WO 03/ 056641 PCT/ GB02/ 05863 SELF-ALI GNED PRI NTI NG This invention rel ates
to nethods for depositing structures, for instance for formng organic

el ect r oni wodBlses@s. Sem conducti ng conj ugated pol yner thi rcfiidBo2tossasi st or s
(TFTs) have recently becone of interest for applications in cheap, |ogic
circuits integrated on plastic substrates (C. Drury, et al., APL 73, 108
(1998)) and optoelectronic integrated devices and pixel transistor
switches in high-resolution active-matrix displays (H  Sirringhaus, et

al ., Science 280, 1741 (1998), A. Dodabal apur, et al. Appl. Phys. Lett.
73, 142 (1998)). High-performance TFTs with charge carrier nobilities up to
0.1 cn2/Vs and ON-OFF current ratios of 106-108 have been denonstr at ed.
This is conparable to the performance of anorphous silicon TFTs (H
SirringhSELF-ALIGNED PRINAINGs in Solid State Physics 39, 101 (1999)). One
of the advantages of polyner sem conductors is that they |lend thenselves to
sinple and | ow cost solution processing. However, fabrication of
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formlateral patterns o pol ymer conductors m conductors an

i nsul at of@min@orgarsc phectrenici deyicasechnol ogi es such as phot ol it hography (WO
99/ 10939 A2), screen printing (Z Bao, et al., Chem Mat. 9, 1299 (1997)),
soft lithographic stanping (J.A Rogers, Appl. Phys. Left. 75, 1010
(1999)) 3@%!&6&!&%5' @érﬂg%étédApolmrmln-ﬁM"trar@‘éﬁérs (T—FT&) hé¥e r%%éﬁtly
(1998)), as wel di rect ink- printing (H Sirringhaus, et
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required. The speed of an integrated | ogic CII’CUIt is proportional to the

VO 03/ 0587ngiratty, @@, Ssgawe 280, 1741 (1998), A. Dodabalapur, et al. Appl. Phys.
Lett. 73, 142 (1998)). High-performance TFTs with charge carrier mobilities up to

0.1 cm?Vs and ON-OFF current ratios of 105-10% have been demonstrated. This

is comparable to the performance of amorphous silicon TFTs (H. Sirringhaus, et
al., Advances in Solid State Physics 39, 101 (1999)).

One of the advantages of polymer semiconductors is that they lend themselves to
simple and low-cost solution processing. However, fabrication of all-polymer TFT
devices and integrated circuits requires the ability to form lateral patterns of
polymer conductors, semiconductors and insulators. Various patterning
technologies such as photolithography (WO 99/10939 A2), screen printing (Z.
Bao, et al., Chem. Mat. 9, 1299 (1997)), soft lithographic stamping (J.A. Rogers,
Appl. Phys. Lett. 75, 1010 (1999)) and micromoulding (J.A. Rogers, Appl. Phys.
Lett. 72, 2716 (1998)), as well as direct ink-jet printing (H. Sirringhaus, et al., UK
0009911.9) have been demonstrated.

Many direct printing techniques are unable to provide the patterning resolution
that is required to define the source and drain electrodes of a TFT. In order to
obtain adequate drive current and switching speed channel lengths of less than

10 um are required. The speed of an integrated logic circuit is proportional to the



2 nobility and the inverse square of the TFT channel |ength. By reducing
the channel length by an order of nagnitude, the operating speed can be
enhanced wby3@asdéact or on the order of 100. Definition of aeTiGE»2/08468h

submi croneter critical feature size is therefore highly desirable to

achi eve higher circuit performance. ny direct printing techniques such
as inkjet printing are not considered o be capable of achieving such high
resolution. The droplets formed at the nozzles of an inkjet printer, for
exanple, are emtted with statistical variations of flight direction
caused by changing wetting conditions at the nozzle plate. Wen | anding on
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subm cr orgrineFal ¢ 8B 08GO Mmitation of solution based direct printing approaches has been
overcome by printing onto a prepatterned substrate containing regions of different
surface free energy. Deposition of material deposited from a polar (non-polar)
solvent, for example, only occurs in the hydrophilic (hydrophobic) regions of the
substrate, and the spreading of droplets on the surface can be controlled by
repulsive surface energy barriers that define the critical device dimensions. This
technique has allowed for printing of TFT devices with accurately defined
channels with channel lengths of less than 5 pm. Various methods to define the
surface energy pattern can be used such as local exposure to a focussed infrared

laser beam (see our co-pending UK patent application no. 0116174.4).

One of the disadvantages of achieving high-resolution printing with the help of a
previously defined surface energy pattern is the need for an additional processing
step in order to define such pattern with high resolution. For critical features of
typically a few pm’s a broad range of techniques for surface energy prepatterning
can be used, but definition of critical features of submicrometer dimension

becomes increasingly difficult and expensive.



beconmes increasingly difficult and expensive. WO 03/056641 PCT/ GB02/ 05863

3 According to the present invention there are provided nethods and devices
as set owbDa3nsédhe acconpanying clains. Thus aspects of tPETHERRAR63

i nvention provide a nethod by which critical features of mcronmeter and
subm croneter di mensi on separating a fhrst and a second region of printed
mat eri al can be defined without the heFp of a surface energy pattern. Such
a nmethod can be based on formation of a self-aligned surface coating |ayer
formed on the surface of a printed pattern of a first material, and / or

in aregion of the substrate around a printed pattern of a first material.
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t he sol utdudm Bl ddengRegmg clamierial with the surface coating layer around
the first material can result in the formation of a small gap between the

patterns of the first and second material. The invention will now be
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first surface coating layer results in the repulsion of a solution of a second material

from the surface of the first material. The interaction of the solution of the second

material with the surface coating layer around the first material can result in the

formation of a small gap between the patterns of the first and second material.
The invention will now be described with reference to the following figures:

Figure 1 shows the repulsion of the second solution from the region of the
first material with a self-aligned surface coating layer.

Figure 2 shows the repulsion of the second solution ffom the region of the
first material with a selectively fluorinated surface achieved by exposure to a CF4
plasma.

Figure 3 shows the repulsion of the second solution from a surfacé region
surrounding the first printed pattern.

Figure 4 shows the self-aligned modification of the area surrounding a first
droplet by deposition of a surface modifying agent during drying of the solution of
the first material.

Figure 5 shows the self-aligned modification of the area around a first
droplet by dissolution of a thin surface layer during drying.

Figure 6 shows the repulsion of the second solution from the selectively

fluorinated region of the first material while both droplets are still liquid.



droplet by dissolution of a thin surface |ayer during drying. Figure 6
shows the repul sion of the second solution fromthe selectively

fluori natwo osegicean of the first material while both dropl @C3/GBoe/0S%63 | |
l'iquid. WO 03/ 056641 PCT/ GB02/ 05863 4 Figure 7 shows the nodification of
the surface of a first conducting nate&ial by dedopi ng of the surface

| ayer. Figure 8 shows different device’configurations for TFTs with
self-aligned source-drain electrodes. Figure 9 shows the definition of a
self-aligned narrow line that is confined on two sides. Figure 10 shows
the self-aligned formation of a via-hole interconnection wth a smal

dianeter. Fig shows f I h th
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ayer o d e 13 shows the structure of a self-aligned LED or
phot odi o&énﬁcet ﬁﬁéﬁg?ﬁgbgé‘%ct ive area. Figure 14 shows optical mcrographs

of dried droplrgwed sREROTEIS initiohndfeal sblif-atigeed elafroal lingn dthtps iconfingd
met hod. Figure 15 shows atom c force topographic cross-sections and
m cr ogr aph ootideR| f - al i gned PEDCOT/ PSS dropl ets deposited with different

SRS ee o 17 ek 08, PR MR o e BRI
bot t om gatith &#Shikll diameter.

Figure 11 shows the structure of a self-aligned TFT in which the surface
capping layer serves both to define the channel length as well as to act as the
semiconducting layer of the device.

Figure 12 shows the structure of a self-aligned TFT in which the surface
capping layer serves both to define the channel length as well as to act as the
dielectric layer of the device.

Figure 13 shows the structure of a self-aligned LED or photodiode with a
small active area.

Figure 14 shows optical micrographs of dried droplets of PEDOT/PSS
printed by the self-aligned printing method.

Figure 15 shows atomic force topographic cross-sections and micrographs
of self-aligned PEDOT/PSS droplets deposited with different concentrations of the
cationic surfactant Di-n-decyl dimethylammonium chloride (DD50).

Figure 16 shows output and transfer characteristics of bottom-gate P3HT
TFTs fabricated by the self-aligned printing method on top of a PMMA gate
dielectric (concentration of DD50 < 1mg/ml).

Figure 17 shows current voltage characteristics measuring the conductivity
of the source and drain contacts and the conductivity across the self-aligned gap
of self-aligned PEDOT/PSS electrodes fabricated with a PVP - PEDOT/PSS
mixture.

Figure 18 shows output and transfer characteristics of self-aligned, top-
gate F8T2 TFT with a PVP - PEDOT/PSS first electrode.



TFTs fabricated by the self-aligned printing nethod on top of a PMWA gate
dielectric (concentration of DD50 < 1 ng/m ). Figure 17 shows current

vol t age cWweroaos@ni stics nmeasuring the conductivity of thecTaBoessssad drain
contacts and the conductivity across the self-aligned gap of self-aligned
PEDOT/ PSS el ectrodes fabricated with ag PVP - PEDOT/ PSS m xture. Figure 18
shows output and transfer characteristics of self-aligned, top- gate F8T2
TFT with a PVP - PEDOT/ PSS first electrode. WO 03/056641 PCT/GB02/05863 5
Figure 19 shows the reduction of conductivity of an initially shorted
PEDOT/ PSS source-drain el ectrode upon exposure to an 02 plasma. Figure 20
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As described in more detail below, after the initial preparation of a substrate a first
material can be deposited on the substrate. After further surface modification and
solution formulation, there can be a second deposition of material and the
formation of a high resolution feature. The following description also describes
the implementation of this technique for forming short channel and thin gate

transistor structures, and other electronic components and devices requiring

critical features with dimensions less than 20 pm.

According to a first embodiment of the present invention there is provided a
method by which a solution of a second material deposited in a second region of
the substrate is repelled by the surface of a first material deposited previously in a

first region.

Figure 1 illustrates schematically this embodiment. The first material 3 is
deposited first onto a substrate 1, preferably from solution. Any deposition
technique that is capable of producing a pattern of the first material may be used.
Examples of such techniques are inkjet deposition, spray coating, screen printing,
offset printing, continuous film deposition followed by photolithographic patterning,

solution casting or spray coating onto a substrate containing a surface energy



According to a first enbodi ment of the present invention there is provided
a nethod by which a solution of a second material deposited in a second
regi on ofwotlaeseubstrate is repelled by the surface of a fPCTaIBIASSEEI a
deposited previously in a first region. Figure 1 illustrates schematically
this enbodinment. The first material 3 4s deposited first onto a substrate
1, preferably fromsolution. Any deposition technique that is capable of
producing a pattern of the first material nmay be used. Exanples of such
techni ques are inkjet deposition, spray coating, screen printing, offset
printing, continuous filmdeposition followed by photolithographic

patternin sQl UKW L r ' : t I ni

27 sur t acOltRE G- HBaEREkE Rt ARE BEpOETRA O YOy MU e SHFaigRiR! N1 N0
deposi ti gorfate #yerrs tefrsied aouall thbedtiers of tiae dirstanaterablt -Tais gurdace
surface layer 5 is formed around the pattern of the teri 4. This

. . : f Ll I:'j rst m |
surface 13ygyd® Rrapgyeepar 8 ﬁ.\@%ﬁh% ifds) capable; of fepelling g s9 %Pnrﬁﬁélq ing a
sol uti on (BG4 dnataRGIOMAL @H@Egé{efof fhaéor';téctd\ﬁlﬁﬁqlhé Gist Mated] aftrewlrich tid1e

first materral or restrict t ow of such a subsequent!|y-deposited
mat eri al flow oft sudhoaisdbsgquettily-dapositedramateriall to itmbobrdary| Ebe disstypateniat | t

e . ; . :
obt ai ned A B8 eleda hrbATeRly PRYdTy BEshar app HeS Al RER T
The pfopﬁﬁdé@ﬁeﬁ%ﬁ%&%@éiﬁ@@ Y stifabe i ugisicatn @fithe firee matariels aftéor it

may be s ace ditied to give'it those by any one or nore of a variety of
"t echni qudspositibndi T pmperties maynbe obtained fy teshnigwen dollqung taehigyes i on of

i er i al Tt e seaRce Saes ¥ shEaaiohe) B S oRiRclor a8 oy

(b) Phasg@eirareihending, bhendi Iibited® ®eifellowiag. result in formation of a

surface conposition that is different fromthe bul k conposition of the

first materialka) The solution of the second material can be chosen such r}hat the
surface of the first material has a natural tendency to repel the ink of the second
material.

(b) Phase separation in the first material may result in formation of a
surface composition that is different from the bulk composition of the first material.

(c) A post deposition surface reaction of the first material is induced when
exposed to the vapour or liquid phase of a surface modifying agent.

(d) The solution of the first material is mixed with a component that has a
tendency to segregate to the surface, i.e. a surfactant, or a molecule or polymer
containing a low surface energy component

(e) A surface reaction is induced by exposure of the first material by

exposure to electromagnetic radiation, or thermal treatment.

In the case of a post-deposition surface reaction carried out to modify the
surface of the first material, the surface reaction needs to be selective, i.e. it
should not result in modification of the substrate surface, or at least not to the
same degree as it leads to modification of the surface of the first material. The
second material is then deposited in such a way that the solution comes at least
partially in contact with the surface of the first material. The solution of the second

material is repelled from the first region, and upon drying no deposition of the



(c) A post deposition surface reaction of the first material is induced
when exposed to the vapour or liquid phase of a surface nodifying agent.
(d) The swbugiosdss4pf the first material is mxed with a comparasw/osdsat has a
tendency to segregate to the surface, i.e. a surfactant, or a nolecule or
pol ymer containing a | ow surface ener?y conponent (e) A surface reaction
is induced by exposure of the first eri al exposure to

el ectromagnetic radi ati on, or thernal treatnent In the case of a

post - deposition surface reaction carried out to nodify the surface of the
first material, the surface reaction needs to be selective, i.e. it should
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solution cones at least partially in contact wwth the surface of the first
mat er i al SUFRESsol ution of the second material is repelled fromthe first
region, and upon drying no deposition of the WO 03/056641 PCT/ GB02/05863 7
second material 7 will occur in the first region. A small gap between the
first anth treefdodingaverdistussssevefal mxamptrsmot methastsopid whisthusidhrepuisde on t he
substrate sur.face
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mat eri al padtdridin@nssy gehieved®f the second material can be achieved. If the
first and second material are different, for exanple, if they have
different polarities, the solution of the second material can be
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'Tothe t Iltrhsat[s ﬁtﬁgehrelrziclonltesct%ng?e 3;1 t g%ﬂ agcle %ﬁ‘)th n‘?'l;setrrlnaalenaﬂhan on the bare
substrate, such that it will be repelled when getting into contact with the first
material. For example, if the first material is a polar (non-polar) material soluble in
a polar (non-polar) solvent, and the second material is a non-polar (polar)
material, the second material can be formulated in a non-polar (polar) solvent, in
which the first material is insoluble or only poorly soluble. Examples of such
materials are the polar conducting polymer PEDOT/PSS formulated in water, and
a non-polar semiconducting polymer such as poly dioctylfluorene-co-bithiophene

(F8T2) formulated in a non-polar solvent such xylene.

If on the other hand the first and second material are the same or of similar
polarity the surface repulsion of a solution of the second material can be achieved
by selectively modifying the surface of the first material during or after deposition

of the first material but prior to deposition of the second material.

Such selective surface modification can be achieved by a range of different
techniques, including, but not limited to, reactive plasma treatment after
deposition of the first material, the use of surfactants mixed into the solution of the

first material, the mixing of the first material with a phase separating diblock



a polar (non-polar) solvent, and the second material is a non-polar (polar)
material, the second naterial can be formulated in a non-polar (polar)

sol vent, wp o3ishicah the first material is insoluble or onlycpasokyssol ubl e.
Exanpl es of such materials are the polar conducting pol ynmer PEDOI/ PSS
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second material can be achieved by sel ectively nodi fying the surface of
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exposure to a low energy CF4 plasma while the surface of the glass substrate is

affected to a lesser degree by the fluorination. The low-energy, fluorinated surface
layer 12 around the first material 11, provides efficient repulsion of droplets of a
second material 13, for example another solution of PEDOT/PSS deposited from

water.

An alternative technique is to mix a surfactant into the solution of the first material.
Surfactants are amphiphilic molecules that contain a polar / ionic, hydrophilic head
group and a nonpolar, hydrophobic tail group. When a solution of a surfactant and
solvent (such as water) is placed in contact with a surface, the surfactant
segregates to the interface in order to form a monolayer interfacial layer. When
the surfacefinterface is in contact with a nonpolér medium (i.e., for example in
case of contact with the free surface with air) the nonpolar group of the surfactant
segregates to the surface/interface and forms a low-energy hydrophobic surface
coating. In the case of contact with a polar medium, the polar groups of the

surfactant will be attracted towards the interface.

The surface activity of the surfactant is at its maximum at the so-called critical

micelle concentration (CMC) when a densely packed monolayer of surfactant
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Professional (1994)).

Different classes of surfactant are distinguished: Anionic (cationic) surfactants
contain a nonpolar long hydrocarbon group such as R = CnHzn+1, and a negatively
(positively) charged polar group such as a carboxylate group RCOO", sulphonate
group RSOj, sulfate group ORSOs or phosphate group ROPO(OH)O".
Amphoteric surfactants carry both a positively and a negatively charged group.
For short lengths of the nonpolar hydrocarbon group the surfactant is soluble in
water, for longer chains the polymer may only be soluble in less polar solvents
such as alcohols. Some anionic surfactants such as carboxylates are unstable in

water solutions at low pH due to formation of the water-insoluble fatty acid.

Most cationic surfactants are based on quaternary ammonium based molecules
containing a positively charged NH;" group. An example is DD50. Cationic
surfactants self-assemble preferentially on many negatively charged surfaces

such as plastic surfaces, silica or glass surfaces.

Nonionic surfactants contain water-soluble groups such as alcohol or ether

groups, that do not ionise, but interact favourably with water molecules due, for



wi despread use in detergents, foans, stabilizers for emulsions, fornulation
of dispersions (MR Porter, Handbook of Surfactants, London, Bl ackie
Academ c WO Bpsdeessi onal (1994)). Different classes of surCactrmiosEEse

di stingui shed: Anionic (cationic) surfactants contain a nonpolar |ong

hydr ocar bon group such as R = CnH2n+1,1 nd a negatively (positively)
charged pol ar group such as a carboxylate group RCOO' , sul phonate group
RS03 , sulfate group ORS03 or phosphate group ROPQ(OH)O. Anphoteric
surfactants carry both a positively and a negatively charged group. For
short | engths of the nonpolar hydrocarbon group the surfactant is soluble
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of non-ionic surfactant are al cohol ethoxylates. Nonionic surfactant tend

to have haer savhle foorermEachains (nhBh and water isselpbie: RtshorUEO: ehaimgi r

| ower sol u<b' lity in water. They also exhibit unusual solubility

pr opertlé%. he solubility decreases with tenperature above the so-called
cl oud point. Many nonionic surfactants show strong surface activity due to

reduced solubility in the bulk of the solution and good stabiljty_in
aci di ¢ soMhendthe. Susfassant melasulgn se@regairclp e pupoe of ppdtn qut@e first

material, they form a surface encapsulation layer around the first material with a
surface polarity that is opposite to that of the bulk of the first material. The surface
segregation occurs already in solution or upon drying, but it may also be promoted
by an additional processing step, such as an annealing step after the deposition of
the first material. For example, if the first material is a polar material, the surface
energy is lowered by segregation of the surfactant molecule to the surface
resulting in a repulsive surface capping layer formed by the non-polar groups of

the surfactant.

in order for the repulsion of the second solution to be most efficient it is preferred
that the surfactant molecule is not soluble in the solvent of the second solution.
Otherwise dissolution of the surfactant capping layer around the first material will
reduce the repulsive force exerted onto the second solution. Dissolution can be
avoided by using different solvents for the deposition of the first and second
material. It is possible, for example, to use a mixture of solvents for the deposition
of the first material with a first solvent, in which the first material is soluble, but not
the surfactant, and a second cosolvent for the surfactant that is miscible with the
first solvent. In this case the solution of the second material would then only

contain the solvent for the first material, but not the cosolvent for the surfactant.



wat er soluble for long EO chains (n>6), and water insoluble for short EO
chains (n<4). Wen the surfactant nol ecul es segregate to the surface of
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which the first material is soluble, but not the surfactant, and a second
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based solution of a conducting polymer such as PEDOT/PSS water soluble

surfactants such as sodium dodecylsulfate (SDS), natural surfactants such as
egg-Phosphatidylcholine (egg-PC), or fluorinated surfactants, as are commercially

available from Ausimont (www.ausimont.com) under the tradename Fluorolink or

Bayowet from Bayer, have been used successfully. In this case it was often
observed that the water contact angle of a PEDOT/PSS surface modified by a
water soluble surfactant was not stable in time. Such surfaces often showed a
contact angle that was high initially, but decreased over time, presumably due to
dissolution of the surfactant layer on the PEDOT/PSS surface into the water
droplet on the surface. In this case more reliable repulsion of a second water-
based PEDOT/PSS droplet from the first printed PEDOT/PSS pattern and
successful channel definition was achieved when the second droplet was printed
into the region adjacent to the first pattern, such that it only came in contact with
the contact line of the first pattern upon spreading on the substrate, as opposed to
being deposited partially on top of the first printed pattern. If the second droplet
was printed on top of the surface of the first pattern, in many cases the second
droplet did not flow off the first pattern, and after some time started to wet the first

pattern. Therefore, when a surfactant is used that is soluble in the solution of the



i nsol ubl e surfactant with a solution of PEDOT-PSS. Even if the surfactant
is water soluble, the surfactant coating can be sufficiently stable on the
surface oWotobesdeisr st material in contact with a water-bas@dTgHsswsa of

the second material, that on the short tine scale in which the second
solutionis in contact with the surfaee of the 'first material before the
second solution is driven back by surface energy forces, no significant

di ssolution occurs. For a water based solution of a conducting polymner
such as PEDOT/ PSS wat er soluble surfactants such as sodi um dodecyl sul fate
(SDS), natural surfactants such as egg-Phosphatidyl choline (egg-PC), or
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to be taken that the printing tolerance are sufficiently

Concentrations of the surfactant in the solution are typically on the order of the
CMC. At the CMC the surface activity is at its maximum, and a densely packed
surface layer is formed. For much higher concentrations the surfactant forms
phase separated structures, such as a micellar structure in the bulk of the
material, that tend to adversely affect the morphology and electronic properties of
the material. For many device applications the surfactant concentration should be
at the minimum required to provide sufficient surface repulsion for the deposition
of the second material, in order to minimize potential device instabilities induced

by diffusion of ionic species.

In the case of PEDOT/PSS formulated in water a surfactant that is alcohol, but not
water soluble can be codeposited from an alcohol cosolvent for the first
deposition, while for the second deposition pure PEDOT/PSS in water can be
used. The solubility of the surfactant in the solvent of the second material needs
to be sufficiently low that dissolution of the surface layer is avoided on the time
scale of drying of the second droplet. Dissolution of the surfactant shell may also
be prevented by depositing the second material in a way such that drying is fast,

i.e. by depositing from a hot solution or even from the melt using a phase-change



smal| that the second droplet are not printed over the first material.
Furthernore it is preferred, that the surfactant is tightly bound to the
surface. Woims/os&an be achi eved for exanple, by choosing apsardéretossss t he
head group of which has an opposite charge to that of the charged groups
on the surface of the first material.qdinder many deposition conditions
PEDOT/ PSS has a negative surface charge, because of the tendency of the
PSS conponent to segregate to the surface, increasing the density of S03
groups on the surface. If a cationic -surfactant such as DD50 is used in
such a case, tighter binding of the surfactant to the surface results than
wth an [Molq]l £ S ii fagtant in
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acti vi ty sushais nitrsgeratd acogleratalthe dyimgedfith@sekend matefizice | ayer is forned.
For much hi gher concentrations the surfactant forns phase separated
structures, such as a mcellar structure in the bulk of the wmaterial, that
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used. The solubility of the surfactant in the solvent of the second
material needs to be sufficiently Iow that dissolution of the surface
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material has a polar nature the non-polar block of the block copolymer tends to
segregate towards the surface and form a non-polar encapsulation of the first
material, that can be used to repel a solution of a second polar material.
Examples of suitable block copolymers are block copolymers of polyethylene
oxide (PEO) and polydimethylsiloxane (PDMS), or block copolymers of a non-
polar conjugated block such as polydioctylfluorene and a polar nonconjugated
block such as PEO [P. Leclere, Adv. Mat. 12, 1042 (2000)], or a block copolymer
consisting of a conducting and a semiconducting block (C. Schmitt, Macromol.
Rapid Communications 22, 624 (2001)). Such polymers are either soluble in
water or in a polar solvent miscible with water, and can be codeposited with a
conducting polymer such as PEDOT:PSS formulated in water. Other surface
segregating or amphiphilic molecules such as semiconductor nanocrystals with a

hydrophilic surface functionalization may also be used.

Another technique to selectively modify the surface is to codeposit with the first
material a component material of different polarity that tends to phase separate
with the first material. The component material is preferably one with a lower

surface energy that the first material, such that is has a tendency to segregate to



13 ink, by depositing onto a heated substrate, or by providing a stream of
dry gas, such as nitrogen to accelerate the drying of the second material.
The surf awe sesfeepgat i on may happen during the deposition acd/cBogiosss3i n t he
normal way or it may be necessary to enhance that process through
evaporation rate control, tenperaturegontrol or subsequent annealing. A
thermal step may be needed to assist this segregation process. It may be
necessary to further nodify a segregated layer as with the plasma
fluorination process descri bed above. An alternative technique to change
the polarity of the surface of the first material according to this aspect
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water/isopropanol mixture.

The vertical phase separation of the more hydrophobic PVP polymer can be
enhanced by deposition from a solvent mixture, a PVP cosolvent such as
isopropanol that has a lower boiling point than water. When the solution dries in
from the surface, the isopropanol dries on the surface, and promotes the

deposition of a PVP rich surface layer.

Yet another method to selectively modify the surface of the first region is the
application of a selective surface coating layer around the first material by a post-
deposition solution coating or vapour exposure step. The surface coating material
could be a surfactant, a block copolymer surfactant, a self-assembled monolayer,
capable of forming a covalent bond with a functional group on the surface of the
first material, but not with functional groups on the surface, or any other material
that selectively attaches to the first-deposited surface, but not, or at least not to

the same degree, to the surface of the substrate.



surface energy that the first material, such that is has a tendency to
segregate to WO 03/056641 PCT/ GB02/ 05863 14 the surface. The desired phase
separ at edwomspb@hpgy is that of vertical phase separati oPCEIIGBI2t05S53
conponent naterial covering the surface on top of the first material.
Techniques to induce vertical phase segaration are known fromresearch

I nto pol yner photovoltaic devices where a simlar norphology is desired
(for different reasons, however). Vertical phase separation can be induced
by a lower solubility of the third material conpared with the first
material, such that it falls out of solution first when the solution is
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mat eri al polymer semiconductors are poly(dioctylfluorene-co-bithiophene) (F8T2) or
poly(3-hexylthiophene) (P3HT). The PVDF solution dewets from the F8T2 surface
onto the PEDOT:PSS areas during a spin coating, blade-coating, inkjet printing or
other material's deposition step. The PVDF then serves as a patterning surface

for later depositions.

According to another aspect of the invention a third material is grown off
selectively from the surface of the first material. An example of such a third
material is a polymer brush grown off the surface of the first material in a
controlled way by functionalizing a surface with a chain polymerization initiator.
This chain polymerisation can be a controlled radical polymerization such as Atom
Transfer Radical Polymerization (ATRP) and the initiator would be a 2-bromo-2-
methylpropionic ester derivative. Other 'living' polymerizations such as anionic,
cationic, ring-opening methathesis may be used. These polymerizations allow the
formation of covalently bound polymers after functionalization of the surface with a
suitable initiator. In this invention, the surface of choice is the PEDOT:PSS layer.
After introduction of an initiator on the surface, subsequent exposure to
monomers and catalyst, in the presence or absence of solvents, leads to polymer

brushes on the surface which can be up to several hundreds of nanometers thick.



that selectively attaches to the first-deposited surface, but not, or at

| east not to the sane degree, to the surface of the substrate. WD
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a substrate containing a first PEDOI/PSS pattern in a solution containing
a cationic surfactant, such as a solutdon of DD50 in water. Prior to the
di ppi ng the PEDOT/ PSS pattern is annealed at a tenperature of 1500C in
order to render the PEDOI/PSS insoluble in water. During the dip coating
step the surfactant forns a surface coating on the PEDOT surface. Although
re dodngt want to be bound by theory, the surface layer is believed to be
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grown off the surface of the first material by an electrochemical process. In this
case the first material must be an electrically conducting or semiconducting
material to which an electrical contact is made after the deposition. The whole
structure is then placed in a solution containing a precursor of the surface coating
material, and an oxidation or reduction reaction occurs on the surface of the first
material when a voltage is applied to the pattern of the first material with respect
to a counter electrode in the solution. After further processing, perhaps involving
drying or curing, the second deposited material may be applied to the substrate

where the usual repulsion is seen forming a small, highly reproducible gap.

Although we do not want to be bound by theory, the width of the gap between the
first and second material, that is formed when the second material is repelled from
the surface of the first material, is believed to be determined by the drying mode
of the solution of the second material on the substrate. If the contact line of the
solution of the second droplet is not pinned during drying on the substrate, the
contact line of the second solution will move away from the boundary of the first
region upon drying, and gaps with a length of several micrometers can be
achieved (Figure 1(c)). In the other limiting case , where the contact line becomes

pinned as soon as it comes in contact with the boundary of the first region, the



formati on of coval ently bound polynmers after functionalization of the
surface with a suitable initiator. In this invention, the surface of

choi ce | swole/RBEDOT: PSS | ayer. After introduction of an ipaiTtGrmRossedN t he
surface, subsequent exposure to nononers and catalyst, in the presence or
absence of solvents, |eads to pol yner 1for ushes on the surface which can be
up to several hundreds of nanoneters thick. W 03/056641 PCT/ GB02/ 05863 16
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hydr ophobi ¢ | ayer to repel subsequent drops. |In another enbodi mnent of this
enbodi ment of invention a surface coating layer is grown by electroless
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sel ecti vekwfondleculahdirsendiae (Fighret h@)X i rst material. This surface initiator
then catal yses a surface reaction when the substrate is dipped into a bath
containing a precursor of the third material (Z.J. Yu, Journal of the
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surface coating material, and an oxi dation or reduction reaction occurs on
t he surfabevefthe rsebsirats, thenpresense ohextesnalgilecige, madaphe icsrevtatidapat t ern

of the fi.rst materjal wth. respect - j ution.
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repul sion is seen formng a small, highly reproduci ble gap. Al though we do

not want to be bound by theory, the width of the gap between the first and

second my (r)}o%g b NHoths: EMLTBMAeSr 1L pReEARdnyBHtBh! Mlerd s (FBGHLE T rom
method by which the surface of the substrate surrounding the first pattern is
modified during the drying process of the solution of the first material as to form a
surface energy barrier for the deposition of the second material that is self-aligned
around the edge of the first pattern. Several methods are disclosed here that
enable the formation of such a self-aligned surface energy barrier surrounding the

first pattern.

When a liquid droplet spreads on the surface of a wetting substrate, a so called
precursor film is formed around the droplet (see for example, Souheng Wu,
Polymer Interface and Adhesion, Marcel Dekker Inc., New York (1982)). The
precursor film is much thinner than the typical thickness of the bulk droplet and
extends beyond the macroscopic contact line of the bulk liquid droplet. In some
cases the precursor film is subdivided into a somewhat thicker secondary film and

a thin primary film.

Upon drying of the first droplet 16 this results in a very thin film of material around
the edges of the bulk droplets that can be used to selectively modify the surface

energy in a well-defined region around each droplet (Figure 3). The surface of the



the surface of the first material, is believed to be determned by the
drying node of the solution of the second nmaterial on the substrate. If

t he cont awD wBios@4nf the solution of the second droplet iecmaBoRiosssed
during drying on the substrate, the contact |line of the second solution
will move away fromthe boundary of theg first region upon drying, and gaps
with a length of several mcroneters can be achieved (Figure 1(c)). In the
other limting case , where the contact |ine becones pinned as soon as it
comes in contact with the boundary of the first region, the WD 03/056641
PCT/ GB02/ 05863 17 gap width is defined by the width of the surface |ayer
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are of submicrometer dimensions, it is rather more important that the gaps are
formed with a very high yield. A high yield is more likely to be achieved if the

separation between the first and second region is on the order of micrometers.

Although the precursor film is very thin, in some cases it might be desirable to
further reduce its thickness or even remove it after the printing of the second
material in order, for example, to reduce the conductance between the first
conductive and the second conductive region. This can be achieved by exposing
the completed structure after the deposition of the second material to a physical
etching process such as a plasma etching step. By adjusting the etching time this
process removes the very thin dried precursor film in between the first and second

region, without significantly thinning the much thicker bulk regions (Figure 2(d)).

Another possibility to define a region of modified surface energy around a first
printed droplet is to make use of the drying mode of the first droplet (Figure 4). If
the contact line of the first droplet is not pinned on the substrate initially, i.e. after
impinging onto the substrate, the diameter of the first droplet 23 shrinks during
drying, before it becomes pinned finally when the viscosity in the drying droplet

becomes so high that the contact line cannot move any further. If a surface



Pol ymer Interface and Adhesion, Marcel Dekker Inc., New York (1982)). The
precursor filmis much thinner than the typical thickness of the bul k
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droplet. In sone cases the precursor filmis subdivided into a somewhat

t hi cker secondary filmand a thin er@ary film Upon drying of the first
droplet 16 this results in a very thinfilmof material around the edges
of the bulk droplets that can be used to selectively nodify the surface
energy in a well-defined region around each droplet (Figure 3). The surface
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conduct aggﬁorﬁgts‘@ﬁg&amguéﬁ 581DD50 is used. In the case of a polar substrate surface
with positively charged surface groups, such as a glass substrate modified with a
self-assembled monolayer containing a NH3;" group, an anionic surfactant such as
SDS is used. Another example of a surface modifying agent that is capable of
bonding to a hydrophilic surface terminated, for example, by COOH groups and to
make the surface hydrophobic are alkylamine derivatives CH3a(CHaz)a.1NH2 [S.W.
Lee et al., J. Am. Chem. Soc. 122, 5395 (2000)]. When mixed into a solution of
the first material (that may also contain a cosolvent to facilitate the dissolution of
the surface modifying agent in the solution), the alkylamine derivatives deposit in
the surface region from which the droplets of the solution recede resulting in
formation of a narrow hydrophobic surface region around the final edge of the

dried material.

It is also possible of course that after the self-aligned deposition of the surface
modifying agent around the first droplet a selective chemical reaction is performed
in which another surface modifying agent reacts selectively on the modified

surface regions to further enhance the surface energy contrast.



conductive and the second conductive region. This can be achieved by
exposing the conpleted structure after the deposition of the second

materi al wo oa/opisysi cal etching process such as a plasnma eCahiBug/osicep. By
adjusting the etching tine this process renoves the very thin dried
precursor filmin between the first ang) second region, wthout
significantly thinning the nuch thicker bulk regions (Figure 2(d)).

Anot her possibility to define a region of nodified surface energy around a
first printed droplet is to nake use of the drying node of the first
droplet (Figure 4). If the contact |line of the first droplet is not pinned
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functi onQ%V'z‘ o%pg‘F g‘n nﬁé@%}tygﬁg Sg'p Al ){Zaﬁ'atgremhélgjr?h e case of a pol ar
subst r at @oaysdlacmotédute oegatyriet in em'm@esblaumri at ¢he dirstupsterialioh castache OH-
groups on the surface of a glass or SiQ2 substrate, a cationic surfactant
such as mithca nenypetal substraifa case of a pol ar substrate surface with
positively charged surface groups, such as a glass substrate nodified with
a self-assenbl ed nonol ayer containing a NH3+ group, an anionic surfactant
such as Another method is based on a modification by the surface topography by the

receding first solution. If, for example, between its initial contact line and the final
position of the contact line the solvent interacts with the substrate in such a way
that it increases the surface roughness, for example by swelling of the substrate
or by selectively dissolving a component of the surface layer of the substrate, the
resulting region of increased roughness around the first droplet can be used to pin
thé contact line of the second droplet when the latter is attempting to spread into
the region of increased roughness. Contact line pinning is known to be enhanced
by surface roughness. This effect can be used to prevent the solution of the

second material coming in contact with the region of the first material.

Yet another method of defining a self-aligned region of modified surface energy
around the first droplet is to mix the solution of the first droplet with an agent that
is able to diffuse out of the region of the first material, and modify the surface
energy of a small region on the substrate around the first region. The surface
diffusion of the mobile agent might be enhanced by annealing the substrate to

elevated temperatures. The width of the surface modified region in this case is



SDS is used. Another exanple of a surface nodifying agent that is capable
of bonding to a hydrophilic surface term nated, for exanple, by COOH
groups amaotos/osseake t he surface hydrophobi c are al kyl am necadasBozasicses
CH3(CH2)n_1INH2 [S.W Lee et al., J. Am Chem Soc. 122, 5395 (2000)]. Wen
m xed into a solution of the first rrg#ﬂerial (that may al so contain a
cosolvent to facilitate the dissoluti of the surface nodifying agent in
the solution), the al kylam ne derivatives deposit in the surface region
fromwhich the droplets of the solution recede resulting in formation of a
narrow hydrophobi ¢ surface region around the final edge of the dried
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sel ecti vereifapmiedal reaction is performed in which another surface
nodi fyi ng agent reacts selectively on the nodified surface regions to
further enhance the surface energy contrast. WO 03/056641 PCT/ GB02/ 05863
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surface ttﬁg?géigﬁwihbé/ﬁrlspﬁ]aterial, the solution of the second material is repelled when

it is coming in contact with the hydrophobic region surrounding the edge of the
first material. The solubility of the polar material 28 in the solvent of the first
material needs to be sufficiently low as to promote initial spreading of the droplet,
followed by a contraction of the droplets once layer 28 has dissolved into the

solution of the first material.

The drying mode and surface energy barrier width can be controlled by the
surface energy of the substrate surface, i.e., the contact angle, the surface and
interface tension of the liquid solution on the substrate, the temperature of the
substrate that affects the drying time of the first droplet, the gas atmosphere

above the substrate, the presence of electrical, magnetic, or gravitational fields,

etc.

Yet another way to modify the surface conditions of a first conducting material 42
is to dedope the surface layer or to deplete it off charge carriers (Figure 7). In the
case of a conducting polymer dedoping of the surface layer results in a non-
conducting surface layer 43 with modified surface energy and solubility properties.

The dedoping might, for example, be performed by electrochemical dedoping. The



receding first solution. If, for exanple, between its initial contact line
and the final position of the contact line the solvent interacts wth the
substrat ewor3@s@ht a way that it increases the surface rorghremR/05566r
exanple by swelling of the substrate or by selectively dissolving a
conmponent of the surface |ayer of theégpbstrate, the resulting region of

i ncreased roughness around the first opl et can be used to pin the
contact line of the second droplet when the latter is attenpting to spread
into the region of increased roughness. Contact line pinning is knowm to
be enhanced by surface roughness. This effect can be used to prevent the
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di ssol vesohthectivegyalymérit matemalad its edges, and uncovers the surface of the
buri ed hydrophobic substrate in a region 31 that is self-aligned wth the
edge of the first material. If a solution of the second material 32 is

deposi t efh 5gR Sastid §AGHF ab R4S AirReRRbr §&regating to the surface of the first
drop, it may be necessary to remove the surface coating layer after deposition of
the second material. In some TFT device architectures where the conducting
channel would be deposited in contact with the printed self-aligned source and
drain electrodes charge carrier injection might be impeded by the presence of
insulation surface coating layers. The selective removal may be achieved by a
washing step, by a physical etching step or other controlled material removal
techniques. In a bottom gate TFT structure (Figure 8 b to d), or a structure as in

Figure 12 with the channel materials underneath the channel material, this may

not be necessary.

In all cases the formation of the self-aligned gap between two printed patterns can
be used for arbitrary shapes of the printed patterns, i.e. to define a gap between
two single printed droplets, or to define a gap between a first pattern of linear
dimension, for example in the form of an interdigitated array with increased area

of contact.

In one embodiment of the invention a first material is deposited onto a surface and

then surface modified. A second material is then deposited so that there is a



the region of the first material, the solution of the second material is
repelled when it is comng in contact with the hydrophobic region
surroundiwg oBlosséetige of the first material. The sol ubili PgTaBoRlss6pol ar
material 28 in the solvent of the first material needs to be sufficiently
|l ow as to pronote initial spreading of,4he droplet, followed by a
contraction of the droplets once Iayer2 8 has dissolved into the solution
of the first material. The drying node and surface energy barrier w dth can
be controlled by the surface energy of the substrate surface, i.e., the
contact angle, the surface and interface tension of the liquid solution on
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via, for aAveptageaus sgnwing Brocessing techniques. In another enbodiment of
the invention both the confining layer and material of interest are

simlar, or indeed identical materials, including but not_ exclusi velg/
conduct i Uéepdéepositedc madgerials anay be placed simultaneously and adjacent onto th

surface where repulsion occurs due to the nature of the differences in solvent.

terial

The basic premise is that two immiscible solvents are used that, under normal
circumstances repel each other (polar and non-polar for instance). Itis envisaged
that the deposited materials are dissimilar or similar in chemical composition; A
further modification of this technique is to use a surface modifying additive, or
groups, to both deposited materials. These materials may be aqueous or solvent
based in nature, and may be of similar or dissimilar materials. These surface
active agents or groups, when deposited simultaneously, or separately (but not
drying) AND adjacent to each other, interact and repel either due to steric

hindrance or electrical repulsion (Figure 6).

The processes as disclosed here can be used for the controlled fabrication of a

range of electronic devices.

If the first and second material are conducting materials they can be used as
source and drain electrodes of a thin-film transistor with the self-aligned gap
between the two regions forming the channel of the TFT. Several TFT
configurations are possible, such as top gate TFTs with the source and drain

electrodes printed on top of the substrate (Figure 8(a)) or directly on top of the



In sonme cases, such as that of an insulator segregating to the surface of
the first drop, it nay be necessary to renove the surface coating |ayer

af ter depweimiosss4df the second material. In sone TFT devipca/GBolsgeact ur es
where the conducting channel would be deposited in contact with the
printed self-aligned source and dralg%electrodes charge carrier. injection
m ght be inpeded by the presence of imsulation surface coating |ayers. The
sel ective renoval may be achieved by a washing step, by a physical etching
step or other controlled naterial renpval techniques. In a bottomgate TFT
structure (Figure 8 b to d), or a structure as in Figure 12 with the
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enbodi nmen e 1nvention mat er 1 al eposited onto a surface
and t heelextrotas eineotly frite the AF$ exconchutedioardrannes t hen deposited so that
there is a WO 03/ 056641 PCT/ GB02/ 05863 23 sel ective repul sion between the
first material and the second. The first layer is then renoved by
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exposed i s difired for further treatnment (with an adjacent, well defined

| ayer of cerfiretd omabbethi sitlps (Figuom®)eltbedirakatepos rnaf@vv nvehtdedined aan il

or ' 1 ndeotrbAPMASE A bt Bt AT ogRatarL af By Buay iy 2 ees
23&92 Ir Ergtglljgrﬁb@rmai pladhid Feafhént! as Hektabed aboven thermmfa@es cﬁdh@lﬁﬂrﬁgﬁﬂils
second material are prepared in a low energy state. A third material 56 can
subsequently be printed into the gap region and can be confined to the gap region
by action of a repulsive surface interaction with the first and second region. If the
third material is a conducting material such as PEDOT/PSS narrow conducting
lines 57 can be printed, with a width that is reduced significantly compared with

the width of an confined conducting line.

An example of such a structure are first and second regions of an insulating non-
polar polymer such as surface modified PVP or polyimide on a polar substrate
such as glass or a substrate with a top layer of polyvinylalcohol. Such a structure
is able to confine droplets of a water-based, conducting polymer solution of
PEDOT:PSS, and allows definition of a narrow conducting line. Such lines can be
used, for example, as interconnects in electronic circuits, or as gate electrodes in
TFT devices with reduced overlap capacitance between source/drain and gate
electrodes. Even if the third material is not fully confined to the gap region the
increasing thickness of insulator away from the middle of the doubly confined line
would also serve to further reduce overlap capacitances with underlying

electrodes (Figure 9).



The deposited materials may be placed sinultaneously and adj acent onto the
surface where repul sion occurs due to the nature of the differences in

sol vent. woOlg/ob@si c premise is that two i mm scible sol ventrETasE2/05%d t hat ,
under nornmal circunmstances repel each other (polar and non-polar for
instance). It is envisaged that the osited materials are dissimlar or
simlar in chem cal conposition. A f her nodification of this technique
is to use a surface nodifying additive, or groups, to both deposited
materials. These materials may be aqueous or solvent based in nature, and
may be of simlar or dissimlar materials. These surface active agents or

gr oups, e t
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can al so on either side of the sem conducting |ayer (Fi ure 8(c) and
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confined on both sides (Figure 9) In a first step a narrow, well defined

gap is opened. An example of such a structure are nonpolar confinement structures of
surface modified PVP or polyimide, on a layer of PVA with underlying electrodes
of PEDOT:PSS. If a good solvent 63 for the dielectric layer is deposited onto such
a structure, the solvent is only able to dissolve the dielectric layer inside the gap
formed between the two nonpolar regions,'as long as the nonpolar polymer is not
soluble in isopropanol. As a result a via-hole is formed with a dimension that is
defined by the size of the gap between the two nonpolar self-aligned confinement

regions (Figure 10).

The process described above is also useful for defining other components of self-
aligned electronic devices other than electrodes, such as the active

semiconducting layer itself or the gate dielectric layer.

Figure 11 shows a schematic cross section of a self-aligned transistor device
according to the present invention with a bottom gate 66, a gate dielectric 67, self-
aligned source-drain electrodes 68 and 70. In this device the surface modification
layer 69 used for the self-aligned printing is a semiconducting material that also
forms the active semiconducting layer of the device. In this case it is important
that the drying mode of the second droplet results in intimate contact between the

first and second electrode. Semiconducting surface modification layers 69 can be



formed between a first region 53 and a second region 55. By using

techni ques such as CF4 plasnma treatnent, as described above, the surfaces
of the fiwetosands1 second naterial are prepared in a | ow emeTgBRDSIE. A
third material 56 can subsequently be printed into the gap region and can

be confined to the gap region by acti of a repulsive surface interaction
with the first and second region. If the third material is a conducting
mat eri al such as PEDOI/ PSS narrow conducting |ines 57 can be printed, with

a wdth that is reduced significantly conpared with the width of an
confined conducting Iine. An exanple of such a structure are first and

second regions, of an i nsul ati I dified
Ve or paroni s eI a, BeblbuBsanaP 21k e orERin BGoiifer Brases BFF L' 2
top | ayersypfacB®) si¢hrd @dritdnel radicahpslysicrigatiame is able to confine

droplets of a water-based, conducting polymer solution of PEDOT: PSS, and
allows definition of a narrow conducting line. Such |ines can be wused, for
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droplet dianeter it is necessary to confine the solvent droplets on the

surface ohodificationubyersat4 andibsCamhe Ig50wR HPeeample by teahpiqusdithgt a3 1n a
simlar \Qﬁg S?O\Nth of polymer brushes off surfaces, such as controlled radical

polymerization, such as surface-initiated polymerization of PMMA.
The invention will now be described by way of the following examples.
Example 1 — CF4 surface treatment

An example of a vapor phase process to form a self-aligned source-drain TFT,
assisted by an RF plasma, is shown in Figure 2. In this example, a CF4 plasma
selectively modifies a first-deposited PEDOT:PSS layer relative to its glass
substrate. The substrate in this case is a glass substrate or a conjugated polymer
semiconductor thin film, such as F8T2 on top of a glass substrate. The surface
modification primarily serves the purpose of repelling a subsequent deposition of
material. However, it may also serve the purpose of electrically or otherwise
deactivating the near surface or edge‘area of the first-deposited material or
altering the solubility of the near surface or edge area of the film. This may serve
the purpose of electrically isolating or expanding the gap between the first and

subsequently deposited materials.



described in the previous section a self-aligned confinenent structure
60,62 can be defined on the surface of a substrate that contains buried

el ect r odew038/05@41 whi ch el ectrical connections are to be estaBo2obsd. The
buried el ectrode is covered by a dielectric layer 59, through which a

vi a- hol e connecti on needs to be open An exanpl e of such a structure are
nonpol ar confinenment structures of surface nodified PVP or polyinde, on a
| ayer of PVA with underlying el ectrodes of PEDOT:PSS. If a good solvent 63
for the dielectric layer is deposited onto such a structure, the solvent
Is only able to dissolve the dielectric |ayer inside the gap forned
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section dfetwmeselte 8lo BEED T P&Bieggioms.devi ce according to the present

invention with a bottomgate 66, a gate dielectric 67, self- aligned
source-drain electrodes 68 and 70. In this device the surface nodification

layer 69 pgedf be%gﬁé?e,ﬁﬁ!tﬁrsa&élﬁﬂ@ QB Nepsred @@ﬁ? GONSNE idsainpaed i al
that also Tornms the active sem conducting |ayer of the device. In this
case it ioxypepqliasma etdting. Tihe sdbstrate isodeunted theneat AdnEbpEad andsal ts in

intimate contact between the ' ; \ C [
surf ace. HBAT peiGHE e R DG BB oG Bk SRR A 5P own
for exanp gp iy d&RBAE Higs hdtf (BODYWNtNE depewitdy sbichp tatrstibsbiuesiteatrops f
surfaces, such as controlled radical polynerization. Figure 12 shows a

schemat i @rer tashingctanen fofm aaseprtinyqugndaet patiainst oPthsysedution  printing
techniques are envisaged for example continuous inkjet, flexographic and gravure

lithography, screen printing and pad stamping. The drops, at this stage are
unconfined, with the spread determined by the substrate and drying under normal
evaporative conditions. Furthermore the drying process may be aided, but not
exclusively required by, using hot air drying, ultrasonic drying or other forcing
conditions. The printed material is then surface modified, by the use of CF.4
plasma etching at a power of 50 to 250W for 30 s to 10 min. The CF,4 plasma
renders the surface of the PEDOT/PSS pattern on the substrate hydrophobic,
while the surface of the glass substrate remains essentially hydrophilic. The
substrate is then remounted beneath the printhead and a second PEDOT/PSS
pattern is deposited close to the first, surface modified PEDOT/PSS. The jetted
droplets spread towards BUT are repelled by the hydrophobic surface of the first
PEDOT/PSS pattern. If the droplets of the second pattern of PEDOT/PSS are
deposited on top of or partially on top of the first PEDOT/PSS pattern, we
observed that the droplets of the second pattern are repelled, and flow off the
surface of the first pattern, and dry in such a way that the contact line of the
second PEDOT/PSS pattern is in close proximity of the contact line of the first
PEDOT/PSS pattern. The second droplet conforms to the edge of the first
PEDOT/PSS pattern.



according to the present invention with sem conducting |ayer 72,
self-aligned source-drain electrodes 73 and 75, and gate el ectrode 77. In
this deviwe hsse4surf ace nodi fication |ayers 74 and 76 use@dTiGBo2t0bss3
self-aligned printing is a dielectric material that also forns the gate
dielectric layer of the device. Al so i this case it is inportant that the
drying node of the second droplet res s in intimate contact between the
first and second el ectrode. Sem conducting surface nodification |ayers 74
and 76 can be grown for exanple by techniques that allow the growth of

pol ynmer brushes off surfaces, such as controlled radical polynerization,
such as surface-initiated polynerization of PMA. The invention wll now be
descri bed by way of the follow ng exanples. Exanple 1 - CF4 surface

t r eat ment|n Afiis €4sH1OM & i9poasiBrRPEr atRhinyenpsmel gapt between theshist aatlisgoend
source-drain TET, assisted by an RF plasma, i s shown in Fi gﬁ{(ﬁzz In this
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serves the purpose of repelling a subsequent e@gsosi tion of ri al
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or altering ity o e near surface or edge area of the film
Thi s may between thehivppaterse ihee¢rteless well yafiset aandhgo eleatsigristicig arée gap
bet ween the fi rse%wand subsequent |y deposited naterials. WO 03/056641

PCT/ GBO2/PHe#tY besyesqi the g p%?%rﬁsi ncl udes the printing or otherw se
depositing the second material on or adjacent to the first printing. Due
to the repelling nature of the first surface, the second-printed materi al
i s pi nnedExample2 edutactant matlifipdtinksfirst drop. In the

For the inkjet deposition of the first PEDOT electrode pattern different surfactant
molecules were mixed into a PEDOT:PSS ink, that consisted of a 1:1 mixture with
water of PEDOT Baytron PH'as available commercially from Bayer with various
concentrations of surfactant. Cationic (DD50), anionic (SDS, Fluvorolink), and non-
ionic surfactants (alkylethoxylated surfactants of the form EOpy CyH20OH were
used with concehtrations varying between 1 mg of surfactant / ml PEDOT/PSS
stock solution and < 0.1 mg of surfactant / ml PEDOT/PSS stock solution. In the
case of DD50 and the ethoxylated surfactant the ink consisted of a mixture of the
PEDOT/PSS stock solution in water and a solution of surfactant in isopropanol, as
both DD50 and the ethoxylated surfactant with alkyl chains longer than n =5 are

not water soluble.

The surfactant modified inks were inkjet deposited onto a range of different
substrates with different surface polarities. 7059 glass substrates were used that
were made wetting by O, plasma treatment (250 W for 10 min) which produces a
large number of negatively charged OH" functional groups on the surface.
Hydrophilic glass substrates were also modified with a quaternized amine self-

assembled monolayer to produce a polar surface terminated by positive NMe3"



case of the fluorinated PEDOT: PSS, this then |leads to an extrenely snall
gap between the two PEDOT: PSS regions. A clean substrate, in this exanple
gl ass, iswprgpsssed usi ng sol vent washing and oxygen pl as®PaT&iRIRi0sSRg3 The
substrate is nounted beneath an inkjet head and a |iquid conductive

pol ymer, PEDOT/ PSS ( BAYTRON P, Bayer)g?s introduced to a drop on denmand

i nkj et head (DOD) and is deposited su t hat subsequent drops are touching
and forma continuous |ine pattern. Qther solution printing techniques are
envi saged for exanple continuous inkjet, flexographic and gravure

| i t hography, screen printing and pad stanping. The drops, at this stage are
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the droplets o e second pattern of PEDOI/ PSS are deposited on top of or
parti al | gudace epeody indeced hytthPEDORCEEE Phistie evidenee febher sraregation PEe

d | et f t ,
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second PEDOT/ PSS pattern is in close proximty of the contact line of the
first PEDOT/ PSS pattern. The second droplet conforns to the edghe f the
an

first PRfieTRsSepasitionf thfios @eeture peffeicanasrpsysirates were annealed

at a temperature of 100-150 °C to remove residual water from the PEDOT, and to
further promote the segregation of the surfactant. In a second set of experiments

the substrate was not annealed prior to deposition of the first PEDOT electrode.

For the second PEDOT electrode we used both unmodified PEDOT/PSS stock
solution as well as the same surfactant containing ink that was used for the
deposition of the first PEDOT pattern. No difference was observed with respect to

the ability of the first droplet to repel the ink of the second droplet.

In the case of the ink for the second and first electrode being identical the second
electrode pattern was printed immediately after the first pattern, in some cases
even while the first electrode was still partially liquid. Even in this case repulsion

between the two droplets was observed.

With some surfactants, such as water soluble SDS, the yield for non-shorted
source-drain electrodes was higher when the ink of the second droplet was not
printed directly on top of the first droplet, but only came in contact with the edge of
the first electrode during the spreading motion of the second droplet on the

substrate. This is believed to be due to partial dissolution of the surfactant coating



28 In this fashion it is possible to attain very snmall gaps between the
first and second printed PEDOT patterns. The gap w dth depends on the

dryi ng nowe osfoséche PEDOT dropl ets on the substrate after pcrayBoaasss3f | own
off the first PEDOT pattern. On a hydrophilic glass substrate gaps down to
| ess than 100 nm have been neasured 0atorn'c force m croscopy.
Measurenments of the electrical conductivity between the first and second
PEDOT pattern show that the gap between the two patterns is neverthel ess
wel | defined, and no electrical shorts are present between the two
patterns. Exanple 2 - Surfactant nodified inks For the inkjet deposition of
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subst r at @sthwi drhalflirfthernemdticsendrgg evitrolaroht thescont&étding! efsthesadashd adregleter e

used that were nmade wetting by 02 plasma treatnmept (250 Wf 10 mi
whi ch pr wgmeswntpathgebmm%éy Oéfthﬁgtﬁ%tt fpplist. aeg”?B@dE@Inq Wﬁg{?wné& oups

on the surface. drophi.li I | ] a
quat er ni ¥Vét(§] &%%Qemsﬁele&g ndd scéﬁg% g@%ﬁ%#?m’/@é SV%%QQCOZB%EBQ%?&?L&M gi‘e
t erm nat gk Byt FEDOTVgattdYR3Figure 14 shows optical micrographs of self-aligned first
and second droplets on a glass substrate (a) & (b) and on a PMMA substrate (c)
& (d). The first droplets are round, while the second droplets are distorted and

conform to the round shape of the first droplets.

It was observed that the polarity of the surface had a significant influence on the
reliability of the self-aligned printing in terms of the number of devices with shorts
between source and drain. On a plasma treated glass surface with a high density
of negatively charged hydroxyl groups on the surface anionic. surfactants such as
SDS showed much poorer reliability than cationic surfactants such as DD50. On
the other hand, on a SAM treated, NH;" terminated glass surface, SDS showed
much better reliability than DD50 (Figure 15). This is interpreted in terms of the
surfactant modifying a surface region of finite width around the edge of the first
droplet that exerts a repulsive force when the second droplets attempts to spread
into this surrounding region. This surface modification might occur when the first
droplets recede somewhat on the substrate during drying, before the contact line
becomes fixed, or by diffusion of the surfactant out of the region occupied the first
droplet. The surfactant might also adhere to the surface during the spreading of
the droplet and force the contact line to recede a bit -> “autophobing”. The ability

to modify the surface of the substrate in a region surrounding the first droplet



WO 03/ 056641 PCT/ GB02/ 05863 29 surface groups (P.K Ho, Adv. Mat. 10, 770
(1998)). d ass substrates were also coated with |ayers of PVP and PMVA

pol ymer. Wwoaspsdeyner surfaces were prepared in a hydrophiPdreaGBes$eag st ate
by a short, I|ow power 02 plasna etching step (100 W for 30s). In the case
of PMMA this step is necessary, becau the surface is too hydrophobic to
allow inkjet printing of continuous patterns of PEDOT. In all cases
surfactant nodified PEDOT droplets had a larger radius on the substrate
after drying than pure PEDOT droplets due to the lowering of the surface
energy induced by the surfactant. This is evidence for the segregation of

t he surfactant th ' '
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at a tenggpaionatgupbh thedsudce ofeheuebstetedual wat er from the PEDOT, and
to further pronbte the segregation of the surfactant. In a second set of
experinments the substrate was not anneal ed prior to deposition of the
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sour ce- drighBo gbBESitieN s s &th Anadiiustrasultslvens obtenezriopiBDSIr opl et was
not printed directly on top of the first droplet, but only canme in contact

with the edge of the first electrode during the spreading notion of the

second drl'-otPrlheetr e?/Pdetn%% for surface modification of the substrate in a region around the

droplet was obtained by varying the concentration of the surfactant in the solution
of the first PEDOT electrode. It was found that the smaller the concentration of
DD50 in the PEDOT solution the smaller the gap formed between the first and
second electrodes. Figure 16 shows atomic force microscopy images of self-
aligned source drain electrode with different concentrations of DD50. In this
experiment the PEDOT ink of the first and second electrodes were identical. The
safety distance for printing was A = 20 pm. For a concentration of 1mg/ml the self-
aligned gap between the two electrodes was on the order of 10 um, for a
concentration the gap was on the order of 2 um, and for a concentration less than
0.1mg/ml the gap was 200-400 nm. This shows that the gap size can be
controlled with the surfactant concentration. It also gives further evidence that the

surfactant acts to modify the surface region immediately adjacent to the droplets.

Figure 17 shows output and transfer characteristics of two TFTs with a printed
bottom-gate PEDOT electrode, a 1um thick PMMA dielectric layer deposited from
butyl acetate, self-aligned PEDOT source-drain electrodes deposited from a
solution with a concentration of <0.1mg/ml of DD50, and a P3HT semiconducting

layer spin-coated from m-xylene on top. The PMMA surface was exposed to a



substrate. This is believed to be due to partial dissolution of the
surfactant coating WO 03/ 056641 PCT/ GB02/ 05863 30 when the water based ink
of the sewornd/iogseapl ets cones in contact with the surfact @ur/Gloelobss3\We can
define a printing distance s as the smallest difference between the edge
of the first droplet, and the centre the second droplet when it inpacts
on the surface of the substrate. If t second droplet has a dianeter dl in
the air prior to inpact with the substrate, and a nmaxi num di aneter d2
during the spreading notion in a honogeneous region of the substrate, the
printing distance s had to be inthe ranged, / 2 +tA<s <d2/ 2. Ais a
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observed that the polarity of the surface had a significant influence on
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surface with a high density of negatively charged hydroxyl groups on the

surface @dperfentsl sinditdraottie Smehdeserib&OH Examte @uwarepalsogrerfoeinied bwith t y
than cationic surfactants such as DD50. On_ the other hang,&f on a SA

treated, REROTRS vk Bat gichaat catainany ssBctHiWEGthIS0R3F bASHOPSEEYEhbi 1ty
t han DD5 Fi.gu ThisS:h$ / r i he ct ant
modi fyi nghéit gﬂr F%Cé@séngq ghe%(g?&félﬁlgtgewva%gts%éa?%%ﬁéﬁt%ﬁgé e(ggen%t?%{d;qg’ :‘ilér st
dropl et tWiainesBetHessecaneparioplet eafrar ingoutte withtbe diestaivdpkét dprieg spegadérgpt s t o

spread into this surroundi region. This, surface nodification mght occur
V\Een t he o thgsubstrate, it wettecpt%e fFrgt é)rople ,and an erec rical sﬁort was generateg.

However, on a PMMA surface that was treated with a 100 W O, plasma treatment
for 30s, we observed that if the printing distance was controlled very carefully,
i.e., A = 20 um was sufficiently large, such that the spreading second droplet had
a slow contact line velocity when coming in contact with the first droplet, formation
of a small gap on the order of 200 nm resulted without electrical shorts. This
shows that under accurate printing conditions the surface of PEDOT/PSS itself,
i.e. without additional surfactant, provides a sufficiently strong repulsive force
between the first and second PEDOT droplets. This is believed to be related to
the tendency of PEDOT to phase-separate. Upon drying the surface becomes
enriched with the more hydrophobic PSSH component. A second possible reason
for the repulsive force might be the existence of a modified surface region around
the edge of the first droplet. This modified surface region might have been formed
by deposition of some hydrophobic component, such as protonated PSSH, from
the PEDOT solution onto the surface of the substrate, while the first droplet
recedes during drying of the solution, or by deposition of hydrophobic material
during the drying of the precursor wetting layer. Note that on a PMMA substrate

the contact angle of PEDOT in water is significantly higher than on a glass



dropl ets recede somewhat on the substrate during drying, before the contact
line becones fixed, or by diffusion of the surfactant out of the region
occupi ed wasfoséest dropl et. The surfactant m ght al so adiPerssRoe/05%66
surface during the spreading of the droplet and force the contact line to
recede a bit -> "autophobing”. The abi:#'ty to nodify the surface of the
substrate in a region surrounding the rst droplet WO 03/056641

PCT/ GB02/ 05863 - 31 appears to be enhanced if the head group has a charge
that is opposite to that of functional groups on the surface of the
substrate. The ability of the surfactant to nodify the surface of the

substrate verified . directl i are cLr i b) .
When & nayberal yIEharaRancios! Hr BoTPer okl saMoe RRFERNobe, SR )
sol uti on HfhaREBE byidHnealis trepeRértoof thakiest REDOT patterdipjor g depositidn efi dence
for bonding of thé DD50 nol ecules to the substrate surface. The

char act etheseeengpg@at ure of DD50 was observed even after rinsing the
substrate in water. On a positively charged surface no evidence for DD50
depositi on was observed. Anal ogous results were obtained for SDS. Further
evi dence E)@!’mgldzri acselfralighed printmg by iveetisalsase separationegi on around t he
dropl et was obtained by varying the concentration of the surfactant in the
solution of the first PEDOT el ectrode. It was found that the smaller the

concent r 3d s yerlBlo! fAutiBeiHERYTinkpl Upritin B thEmlilserelbbfodiafrdmr aBd

bet ween the second el eCtrodes. Fidgure 16 shows atom c force
m cr oscopyrmuaties ob PERDT/PSS iy natersmivedewiin @i soletier of GIE il i99PEERENS ent

trati 0. i i th i f i t d
cetond cilb meuabPHE & PEDAT a3l WAREOLERG hE PR IRA) Y P R EnRE Tas A =
20 m Forbe%aﬁé’é“?f%”t%ﬂﬁééé“i‘s @éssflp%la(rm%aphmaﬁﬁff%@bmpss,Qﬂrw PatPvean bée two

el ectrodes was on e order o or a_concentration the gap was on
t he or derdisfol®doin alochdl osoleententhent aret miscibles withhwaterg i®. ngVRI CBRebYap was

200- 400 %@deggéi?eds'&ﬂ%ﬁs P%%Tﬁgs.g%rﬁigz%ecﬁﬂliﬁ)& of the solution on a glass
substrate the PVP component segregates to the surface and forms a hydrophobic
surface coating around the first droplet. It was observed that the vertical phase
separation between PEDOT/PSS and PVP could be enhanced by post-deposition
annealing of the first printed electrode. Annealing under an atmosphere of
isopropanol solvent at temperatures of 60 °C (for 6 hours) was found to be
particularly effective. The solvent is believed to enhance the mobility of the

polymer during the annealing step.

When the second droplet of PEDOT/PSS in water (not containing PVP) was
printed in contact with the first droplet very efficient repulsion between the two
droplets was observed. Figure 18 (a) shows measurements of the electrical
conductivity measured with two electrical probes‘ both placed on the first
PEDOT/PVP droplet, both placed on the second PEDOT droplet, and one
electrode placed on the first PEDOT/PVP droplet and the other one placed on the
second PEDOT droplet, showing that no electrical short is present between the
first and second droplet. The conductivity of the first PEDOT/PVP droplet is
reduced by a factor of 2-3 with respect to the second pure PEDOT droplet. Figure



controlled with the surfactant concentration. It also gives further
evidence that the surfactant acts to nodify the surface region imediately
adj acent wo oBlossedr opl ets. Figure 17 shows out put and tr amsfTasB02/05863
characteristics of two TFTs with a printed bottomgate PEDOT el ectrode, a
Imthick PMVA dielectric |layer depositgd from butyl acetate, self-aligned
PEDOT source-drain el ectrodes deposi té3 froma solution with a
concentration of <0.1 ng/nl of DD50, and a P3HT sem conducting |ayer

spi n-coated from mxyl ene on top. The PWMVA surface was exposed to a WO

03/ 056641 PCT/ GB02/ 05863 32 100Wfor 30s prior to the self-aligned

printing. T hannel, .l ength i n thi | ce f - 400
D 0T sPORE o thE iRl s LB el s KB et
oper at i ORedFceASREYOENt dtralinglofltte] firsetraphitidfiet depasitiant ed from the
saturated transfer characteristics is on the order of 10-3 cn2Ns. Exanple 3

- Surfactant-free PEDOT/ PSS i nks Experinents simlar to the one described

| LT GRSy PuREE ATRAt hor SRORHLESE Bl ot ddagtupprtal

any surf sStcase it was obs 02 plasma treated
gl ass subsftirat PEDOTEPNFOeissrodied adt otverkisei fabricateldeirevbe $dree swapnals

g2 . PO . : .

Subot T ot @espibain daape .+ Uihep, te Bt BROT P (e ORI ited G 1M

gener at edy, , ﬁ\ﬁ‘ﬁg@tﬁn %@ Ml are él{}‘?énﬂ"@sréd&@ﬂeg W tfcr 160 24 02
9Nt T >35S at {
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accurate printing conditions the surface of PEDOT/PSS itself, i.e. wthout
addi t i onaleviser fTas amoblepr oan dus oxeronie dyensing ther sarpndeplectpde 3o the

? gt neen tsgﬁrgei, rel2nd gecend BEDRL: dLOPLRHS - to B Smbre RENSRVEN RoREact el at ed
resistance as it is the reverse biased electrode. In addition, the contact resistance
can be reduced by minimizing the concentration of PVP in the formulation of the
first droplet, or by selectively dissolving the PVP surface layer, such as by dipping
the substrate into a bath of isopropanol or other alcohols after deposition of the

second electrode.
Example 5 — Removal of shorts by etching

As mentioned above with some surfactants and printing conditions electrical
shorts were observed between some first and second droplets in contact with
each other. However, even in such cases it was observed that the thickness of the
region of contact between the two droplets was much smaller than the thickness
of the two droplets in their centre. The two droplets exhibit a thickness profile with
a continuously decreasing thickness towards the line of contact between the two

droplets (see AFM micrographs in Figure 21).

We found that the electrical shorts can be removed by etching of the samples.

The etching process removes a PEDOT layer of a given thickness from the



the tendency of PEDOT to phase-separate. Upon drying the surface becones
enriched with the nore hydrophobi ¢ PSSH conponent. A second possi bl e reason
for the rwpuBssasel f orce m ght be the existence of a nodif iped/GRf08858 r egi on
around the edge of the first droplet. This nodified surface region m ght
have been fornmed by deposition of so hydr ophobi ¢ conponent, such as
protonated PSSH, from the PEDOT solugﬁhn onto the surface of the
substrate, while the first droplet recedes during drying of the solution,
or by deposition of hydrophobic material during the drying of the
precursor wetting layer. Note that on a PMVA substrate the contact angle

of PEDOT in water is,sSi nlflcantlyh he o] / 1
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pattern prior to deposition of the second one. n;{)%e 4 - Self- ned
all

pr |knt| ngetthn@rpmms p@aﬁ@t@éﬁémv%nalbwﬂ@%'ﬂﬂeﬂ@t o aPdpihecgles 'CS‘
ket bR 9 v Rl @b PLSTRPRIS iidi AR oAl b b BLodRATIESS | 1
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pol ar than that of PEDOI/PSS, and PVP can %S di s Ived Ivents
that areths stehing time Hhesganduciivity megsugeth éwe%q) ﬁ&g’ot E%Q?éf / PSS.

During t 08 (e 9ol REs Ol Ser0Bo i 3% cufrdhe flodt eomaebé’\%mnent

segr egat e surface”’and forms a hydrophobic surface coating around

the firskcseptes Jum¢t|0m$F|gbeear2£hdb) heartd t(b)) \Fegtun8c£I1 ph@Wé at@@p@r ¢®n
bet ween PEDOT/ PSS and PVP coul d. b enh ROS gn l'ing
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parti cul arPy efrfectlve %}?Pgso | vent is believed %tfg e(rg ane t he rm%?i?lty of
t he plasma treatment the surface roughness is enhanced. The gap between the first
and second droplet is so small that it is not detectable by atomic force
microscopy, but the electrical measurements in Figure 20 clearly shows that a gap

exists.

Figure 20 (e) and (f) show output and transfer characteristics of a top gate field-
effect transistor with a pair of initially shorted self-aligned PEDOT source-drain
electrodes on a glass substrate. The device was fabricated after subjecting the
shorted electrodes to an O, plasma etching treatment. The semiconducting
polymer of F8T2 and the PVP gate dielectric were spin coated from solutions in
m-xylene and butyl acetate, respectively, on top of the PEDOT source-drain
electrodes. The device exhibits clear short-channel characteristics, such as a lack
of current saturation in the output characteristics, and a reduction of the ON-OFF

current ratio with increasing source-drain voltage.
Example 6 — Post-deposition surfactant treatment of PEDOT
Efficient repulsion between the first and second PEDOT droplets has also been

achieved by exposing the surface of the first PEDOT electrode to a solution of a

surfactant prior to deposition of the second PEDOT droplet. A first pattern of



pol ymer during the annealing step. Wien the second droplet of PEDOT/ PSS in
wat er (not containing PVP) was printed in contact with the first droplet
very ef fiwbaawsseepul si on between the two droplets was obeemxcmd2/oFegure 18
(a) shows neasurenents of the electrical conductivity neasured with two
el ectrical probes both placed on the fjrst PEDOI/PVP droplet, both placed
on the second PEDOT droplet, and one ectrode placed on the first

PEDOT/ PVP dropl et and the other one placed on the second PEDOT dropl et,
showi ng that no electrical short is present between the first and second
droplet. The conductivity of the first PEDOI/PVP droplet is reduced by a

factor of_ 2- i espect to t sec le

03/ 05664T @F&%%Gs@gg é%ﬁroﬂaeﬂ) ﬁ’%&s%‘?g 'g%gggF@ @ eggur%gﬂ%ﬁget ween
the firstredied gREaNMbLraR. ahecubstrate |@Qﬁéﬁ%ﬂnbaleﬂdt\aeﬂempma’emé |orﬁg 561’Ct he
first droplet after deposition. Figure 19 shows out ut ang trans
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surface %SEB% %ﬂrp%tr)ﬁﬁoq%t%% contributes to the contact resistance of the
ro

devi ce. can be overcone by using the second el ectrode as the
source, because the source electrode tends to be nbre sensitive to contact
resistance as it is the reverse biased el ectrode. In addition, the contact
resi stance can be reduced by mnimzing the concentration of PVP in the

fornul at Hgfa0fhd @éﬁorﬁd r@D@'TOQIb@ﬁ@dé’rls tapphied esy gty pahtiep! VengeffisierVP

surface | ayer, suc dipping the substrate into a bath of isopropanol
or ot her rapulsiool abssem/edleﬁusmtlf the secon droplet is printed on top of the first

pattern the second droplet flows off the surface of the first droplet, and dries in a

region adjacent to the first droplet with a small gap of less than 10 um formed

between the two droplets.

It was observed that the water contact angle of a PEDOT/PSS surface treated
with DD50 in this way is 105° + 5° compared to a water contact angle of < 10°
observed for unmodified PEDOT/PSS. For surfactant modified PEDOT/PSS the
water contact angle is stable over a period of at least several minutes, while on an
unmodified PEDOT/PSS the contact angle decreases in time, which is indicative
of dissolution of the PEDOT film into the water droplet. Such dissolution does not

appear to occur in the case of the surfactant modified PEDOT/PSS surface.

Alternative post-deposition of the first PEDOT pattern can also be achieved using
self-assembled monolayers that bind covalently to surface groups on the PEDOT/
PSS surface. A fluoroalkyl mono- or trichlorosilane self-assembled monolayer
reacts selectively with the PEDOT surface, but does not modify a modified glass
substrate surface terminated by positively charged NH;" groups or a PMMA

substrate surface.



second el ectrode. Exanple 5 - Renoval of shorts by etching As nentioned
above with sone surfactants and printing conditions electrical shorts were
observed wetmmssmssone first and second droplets in contactCmdBu2/08%6 h

ot her. However, even in such cases it was observed that the thickness of
the region of contact between the tw% dropl ets was nuch snaller than the
thickness of the two droplets in thei|7centre. The two droplets exhibit a
thickness profile with a continuously decreasing thickness towards the
line of contact between the two droplets (see AFM m crographs in Figure
21). W found that the electrical shorts can be renoved by etching of the

sanpl es. - _The_etchi I 0CESSe: p a given thickness
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t he conductivity significantly, at the line of contact the etchin rocess
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C nd a

((a) & ( ter an WO02 plasma treatnent for 30 mn ((b) & (d)).
After the oxygen plasnma treatnent the surface roughness is enhanced. The

S e MR her i St P BN PRI A8 sHB of BB PEDOERIRA
Fi gure 2Q,@lRarby Gheusmd @ idrdiiRe SUfadeS-OH groups. The activated surface
can then be reacted with trichlorosilane derivatives containing the above
mentioned initiator. Alternatively, initiator functionalized surfactant-like molecules
can be mixed into the PEDOT solution, which then form a surface monolayer
upon drying the PEDOT film on a surface, exposing the initiator on the surface. A
third way of introducing the initiator on the surface of PEDOT is by synthesizing

PEDOT derivatives that contain the initiator functionality.

The initiator-functionalized PEDOT film is exposed to a solution containing
monomer (in the case of ATRP this can be any acrylate or methacrylate), catalyst
(Cu()C! or Cu(l)Br), and ligands (PMDETA, bipyridine, or another known and
suitable ligand to solubilize the Cu salts). Optionally, solvents can be used (polar
solvents like water and methanol will speed up the reaction greatly, ethylacetate
and toluene are two other well-known solvents). To control the reaction with

greater precision, Cu(ll) salts can be added.

The surface is left in the polymerization medium for a set amount of time, after
which the excess monomer and catalyst is rinsed off the surface and the polymer
brushes remain behind. In the case of a polymer brush of PMMA grown off the
surface of a PEDOT/PSS first electrode, the PMMA provides a hydrophobic



Figure 20 (e) and (f) show output and transfer characteristics of a top
gate field- effect transistor with a pair of initially shorted self-aligned
PEDOT souwoas@s@in el ectrodes on a glass substrate. The @eTIGED20683
fabricated after subjecting the shorted electrodes to an 02 plasna etching
treatnment. The sem conducting polyner,pof F8T2 and the PVP gate dielectric
were spin coated fromsolutions in mXylene and butyl acetate,
respectively, on top of the PEDOT source-drain electrodes. The device

exhi bits clear short-channel characteristics, such as a |lack of current
saturation in the output characteristics, and a reduction of the ON OFF

current ratjo with. increasi .Sour ce- dr ai t
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the firstgaiibdeesitin PEDOT droplets has al so been achieved by exposing the

surface of the first PEDOT el ectrode to a solution of a surfactant prior
to deposition of the second PEDOT droplet. A first pattern of WO 03/056641
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to the firs 0 h a small gap of less than 10 mfornmed between the
two dr oplnetiscular weight such as polymeric surfactants.

A class of surface modifying agents that is particularly effective in repelling the
second droplet are fluorinated surface modifying agents such as anionic or
cationic fluorinated surfactants. On a fluorinated surface of a first PEDOT droplet

high water contact angles close to 100° can be achieved.

The processes and devices described herein are not limited to devices fabricated
with solution-processed polymers. Some of the conducting electrodes of the TFT
and/or the interconnects in a circuit or display device (see below) may be formed
from inorganic conductors, that can, for example, be deposited by printing of a
colloidal suspension or by electroplating onto a pre-patterned substrate. In
devices in which not all layers are to be deposited from solution one or more
PEDOT/PSS portions of the device may be replaced with an insoluble conductive

material such as a vacuum-deposited conductor.

For the semiconducting layer any solution processible conjugated polymeric or
oligomeric material that exhibits adequate field-effect mobilities exceeding 1073
cm?Vs, preferably exceeding 102 cm?/Vs, may be used. Suitable materials are
reviewed for example in H.E. Katz, J. Mater. Chem. 7, 369 (1997), or Z. Bao,



It was observed that the water contact angle of a PEDOT/ PSS surface treated
with DD50 in this way is 105 5 conpared to a water contact angle of < 10
obser ved Wworoswsdeadi fi ed PEDOT/ PSS. For surfactant nodifi e®CPEOEORSS t he
wat er contact angle is stable over a period of at |east several m nutes,
while on an unnodified PEDOT/ PSS t he gontact angle decreases in tine,
which is indicative of dissolution of°the PEDOT filminto the water

dropl et. Such dissolution does not appear to occur in the case of the
surfactant nodified PEDOI/ PSS surface. Alternative post-deposition of the
first PEDOT pattern can al so be achieved using self-assenbled nonol ayers
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To anchor this initiator to the surface of PEDOI, the surface of the PEDOT
is first oxidized by 02 plasma to introduce surface -OH groups. The
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screen printing (Z. Bao, et al, Chem. Mat. 9, 12999 (1997)), and
photolithographic patterning (see WO 99/10939), offset printing, flexographic
printing or other graphic arts printing techniques. Ink-jet printing is considered to

be particularly suitable for large area patterning with good registration, in

particular for flexible plastic substrates.

Although preferably all layers and components of the device and circuit are
deposited and patterned by solution processing and printing techniques, one or
more components such as a semiconducting layer may also be deposited by

vacuum deposition techniques and/or patterned by a photolithographic process.

Devices such as TFTs fabricated as described above may be part of a more
complex circuit or device in which one or more such devices can be integrated
with each other and or with other devices. Examples of applications include logic
circuits and active matrix circuitry for a display or a memory device, or a user-

defined gate array circuit.

The patterning process may be used to pattern other components of such circuit

as well, such as interconnects, resistors, capacitors etc.



third way of introducing the initiator on the surface of PEDOT is by

synt hesi zing PEDOT derivatives that contain the initiator functionality.
The initiwbDosifasncti onal i zed PEDOT filmis exposed to a s®cat¢Bn/osssat ai ni ng
nononer (in the case of ATRP this can be any acrylate or nethacrylate),
catalyst (Cu(l)C or Cu(l)Br), and Ii@ands (PMDETA, bipyridine, or another
known and suitable ligand to solubiliZe the Cu salts). Optionally,

sol vents can be used (polar solvents |ike water and nmethanol will speed up
the reaction greatly, ethylacetate and toluene are two other well-known
solvents). To control the reaction with greater precision, Cu(ll) salts
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el ectrode "pa eneral crit or choosing surfactant nol ecul es
for the seppemirigredolutiahr proaessed dfiorghrict semicondestot.esuait @sdsaigoitized he

present invention t ha cont anj nati on of .the device n i tie

st emmi ng"fqre?rﬁ"PH@”}%Wé&ala-rQﬁﬁ) 8 tlop%og%ﬁqtaggrhq{gaglﬁo%g%ck% %H%HI érg)gﬁh Th| s
can be ag ﬂ f‘éj THe 48iE8 nmidiBbé an§ Wel RELBR Whichn&sHitdlialli ptterning dp $raaing
non-ionic s actants. Furthernore diffusion of the surfactant under the
action ofeathes sizesard wequiretdwichas atightesrnitingpphatPeeltaie devigei ng pr ol onged

operation can be reduced by using surfactant with higher nolecul ar wei ght
such as polyneric surfactants. A class of surface nodifying agents that is

parti cul ail 3y ekémpld the adtiveanreh!of rOsmbR-aréeCBDdodslgtbeiodercanf heidefimed ed
surface nodifying a?ents such as anionic or
by printing at least one semiconducting light-emitting material 82 into the self-
aligned small gap between a first 80 and second confinement barrier 81. The
substrate contains a hole injecting anode 79, and on the top of the device an

electron injecting cathode layer 83 is deposited (Figure 13).

Other examples of potential applications of the present invention are in
conventional graphic arts printing, whenever narrow gaps between two printed
patterns are required, or printed patterns with a narrow width, that cannot be

achieved without the use of surface energy patterning.

The technique disclosed in this invention enables high yield, high resolution
printing that requires no surface energy pre-patterning to direct the solution

processible material into position.

The present invention is not limited to the foregoing examples. Aspects of the
present invention include all novel and/or inventive aspects of the concepts
described herein and all novel and/or inventive combinations of the features

described herein.



cationic fluorinated surfactants. On a fluorinated surface of a first PEDOT
droplet high water contact angles close to 1001 can be achi eved. The
processeswand/od@di ces descri bed herein are not |inmted toPdaviRR3863
fabricated wth solution-processed polyners. Sonme of the conducting

el ectrodes of the TFT and/or the intﬁ4fonnects inacircuit or display
device (see below) nay be fornmed fro norgani ¢ conductors, that can, for
exanpl e, be deposited by printing of a colloidal suspension or by

el ectroplating onto a pre-patterned substrate. In devices in which not al

| ayers are to be deposited fromsolution one or nore PEDOI/PSS portions of

the devi %@aﬁygﬁ%@ﬁﬁ%@%&?@i‘é@é@e?%i Loidh! gaaﬂ)nﬂg’iﬂ?@h\éﬁ feé@?@rdef%'criﬁééh as a

vacuum de he sem conductin ayer any so uti1on
processi Hegemomdieny edmbmatiorr éftwer or b sus featumseto tie extant thatisbchs

adequate field-effect nobilities exceg?in 10" 3 cn%hb, ref erabl
exceedi ndeatires ErEREILINHIPNSATgsEaPably, QS%\Q FRITIEH 2 sbaéeg on ghv‘? é’\f\%%?qior
e in HE. . Katz. .

031 oboga ThsfPesifs Poaloh He, IR ing s} 8 A 5wiedgstta o
possi bi | iskillesl innié aete irswpktivoa] whethed suci featufassondarhbisalions of featiyesi de

hai J.G L i nd et al., J. A .Soc,. 120, 6 9
S ConchRaNagNRIAREES Histlgsar e A aREoI T i © S Siape Pibgr,
sol ution cgé?rrﬁ . W%Pﬁlitﬁnt%dicatggitﬁé%p%%% ofPhe $rb88%) ihvedion may consist

sol uti on-deposited organi ¢ sem conductors such as CdSe nanoparticles (B.
A Ri dl ef angtsumh. indistuahteat@esyr combinatopf featireselle viavoabtherigyearing

- t erned . hni th th i j..et i i ) i '
Fechni quescrErone ghBe ST SRTeobrrid RobEprhiHeRyaifus mRdfefofs
Phys. Letthgy hamddd QithiB8)scoe oBhd indkntied. al ., Physics Wrld May 1998, p.
31), scree% printing (Z Bao, et al., Chem Mt. 9, 12999 (1997)), and

phot ol i t hographi ¢ patterning (see WD 99/10939), offset printing,
f | exographic



printing or other graphic arts printing techniques. Ink-jet printing is
considered to be particularly suitable for |arge area patterning with good
regi stratworg/oses41 particular for flexible plastic substratreT/GBu2t08853gh
preferably all layers and conponents of the device and circuit are
deposited and patterned by solution prgcessing and printing techni ques, one
or nore conponents such as a sem con ting | ayer nay al so be deposited by
vacuum deposi tion techni ques and/or patterned by a photolithographic
process. Devices such as TFTs fabricated as descri bed above may be part of
a nore conplex circuit or device in which one or nore such devices can be
integrated w th each other and or with other devices. Exanples of
applications include logic circuits and active matrix circuitry for a

di splay grLmmgnory device, or a user- defined gate array circuit. The
patterning process may be used to pattern other conponents of such circuit
as well, such as interconnects, resistors, capacitors etc. W 03/056641
PCT/GBOZ/OS 6 T r pol yner
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narrow gaps bet weedebwvsiting i atigdidoat tefint campositmuioned. fidhyegibnt b thie r st
and second materials can be an inorganic material such as a solution
processi bl e i ﬁépgﬁﬁ@ﬁeéocf@rrﬁ@iécﬂr@rmdé’u@ﬁdéé’bé%‘ﬂq%]tb(al silver or copper ink, a

sol ution pr ocesseddegpglg @'ach(ﬁgmcffoé"gﬁ&gﬁd cog?g)eltl%ﬁ c?rP'aUQéddn%!e%gldd“@f gani ¢

nanocrystals, or a soluti cessi bl e inor iIc dielectric such as spin-
on gl ass. Thetlﬁkegmlcﬁram)adjm:eahmedfem Egidror V\/m ch controll ed patterning and

smal|l feature sizes are req Jred such. as i n t voltalc
device. As an examdfn r@ﬁet%”@,tecgmgsglpn g OA'IA«;H [’Eﬁ%’gfonpﬁg@ ide can
be defi ned b\éFPEt'r | Rfe aEu&Haatﬁht el §@d’65¢t‘iﬁ?‘ﬂ%ﬁt [T “%lﬂ@t ofMhbt 's@@orﬁtﬁt erial

82 into the se i gned gap between a first 80 and second
confi nenment baompesit®b.it ‘ﬂrepelled from the first region.

2. A method as claimed in claim 1, wherein the liquid of the second

composition is deposited over the first region.

3. A method as claimed in claim 1 or 2, wherein the liquid of the second
composition is deposited in contact with the first region and dries to form a

second body not in contact with the first body.

4. A method as claimed in claim 1 or 2, wherein the liquid of the second
composition is deposited in contact with the first region and dries to form a

second body in contact with the first body.

5. A method as claimed in claim 3 or 4, wherein the liquid of the second
composition is deposited in such a way that it comes in contact with the

first body only at the periphery of the first region of the substrate.

6. A method as claimed in any preceding claim, wherein the first and second

body consist essentially of the same material.



substrate contains a hole injecting anode 79, and on the top of the device
an electron injecting cathode |ayer 83 is deposited (Figure 13). O her
exanpl es wh opos@at i al applications of the present inventi ®CTAE2i06863
conventional graphic arts printing, whenever narrow gaps between two
printed patterns are required, or pripjed patterns with a narrow w dth,

t hat cannot be achieved without the u of surface energy patterning. The
techni que disclosed in this invention enables high yield, high resolution
printing that requires no surface energy pre-patterning to direct the

sol ution processible naterial into position. The present invention is not

limted to fore xarrples. ; . Li

el ude al 1 v me GRS BT A ABREEDY frint AberBRaBE st QRO
herein and al 'ha@%’@nd@ﬁ@ ) sé@l\"égaté \eforarsudd deoregiaf and!lenfnamtrior ezgion
descri bed herein. WO 03/05664 CT/ GB02/ 05863 41 The a&poﬁ ant_ hereby

di scl oses in iofthexfirsshodsicths sifagededion kauing 8 Jee@nt se 'P@lfFP’Hﬁ'ae any
conbi nati on of %\rm&% re such features, to the extent that such features
or conbi nati oS 4 gé(%)ga)ibl e of being carried out based on the present
specification as a whole in the Iight of the common general know edge of a

killed in the art f._wheth h f
Cominat | ond d malbRdiaeIainstl e angn gr bbeerin (o corganals B 118 BRIE  nout

limtation toflg 560 %ompots[f%n & %IHFsuer&% r@BRJn' SaAGhmsl ﬁﬁir@%héﬁaw

aspects of the resencF I nven consi st ~of any~such individual
feature or Combamﬂ‘tatmmtbé sbe‘ateuoéthe $ubstnaé®v1mmetmohdrreg@hng descri ption
it wll be evident to a person skilled in the art that various

nodi fi cations may be made within the scope of the invention. WO 03/ 056641

PCT/ GB02/ 0586 nftdhod as claimed in claim 8, wherein the contact angle of the liquid of
the second composition on said surface region is higher by more than 40°

than that on the surface of the substrate in the second region.

10.A method as claimed in claim 9, wherein the contact angle of the liquid of
the second composition on said surface region is higher by more than 70°

than that on the surface of the substrate in the second region.

11.A method as claimed in claim 7, wherein said surface region contains

alkylated or fluorinated chemical groups.

12.A method as claimed in claim 8, wherein the liquid of a second composition

comprises a solvent and said surface region is insoluble in the solvent.

13.A method as claimed in any preceding claim, wherein the first composition

is a solution of at least two components having a tendency to segregate.

14.A method as claimed in claim 13, wherein one of the components is a
polymer with a tendency to segregate to the surface of the first

composition.



CLAIM5 1. A nethod for depositing a structure on a substrate, conprising:
depositing a liquid of a first conposition on a first region of the
substr at ewbesfosden1 a first body; and subsequently depositi mgTasBROsE6d of a
second conposition on a second region of the substrate adjacent the first
region; wherein the first conposition,, the second conposition and the
substrate are such that on deposition 4f the liquid of the second
conposition it is repelled fromthe first region. 2. A method as clained in
claiml1, wherein the liquid of the second conposition is deposited over
the first region. 3. Anmethod as clained in claim1l or 2, wherein the

liquid of t secgnd, copposi,tion.is.d i | 0 t . JfArst
regi on and Egﬁe@eﬁ??q‘ 8v egé%8%8“§§a@pﬁ%t‘&*fe§efé‘%’fea§w§m o\rﬁﬁé%ghﬁlrssét body.
4. A method agiib@t BBFolyme?! tintprisiy aZelativeryepolat edl a qelativelf ridmepslacond
conposition is deposited in contact with the first region and dries to form

a second bodplaak.contact with the first body. 5. A method as clainmed in
claim3 or 4, wherein the liquid of the second conposition is deposited in
such a way that it comes in contact with the first body only at the

peri phery ofetRenéthbatay €aineed of claine 1Surst4, atteereib. orfe obthHeocbraponerdsised i n
any preceding claim wherein the first and second body consist essentially
of the sanme n@%Hfagtantwp 03/ 056641 PCT/ GB02/ 05863 43 7. A nethod as
claimed in any preceding claim wherein the first conposition has a
tendency to segregate to forma surface region and an interior region of
the first bory mdiitod usfdaienadi any baclaimsal th B6f epewrisingniseatind the filsbm t he

body prior to deposition of the liquid of the second composition so as to

modify at least one physical or chemical property of the surface of the first

body.
18.A method as claimed in claim 17, wherein the property is composition.

19.A method as claimed in claim 17, wherein the property is surface

roughness.
20.A method as claimed in claim 17, wherein the property is surface energy.

21.A method as claimed in claim 17, wherein the step of treating the surface of
the first body does not modify the surface energy of the substrate in the

second region.

22.A method as claimed in any of claims 17 to 21, wherein the contact angle
of the liquid of the second composition on said treated surface of the first
body is higher by more than 10° than that on the surface of the substrate in

the second region.

23.A method as claimed in any of claims 17 to 21, wherein the contact angle

of the liquid of the second composition on said treated surface of the first



interior region. 8. A nethod as clained in claim7, wherein the contact
angle of the liquid of the second conposition on said surface region is

hi gher bywoms@sdéshan 101 than that on the surface of the absiBoanssedn the
second region. 9. A nethod as clained in claim8, wherein the contact angle
of the liquid of the second conpositi on said surface region is higher
by nore than 40 than that on the surfdace of the substrate in the second
region. 10.A nethod as clainmed in claim9, wherein the contact angle of the
liquid of the second conposition on said surface region is higher by nore.
than 70 than that on the surface of the substrate in the second region.

ai iyl ated or e anehby fafedain JHOTE heBRinaRIA0E o B BbGRIGRLTS, |,

8, wherein thend g@é@r@ @gich.second conposition conprises a solvent and said
surface region is insoluble in the solvent. 13. A nethod as clained in any
preceding claim wherein the first conposition is a solution of at |east

two conponeny 5 Aayidgag ¢ at6;;9{2@1{5yané)o% n@g(n@w% 211 dvrfergRl ol digieed | n

claim13, one 0 he "co Sis a ymer with a tendency to
segregate to bhehes ligliidcsf the stdmnﬂmcmhposmtmrpomstandntreatﬂd safascenthe first

PCT/ GB02/ 05863 44 15. A net hod as imed. in claim or .14 rein one of
t he conponent §0f¥ '%hlgﬂﬁbphﬂ@kor&igﬁpy@glih%mPgitﬁﬁ SH%@FQ%%?%%ﬁ% Nand a
relatively no?,h{)ﬁ . 16. A nethod as clained in claim13 or 14,
wherein one o corrpgnents is a surfactant. 17. A nethod as clainmed in
any of clains 1 to 6, conprising treating the first

25.A method as claimed in any of claims 17 to 24, wherein the step of treating
the surface of the first body comprises increasing the density of fluorinated

or alkylated chemical groups on the surface of the first body.

26.A method as claimed in claim 17 or 22, wherein the step of surface treating
the first body comprises applying a surfactant to the surface of the first
body.

27.A method as claimed in claim 26, wherein the surface of the first body

comprises positively charged ionic species.

28.A method as claimed in claim 27, wherein the surfactant is an anionic

surfactant.

29.A method as claimed in claim 26, wherein the surface of the first body

comprises negatively charged ionic species.

30.A method as claimed in claim 29, wherein the surfactant is a cationic

surfactant.



body prior to deposition of the liquid of the second conposition so as to
nodi fy at | east one physical or chem cal property of the surface of the
first boagp.o3ased method as clained in claim 17, wherein tPoe&/qBoROSIBY S
conposition. 19.A nethod as clainmed in claim17, wherein the property is
surface roughness. 20.A nethod as clajired in claim17, wherein the
property is surface energy. 21. A netTiod as clained in claim17, wherein
the step of treating the surface of the first body does not nodify the
surface energy of the substrate in the second region. 22. A nethod as
claimed in any of clainms 17 to 21, wherein the contact angle of the Iiquid

of the second conposition .on said tr ted e of I IS

hi gher by r’rﬁﬁj Lﬂo‘iéé ql?fgf?dts'ﬂa"{’nyo?l ﬂ@n%ggftéé@ 3\& %getgéb%uﬂag gﬂﬁﬁe
second regi on. su%%tré‘tenetshoguaéct@kial @edai themyalof tréatAiam® 10k texptburevhdo ei n
the contact angle of the li'quid of the second corrp05|t| on on said treated

surface of theelécntrmﬂa@ﬂ@t@ﬁﬁd@@lemprl@cw epplitatisRes s IQSSLB'Eﬁf)ta'i'ts hi gher by nore
than 400 than that on the surface of the substrate in the second region.
24. A met hod as claimed in any of clains 17 to 21, wherein the contact angle

of the Iiquigd Qmdihed é§wﬁ\e@qmldﬂc¢mmm7swzﬁtwiwbedtfmstbamétr@mm@e
first body is higher by nore than 70 than that on the surf h ?
substrate in thaesutasenaf tbgifiat body OmBESRSY HRWEGaPMEYEl P aﬂy Preétai s

17 to 24, whercg)gihoﬁg‘%t Jﬁg‘e(r)\ ullféceeatg)i‘tﬁ?flrét%nw t#se of the first body

conprises incr STt uorlnate or al kyl ated chem ca
groups on the surface of the flrst body.

33.A method as claimed in claim 29, wherein said layer of a different

composition is a polymer layer.

34.A method as claimed in claim 30, wherein said layer of a different

composition is a polymer brush.

35.A method as claimed in claim 17 to 22, wherein the step of treating the
surface of the first body comprises exposing the substrate to a plasma

treatment.

36.A method as claimed in claim 35, wherein said plasma treatment

comprises exposure to a plasma containing a fluorinated species.

37.A method as claimed in claim 36, wherein said plasma treatment

comprises exposure to CF, or a radical of CFa.

38.A method as claimed in any of claims 17 to 25, wherein the step of surface
treating the first body comprises dedoping the surface of the first body or

depleting the surface of the first body of charge carriers.

39. A method as claimed in claim 17 to 25, wherein the step of surface treating

the first body comprises etching the surface of the first body.



26. A nethod as clainmed in claim17 or 22, wherein the step of surface
treating the first body conprises applying a surfactant to the surface of
the firstwomsmyes4R7. A met hod as clainmed in claim26, wher ®@or/aBie/ossesf ace of
the first body conprises positively charged ionic species. 28. A nethod as
clainmed in claim?27, wherein the surf ant is an anionic surfactant. 29.A
nmethod as clainmed in claim26, wherein"the surface of the first body
conprises negatively charged ionic species. 30.A nethod as clained in claim
29, wherein the surfactant is a cationic surfactant. WO 03/ 056641

PCT/ GB02/ 05863 46 31. A nethod as clained in any of clainms 26 to 30,
wherein the surface of the substrate is subjected to a thernal treatnent

or exposure to electronagnetic radiation prior to application of said

surfactant. 482 nfathed Bediamesl iai digdof dlaipity 1 ab 6; WaiersinlffietfosREompdbsitien n t he
step of treating the surface of the first body conprises grow 88 a,layer
of a differencommuisess solutonof omeorsmpf%@t@ma'wéafW'g%meg\‘r%%“s eHIP 33. A

met hod as cl ai [ neclaim 2 Al i d i hiTLE@dundi
conposition i g@&‘?{)ﬁ%ﬁoﬁgyg?d %?I%tﬁg@ﬁo%saéﬁg[kag%ﬂj ?hacﬁeai m_uBO,ng\J/\her ein
sai d |ayer of rggi@hf Auadt thecpsmsissryi oftties balkpcdgiorerarit irs lwonBE!t Avitretihed as
clainmed in claiml1l7 to 22, wherein the step of treating the surface of the

first body coMpPP¥@®. exposing the substrate to a plasma treatnent. 36.A
met hod as clainmed in claim35, wherein said plasna treatnent

41. A method as claimed in claim 40, wherein the width of said surrounding

region is less than 20 um.

42. A method as claimed in claim 40 or 41, wherein the surface energy in the
surrounding region is different from that of the substrate surface in a region

not covered by the first body.

43.A method as claimed in claim 40 or 41, wherein the surface roughness in

the surrounding region is different from that of the substrate surface in the

second region.

44.A method as claimed in any of claims 40 to 43, wherein the thickness of the
first body in the surrounding region does not exceed 80% of the greatest

thickness of the first body in said bulk region.

45. A method as claimed in any of claims 40 to 44, wherein the solution of the
first composition recedes from the surrounding region during the drying of

the solution of the first composition.

46.A method as claimed in any of claims 40 to 45, wherein the solution of the
first composition comprises a surface modifying component that modifies

the surface energy of the substrate in the surrounding region.



conprises exposure to a plasma containing a fluorinated species. 37.A
nmethod as clainmed in claim 36, wherein said plasna treatnent conprises
exposure WO 0@B8e6ar a radi cal of CF4. 38. A nethod as cl ai medTiGBoN§866f
claims 17 to 25, wherein the step of surface treating the first body
conpri ses dedoping the surface of the fjrst body or depleting the surface
of the first body of charge carriers. .A nmethod as clained in claim17 to
25, wherein the step of surface treating the first body conprises etching
the surface of the first body. WO 03/056641 PCT/ GB02/ 05863 47 40. A method
as claimed in any of clains 1 to 6, wherein the first conposition

. of cl . in the jon
Form the 1145t Angtgno8naS: aThed s sy e Angfif it lacet medAMA tl i D

regi on around doghdeint AitRlifiesofhet $igfdoel ndrggiodthesdbstrateonhite thensolbtivme
substrate. 41. A'nmethod as claimed in clalm40, wherein the width of said
surroundi ng o§ghefirst sompesition dacer®siromahe AurrRURAGRI489!€Nai med i n cl ai m 40
or 41, wherein the surface energy in the surrounding region is different
fromthat of the substrate surface in a region not covered by the first
body. 43. A s®tRothatRog! aé neldirhed cinaiotaid0 48, dhersihetred nsurfaces unédifyng
roughness in the surrounding region is different fromthat of the
substrate suraewanent fifuseepyhel $aid Py re@kﬁnﬁl”ﬁ%ﬁ‘ig(?U%’U@ag\grﬁ?@qrh any of
clainms 40 to 43, wherein the thickness of the first body in the

surroundi ng regi on does not exceed 80% of the greatest thickness of the
first body 49 Aahethbdlds claigierhin dairs ABttbdd, adeceinipried to thedgpesitien &f ns 40
to 44, wherel rt]hé rIligui%joclafu’c Ieosrtlac(c))];dtcr(])?nposition, the substrate is heated to cause the

first body to recede from the surrounding region.

50. A method as claimed in any of claims 40 to 49, wherein the method
comprises treating the surface of the first body in the surrounding region,
so as to increase the contact angle of the solution of the second

composition in the surrounding region.

51.A method as claimed in any of claims 40 to 44, wherein the substrate has a
surface layer that dissolves into the solution of the first composition during
the drying of the solution of the first composition, thereby uncovering the

underlying material of the substrate in said surrounding region.

52.A method as claimed in any of claims 37 to 48, comprising the additional
step of removing the material of the first body in the surrounding region

after the deposition of the second body.

53.A method as claimed in claim 52, wherein said step of removing the

material of the first body in the surrounding region involves etching.

54.A method as claimed in any preceding claim, wherein the liquid of said

second composition comprises a surfactant.



first conposition recedes fromthe surrounding region during the drying of
the solution of the first conposition. 46. A nethod as clained in any of

cl ai ms 40WD®345641Wherein the solution of the first conpoPCTiIGBV2O88Pri ses a
surface nodi fying conponent that nodifies the surface energy of the
substrate in the surroundi ng region. 03/ 056641 PCT/ GB02/ 05863 48 47. A
nmet hod as clainmed in claim46, wher ei 1°t he surface nodi fyi ng conponent
nodi fies the surface energy of the substrate while the solution of the
first conposition recedes fromthe surrounding region. 48. A nethod as
clainmed in claimd46, wherein the surface nodifying conponent diffuses out
of said bulk region into said surrounding region. 49. A nethod as cl ai ned
inclains 40 to 48, wherein prior to the deposition of the liquid of the

second conppsint fnBthod B8 ek if bRy freb&fihg didim ipawbiehtthe firstibialy ibddy t o
recede fromthe surrounding region. 50. A nethod as clained in any of

clains 40 to 49ijd siaée wihile theligud ebthe senand euapesiten isrerasdedur f ace of the
first body in the surrounding region, so as to increase the contact angle
of the solution of the second conposition in the surrounding region. 51. A

net hod as d@ammetidy agxianheglimbny of@ldiras44to Shar ehithtthe festbsadyaisentaas a
surface | ayer that dissolves into the solution of the first conposition

during the dliguidgtaie white thelselution Qfithe gecend cpmpgsiiaais ferResEler eby
uncovering the wunderlying nmaterial of the substrate in said surrounding
region. 52. A nethod as clainmed in any of clains 37 to 48, conprising the
addi ti onal 5Bnemetiiod expiaiget e amy eréedding ddim, fcarspridioglyconfiningethe

surrounding region after the deposjtion of the second body., 53. A net hod as
claimed in cl bawdsf thersecend coRRPsEIOaATST 4‘%9?6&5“99‘?%3% Sbstrde, o'
to encourage the liquid of the second composition to contact the first body

in a defined region of the first body. -

58.A method as claimed in any preceding claim, wherein the liquid of at least

one of the first or second composition is deposited by ink-jet printing.

59.A method as claimed in any preceding claim, wherein the liquid of at least

one of the first or second composition is deposited by spray-coating.

60.A method as claimed in any of claims 1 to 58, wherein the liquid of at least
one of the first or second composition is applied to the substrate as a
continuous film, and the substrate contains regions of relatively low surface
energy, that cause the liquid to dewet from said regions of relatively low

surface energy.

61. A method as claimed in any of claims 1 to 60, wherein the liquid of the first

composition is deposited by offset printing.

62.A method as claimed in any preceding claim, wherein the liquid of the
second composition dries to form a second body and at least one of the

first body and the second body is electrically conductive.



material of the first body in the surrounding region involves etching. 54.A
nmethod as clainmed in any preceding claim wherein the liquid of said

second cowpasioséiean conprises a surfactant. WO 03/ 056641 PETTE@EH2/086863 49
55. A nethod as clainmed in any preceding claimin which the first body is in
a solid state while the liquid of thq&osecond conposition i s deposited.
56. A nethod as clained in any of clai 1to 54 inwhich the first body is

ina liquid state while the solution of the second conposition is
deposited. 57. A nethod as clainmed in any preceding claim conprising
confining the liquid of the second conposition after depositing it on the

substrate, so as to encourage the liquid of the second conposition to
contact the first body in a defined region of the first body. 58. A nethod

as clai med g3 pamYetRb8 CaSicImelaintiath e 21 whikesn |bofite ofirstibotigaatd toae of
the first or second conposition is deposited by ink-jet printing. 59. A

net hod as cl aiseednd hodyare elastinally cendil¢ivewherein the liquid of at |east
one of the first or second conposition is deposited by spray-coating. 60.A
method as clained in any of clains 1 to 58, wherein the liquid of at |east
one of the §4 psmehod aedinkanpodiin 68, wheagipl thedirstoand sesariis body doras a
continuous film and the substrate contains regions of relatively | ow
surface ener @ectiogigs of anseleetiRnit d8YIC8:- t o dewet from said regions of
relatively low surface energy. 61. A nethod as clainmed in any of clains 1
to 60, wherein the liquid of the first conposition is deposited by offset
printing. 6@5A muthod agsclairsdriedclaim &4y wieeeisdhadirst andnseopied Py fe@M | i qui d
of the second conposition dries to_form bodgiﬁg.nd at | east one of

f
the first bog9UEsARhdralpekaiodss f p] e@@@f‘?%‘&ﬁ?@”% G&ti ve.

66.A method as claimed in claim 64, wherein the first and second body form

source and drain electrodes of a thin film transistor.

67.A method as claimed in any of claims 62 to 66, wherein at least one of said

first or second body comprises a conducting polymer.

68.A method as claimed in any of claims 62 to 66, wherein the liquid of the
second composition dries to form a second body and at least one of the
first and second bodies comprises a inorganic conductive material

deposited from solution.

69.A method as claimed in any of claims 1 to 61, wherein the liquid of the
second composition dries to form a second body and at least one of the

first body and the second body is semiconductive.

70.A method as claimed in claim 69, wherein both the first body and the

second body are semiconductive.

71.A method as claimed in claim 69 or 70, wherein at least one of the first

body and the second body comprises a conjugated polymer.



WD 03/ 056641 PCT/ GB02/ 05863 50 63. A nethod as clainmed in claim62, wherein
both the first body and the second body are electrically conductive. 64. A
met hod aswologiosasdi i n cl ai m 63, wherein the first and secomdThGRIg/0FSBE M

el ectrodes of an electronic device. 65. A nethod as clained in claim 64,
wherein the first and second body fcwrg1source and drain el ectrodes of an
el ectronic switching device. 66. A nethod as clainmed in claim®64, wherein
the first and second body form source and drain electrodes of a thin film
transistor. 67.A nethod as clainmed in any of clains 62 to 66, wherein at

| east one of said first or second body conprises a conducting pol ymer.
68. A nethod as clained in any of clains 62 to 66, wherein the liquid of the
second conposition dries to forma second body and at | east one of the
first and sg2gnehdibod es claimed seslami 8otadn| compnidingt formingasrélegtronic
deposited fromsolution. 69. A nethod as clained in.any of clain to 61,
wherein the |idgYic¢ RAVIRG saIdssrpiRANAUGYE oY # @ BElve %embcrorﬂdgcg@@grbody
and at |east gngepf the first body and the second body is sem conductive.
70. A nethod as clainmed in claim69, wherein both the first body and the
second body are sem conductive. 71.A nethod as clainmed in claim®69 or 70,

wh i t t f the first Db d,t . P
Conj ugat od_pory ANSHE%SATBBsIL BT cHiBBdeha0 PR e B 5L o e
in claim69 tQeldnd COMPdsHidMIAHOs b REnRA SARFdr B\ andext leasthane iog tisai d

sem conductive body as an active sem conducting | ayer
first body and the second body is electrically insulating.

74.A method as claimed in claim 73, wherein both the first body and the

second body are electrically insulating.

75.A method as claimed in claim 73 or 74, wherein at least one of said first or

second body comprises an electrically insulating polymer.

76. A method, as claimed in any of claims 7 to 39, wherein said surface region

of the first body is electrically insulating.

77. A method as claimed in claim 76, comprising forming an electronic device
having said electrically insulating surface region as a dielectric layer

thereof.

78.A method as claimed in claim 77, comprising forming a thin film transistor
device having said electrically insulating surface region as a dielectric layer

thereof.

79.A method as claimed in any of claims 7 to 39, wherein said surface region

of the first body is electrically conducting.



thereof. 73. A method as clained in any of clains 1 to 61, wherein the
liquid of the second conposition dries to forma second body and at | east
one of thwo oBios&t1 body and the second body is el ectricall ycCrraaokasieng. 74. A
method as clained in claim73, wherein both the first body and the second
body are electrically insulating. 75.,05 thod as clainmed in claim73 or 74,
wherein at | east one of said first or econd body conprises an
electrically insulating polynmer. 76. A nmethod, as clained in any of clains
7 to 39, wherein said surface region of the first body is electrically
insulating. 77. A nethod as clainmed in claim76, conprising form ng an

DRt : b . ! ; ! "m ng
i ot ectri ¢ Paybineniiastaried i HER g SRl e T o dnic SRe I ¢
form ng a thi mabingradid anstidaMy coneuttigy atdoeyegiiraebreledtaae theiefsul at i ng

surface region as a dielectric layer thereof. 79. A nethod as clained in
any of clains 7 to 39, wherein said surface region of the first body is

el ectricall 0 i n 1 L 05863 ; as
clai med 1 147 ARYGOUCE: cffired B Bl B0 AR, 3R cieRicP Ry AR o
el ectrical ly ecardustrégionSorrhace eledirioal iafection éhyartfoodgecting eiarge int®la A

nmet hod as clainmed in claim80, wherein said electrically conducting surface
region fornms SEMESREAUCH¥RIANERj ection | ayer for injecting charge into a

sem conductive layer. 82. A nethod, as claimed in any of clains 7 to 39 as
dependent on any of <clains 1 to 6, wherein said surface region of the
first body 83 A method, as claimed in any of claims 7 to 39 as dependent on any of

claims 1 to 6, wherein said surface region of the first body is

semiconducting.

83.A method as claimed in claim 82, comprising forming an electronic device
having said semiconductive surface region as an active semiconducting

layer thereof.

84.A method as claimed in claim 83, wherein the electronic device is an

electronic switching device.

85.A method as claimed in claim 84, wherein the electronic device is a thin

film transistor.

86. A method as claimed in any of claims 7 to 39, comprising the step of
removing the surface region of the first body after the deposition of the

second body.

87.A method as claimed in any preceding claim wherein the distance between

the edge of the first and second body is less than 20 pm.

88.A method as claimed in any preceding claim wherein the distance between

the edge of the first and second body is less than 1 um.



sem conducting. 83. A nmethod as clainmed in claim82, conprising formng an
el ectronic device having said sem conductive surface region as an active
sem conduwDim@sechnyer thereof. 84. A nethod as clained i n @caigB@dsseaher ei n
the electronic device is an electronic switching device. 85. A nethod as
clainmed in claim84, wherein the elect:fnic device is a thin film
transistor. 86. A nethod as clained irrrany of clains 7 to 39, conprising
the step of renoving the surface region of the first body after the
deposition of the second body. 87. A nethod as clainmed in any preceding

cl ai mwherein the di stance between the edge of the first and second body
is less than 20 m 88. A nethod as clainmed in any precedi ng clai mwherein

t he di stance between the edge of the first and second body is |less than 1

m WO 03/ 0566 AL REIRO 2:AR88 % ah phlcime bt vasereinaiheedistancabgtweercedi ng

cl ai mwherein the di stance between the edge of the first and second body
is less than toDedge obpthe fixshanhsacend bedy isdass haanlPhr@eedi ng cl ai m wherei n
t he di stance between the edge of the first and second body is |ess than 10
nm 91. A nethod as clainmed in any preceding claim conprising the

addi tional g em méthod@Rasaiieddn anyqiretéding efaim whereth thendisteince detween op of
the first and second body to forma third body in contact with the first
and second bodfye edge Af thst §Ha%369%%@ld¥ﬁ’€§%%\ﬂn91lq NXherein the solution
of said third conposition is repelled by the surface of both the first and
second body. 93. A nethod as clained in claim92, wherein the third body is
confined t o9 A method as claimed in any preceding claim, comprising the additional step

of depositing a solution of a third composition on top of the first and second

body to form a third body in contact with the first and second body.

92 A method as claimed in claim 91, wherein the solution of said third

composition is repelled by the surface of both the first and second body.

93. A method as claimed in claim 92, wherein the third body is confined to a

region on the substrate between the edge of the first and second body.

94. A method as claimed in any of claims 91 to 93, wherein said third body is

semiconducting.

95. A method as claimed in any of claims 91 to 93, wherein said third body is

electrically conducting.

96.A method as claimed in any of claims 91 to 93, wherein said third body is

electrically insulating.

97. A method as claimed in claim 3 or any of claims 4 to 90 as dependent on
claim 3, comprising the additional step of depositing a solvent on top of the
first and second body, wherein said solvent dissolves a layer on the

substrate in the region between the edge of the first and second body.



region on the substrate between the edge of the first and second body. 94.
A nethod as clainmed in any of clains 91 to 93, wherein said third body is
sem conduwDin®s6695. A nmethod as clained in any of clains PCTIGBRBSS6dher ei n
said third body is electrically conducting. 96. A nethod as clained in any
of claims 91 to 93, wherein said thirqgﬁody is electrically insulating.

97. A nmethod as clainmed in claim3 or y of clainms 4 to 90 as dependent on
claim 3, conprising the additional step of depositing a solvent on top of
the first and second body, wherein said solvent dissolves a |ayer on the
substrate in the regi on between the edge of the first and second body. WO
03/ 056641 PCT/ GB02/ 05863 54 98. A nethod as clainmed in claim97, wherein
sai d dissolution opens up a via- hole interconnection to a conducting |ayer

that is pargg @f mdiocdubeidimes ihaysim 9Bt wherein ealdatﬁsbdlutﬂchmepemmuma:vibﬂg
material is deposited into the region between the fir Lﬂ) ond body to
fill the via- Ih@l&a"f@f%ﬂ%‘%ﬁ’f@@ctpl%ﬁon@@t'ﬂgﬁﬁﬁﬁaa‘é@ R?I”éP sirpgﬁ %y

wherei n the d's?rﬂgﬁﬁée% dswe\“%rﬁﬂcﬂn%ﬁhﬁgra‘mg g’dslrlté’stﬁet R@'br?o m

100. An electfonrc Vi ce as c aimed in any preceding
claim 101. Abktgeen tHe firgt &nd desquhcﬁbodyatmﬂlythervm-entmmtereonn@:tlfoor med by a
method as clained in any preceding claim 102. An electronic swtching
device conprising a source electrode, a drain electrode, a gate el ectrode,

a sem condugd of n{eftgb@% et ﬁﬁﬁéd GRldaim b8t WeRkeih NBe SAlFftecbrehitiofa-rans t he
drain el ectrode and a 3|

ectric region electrically between the
sem conduct or irtegiopneatich isHesgttam 20 pm.

100. An electronic device formed by a method as claimed in any

preceding claim.

101. A logic circuit, display memory or sensor device formed by a method

as claimed in any preceding claim.

102. An electronic switching device comprising a source electrode, a
drain electrode, a gate electrode, a semiconductor region electrically
between the source electrode and the drain electrode and a dielectric
region electrically between the semiconductor region and the gate
electrode, the semiconductor region being in the form of a layer of
substantially uniform thickness located over at least one of the source
electrode and the drain electrode and being located physically between
and adjacent to the source electrode and the drain electrode so as to
separate the source electrode and the drain electrode such that at their
closest proximity the source electrode and the drain electrode are spaced

apart by the thickness of the said layer.

103. An electronic switching device comprising a source electrode, a
drain electrode, a gate electrode, a semiconductor region electrically
between the source electrode and the drain electrode and a dielectric

region electrically between the semiconductor region and the gate



el ectrode, the sem conductor region being in the formof a |ayer of
substantially uniformthickness |ocated over at |east one of the source

el ect r odeward/osdéee1 drai n el ectrode and bei ng | ocat ed physi eattigBhsssssen and
adj acent to the source electrode and the drain electrode so as to separate
the source electrode and the drain el eg4grode such that at their closest
proximty the source el ectrode and the drain el ectrode are spaced apart by
the thickness of the said layer. 103. An electronic sw tching device
conprising a source electrode, a drain electrode, a gate electrode, a

sem conductor region electrically between the source el ectrode and the
drain el ectrodfednflied thl Blet&dtfit FegibR By M 81 foraAbt ¥ IARIsTasubistantially

sem conductor region and the gate WO 03/056641 PCT/ GB0Z/ 05863 55

el ectrode, thenifoerhdbickness @yl beingeing in the formof a |ayer of

dj acent 10 1 he galGAPLOTVSRED IR dribadieGi §ind AR ER o BRRET 2

and the drain|gideheqsiahe $8uRS dl6ctieaand the tin gidctrogbess nede sepdrdtbe sai d
one of the source electrode and the drain electrode such that at their

cl osest proxi ihe gateelegiodeansctheosrid ane efhibe squree sirctipder apd thi,Agin
| ectrod d j t . - 1 f th
Sara | ayer - asirirstr setE e APy GRS AR e, ot H¥uReC R Mo O (e

el ectrode and saldenéidittie ebeeersidetrod® and the dsainaslatteodeharesspac apartt r ode
and the drain electrode such that at their closest proximty the source
el ectrode and byrige thickngss«pdbe saiddaye’s a8Faced apart by the thi ckness of the

said layer. located physically between and adjacent to the source electrode and
the drain electrode, so as to separate the source electrode and the drain
electrode such that at their closest proximity the source electrode and the

drain electrode are spaced apart by the thickness of the said layer.



