substrate. It is thus possible
to achi eve el@cflrinsiatring tieofndurtdtion éomrtbl sampiotthecabitiate; afd ect i ve
structures Of‘b# 18"1{ ‘ﬁt lt]rtt‘eeiins rEasflcn:t?rll ati%rliI rgrtlsrfe%‘[eg% theS tSlﬁJEtra[t)g HR Xeaﬁ.or

exanpl e be per orned By faser gimteri ng, N crowave si ter | ng, or by

| ow tenperature sintering. However, step D) is in some cases not
strict20 ndbessarogd a;;putding tbhbis imenttiomathdatdefines 2 uicro prindmpaprocds \Wsinp the ink
respect tofénqlglaggnr%%r 1r1]1g gth%ﬁnevgnt%: the tenperature treatnent may be
perfornmed, Tor exanple, =for a period of m nute tohours. Preferred
durations lie in the range ofmnutes to 120 m nutes, for exanple.

W th r es pe@tccc;rdng tor stdped), astmamtsa:g:e@edﬂlieh&nmaﬁdyda@ faoed frdnrguitabld haerial,
nvent i ve PG BeaeB T gtath Pl Ry e FERI S bt REFOREE vdet e
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form of the stamp or at least of one surface of the latter is dependent on the desired printing image.

30  As aresult, the stamp may comprise one large flat surface in case a large coating is to be applied to

the substrate. Furthermore, the stamp may comprise a defined pattern in case such a pattern is to be

applied to the surface of the substrate. For example, the pattern may correspond to a pattern of



more than 10 1sS/cm Due to a usage of the fornulation according to

the invention especially in conbination with m crocontact printing in
order to obtain the substrate accordi ng-i{®-the invention, the

el ectrically conductive and/or optically reflective structures nmay

have any d@slhduefdlgslfnapb;eilardqlgledﬁEtehytricélIhemQ@mﬂsr, and ma)etbusn@ylpdmpﬁéf:pettems.
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referred t@generase tbovectyre paitiesubints. Inogisewordsghe Mfapmv@h@ $tgrap being treated with
formul gti o t
| nvent fon. e Emiidona 1t P DA o phpiCIZMOERA e dogirg surtace
with respeof theoub_mﬂqeo be guntett In pase hlmnrmbeg mgfalcc nf thedtamp CDIhlela‘es)biOOuﬂlngand
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20 this step may be improved.

The substrate to which the formulation is transferred may, for example, be such a substrate being
electrically insulating or having only a limited electrical conduectivity, for example formed from a
flexible material. As an example, the substrate may be formed from glass or plastics, such as a
glass plate or a plastic foil, or it may be a polymer, such as a polymer film, or a silicium wafer, for

25  example.

Additionally, according to step D) a step of treating the formulation transferred to the substrate
with heat may follow. During this step, the formulation may be sintered in order to achieve a
coating having especially improved properties, i.e. particularly with respect to being electrically
conductive and/or being optically reflective. Additionally, the solvents and/or liquids being present
30  in the formulation may be removed. Step D) may be performed under mild conditions. For
example, temperatures of more than 40°C may be used. However, preferred temperatures may lie
in the range of =150 °C to <500°C, particularly in the range of =300 °C to <400 °C, for example
at 350 °C. The temperature range may preferably be chosen in dependence of the substrate and

may thus be maintained below the melting temperature or softening point of the substrate. It is thus



15 F# G 2a shows a mcroscope inage of a part of a stanp being

obtained fromthe foil according to fig. la; FIG 2b shows a

m croscope i mage of a part of a stanp beilhg obtained fromthe foi
according to fig. Ib; FIG 3a shows a m croscope i mage of an

enbodi nent pofsitde pr achicwel ektztrriudtyuwadgeeimeam/@mwyalmﬂm$hMrammotmhpn@mre

to the i nv%nt Ib(i)e Substra? ds% S;% ]?ﬂ v foP et eq)s ﬁaglggrgl;ggﬁ %ser s encrj\g, mlcrowave sintering,

enbodi nment tir'e genera accor ding

to the i nvenbydxrw telip@ratude sisfetng Howeier aqebps ih m&gecasés sot fsttictli @écessary and is
enbodi ment of ri,nted, structure generated by the nethod according

to the i nv&lER Wﬁangﬁtaryzgutl‘—gp‘@naﬂ shows a microscope i mage of a further
enbodi nent of a printed structure generated by the nethod according

to the Bnvewith especEsaingpdueatibhef ftep DR hetgmperdkurk orenatlent habegeforhtt Ny éx@mple

the present. inven n was used (table 1 erein L77 re nts th
non-fl uori rﬁ%wr@ﬁf)? adt‘ﬁﬁ’r‘fe"t%ufr?\(f(élﬂ“‘ifﬁ“’genﬁw s bFen [?ﬁd%rgef) ?%’%ﬂﬁ%‘es to =
by the - 130 mit@IpRAyafdplesi | i cones, "Polyfox 156" represents the

fluorinated surfactant, purchasable by its name by the conpany

Omova, nethanol resents convent i onal met hapol g.sol represents
silver nandhd rreackd GRbgiFEeeg) ¢ Z5apH gReoTe toaﬁ\? UNELigp gis pgferred to the

BYK- Chemi e ab@RGedrkVaiiieres cbidb ERaiestibeb@iil Ao, water. Serial No. Raw
materials Weight (S) % Conc. O Raw Materi al

10 The present invention further relates to a substrate comprising a structure being particularly
electrically conductive and/or reflective and being obtainable by a formulation according to the

invention, particularly by microcontact printing.

Electrically conductive structures according to the present invention are particularly patterns
and/or coatings having an electrical conductivity being suitable for conducting paths. Accordingly,
15  electrically conductive structures are particularly and exemplarily those having a conductivity of

more than 10 pS/cm.

Due to a usage of the formulation according to the invention especially in combination with
microcontact printing in order to obtain the substrate according to the invention, the electrically
conductive and/or optically reflective structures may have any desired shape and geometry. The
20 structures may comprise lines, or patterns, respectively, having a width in the range of less than

100 pm, for example up to 20 pm.

The particularly electrically conductive and/or optically reflective structures on the substrate may
be flexible so that by bending the substrate, the conductivity, for example, is maintained.

Additionally, the substrate may be transparent.

25  The substrate may preferably at least partly be formed from a material being selected from the
group consisting of glass, polyimide (PI), polycarbonate (PC), polyethylenterephtalate (PET).
These materials provide suitable surface behaviors with respect to printing and may easily be
functionalized. However, the list of substrate materials is not limited to the above named

examples.

30 The combination of mechanical properties such as stability or flexibility, optical properties such as

transparency or reflectivity and/or the electrical properties such as electrical conduectivity
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especially with respect to transparent plastics lead to a broad range of applications of a substrate
having a structure like defined above. Especially preferred applications comprise in a non limiting
manner windows such as for vehicles, devices or buildings being coupled with electrical
applications (heating, discharging electrical charges, shielding of electromagnetic waves), or solar
cells especially with respect to their sides facing the sun. Thereby, the degree of freedom with

respect to design is nearly unlimited furthermore increasing the range of applications.

With respect to further advantages of the substrate according to the invention if is referred to the

above remarks with respect to the inventive formulation as well as the inventive method.

The present invention is subsequently described with regard to embodiments and with respect to

the figures, without being limited to the following description.

FIG. 1a shows a microscope image of a polycarbonate foil being used for obtaining a stamp for

performing the method according to the invention;

FIG. 1b shows a microscope image of a further polycarbonate foil being used for obtaining a

stamp for performing the method according to the invention;

FIG. 2a shows a microscope image of a part of a stamp being obtained from the foil according to

fig. la;

FIG. 2b shows a microscope image of a part of a stamp being obtained from the foil according to
fig. 1b;

FIG. 3a shows a microscope image of an embodiment of a printed structure generated by the

method according to the invention;

FIG. 3b shows a microscope image of a further embodiment of a printed structure generated by the

method according to the invention;

FIG. 3¢ shows a microscope image of a further embodiment of a printed structure generated by the

method according to the invention; and

FIG. 4 shows a microscope image of a further embodiment of a printed structure generated by the

method according to the invention.
Example

The following ink formulation according to the present invention was used (table 1), wherein L77

represents the non-fluorinated surfactant “Silwet L77”, purchasable under its name by the



22,40 63,63 28,5 5 DI Water 36,37 5Table 1 The above defined

formul ati on was used for mcrocontact printing. Consequently, with

regard to the nmethod according to the pré$ent invention, firstly, a

stanp has to be provided. As stanp material, poly-(dinmethylsiloxane)

was chosen coffipanyr@s peconey.e Fotydorp 1 ¥ srepeepartbed flusimgd Sytfgmant hBehasable by its

ur chasabl e_by .t company, Dow Corning. 10 This 2-part sil.icone

bl bt omer CaR® b e FREPA OBt P Eiearedshs, @il B atcyfpl, 8851 represents

t enper at ur gvedfnaddp@ficled habRizéd b Maspetbak tIONEurtiasdlabyd BYKeCkattié,ghd DI water

agent of the S\él gﬁlr,d.l 4 mxture were mxed in the ratio 10:1. The

m xtur e walCHREHS PRI Ed into a Thinky biaxial mixer for 90 sec

at 2000 rpm and subsequently for 60 sec at 2200 rpm for defoam ng.

The slurry obtaingd was ddded i nto & Meaker| eacunaliOiRag [St4 Caicun e

pol ycar bonat e f oi | Seddi RO |DRaw RuEhdINEr . ($ODi Di t ahadddpOes shoyi ng the

structures of difterent polycarbonatte foilsl used for ggnerating {he

patterned stanps are Shown i ani gures 1'® and | b"¥%m filguré&Pa’it can

be seen that the foil2conprPadde1pf off udi’®§ regi ori80¢ 4 and 5R24nd

recessed regions (I t® 3)[. NehapsiOf 1 UCH4XE T EQI OM®.08l I Navezs,so

t hi cknesses i n t he—rgpgejof —28=sgmto25g8—mher $§—t—he—1hee§§§ed—

regi ons have di nepsi ﬂdng Ln tﬁgsyangn XZ?EJT gm ® h?:- foill accordi g to

figure Ib is conparabfle tlo ¥ 4%e floil accpbrding to |a ev%@ﬁthmgh

the recésses are deefeslewi th regard to the whol e thickness of the

foil. The structure being present on the foils corresponds to the

tS L re u g L lt;; ? ] gih% tagoeve %E:ﬁr[ga tgrrrlr%lz}tiglllj %vagtusetd or %}c;o%gﬁtlélgt %ri%lt?ngp %ot?sl:eaur}:%l&g “CIJIH{[ r%gard to
the method according to the present invention, firstly, a stamp has to be provided. As stamp

material, poly-{dimethylsiloxane) was chosen.

The respective stamp was prepared using Sylgard 184, purchasable by the company Dow Coming.
10 This 2-part silicone elastomer can be cured at room temperature, as well as up to temperatures of
150°C. The silicone elastomer base and the curing agent of the Sylgard 184 mixture were mixed in
the ratio 10:1. The mixture was then transferred into a Thinky biaxial mixer for 90 sec at 2000 rpm
and subsequently for 60 sec at 2200 rpm for defoaming. The slurry obtained was added into a

beaker containing structured polycarbonate foils from Dr. Pudliner.

15  Digital images showing the structures of different polycarbonate foils used for generating the
patterned stamps are shown in figures la and 1b. From figure 1a it can be seen that the foil
comprises protuding regions (4 and 5) and recessed regions (1 to 3). The protruding regions all
have thicknesses in the range of =20 pm to <25 pum, whereas the recessed regions have
dimensions in the range of =18 pm to <21 pm. The foil according to figure 1b is comparable to

20  the foil according to la even though the recesses are deeper with regard to the whole thickness of
the foil. The structure being present on the foils corresponds to the structure of the stamp and thus

of the structure to be printed onto the substrate.

After having added the shurry into a beaker containing structured polycarbonate foils like described
above, the beaker was then kept in a vented oven and the poly-(dimethylsiloxane) slurry was cured
25  at 125°C for 1 h. The beaker was then taken out allowed to cool down to room temperature and
was broken to retrieve the poly-(dimethylsiloxane) stamp to be used as stamp in microcontact

printing.



After having added the slurry into a beaker containing structured

pol ycarbonate foils |ike described above, the beaker was then kept in

a vented oven and the poly-(di nethylsil exane) slurry was cured 25 at
125C for 1 h. The beaker was then taken out allowed to cool down to

r oom t enperTht sempalran gidaited elkeasshowwinr fedurd 2 wheremghe stamp shown in ﬁgure 2a is obtained
pol y- (di meth Ll-Q a a £10CQ

i ot g, TR G KARRESRE Mt fr BReriB e Bins b8 Labsln ™ R g Eblpined from
wher ei n t heheshbgng ftown in figfré glure 2a is obtained fromthe foil

according to figure 1 a whereas the starrp bei ng shown in figure 2b is

Gt amp, ¢ he PR Qo et B R o B ShB Lt T AL TG YT L mulation

f or mul abi orhovin iwhahi].iThe nfitibéntact phivEnghots3s oas petfonped d3tdisogss@l eb@s The poly-

s et t o0 GHER 60 SGEP HAAGHE VI B I SO Pfe P gl e o Becoring

accordi ng t®tHeNBvenME Mhk @ReessT R vaX GRHSwickdd Byassidshe nopm ezhecel)axbyrhmsméﬂ,gn@r be
10gmwire bar. This_step may be especially preferred as it

renovi ng t FPegizlere errﬁtikaw Bﬂ?% rRoung s expres ik drarhe Hpmpard taerewoﬂlows a good
transfer ofrafdh® dPahe SfitBmf fFRMtke I@%m?tt@m shgsutat%eof%uaéé rnaJs %m@fpos@mw ﬁqncréatse or
is also p033| bl e to increase or 0 even elimnate the aforenentioned

wi cki nd9st Epensfiminaes e afgrgnantencdivgeldng step B increasingte yipeasiyrpl the inkhgystem, so
only the "hidlgly aRdfifeSaddhgnprmd EJf'b%&'igg %fﬁo‘n?rbsf i S]Eahﬁﬁ %Wte@r(ﬁ' coated,
wettet, or coat ed respectively, and not the “valleys or

recessed p@?SP‘?C@M@Y, andl pefihdyaelleyy’, aethe egessefpostiongp or | ts str uct ure,
respectively, with the fornulation, the structure is brought into

physi cal C%ﬁﬁé\rlﬁ@ &Qteﬁ@fe Qéhpp?&rr & Bructhd, fellettifeRS %1@@h@ﬂ;rxﬂul&kc§lsﬁle st cture is
Substrate, in order to generate an electrically conductive an
optical | y befukidniovniysieal @@ntw evithrthosubbieats un thiz easpbeinpe sdashsibsiate. mvh:br to
struct e f

i nes. 1rn SRR D UctBely G AP LRUGIRENGRE AR JRleh 6o b Bhce of the
conduct i vi tsu}bstrttb.eTlsn strueurelalcmding)bt taisreednld@ubldpltsed giphirditedf thim lares.duender to
,l['lgderS Ogr ecf ?%rgde é:rq%enera?enf?le e%&ncal c?nd%(f‘tlw nT’t%e 51 ver [ Bnds ogg{nﬁg E:T(])u%rg %ee sgir?tg eﬁ: >i/n an
el ectri cal byencoxegustiexrel amdmbns sy a teﬂmratu’ae rangb vwe 150 oC td 0o 8S for a time

ti | i th ld b
P bectie el i Fof R o bt eB ESre e G B R E AT o Eove the
t hi ckneesesoleat 6 heuidd)trespaaidelyy DidiaDd sapgs PO thie Qldemﬂhhwnﬁiehwoamebe seen by

stanps with .different nsi_ons essur urin
the”}gr. nt i H’g"fﬁ‘%@e‘é‘?gﬁ’sﬂ’ 1&5‘&"’85??’ égén‘ﬁ@n#&&m ?SSESFP‘gﬁg%O‘%‘%Eged by

shows a pathdking @blyStimettylsilbXias) SaRRIWisH Biffernd ﬂlﬂﬁﬂé%lﬂtoh b9fadjusting the pressure
approximately 17 gm. 25 and. spacings there between of approxi mately

30 gm Fi gdvréngstbe@%%P@Cﬁam@raﬁprapﬂ%?v%}cr| i nes conprising a line

wi dt h of approximately 40 gm and spaci ngs there between of

appr oxi mat @i ¥etAb figife 3rkiBWs p3Gerh BOVIBeAlNRAboBbTkiRfa IflelWM&h of hypeskimately 17 pm
conprising a line width of approximtely 10 gm and spaC| ngs there

bot weeRS of b FAERETHEE! BPRSH BaPRIET aSIYATs mp BEicTbenps Artiiigm of silver lines

sem -trans Eé}ﬁ}tﬁﬁ ng® lirfd Waintd? rzxﬁﬁoﬂ%a@?@%ﬂ@bﬁ&pﬁ&@g&%@ ﬁ&HEénVcﬁ" apﬁgmmately 95
printings, h orientations perpendicular to each other.

exanpl e, abMeFigugecrshewsta pattertof @Jflver Hessspmpasingyalvespeidth of |am>rp>ﬁma161rye10 um and
gl ass substral e MeleRetniEn tered at 350C for 10 mn.

Af ter whi ctﬁﬁ %Se sugsgtrate @klglowgs%rﬂnd a second print with an
orientation perpend| cular to the first print was made. The substrate

Wi th the pft wes wks nﬂsgbie b mrélt sgmalrangBOmt fasid pateriReyy 2o forning thHei sonsecutive
procesgor eguhi g&’ Wwith BrichEAb #e@ﬁbﬁ?@@gx% SONGNE! PR, RREURS Arst 0§ of the

m cr oscope 1 mages are gl ven
silver nanoparticle ink the glass substrate with the pattern was sintered at 350°C for 10 min. After

which, the substrate was cooled and a second print with an orientation perpendicular to the first
print was made. The substrate with the print was also sintered at 350°C for another 10 min. This

process resulted in a semi-transparent conductive grid pattern. The microscope images are given in



Fig 4 showi ng m eroScope inmages of the printed grid lines. The grid
lines conmprise a 12 gmgrid with a 25 pm spacing. The sheet

resi stance was neasured to be 0,5 S2/sq-15The lines printed show a

t hi ckness of about 250 nm As shown above, the ink formulation

accor di ng thg 4 Hewingmivriscopeamhgzasf meiprinﬁedlgridrﬁngs Tha grid linee somyrise a32 pum grid
patterns, resp tlvel ent | the att rmed b e
stanmp is app@o?ﬁl it axm%fig‘ns egirjrref‘a1 g vER el eéi'?orgff gkl?%i'fsﬁ%ﬁ%%éméte& Qhowa
very wel | \ﬂatltnbngafblajmammﬁn.and furtherm)re very well printing

results. Additionally, the inproved wetting behavior of the

formul ati t b by appl ying it
to 8 non SCRUETTh Birvadte ek PSRy ROt It RoRE: Toyk Al Te dha ines, o
| n det abl, patidnspMiespedtiavlynGogaplend thb@afie@n maingtﬂoﬁﬁleddeg? ithedlarhp i$ afrépribtely

onto such a | y-.(di met hyl si | gxane surfac a.contact a e of 33,3
Ol £h- o ot SRR S, 178 B9 Vo VP Rt RGO B g rsmorp s wel
shows t hat pau@iy Byuttk.ophobi ¢ surfaces may be applied with the ink

formul ati on according to the invention very well leading to an
i nproved wettijn avior. Wile the |nvent|on has been il lustrated

and descri ﬁ@ﬂltﬁoﬁal oihgiimpioNed weltipg b H@%Ofathﬁ q:naq.ﬂ@ﬁgi pgordipg to the invention could

descri pti Ome s&H®h apﬂﬂuﬁg lth@h h@stiabtdred @8EthiP$lh iR poB - @inh Py LRABSIFEILH detail,
illustrative or exenplary and not restrictive, the invention is not

i ni t edOt o “hee hayiag |2pelied heoramuinsne sefigadnartablarl gatp gueh £ Pobh@imethylsiloxane)
di scl osed gipRdi MBSt £A% HS3UPEeHSh 9ash.anavekibe 6t 694 tﬁéﬁﬁ%ﬁcéms' db@ﬂned

in the art |nsgract|C| ng the clainmed i nvention, from'a study of

dr awi ngs, {This sipeeihaisqyer hydiprhobin surfaspemetcbr aphifdryith the lnkm@nnmlatilcrmsaccqrﬁleg to
word "conp Ip\g:%? r or steps, and the
i ndef i ni telﬂjéefﬂt“:%gno wagfea(ﬁ;?rfﬂ()%%n@%i@ “ﬁegt%n%gg%’ﬁﬁ'e a plurality. The

mere fact that certain neasures are recited in nmutually different
dependent JYhilerthe dnyerfiondhas ibaei dlasteatadrand dgscsibpbimdataibim e draveras and foregoing

measurqg cg 9% 1(91e déﬁ %ﬂw&&wﬁ%ﬁ@@és@:]@ﬁmn%%o HhE L&l RBLE 11ﬁfstgﬂ§re %nge%ﬁlg}'y rraisnd not

cl ai ms shou be construe mting the scope.
1. Aqueous rerStIrcnm dhé anvepteont is gt dmiitgd foo thegdisrbased iembodiinents. r@ther Vayiations to the

conduct i ve daglgééar {'{11’8% ln[%ﬁtts et ebesl}n]dggt}ﬂ({ Sirl eti‘%éctﬂﬁi glt%é)ﬁ“stkﬁfép upghé ok irEﬁPcucmg the

characterize I on contalns
555 parts blpimwel ighntivatiem a Sidy of the dtawut'g's,Othpdrselssuby awbihg hppeaﬂ@bchmins In the

c) to 545 rts b L.ght netal - base i cles
oy wei gnt RIS At e Pacey RS RTRG oSy s Hapy el Srice
wei ght 201 uta' oated des hacéahide a plurahtM‘l&'heInﬂ:rd et aho‘ozataﬂieinemebs are rec1ted in

constituents, a mar t caoncentration, of 1 arts
mutua?ly d&fere)nt gep ent c%alms 8065 notamgicate that a comb?natlon 0 tgesg measures cannot
be used to advantage. Any reference signs in the claims should not be construed as limiting the

scope.



10wei ght in the fornulation. 2. Fornulation according to claim1,
characterized in that the netal -based nanopart cles conprise silver
nanoparticles. 3. Fornulation according-tlé-claim1 or 2,
characterized in that the al cohol is ethanol, isopropanol, nethanol,
or a mxtur@aimenprising at | east one of the afore-nentioned
conpounds. 154. Fornul ati on according to any of the preceding clains,

characteri zed, | h i C i .
oo sober oy Bmb e heLab 1, NARRAY Ui, ORRASE ey e
for exanpl etrefturdQbynmictogoB80 printmg, Guatitterized ibihattbaforsilat@ndiosthins buedson.

5. Formul ation according to any of the preceding clains,

characterized,in, {hat g surfactant conprises
pol y- (oxet angg pT)]ltst;ﬁesF%%%%M rlééhqnglta%gCZFS) -groups. 206. Fornul ation

accordi Bg tobznyal%ft tggg%ﬁsewﬁ%gl}gaﬁ&%ilns, characterized in that the

non-f 1 udri nated Surt act sesa sil oxane,in particular a

pol yal | cyl en%ﬁaxigl% tmgggﬁgﬁﬁ%ﬁ%&pws&La%ﬁ%a?g%%g.ri Z7. For nmul ati on

according to any of the pre clarms, C ed in that the

formul ati on fd?lrtgjegtoc_ a'h§gﬁkvgi%htln%gﬁﬁo%%dgg%%ﬁgnygnéeI ected fromthe

group consisting of surfacta , prgnments, odners, |ight

protecting agentsy s {of Qﬂlt&ﬂfﬁfwci 'tqﬁgﬁﬁgéog?rfgaglﬁ,osi on inhibitors,
p S

anti oxi dants, alg|C|d§s, asticizers, softeners, and/or thickeners.

8. Formul alyheRiPhHE QbR ih& &ﬂé’tit@é(n_tstgjet'o &y gﬁ’rﬁ'gdrﬁg t& %1 bi8ntration of <100 parts by
characterized in that the fornulation contains at least a) ..31 to

5 42, ilA paveightinltey forr@gation. 537 parts by weight water, - 17 - b) 25
toin particular 29 toparts by weight alcohol, c) .23,5 t03,5, in
particul ar tzpp&{lltl.lﬁltipﬁl aé’(‘ﬁf’d‘ﬂ{gto @Eﬁlﬁltl,' cﬁ%%@lg?%'}ﬁ) RA{ &k (ﬁleﬁa%%)asga nﬁrgbﬁtailﬁe comprise

particularto . 3,5 parts by weig uori nated surfactant,
silver nanoparticles.

3. Formulation according to claim 1 or 2, characterized in that the alcohol is ethanol, isopropanol,

methanol, or a mixture comprising at least one of the afore-mentioned compounds.

15 4. Formulation according to any of the preceding claims, characterized in that the metal-based
nanoparticles comprise an average effective diameter of =150 nm, particularly of <100 nm, for

example of =40 nm to <80 nm, and/or a bimodal size distribution.

5. Formulation according to any of the preceding claims, characterized in that the fluorinated

surfactant comprises poly-(oxetane) polymers comprising (-C,Fs)-groups.

20 6. Formulation according to any of the preceding claims, characterized in that the non-fluorinated
surfactant comprises a  siloxane, in particular a polyalkyleneoxide modified

heptamethyltrisoloxane.

7. Formulation according to any of the preceding claims, characterized in that the formulation
further comprises at least one additive selected from the group consisting of surfactants, pigments,
25  defoamers, light protecting agents, lighteners, wighteners, corrosion inhibitors, antioxidants,

algicides, plasticizers, softeners, and/or thickeners.

8. Formulation according to any of the preceding claims, characterized in that the formulation

contains at least

a) =231to =42, in particular =36 to <37 parts by weight water,



e) toin particulartopafsts by weight fluorinated surfactant, 5wherein
t he above defined constituents a) to e) summarize to a concentration
of .100 parts by weight in the fornulati-rdh: 9. Method of generating
structures, particularly being electrically conductive and/ or
reflective, oh a=¥ubsBbaneatigulai 22Sloct}lgetts by weightmtpohadhar act eri zed by
the steps of A) Providing a stanp; 10B) Applying a fornul ation

accor di ng t o cany=23t5 tol Ei3rfs inlpartisulBr £38 ot <P%pests by wpight metdl-baked ngunphsicles,
of the stanp; C Transferring the fornmulation fromthe stanp to the
substrate; ard G}l ©OpEl pmaiticylat 2aate 58,5 phats yorsight aen-Bverinated siréactaatdardo
the substrate with heat. 1510. Method according to claim9,

characteri zed) i n=20A4 <4.5sinpapticiler gb.édo whipats tysveight Roeeriateg urfdciant, or med
froma hydrophobic material, in particular from

pol y- ( dPmetihpfed the ahewe)defined) conpjindngscr) de ¢bpudimagize ¢o & [canoanigation of G5100 parts by

characteri %?eﬁjghitfhtﬁé‘%trm @M is used which is at least partly
structured. 12. Substrate conprising a structure being

particularly electrically conductive and/or reflective and 20bei ng
obt ai nabl e Sb¥lethofl of atneesting sirugtieesy preylarly baing ctstirichllyi appdubtivearg/dyyeflective, on

m crocont a%tsuﬁ'ﬁjat@tbg/ Werocontact printing, characterized by the steps of
A} Providing a stamp;
10 B) Applying a formulation according to any of claims 1 to 8 to at least a part of the surface of
the stamp;
C) Transferring the formulation from the stamp to the substrate; and

D) Optionally treating the formulation transferred to the substrate with heat.

15  10. Method according to claim 9, characterized in that a stamp is used which is at least partly

formed from a hydrophobic material, in particular from poly-(dimethylsiloxane).

11. Method according to claim 9 or 10, characterized in that a stamp is used which is at least partly

structured.

12. Substrate comprising a structure being particularly electrically conductive and/or reflective and

20  being obtainable by a formulation according to any of claims 1 to 8 by microcontact printing,



