WD 03/056641 5 JULY 2006 SELF-ALI GNED PRI NTING This invention relates to
nmet hods for depositing structures, for instance for form ng organic

el ectroni c devi ces. Sem conducti ng conjugated polynmer thin-filmtransistors
(TFTs) have recently becone of interest for applications in cheap, logic
circuits integrated on plastic substrates (C. Drury, at al., APL 73, 108
(1998)) aqa)ﬁﬁﬁﬁ§lectronic integrated devices and pixel transistor
switches i'n"hi'g resol ution active-matrix di spl ays (H. Sirringhaus, et

al ., Science 280, 1741 (1998), A. Dodabal apur, et al. Appl. Ph Left.

73, 142 (1998)). High-performance TFTs with charge carri er 5eibi impﬁes 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
Sirringhaus, at al., Advances 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 sol ution processi ng. However, fabrication of

al | - pol ynBELIAEIGNED PRINTINGY i ntegrated circuits requires the ability to
formlateral patterns of polyner conductors, sem conductors and
insulators. Various patternin t echnol ogi es such as photollthography (WO
99/ 10939 My imenfienfelates i mgthpgs Toragderosiing sgtructurgse for Igtance fori 299 (1997)) ,

soft |ithggh ,agmg(én%te@émg)mgdé\,]ceg Rogers, Appl. Phys. Lett. 75, 1010
(1999)) and mcronoul ding (J. A Rogers, Appl. Phys. Left. 72, 2716

(1998)), as well as dlrect ink-jet printing (H Sirringhaus, at al., WK

0009911. 9Qehipyifiue bailRer tﬁiﬁ-ﬂ% %ﬁﬁ%rspﬂt‘l“F'TfE) Reel REEBRIyUES ar e
unabl e to prOV|de atterning resolution hat is required 'to define the

source anfPe@mgi 9f '@‘P%f E"‘“ﬁ"f'o% imrcheap, Jogje d’é?“'tﬁd“teafﬁfeél N Bl@eifuate drive
current aghsgaes ¢o] D.€hry'S Raeg, abameliob ‘%T@B'}bsarﬂif odt@éléctﬁoh@r}nteé@té@ are
required. The speed of 'an.inteqgrated logiC circuit is proportional to the
VO 03/ 056¢vices and pixel transastor switthes in high-resolution active-matrix displays (H.

Sirringhaus, et al., Science 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 (1989)).

One of the advantages of polymer semiconductors is that they lend themselves to
simple and low-cost solutioh processing. However, fabrication of all-polymer TFT
devices and integrated circuits requires the ability to form lateral pattems 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 5 JULY 2006 nobility and the inverse square of the TFT channel |ength. By
reduci ng the channel length by an order of magnitude, the operating speed
can be enhanced by a factor on the order of 100. Definition of devices
Wi th subm croneter critical feature size is therefore highly desirable to
achi eve higher circuit performance. Many direct printing techniques such as
inkjet printing are not considered to be capable of achieving such high
resolutioﬁWD$W'mﬁroplets formed at the nozzles of an inkjet _printer, for
exanple, are emtted with statistical variations of flight direction
caused by changing wetting conditiofs at the nozzle plate. Sty 2098di ng on
the substrate the droplets spread in an uncontrolled way. Both factors
would give rise to electrical shorts between two parallel, printed source
and drain TFT electrodes with a short channel l-ength of a few m croneters.
In UK 000 o IS, : r e t4 L ' el 1 based
di rect pr%%%ﬁﬁgaéﬁgﬁ%ggﬁggEﬁgg&bggkg‘Esgfh%ﬁktﬁﬁbgﬁi tFﬁgao gﬂﬁa
pDre epat t _emual;mbwgfatwlmd@'i afireapniteds, thesonsratap fspeecbean besgnlageed f ree ener gy.
positio i idhe . s ent, for
B L L e L e R T R S
subst r at e feadurd sizhés thenetoaelhighly desitiblegp echieverhighee cigwyit Pademaaee.-be control | ed
by repulsive surface energy barriers that define the critical device
di mrensions. This technique has allowed for printing of TFT devices with
accur at el Wahgfdinmetcprintingteqbhiguasi sush clsdmtied| priningyargsnod considesed i9abe 5 pm
Vari ous £ ; r4 tHeBhb ed such as
| ocal exg§é§%§§?ﬁggﬂﬁﬁéﬁﬁgiﬂﬁPﬁé#ﬁﬁgﬁe”ﬁﬂﬁéﬁg%ﬁﬁﬁ? g@é oufgggﬁﬁending UK
Eat ﬁnt ap{ahi ket printern . for0 e4BNMa, ale. edifled ofith Kiatisticalavariationty 6§ flght achi evi ng
igh-reso I | J: i I } surface
ener gy patdpl éer;tﬁﬂ icgu%eﬁtg&%g%r@tﬁd(}?&g@ %ﬁgﬁ??{)&r‘fgﬁ‘e ﬁzg%e@és{?'n\gh&?tggdgﬁan order to
defi ne suoh thasubstratethe Hropletthsnrearbinuani uneontradied wiay. Bell faclesmweulds of
typically f nj er
r%ﬂlr? fo Ctg nrae%tri@albéhg,ﬁg gé@égﬁ 196 ph&fd! bl?'”&fr Isc%d?ée?r\h; fagerener gy

prepatter g e use efinition of ¢ I cal features of
subni cr omelestrodtisveihs shert charmhissothof p éevs misgemeterst INjLBLPA09GHRI0 &ipensi ve.
general resolution limitation 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
- subsfrate, 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 appliéation 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 um’s a broad range of technigques for surface energy prepatterning
can be used, but definition of critical features of submicrometer dimension

becomes increasingly difficult and expensive.




WO 03/056641 3 5 JULY 2006 According to the present invention there are
provi ded nmet hods and devices as set out in the acconpanying clainms. Thus
aspects of the present invention provide a nethod by which critical
features of mcronmeter and subm croneter dinension separating a first and
a second region of printed material can be defined without the help of a
surface quég% Fattern Such a nethod can be based on formation of a
self-align Yk coating layer formed on the surface of aprinted
pattern of a first material, and / or in a region of the substrate around
a printed pattern of a first materid@ . This surface coati AgULXya006r esul t s
in the repulsion of a solution of a second nmaterial fromthe 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

for mat i on % ré‘in mhle pﬂa%gntl?l‘?\}e“ﬁmh%%earg ?F&v%@@ﬁw od%I Qﬁd é\rlai'ts a@r}gt second

mat eri al . ventlon wi [l e de reference to the

fol | owi ngoﬂﬁlgﬂ‘reeﬁ;:COfﬁD@'lyrﬂeCEerhOV\/s the repul sion of the second solution from
the region of the first material with a self-aligned surface coating

| ayer. Figure 2 shows the repul sion of the second solution fromthe region
of the fiThes aspecisrdf e prkgent mverdios ravidsl ay mthad by mhick dritical feabwesachi eved by
exposure b rikrhidter Bhd WBmcFh bAoAl bl o RS 4 Al ccbhfy Second
solution froma sSurface region surround rst prrnted pattern.

Fi gure 4 saninnsoft printase mbtesiali eanell dﬁ%eﬁl\wﬁoubﬂned\‘ein hiea sudaceserargundi ng a

first ﬁQﬁe‘?ﬁ QQ’%SF}ﬁéhéc{ 8 @k t?as?.b”&{g%ﬁn% Ké '4@- ?%@geﬁaﬁﬁé{g drying of

t he sol utron of mat er ure i gned
nodi f i, cat ceatingflayehtormeden tesunacesoffa mmted mhttomlof @ fisst miiterisbland oh of a thin

surface | ;’H’ grreé#ﬁﬁ'd?q Qrsth’l%s\‘i/}gfeyﬁoEH& % BrirtP Paedrd or "L R $laRttiaR frHi'e second

sol ution e se .
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 from 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.




fluorinated region of the first material while both droplets are stil

|l iquid. WO 03/056641 4 5 JULY 2006 Figure 7 shows the nodification of the
surface of a first conducting material by dedoping of the surface |ayer.
Figure 8 shows different device configurations for TFTs with self-aligned
source-drain el ectrodes. Figure 9 shows the definition of a self-aligned
narrow line that is confined on tw sides. Figure 10 shows the
self-aligﬁ@%&¥%@ﬁhtion of a via-hole interconnection wth.a smal

diameter. Figure 11 shows the structure of a self-aligned TFT in which the
surface capping |ayer serves both #o define the channel |8JLY 2006we|| as
to act as the sem conducting |ayer of the device. Figure 12 shows the
structure of a self-aligned TFT in which the surface capping |ayer serves
both to define the channel length as well as to act as the dielectric

| ayer of the vice.  Fl gur . 4ial i gned LED or
phot odi ode wi ﬁgﬁggssﬂﬁwg%gg?ﬁggﬁ;o%ﬁﬁ ﬁ%@é@%‘%&%ﬁéﬁgﬁuﬁﬁﬁggﬁﬁm crographs
of dried dydpliatig otheRbDaid IBgS. printed by the self-aligned printing

met hod. Figure_.15 O] - I i.G - i d

m crogr aplhgu gﬁxgtggﬂ]%s%@egbﬁé%g#%g%?%gﬁg@ pogg%glg?'t %@g\}&bﬁﬁﬁd??f er ent

concent r asouns-decdin ¢lbatrodeat i oni ¢ surfactant D -n-decyl dinethyl amoni um
hlorid DD50Q). [ t fi j sti f

bot t om-gat o parier> PEFEs 1 SRR Ok Rl R relRR 16E (R ARRAE T o

top of a BMWNogeée dielectric (concentration of DD50 < 1 ng/m). Figure 17

shows current pol L aGCH0R"AE S binkl TorTRASH of B%id-Réle GRB-DAdHST Y

~

with a small 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 seif-aligned TFT in which the surface
capping layer serves hoth 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 opfical 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.




of the source and drain contacts and the conductivity across the
self-aligned gap of self-aligned PEDOT/ PSS el ectrodes fabricated with a
PVP - PEDOT/ PSS m xture. Figure 18 shows output and transfer
characteristics of self-aligned, top- gate F8T2 TFT with a PVP - PEDOI/ PSS
first electrode. WD 03/056641 5 5 JULY 2006 Figure 19 shows the reduction
of conductivity of an initially shorted PEDOI/PSS source-drain electrode
upon expos"ﬂ‘?@%‘iﬁS L4n 02 Pl asma.  Fi gure 20 shows atom c force .m crographs of
an initially shorted (a.) and c.)) and 02 plasnma etched source-drain
electrode (b.) and d.)) as well as Sutput and transfer ch&Al¥e$006tics of
a top-gate F8T2 TFT after 02 plasma etching. Figure 21 shows (a) optical

m crographs of self-aligned PEDOT/ PSS droplets deposited from ani onic SDS
and cationic DD50 surfactant on a positively charged, NH3" term nated

surface and a gigggt iy hywC AL GBELREH oPUichaGdtyaBA shDintan sharidaar ed spect rum

of aS|/SOZS ace |ppe Into a solution of before and after
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Accordi ng I ment present invention there is provided
a met hodchargehiNHs terminatad; surfacss ang %é%ﬁﬂﬁelm'ﬁ%9¢daPHd%B§? t3d Ph a second

region of o fdie g 'Er%eof'assﬁ ;teédrfa@e RiYppbll 6t Wrofien 6f DBSG befske Mat er i al

deposi ted preV| ous Ina first region.
and after nnsmg in deionized water.

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 um.

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
technigue 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




Figure 1 illustrates schematically this enbodinment. 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. Exanples of such techniques are inkjet deposition,
spray coating, screen printing, offset printing, continuous film
deposition_foll owed by photolithographic patterning, solution casting or
spray coaﬂ?ﬂ&m%ﬂ¥% a substrate containing a surface energy WO 03/ 056641 6 5
JULY 2006 pattern etc. During deposition or after deposition of the first
material a self-aligned surface lafer 5 is formed around Bh®ILYa2808r n of
the first material 4. This surface |layer is prepared in such a way that it
is capable of repelling a solution 6 of a second nmaterial that is
deposited in contact with the first material or restrict the flow of such

a subsequ -de ' | ok : | terial my
be sel ect E%Eésr%eﬁhgﬁ ﬁi&%ﬁﬁgérgﬁ r%%bg\k/;?ﬂ?jg?ﬂﬁﬁﬂ?{e%gg%gg%%Iféaggné'gat ernatively
the propeurficedayeny ibdorolet @roved tég/ paitarn Q€ thenfisel matedal %o ANBfSUER@ f i r st

mat eri al b1 LoR. rL tal echni ques
foll ow ng%&éﬁﬁrﬁr uegﬂ 1(.’f)dr?;ﬂiat Wﬁgt 3%1?%?%%%%%9&@?%3 %louag'?\??flat t hose by
any one oseqwor enadériah thadig eenpsitdd inteoptest wWille e il mafery) or peRtrichéie 1inited to

the fol l O‘ﬁénﬂ%; stcWa %Jh{%ﬁ@jypﬁh%sﬁéd &Q@(@I%@t@@oﬂﬁf{aﬁ TRk fisthakgiachosen such

that the "surface o rrstmaterial has a natural tendency to repel the
i nk of t heaydeoetbctedesocthatdl inhengytiymaydessibpes properties nAtaieatively &1 materi al may

result | ol BLRL Iy B dbtaiil bR SGHARTPBRLAIBR driRd ot mitdapraar from the
nposition of° the tirst material. c) A post depositjon surface
reaction gdépasitient iThetpropertiasimay be oblgingd &Y teghaiguesigiewieg RBNEKSS vapour or
liquid phase Qh s Sitfdc@HodiRdith éiv@gc tﬂ&fé\ﬁy arfyBneldtansBloph varetpbr t he first
material I's mxed wth a conponént that has 'a tendency to segregate to the
sur f ace, tecbniqae@m:hﬂ(ﬁ@g,@ntr;ortrgrp'lit%{i tadheloliovdn®r pol ymer containing a | ow
surface energy,¢4RRARRMbN of the second material can be chosen such that 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 sofution of the second
material is repelled from the first region, and upon drying no deposition of the




(e) A surface reaction is induced by exposure of the first material by
exposure to el ectronmagnetic radiation, or thernmal 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 not result in nodification of the substrate surface, or at |east not
to the sane degree as it leads to nodification of the surface of the first
material . YH&S®&ond material is then deposited in such a way that the
solution conmes at least partially in contact with the surface of the first
material. The solution of the second material is repelled S5r{UR 2008 £ st
regi on, and upon drying no deposition of the WO 03/056641 7 5 JULY 2006
second material 7 will occur in the first region. A small gap between the
first and second material is defined when the second solution dries on the

Substratese&ﬁafné’a@@na['r%ﬂ B&ouf B the WsP ek, Al skl ap PoURIeA theRRmiges of met hods
by which such repulsive Interaction between t e surface of the first

materi al &eePrdhBatstalusi dafined whee e egrrnd selvtion; diescam Wk sustBved. 1f the
first andggggend material are different, for exanple, if they have
different polarities, the solution of the second material can be
formulated in such a way that it has a higher contact angle on the surface

of the fi mfhe%ﬁll’nb%e dib&@Rs Q&e?at?%xé?ﬁﬁl@s oﬁH@tﬁ&d@ﬁuhu%ﬂ%htr@ﬁmsMé will be

repel |l ed ettirng into contact wt first material. For exanple,

if the fi F"%Qfa?f@ﬂ@ﬁmenlt@ surfoee afthe H@hmﬁ@r'ﬁ'ré)"dﬁﬁ? solution ke spNd n  a pol ar

(non- pol ar) sl MeHe acBdded e second material is a non-polar (polar)
mat eri al , ahe second material can be forrmulated in a non-pol ar (polar)

solvent, in which the first material is insoluble or only poorly soluble.

Exanpl es @fy,s e ana'%bé‘ddd%aeﬁéiearé B@fei%\{ Fbr eerr\gmtm A8y P@Ve/ BfEreREDOT/ PSS
formul ated 1 n water, a non- ({)o ar. sem conducti ng pol ynmer such as poly

di oct yl f | gelpates. @BSQ'P?CPH Qfﬁ'l‘%?%on matedyl cap barfpravlaed IR suchwerBebr sol vent

such xyl Qs a higher contact angle on the surface of the first material than 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 formutated 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 fhe 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




If on the other hand the first and second material are the sanme or of
simlar polarity the surface repulsion of a solution of the second

mat erial can be achieved by selectively nodifying 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 nodification can
be achieved by a range of different techniques, including, but not limted
to, reactiv%o%qgélrm treatnment after deposition of the first material, the
use of surfactants mxed into the soI ution of the first material, the
mxing of the first material with a8phase separating di bl o8kJUNS 209B056641 8
5 JULY 2006 copolyner, or the selective growh or deposition of material on
the surface of the first material. According to one enbodi nent of the
invention (figure 2) plasma treatnment involves the exposure of the surface

to a gas 68{3& Sjn‘?éfcéﬂ tg& sSIB&fRL @?(%Vﬁhl degg%&tlSﬁBpﬁBteh@Itdrﬁthé deidcder tHeF4) . Under

sui tabl e ma condl t1on sdrfaces polymer materials can be nodified
sel ecti veﬁystmatelﬂelut si mul t aneous nodification of the substrate surface.
The surface of many hydrocarbon polyners, such as the conducting polymer
pol yet hyl enedi oxyt hi ophene doped wi th pol ystyrene sul phonat e (PEDOT: PSS),
or of theAcmdlhattDr@eper@ﬁ@mepbpi/lﬁm dveatign (gurer Rhd¥asHiR: B82EMect i vely on a
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| esser degaréen B@iraﬂwldﬁl(ﬁﬁu)l h’aﬂ‘#fow'tah*ﬁé”asﬁw%ﬁ@'ﬁ'@@/ sufacgs of RAIVER sur f ace
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dr opl ets 0 second nat er 3, exanpl e anot her sol ution of
PEDOT/ PSSsulisiyots swiacer dhe ana‘a@a of manau l@s@r%attiOOepqhé&%u e #s Mo nix a

surfactan t t I u S are
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and a nonpuipmnafijEBQFkﬂﬁﬁi t0&ii of éﬂeodlfma%rpoél/”&eﬁl BelviB¥deoran B&r f act ant and

fluorinated selectively -on a glass substrate (for example, Coming 7059) by
exposure to a low energy CF4 blasma while the surface 6f 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 fo form a monolayer interfacial layer. When
the surfacefinterface is in contact with a nonpola{r medium (i.e., for example in
case of contact with the free surface with air) the nonpolar group of the surfactant
segregates to the surfacefinterface 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




solvent (such as water) is placed in contact with a surface, the surfactant
segregates to the interface in order to forma nonol ayer interfacial |ayer.
When the surface/interface is in contact with a nonpolar nmedium (i.e., for
exanple in case of contact with the free surface with air) the nonpol ar
group of the surfactant segregates to the surfacelinterface and forns a
Iomfenergy h drophoblc surface coating. In the case of contact with a

pol ar medi Uit Pt pol ar groups of the surfactant will be attracted towards
the interface. The surface activity of the surfactant is at jts maximum at
the so-called critical micelle confentration (Cl VIC) mhen5anﬁéﬁgﬁﬁy packed
nonol ayer of surfactant WO 03/056641 9 5 JULY 2006 nol ecules is fornmed on
the surface of the solution. Below the CMC the surface |ayer is |ess
dense, above the CMC micelles are formed in the bulk of the solution,
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Different classes of surfactant are distinguished: Anionic (cationic) surfactants
contain a nonpolar long hydrocarban group such as R = CyHza+1, and a negatively
(positively) charged polar group such as a carboxylate group RCOO", sulphonate
group RSOy, sulfate group ORSO; 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 surfactanis contain water-soluble groups such as alcohol or ether
groups, that do not ionise, but interact favourably with water molecules due, for




For short | engths of the nonpol ar hydrocarbon group the surfactant is
soluble in water, for |onger chains the polynmer may only be soluble in

| ess pol ar solvents such as al cohols. Some anionic surfactants such as
carboxyl ates are unstable in water solutions at |ow pH due to formati on of
the water-insoluble fatty acid. Mst cationic surfactants are based on
quaternary |Pn1based nol ecul es containing a positively charged NH3'
group. An % e is DD50. Cationic surfactants self-assenble
preferentrally on many negatively charged surfaces such as plastic
surfaces, silica or glass surfaces. 1®oni onic surfactants céhﬁ&ﬁ'oos
mater-soluble groups such as al cohol or ether groups, that do not ionise,
but interact favourably with water nol ecul es due, for W 03/056641 10 5
JULY 2006 exanple, due to hydrogen bonding interaction. Exanples of
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Many noni onic surfactants show strong surface activity due to reduced
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t he sur f agtrens syrisice aelivdly duedpagaucedtsolubiily B the ulk ofithe gelution Addf the first

materi al 8&§t€¥taémm %rérlz'%&lﬂﬁ&seﬂl%ém‘é'trféw&es ls@anears (Emrmmz dwg afd rst materi al
with a silrface Bo arit 'S og)@om th ulk of the first

mat eri al . WHtes sgly lﬁaf@'élongsgé)r@&a'tsl B é&fb%’teél’\‘i@’!ﬂ? f‘i’rnShQBIE.Q PB’T’i”%r upon
drying, b <4P't may al so be pronoted by an additional processing step, such
as an annealing step after the deposition of the first material. For
exanple, if the first material is a polar material, the surface energy is
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 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 aiready 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.




resulting in a repul sive surface capping |layer formed by the non-polar
groups of the surfactant. In order for the repul sion of the second
solution to be nost efficient it is preferred that the surfactant nol ecul e
is not soluble in the solvent of the second solution. O herw se

di ssolution of the surfactant capping |ayer around the first material wll
reduce thg%édgg&%fve force exerted onto the second solution. Dissolution
can be y using different solvents for the deposition of the first
and second material. It is pOSSIb|e for exanple, to use a g
solvents for the deposition of the 1|rst material with a iﬂh vent I n
which the first material is soluble, but not the surfactant, and a second
cosolvent for the surfactant that is mscible with the first solvent. In
this case the solution of the second material would then only contain the
solvent Tap &Aepld stéurf?é%{aﬁfs' nht, ardUlot Rdtert SHubRe Lt wfmtbefdigsowa@ isur fact ant .
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a sol ut i offpRENAIENSnBARb of ELoRERCt ant i s water soluble, the
surfactant coating can be sufficiently stable on the surface of the first
material in contact W|th a water-based solution of the second materi al,
that on ”E%er?h@xﬁé sﬂﬂfd@an??ﬁhﬁet Soiiié, GRe ikgacksE @BAting Wak tbetdiifficentlyy  cont act

with the surface of first material before the secocg oJ ution is driven

back by sgtablegn ténéwwefqﬁtf@efgst maierd! hsonfachiith awadsbgsebiP SRR ¥ s. For a

wat er ba%@se%@ﬁ&ﬁtb@ﬁanhaﬁor?@@@H@& kg sBAb wmt.cw@tsee@desnﬁtm BF$ wat er
solubl e surfactants such as sodi um dod ecylsulfate PS nat ur al

sur f act ancantaefctithatbe sedarerdfdag gt F’éﬂﬁ"é'h‘?ﬂf‘i’rﬁéh? é@‘ﬁ’"ﬁ’é}’ utiey} iSf4T¥ER | nat ed
surfact anpge 85 s §ceCQFTéF§¥ Ghradd, 3ho FYidaAP dRsOILEIN Stk FdF a water
(www. ausi nont . co under “the tradenane Fl uorolink or
based solufion 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 stabie in time. Such surfaces often showed a
contact angle that was high initiaily, 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 fop 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



Bayowet from Bayer, have been used successfully. In this case it was often
observed that the water contact angle of a PEDOI/ PSS surface nodified by a
wat er sol uble surfactant was not stable in tine. Such surfaces often showed
a contact angle that was high initially, but decreased over tine,
presumably due to dissolution of the surfactant |ayer on the PEDOT/ PSS
surface in‘%@o}&gG ter droplet on the surface. In this case nore reliable
repul si on 4584t ond wat er- based PEDOT/ PSS droplet fromthe first printed
PEDOT/ PSS pattern and successful channel definition was achi eved when the
second droplet was printed into thé?region adjacent to the JYLk%s2048att ern,
such that it only cane in contact wwth the contact |ine 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 onRetdp rﬁéteﬁér%aﬁ‘elﬂé‘ea@&a lsétakél?thfat th boriRt@igiteleincé BreBafiicieadses t he
second droplet did not flow of e first pattern; and after sone tine

started témabthat the SFF@@idTOEJattQV%P?f P“W@Pé?rdP%frsm%tﬁr'%{ surfactant is used
that is soluble in the solution of the WD 03/056641 12 5 JULY 2006 second

material care needs to be taken that the grintingﬂ)tol erance are
suf fi ci entgthergiess i isprgierrethdhat dheotrdfastapids dahtly beuirbio e ptach: r the first

materi al . cEH'bE%ﬁnBPé@fdrTexérﬁpl@rtﬁfﬁrbéﬁ% atshaéctédméhléa‘dagrb@mbf Wigictt | ght 1y bound
to the surface. This can achi eve

for exa tﬁ choog ﬁ% a surfactant
the head §P®aP aBPosie drraeniadhaef Bisoehergesd Qfﬂ‘éﬂsg(g‘ SSP ¢ A%t char ged

groups on pifi&ia lwrfdép fhaRl dbpitioh cBhditidiRIFFDET/PSYMES A ﬁ'@ﬁ%edﬁiﬁ@é@ tion
condi tions PEDOI/ PSS has a negative surface char 90 §ﬁ$"?%?§‘%§fe of the

t endency Gha"ﬂﬁebﬁéss%&frﬁ%é%‘@e@% fefp dopa £omBoRaRk 0iitr easing t he
density ofs,$R, GhPEUIOhet B@ns&y”off%@; drdupd EMtHeOBitaceS YT 4 antignd such as
DD50 is used in such a_case, ghter b| ndi ng of .t fgéfac apt to the
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At the CMC' the surface activity is at its maxi mum and a densely packed

'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 appiications 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



surface layer is formed.. For nuch higher concentrations the surfactant
forms phase separated structures, such as a mcellar structure in the bulk
of the material, that tend to adversely affect the norphol ogy and

el ectronic properties of the material. For many device applications the
surfactant concentration should be at the mninmumrequired to provide
sufficientngﬁ%gﬁF repul sion for the deposition of the second material, in
order to mninmze potential device instabilities induced by diffusion of
ionic species. In the case of PEDOI/PSS fornmulated in water, a surfactant
that is alcohol, but not water sol &8l e can be codeposit ed 34U 284l conol
cosolvent for the first deposition, while for the second deposition pure
PEDOT/ PSS in water can be wused. The solubility of the surfactant in the
solvent of the second material needs to be sufficiently |ow that

di ssol uti ¢4k, 8y dbﬁ&itﬁ%ﬂnﬁﬁ@ heaé8 'substraty/ OF B9 Groviting 8 stréd® of 8§aj=e, of drying of
t he second dropl et ssolution of the surfactant, shell nmay also be

pr event ed SHgh afprgenite goaelpsate deiningat tae seond materigay such that drying is
fast, 1i.e. by depositing froma hot solution or even fromthe nelt using a
phase-chaq%e WD 03/056641 13 5 JULY 2006 ink, by depositi ng onto a heated
subst r at e,TNBSURgCe FRAFPEATIAY MY PARPRM B¥ing) e garosttior 1Y ding i Mfgen t o

accel er at @ofnhf? wal Yok A b MsteSEFPROIFBAG thal proddis t]ﬁﬂﬂgfrﬁ&.%pﬁlﬁﬁ:ﬁrﬁgat ion may
happen during the deposition and drying . in the normal way or it may be
necessar y 38 CafiphAvBParatETe GANHElS subdeauen RNRRAUDD r Atheanal stel Bkt r ol |

t enper at UnLgededth la84istQhis QB8R HroRBa e R Imaybe rckharyBlfutieemogy be needed
to assist this segregatl on ‘Brocess. I t n%a% be neces%ary to further nodify

a segr egafagoregsied layer 35 Wil th plasma duernefionprocessidsscribed 8kQ€: descri bed above.
An alternative technique to change the polarity of the surface of the first
material according to this aspect of the . invention isﬁase %[1 m Xi ng a

di bl ock cépaligative teghnigua ipifange e palarly oA ieh ObBPAF BIARIE with the
first mat@riadiing td thishespbitictlhe Meéibh @ bd¥e8 oA iithgfa dIsbeK e@pblhmenon- pol ar
bl ock of the block copolyner tends to ) X
' consisting of a polar and a non-polar block with the first material. if the first
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 technigue 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




segregate towards the surface and form a non-pol ar encapsul ati on of the
first material, that can be used to repel a solution of a second pol ar
material. Exanples of suitable block copol yners are bl ock copol ynmers of

pol yet hyl ene oxi de (PEO) and pol ydi net hyl sil oxane (PDVS), or bl ock
copolynmers of a non- pol ar conjugated bl ock such as pol ydi octyl fl uorene and
a pol ar nqp&&ﬁt% ted block such as PEO[P. Leclere, Adv. Mat. 12, 1042
(2000)], or ock copol yner consisting of a conducting and a
senlconductlng block (C. Schmtt, Macronol. Rapid Conmmunications 22, 624
(2001)). Such polymers are either séfuble in water or in &JdWY40080] vent

m scible with water, and can be codeposited with a conducting polynmer such
as PEDOT: PSS formul ated in water. O her surface segregating or anphiphilic
nol ecul es such as sem conduct or nanocrystals with a hydrophilic surface
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.surface solutlo ang% %E% Tslygé] god\(/ager)st:tlegawnt? pcﬁyvmylphenol (PVP) from a

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.




separating systemw th which successful surface repul sion was achieved is a
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formed by ch#rged 80 of BB IFSS: ﬂ@%ﬁ"&@?ﬁ‘tﬁ% ftf‘@fr]\ﬂé%ﬁ %%&@F%%l ?Jﬁaﬁﬁa}roged S03 of the
PSS, and the positive head group of the cationic surfactant. Another
exanple is a PVDF/ DVA sol ut ] washed over, PEDOI' PSS printed onto an
conj ugat e&”ﬁ@??ﬂ@m%ﬁ%mgp'&soi{?B%WPﬁqe@ %’BE%BE%é &a‘%‘#egson ¥ conj ugat ed
' an conjugated polymer semiconductor substrate surface. Examples of conjugated

polymer semiconductors are poly(dioctylfluorene-co-bithiophene) * (F8T2) or

poly(3-hexyithiophene) (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.




pol ymer sem conductors are pol y(dioctyl fl uorene-co-bithiophene) (F8T2) or
pol y(3- hexyl t hi ophene) (P3HT). The PVDF solution dewets fromthe 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 i nv‘g{)}hgmg&qla third material is grown off selectively fromthe
surface of ertirst mterial. An exanple of such a third material is a
pol ynmer brush grown off the surface of the first material in a_ controlled
way by functionalizing a surface w {% a chain pol yneri zat i 'YLy 2998: or .
This chain polynerisation can be a controlled radical polynerization such
as Atom Transfer Radical Polynerization (ATRP) and the initiator would be
a 2-brono-2- nethyl propionic ester derivative. Oher 'living

pol yner i zahkip NSydidihBbi8 SnalieO Bidvides CAL bidhhiGally " it -RG®ANBGIyTREHRE hesi s may be
used. These pol'ynerizations allow the formation of covalently bound

pol yners &ydrephdbigleyer vapel s4PIegHeRidrefe surface with a suitable initiator.
In this invention, the surface of choice is the PEDOTI: PSS | ayer. After
introduction of an injtiator on the surface, subsequent _ exposure to
monomer s Ahanathar empegimentofithis embedimeakoldpventiana s ‘-‘506‘1"’(93%!(%,'5 | eads to

pol ymer  Bfwi6F elebirdidig p‘ﬁdiih%%ﬁ@r #RideRositoh rans! Arst Prigey padm hwngdr eds  of
nanoneterS thick. WD 03/056641 16 5 JULY 2006 Thelr h%gro Pobl C nature
provi des &rstpestidepesition sleg aetalEinacsuriage indiging s depggited SRIGRIVE r to repel
subsequenthdsange df el hater@MIph SRfke Mitidid the® thoGseeatsusfhcd nvention a
surface coating layer is r own el ectraol ess ﬁl ating after .the deposition

b )
of the fi Feactipn whew thepubpiesip is f“ﬁpgd inte adkatry gartaigfpd, GREFEFP A &R a cat al ysi ng

surface i fjlg Adteral ¥§J.%P§’c’_ﬁjn§£€ftﬁé'E%&rbM@m{céPBb@etyﬂh@, cter(bea). of the first
material. This surface initiator then catal yses a surface reaction when

the substrate is dipped into a bath containing a precursor of the third
mat eri al  (geckding e addbEriAble@bntatiéh & A6 irfvestitarthe alirfase Gogling 13y is CLO (2002)) .

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




According to another inplenentation of the invention the surface coating

|l ayer is grown off the surface of the first naterial by an el ectrochem cal
process. In this case the first nmaterial nust be an electrically
conducting or sem conducting material to which an electrical contact is
made after the deposition. The whole structure is then placed in a

sol ution 0% 3 ;pg a precursor of the surface coating material, and an
oxi dation oOr ‘reduction reaction occurs on the surface of the first

material when a voltage is applied to the pattern of the fitﬁhﬁﬁﬁ@ rial
with respect to a counter electrod®in the solution. After t

processi ng, perhaps involving drying or curing, the second deposited
material may be applied to the substrate where the usual repulsion is seen
formng a small, highly reproducible gap. A though we do not want to be
bound by bQ;ﬁQ/rdm isldafnald tﬂlth @ldtr Sand aRree 1ayBEsh thBarst Friatevihl, andicecond
material, "that 1s forne _m%en the second rmaterial is repelled from the
surface obeph@oerylatdingrsion Eiourg Hdhel i eved to be determ ned by the drying
node 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
dryi ng onThadninggeedesfdhe secend sevlicadbatidefpamipes thecapdebyrends it on will nove

away fro f b 65 vari6u8Fh@brs URANHIAY, YuD Sot |ifHREd @APS Wi th a
| engt h op]aég\gleergﬁmﬁﬁ%%ﬁqiﬁc%gr@bgrﬁfchi e\?ed (Fiﬁgf%urue 1&&% In the other

limting Swssurfacoupelagty: ¢fdhe susiate. thengurizse soHgbness ¢inbe sy Pas it comes

i N cont actoudh tsllb e RRUBIH the RbnthB8inG), iretiemBaafis, td'gasMBnBSHRRE641 17 5
JULY 2006 gap wdth Is defined by the wdth of the surface | ayer on the
first mat@poval the snbstead theeresenceopfedamgl cackiengpareticrrgiavdaiqradl ). The

dryi ng nodenfastii SR BEHRE eHsidANvishlty, 4aH Bbilhd Bint dFendddvdpebreen t he
first and second region can be affected by various factors, i ncl udi ng, but

not | imi t &bxtyrg of soleenispiith tecged 8QIUtOR. of the substrate, the surface
roughness of the substrate (a rough surface tends to pin the contact
line), the tenperature, the gas atnosphere above the substrate, the
presence 6\\90@5('{1@ﬂ‘h@ﬂo@?'éé'ﬁ'P‘P‘gf“e’ﬁH@frfB?iPEGSGF't rentior dhgre iy provided a

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 disciosed 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 fim 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




fields, as well as the surface tension, viscosity, and boiling point of the
solvent or mxture of solvents of the second solution. According to

anot her enbodi nent of the present invention there is provided a nethod by
whi ch the surface of the substrate surrounding the first pattern is

nodi fied during the drying process of the solution of the first material as
to forma éﬂ%%ﬁﬁf energy barrier for the deposition of the second materi al
that is sel I'ghed around the edge of the first pattern. Several nethods
are disclosed. here that enable the formation of such a self %1

surface energy barrier surrounding i®e first pattern. ﬂﬂﬁ

dropl et spreads on the surface of a wetting substrate, a so caIIed
precursor filmis formed around the droplet (see for exanple, Souheng Wi,
Pol ymer Interface and Adhesion, Marcel Dekker Inc., New York (1982)). The

precur sor gfikd MradurdBd Chimt AONBGT bk NABAfiEe delRtiveR) Hyhpra&ﬁ@Stsea%ertthe bul k
droplet and extends beyond the macroscopi c contact line of the bulk liquid

dropl et . Pwlastanls mixgdds rtenﬁo“ﬁloéc%rt%f"s‘f E"PWF'F“ ot alar terRidres R d'ey somewhat

thi cker segRBYRK YasldesBrtRlhbods. t THIS cai t th@ﬁfb)é Uskdi 1 rddeod sélitionng tef the first
droplet 16 this'results in a very thin filmof naterial arqunkru?e t he edges

of the buPrcagddpateral. Thisnmethnd B g the e dersriBedaRpveyn e surface

ener gy i ngsandeRhdtRehidiest the lfrbans&n@én%na%@refarmk@ aﬁaﬁhawﬁnﬁéd The surface
of the WD 03/056641 18 5 J dried precursor m 19 can be nodified

sel ect i veb§twepn fedistnaterial { epd the seeedipaigHal <0ncande QOH"?'WQ b¥H%tion of the

first mat geting coRbitieis6h tﬁeesthuatrétee%é Mdrb QvetthdMBe Walistisde deretided above.
This can then be used to repel a solution of the second ma,tzrlal Thi s

net hod i s Seltianeplethe ff’?"dﬁ?tf"ﬂ@ #htkthedewes !5%8”@98\)9@9"93( AVALZE t hat the

wi dth of ﬁ?&ur&bﬁﬂhﬁraﬁaﬁnd tﬁb’ﬁfogle@"ﬁﬂnshh@th@d gérerally doB€ n@taow fernatien f or med
between the first materi al t he secod erlal ﬁ can,be controll ed

by the wet(93Ry WihdPelpaHRs ginepsignss Bt faf WS Pt he substrate
i's for thehicrometer size. For many applications it is not important that the cntrcal features

~ 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




solution of the first material, and the lower its surface energy the w der
is the precursor filmaround the droplet. This nmethod generally does not
allow formation of gaps with nol ecul ar dinensions, but it allows fornmation
of gaps with mcroneter size. For many applications it is not inportant
that the critical features are of subm croneter dinmensions, it is rather
nor e inpok%ﬁgﬁs%hgt the gaps are formed with a very high yield. A high
yieldis Phot ly to be achieved if the separation between the first
and second region is on the order of m cronmeters. Although t ur sor
filmis very thin, in sone cases iti%ight be desirable to ‘ﬁﬁtﬁgw reduce
its thickness or even renove i't after the printing of the second nmateri al
in order, for exanple, to reduce the conductance between the first
conductive and the second conductive region. This can be achieved by

exposi ng rﬁdﬂﬁynﬁgﬁéﬁ&nﬂrﬁgh&té High WiRit?fob séncﬁr!@;eorcé@ﬁamgttb% Qfbstrdig jssecond

material to Si ca tchrng process such as a plasma etching step. By

adj ust i ng mixed l@f—‘(ﬂ‘lﬂ gelption the syifase WM@Q;%Q"&%WE%S foriee barp yubstiie dri ed

recur sor QY
gl gni fi carsl{“if%/dalﬂ{éﬁﬁﬁ%\ tH&@d%é af Bfﬁei%oé‘ aod g:%ﬁ;@?gltl%?e 2(d)). Anot her

i
possi bi | i B{pPuNS ﬂ&ﬂafrshém@lﬂt éélqﬁenéngrf@m mee'ﬂl"'%[utpftg e &ndRasiion & $ehd a first
printed d@ﬂ)‘b’le?rcoﬁtﬁctthﬂe ”ﬁh&réd%‘ﬁ d?fmédtred @Dﬁféd&%r{é?}ecaﬂfsu%@]u&hﬂy%e dropl et

(Figure 4) tact "1 ne first Is not pinned on the

subst r at e Ubef ojrapglya, secogd P%fﬂ%%ﬁrOPEh%ﬁ Al Agfingra @lftalfan%w hedween t he di anmet er
of the fi 'Er%ttwgrp(ﬁﬁﬂeﬁtre@g’nss\mﬂ Q%ﬁﬁl’fjﬂk'éi @inycﬂ'eﬁéﬁ&nt &?{h@rcﬁ‘ylhg} mB@&@fmS pi nned

finally when the viscosity rying drople becones so high that the
cont act | iheefiretipriet. EW@DI%W $H§>F'tsﬁé$ce de'@'@@QPHE@FW’@I@%@ﬁtl 19 5 JULY

2006 nodi td E‘ébaﬁ@ed'ftatﬁamﬁg %’%s@iv@é QJ‘fuﬁEtfdnBI %ﬁéuﬁ@()n Rensirge @f tiRdhering to

the substrate’is mxed into the solution, The surface m)dlfyl ng agent
attaches subsimte. hdhe casesd@relas substtesuEaghuih RegativbEharged su@tfes, and

- modi fi es. yRfps WIERGE tﬁ@@mxgrduestohqhé SO AR ofd QEETo! 50, {substatglropl et 25
extending“fromthe initial he final position of the dropl et contact

line. Thi §afosigisyrfagantfyeh ps 8953 mtfsaéénéhﬁarﬁ@y %a@oenm&a@rﬁy e

with positively charged surface groups, such as a glass substrate modified with a
self-assembled monolayer containing a NH;" 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 CHa(CHz)n.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.




used to repel a second printed droplet 26 and define a self-aligned gap
between the two printed regions with a width that is only dependent on the
drying node of the first droplet. Exanples of such surface nodifying
agents are surfactants that are capable of attaching thenselves to
functional groups on the surface of the substrate. In the case of a polar
substrate‘@ﬁ5££&§ with negatively charged surface groups, such as the OH
groups on the SUrtace of a gl ass or Si02 substrate, a cationic surfactant

such as DD50 is used. In the case of_.a polar substrate surf i th
positively charged surface groups, &lch as a gl ass substratsg‘ﬁ'ﬁgd%f%ed W th

a self-assenbl ed nonol ayer containing a NH3" group, an anionic surfactant
such as 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 gr oupsrerifsd rhéthod K 8efinitgy SsutaigredyicbapirehyCoatem ablad thefirge derivati ves

CH3(CH2)"-, NH2, [.S. V}é Lee et a%el., J{ Am Cherln S@g. 123 5395 (2000)]. Wen

m xed i nt SCHONSIpSHRIRCtShe sybsiate togt themmal anngaling J&P afig] deRosioL8ht ai n” a

cosol vent tﬁ&ir&t&ﬁétérﬁdl.aftﬁeltﬂb@mdiaﬁéﬂsiﬂdd_@@fﬁ@ifar(ljtdfh% @ugtfa@emrgeﬁtmafﬁ ng agent in
es, de ace region

the solution), the al kyl am ne deri vat 0Sit | e sur

from whi cfa Hgthﬁg@ﬁlnﬁ%’agwe{}ﬁ% d§‘?ﬂ'€i§t"1"tj%“%85 ?“égiﬁq?'i lh@"eisﬂlu{'cfrbr mati on of a
harrow lhydilf NI Matital a6Raing ahQdyear Plandelbdtrelli seategagaowdrds i  dri ed
material. |t i

deposi ti owfwacgﬁg@ffrﬁﬁé%@aﬂﬁ%?ﬂ gt%geeiti’#da'%f’@héﬁgt%?tﬂﬂgrﬁ%&%ﬁegéylogIng? a
sel ecti vefghay &RlintsRawd igyer 25, ey binkig firstireibh otill deeat eshinduaf ace
T L " shinat e o ins USRS Sof i3 55 SR R8T 87515 406
rel at ed mphfieg bé& ind@hiadi With thebitratd. iApnedmpler dfanch agent gyulpditeer n ar ound
af ter  depBerPBRMoleculeihe FODEL mhBlar amatar o e g BN on
coef fi ci enfithafnohipelssulistaRi e is larger than that of the first material the
first droplet wll shrink on the substrate. If the solution

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

resuiting 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




of the first material contains an agent that selectively segregates towards
the interface of the first material and the substrate and nodifies the
interfacial energy formng an interfacial |ayer 25, the shrinking first
region will |eave behind an exposed region of the substrate with a surface
energy that has been nodified by having been in contact with the
substrate._ An exanple of such agent would be a non-polar nolecule or

pol yrer iﬁ"%ﬂf’f?c'ﬁ“é‘r solution of the first material in contact. with a

non- pol ar substrate. Another nmethod is based on a nodification by the
surface topography by the receding2first solution. If, fof JAkddA08
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

i ncreases the surface roughness, for exanple by swelling of the substrate
or by sel i Vi AinSS i : S €4 rof the
substrat e%&ﬁ*ﬁ’\gs‘]‘ rtggltj t:ﬁnmgé ?g%ﬁgﬁgg@ﬁ?ﬁgtegélg%hﬁgug i\aggsdlgﬁdﬁ‘nl the first
dropl et caerfitvenedsed to pin the contact line of the second dropl et when the
latter is attenpting to spread into the region of increased roughness.
Contact line pinning is known to be enhanced 'by surface roughness. This
ef f ect carYebenaiberdvayof giefniag sudhheelfsdigned sunfacs engrgy PB@f@ﬁwUﬁﬁg@ri al coni ng
in contact. \M .egl of . ik : i@l . t hod of
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dropl et i $iydrophmibic $unkaces diatiis coatesf withe thin figno Oﬂﬁmlaétmaﬁﬁfia%?érﬁhaég%nt that is
able to difffuse, fi s Nenf Pﬁecf fol iy osiiiﬁ'?oi Il Srst RO SEH Wheaéﬂ'fléjﬁﬁpd' fy the
surface énergy of a sna region on the substrate around the first region.
The surf adeopladirédedss on tid subisiratepiivinh dts anjéat diameien it [psalbritissedies g, anneal i ng

th bst . t | t : dified
Fogi on-: n PRt S arofn ¥k, FRERRGY U5 e s fife U iToRed DEpHBETE O e
and t enpersabsirate iata repipe 1 tiva issatfaligeediwittt heiedae bthe fisstmaterigh If aret anot her
way of - defl k0o HE Bedib mabidd RS SUIdsRGFiINGD S s¥adddbhiBh BaReaH il t he

the region of the first material, 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 materiat.

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 substra'te, 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 resuits 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




first region is disclosed in Figure 5. In this case the substrate 27 has a
hydr ophobi ¢ surface that is coated wwth a thin filmof a polar naterial 28
that is soluble in the solvent used for the deposition of the first
droplet. Wien the first droplet recedes on the substrate fromits initial
dianeter it locally dissolves the polar filmaround its edges, and
uncovers the surface of the buried hydrophobic substrate in a region 31
that is sé??gﬁpﬁﬁhed with the edge of the first material. If a solution of
the second material 32 is deposited into a surface region adjacent to the
region of the first material, the séution of the second nRr-¥LYaA%0Ps
repelled when it is comng in contact with the hydrophobic region
surroundi ng the edge of the first material. The solubility of the polar
material 28 in the solvent of the first material needs to be sufficiently

| ow as tps@crofaﬁr%ﬁoén@htnaa%érm& 220leR $iREd bifacaH 8PbRtop offieé iRvRgedy a _
contraction of the droplets once |ayer 28 has dissolved into the solution

of the fi whereifethegrpis defimas kyrthe Kirknewof isdepigiod s dedpreddYPBarri er wi 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
t he subst ieene embpslimentplihainyeatioprbofhibe fiest materiakandihe,secqpd m@iegal ne dryi ng

time of the dikdidliar MR inclubfg BREnG BN, BondRiBENEpdliters Wid at e, the
presence of electrical, magnetic r gravitational fields, etc. Yet

A I or g 2 / .
anot her wasie depositsgionyihe substatevize for stace isgitiorgarogessing dachpigihuct i ng mat er i al
42 is to dedope the surface |layer or to deplete it off charge carriers

(Figure 7). In the case of a conducti ng pol yner ded\%ﬁi ng of the surface
| ayer resli erother emhagiment shingdryanior beth dbe coripg laver ahd sl #f ed surface

ener gy anghsedtuite! dihlarPhoRBEdd Riéntical Rt&HRARO RicREing kil thot bRduselpl e, be
performed by electrochem cal] dedopi ng. The WD 03/056641 22 5 JULY 2006

second dep¥ucive Relaric Matefialsi s t hen pl aced adj acent or on top of the first
| ayer wherein the gap is defined by the thickness of the depleted or
de-doped | ayer. . ) ,

In Some cases, such as that of an insulator segregating 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




I n one enbodi ment of the invention both the first material and the second
material are dissimlar materials, including but not exclusively,
conducting polynmers, which are deposited on the substrate via, for

i nstance, solution processing techniques. In another enbodi ment of the

i nvention both the confining |layer and material of interest are simlar,
or indeed jdentical materials, including but not exclusively conductive
pol ymer i c WAPEPS s. In some cases, such as that of an insuiator
segregating to the surface of the first drop, it may be necessary to
renove the surface coating |ayer af2®r deposition of the SRRt erial .
In sonme TFT device architectures where the conducting channel woul d be
deposited in contact with the printed self-aligned source and drain

el ectrodes charge carder injection mght be inpeded by the presence of
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a washing’s , e step or ~controlled materi al
renoval trenhamquesshy detectivebspiveotdlisgalutiom PTsaee ofbernieennjquegathatéher to d), or a
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channel not be necessary cases the formation of
t he sel f - Hyegofedcgapndtetalleen 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

| i near dinremséobodiment ofteriplestiomextéraalfdieetingfor genfiningffactyisuclt@d array with
i ncreased gr . L o] inqgﬂg- fat i i a first
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sel ective i the first material and the second. The first
a?ﬁ%ﬁé@b@@c&?rﬁ@ﬁ&.

| ayer is enove sel ective solvent dissolution or sone other
techni que so that the surface exposed is nodified for further treatnent

(with an_ %ﬂb%ﬁ&:@d%&tbnﬁﬁﬂa@% placed simultaneously and adjacent onto the

‘surface where repulsion occurs due to the nature of the differences in solvent.
The basic premise is that two immiscible solvents are used that, under normal
circumstances repel each other (polar and non-polar for instance). It is 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 sclvent
based in nature, and may be of similar or dissimilar materials. These suiface
active agents or groups, when deposited simultaneously, or separately (but not
drying) AND adjacent to eachother, 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 seconci 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 fop of the substrate (Figure 8(a)) or directly on top of the




| ayer of second material). In one enbodi nent of the invention external
directing or confining effects such as electric field, gravitic influences
or indeed a manipul ating probe are used to physically nove, or hold, a
deposited material, whilst still inliquid form into an advantageous
conformati on. The deposited materials may be placed sinultaneously and

adj acent onto the surface where repul sion occurs due to the nature of the
di fference®?™ it vent. The basic prem se is that two i mm scible solvents
are used that, under normal circunstances repel each other Ql ar and
non-pol ar for instance). It is envighged that the deposit¢ #0631 s are
dissimlar or simlar in chem cal conposition. A further nodification of
this technique is to use a surface nodifying additive, or groups, to both
deposited materials. These nmaterials may be aqueous or solvent based in
nature, a S it L SSdym i Ty rface
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conf i gur ask@ngs €h) plapma frgptment as described above, the surfaces of the first and

second material are prepared in a low energy state. A third material 56 can

subsequently be printed into the gap region and can be cenfined to the gap region
by action of a repulsive surface interaction with the first and second region. f 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 fine. 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
glectrodes. 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 fo further reduce overlap capacitances with underlying
electrodes (Figure 9).




advant ageous because they allow efficient charge injection fromthe
source-drain electrodes directly into the TFT accunul ati on channel . Usi ng
t he above techniques it is also possible to fabricate narrow features that
are confined on both sides (Figure 9). In a first step a narrow, well
defined gap is fornmed between a first region 53 and a second regi on 55. By
usi ng techni such as CF4 plasna treatnent, as described above, the
surfaces d¥°qﬂﬁ %45 rst and second material are prepared in a | ow energy
state. Athird material 56 can subsequently be printed into the gap region
and can be confined to the gap regi 8 by action of a repuﬁﬂp%gagﬂﬁface
interaction with the first and second region. If the third material is a
conducting material such as PEDOI/ PSS narrow conducting 1|ines 57 can be
printed, with a width that is reduced significantly conpared with the
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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 jong 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 aclive

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 seif-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




of solvents. In order to define via-holes with dinensions snaller than the
solvent droplet dianeter it is necessary to confine the solvent droplets
on the surface of the substrate. This can be achieved in the foll ow ng
way. In a simlar way as described in the previous section a self-aligned
confinement structure 60,62 can be defined on the surface of a substrate
that contajns buried electrodes 58 to which electrical connections are to
be est abl i%@%sép.swflhe buried electrode is covered by JCHCB2A8 i ¢ | ayer 59,
t hrough which a vi a-hole connection needs to be opened. An exanple of such
a structure are nonpol ar confinenmeng€6structures of surfac®Jdb¥i2feed PVP or
polyimde, 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 f t : r 2Ty e nonpol ar
pol ymer ig?dr']v%f%r?g%ﬁ&@?;byitga?rg p?ggéz}g%hg tﬁxésﬁa res%L t@l?rglaeiﬂrg_sﬁ%l 6éfhi s forned
with a di seradesrsuchas corgrollerbfadicalpotynetinatiosi ze of the gap between the two
nonpol ar sel f-aligned confinenent regions (Figure 10). The process

descri bed above is also useful for defining other conponents of self-
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03/ 056641 n%%ﬁc%ﬂ%éﬁ?@?@ af® 78 cdithe’ g%%ﬁor example by techniques that allow

the growth 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 foliowing examples.
Example 1 - CF; 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 d_eposition of
material. However, it may also serve the purpose of elecirically 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,




grown for exanple by techniques that allow the growth of polynmer brushes
off surfaces, such as controlled radical polynerization. Figure 12 shows a
schematic cross section of a self-aligned transistor device according to

t he present invention with sem conducting |ayer 72, self-aligned
source-drain electrodes 73 and 75, and gate electrode 77. In this device

the surf |f|cat|on |l ayers 74 and 76 used for | f-aligned
printing ?‘gga%g el ectric material that also forns th‘g$’8§€”"£"3fe| ectric

| ayer of the device. Also in this case it is inportant that the dryin

nmode of the second droplet results A intimte contact bePwWbb¥ 208& first
and second el ectrode. Sem conducting surface nodification |ayers 74 and 76
can be grown for exanple by techniques that allow the growh of polyner
brushes off surfaces, such as controlled radical polynerization, such as
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descri bed by wa fol1ow ng exanpl e - CF4 surface
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sour ce-dr %bEbnEF-HPtedQﬁactér%I (?sdplhﬁe@fb fRE egb@ssﬁr&meél HyIROMt dRdpFilgwe 2. In this
exanple, a fles a first-deposited PEDOT: PSS

asma selectiv
| ayer rel gepaef MUP@E@%EEQQJ \Hﬁa'?}l/ rthis dhenTinadssigpan exiesainhshall eRcase is a

gl ass subgpR (R wd PERDTHESS fdiie! ymer  semi conductor thin film such as
F8T2 on top of a glass substrate. The surface nodification primarily

serves the purpose of repelling a subsequent deposition of material.

Hovever  In oy sitsBRo SRS kiR WRGSE hipaRldid SNdny vashidy bier Wi se

deactlvatl ng the near surface or ‘edge area of first- dep05| ted materi al

or al t er iowygentiiass efphing. tRF'e(ﬁUbﬁtfﬁie Henpundes P%@éthoﬁ‘" BYsEhedeadA the film
Thi's may %gmy%onddaﬁveowlﬁﬁ’érePEboﬂlﬁ.‘% (HAAIRON PSBhyr] BAntRiduePRndi ng the gap

between th I rst subsequent |y deposited materi als. 03/ 056641
PCT/ GB02/ @85g%a demand jokist hegd€DOD) and is deposited such that subsequent drops

are touching and form a continuous line pattern. Other solution 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 CFy
plasma etching at a power of 50 to 250W for 30 s to 10 min. The CF4 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 pattem 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
suiface of the first pattemn, and dry in such a way that the contact line of the
second PEDQT/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.




The next step includes 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 material is pinned to the edges
defined by the first drop. In the case of the fluorinated PEDOT: PSS, this
then leads to an extrenely small gap between the two PEDOT: PSS regions. A
clean substrate, in this exanple glass, is prepared using solvent washing
and oxyge‘ﬁo?ﬁmgiﬁ#a etching. The substrate is nount edpﬁyﬁg‘gfoﬁ%ﬁn i nkj et head
and a Iliquid conductive polymer, PEDOT/ PSS (BAYTRON P, Bayer) is
introduced to a drop on demand i nkP&t head (DOD) and is d&gUbYi2898 such

t hat subsequent drops are touching and forma continuous |line pattern.

Q her solution printing techniques are envisaged for exanpl e conti nuous

i nkj et, flexographic and gravure |ithography, screen printing and pad
stanping. The drops, at this stage are unconfined, with the spread

determ ned by the substrate and drying under normal evaporative
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second patter deposited on top of or partially on top of
the fi rsttp%(éﬁg%ﬁggmﬁéﬂg@g

tern, observed that the droplets of the second
pattern are repelled, and flow off the surface of the first pattern, and

dry in su _ : ine of the second PEDOI/ PSS pattern is
in close (ggggﬁpﬁ%ly%g?gf%g?@%@ggﬁﬁ ne of the first PEDOI/PSS pattern. The

second droplet conforns to the edge of the first
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, Fiu}oro]ink). and non-
ionic surfactants (alkylethoxylated surfactants of the form EOm CoHznOH were
used with conceﬁtrations 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 isopropanocl, as
both DD50 and the ethoxylated surfactant with atkyl 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 NMes"




PEDOT/ PSS pattern. WO 03/056641 PCT/ GB02/05863 28 5 JULY 2006 In this
fashion it is possible to attain very small gaps between the first and
second printed PEDOT patterns. The gap wi dth depends on the dryi ng node of
the PEDOT droplets on the substrate after they have flown off the first
PEDOT pattern. On a hydrophilic glass substrate gaps down to | ess than 100
nm have been neasured by atom c force m croscopy. Measurenents of the

el ectricalWOLYRMELti vity between the first and second“PEBEP 3t tern show
that the gap between the two patterns is neverthel ess well defined, and no
el ectrical shorts are present betwe&n the two patterns. EﬁdeNQOQS-
Surfactant nodified inks For the inkjet deposition of the first PEDOT

el ectrode pattern different surfactant nolecules were mxed into a
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a large pubes Gh BIRLIME KR HEGHGhrocksyrct i onal groups on the surface.

After the deposition of the first electrode pattern glass substrates 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 elecirode 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




Hydrophilic gl ass substrates were also nodified with a quaterni zed am ne
sel f- assenbl ed nonol ayer to produce a polar surface term nated by positive
NMe3' WD 03/ 056641 PCT/ GB02/ 05863 29 5 JULY 2006 surface groups (P.K Ho,
Adv. Mat. 10, 770 (1998)). G ass substrates were also coated with |ayers
of PVP and PMVA polynmer. The polynmer surfaces were prepared in a
hydrophlllc wetting state by a short, | ow power 02 plasma etching step
(100 W fOVOBHS4 'n the case of PMVA this step i s nE@EHESBRAFE hocause t he
surface is too hydrophobic to allow inkjet printing of continuous patterns
of PEDOT. In all cases surfactant 8®difi ed PEDOT dropl et s50HUYR00&r ger
radius on the substrate after drying than pure PEDOT droplets due to the

| owering of the surface energy induced by the surfactant. This is evidence
for the segregation of the surfactant to the surface during the drying

process. After, the. d I, t.] ass
substrat eg&ﬁg t@e M ekFaégd "%ﬁ)%!iﬂ}e %%‘%Pé dﬁ%et c%%gﬁ%ﬂ%&t% \g{ﬂ?e%ove r esi dual
wat er f ronu:ﬁdn@rPEﬁEuT Wacdn definef aiptihting ¢istonast £ as lthe swgllesiydifferenceof t he
surfactan S f per. ot anneal ed
prior to hg SP?’] ef?% f%g}r?t?jf%pﬁéwg @E:etérf?% &%é?ﬂgdg@oﬂd PEDOT

el ect rodenm&otmdhbeudfauemfmﬁ fubstcht@BDIDE sPSBdsireptd has eldiametgr das wel | as t he

sarme sur f Ct%g%qoi?%n%{@?l? #i{yﬂsuﬁjg?atte%% ﬁ\%gmtjg‘nrdél?ﬁter 99&% }lleon of the

first PE eérence was ser Ve to the
abi l'ity obpreheing motibn thraopbretgeneousapeibn bhitheisabstwte, ﬁhaeprméng)ﬁldtama)pl et. In the

case of th k for .the se f|r Iectr g cal the
second 3@9?%88 zrb(thetrgp%e aﬁypgl n?eodz 3@?" d@?ﬁ&; qu@%'lr st pattern,
in some c%&w smalee thakihdte negyyfwithsivhied t‘h@tdoﬁldet line of $Hel édcorln:adlgplat | ydl i qui g
Even in this case re si on e t ts was,observed. Wt
some sur f HeRiagRSont %Jgen;:’%{'?dﬁﬁ't‘g E"\’SNE lﬁif@?eéD%g"aghe&%?gﬁ Wap §ps %%Jshorted
SO;H ce- dr @th A8 BrimO&Rs iNREsddivied theh@oflthée sédalid @foplehaidse aowl ofir opl et was
no :

the first PEDOT pattern. Figure 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 anionid 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




printed directly on top of the first droplet, but only came in contact with
the edge of the first electrode during the spreading notion of the second
droplet on the substrate. This is believed to be due to partial

di ssolution of the surfactant coating WO 03/056641 PCT/ GB02/ 05863 30 5 JULY
2006 when the water based ink of the second droplets cones in contact with
the surfactant shell. W can define a printing distance s as the snall est
di f f er enceWOR¥¥en the edge of the first droplet, anfHHE?84Htre of the
second droplet when it inpacts on the surface of the substrate. If the
second droplet has a dianeter dl in31the air prior to inpadtJuMYt2006he
substrate, and a maxi num di aneter d2 during the spreading notion in a
honbgeneous regi on of the substrate, the printing distance s had to be in
the range d, / 2 +tA<s <d2/ 2. Ais a safety distance, the larger A the

smal l er the kinetic energy.wth ich .the L t econd

dr opl et i?ﬁ?ﬁﬂfai% b%ﬁ{ﬂban(c% ;fmeu}he&?hr%r/ougfhats ﬁe&g Rie?ﬁ é’tdér g%g? é to&ﬂ?iﬁbl e printing
was obser vigactiondlighoups an tlsurfacesfdahe substatees where the ink of the second
droplet did not flow of the first PEDOT pattern. Figure 14 shows optical

m crographs of self-aligned first and second droplets on a glass substrate

(a) & (b) mdatany af F\Arfaulast toahedifydhe srifa)of tiibeubstraby was veriieds are round,

while the second droplets are distort reyind shape of
the first 538'81 g‘fg‘.fraFe[d Wgé%sﬁg@? ﬁ%’r? ﬁgtﬁ{\ﬁ“@e’g%ma?%ﬁnfﬁ%?ﬁaﬁg' %rface had a
si gni fi canslasnif trosted eubstratdevas rdigiped tiitd iat solationt ¢feDRH), finfedrécyARA$ITAr i nting in
terms of the n r pf .deyices W.t r WBRN3 0 Y drain. On a
pl asma tretﬁgeékﬁqﬁﬁbesﬁw%’8ge§me‘t['ﬂenge?é}(g%ﬁ&§g Qﬁ[’y P negcgtglsve y char ged
hydr oxyl gsubsipste etrfddee TisaicHasanteraticsaignatuse of DR Gwas osagied aven FBE showed nuch
poorer reliabiljty an cati.oni rf. fort he ot her
hand, on ar"gﬂﬁ’ltb?é‘ﬁf’%@}e Matef'ecﬁqr?iﬁgglg\gé@%%%%sj%# ag%e, %% "Showed nuch
better rel Dos0 dégogitivihens BREOvedFATAgaUS BsuitsThigre abtainedtferddst ed in terns of
the surfactant nodifying a surface region of finite width around the edge

of the first .
Further evidence 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 um. 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
0.1img/mi 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, seif-aligned PEDOT source-drain electrodes deposited from &
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



droplet that exerts a repulsive force when the second droplets attenpts to
spread into this surrounding region. This surface nodification m ght occur
when the first droplets recede somewhat on the substrate during drying,
before the contact |line becones fixed, or by diffusion of the surfactant
out of the region occupied the first droplet. The surfactant m ght also
adhere to the surface during the spreading of the droplet and force the
contact | iR%%%ecede a bit -> uaut ophobing". The aBFF’FPV"’SSt% nmodi fy the
surface of the substrate in a region surrounding the first droplet WO

03/ 056641 PCT/ GB02/ 05863 31 5 JULY 2D06 appears to be enhahdUlYi2p0§ he 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 was verified directly by infrared spectroscopy

(Figure 1 : n_a pegatiyel har.ged,.,02 I t.rea .substrate was
di pped i n'?Ba& fg[o tq”(‘?h{g’o'ﬂelﬁ%ﬁll,d\eﬁppg%gd Tglﬁézg?'ﬁ)ré???et@e'ﬁ #?evr'cet he di ppi ng

S ho¥\ed ev Mﬁ@ 06 ¢he @rilerta® 200 NGO®Im] the chiskel wisthamithe srdepoft30equm. Qidssit r at e

surface. The c teristjcs signature,_qf 0 obseryed even after
rinsing tﬁéy%ﬁﬁg{'? queﬁatwatlseqps%@qdék%g%g-p%W\Q@S(gcggge%ﬁqm e no evi dence
for DD50 sglapes tidnefer Wafa@ORtEyieén tHywiaasys® cadust s were obtained for SDS.
Furt her evidence for surface nodification of the substrate in a region

around the droplet was obtained by varying the concentration of the

sur f act anExhmple®- SaHadthARfre OPEDOT/PSSrifks PEDOT el ectrode. It was found that
the small er tﬁe concentration of DD50 in the PEDOT solution the snaller

the gap fornmed between the first and second el ectrodes. Figure 16 shows
atom c f oEggerMeRtOsSRl o tHPgRSdastritsl ih Exanplg 2eders aivoq@dmaddrwitl ectrode with

di fferent ations af . Inthis e rinment the PE i nk of the
first andpgg)gﬁﬁ%%\"%%&agﬁ@é‘om'? a@hﬂ'{?&ﬁaf‘t- q’ﬁ@'s @59 L3S 8P YTce for
printing wRs oh ©:20aPm tlatedaglas cabdtatdsi the prlocdssngidmhott Werksékf - al i gned
gap bet ""e%ﬂeﬁe@%r {h\é%egén%cér{)ﬁgtec%m\gqﬁ to%gh Bvﬂﬁ th%rfﬁi'setrdrggiet%%rirr;a sgrggdir%

on the substrate, it wetted the first droplet, and an electrical short was generated.

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 resuited 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 PEDQOT 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 précursor wetting layer. Note that on a PMMA substrate
the contact angle of PEDOT in water is significantly higher than on a glass




concentration the gap was on the order of 2 pm and for a concentration

|l ess than O0.1ng/mM the gap was 200-400 rim This shows that the gap size
can be controlled with the surfactant concentration. It also gives further
evi dence that the surfactant acts to nodify the surface region i nmediately
adj acent to the droplets. Figure 17 shows output and transfer
characteristics of two TFTs with a printed bottomgate PEDOT el ectrode, a
1m thi ck PR ectric 1 ayer deposited from butyl PSEEBROES sel f-al i gned
PEDOT source-drain el ectrodes deposited froma solution with a
concentration of <0.1 ng/m of DD5033and a P3HT sem conducbiubbY 208§ er

spi n-coated from m xyl ene-on top. The PMVA surface was exposed to a WO

03/ 056641 PCT/ GB02/ 05863 32 5 JULY 2006 100Wfor 30s prior to the

self-ali gned printi ng The channel Iength in this device was on t he order
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field- eff&f serve mobif1ty extracted
fromthe eabanmedbgednmeﬂaamgsﬁrﬁtmelhtwwﬁfeshFﬁDQ’ép*@%W'QFﬁ@dQﬂﬂémn of 10"3 cnPNs.
Exanpl e 3th Surfact ant-free PEDOI/ PSS i nks Experinents simlar to the one
descri bed T5°FERMP1% 2 were also performed with PEDOT/ PSS inks that did
not contain any surfactant. In this case it was observed that on 02 plasm

treated gl e. whenever the
second dr(')-:%f’ 'grrg ﬁr??f’o%(jﬁ"m"ﬁ&fierﬂwrprﬁ?g ¥%JEFatCldurl ng spreading on
the substrate, it wetted the first droplet, and an electrical short was
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pl asma tr printing distance was
cont r ol | edorreiagion af REROTAPSS in metter Mtxed Rith msmbthonsgffﬁ"ﬂ% ircigepropangt ge, such
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comng in e fi'r'st dropl or mat | gap on the
order of 2@fausmitsesufateds lbiss polar tbﬂlreb‘tat iof HEDSHHTSS. athPYP eanolss t hat under

St ool DRI oL S PR LIS o bl o, ot
codeposited with PEDOTIPSS During the drying of the solutlon 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 fo 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 fo the second pure PEDOT droplet. Figure




between the first and second PEDOT droplets. This is believed to be rel ated
to the tendency of PEDOT to phase-separate. Upon drying the surface
becomes enriched with the nore hydrophobi ¢ PSSH conponent. A second
possi bl e reason for the repul sive force m ght be the existence of a

nodi fied surface region around the edge of the first droplet. This
nodi fi ed surface region mght have been fornmed by. deposition of sone
hydrophomwynﬁ%ﬁ%%ent, such as protonated PSSH, fr omPCUVRBBEBOT sol uti on
onto the surface of the substrate, while the first droplet recedes during
drying of the solution, or by depos84ion of hydrophobic mafdbL¥[200@uri ng
the drying of the precursor wetting |layer. Note that on a PMVA substrate
the contact angle of PEDOT in water is significantly higher than on a gl ass
WO 03/ 056641 PCT/ GB02/ 05863 33 5 JULY 2006 substrate. The tendency of

PEDOT/ PSS exhi bit h i ' F%H&m RYcaeal i ng

treat nent 1%&%%‘8‘” #@g%e%@é)%g&n\g?eﬁ%%%f@rgﬂtsgan eposi t?%ﬁ o? the second
one. Exampdducdd by Savent arnegimechf the firstidnopldd piteraleppsitidn. phase separati on Devi ces
were also fabricated by inkjet printing of the first electrode froma

formul ation of PEDOI/ PSS in water mixed with a solution of PVP in
i sopr opan@igurd 6 shawy/outpubsfiR fransRECEATadterdsticapft thp-8ai9H82Ddayiees2@th | PA) . PVP

was chosen .. i cq IS h h / PSS, and
Pip can bd "8 SESRILA Febfrelfhdk adiRRe QbR e i P (e
i .e. PVP dascribed irc Gdappsid dvhani the PEIREDPEBRVP Riedtiede ihusett 98 g of t he
solution op.a al. t h g o; t he surface
and forns Cﬁarﬁ?/g'r]%%&gbl?o@ PC%s%lrg{:tgogtee’ ?‘oez%{ﬁrﬁ%?g? 8‘%}%@&% ﬁjg ?leffg?{meg]; tgp et. It was
observed thaparetidoveperdtionl ofphasdeviceepitr dhé secdndt pwse PERDONePSE and PVP

coul d be gnhangeddVaing LoSiE BRERIARN ThATAERE iR uR! inhNRaiddgtpVls | nt ed
el ectrode.” "AnnealTng under an atnosphere o I sopr opanol sol vent at
t enper at ufiles o fhe@rfate(df tre Bstredastrogle opndributagrielthesoplgct resistance of the
| - " device. This problem can be overcome by using the second electrode as the
source, because the source electrode tends to be more sensitive to contact
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 [ayer, 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




particularly effective. The solvent is believed to enhance the nobility of
the polyner during the annealing step. Wen the second dropl et of

PEDOT/ PSS in water (not containing PVP) was printed in contact with the
first droplet very efficient repul sion between the two droplets was
observed. Figure 18 (a) shows neasurenents of the electrical conductivity
measured with two electrical probes both placed on the first PEDOT/ PVP
dropl et, bOPABP4ted on the second PEDOT droplet, andC8%8"2%f%ctrode pl aced
on the first PEDOI/PVP droplet and the other one placed on the second
PEDOT dropl et, showing that no el ec8%ical short is present SH8LXs2086t he
first and second droplet. The conductivity of the first PEDOF PVP dropl et
is reduced by a factor of 2-3 with respect to the second pure PEDOT
droplet. Figure WO 03/056641 PCT/ GB02/ 05863 34 5 JULY 2006 18 (b) shows

that the | eakage curyent. between t [ . I an be
reduced b)?u ‘ﬁev@ﬁ? S ﬁ%ac{'lci (ﬁ%gv}%lﬁ 'Phﬁe}&frft"risotsEaaﬁ(rg/g?[%ﬁﬁgpgecgweSggrlletci on. Figure
19 shows drtipfetd thisrdbet hainesfeetrthe banductivity isighificantlyf at thepinganf eomact thedevi ces with
a first PEDQT/ PVP el ectr but ot herw,se L cat i SAMe way as
descri bed SIHMBERFSE @Wp%ﬂez\h rﬁrﬂéé’e?iams{oww iéilag@t {rhg e&:ﬁ"scaﬁsed as the
char ge i ngeat isngmeost. By expesing ddpletst thet \werershotted after dithudengsitign &0 f act or  of
2-3 conpared to eratj i i EDOT second
el ectr odeaﬂé)é\ﬁpegsﬁ%) d égo@?‘éfe) %b@%ﬁeﬂg%g?*%&sbgg&hmﬁfﬁg? q‘fuﬁigafﬁfn i nsul ati ng
PVP  fil mimnetchieg sionef theecontiudtivity friensureéIbebraendbe dom tHE 05k doplets t he cont act
resi st ancgg(%)rfe:flﬁt?gecoglglﬁt;{o@%l?flbn-[ilﬁ"aﬁerpéé) bLif McC AldhE ﬂBMetfo‘ﬁ@igﬁe R¥sstedd’9 the second

el ectrode ecause the source electrode tends to be nore
sensi ti veatmoss dm duriction dEigsiea® dbpsnd t(c))s Fiduee 28vshows alpaiceépres ectrode. I n

addition, the cantact resis : € LoH hzd gy t he
concent ram'%ﬁg%&ﬁﬁ%q 'Hl?'%lhesth? gg‘rﬁﬁ?’gt%f] %@Bﬁg{s %g%fﬁgghﬂ*r g%)lze{&,g ) or by
sel ect i vehyd ditersai 80 Mg O IplasPaRrestmérdder 3tpar ((b)sdi ). Aftepihedppygemg
_plasma treatment the surface roughness is énhanced. 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




the substrate into a bath of isopropanol or other alcohols after deposition
of the second electrode. Exanple 5 - Renoval of shorts by etching As

menti oned above with sonme 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 thi cknB2d3%58¥ the two droplets in their centre. THEGERH % opl et s
exhibit a thickness profile with a continuously decreasing thickness
towards the |ine of contact between3Bhe two droplets (see SARNMYR2MEographs
in Figure 21). W found that the electrical shorts can be renoved by
etching of the sanples. The etching process renoves a PEDOT | ayer of a

gi ven thickness fromthe WO 03/056641 PCT/ GB02/ 05863 35 5 JULY 2006 surface

(see sche i Lagram.inp_Fi ) | i n f the
droplets {%@%gg ﬁoqargﬂ?gr 3%‘%2128%@@899 W?%}%gﬁ%n%)?%g;ﬁ F{??mgt the line
of cont acttretabedl giatsclnbsteaténrThe estsstratnip thenanpealethahactemakiatd pblE’Cng materi al ,
and the electrical., short i.s ved. ' wer e

ahor teq arbee F¥iE The B8 e § MR sa Tt SORRAL A FABRE PrAas, PP L e
times we aliceydincktieahmarsiura bramidé iiowatet (cdankentestichohd) -t 1.5eng/mbh aonductivity
measur ed tween. the t PE p! opty until after
30 i n no B TSP o kP BB G BE BB e S BEREERSEAE RhlcRRkaNI 0 ¢ S0
(b) and ( g¥dpyljRirigetgiafinshomdodideofar G £ didcmin. iftervegdsa fitessubfstrale Snitial |y
shorted pair ‘?f .dro(ﬁietls af er the deposition ((a) & (c)) and after an 80
w02 pl as S8y Bt P o mn ((b) & (d)). After the oxygen plasm
treatment the surface roughness is enhanced. The gap between the first and
second droplet is so small that it is not detectable by atom c force

m croscopy, but the electrical neasurenments in Figure 20 clearly shows that
a gap Then the second PEDOT electrode is applied by inkjet printing. Very efficient

repulsion is observed. Even if the second droplet is printed on top of the first
pattern the second droplet flows off the surface of the first droplet, and dries in &
region adjacent to the first droplet with a small gap of less than 10 pm 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
unmadified 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 oceur 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.



exists. Figure 20 (e) and (f) show output and transfer characteristics of a
top gate field- effect transistor wwth a pair of initially shorted

sel f-aligned PEDOT source-drain electrodes on a glass substrate. The
device was fabricated after subjecting the shorted electrodes to an 02
plasma etching treatnent. The sem conducting polynmer of F8T2 and the PVP
gate dielectric were spin coated fromsolutions in | ene and butyl
acetate, reQp¥Btilely, on top of the PEDOT source- draﬁﬁ%m@m%%?rodes The
devi ce exhibits clear short-channel characteristics, such as a |ack of
current saturation in the output ch3f acteristics, and a reBYBLY@A06f t he
ON-OFF current ratio with increasing source-drain voltage. Exanple 6 -

Post - deposition surfactant treatnment of PEDOT Efficient repul sion between
the first and second PEDOT droplets has also been achieved by exposing the

surface ot _fhe fi r I of a surfactant prior
to deposi EEix% S é s%(?rg%g% %ﬂﬂﬁo%ﬁleﬁbﬁ%h%@g@ pattern of WD 03/056641
PCT/ GB02/ 05863 36 5 JULY 2006 PEDOT/ PSS (1 part Baytron PH : 1 part H20) is
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second droplet is printed on top of the first pattern the second dropl et

flows off ngﬁg%ﬂ'tl{r?ﬁiﬁra tJ tﬂg sLif%r%tof ‘fi’rE%Tefhe &Pfg% b RS Pﬁqﬁ?? is fi r§t9' on adj acent

to the first ess an 10
oxidized by O, plasma to introduce surface -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(l)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




between the two droplets. It was observed that the water contact angle of a
PEDOT/ PSS surface treated wth DD50 in this way is 105 5 conpared to a
wat er contact angle of < 10 observed for unnodified PEDOT/ PSS. For
surfactant nodified PEDOI/PSS the water contact angle is stable over a
period of at |east several mnutes, while on an unnodified PEDOT/ PSS the
cont act a&g‘#g 0(g(%ﬁ]eases intine, which is indicative__of dissolution of the
PEDOT fil ' e water droplet. Such dissolution J6EEBHEp3s appear to
occur in the case of the surfactant nodified PEDOI/ PSS surface. Al ternative
post -deposition of the first PEDOT P&ttern can al so be achbdVbl 2086 ng

sel f-assenbl ed nonol ayers that bind covalently to surface groups on the
PEDOT/ PSS surface. A fluoroal kyl nono- or trichlorosilane sel f-assenbl ed
nonol ayer reacts selectively with the PEDOT surface, but does not nodify a

nol ayer _ | e,
or oups or e RSB et B Feok” PRl e ke PR BERETESRI"S s Ly

2006 Examnpleetréde paBamf ace nodi fication by pol ymer brush growth Pol yner
brushes can be grown in a controlled way from surfaces by functionalizing
a surface with a chain polynerization initiator. This chain polynerisation
can be a @ et geddraderiterbnc fr ghobsing sidagtardnmelgciesdorathenseliraligréder  Radi cal

Pol yreri zat,i.on. (ATRP 1 NURY u - W 2th

met hyl pr 03%6(5'%{@ g1e:5BF e%le%g)?'fcvgj? ?”\L;%. géfghg{ c\é@r {hlg hi%geslarrlltlzt"%a%q {')Hrh't an he surface
of PEDOT, cbhtemiatidracithe Hetitre byBbiGTmperities istammiog irdinzbel peigr @upPhsma t o

I nt rOdupetﬁeu%L%ﬁ?an'tcgﬂ gf’deQSminm%d‘?GltHisV%ﬁqaes%Eﬂi@ﬁe@ bﬁ%in&hﬁﬂalpe react ed
with trichlofosilTane derivatives cont al nrng t he above” nentioned initiator.
Al t er nat i \seifactarit nondeatrations.uon by using hor-gicsuriaciantafiuthemoradiffesdion es can be

m xed i nt i [h@esuﬁm Lﬁ]ﬂgpﬁg%@tion\'\&i i eleDAP AEAS 'ahﬁwgsdgvic@(‘o%efm&? bayer
“during prolonged operation can be reduced by using surfactant with higher

molecular 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
colioidal 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-depaosited conductor.

For the semiconducting layer any solution processible conjugated polymetic or
oligomeric material that exhibits adequate field-effect mobilities exceeding 10°
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,




upon drying the PEDOT filmon 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 filmis exposed to a
solution containing nononer (in the case of ATRP this can be any acrylate
or nethacrxlate ,. catalyst (Cu(l)C or Cu(l)Br), and |ligands (PNDETA,

bi pyri di ne”O8¥*¥tbt her known and ~suitable |igand toP§BFgﬁ$?%ie the Cu
salts). Optionally, solvents can be used (polar solvents |ike water and
met hanol will speed up the reaction3greatly, ethylacetate 53dbtlYt20Déene are
two ot her well-known solvents). To control the reaction with greater
precision, Cu(ll) salts can be added. The surface is left in the

pol yneri zation nmediumfor a set amount of tine, after which the excess

mononer and catalyst.is, ti ff the surface. an ; brushes
remain be%dﬁﬂ?cearwaﬁ?{glsc%ﬁgg&g&ﬁ‘oﬁp{?ﬁ%POSSM@ 3 %5‘?‘“&%/%)&3&5?@%% t he

sulrface ofmcﬂeo/%@@rmB&Sbmﬁngssidebmm(ddza,Ladumfdanmqmah\u. des. @hemd][?phobi cI WO
03/ 056641 PCT/ GB02/0 38 5 JULY, 2006 surface coati | efficiently
repel s dr (§;9Fet1?8f éé“ fﬁggﬁe%%%" %/%@'C"QP@WF%‘Hgﬁdpgxtg%eﬁ{rgfﬁ.%% e general

](c:r ibt erion afs@én?tﬂétf)minngah;ﬁlum; (@R anKagan|, @g wl.eScieoce 2B@ 348 {1980))gared )
abrication ectronic _device accordin 0 ] ilgvgntion, that
cont ani natsPlb'ﬁo'B‘?e Fikedaoioaide ﬁﬁmICBR(?'{??qr?Tﬁﬁ% %ﬁ Séggtng‘ﬁfﬁ%%ﬁ’g%? r(g'mﬁ't he pol ar
group of Ridiey, etislf, Sciensd 285848 4906®).m ni m zed. This can be achi eved by using
smal | surfactant concentrations, or by using non-ionic surfactants.

Furthernore diffusion of the surfactant under the action of the electric
fiel ds durmhegleteydesemaples eddrsmpatiernedibyi tachnues othgethan rékjedprimingcan be

s f aot antullane Secioudy &l Job iorifle g PRERYA” Redffs M o el BF PP YT €
ef f ecti ve Fhys.r egtel 19, rig10 (1€99); S. Brittain et al., Physics World May 1998, p. 31),
screen printing (Z. Bao, et al, Chem. Mat. 9, 12809 (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.




second droplet are fluorinated surface nodifying agents such as anionic or
cationic fluorinated surfactants. On a fluorinated surface of a first PEDOT
droplet high water contact angles close to 1001 can be achi eved. The
processes and devi ces described herein are not limted to devices
fabricated. with solution-processed polyners. Sone of the conducting
electrodegggﬁsg% TFT and/or the interconnects in a circuit or display
devi ce (se 4 35 may be formed frominorganic conJGPFBW@ﬁm?hat can, for
exanpl e, be deposited by printing of a colloidal suspension or by

el ectroplating onto a pre-patterned4@ubstrate. In devi cesSHNHLYIZ08H not al

| ayers are to be deposited from solution one or nore PEDOI/ PSS portions of
the device may be replaced with an insol uble conductive material such as a
vacuum deposi ted conductor. For the sem conducting |ayer any solution

processi bhf, ‘bgégb#!\qme?\f’orpglr%’fﬁﬁl'téa BpotyRlet Eé’rf%’idrcdevﬁéﬁmh@apﬁli&aﬁonexm bits

adequate fi el fect no It1es excéedi ng (gref erably
exceedi ng isl@pplicahinBereyristryeiuies avith eimowasPe bﬁ’%’@é?‘ “%9 E""ﬁ‘? PatiegRl ewed f or

| chem WO
a1 0BG 641 CISHIess P of e Yty seB 20%%%%%%?1'&%‘%8@?5%"5@&12 227 (2000).

O her possutii ks tai sniution direetssibledinroaiajcapducten sush| ascealledahdiver Qo1 ubi | i si ng
si de chai g@;deﬂ e ateawoﬂda&a&eﬁ ogdoamc SemidiRduGBeBuch 88 Golubfifed 664 (1998)),

sem conducti ng or gani c-1 norgani c rid materials self- assenbl ed from
sol ution r@rgamq{mggqafyst@{g efta soil.ggn @mg:gsszlg@lnog;galc@egeyyﬂsuclbps spin-

sol ution t i masmmarticles (B.
A R i e R e A B o o be

coar se- patfetaéurﬁétie%ﬁetf@wlfﬁﬁ Guehsason light- emﬁ*em arpketayoltgicideyicg.  Suit abl e
techni ques include soft |ithographic printing (J. A Roger s et at , Appl .
Phys. Lett. 75, 1010 (1999); S. Brittain et al., sics \590 May 1998, p.
31), scr ésmngxamplerbe active BEag, of & sraall-areaHelor %ﬁtod’ le cppdegiefineh7) ) | and

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 andfor inventive aspects of the concepts
described herein and all novel andlor inventive combinations of the features

described herein.




photol i t hographi c patterning (see WD 99/10939), offset printing,

fl exographic printing or other graphic arts printing techniques. |nk-jet
printing is considered to be particularly suitable for |large area
patterning with good registration, in particular for flexible plastic
substrates. Although preferably all |ayers and conponents of the device and
circuit ar ited and patterned by solution pro I d printing
technlquegg %ﬂgagf nore conponents such as a senlcoﬁgﬁ@?&%E&Fayer may al so
be deposited by 'vacuum deposition technlques and/ or patterned b

phot ol i t hogr aphi ¢ process. Devices 4lich as TFTs fabricatedSd¥L Mé%@?lbed
above may be part of a nore conplex circuit or device in which one or nore
such devices can be integrated wth each other and or with other devices.
Exanpl es of applications include logic circuits and active matrix

circui ”y;‘ F@n&ﬁn%me?éb ydisdosTE TR Yol ARH! & Rlividudl SBaturedabddnge gat e array
circuit tternn rocess nmay be used to pattern other components of
such ci r cdierein ard apy gombinagen Q%Wrwm%ﬁﬁ*@(:fﬁét“feﬁeté’lt%q grientthatsyeh t ors etc. WO
03/ 056641 fgﬂ/e%pgéﬂﬁﬁ%né gresc%:lébg (%%ﬁl T&&?ﬂe@&l@%@ied S @Rt dredent S not

limted to polymer transistor VI ces. l'1 cation |s appl i cabl e
wher ever s$petifaatiereas awhele fiathe Hoit gahe Cﬁmﬁéé}?n?r@H‘r‘SWI‘aﬁﬂ%B pBEPetns are

required. oy ﬂfthé he ufré{pé&lv@%@wﬁ&ﬁ%cﬁ?&aﬂrb%ﬁco%&aﬁ&s&ﬂ fddh@egani c

mat eri al Suc ution processib | norganl c conductaor, such as

col | oi dal seive\aay mblerﬁ%sls@asqddkerela. ans! withash lipitaion de dee sermeqRiithe

sem condugifhe ‘FM&Qpp%éa ﬁdt&*atés'tﬁﬁ%spéwéﬂﬁé\bfésé}ﬂﬁ%hw.@h;ﬁrcor@rsta sol ution
processi bl'e 1 norganic ectric such as spin- | ass he devi ce may be

any devi c®f foy s |IMV*@@M9?‘E§'F€F aiccopRinatipm pigatyreg- éww of the Jp6RRING zes are

required %Q&Pﬂ&\ i@w‘!t'b‘é@vxd@ﬂﬂt&%‘ %oﬂrskiﬁ&f’ﬁﬂ?{@éﬁ fafvAiBus Aedifidgiond exanpl e the
active area of a small-area phot odi ode can be defined by printing

at | east m@éﬁ@%ﬂmﬁ!‘ﬂﬁ@oﬁeﬁﬁﬁ'éﬁ“ﬁ“ﬂ ng material 82 into the self-




aligned small gap between a first 80 and second confinenment barrier 81. The
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 of potential applications of the present invention are in
conventional graphic arts printing, whenever narrow gaps befween two
printed patterns are required, or prédted patterns with a »dEER008 dt h,
that cannot be achieved w thout the use of surface energy patterning. The
t echni qL@I{“giﬁgl osed 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

limted to the for%goi ng exanpl es. Aspects of the . present invention
i ncl ude al fi- fongtheghal rming, ah elerdronigdeYiee ofOMRESIRENCcept s  descri bed

herein and all no and/ porednv j Ve, C i nat.j h le

descri bed herein. \f%@g/ é&ﬁq % C@&)Z%ggfé%;rﬁ@eé %flfJL% %&%gﬁ#é gB%I i cant
her eby di scl cabsequentol ati on each indivi dual feature described herein and
any conbi nation of, two, or re such features, tg the extent that such
fentures or conbi eSS0 Jagidia seepnd sorpostion Baliecouled s ne
present  speqidayoBtiofl 28 | ey RbAl

know edge of a ggtféson sk?ﬁﬁédagéﬁyPgtemgg?%'tbigwggg}é%{ﬂfs\}e o} vvhgt her such
features or oegnftthessbeiratecadjacant thetirst segio; pr obl ens di scl osed herein,

and without limtatli .to,the scope.qgf th | ai ns. e | i.cant, .jndi cates
that "aspects of ¢ repRRAE e BHTERT BE Me iRt bofly et 1ahg (PBBIRANINE! woa
feature or caifoidadfi @éfe odedopdt EoAhositdN iteWedel t v figuURIOQIfNthe drgehdPt i ON
it will be evident to a person skilled in the art that various

nodi fi cat i onsCOMRABIYUL, made within the scope of the invention. 42 5 JULY
2006 wherein the shortest distance between the first and second bhodies

defines a dimension of a critical feature of the electronic device.

2. A method according to claim 1, wherein the step of preparing the surface
of the first body includes selecting the composition of the first body such
that the surface thereof repels the liquid of the second composition.

3. . A method according to claim 1 or claim 2, wherein the electronic device is
a field effect transistor and the critical feature is the channel length of the
FET.

4. A method of forming an electronic device, comprising: forming a first body
on a first region of the substrate; and subsequently depositing a liquid of a
second composition in contact with the first body to form a second body in
contact with the first body on a second region of the substrate adjacent the
first region, wherein the first body has a non-conducting or semiconducting
surface region whose thickness defines a dimension of a critical feature of
the electronic device.




CLAIMS 1. A nethod of form ng an electronic device , conprising: formng a
first body on a first region of a substrate; and subsequently depositing a
liquid of a second conposition in contact with the first body to forma
second body not in contact with the first body on a second region of the
substrate adjacent the first region; preparing the surface of the first
body prior to the deposition of the #3quid of the second c%HHb§F@P6n to
repel the liquid of the second conposition, wherein the shortest distance
between the first and second bodies defines a dinension of a critical
feature of the electronic device. 2. A nmethod according to claim1, wherein
the step o6. P& epethodoad bimadfiaceainef3 bhe 4f wrekeihothg i widhe ssicendi ng the
conposition of the first body such that the surface thereof repels the

Y, SUl ! !
liquid of the&EOSRRITIPTEEnfiBRPtiiashin such awayihaldit sepasdimerntacewihihe or
claim 2, wheri o [ ' y f ansi stor and
the critical fﬁgtg?(%]d}gor:ﬂg%? Li&@%@]ﬁy Oifg%égﬁrhs’[ %&%éf’@é@%&a&% nmet hod of
form ng an el ectronic device, conprising: formng a first body on a first
regi on of the, suhstrate; .and, subsequently deposifin | .quid .of a  ,second
conposi t1 of 1 T RpAds dafet Feay Pecasin SBBRrwheth The bt sbdcecdne
contact w th Hday ddrisfst &a@ntiaNy 8f BrRCUMe hf%éﬁ)é]_ of the substrate adjacent
the first region, wherein the first body has a non-conducting or

sem conducting surface region whose thickness defines a dinension of a
critical featyr he_.el ect r oni evice. 43 5 JULY 2006 5. A nethod as
ol ai med i nTorAneto0 A il i 4% RetRA el Pl i BompesTbion e
deposi ted i n ke tehdticy td 8bgidgaRe 8 foria @0IFEES Fedibih Rintlh interior region
of the first body, the surface region having a different composition from the
interior region.

8. A method as claimed in claim 7, wherein the contact angle of the liquid of
the second composition on said surface region is higher by more than 10°
than that on the surface of the substrate in the second region.

9. A method 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.




first body only at the periphery of the first region of the substrate. 6. A
met hod as clainmed in any preceding claim wherein the first and second

body consist essentially of the sane material. 7. A nmethod as clainmed in
any preceding claim wherein the first conposition has a tendency to
segregate to forma surface region and an interior region of the first
body, the surface region having a difé4rent conposition frodJUb¥ 2006t eri or
region. 8. A nethod as clainmed in claim7, wherein the contact angle of the

l'iquid of ondc posj tion on said surface region,i her. by nore

than 100 ﬂha\‘ﬁ”@%ﬁ %B’%LW%%P@C M9 <t wherein H“%Wéfg%@gﬁa't@@gl on.

9. A nethod gs acslcﬁutwoféu@éﬁ'two%g e?itélhéhﬁg%%he&ﬁcﬂgﬂé@ggeéat@he liquid
id sur i'gher

of the second conposition on sa ace regfon 1s nore than 40
than that on the surface of the substrate |n t he second region. 10. A net hod

as clainmed,in ere th | e of e liquid of. the
second conﬁéﬁqtm% 08n3§%13dm§9r1|"a8§| B%’OW ?"se' |°6WePfB§P P{E’OPHQ t han
that on the sigijraee Witht Be tendisicyatts kBgidiRits eePnfer edifade . tﬁenﬁmod as
claimed in claim7, wherein said surface region contains alkylated or

fl uori nat ed cﬂ%‘ﬂ@%ﬂlomr oups. 12. A nethod as clained in claim8, wherein the
liquid of a second conposition conprises a solvent and said surface region
is insoluble in the solvent. 44 5 JULY 2006 13. A nethod as clainmed in any

precedi ng 46\ methbie asichaiiee ihiclsin TDOPIS] Whorein bhe af & dbmponGitsas al east
two corrponenéﬁ haV| n Eﬂ%endency to s %r egate. 14. A nethod as clainmed in
claim 13, whetRipgk sepo th@'EBﬂiiBﬂéwf afively P%I@‘?ﬁbﬂ ielativsly pefdeiEy to
segregate to gihg surface of the first conposition. 15 A nethod as cl ai med
in claim13 or 14, wherein one of the conponents is a diblock copol yner
conprising a rel at| vely polar and a relatively non-pol ar

16. A method as claimed in claim 13 or 14, wherein one of the components is
a surfactant.

17.A method as claimed in any of claims 1 to 6, comprising treating the first
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.




bl ock. 16. A nethod as clainmed in claim13 or 14, wherein one of the
conponents is a surfactant. 17. A nethod as clained in any of clains 1 to
6, conprising treating the first body prior to deposition of the liquid of
t he second conposition so as to nodify at | east one physical or chem cal
property of the surface of the first body. 18. A nethod as_clained in
claim 17, wherein the property is confdsition. 19. A net hod®dY¥L¥I1280%ed in
claim17, wherein the property is surface roughness. 20. A nethod as

C|aIITEdII’l | i 7 .0, t r [ S, Ssuy f t hod
as clai rred2|5nﬂc gﬂ—,r%dlé{}%‘ﬁf e?gi"ﬂgflﬁeoqgfaé%’%ots{orgit\ﬁﬁgre’?rﬂg{egé??é%tea@get he
first body dQﬁS‘héQbuRﬁDdf fhe sRUEORpesIEORBYsail tidites ¢hEbta e the firdte

second regi on. 5. JULY 2006 22. A method as clained in any of clains 17

to 21, wher eihpctyné higharkwt margythan H° thae thaten theosuriace %fetb@ﬁubéwsdgl tion

on said treat the first body is higher by nore than 100 than
that on the stﬁgfsggéeﬁ%lf@qﬁé substrate in the second region. 23. A nethod as

claimed in any of clainms 17 to 21, wherein the contact angle of the quuid

of the sec conposi ti non saldt eaf ed surface f the first
Pl ghor by a3 FdTRAS s TRnted Feamohf RIS 17 Hae2T cWRer T CoRBELNGIE { e

second r egi O;brf gtﬁglrﬁg;“@%ﬂgﬂ% ?%%c?}{éﬁgr?ﬁ?ﬁélﬂoﬁ'ﬁh 84idAtit8F shiffab® of the WG €I N

t he cont act e second conposition on sald treated
surface of tHedyisighasdgymiose thaght0° thanrtbateon trensurtacenefithe sabstratetine
surface of trgﬁ substrate In the second region. 25. A nethod as clained in
any of clai TfePBn‘éﬁ 'RMerein the step of treating

24.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 70° than that on the surface of the substrate in
the second region.

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, whoerein 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.




the surface of the first body conprises increasing the density of
fluorinated or alkylated chem cal groups on the surface of the first body.
26. A nmethod as clained in claim17 or 22, whoerein the step of surface
treating the first body conprises applying a surfactant to the surface of
the first body. 27. A nmethod as clained in claim26 wherein the surface of
the first body conprises positively ¢harged ionic species.séﬁFYﬂoﬁﬁthod as
claimed in claim27, wherein the surfactant is an anionic surfactant. 29.

compr i ses 0o Toais BacrBnied In, IR A skeielr 1S SEgRbighE Tl SRlialBhoy a

clai med i n clsarfac2it. wherein the surfactant is a cationic surfactant. 31.
A nmethod as claimed in any of clains 26 to 30, wherein the surface of the
substrate is subjected to a thermal treatnent or exposure to

el ectromagyet j Hatd QL o 1 f i ré Aelddrind2: A
nmet hod asggf'a}l\%gﬁﬁﬁaéaéngggﬁé%%?ng OT[;IH{@%?SE{ fb\??](grvéli%%bt Jg]lésgt ep o::6 fttpgati ng
t he surface aubstratef i isst sbinegtedontor i sesthgrmal ngeatnhenteronf expaburé ertent

conposition off .;the surface.qf the first caonposition. .33. nmet hod as

ol e | IR sHOIBa0NRIs G ipoR Ritr 49 @POFAER T et Siffactanfmos 1 on 1 s a
polymer layer. 34. A nmethod as clainmed in claim30, wherein said |ayer of a
different conposition is a polyner brush. 35.A nethod as clainmed in claim
17 to 22, #eAdnethodeasselaimes inamaof clginnd7 te @67 wherait thehstepiafdreatiogy

Crarmed i n e o cGRE S ik o BauRBPE arbhfil B lver ch o uffERIRC 25

composition off the surface of the first composition.

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 CF4 or a radical of CF,.

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.




conprises exposure to a plasma containing a fluorinated species. 37. A
nmethod as clainmed in claim 36, wherein said plasna treatnent conprises
exposure to CF4 or a radical of CF4. 38. A nethod as clainmed in any of
claims 17 to 25, wherein the step of surface treating the first body
conpri ses dedoping the surface of the first body or depletin he surface
of rr}[)he first bgdy of charge carri ers.447 5 JULY 2006 39. A M%H&&ogg
claimed in claim17 to 25, wherein the step of surface treating the first

body compr bgeR SIS bAMSYI A8 47 1128, Wikl S on'd s B ROnGS
clainmed in any of clains to 6, wherern the Tirst COI?pOSItIOI’l conprises a
sol ution of dhe fiost bualyeccomypriseisadtshing the saHaea bf thehfirehbetiy.es to formthe

first body; and the first body has a bul k region and a surrounding region

around the periphery of the bulk region and in contact with the substrate.
41 A et hag Asmelrdid sl clainel i Bhg f MRS b B1EHMNeA thefirsk abmpduibRundi ng
region is less than 20 m 42. A nethod as clained in claim40 or 41,

wher ei n t he siamprisesed&plyfionroftdore os mareundienigls ingh snlviest, ditiitle dsies tbr om

that of the bstrate surface i . r.egi on.not ver.ed by the first body.

43 A et hod JOMBITEE e YRS FRe Pagrorbd o & iR FeaiEN ctt & Stnpbtdhnces i n
the surroundiragiohegtdumd thelipeiphéft of HRENBUIRtregiont 86d SHSdHtadtewhbrthace in
the second region. 44. A nethod as clainmed in any of clains 40 to 43,

0
wherein the tbekatss of the first body in the surrounding regi on does not
exceed 80% of the greatest thickness of the first body in said bulk
region. 45. A nmethod as clainmed in any of clains 40 to 44, wherein the

sol uti on o#1t Aemethods bis adaipesl Ini claim &10s dgserbinothel Wiitls Wirgzid durroungiggon

during the drying of the solution of the first conposition.
region is less than 20 pm.

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.




46. A nethod as clainmed in any of clainms 40 to 45, wherein the solution of
the first conposition conprises a surface nodifying conponent that

nodi fies the surface energy of the substrate in the surrounding region. 48
5 JULY 2006 47. A nethod as clained in claim46, wherein the surface

nodi fying conponent nodifies the surface energy of the substrate while the
solution of the first conposition ret@des fromthe surrounﬁ#H&Yﬁ@onn. 48.
A nmethod as claimed in claim46, wherein the surface nodifying conponent

diffuses ogy Al mehBaDusk fgkan i a2kl SN GhAI SLAGLE Tmodfying, Mot hod

as claimed in clains 4 wherern prror to eposrtiion o

l'i quid of thesosemarhtcoogifiss theosurfade enalipt ofathe subshaii atlilé the avktionhe
first body to _recede fromthe surroundi ng region. 50. A nethod as cl ai ned
in any of cl &fike HesticgmpesitigRdiecees He rOURdiASK iegiaN-t r eat i ng t he
surface 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
regi on. 5148 AAnenétbddasiscickiimed im daim o#6¢c|walhereind Gheo sufacevhmodifvinghe
substrate has__ a surf | ayer that, dissol.ves intp the solution of the
first corrposiqqnaﬁpnedﬁ?ji' e?r?é“&%??'ﬂgblﬂ?r‘?@i@“é’ﬁ?&?ldowr&uri fegien.-
conposition, thereby uncovering the underlying material of the substrate

in said surrounding region. 52. A nethod as clainmed in any of clains 37 to
48, conpri $Pnd methosdas cladned in slaipsaio icehdwingreimerierstodhealepesitioneoff i r st

53.” A et hod 8 GHRF REfhe §e cRabBShEY 1 A< Foal e R g Ene
materi al of tfiret bodysto reedde fiont the SwFdMdNY Rehidegi on i nvol ves et ching. 54.

A nmethod as clainmed in any preceding claim erein the liquid of said
second conposition conprises a surfactant. 49 5 JULY 2006

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.




55. A nethod as clained in any preceding claimin which the first body is
ina solid state while the liquid of the second conposition is deposited.
56. A nethod as clainmed in any of clains 1 to 54 in which the first body is
ina liquid state while the solution of the second conposition is
deposited. 57. A nethod as clained in claimany preceding clai conpri sing
confining the liquid of the second c#%position after deposﬁﬂpggaopson t he
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 claimed in any preceding claim wherein the liquid of at |east one of
the first or second conposition is deposited by ink-jet printing. 59. A

met hod as clainmed in any preceding claim wherein the liquid of at |east
one of the first or second conposition is deposited by spray-coating. 60. A
met hod as ai ' Al 08, ' 1 Gl : | east
one of theg?ibg?ggtﬂgﬁgg%ﬁﬁggﬁggs'#%%%&P@§§%@$ﬁégmﬂ8ﬁ?ﬁ%hgﬂgégyg%gﬁés a
conti nuous fidaliyd shate whike thebisuidbithemticand comgmisition istdepesitad.vel y | ow
surface energy, that cause the liquid to dewet from said regi ons of
relatively low surface energy. 61. A nethod as clainmed in any of clains |

to 60, whergi A bthod AWbidiniéd ifiing bf SbimS 48084 irl ARjchhE RATds iy a0f f set

printing. 62. A method as clained 1n any preceding claim erei'n the liquid
of the secorliguishsiabswhilethelsolation of ther secrslesnonpbditictyisatepositetiecast one of
the first body and the second body is electrically conductive. 50 5 JULY
2006 63. A nethod as clained in claim®62, wherein both the first body and

the secong7bpadmetic’l &b erfihiedah|dfaifP ML blatedirRelaitn "edrgksiag cohhigd i n
claim 63, wherein the first and second body form_ electrodes of an
el ectroni c ddbediguidssf the sasoRd osrpasitiomaden derasiing bon thasubshiatensof i r st

and second bagytd @hBburage 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 fo 60, wherein the liquid of the first
compaosition 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.




source and drain electrodes of an electronic switching device. 66. A nethod
as clainmed in claim64, wherein the first and second body form source and
drain electrodes of a thin filmtransistor. 67. A nethod as clained in any
of clainms 62 to 66, wherein at | east one of said first or second body
conprises a conducting polynmer. 68. A _nethod as clained in snx 8]‘ clainms 62
to 66, wherein the liquid of the sec8fd conposition dries r#A%8 second
body and at |east one of the first and second bodi es conprises a inorganic
conductive material deposited fromsolution. 69. A nethod as clainmed in
any of claims 1 to 61, wherein the liquid of the second conposition dries
to forma $8cénthdibaly asndlamhed dastlaionesdf whieeein fbotls tthé dityt body tind ihecond
body is sem conduct,ive. 70. A. hod as clainmed in claim®69, wherein both
the first bodFSond t{q@ a"?@d%ﬁﬂ%ﬁ)’o‘fp @i conductive. 71.A nethod as
claimed in claim69 or 70, wherein at |east one of the first body and the
second body conprises a conjugated polyner. 51 5 JULY 2006 72. A nethod as
cl ai med i n6di & meitod as Tlaimedniprdlaimm §3f whereig the fiedt enndr sedond bilyi foemhavi ng
said sem condqct{ﬁ‘\)/(? boﬁ as %n active sem conducting |ayer thereof, 73. A
met hod as cl af % 9 énoqe [UPGEEYICE, 61, wherein the 1iquid of the
second conposition dries to forma second body and at | east one of the
first body and the second body is electrically insulating. 74. A nethod as

cl ai med i n68} & meltmd anesladmeddaciaion &4 whereindheg fisstcanchsecosskcledy fosay ar e
lectrically | NG 7 ' i i.m 73 74, wher ei
ot Teast o $TEs BhtifainSloctodil déh BRcfoRld g ddid .0, 11 oo, e S

i nsul ating polymer. 76. A nmethod, as clainmed in any of clains 7 to 39,
wherei n sai urface
6%. 7\ meﬁ'\od 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.




region of the first body is electrically insulating. 77. A method as
claimed in claim76, conprising form ng an el ectronic device having said
electrically insulating surface region as a dielectric |layer thereof. 78.
A nmethod as claimed in claim 77, conprising formng a thin filmtransistor
device having said electrically insulating surface region as a dielectric
| ayer thereof. 79. A nethod as clainmBd in any of clains 7 BULY 200fer ej n
said surface region of the first body is electrically conducting. 80. A

naving oai 2o anerioRL iy PeRoct inERIRT < REZL PRbAG 5 iR A begREoc

therefor. 52 devidd Hakivigbs&id. semicehtdadtivas bbdy mad am aclivé eblicondstiagn sai d
electrically condFlcti r}g surface region forns an electrical injection |ayer

for injecti nd¥¥4PgEnt 0 a seniconductive layer. 82. A nethod, as clai med
in any of clains 7 to 39 as dependent on any of <clains 1 to 6, wherein
said surface region of the first body is sem conducting. 83. A nethod as
cl ai ned i n738! A me8)d esnpainedhin &oy mf raaiens ¢1ted T, omheredethes Gquilaofi thg sai d
sem conductive sur.face regi OEI as a:r} active sem cgnd%(é{ [ gﬁﬁ kaégr(&ft er eof .
84. A met hod SEEOBAFGMRROSIHOR AHEH 18 Formy Serpnd hedy and ab st 886 Hethes an

el ectroni c swirkCholy af@hE@ecdfd HbIVES BMELIAGaIR iRsEBENY.N Cl ai m 84, wherein
the electronic device is a thin fil'mtransistor. 86.” A nethod as cl ai ned
in any of clains 7 to 39, conprising the step of renoving the surface

region of tTR.e Af @nre?l%ocp %gyclgimee int Eﬁairgle%iv%eorginogoﬁhﬁle ﬁr%foggdyl? %%'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.

80. A method as claimed in claim 79, comprising forming an electronic device

having said electrically conducting surface region as an electrode therefor .




87. A nethod as clainmed in any preceding claimwherein the distance between
the edge of the first and second body is less than 20 m 88. A nethod as
claimed in any preceding claimwherein the distance between the edge of
the first and second body is less than 1 m 89. A nethod as clained in any
precedi ng clai mwherein the distance between the edge of the first and
second body is less than 100 rim 53 823JULY 2006 90. A net hadYhy 2908 ned in
any preceding claimwherein the distance between the edge of the first and

second bodg4i g h’r:'e?ﬁ%& r}%ngljaﬂngm ipgcj:lairﬁ‘ é@taﬁgrﬁ.s{gi@'eﬁ@&riééh aBYndtl |ﬁ§d' ng
claim conprising the additional ~“Sstep dOf dépositing a so gt ron o third
conposi ti on csurfase refidnieriisrart elttricat drjectibrolgyr for ihjecting chhigedintmdy i n
contact with the first. ar]d second body. 92. A nmethod as clained in claim
91, wherein t3RNEBIIYHGYE 18YCTsaid third conposition is repelled by the
surface of both the first and second body. 93. A nmethod as clained in claim
92, wherein the third body is confined to a region on the substrate

bet ween t h82edgmettiod,has tlairmed dndargeoboidimsdy to 39. as\depehdehtamn @ngiofed in

any of clains_,91 to, 9 erein.said third body .is e[ conducting.. 95. A
met hod as cl &AB% i h ghy ofwﬁ?'ﬁ'%s@g terfgagc,a \R%@P@i ﬁ’?sgﬁeﬂ fi}ﬁrrl&c’%gd'? is
el ectrically goni@dRdidtihg. 96. A method as clained in any of claims 91 to 93,

wherein said third body is electrically insulating. 97. A nethod as
claimed in claim3 or any of clains 4 to 90 as dependent on claim 3,

ond” second oty Medidd & Bl Slayiree gkl Agmiag an Yt fihic uelis, o
in the regi orhddtigwall sbmicdarictie tdigfaler Rigich dssas Grtvd Edmicdfdudtinget hod

as claimed in claim 97, wherein said dissolution opens up a via-
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 um.

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 pm.

89. A method as claimed in any preceding claim wherein the distance between
the edge of the first and second body is less than 100 nm.




hol e i nterconnection to a conducting layer that is part of the substrate

| ayer 54 5 JULY 2006 structure, and further conducting material is
deposited into the region between the first and second body to fill the
vi a-hol e interconnection. 99. A nethod as clainmed in claim98, wherein the
di aneter of said via-hole interconnection is less than 20 m_ 100. An

el ectronic device formed by a method @8 clainmed in any preeddl-¥@08Fai m
101. Alogic circuit, display nmenory or sensor device forned by a nethod

as cl ai medghn cedi ng.: i 2 ectr.oni i t chin [ce
conprisinggg'ggﬂﬁggkﬁlg%t?%ﬂﬁgaaﬂ?éigiR“§¥§@#4é%é&'gﬁ5%%t'@%%6@?%@%% a
sem conduct orbetwgenthekdgé of tH finst ahdbvesnd bbey ROuES thapl e8hrmde and the
drain electrode and a dielectric region electrically between the

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

bei ng | ocaBédApimgsharhlakyclbiped: ém angnpreadiimgedtirh ocoiperisiogribe additiomalde and
the drain elecgtrode so as to arate the source el ectrode an he drain
oot oo Susien Rideapsingis solfBaLta BBk carPoSERE Cuippuer thontist B88 and

the drain el aglcbpde iy BPRGARAa B boﬁ% i %rﬁéﬂt%ﬂ?%ﬁe‘ﬂrfﬂ 8Rd 'angayer.

103. An electronic swtching device conprising a source el ectrode, drain
el ectrode, alwslye el ectrode, a sem conductor region electrically between

t he source electrode and the drain electrode and a dielectric region
electrically between the sem conductor region and the gate electrode, the

di el ectri copegi piethed ng chirhbe hockimAl @1, arerfeirfths USSILEGH iot! $aid ndf orm
t hi ckness and being; |ocated J)hy5| cally between and adj acent to the gate
el ect rode andoraposition 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.

98. A method as claimed in claim 97, wherein said dissolution opens up a via-
hole interconnection to a conducting layer that is part of the substrate layer




| east one of the source electrode and the drain electrode, so as to
separate 55 5 JULY 2006 the gate el ectrode and the said one of the source
el ectrode and the drain electrode such that at their closest proximty the
gate el ectrode and the said one of the source electrode and the drain

el ectrode are spaced apart by the thickness of the said |layer: and | ocated
physi cal |y between and adjacent to th@source el ectrode and kangpﬁin

el ectrode, so as to separate the source electrode and the drain el ectrode

cl'ect rode ar &tREldrer HEE R b piadinki g TR, ReBEGf ufofhe' R, "
met hod as cl digtwden the fisst and ecohé bedp to Fikk tisd @p-rafle fmefodnmectigreat i ng t he

first body conprises applying a self-assenbled nonol ayer to the surface of
the first body. 105. A nethod according to claim1l, wherein the first body

e q / . . _ : ‘o
[9oforTed B ARSBIRKDLO® BTl 0uptioph! Wclhe ARLEPLSEEPUALARG 0
film by phot dhierdwrgretiby is less than 20 um.

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 elecftrically
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
electrode, the dielectric region being in the form of a layer of substantially
uniform thickness and being:

located physically between and adjacent to the gate electrode and at
least one of the source electrode and the drain electrode, so as to separate




55 5 JULY 2006

the gate electrode and the said one of the source electrode and the drain
electrode such that at their closest proximity the gate electrode and the
said one of the source electrode and the drain electrode are spaced apart
by the thickness of the said layer; and

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.

104, A method as claimed in claim 17, wherein the step of surface
treating the first body comprises applying a self-assembled monolayer to the
surface of the first body.

105. A method according to claim 1, wherein the first body is formed by
patterning a continuous film.

106. A method according to claim 105, wherein the first body is formed by
patterning the continuous film by photolithography.




