WO 01/ 47043 PCT/ GBOO 04934 1 SOLUTI ON PROCESSED DEVI CES Thi s invention
relates to solution processed devices and nethods for form ng such

devi ces. wegigemducti ng conjugated polynmer thin-filmtransiEi@i®sddzTs)
have recently beconme of interest for applications in cheap, logic circuits

integrated on plastic substrates (C. Drury, et al., APL 73, 108 (1998))
and optoelectronic integrated devices and pixel transistor swtches 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 confiqurations with a polynmer sem conductor and
i norgani c @WT@'\EBB'%@%S%H%F@% %di el ectric 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 per f orlfimissertiondgpiaigmigreiuionincenessedrdeviees and mefipdadar foaping such
Advances ineopkkd 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

technol ogy d.s. ore. | I C i
processi ng éec?%'t(r‘f%gc{@fgﬁé (\;gnﬂ‘ﬁ% H%Q?Qh%?qmngg?f?ggﬁ%[gks?g?gls—@r ﬁ%’ezgiégn:‘“grl use
of the pot émcbale cobterestnir epplicatibng i cbean, iggiadirenita ddegratedi en iastieabl e

that all conpopent s ~of devi £&:S ql ! ] ci i yers,
the. di el eortPlrayare BNert ShdRFhas: J8ITedNs0E RER SRR hipthared
:j nt er conneaievices eandepirdi ttardistorawichésiin bigh-résolfitidor actveemairik -displayse(H. TFT
evices and..circuits the.foll ow,ng [ ohl e ve t e e Do
Integrity %‘rrmgﬁfﬁ’a%}&l'_’ SFEQCS %Q ﬁgﬁr(ﬁﬂgé)s%' u@%ﬁ%@&s&téﬂbﬁﬁ%\gf fE,Fsiﬁ%;sequent
Sﬁm fgnductugmgam,nml (aggm langétateviversbnfigurationsayith & gohenemskenitonicugtdrayer s
shou t it
of no an% inta?gsa%!cvr%efal %[ec r\(l)\gt—l}s! grqd Bgtet gglegt?ilcvlgyérs tﬁlsg%qpér?orrm%ﬁge cf,g%)m tion
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 muitilayer 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



WO 01/ 47043 PCT/ GBOO 04934 2 the subsequent |ayers. Swelling occurs if
solvent is incorporated into the wunderlying |layer which usually results in

a degr adawioon/4aé43t he properties of the Ilayer. - Hi gh-resdaéem/opgst er ni ng
of electrodes: The conducting |ayers need to be patterned to form
wel | -defined interconnects and TFT chanpels with channel |engths L<_ 10pm

- To fabricate TFT circuits vertical interconnect areas (via holes) need to
be forned to electrically connect electrodes in different |ayers of the
device. In WD 99/10939 A2 a nethod to fabricate an all-polynmer TFT is
.denonstrated that relies on the conversion of the sol ution-processed

| ayers of the tige\subgequend layers.i Rwelling| asciiesy ih peivat isoincopo dintoj e of
subsequent | a i e

di ssol uti on a¥@6§V§$9%ﬁ§rg$¥ﬁ Ec#ﬁaﬁ ﬁj%?@&%ﬁﬁ%ﬂ?OP%@Qh@&gggiP%&y limts
t he choi ce of lay@m conducti ng naterlals that can be wused, to the small and

in several rewgﬁ_%%sgﬂggﬁls%%fe%gg fféééﬁ’f%suga?ﬁ%rc%ﬁducf%' %&gfs n?{d"té Q)%r nor e,

cross-linking o ric”ga ayer

fabrication ofpa‘iztemeldoﬂoemrmhm)l:ngéimbbentdroeha@ctts |adeETy'Elcband1|eﬂé withl ¢hanaelch t hat
t echni ques sucfh S Ce me cal punching are used (WO 99/10939 Al). According
to aspects of '¢ EseW™i nvention there is provi ded devi ce(s) and

nmet hod(s) as srestfaw*baﬂenwmmeg@mﬁaam .n@ntdm@eteatt%@t(vrd AbIBE) nEEEf&beed
features are set out in . the dependant clains, Accord &hto one aspect of

the present i A9@] ‘@r?'?cﬁ@‘l"%'ylcgmﬁﬁ%@‘e&@%p% 'ﬂﬂtff%‘%ﬂtf'@fersf) RideYica: t r ansi st or,
conprising: depositing a first material fromsolution using a first
solvent to forma first layer of the transistor; and subsequently whil st

the first imwe.%a/m%wxa@ gwihasl o fakrieate an alkpolywiey ki isfdamensgatedsecond
| ayer of th%at?él%@%nsﬁwgrcohyergﬁﬂ%?'t f%t ﬁfro&é?smg'lé(}%? Eﬁfh rdecednerond

material fromsolution in a secon rst material is
subst ant i al ingolubksofatsi prior to the deposition of subsequent layers of the device. This
overcomes the problems of dissolution and swelling of underlying layers.
However, it severely limits 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

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

According to aspects of the present invention there is provided device(s) and
method(s) as set out in the accompanying independent claims. Preferred features

are set out in the dependant claims.

According to one aspect of the present invention there is provided a method for
forming a transistor, comprising: depositing a first material from solution using a
first solvent to form a first layer of the transistor; and subsequently whilst the first
material remains soluble in the first solvent, forming a second layer of the
transistor by depositing over the first material a second material from solution in a

second solvent in which the first material is substantially insoluble.



WO 01/ 47043 PCT/ GBOO' 04934 3 Preferably the nmethod conprises the further
step of, whilst the second material remains soluble in the second sol vent,

form ng awlgvdodzayer of the transistor by depositing ovaictidguomaeand
material a third material fromsolution in a third solvent in which the

second material is substantially insoluple. Suitably at |east one |ayer of
the transistor i's fornmed by ink-jet printing (1JP). That |ayer nmay be a

| ayer providing an el ectrode of the transistor, for exanple a gate, source
or drain electrode. Preferably the nmethod conprises formng a functional

| ayer of the transistor, formng an isolation |layer over the functional

| ayer and fPreférablydhganethod colmgrises éesfusther stepeof, Whdist thel secood rhaigeal. The

|solat|onlaer ro iLer. and/ ar

o {1 cat i o AbreBEd HF 2ol SPRER torid, oS8 Ml o 3§ $EPE5G S¥cond
aspect of tdi@qertnagewer thevssabn@matélwethnsd ateriatl Fdmesalatidndd a thiod scleeaxfti ni ng

t he solution V@B@"O ition A 'f?g #) q@f.i nqi@)lareas on the substrate. The
net hod conpfi %‘&tste«g?'ﬁ mgteiRLIsyPpian Ba fMYRE'Cnder | yi ng substrate into
areas with different surface free energy. The substrate may have surface
areas that are hydr ophobi ¢,

th h ophi.l | ut
Geraci ti o Seliaoly HU6RSaNaBverdd ths IavTisigt Baraen by Tkehbreing e ) Tost o "
ei ther the IQXQJI% %lalatne@/ér bm(j.ﬂ@yalrﬁ erélatrba@osm@sﬁrérﬁﬁorarf&a@eanﬁ]etaegaw y, the

pattern on e substrate fines source and drain electrodes of a

transi stor §R4YEE ar ek Q"e@t%el length of preferably L < 20/um gate

el ectrodes with a well-defined overlap with the source/drain el ectrodes,
as well as interconnects. According to a third aspect of the present

i nvention tReaferaply fheoviedhad gomprisrsd farming Eofurichenali laveiopkdhe drageisione

el ectrical C fer ent
ayors. The Tl Fod danattit KB oot AEERorl fayer iSRRG 2 ga8 of
PCT/ GBOQO 04yaasistar over the isolation layer. The lsolat(on layer may provide a diffusion

barrier and/or a surface modification layer as separate or the same layers.

According to a second aspect of the present invention there is provided a method
for confining the solution deposition of material to defined areas on the substrate.
The method comprises patterning the surface of the underlying substrate into
areas with different surface free energy. The substrate may have surface areas
~ that are hydrophobic, and others that are hydrophilic. The solution deposition may
involve ink jet printing and confinement of the ink to either the hydrophobic or the

hydrophilic substrate areas.

Preferably, the pattern on the substrate defines source and drain electrodes of a
transistor with a small channel length of preferably L < 20um, gate electrodes with

a well-defined overlap with the source/drain electrodes, as well as interconnects.

According to a third aspect of the present invention there is provided a method for
forming via holes to define electrical connections between electrodes and

interconnects in different layers. The method comprises dissolution or doping of



| ayers by | ocal deposition of solvents or dopant solutions, preferably by
ink jet printing. According to another aspect of the present invention is
provi ded wo@ished to fabricate an integrated circuit of tp@EnSB@io@szsdevi ces
in which part of the transistor devices and/or other circuit conmponents
are formed by inkjet printing. According to another aspect of the present
invention is provided a nethod to fabricate an array of el ectronic devices
with at | east one exposed el ectrode. The nethod conprises interconnecting
the el ectronic devices by ink jet printing of conductive material in such
a way that an electronic circuit wwth a user-defined functionality is

obt ai ned. Pegdrerablogabdepaditiarhef selventsiarsdopant! seletams] mefevanty dyiisk getpol ar
sol vent and bﬁﬁ other of the first and second solvents is a non-pol ar

sol vent. Prii gbly one of the said first or second materials is a

sem conductive material, and the other of the first or second materials is

di el ectri Pr ef b h di el ect
ratori o oReSRINGHE andthet SRRt fr S oRGERF TufBBhiet i e Rufie b
mat eri a: anbfibste Qimiﬁhtegbéteﬁ heirciiit bstraﬁgnstbhuedc@@trewm@hs;)an &f meqmn ve
mat eri a

e .0 first and second, | aye non- pol ar pol yner
ayer that SEVCESAthe b ROPBNIANS SVERTES i BKist RBRITGF t he 112t - and
second | ayers nay be a polar polyner layer that is soluble in a polar

solvent. The interaction paraneter D for the ngn-pol ar polyner and the
pol ar sol vef€cqrding Pt then asrpsk of Ham Psesept dPventen ys Ar %‘%@r at mghodotoand

nost pr ef er%’éhbfatbaérgérrraﬁ BABledfPonid ABvices Wtﬁ“ét'léﬁ%t %ﬂé%ﬁ?h@éd Blectr&de. th pol ar
pol ynmer and the non-polar solvent is suitab er than 5, preferably

| ar ger t hanmethogheomprespinigreernscing éfﬁ@@ﬂeﬁn@aw deyicasobp I Jeapyinting of
PCT/ GBOQ 049 ‘&gc@{eﬁ %ﬁ%h Yn X0eh wég% aﬂec Beict L it M%Eﬁdéﬁqe% pol ar

sol vent and t t he secon h|r solvents Is non- pol ar
sol vent . functionality is obtained.

Preferably one of the said first and second solvents is a polar solvent and the

other of the first and second solvents is a non-polar solvent.

Preferably one of the said first or second materials is a semiconductive material,

and the other of the first or second materials is a dielectric material.

Preferably the second material is a dielectric material, one of the first and third
materials is a semiconductive material and the other of the first or third materials

is a conductive material.

One of the first and second layers may be a non-polar polymer layer that is
soluble in a non-polar solvent. The other of the first and second layers may be a
polar polymer layer that is soluble in a polar' solvent. The interaction parameter D
for the non-polar polymer and the polar solvent is suitably larger fhan 5, preferably
larger than 10 and most preferably larger than 15. The interaction parameter D
for the polar polymer and the non-polar solvent is suitably larger than 5, preferably

larger than 10 and most preferably larger than 15.



Suitably the second solvent is a noderately polar solvent containing a
polar and a non-polar group and one of the first and third solvents is a

hi ghly powayoig@bssent containing only polar groups. The sagangpgauy3rer
| ayer may be a noderately polar polynmer |ayer soluble in a noderately

pol ar solvent. Then one of the first orgthird polymer layers is suitably a
non- pol ar polyner |ayer, and the other of the first or third polyner |ayers
a polar polyner layer. The interaction paraneter D for the non-polar

pol ymer and the noderately polar solvent nay be |arger than 5, preferably
| arger than 10 and nost preferably larger than 15. The interaction
paraneter D for the polar polyner and the noderately polar solvent may be
| ar ger t hanSaifably efieoalhey séandeandt thich styeaisds anpdar poled¢rdramtol heladingyedf t han

15. The nod re%teglg%(d 5@@@5“%&9’%@%“2%87@%S%mﬂpl e, be an alcohol or an

acetate. Th I'n-a non-pol ar solvent and the
second | ayer may be an isolation |ayer soluble in a noderately polar

sol vent conBuitatinthezsdepad splientiis a mederatelyyrbiaysiabising cognteining ahelar and d | ayer
may be sol upl e | I V. s r i the i y be
soluble in g&ﬁglr)]lg bgf"g’?’ @ﬁﬁ ég%to(?%\eeﬂgég\lcatgﬁdtﬂﬁlétféﬁ)e}rérgygbae%gw}gg@?%{/E&Yé@er of
t he transi statainigidnibpolarogreups. the first and second |layers is a source
and/or drain electrode |ayer of the transistor and the other of the first

d d i i t f i it abl
of Ctho r1 1 oI SeCarEp Ay EELEBNMAT LY o mkBliellnddthdiciapb Mool 1 82 ¥, 01
and t he ot hewdefatelhpolar selvetsn dhee cordf itreyfinstor third polyrmen layeos isisaitably af t he

compri se & RORPURLERUTREIRE S Erandry g ot g PR R BB s ner 1
The sem congoeiginer [dyay.erTheainteractioni serameldrd2 Korc tiezohgmpolac ajymesiang thef i r st
bl ock moderately polar solvent may be larger than 5, preferably larger than 10 and most

preferably larger than 15. The interaction parameter D for the polar polymer and

the moderately polar solvent may be larger than 5, preferably larger than 10 and

most preferably larger than 15. The moderately polar solvent may, for example,

be an alcohol or an acetate.

The first layer may be soluble in a non-polar solvent and the second layer may be
an isolation layer soluble in a moderately polar solvent containing a hydrophilic
and a hydrophobic group. The third layer may be soluble in a polar solvent.

Alternatively the third layer may be soluble in a non-polar solvent
The second layer may be an active layer of the transistor.

Suitably one of the first and second layers is a source and/or drain electrode layer
of the transistor and the other of the first and second layers is a semiconductor

layer of the fransistor.

Suitably one of the first and second layers is a semiconductor layer of the
transistor and the other of the first and second layers is an insuiator layer of the

transistor.



of conjugated nononmer units each linked by at |east two coval ent bonds, and
a second bl ock of nononer units, the block copol yner having an el ectron
affinity war@Qatess t han 3. 0eV or 3.5eV. The sem conduct or |p@y{aEBRNIFAONPri Se
a bl ock copol yner conprising a first block of conjugated nonomer units
each linked by at |east two coval ent bogds, and a second bl ock of nononer
units, the block copolynmer having an ionisation potential in the range
fromb5.5eV to 4.9eV. The first block of nonomer units nay .conpri se one or
nore of the group conprising a fluorene derivative, a phenylene derivative
and an indenofluorene derivative and the second bl ock of nononer units
conprises one or nore of the group conprising a thiophene derivative, a
triaryl ani nEthéalﬁ\ﬁ@mo@ndm@rAaye@éh@bfswa@ﬁeaacqoeﬂ@étqdvmlvmer Preferably a

sem conduct Ex 8506 rF8T2 or TFB. Preferably the sem conduct or
| ayer conpr?d@sg%%c?/ggw d- cr yst alline conjugated polyner. The nethod nmay
t hen conprise the step of heating the liquid-crystalline into its

liquid crysthe semisoprsier 'GW@%@%EH%%P@ﬁbﬁpwlﬂﬁ%‘ﬁﬁ?r@@@'ﬂgﬁé%"%P@ﬁkof
aligning the (l:dnil}ﬂ%@e bilel iR BQEHWHEeng)é axieakt ¥vo Eb\ﬁa:éﬁt%neé &d gni ng

the Iliquid-cryst rrer may conprise positing the I'iquid-crystalline
pol ynmer on g&songd bl@!;ke@f mavorngr gnits | they iaekngsipebymes rhayinguan glestromigdinityep of

aligning th re of the said |ayer may be performed by
mechani cal | HRJbb| ng ?ﬁe g%%yu The nethod preferably conprises the step

of aligning the nolecular structure of the said |ayer by optically
treating théhe aqrmconv@tmlﬁwon@y FUTPRERGOPBSY Fapolymeheorspiising @ st IRgkct or

| ayer is Su g&ﬂj ger Ek@ﬂg%a%we ¥ Bt RRARh ga@auer#t%aag thpg 2. 3eV,

and prefera e sa sem conductor layer sultably
has an i oni mondnblpoke@ftlnmnomgwmt& hhe Bloge\capolymer bavingran igusdtioonduct or

| ayer sui ta&gtgnt%‘ﬁw A3 rgh&?ltr&ﬂ%@é\; jconi.éé,(v.l arger than 3.0eV or 3.5eV.

The first block of monomer units may comprise one or more of the group
comprising a fluorene derivative, a phenylene derivative and an indenofluorene
derivative and the second block of monomer units comprises one or more of the
group comprising a thiophene derivative, a triarylamine derivative and a

benzothiadiazole derivative.
The semiconducting polymer may be F8T2 or TFB.

Preferably the semiconductor layer comprises a liquid-crystalline conjugated
polymer. The method may then comprise the step of heating the liquid-crystalline
polymer into its liquid crystalline phase. The method preferably comprises the
step of aligning the liquid-crystalline polymer uniaxially. The step of aligning the
liquid-crystal polymer may comprise depositing the liquid-crystalline polymer on to
a layer having an aligned molecular structure. The step of aligning the molecular
structure of the said layer may be performed by mechanically rubbing the layer.
The method preferably comprises the step of aligning the molecular structure of
the said layer by optically treating the layer.



One of the first and second |l ayers may be an insulator |ayer of the
transistor and the other of the first and second | ayers may be a gate

el ectr odewlgaparogf the transistor. One of the first and tpumeBdoayesss my
be an insulator |ayer of the transistor, the other of the first and third
| ayers may be a gate el ectrode |ayer of7the transistor, and the second

| ayer nmay be an isolation |ayer of the transistor. The isolation |ayer may
be a diffusion barrier layer. The diffusion barrier |layer nay conprise a
non- pol ar polynmer. The diffusion barrier |ayer may conprise a non-pol ar
conjugat ed polyner. The diffusion barrier |ayer may conprise a polyfluorene
derivative._The pol yf] uorene derivative nay_ be F8T2 or TFB. The

i sol ation The SpidnggmisangducdQyy ‘ﬁé@e'snﬁﬁiaplyc%@tlcﬁﬂy ﬁrgggpareﬁtr with 3 Bpyd t%’é one

di scussed a@ﬁg@% thar NE3&E HRd P@¥ra%81”lé?¢e’?9chéﬁez §é\¢p me ESTE] éyrh.egnadaﬁorsurface
of the first Tayer prior to dep05|t|n t he second 40%9\6 The surface
Qb

nodi fi cati olﬁy@f swﬁ@ly ihest an aigeisatian mtﬂmtlalaéarg@f el onfa¥t dhgl e of
Less than ifnicofifici@af s @ch¥/ﬂ§§9§breb9&1 ahfinkf BrociaEaNS 08t 3ty ont ot he

first |ayer. he step o Ing the surface o the irst layer suitably
conpri ses treatlngthe surface of the first layer. The step of nodifying
t he surfaceOpe of fee fifst and sggend lgmrﬁmwb%@ﬁwﬁ%@r lypoei ftr‘ierfbaneﬁ‘St%'lﬁ“F’ace

modi fyi ng ”ﬁ%ef)ﬂ}'u@\l oPthd G ?rét%dsk'éé gellggérst M8y fer §tgalté‘3é¢éctro-5QQa r bR

nodi fying material may be osite omsolution in a noderately polar
solvent. Sugnsigiby the first layer is deposited on to a substrate, and the
nmet hod conprises heating the substrate prior to deposition of the second

or third | apgE.of Q%@W%lﬂ%ﬁé@%@ﬁg% m§ulﬁtdi’ﬁéﬁa‘?cbﬁﬁeq}a®bi§ﬁﬁ ifa any

preceding claim erein.at least one of the first,” second ird
| ayers is fethaeaf Bie finskandthits ipwersimay Baia mipwl%ﬁtrqd@algyerdﬁéh%ﬁraﬂﬁlét%our ce,

drain or gabgy ¢heSbERRLIPE: d§ de BRIAHARIN taSier SOMEERaristbi?K ThE tisdlddht | NO-
layer may be a diffusion barrier layer. The diffusion barrier layer may comprise a
non-polar polymer. The diffusion barrier layer may comprise a non-polar
conjugated polymer. The diffusion barrier layer may comprise a polyfluorene
derivative. The polyfluorene derivative may be F8, F8T2 or TFB. The isolation

layer may be a surface modification layer, preferably the one discussed above.

The method may comprise the step of modifying the surface of the first layer prior
to depositing the second layer. The surface modification of the first layer is such
as to provide a contact angle of less than 100°, 80" or 60° for deposition of the

second material onto the first layer.

The step of modifying the surface of the first layer suitably comprises treating the

surface of the first layer.

The step of modifying the surface of the first layer suitably comprises depositing a
surface modifying material on to the surface of the first layer. The surface

modifying material may be deposited from solution in a moderately polar solvent.

Suitably the first layer is deposited on to a substrate, and the method comprises

heating the substrate prior to deposition of the second or third layer.



Suitably the transistor has a source, drain or gate el ectrode forned of a
conducting polyner. Suitably the said electrode is fornmed of an optically

t ranspar ewlo @angsct i ng pol ynmer. Suitably the conducting palgin@soogasssai ns a
pol ymeric counterion dopant. Suitably the nmaterial of one of the first and
second |l ayers is PEDOI/PSS. Suitably thg transistor has an insulator |ayer
formed of a non-conjugated or partially conjugated polyner. Suitably the
i nsul ati ng pol ymer contains both hydrophilic and hydrophobic groups and is
soluble in a noderately polar solvent. Suitably the material of one of the
first and second | ayers is PVP. According to another aspect of the present
invention there is provided a transistor conpr|5|n% a first active |ayer
that is sol funethpd as elpimad Kopmepteceding daigecMiriciacal ipest eng et thedfigbent t he

first |ayer é’d&ﬂd%ﬂbubtoela&l&s% {%ﬂzﬁgg@gt Or_ﬁéﬁgﬁnﬂn which the first material is

subst anti al?y I NSO The transi y preferably conprise a third
active |ayer adj acent the second active layer and soluble in a third
sol vent in RKifably ehieask@BAPIhe &oLELe, idainstbgatarfiedfacy emidiel raIsistorsii t abl y

one of the fdrr‘héfl b?ﬂ%—ﬁ?ﬁ@rﬂﬂ gl ayers conprises a polar polyner that is
soluble in sol'vent, “and the other of the first and second |ayers

i's a non-polar é soluble in a non-polar solvent.. Suitably one of the
second and §H"[?b(|y It eﬁr%nsdﬁi‘hrpth%e% $OY5e3: aﬂraﬁbl‘%fnﬁ?tes@ﬁ?ﬁpéelfﬁ”ﬁe%o? af

sol vent a”dcér{b%cﬁ%@ed ypherl heslﬁﬁa%@“%@%nd hdiE@rodBY B Sorhied® o Odr RipligdilyPol yer
soluble in a non-polar solvent. "Suitab g%/{ one of the solvents is an
i

al cohol . WOransnerEH 3cErcERDOohATE 4 Suiiablyi thebcondieiing Palyeer icpsiaingnd second
| ayers is a awgﬁgcﬁ}gé,@&] ‘%,{%l“P el ectrode | ayer of the transistor and the
4 an a

other of th rst seco yers is a sem conductor |ayer of the
transistor. Suitably one of the first and second |layers is _a sem conductor

| ayer of th§U|’f€!br|3é1?|i‘§|@@%F'alﬁ@nﬁlﬁ’étf@tfﬁﬁrar@fsﬁcﬁ@dfqyﬁéﬁ'sflﬁpgyge‘ﬁ% | ayers is an

i nsul ator |ayer of the
Suitably the transistor has an insulator layer formed of a non- conjugated or

partially conjugated polymer. Suitably the insulating polymer contains both
hydrophilic and hydrophobic groups and is soluble in a moderately polar solvent.

Suitably the material of one of the first and second layers is PVP.

According to another aspect of the present invention there is provided a transistor
comprising: a first active layer that is soluble in a first solvent; and a second active
layer adjacent the first layer and soluble in a second solvent in which the first

material is substantially insoluble.

The transistor may preferably comprise a third active layer adjacent the second
active layer and soluble in a third solvent in which the second material is
substahtiaily insoluble. Suitably one of the first and second layers comprises a
polar polymer that is soluble in a polar solvent, and the other of the first and
second layers is a non-polar polymer soluble in a non-polar solvent. Suitably one
of the second and third layers comprises a polar polymer soluble in a polar
solvent and the other of the second and third layers is a non-polar polymer soluble

in a non-polar solvent. Suitably one of the solvents is an alcohol.



transistor. Suitably the material of which the sem conductor |ayer is
formed is a polyfluorene derivative. The sem conductor |ayer is

conveni enoyo1opibgscal |y transparent with a band gap | argerpdihégoodasaV,
preferably | arger than 2.5eV. The sem conductor |ayer suitably has an

ionisation potential larger than 4.9eV gr larger than 5.1 eV. The

sem conduct or | ayer may conprise a bl ock copolynmer conprising a first bl ock
of conjugated nononmer units each linked by at |east two coval ent bonds, and
a second bl ock of nmononmer units, the block copol ynmer having an el ectron
affinity greater than 3.0eV or 3.5eV. The sem conductor |ayer may conprise
a bl ock copol yner con]:pri sing a first block of conjugated nononer units
each | i nkedSui{abitoneaithetliiz ang\aacend laysifds a2 spvrceandecdatn dedodedavaionomer

units, the b GekrfRRAVARS tHedsthBYofthe! 51 &7 50&bndPRY&RIS @l sdilcbitficiange
fromb5.5eV to 4.9eV. The said first block of nmonomer units nmay conprise one

or nore of leyer ¢ikruppansi®apri sing a fluorene derivative, a phenyl ene
derivative and an i ndenof|l uorene derivative and the second bl ock of

monomer uni Séitélﬂymhbsérstr%‘%rs@raﬁﬂ)rséc&fd idiers & QUBeMRIBRBIGHN tGydr dhi ehene
derivative, a triarylamne derivative and a benzothi adi azol é derivati ve.

The pol yf | usarsigordand the piher pktheylirshang seeong layers ipan\gsuatputagearsof the

PCT/ GBOO 04Q34Listd0 The semi conductor |ayer suitably has an ionisation
potential larger than 4.9eV or 5.1 eV. Suitably one of the first and
second layers is an insulator |ayer of the transistor and the other of the
first and sSeitaRly thgyapteripkofaviyalh ehecserpiceristordgyar inforined is arpohdiugrese.

Sui tably Oné’erﬁfati\t/é‘.e first and third layers is an insulator |ayer of the
transistor, the

The semiconductor layer is conveniently optically transparent with a band gap
larger than 2.3eV, preferably larger than 2.5eV. The semiconductor layer suitably
has an ionisation potential larger than 4.9eV or larger than 5.1eV.

The semiconductor layer may comprise a block copolymer comprising a first block
of conjugated monomer units each linked by at least two covalent bonds, and a
second block of monomer units, the block copolymer having an electron affinity
greater than 3.0eV or 3.5eV.

The semiconductor layer may comprise a block copolymer comprising a first block
of conjugated monomer units each linked by at least two covalent bonds, and a
second block of monomer units, the block copolymer having an ionisation
potential in the range from 5.5eV to 4.9eV.

The said first block of monomer units may comprise one or more of the group
comprising a fluorene derivative, a phenylene derivative and an indenofluorene
derivative and the second block of monomer units comprises one or more of the
group comprising a thiophene derivative, a triarylamine derivative and a
benzothiadiazole derivative.

The polyfluorene derivative is suitably F8T2 or TFB.



other of the first and third layers is a gate electrode |ayer of the
transistor, and the second layer is an isolation |ayer of the transistor.
The i sol anvicon/4resger may be a surface nodification |ayer. PCTRBM0aBIM t he
isolation layer is a diffusion barrier layer. The diffusion barrier |ayer
may conprise a polyfluorene derivative.10The pol yfl uorene derivative may be
F8T2 or TFB. The first or second |layer may be fornmed by ink-jet printing.
The third |ayer may be formed by ink-jet printing. Suitably one of the
first, second and third layers is a source |ayer of the transistor,

anot her of the first, second and third layers is a drain |layer of the
transi stor t he .ot her of t flrst secand apd . third | ayer S a gate
| ayer of th-eﬁl PERIgoDgygtor !’?H%rﬂﬁ gyl Vi s &t iqlyRatign pp%émtl@{]l:agqeré égﬁgrﬂf | ayers
may be PEDBARSS. The material of one of the first and second | ayers may
be PVP The transistor may be opti cally transpar ent The transi stor may be

athinfil nsi st or. further ct of t rese

Cavent i on ¢ RUIDY 67 36 B gniameb’d Bt o 51 L el sreriArae i ce
conpri si ng and tenoitissrost & Bt am dts@i@ﬁdelayér‘@ i01d 4804 31eEBIEBEYSr FOBE 11
According to_a further aspect of the present invention there is provided a

| ogic ci r cBiRsistgy; splay or nenory device conprising an active matrix array

of a plurality of transistors as set out above. According to a further

aispec]t_ of theréabt;esmbf ’fherfﬂfetérm thrhera@erisasmhdn?lﬂﬁdr aydi 6pthatranetp/ thei Bg a
urality of dis enent east one. .o a erren ein

P t ched by O SEEsst e P yBisone e fieciore lavenel SRumhsRar, Sbe: or s

set out aboyscong Igydrtiakinyisbiatét efebehitedirbmgstel. Sedigolatieieler nidyche a

di splay may conpri (ﬁlan oglcally active region switchable by the

transi stor SWHCEHBOGHCAIONAVSF is el'ectrical iy coupled to the optically
active region by
Suitably the isolation layer is a diffusion barrier layer. The diffusion barrier layer

may comprise a polyfluorene derivative. The polyfluorene derivative may be F8T2
or TFB.

The first or second layer may be formed by ink-jet printing. The third layer may be
formed by ink-jet printing.

Suitably one of the first, second and third layers is a source layer of the transistor,
another of the first, second and third layers is a drain layer of the transistor, and

the other of the first, second and third layers is a gate layer of the transistor.
The material of one of the first and seconct layers may be PEDOT/PSS.
The material of one of the first and second layers may be PVP

The transistor may be optically transparent.

The transistor may be a thin film transistor.

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

circuit, display or memory device comprising a transistor as set out above.



means of conductive material located in a via hole fornmed through at |east
one |ayer of the transistor. The present invention will now be described

by way ofwexampdsgs, with reference to the acconpanyi ng dr ag@mgsoo/osssswWhi ch:
figure 1 shows different device configurations of solution processed, all-
pol ymer TFTs; figure 2 shows transfer cfyaracteristics of polynmer TFTs
according to Fig. | ¢ with a F8T2 active layer, a PVP gate insulating

| ayer, and a PEDOT/ PSS gate electrode; figure 3 shows transfer
characteristics of polyner TFTs according to Fig. 1 ¢ wth a F8T2 active
| ayer, a PVP gate insulati ng | ayer, and a PEDOT/ PSS gate eI ectrodes
deposited with the sanple held at roomtenperature (a) approxi mately
50C (b). f|69¢%dlﬂgstﬁtﬁrv§u"ﬁlﬁrrﬁﬁpe‘€ta9f t@ﬁcpr??%mﬁ“éqnt'@ﬂah%!'@t'érﬁ’@‘t”ﬁ@‘%a(bﬂ'%f a

F8T2 all- p R0l [ face
rodi 1 cat i o o agh oy o Furlr] d8gcd compFS B A0 Al Stk

figure 5 shtﬁ%\%s'?et@ré‘erﬁﬁ@’i%'habfaf@t eristics of F8T2 all-polyner TFTs as in
figure 1(a) with a TFB (a) and pol ystyrene (b) diffusion barrier and a PVP

surface nofkédrEiaG 0 Aher as;ﬁécﬂ\z&f ﬁwe%r%?@r‘fﬁn@éhﬁ@ﬁtth&@'ls Br&fQY 3Ry a
al | - pol ymer TFT accordin gure 1(a) F8T2 active |ayer and

sour ce- dr ai FOBPEING @d@yragm ot é@plév redeents, ahte@shorbapé the glisplay @lsinestse;
figure 7 shgug %\Wﬁcﬁ&ﬁé oughb%“ fraﬂ_éf%?e ftﬁlﬁﬂmahﬂ%ﬁnnel I ength -and snal |

overl ap capaC| ance patterning of the substrate surface into

hydr ophobi ¢ and hydrophilic areas; figure 8 shows optical m crographs of

the channel Ategsisiorae set auisabove issuiably located behind the display element.
Such a display may comprise an optlcally active region switchable by the
transistor and the transistor is electrically coupled to the optically active region by
means of conductive material located in a via hole formed through at least one

layer of the transistor.

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 2 shows transfer characteristics of polymer TFTs according fo Fig. 1c
with a F8T2 active layer, a PVP gate insulating layer, and a PEDOT/PSS gate
electrode;

figure 3 shows transfer characteristics of polymer TFTs according to Fig. 1c
with a F8T2 active layer, a PVP gate insulating layer, and a PEDOT/PSS gate
electrodes deposited with the sample held at room temperature (a) and
approximately 50°C (b).

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

layer as in figure 1(a);



L=20,um(a) and L =5 ,um (b) after 1JP deposition of PEDOI/ PSS
source/drain electrodes in the vicinity of a hydrophobic polyi mde bank;

Figure 9 wlpoms7e@ti cal m crographs taken during the deposigdrags@iosdak
droplets in the vicinity of a polyimde bank. figures 10 and 11 show out put

and transfer characteristics of transisjprs formed as in figure 7(c) and
havi ng channel lengths L = 20 pmand 7 pm respectively; figure 12 shows a
schematic diagram (a) Dektak profilonetry and optical mcrographs (b) of
the process of formng via holes by successive deposition of nethanol
droplets onto a 1.3 pmthick PVP gate dielectric |layer and (c) dependence
of the via-hol e fguwer5 shdws rtrmnsfezﬂi chasdcterishins tdfeF 8T 2 @ltpolymfr TIREs ialskinet

curont - vol (48 RRVEERERE B A Cheign L) crlPbdincne L8 B Bfiraseoor

el ectrode anmdiictiign Ieyac;trode figure 14 illustrates different processes to
fabricate via-hol es; ure 15 | i.cations of vi llg.P| es such, as
an ~

logic inverters 1D 16 e?  afl @ anﬁ“cr #R{h ok AR dl-HobARe ghgording to

resi stance- figad 1(8) with AMAFTH bicthevialer drndt soeenoet esehedaspirded AL/ 47043
PCT/ GBOO 04934 13 f| gure, 16 shows the characteristics of enhancenent-| oad
i nverter ci PEQiaRA§LIaSSSUPPIRIPe 1(a) fabricated with printed all-pol yner

TFTs with differmgjiie 7adHod® tAE fhbiRation SEFFYY¥ WitRfsridiechanReltieqdis iahti@hsall figure
17 shows an alternative bottom gate device configuration; figure 18 shows a

schemati c dpma»ﬁgcawcwcgcthr%hrﬁﬁtﬁefmnq;p&éhe subsiiatecstiiace inigi Rygresnobic menor y
el enent is gﬁ@hy&b{)ﬁﬁlcgbéag voltage (a) or a current (b); figure 19 shows
possi bl e configurations of the pixel of an active matrix; figure 20 shows
pol ari zed opti caigu®Sahewisaptical misroarariiserf e whannetTegion of transistors with

L =20 um (a) and L = 5 um (b) after |JP deposition of PEDOT/PSS source/drain
electrodes in the vicinity of a hydrophobic polyimide bank; '

Figure © shows optical micrographs taken during the depositioh 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 ym 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)
dependence of the via-hole outer and inner diameter on the diameter of the inkjef
droplets and the thickness of the PVP layer ;

figure 13 shows the current-voltage characteristics through a via hole with
a bottom PEDOT electrode and a top electrode.

figure 14 illustrates different processes to fabricate via-holes;

figure 15 shows applications of via holes such as logic inverters (depletion-
load (a), enhancement-load (b) and resistance-load (c)), and multilevel

interconnect schemes (d);



figure 21 shows (a) polynmer TFTs with a patterned active |ayer island
fabricated by printing of sem conducting and dielectric |ayers and (b) the
overlap wegiimnofdet ween to conducting interconnects separ g@adgBu/oaozari nt ed
insulating island; figure 22 shows a matrix of transistor devices :
connected by a network of [JP intercomygects to fabricate user-defined

el ectronic circuits; Preferred fabrication nethods described herein permt
the fabrication of an all- organic, solution-processed thin-film

transi stor, 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 formthat
is soluble in tHgusplgshows tfmo:hma@hristitcsw&snM@miev’eI@admemer tircuife as

descr | bed | fIREE 118! Abliced St ey SPBBER TS ME R R Tafals et g

vi a- hol es ectric i ayers ased deposi tion
of sol vent ssnzeﬂﬂtihoﬁtmamdmnsisgqrs.f or exanpl e, corrprl se one or nore of the

fol |l ow ng conmpan . .CO i.n and gate

el ectrodes and |Qf %ggf i?)ﬁﬂ%‘@?éﬁ%[t&ﬁgg&e:ef#%gﬁigﬁtt%i%g @8&5‘&?{‘] M a char ge
carrier nobili tyﬁgﬂm:eed,hnws@\. stheardfidisiravging oaahiaghvé]’ﬂe%d:plxem? wirﬁchsw;t chi ng
rati o exceedi 104. - in ate ipsulatin usi on barrier
| ayer that %F‘@gg@f E‘e{%w %cﬁ?@ﬁ E@jﬂ%@&?&gﬁéfﬂra CVrﬁ%'ﬂl(é)fl ng | ayer

agai nst uni nt entfigareh 9 daevE gosyiblie EpRiguratRHs @n thel pmilféf gh Bt matrixW\0 01/ 47043
PCT/ GBOO/ 04934 14 -@ﬁ?ﬁﬁu rface nodifjcation |ay hat enabl es

hi gh-resol uti on f[S&f¢ Ays Belatizrd op&gpbat@ogglpp@ @“@ﬂgfﬁﬁq MG Bechni ques. -

vi a-hol es for i niigefs@INekdes (H) pohedi THTRCWith Ca lpaiteined ér&w@vla{/er istanw Il be
appreciated_ that the nethods described herein are not |imted

fabri cati onfa8fic@ed iye¥iniag ioh gemiqondHelingeand digciist layrie b herpygriap
fabricati onreforfbbiviesh td kBfduchhg VifteRDAnEEs Vedpardied B3 adified Bediatngh

reference to
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.

Such a device may, for example, comprise one-or more of the following

components:

- patterned conducting source-drain and gate electrodes and interconnects.

- a semiconducting layer with a charge carrier mobility exceeding 0.01 cm?/V's
and a high ON-OFF current switching ratio exceeding 104

- a thin gate insulating layer.

- a diffusion barrier layer that protects the semiconducting layer and the
insulating layer against unintentional doping by impurities and ionic diffusion.



figure 1. The device of figure 1 is a thin-filmfield effect transistor
(TFT) configured to have a top-gate structure. On top of a cleaned 7059
gl ass subwtor@t4@o43 source-drain el ectrodes 2, 3 and i nter cumeRto/4933es

bet ween the el ectrodes and the contact pads (not shown) are deposited by
ink-jet printing a solution of the conducting pol yner

pol yet hyl enedi oxyt hi ophene/ pol ystyrol sul fonate (PEDOT (0.5 wei ght % [/ PSS
(0.8 weight %) in water. O her solvents such as nethanol, ethanol,

i sopropanol or acetone may be added to affect surface tensi on, Vi scosi ty

and wetting properties of the ink. PEDOTIPSS is obtained commercially from
Bayer (avait abl% Segace mgdficahor lgver hat ¢npblesy high=esqluliosy PafRINBOftBRect ri ¢

type. It is eqy a@@ggc%@@b% nrp(r Qééﬂrﬁﬁheng di nensi onal translation stage
and a m croscope stage ena P al'i gnnment of subsequently printed

patterns with réapeles f@rdn’r@mgmng@tﬁ&rougm@elegtnc lpveset i s dr| ven with a voI t age
| Sui t |
pul se. Sui ﬁB\ﬂS\ﬁég?,r g\e(/ﬁll gg(’)&gilpf'éc@éiéd trat $he (J*?Ud%%e%[:ﬁb ¥r|%' r?rﬁénpﬁt%

cont ent of are achi eve e| ght

rise tinme ofoihe fagicatiordobddvidels halvimg af fthel @afuwiss Sﬂfqtéabdel ng on the gl ass
substrate they produce a PEDOT dot with a typical dianeter of 50 pm and
typical thickness of 500 A. The IJP of the source-drain electrodes is
per f or med i Thafabricatiareofnaficks ilbh’eatb@rqﬂvﬁxa willmewt readesaeibed avithaetenenaecint

or gant o sol (Rt Tt A YRR Fhode LR AR e aRReeRR T bR T e

sem conduct totaveayep-gateistucisrem xed xyl enes in the case of pol yfluorene WO
01/ 47043 PCT/ GBOO 04934 15 pol ynmers. They are then anneal ed for 20 m nutes
at 200 Cin inert nitrogen atnosphere to renove residual solvent and ot her

vol atile spepi®p datdeanddEDSTY BESs elubsitatedesourtbaiiain @66rdd2802,A8 tamdck film

Vari ous. senEsFRILIEeT NEES POMPRRRG: FRFEotRL Addtoatian BAes B shagm) aF

pol y- 3- hexyhégusapdensy (HkHED . printing a soluton 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,
rise time of 10 us, and a fall time of 10 us. After drying on the glass substrate
they produce a PEDOT dot with a typical diameter of 50 um, and typical thickness
of 500 A.

The IJP of the source-drain electrodes is performed in air. Afterwards the samples
are transferred to an inert atmosphere glove box system. The substrates are then
spun-dried in the organic solvent that will later be used for the deposition of the

active semiconducting layer, such as mixed xylenes in the case of polyfluorene



and pol yfl uorene co-pol yners such as
poly-9, 9" -di octyl fl uorene-co-dithi ophene (F8T2). F8T2 is a preferred

choi ce aswigoigpbysbi ts good stability in air during the derasigioaaenf the
gate electrode in air. A 5-10 ng/m solution of F8T2 in anhydrous, m xed
xyl enes (purchased fromRom ) is spin-gpated at 1500-2000 rpm In the
case of P3HT a | weight % solution in m xed xyl ene was used. The

under | yi ng PEDOT el ectrodes are insoluble in a non-polar organic sol vent
such as xylene. The filnms are then spun-dried in the solvent that wll

| ater be used for the deposition of the gate insulator layer 5, such as

i sopr opanol peymees hdihey .ara themsageried fanAeanindipssate0® 36 nnhisert bitrqusnt or med

Lo enhance bifihaidf, AIRP Foliafl OBBILICSA' P SasEoRgkiGtd N ARl YT

For polymers t exhrb crystal M ne ase a
t enper at ur e?Eaﬁ)TélaSSngelemroajesen"ﬁmmtwr 200-4p0¥ e At h@ldk| dfikind -afr yiise abttmee

transition [ 0 | each
Cr e O BB ePoRBRl A Ot B BB " Y Py R R "2
m n under i pelyinels haterdmphensad dih aanphiergatae ;idmea heapltku%gheqee(rﬁ’@hm)l, to
room t enper at freeze in the orientati,0

re.t chai ns roduce an
mor phous. gRad Poyuotdrie eplireets . isky as by SripepeBatiie At BR  hou
an al : gnnemsﬂgaye?amhela)mefﬁ%d anisled %sf]it axHitsitsdgooi stabmtyf ingalr atiirgntHen \é\hi ch
severa ul Ccrys I ne onal n W t om ori e cate
ool e deRostERLahahe detaneerate devicoh Driouan! i bitBh el FETa: Bhar ed
inagl assyaﬁﬁﬁfr@éﬂyn|xe@le<?réheaq;)urtﬁ§ae@ froUREmMEY Béségﬁhicbafédpé'ta@mobl t
mobilities on the ord that are nore than an_order of

magni tude hiR§Reln tearAseodi FIHT sl waight U sjulian 'HéVﬁxé‘éWW? Hagsusefun es T2
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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 Ny 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
alignment layer the polymer adopts a multidomain configuration in which several
liquid-crystalline domains with random orientation are located within the TFT
channel. Transistor devices in which the F8T2 is prepared in a glassy state by
quenching from a liquid-crystalline phase exhibit mobilities on the order of 510
cm?/Vs, that are by more than an order of magnitude higher than mobilities
measured on devices with as-spun F8T2 films. As-deposited devices also exhibit

higher turn-on voltages Vp. This is atiributed to a lower density of localized



the polyner is prepared in a nonodomain state with uniaxial alignnment of
the polyner chains parallel to the transistor channel. This can be

achi eved W amabgsng the glass substrate with a suitabl e gdaopenueidiayer,
such as a nechanically rubbed polyimde layer (9 in figure 1(b)). In the
monodonmai n state the polyner chains areg aligned uniaxially parallel to the
rubbing direction of the underlying polyimde layer. This results in a
further enhancenent of charge carrier nmobility in devices in which the TFT
channel is parallel to the alignnment direction of the chains. Such a
process is described in nore detail in our co-pending UK patent application
nunber 9914alegtrqnic Mepestaigejodhe glassy phaseecaepdred ridutiteoas-Hagasited phesgat e

i nsul ati ng aﬁtr "2 l’)% ted by spin-coating a solution of
pol yhydr oxys % (S ed pol yvi nyl phenol (PVP)) from a pol ar
solvent in V\:hl ch the underl ying sem conducting polynmer is not soluble. A

preferred choi.ce.of solvents.are al.cohols. suc ) I ol or

butanol ¢ i n S REERT s O BP TR ey B obicel Sar REvE B, S5 BRERR) | ow

oL ubr I é%o““dp“";???ﬁﬁs. f,"r’]@dredc“"?r iy S”?"et““”‘aﬁ’ﬁ‘?‘a&'a“g“““""“"'s"é‘?"”faﬁﬁr s
.3 ..U ut i
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agt isfy t hethléojral%y éF]ukils}rafe[?Wm BeURADIS aﬁgrmhemsay@gls%ucruamd rtanletcmang HWBedI n

er or po - e uy etate or pro

P eol et hgoVings Bver B (i Beyabuadhman Siatd fiseyoet e 49 ot hen

deposi ted ox@ynetih@niaRbRy 'ﬁ&ﬁé!llefiftdn A8e lraihg dlfeetidale th@'@ﬂbﬂﬂﬁ@ ﬁowmrdermy be

deposited directly over the gate |nsulat|n&:la yer (see flﬁure

there may bEY&hdhiy regdiiein ailEhgeankansemg)epischetga-camigumabity-y dﬁwaesm)) for
WO 01/ 47043, Rh/ 1 BPRTO04 3 thel id § a?éil%m tﬁeféﬂénr'ﬁb'ﬁtf @Fé%traﬁ’@f fHeCc%aﬁr%“ Suh fof usi on

barrier or process reasons SUC sol vent corrpatr ty. formthe

si npl er devbigsess is idpseabed ) f'aOFPE‘I!ﬁﬂII AS DU =P endifg) LH% qﬁtenfqtempllcatron
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/mi) and 1.3 ym
(solution concentration 100 mg/ml). Other insulating polymers and solvents that
satisfy the solubility requirements such as poly-vinylalcohol (PVA) in water or
poly-methyl-methacrylate (PMMA) in butyl acetate or propylene glycol methyl
ether acetate may also be used.

The gate electrode 6 is then deposited over the gate insulating layer. The gate
electrode layer may be deposited directly over the gate insulating layer (see figure

1(c)) or there may be one or more intermediate layers (see figure 1(a) and (b)), for



directly on top of the PVP insulating |ayer 5. The substrate is transferred
to the [|JP station in air again where a PEDOI/ PSS gate el ectrode pattern
is printegdgamgza water solution. The underlyi ng PVP gat edmsgloaio3ag | ayer
has a | ow solubility in water such that the integrity of the gate
dielectric is preserved during the printing of the PEDOI/PSS gate

el ectrode. Although PVP contains a |arge density of polar hydroxyl groups,
its solubility in water is | ow because of the very non-pol ar ,
pol ystyrene-1i ke backbone. Simlarly PMVMA is insoluble in water. Figure 2
shows the transfer characteristics of an IJP TFT with a F8T2

seni conductéx@gnplayer sudacePhediiatiion, rdifflsidn hgrrieayosrprocass 1e3FOREDOY! PSS
source-drai n, an cate e{lectrodes The device characteristics are nmeasured
under ni t r cPRFAEHTRAIENE  consecutive measurements are shown with

i ncreasing (upward triangles) and decreasing (dovvnvvard triangles) gate
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behaviour (VO < 0). In devices formed fromthe " " tch of PEDOT

(figure 2(byjter shefe thadheintegrity obihedzate dwé@cénws@rfeme HERI 1eeP 8 but ed
to high congap %rFfEtD@WI:@cS ﬁ%@'eie%trb@é"mthoh ‘P"VF* EdHiains 88argg deviity dffpoldre gweep

is started In on ? he transistor turns on at
+20V (upwar hNCtrwxérGjD'é@% ltww@rga@ Y, lrbNVE{tfffe'Sr oy pegause: 8h 1@ HANERE- thlqrangl es)
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the hysteresi S are |kef be caused ditfusion of ionic
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mobi | e char ke davité eharactenslicst aremeasured 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 (V,=+40V), the
transistor turns on at Vi » +20V (upward triangles). However, on the reverse

scan (dqwnward triangles) the transistor only turns off at V' > +35V.

. The normally-on behaviour and the hysteresis effects are likely to be caused by
the diffusion of ionic species in one of the layers of the device. The unusually
large positive values of V, suggest that the ion is negative. A positive species



| ayer and lead to a shift of Vo to nore negative values. To identify the
origin of this ionic species devices were fabricated in which the top-gate
| JP PEDOTwr1ae6430de was repl aced by an evaporated gol d elggi¢p@dassdai | e t he
ot her layers and the PEDOT source/drain el ectrodes were fabricated as
descri bed above. It was found that in {gis configuration the devices are
normal | y-of f and exhibit stable threshold voltages. This inplies that the
dopi ng and hysteresis effects in the all- polynmer device are related to the
sol ution deposition of the conducting polyner top gate electrode, and the
possi bl e diffusion of nobile, ionic inpurities fromthe PEDOT

sol ut i on/ f i wetidrhesexpestagnigeompiensaie sparesofidhe mabile eharge.in ithe agssimubation t o be
possible to I e t age; t redu t he
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substrate. s Soniedipeeiest deviabsywearg fabmeatefl inhehithoihketopeagate HdP sRBBOTat e.

Fig. 3(b) t t sfer characterjsti f.a TFT .device, for which the
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than for gate deposjtjon. at rpom .tepperature (Fiqg. a that, Vo has a
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t enper at ur ettirbshdidwelsdtesd THE infigies et the degindsdrichysterasis lefagte infihe/all-=

1-20V. Devices wt ate el ectrod% onto the PVP | ayer

h s deposited direct]
as in figur BOVTEE eue e reRied e SMIoR,JRPOSTAN O 168 FaNAY=IE RANBRA our i s
useful for dgphskidéctrddePand a@ gpéé;im&k!!%ioﬁltﬁhné’rﬁlé icinilrBes ¢@heiHeon- | oad
| ogic i nvert%fl qur_e l4(a)). To fabricate enhancenent-type, nornally-off
TFTs the dopERPsoRN/filgdRiodBeyndertinataysrs@f theedayiSosi tion of the gate can
be prevented by incorporation of a diffusion barrier layer. In the device
of figure 1(a) and (b) a thin Il.ayer 7 of a non-polar polyner is deposited

on top of tHeves/Pugs:ie hepasshle ig qoalyelr the pialusr ot thet theeshielsoxelieeanst tot he
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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 V, has a relatively small positive value of 6V. By
controlling the deposition temperature the threshold voltage can be adjusted in a
range of Vo = 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)).

To fabricate enhancement-type, normally-off TFTs the doping of the
semiconductor during the deposition of the gate can be prevented by
incorporation of a diffusion barrier layer. In the device of figure 1(a) and (b) a thin
layer 7 of a non-polar polymer is deposited on top of the PVP gate insulating layer

prior to the deposition of the conducting polymer gate electrode. This layer is



believed to act as diffusion barrier blocking the diffusion of ionic
species through the noderately polar PVP insulator. PVP contains a high

density ofvopals@sszhydr oxyl groups which tend to enhance theeep@uwadisvity
and diffusivity of ions through the film Several non-polar polyners have
been used such as poly-9,9'-dioctylfluofene (F8), polystyrene (PS),
poly(9, 9" -dioctyl -fl uorene-co-N- (4-butyl phenyl) di phenylam ne) (TFB) or
F8T2. Thin films of these polymers on the order of 50- 100nm can be
deposited on the surface of the PVP gate insulating layer froma solution
in a non-polar organic solvent such as xylene, in which PVP is insoluble.
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may be used. These include thin |ayers of soap-like surfactants or

pol ymers cont ai ni a hydrophilic and a hydrophobic functional group
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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-
polar polymer and the free surface, respectively. Another possibility is the brief
exposure of the surface of the non-polar diffusion barrier to a mild Oz plasma
rendering the surface hydrophilic. A suitable plasma treatment that does not
degrade the TFT device performance is exposure to a 13.5 MHz O, plasma with a
power of 50 W for 12 s.



WO 01/ 47043 PCT/ GBOO 04934 20 A surface nodification |ayer on top of the
non-pol ar diffusion barrier may not be required if the gate electrode is
printed fweoaregl vent that is | ess polar than water such@scdompgsati on
cont ai ni ng al cohol s (isopropanol, nethanol etc.). The integrity of the

| ayer sequence relies on the alternating deposition of polymer materials
from pol ar and non-pol ar solvents. It is desirable that the solubility of a
first layer in the solvent used for the deposition of a second | ayer is

|l ess than 0.1 % weight per volune, preferably less than 0.01 % wei ght per
vol une. The criterion for solvent conpatibility may be quantified using the
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bet ween pol yner (solvent) nolecules in the Iliquid state. Values for these
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where ASnO is the entropy of m Xing and AHm = V- 9 - 0s ((5vP_ S"S)2+(
Shp- Sh) 2) . Weight By (ahme, feferably legg iang)- 01 A sigH Pef égm‘?rrer (P) /sol vent
(S) in the mxture). Fromthis it is expected that a polyner (P) is the

nore soluble in a solvent (S) the spaller AHm i.e., the smaller D = ((
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parameters 84, 8p, 8n, 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 8, and 54 are
combined to 8,%= 54%* 8,°.
The free energy of mixing ié given by AGp, = AHp - T-ASm, where ‘AS>0 is the
entropy of mixing and AHm = V- ¢p ds * (( 87 - 8,5)%+( 8n"- 8p°)2). (V: volume; ¢p, ds:
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 AHm, i.e., the
smaller D = ((8, -85 (8- 8:°)°)"2. As an approximate criterion, if the
interaction parameter D is smaller than approximately 5 the polymer is soluble in
the solvent. If D is between 5-10, swelling is often observed. If D is larger than 10,
the polymer is substantially insoluble in the solvent, and no swelling occurs.
In order to obtain sufficiently abrupt interfaces in a solution-processed TFT device
it is therefore desirable that the respective D values for each of the polymer layers

and the solvent of the next layer should be larger than approximately 10. This is



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

pol ynmer layers and the solvent of the next |ayer should be larger than
appr oxi meive) pi/4363 This is WO 01/47043 PCT/ GBOQO 04934 21 pariidgosloasdsy

i nportant for the sem conducting polynmer |ayer and the solvent of the gate
dielectric. In the case of F8T2 and isapropanol (butyl acetate) we estimate
D to be approximately 16 (12). For sone device configurations the entire
mul tilayer structure may be built up by an alternating sequence of

pol ymers that contain mainly polar groups and are soluble in a highly
pol ar solvent such as water, and polynmers that contain only a few or do
not cont ai nparfiqulaiy meﬂG@hﬁ%’ thae gericendusting | pehinerdayasranddharsolyenieinthe  such
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the differgnces o for ymer e next | ayer.
An exanpl e twhmdambr@émataly 40613t or device conprising a highly pol ar
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deposition of the layer sequence, and a PEDOT/PSS gate electrode.

However, it is often convenient to 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 substanﬁally 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
solubility parameter 8y is largely different from that of the underlying polymer. In
this case swelling may be avoided (large D) even if the polar solubility parameter
8p (8v) of the solvent may be similar to that of the underlying polymer layer. The
moderately polar polymer may contain a specific functional group such as a
hydroxyl group that makes it soluble in a solvent containing a functional group that



this case swelling nmay be avoided (large D) even if the polar solubility
paraneter Sp (S') of the solvent may be simlar to that of the underlying
pol ymer |exer/47043€ noderately polar polynmer may contai n aEpegiofoiss4
functional group such as a hydroxyl group that makes it soluble in a
solvent containing a functional group tdzat WO 01/ 47043 PCT/ GBOO/ 04934 22
is attracted to the functional group of the polynmer. This attraction may be
a hydrogen bonding interaction. This functionality of the polyner nay be
used to enhance its solubility in a noderately polar solvent and decrease
its solubility in a polar solvent. An exanple of a noderately polar
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cxamlo of DIReRET helio TubPa T AREBafl B 107 BT al b ustbltma (e -

8; F8T2: ShefhancEiigusotubdlity moavenddeeately tppler s()ﬁ)sn’azmﬂ teaesdeeits §dlibility in a
characterlstlcs JP,. TET, Wwth a te jnsul ator
Cayer . a Faplrt pelke el s afBle PES modkidely Poistmolfiards 8 reio . SekER ayer
as ill gst Ir atager Baihcfw@u#d]?béi(/\@)an (d-nen-pOlar ,saﬁ‘iconiﬂiﬁﬁor er @ﬁd@(PEUGTS%%BeaR,
near -i deal nor of f transist acti th tur t Vo s, OV. The
t hreshol d v8PEagECt gqﬂef l2Ygle fﬁ%eﬂ]a %\Na Fﬁ%\ﬁg & mad éagﬁl ara??ﬁ"%\}\?nﬂﬁrd
(downwar d tépk@ggbﬁ@)sugﬁlagqgﬁ SueesTi2s 5, 50)L V. The device characteristics
are very simlar to those of( standard deV| ces fabricated under inert
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(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 V=0 and
-80V 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 sourée-drain electrodes. This supborted the interpretation that
insertion of a non-polar polymer below the gate electrode blocks diffusion of ionic
impurities during and after the solution deposition of the gate insulating layer.
This has been found to result in reproducible TFT threshold voitages and good
operating stability.



devices with gold source-drain electrodes. This supported the
interpretation that insertion of a non-polar polynmer below the gate

el ect r odewlp) aekes3di f fusion of ionic inpurities during and@Eicsroism
sol ution deposition of the gate insulating |layer. This has been found to

result in reproducible TFT threshold vojd ages and good operating
stability. WO 01/47043 PCT/ GBOO' 04934 23 Nornmal | y-off devices containing a
diffusion barrier are preferred conpared to the depletion-type device
descri bed above, since it is expected that the forner exhibit better |ong
termthreshold voltage stability and better lifetine due to suppression of
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Kat z, J. fe m_7, 369 (1997), or Z Bao, Advanced Materials 12, 227
(2000) one® ?m{; L|Sf‘r15‘ortant requirenents to fabricate printed TFTs with
good stabili ty and high ONOFF current ratio is good stabili ty of the

sem conduct | mat er | al
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sem conducting |ayer, such as F8T2 above), or regioregul ar P3HT
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test devi Ceré%éﬂfédgféfr%dam]b% WERE, KBE! U. Mdi@S ehe 1, o (19979-&f 2.egho
nmobility of 0.05- cn2Ns i s somewhat hi gher than in the case of F8T2

However | re@ﬂ‘@'@@dl“@ﬁte'@ﬁzi%ﬂuﬁgp%l e agai nst dopi ng by oxygen and/ or
water, resulting in an increase of the filmconductivity during the
prlntlng steps in air and poor ON-OFF current ratio. This is related to
the rel ativeng afdiieiimposant equirgpeetst toafebasatermted pFEs gvibvgoad giabidiy- OFF

current ratLosph SNIBFRANErREFLto 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.,
Advances in Solid State Physics 39, 101 (1999)). However, on the IJP TFTs
described above this reductive post-processing step cannot be performed since it
would also result in dedoping of the PEDOT electrodes and reduce their

conductivity significantly. Therefore, to achieve high current switching ratios it is



denonstrated for P3HT, but this requires a reductive dedoping step after
the deposition, such as exposure to hydrazine vapour (H Sirringhaus, et
al ., Advewcas7é43 Solid State Physics 39, 101 (1999)) Howeviet:Boo@aeishe IJP
TFTs described above this reductive post-processing step cannot be
perfornmed since it would also result igy dedoping of the PEDOT el ectrodes
and reduce their conductivity significantly. Therefore, to achi eve high
current switching ratios it is WO 01/47043 PCT/ GBOO 04934 24 i nportant
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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 < |, 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
larger than 3 eV, preferably larger than 3.5 eV, to prevent residual atmospheric
impurities such as oxygen to act as carrier traps. Suitable materials may include
solution processible electron-transporting small molecule semiconductors (H.E.
Katz et al., Nature 404, 478 (2000)), or polythiophene derivatives with electron-
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of logic circuits the_ channel length L of the transistor overl ap
i e #

J and the
bet ween soufte h BRINRSE Of ClIRcRR-fansparting p¢ksa§rep§§g;cghlgalagcp{gt i's
typically addritivascr @%. 57172,0705t pefyidrieC aderfaiiRizsi AaphialchetelBeaBER/lithe
operation speed of a transistor circuit is approxi mptely proportional to
L"2. This i4inydetderiyetyasy (HiEvploatzash akoNabieni 1 ¢mati& i(%%oﬁfwérf@wwe’fﬁd
rel atively {hQunBRObb/afivesuch high-resol ution patterning cannot' be achieved
wWth present-day ink-jet printing technology, which is limted to feature
sizes of 10-20 ,umeven with state- of-the-art IJP technol ogy (figure 6).

I'f faster opgraki ohkrafich SEIOBRY ciRBRE iHctinnel length L of the transistors and the
overlap between source/drain and gate d have o 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 IJP 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.

This confinement technique can be used to permit fine-resolution deposition of a
deposited material on fo a subsfrate. The surface of the substrate is first treated

in order to render selected parts of it relatively attractive and relatively repellent for
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and/ or accupartingrasgi isk carfingment an arse-prtierpee sepstealeh a process the
pol yi m de may be covered with a | ayer of photoresist 11. The phot oresi st
can be patterned photolithographically to renove it in the places where
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to | eave the
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 photoresist 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 {o which the
photoresist is resistant. Then the photoresist can be removed to leave the
accurately patterned polyimide. Polyimide is selected because it is relatively
hydrophobic, whereas the glass substrate is relatively hydrophilic. In the next step
PEDOT material o 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.
Through this confinement effect the ink is deposited in the hydrophilic surface
areas only and high-resolution patterns with small gaps and transistor channel

lengths of less than 10 um can be defined (figure 7(b)).
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plasma freatment may be performed prior to 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
Bglass ~ 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)).

To facilitate the confinement of ink droplets the kinetic energy of ink droplets is
kept as small as possible. The larger the size of the droplets, the larger the kinetic
energy, and the larger the probability that the spreading droplets will ‘ignore’ the
hydrophilic confinement structure and spill over into neighbouring hydrophilic

regions.
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lateral dlstance 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
areas for the solution from which the gate electrode is deposited. The patterned
layer 6 may be aligned with respect to the source-drain pattern to minimize- the

overlap area between source/drain and gate electrodes (figure7(c).
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even down to a strip thickness of L = S5um.

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,
defined by means of the differential wetting process described above. In both
cases the channel width W is 3 mm. Figure 10(a) shows output characteristics of
the 20 ym device. Figure 10(b) shows output characteristics of the 7 um device.
Figure 11(a) shows transfer characteristics of the 20 um device. Figure 11(b)
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the glass substrate with a patterned self-assembled monolayer (SAM), for
example a SAM containing hydrophobic alkyl or fluorogroups such as tri-
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 riski'ng
degradation of the active polymer layers.

Similar techniques can be applied to pre-pattern the surface of the gate insulating
layer or the surface modification layer prior to the deposition of the gate electrode
to achieve small overlap capacitance. As shown in figure 7(c) the gate electrode 6

may be confined by a patterned layer 14. One possible embodiment of such pre-
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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
process will no longer overlap with the underlying pattern. The high-resolution ink-
jet printing process developed here is suitable to achieve accurate registration
over large areas even on a plastic substrates, since the position of the ink jet head
can be adjusted locally with respect to the pattern on the substrate (figure 9). This
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12(a)), a qlosatdappsitbnaf selventdl e sol vent 29 is deposited locally on top of
the |l ayers through which the via hole is to be fornmed. The solvent is
selected so that it is capable of dissolving the

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

2. that the solvent is deposited by a selective process such as |JP, whereby
accurately controlled volumes of the solvent may be applied accurately to the
desired location on the substrate; and

3. that the diameter of the via hole is affected by the surface tension of the
solvent droplet and the ability of the solvent to wet the substrate; and
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printing head is noved to the location on the substrate at which the via
hol e i s desprepertieg 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 ym 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
droplet is required. In the case of PVP 1,2-dimenthyl-2-imidazolidinone (DMI) with
a boiling point of 225 °C can be used.

Figure 12(b) illustrates the effect of the dropping of several droplets of methanol in

sequence onto the via hole location. The right panels show micrographs of the
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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 materiai to be dissolved and displaced to the edges of the via hble,
where it remains after the solvent has been evaporated (indicated at W in figure
12(b)). It should be noted that the displaced material is of a smoother formation
than illustrated by figure 12(b) , the x and y axes of the surface profile plots of
figure 12(b) being to dissimilar scales (x in units of um, y in units of A).



The via-hole dianmeter is determined by the size of the inkjet solvent
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than formation of a side wall. Theory predlcts that the capillary flow velocity v(r) (r:

distance from centre; R; droplet radius) is proportional to (R-r)*, where A=(n-
20c)/(2n-26¢). 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.

The smaller the contact angle, the faster will be the capillary flow velocity inside
the droplet, i.e. the more reliable will be the formation of the side wall. However,
on the other hand, the smaller the contact angle the larger the droplet diameter.
An optimum contact angle therefore exists to achieve small diameter via-holes

with well-defined side walls. To achieve a larger contact angle for a good solvent



near the rim but not in the centre of the drying droplet (R D. Deegan et
al., Nature 389, 827 (1997)). Diffusion of solute would tend to favour
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conparison to the rate at
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 elecirode 25 and a conducting electrode 29
deposited on top of the PVP gate insulating layer 28. The diameter of the via hole
was 50 ym. For compaj'ison, curve 31 shows a reference sample, in which no via-
holes are located in the overlap region between the top and bottom electrodes.
The characteristics clearly show that the current through the via-hole is several

orders of magnitude higher than the leakége current through the gate insulator in
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electrode 6. In this case the diffusion barrier layer needs to exhibit good charge

transporting properties in order to minimise the via-hole resistance Ry. 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).

Mixtures of solvents can also be used to reduce the diameter of the via-hole by

increasing the contact angle of the solvent mixture on the layer to be dissolved.



1(c)) and to devices in which the diffusion barrier is deposited after the
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capable of | oca t’he underlying [ayer(s) substrate so as to
r ender therrﬁelbl@fﬁ!h@f’cfové’le @i\éeréﬁaw e is the local |1JP deposition' of a
solution containing a nobile dopant that is able to diffuse into one or
several of the layers. This is illustrated in figure 14(d), where region
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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.

Via-holes as described above may also be used to provide electrical connections
between interconnect lines in different layers. For complex electronic circuits
multilevel interconnect schemes are required. This may be fabricated by
depositing a sequence of interconnects 72 and different dielectric layers 70, 71
deposited from compatible solvents (figure 15(d)). Via-holes 73 can then be



met hyl phenyl )- (1, 1' - bi phenyl )-4,4"'-diam ne (TPD). The dopant is preferably
delivered as for the solvent case. The nethod of via-hole formation through
PVP di el egigidiu7d8dyers can be used to connect the gate el agtm@e®/0adsst he TFT
to a source or drain electrode in the wunderlying |ayer as required, for
exanple, for a logic inverter device aggshown in Fig. 15. Simlar via-hole
connections are required in nost logic transistor circuits. Figure 16
shows plots of the characteristics of enhancenent-|oad inverter devices
formed with two nornmally-off transistor devices as in figure 15(b). Two
inverters wth different ratio of the channel width to channel |ength
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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
configuration shown in figure 17, in which it is also possible to incorporate a
diffusion barrier 7 and surface modification layer 8 if required. In figure 17 like
parts are numbered as for figure 1. Other device configurations with different
layer sequences may also be used. Devices other than transistors may be formed

in an analogous way.



while the underlying dielectric layer is providing an etch-stopping | ayer.
In selecting materi als and deposition processes for devices of the type
descri bedwoamvess it should be borne.in mnd that great adeantg@asonaan be
obtained if each Ilayer is deposited froma solvent that does not
substantially dissolve the |nned|ately nderlying layer. In this way
successive |l ayers can be built up by so ution processing. One way to
sinplify selection of such materials and process steps is to aimto
deposit two or nore layers alternately from polar and non-polar solvents,
as exenplified for the | ayer sequence descri bed above. In this way
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allowing fop O@Sf Ilr(f Idg\rllltces olf 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 (Baytron 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-
processible inorganic conductors, such as colloidal suspensions of metallic

inorganic particles in a liquid, may be used.

The processes and devices described herein are not limited to devices fabricated
with solution-processed polymers. Some of the conducting electrodes of the TFT



charge carrier injection. Efficient charge carrier injection is crucial in
particul ar for short-channel transistor devices with channel lengths L <
10/ um | nweu@ly76i8vi ces source-drain contact resistance effda@aetgoormayssl i mt
the TFT current for small source-drain voltages (figure 10(b)). In devices
of conparabl e channel length it was foypd that injection from PEDOT
source/drain electrodes is nore efficient than injection frominorganic
gold electrodes. This indicates that a polymeric source-drain el ectrode
with an ioni sation potential that is well matched to that of the

sem conduct or preferable to an inorganic el ectrode material. The
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and/ or the dgmieseRizBRE hateRald PYskBlitiés Giclilies sinam wnwg@eec( afeduRisowith may be
formed frominorganic condz tors, that can, 3 exa o$‘§ dﬁz%o% Bfed by
printing of SISHIY e &haig @@n#&wna@mﬁp g aedr S % 6
pre-patter ”@@9§Hb§émﬁbﬁdudﬂﬂg &Qé{h@%r%éhld\ﬁhysﬂ‘b rrme@élé sbmegéénaee ftgmbe
deposited from Sol uti on one or nore “portl ons of the device may
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vacuum depoghifaicc eariteh@lictors 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 another substrate
material, such as Perspex or a flexible, plastic substrate such as
polyethersulphone . Such a material is preferably in the form of a sheet, is

preferably of a polymer material, and may be transparent and/or flexible.



The sem conducting | ayer may al so be repl aced by anot her
sol ution-processible sem conducting nmaterial. Possibilities include snall

conj ugat edhg@lsdes3l es with solubilising side chains (J. G pdaagssidassym et
al., J. Am Chem Soc. 120, 664 (1998)), sem conducting organic-inorganic

hybrid materials self-assenbled from sglution (C.R Kagan, et al., Science
286, 946 (1999)), or solution-deposited inorganic sem conductors such as
CdSe nanoparticles (B. A Ridley, et al., Science 286, 746 (1999)). The
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may al so bed¥ftilgdgatearayciradfcuum deposi ti on techni ques and/or patterned by
a photolithographic process. Devices such as TFTs fabricated as descri bed
above may be part of a nore conmplex circuit or device in which one or nore
such devi ceShe fasisecanasgnhiokd logictdirceihinthet inserternshayn i figuretifer If @lvi ces.

Exanpl es of  annlib el fRSsubBrhtedfe 'eRALCof 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/lcm for an as-deposited film. By annealing to 280°C for 20 min under N3
atmosphere the conductivity increased to 2 S/ecm. By diluting the solution with
PSS the conductivity could be decreased by orders of magnitude. For a
PEDOT/(PEDOT+PSS) weight ratio of 0.04 a conductivity of 10° S/cm was

measured after annealing at 280°C. Resistors with a resistance of 50 MQ were



circuits and active matrix circuitry for a display or a nenory device, or a
user- defined gate array circuit. The basic conponent of a logic circuit is

the i nvenv@ousfagyn in figure 15. If all transistors on tperssogifoat e are
either of the depletion or of the accunulation type three possible
configurations are possible. The depl eygon-load inverter (figure 15(a)) is
suitable for device that are normally on, (figure 1(c) and 3), and the
enhancenent - | oad 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
el ectrode, falprigatast by éilget pAnting a dinaaf IRED QB nfithga midth am the arder efe@lgn ance

| oad inverter, (figur (¢)). The latter device can be fabricated by
printing a%%%l?n%r‘??g\kﬁﬁﬁ)m line of adequate |ength and conductivity as
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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 cohfigurations 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).

Referring to figure 18, the source and gate electrodes 2, 3 of the TFT are
connected to the data 44 and addressing 43 lines of the active matrix, which may
be fabricated from a different conducting material to achieve adequate

conductivity over longer lengths. The drain electrode 3 of the TFT may also be the



processi ng steps where |lateral patterning is required. The sinple inverter
circuits described above are the building blocks for nore conplex |ogic
circuits. woalhiuegn- processed TFTs as descri bed above may hetuse@/oass4pi xel
swtching transistors of active matrix displays such as |iquid-crystal
(LCD) or electrophoretic displays (B. 4gom skey et al., Nature 394, 253
(1998)) for which a suitable circuit is"shown in figure 18(a); and
light-emtting 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 matri x addressing el enment of a nmenory device, such as a random
access rrermpiyel(dlwmodelélr‘i fThg et elegifade onay belfprredifismsa different candliaing T2 may
be forned r [ e e t a
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| onger lengths. The drain electrode 3 of the TFT may al so be the WD
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i nter connect | 1I'n'es to achi eve adequate a
and to reduwsguires an additional dlelectrlc Iayer 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 Iayef 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 betier transparency can be achieved if
semiconducting layers such as F8 or TFB or other polyfluorene derivatives (US
5,777,070) with higher band gaps are used. The alignment of the polymer chains
gives rise to optical anisotropy such that light polarised parallel to the alignment



potential cross-tal k between the display element 40 and the signals on the
data and addressing lines 43 and 44. The configuration in figure 19(b) is

nor e conphiocalseehs However, the whole pixel or a |arge porgdrags@iosdne pi xel
area is available for the TFTs and interconnect |ines, and the display

element is shielded fromthe signals oma he data and addressing |ines 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
el ectrode 3. The via-hole can be fabricated by the procedure described
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direction (gRlyaked gﬁ%%%lﬁw’[&l df the TF? ¢HaF&et s"ueéﬂ% VlSﬂ‘J?eS %I??ﬂ-'aﬁ{aéla‘%e% qght

pol ari zed perpendicular to al i gnnment | rection "
The opti cal amaiphous cﬁ;ﬂ;ﬁonc'&‘ﬁTSbé !nlsekj matrba he€hodbes plsay to prévernt Hangei GEFease

the OPti Cal ol @9 ARLEAG iRimihon TEHe Biscobt SElihaoTTE vith! A BBho Yapect | O

of the polyner chains
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 to 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 flgure 17 can also be used in
all of the above applications (figure 19(c)).

One of the important technological issues for the fabrication of active matrix
circuits is the contact between the PEDOT/PSS TFT and pixel electrodes 2,3,6
and the metallic interconnect lines 43, 44, and 41. Due to its strong acidic nature
PEDOT/PSS is not compatible with many common inorganic metals such as
aluminium. Aluminium is easily oxidised in contact with PEDOT/PSS. One



pol ari zer between the gl ass backpl ane and t he backlight. Under polarised
light the transistor devices appear alnost colourless in visible light, if
t he thi ckwep®/©b43t he FB8T2 | ayer is below 500 A. Al the aqidiatBdoayedss of
the TFT including PEDOT has |ow optical absorption in the visible spectral
range. Anot her advantage of the | ow opt4gcal absorption of the

sem conducting layer is the reduced photosensitivity of the TFT
characteristics to visible light. In the case of anorphous silicon TFTs a
black matrix has to be used to prevent |large OFF current under [|ight

illumnation. In the case of polymer TFTs with w de band gap
seni conduct eessible spiitignts theglabrieatianoofpintsreaerhinepranrd pixeheleotipdast 43.i ght

and from i f i 19( b)
is also wel Jlilesw tedlfrgth rnp{]n]r E’?Og"e’aﬁlr sr s?ﬁtaﬁfﬁ]’ tggé%gﬁ aﬁggﬂghzrsr%ﬁé'&gryﬂ gure
18(b)), si nmetals oraammther mnhteridt haveng moree atabilify inHeis BFiVirormmest, or ther esesefd by
fabricati on, h‘%ﬁ%& I1tated array of source-drain electrode with

|

| ar ge channe ng use of the full area underneath the pixel
el ectrode 41. AI ternatively, the bottom gate TFT confr guration of figure

17 can al so use t ove atr ( ure

of the | rrpotntqﬁﬁtcaF%t‘?hﬁ&'??éqyc%?pl'Fg%”éE AEhe Bl BhIGHS 53 lthrac 1 x
circuits isa Tsh%ll%h@hﬁ@lt leRgthwsestinting oRtdepré2paitdrhidd %[]ﬂstmtéi ehdigdted bs ades
2,3,6 and t l1i¢c interconnect lines 43, 44, and 41. Due to its
strong aci dif 'gHFﬁ S ‘&B@ﬁ? Mes not conpatible with many conmon
inorganic netals such as alumnium Aluminiumis easily oxidised in
contact wit h PEDOT/ PSS. One WO 01/47043 PCT/ GBOO/ 04934 . 46 possible

sol ution i sSHErfdgyicec seNfigHraliens ok Pethien Batrix f‘rﬁ8§'3"z9ﬁc§"\£51i°9%$ BN eRIEP Bfes 43,

44, and 41 {igeQmy img bixar él'eﬁre% kdlge @oﬁ@lle@rrs RN kadistlay BleRt: @t ﬁﬂﬂerﬁb@er

refractory metal s or another material having nore stability in thi
envi r onnment elegent gachy$e dfcapaciioniar s Hiedsaas ifer exapele. in a dynamic randorm

access memaory.

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 IJP.
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
on a single level or on more than one level, some devices being formed on top of
others. By use of interconnect strips and via-holes as described above especially

compact circuit arrangements may be formed.



In the case of a display application it may al so be desirable to fabricate
TFTs with a small channel length by printing onto a pre-patterned
substr at ewigie@fzed as 10 in figure 19, as described aboweT/SBawidkesy devi ce
configurations for active matrix transistor switches can also be wused if
the pixel elenent to be controlled is ngt a display el enment but a nenory

el ement such as a capacitor or a diode, as for exanple in a dynam c random
access nmenory. In addition to the conducting el ectrodes, sonme of the other
| ayers of the TFTs may also be patterned by direct printing nmethods, such
as screen printing or 1JP. Figure 21(a) (in which Ilike parts are nunbered
as for figuilbe 1§chiiolngy devetopedhdre fonkiectabsnationt f nktjel printed | teandistsirs.t he
sem conduct {athady 8hd ShBRANRER AR bl Y Hdd'® hAKSE MtdiNel BidiioRld
irectly. Inthi'S case no via-hol'es are required, but "connections can be
made by di r eieduitpr byitinketoprirdingui A givefabgedted edubstrated eoptairirey rant array nofar eas

wher e addressing.or _interconnect Lines 4 44 over ick i.sl of a
el ecrr o BRrORAE ab hESBANEE urdiRgftts sl e Bhed e dfis I FiRs!
(figure 21(khgth ofAkhel trarsisidry amit/od dive eedth fod ithnee thtersotest linde dMtebsnbatratey be
fornmed on a single ubstrate(ﬁ d int‘g@co.nect%ﬂ&?ét conduc Ii ve ba ers. The
devi ces mayH¥ 35 In&Y afray 3\'@'3{8 HCHR9 Ay B FRICERE P evENY Ssone
devi ces bei Bﬁnbiﬂéﬁ@doﬁﬁl‘:gvmriﬁﬁng ahdaesositly dfsentiudusti®feeofbrcdolftiohigps and

vi a- hol es as descri bed above especially conpact circyit, arrangenents nay
be formed. ERH e HaRsiopdeNeasaR s iRk M sl CalervaI by GUYEMLHEIRer o f or

the fabri caidifs. ofn iMkgia®id BFduRtisdhén aaricatedr sy foritiiriy BRERRaPBshreBligHsCoNnect
lines may be used to fabricate integrated electroni¢c circuits by ink jet

printing. AbpWweeAmare &f Fanaisiest and eliigbia inteRsgeals L@fr}gdyk'dﬁt P“HS}'&E 6fp‘ﬂff"| ic and
hydr ophobi csd5 bAG@oh&HiRGHne®Y be used that define the channel |ength of
the transistors and/or the wdth of the interconnect |lines. The substrate
may al so contain an array of highly conducting netallic interconnect |ines.

Using a 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 elecirode. 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
solution-based processing. For example, a substrate having a plurality of
transistors 50 of the type shown in figure 1(a), (b) or (c), in the form of a gate
array, for example, may be formed on a plastic sheet (figure 22). Other devices

such as diodes or capacitors may also be formed on the sheet. Then the sheet



conbi nati on of ink-jet printing and deposition of continuous |ayers from
solution an array of transistor devices is defined in custom | ocations and

wi th custw@hansel wdths. An integrated circuit is thepddiimasrad by
formng electrical connections between pairs of transistors and suitable

i nterconnects using ink-jet printing ofsgvia- holes and conducting lines. It
Is also possible that the prefabricated substrate may al ready contain one
or nore of the conponents of the transistor devices. The substrate may
contain, for exanple, an array of conpleted inorganic transistor devices
each having at |east one exposed electrode. In this case ink jet

f abri cat i onmaf barplactiddg mtmldjei iprinter having al mintiegrpead for tehsuitablengdivenin fovf

electrical onnectio n pairs o transi stors an e de OSJtlon of
o ool o oG MeBDReS T RY clEleh Msierel gt Al sAFBIE oRBfect et rBEEG

Vi?l 3 hol es, cmde:bmmm@@@ 53 aresstor amdg oS @ry. mEtK)T)SG'ﬁeflmlg}ﬂt pridiet May. | n
addition to_transistor devjces t ectr nic circuit ri se
other acti@® R %S‘élqdfé rEBnth?e? eﬁeﬁ%“% ieu(pﬁogigmmes%acé fer ni?‘

el enent's or kndvASESd bfi the I6datibh he IcoMByLpAtRIMESTiSe tribdisers aetﬁeem@t quRén,

descri bed apove a unit having a plurality, of transistors may e fornmed and

then confi gl¥ g@crr@pnaggog b vierficle fqnmation and infrreomipciignplers the %TJ‘?HF?"@F?I based

processi Ng. oo ke c@c&t‘%?tp(eﬁbﬁmh@\é' er@dF&Iéﬁt@nH ¥r Rlgic fuhastH, yors 50
of the type shownn figure é{‘@tcﬂ , in the formof a gate array,
qsirg

for exanpl ethfﬁ@ﬂflé?éf"ﬁ%Fh‘Pe*@rlﬁﬁ @rsmm @@w (Thisylecanalogy thas wdewsi&yi ces

such as dio S¥, [ f Qr n t he
Shees "G o3 8RR BBl YR onl SIS SASEL refpRRble

havi ng a prépRdralyshead for a suitable solvent for fornming via-holes 52
(e.g. nethanol) and a suitable material for formng conductive tracks 53
and for filling via-holes (e.g. PEDOT). The ink-jet printer may be

oper abl e unBramplee of dne rpplicstion of wuthalal a;irqu'rtcag;e domerintingnyiLactive eleironig

know edge O{lclgetse lb&é;a%t ' & ?dﬂé%tlﬁé)a%oh g[géé’;lt | Oﬂcl?et otrngg tprrﬁllﬂﬁé YeOlcB rﬂrgy tbge

sheet. Then,
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.

User-defined circuits other than for pricing or tagging purposes may be fabricated

in a similar way. Verification and reading of the circuits may also be made by



by a conbination of via-hole formation and interconnection steps the
ink-jet printer can configure the circuit for performng a desired

el ectroni woas/47@gi ¢ function, by interconnecting the trangitstgio®4931 t he
desired way. This technology thus allows for the formation of

| ogi c-specific circuits on substrates uging small, inexpensive apparatus.
Exanpl es of the application of such a circuit are for printing of active

el ectronic tickets, luggage and identification tags. A ticket or tag
printing device may be |oaded with a nunmber of non-configured units each
conprising a substrate carrying a plurality of transistors. The ticket
printing dewmase prabingdesing i expupler radiofgrauegey sialios (BhygiehasidiVigighan i nk
jet pri nter{qp® Egﬁ&g')t_)ed above and that is capable of determ ning an
electronic circluit that is indicative of the valid function of the ticket.
When required to print a ticket the printing device configures a substrate
for the ap rl I roni I r.CUbdn DY~ ark Nt NG Nhia- el r
conduct i vepfrra eérbﬂgf ?o%a@at gﬂ@aﬁé‘f‘ﬁoocrlrgﬂ%éﬁn thnh%lr?sﬂd%s!t?](rR éfgtz pgiﬁfgr{d) of

appr opr i at ehpprograté i gunnedtionsh entsu las stamdarde arvay heffers esignifiaarilyl incesfised or

exanpl e by A 1 Y j sheet, | eaving electrical
connecti on ﬁegﬁﬁlﬁkt%g?@%é%fj té?&i?(ﬂgoa;%g@hg&%&eﬁttsi cket is then di spensed. Wen
the ticket is to be validated, inputs are applied to one or nore input
term nal s d the outputs of the.circui 0 0 o] i nal s
are nonitor Pﬁes\?ghrﬁﬁnﬁ?r’s i ﬂ%gl{m'hﬁﬁgﬂ’eﬁgﬁﬁe@&gké)téﬁ@%%'l 3& Eg)rgéﬁseéfgtb?y be
printed on prleeamtbingeptiars tricudeu bl t iaviek antir niakentivh easpeetsy @fi that cdnoeptase as
tickets. er-defined circuits other, than for prigci or i.n ur poses
may be fabr %Sﬂ'g%é herelg @ﬁ“ﬁiakla?o‘(ﬁ;ﬁnd(?ér'w‘?@%{?i‘g‘?{ngﬂ%ﬂ?’@aaf ﬂgeqé?aqw%g
circuits meyesthin€d Bereirade by WO 01/ 47043 PCT/ GBOO 04934 49 renote probing

using for exanple radio frequency radiation (Physics World March 1999,
page 31). The ability of the end-user to define circuits by sinple ink-jet

printing of ThapppiRiRht afAvsCAREIEBh IO e AR thal tikd pRABATINRERtNSThAR Melude
significantly increased o , . . o
any feature or combination of features disclosed herein either implicilly 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.



flexibility conpared to factory-designed circuits. The present invention is
not limted to the foregoing exanples. Aspects of the present invention

i ncl ude alWo naveds and/ or inventive aspects of the concept pcrdesmissmd
herein and all novel and/or inventive conbinations of the features
described herein. The applicant draws & ention to the fact that the
present inventions may include any feature or conbination of features

di scl osed herein either inplicitly or explicitly or any generalisation
thereof, without limtation to the scope of any definitions set out above.
In view of the fﬁ%ng description it will be evident to a person
skilled in the t various nodifications my be nmade within the scope
of the inventions. WO 01/47043 PCT/ GBOO' 04934 50 CLAIM5S 1 A nethod for
formng a transistor, conprising: depositing a first material from solution
inafirst sol veAtméﬁhotﬂcﬁasrrfDanihglasttansis&yedfomﬁrlsidg% transistor; and

subsequently whilst the fjrst teri remains sol yble i heflrst
solvent, forning a 988%#!‘9 %yﬁ"ﬁeft%gom%@%ﬂaﬁ%ﬁ? %Pé‘ﬁé‘iqupﬂﬁacﬂy%tr t he
first rrat eri al ala;&s@@ﬁﬂ@t@ts@td;r@bnd g@dgealgémtyl onin a second solvent in
which the first material i s substantially insol uble. A net hod as

claimed in claim1, ¥6fpiiheifiRy rgtenal femaise soluble Hfthevf,ﬁ?q salvanhdormnyjag gnd

mat erial remains saebmbligydrnoft iR #ARSSEr 1) M@MSI’[II‘TQO'E)%P%@‘ firdt flteribpger of
the transistor by depositing over the second material a third nmaterial

from solution in SQC@W raatga@ly Bl salulign dm a W@C@@ttﬁﬁ’h/eﬁﬁt'@rwfaph itge first

substantial |y i nspidBi8s s%st%t@&ﬁ%@luﬁ% claimed in claiml or 2, wherein
one of the first and second vents Is a polar solvent and the ot her of

the first and second saolvents is,
2. A method as claimed in claim 1, comprising the further step of, whilst the

second material remains soluble in the second solvent, forming a third
layer of the transistor by depositing over the second material a third
material from solution in a third solvent in which the second material is

substantially insoluble.

3. A method as claimed in claim 1 or 2, wherein one of the first and second
solvents is a polar solvent and the other of the first and second solvents is

a non-polar solvent.

4, A method as in claims 1 to 3, wherein one of the first or second materials
is a semiconductive material, and the other of the first or second materials

is a dielectric material.

5. A method as in claim 2, wherein the second material is a dielectric
material, one of the first and third materials is a semiconductive material

and the other of the first or third materials is a conductive material.

6. A method as claimed in any of claims 1 to 5, wherein one of the first and
second layers is a non-polar polymer layer that is soluble in a non-polar
solvent and the other of the first and second layers is a polar polymer layer

that is soluble in a polar solvent.



a non-pol ar solvent. 4. A nethod as in clains 1 to 3, wherein one of the
first or second materials 1s a sem conductive material, and the other of
the firstweroimeegnd materials is a dielectric material. ericB®ioded as in
claim2, wherein the second material is a dielectric material, one of the
first and third materials is a sem condyctive material and the other of
the first or third materials is a conductive material. 6. A nethod as
claimed in any of clains 1 to 5 wherein one of the first and second

| ayers is a non-polar polyner |ayer that is soluble in a non-polar solvent
and the other of the first and second | ayers is a polar polyner |ayer that
is soluble in a polar solvent. WO 01/47043 PCT/ GBOO' 04934 51 7. A nethod
as clained 7n cl & medodwreeleimed eclpim 6r wheredm teainigraetion paremeterh dor

I I 8. A hod
Cl i a1 n"ol 3 mls apog: Bt fer SRl e Bl Sah IS Iatbe™aft. The non- pol ar

polymer and the polar solvent is larger than 10. 9. A nmethod as clained in

clai m 6, whérei nA methogh 25 gletimeshimpelpiairét whein die interactipsnpgysmatergoifgimer and
t he pol ar sol ven kAed in claimé,
V\,hergl n the int etrtr:aéc??r{oﬁélggé %’Et er&%h?i)%laréﬂlg%ﬂ?%r@ér éﬁépeand t he

non-pol ar solvent is larger than 5. 11. A nethod as clained in claim6,
wher ei n t he9i nt efaethiad puflgifeecin gainpp. whaein Hleaintgartareparametar e for

non-pol ar sol veniyd god- Bélgﬁﬁolmépaﬁoothféo%lar%o%ﬁﬁ @ar@ér tﬁéﬁ'ﬁecj in claim®,

wherein the interactioh paraheter t he po ynmer and the
non- pol ar solvent is Iarger than 15. 13. A net hod as clainmed in claim3 as

dependant o0cl afninethaghas elaineshin gaim Bhwheein e Hieracton paragielasf fon s a
pol ar sol vent angd hGaobdifhednd he noR R LoRBA: ik Mrer hghvents is a

non- pol ar sol vent.

11. A method as claimed in claim 6, wherein the interaction parameter D for

the polar polymer and the non-polar solvent is larger than 10.

12. A method as claimed in claim 6, Wherein";he interaction parameter D for

the polar polymer and the non-polar solvent is larger than 15.

13. A method as claimed in claim 3 as dependant on claim 2, wherein one of
the second and third solvents is a polar solvent and the other of the
second and third solvents is a non-polar solvent.

14. A method as claimed in claim 2, wherein the second solvent is a
moderately polar solvent containing é polar and a non-polar group and one
of the first and third solvents is a highly polar solvent containing only polar
groups. '

15. A method as claimed in claim 14, wherein the second polymer layer is a
moderately polar polymer layer soluble in a moderately polar solvent, and
one of the first or third polymer layers is a non-polar polymer layer, and the

other of the first or third polymer layers is polar polymer layer.

16. A method as claimed in claim 14 wherein the interaction parameter D for

the non-polar polymer and the moderately polar solvent is larger than 5.



14. A method as clained in claim2, wherein the second solvent is a
noder at el y pol ar solvent containing a polar and a non-polar group and one

of the fiwstoranehst hird solvents is a highly polar sol vent gganggionussd only
polar groups. 15. A nethod as clainmed in claim214, wherein the second
polymer layer is a noderately polar pgbyner |ayer soluble in a noderately
pol ar solvent, and one of the first or third polynmer layers is a non-pol ar
pol ymer layer, and the other of the first or third polyner |ayers is polar
pol ynmer layer. 16. A nethod as clainmed in claim214 wherein the interaction
paranmeter D for the non-polar polynmer and the noderately polar solvent is
| arger than 5. WD 01/47043 PCT/ GBOO,04934 52 17. A nethod as clained in

cl ai m 14 whbf-ei nAtRethPA @8y drifnedrin sk whersing Bie intergetiop Rapneler fofyner and

the noderately p@k&#HonSRliaS¥iynhér én@rtﬁ@hoﬁﬁﬁd?el}?olar s8verd igRIrgdhaP1@! ai med in
claim 14 wherein the interaction paraneter D for the non-polar polyner and

the noderately polar solvent is |arger than 15. 19. A nethod as clainmed in
clai m 14 wh-ei nAtRethed as: drimesrin Saimnit whersin Bie injeractiop Rarameiey eforand t he

noder at el y pol ar thxHonestlar polyriérMd thé‘%d@rat@?ﬁoﬁ\r BBV &Rds Regd!tRa®sl in claim
14 wherein the interaction paraneter D for e polar polyner and the

noderately polar solyent is larger thapn 10. 21, A pethod as clained in

cl ai m 14 whet-ei nAt'Rgt Pataér%{%‘megdnﬁ%ﬁ‘@n& wgqulrf the 'n{g‘a}%&ﬁalpﬂa'ﬂﬁq‘a_{/%g’rand t he
noder at el y pol ar tiaolfHolynfer M0a8E nicdaritd! pold? soferits Reskragarcs.ai ned in any
of clainms 14 to 21, wherein the noderately polar solvent is an al cohol .

23. A nethod as cl ai in_any of clai 4 to, 21, wherein the moderately
pol ar sol veﬁ i s_g‘dﬁeg‘égtaét g?‘ A 'nﬁ%ﬁ@t {%W}‘ﬁ?"b#ﬁ Wée&aﬁwncqaégrﬂgtzr rein

the first layer {ne gomrigdendrand the frodeeli@y pell ¥enéntas thrgdiehaermnd | ayer is
an isolation layer soluble in a

21. A method as claimed in claim 14 wherein the interaction parameter D for

the polar polymer and the moderately polar solvent is larger than 15.

22. A method as claimed in any of claims 14 to 21, wherein the moderately

polar solvent is an alcohol.

23. A method as claimed in any of claims 14 to 21, wherein the moderately

polar solvent is an acetate.

24. A method as claimed in claim 2, wherein the first layer is soluble in a hon-
polar solvent and the second layer is an isolation layer soluble in a

moderately polar solvent containing a hydrophilic and a hydrophobic

group.

25. A method as claimed in claim 24, wherein the third layer is soluble in a

polar solvent.

26. A method as claimed in claim 24, wherein the third layer is soluble in a

non-polar solvent

27. A method as claimed in any of claims 24 to 26, wherein the second layer is

an active layer of the transistor.



noderately polar solvent containing a hydrophilic and a hydrophobic group.
25. A method as clainmed in claim24, wherein the third layer is soluble in
a polar @@ Manbss 26. A nmethod as clained in claim?24, wheg@pdoaodshi rd

| ayer is soluble in a non-polar solvent 27. A nethod as clained in any of
clains 24 to 26, wherein the second laygr is an active layer of the
transistor. WD 01/47043 PCT/ GBOO 04934 53 28. A nethod as clained in any
preceding cl-aim wherein one of the first and second layers is a source
and/or drain electrode |ayer of the transistor and the other of the first
and second |l ayers is a sem conductor layer of the transistor. 29. A nethod
as clainmed in any of clains 1 to 27, wherein one of the first and second

| ayers is ®&eni Aomethod @s daiyed imany heecedmgsilaimo wherein tone afttieefirspnd t he

first and second Oécl%}éﬁ ] eﬂ'ss is séd?&géﬁ&/\%f]d aﬁ%’gle{:ﬁédet ﬁ?‘l éﬁﬁé'tr%]ﬁg \Etor gﬂd

met hod as cl ai met erein e sen conauctor

conprises a conjthgadtaer pbthermmt aBd .sebone ldyeds ma(ﬂemmtmﬂuctordamrmfZBeor 29,
wherein the sem gond ctor | ayer conprises a conjugated bl ock copolyner.
32. A method as CFE'HRY in claim28 or 29, wherein the seniconductor | ayer
conprises a block copolynmer conprising a first block of conjugated nononer
uni ts each 29.nkeA nhgthad ab ekairhed iwamyoefatiaints btm@s,, whwardinaoreeefdhel firdbbod k  of

nononer units, the bl opal havi I i ter
than 3. 06V or . Seonddarers g sFbo e DR o WFEEe0E o b vl &L, e
sem conduct or | aherfirstcmdpecstsiagenslioak irsufatbrylaysr orﬁdwhrams’lq.a first block
of conjugat ed

30. A method as claimed in claim 28 or 29, wherein the semiconductor layer

comprises a conjugated polymer.

31. A method as claimed in claim 28 or 29, wherein the semiconductor layer

comprises a conjugated block copolymer.

32. A method as claimed in claim 28 or 29, wherein the semiconductor layer
comprises a block copolymer comprising a first block of conjugated
monomer units each linked by at least two covalent bonds, and a second
block of monomer units, the block copolymer having an electron affinity
greater than 3.0eV or 3.5eV.

33. A method as claimed in claim 28 or 29, wherein the semiconductor layer
comprises a block copolymer comprising a first block of conjugated
monomer units each linked by at least two covalent bonds, and a second
block of monomer units, the block copolymer having an ionisation potential
in the range from 5.5eV to 4.9eV.

34. A method as claimed in claim 15 or 33, wherein the first block of monomer
units comprises one or more of the group comprising a fluorene derivative,
a phenylene derivative and an indenofluorene derivative and the second

block of monomer units comprises one or more of the group comprising a



nononer units each linked by at |east two coval ent bonds, and a second

bl ock of nmononer units, the block copol yner having an ionisation potenti al
in the rawgeoifsren 5. 5eV to 4.9eV. 34. A nethod as cl ai med par/GB@ioad3yd> or

33, wherein the first block of nmonomer wunits conprises one or nore of the
group conprising a fluorene derivative,z, a phenyl ene derivative and an

i ndenof | uorene derivative and the secon bl ock of nononer units conprises
one or nore of the group conprising a WO 01/ 47043 PCT/ GBOO 04934 54

t hi ophene derivative, a triarylamne derivative and a benzot hi adi azol e
derivative. 35. A nethod as clained in claim28 or 29, wherein the

sem conducting {idpnere deivB8ie ar tritRfamiBe. dérivativhoahdisa bearothiddiamolel ai m 28
or 29, wherein the sem conductor |ayer conprises a liquid-crystalline

conj ugat ed poly ?r!vag\fg. A method as clained in claim36, conprising the
step of heating the liquid- crystalline polymer into its liquid crystalline
phase. 38. 26.net Aomhedimdc hai elaichedninc klairm 36 oor23 Awhereimp thes sagidohdudtingp of
aligning the | Irrg‘gl d-cry | 1] polymer uniaxially. 39. A nmethod as
claimed in clai nPEEMCR T t'NE st ep of aligning the liquid- crystal

pol ymer conprises depositing the liquid-crystalline polymer on to a |ayer
havi ng an aBé.gned metheddsaclaistaduiot clain 28 or R9nwhboih v séraicordlator layeri m 39,

conprising the step of alignin e molecular structure of the said | ayer
by nechanical ly F?[ﬁgﬁ'ﬁ?j5{#Lfg"‘#'gs'gﬁtﬁn'nﬁanJ,L{QFr%PyP(?WS”é%"- clainmed in claim 39,

conprising the step of aligning the nolecular structure of the said | ayer
by optical | §7t r eAtmethod lae daiyed in diaim A6 nearhprikitgsthel seémefthaéating tiye lifuid ai s

20 L0 28, el i SSNRTHG T Wil fRidcel Y 7 ansparent i i a

38. A method as claimed in claim 36 or 37, comprising the step of aligning the
liquid-crystalline polymer uniaxially.

39. A method as claimed in claim 38, wherein the step of aligning the liquid-
crystal polymer comprises depositing the liquid-crystalline polymer on to a

layer having an aligned molecular structure

40. A method as claimed in claim 39, comprising the step of aligning the

molecular structure of the said layer by mechanicaily rubbing the layer.

41. A method as claimed in claim 39, comprising the step of aligning the
molecular structure of the said layer by optically treating the layer.

42, A method as claimed in any of claims 28 to 24, wherein the semiconductor
layer is optically transparent with a band gap larger than 2.3eV, preferably
larger than 2.5eV

43. A method as clamed in any of claims 28 to 42, wherein the semiconductor

layer has an ionisation potential larger than 4.9eV.

44. A method as clamed in any of claims 28 o 42, wherein the semiconductor
layer has an ionisation potential larger than 5.1eV.



| arger than 2.5eV 43. A nethod as claned in any of clains 28 to 42, wherein
the sem conductor |ayer has an ionisation potential |arger than 4.9eV. 44,
A nmethod w® @lamed in any of clainms 28 to 42, wherein the gamgg@udest or

| ayer has an ionisation potential larger than 5.1 eV. WO 01/47043

PCT/ GBOO/ 04934 55 45. A nmethod as clangg in any of clainms 28 to 42,
wherein the sem conductor |ayer has an electron affinity |larger than
3.0eV. 46. A nethod as clanmed in any of claifns 28 to 42, wherein the

sem conductor |ayer has an electron affinity larger than 3.5eV. 47. A
method as clainmed in any of clains 1 to 13, wherein one of the first and
second layers is an insulator |ayer of the transistor and the other of the

first and 42cond maipedssdamed it anepldaimsds ﬂoaf’;?er‘m‘@fe"t‘mﬁﬁeﬂalﬁgﬂ@{céﬁr 48. A
et hod as cl a! ”e%rY'ePhQé"%(n Qifecﬁ‘{)ﬁbﬁqlﬁltﬂatrﬁ]tﬁan Q\F/EI n one of the first and

third layers is I nsulator layer © e transistor, the other of the
first and third layers is a gate electrode |ayer of the transistor, and

the second #@yer A msthad assdpraed dhanwugkslaigrs 260 44 aheree e sen9icopdyaithod as
cl ai rred | n claim rhé{\é‘gﬁ %le@tr&ﬁﬁfﬂnﬁ?ia"f‘%ﬂﬁar{ gyey is a diffusion barrier

| ayer. Arret | ar med |nc wherein the diffusion barrier
| ayer corrprl ses a non- oI ar ynmer. 51. A nethod as_ clained in cl al m 49,
wherein thed@iff &mgwosaaml@quap@m of 6laiPs 4de 13, WherebPRe otlsjfitand

pol ymer. 52. A W%E&%I lé?er%'n@éﬁ%ula%ﬂéfér@fﬂ’%tré@ﬂf%%‘%&'d?\dtthé omefrbpmeqmstbarrl er

| ayer conprises | uorene derivative . met hod as clainmed in
claim52, wherei randrso@ccpnﬂ ayergds @ gatedestiageilgyer ok thefmansisgry or TFB.

48. A method as claimed in any of claims 2 to 13, wherein one of the first and
third layers is an insulator layer of the transistor, the other of the first and
third layers is a gate electrode layer of the transistor, and the second layer

is an isolation layer of the transistor.

49. A method as claimed in claim 48, wherein the isolation layer is a diffusion

barrier layer.

50. A method as claimed in claim 49, wherein the diffusion barrier layer

comprises a non-polar polymer.

51. A method as claimed in claim 49, wherein the diffusion barrier layer

comprises a non-polar conjugated polymer.

52. A method as claimed in claim 49, wherein the diffusion barrier layer

comprises a polyfluorene derivative.

53. A method as claimed in claim 52, wherein the polyfluorene derivative is
F8, F8T2 or TFB.

54. A method as claimed in any of claims 48 to 53, wherein the isolation layer
is a surface modification layer.



54. A nethod as clainmed in any of clains 48 to 53, wherein the isolation
|l ayer 1is a surface nodification |ayer. WO 01/47043 PCT/ GBOO 04934 56 55.

A et hod w9 @labgzed i n any preceding claim conprising thediepoatioss

nodi fying the surface of the first layer prior to depositing the second
layer. 56. A nethod as clainmed in claigg 55, wherein the surface

nodi fication of the first layer is such as to provide a contact angle of

| ess than 100 for deposition of the second naterial onto the first |ayer.
57. A nethod as clained in claimb55, wherein the surface nodification of
the first- layer is such as to provide a contact angle of less than 80 for
deposition of the second material onto the first layer. 58. A nethod as-
cl ai med i n 8%.ai mAsBiethdeeasi elaitted iuahwqueeasing iclaimi eampfisingiethef stegtof| ayer

the- Second mat or (P ERg SRPRLRED Y BCpvergitr [fERaRllnd Be ofBREREL "0y of

claims 55 to 58, wherein the step of nodifying the surface of the first
| ayer conpr$&es Arrsathiod st elaimegdr inpiaimo$d, twherein;the surfageemodiigation efethRod as
clairnmed in any of c¢lains 55 t0 in S 0 i fying the
surface of the f%'?Sgtlg\feg;%réj@hn%gﬁcsé)\gggépc?sF{)'ﬁ%%t éﬁ@%r({falgggq%%i@gi ?103‘

mat erial on to tHdepauitidnasfehe@beddnd rhatesal dniythie.firélayeA nmet hod as clained in
claim 60, wherein the surface nodifying naterial is deposited from

solution in node nY ar sol t | & ned | ny
precedi ng c?g‘i m ﬂmﬁgfrhépnaﬁoﬁé'%dr@tc\{?q@ysesr’%eréagﬁ%gﬁﬂ%gesE)n?\)dﬁ fcc):gg&shﬁtg rate,
and the nmethod cearspriagesisheaihi g tbherovislebatdomtart prigle of deste fiesi B80oforof t he

second or third layer. 63. A nethod as clai _i,n any preceding claim
wherein at | east 98PRSIAN qfiipe sqqqr@trpatgg@&rﬁ) g\%&"ﬁﬂ?ﬁ' | ayers is formed by
ink jet printing.

58. A method as claimed in claim 55, wherein the surface madification of the

first layer is such as to provide a contact angle of less than 60" for

deposition of the second material onto the first layer.

59. A method as claimed in any of claims 55 to 58, wherein the step of
modifying the surface of the first layer comprises treating the surface of the

first layer.

60. A method as claimed in any of claims 55 to 58, wherein the step of
modifying the surface of the first layer comprises depositing a surface

modifying material on to the surface of the first layer.

61. A method as claimed in claim 60, wherein the surface modifying material is

deposited from solution in a moderately polar solvent.

62. A method as claimed in any preceding claim, wherein the first layer is
deposited on to a substrate, and the method comprises heating the

substrate prior to deposition of the second or third layer.

63. A method as claimed in any preceding claim, wherein at least one of the
first, second and third layers is formed by ink-jet printing.



WO 01/ 47043 PCT/ GBOO 04934 57 64. A nethod as clainmed in claim®63, wherein
at |l east one of the source, drain or gate electrode of the transistor is

formed bywioW47eiz printing. 65. A nethod as clained in anypdres@aussd cl ai m
wherein the transistor has a source, drain or gate electrode fornmed of a

conducting polyner. 66. A nethod as clayned in claim65, wherein the said
el ectrode is formed of an optically transparent conducting polyner. 67. A
met hod as clainmed in claim65 or 66, wherein the conducting pol yner
contains a polyneric counterion dopant. 68. A nethod as clainmed in any .
preceding claim wherein the material of one of the first and second

| ayers is PEDOT/PSS. 69. A nethod as clained in any preceding claim

wher ei n t heéb4 r andimatbed paslained imeaimbarwheigiarat feasihete of the smirce digingat ed
or partially co 'rlggaqqé : GLal in claim®69,
wherein the insu I nggﬁgﬁé/%regﬁhggr?tzglﬂr?ﬁ\'sgg{rﬁ&ﬂ?/grﬁlgg%ﬁrmcﬁqghd hydr ophobi ¢
groups and is soluble in a noderately polar solvent. 71. A nethod as

clai med in @y pheeibpthgsdaimay invaey eraseding driewhgreintheptiansisier hafkeaf i r st
and second | ayer gy irsSe R i SYR .ﬁ}ﬁ{'p Ly st active | ayer
that is soluble ?Qoﬁjrge’fdlyggtor§3ﬁe'\?éé%@a§rf1%dsecondnldglét| e@ﬁ]a%llrér adj acent the
first layer and soluble in a second, solvent in which the first material is
subst ant i al86 i nddnefbpe as cirimadtin glaim S5 whaeei the srid elastrepaiisformed of
conprising a thi i i second active |ayer and
soluble in a thi ér'ﬁ@%%ﬁ?@rﬁ%‘?@h%@bgg oné' material is substantially

i nsol uble. WD 01/ 47043 PCT/ GBOO' 04934 5 ) )
67. A method as claimed in claim 65 or 66, wherein the conducting polymer

contains a polymeric counterion dopant.

68. A method as claimed in any precéding claim, wherein the material of one
of the first and second layers is PEDOT/PSS.

69. A method as claimed in any preceding claim, wherein the transistor has an

insulator layer formed of a non-conjugated or partially conjugated polymer.

70. A method as claimed in claim 69, wherein the insulating polymer contains
both hydrophilic and hydrophobic groups and is soluble in a moderately

polar solvent.

71. A method as claimed in any preceding claim, wherein the material of one

of the first and second layers is PVP.

72. A transistor comprising:
a first active layer that is soluble in a first solvent; and
a second active layer adjacent the first layer and soluble in a second

solvent in which the first material is substantially insoluble.

73. A transistor as claimed in claim 72, comprising a third active layer adjacent
the second active layer and soluble in a third solvent in which the second

material is substantially insoluble.



74. A transistor as clainmed in claim72 or 73, wherein one of the first and
second | ayers conprises a polar polyner that is soluble in a polar solvent,
and t he oiwar/49é43t he first and second | ayers is a non-pol gctagsimasz4sol ubl e
in a non-polar solvent. 75. Atransistor as clained in claim74 as
dependant on claim 73, wherein one of &he second and third |ayers
conprises a polar polyner soluble in a polar solvent and the other of the
second and third layers is a non-polar polyner soluble in a non-polar
solvent. 76. A transistor as clainmed in claim74 as dependant on claim 73,
wherein one of the solvents is an alcohol. 77. Atransistor as clained in
any of clainms 72 to 76, wherein one of the first and second |ayers is a

sour ce and/ &f- dr & Haesigler esddaimagein ¢ain e arr Ghswiergin oae @f ithe fisstand of t he
first and second @dﬁﬂ &S 4] %lfg;t 1 Of it j 78. A
transi stor as cl glérre ?% ancslj I%fgi ns ‘})%ytrﬁoé?'%@é,t lé)\;\/r?giru(tg{%nlnoam;}g'%':c §élﬁ%m‘fi rst
and second | ayer @nd $hexotheriot thedfiret and seppard layfers Isea noanpslas polymengolubke ot her
of the first and; I is an insulator layer of the transistor. 79.
A transistor as (':rlsglﬁr%@ o!aﬁ%gqilgpfm 77 or 78, wherein the material of which

the sem conductor layer is forned is a polyfluorene derivative. 80. A
met hod as clai ned tfransigtgr & claimgdis ciamt 7 gdepeindaet on claien Z3nvicersithuarteor

preteranty. | or g8 T ahoge R nlth @ BRASECA copk BErid Wbl e poter .

to 79, wherein tselvepharsbiinguatherof theagecondamdahird yessas isommppdlanpdlyhet ar ger

than 4.9eV. WO O%Aﬂz%ﬁﬁﬁpﬁé@%"%%%él 59 82. A nethod as claned in any of

claims 77 to 79, erel eni conductor |ayer has an ionisation
potential larger than 5.1 eV.
76. A transistor as claimed in claim 74 as dependant on claim 73, wherein one

of the solvents is an alcohol.

77. A transistor as claimed in any of claims 72 to 76, wherein one of the first
and second layers is a source and/or drain electrode layer of the transistor
and the other of the first and second layers is a semiconductor layer of the

fransistor.

78. A transistor as claimed in any of claims 72 to 76, wherein one of the first
and second layers is a semiconductor layer of the transistor and the other

of the first and second layers is an insulator layer of the transistor.

79. A transistor as claimed in claim 77 or 78, wherein the material of which the

semiconductor layer is formed is a polyfluorene derivative.

80. A method as claimed in any of claims 77 to 79, wherein the semiconductor
layer is optically transparent with a band gap larger than 2.3eV, preferably
larger than 2.5eV.

81. A method as clamed in any of claims 77 to 79, wherein the semiconductor

layer has an ionisation potential larger than 4.9eV.



83. A nethod as clainmed in any of clains 77 to 79, wherein the
sem conduct or |ayer conprises a block copolynmer conprising a first block

of conj ugatgad/47emnoner units each |inked by at | east two geviadsuossmands,
and a second block of nmononer units, the block copol yner having an
electron affinity greater than 3.0eV ofg 3.5eV. 84. A nethod as clained in
any of clains 77 to 79, wherein the sem conductor |ayer conprises a block
copol ymer conprising a first block of conjugated nononer units each |inked
by at |east two coval ent bonds, and a second block of nonomer units, the
bl ock copol ymer having an ionisation potential 1in the range fromb5.5eV to
4.9eV. 85. A nethod as clained in claim66 or 67, wherein the first bl ock
of nonomer 82ini t & elhpdiasclarpad inanwedaigs ihie 1§ dihsreipths samiggndudiQruor ene

derivative, a p%@g%&ggn Aeidavah %)Xfenﬁ‘é]q'argé‘r #BAenhJ) uorene derivative and

the second bloc nononer units conprirses one or nore of the group
conprising a thiophene derivative, a triarylam ne derivative and a

benzot hi adi 80l eA raethiodaasialaimeddn apy akelpvw G5l hivharin the semisPndciother ei n
the polyfluorene gdef Lyabhyss hSlodk FBmBiding lifsR BRIk @ cofighledmed 1 n
any of clains 77'3&? g% E)v]\l'%er ei no_t ﬁ‘:'lezj%o er% coF\nollﬁchr Ila er has C:St)nﬁjlgoni sation
pot enti al | ar ger mdnames WDEY eaglg linked by At legsioiwosepvielenirbands aadya s¢catdai ms 77

to 86, wherein t i I [ QY i tiegli ) @r ger
than 5. 1 ev. v JoP4 FEISREAChRly R SR eRlmieR eple, 2 el il 2497
any of clainms 72gteatéighanBdeyior ow/.of the first and second layers is an
i nsul ator | ayer of the transistor and the other of the first and second

layers is aggate iR SPP ST wheddn the bERRBhAISr as
clainmed in g%‘y oﬁ%?@%ﬁs%%élﬁ%%f%%mﬂggﬂ one o% "%”he Pi rst
layer comprises a block copolymer comprising a first block of conjugated
monomer units each linked by at least two covalent bonds, and a second
block of monomer units, the block copolymer having an ionisation potential

in the range from 5.5eV to 4.9¢eV.

85. A method as claimed in claim 66 or 67, wherein the first block of monomer
units comprises one or more of the group comprising a fluorene derivative,
a phenylene derivative and an indenofiuorene derivative and the second
block of monomer units comprises one or more of the group comprising a
thiophene derivative, a triarylamine derivative and a benzothiadiazole

derivative.

86.' A method as claimed in claim 79, wherein the polyfluorene derivative is
F8T2 or TFB.

87. A transistor as clamed in any of claims 77 to 86, wherein the

semiconductor layer has an ionisation potential larger than 4.9eV.

88. A ftransistor as clamed in any of claims 77 to 86, wherein the

semiconductor layer has an ionisation potential larger than 5.1eV.



and third layers is an insulator |layer of the transistor, the other of the
first and third layers is a gate el ectrode | ayer of the transistor, and
the seconglo diayes i s an isolation |ayer of the transistor.pcdlgBid/ousansi stor
as claimed in claim90, wherein the isolation layer is a diffusion barrier
layer. 92. A transistor as clainmed in ghaim91l, wherein the diffusion
barrier layer conprises a polyfluorene derivative. 93. A transistor as
claimed in claim92, wherein the polyfluorene derivative is F8T2 or TFB.
94. A transistor as claimed in any of clains 90 to 93, wherein the
isolation layer is a surface nodification layer. 95. A transistor as
claimed in any of clains 72 to 94, wherein the first or second |ayer is
formed by &k | eh tranisistarmas. claigedAntanamiicktis /stoclGaiwhetein onargf the fiestai ms 73
to 94, wherein t r i i B0t 7

transi stor as cl %fd E%Hn% Ilagé(r% of ¢ s mg&é{éﬁ%f% OE@*,% %Ar/ﬁ%srlgﬁghgh!rj\gﬂ%fjﬂ}eﬁe&fi rst,
second and t hi rdthbdyﬁrandlsecan(tkauenses b gt eleftradedayer afi iestransistamot her of t he
first, second and third layers is a drain |ayer of the transistor, and the

other  of téba fié\sc{ans’r%?&oé’édcléﬂ%dt F'efnﬁedé%}’a%g f7' 303763%%& f}yd?%Sé?ft V\%tﬁﬁst

transi stor. ransistor as c In erein the
mat eri al of one aid thing ldyersis annds@aioolaget afytbedransisREDOE ¢33 ofwe (itst47043

PCT/ G800 04934 S Mg AV B bIoRTod RLIES: 48 ARYRY Sl HIPedBnk 0 °°,

wherein the materia one nd-second l"ayer 00. A
transi stor as cllayerd anris@aliondbyerlchihestrafistar. 99, wherein the transistor is
optically transparent. 101. A transistor as clainmed in any of clains 72 to

100, vvhereiéy_t heAt frgﬁkﬁétaF Us l:lsalimed in claim 90, wherein the isolation layer is a

diffusion barrier layer.

92. A ftransistor as claimed in claim 91, wherein the diffusion barrier layer

comprises a polyfluorene derivative.

93. A ftransistor as claimed in claim 92, wherein the polyfluorene derivative is
F8T2 or TFB.

94. A transistor as claimed in any of claims 90 to 93, wherein the isolation

layer is a surface modification layer.

95. A fransistor as claimed in any of claims 72 to 94, wherein the first or

second layer is formed by ink-jet printing.

96. A transistor as claimed in any of claims 73 to 94, wherein the third layer is
formed by ink-jet printing.

97. A transistor as claimed in any of claims 73 to 96, wherein one of the first,
second and third layers is a source layer of the transistor, another of the
first, second and third layers is a drain layer of the transistor, and the other

of the first, second and third layers is a gate layer of the transistor.

98. A transistor as claimed in of claims 72 to 95, wherein the material of one of
the first and second layers is PEDOT/PSS.



athinfilmtransistor. 102. Alogic circuit, display or nenory device
conprising a transistor as clained in any of clains 72 to 101. 103. A

| ogi ¢ ci reww d/e76li3spl ay or nenory device conprising an act ipeg/@gdorogdssar r ay
of a plurality of transistors as clainmed in any of clainms 72 to 101. 104. A
di splay conprising a plurality of displ@y el enents, at |east one of the

di splay el enents being switched by an optically transparent thin film
transistor. 105. A display as clainmed in claim 104, wherein the said
transistor is located behind the display elenent. 106. A display as
claimed in claim2105, wherein the display el enent ‘conprises an optically
active region switchable by the transistor and the transistor is

el ectri cal | 99.couplteansistort arecleimddcial any efcilaine T2tp 96 Wherawathe oategalnefuct i ve

mat eri al | ocat edoﬁé‘o@th\éifﬁ’st@%%eﬁé’ﬁdﬁgerts% pyph at |east one layer of the

transi stor.

100. A transistor as claimed in any of claims 72 to 99, wherein the transistor is
optically transparent.

101. A transistor as claimed in any of claims 72 to 100, wherein the transistor is
a thin film transistor.

102. A logic circuit, display or memory device comprising a transistor as
claimed in any of claims 72 to 101.

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

of a plurality of transistors as claimed in any of claims 72 to 101.

104. A display comprising a plurality of display elements, at least one of the
display elements being switiched by an optically transparent thin film
transistor.

105. A display as claimed in claim 104, wherein the said transistor is located
behind the display element.

106. A display as claimed in claim 105, wherein the display element comprises
an optically active region switchable by the transistor and the transistor is
electrically coupled to the optically active region by means of conductive
material located in a via hole formed through at least one layer of the
transistor.



