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15 IBM Journal of Research & Development, 45(5), 697-719 (2001); Y. Xia and G.M.

Whitesides, Soft Lithography. Angewandte Chemie, International Edition in English, 37,
550-575 (1998)). Microcontact printing (LCP) is a soft lithographic patterning technique that
has the inherent potential for easy, fast and cheap reproduction of structured surfaces and
electronic circuits with medium to high resolution (feature size currently > 100nm) even on

20  curved substrates. It offers experimental simplicity and flexibility in forming various types
of patterns by printing molecules from a stamp onto a substrate.

Patterning of metal layers by pCP is straightforward and has been
demonstrated for a variety of metals, such as gold, silver, copper, palladium and platinum,
and various metal oxides, such as aluminium oxide (with passivated oxide surfaces), silicon

25  oxide, ITO and IZO. Conducting and semi-conducting layers of thin-film electronic devices
can thus be patterned non-photolithographically using pCP. In order to manufacture entire
devices non-photolithographically, however, a technique for also patterning insulating layers,

such as polymer layers, is essential.
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20  microtransfer molding (UTM), micromolding in capillaries (MIMIC) and replica molding
(REM) (Y. Xia and G.M. Whitesides, Soft Lithography. Angewandte Chemie, International
Edition in English, 37, 550-575 (1998); S. Holdcroft, Patterning B-Conjugated Polymers.

Advanced Materials, 13, 1753-1765 (2001); Y. Xia, J. A. Rogers, K. E. Paul, and G. M.

Whitesides, Unconventional Methods for Fabricating and Patterning Nanostructures.

25  Chemical Reviews, 99, 1823-1848 (1999)). A common problem often associated with these
techniques, however, is the low completeness of the polymer patterning, which can result in
residual polymer layers in the recessed areas of the polymer pattern, as illustrated in Figure 1.

Furthermore, the polymer needs to be applied in, or transformed to, a moldable form, which
significantly limits the range of usable polymers.

30 Electronic circuits (ICs) based partly or entirely on organic polymer material
are foreseen to play a major role in the coming years in areas of electronics where low cost or
flexibility is an essential requirement. Thus, the manufacturing of interconnects or vias in

organic electrically insulating layers by non-photolithographic techniques is crucial for the
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20  techniques is now provided by the present invention.
According to the present invention, therefore, there is provided a process of
providing a substrate with a patterned material, which process comprises providing a
substrate including at least one surface on which it is required to pattern a material, said
surface including at least first and second surface regions having distinct surface properties
25 and wherein said first surface region is further provided with protective precipitative growth
thereon, and applying at least one material to at least said second surface region, such that
said applied material is either substantially not provided to said first surface region, or if
provided to said first surface region can be selectively removed therefrom.
In a particularly preferred embodiment, it is preferred that a process according
30 to the present invention comprises positioning at least a first coating on the substrate surface
such that the first surface region includes a first coating having a first surface property. It is
further preferred that a process according to the present invention further comprises
positioning at least a second coating on the substrate surface such that the second surface

region includes a second coating having a second surface property, which is distinct from the



positioning at | east a second coating on the substrate surface such that
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desired surface (the substrate or a surface filmor coating applied
thereto). As used Ihispsfprred that underlying substrate surface to which a SAM as described

above is to be applied, and the SAM-forming species, should be selected together such that
the SAM-forming species terminates at one end in a functional group that binds to the
surface. It is also appreciated that in accordance with the principles of the present invention

25 the SAM-forming species should be selected to exhibit surface properties which significantly
differ with respect to promoting precipitative growth thereon.

An underlying substrate and SAM-forming molecular species are thus selected
such that the molecular species terminates at a first end in a functional group that binds to the
desired surface (the substrate or a surface film or coating applied thereto). As used herein,

30 the terminology "end" of a molecular species, and "terminates" is meant to include both the
physical terminus of a molecule as well as any portion of a molecule available for forming a
bond with a surface in a way that the molecular species can form a SAM, or any portion of a
molecule that remains exposed when the molecule is involved in SAM formation. A SAM-

forming molecular species typically comprises a molecule having first and second terminal
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with sqllanesp and chlorosilanes; surface oxide forming metals or metal oxides such as silica,

indium tin oxide (ITO), indium zinc oxide (IZO) magnesium oxide, alumina, quartz, glass,
and the like, typically for use with carboxylic acids or heteroorganic acids including
phosphonic, sulfonic or hydroxamic acids, alkoxylsilyl and halosilyl groups, in the SAM-

25  forming molecular species; platinum and palladium typically for use with nitriles and
isonitriles, in the SAM-forming molecular species. Additional suitable functional groups in
the SAM-forming molecular species can include acid chlorides, anhydrides, hydroxyl groups
and amino acid groups. Additional substrate surface materials can include germanium,
gallium, arsenic, and gallium arsenide.

30 Preferably, however, an underlying exposing substrate surface on which a
SAM will form for use in a process according to the present invention typically comprises a
metal substrate, or at least a surface of the substrate, or a thin film or coating deposited on the
substrate, on which the pattern is printed, comprises a metal, which can suitably be selected

from the group consisting of gold, silver, copper, cadmium, zinc, nickel, cobalt, palladium,
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preciopi trdgiod ®f the substrate, is exposed and can promote or allow selected precipitative growth

s

thereon as required in accordance with the present invention. Alternatively, the molecular
species may include a functionality that, when the molecular species forms a SAM in the
second surface region of the substrate, is exposed and can inhibit said selected precipitative
growth thereon as required in accordance with the present invention, although in certain

25 embodiments of the present invention as hereinafter described in further detail the exposed
functionality of the SAM in the second surface region of the substrate whilst inhibiting the
selected precipitative growth occurring on the SAM in the first surface region can allow or
promote different precipitative growth on the SAM in the second surface region. According
to the same embodiments the functional group would literally define a terminus of the

30 molecular species, while according to other embodiments the functional group would not
literally define a terminus of the molecular species, but would be exposed.

The central portion of molecules comprising SAM-forming molecular species

generally includes a spacer functionality connecting the functional group selected to bind to a

surface and the exposed functionality. Alternatively, the spacer may essentially comprise the



grow h thereon as required in accordance with the present invention,
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appreciated that the term "hydrocarbon contai ni n% group" also allows for
t he presence of atoms other than carbon and hydrogen, typically O or N, as explained above.

The above hydrocarbon spacer groups can also be further substituted by
substituents well known in the art, such as C; ¢alkyl, phenyl, C;_haloalkyl, hydroxy, C;.
calkoxy, C; ¢alkoxyalkyl, C;.salkoxyC;¢alkoxy, aryloxy, keto, C, salkoxycarbonyl, C,.

25  alkoxycarbonylC; ¢alkyl, C,¢alkylcarbonyloxy, arylcarbonyloxy, arylcarbonyl, amino,
mono- or di- (C;¢)alkylamino, or any other suitable substituents known in the art.

Thus, a SAM-forming molecular species generally comprises a species having
the generalized structure R'-A-R", where R' is selected to bind to a particular surface of
material, A is a spacer, and R" is a group that is exposed when the species forms a SAM and

30 is selected to exhibit a required surface property with respect to precipitative growth thereon
in accordance with the present invention. Also, the molecular species may comprises a
species having the generalized structure R"-A'-R'-A-R", where A' is a second spacer or the
same as A, or R"-A'-R'-A-R", where R" is the same or different exposed functionality as R".

Suitably, therefore, a SAM-forming molecular species can be selected from
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of the SAM,is a polar,
NX;", where X can represent ydrogen or Cysalkyl, for example CH3, whereas hydrophilic

neutral or negatively charged SAMs tend to promote or allow precipitative growth, for
example when R" denotes OH, CO,", SO5°, PO;3, and NO,.
A locally significant difference of precipitative growth densities has been
25  observed in accordance with the present invention for surfaces patterned with mixed
hydrophilic and hydrophobic SAMs, exposing, for instance, hydrophilic carboxylic acid
groups in some areas and hydrophobic alkyl groups in other areas. The difference has been
seen to be even more pronounced when a surface is patterned with mixed SAMs exposing
negatively charged carboxylate groups in some areas and with positively charged
30 tetraalkylammonium groups in other areas.
SAMs provided according to the present invention can be formed by suitable
techniques known in the art, for example by adsorption from solution, or from a gas phase, or
may be applied by use of a stamping step employing a flat unstructured stamp or may be

applied by a microcontact printing technique which is generally preferred for use in



protic functional group, then the SAMs will be substantially hydrophilic.
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20  solvent at a concentration of less than 100 mM, preferably from about 0.5 to about 20.0 mM,
and more preferably from about 1.0 to about 10.0 mM. Any solvent within which the
molecular species dissolves, and which may be carried (e.g. absorbed) by the stamping
surface, is suitable. In such selection, if a stamping surface is relatively polar, a relatively
polar and / or protic solvent may be advantageously chosen. If a stamping surface is
25 relatively nonpolar, a relatively nonpolar solvent may be advantageously chosen. For
example, toluene, ethanol, THF, acetone, isooctane, cyclohexane, diethyl ether, and the like
may be employed. When a siloxane polymer, such as polydimethyl siloxane elastomer
(PDMS) as referred to above, is selected for fabrication of a stamp, and in particular a
stamping surface, toluene, ethanol, cyclohexane, decalin, and THF are preferred solvents.
30 The use of such an organic solvent generally aids in the absorption of SAM-forming
molecular species by a stamping surface. When the molecular species is transferred to the
stamping surface, either near or in a solvent, the stamping surface should be dried before the

stamping process is carried out. If a stamping surface is not dry when the SAM is stamped

onto the material surface, blurring of the SAM can result. The stamping surface may be air-
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on a substrate surface in accordance with the present invention. In certain embodiments, it is

preferred that the precipitative growth is crystalline.
The properties of the applied coatings, preferably SAMs, can be selected so

that the growth of more than one type of crystal is possible, and such coatings, preferably

25  SAMs, can be generated by sequential coating steps, such as sequential pCP steps. In this
way, a process according to the present invention may comprise effecting more than one type
of selective crystal growth on the substrate surface, for example treating the substrate surface
with more than one supersaturated salt solution, where the crystals to be respectively grown
therefrom on the first and second surface regions, and preferably the respective coatings

30 thereof, may be different or may include crystal modifications or polymorphic forms of the
same chemical compound, and where the respective crystals to be grown will be dependent
on the respective interactions thereof with the first and second surface regions, preferably the
SAMs provided in first and second surface regions, in accordance with a process according to

the present invention. The individual crystal modifications can be controlled locally by the
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gr oW Ororelt® more supersaturated solutions of one or more compounds to be prec1p1tated wherein

the surface characteristics of the first and second surface regions (preferably the first surface
property of the first coating, the second surface property of the second coating and where
appropriate any further coatings, or a further portion of the surface) and the supersaturated
solution or solutions, are respectively such that precipitative growth selectively forms on the
25  first surface region of the substrate surface substantially as hereinbefore described. In certain
embodiments as explained above, it may also be preferred to provide crystals of different
chemical compounds or different crystal structure on the first and second surface regions of
the substrate, such as first and second SAMs provided in the first and second surface regions
of the substrate, in parallel or sequentially. The chemically different composition of the
30 crystals in this case can facilitate selective removal of one type of crystal while the other
crystal form remains substantially unchanged.
Suitable solvents for the supersaturated solution can include organic and
inorganic solvents. The solvent, if used, should be compatible with the compound of interest

to be grown on an underlying substrate surface. That is, the compound of interest must be
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pr ef er r esnbodirpémy,idecodry teatterdibd ehatdrial et becdpplicd &) batl (ip herndcondrsutthéd er ent
crystal structure on the first and second surface regions of the substrate,
such as Trgip8and Gy preteetine pepgipitativeereied nrovidedsinsthe Srst syrdpce segiom VeisFince
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sol vent ,hoamgenénms swithitheapplhiedpattsenedamaterial beingdipestused thicknessrin drecuppee

sol vent shoul d be sel.ected accordingly. Those of i) in the art will be
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t he appropriate solvent can be sel ected. Those of ordinary )
by any suitable method, including vacuum deposition techniques or solution processing.

Deposition may be by gas phase deposition, sputtering, electroless deposition,
electrodeposition, spin coating, drop casting or the like.
A process involving anisotropic gas phase deposition of the material to be
25  patterned is illustrated in Figure 2. As a result of the anisotropy of the deposition step,
material deposition on top of the precipitative growth is not a problem as this is removed in
the subsequent precipitate dissolution step automatically, since it is completely separated
from the rest of the deposited material. Precipitative growth is suitably removed by
dissolution in a preferably aqueous solution containing additives, if necessary. Depending on
30 the type of precipitate or crystals, other solvents, such as alcohols may be used. Since most
crystals are soluble in water or very hydrophilic alcohols, removal thereof does not affect the
remaining deposited materials separate from the deposited crystals, which either would

require an aggressive etching solution to be attacked (metals) or a significantly less polar



skill in the art can determ ne the appropriate solvent for a sel ected
conpound of interest w thout undue experinentation. It may be preferred

t hat t he weatesdmriésBo be patterned is applied sel ectivel pCraBoogosegsond
surface region of the substrate, which ijg substantially free from
precipitative gromh. The second surface region can include a coating, such
as a SAMrg#fic Séltlert OfapExdngpléeth the dgsel dfioligoMuRshdlherssarbmatie cohpsands asd i
previ ously applied coating, and where appropriate associated precipitative
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however, the patt ' he. | ' ﬁg]-%m
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subsequent sel ectiyve renpv f the precipitatiye.growmh and patterned
mat e ialfe’alﬁﬁﬁﬁiogélhethyé%ﬁ 1 %Mo‘i‘sc‘ii’c‘?t@%’dolplﬁ eéa%lOE é“? © RAARPFEEC S afgpd
preci pi taldmiPriauith may effect partial or non-honpbgeneous covering of the

precipitates, for exanple it nay be that the thickness of the applied
patterned materi allnggitdin gmbodinentsd dlasieresent inventtiont i enaybelreq@ured dbat @rined

mat eri al__bei.ng..of duced.thi ckness in.the upper yvertical regions of the
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patterned can be by any suitable nmethod, including vacuum deposition
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phase dgfissmd tredmerdt cal®e dderi al to be patterned is illustrated in Figure
2. As a result of the anisotropy of the deposition step, material
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ar ot i Gre&pindive grovad Thixewill Aeult in spontaneous dewetting of crystals present in the

precipitative growth and thus a selective deposition of the patterned material only in the

remaining areas, as shown in Figure 4.
If, however, a complete coverage of the precipitative growth cannot be
avoided by the material to be patterned, in certain embodiments of a process in accordance
25  with the present invention, therefore, additional process steps may be necessary. For
example, the layer thickness of the applied patterned material will not be homogeneous, in
particular as illustrated in Figure 4 the applied patterned material will be of reduced thickness
in the upper vertical regions of the coated surface of the substrate, and as such the overall
thickness can be reduced in an isotropic etching process so as to uncover underlying
30 precipitative growth as shown in Figure 4. This will allow selective dissolution of the
underlying precipitative growth and removal of the material remaining thereon. A
subsequent polishing step may be desired to remove remaining protruding material residues.
A process according to the present invention is not restricted to the application

of a single patterning layer and for example depending on the size of crystals present in the



After renoval of the precipitative growmh fromthe substrate, an underlying
coating, typically a SAM can if desired be subsequently renoved, such as
for exanpwe 2emwvaB of the hydrophilic SAM as il ustrat @dTiiR2005/g3me8 2, for
instance by an oxygen or argon plasma trgatnent. In certain enmbodi ments of
the present invention it may be requireo]I that prior to application of the
mat er i alpréeipibive atdvethaad the thickByss E théadesiradila z@'srs‘émﬁpeﬂteﬁﬁﬁg laers niyefeer abl y
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t he mat ealéctionicatevizes oFurtheomorsf a prosesseceoriding to bhet presentiwenticorcaddpaséd foon) i s

sufficiently hydrophobic the precipitative urface s
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wil | result i n spont aneous dewetting of crystals present in the

pr edOpi traetevals,gneluding metpls thathayeduthede notbegn pesssiiblgio patterpiag yix t er ned

mat eri al | in Figure 4. |If, however, a
conpleténgggé?ggghgﬁmg%g%gﬁé@%ﬁ% ggingﬁéP%@%ﬁﬂbannot be avoi ded by the

material to be patThereiedurtlich peidediby thebrgéntemication a@auwrmemsﬂrateaccor dance
with the present i nvention, therefore, additiqnal egorocess steps may

necessargplainsd by Broess substantially as hemginbrieasdesetibads tablmadwttsmefié\abﬁérate
mat er i a'alcgé)cfdingt B&hﬁﬁaéé%m%ﬁﬁq%% syln:tdag)@ﬁ)& keC Jgiézlé% tchrl S bf 315[19 dyin Figure 4

t he appl ter materi a c ness 1n the upper
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be desi riscentionsr enove remai ni ng protruding material residues.

There is also provided by the present invention a process of manufacturing an

20  electronic device which includes a substrate provided with patterned material substantially as
hereinbefore described, which patterned substrate is prepared by a process according to the
present invention. Electronic devices suitably prepared by the present invention include
driver electronics of display devices, and organic electronic devices in general. More
specifically, a process according to the present invention can provide electronic devices that

25 include organic electronic circuits, and such devices can be selected from the group
consisting of LCD, small molecule LEDs, polymer LEDs, electrophoretic (E-ink type)
displays, plastic RF (radio frequency) tags and biosensors. In particular an electronic device
as provided by the present invention can comprise an organic electronic circuit including
driver electronics of LCD or LED displays.

30

The present invention will now be further illustrated by the following Figures

and Experimental, which do not limit the scope of the invention in any way.



A process according to the present invention is not restricted to the
application of a single patterning |ayer and for exanpl e depending on the
size of cwo@/®7@Besent in theprecipitative grow h andPChaBloos/odumgsss of
the desired |ayers, several patterning hayers may be deposited as shown in
Figure 5. Since crystals may be grown as |arge as a few hundred
mcrometers, a namRifidtd i9h schRytREiS répresétafion bf iorRdf dneidsking / hid§ding can
easily be deposited and patterned in a single process according to the
present PEhPEMES-on. A process according to the present invention is highly
suited to patternﬁ@g i | ! | I Ip%&% | C
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a pr ocesscardingrtdithegpresent iwerticns ethichi insladdsi anisotrapic ldepesitéah défahepatteetied very
thick | ayers of Eifficult to etch netals such as gold or platinum

Fur t Rer riBpterialondhe,substiatsccor ding to the present invention is suitable for
patterning a wi de paib 8ty a ehelRlie riRbsentatiOf bl kifgleTReR bsndrhiak pheégs hi therto
not been accessible to patterning via mcrocontact printing as well as nost
pol yner iascondingrtp shespreseintmaentsonf whidhanclpdeswantsottobiy depesitponeafche patteveadt | on a

patterned substrate_.obtai ned.by.a_pr ss,substantially as herei nbefore
escr bateaondft Fatdepd mhatpd B S bl YetroRE: BFaBhtka prior
i nvent i qp theSaridbitioplel ®pbsifionise in mcroel ectronics or display manufacturing

and it wll be apprecitated that in certain enbodi nents of the present
i nvdftion the pat thigued isepehematie renressatation pheinglp yayernpatfpreiog grocess

accor of ngcranhg P ERenlino sk g iabel PR QPR SR ZeBnERRYART, o,

Ther e | sekRctee @epovitioechndyiif) itiepRsdpbsitionent i on a process of nmanufacturing
an el ectroni c devigce which includes a substrate provided wi,th patterned
mat eri al subst ant iFagurg Sdsa peheriatip sensesenigian pf HBEWIL AHeTIAEENREPIREFSSubst r at e

i s prepaj.gstq 18ty RESTPi @g&g{ ding to the present invention. Electronic
devi ces sultably prepar egl y tnhe present invention include driver

el edsr oni cs of di dgay 6dbows epticabmicrogrgpln af actop @bldovaimpleg evhichegas pregener al .
More specifically, a proces cording to the present invention can provide
ol ect 1 orfsemeq Pt BRSERES TS 351 e ebigried o Bh SESRrveaBrSRIARAG sy

devi ces Gk abehE bATtaly Rebdbed iPRRafMR! Sting of LCD, small nol ecul e
LEDs, polynmer LEDs, el’ectrophoretic (E-ink type) displays, plastic RF

(radi o frequency) Riguye 7anthelsesudterisio AFM |spampefrthe bagearingstra¢torss ap shavidiavi ce

as provilgled the present invention can conprise an organic electronic
ci rcuit TREFT ng driver electronics of LCD or LED displ ays.
20 Figure 8 shows optical micrographs of a top gold sample, which was pre-

patterned with two different SAMs and then subjected to the selective precipitation of
potassium aluminum sulfate as described in Example 2.

Figure 9 is the result of an AFM scan of the larger ring structures as shown in
Figure 8.

25 Figure 10 shows optical micrographs of a top gold sample, which was pre-
patterned with two different SAMs and then subjected to the selective precipitation of
potassium aluminum sulfate followed by spin-coating with a chloroform solution of poly(3-
n-hexylthiophene) as described in Example 2.

Figure 11 is the result of an AFM scan of the larger ring structures as shown in

30 Figure 10.

Figure 12 is a cross section of a layer structure of a basic bottom-gate organic
FET suitable for use in an organic electronic circuit, and which includes a patterned substrate

as provided by the present invention.



The present invention will now be further illustrated by the foll ow ng

Fi gures and Experinental, which do not |imt the scope of the invention in
any way. AWQuo@/0b7668 a schemati c representati on of prior paTIBEONOZISENg /
nol di ng techniques. Figure 2 is a schemggic representation of a single

| ayer patterning process according to the present invention, which includes
ani sotropi c deposition of the patterned naterial on the substrate. Figure 3

is a schematic representation of a single | ayer patterning process

accordi ng to the pPVBBespreifiqrebasencsio Fighreh there igshewmaapreenss agrordiag foiet i on
of the | | Byt ]
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deposi t iRAW™E, qll)suggraéj%@véueié%@mmg AccoRHBE 19 PHOT arSBEHeE oot BOEFYSTon.
Figure Seiidtia rSGARTBblymet BRERIE MeRlairiiy A the réBdldell alcdY BF thBFolyRiddpAlerR0ACESS
according to the preséent iInvention. Figure 6 shows optical mcrographs of a
t op gol csubstraté €). whi ch was prepatterned with two different SAMs and then

bj ted to th | t] i pi.tati | Gi b I
Gostribed | n Exarmyih secifeRRaeaR g Pane 2. dherf & SoWT s RERRAE L BEYRIA ar ger
ring stryhdedes apsly amgdrophilicrs AMI(S) © subtehid €)8 HyaRphobiRISAMI(6) s Cr ogr aphs  of

a top gold sanple, which was prepatterned wth two different SAMs and then
subjléct egbsequenily applied ta spbstgate Ch)piGragtals (7)arre pibsegnentlyselediivelyigrownionat e as

describ ' . pElLO I f .0f the |arger
ring st ?lg'g%(g)rh gis% 3%%&45 St'z)'vvnd' nuﬁ%%?}éaégﬁﬁ|S{glﬁsr%§h%8’sﬁ?§gvesﬁ3g%rﬁ %:igcﬁ)lcngl P glglf)léphs
of a t opo®othchysleshobic SKNIQE) wRiscrpstalp Tt alrpgtdl dissolutionds theh taiedbueMs and

then subjected to the selective precipitation of potassium alum numsulfate
f ol | onedelogtiegdly Frmy@iarysiplef Diand patigraedmaterins@) thereom sefas fylepyasubstrate (1)
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15 (5). Hydrophilic SAM (5) is then selectively removed so as to leave substrate (1) patterned

with patterned material (8) overlying hydrophobic SAM (6).

With specific reference to Figure 3, there is shown a substrate (1) and a stamp
(3) used to apply a hydrophilic SAM (5) to substrate (1). Hydrophobic SAM (6) is
subsequently applied to substrate (1). Crystals (7) are subsequently selectively grown on

20  hydrophilic SAM (5). Hydrophobic SAM (6) is then selectively removed. Patterned material
(8) is subsequently applied by anistropic deposition to the exposed surface of substrate (1)
and crystals (7). Crystal dissolution is then carried out to selectively remove crystals (7) and
patterned material (8) thereon so as to leave substrate (1) patterned with patterned material
(8) and hydrophilic SAM (5). Hydrophilic SAM (5) is then selectively removed so as to

25  leave substrate (1) patterned with patterned material (8) directly applied to the surface of
substrate (1).

With specific reference to Figure 4, there is shown a substrate (1) provided
with hydrophilic SAM (5), hydrophobic SAM (6) and crystals (7) are subsequently
selectively grown on hydrophilic SAM (5). Patterned material (8) can be subsequently

30 applied by selective deposition method (A), anisotropic deposition method (B) or isotopic
deposition method (C). In selective deposition method (A), patterned material (8) is
selectively applied to underlying hydrophobic SAM (6). In anisotropic deposition method
(B), patterned material (8) is applied to both hydrophobic SAM (6) and to crystals (7). In
isotropic deposition method (C), patterned material (8) is applied to both hydrophobic SAM



Figure 10. Figure 12 is a cross section of a layer structure of a basic
bottom gate organic FET suitable for use in an organic electronic circuit,
and whi chwpneludessa patterned substrate as provi ded byPChaBI0&8TNES
invention. Wth specific reference to Figyre 1, there is shown a process
according to the prior art wherein a substrate (1) is provided with a
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(6) and andyhytlepbilicBAMI(8). siijdrephibn SAM (5) is then selectively removed so as to leave
substrate (1) patterned with patterned materials (8) and (9) overlying hydrophobic SAM (6).

g

20 With specific reference to Figure 12, (11) is a substrate carrier (for example, a
polymer, glass, or silicon) and (12) is a gate electrode (for example, gold, patterned by for
example pCP). (13) is a spin-coated insulating layer, which is patterned in accordance with
the present invention (printing at least one SAM on the gold layer (12), formation of
precipitative growth on the printed SAM, spincoating insulating layer (13), and removing

25  precipitative growth). (14) and (15) are the source and drain electrode in the source-drain
layer (for example, also gold, patterned by for example uCP). (16) is a layer of an organic
semiconductor (spincoated or evaporated and patterned in accordance with the present
invention). (17) is a via through the insulating layer (13) and the semiconducting layer (16),
which allows for making external electrical contact with the bottom gate layer (12). (17),

30 spanning both layers (13) and (16), is formed using precipitative growth, which is removed in
a final process step and replaced by a gold contact, for example by electrodeposition or

electroless deposition of the gold.



sel ectively grown on hydrophilic SAM (5). Patterned material (8) can be
subsequently applied by sel ective deposition nethod (A), anisotropic

deposi t i onOretded6gB) or i sotopic deposition nmethod (C) PCrnBHeb/enissye
deposition method (A), patterned materigk (8) is selectively applied to
under | yi ng hydrophobic SAM (6). In anisotropic deposition nethod (B),
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hydr ophi | ic SAM (5). drophilic, SAM (5) s th sel ectively.renoved so as
5T onvekirsSHy a3 h SRR B GAChENh P A Cieiting Fab e oG VOF g
hydr ophalkbgsedAVah Gdgon PldsthaD OS5 inhta, 300FWT 8 RERutks) ifmntbdielp pribh@&ﬁ‘iﬂtiﬁg.s hown a
substrate (1) and a _stan}) (3) used to aLpig;sy a hydrophilic SAM(5) to
subdOrate (1). Hydxwimksplutiosmgs pepared by disselyirgmeicapliohexadecanpicagiskorat e
1. O e e | J I licC. SAM
(5), per i 40 dyE et ABHaShiap S5 b Risked A SRt SR Bkl 6
deposi t igbout Dhdgs.hAlgtreafoalbirem HMnk B lusion, i€ wistinded with ethdtrl hed deel el er i al
(9) is subsequently aftpl I ed by ani stropic deposition to patterned materi al

(8). Cryssieam oinieqgemyt ftoyasithen brepghtantoicaptagivith thegoldwurfage pf the sppsiatedoy st al s
(7) and L (.8x:.and (9) thereon so as to | eave substrate
(1) pat tag’?{rlltte%j%%?%&%%?trée@%v}&a%ltnériaIs (8) and (9) overlying hydrophobic
SAM166) and hydr ofiHielsiibst@fvivésSsubsddpemntiphimersediaM fofjtionofNdNNsel ecti vel y
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12, ( 1loneikduPtosdépadit SARI £ & fhe SEmAihR PR PR oold ARTEERat wltARct cored
silicon) and (12) is a gate electrode (for exanple, gold, patterned by for

exanpl e willPyhe pfib8d SAMal . spimas theatrnded wighlethianelgpndalyied in abfresm pEnigagerer ned i n
accordance with the present i,nvention i,ntj ng, at |.east one SAM on t he
o Taner 12y, " B AR RERby RSP lfot Bibdie i ineR e albeay

Spi moatsofifioh dF dhldtuneh1bida( 0 (M) in §ueH ar hitBle RiREhRIviAthelPatdbONER) - (14)

and (15) are the source and drain electrode in the source-drain
above the bottom of the container and the modified surface pointed downwards being parallel

=

oriented to the bottom. This assembly was then placed in a closed dessicator loaded with an
excess amount of solid ammonium carbonate ((NH,)2CO3), to initiate gas phase diffusion of
ammonium carbonate into the calcium chloride solution and the growth of calcium carbonate
25  crystals on the modified gold surface of the substrate.
The substrate was removed after about 1 hour from the solution and rinsed
with clean water, ethanol, and n-heptane before drying in a stream of nitrogen.
Figure 6 shows an optical micrograph of a so treated substrate. The darker
areas are those resembling the pattern of the stamp. They were initially modified with SAM
30 1. The lighter areas are those modified with SAM 2. The darker colour of the regular square
features with a nominal width of 10 micrometers indicates the selective deposition of
crystalline CaCOj; salt on top ofthe SAM 1. There is also visible some further
homogeneously distributed monocrystalline CaCO; precipitate, which can be removed easily

mechanically, due to the very large size of these crystals.



| ayer (for exanple, also gold, patterned by for exanple nCP). (16) is a

| ayer of an organi c sem conductor (spincoated or evaporated and patterned
I N accor jsoceocicrdsst he present invention). (17) is a vi @ ThBzOFhs4188e
insulating layer (13) and the sem condugging |ayer (16), which allows for
maki ng external electrical contact with the bottomgate |ayer (12). (17),
spanni ng both | ay@®iguré ¥3howaithe(rdult oflad ATNI¥Rsh 6fSthe targérehigtrudiutese gr owt h,
which is renoved in a final process step and repl aced by a gold contact,
for ex arﬁw‘éo'bi}y ghaway indtigge §i thihsheight profide mepsuted oy thegdee o thesg ringe

gol d. EXpRghifiRits I roma
Tast er AneRR' Ao i MR el Qffertlce MG AR A AR ERR ol s i e
conmon ot salgc@repaieadteasenf abbut@ 16egul ar silicon wafer was grown a thernal
oxids | ayer of about 500 nmthickness. Subsequently a titanium adhesion
| ayer (about 5 nm was sputtered thereon, followed by a top gold layer with
a thi ckmﬁzabout 20 nm The surface was rinsed successively with water,
et hanol ,” and n-heptane. In a final cleaning step the substrate was exposed
to an argon pl asne\ ¢@npsle wab@re;par}ﬂ(as eschibed nuExsple iieduding byrfape ipatierning

printing... An i.nk e by. di ssol mer capt.ohex ecan0|c
el a0 (1 SrtEARiRd SANT 2 o3 BhGPSASE 2 e LR i g AL P B R

sol ution and i nkedHeQubstAQWasiniRstss mlafswn VoRiRY of a EdterdtedBIutiok o$ ol ut i on,
it was rinsed with ethanol and dried in a streamof nitrogen. It was then

br ought notassiuavHuminiumisulate GRAYSOR):s2lpma éewater inhwich ayeayrthatdhe gold swdane 2 0

seconds _ar Se

Sor ot obtpfed ERERS, TR on WetlEr highs diiRaSHREE RSN anml FEBRERA i 0, %0y
2, 10 nM\rdéro eéduaette sbhibﬂap@ﬂthmnfaﬁ&heﬁde cdeRqaédipitativh df aluni &g staB@@AI Ni Ng

areas of the g_old surface that were not covered with the printed SAM1. It

was t herfhe upstatestiacee harraftcrthe sebstraty was immadiateliremovadiirerp &he solrionhe next

step th i n an aqueous sol ution of
calciumc |6%?%?“?%u“#ﬂ?Qﬁﬁggﬁhﬁggpﬁay t hat ? substrate was held about 1
cm disove the bot t diigwe 8tshews optical mécrogmaphs dfea m:tcﬁafeidesdbmuté aTEhe egulat ed
downwar ds being.parallel orjented to the bottom This a was .t hen

o aced isuaree aLkndbe Betielt bivo el K g CARlcaBe S e COFTalls i

amoni Urg 6@ R0 Blesrly FNEMbROR)pattt: drthd pritited SAM PRasBrisths E%{ﬁa OfbaRres2MMONI UM

carbonate into the caIC|un1chIor|de solution and the growh of cal ci um
car bonatletters, and larger ring structures. No crystal precipitation in visible in the remaining areas,

which are covered with SAM 2.

20 Figure 9 shows the result of an AFM scan of the larger ring structures already
shown in Figure 8. The height profile measured at the edge of these ring structures shows a
height difference between the elevated salt-covered areas and the not salt-covered areas of
about 500 - 1000 nm. Such a height difference is sufficient for patterning layers of a few
hundred nanometers.

25 Figure 10 shows optical micrographs of a so prepared substrate further treated
by spin-coating with a chloroform solution of poly(3-n-hexylthiophene) (M, = 40,000 g mol
1, indicating a conserved height difference caused by the crystal precipitation even after the
spin-coating process.

Figure 11 shows the result of a respective AFM scan of the larger ring

30 structures as previously shown in Figure 10. According to these measurements, the height
difference between elevated (salt-covered) areas and the remaining areas was reduces from
initially about 500 - 1000 nm before spin-coating to about 200 - 400 nm after spin-coating
indicating a preferred deposition of the polymeric material in the depressed regions of the

pattern.



crystals on the nodified gold surface of the substrate. The substrate was
renoved after about 1 hour fromthe solution and rinsed with clean water,
et hanol , woQor/dse@Bane before drying in a stream of nit POGaR2005ITussE 6
shows an optical mcrograph of a so tregped substrate. The darker areas are
those resenbling the pattern of the stanp. They were initially nodified
with SAM 1. The | ilgékoald v @a&d thattht AbGR-mBittidned dmbb dihehAN 1dstraid @ thdatHear

col our of the regular square features with a nomnal w dth of 10

ni cr ometlépis thejgyendion hatdhose skilled iyt 58t willdwe capable pEdesigningsmenico3 salt on
top of t i LSi e, : ENGHA

distri buﬁﬂé%%lg})%@?{ae ‘1Sivﬁgﬂ)g%h§1rgg{‘:%?t at 8{’9%4@#‘%%%&& rem%é% t}}aeasi |y
mechani cappéntdeddimdmi.olr the cladiny, angreference signdf pladedse parcythesds shall gettbe 7 shows

the result of an AEM scan of t | arger ring structures prevjous, hown in
Fi gure @_onqtﬁ};dﬁgihgmm%ﬁ)@ﬁla,l@sﬂgﬁgwp fJcé?EnI’F’ﬁ gZ Q‘i?Fanﬁég eafr‘i tg‘ﬁﬂ‘%‘:r €t ur es
shows amqyela@ehb prdBlcedrkleflcRiiGR sRBs BRRPHAR thdk BYRYE %ngﬁég‘aih?&”tﬁé ed areas

and the not salt-covered areas of about 215 nm Exanple sanpl e was
pr epar edpesficamoras bevhdley Exasipgularirefencrica of angelsmetadoss pat exehudie thy pliah a

inted SAM 1 apd dsorbed .SAM 2 i.n th di fied the t | d
Payer . TR Of FuPSIGRE™ Mdcyeyerts ThaypTioprns moigmensd Pumgensl ut i on
of pot agmkdipara k&ﬂgﬁéiﬂ@ké{&aﬂ AisEintiAdh ¥ Jadd b mbahs bMa YataBly progratededa way

that the gold surface pointed upwards. The solution was then quickly
di | UOed cpmpiites. [m@ devicatlaimenpmesptingseverahmeanseseversl pbthgseemedns maybeni | ity of

the al “@ﬁ%%ie'& (Ohe 4 Te SN Ahdrdfar2l TRk r:r?%a\éﬂh%{ e Hafﬁl*e‘aes e}léll%?et rate
surf ace. erearter e substrate was | mredrately renove romthe sol ution
and ri nsecited ih inughdigrdiffetent dspendbny tland doed nét indrBicahatai dofribir@ition fof iese 8
shows optical mcrographs of a so treated substrate. The regul ar squares
visibIeIpﬁmﬂﬁﬁcﬁaFﬁg?H“ﬂéQédﬁ“W%ﬁinaI wi dth of 10 microneters. The
crystalline alumprecipitate clearly resenbles the pattern of the printed
SAM 1 conprising square features, letters, and larger ring structures. No
crystal precipitation in visible in the remaining areas, which are covered
wth SAM 2. Figure 9 shows the result of an AFM scan of the larger ring
structures already shown in Figure 8. The height profile nmeasured at the
edge of these ring structures shows a height difference between the

el evated salt-covered areas and the not salt-covered areas of




about 500 - 1000 nm Such a height difference is sufficient for patterning
| ayers of a few hundred nanoneters. Figure 10 shows optical m crographs of
a so prepaoedi@ubeBrate further treated by spin-coati ngP@rtiB2@s/eisgs of or m
sol ution of poly(3-n-hexylthiophene) (My= 40,000 g nol ), indicating a
conserved height difference caused by the crystal precipitation even after
t he spi rcicamigng process. Figure 11 shows the result of a respective AFM
scan of the larger ring structures as previously shown in Figure 10.
According to these neasurenents, the height difference between el evated
(salt-covered) areas and the remaining areas was reduces frominitially
about 500 - 1000 nm before spin-coating to about 200 - 400 nm after
spin-coating indicating a preferred deposition of the polyneric material in
t he depressed regions of the pattern.It should be noted that the
above-nmentioned e [ ()b I imt. the.| | on, and
that t Egls'e skill egp 8%)c€§3ﬁ§ﬂd1%ﬂ$ % SE%S%‘@%E)\% ép%?&g%ds;ing n %lgu%g!#&%g%%r native
enbodi mayonrised providinpepaubkiratg ifchaling fdesscomesubfacé be whivhanisirequird tolef i ned by
the appended clains. In the clains, any reference signs placed in

par ent he¥smsnapterialy saig surdacg dncluyding aklest firgtiapg sgoqad siriacsdegionchayiiey

"conpri s{: Qe . i g 3 i t I <presence
of ol ermiires AFfsoq BRUPSHeR A whBlifh S st Sffage PRl 't rGad ek

speciSf i qabiectiveguecpidinleegrowthehsreony ahd applgingrat lvast amf naateréd] ¢oratricastieosdd not
exclude the plural reference of. such el enent.s and vice-versa., The invention
may be. SIS BHAGRoBPnichdng Faid 2PBed Taachyis FLRe subxkRLially ngf repyided o

el enent syt RirfabB R0 br & pPovidaiioXaid MRS ARG RN BE selbdlivdlykRitioved C! ai m
enunerating several means, several of these neans may be enbodi’ed by one
and t he themfoint em of hardware. The nere fact that certain nmeasures are
recited in nmutually different dependent clains does not indicate that a
conbi nati on of these neasures cannot be used to advantage. CLAIMS: 1. A
proa@ss nf provi diAgrodessiosdrimp@o Blai 1awhéereinasithelsai@ figst kddface\Wbdi6m opr ocess
conprises providing a substrate including at |east one surface on which it

i s requiseeend:syriges reaion inclpdasar 3 AM-fosming moleewarespeeies-udi ng at | east first

and second surface regi ons having distinct surface properties and wherein
said first surface region is further provided with protective precipitative
growt h thereon, andpapgsycagdng tb eRsh 20whenehi waid filst §urfagé rdgd@sinchidesda second

surface region, such that said appljed material is either substantially not
provi d e(ﬁrﬂ% M’-formfng molecular speciesp :En sagd seconé surface reg(laon incfudes a secon SAM-y

15 forming molecular species.

4, A process according to claim 2 or 3, wherein at least one SAM-forming

molecular species is applied by microcontact printing.

20 5. A process according to any of claims 2 to 4, wherein the exposed functionality
of said SAM-forming molecular species can selectively allow, promote or inhibit

precipitative growth thereon.

6. A process according to any of claims 1 to 5, wherein said precipitative growth

25  comprises a salt precipitate.

7. A process according to any of claims 1 to 6, wherein said material is

selectively applied to said second surface region of said substrate surface.



said first surface region, or if provided to said first surface region can
be selectively renoved therefrom 2. A process according to claiml1,

wher ei n ewohess/waicd first surface region or second surf &ce/1BEgs/esi1sncl udes
a SAMform ng nol ecul ar species. 3. A phgcess according to claim?2, wherein
said first surface region includes a first SAMform ng nol ecul ar species
and sai @.second suf pRREssfaGirdihgitd ahy8PaitsSIER®) Whardifh stidiageriabisepplied to
species. 4. A process accordi n(ggto claim2 or 3, wherein at |east one

SAM f or fdrfgidasrend fusface Isgiane and @) spidinreigctiyg nrecipitatiyn REQYth provided{g said. A
process j Y Al 2 40 1Rt .

functi onfg I tyﬂ%{ggg)?ld@gﬁw- %fp%éér%gﬁl rrltg) Id1 CISI%%%S%%PQVSV Sggsﬁaéﬁﬁggg ?t%/vg ly all ow,
pr onot e removallviflsait] ppeodisitapive gtawtk agd ematdrial lygpledheréio. A process according to
any %f claims 1 to 5 wherein said precipitative growh conprises a salt
precPpitate. 7. A process according to any of claims 1 to 6, wherein said
materialgis sel eCtA ¥RJcUssMdnGfchRingah ¢t a6RR UL Wake ihediQn fbstatd
substrate surface.8. A process according to any of clains 1 to 6, wherein
sai d matpovideéd wgh appitemedd tmatetia) asdifimed ardaigh $uwhiah patternédosubstaatelis(i i ) sai d
protective precipitative grow.h proyided aid first surface region,
wher ei n p&f}‘ﬁﬁ?‘f(ﬁ@fiﬁ%’f?eiﬂsﬁ a(sid%in%%msaﬁxﬂ}lg H’E’%{ gﬂ ?‘ow subsequent sel ective
renoval of said precipitative growh and material applied thereto. 9. A
process of manufacturing an el ectronic device which includes a substrate
provi0dedOni t h a pak pecessdceardiagitaclags dwhenetngsaichelegtronia devicgHs amofganicer ned
substratg | r a pr ~aed qi claims 1 to 8. 10.
A pr OCesegec'g%g%rcg@ﬁ%?r&é@%?%ﬁxﬁyeg%%\?ﬁgﬁig? gle]ggﬁcpqe]'lﬂei%?frgﬁlﬁ Jc device is an
organic electronic circuit including driver electronics of LCD or LED

di spl ays.




