- 1 - Aqueous ink formulation containing netal -based nanoparticles
for usage in mcro contact printing The present invention relates to
an aqueous fornul ation containi ng netal -dased nanoparticles, in
particular silver, especially for generating electrically conductive
and/ or opt iAsméduy inkdbinmdation eortaining metakbasedmanopantichesfyr usyrern miae contagtpri
printing, in particular on flexible and/or transparent 5 substrates
using a st afp oIRde iR bRl el IR DNES 9XRANAYY T ASNRE REMDbMNERLLRDes, in
further rel atgs {0 a method o generating structures] particularty

bei ng el ectpaiticdid yiheonebpetiallyefoangthentingptliegataly cogflictiet iaué'pr optially reflective
substrate hy m crocontact printin sing the above define

Formul at {oftu<TiE BEQRLAH pRuRoEaed Hrittas " PEREEr 15 BOGgstagr dransparen
conpr i sbng ssstitesnsivor Aty madeMfepbygdiniedisilBane)t ThopreAtPhvdnsiof Githexdrelars to

be a sinple a ersatile printing.process, that enploys . 10 .
m cro- pat t érlﬁ‘%g(’c@f’gﬁﬁ%ﬁfﬁt‘flgr“‘g%ﬁl ]éagwg'jfélyo el’}:goflﬁqt’("ffﬁﬁe"toﬂ%"é‘?’? gdireqptically
(PDVB) i n esfidefivel On Rr bubbtrdid GF GniSadRact HahiiigessiNihe abdtd @efned formulation. The
substrates. The substrates y include those being curved and havi ng
a large ar 8ESenineeniiop fyrtiet reg?qsﬁ??ﬂtﬁ’s%aéﬁcoﬁ@nﬁéﬂmpﬁ SPRGIHE, inter alia,
sel f assenbl ed nonol ayers (SAM s), polyners, dendrimers, catal ysts or

bi onpl ecul @ficHtshbcOBrifin@{STF)Ss tohieP @SB ESimpRhfd a OdtsBilFintiag B, that employs
choi ce. However, there are_very few reports on printin nanoFartl cles

usi ng 195 MICPBEERcACTa P Y EgePleBrds pisedniémetpylsiioningg CgPME) inagifigirp print
di oxi de (T sOANRBASIoRicCriohs SY¥aRkddMIEOfuSstkhes Mohy ThARRCAMeMetng curved and
printing have been reported. By using stanps made of i

pol y- (di meftyrs Pl leseanmsya Migrocptpdioriniing iwpe beeitsed itapribe; ingr alimosslipesembled
el ast oner Moh&aﬁr%@@ﬁbb?@&&eé}ﬁeﬁ&ﬁﬁerg'5:8§19§§&b?&ﬂﬂ?ecﬁiﬂ@lsdcﬁ'ﬂgﬁﬁteﬂ}é?ﬁ Gomes,
its low surface energy, thus resulting in poor wetting of polar in
systens, s@€hombsrirscdsheiss dtpweni, thorstasereery Tavereporty en prixgingmeneparticlay esing

or dor 131 ey eXab e 268 aflentc Bl BeXT bR AEL LOORMENorph B By v

rface ené rove
wet ti ng beHely béing wicrqyohtagt printkngshpse eaes repdittlse nodi fyi ng procedures are
typically nmultistep processes involving plasma treatnent and surface
grafting o r et t - (d] i - : S
onever . ¢ By RSl R HhddE e ROyt O glof BN, B e B Lo R non-pole
limted suclessseraxitht hydmphotibmirfacy pappearse tinllbesey due toitg |@6pofare aetgy, thus
repeated u nd/ a lternatiye would be to
i or ocont ate A5ed B bRl LA g Adnf S Ro st e AR te St ok gtepy. Thereore
choi ce20 Howetheds atchleenappeatify tho sogfaceod! the poly-(dingethyisiloxame D sappd 0t ordgr to
nmetal lic nanoparticles usin i.cr,ocontact printing. For instance
i crocont aBbae e PG e Frer e Gl B p e et g pehavict o P&k systems.
pol y(di met Mytss irhak@ing)prodedips amvaspicsl Bombhigictep proseebSinkelving pldsmb tBBtment and
el ectrol ess deposition of NB or 30 c r.. It has to _be noted that
Che® P S RATGPARFITE Sarolir dasiey op dupolt GeEbLS e SOt NS e oth tirfac
as wel | be aflerft vl odITEHEPR Sdultd SfenQiresodD ARAEd sk asiEl waRdbilit9 appedrsd6 BS Betting
structures. It nust also be highlighted that these seed nanoparticles

are of tén BPEpethdersated upes s/ SORsEent s |i ke tol uene or hexane. - 2
- Most of the known printing of netallic conducting pattern was

performed By JpassivalduiObedolblcSbdhRE B%nt MetMicalibida a5ea 08k BRAtAYLéhoice.
of a suitable thiol followed by el ectrodeposition / electroless

deposi t i onPereRrnibers| 3ppears o bp st gRich Arformbian opnERE astallicopnoprti¢leseusing

subst r at es nahekohiafdirnYing PAR insBhed) hrﬁ&oédﬂ_ta(:@%ml\{iﬁg bhpdaMperal %Qno@ﬁx%@l%s af poly-
the gold surface. It is obvious that this type

(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 cunbersome. Known from US

2009/ 0191355 Al is a nethod of formng a |ayer of particulate on a
substrate, and in particular, a nethod of2formng a thin | ayer of
nanoneter sized particulate on a substrate for use in

mi cr of abri ddast ohthefknownponeng ef meldllidevndieng Fiternmesshpafoaveabby pmgivatng gold
é:’llaz t g?rg:jjlngﬁlrg & ? r alsél% agsglggl; Sgtfuofa?'eruc " S%@lta%fle @Yﬁgb@%%ﬁ electrodeposition /
conposi ti oralectmi@mchpwsglopa)fta owfabicespeaics @n d:lesmgxssnvmgd a@emﬁs dfotht Bebstrates and

e e SRR 1Bk ORI BR A0S SRR | LS oo

conposi 5i onf pdtfehipiapgeds ngib@aﬂdeim%&sddike di spersi ng agent; and
i nducti on heati ng to formfunctional connection of the particul ate.

The i nk us r et ho cont ai,n conducti ve
T Cer e o ol REDS 0 QiR R T ReedBY il Mk QR artpiEen a gubsiate,
bi nder, andnditpaaicelr, asneltd of teming alBe WyRINIf nYIn2E4 §-Ebp 1210 on a substrate for

descri bes a method of .m.cr o{ abrication %f'd nanof abri cati on of
el ectrical Ushé Fercofabriceton ot FORABPS 284 deviersmlby S1FtheA reeqitifg dp ¢S document

scale, for g@mlcempﬂsemlﬁrsfegpmpﬁ&hdl hi1hRfnerit Blaghp WRVROS rlis €Rrudture; applymg
formul ati on conprising a plurali metal | ic nanoparticles, such a

si | ver Hanép‘&ﬁlﬁ’P%‘l@s“%ﬁérﬁﬁﬁulﬁé ad caflisnesting sasat ©f he reliel savatyrer selectwely

conpri ses 2 siahEthe 3Bp&tich G the @&Iepsta@mr&to%@é mmatmosfghﬁ)hﬁ pHidrh} treating
wat er. The organic solvent being mscible wth water may be an

al cohol , stherrogwosidgpwitle chargedieas taoiemavp bk yisbersisg agenk sing ingdeefiondieating to form
gl ycer oI t
%nc??]rleapgtgmgaﬁ:h Nt Qflccgm&lat?r e tﬂlﬁu&ﬁ dtgpgérfo%L gaglgg%tnl‘l&girga contain

Furt her nor e, ormul ati on known nent

addi ti ves semhctivs mptaralctcdrassiler anll igpertiselat SlverHovepagicles,wi tilder, agpmethanol as
to the, gbog& gdefined prior art, the swelling and wetting behavior has
further potential to be |rrproved especially in absence of surface
nodi fication of the poly(dinethylsiloxane) stanp. In detail, a plasm

or UV/ ozon®oswndnh $¢0 20403220 Afl glesambest & mgthoﬂ of h@crsfaaﬁqati@um wegofabrication of

stanp made ef%EmP Ié{nd( Q{e hQXI §1lr|l ang% e ﬁil(ltrglil b das}{l%mEi scale for example by

Consequent I'y, & néed urt f'ormu
i mprovi ng mheoq:mtantt abntingt yI'hén chepimtl t usesilaa fdrymation We:hpmsng Iaebiamhtyr of metallic

especi al ly_of c_materia

Car et nyt ST TsRRHEe B8 e matibet Plosy wnf Babtns iy tegopipg gorprises
t he obpect wafer hﬁlﬁatp]l’em eﬂet ongan/iersélmm figrilhe thﬁtanﬂ&qugmms sdlesnirbéiag mdible
bei ng usabl e, as i nk act | i ch ha i nprove

et g bemsdgres iy 4y Bt ctnt e Ble| ob i i PaE0l Fiok o8 By o) o
pol y(di met gt Sdhhi@Xe®id@)l, such a3 octanol [d1edepArRE GlitthérMVRN tieORridht@inBGolva i this
aqueous for mul ation particularly for generating el ectrical | y

conduct i ve I3HEEBrMPHOMBESS E\flglt‘é'?srsﬂ‘ékt ft‘frsl%%fawtslﬂr gFpeEitsact printing,
characterized in that the 5fornmul ati on contains at |east a) 15

toparts by Hoee@h!wiiedegect tB}he abd@ deBfrdr By, tNew@Ding ahCRBAhg beéhbhvibihas further
.-45 parts by wei ght netal-based nanopart cies, d) ?40,5 toparts by
wei ght zﬁoin'F’ERﬁllWatbédu%ﬁf?‘fegcﬁﬁ’ﬁfla Yarify 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 t3rm "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 fornmed from 15 a netal conpound,

such as an alloy, netal oxides or the like. As an exanple for netal

oxi des, titaniumoxide (Ti02) or indiumtin oxide (1 TO my be

referred to in an exenplary manner only. Consequently, at any passage
net al - basedhnarepdritvesliesrelate toianedpedubdgeufptot paotiedariypfor lpenanaing | edectrically
oL 0% oo s AR DB P L8R RO, HEATHRR i 0P e
exenpl abi | yormehnopemntaiglaekadtavi ng a maxi num di aneter in a 20 range of

50 nm for exanple lying in the range of nmto 50 nm The term
"structure" ipt sense of the.present invention shall particularly
nmean any ki nd of?nr%retl eérg;ggi’r?sl)bgiweéghg‘ﬁﬁtﬁ’ed to the surface of a

substrate. | g detgl o shNe, LEII S LUGLYT e comprises a ayer being
applied to a whol'e or an ex

anded regi'on of a surface area, such as a
| arge region_coat, [ fin i tern being applied just to
defined regi Sﬁs ‘olr#(ggt‘lﬁgargst}’gsvael h?%fﬂgaaéc’gdgbaﬂg arrtéc?ees’. 25The term

"m crocont acty priqudj ng| L. ) I j nvention shall
particul arl yh?reaind’gtallop%g@egg%‘glélglg nélgrfllg!r)}g a&;‘ﬁﬁ‘ﬁ%@?ﬁ*’ ?%ft he art. This

pr ocessmconp%j se;o§tlaesl%ﬁjggilgp&,e@g%?glii&gedasu{]f?cqmI ation, or an ink,

respectively, ontd a su or7at T'east onto d part of the latter of

a st anp, Whgllainnﬁe\,( a%e%ﬁaﬁﬁﬁ%&%ﬁ&ﬁueﬁ{s a?% ;mr?na'rlgg%cpf LdlRe BLﬁ ?f‘j stlgO ﬁapr% by
stanp is in turn transferred to a sufted substrate I'n order to appfy

a struct ur eveight io thedfernhdatioer . - 4 - A fornul ation according to the
present invention overcones the problens of wetting w thout having to
subj ect a hohi. c of suck - (di .S] )

surt ace, "t GRS BRlERUE! ARG BUET: A7 s00! he bl AFh NS MR ey mean
Apar t fr omenshesnppartivdesfvdridndoaprisen maeles dich@r & comppand beiggwtilast peabSometl from
swel | anps d f hydr ophohi ¢ er..al u S .
ol y- (47 morn i pRang, Eas Phamb’ ol Sl orde B 78 aragmpieifpr pyal ovides
bel i eved t hghivkhexigeodi®.) veindiumadt sxiden@T@dvanbcagfared @i if gn pxcmplae chatmyer only.

Conauot i ve CRERTCY oF PELEIES DR PTG SRR ERoE B RUGs B o Bl

obt ai ned bylleynamita cb@pahleaih aohettheidee SHRet flonetha) e eIMn8noparticles” in the
Parti cul arl%li§ i hi s beli.eved that the aFvant ;ges are .obtai ned bx_ t he |
conponent s SP&Y ﬂ{;t B PESEI (eRMHBY GERRIAEE, B 4REEIaiRAY S & Menum diameter in a
i nvent poN kdhgdof 390861, fdexSRKE BitlglidtHe@ihgt 3N 88 nmkO HEXhmt 0 t he
conmponent s defi ned above, the ink forrmulation according to the

i nvention conprise further constituents wthout |eaving the scope
of the i nvgﬁ%/it %fcla?@fqngelﬂnd of

TR LULHER ™ e ek Adhebretsnk TrEHon Al BiRk
at | east onRteadieiig@plidd tOFIrfh@ dfARaEVGteORNEIcR], B F@mQfrudtht® comprises a layer
properties of the forrmulation or to adapt themto the special use.

The f urt hePelBhEPPbFd tecEholRtich cvRedHaPRiEN plot WHeGerdaysushps 2 lofee repdon GeRting, or
formul ati op a6 patdrdbdity dpBfed jBY NidiRBd FB¥nLGS Bk SGhedof hOMblRe, 9T OUP

15 conprising or consisting of] surfactants, pignents, defoaners,

l'ight Er otecting agents, |ighteners, w ghteners, corrosion .

i nhi bi 6r s Ihefrmosiieraeaniact angfing; decording Ksthe girgsentsinvestion ahvdly partiGyipaly opean a
thi ckener s ;, bhe dei 5t shelaliP&inBPn hhE kY Thisn 6D Py
present i nplf he i_r?kn%f%r mul gti onn acctor di ng tsoﬁjtocr:\egggrgrgsent qflﬂﬁ\glrgﬁlst ilagr?ﬂlg?lgg 2
parti cul ar fyymglabere er pminki wopeetivebyh entpatsbifng doehlaest onto@rpag of theripttaniof b stamp,

el ot i cal 1y e eRgae ARl Aabh Fue £ ot ey DR R AELRL e p o ot

substrate in order to apply a structure onto the latter.



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

particularly electrically conductive and/or reflective structure to

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

t he fornul & femulateordonigg © theerdseni mtenton pyer@nee tisepioblans ©f vwetting heithout
[nge Of SuRALSul el FL Aot siBell 831 ol o 0GB LG Bl 8" hnat
f or mul at i opndondredbng sirficé medifimatien prooedured Apaik frbe nieantthdiontdativh according to the

nanoparticles my, be present in the.formulation according.tq. . the. .
vent on i EHGTAoPaeh PR TR BHR ot Be e Hipt it Mppgonane).
ink fornulation according to the present invention, the al cohol may

be present Wirhoat b binind ad klenthéddy ithie beldaved thaf th: Qokitived Effqaardng adyantages being
wei ght and ma rve as co-solvent. Addjtionally, .t . take the

Fol e as wePIIHT Ayt dueous Prapliiod egiculsgy e ssrbinsng slipipdPegpnadciive and/or
sur f act ant reflebigvel RhtirpE atERYIRSIP &I ialdnyiod 86 \6Btadsd 89 eyterdisdit BT P resfective
the surface tension of the ink, so that the wetti n%b behavi or of the .
stanmp may B%ml?‘I?F‘Etﬁé)@“}CHBF Wbﬁ.beﬁlﬁve?rﬁ?t E‘éa§%@§?ﬁar? tanediycBh FQuaRopes being
in the ranggs&h idhe fokBulR@dnt e inY VR B invenVibh fh 4 @ §REGk chftehthfion range.
fluorinated surfactant, the latter may especially serve as |eveling
agent and/or agent for reducing the surface tension of the ink, ]
provi dillg 6% 15 the wepertls ditR reett b Prelatier iacrydiBe Havhopmvention may
nmay be preggfbrise Murthef CMS@NLHSYIRN: lelvit B kRO SF A iifentiohGs Bitht Bor¥ample, the
wei ght 10in the fornulation. The ink fornulation according to the )

i nvention ARIUISHEY MEE cyTRIisP Bt kst PRERSIAISR AV Prder, to WRPIEHE Png Qs Spsepliathy properties
advant ageoys mi b IRRARE to bRplMheh Q6 AU Selialfsk NEHend Pelr'?)gg,%f 'ﬁ‘1'o%e’ add¥ives being
havi ng a-good wetting behavior, the stanp, especially being forned o

a hydr ophobptentirdly epit af the dikclrradating| ap¢aiding tohhe givemsioamedy beselgetdbfrom the group
wetten a rovi: ] I - r J. Oy I .

vt ened 0ol BIONE] SHRCkE. el O1EMaALL O Brcfl LAY 1
order to genghtars, eoreipn rrdubitotsy adionidentsml@cidagbgestiaizes, wftgmod andéertthiokgners,
behavi or i van j rder to generate the desired structure

by transferﬁ}e?%tgr?c’tthgggﬁﬂap}o&taﬁe substrate. A structured stanp may
thereby particularly nmean a stanp having at |east one surface being
provi dedt wilhé car_ngc:qeultsthcmg.pﬂdamt ;ntnhaiﬂ;u rfte'lanmanorolacb?rdmg_)tobélespércsbmbilneerﬁhgn are
m crocont act_..pr Lng, .y particuyl a ave protrudi ng .and.recessed ..
por t1ons. 1 Py %n i Re BTy SEHLR b I e B B R G R3R P
may be 26dj irs$ edtiod of kenctemp rekdiriagy dondidtion and/dr mBlgctivd sisuctdeyp Cossequently, the

defined areas,. lines or spat for e | e. r essi t he .

b obi ers. kgRiF Pt ber Rk Bie bpERTR S oaudite RIS FRRhEYlShag ppragpanty
t hat the desdseeid vismoshe yetaithehaiidh oafhydidphobicrhitdrialsesich adolpphétRdsilodsne).
defined by the stanp or the stanmp structure, nay accurately be

transferredq,.to0 substrate of choice, 25It .is there not necessar i
oo 1y iRy ferddR i B doutding W jpeantsiion e TER- g iR Stentially
pr (lzc?ssi nlg sdrixeasl radih ﬁfgrerc]lehﬁoﬂmm ﬁaatbiula}’l&)éleﬁﬁyaliy%hﬁﬁdvé)ﬁldj’m&tﬂﬁgbﬁctﬁrbQ) be
in or, ation as such. Consequently, a printing process may be
per f or fed WP OIhtsﬂﬁfP*eﬂtr@@e Oéftcgplc‘?&ﬁmaﬁgwimesammlg}ﬁq TRl aerdigde the
cost savi NehvektRESS & contBftratibiRNAE ARge ANS D6 8457346t VY GSight B if HEd: MG AP EBIled
just dependent fromthe stanp, or 1ts structure, 30 respectively,

bei ng used e 2E et FHes S sanaippd plagneng ticke maybe aresentiriBe tpravletiap dopnyding to
using an i gl hnad, 3F uRRrAF LREILNBns Rl iy SR eI st Y B foRfhlatloh abording to
possible to print conducting and/or reflecting nmetal structures, for
exanpl e, i fejeyeninsvigiontlaaiingr{Be 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/sq., especially if
appropriate sintering conditions are chosen after transferring the
formulation to the substrate. Wth respect to the electrically

conduct i ve Vithin dicuink Sorbmiatign foored; orth¢ hessw bstentanethe faloohai roay, bespredent in a
as conductin at.hs,. | arge .a coatd,ngs,. .t hey. preferably be

5°t emper at reRRiTiin the i 28 G %0 By S Tl ey 5657 5 Gpotvent
time up to AddBBasllyas maetdke ds roteedwadttigpdgem. f | exi bl e. The i nk

formul ati on according to the invention may furthernore be suitable

for generatjng struyctures,. or line r ctivel having a width of .
100 pm or - MRS G R Pl OB s o R bney ML Bl B oucine
advant ageotis: satfhde tére@Rp@c thetisk, sohhtlthedw drRipshehnast of tHeStampnes be Apthiet infpF@aal. It

that, the a icability of the ink formulation cording.to the
o acent | nyBREF BRSL nhoRtsatr g e R OT S fhl eirs O ishl

formul ati on according to the present invention is especially
COSt - savi n@itlorepfeerariee furdinkted sisfctamiihe dd@di b Bpbdiylly SEBY P 1@VliEegant and/or
superb shelf |ife. Furthermpre, due %%‘Ft e fact that the desired
struct ur es 2B RIJpSPeI R Siripen lengje et the de PROYElREaRASLre GFpegt Byt tatnsct to the
bei ng fal s@lepting Bata0r.anklay buifeseMtin RRbRGnHSBRIEALE Rhgd Sre=018 & ERFparts by weight
application may be reduced up to a mninmum 15 Consequently, the 1nk
f or nul 4Pi off he &BPERHY -t o the present invention may provide a high
efficiency at its use. Besides, the ink fornulation according to the
present i NYRALAKORBRKIRVRNcSorHE 16 HRMRverESH nhaf ordvideNMub &8 WP teWRkdr] Wich is
and/or shrinking. In detail, shrinking is a process due to which the
stanmp chang@scipibsadyprfageepsonish Tearsdl tgnicrecantrst printipgdn gefail. gy hapag a good wetting
structure laaiamg,r,pfh%s&%p,oespkagl}p%ﬂﬁl FEmed Qr SHIAGBhMic WikferRl, 28Rh 8] poly-
wel I being changed. Consequently, the printed structure wll not have
t he di mensiémsthylsidoxeea), may Gageettered and 4hys prhyifeskwith Mwdink i foraildtipn irgsdefined
or gani GsSo S y! f g i Ly
Formod 71 omroar,CraRfect f fatEh) kisPRESERR, Sur bR TDoRE b RlpBE Ricncd
to the st anfpuciure on higsbstratet hgood niettingrbghavins ugd adyantageessein abdsy & geaenetd the desired
di sadvant a . .04 an rmylation
accordi ng ? tg&%ﬂgg%?%ssgén gﬁﬁ%@%ﬁ%ﬁ%ﬁ%&%g}lﬁﬁ? %Fﬁgé%ﬁﬁﬁglg%ﬁyf Flglﬁlagy feat
accor di ng totampeaping seletst ione enfarobeingprpeddd el astnyctseli Thalsirectirorin order to be
m cr ocont act. inting and. in nore detail for mcrocontact printjn .
si ng o hydrisBieB atediis: e R, Ralf b P AP ARFE B s R gyrmine
printiag tdehegplredytrenpd. alie ngncardiystndphabecadimated td tht ddsired dpphicdiof. lemay thus
structure, or a pattern, respective to, a_substrate of choice. It
75" e benafrr g RAeied s JERE S RSl el R GRS g Rro S gt the an
obj ect of i r@b&s eNbrettifpy @hdydid abstired 36kt Gidrdpgited igbethdtrySal Y2k dBYhedtructure to be
sui tabl e choi ce of an 'bn formul ati on having defined cgnstituents
particul ar P@Plﬁeﬁ 29 8F178 4Y 6 TERBIROF BEISGRPSEREE, mapaecusy fly Of transtagied fqpsupyrate
t he i nvent ikPehoics. provi ded, w thout being bound to a specific theory,
particularly by synergistic effects of solvents, co-solvents and
surfactants antg potentially furt heé, additives especially in defined .
concent? at flol§ PEEPHEOt necespary taedity; g Fgacenofothp ctAmAe Ay chemgally or physically
net al - basedrid@R@pad 1afbre Thé MIMIRS nfly| HREadNRANBPANED 6 @R inPTEHRLABE ¥s such.
all nmetal nanoparticles are silver nanoparticles. The silver = i
nanopart i cCeBseARatY rePrEHiag IPYochs Mayekf, Pestormetk Wbyt a duither step fsesulting in a highly
fornul ati oggrclRERAChH ¥®)ide préddsd he form of a silver nanoparticle sol
(Ag sol). The silver nanoparticle sol may be treated and thus
particularly purified and concentrated 5 by using nenbrane _
filtrati onTeoABrngprsgng/of prucheseire thermare ustalependent frpm the stampj qrgtsgfructure,
100, 00,dal jql ' SO e :
oref or b y - aienrs faZheg P o Bt Boiid ko DRORRAGFHEY"BY geing 0 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 ment the al cohol may be ethanol,

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

af ore-nmenti oned conpounds. Particul arly 4%+ using nethanol, the 15
wettability properties of the ink according to the invention were

found to bét iespepbmbleytoipmpr@m&ansﬁareﬁtlgaﬂmmceuremmamlble Iwaﬁ s&et resistances less

preferred evap tion ra rovi d| avery shar t dry

BT cone. seli? Pisr tratrois: 1 SRR ol wbrares SF PR et coaenne te

provi ded wiférfhulafien st thelsiibitite. Mﬂﬂ%ﬁpeétrt@[ﬁetelbaﬁrmal:]llyﬁfoh&&ﬁ{re étﬁlcﬁ&Sfbelﬁglﬁinlﬁgi on
respect to its

to use and is furthernore naon problematic w

handl i ng cali?oq“I’?ﬂaFFsoff DR A wagqcan%wm Phéreeeoeringst heyway preferably be
met al - bas e@enﬁp%waﬁarrés;sednesmcmgﬂesa 1643t RoY Qr A6e pefidest e ufl i@ aBsReC, & well as
5.150 nm particularly of 100 nm for exanple of ..40 nmto nm

and/ or a bmeskpaicaldy dexie.lihe .1Wmﬂatloqrﬁ@comgetp AReAYanEPN BRY fuﬁtée@ﬁozeebe suitable

and the sizg géhgfstmgt;%et&@s o'i‘ﬁﬁé% &-&Isev,@\lay hwn?giaﬁﬁ{ ofCRONA @hbmup to 20 pm or
spectroscopy 1s known in and described, for exanple

Al l en, Par v lewg)zBhinvmag efrpémlht e adgantageouskyith trepecinztaHi damenswned substrates.
Publ i shers,, 1999 ki G At r e

pr ef er abl yA[g)e used, 8 ﬁé%&) \ &u?géﬂ?ﬁgﬁt Egrﬁrnru °§‘¥?’§€ t&j?%gprgstg& 1\%‘3‘%@& is
in thelﬂornﬂm¢MQy@vhher nanoparticle sol (Ag sol). The blnDdaI si ze
distribution nmay especially be preferred with respect to electrically
conducti ve r ' - j 0 .
content  of Trifeibis! 82 4t Rim@Sn@RA- AR 18 e aRehRend it Aedbuly Mt spyine o
i s bel i evedrephratand toi use efid, edditwr@llﬂumytmmadefa $uperh ghaf liﬁehﬁarmcm¢,idngto the fact
gusset vol el ( I t.icles..

Thi s resul 'l[t}ﬂs;? ;ﬁlr? q%gl?éae an I%%cl)n% %ﬁﬂ atel fgg?ep%?dzg% C{ reB brsﬁea@tg%emg falsely
especi al | y cotuied mgl thwhsemqtr&;bmg memﬂmﬁ)mtheodeswdaeapphéatlbmmuIbatrectmnedaﬂploi @ thittigum.
t he substr f.or mu on _acco r ng to the .

i nvent B% %1 gseﬂ‘é‘?ﬁ “f‘ “&%%%Oéln%"%‘"f‘m%e&"aﬁ‘ *HESEY B‘S(F’i! i°8| B Prgyyle a high
same electeﬁﬁ&hcpﬂn@ugi|V|ty conpared to formul ati ons having a hi gher
content of nanoparticles with nonodi spers size distributions of the
nanoparticles.an d anet er, eve

hy ahor el cBErfEniheCBRdARE IR 550 i ie Mt S et n Gt SR g SR used for
di stri buti eAstinpoiga be¢lhgr fhdt Fpaikaly & Tl aﬁrumfngrreﬁ @kocbsasﬁel to which the stamp
nanoparticl es hayl t he effective.dia to the s
effective GRaRREY ‘é‘r nsﬂ%éﬁ??ggﬁlto B%Fs‘«i'ale?ﬁé‘ﬁ‘é 6?3 e %W”é%“’e E?WF%?P%%“ ga ¢ printing

havi ng2a Veirfacd SNk staitp G FvelTBbgin@ @BAngtd m:@héezquéaﬂy,aﬁ&pm&ﬂsthtec‘hﬂu 1®t have the
especially pr eferred, for defined patterns and/or for conp

subst r at es JUHSIPES fsBEd dhstse the ShRBCThERE Mltwéalb(cwéfv@@aw tSﬁlvamhulf'@ﬁ to a

contrast. AGORAHLRGek @ra itk PEkicARPP BN Frohhfolf-d#REthN&lREne), as well having
surfactant conprises poly-(oxetane) polynmers conprisin

(- C2F5) - gr 8tAsEve qifstsdo Ehagamp pndsihpg @ctbaﬁltl@mgrrwitﬂéf hgs %eveanqmeﬂ digadvantaged
advant ageoysy B gﬁ%nﬁed%? usihf aiflSfulbds badel ?&fﬁuﬁHBJ AcbaRk %o melé%s&?ﬁﬂg&tfaﬁ.nd
not to bi oaccurru ate here is thus very | ow envi ronnental 1 npact
because of which these surfactants are enV| ronrrent ally preferred even

i f bei R§ f Eve éfs thef ikt mrpdationpageprdingotey the apresenth &1veigiom B epaépulpsliesuiietdel for
may be red f e:
U f 2t ant HFCecF Jrau LEMERE S, OOl R PR R SR b i
result. Fu piplq@nlnlmmtabhehbs @ny dindaeft mmtlsg a¢oémdbwa¢m1dﬂ!ingj Ai lydraphitec asgsial to
of which t gy, iyl EOARA ol e384 L. ARBRALRRCS Of the Tk

f ormul ati on. nera

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 nay be inproved by using the surfactants

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

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

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

still furtkecordimgowi amrembbdimemorthd Imetal-basad mnwnfMt@untpris@mpvdrswomrticles.
si | oxane, ul [lc eneOX|d .

Pept amet hy PR Ny oTdiar pheBER HE NG b SRR S pencpgrigiep mey arefeoly
preferred wettddgr agediced inadtheiforghuldnien, SHsrpfataﬁrelyI mnké¢ fmmaif atskieerinakoparticle sol

formul ati on, ac ing to this enbodi especi.ally .preferred
onmar o ot f ST Bl Pt s TRSEY B Rireaind Mok SRE R Ehiatir Bag el pfSentrated
} he w:at 5i NGy lnfahgmembraaa dlttatiors cdnfiRistly atfgueba&ham w@tlillatl&e:l giﬂﬂilterlgg of 1(}0 ,00 dalton
ormul ati on or _exa n st anp an esse ally 1 ndepgn ent rom
the stanp RhM8H; &r f’% t?gl ﬁ‘&fama lfilﬁrs"]eB(E’{;rﬁL by coBpES @) et agend, which
enbodi MENt mak e @R fHoH0s bRAL- o%ﬂhﬁﬁ&h%ﬁbnﬁ@t‘g‘reh@bfoﬁé QBE 6D 8hiOby weight C,-
purchasable 25 under its nanme Silwet L77 fromthe co

Si | i cones. PRzeBse?heprs by aveight Crpalypthenaind &pbatsratsisht R@m@fﬁwwah Fegpect to the

cont ai ns_ alyiLPasterdiy acdrt, with A OBd &%@rea@h éﬁﬁz b%fcst 8, éf‘ﬁ%k&h@ polyether of
water, b) 25 toin partl cul artogyarts ht al cohol ¥ %

t 03, 5, 1Pn gar wpitsufferr expgpleopigpar kbi/%av@il@hqsa tbalB‘ﬁTéé?éémWanelstwgg of the
30d)toin Pafs ér%lﬂ%aagggrﬂ whicR IH%” Eéwé’%s pgﬁr% an- til!: %ﬁ&ér%}lﬁgﬂicles are stabilized

surfactant, 0c.4,5 I'n partlc arts by wei
fluorinat edplygprfa@ﬁi}: Lonsequently, agginimeratiomofithresilatromeopdicles mdy boprstantedent s
a) to e) summarize to a concentration ofparts by weight in the

formul atio cc&ﬁ{f‘lg 'Eéjzl ﬂ&hér%nﬁo@&&e&@é’ﬂ&dﬂﬁﬂkay l%%ﬁl%ﬁélalls%% Qﬂgadmgt ﬁl%l &fja mixture

partl cul ar resp ect to mcrocontact rint
In detail, commm 4t|1f:ragt b@h@iﬂh@ﬁfom—mhgt@n@bmmooncsubmluéﬂbsby m@mabanol the

pol y- 3gd| n% rgﬁltgg)lr(?p)élqrég ))1‘% the i ﬁg cy thle 1 en 19 ﬁ%ver %Qn be €s ec%ﬁgr 1rr2‘;;]rgved

defi ned’st ruct 0 be orne even In case $TUCT Ur 65

smal | di nefsititamsore, methanol has a preferred evaporation rate providing a very short drymg 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, Klliver 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 sol vent may be

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

be 1/ 1. Additionally, the anmount of sw¥-actants may be realized to

a mnor anount so that the conposition 10essentially conprises

nmet al - basedffedive pdiamétel ex, e\smdﬁglms egéctrical cmaiuotpamasi adngeredwat eropodispers size

al cohol , such.,a rrethanol The enti nt| rt her a
Tet hod of SRR e SEPOELr G PIRUT S 1 Bariey raepis g Be fame

conduct|veeﬁ‘emblvedlametfef.ectlve on a substrate by m crocont act
printing, characterized by the steps of 15A) Providing a stanp; B)

Appl ying a {or at i to.1he ent.ion t t | east ar t

of Pthe sur Pafad Bl SFERE Telpoh & bR apo g s anb el o o PafiPE pevery
stanp t6 thealbuwhih may sdditnsllyDe aChitvedahiklyistesRaiilgrefehred fop ﬂéﬁﬂeabhtwfhs and/or
transferred to the ubstr te with heat. 20The, nethod accordi ng to the
Ivent L on SHEGTHET PHREGTS. APEHBpAh e S BF CE e L e

formul ati on according to the invention. According to step A), a stanp

is pr ﬁvidded&ﬁccgbﬁg %4 ﬁllﬁﬁ“_[lﬁlﬂbmlbﬂirﬁéh[ ﬂﬁd]uﬁf:@di%cﬁsuﬁﬁét&rﬂbbﬁpfﬁlﬁﬁ Qél'yﬁéhxetaﬁbbcﬂblymers
as a hydrophobi¢c mater| al . advant ages such as_t
wetting beR3RPEEES 38?@?'2@35% lndm%gwffﬂ%a%rprﬁﬂd&t ? giurality optgpdyguipgsous

the i nvent ipRjpetiBy 1gaaei ahdsy stachtsl hab@ b@sb@iasht RYbioaeud®ht8IThere is thus very
hydr oph| lic stanps. Particul ar | y, however, the stanp nay at | east

partly 1Be fOF FdroPPeHal imPsst berepastof yihish) thsss serfactapig dre snyisenpaptally pesferred even
stamp nay benshts thedrbbussotand ApaY fdilthat leorolaﬁeoemge%?ﬁérateazma\y%ew@auesa b to a

to be printed on the substrate. In other words e sta
| east part Fefugsd aig enepmene dcgsrset A orhicdy thgseshrfadtants ls@rﬂpa@embr@w weitegibehavior

for printi Y, Oft whi
?QdoglgE ggﬁtﬁggg&g’tﬁ?ﬂ{e\éﬁﬁ&& thede\GrigA R ar £Qlm af lhltl][%glz becals §t which

at least o ' | at ter is depen ent on t
printing i fheyelo nog@etariorate ithesdebired appearscausp theegk dompleiiee Conaalbarige, leveling,

flat SI’JFf agll?—du H}Eag?%&?egfah?{]gﬁé %Qq}nbﬁwged % tu?m? %heaRRf gts th% tcfé?ctnbed above The

substrafe tanp nmay sé a |ne
case such aurfatabisusedi sscardindte thip pinb@:timtro atdre:r@usrablamedem thetnhmesltrbﬁtmé’ﬂ?els 6A,

For_exampl gr. bhe RRLRAGINIRY FOLLSIRORI-L0 @, pattern of - 10 -

conducting i nes being require r'ica Mpounds, and may
thus conprise relief patterns. This may be realized, for exanple, by
respecti veApcaxtlingldci agtiddthce esbsliaderpahd h@nﬁucmmatbdleurﬁmtaﬁta@mpuﬁestahsaloxane in

stanmp, |ike own .from.m cr tac nt.in co

Co step B) bty a SRRl h e R Ehe Rl Bl ol K PG pRY or
at | eagb aegpacibloprefelred whiting Bﬁ@tse'emfmdghﬁe s.trhmjtendldm sfabalnlk, forindidation kiccording
formulation |.s a Iledtothe nt| urfac e, st and t

to that sut AR bte PEreHb i RReT B e el iootalh R 4RRR e kil of non
formul ati OEbnicﬁsuﬁ@@hﬂt@dlf:hﬁbttiﬂ@%&ﬁdﬂcfraﬁﬁhﬁ@ﬂﬁﬁﬂisﬁ‘ibﬂ@ontdl‘@ledﬁstbhﬁﬂanon for example
structure or pattern, res vel %/%B% any known and appropri ate

techni que PRAFBEY RECEFHY 1%’ ePeé’f] nEGF sgg dgiegial g be gRproved. For example,

formul at i oBcddRiingd® AR RInibBainteRx, tHRehoR fuBEihdld @uﬁétaﬁ%a?fbetth@ ofid BIRy Rchasable

imrersing the |latter_ at |east ?artl into the formulation or

257 under its name Silwet L77 from the company GE Silicones.

According to a still further embodiment the formulation contains at least

a) =31 to <42, in particular 236 to <37 parts by weight water,

b) =25to <35, in particular 229 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) =20,5to =4,5, in particular 21,5 to <3 parts by weight fluorinated surfactant,
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10 by spraying the fornulation onto the stanp, for exanple. After
having wetted the surface of the stanp with the fornulation, the

excess formul ati on may be renoved, or wi-dked, respectively, fromthe
stanp, for exanple by using a wwre bar. According to step C, the

f or mul at i onwhesint thamsdverdefokdf qoostittans a3 tt@ppsunondrize e o bstce@tagon nf arld@parts by
to generate the. %técr Ctuarn% on the substrate. In other words, the

surface of "{He €t n%mﬁlnﬁ‘treated with 15 the fornulation, i.e. the
printing surface, is brought into physical contact with the desired

surface of Achediaghsthiatebddmdng gepdchatlegood resdagartichiarlp miithtrespeet S0 mfi@oentact

f the st ' t s d d ti f | e,
Che i nk o POE U BT o Bl 1RG U PEERy o b Rbiaoot i rf, ek f oty

f or mul aki ondieihpigilgaas i espetiallyh BnPévell Nesding o RM4d: iad defiell Istri®ures to be formed
transferred tq the substrate so that %ihe desired structure is applied
to the surP40dn 635 S TRANST PP ¥ory BRHLUMSIYSPSi n case the stanp is

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

formul ati om hsy be 2es hiek fRtonRYt, of sfve@6adRb Solviit nft 1R BmPArBISE. IR @xample, the
being electrically insulating or having only a limted electrical

conduct i vi fAUORSEWERLRIFEAnd SRR Ty BF/A- f1 exi bl e material . As an
exanpl e, the substrate nmay be formed fromglass or plastics, such as

a gl ass pl aldgitiofial®, Bk asbhk of Qirfictai@¥ mh bdRYIAE tPa RRbY MBSunt SOUER tRScodposition
polymer film or a siliciumwafer, for 25exanple. Additionally,

accor dilfg c&cuiedp cpyrrEses msiy-based pagparigdes prehrag s aﬁqoamflﬁsar\*@?/eé»rqnéalcohola
to the subgidiat gcihid) heat may follow During this step, the

formul ation may be sintered in order to achieve a coating having
especially i nproved properties, i.e. particularly with respect to )
bei ng el ectlPf PESFY iBvRENR: firher skiesote HaeHgdRitacasirting sweiuess parlicularly being
Addi ti onal kietribdi§ SRANEN @R HrREtiel SH dDstPRL BImREQSAB pARidd) clldiRterized by
formul ati on may be renoved. Step D) may be performed under mld

condi ti onstheptps efcanpl e, tenperatures of nmore than 40C may be used.
Howeverng pref £ .ures may lie in the range of .150 Cto

500C, Sgrti cuﬁ?ﬁﬁ”é%ﬁ%ﬂ%ﬁange of .300 Cto 00 C, for exanple at 350
C. The tenperBx dypplyimgrigiermilstiopracfasding koythp énventinndn at Isad e penidé theesudice of the
the substrate apg Fay t hus be nmaintai ned bel ow the nelting

tenperature or Softeni ng point of the substrate. It is thus possible

t o achi eve el@cflringtairing thednduddtion dromrthlé sampiotthesbitsate; efd ect i ve
structures OnD)% %TRSII{ ﬁt yr%%ing?t%sflogll atl%H g'grtlsq'ee}xteﬁ%d thgtsﬁjetral?g HR Xeaﬁ.or

exanpl e be perfo med By fraser” &M ering, mcrowave sintering, or by

| ow tenperature sintering. However, step D) is in some cases not
strict2) ndbessgirod mndding tbhbs imehtiomathdatdefines 2 olicro phindwga procdss \Wsinp the ink
respect toftnqlﬁlagb‘r{%tcir n cf)thgtm%gntp , the tenperature treatnment may be
per f or med, Tor exarrp?e, EForcd peritod of m nute tohours. Preferred
durations lie in the range of mMmnutes to 120 m nutes, for exanple.

Wt h respedccdrding torstdpek), actuamisapgesdedf Thelsampetdydd faoed frdmnguitabld haerial,

invention it .is referred to t above remarks with respect.to the.
vent i ve st BB SR BB T SRR My RERBRER ardeoPiing
substrat e obwiped i wihgahsfonthtithacdvedingtopky inlentib@umbhy geab@tly &s vedl Belachieved by
conductive and/ or flective and being obtainable by a fornulati
ocor iy £ans R PR ErE SRR T PO R er st g from
El ectri cal hylyqan@iglsilnendt AdGfichaRy tRGEMthadbelstudthied RdasSnhud daMBAd B
are particularly patterns and/or_ coatings having an el ectrical
conduct i vi FYMEE ich {5 tfé’ SpPEntedRn OIS ﬁ‘bmb%{ﬂ% Is, the sl3pg 4y F‘S/l,"'as" Part_ly be
15el ect ri c@lrlturéPRitalarly @n af Wttt Rngak& Rapddiny bAbbits AHsBYLAR) (RS dxadt
t hose having a conductivity of
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 mcrocontact printing in
order to obtain the substrate according-i®-the invention, the
electrically conductive and/or optically reflective structures my
have any d@@@e@SMD@iMq@EdrﬁfEtGIreytﬁca'lIhemQ@mﬂsr, vud waethun@ypdenmeli¢ipatterns.
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t han 100 um exa e par y ‘el ec Pica
conducti ve oﬁthd/stampdmennakﬁqnmrfeﬁﬁmﬁ:tocumaetmnumtgwsemchon t he substrate
may be flexible so that by bending the substrate, the conductivity,

f | t |1 t he substrat.e e
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(0] I mdade car.nonat e e ere al a
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printing anms tlﬁ@yurﬁ)aslobMpbﬂng‘ W&Hdzsﬁ&ﬂstrﬂcﬁﬂe dﬂoyms@l resbbgivély Sy afy known and
substrate materials is not limted to the_above naned exangl es. -

- especi al PYPORTAF leehoinme therehy meing the latir Far s2arle thesiah farpulation maybe ipplied

range of applheGahii@rale & (BaQShS 8 Snh@¥ihd thedathet buedstpHily ik@ine @brhfd®don or
above. EspeC| ally preferred ap {)I ications conprise in a non limting

manner Qi n@®Weraging Hegfernuatiop opiocthe stampfor exdanpls: ARGy hayinggeetisd thygpurface of the
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degree of freedomw th respect to design is nearly unlimted

furt her mor AckAHERS LB ke FARARUA! isARRLAGAL 6She Whhi)«J B8RAGIed:Gn order (0

further advantages of e substrate according to t I nvention It
referred t @encrase o etyectire nathwuwtr@th Iﬁl@ﬁpé@prdﬁdh@ brstacnoicthe stgnep being treated with

formul QB' Oﬂleaf%mﬁﬁz;tlonalse P‘Q%ﬂ'ﬂﬁ 1sr‘§§]dk§lglnto %_Xlgc n@ﬁcﬁ%ﬂ%?e deasH%d surface

i nvention is subsequent esc egar odi nent's
wi t h r espeeof thegulishntado be gunted; In mSt: hhnwmbeg sgface nf thedtamp comwiiesbtouuﬂing and

descriptio S 1,.Cr I f
descr 1 Sl ROy BEFRES ) Gy oL HEREIRAUS ) LY
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fﬁgyﬁg{ Egg%t gre%gtaucﬁugg Esna%PHSde to r%{}ee?‘l ace c?fl tﬂcle Nsfatd s{ﬂ%wflly in Past the stampgls elastic

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 conductivity, 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
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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 patierns, 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 conductivity



% Conc.+In Ink 1 L77 1,5 100,00 2,99 2 Pol yfox 156 11,20 10,00 2,24 3

Met hanol

10

15

20

25

14,95 100,00 29,90 4 Ag Sol

-12 -

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 it 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. 3c 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 L.77

represents the non-fluorinated surfactant “Silwet L77”, purchasable under its name by the
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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
pattemned stamps are shown in figures la and 1b. From figure la 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 pm, 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 1a 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 slurry 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.
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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
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10weight in the formulation. 2. Fornulation according to claim 1,
characterized in that the netal -based nanopart cles conprise silver
nanoparticles. 3. Formulation according-i6-claim1 or 2,

characterized in that the al cohol is ethanol, isopropanol, nethanol,

or a m xtur@aiwmenprising at | east one of the afore-nentioned

conmpounds. 154. Fornmul ati on according to any of the preceding clains,
characteri zed, h i i .
aver age ef le égot‘ U\Q/%Jsdﬁ)gnn@?tz?n”g%rﬂ ﬂ%&é%}l %@Q%gl?% %ch#rlgfﬁ}y;g%ﬁgﬁ%oﬁﬁr? rrn reflective
f or exanpl etrafturdObynmictagoB&0 printing, Gacitterized ibihatgbaforsilatgndiosthing biledson.

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

characteri zqui rg#ﬁgtgglﬂgmfg rlgsléhqng;a%g surfactant conprises

pol y- (oxet ane) polyners-co -"C2F5) - groups. 206. Fornul ation

accor di gg tobzny>1%ft the pk N al%!)}?oilns’ characterized in that the
non-f1 udri nated Surfact ant onprisesa 'sil oxane,in particular a

pol yal | cyl en%?xigl% tmg%ﬁ&e&gﬁ%ﬁ%ﬁaﬁ}{%&La@ﬁ%ﬂ%&&e' 7. Formul ation

according to any of the pre ractérized in that the

formulation fur thes . COALLS 65 v Rk SAHoMREaAididdny Gopel ected from the
t gnent's, e

group consisting &f surfactants, pi oamers, |ight

protecting agents, 5, gfg&gg5§Wﬂig?tqﬁtoﬁga%§s?lrfg&£rﬁ,osi on inhibitors,

anti oxi dants, al gici des, asticizers, softeners, and/or thickeners.

8. For mul atjron;Ake abslieNBrih& SR¥itedsst 4)80 Bf ShaeRY t&%: QbABntration of <100 parts by
characterized in that the fornulation contains at least a) ..31 to

5 42, ilA paveightinithy for@dation. 537 parts by weight water, - 17 - b) 25
toin particular 29 toparts by weight alcohol, c) .23,5 t03,5 in

parti cul ar bopgh 8By . W@t o rxﬁhﬁ'tl;ﬁ%%@ﬁi%%%{ fuk ﬁle?a§.Pasqa ndfbdHticles comprise

particularto . 3,5 parts by weig uori nated surfactant, an
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 240 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 particulartopasts by weight fluorinated surfactant, 5wherein
t he above defined constituents a) to e) summarize to a concentration
of .100 parts by weight in the fornul ati-dh: 9. Method of generating
structures, particularly being electrically conductive and/or
reflective, oh a=¥ubsBfaneatigulai 22Sloct}lgetts oy weightmpohadhar act eri zed by
the steps of A Providing a stanp; 10B) Applying a fornulation

accor di ng t o cAny=235 to] Si3fs injpartizuBr £38 tt <P%pists bp wpightt meifl-bked ngnnphdicles,
of the stanp; C) Transferring the fornmulation fromthe stanp to the
substrate; ard DGl ©OpES pmaiticylat P2Aate 58,5 tphas Yyoreight aen-Bvorinated siréactanidatdo
the substrate with heat. 1510. Method according to claim?9,

characteri zed) i n=0A& <4.5smapapiciler gbédo Whipats tysveight Foerinateg aurfdciant, or med
froma hydrophobic material, in particular from

pol y- ( dibnetthpresi the ehene)definad conpjiinenisda) de b sutimayize ¢o e [conoanittion of 3100 parts by

characteri %‘?eﬁjghitﬂltﬂé‘%hn @M IS used which is at least partly
struct ur ed. 12. Substrate conprising a structure being

particularly electrically conductive and/or reflective and 20bei ng
obt ai nabl e %b¥lethofl of atrcesting sirusticesy phrtigplarly baing etstirichllyi appdubtivepar@/dyyeflective, on

m crocont a%tsuﬁ)sliljatgtbgf Nerocontact 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.



