WO 01/ 47045 PCT/ GBOO 04942 1 SOLUTI ON PROCESSI NG This invention rel ates
to solution processed devices and nethods for form ng such devices.

Sem conduwio igi7esnj ugat ed pol ynmer thin-filmtransi stors ( HETsGBlaNS2
recently becone of interest for applications in cheap, logic circuits
integrated on plastic substrates (C. Dfury, et al., APL 73, 108 (1998))
and optoel ectronic integrated devices and pixel transistor switches in
hi gh-resol ution active-matrix displays (H Sirringhaus, et al., Science
280, 1741 (1998), A. Dodabal apur, et al. Appl. Phys. Lett. 73, 142

(1998)). In_test device nfigurations wth a polymer sem conductor and

i norgani c n%?bptflﬂfgﬁﬁ%‘aégsﬁﬂg gate dielectric layers high-performance TFTs
have been denonstrated. Charge carrier nmobilities up to 0.1 cnR/Vs and
ON-OFF current ratios of 106-108 have been reached, which is conparable to
the perf or Hiinéwestioniektenusoldion rieeessed seyices ang metfepemfer fogpingsuch
Advances i ngeytldsd State Physics 39, 101 (1999)). Thin, device-quality
films of conjugated polyner senmi conductors can be formed by coating a
solution of the polymer in an organic solvent onto the substrate. The
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devi ces and.circuits the foll ow,ng i ohl e have to he,ovepgcone: -
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have been demonstrated. Charge carrier mobilities up to 0.1 cm?Vs and ON-OFF
current ratios of 10°-10® have been reached, which is comparable to the
performance of amorphous silicon TFTs (H. Sirringhaus, et al., Advances in Solid
State Physics 39, 101 (1999)).

Thin, device-quality films of conjugated polymer semiconductors can be formed by
coating a solution of the polymer in an organic solvent onto the substrate. The
technology is therefore ideally suited for cheap, large-area solution processing
compatible with flexible, plastic substrates. To make full use of the potential cost
and ease of processing advantages it is desirable that all components of the
devices including the semiconducting layers, the dielectric layers as well as the

conducting electrodes and interconnects are deposited from solution.

To fabricate all-polymer TFT devices and circuits the following main problems

have to be overcome:

- Integrity of multilayer structure: During solution deposition of subsequent
semiconducting, insulating and/or conducting layers the underlying layers

should not be dissolved, or swelled by the solvent used for the deposition of



2 the subsequent |l ayers. Swelling occurs if solvent is incorporated into
the wunderlying |layer which usually results in a degradation of the

properti ewoafi/sd | ayer. - High-resol ution patterning of pglheciades: The
conducting layers need to be patterned to formwell-defined interconnects

and TFT channels with channel Iengths £2< 10,um - To fabricate TFT
circuits vertical interconnect areas (via holes) need to be forned to

el ectrically connect electrodes in different |ayers of the device. In WO
99/ 10939 A2 a nethod to fabricate an all-polynmer TFT is denonstrated that
relies on the conversion of the solution-processed |ayers of the device
into an i nsofhfbisebsasugnbiqyers.t ewellieg epuisi ifi slvest '§UB§@GQ'@Fﬁd id9ehg of the

device. This gg@iﬁ%aehbﬁacnrueaéu esafs il B0yrdbaRth &¥e PEbdhdionthe

underlying | ay ver, it sev
sem conducti népyeat eri al s, that can be used to the small and in several

respects “”deﬂuqrﬁféﬁ‘élugl elsp%tt? it %?‘ére%?rrodegoﬂfér%r ﬁdué: Gt Iggérgnﬁ%c]i to be

cross-linkin gate 1 nsulating | ayer

fabrication opatteraetidbéerrm hredldgifinedh éntelicohmexts iand | Eyle chardiels witlhulchansglch t hat
t echni ques su? ﬂ'{ ne Banl cal punching are used (WD 99/10939 Al). According
to one aspect o SUE TS a d%%nt invention there is provi ded a net hod for

form ng on a gybgbriedte 'EFW elregits’ @éﬂl@aldﬁféhf‘oﬁhnbétcér‘édb r(glaalﬁbléé)eﬁééd eabky
conductive or sem conductive material in a plur ions, the

It
operation of {HBIeddQeisetiicaly poryIeheleeodestin fj|ff8W’Tt|'%’ﬁ¥sa ffth?g V'P%gl on to a
second region, the nethod conprising: formng a mxture by mxing the
material with a liquid; form ng on the substrate a confinenent structure

i ncl udi ng aan%t99é1&9§9uA12 a methed tarfabricste EnealspMlyrent ETdpdlegonstsaisAd zone
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repell ence tor the mxture than t secon zone, zone in a
third area ippolubleefosnbgiar dpethe prdapodition ®h suheeausnb iy ess @é tfmey dteweefThlgt ar ea,

zone, and dRRgeThg enBroHigfieror, RRELNER ) Chudll T LHAg e el 1 e
over the suHewewtre itvdeyeedhy limite the choice of semiconducting materials, that can be
used, to the small and in several respects undesirable class of precursor
polymers. Furthermore, cross-linking of the dielectric gate insulating layer makes
the fabrication of via-holes through the dielectric layers difficult, such that

technigues such as mechanical punching are used (WO 99/10939 A1).

According to one aspect of the present invention there is provided a method for
forming on a substrate an electronic device including an electrically conductive or
semiconductive material in a plurality of regions, the operation of the device
utilising current flow from a first region to a second region, the method comprising:
forming a mixture by mixing the material with a liquid; forming on the substrate a
confinement structure including a first zone in a first area of the substrate and a
second zone in a second area of the substrate, the first zone having a greater
repellence for the mixture than the second zone, and a third zone in a third area of
the substrate spaced from the second area by the first area, the first zone having
a greater repellence for the mixture than the third zone, and depositing the
material on the substrate by applying the mixture over the substrate whereby the

deposited material may be confined by the relative repellence of the first zone to



deposited material may be confined by the relative repellence of the first
zone to WD 01/47045 PCT/ GBOO' 04942 3 spaced apart regions defining the

said firsivoandizégcond regi ons of the device and being el agigBmlosys2
separated in their plane by neans of the relative repellence of the first
zone and to be absent fromthe first arga of the substrate so as to resist
the flow across the first zone of electrical current between the spaced
apart regions of the deposited material. According to another aspect of
the present invention there is provided a nethod for formng on a
substrate an el ectronic sw tching device including an electrically
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third zone having a greater repellence for the mixture than the second zone; and
depositing the material on the substrate by applying the mixture over the
substrate; whereby the deposited material may be confined by the relative

repellence of the first and third zones to the said second zone.

The width of the said first area between the second and third areas is suitably less
than 20 microns and preferably less than 10 microns. The material formed in the
said spaced apart regions suitably forms source and drain electrodes of a

transistor.

The method suitably comprises the step of depositing a further material in the
space between the said spaced apart regions. The further material deposited in
the space between the said spaced apart regions may form a channel of the
transistor. The first material may be electrically conductive and the said further
material may be semiconductive. The further material may be a polymer material.
The further material may be deposited from solution, preferably a solution in a

liquid that is not substantially repelled by the first zone.



The further material nmay be deposited fromsolution, preferably a solution
ina liquid that is not substantially repelled by the first zone. WO

01/ 47045 ROIJ1GB6S 04942 4 The width of the said second zgeg/dggoogddfabl y

| ess than 20 microns. The width of the second zone is suitably | ess than
10 microns. The material deposited in the second zone is suitably
electrically conductive. Such material suitably fornms an interconnect. The
material may forma gate electrode of a transistor. The width of the
overlap regi on between the gate el ectrode of the transistor and the source
and drain el ectrodes, respectively, is preferably |less than 20 m'crons.

The wdth of the overl ap.regi on between the gate el ectrode of th

transi st or Hitiwidihef §igsaieseaarddeenens sudRlly sge dhan €4 puerense | \ne W‘gth of

preferably t'h@%eéd?ﬁ”zo%@ lg‘sﬁfté’cw iess-lfﬁé’n ?rB'rrﬁl%ﬁsOfThbhﬁaf%HQISéép%tsﬁethth
provi ded by a sel f-assenbl ed nonol ayer and | east one of the first and

second zone$Sa9RY @éedéfsuﬁ@biy islechicat e eandigtive. t&h@hs"eatﬁﬂala%@@hmfeﬂmr@ﬁol ayer .
The step Oflnf&‘éirﬁke %éﬂﬂ%té.%LFnag Eé’t@ _%@ﬂr%'d@%?'ét%&sgﬁ performed by
W nas

exposure to rough as step of patterning the
sel f -assenbl ed nonol ayer nmay be performed by bringing the substrate in

contact wi tﬁh%W&S'Ft°fé"t‘%ﬁbe”aph@gfan@twa‘?mt%@@ﬁ@'ﬁ@m@'@ ofethe f@nsisiar@idon t he
exposed Surtlfh@%% %ﬁd‘&weleé%%@r%s@?éave@ ig g?é?@rrab léébcﬁbwﬁh% AeAer . The

contact an the m xture in the rstarea 1s suit y greater by 20,
40 or 80 than the contact angle of the mxture in the second area.

net hod as clhkg widihioh the, pvestapciegiongbetvaemihegaieesipctiase %fdhea@@s@orﬁ@é
substrate ihg sBDR;\é'é?'S!CHrQM AectiRldbs ?§§Sé§ﬂb&9 .%F@é%ﬁne@maﬁtmln%ﬁdnsone of

the first and second zones iIs i ned by patterni of the self-assenbl ed

nonol ayer. The step of patterni ng t he sel f-assenbl ed nonol ayer is suitably
per forned bihe sxfreerfdhe substeate mMayreRjRvided Ry @owe!rRssRMbiRG manlaysssnd
PCT/ GBOQ' 0494¢ast one of the first and second zones may be defined by patterning of the self-

assembled monolayer.

The step of patterning the self-assembled monolayer may be performed by

exposure 1o light through a shadow mask.

The step of patterning the self-assembled monolayer may be performed by

bringing the substrate in contact with a soft sfamp.

The first and second zones may be formed on the exposed surface of a layer

deposited on a planar structural member.

The contact angle of the mixture in the first area is suitably greater by 20°, 40° or

80° than the contact angle of the mixture in the second area.

A method as claimed in any preceding claim, wherein the surface of the substrate
is provided by a self-assembled monolayer and at least one of the first and

second zones is defined by patterning of the self-assembled monolayer.

The step of patterning the self-assembled monolayer is suitably performed by
exposure to light through a shadow mask.



5 The step of patterning the self-assenbl ed nonol ayer is perforned by
bringing the substrate in contact with a soft stanp. A nethod as cl ai ned
in any preaeadisaguscl aim wherein the surface of the substr gicg/ge@m/omsevi ded
by a non-polar material and at | east one of the first and second zones s
defined by surface treatnent of the nonspol ar pol ynmer The non-pol ar
material nay be a polyimde. The nethod may conprise the step of

mechani cal |y rubbing or otherwi se surface treating the polyimde to
pronot e nol ecul ar alignment of the polyimde. The nmethod may conprise the
step of optically treating the polyim de to prormte nol ecul ar al i gnnment of

t he polyimde. The said surface treat be etc The .sai d,surface
Lr eat ment e BIEP QIRRLAETIE baprs o HESpECH VS pREPRTERLPY B R

tetrafl uori gehshatt Prcoptacdfith aklost@mp. The surface treatment may conprise
exposure to ultraviol et Ilght Pr ef erably the said one of the zones is the
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material . TRreprblided b?@ﬂ@ori SolaDghatapiabPARd abledsiCaHeAbH the Gifstidhd oot 2bnegnment
of polymer chains in the said electrically conductive or sem conductive

pol yner. Thi gafiped by sHda¢estraaimeshpithe agamoRr 8PYM&uci ng al i gnnent of t he
chains of a polynmer nmaterial deposited over the first zone. The said

al i gnnent I$h@h@ﬁ.@b@ph}étéﬁhlmﬁa bm imideinni ng bet ween the second and
third zones. WO 01/47045 PCT/ OO’O4 42 6 Pref erably the said chains are
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treating the polyimide to promote molecular alignment of the polylmide.

The method may comprise the step of optically treating the polyimide to promote

molecular alignment of the polyimide.

The said surface treatment may be etching. The said surface treatment may be
plasrha treatment. The plasma is preferably a carbon tetrafluoride and/or oxygen

plasma.
The surface treatment may comprise exposure to ultraviolet light.
Preferably the said one of the zones is the second zone.

The first zone may induce or be capable of inducing an aligned molecular

structure of the semiconductive or electrically conductive material.

The first zone is most preferably capable of inducing alignment of polymer chains

in the said electrically conductive or semiconductive polymer.

The first zone is suitably capable of inducing alignment of the chains of a polymer

material deposited over the first zone.

The said alignment is preferably in a direction running between the second and

third zones.



Preferably the said electrically conductive or sem conductive polyner is
deposited by ink-jet printing. Preferably the width of at |east one of the
zones i s @igRd1l4@64st han the droplet dianeter forned in the gaicBionHogret
printing step. Preferably the boundary between the first and second zones
is optically distinct, and the nethod gncludes the step of optically
detecting the boundary between the first and second zones and | ocati ng
ink-jet printing apparatus relative to the substrate in dependence on that
detection. The first material may be a polyner, preferably a conjugated
polymer. The first material nay be an inorganic particulate materi al ,
capabl e of suspepsion i, he said. |liqujd. According to a further aspect of
t he present P;e,flé}ghlyitlaq\.,sgagglgmﬁ@rc—bpraﬂ}m%gfgfhgsp@d‘pgher({pgt@malt, di spl ay or nenory
device forned by the nethod of any preceding claim According to a further
aspect of g RefgaBlyand shidveadtiicdly tdoadective des@h‘iich&duéti\/Fqgilw?erdé Fl_epldasite?di spl ay
or nmenory device ri.sing an active matrix array of a plurality o

transi storsb¥6rr°m§ggggo§'tf%" met hod of any preceding claim The present
invention will now be described by way of exanple, with reference to the
acconpanyi ngreférablyrine saidrel@dtricdlly dohgudtioe or semiconduétiverimereay ideposited
configurations qf, solution processed, all- polyner TFTs; WO 01/ 47045

PCT/ GBOQY 040 Pk-6t B9 2 shows transfer characteristics of polymer TFTs
according to Fig. 1 ¢ wth a F8T2 active |layer, a PVP gate insulating

I ﬁyer, and Bré?&@ﬂ?]/ fHSl‘Sw@m ef atl leastr onke of fthgwores is rupvalet ﬁl@ari]rsﬂmf droplet
characteristics,o ol y. TETs ,according.to Fig. 1 ¢ wth a F8T2 active
|l ayer, a PVPGSE f?'ﬁ%‘?ﬂy'gﬁ\['%aa'Pé{‘Q@re?p%(ﬂwg%t%DOT/ PSS gate el ectrodes
deposited with the sanple held at roomtenperature (a) and approxinmately
50C (b). Preferably the boundary between the first and second zones is optically distinct,

and the method includes the step of optically detecting the boundary between the
first and second zones and locating ink-jet printing apparatus relative to the

substrate in dependence on that detection.

The first material may be a polymer, preferably a conjugated polymer. The first
material may be an inorganic particulate material capable of suspension in the

said liquid.

According to a further aspect of the present invention there is provided a logic

circuit, display or memory device formed by the method of any preceding claim.

According to a further aspect of the present invention there is provided a logic
circuit, display or memory device comprising an active matrix array of a plurality of

transistors formed by the method of any preceding claim.

The present invention will now be described by way of example, with reference to
the accompanying drawings, in which:

figure 1 shows different device configurations of solution processed, all-
polymer TFTs;



figure 4 shows output (a) and transfer characteristics (b) of a F8T2 all -
pol ymer TFT containing a F8 diffusion barrier and a PVP surface

nodi fi catw@odreger as in figure 1(a); figure 5 shows trangfacBoo/04942
characteristics of F8T2 all-polynmer TFTs as in figure 1(a) with a TFB (a)

and pol ystyrene (b) diffusion barrier apd a PVP surface nodification

| ayer; figure 6 shows an optical mcrograph of an all-polynmer TFT according
to figure 1(a) with an F8T2 active | ayer and source-drain el ectrodes
printed directly onto a bare glass substrate; figure 7 shows the
fabrication of TFTs with small channel Iength and snmall overl ap

capaci t ance t hr digyre p&hews Hengfebrharpeterstigstal ﬁ@b’"@lﬂfﬁé@cpwwgﬁmﬂmﬁﬁobl c

and hydr oph nnel
ogion of tMihg POPEScUIq pel £PYErUReniyEtlo Byl UM ELIOTRES, 6765

deposi ti on ©ECREBOT/ PSS source/drain el ectrodes | n the vicinity of a

hydr ophobi ¢ pol 1 ; ﬁy]-g' s during
t he deposition %)lflfgrrl‘—(%g shg\pggﬁ @Pﬁﬁa@%@%@f’m’@’ pg?g(ir)@l% Ztob a%
figures 10 withl ﬂESEm@Miwtqyat aRyR gahasmwlatm‘rgalaaem eanidsa iRED@T/PlS&gaﬁest ors

f d . i h L, h =

e, 2 ) by U5 gbhGht b A AT Rl B, e BBra B B

and opt! cal zppmmn';mlyaﬁh‘zc () of the procefs of form'lng Vi a hﬁ! es tF)){// t
o] 0 e 1, m t hi ate

oo oot e 1 apordiid Showiouiih teueh RlereRn eRstbstics (M AGTZ B The

vi a- hol e oup@yma«na“Frrnmﬁaldlngn@tF@r dffusibhediiie@n@ica PYPtsirfacakhetificationp! et s
and the thickness VP | ayer ; figure 13 shows the current-voltage

th
characteri s'@ﬁ/%rsast'ﬁ(%’QH%%é‘fw a hole with a bottom PEDOT el ectrode and a top
el ectrode. figure 5 shows transfer characteristics of F8T2 all-polymer TFTs as in

figure 1(a) with a TFB (a) and polystyrene (b) diffusion barrier and a PVP surface
modification layer; '

figure 6 shows an optical micrograph of an all-polymer TFT according to
figure 1(a) with an F8T2 active layer and source-drain electrodes printed directly
onto a bare glass substrate;

figure 7 shows the fabrication of TFTs with small channel length and small
overlap capacitance through patterning of the substrate surface into hydrophobic
and hydrophilic areas;

figure 8 shows optical micrographs of the channel region of transistors with
L =20 um (a) and L = 5 yum (b) after IJP deposition of PEDOT/PSS source/drain
electrodes in the vicinity of a hydrophobic polyimide bank;

Figure 9 shows optical micrographs taken during the deposition of ink
~droplets in the vicinity of a polyimide bank.

figures 10 and 11 show output and transfer characteristics of transistors
formed as in figure 7(c) and having channel lengths L = 20 um and 7 um
respectively;

figure 12 shows a schematic diagram (a) Dektak profilometry and optical
micrographs (b) of the process of forming via holes by successive deposition of
methanol droplets onto a 1.3 um thick PVP gate dielectric layer and (c)



figure 14 illustrates different processes to fabricate via-holes; figure 15
shows applications of via holes such as logic inverters (depletion- |oad

(a), enhaweammAibssl oad (b) and resistance-load (c¢)), and mydr/deooglios2
i nt erconnect schenes (d); figure 16 shows the characteristics of

enhancenment-1load inverter circuits as gn figure 1(a) fabricated with
printed all-polynmer TFTs with different ratios of the sizes WL of the two
transistors. figure 17 shows an alternative bottomgate device
configuration; figure 18 shows a schematic drawing of an active matrix
pi xel in which the display or nenory elenent is controlled b?/ a vol tage
(a) or a cudepsndengs of hegig-Boleduigicins ipaersdiametes onfthe dieatetenel the inkigt pi xel
of an activ Loed e f ari zed optical absorption of an
al i gned FBT%O%}IS;réIﬁ glgrt’élg%&gﬁ%\%@(ﬁg? l%glrymsr TFTs with a patterned active
| ayer island fdigured8estiows the cotremnigyoltbgs eharaciedisiics thoughda diaghale mithc
| ayers and éB%tt&rﬂ% (gfle?e%tr 5?%8%&?%%5‘&%0 conducting interconnects
inted i Pa rng TS '

separated by a prin i'nsu and; figure 22 shows a matrix of
transi st or devi digsrethillestraids hiffeeen praweskesoto fabridate nibdrotesynects to

fabricate user-defin lectronic circuits; Preferred fabri ion.. et hods
doscr i bed horef HOHEF 1 chois epafintt PEvie Sles sugh B g i8R TuaRadR

sol ution- pripa@ssgyl thhandememntid=@nspost and rasisdmaioadn¢c)pf drde rhajlievel i s
converted or cross-!inked iaﬁ_o an insoluble form Each |ayer of such a
devi ce may MEEGRINGCH$PNEMES{Mit hat is soluble in the sol vent from which it

was deposited. Agurd 16 shbs drseHar@eridtias BPERhARbMeht-RRU MVertehtisceaRl es a
sinple way of fabricating via- holes throug%[dl electric insulating |ayers

based on | oldli9uteJ&3)i febdrated véth RiEtied allpelyBer ATd soViBreieEyy 8o e such a
devi ce may, gt WoX 3MPleBwotiMBistase one or nore of the following conponents:
- patterned conc#mti [Ilg ﬁource- ﬁérzri]ia{i]veaggttoga-t et ecge?/%erc%%ﬁsurgﬂgn'i nt er connects.
gure 17 shows an a m-gate g ;
figure 18 shows a schematic drawing of an active matrix pixel in which the
display or memory element is controlled by a voltage (a) or a current (b);
figure 19 shows possible configurations of the pixel of an active matrix;
figure 20 shows polarized optical absorption of an aligned F8T2 TFT;
figure 21 shows (a) polymer TFTs with a patterned active layer island
fabricated by printing of semiconducting and dielectric layers and (b) the overlap
region between to conducting interconnects separated by a printed insulating
island;
figure 22 shows a matrix of transistor devices connected by a network of

IJP interconnects to fabricate user-defined electronic circuits;

Preferred fabrication methods described herein permit the fabrication of an all-
organic, solution-processed thin-film transistor, in which none of the layers is
converted or cross-linked into an insoluble form. Each layer of such a device may
remain in a form that is soluble in the solvent from which it was deposited. As will
be described in more detail below, this enables a simple way of fabricating via-

holes through dielectric insulating layers based on local deposition of solvents.



- a semconducting layer with a charge carrier nobility exceeding 0.01
cn2Ns and a high ON-OFF current switching ratio exceeding 104. - a thin

gate i nsulv@tdimgodsayer. - a diffusion barrier |ayer that preeirase®/ i
sem conducting |layer and the insulating |ayer against unintentional doping

by inmpurities and ionic diffusion. - agsurface nodification |layer that
enabl es high-resolution patterning of the gate electrode by printing
techni ques. - via-holes for interconnects through dielectric |ayers.

However, it will be appreciated that the methods described herein are not
limted to_the fabrication of devices having all the features set out
above. The PudtixAavise &ava for reemnle.useMAKSE E"Ge Pl CBOW (9 HBwi¥ewdsscr i bed
with referepgfpdfentd:i gure 1. The device of figure 1 is a thin-filmfield

ef fect transistor zTFT) configured to have a top-gate structure. On top of
a cl eaned 7059 pfitiesedseansiuetingesouresdiaireantt gate elicodepareinfercngets.

| nterconnect | i ngsmREhHGSRq RSl BASIES ARt LBIRPBLaRLIMANIET CREA/SShoWN)
are deposited by ink-je Brlntlng a sofutron of the conducCting polynmer

pol yet hyl enedi angtdhighRERFotyreeng switshing tiiatexcédEMPTOT 0. 5 wei ght % / PSS
(0.8 weight %)_jr ol vents such as net hanol, ethanol,

i sopr opanol or ag]gheé\%ﬁgﬁ%%nggégzded to affect surface tension, viscosity
and wetting- pr apeliffusien bafrierhiayemkhat REDEEsSPE® issmidunducted) taysmendi #lel y from
Bayer (availabl.e gs. "Baytron P"). The I JP printer is of the piezopelectric
type. It is eqdi‘ﬁ@@&‘%ﬂ% aaga'rﬁf g 'PE%”BH”?‘\%BP%PMHEPB%%S %W"dﬂ@?é?{fﬁléi?”stage
and a mi croscope satfage neduiddatioy 14 thal egabi@N highfresolbtian patéingpoi tHeed
patterns with reaz‘]ge@té tg each other. The 1JP head is driven with a voltage
pul se. Sui t abl 93 PIRSIrEER AY PIEHY BENNUIIURSt dropl ets of a typical solid

content of 0.4 \RgnhBRE feiifRr&nnate tAehysYRMkoMd Byétspul se hei ght of 20V, WD
01/ 47045 PCT/ GBOO 04942 1 us, and a fall tinme of 10 ,us.

049 O rise time of 10 ! : )
After dryi ngowavarnd vl §§sap§l'ﬁ5§5t‘t?ﬁtﬂ@t tt‘%é@é"'@?dﬁd‘iﬂ?@”ﬁe‘bﬁﬁf@n aesx nefi linpjted
typical di apphgtariticalbn BMieidts rafigtal thé RitBE 8t out above.

The fabrication of a first illustrative device will now be described with reference to
figure 1. The device of figure 1 is a thin-film field effect transistor (TFT) configured
to have a top-gate structure.

On top of a cleaned 7059 glass substrate 1 source-drain electrodes 2, 3 and
interconnect lines between the electrodes and the contact pads (not shown) are
deposited by ink-jet printing a solution of the conducting polymer
polyethylenedioxythiophene/polystyrolsulfonate (PEDOT (0.5 weight %) / PSS
(0.8 weight %)) in water. Other solvents such as methanol, ethanol, isopropanol or
acetone may be added to affect surface tension, viscosity and wetting properties
of the ink. PEDOT/PSS is obtained commercially from Bayer (available as
"Baytron P"). The IJP printer is of the piezoelectric type. It is equipped with a
precision two-dimensional translation stage and a microscope stage enabling the
alignment of subsequently printed patterns with respect to each other. The IJP
head is driven with a voltage pulse. Suitable drive conditions to eject droplets of a

typical solid content of 0.4 ng per droplet are achieved with a pulse height of 20V,



of 500 A. The 1JP of the source-drain electrodes is performed in air.
Afterwards the sanples are transferred to an inert atnosphere gl ove box
system TWw® aubetsrates are then spun-dried in the organi ecaotB®ridIL2hat
will later be used for the deposition of the active sem conducting |ayer,
such as m xed xylenes in the case of poloyfluorene polyners. They are then
anneal ed for 20 mnutes at 200 Cin inert nitrogen atnosphere to renove
resi dual solvent and other volatile species in the PEDOI/PSS el ectrodes.
Then a 200-1000 A thick filmof the active sem conducting polyner 4 is
deposited by spin-coating. Various sem conducting K polynmers have been used
such as reg%fﬁﬁ E@GI%fr 1001Sy - 2091 f8J YMe GHHEHEs- (%F—(F‘?Y'“é)%c}h%&liﬁﬁl%’g?‘@@f@

Cco- pol yner singlehodiie ROPEDDT X0t HihCd ¥hichH@BRRET &P 50idhi HHNGHEal thitkieds. F8T2
is a preferred choice as it exhibits good stability in air during the
deposi tion ©f9Q%e gate electrode in air. A 5-10 ng/m solution of F8T2 in
anhydrous, m xed xyl enes (purchased fromRom ) is spin-coated at 1500-2000

rpm In the case of P3HT a 1 weight %solution in mxed xylene was used.
The under | Vel PPefCir selesetdraitealeciiodes issearippmed imais Aftarwpisisdhe sagalesc

sol vent suc canie s L = dri ' t that
will later %%aatﬁasnes #e?ﬁ%t%e'hgﬁg%og%@g%glépgp H%B%Ez;?rg' i-ﬁ%u%@ts %?tgfggéetrﬁ% , such
as i sopr opasmin-driedhigt thenwpanié\ sslyesethat mill @terds useyl & dipe dapositmemotbiae

perfornmed t h .char rans t rii of the iconducting
pol ymer. Fo%@%l%@?%&{]‘%gﬁg Z@é’%l?’b?‘{chags B‘%ﬁﬂ ’8‘} '%&%s%a‘ﬁ?i%gepﬂaos?iﬁ@? I%g“eevat ed
t enper at ur epolpmersal iThgy aire dhére mpaealed ifer 20 bonateshat 2000 0C dndners trétrdgene
transition resul Es in orientati oa qf tlhe tpol ?/ma{p&chailnfg par allel to each
other. In tAL'GPREE O FEPFOVE, TRRGYF GO BPF oPIEl YlaWe sseRgeE 19 ofhes o

m n under i REDOTN2SS! ralsgufveles. Tiun s@&npd@g0e0 e At herekr divndlof dueenadird  to
roomtenperature (%o freeze in the orje gati,on of, th% chai ns and produce an
anor phous gPEBEON LfCt'EﬁrP&%Yé%era‘r@ 9965‘?‘2 Y SRINAOZHING-g|VRE8US §HTHGOREREING; t hout
an WO 01/ 47949pmBfeTheROBBAMEd ddchah QQ@BfégulaaYp@ly-QJh@xﬂMidﬁﬁ%ﬁe aegptry, a

mul ti domai n configuration in which severa , .
and polyfluorene co-polymers such as poly-9,9'-dioctylfluorene-co-dithiophene

(F8T2). F8T2 is a preferred choice as it exhibits good stability in air during the
deposition of the gate electrode in air. A 5-10 mg/ml solution of F8T2 in
anhydrous, mixed xylenes (purchased from Romil) is spin-coated at 1500-2000
rpm. In the case of P3HT a 1 weight % solution in mixed xylene was used. The
underlying PEDOT electrodes are insoluble in a hon-polar organic solvent such as
xylene. The films are then spun-dried in the solvent that will later be used for the

deposition of the gate insulator layer 5, such as isopropanol or methanol.

A subsequent annealing step can then be performed to enhance the charge
transport properties of the semiconducting polymer. For polymers that exhibit a
liquid crystalline phase at elevated temperatures annealing at a temperature
above the liquid-crystalline transition results in orientation of the polymer chains
parallel to each other. In the case of F8T2, annealing is performed at 275-285°C
for 5-20 min under inert N2 atmosphere. The samples are then rapidly quenched
to room temperature to freeze in the orientation of the chains and produce an

amorphous glass. If samples are prepared on plain glass substrates without an



l'i quid-crystalline domains wth randomorientation are |located within the
TFT channel. Transistor devices in which the F8T2 is prepared in a gl assy

state by wguamedysng froma liquid-crystalline phase exhi bigc@Biolouddres on
the order of 5.10"3 cn2Ns, that are by nore than an order of magnitude

hi gher than nobilities neasured on deviices with as-spun F8T2 fil ns.
As-deposi ted devices also exhibit higher turn-on voltages VO. This is
attributed to a | ower density of localized electronic trap states in the
gl assy phase conpared to the as-deposited phase, that is partially
crystalline. Further inprovenments of the nobility by typically a factor of
3-5 can be digngientipyver the pelymsr paents iasmylidgaaidconiighratien da srigmsevesale wit h

uni axi al Thlﬁc@ﬂ:{clgrﬂgtgmﬁet alﬂgl%lwrram rb"‘neﬂﬁa'tlahl &b fo‘&a%laevsﬁtﬁlﬁnﬁfesﬁ'faﬁ

channel . e achieved by coating gl ass substrate with a
sui tabl e al ¢fmmnalntTralm}$or devices aBWaIChﬁbhfr&TQaiblgreParbded a glessy siade byayer (9

in figure 1(b)).,. | the St I lsgned
uni axi al l'y é)%%?gplpgl g a[ (ﬁ)gr&g%”@e r%%gt %Bﬁ'tgﬁéﬁ% und ?/ﬁd%égf)gibl m de

| ayer. Thi scn&9s) timtiareaby umcbrbeﬁhaarmammredsﬂ m@nmlmw @@heartharennasmlhiebl ty in
devices in which the TET ch nnel is gﬁ%?l (? nmen LT Btl on of
the chai ns. MegRffed onfeyigesvirsagrary f Q?éteol Aeyifies, Oc%( % ndi ng
UK pat ent atﬂ@hérCﬁIrh@h v@w@i@erv@%ﬁéﬁg alttnbefetdeto @emrtdmlt foft ld@alized

sem conduct or Iayer he gate insulatin ayer g SI ted b

spi n- coat i ngeelrYHE H?Posrﬁatﬁﬁ im&1e, 8 8?3652'9%5%y? re It%oth@aﬁ‘ %Posﬁﬁ‘ij ?é??f‘ifl phenol
(PVP)) frormhgt ;gcg,laﬁfa”?@wé@émnej n which the underlying sem conducting pol ymner
is not soluble. A preferred choice of solvents are alcohols such as

met hanol , 2-propanol or butanol, in which non-polar polyners such as F8T2

have except FL‘Pr‘ﬂ‘?EJrl 11091%1%9 %&;théWobﬂ@gbg%pﬁ%ﬁ S\1&dibr o818 &h'%‘%ﬁéﬁe@ t he

gate insulati ng yer ween ut| on concentration 30 ng/m)
and 1.3 pm thespilymenis @tﬂ@@é&ﬂ rraalmﬂnqcmmau@;/atﬁtge with: Heiexiah aligrieemgofpiey mer s

pol y-vi nyl o2 e paelel 8 Sahhp) BBl folspet g e Bl copgine
the glass substrate with a suitable alignment layer, such as a mechanically rubbed
polyimide layer (9 in figure 1(b)). In the monodomain state the polymer chains are
aligned uniaxially parallel to the rubbing direction of the underlying polyimide
layer. This results in a further enhancement of charge carrier mobility in devices in
which the TFT channel is parallel to the alignment direction of the chains. Such a
process is described in more detail in our co-pending UK patent application
number 9914489.1.

After deposition of the semiconductor layer, the gate insulating layer 5 is
deposited by spin-coating a solution of polyhydroxystyrene (also-called
polyvinylphenol (PVP)) from a polar solvent in which the underlying
semiconducting polymer is not soluble. A preferred choice of solvents are alcohols
such as methanol, 2-propanol or butanol, in which non-polar polymers such as
F8T2 have exceptionally low solubility and do not swell. The thickness of the gate
insulating layer is between 300 nm (solution concentration 30 mg/ml) and 1.3 um
(solution concentration 100 mg/ml). Other insulating polymers and solvents that

satisfy the solubility requirements such as poly-vinylalcohol (PVA) in water or



pol y- net hyl - net hacrylate (PMVA) in butyl acetate or propyl ene glycol nethyl
ether acetate may al so be used. The gate electrode 6 is then deposited over
the gate {isHladbdsng | ayer. The gate electrode |ayer may QRedeppiussd
directly over the gate insulating |ayer (see figure 1(c)) or there may be
one or nore internediate |layers (see figure 1(a) and (b)), for exanple for
surface nodification, diffusion barrier or process reasons such as sol vent
conpatibility. To formthe sinpler device of figure 1(c) a PEDOI/ PSS gate 6
may be printed directly on top of the PVP insulating |ayer 5. The
substrate is transferred to the |1JP station in air again where a PEDOI/ PSS
gat e el ect rpaly-nEdityl-enethagylpte (PREMA)r onbutyl weetate swl propyane Tghgcolimaethylyi ng

PVP gate i n%H%ﬂ%&eg%Flﬁ%\fé‘ﬁ@??ﬁésww solubility in water such that the

integrity o e is preserved during the printing of the
PEDOT/ PSS gate el ectrode. Although PVP contains a |l arge density of polar

hydr oxyl groups,.its soluhility in ter is,.low because of the_ver

o pol ar " DAY Sete) PBAESHS S e iehaeEouet ey GHBNRMIT L AT GEIRORE vt er
Figure 3 SPgwtrclnd&leyérrmayB\e/rgepbgfe@_cdn@b%lﬁb?@&hf@a@inédaé@rm%wp(rébe ﬁglgrg?

sem conductl ayer, a ate 1 psulatin ayer , LN

Sour corar o WO e Mseumay b pedeiors MRSl Ievelehe faesLELEGIB: ifasur ed
under nitrogeiingé BERNAEE: nfRITREELE | HifusIOR BAHR NBNHIDCEES rédions Soth fas
increasing (upward triangl es) and decreasing (downward triangles) gate

vol t age, respeaniticompPgtibiiye characteristics belong to devices made froma
freshly prepared batch (a) and a one-year old batch (b) of PEDOT/ PSS

(Baytron P). Transistor action can clearly be seen, however, the devices
exhi bi t an T@deunthesimpien geviee pefigeouie) aiREPPOEISS gate: Greayhbe @riotsidt ages

Vo>10V, whegas 3)‘?1“ t%@%fct e BP Eﬁﬁlaii rlé';@ﬁ"s?drﬂg Eﬁbﬁr?éb?é’g f’f‘ér‘?é?ef@ &
source-drain a gate el ectrodes were ound to exhi bi normally O
behavi our (N® statn inlair agévivbers & BERET /PSS matcheletindde' pattare s printed=bom

(g 200\ S HETRESTByy LB SHUSER LV ot . Pt

i s started watedeach tregltied integrty/aFthe0dote didiectiisOiredeN48 doahg GROQYIitik@s 2
of the PEDOT/PSS gate electrode. Although PVP contains a large density of polar
hydroxyl groups, its solubility in water is low because of the very non-polar
polystyrene-like backbone. Similarly PMMA is insoluble in water. Figure 2 shows
the transfer characteristics of an IJP TFT with a F8T2 semiconducting layer, a
PVP gate insulating layer, and IJP PEDOT/PSS source-drain and gate electrodes.
The device characteristics are measured under nitrogen atmosphere. Consecutive
measurements are shown with increasing (upward triangles) and decreasing
(downward triangles) gate voltage, respectively. The characteristics belong to
devices made from a freshly prepared batch (a) and a one-year old batch (b) of
PEDOT/PSS (Baytron P). Transistor action can clearly be seen, however, the
devices exhibit an unusual normally-on behaviour with positive threshold voltages
Vo>10V, whereas reference devices fabricated with evaporated gold source-drain
and gate electrodes were found to exhibit normally off behaviour (Vo < 0). In
devices formed from the "old" batch of PEDOT (figure 2(b)) large hysteresis
effects were observed which are attributed to high concentration of mobile ionic

impurities (see below). If the sweep is started in deep depletion (Vg=+40V), the



13 transistor turns on at VIO +20V (upward triangles). However, on the
reverse scan (downward triangles) the transistor only turns off at Vro >
+35V. Thewfi@hsy- on behaviour and the hysteresis effect@i@ploiiehy to be
caused by the diffusion of ionic species in one of the |ayers of the
device. The unusually large positive v@g ues of Vo suggest that the ion is
negative. A positive species would be expected to conpensate sone of the
nobil e charge in the accurnulation |ayer and lead to a shift of VOto nore
negative values. To identify the origin of this ionic species devices were
fabricated in which the top-?ate | JP PEDOT el ectrode was replaced by an
evapor at ed gahdstet agchs @eatwliy |~ +20M (opad friapgles). &tmd/et/hle d?Eth@T reverse

source/drain el ectrodes were fabricated desc i was found
That 1 t hi SRAPIENAG EROIE N R UpraEGr ORY TR ALY oot FORid exhi bit stable
threshold voltages. This inplies that the doping and hysteresis effects in
the all- polyner device are related to the solution deglosition of the

conducti ng E Vﬁ%’?a"yf%b@}éﬁvéouélaé@tﬁhﬁdé’smé‘?ﬁ!ﬁ eHectsceslisel¥ taiher criseR Ryt

nobi | e, i onfhe difitsibn of §snié sPERIES®h oRFERPThS Rlyekd BNtHd 4&Niddt Tk imudnslgr | yi ng
| ayers of the device. It was found to be possible to control the value of

t he t hr esholeEe, BPSitie valHes ©b Voregges thﬁb”@n'@[]ri? negativest by RasityepspediBsosi ti ng
the gate el ﬁﬁﬁlﬁ%%)ﬁ%ﬁfédQO%ﬁ*p%ﬁsatﬁ%ﬁ{er (%fttﬁe Tdiis ch @é%ﬁhé ?@cuﬁ’fdétﬂﬂ time

of the droplet on t substrate. Fi ovvs t € trans
char act er i slayesanrd leadTieTa dhifti ofeVd t@rmm matlhe valusst rkn entiy the edgiedolt o a

t enper at ”retf;ﬁg uﬁw‘? ngb’iéé r}%vfc%eox%lte' %ruﬁéte&hﬁ gﬁkﬁhaﬁe@y&ﬁé’ IJIJ’ EgBToe

seen that t ST's ate p03| Ttion at
room terrpeelacimcb WBsgeplabgd bynah ewgporated hgoid @l&o@belmwmlleytherher lagsiist i ve

I f 6V | h |.d
Vol tage. canth gy PREIGH sblyfidif dIERispbl, Rele TEORERAELS Tebbivda del
el ect rodes vapfaindettiatinrtristdonfigurtitiort the d@\ll%ebeayenoasallymff angilemblﬂ.établ_ear e of
e et Bt ted, R R BBt i B b B S ™
(figure 14(pdlymeMBeité 4rd451alkdTioAROQANARAdeposition of the conducting polymer

top gate electrode, and the possible diffusion of mobile, ionic impurities from the

PEDOT solution/film into the underlying layers of the device.

It was found to be possible to control the value of the threshold voltage and to
reduce the amount of hysteresis by depositing the gate electrode onto a heated
substrate. This reduces the drying time of the droplet on the substrate. Fig. 3(b)
shows the transfer characteristics of a TFT device for which the substrate was
heated to a temperature of 50 °C during deposition of the gate electrode. It can be
seen that the hysteresis effect is much smaller than for gate deposition at room
temperature (Fig. 3b), and that Vo has a relatively small positive value of 6V. By
controlling the deposition temperature the threshold voltage can be adjusted in a
range of Vp = 1-20V.

Devices with gate electrodes deposited directly onto the PVP layer as in figure
1(c) are of the depletion-type. This normally-on behaviour is useful for depletion-

type logic circuits such as the simple depletion-load logic inverter (figure 14(a)).



14 To fabricate enhancenent-type, normally-off TFTs the doping of the
sem conduct or during the deposition of the gate can be prevented by

i ncor por afvigap /496452 di ffusion barrier layer. In the device pfr/ép@uwnenl(a)
and (b) a thin layer 7 of a non-polar polyner is deposited on top of the
PVP gate insulating |ayer prior to thei4deposition of the conducting

pol ynmer gate electrode. This layer is believed to act as diffusion barrier
bl ocki ng the diffusion of ionic species through the noderately polar PVP
insulator. PVP: contains a high density of polar hydroxyl groups which
tend to enhance the conductivity and diffusivity of ions through the film
Several non-polar polyners have been used such as poly-9, 9" -dioctylfluorene

(F8), pol ystyre l?rl =) enRAhoEntbri-typel OﬂBbfhalryLd*Pr¢ﬁ?sCQh§“ (dbpliigt Yoh@gy! )

di phenyl am ne) or F8T2. Thi t hese pol yners on t he order of
50- 100nm csamlben@msudu@morﬂwq h@emrtrpac@f ofhet rgat@\Vrayabe preyantedi My | ayer

PUP 1o | naof pPeraBabraiinitof haffehRReC 1 Rig i EHGRS () ey it o7
wat er on t olayef7 bha nnomolqmquoaameﬂns tiepasided bartop et thed\dr gete |0$ulatm@ layera
because of B o KSR P P cSRNRIAE PoRAET et Ko Ree B G, ©
surface nodbélievat itomct asleli‘ffL&dnsballﬂ@dﬁod:l@tg the dilf:ﬁmlslormbf tdrmp qmquﬂﬁmugpol yIer .
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hi gh-r esol ugioaps WhicH ihg tefenhhﬂca;afeeccebacﬁm@mdmmmny of ions fhesugH: the

surface nodification layer a thin of PV be d t f
e bt omana b SapER noppolas pelmae hatRIRe e oed e s dSRERoP S MuPIPEr | o

insol uble. (FBye t hpsist eof t(ps),PVP 90" Hidci-RicedLy-N-@stsutyipaehyd0 nm
H gh-resol ué-@) bes R Ié D%)T So%?(s ossbe |l e on the gﬁrf%ige 3? PVP.

ion printin
Al ternatived '90?’1‘3&%“@'“9%65‘9% @l § o TB‘?JH@S r?é&h%@ Relwgersteeie 9rael efgel-t hi n

| ayers of s i f t [ m igC and a
hydr ophobi cq)?%nctc:é@nba‘talS Hé%ﬁﬁ%%ﬁﬂgssgﬁ%%lgﬁgl%egvao%tg ’Mla%mp Mw&g'?e separate

wi th the hyseldfigiobianempclahgrgapisisplveat $ich @ssyisarng vevieh BMPealrls@makeds t he
interface with the underlying non

Direct printing of PEDOT/PSS from a polar solution in water on top of the non-
polar diffusion barrier layer or on top of a moderately polar polymer such as
PMMA has been found to be problematic because of poor wetting and large
contact angles. To address this, a surface modification layer 8 is deposited on top
of the non-polar polymer. This layer provides a hydrophilic rather than
hydrophobic surface on to which the PEDOT/PSS may more readily be formed.
This permits enables high-resolution printing of the gate electrode pattern. To
form the surface modification layer a thin layer of PVP can be deposited from
isopropanol solution, in which the underlying diffusion barrier layer is insoluble.
The thickness of the PVP layer is preferably less than 50 nm. High-resolution
printing of PEDOT/PSS is possible on the surface of PVP. Alternative surface
modification layers may be used. These include thin layers of soap-like
surfactants or polymers containing a hydrophilic and a hydrophobic functional
group. These molecules would tend to phase-separate with the hydrophobic and

hydrophilic groups being attracted towards the interface with the underlying non-



WO 01/ 47045 PCT/ GBOO 04942 15 pol ar polyner and the free surface,
respectively. Another possibility is the brief exposure of the surface of
t he non- paloag/4dedsf usi on barrier to a mld 02 plasma rendaidmgsdogeLur f ace
hydrophilic. A suitable plasma treatnent that does not degrade the TFT
device performance is exposure to a 13.4/5 Mz 02 plasma with a power of 50
Wfor 12 s. A surface nodification |ayer on top of the non-polar diffusion
barrier may not be required if the gate electrode is printed froma
solvent that is | ess polar than water such as fornulation containing

al cohol s (isopropanol, nethanol etc.). The integrity of the |ayer sequence
relies on tmarapelémﬁatanﬁgthaémwfa@ﬁ easpgelivater nQ‘lilmrerPt?SélbsﬂlfY rsoﬁiep@ﬂﬁr and

non-pol ar s rP%%UFesaf #ﬁe kgristeshi #R fod- E@ig uhisRAl b%i’{erl toy aolfnn@O glré%a' ayer

in the sol vent use the depositio a secon ayer is than 0.1 %
wei ght per reodering tpe esfue‘aa@”wdrcmbﬁlct Wasuitaldd plasned grﬁatrpemt that des Mate

criterton fQieahl YEMEA0NEL LBk hichelhy ol kAR 14 8THE LI, Hhh debr and

solubility polarTty can e guan

(D.W van povesralf &g, WFPOIO@S'[I es of pol ymsrs El sevier, Ansterdam (1990)).
The solubility behaviour of each polyner (solvent) is described by three
characteristic paraneters Sd, Sp, Sh, characterising the degree of ‘

di spersive Armmreaetnhmmatlpmllarer onatbpl dﬁylﬁkr agepolad mifusipn hsérﬁéramta'yom bbet ween
pol ymer (sol vent grw d st hese

D et o & teTesk if 0B Gee-iaciioe it Rente foktin SpRed: hERERS POMABNAY addi ng

contri buti ofigchfdsofatrhingtish édrﬂélﬁmb aldohelsi (0 o@iropﬁh@luﬁf’ethﬁnol éag. pol ymer. They
are tabulated for nost conmon pol yners. ten Sp and Sd are conbined to 6

2= 5d 2+ 6p2. The free energy of mxing is given by AGn= AHm - TOSm where

AST>0 is thene ﬁft‘édr@P)sz fHe I%é?'d%ﬂu@r%é‘l‘@éon\(he aﬁerﬁﬁtlnd Q@Oﬁmn%f%%ﬂ’ﬁ rShp-
Shs)2). (V: volune;” ~p s volune fraction of ?@eﬁha‘( /solvent (S) in

the m xtur ematqnﬁwr@rmpoolartandsn@k@@am sQlventpalf 'Sad?ﬁmay solulilfe ofrgr e
sol ubl e in ﬁ?s?%ké(ﬁﬂttheg gélvérh%ség%ljtﬁé déﬁEﬁ@tltldn & 3 sdddfd IaVE?H BEs fRani o % SVP-

S88) 2+( 5h P S) 2) an appr oxi e criterion
weight per volume, preferably less than 0.01% weight per volume.

The criterion for solvent compatibility may be quantified using the Hildebrand
solubility parameters by which the degree of polarity can be quantified (D.W. van
Krevelen, Properties of polymers, Elsevier, Amsterdam (1990)). The solubility
behaviour of each polymer (solvent) is described by three characteristic
parameters 3q4, 8p, 6n, characterising the degree of dispersive interactions, polar,
and hydrogen bonding interactions between polymer (solvent) molecules in the
liquid state. Values for these parameters can be calculated if the molecular
structure is known by adding contributions from the different functional groups of
the polymer. They are tabulated for most common polymers. Often §, and &4 are
combined to 8,%= 84°* 5,°.

The free energy of mixing is given by AGn = AHp - T-ASy, where -AS,>0 is the
entropy of mixing and AHm = V- dp- ds - (( 8v7- 8,°)2+( 817 - 81°)%). (V: volume; dp, ¢s:
volume fraction of polymer (P) /solvent (S) in the mixture). From this it is expected
that a polymer (P) is the more soluble in a solvent (S) the smaller AHn, i.e., the

smaller D = ((&"-8,5% (8" -8.5)%)"2. As an approximate criterion, if the



WO 01/ 47045 PCT/ GBOO 04942 16 interaction paranmeter Dis smaller than
approximately 5 the polyner is soluble in the solvent. If Dis between
5-10, swelld i%7hs often observed. If Dis larger than 10, pdfhiegRRLyaer is
substantially insoluble in the solvent, and no swelling occurs. In order to
obtain sufficiently abrupt interfaces ifg a solution-processed TFT device

it is therefore desirable that the respective D values for each of the

pol ymer layers and the solvent of the next |ayer should be | arger than
approximately 10. This is particularly inportant for the sem conducting
pol yner |ayer and the solvent of the gate dielectric. In the case of F8T2
and i sopr opatevactiobytayamatse ttatsegmalker dsan apprexibiately Sbtbe piymoeri iswbkible D6 (12) .
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conpri si ng andhi r@h?‘y"%loirth%Bﬁ’Ftd@nyr%hoH'deﬁ’%!ﬁrgﬁfd@aﬁfappiﬁEW{PWS@ TA%y8n- pol ar
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such as a pol yvinyl al coh deposited fromwater solution, a non- polar
di ffusi on beateidiglestrg.dp t@ﬁ? cageRofh k2 am%&oa@p@n@s(batybawt@te) wgasti Bl | ow

t he dep05|{Olgglaﬁro)glnl%té@yghzgequence and a PEDOT/ PSS gate el ectrode.
However, it is often convenient to have a non-polar sem conducting |ayer

and a polar gate-electrode |ayer separated by a single dielectric |ayer.
This | ayer F@re%pmeudewcs can&gurpmu theentye meititryes stroetoreamal yepgaithp gyl ymer
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such as xylene. In this case the interaction parameter D is large because of the
differences of &, for the polymer layer and solvent of the next layer. An example
would be a fransistor device comprising a highly polar source-drain electrode of
PEDOT/PSS, a non-polar semiconducting layer such as F8T2, a highly-polar gate
dielectric layer such as a polyvinylalcohol deposited from water solution, a non-
polar diffusion barrier layer of TFB that also acts as a buffer layer to allow the
deposition of the layer sequence, and a PEDOT/PSS gate electrode.

However, it is often convenient o have a non-polar semiconducting layer and a
polar gate electrode layer separated by a single dielectric layer. This layer
sequence is also possible by using a moderately polar polymer layer deposited
from a moderately polar solvent sandwiched between the highly polar and non-
polar polymer layer. . A moderately polar polymer is a polymer that contains both
polar and non-polar groups, and is substantially insoluble in a highly polar solvent.
Analogously, a moderately polar solvent contains both polar and non-polar
groups, but does not substantially dissolve a non-polar polymer. In terms of the

solubility parameters a moderately polar solvent may be defined as one where the



groups, but does not substantially dissolve a non-polar polymer. In terns
of the solubility paraneters a noderately polar solvent may be defined as
one wher ewl\q,M§3s01/ 47045 PCT/ GBOO/ 04942 17 sol ubility pg @losSB 1S

| argely different fromthat of the underlying polynmer. In this case
swell'ing may be avoided (large D) even 4# the polar solubility paraneter

8p (8v) of the solvent may be simlar to that of the underlying polyner

| ayer. The noderately polar polyner nmay contain a specific functional
group such as a hydroxyl group that nmakes it soluble in a sol vent
containing a functional group that is attracted to the functional group of
t he pol yner sollliilitg pEramatet iSpis aagelp eiffererdtyfconodieat dfdheiumgeilyihg palytieanin Thi s
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under i nert lagémsamivdcteed betdiebh cnsonyolah sAmicopducter thyai mndred PERXGT /PSS

el ectrodes. The fiel ffect- ility is on . the order, of 0.005-0.01 cnR/Vs
2nd the. oni B e Vet g it Ao b asih fa F TSRy PERORPRT & Fhe
order of 104ky8Roh&RYICE 88 IPAYS DeersTiabiiopted with a broad range of
non-pol ar diffusion barrier layers, such as F8, TFB (figure 5(a) shows

transfer characteristics), PS (figure 5(b) shows transfer

charact eri sgighR) 4 SfhsFhEoutht GFHUNCRIRE @FEnaRIcEstiYs 8f Bn all-polymer
F8T2 IJP TFT with a PVP gate insulator layer, a F8 diffusion barrier layer and a
PVP surface modification layer, as illustrated in figure 1(a) (L = 50 ym). The
device exhibits clean, near-ideal normally -off transistor action with turn-on at Vg <
0V. The threshold voltage shift between upward (upward triangles) and downward
(downward triangles) voltage sweeps is < 1V. The device characteristics are very
similar to those of standard devices fabricated under inert atmosphere conditions
with Au source-drain and gate electrodes. The field effect-mobility is on the order
of 0.005-0.01 cm?/Vs and the ON-OFF current ratio measured between Vg=0 and
-60V is on the order of 10*-10°.

Devices have been fabricated with a broad range of non-polar diffusion barrier
layers, such as F8, TFB (figure 5(a) shows transfer characteristics), PS (figure
5(b) shows transfer characteristics), and F8T2. In each case clean normally-off
behaviour and small hysteresis effects and threshold voltage shifts were
observed, which were of the same order of magnitude as those of reference

devices with gold source-drain electrodes. This supported the interpretation that



behavi our and small hysteresis effects and threshold voltage shifts were
observed, which were of the sane order of magnitude as those of reference
devi ces Wyldy199hd source-drain el ectrodes. This supported §ddiecBoo/ 04942
interpretation that WD 01/47045 PCT/ GBOQ/ 04942 18 insertion of a non-pol ar
pol ymer bel ow the gate el ectrode bl ocksjgdiffusion of ionic inpurities
during and after the solution deposition of the gate insulating |ayer.

This has been found to result in reproducible TFT threshold voltages and
good operating stability. Normally-off devices containing a diffusion
barrier are preferred conpared to the depletion-type device described
above, si nciesértion of expaepadal pdiymer hatow dnerpateesiettivide bldnkstdiffusiamef ipricm

t hreshol d v. i1ty d,, he | i t r ' of
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conj ugat ed Paib yhasrbeenofoundlio geswt increpeddeicibéd TEMahreskbidbrditages] agd agoed
field-effect nmobiliti. exceeding 10"3 cn2Ns, preferably exceeding 10-2
cn2Ns, nmay %erﬂ@'@d?taggﬁé't able materials are reviewed for exanple in H E.
Katz, J. Mater. Chem 7, 369 (1997), or Z. Bao, Advanced Materials 12, 227

(2000). One of the jnportant ;requirepents to. fabricate printed TFTs with
Good 5 abi | Nognalaf dNGERsCRonRNG, REHPIOR heftisr oo goga el BMPRLS or Mehe

sem conduct &é}ﬂeﬂmttzﬁé abvic@dadided Whohé editideOin ) exgheBicddhAythatforsdp eshibt oxygen
and water duri ng? the processi nq Printed TFTs have been

and printing steps.
fabricated Rgtieh Tleng tengethegsholgeyq *@Sﬁ&l?t@'l%@”%%le?%ﬁgt"ﬁg QU o RUPPLRSSIon
sem conduct ygnik @kRkkionsuch as F8T2 (see above), or regioregular P3HT
deposited from m xed xyl ene solution. In the case of P3HT TFTs prepared in
test device configurations under inert atnosphere the field-effect

nmobility of - ; o ngﬁh an LA : 8T2.
However , rez&o?%gg?@rc SWnPZaiﬁst b%(salug%rgpﬁicf g%]glgi %‘g“ %‘ﬁ?g@ﬁ%ﬁ /;or
wat er, r esusligomgricnmateriah dhras sexdibits adegiupie field@ffeatc triobilitigs dxeeedding HE"
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reviewed for example in H.E. Katz, J. Mater. Chem. 7, 369 (1997), or Z. Bao,

Advanced Materials 12, 227 (2000).

One of the important requirements to fabricate printed TFTs with good stability
and high ON-OFF current ratio is good stability of the semiconducting material
against unintentional doping by atmospheric oxygen and water during the
processing and printing steps. Printed TFTs have been fabricated with a range of
semiconducting polymers as the active semiconducting layer, such as F8T2 (see
above), or regioregular P3HT deposited from mixed xylene solution. In the case
of P3HT TFTs prepared in test device configurations under inert atmosphere the
field-effect mobility of 0.05-0.1 cm?Vs is somewhat higher than in the case of
F8T2. However, regioregular P3HT is unstable against doping by oxygen and/or
water, resulting in an increase of the film conductivity during the printing steps in
air and poor ON-OFF current ratio. This is related to the relatively low ionisation
potential of P3HT, I, = 4.9 eV. High ON-OFF current ratios of >10® have been
demonstrated for P3HT, but this requires a reductive dedoping step after the

deposition, such as exposure to hydrazine vapour (H. Sirringhaus, et al.,



potential of P3HT, Ip 4.9 eV. H gh ONOFF current ratios of >106 have been
denonstrated for P3HT, but this requires a reductive dedoping step after

the depogigdimnesssuch as exposure to hydrazi ne vapour (H pSmeBieghiags, et
al ., WD 01/47045 PCT/ G(BOO' 04942 19 Advances in Solid State Physics 39, 101

(1999)). However, on the IJP TFTs descrg bed above this reductive

post - processi ng step cannot be perforned since it would also result in
dedopi ng of the PEDOT el ectrodes and reduce their conductivity
significantly. Therefore, to achieve high current switching ratios it is
inportant that a polymer sem conductor is used with good stab|I|1y agai nst
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Set ayegmmelxﬁl rqaqragbﬁg%k,@(ﬁme %@&% (2000)), phenyl ene or | adder-type

phenyl ene erivatives Adv. Mat. 7, 292 (1995)).
Sui tabl e B bl ocks are hol e- transporti ng noieties with | ower bandgaps that
contain heteroa
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transporti ng-BY| 3mnd Nemape yﬁlﬁhﬂﬁ‘él Wr@“vﬂpn@SPV{ ﬁ‘iaBtHFVetEé(a”'tﬂ’éqsl fa3yitable wit h
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or fluorinated side chains (R vanced Material s 10,
Setayesh, Macromolecules 33 2016 (2000?) phenylene or ladder-type phenylene

derivatives (J. Grimme et al., Adv. Mat. 7, 292 (1995)). Suitable B blocks are hole-
transporting moieties with lower bandgaps that contain heteroatoms such as
sulphur or nitrogen, and as a homopolymer have ionisation potentials less than
5.5eV. Examples of hole-transporting B blocks are thiophene derivatives, or
triarylamine derivatives. The effect of the B block is to lower the ionisation
potential of the block copolymer. The ionisation potential of the block copolymer is
preferably in the range of 4.9eV < I, 5.5eV. Examples of such copolymers are
F8T2 (ionisation potential 5.5 eV) or TFB (US 5,777,070).

Other suitable hole transporting polymers are homopolymers of polythiophene
derivatives with ionisation potential larger than 5 eV, such as polythiophenes with
alkoxy or fluorinated side chains (R.D. McCullough, Advanced Materials 10, 93
(1998)).

Instead of hole transporting semiconducting polymers soluble electron

transporting materials may be used as well. These require a high electron affinity



(1998)). Instead of hole transporting sem conducting polymers sol uble
electron transporting materials may be used as well. These require a high
el ectron @igimzégg WO 01/ 47045 PCT/ GBOO 04942 20 | arger t har/@B@dMe942
preferably larger than 3.5 eV, to prevent residual atnospheric inpurities
such as oxygen to act as carrier traps.pguitable materials may include

sol ution processible electron-transporting small nol ecul e sem conductors
(HE Katz et al., Nature 404, 478 (2000)), or polythiophene derivatives
with electron- deficient fluorinated side chains. AB-type bl ock copol yners
wth a structurally-well defined, |adder-type A block with a high
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dnmlde derivatives (H.E. Katz et al.,, Nature 404 478 (2000)) or fluorinated

thiophene derivatives.

For fast operation of logic circuits the channel length L of the transistors and the
overlap between source/drain and gate d have to be as small as possible, that is
typically a few microns. The most critical dimension is L, because the operation
speed of a transistor circuit is approximately proportional to L. This is particularly

important for semiconducting layers with relatively low mobility.

Such high-resolution patterning cannot be achieved with present-day ink-jet
printing technology, which is limited to feature sizes of 10-20 ym even with state-
of-the-art 1JP technology (figure 6). If faster operation and denser packing of
features is required then a technique that allows finer feature resolution must be
employed. The technique described below makes use of ink-surface interactions
to confine ink-jet droplets on the surface of a substrate. This technique can be
used to achieve much smaller channel lengths than can be achieved by

conventional ink-jet printing.



enpl oyed. The techni que descri bed bel ow nmakes use of ink-surface
interactions to confine ink-jet droplets on the surface of a substrate.

Thi s t echwiggua76@an be used to achieve nuch snal |l er channglctep@iodst han
can be achieved by conventional ink jet printing. WO 01/ 47045

PCT/ GBBOQ 04942 21 This confinenment techni que can be used to permt
fine-resolution deposition of a deposited material on to a substrate. The
surface of the substrate is first treated in order to render selected
parts of it relatively attractive and relatively repellent for the
material to be deposited. For exanple, the substrate could be pre-patterned
so as to be partially hydrophobic in sone areas and partially hydrophilic
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and/or precise registration the su sequen position can accurately
def i ned. Oneepmsiied materal o fora sykatrate. nlThe sigadd ofubersubeitatens fifsg iested.
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renoval step may be done by a photolithographic process to allow fine
feature definition and/or accurate registration. In one exanple of such a
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Prior to the deposition of the source-drain electrodes 2, 3 a thin polyimide layer 10
is formed over the glass sheet 1. This polyimide layer is finely patterned to
remove it in the places in which the source-drain electrodes are to be formed.
The removal step may be done by a photolithographic process to allow fine
feature definition and/or accurate registration. In one example of such a process
the polyimide may be covered with a layer of photbresist 11. The photoresist can
be patterned photolithographically to remove it in the places where the polyimide
is to be removed. Next the polyimide is removed by a process to which the
photoresist is resistant. Then the photoresist can be removed to leave the
accurately patterned polyimide. Polyimide is selecied because it is relatively
hydrophobic, whereas the glass substrate is relatively hydrophilic. In the next step
PEDOT material to form the source-drain electrodes is deposited by ink-jet
printing onto the hydrophilic substrate areas 12. When ink droplets spreading on
the glass substrate areas hit the boundary of a hydrophobic polyimide region 10

the ink is repelled and prevented from flowing into the hydrophobic surface areas.



PEDOT material to formthe source-drain electrodes is deposited by ink jet
printing onto the hydrophilic substrate areas 12. Wen ink droplets

spreadi ngwev/4the gl ass substrate areas hit the boundary gicTagBoduephobi c
polyim de region 10 the ink is repelled and prevented fromflowi ng into

t he hydrophobic surface areas. WO 01/ 4&345 PCT/ GBOQ 04942 22 Through this
confinenent effect the ink is deposited in the hydrophilic surface areas
only and high-resolution patterns with snmall gaps and transi stor channel

| engt hs of |ess than 10 ,um can be defined (figure 7(b)). One exanple of a
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source-drain

If required the polyimide surface can be made even more hydrophobic by an
additional exposure to a CF4; plasma. CF; plasma fluorinates the polyimide
surface, but does not interact with the hydrophilic glass substrate. This additional
plasma treatment may be performed prior o removal of the photoresist, in which
case only the side walls of the polyimide pattern 10 become fluorinated, or after

removal of the resist.

The contact angle of PEDOT/PSS in water on O, plasma-treated 7059 glass is
Bgiass ~ 20° compared to a contact angle of 6p ~ 70™-80° on the polyimide surface.

The contact angle of PEDOT/PSS in water on fluorinated polyimide is 120°.

When PEDOT/PSS is deposited from a water solution onto the pre-patterned
polyimide layer as described, the PEDOT/PSS ink is confined to the source-drain

electrode areas even if the channel length L is only a few microns (figure 7(b)).
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dropl et s wonikizogti ¢ energy of ink droplets is kept as smdtge®/opegsi bl e
The |l arger the size of the droplets, the |larger the kinetic energy, and
the larger the probability that the spraading droplets will “ignore' the
hydr ophilic confinenment structure and spill over into neighbouring
hydrophilic regions. , Preferably deposition of the ink droplets 13 is
onto the hydrophilic substrate areas 12 at a distance d between the centre
of the droplet and the polyi m de boundary On one hand d needs to be
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For PEDOT droplets with a solid content of 0.4 ng deposited with a lateral pitch of

12.5 um between two successive droplets onto O, plasma treated 7059 glass a
value of d = 30-40 yum was found suitable. The optimum value d depends on the
wetting properties on the surface as well as on the deposition pitch, that is the
lateral distance between subsequently deposited droplets, the frequency, with

which droplets are deposited, and the drying time of the solution.

The hydrophobic confinement layer to define the channel length of the transistor
may also provide a second functionality. It may be used as an aligning template
for the subsequent deposition of the semiconducting polymer in the channel of the
transistor. The polyimide layer 10 may be mechanically rubbed or photoaligned
and can then be used as an alignment layer 9 (figure 1(b)) to provide

monodomain alignment of a liquid-crystalline semiconducting polymers 4.

The gate electrode 6 may be similarly confined by a patterned layer 14 formed on

top of the gate insulating layer 5 that provides attractive and repelling surface
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t he gate wlpnisrede i s deposited. The patterned |ayer 6 nmpcraes@lougnred with
respect to the source-drain pattern to mnimze the overlap area between

source/drain and gate el ectrodes (figurm/(c). Materials other than

polyi m de may be used for the pre-patterned |layer. O her accurate
pre-patterning techniques than photolithography may be used. Figure 8
denonstrates the ability of a structure of relatively hydrophobic and
hydrophilic layers to confine liquid "ink" deposited by ink-jet printing.
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printing of a series of droplets running in lines 2 and 3 close to the
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pattern 10 can be seen as white nes. The in roplets 21 are ejected

from t he no¥¥Ws epticehmigragrappe of Relrirasss @ﬁ@'dlnﬁﬁa'”\/\?tﬂﬂs Pﬁ@P'V'”E%ﬁPé Feing a

di stance d gywaybédiPebitRl BO|JSEIR asdve @ BO- reiaﬂ@&?%y@k&ﬁﬁo% adY fargan be
used for precise |ocal alignnment of the ink-jet deposition wth respect to
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out put and tran eristics transistors forned as iIn gure
7(c) and hamwgeafh@em@ited ey ket prirding 20 ameriga @f drgpiats agpéng injisey 2 and

3 close to the strips 10. Although the ink-jetted material shows low contrast it can
be seen from the abruptly terminated form of the end surfaces 2 and 3 of the
deposited material that the deposited material has been confined by the strips 10,

even down to a strip thickness of L = 5um.

Figure 9 shows photographs of the ink jet deposition process in the vicinity of a
polyimide strip 10. The images were taken with a stroboscopic camera mounted
underneath the transparent substrate. The edges of the polyimide pattern 10 can
be seen as white lines. The ink droplets 21 are ejected from the nozzle of the ink
jet head 20 and land with their centre being a distance d away from the polyimide
strip 10. Images such as this can be used for precise local alignment of the ink-jet
deposition with respect to the strip pattern 10, and may also used to automate the

local alignment procedure using pattern recognition (see below).

Figures 10 and 11 show output and transfer characteristics of transistors formed

as in figure 7(c) and having channel lengths L of 20 um and 7 um respectively,
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process descri bed above. In both cases the channel width Wis 3 mm Figure

10(a) shows) @ubgwst characteristics of the 20 /gym devi ce.pdr/grdoR4dL( b)
shows output characteristics of the 7 pmdevice. Figure 11(a) shows

transfer characteristics of the 20 pmdeyice. Figure 11(b) shows transfer
characteristics of the 7 pmdevice. The 7 ,um device shows characteristic
short channel behaviour with reduced current at small source-drain voltage
and finite output conductance in the saturation reginme. The nobility and
ON- OFF current ratio of short channel devices is simlar to that of the
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through a ghafeldensds tidcusaed dB&va, flat & 4= bAVBIOIOT cARPOG, BT WRP0R)) or
m crocontact , Pr5| nting (Brittain et al., Physics Wrld My 199%, p. 31).
Pre-patterni®gl®f the substrate is readily conpatible with the process flow
descri bed above as the pre-patterning is perforned prior to the deposition
of the layers of the TFT. Therefore, a broad range of patterning and
printing te@knronftnemepdnisha [(Rsell ob threrdiffereace He WeHingr prpediesoan the

pre-patter npy Liodtic bha KiydfbpriR9EtiRks OohP ok P ted i MR HIRENLAYELS:

topographic profile. In the above embodiment the polyimide film can be made very
thin (500 A), that is much thinner than the size of the inkjet droplets in the liquid
state (several micrometers). Therefore, alternative techniques to fabricate a
substrate pre-pattern can be used, such as the functionalization of the surface of
the glass substrate with a patterned self-assembled monolayer (SAM), for
example a SAM containing hydrophobic alkyl or fluorogroups such as ftri-
fluoropropyl-trimethoxysilane or polar groups such as alkoxy groups. The SAM
can be patterned by suitable techniques such as UV light exposure through a
shadow mask (H. Sugimura et al., Langmuir 2000, 885 (2000)) or microcontact
printing (Brittain et al., Physics World May 1998, p. 31).

Pre-patterning of the substrate is readily compatible with the process flow
described above as the pre-patterning is performed prior to the deposition of the
layers of the TFT. Therefore, a broad range of patterning and printing techniques
can be used to generate the high-resolution pre-pattern without risking
degradation of the active polymer layers.



WO 01/ 47045 PCT/ GBOO 04942 26 Simlar techniques can be applied to
pre-pattern the surface of the gate insulating |ayer or the surface

m)di fi catweil@aygr prior tot he deposition of th_e gat e el ei@B®/0490
achieve smal|l overlap capacitance. As shown in figure 7(c) the gate
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microscope or a mask aligner in order to align the stamp pattern with respect to

the underlying source-drain electrodes. When a conducting, water-based
polymer ink is deposited on top the deposition is confined to the fine, hydrophilic
line defined by the self-assembled monolayer. In this way a smaller linewidth can
be achieved than the normal linewidth on an unpatterned gate dielectric layer.

This results in a reduction of source/drain-to-gate overlap capacitance.

With the help of pre-patterned substrates it is possible to fabricate high-speed

logic circuits based on the TFT and via-hole fabrication process described herein.

One of the crucial requirements for the fabrication of transistor circuits over large
areas is the registration and alignment of the deposition with respect to the pattern
on the substrate. Achieving adequate registration is particularly difficult on flexible
substrates that exhibit distortions over large areas. If between subsequent
patterning steps the substrate distorts, the next mask level in a photolithographic



patterning steps the substrate distorts, the next mask level in a
phot ol i t hographi ¢ WO 01/ 47045 PCT/ GBOQO 04942 27 process will no | onger
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process devel oped here is suitable to achieve accurate registration over

| arge areas even on a plastic substratesg, since the position of the ink jet
head can be adjusted locally with respect to the pattern on the substrate
(figure 9). This |local alignnent process can be autonated using pattern
recognition techniques wusing inmages such as that of figure 9 conbined with
a feedback mechanismto correct the position of the inkjet head. In order
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processi ng and does not cause excessive Of inaccurate
of the fact that none of the solution-processed layers of the TFTs described above

has been converted into an insoluble form. This allows the opening of via-holes by

local deposition of solvents.

In order to make a solvent-formed via hole (figure 12(a)), a quantity of a suitable
solvent 29 is deposited locally on top of the layers through which the via hole is to
be formed. The solvent is selected so that it is capable of dissolving the
underlying layers through which the hole is to be formed. The solvent sinks
through the layers by progressive dissolution until the via hole is formed. The
dissolved material is deposited onto the side walls W of the via-hole. The type of
solvent and the method of depositing it may be selected for individual
applications. However, three preferred aspects are:

1. that the solvent and the process conditions are such that the solvent
evaporates or is otherwise readily removed so that it does not interfere with
subsequent processing and does not cause excessive or inaccurate
dissolution of the device; and



di ssolution of the device; and WO 01/47045 PCT/ GBOO 04942 28 2. that the
solvent is deposited by a selective process such as |1JP, whereby

accuratelw(ﬁﬁf],%‘fgl | ed vol umes of the solvent may be appli q13680803s8! Y to
the desired |location on the substrate; and 3. that the dianeter of the via

hole is affected by the surface tensiompgf the solvent droplet and the
ability of the solvent to wet the substrate; and 4. that the sol vent does
not di ssolve the underlying |layer to which an electrical connection is to
be made. Figure 12(a) illustrates the deposition of a droplet 29 of

met hanol solvent (containing 20 ng per droplet) on a partially forned
transi st or dethatghefsavent gedepasitedt ppa@ selectver proeess such gerldP 1 erebyhe
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deposition Of a sin solvem
via hole through the insulating PVP layer. Methanol is selected as the solvent

because of its ability to readily dissolve PVP; because it can easily evaporate so
as not to hinder subsequent processing; and because it has satisfactory wetting
properties for PVP. In order to form the via hole in this example an IJP printing
head is moved to the location on the substrate at which the via hole is desired to
be formed. Then the necessary number of suitably-sized droplets of methanol are
dropped from the IJP head until the via is complete. The period between
successive drops is selected for compatibility with the rate at which the methanol
dissolves the layers of the device. It is preferred that each drop has fully or
almost fully evaporated before the next drop is deposited. Note that when the via-
hole reaches the bottom non-polar semiconducting layer the etching stops such
that underlying layers are not removed. Other solvents such as isopropanol,
ethanol, butanol or actone may also be used. To achieve high throughput it is
desirable to complete the via-hole by deposition of a single solvent droplet. For a
300 nm thick film and a droplet with a volume of 30 pl and diameter of 50 um this
requires the solubility of the layer in the solvent to be higher than 1-2 % weight per

volume. A higher boiling point is also desirable if via-hole formation with a single



300 nmthick filmand a droplet with a volune of 30 pl and dianeter of 50
Jimthis requires the solubility of the layer in the solvent to be higher
than 1-2 wy‘,gms per volune. A higher boiling point is g&aRRsabIe if
via-hole tormation with a single WO 01/47045 PCT/ GBOO 04942 29 droplet is
required. In the case of PVP 1, 2-di nentdyyl -2-i m dazolidinone (DM) with a
boiling point of 225 C can be used. Figure 12(b) illustrates the effect of
t he dropping of several droplets of methanol in sequence onto the via hole
| ocation. The right panels show m crographs of the device after 1, 3 and
10 droplets have been dropped. The |eft panels show Dektak surface profile
measur enment groplet isheequiied lndhve case ofd?\d8 d,2-timenthyl-Rdmidazslidinene @Mipmitbd. ( The
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um limited by the size of the droplet. This size is suitable for many applications

such as logic circuits, and large area displays.

The via-hole diameter is determined by the size of the inkjet solvent droplets. The
diameter of the hole was observed to be directly proportional to the diameter of
the droplets (see Fig. 12c). The outer diameter of the side wall is determined by
the size and spreading of the first droplet, and is independent of the thickness of
the polymer layer that is dissolved. The inner diameter of the side wall decreases
with increasing polymer thickness. For applications where even smaller holes are
required, such as in high-resolution displays, even smaller droplet sizes can be
used, or the substrate surface can be pre-patterned by a suitable technique to
confine the droplet on the surface as described above. Other solvents may also

be used.

It will be seen from the surface profile measurements that the formation of the via
hole causes material to be dissolved and displaced to the edges of the via hole,

where it remains after the solvent has been evaporated (indicated at W in figure
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(indicated at Win figure WO 01/47045 PCT/ GBOO 04942 30 12(b)). It should
be noted that the displaced material i gpof a snoother formation than

illustrated by figure 12(b) , the x and y axes of the surface profile plots
of figure 12(b) being to dissimlar scales (x in units of,um yin units of
A). The nechanismfor via-hole formation, i.e. the novenent of material to

the side walls, is believed to be simlar to that of the well-known
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389, 827 (1997)). Diffusion of solute would tend to favour homogeneous

redeposition of the polymer over the whole area upon drying of the solvent, rather

than formation of a side wall. Theory predicts that the capillary flow velocity v(r) (r:

distance from centre; R; droplet radius) is proportional to (R-r)*, where A=(n-

20.)/(2n-20¢). Therefore, v increases with increasing A, that is decreasing contact

angle 6.. Therefore, mass deposition at the edges occurs the faster the smaller

the contact angle.

For the opening of via-holes it is therefore important that (a) the contact line of the

initial droplet is pinned, (b) that the contact angle of the droplets on top of the

polymer to be dissolved is sufficiently small, and (c) that evaporation of the

solvent is sufficiently fast such that polymer solute diffusion can be neglected. In

the case of IPA on PVP the contact angle is on the order of 12°, and the droplets

typically dry within less than 1s.
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after the escri
which |t is capable of dissolving the substrate. The environment in which the

deposition takes place and the substrate temperature may influence the
evaporation rate. A layer of material that is insoluble or only slowly soluble to the

solvent may be used to limit the depth of dissolution.

Since the layer sequence of the TFT consists of alternating polar and non-polar
layers, it is possible to choose solvents and solvent combinations such that

etching stops at well defined depths.

In order to make contact through the via hole a conductive layer may be deposited
over it so that it extends into the via hole and make electrical connection with the
material at the bottom of the via hole. Figure 13(a) shows a device of the type
shown in figure 12(a) but including a gold electrode 25 formed after the making of

a via hole as described above.

Figure 13 shows at curve 30 the current voltage characteristics measured
between the bottom PEDOT electrode 25 and a conducting electrode 29



Figure 13 shows at curve 30 the current voltage characteristics neasured
bet ween the bottom PEDOT el ectrode 25 and a conducting el ectrode 29 WO

01/ 47045 RQOIJ1GB6S 04942 32 deposited on top of the PVP galg/gp@muwiadi ng
| ayer 28. The diameter of the via hole was 50 pm For conparison, curve 31

shows a reference sanple, in which no via- holes are located in the overlap
regi on between the top and bottom el ectrodes. The characteristics clearly
show that the current through the via-hole is several orders of magnitude
hi gher than the | eakage current through the gate insulator in the absence

of the via hole. The neasured current through the via hole is limted by
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barrier layer needs to _exhibit good charge transporti ng properties in

order to m helairesustanee R eamis ebtaineddioamthesemersyiametis eRv di%0P&)-on barri er
is athin layer of TFB as shown in figure 5(a). If an even | ower contact

resistance is required then the sem conductor |ayers may also be renoved
at the via Tio¢ engfhoe.of TVia shals fpinetionadeseribethabate dn retagionlitbfligre 2 Isar r | er

has been | o6y abBfld (TR BEde RS ARTEPAMEL (g, REh™r 4
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such as xyil(em)aridrtotdmv&eemwpioda th8yliffusionrzargerdsl depd)arledtatef thre dnmnling dfe
sem CondUCt!hg%iéa-Hgles. Figure 14(a) shows a device in which a via hole has been formed
and the gate electrode then deposited without an intervening diffusion barrier
layer. Figure 14(b) shows a similar device in which after formation of the via hole
a diffusion barrier polymer 7 has been formed before deposition of the gate
electrode 6. In this case the diffusion barrier layer needs to exhibit good charge
transporting properties in order to minimise the via-hole resistance R,. A suitable

diffusion barrier is a thin layer of TFB as shown in figure 5(a).

If an even lower contact resistance is required then the semiconductor layers may
also be removed at the via hole site. This is preferably done after the diffusion
barrier has been formed. The diffusion barrier 7 and the semiconducting polymer
4 can be locally dissolved by IJP deposition of a good solvent for them - such as
xylene in this example. By mixing good solvents for both the semiconducting and
the insulating material, both layers may be dissolved at the same time. A device in
which this has been done followed by deposition of the gate electrode is shown in

figure 14(c).



the insulating material, both |ayers may be dissolved at the sane tine. A
device in which this has been done foll owed by deposition of the gate

el ectr odewigsp1ahegan in  figure 14(c). WO 01/47045 PCT/ GBOO'HAXEB00/03%12

M xtures of solvents can also be used to reduce the dianeter of the
via-hole by increasing the contact angie of the solvent m xture on the

| ayer to be dissolved. An alternative technique to formng a via hole

i nterconnection and then depositing a conductive material to bridge it is
to locally deposit a material that is capable of |locally nodifying the
underlying | ayer(s) substrate so as to render them conductive. One exanple
is the local IJP deposition of a solution containing a nobile dopant that

s abl e o gihdis o BhRnaEPLi I BUCAly Brelil, IRYaRMeIcian Y ddib wptrat ed

in figure 14 where region Icates materia een ender ed
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necessary condi'tion I cation more conplex Circuits such
as ring delivered as for the solvent case.

The method of via-hole formation through PVP dielectric layers can be used to
connect the gate electrode of the TFT to a source or drain electrode in the
underlying layer as required, for example, for a logic inverter device as shown in
Fig. 15. Similar via-hole connections are required in most logic transistor circuits.

Figure 16 shows plots of the characteristics of enhancement-load inverter devices
formed with two normally-off transistor devices as in figure 15(b). Two inverters
with different ratio of the channel width to channel length ratio (W/L) for the two
transistors are shown (plot 35 ratio 3:1, plot 36 ratio 5:1)). It can be seen that the
output voltage changes from a logic high (-20V) to a logic low (=0V) state when
the input voltage changes from logic low to logic high. The gain of the inverter,
that is the maximum slope of the characteristics is larger than 1, which is a
necessary condition to allow the fabrication of more complex circuits such as ring

oscillators.



oscillators. WO 01/47045 PCT/ GBOO 04942 34 Vi a-hol es as described above
may al so be used to provide electrical connections between interconnect

lines in digfiarent | ayers. For conplex el ectronic circuitpcmagidoidieisel
i nt erconnect schenes are required. This nay be fabricated by depositing a

sequence of interconnects 72 and differgnt dielectric |layers 70, 71
deposited from conpati bl e solvents- (figure 15(d)). Via-holes 73 can then
be forned in the way descri bed above with the interconnect |ines providing
automatic etch stop. Exanples for suitable dielectric materials are pol ar
pol ymers (70) such as PVP and non-pol ar dielectric polynmers (71) such as
pol yst yr eneYiathpleseas dasgived gboye imaygalse berusat ite srevide eleripistlaronanetionsn- pol ar
solvents. W& - nedy 0 d Skt nts for
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| ayer. In this successi ve |ayers be. bui |t by salution .

br poessi ng. leEet LR ERE e Py e f e BietetnohetReS hraf@hi bt s
steps i s toeteh®tdpo deposit two or nore |layers alternately from pol ar and
non-pol ar solvents, as exenplified for the | ayer sequence descri bed above.
In this way nultilayer devices containing soluble, conducting,

sem conduct Exgmpiesl fomsuitzdid ledirty faternarcepslart Yolp@efL (708 GucH RisSPYRN
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configurations than trr1e top-gate configuration shown in figure 1 may be
used. An al rRaNedt Py docgbsiepasifien ohword Jahenipfy theaicapedivedlielsaligdayer

while the underlying dielectric layer is providing an etch-stopping layer.

In selecting materials and deposition processes for devices of the type described
above, it should be borne in mind that great advantages can be obtained if each
layer is deposited from a solvent that does not substantially dissolve the
immediately underlying layer. In this way successive layers can be built up by
solution processing. One way to simplify selection of such materials and process
steps is to aim to deposit two or more layers alternately from polar and non-polar
solvents, as exemplified for the layer sequence described above. In this way
multilayer devices containing soluble, conducting, semiconducting and insulating
layers can readily be formed. This can circumvent the problems of dissolution

and swelling of underlying layers.

The device structures, materials and processes described above are merely
illustrative. It will be appreciated that they may be varied.

Other device configurations than the top-gate configuration shown in figure 1 may

be used. An alternative configuration is the more standard bottom-gate



WO 01/ 47045 PCT/ GBOO 04942 35 configuration shown in figure 17, in which
it is also possible to incorporate a diffusion barrier 7 and surface

nodi fi catweoilsay@dr 8 if required. In figure 17 like partp@Eiesiwaher ed as
for figure 1. Oher device configurations with different |ayer sequences
may al so be used. Devices other than transistors may be formed in an

anal ogous way. PEDOT/ PSS nmay be repl aced by any conducting polyner that can
be deposited from solution. Exanples include polyaniline or polypyrrole.
However, sone of the attractive features of PEDOT/PSS are: (a) a polyneric
dopant (PSS) with inherently lowdiffusivity, (b) good thermal stability
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Efficient charge carrier injection is crucial in particular for short-channel transistor
devices with channel lengths L < 10um. In such devices source-drain contact
resistance effects may limit the TFT current for small source-drain voltages (figure
10(b)). In devices of comparable channel length it was found that injection from
PEDOT source/drain electrodes is more efficient than injection from inorganic gold
electrodes. This indicates that a polymeric source-drain electrode with an
ionisation potential that is well matched to that of the semiconductor may be

preferable to an inorganic electrode material.

The conductivity of PEDOT/PSS deposited from a water solution (Bayiron P) is on
the order of 0.1-1 S/cm. Higher conductivities up to 100 S/cm can be obtained
with formulations that contain a mixture of solvents (Bayer CPP 105T, containing
isopropanol and N-methyl-2-pyrrolidone (NMP)). In the latter case care needs to
be taken that the solvent combination of the formulation is compatible with the
solubility requirements of the layer sequence. For applications in which even
higher conductivities are required other conducting polymers or solution-



WO 01/ 47045 PCT/ GBOO 04942 36 processi bl e inorganic conductors, such as
col | oi dal suspensions of netallic inorganic particles in a liquid, nmay be
used. Th Agesses and devices described herein are not Iy &g oyeydevi ces
fabricate vvlth sol ution-processed pol yners. Some of the conducting

el ectrodes of the TFT and/or the intergonnects in a circuit or display
device (see below) may be forned frominorganic conductors, that can, for
exanpl e, be deposited by printing of a colloidal suspension or by

el ectroplating onto a pre-patterned substrate. In devices in which not all
| ayers are to be deposited fromsolution one or nore PEDOI/PSS portions of
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The semiconducting layer may also be replaced by another solution-processible
semiconducting material. Possibilities include small conjugated molecules with
solubilising side chains (J.G. Laquindanum, et al., J. Am. Chem. Soc. 120, 664
(1998)), semiconducting organic-inorganic hybrid materials self-assembled from
solution (C.R. Kagan, et al., Science 286, 946 (1999)), or solution-deposited
inorganic semiconductors such as CdSe nanoparticles (B. A. Ridley, et al.,

Science 286, 746 (1999)).

The electrodes may be patterned by techniques other than ink-jet printing.
Suitable techniques include soft lithographic printing (J.A. Rogers et al., Appl.
Phys. Lett. 75, 1010 (1999); S. Brittain et al., Physics World May 1998, p. 31),
screen printing (Z. Bao, et al., Chem. Mat. 9, 12999 (1997)), photolithographic
patterning (see WO 99/10939) or plating, or simple dip-coating of a patterned
substrate with hydrophobic and hydrophilic surface regions. Ink-jet printing is
considered to be particularly suitable for large area patterning with good

registration, in particular for flexible plastic substrates.



Instead of a glass sheet, the device(s) could be deposited on to anot her
substrate material, such as Perspex or a flexible, plastic substrate such
as pol yewoanagbghone . Such a material is preferably in tphrg/dgronmueh a
sheet, is preferably of a polymer material, and nmay be transparent and/or
flexible. A though preferably all |ayergy and conponents of the device and
circuit are deposited and patterned by solution processing and printing
techni ques, one or nore conmponents such as a sem conducting | ayer may al so
be deposited by vacuum deposi tion techni ques and/or patterned by a
phot ol i t hogr aphi ¢ process Devi ces such as TFTs fabricated as descri bed
above may b'@S%ﬂtOf@fglaﬁhﬂh@t ibe WeVier(st reddibe dapoditad e iq ancipercibsiiaieor nore
such devi Cematiy,DouoRt S abeflpokl (dh ACReABIRCT pRRF: O'kublitdle Ol dgvi ces.
Exanpl es of app I'cat1ons Inc 8 | ogi c CIFCUItg active matrix

circui try fpelyethelissiphape or Suche aomeatediel isc prefenably lus@ne- fodeef Phedshest.eisar r ay
circuit. Th I L er shown in
figure 15. ?@P&?#ﬂg Of 826% WG{FE?%E%% %rﬁghg sttr%g%[seargﬁteé@?ﬁﬁ'e@rf(%o t he depl etion
or of the accunulation type three possible configurations are possible.

The depl eti | oad | ter ure a I S far .device that are
nor mal Fy oanz%gguP%e? W 3"1835?? agﬂdc?rﬁ%(gr}e&%a?iL{b%re%?\ﬁ?eogadC%Wﬁg?fﬁati on
(figure 15(#gposited lmecbét@fnmbyr&bluﬁemfpfrodelsalhglaHdOpn’mtln(;fﬂeghmm%sl opa/dr) and
4). Both configurations re lee a via-hole b tween th 9 te €/(irode of
the Toad tr@RE SPEPORRRS| TUeNser o omANHEING BRI dUse Pesfienas

al ternati vevaquiohi @ficditiofNedHhidues dnBfor phRered boadhHomlieidgedpHid bradéss. 15( c)).
The latter device can be fabricated by printing a thin, narrow PEDOT |ine

of adequate Iength and conductivity as the load resistor. By reducing the
conducti Vi t pe@tes sEE?QE:s Tefs Qélﬂrl&ke@i BY deBér t%lshlﬁkﬂ/et H\%yrl?é ip@rtodf &SFore0

PEDOT, the length of the resistor line can be mnim zed. The conductivity
of Baytron FPREBOGIPGS ofjdeticy in P’EDEDTP(‘PED(‘)TWP%FWSEVW Gagt b infegrated was
measured t

anneal i ng ?vgl?@g%&w% ?n{rr%n@hgr de@‘c‘é 01 4 4sg‘§f‘P Qétl rglcgtidzé”o

circuits and actlve matrix circuitry for a display or a memory dev:ce or a user-

defined gate array circuit.

The basic component of a logic circuit is the inverter shown in figure 15. If all
transistors on the substrate are either of the depletion or of the accumulation type
three possible configurations are possible. The depletion-load inverter (figure
15(a)) is suitable for device that are normally on, (figure 1(c) and 3), and the
enhancement-load configuration (figure 15(b)) is used for normally-off transistors
(figures 1(a/b) and 4). Both configurations require a via-hole between the gate
electrode of the load transistor and its source and drain electrode, respectively.
An alternative configuration is the resistance load inverter (figure 15(c)). The
latter device can be fabricated by printing a thin, narrow PEDOT line of adequate
length and conductivity as the load resistor. By reducing the conductivity of
PEDOT, for example by increasing the ratio of PSS to PEDOT, the length of the
resistor line can be minimized. The conductivity of Baytron P PEDOT/PSS with a
PEDOT/(PEDOT+PSS) weight ratio of 0.4 was measured to be on the order of 0.2

S/cm for an as-deposited film. By annealing to 280°C for 20 min under N



at nosphere the conductivity increased to 2 S/cm By diluting the solution
with PSS the conductivity could be decreased by orders of magnitude. For a

PEDOTI ( PEHRQGTIgMR%&s wei ght ratio of 0.04 a conductivity of HrrcEioaadmas
nmeasured after annealing at 280C. Resistors with a resistance of 50 MO were

fabricated by inkjet printing a |ine ofggPEDOT with a width on the order of
60m and a length of 500m The different inkjet printing conponents that
have been devel oped, i.e. transistors, via-hole interconnections,
resistors, capacitors, nmultilayer interconnect schenes etc., can be
|ntegrated to fabricate integrated electronic circuits by a conbi nation of

di rect pri néfmagrasre Hel @ﬁﬂdyﬁtl\wda@@awgto Pri/pe Eiyrdlhttmﬁgﬂ@%ﬁoly@omwb for
| |
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inverter circuits ove are t I'ng bl oc or nore conpl ex
| ogi ¢ ci rcuPEQOTﬂaEmBrP@s)omwawm &Q4des®ndbewﬂab@fvéoﬁa$/cnsewa§ed as

pi xel svm'tc n i.stors of na |splassu
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Nat ure 394, faBrcated BYhijef Printikg @hm@ GFPERDITewiH &GHbth o mesb@mﬂ of eo,aimgur e
18(a); and light-emtting diode displays (H Sirringhaus, et at. Sci ence

280, 1741 (awbgjendffoef 5Meh a suitable circuit is shown in figure 18(b): or
as an active matrix addressing el enent of a nmenory device, such as a random
access nmenory (RAM. In figures 18(a) and (b) transistors T1 and/or T2 may
be fornmed Thediferen yikjgtpristing cerepanantsiiatbavechedhedavaloped Aice. trapsistoehit a

di splay or vi t e d npl es

of possi bl e’'devi Cﬁ"f%gﬁﬁ%'ﬂ?é%,%ﬁ@bﬁ &\g)aﬁ aoF” ﬁL tﬁ%?ﬂé’t@ﬁéo\éﬂg hSZCthfégtrode
of a LCD oretan cahdxt intggnaieetio Caldticate! iategeated selwlzmmcrcwbu@mxeammblmatmhl ch

li ke parts

for figur es°“$d"‘i uglj') {qui'%(,? S];)@\Eiof@i(‘gﬁ%?es&%gt Hﬁkjétal%g'qr"?%s 3? S ‘?2];5‘3{*@% % 19 (as
i ncl ude a npﬂot;ed;smgasteps rwmelmeral:pmamng ng requilielif Tise ernnpbarnweetér aiﬁdfuter
36 Rof or 1 ripacaped G 8 e RO pE S e bR coraPeelBeS. 3 of the TET
are
Solution-processed TFTs as described above may be used as pixel switching
transistors of active matrix displays such as liquid-crystal (LCD) or electrophoretic
displays (B. Comiskey et al., Nature 394, 253 (1998)) for which a suitable circuit
is shown in figure 18(a); and light-emitting diode displays (H. Sirringhaus, et al.,
Science 280, 1741 (1998), for which a suitable circuit is shown in figure 18(b); or
as an active matrix addressing element of a memory device, such as a random
access memory (RAM). In figures 18(a) and (b) transistors T1 and/or T2 may be
formed from transistors as described above. Features 40 represent a display or

memory element with current and voltage supply pads.

Examples of possible device configurations to control the voltage on the electrode
of a LCD or an electrophoretic display are shown in figure 19, in which like parts
are numbered as for figure 1. In the drawings of figure 19 (as for figures 7, 14,
and 17, for example) the gate insulating layer may include a multilayer structure
containing a diffusion barrier and/or surface modification layer, as in figure 1(a).



connected to the data 44 and addressing 43 lines of the active matrix,
which may be fabricated froma different conducting material to achieve

adequat e weondidedsi vity over |onger |engths. The drain el egogaggoodseh t he
TFT may al so be the pixel electrode 41. The pixel electrode may be forned

froma different conducting material &9 in figure 19. In devices which
rely on application of an electric field rather than charge carrier
injection it is not required that this electrode 41 is in direct contact

di splay el enment 40, such as a liquid crystal or electrophoretic ink etc.
In this confifgurati on the total pixel area occupied by the TFT_and

i nt er connecReferinge o Higure d8pdhk setircenand gale flestioges a%eatﬁft theapEFt@ee ratio

and 1o redugsneBRHeB thélall 268nd a&&egﬁﬁwgmngbgf mesé’dti%ﬁ reatRRBMicHhagnd the
signals on the data and addressing lines 43 and 44. The configuratron in
figure 19(bhe i fabrpatedcdiopl | @ adiéfgrentionenducting heaigiisl etpi aaklievsr adgquatege
portion of i X6l L kI T i LEQWE i nes,
and the di se;;') ailje!él r?ev%'E %ﬁgbilﬁﬁgﬁééﬁ g@kpélﬁ%@egggf%hggﬁk -I; ﬁta§(?ata aﬁ'

addr essi ng pikélratectepgle 4ind hePixe) eteictrogé rely bl fooned fromia diffesignti coadiigdimgof t hi s
configurati I I n,addi t i . dielectr] > Vi.a-hol e
P11 ed w o Hdisabey i SBuRladr fLoe BAR wALE e ForiRyfion p of Moctidi®n " o

t he TFT dr aiathezlthan rchedeye3carfitieinjectian fitoisenat anqlieed thaf itiviatebebtiogde t4teispinocedur e

descri bed ahove. te that in this configuration the aperture ratio, can be
o 1 sed SPegnet AR ASRERL TGO ShpdbBhrvEaH B Fletoshirald Boe ued
Ij or Fli spl ayeteppi thiltsi'addnﬁlgura%bm _tPFeatotz;ﬂt@lsdegc g’fgta moﬁgaﬁ)ytthawsm?@iimerdoﬁﬁect

i splays, since all-polyner as . fabrjcate ere ar [ t ranspar ent
T Phe v o hiee adhia T KPR Rl B gishievachdolie ang e dta ATy 11 refBpoct r a
neasur ed onpd@tefitsl 2raeltaesetlEdn the disBiageléent SDkYdRRe GltalkSomiie ghtagned

uni axi al | yog@q gq?cQOSI ting the liquid-crystalline sem conducting polynmer on

a rubbed p essig sttt anhdr which al so serves as the pre-patterning
| ayer for high-resolution printing. It can be seen that the device is

hi ghly transparent in nost of the visible spectral range because of the WO
01/ 47045 PChirepodfjograien in figure 19(b) is more complicated. However, the whole pixel or

a large portion of the pixel area is available for the TFTs and interconnect lines,
and the display element is shielded from the signals on the data and addressing
lines 44, and 43 by the pixel electrode 41. Fabrication of this configuration
requires an additional dielectric layer 42 and a via-hole filled with conductive
material 45 to connect the pixel electrode 41 to the TFT drain electrode 3. The

via-hole can be fabricated by the procedure described above.

Note that in this configuration the aperture ratio can be maximized and may be
approaching 100%. This configuration can also be used for display application
with a backlight such as transmissive LCD displays, since all-polymer TFTs as
fabricated here are highly transparent in the visible spectral range. Figure 20
shows optical absorption spectra measured on a F8T2 polymer TFT, in which the
polymer chains are aligned uniaxially by depositing the liquid-crystalline
semiconducting polymer on a rubbed polyimide alignment layer which also serves
as the pre-patterning layer for high-resolution printing. It can be seen that the

device is highly transparent in most of the visible spectral range because of the



relatively high band gap of F8T2. Even better transparency can be achieved
if sem conducting | ayers such as F8 or TFB or ot her pol yfl uorene

derivati v (14S4s5, 777, 070) with higher band gaps are usegcrlEfppdgnment
of the polymer chains gives rise to optical anisotropy such that |ight

polarised parallel to the alignnment diggction (plot labelled "I I ") is
nore strongly absorbed than |ight polarized perpendicular to the alignnent
direction (plot labelled "I"). The optical anisotropy can be used in a LCD

display to further increase the optical transparency of the TFTs by
orienting the alignnment direction of the polynmer chains normal to the
pol ari zes brelatively hiple bgindsgapbat KBT anEvem teti¢retransplaréngit canUpel @chipwédifi sed

the t i cknetaispndidho dEk RcRRRTEE gR rER b SRGC BOb SRS EHBpE(UST"c;
the TFT inc%ﬂd?,@gOPﬁlﬂ@'ﬁlglr@s bah@gapq;)bre:adsecab‘sheraﬁghmnntofﬁqbqoovymérbihalrspectral
range. Anot he d f, t .
semgconductﬁg'ﬁ‘r@S ?'3%3? qucqlﬁglsa}rgaxl%\évg?%mq b'éﬂg%%[ bé’rggéﬁ tPhtEeﬁEqnment
charact eri sgirégtioh O(pYdtSidpbRed i"ght). isl Mdrbesteg® @bso@BRT PRARURGHEI polaRedTFTS a
bl ack matrix has to be used to prevent | arge OFF current under |ight

i 11 uni nat i operperdieviar talhie aignpent dissctive(elohabrlled de')-bEiriIoRfigs! anisotropy

sem conduct t f j ht
and from 1 g Ba bl R eI RuRerERilast e Ehica denSpARRLTES ve) O
is also wel TFfwlelelde!ngtthe aignmen’t dmeﬁtlostmfrthﬁlpoimam chai@ nermall @ythef i gur e

abr) bat s onogrias Bk s rHhe S o podklolt S8 PerieRTsRERE, ™
| ar ge channghnsigtot bemwkpmr l;a:imosifcoldmleéyid wanb@hghh,dnélthmeﬁtctknekeobtheel

el ectrode ternativ bot ate T T%?{n rat i gure
17 can al soé%—gz &h'S elo‘é(e%%ojf\ }[iﬁ %'\‘?@agﬁﬁ ?f tEFI |n(.: g@@?oﬁ%s
01/ 47045 PObWEHachl453820tiofhdn aeangb]etslpecﬂrm@mg@nt t echnol ogi caI i ssues for
the fabrication of active matrix <circuits is the contact between the

PEDOT/ PSS TFT and pi xel electrodes 2, 3,6
Another advantage of the low optical absorption of the semiconducting layer is the

reduced photosensitivity of the TFT characteristics to visible light. In the case of
amorphous silicon TFTs a black matrix has to be used to prevent large OFF
current under light illumination. In the case of polymer TFTs with wide band gap
semiconductors it is not required to protect the TFTs from ambient light and from

the backlight of the display.

The configuration in figure 19(b) is also well suited for the drive transistor T1 of an
LED display (figure 18(b)), since it allows the drive current of the TFT fo be
increased by fabrication of an interdigitated array of source-drain electrode with
large channel width W making use of the full area underneath the pixel electrode
41.

Alternatively, the bottom-gate TFT configuration of figure 17 can also be used in

all of the above applications (figure 19(c)).



and the netallic interconnect lines 43, 44, and 41. Due to its strong
acidic nature PEDOT/PSS is not conpatible with many conmon i norganic

net al s sugip @g704l um nium Alumniumis easily oxidised i pcaags@aiomi th
PEDOT/ PSS. One possible solution is the fabrication of interconnect |ines

and pixel electrodes 43, 44, and 41 frgmindiumtin-oxide (I TO or

tantal um tungsten and other refractory netals or another material having
nore stability in this environment, or the use of a suitable barrier

| ayer. In the case of a display application it may al so be desirable to
fabricate TETs with a small channel |l ength by printing onto a

pr e- pat t er neae sefbther prortand itechinolpdical jgpuep nof |t@%| rfabriagtion of qaddive  alixabove.

Sim | ar deVblg,%Ilt?‘?é‘ftheg'éBﬁttabPG?t\nfre}gﬁ tﬁ&tlj -maatsrg ’Fr*i‘ra?ﬂsblﬁéloéleéﬂ’&dbg >§ecan

al so be use I xel contro led i's not a display
el ement but apd mrmesalhcen@mne@tdmsd@; é4 clsadl-t Brede ita stipoglecidignatiye

exanple in m@,g? apdo t cting
el ectrodes, psgma o} 81 F% et ﬁa B?gb;tez?\gmg&ame d@?aﬁ%éﬁg%f; rﬂe{?géesg %lréned by
direct pri nalunmlmat rmdm;nusucns aasngcomélaeqbrmnconh@townm JPEDORiRfiS.e @hea) (in
whi ch |ike ich an
active | aye?g%'siqﬁ EjtlgH{?E gar??i? #“%’3%&%? ﬁ% rc]fﬁ) ﬁ‘gvsgé? té&iﬂa sx\:tf]ati ng
| ayer 5 may4dearmr4nhfrech lﬂldmctlm-ymdbr(l'lt@])ataaEGJmndungsieﬂnahdsatlmreeﬁranmyr ed,
but connections can Re rraﬁiee. EM di rect i gyi.n a. suit at e

olect rode. piets A ghofenmaiedat eyt Bote 8Ll AdnB e tnedhrek e ls 42,
44 overl ap &Blitdble Bhmiedmyef. a dielectric polynmer 46 may be printed to

provi de electrical insulation (figure 21(b)). A plurality of devices
formed as descri bed above may be fornmed on a single substrate and

inter Conneckﬂﬁe%sé@ﬂﬁuﬁéﬂléﬁﬁadﬂwﬁoﬁ it FH%@ ARV hE 8Esirable ﬂéﬁfaﬁﬁ’édi@quW\Aﬁ’tﬂa/ 47045
PCT/ GBOQO 04942 on a Si ngqy | evel on nore than one | evel
£ pri

SO
devi ces bei ﬁ@”?atyr‘?'?@ﬂn%’rleﬂgib ’199969"&0 a pye-natierped isHbelrate ilicated as |1Bs and
vi a-hol es ap, (fleacis brAARANS S5Reci al |y conpact circuit arrangements may

be forned.
Similar device configurations for active matrix transistor switches can also be
used if the pixel element to be controlled is not a display element but a memory
element such as a capacitor or a diode, as for example in a dynamic random

access memory.

In addition to the conducting electrodes, some of the other layers of the TFTs may
also be patterned by direct printing methods, such as screen printing or 1JP.
Figure 21(a) (in which like parts are numbered as for figure 1) shows a device in
which an active layer island of the semiconducting layer 4 and the gate insulating
layer 5 may be printed directly. In this case no via-holes are required, but
connections can be made by direct printing of a suitable gate electrode pattern 6.
In areas where addressing or interconnect lines 43, 44 overlap thick islands of a

dielectric polymer 46 may be printed to provide electrical insulation (figure 21(b)).

A plurality of devices formed as described above may be formed on a single

substrate and interconnected by conductive layers. The devices may be formed



The technol ogy devel oped here for the fabrication of ink jet printed
transistors, via-holes and interconnect |ines nay be used to fabricate

i nt egr at eggogaj1@giégsonic circuits by ink jet printing. A prai@ahsmaied
substrate containing an array of hydrophilic and hydrophobic surface
regions may be used that define the chagnel Ilength of the transistors
and/or the width of the interconnect |lines. The substrate nmay also contain
an array of highly conducting netallic interconnect |lines. Using a
conbination of ink jet printing and deposition of continuous |ayers from

solution an ray of transistor devices is defined in custom/locations and
with custon®® ﬁaﬁ'ﬂﬂiff lev@ eft s morgh thertangrlayelasqine dayiees Being dermedian Rt dd by

form ng el eghgjsCapy G%‘Bﬁiﬁ%ér&ﬂﬁlecpﬁw‘@%u 9@Lﬂo$e§£s HEsBEaPbve afshcriiyt abl e

i nt erconnects usi ng Ink jet printin via- holes and conducting lines. It
i s al so posedrppact cheut amqgmmésamazgeé@rn’asﬂbstrate may al ready contain one
or nore of the conponents of the transistor devices. The substrate nmay
contain, for exanple, an array of conpleted inorganic transistor devices
each havi ngTle téahastogy alevelppddede dorethier falddcation mfhink—jeiarymtemkraheistors

el ectrical Uaines, POhEREEDe haH rhay B8 1sPa B BbEGe RS RIEEE o of
a si Eg: e- oclrdmuktby dnlelet | prirding o AN eedfabiidadent ambsircril@te cmta%natg pni atray of
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other acti Mﬁgtarmf thasingiBtors matlior ted RivkM oS tiruinteresnrdics ey The JubSPty
el enents or Pam tive or e el ements. t he ﬁ'[;chhnl yes
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PCT/ GBBOO' 04942 43 sol uti on-based processing.. For exanple, a substrate

havi ng a pl @Fay ftfjansistor deyicesds S?féneS’O“(S’PS"PHbloP?H%‘Ss%W“h pusterg ghanngla) . (b)
or (c), in fiuend Qltr{rlr@égzrﬁteaaén%wt% Rh fdbREatRd APPloPmindPdleBif cdi YomREctRhsa

plastic sheet (figure her devices such as diodes or capacitors may
al so be f orpeiween patis ogtﬁ@@qlstorsrﬁml suifablefriefconnects using ink-jet printing of via-

holes and conducting lines.

It is also possible that the prefabricated substrate may already contain one or
more of the components of the transistor devices. The substrate may contain, for
example, an array of completed inorganic transistor devices each having at least
one exposed electrode. In this case ink-jet fabrication of an integrated circuit
would comprise the formation of electrical connections between pairs of
transistors and the deposition of a single- or multilevel interconnect scheme using

ink-jet printed via-holes, interconnect lines, and isolation pads (see figure 15(d)).

In addition to transistor devices the electronic circuit may also comprise other
active and passive circuit elements such as display or memory elements or
capacitive or resistive elements.

Using the techniques described above a unit having a plurality of transistors may

be formed and then configured for a specific subsequent use by means of



may be placed in an ink-jet printer having a printing head for a suitable
solvent for formng via-holes 52 (e.g. nethanol) and a suitable materi al

for form {g g&@pductive tracks 53 and for filling via-hol %TQ@B@,ME@DOT)
The ink jet printer may be operable under the control of a suitable

programmed conputer, having know edge @f the |ocation and conflguratlon of
the transistors on the sheet. Then, by a conbination of via-hole formation
and interconnection steps the ink jet printer can configure the circuit
for performng a desired electronic or logic function, by interconnecting
the transistors in the desired way. This technology thus allows for the
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Veri fi cati oapmematuseadi ng of the circuits may al so be made by

Examples of the application of such a circuit are for printing of active electronic
tickets, luggage and identification tags. A ticket or tag printing device may be
loaded with a number of non-configured units each comprising a substrate
carrying a plurality of transistors. The ticket printing device includes a computer
that is capable of controlling an ink-jet printer as described above and that is
capable of determining an electronic circuit that is indicative of the valid function of
the ticket. When required to print a ticket the printing device configures a
substrate for the appropriate electronic circuit by printing via-holes and/or
conductive material so that the transistors on the substrate are appropriately
configured. The substrate can then be encapsulated, for example by sealing with
adhesive plastics sheet, leaving electrical connection terminals 54, 55 exposed.
The ticket is then dispensed. When the ticket is to be validated, inputs are applied
to one or more input terminals and the outputs of the circuit at one or more output
terminals are monitored to verify its functioning. The tickets could preferably be

printed on flexible plastic substrates to make them convenient for use as tickets.



renote probing using for exanple radio frequency radiation (Physics Wrld
March 1999, page 31). The ability of the end-user to define circuits by
si mpl e i Y Aly7dsi Nting of appropriate connections onto iR A ray
offers significantly increased flexibility conpared to factory-designed
circuits. The present invention is not Jijmted to the foregoi ng exanples.
Aspects of the present invention include all novel and/or inventive
aspects of the concepts described herein and all novel and/or inventive
conbi nati ons of the features described herein. The applicant draws
attention to the fact that the present inventions may include any feature
or conbination of features disclosed herein either inplicitly or

explicitl [ any. eralisatipn there j L t limtati 1 scope
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may be made within the scope o e . nyentions. . !
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i ncl udi ng amgoxlagéBiigal |y conductive or sem conductive material in a

plurality of regions, the operation of the device utilising current flow
froma first region to a second region, the nethod conprising: formng a

m xture by fhei ity hef MBd esricBlisaM td defihé Qslictits f B Ndimpleohitjee p?Mhﬁg% rgte a
confinement structure including a first zone ina first area of the
substrate aPRPraPiaie ofRNNEGHRNS WNEP o iAWaE clrayr offars sigpdicralle Incredseds i r st

zone havi ngﬂ&itgﬁtgg%ﬁ{pﬁf P 'féﬁaﬁﬁc%é;?ﬂnew&?rcméture than the second zone, and

athird zone In ea o € substrate spaced fromthe second area
by the first area, the first zone having a greater repellence for the

mxture t ha‘?hé rb?esehpiir{\gnﬁ&p% not limited to the foregoing examples. Aspects of the
present invention include all novel and/or inventive aspects of the concepts
described herein and all novel and/or inventive combinations of the features

described herein.

The applicant draws attention to the fact that the present inventions may include
any feature or combination of features disclosed herein either implicitly or
explicitly or any generalisation thereof, without limitation to the scope of any
definitions set out above. In view of the foregoing description it will be evident to a
person skilled in the art that various modifications may be made within the scope

of the inventions.



and depositing the material on the substrate by applying the m xture over
the substrate whereby the deposited material may be confined by the

rel ative wepaldence of the first zone to spaced apart regicansp@efivsi ng t he
said first and second regions of the device and being electrically

separated in their plane by neans of thys relative repellence of the first
zone and to be absent fromthe first area of the substrate so as to resi st
the flow across the first zone of electrical current between the spaced
apart regions of the deposited material. 2. A nethod as claimed in claiml1,
wherein the width of the first area between the second and third areas is
| ess than 26LAN®ons 3. A nethod as claimed in claim1, wherein the width
of the first area between the second and third areas is |ess than 10

mcrons. 4.1A nehhp@te forabRifgidh @l é\!tmratéyaﬁreﬂfé‘&@nﬂﬁdéxhéé Mclhey ahn the
material forned in the said spaced apart regions forms source and drain

el ect rodes @ectgcallyr gerlustive or \seniagndirgtive pateriaBdtya pbuality o5 regions.fiEhod as
claimed in %’bmn%f tﬁ@'Hé(/fcé'L@%Iﬁ@guﬁérﬁmonr(ﬂﬁ%oﬁbtt ﬂe@ﬂ)nQOfauéécBﬁH redign,eri al

in the space between the said spaced apart regions. 6. met hod as cl ai ned
i n cl ai m 5, thgtreetbpeh comerisingt her materi al deposited i n the space between

the said spaceqo%ﬂg%crﬁg(gj%gg? nﬁv\ﬂég@ ?%%gp%h ?fl'ﬂap transistor. 7. A

met hod as cl ai ned | erial is electrically
conducti ve and foimeing aindthEwsubltatermcenfiremeand stredtusoindludingva firsg zore imeghod as

R T e T A T
further natteifabt zone dapos btgrdater ogpedlohed favrthe Miixture theinhtbd sesod aomed i n
claim$9, Whaerqde ithitrJ] %orfleulrnterz1 ?ﬁir artegrolf?he bsq e space% from the second area by
the first area, the first zone having a greater repellence for the mixture than the
third zone,
and depositing the material on the substrate by applying the mixture over the
substrate
whereby the deposited material may be confined by the relative repellence
of the first zone to spaced apart regions defining the said first and second regions
of the device and being electrically separated in their plane by means of the
relative repellence of the first zone and to be absent from the first area of the
substrate so as to resist the flow across the first zone of electrical current between

the spaced apart regions of the deposited material.

2. A method as claimed in claim 1, wherein the width of the first area

between the second and third areas is less than 20 microns

3. A method as claimed in claim 1, wherein the width of the first area

between the second and third areas is less than 10 microns.

4. A method as claimed in claim any preceding claim, wherein the material
formed in the said spaced apart regions forms source and drain electrodes of a
transistor.



fromsolution in a liquid that is not substantially repelled by the first
zone. 11. A nethod for form ng on a substrate an el ectronic sw tching
device iwegudizng an el ectrically conductive or sem condugdryepgmieni al in
a plurality of regions, the nmethod conprising: formng a mxture by m xi ng
the material with a liquid; form ng on4ge substrate a confinenent
structure including a first zone in a first area of the substrate and a
second zone in a second area of the substrate, the first zone having a
greater repellence for the m xture than the second zone, and a third zone
in athird area of the substrate spaced fromthe first area by the second

area, thethird one havi n reater re ellenc t he mxtur t han t he
second zone® and efbed s %‘mﬁ‘g 'ha?'é'?f’a‘l’ MR ISHNEe ﬁ@@ﬁ%??fﬁe@oﬁvn%ﬁgvgh%g t he
m Xture ovematdhigl m-°rh'@§béc%tl§btw¥@1 e TP 4PaBE EpSRREYioP42 47 whereby the

deposited material may be confined by the reI ative repellence of the first
and third zones the said second, zo od as ¢l a claim
11, wherei nPthe @\nra?ﬁhoefast ”?édBr?&?”i‘xéNh%e'“lAbgg"Fﬁéﬂ’aé%“ J@PBﬂEed 73, A
net hod as cihai Bpstel rbeﬁfbe'@nmtrilel,salm%b&téu tapart WedfdhsOoforinBea S geanedl 29 NPei S

| ess than 10 m crons. 14. A nethod as clained in any of clains 11 to 13,

wherein thell@afi®ehal is electrically conductive. 15. A nethod as cl ai med
in claim1l4, wherein the material forns an interconnect. 16. A nethod as

clained in ¢lai WA%etHdGeéﬁblﬁlrﬁélﬁln”f@Ibﬁﬁ i lwHepsiAEh@ fiefithatetial Bl éléétﬁ@éi? of the
transi stor the voltage on whjch is capable of inf|uencing current | o

bet ween adj ‘Eﬁr}ﬁ’iuﬁ@’erw %‘ﬁs’iatﬂ‘fut’th@ 'H@W'ﬁb's semicORdUEVBod as claimed in cl al m
14 or 16, wherein the material forns a gate

8. A method as claimed in any of claims 5 to 7, wherein the further material is

a polymer material.

9. A method as claimed in any of claims 5 to 8, wherein the further material is

deposited from solution.

10. A method as claimed in claim 9, wherein the further material is deposited

from solution in a liquid that is not substantially repelled by the first zone.

11. A method for forming on a substrate an electronic switching device
including an electrically conductive or semiconductive material in a plurality of
regions, the method comprising:

forming a mixture by mixing the material with a liquid;

forming on the substrate a confinement structure including a first zone in a
first area of the substrate and a second zone in a second area of the substrate,
the first zone having a greater repellence for the mixture than the second zone,
and a third zone in a third area of the substrate spaced from the first area by the
second area, the third zone having a greater repellence for the mixture than the
second zone;

and depositing the material on the substrate by applying the mixture over the
substrate;



el ectrode of a transistor. 18. A nethod as in claim17, wherein the width
of the overlap region between the gate electrode of the transistor and the
sour ce anggdnaheysel ectrodes, respectively, is |ess than 3@mggioanss, 19. A
method as in claim 17, wherein the width of the overlap region between the
gate el ectrode of the transistor and thg source and drain el ectrodes,
respectively, is less than 10 mcrons. 20. A nethod as clained in any of
claims 11 to 19, wherein the surface of the substrate is provided by a

sel f -assenbl ed nonol ayer and at | east one of the first and second zones is
defined by patterning of the self-assenbl ed nonol ayer. WO 01/47045

PCT/ GBOO 04942 Whegely theadepasiied maiedalanawgeigeniined Ry 2o reladveciapeliencest ep of
patterning : ﬁngﬁ [1eXglol i rformed by exposure to |ight
t hrough a sﬁ@ﬁ%\?v%trrfaagﬂ% 22. e,%q!?ret hoé@éé'rfog:dzzloﬁg.d in claim21, wherein the
step of patterning the self- assenbled nonol ayer is performed by bringing

t he substral? i nAdBeihad @siaimed in gl 14t whereirptbe widiheaf e saeond gpel§ i n any
pr ecedi ng Cllsé’émanvﬂberhf?}(‘ihst. he first and second zones are fornmed on the
exposed surface of a | ayer deposited on a planar structural nmenber. 24. A
met hod as clainmed in any preceding claim wherein the contact angle of the
mxture in the fArmaethad @s dlaimgddaglaim gy, whereitherwidthcibeactecangrensis t he

m xture inleEQﬁ]aﬁWQrcﬁ{s@a- 25. A nethod as clainmed in any preceding
claim wherein the contact angle of the mxture in the first area is
greater by 40 than the contact angle of the mxture in the second area.

26. A met hottas 61meled asclaiygedinaryiohglamailh tonkdrehereimibecaatesiat isangl e
of the m X§dE@chily ddpguétivest area is greater by 80 than the contact angle
of the mxture 1n the second area.

15. A method as claimed in claim 14, wherein the material forms an

interconnect.

16. A method as claimed in claim 14, wherein the material forms a control
electrode of the transistor the voliage on which is capable of influencing current

flow between adjoining regions of the device.

17. A method as claimed in claim 14 or 16, wherein the material forms a gate

electrode of a transistor.

18. A method as in claim 17, wherein the width of the overlap region between
the gate electrode of the ftransistor and the source and drain electrodes,

respectively, is less than 20 microns.

19. A method as in claim 17, wherein the width of the overlap region between
the gate electrode of the fransistor and the source and drain electrodes,

respectively, is less than 10 microns.

20. A method as claimed in any of claims 11 to 19, wherein the surface of the
substrate is provided by a self-assembled monolayer and at least one of the first

and second zones is defined by patterning of the self-assembled monolayer.



27. A nmethod as clainmed in any preceding claim wherein the surface of the
substrate is provided by a sel f-assenbl ed nonol ayer and at | east one of the

first anggaund zones is defined by patterning of the saldra@smaaihed
nmonol ayer. 28. A nethod as clainmed in claim?27, wherein the step of

patterning the self- assenbl ed nonol ayesg i s perfornmed by exposure to |ight
t hrough a shadow nask. 29. A nethod as clained in claim 27, wherein the
step of patterning the self- assenbl ed nonol ayer is perforned by bringing
the substrate in contact with a soft stanp. WO 01/ 47045 PCT/ GBOO 04942 49
30. A nethod as clainmed in any preceding claim wherei n the surface of the

substrate i s proyide y a non-polar nmaterial at | east one of the first
and secondEEoneé m%ﬁl‘ﬁgqun‘éamlﬂd g fiqig ), t"i’"&eé?'ﬁéﬁ? sip phRAtRENNG ey el f)'ol yner

31. A net hOé‘ss@%bFécﬁ'nﬁEﬁ*ﬁ)ldy@rFsl ;?érf@rr%@d bWéQﬂS@éu'Pe tRyhe ot ashadvemask. i S a

pol yi m de. 32. A nethod ascalrre in claim31, corrprlsmgthe step of

mechani cal | rubbi ng the po mdeto rom)te i nrrent f t he
pol yi mi de. . Ahreethed aa?sg dn‘Boc‘%"W % arhgrein tﬂ‘%)é?ﬁﬂ Pngﬂgi”ﬂ‘ @ thg é
optically té@@tﬂbﬂ&j tbRolBYEY isNpetoringd yolﬁ‘ﬁﬁg% eCSiblstiateir adsﬁfséttwm at he
polyimde. 34. A nethod as clainmed in claim wherein the surface

t r eat nent |%°fb§@%‘|png 35. A nethod as cl ai rred in claim30, wherein the
surface treatnment is plasna treatnent. 36. A nethod as clainmed in claim

35, wherei n23 he plfstmadias dafleann ahgpfededingrdiglm, andfanm taxigeandbesom. 37. A
method as clained in claim30, wherein the surface treatnent conpri ses

exposur e t o?UeSr &g Mreed pyHhe exposed wuifReR ofsa daver riaposited oy arPlanali ns 30
to 37, wherghgttirBemeaipdr.one of the zones is the second zone. 39. A nethod
as in any preceding claimwherein the first zone induces an

24. A method as claimed in any preceding claim, wherein the contact angle of
the mixture in the first area is greater by 20° than the contact angle of the mixture

in the second area.

25. A method as claimed in any preceding claim, wherein the contact angle of
the mixture in the first area is greater by 40° than the contact angle of the mixture

in the second area.

26. A method as claimed in any preceding claim, wherein the contact angle of
the mixture in the first area is greater by 80° than the contact angle of the mixture

in the second area.

27. A method as claimed in any preceding claim, wherein the surface of the
substrate is provided by a self-assembled monolayer and at least one of the first

and second zones is defined by patterning of the self-assembled monolayer.

28. A method as claimed in claim 27, wherein the step of patterning the self-

assembled monolayer is performed by exposure to light through a shadow mask.

29. A method as claimed in claim 27, wherein the step of patterning the self-
assembled monolayer is performed by bringing the substrate in contact with a
soft stamp.



al i gned nol ecul ar structure of the sem conductive or electrically
conductive material. 40. A nmethod as clainmed in any preceding claim

wher ei n twe dil4reds zone is capabl e of inducing alignment gifctpeBamss2chai ns
in the said electrically conductive or sem conductive polymer. WO 01/ 47045

PCT/ GBOQO/ 04942 50 41. A nethod as in cgained in any preceding claim
wherein the first zone is capable of inducing alignnment of the chains of a
pol ymer material deposited over the first zone. 42. A method as clained in
claim 40, wherein the said alignnment is in a direction running between the
second and third zones. 43. A nethod as clainmed in claim4l as dependant

directly or |nd|rectly on wherei.n t said chai re chai ns of
the said fut®her AaekicrAs C'ﬁﬁne‘ﬁ}nn%‘?WB@cﬁ@n%I‘%‘%M’hﬁf?'% WP EH"ZQ"@d?ﬂg €claim
wher ei n t hegigaidtee|sepiovideal by a ﬁ&ﬂﬁbléﬁ héeerRl ahg Mataeastusid Be tHeofidsi®indi S

deposi ted by dropl et depagsition. A method as clainmed in any preceding

claim wher&a9ngd geneguisgelinad by ﬁé'ﬁ@qeytre%@ﬁﬁttﬂftth@/ﬁo'ﬂrpo@éHP'&;‘G'ﬁ’EIuct| ve pol yner
is deposited by ink-jet printing. 46. A nethod as clainmed in claim44 or

45, wherei ngthe W fethdef agtcldi®@atinodginP B0, WherehPMIes rioh-pold! materiahanat he
droplet dianmeter formed in the said ink- jet printing step. 47. A nethod as

clai med in ROMMH®5 or 46, wherein the boundary between the first and
second zones is optically distinct, and the method includes the step of

optically dgsect \ngetHiRl 89 naacy DeIARes1 Loanprisigd tindtepesOndcrgieslyand
locating ink jet printing apparatus relative to the substrate in

dependence %&‘?bmﬁéf‘e Patnaige fQprompse melagyiah SHOTHBERICAIRRPY MYy precedi ng
claimwherein the first material is a polyner. 49. A nethod as clainmed in

any of claigs 1 panéthodwiesigiried iReldimr 3t comipasinglthé Step of optically treating

the polyimide to promote molecular alignment of the polyimide.
34. A method as claimed in claim 30, wherein the surface treatment is etching.

35. A method as claimed in claim 30, wherein the surface treatment is plasma

treatment.

36. A method as claimed in claim 35, wherein the plasma is carbon

tetrafluoride and/or oxygen plasma.

37. A method as claimed in claim 30, wherein the surface treatment comprises

exposure to ultraviolet light.

38. A method as claimed in any of claims 30 to 37, wherein the said one of the

zones is the second zone.

39. A method as in any preceding claim wherein the first zone induces an
aligned molecular structure of the semiconductive or electrically conductive

material.

40. A method as claimed in any preceding claim, wherein the first zone is
capable of inducing alignment of polymer chains in the said electrically conductive

or semiconductive polymer.



a conjugated polyner. 50. A nethod as clainmed in any of clains 1 to 48,
wherein the first material is an inorganic particulate material capabl e of
suspensi owg /4 sai d |iquid. WO 01/ 47045 PCT/ GBOO 04942 pcalGiob/oady2l 0gi
circuit, display or nmenory device fornmed by the nethod of any preceding
claim 52. Alogic circuit, display or sgenory device conprising an active
matrix array of a plurality of transistors fornmed by the nethod of any
preceding claim

41. A method as in claimed in any preceding claim, wherein the first zone is
capable of inducing alignment of the chains of a polymer material deposited over

the first zone.

42, A method as claimed in claim 40, wherein the said alignment is in a

direction running between the second and third zones.

43. A method as claimed in claim 41 as dependant directly or indirectly on

claim 5, wherein the said chains are chains of the said further material.

44. A method as claimed in any preceding claim, wherein the said electrically

conductive or semiconductive polymer is deposited by droplet deposition.

45. A method as claimed in any preceding claim, wherein the said electrically

conductive or semiconductive polymer is deposited by ink-jet printing.

46. A method as claimed in claim 44 or 45, wherein the width of at least one of
the zones is smaller than the droplet diameter formed in the said ink-jet printing

step.

47. A method as claimed in claim 45 or 46, wherein the boundary between the
first and second zones is opfically distinct, and the method includes the step of
optically detecting the boundary between the first and second zones and locating
ink-jet printing apparatus relative to the substrate in dependence on that

detection.

48. A method as claimed in any preceding claim wherein the first material is a
polymer.

49. A method as claimed in any of claims 1 to 44, wherein the first material is

a conjugated polymer.

50. A method as claimed in any of claims 1 to 48, wherein the first material is

an inorganic particulate material capable of suspension in the said liquid.



WO 01/47045 PCT/GB00/04942

51

51. A logic circuit, display or memory device formed by the method of any
preceding claim.

52. A logic circuit, display or memory device comprising an active matrix array

of a plurality of transistors formed by the method of any preceding claim.



