WD 01/ 46987 PCT/ GBOO 04938 | NKIJET- FABRI CATED | NTEGRATED CI RCUI TS Thi s
invention relates to integrated circuits fabricated by ink-jet techniques.
Sem conduw mgregsonj ugat ed pol yner thin-filmtransistors (PHET)BhaNESS
recently becone of interest for applications in cheap, logic circuits
integrated on plastic substrates (C. Drury, et al., APL 73, 108 (1998))
and optoel ectronic integrated devices and pixel transistor switches in

hi gh-resol ution active-matrix displays (H Sirringhaus, et al., Science
280, 1741 (1998), A. Dodabal apur, et al. Appl. Phys. Lett. 73, 142
(1998)). In test device conflgur ations with a polynmer sem conductor and

i nor gani ¢ rKIETFABRIGNEED INYEGRATER €IREWMSc | ayers hi gh- 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 perfhis nmanf@rufelaéemtqdh@gsatgd Cirasiin fatFiTetedpy lsHetutwg*rmes et al.
Advances in Solid State Physics 39, 101 (1999)). Thin, device-quali ty
films of conjugated polynmer sem conductors can be f or med by coating a
sol ution ofsemisomhlo]ingrcdnmgahed)n@am'ner thol-filentraosistors (@F3eb bavaatreceriiye

t echnol o | |
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i nt erconne0$|&;r@hap§l%1@m,B@ténf;é@sosmmm (1908), FQ Da@aba}aﬁw ef &l AD:nyFPays TFT
"ot eor ty  dhettni i 142, k185ar tacBsh 48Vid8 parABUSBPER i SRAELPE FEICHR ElB s equent
sem conductdrtbinotdzmid ﬂktd?%leoﬁﬁdé@bn@@@@@’ble&ﬂld Ié&’&é%léﬂlﬁerﬁrﬁﬁhb&'ms' ayers
shoul d not be dissolved, or swelled the sol vent used for the d§?08| tion

of the subBR§RaSN qeéwsgat%hﬁrgggcqg@%rdpgblptfesw Pehi GV shars POFSEEd into
the WO 01/ 489&ht RehibSRF10%9F8 have been reached, which is comparable to the

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

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

conducting electrodes and interconnects are deposited from solution.

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

have to be overcome:

- Integrity of multilayer structure: During solution deposition of subsequent
semiconducting, insulating . and/or conducting layers the underlying layers
should not be dissolved, or swelled by the solvent used for the deposition of

the subsequent layers. Swelling occurs if solvent is incorporated into the



underlying layer which usually results in a degradation of the properties

of the layer. - H gh-resolution patterning of electrodes: The conducting
| ayers neq@ d1aei® patterned to form well-defined intercompgetgooaasssTFT
channels with channel Ilengths L 510ym - To fabricate TFT circuits

vertical interconnect areas (via holes)oneed to be forned to electrically
connect electrodes in different |ayers of the device. In WD 99/10939 A2 a
met hod to fabricate an all-polyner TFT is denonstrated that relies on the
conversion of the solution-processed |layers of the device into an

insoluble formprior to the deposition of subsequent |ayers of the device.
This over comegdarlyingdeygs wiieh gsually yseilistin endegiadaling| ofithe) popertiasedfll the ng

| ayers. Howe it severely limts the choice of sem conducting
materials, that ¢an be wused, to the small and in several respects

undesi rabl e cHigisresblufiore patisming pblelechodes: Flite lsenduwtisg layers sidednto hg of the
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mechani cal pumgthsg_anepmsed (WD 99/10939 Al). According to aspects of the
present invention ther

rovi ded eV|ce and out in
t he accorrpanyl_rﬁgfap'rr’l‘i?é‘bgrrﬁeﬁ cuits yetca F“Ft@fcé’?‘Pé‘a Jreas oy '@g‘oqéﬁ%e” ?Oob? in the
dependant cl afdmed/t—@@fébmcaw écs?mectfélé&ﬁoo%gmeewe@fnt [yersiirese Bévitdvent i on
there is provided a method for formng an integrated circuit including at

| east two interconnected electronic swtching devices, the nethod
conpri si ng |Hop® @@/1@93@@@85 Ré&thbd 3 féﬂi\’i‘ca?é %ﬁtéll%HlﬁnerST\FT GoidBthonsiyae8s by

i nk jet printin According to a second aspect present invention
there is pribei eligs an ke eperversion ofrkbﬁrﬁoh@oawr@cr%é@d hwgré dithe device 8ipansi ng
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resi stors, aowpeaneoribe giobtkms ofi digsalptien eanshtawellinge ofretmdsilyingnayess. ng
formng at 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 a first aspect of the present invention there is provided a method for
forming an integrated circuit including at least two interconnected electronic
switching devices, the method comprising forming at least part of the electronic
switching devices by ink-jet printing.

According to a second aspect of the present invention there is provided a method
for forming an integrated circuit comprising electronic switching devices and one

or more of the following elements: interconnects, via-hole interconnections,



| east part of the switching elements and at | east one of the other elenents
by ink- jet printing. According to a third aspect of the present invention

there is wigoMisdeyd a nethod for formng an integrated cir @dce@muReIssi Nng

el ectronic switching devices interconnected by via-hole interconnections;
the method conprising formng the via-fole connections by ink jet

printing. The step of ink-jet printing may conprise ink-jet printing

el ectrically conductive nmaterial. Such conductive nmaterial preferably
forms el ectrodes of the devices. The step of ink jet printing nay conprise
ink jet printing sem conductive material. Such sem conductive material may
f or m act i veresistass,scapaciidre, dintles; [ispiaydelemests, themmethasindarapriting fovwingeater i al
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sem conductive ymer ~conpri g a fi
bl ock of cojef mirgingd nmonomer units each |inked by at | east two covalent
bonds, and a second bl ock of nonomer units, the bl ock copol ynmer having an

el ectron af terial
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conpri se onﬁambldnvrmecmﬁnstﬁyénlgrabppnﬁrmprl sing a fluorene derivati ve, a
phenyl ene derivative and an indenofluorene derivative and the second bl ock

of nononer f. i ophene
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material nmay conprise a liquid-crystalline conj ugated polyner. The step of
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as to di ssoBueh Sémmommmtlae mayenal may form active Iayers of the switching devices.

The semiconductive material is a conjugated polymer, preferably a conjugated
block copolymer. The semiconductive material may comprise a biock 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
material 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 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 semiconductive material may be F8T2 or
TFB.

The semiconductive material may comprise a liquid-crystalline conjugated
polymer. The step of ink-jet printing may comprise ink-jet printing a solvent on to



| ayers in the regions to | eave voids extending through the |ayers. The
method may then further conprise the step of depositing electrically
conducti v@o@isesgzal in the voids. The step of ink jet pripati@googysisabl y
conprises ink-jet printing a diffusive dopant on to |ocalised regions of
insulating |layers of the devices so as 40 nodify the insulating layers in
the regions and thereby forma channel of electrically conductive

mat eri al - extending through the |layers. The nethod may conprise the step of
depositing electrically conductive material by ink-jet printing between
the devices so as to electrically interconnect the devices. The nethod may
conpri se t Hecalisep regionfepioasulating layeref iheadle\jcas i asio digsana Bpiingulating i nk
Jet printingyhetinegs rédvgnéifowegeé vBRIsAS b R FEbGYIE Hel laybi30! AR hbffoev! ces.
The devices hay prefera be transistors. ep of "ink-jet printing is
sui tably pemamthﬁé\duayermmlsgftheﬁtaprm depositing alestricalhagandyctive matesal ione
printing h rabl e under conputer control to deposit material in a

sel ected | ocation on the substrate. The step of ink-jet printing suitably

i ncludes the steps of detecting optical contrast one the substrate, and
per f or m ng Preslepif ifciohpintingtruiipbly sbmphises ottiebprinting axditiesive depamit oact t he
printing hegad, t e r ep of
formng a gtl%s&léggﬁlgl g gf/eﬁém%t{npela g oﬁﬁ%]&fé[v[%¥t§§%| ’csqtsgr}idhf& ‘Iﬁh an
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Accor di ng téon%ﬂ?tﬁ\}r%trﬁé{ré?gfsée ”?#9] ﬂ‘leqh resaé/ ‘invention there is provided a
met hod for defining an eI ectronic circuit froman el ectronic device array
conpri si ng Bhe meikad mey comprige pherstap ofydepositing redecitieally donduative neafetiale
substrate, 693? #ﬂ% ﬁm'uﬁ Hetw 'tﬁ'e% o%R/ de§ a4 %”F‘o 'eiétcﬁfc%ijpé'?ﬁ‘égdoﬂﬂe&' fagt r ode
for allowing in nnetlon the IFansi stors conpri si ng
defining a cﬂmﬂct&srn of i nterconnecti on bet ween

The method may comprise the step of depositing electrically insulating material by

ink-jet printing between the devices so as to electrically isolate the devices.
The devices may preferably be transistors.

The step of ink-jet printing is suitably performed by means of an ink-jet printer
having at least one printing head operable under computer control to deposit

material in a selected location on the substrate.

The step of ink-jet printing suitably includes the steps of detecting optical contrast
one the substrate, and performing processing on the basis of the contrast in order

to direct the printing head under computer control.

The method may comprise the step of forming a display element over at least one
of the transistors with an electrode of the display element in electrical connection

with an electrode of one of the transistors.



at least two of the transistors by ink jet printing conductive material on
the substrate so as to provide a conductive path between two of the

i nt er conngel g1ageg7el ectrodes. One of the said two transi st gg/aBoooaesspart of
a pre-connected functional block of transistors on the substrate.
Preferably each of the transistors is fgrmed from polyner nateri al
Suitably the polyner material conprises a conductive or sem conductive

pol ymer. The substrate suitably includes one or nore passive circuit

el ements. Then the nmethod preferably includes the step of ink-jet-
printing conductive material on the substrate so as to provide a
conductive path between an interconnection electrode of one of the

transi stors and one of the passive circuit elenents . The substrate
preferably includes one or nore further active circuit elenents. The net hod
suitably conprises the step of formng a display el enent over at |east one
of the transistors wth an el ectrode of the display elenent in electrical
connect i on Afegidiag te pdethergesnset ehibe gresans invertien term i provided agpelppdi nk-j et
printing Mo BRRG! 8 BRELISHCTERR Romath Idicuoflc B6ViH Sfra) hilisird! | east
one printing head operabl e under conputer control to depoSit material in a
sel ect ed | odasiraie and ehelulitys of tigrsistow logated 38i7theGiybsarg, @agizdransisipe st ep
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contrast one the substrate, and performng processrng on e basis of the
contrast i nirasikers; the ohethrexit carhigrising defining b geatteumakeinterconmeckon bemernl to

achi eve goo i atd . it h t . ' | osited
pattorn. Trdt IR R%n Bk (BRGHIGREbYOIhclet BIRFEL chRuBet Riyel SRRl
and/ or i nsusudisiraiy soras do ipadvider acoodductive it baveenuserofdbé dderednoeadtioni t on
t he substrate l?% means of ink jet printing. The nmethod may conprise ink

jet printi n%}eg[ vent on to |localised regions of insulating |ayers of the

devices so as to dissolve the insulating layers in the
One of the said two transistors may be part of a pre-connected functional block of
transistors on the substrate. Preferably each of the transistors is formed from
polymer material  Suitably the polymer material comprises a conductive or

semiconductive polymer.

The substrate suitably includes one or more passive circuit elements. Then the
method preferably includes the step of ink-jet printing conductive material on the
substrate so as to provide a conductive path between an interconnection

electrode of one of the transistors and one of the passive circuit elements .
The substrate preferably includes one or more further active circuit elements.

The method suitably comprises the step of forming a display element over at least
one of the transistors with an electrode of the display element in electrical

connection with an electrode of one of the transistors.

The step of ink-jet printing may be performed by means of an ink-jet printer having
at least one printing head operable under computer control to deposit material in a

selected location on the substrate.



regions to | eave voids extending through the |ayers, and depositing
electrically conductive material in the voids. The substrate suitably

i ncl udes wosdiisgsdsur e bet ween el ect rodes of the transi stor $cth@Boogasssi ni ng
liquid deposited on the substrate in a pre-defined path between the

el ectrodes by neans of relative attractgon and/or repellence for the
liquid. According to a further aspect of the present invention there is
provi ded an electronic device forned by a nethod as set out above.
According to a further aspect of the present invention there is provided a
method for defining an electronic device froma substrate conprising an
array of first surface zones separated from each other by second surface
zones, the Hea Bi6a of ikcietiarintino: ttably dpcludesdbe isiaps pf sletacting @ptcadcontrastur al ity
of 1 ansi St sy bBfate SRS he@biy pERRRJ biftheadH BCE! Gtk if BRICL T ve

pol ymer material from sol ut I'ma sol vent is relatively attracted
by the firsto ditgct dee priotirg head undemecovpligr cppip| tpeachigver teod ergisitationr f ace

zones so asaéc%{%@&ﬁ@ %Q&e&% g ?@io&&ﬁosi?&ﬁ&ﬁ%% ed into regions

correspondi ng I'Tst zones, a orm ng subsequent functional
regions of the transistors so as to interconnect material in regions
corr espondi e trk-igbpaBientmay pstopesrite fers depasitiingoennsiusiiven asdiag insutatingsi st or .
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transistors on the substrate, the secon surface zones have a greater
repel | ence btetpristihigct ed sol vent than the first surface zones. The nethod
suitably conprises deposition of polyner transistors with channel | engths

defi ned by | : L:e0| A ey i i tions
and wi th usere Jena fapesbiee bRy & oy o A o e et
printing ofingdathgiayess whitee idevices 30s as doprlissdivee theninsutading deyersns tget ween
the transi i |.A- 0 i i : rs by

| ocal depo's%:gﬁngntegg ég%lv\g}@%?ég&%}@gowr?unﬁp thgg? lag?'irsh;é% ﬁgaé(}?)%!tﬁéu‘?g?tb%ﬁl ayers
i n the over tamucivwyneteriefintthevoids.er connect s

The substrate suitably includes a structure between electrodes of the transistors
for confining liquid deposited on the substrate in a pre-defined path between the

electrodes by means of relative attraction and/or repellence for the liquid.

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

electronic device formed by a method as set out above.

According to a further aspect of the present invention there is provided a method
for defining an electronic device from a substrate comprising an array of first
surface zones separated from each other by second surface zones, the method
including the step of defining electrodes of a plurality of transistors on the
substrate by depositing an electrically conductive polymer material from solution
in" a solvent that is relatively attracted by the first surface zones and relatively
repelled by the second surface zones so as to cause the material to be
segregated into regions corresponding to the first zones, and forming subsequent
functional regions of the transistors so as to interconnect material in regions

corresponding to adjacent first zones as electrodes of a single transistor.



According to a further aspect of the present invention there is provided a
method for defining an electronic device froman el ectronic device array

conpri si ngo1/4eeastrate and a plurality of transistors or gaancgijomaeds bl ocks
of transistors |located on the substrate, each transistor or functional

bl ock having at |east one interconnectjon electrode for allow ng

i nterconnection of the transistors; the nethod conprising defining a
pattern of interconnection between at |east two of the transistors by any
one or nore of the followi ng steps: ink jet printing conductive materi al
so as to provide a conductive path between two of interconnection

el ectrodes; opening a via-hole through an insulating |ayer of a transistor

by local depdgbly dhotster doldgling & Rwraliy frirangiipraannge| speiralgs thengecond

1 ansi Stor ;5@ Jdis] RlvePh! JHbhidd BBalleRed!! 1Bl oV Sal@ba doflent ndri1tnd GRtON.
between two transistors or unctional bl ocks. The present invention wll
now be descstirlaeelzbgesnay of exanple, with reference to the acconpanying
drawi ngs, in which: figure 1 shows different device configurations of

sol uti on prﬂ&‘eemfﬂ%d %bitéblf%mm%eér lEposiléh O/ F@g&% 5l SEBSW A LBBnnd] Li gure

2 shows transtfer characteristics of polyner ccording to Fig. 1
wi th a F8T2eagths defineg by, the renellingnswfagesigginnsngull witle useadefinedHApEIDNPSS gat e

el ectrode; fi d §hﬂ¥i‘ﬁ r f ; i Stj . TFTs :
accordi ng t%dcg%ts %Sc- Wt h gﬁl‘i@% V@@??’Sﬁ*ﬁeg‘g‘%b@??@{‘ﬁpgg‘%ﬁgﬁ %'Hé-ulﬁg—ﬁtng

| ayer, and pinBBQGI GB8lugtive maieralt soaestodeiouilet intereanniections beiwsies thel d at
roomt enper a X ak 0 L t

and 1 aner drerac paf, pREREE SEREN R tirpoth B et By QLR £
di f f usi on bdepoisition asfdsalvd?N® amdidr dolejatauinting aff i iosulatirgy eye@sini thef oamiag 1( a) ;

figure 5 Shr%\ﬁ%ntorf?wngfn ércgrh'r%c S(:t eristics of F8T2 all-polyner TFTs as in

According to a further aspect of the present invention there is provided a method
for defining an electronic device from an electronic device array comprising a
substrate and a plurality of transistors or functional blocks of transistors located on
the substrate, each fransistor or functional block having at least one
interconnection electrode for allowing interconnection of the transistors; the
method comprising defining a pattern of interconnection between at least two of
the transistors by any one or more of the following steps: ink-jet printing
conductive material so as to provide a conductive path between two of
interconnection electrodes; opening a via-hole through an insulating layer of a
transistor by local deposition of solvents on to an insulating layer of the transistor; |
and ink-jet printing an insulative material in the region befween two transistors or

functional blocks.

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 1(a) with a TFB (a) and polystyrene (b) diffusion barrier and a PVP
surface nodification layer; figure 6 shows an optical mcrograph of an

al | - pol yn@ip ohfagegaccording to figure 1(a) with an F8T2 actpcvegB@yaszsand
source-drain electrodes printed directly onto a bare glass substrate;
figure 7 shows the fabrication of TFTs gth small channel |ength and snall
overl ap capacitance through patterning of the substrate surface into

hydr ophobi ¢ and hydrophilic areas; figure 8 shows optical mcrographs of
t he channel region of transistors with L =20 ,um(a) and L = 5,um (b)
after I JP deposition of PEDOT/ PSS source/drain electrodes in the vicinity
of a hydr ophobi digpes 3 FhRewe IrpasiRr characierstios shaolymept FEarcerreingde Fighdct aken

during the gepgsidtoachle i)k, PR ghie ihslidtng My&H BhlYa PEDOPPEY gatde bank.

figures 10 and 11 show outpuf and tFansfer cRaracteristics of transistors
formed as i¢legtrag@i e 7(c) and having channel lengths L = 20 ,umand 7 Jim

respectively; fi . | i j Lametr
nd opti cal . m (HRES Shoy BB fiaRBlcEs Of BAVARL TPTe Bririhgt Fid, 18Te! 1Y
successi ve WidpasFdTackfe layet kaRYP datephaitalingniayera and 3 PROMI/EESRy#tegat e

dielectric n . / 4698 / enge t he
vi a- hol e ou%lgé%z’idﬁg ;aﬁéé%'teg\ioz‘a’\ﬁn%\t i]?e O%anﬁ?%— %angféggg]f tgwggféﬁ%ge?& éﬁépl ets
and t he t hiagmednatdly 50/ @YP | ayer ; figure 13 shows the current-voltage
characteristics hroygh a via hole wth bottom P I r d atop
clectrode. 11 gurEuis el Pl @) Hid Fandtep heblersti, gt daie ar
vi a- hol es; polgnecTES cdntsiningpaplHECaiffusions bakrieri andhal R¥P ssutfacasmbdification
i nverters (deé)l et.i gn Iﬁag (a), enhancement-load (b) and resistance-| oad
(c)), and ra¥¢idsd0dieurs Hakr connect schemes (d);

figure 5 shows transfer characteristics of F8T2 all-polymer TFTs as in

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

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

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

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

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

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

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



figure 16 shows the characteristics of enhancenment-load inverter circuits
as in figure 1(a) fabricated with printed all-polynmer TFTs with different
rati os ofwigw@uesg7zes WL of the two transistors. figure 1p@EhoRdw/ 0a9ss
alternative bottom gate device configuration; figure 18 shows a schematic
drawi ng of an active matrix pixel in whgch the display or nenory el enent
is controlled by a voltage (a) or a current (b); figure 19 shows possible
configurations of the pixel of an active matrix; figure 20 shows pol ari zed
optical absorption of an aligned F8T2 TFT; figure 21 shows (a) polyner TFTs
with a patterned active layer island fabricated by printing of

seni conductdepgndentcelofehe oia-hale lcaiasrandadnaer(didmetee ooviee diametercefi tba inkistween t o
conducti ng j C rate rinted insulating island; figure
22 shows a #&%’E?&%?ﬁ@ﬁg&% 8?Eh(§’g?/\?%é%egbnnect ed by a network of UP

i nt erconnects t diglish 8 chbws dise cudeitivotidge tlearbcteristicscthraught s viaRiokd edthed
fabrication ho cribed herein permt the fabrication of an all-

or gani c, sof ?‘%“HH- ﬁ?k@gogﬁﬁﬂq?it?%&??t&?éq'stor,' in which none of the
Iayﬁrs ijs _COﬂVGYgU@14>Hl_u§ﬂm1§§diﬁ}eféfﬁﬂrdd&é@s’otb fél}srmgltmhbmoiaﬁ:m :Each I?yer of
such a device mgy r nina formthat is solu in t sol,vent from
whicn it vas. dogiourd Shehdus Apficalis Hde noBsirh riral mubdeR T Sten-t b s
enabl es a sjpaR! gaVa¥nBindefttnt-foldi 5(9) Vhid helistsncelibadiglt)yi enactmiifievel
insulating | ayers based on | ocal deposition of solvents. WO 01/46987
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figure 17 shows an alternative bottom-gate device configuration;

figure 18 shows a schematic drawing of an active matrix pixel in which the
display or memory element is controlled by a voltage (a) or a current (b);

figure 19 shows possible configurations of the pixel of an active matrix;

figure 20 shows polarized optical absorption of an' aligned F8T2 TFT;

figure 21 shows (a) polymer TFTs with a patterned active layer island
fabricated by printing of semiconducting and dielectric layers and (b) the overlap
region between to conducting interconnects separated by a printed insulating
island;

figure 22 shows a matrix of transistor devices connected by a network of

[JP 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.



i nsul ating | ayer against unintentional doping by inpurities and ionic
diffusion. - a surface nodification |ayer that enables high-resol ution

patterni ngoafi/dsée gate el ectrode by printing techniques. pcrvggooladass for

i nterconnects through dielectric |ayers. However, it will be appreciated
that the nethods described herein are Aot limted to the fabrication of
devices having all the features set out above. The fabrication of a first
illustrative device will now be described with reference to figure 1. The
device of figure 1 is athin-filmfield effect transistor (TFT) configured
to have a top-gate structure. On top of a cleaned 7059 gl ass substrate |
sour ce- dr ai PHE &c deyiges MRy, Sfo'ar%amipt% eFRENNIFECONE | esnyEt Redhe tfRloENgct r odes
and the cont orR@ls (not shown) are deposited by ink jet printing a

sol ution of the conducting pol yner
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The fabrication of a first illustrative device will now be described with reference to
figure 1. The device of figure 1 is a thin-film field effect transistor (TFT) configured

to have a top-gate structure.

On top of a cleaned 7059 glass substrate 1 source-drain electrodes 2, 3 and
interconnect lines between the electrodes and the contact pads (not shown) are
deposited by ink-jet printing a solution of the conducting polymer
polyethylehedioxythiophene/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 dri\)en 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,



active sem conducting |layer, such as m xed xylenes in the case of

pol yfl uorene polyners. They are then annealed for 20 mnutes at 200 Cin
i nert nitweoAne@t nosphere to renove residual sol vent and peitheBoowadst i | e
species in the PEDOT/PSS el ectrodes. Then a 200-1000 A thick filmof the
active sem conducting polyner 4 is depgsited by spin-coating. Various
sem conducting polyners have been used such as regioregul ar

pol y- 3- hexyl t hi ophene (P3HT), and pol yfl uorene co-pol yners such as
poly-9, 9" -di octyl fl uorene-co-dithi ophene (F8T2). F8T2 is a preferred
choice as it exhibits good stability in air during the deposition of the
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such as xylene. The filns are then spun-dried in the solvent that wll
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(F8T2). F8T2 is a preferred choice as it exhibits good stability in air during the

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

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

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

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



measured on devices with as-spun F8T2 filnms. As-deposited devices al so
exhi bit higher turn-on voltages VO. This is attributed to a | ower density

of | ocal iwedh@dgactronic trap states in the gl assy phase gapcs@d4$33 t he
as-deposited phase, that is partially crystalline. Further inprovenents of
the mobility by typically a factor of 355 can be obtained if the polymer
I's prepared in a nonodomain state with uniaxial alignnment of the polyner
chains parallel to the transistor channel. This can be achieved by coating
the glass substrate with a suitable alignnent |ayer, such as a nechanically
rubbed polyimde layer (9 in figure 1(b)). In the nonodomain state the
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concentratig tlgg) Hﬂ{ll?c"é/s?éﬁ% el- 3 pm (solution concentration 100 ng/m ).

Q her insulatin rs and sol vents that satisfy the solubility
requi renents such as pol y-vinylal cohol (PVA) in water or WO 01/ 46987
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the glass substrate with a suitable alignment layer, such as a mechanically rubbed

polyimide layer (9 in figure 1(b)). In the monodomain state the polymer chains are

aligned uniaxially parallel to the rubbing direction of the underlying polyimide

layer. This results in a further enhancement of charge carrier mobility in devices in

which the TFT channel is parallel to the alignment direction of the chains. Such a

process is described in more detail in our co-pending UK patent application

number 9914489.1.

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



1(c)) or there may be one or nore internedi ate |layers (see figure 1(a) and
(b)), for exanple for surface nodification, diffusion barrier or process

reasons swejp1ag9s7sol vent conpatibility. To formthe sinpl gctdesionaossf
figure 1(c) a PEDOI/PSS gate 6 may be printed directly on top of the PVP

insulating |layer 5. The substrate is tr%nsferred to the IJP station in air
again where a PEDOI/ PSS gate el ectrode pattern is printed from a water
solution. The underlying PVP gate insulating |ayer has a low solubility in
wat er such that the integrity of the gate dielectric is preserved during
the printing of the PEDOT/ PSS gate el ectrode. Although PVP contains a

| ar ge densi pylyahietpyimsthadryldteo XFMMEK)OIMPSutyl tageimitd Whi priopylend ghadok meétayll ow
because of tpe verg non-glol %r gallsystyrene-l i ke backbone. Simlarly PWA is
i nsol ubl e i ANRAAEFEtEHNBY AISO De s the transfer characteristics of an IJP
TFT with a F8T2 sem conducting layer, a PVP gate insulating |ayer, and IJP
PEDOT/ PSS source-drain and gate el ectrodes. The device characteristics are
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devi ces exhi bit” an unusual normally-on behaviour wth positive threshold
vol t ages Veolrent commpatieitity. r ef er ence devi ces fabricated with evaporated gol d
source-drain and gate el ectrodes were found to exhibit normally off
behaviour (Vo < 0). In devices formed fromthe "ol d" batch of PEDOT
(figure 2(bYp foum dee Isinapler deviee obfifilwet Hcwe RERDEEISHE gateh® chayabe pantedi but ed
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water such that the integrity of the gate dielectric is preserved during the printing

of the PEDOT/PSS gate electrode. Although PVP contains a large density of polar

hydroxyl groups, its solubility in water is low because of the very non-polar

polystyrene-like backbone. Similarly PMMA is insoluble in water. Figure 2 shows

the transfer characteristics of an IJP TFT with a F8T2 semiconducting layer, a

PVP gate insulating layer, and IJP PEDOT/PSS source-drain and gate electrodes.

. The device characteristics are measured under nitrogen atmosphere. Consecutive

measurements are shown with increasing (upward triangles) and decreasing

(downward triangles) gate voltage, respectively. The characteristics belong to

devices made from a freshly prepared baich (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 elecirodes were found to exhibit normally off behaviour (Vo < 0). In

devices formed from the "old" batch of PEDOT (figure 2(b)) large hysteresis

effects were observed which are attributed to high concentration of mobile ionic

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



the diffusion of ionic species in one of the |ayers of the device. The
unusually large positive values of Vo suggest that the ion is negative. A

positive @weenalessy Wwoul d be expected to conpensate sone of pgdieghdidsg char ge
in the accunulation layer and lead to a shift of VOto nore negative

values. To identify the origin of thisyg onic species devices were
fabricated in which the top-gate |JP PEDOT el ectrode was replaced by an
evaporated gold el ectrode while the other layers and the PEDOT
source/drain el ectrodes were fabricated as described above. It was found
that in this configuration the devices are normally-off and exhibit stable
t hr eshol d virdrsiggersturchion a'\trf‘i)fb re820\h dopwdrd tdamgleﬂj aHdwlayext enethesreedrsect s in
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top gate electrode, and the possible diffusion of mobile, ionic impurities from the

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

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

Devices with gate elecirodes 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)).



| ayer 7 of a non-polar polyner is deposited on top of the PVP gate

I nsulating layer prior to the deposition of the conducting pol ynmer gate

el ect r odewolfiqgod7ayer is believed to act as diffusion barpdracsdaloasisi ng t he
di ffusion of ionic species through the noderately polar PVP insulator. PVP
contains a high density of polar hydroxy groups which tend to enhance the
conductivity and diffusivity of ions through the film Several non-pol ar
pol ymers have been used such as poly-9,9 -dioctyl fluorene (F8),

pol ystyrene (PS), poly(9, 9 -dioctyl-fluorene-co-N (4-butyl phenyl)

di phenyl am ne) (TFB) or F8T2. Thin filnms of these polyners on the order of
50- 100nm can be deposited on the surface of the PVP gate insulating |ayer
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Direct printing of PEDOT/PSS from a polar solution in water on top of the non-
polar diffusion barrier layer or on top of a moderately polar polymer such as
PMMA has been found to be problematic because of poor wetting and large
contact angles. To address this, a surface modification layer 8 is deposited on top
of the non-polar polymer. This layer provides a hydrophilic rather than
hydrophobic surface on to which the PEDOT/PSS may more readily be formed.
This permits enables high-resolution printing of the gate electrode pattern. To
form the surface modification layer a thin layer of PVP can be deposited from
isopropanol solution, in which the underlying diffusion barrier layer is insoluble.
The thickness of the PVP layer is preferably less than 50 nm. High-resolution
printing of PEDOT/PSS is possible on the surface of PVP. Alternative surface
modification layers may be used. These include thin layers of soap-like
surfactants or polymers containing a hydrophilic and a hydrophobic functional
group. These molecules would tend to phase-separate with the hydrophobic and
hydrophilic groups being attracted towards the interface with the underlying non-



rendering the surface hydrophilic. A suitable plasnma treatnent that does.
not degrade the TFT device performance is exposure to a 13.5 MHz 02 plasma
wWith a peegeés?50 Wfor 12 s. A surface nodification | aygfr/@Booloagssof the
non-pol ar diffusion barrier may not be required if the gate electrode is
printed froma solvent that is |ess polgr than water such as fornulation
cont ai ni ng al cohol s (isopropanol, nethanol etc.). The integrity of the

| ayer sequence relies on the alternating deposition of polyner 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
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bet ween pol yner (solvent) nolecules in the Iliquid state. Values for these
parameters can be calculated if the nolecular structure is known by adding
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of ten observed
weight per volume, preferably less than 0.01% weight per volume.

The criterion for solvent compatibility may be quantified using the Hildebrand
solubility parameters by which the degree of polarity can be quantified (D.W. van
Krevelen, Properties of polymers, Elsevier, Amsterdam (1990)). The solubility
behaviour of each polymer (solvent) is described by three characteristic
parameters 34, 8p, dn, Characterising the degree of dispersive interactions, polar,
and hydrogen bonding interactions between polymer (solvent) molecules in the
liquid state. Values for these parameters can be calculated if the molecular
structure is known by adding contributions from the different functional groups of
the polymer. They are tabulated for most common polymers. Often &, and 34 are
combined to 8,%= 54°* 8,2,

The free energy of mixing is given by AGn = AHp - T-ASp, where ‘AS>0 is the
entropy of mixing and AHp = V- dp- ds * (( 8- 8,°)2+( 8 - 8n°)%). (V: volume; dp, 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 AHp, i.e., the

smaller D = ((& -8 +(8 - 8:°))"2. As an approximate criterion, if the



the polyner is substantially insoluble in the solvent, and no swelling
occurs. In order to obtain sufficiently abrupt interfaces in a

sol uti on-pwigpaagsad TFT device it is therefore desirabl e thatiglada93s
respective D values for each of the polyner layers and the solvent of the
next |ayer should be |arger than approxzmately 10. This is particularly

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

pol yner s t hiateraciiohgranammaien|Dy isperhaller ghavugspraxichataly 5 thelpolyheeriis salubleghl y

ot “cont ai g8 30 {8 bifeeR i § HeblBh T pAeH BN, RS R Are S Coch
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t he and .sol vent of the | ayer
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sour ce- dr ai njstherfsredsirhble HAdEHé I&ﬁecta/erm Nales &br esehicf tiepslyrhedale@ger such
as F8T2, a ’Eﬂ%ﬂ’(ﬁa cgol ar gate |eI ectr er uch as a ol yvi 3_ | al cohol
Goposi ted PR EdTertar ot Bt et crnoulsches BHGHTPHS Ao siraei 0 DS S of 7B
that al so apérﬁc@éreﬁ e fdr&M@rseMboﬁHu&intﬂWymélﬂﬁﬁﬁfléridotﬁe%Blvbh\.eoﬂ Rger
sequence, and a P /| PSS gate el ectrode. it is often conveni ent

to have a n@?f-eiﬁﬁ'%ﬁt”%émtﬁ%ﬁﬁﬂzt)f R4 Q%ESOBW@%O‘ (B%btb"a@c%?)aw@leé&m?@da | ayer

separ at ed b%@@dpg*,%a@gbehg@{g)l c layer. This layer sequence is also
possi bl e by using a noderately polar polyner |ayer deposited froma

noderately EOl ar sol vent sandw ched between the highly polar and non- pol ar
pol yner | ayEer. soma\dmercan’wtgrabmsaathemtlwﬁwltul@easbmtywemayrbatbttdbﬁp@an bot h
pol ar and n I ighly
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such as xylene. In this case the interaction parameter D is large because of the
differences of §, for the polymer layer and solvent of the next layer. An example
would be a transistor device comprising a highly polar source-drain electrode of
PEDOT/PSS, a non-polar semiconducting layer such as F8T2, a highly-polar gate
dielectric layer such as a polyvinylalcohol deposited from water solution, a non-
polar diffusion barrier layer of TFB that also acts as a buffer layer to allow the
depoéition 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 g"ate electrode layer separated by a single dielectric layer. This layer
séquence is also possible by using a moderately polar polymer layer deposited
from a moderately polar solvent sandwiched between the highly polar and non-
polar polymer layer. . A moderately polar polymer is a polymer that contains both
polar and non-polar groups, and is substantially insoluble in a highly polar solvent.
Analogously, a moderately polar solvent contains both polar and non-polar
groups, but does not substantially dissolve a non-polar polymer. In terms of the

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



solubility paranmeter Sh is largely different fromthat of the underlying
polymer. In this case swelling may be avoided (large D) even if the polar
sol ubi l'i tywopareeeter 6p (8") of the solvent nmay be sim | gcti@pdonasszsof t he
under |l yi ng polymer layer. The noderately polar polynmer may contain a
specific functional group such as a hygroxyl group that makes it sol uble
in a solvent containing a functional group that is attracted to the
functional group of the polyner. This attraction may be a hydrogen bondi ng
interaction. This functionality of the polynmer nmay be used to enhance its
solubility in a noderately polar solvent and decrease its solubility in a
pol ar sol vesdlubiln paxamqaﬂee spis mrgalyldiffererit ropoltisat b dhg mederydngpéiyiRegdhe

dielectric ,|ayer dvmche noRr- pol ar,, se con or layer and a
PEDOT Pos. i S SERTLEAY Secivolen et BT ien Bing 50le° SPbThorap el oo ar
solvent is @pr(av)adfktmé%owého}nagwéﬁsmai a6 bf ﬁueBund%?%g gdlyrfer: laférdThe 4

shows t he out put (]a and, transfer (b) characteristics of an all-polyner
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and a  PVP guiibaf §rdtRAhéd Rakd<opsbiaiglin adivieht éb?ﬁéﬁuh@% fuﬂcﬁdrﬁP?r%ué(tﬁét (L =
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char act er i salkg@alcohsiptchr@3 IPA (3) B FE8TRase: 6).ean normal | y-of f  behavi our and
smal |l hysteresis effects and threshold voltage shifts were observed, which
were of the sanme order of magnitude as those of reference devices with
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F8T2 IJP TFT WIth a PVP gate insulator layer, a F8 diffusion barrier layer and a

PVP surface modification layer, as illustrated in figure 1(a) (L = 50 ym). The
device exhibits clean, near-ideal normally -off transistor action with turn-on at Vo <
0V. The threshold voltage shift between upward (upward'triangles) and downward
(downward triangles) voltage sweeps is < 1V. The device characteristics are very
similar to those of standard devices fabricated under inert atmosphere conditions
with Au source-drain and gate electrodes. The field effect-mobility is on the order
of 0.005-0.01 cm?Vs and the ON-OFF current ratio measured between V=0 and
-60V is on the order of 10-10°,

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

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



19 insertion of a non-polar polyner below the gate el ectrode bl ocks
diffusion of ionic inpurities during and after the sol ution deposition of
t he gat e wepdl@dg7ng | ayer. This has been found to result por/cBR@ioashisci bl e
TFT threshold voltages and good operating stability. Normally-off devices
containing a diffusion barrier are prefsgrred conpared to the

depl eti on-type devi ce descri bed above, since it is expected that the forner
exhibit better long termthreshold voltage stability and better lifetine
due to suppression of ionic diffusion. For the sem conducting |ayer any
sol ution processible conjugated polyneric or oligomeric material that

exhi bi t s adesgrtite of aeio-pfldraudlymertdidiow ithes gatecdeniiodg biacks diffustisof ipnief er abl y

excanpl ¢ 1'n ' FIPERE A0 g Fudt e, sl BesigBhcl, He® gl Snsie™ il T
Mat eri al s 1Phis 2ag He2DO0@)und Gaeesilt nheprodooibteaMET rtbgpshold neditages andl ajmoticat e
printed TFTs V\Ath% g stability and high ONOFF current ratio is good
stability ofP FANSIAP IS nquct i ng material against unintentional doping by
at nospheri c oxygen and water during the pr ocessi ng and printing steps.

Printed TFTs have n.fabricated w sem conduct i ol ymers
e T heC act 1 emei e ieas toriania A dltshn beni-me pedaed paguate i 8

regi or egul adegrétfdh @s&a&v.b@@eéérmwrab&ed §£rYdeeiﬂ% SPebiledRat the foicereadmit Of
P3HT TFTs prepared in test device configurations under inert at rmsPhere t he

fiel d-ef f echeliehipng tfmoireshglsl ypltege seaility and SrEAHEEUIRE fiver (o fYRRTESAhe case
of F8T2. HoweweWifisRM or egul ar P3HT is unstabl e agai nst doping by oxygen
and/or water, resulting in an increase of the filmconductivity during the
printing steps in air and poor ON-OFF current ratio. This is related to

the rel ati VPJ;rytH % hﬁ@éth@qayé}oé Eblﬁf:orpgrdoc’é'ég lgle' ébrﬁhlggatéé/ polfhriic Q¥ OFF

current ratios ave been m)ns r r but this I’%CIUI res
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reviewed for example in H.E. Katz, J. Mater. Chem. 7, 369 (1997), or Z. Bao,
Advanced Materials 12, 227 (2000).

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



20 Advances in Solid State Physics 39, 101 (1999)). However, on the |IJP
TFTs descri bed above this reductive post-processing step cannot be

per f or medws) fizgog7t woul d al so result in dedopi ng of the RicBB@loasisr odes
and reduce their conductivity significantly. Therefore, to achieve high
current switching ratios it is inportapt that a polynmer sem conductor is
used with good stability against unintentional doping by oxygen or water.
A preferred class of nmaterials to achi eve good environnental stability and
high mobility are A-B rigid-rod bl ock-copol yners containing a regular
ordered sequence of A and B bl ocks. Suitable A blocks are structurally
wel | defi nefidvdrmddaen Saligp8taieiRitysies 34, t1lﬁ1a(1l9i9§)) lbmvgapon threatJFhd¥dshi gh

i oni sation 0
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het er oat ons such, as B ur_or nitrg and as a honopol yner have
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bl ocks are thiophene derivatives, or triarylanmine derivatives. The effect
of the B block is to |ower the ionisation E&tentlal of the blo
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or fluorina sl de ai ns Cul ough, "Advanced Materials 10,
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Setayesh Macromolecules 33, 2016 (2000)), phenylene or ladder-type phenylene
derivatives (J. Grimme et al., Adv. Mat. 7, 292 (1995)). Suitable B blocks are hole-
transporting moieties with lower bandgaps that contain heteroatoms such as
sulphur or nitrogen, and as a homopolymer have ionisation potentials less than
5.5eV. Examples of hole-transporting B blocks are thiophene derivatives, or
triarylamine derivatives. The effect of the B block is to lower the ionisation
potential of the block copolymer. The ionisation potential of the block copolymer is
preferably in the range of 4.9eV < I, 5.5eV. Examples of such copolymers are
F8T2 (ionisation potential 5.5 eV) or TFB (US 5,777,070).

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

Instead of hole transporting semiconducting polymers soluble electron
transporting materials may be used as well. These require a high electron affinity



21 larger than 3 eV, preferably larger than 3.5 eV, to prevent residual

at nospheric inpurities such as oxygen to act as carrier traps. Suitable
mat er i al swigep /469871 ude sol uti on processi bl e el ectron-tranyardsigssszal |

nol ecul e sem conductors (H. E. Katz et al., Nature 404, 478 (2000)), or

pol yt hi ophene derivatives with el ectrony deficient fluorinated side chains.
AB-type bl ock copolyners with a structurally-well defined, |adder-type A
bl ock with a high ionisation potential |arger than 5.5eV and an

el ectron-transporting B block that increases the electron affinity of the
copolynmer to a val ue higher than 3eV, preferably higher than 3.5eV are al so
sui t abl e. E[a@@pltlm Gfe\A frbfacatsly aaargerf thanr:he\ddéo ipveueht/eeslc(u% atmdspheicO0) ,

i ndenof | uor.ene . | ves (S., Setayesh cro 2016 000))
bheny | ene. drPRatRRpUGH Y SRIER, oot Scrmian T4 SESD AR S Y Mo,
t7)’ Z?ﬁ_ ( é_géiﬁ)t?on @éﬁﬁﬁéllﬂté @éctﬂirﬂ@érrspartmgaﬂﬁ@lormalé@lla sbh@@dfﬁid u@ttbﬁs (H E.

enzot hi adi vat j ves ene derivatives,
napht al enet fgé}j bg\[@‘l’riec 04d|4i7%1 (388@&9 %‘?'Y%\QQP‘?#EG”‘(@W?S it a‘F'eCtr(Nat ure
404, 478 (2@9@kht Miorfrted élﬂéhﬂﬂlnstRBW&I@@épdﬂﬁﬁér&Qﬁth defrudtaelly-uegr ation
of logic circuits the channel | ength the transistors and the overlap
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thiophene derivatives.

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

important for semiconducting layers with relatively low mobility.

Such high-resolution patterning cannot be achieved with present-day ink-jet
printing technology, which is limited to feature sizes of 10-20 ym even with state-
of-the-art IJP technology (figure 6). If faster operation and denser packing 6f
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.



WO 01/ 46987 PCT/ GBOO 04938 22 This confinenent technique can be used to
permt fine-resolution deposition of a deposited material on to a
subst r at ewolh@esgdr f ace of the substrate is first treated poT/©B@RUIISO
render selected parts of it relatively attractive and relatively repellent
for the material to be deposited. For %xarrpl e, the substrate could be
pre-patterned so as to be partially hydrophobic in sone areas and
partially hydrophilic in other areas. Wth the pre-patterning step
perfornmed at high resolution and/or precise registration the subsequent
deposition can be accurately defined. One enbodi nent of pre-patterning is
illustrated in figure 7. Figure 7 illustrates the formation of a device of

the type shown in.figur but th nese |ne channel .| ength
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of such a process the polyimde may be covered wth a |ayer of photoresi st

11. The photegistation ﬂ'@a?rub%@u%tdﬁ@@%@ﬁ Qﬂm&mqwrﬁs@vﬂgﬁn@w ly to remove it in
the places where the polyimde is to be renpbved. Next the polyimde is
renoved by a process to which the photoresist is resistant. Then the

phot or esi st Ooaentiwdineeri\of ¢pre-patteraing is Mostraied i iguse . gdourermiddstpies/thei de.
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ar eas.

Prior to the deposition of the source-drain electrodes 2, 3 a thin polyimide layer 10

is formed over the glass sheet 1. This polyimide layer is finely patterned to

remove it in the places in which the source-drain electrodes are to be formed.

The removal step may be done by a photolithographic process to allow fine

feature definition and/or accurate regisiration. 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 to 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 to form the source-drain electrodes is deposited by ink-jet

printing onto the hydrophilic substrate areas 12. When ink droplets spreading on

the glass substrate areas hit the boundary of a hydrophobic polyimide region 10

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



WO 01/ 46987 PCT/ GBOO 04938 23 Through this confinenment effect the ink is
deposited in the hydrophilic surface areas only and high-resol ution

patterns wddgé@l | gaps and transi stor channel | engths glct€smoiésgn 10
gum can be defined (figure 7(b)). One exanple of a process by which the
polyi m de may be renmpved, or which may ogbe enployed to enhance the relative
surface effects after renoval of polyimde, is illustrated in figure 7(a).
The polyimde | ayer 10 and the photoresist 11 are exposed to an oxygen

pl asma. The oxygen plasma etches the thin (500 A) polyimde |ayer faster
than the thick (1.5 ,um photoresist |ayer. The exposed bare glass surface
12 in the &afteaugt thibeconiineroentdefféat thé duk isodepgosited riadbe Wwdyophiligdswisieel i ¢ by
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surface can be nmade even nore hydrophobic by an additional exposure to a
CF4 plasma. CF4 plasna fluorinates the polyimde surface, but does not

interact wobhe fgﬁ@nbbé?ﬁf@ﬂgbesb oy whigh S polyiatiee mEpibe rﬁdd)védpdirahhlcrphm\?mrm )
treat nent nmay D€ pertorng or tO renpva otoresl s 1.Nn I C
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pl asma-treated 7059 glass is 0Oglass 20" conpared to cont act of Op
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wat er solutio onto t he pre-patterne yi m de | ayéer as described, the
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ki neti c enethgy dofing tie wrapiabot pelyimide the surface of the polyimide is protected by
the photoresist and remains hydrophobic.

If required the polyimide surface can be made even more hydrophobic by an
additional exposure to a CF4 plasma. CF, plasma fluorinates the polyimide
surface, but does not interact with the hydrophilic glass substrate. This additional
plasma treatment may be performed prior 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 Oy plasma-treated 7059 glass is
Oglass ~ 20° compared to a contact angle of 8p ~ 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)).



kept as small as possible. The larger the size of the droplets, the |arger
the kinetic energy, and the |arger the probability that the spreading

dropl et s wd di/a6dgnore’ the hydrophilic confinenent structpgmecedadssi ||
over into neighbouring hydrophilic regions. Preferably deposition of the

ink droplets 13 is onto the hydrophilic,,substrate areas 12 at a distance d
between the centre of the droplet and the polyi m de boundary. On one hand
d needs to be sufficiently small that the boundary is reached by the
spreading ink and the PEDOT filmextends all the way to the polyimde
boundary. On the other hand, d needs to be sufficiently large that the
rapi dly spreadadigatenthe chofisement 6fsfpk|dromaftertheiklmencté1\%rdjwdﬂ mamvbpl@tsasr face
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30-40 pm waggfgpdnd sui table. The optinmum value d depends on the wetting
properties on the surface as well as on the deposition pitch, that is the
| at eral di stance between subsequently deposited droplets, the frequency,
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el ectrode i shahepband ethy dive ripatd eheredircuits between source and draln electrodes.
For PEDOT droplets with a solid content of 0.4 ng deposited with a lateral pitch of
12.5 ym between two successive droplets onto O, plasma treated 7059 glass a
value of d = 30-40 ym was found suitable. The optimum value d depends on the
wetting properties on the surface as well as on the deposition pitch, that is the
lateral distance between subsequently deposited droplets, the frequency, with

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

The hydrophobic confinement layer to define the channel length of the transistor
may also provide a second functionality. It may be used as an alighing 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 atiractive and repelling surface



| ayer 6 may be aligned with respect to the source-drain pattern to mnimze
the overlap area between source/drain and gate el ectrodes (figure7(c).

Mat er i al swef egog7han pol yi m de nay be used for the pre- patgcaicgsoisuger .

O her accurate pre-patterning techni ques than photolithography nay be
used. Figure 8 dermpnstrates the abilityf a structure of relatively

hydr ophobi ¢ and hydrophilic layers to confine liquid "ink" deposited by
ink jet printing. Figure 8 shows optical mcrographs of substrates
including thin strips of polyimde 10 that have been treated as descri bed
above to be relatively hydrophobic and | arger regions of the bare glass
substrat e 13reabdbr thevsolitemnirdm egtietd thesgate stedtiodd ialepesiteldo The pademedvel y
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contrast it can be seen fromthe abruptly term nated form of the end
surfaces 2 and 3 of the deposited material that the deposited material has
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Figure 9 shows photographs of the ink jet deposition process in the

vi ci nity of ageurgig|pye-Ratiemingrieenniguesthan phigidRograply Mak &R Useth a
stroboscopi ¢ canmera nmounted underneath the transparent substrate. The
edges of the polyimde pattern 10 can be seen as white |lines. The ink
dropl et s 21Figuee & demeastratesmtio@biibz of @ slruatie phkelatively hedraphebieygad| and
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t ransi st or sregionseaf thabaienglassubstratec) 2 hadl have been trhaledels desariftdusaliovef 20 pm

fhe i 11 er cht Parcire hydiSpBRe e BorcPistE 302 ByrceuffbiiiEeliodi®™ ™ ©
channel w dhas Béersdé&oasited By dni-jet pirftmp of lrcaesies of proplats arrairigeiniliaés 2 andf
3 close to the strips 10. Although the ink-jetted material shows low contrast it can
be seen from the abruptly terminated form of the end surfaces 2 and 3 of the
deposited material that the deposited material has been confined by the strips 10,

~ evendown to a strip thickness of L = 5um.

Figure 9 shows photographs of the ink jet deposition process in the vicinity of a
polyimide strip 10. The images were taken with a stroboscopic camera mounted
underneath the transparent substraie. 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,



the 20 ,um device. Figure 10(b) shows output characteristics of the 7,um
device. Figure 11(a) shows transfer characteristics of the 20 ,um devi ce.

Fi gure 11lGMlyor/4séws transfer characteristics of the 7 pm devi/Ggoo/odése 7 pm
devi ce shows characteristic short channel behavi our with reduced current

at small source-drain voltage and finidge out put conductance in the
saturation regine. The nobility and OFF current ratio of short channel
devices is simlar to that of the long channel devices discussed above,
that is ,u = 0.005-0.01 cn2Ns, and IONICOFF = 104-105. Ink confinenent is
aresult of the difference in wetting properties on the hydrophobic and
hydr ophi | i cdefimef! dnye seann dofdibe sdifierentiad quettirg tonecessi ddseribed @boee. holpar aphi ¢
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t echni ques wipelde andUihile Gt ut%@ﬁaetéﬁcé hfmégéhtaran&haé@memlé rdbilitplé@gnur a et
al ., Langmuir 2000, 885 (2000)) or mcrocontact printi ng@thrl ttain et al.

Physi cs Wor PH-QF) qutsmt rﬁt'o f) shor; ghaymet slemicas '6f5"'th%r tquaaty ¢ft thej Pngeadi |y’
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per f or med prior to the deposition of the " layers of the TET erefore,

broad rangel®#1¢att erning and printing techni ques can be used to gener ate
the high-resolution pre-pattern without risking degradation of the active
pol ymer |ayers. WD 01/46987 PCT/ (BOO' 04938 27 Simlar techniques can be
appl i ed to bkecprfineoranttiseastastiicef die tdifergace innwaltiagi pippettiggeen othet he
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topographic profile. In the above embodiment the polyimide film can be made very
thin (500 A), that is much thinner than the size of the inkjet droplets in the liquid
state (several micrometers). Therefore, alternative techniques to fabricate a
substrate pre-pattern can be used, such as the functionalization of the surface of
the glass substrate with a patterned self-assembled monolayer (SAM), for
example a SAM containing hydrophobic alkyl or fluorogroups such as 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 risking
degradation of the active polymer layers.



to achieve small overlap capacitance. As shown in figure 7(c) the gate
electrode 6 may be confined by a patterned |ayer 14. One possible

enmbodi nenw(m‘l/@mh pre- patterning is mcrocontact printi PTG BdN4938
phot opatterni ng of a self-assenbled nonolayer (SAM containing

chiorosilane or methoxy silane groups, such as octadecyltrichlorosilane.
These nol ecul es form stabl e nonol ayers on the surface of a Si02 or glass
substrate where they chemcally bond to the hydroxyl groups on the polar
surface, and render the surface hydrophobic. W found that it is possible
to formsimlar nonolayers -on the surface of the gate dielectric polyner
such as PVBingitar mlquﬁbiwnit& é:pf.allié@t(ﬁplret—pntimm theesurfack ari dinen gate findueting
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microscope or a mask aligner in order to align the stamp pattern with respect to
the underlying source-drain electrodes. When a conducting, water-based
polymer ink is deposited on top the deposition is confined to the fine, hydrophilic
line defined by the self-assembled monolayer. In this way a smaller linewidth can
be achieved than the normal linewidth on an unpatterned gate dielectric layer.

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

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

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

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



jet printing process developed here is suitable to achieve accurate
regi stration over large areas even on a plastic substrates, since the

posi tion aio ¢ilagegnk j et head can be adjusted |ocally wthJmaspmaiiso t he
pattern on the substrate (figure 9). This |local alignnment process can be

autonmat ed using pattern recognition techni ques using inmages such as that
of figure 9 conbined with a feedback nechanismto correct the position of
the inkjet head. In order to forma nmulti-transistor integrated circuit

usi ng devices of the type described above, it is desirable to be able to
make via hole interconnects directly through the thickness of the device.
Thi s can al provessueii noi loogertavetiap nth ftios umdbriyé@gmﬁ%.l%edﬂgimmﬂnl%onme met hod
of maki ng sggh interconne vi.a hol es, as
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on top of the |ayers through which the via ho s to e formed. The
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| ayers t hr ogtgheciMhectbsitivn dheinkjet héadde fornmed. The sol vent sinks through
the layers by progressive dissolution until the via hole is formed. The

di ssolved material is deposited onto the side walls Wof the via-hole. The

type of SolanSF(Hbr 39 %othea rﬁ?ﬁlﬂ%n&&to?"?ﬂ@él‘attéd"@wbﬁlt Uﬁ)ﬁg bevi@lsest 8 fyB

i ndi vi dual applications. However, three Ehe erred ects are: that the
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of the fact that none of the solution-processed layers of the TFTs described above
has been converted into an insoluble form. This allows the opening of via-holes by

local deposition of solvents.

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

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

.



accurately controlled volunmes of the solvent nay be applied accurately to
the desired |location on the substrate; and 3. that the dianeter of the via
hol e i s afiganisgok7by the surface tension of the solvent dreaiegooaassst he
ability of the solvent to wet the substrate; and 4. that the sol vent does
not dissolve the underlying |ayer to \A?gch an electrical connection is to
be made. Figure 12(a) illustrates the deposition of a droplet 29 of

nmet hanol solvent (containing 20 ng per droplet) on a partially fornmed
transi stor device of the general type illustrated in figure 1(c). The
partial device of figure 12(a) includes a 1.3 /gym thick PVP insul ating

| ayer 28, ah E&TZhsesmimhthdepmtehaMea Qa'(ectlaeRE@CHss slahcas dde, Wayeby26 and
a glass substrate 2 exanm S des ed/t ge%orm hol e

I
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evaporate s ot .to hin subsequent _processi ng nd becaus t has
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this exanpl e gsivéstRirgpleNdndige quﬂoﬂtﬁe Bolvest theth%éub@ﬁéﬂeQQn(Dn t he
substrate at which the via hole is desired to n the

necessary ntbet tog selyepheess EPtz@ESQiY%Blee't‘%d%'ﬁ”nﬁe'?}‘%(n@l W@P'é ano‘?'@ﬁﬂ‘éﬂ from
the |JP head dpfddctibh® ¥ige madeonpl ete. The period between successive
drops is selected for conpatibility vvith‘ the rate at which the nethanol

di ssol ves the | ayers of the device. Is preferred that each drop has
fully or goe! 1&@' nuavé}egrmreee% ,tfaheomecm@mét 3608 IfetHSMASbIsht Not e
t hat when th Vi a- e reaches t bot t om non-pol ar sem conducting | ayer

t he et chi ng(contiing2@¢ Ry pendroplaiten aeriglly fyeed tiansistasdeyiepsl the. generlr
sol vents su Pe%&st}rﬁ%ﬁﬁﬁﬁ@ﬂm 1(c, ef’ﬂéa@ﬁ*lal cﬁ%c@nﬁlfcggﬁe {'azr}?che wegh}? rﬁe USEd-

To achi eve gh throu
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vol unme. A hvighele BioioLigimdhe ansuiating RAYE daybes Meditdnel i seleatetohse tfeosohagriton wi t h
a single gclalug'g 9? its agq ﬂ?c’) rea(aéfy 8lssolve PVP; because it can easily evaporate so
as not to hinder subsequent processing; and because it has satisfactory wetting
properties for PVP. In order to form the via hole in this example an IJP printing
head is moved to the location on the substrate at which the via hole is desired to
be formed. Then the necessary number of suitably-sized droplets of methanol are
dropped from the IJP head until the via is complete. The period between
successive drops is selected for compatibility with the rate at which the methanol
dissolves the layers of the device. It is preferred that each drop has fully or
almost fully evaporated before the next drop is deposited. Note that when the via-
hole reaches the bottom non-polar semiconducting layer the etching stops such
that underlying layers are not removed. Other solvents such as isopropanol,
ethanol, butanol or actone may also be used. To achieve high throughput it is
desirable to complete the via-hole by deposition of a single solvent droplet. For a
300 nm thick film and a droplet with a volume of 30 pl and diameter of 50 um this
requires the solubility of the layer in the solvent to be higher than 1-2 % weight per

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



30. droplet is required. In the case of PVP 1, 2-dinenthyl-2-imdazolidi none
(DM) with a boiling point of 225 C can be used. Figure 12(b) illustrates
t he effectvgofydedy® droppi ng of several droplets of nethanolpdiigB@adessnce
onto the via hole location. The right panels show m crographs of the

device after 1, 3 and 10 droplets have een dropped. The |left panels show
Dekt ak surface profile nmeasurenents of the sane devices across the via hole
as it is formed. (The location of the via hole is indicated generally at
position "V' in each panel). Wen several droplets are deposited in
sequence onto the same |ocation a crater opens up in the PVP film The
dept h of t héroplehisefequined.dndies case oiSRR dsdiveenthybplimidazalidinoran( M) dth

appr oxi mat el dropl e surface, of the wunderlying F8T2 layer is
uncover ed. %ﬁ@ﬁwggfﬁ*eﬁép@v&%@%vﬁ%@ is deposited in a wall Wat the
sides of the via-hole. The dianmeter of the via-hole is on the order 50 ,um

limted by the sjze of the droplet. This size js suitable for ny. .
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um limited by the size of the droplet. This size is suitable for many applications

such as logic circuits, and large area displays.

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

be used. ‘

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

where it remains after the solvent has been evaporated (indicated at W in figure



31 12(b)). It should be noted that the displaced material is of a snoother
formation than illustrated by figure 12(b) , the x and y axes of the

surface pwefiilsgogal ots of figure 12(b) being to dissin | arpcagab@@agss i n
units of gm yin units of A). The nmechanismfor via-hole formation, i.e.

the novenent of material to the side lls, is believed to be sinmlar to
that of the well-known coffee-stain effect, which occurs if the contact
line of a drying droplet containing a solute is pinned. Pinning can occur
for exanple due to surface roughness or chenical heterogeneity. Note that
deposition of a good sol vent al ways generates surface roughness during

di ssol uti 0n12(\1men dhveldsbé vwettld et fher disgiaced ARtdriahisyoff & @moptit fermatiopr der to
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rati o near ﬁ@ﬁquﬁ)wngltbrdassnﬁmscglaal(* inalniits fof i, yed okt of A)s | arge conpar ed
to the typical usion velocity, such that solute is carried to the

edges of the droplet, and solute deposition occurs only near the rim but

not in the ‘Fﬁé‘trﬁé%hﬁhsﬁhﬁ)r(iﬁélhélg fOmRRHoR! 1.6 RhB mERAH Rimatbrial thakd!sRe 389,
827 (1997)). Diffusion of solute woul d tend to favour homogeneous
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droplets onﬂ} op ot ssolved 1s suU rentfy smal’l, and
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ct ed PA on, PVP th nt act
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than 1 s. VIO 46&BMedid tidB3e@49B%he droplet, and solute deposition occurs only
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 homogeneous
redeposition of the polymer over the whole area upon drying of the solvent, rather
than formation of a side wall. Theory predicts that the capillary flow velocity v(r) (r:
distance from centre; Rﬁ droplet radius) is proportional to (R-r)*, where A=(n-
200)/(2n-20¢). Therefore, v increases with increasing A, that is decreasing contact
angle 6., Therefore, mass deposition at the edges occurs the faster the smaller
the contact angle.
For the opening of via-holes it is therefore important that (a) the contact line of the
initial droplet is pinned, (b) that the contact angle of the droplets on top of the
polymer to be dissolved is sufficiently émall, 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.



32 The smaller the contact angle, the faster will be the capillary flow
velocity inside the droplet, i.e. the nore reliable will be the formation
of the sid® wakdss However, on the other hand, the small erpdiesmaadgct
angle the larger the droplet dianeter. An optinumcontact angle therefore
exi sts to achieve snall dianeter via- hoolzes with well-defined side walls.
To achieve a larger contact angle for a good solvent the surface of the
substrate may be treated, for exanple with a self-assenbled nonolayer with
a larger repellence for the solvent. The sel f-assenbl ed nonol ayer may be
patterned, such as to provi de hydrophobi c and hydrophilic surface regions,
in order toTeesfaler theecahtqu singleg theofastdranil bbviratcapitlag ffowaléloaityeiasidéhe

depth and erch rate .of ;the via hple can be controll by a ¢ i nati on of
o amper far R 4% e Biofe feiablesivii B T8 AGRER e Aleah e el
they are depaésd ber hand, hBesndllee (S canaiaingld e @Sgetrfma afip¥’ tiarhéter.
conpari son Ag the rate at i it is ca of dissolving the substrate.

which it abl e | )
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and sol vent conbinations such that etching stops at well defined depths.

In order tomaikee cRatiesrad. t sHABUGR toneravide iydrepbokienant thydwphiigesurfasy be
deposi t ed Fé\éﬁ{lns' ﬁosraerttg%n’ﬁﬁe ﬁféto‘aeﬁ%igbﬁ%ﬂhy%?lv&hﬁo@érﬁ Padameke el ectrical
wth t he f Rore.

connecti on material at the bottomo e via "Figure 13(a)
shows a device of the type shown in figure 12(a) but including a gold

el ectrode 25ud OpfRc Al 4ER (LBSTAKI RS caftod LBNPAIA 12 SERERLAGHARBVS:
igure 13 shows curve the current "vol'tage chardctéristics neasured
bet ween t henbmbenai BEDPSTolkebaeentdtiet afe dogped,cihrdivequengy elt erdticto they2g&re WO

01746987 Pqé;%%%,oén%s%e r‘?é’?’e of evaporation of the solvent in comparison to the rate at
‘ which it is capable of dissolving the substrate. The environment in which the
deposition takes place and the substraie temperature may influence the
evaporation rate. A layer of material that is insoluble or only slowly soluble to the

solvent may be used to limit the depth of dissolution.

Since the layer sequence of the TFT consists of alternating polar and non-polar
layers, it is possible to choose solvents and solvent combinations such that
etching stops at well defined depths.

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

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



deposited on top of the PVP gate insulating |layer 28. The dianeter of the
via hole was 50 ,um For conparison, curve 31 shows a reference sanple, in
whi ch no wigao1/4d9d7es are located in the overlap regi on bet wegancgdamsdgp and
bottom el ectrodes. The characteristics clearly show that the current
through the via-hole is several orderggof magnitude higher than the

| eakage current through the gate insulator in the absence of the via hole.
The measured current through the via hole is limted by the conductivity
of the PEDOT el ectrodes, as can be seen by perform ng conductivity
measurenents of the individual PEDOT electrodes. It is not [imted by the
resi st ance dadposited wn éxaphoﬁ ’me FM%QatehtaﬂulamgyaerZSV\Ehe ldiameteest thewizehdler t he
vi a- hol e resi Se neasure < 500
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deposited wi thout an |nterveni n_c|1 di ffusion barrier Fi gure 14(b)
shows a si nhpabsgess ekthenvighpienTae F@aSF'@F’rFéz't”’eBhﬁE@Uth@ev‘{'% hgls i limifed

di f f usi on b@y the CoRQUAHTRY of th@aaém*ﬁ él@étfﬂ%i@sbﬁé%e@l B8 PQsnt bprbe%rrﬁlhgl gat e

electrode 6.” In this case the diffusion barrier layer needs to exhibit good

charge tr a¢REgeivitigneaspementsofithe indivgual PERGT rﬁl%‘émf’ﬁ% Vi ig-nb lignited
resistance (g, srr% ég?s%%%f tﬁe} fn%%!&'?su@ﬁ'iﬂdt %h g' & |vdrhindit L8Ste %r tEE%aS ﬁhown

in figure 5(a an even [ower contact stance I's required then

seni conduct lagle repjgiascentdycardiesabtbined &nmwesameaaweme@tﬁoﬂie@l)oé@ This is
preferably done after the diffusion barrier has been formed. The diffusion
barrier 7 and the sem conducting polyner 4 can be locally dissolved by I1JP
deposi ti on Difie anghod of olizdle famatibe descihech absve xylrelaeori ro tﬂgum dfaispl e. By

m xi ng good .sol vent sem conduct the .in
ot er Pal s bR Bpeieetlily G ptda e wine bd A Frons et hot]  pi o
this has beﬂﬂ))@ﬂetofdelvloewdwhk:hdl@@dlﬁij‘élbﬂIbaﬂferﬁéleergﬁited @Iﬁectﬁeaﬂmnlrfg cﬁ’hown in
figure 14(Ct)h Ei:9 /GI% 8
e v1a-ho|es gure a) shows a device in which a via hole has been formed
and the gate electrode then deposited without an intervening diffusion barrier
layer. Figure 14(b) shows a similar device in which after formation of the via hole
a diffusion barrier polymer 7 has been formed before deposition of the gate
electrode 6. In this case the diffusion barrier layer needs to exhibit good charge
transporting properties in order o minimise the via-hole resistance R,. A suitable

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

If an even lower contact resistance is required then the semiconductor layers may
also be removed at the via hole site. This is preferably done after the diffusion
barrier has been formed. The diffusion barrier 7 and the semiconducting polymer
4 can be locally dissolved by IJP deposition of a good solvent for them - such as
xylene in this example. By mixing good solvents for both the semiconducting and
the insulating material, both layers may be dissolved at the same time. A device in
which this has been done followed by deposition of the gate electrode is shown in
figure 14(c).



34 M xtures of solvents can also be used to reduce the dianeter of the
vi a-hole by increasing the contact angle of the solvent m xture on the

| ayer to e disssedl ved. An alternative technique to form ngp@E/yB@/iosse

i nterconnection and then depositing a conductive material to bridge it is
to locally deposit a nmaterial that is ggpable of locally nodifying the
underlying layer(s) substrate so as to render them conductive. One exanple
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 32 indicates material that has been rendered
conductive by treatnment with a dopant The dopant may be a small
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to a source or drain electrode in the wunderlying |ayer as required, for
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connections are required in nmost | ogic transistor circuits ure 16
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necessary c%ﬁ ?{eld g@}&%ﬁ\fﬁag\gfﬁ %}a?n’n‘e ﬁ%‘Mt(ﬁ:a?{ ?éﬁ ﬁ%r%apcagm b%?ar %w ts such
as ring oscinjugriest smomrellswwﬁsP@T/t@wahﬂﬂ@S%e 38, NﬁdaJHmvlé‘s‘»NérbISé%scrl bed

above may %%%y%%eHﬁﬁa,ﬁ'Qoi&{e%\{/i)gﬁ '-%lia%héi ??#Dﬁonﬂ?e(:t%)ﬂ%t is preferably

delivered as for the solvent case.

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

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

oscillators.



between interconnect lines in different |ayers. For conplex electronic
circuits mnultilevel interconnect schenes are required. This nay be

fabri cat eghgu/aes@posi ting a sequence of interconnects 72 aidy/cidofoaszgnt
dielectric layers 70, 71 deposited from conpatible solvents (figure
15(d)). Via-holes 73 can then be for in the way described above with
the interconnect |ines providing automatic etch stop. Exanples for
suitable dielectric materials are polar polymers (70) such as PVP and
non-pol ar dielectric polynmers (71) such as pol ystyrene. These can be
deposited alternatively from pol ar and non-pol ar solvents. Via-holes can be
opened by | Yizdloleepo desirbedadboge ombysalky eptusetido prdvide elepeicti scapndctinsct ri ¢

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

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

Other device configurations than the top-gate configuration shown in figure 1 may
be used. An alternative configuration is the more standard bottom-gate



parts are nunbered as for figure 1. O her device configurations with
different |ayer sequences may al so be used. Devices other than transistors

may be f owoad/46997 an anal ogous way. PEDOT/ PSS nmay be repl agadchio/oasss
conducting pol ynmer that can be deposited from solution. Exanples include

pol yani |l ine or polypyrrole. However, s of the attractive features of
PEDOT/ PSS are: (a) a polyneric dopant SS) with inherently | ow
diffusivity, (b) good thermal stability and stability in air, and (c) a
work function of 5.1 eV that is well matched to the ionisation potential of
common hol e-transporting sem conducting polymers allowi ng for efficient

hol e char gmrmgurraitlem shojvecini figure Ef7, iinietith dihar glmc;acrsrabmr to mjcmpdraﬂe as
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i norgani ¢ gglgs ar@h@bgq@@s This indicates that a polyneric source-drain
el ectrode with an 1onisation potential that is well matched to that of the
sem conductor may be preferable to an inorganic electrode material. The
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the order of 0.1-1 S/cm Hi gher conductivities up 100 S/ cm can
obt ai ned  wirem spbmﬁm Etxamwmln@wd%@ﬁlvwhneaorrﬁqtynwr@leofH@mmrﬁome(@‘atper CPP

105T, cOnt ajgEtle 1SABHeaPBNPEOHPLITEILY (2P Yok dHoBEAMRYS) Lint he

| atter case care nee be taken that t ent co
f or nul at i oninhereptiyrbew idiffusivity t (p) tgeed thenmalistahity eedstalklig rin firoand He) aayer

Feaulred ofRes SHGT P ba el Js SYEL srbREn IO 1tih s B 0a0ss
37 processi tdramonohgerianspartioly ceaticondsciirty aslyoerd ailldaingsfos pefitdéntnsolef

metallic i nor ani c. artlcles inaliquid, may be used.
8 e carrie mjectl

Efficient charge carrier injection is crucial in particular for short-channel transistor
devices with channel lengths L < 10um. In such devices source-drain contact
resistance effects may limit the TFT current for small source-drain voltages (figure
10(b)). In devices of comparable channel length it was found that injection from
PEDOT source/drain electrodes is more efficient than injection from inorganic gold
electrodes. This indicates that a polymeric source-drain electrode with an
ionisation potential that is well matched to that of the semiconductor may be

preferable to an inorganic electrode material.

The conductivity of PEDOT/PSS deposited from a Water solution (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-



The processes and devices described herein are not limted to devices
fabricated wth solution-processed polyners. Sonme of the conducting

el ectrodeggafi/de@ TFT and/or the interconnects in a circyidr/©@Boodusl ay
device (see below) may be formed frominorganic conductors, that can, for
exanpl e, be deposited by printing of a,-colloidal suspension or by

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

| ayers are to be deposited from solution one or nore PEDOI/PSS portions of
t he device may be replaced with an insoluble conductive material such as a
vacuum deposi ted conductor. The sem conducting | ayer may al so be repl aced
by anot her pmokedsitsia- mbrzgaa&sicbh@;ct@emsmondamtddﬂgidaatseslbmsiorleosfsirhéﬂallrbi es

i ncl ude snal | ugat ed. nol ecules with solubilising side chains (J.G
Laqui ndanuni’ 0613“54 iojes iR q “O@ffgmayé??cuseﬁo 664 (1998)), sem conducti ng

or gani c-i norgani c hybrld materials self-assenbled from solution (C. R
Kagan, et al ., Science 286, 946 (1999 %, or sol ution-deposited |norganic

seni conduct Hfe p@?@ﬁs%%a'&lg%v'ﬁn#ﬁ'ﬁf'?‘i’ grein e net liRgitgAdg | deglpe% abricatgfi ence
286, 746 ( 1&&19)sb|ut.5ﬁugr&b§§éd Selgper ol SrRthkaioRadety dleahtiedpsnOTher than

ink-jet printing. Suitable techniques include soft |ithographic printing
(J. A Roger 8ndler e intepgggnects im pscircligof dispkay dryice (@q@bgbow)@ayéw faraied et

al ., Physic 1 r hat
S Thc. T AP, oS bR sPsb e

99/ 10939) ocolpicbhm@pewomq*fp ¢ eleprapieiiniongnief 2a Ppapaiéened subghigier de wi th
hydr ophobi Cg%ﬂgeesh%dm% hdtGal lsfégérf%c&r rﬁg? oé{é‘a Ir&h 8818 B 'oF more

consi dered particul ar ui ta arge area patterning wth good
regi strati oREDQY /!Baﬁtnoﬂlﬂrarofﬂm déviex mayé)qoﬂeaaced vdibat ingoloble op0doativa6987

PCT/ GBOO 04%%? na]?»gu%r{?stgggl IT' ?pg;sﬂéé Cg%m t he device(s) could be

deposited on 10 ano nat e such as Perspex or a flexible,
pl astic substrate such as poI yethersu | phone . Such a material is
preferably i heet

and may be '[I‘B%:?gﬁ%‘,ogﬁyctmgd /a}ﬁr (inrelg)alsm Be %ﬁggeroa B)ll %ng’ghe? sBRxltinﬁT-Bl[ocggéiElQ al,

semiconducting material. Possibilities include small conjugated molecules with
solubilising side chains (J.G. Laquindanum, et al., J. Am. Chem. Soc. 120, 664
(1998)), semiconducting organic-inorganic hybrid materials self-assembled from
solution (C.R. Kagan, et al., Science 286, 946 (1999)), or solution-deposited
inorganic semiconductors such as CdSe nanoparticles (B. A. Ridley, et al.,
Science 286, 746 (1999)).

The electrodes may be patterned by techniques other than ink-et 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 1988, 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.



Al t hough preferably all |ayers and conmponents of the device and circuit are
deposited and patterned by solution processing and printing techni ques, one
or nore ¢QQEAEIt s such as a sem conducting | ayer nay al $@mhep@anessi t ed by
vacuum deposition techni ques and/or patterned by a photolithographic
process. Devices such as TFTs fabricapﬁp as descri bed above may be part of
a nore conplex circuit or device in which one or nore such devices can be
integrated with each other and or with other devices. Exanpl es of
applications include logic circuits and active matrix circuitry for a
display or a nenory device, or a user- defined gate array circuit. The
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normal ly on, (fiqure 1(c) and 3), and the  enhancenent-|oad configuration
(figure 15(5')9§efﬁ y gsadobypier msrtaral sndompy pe digesrarspiand(orifigxioles 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, respectively. An
al t er nat i veAttghgpreierebly alk layees @adi seraperento i thavegvies apdi gkl as(c)) .

The latter g@g i Rl M etal QW l'ine
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measured to be on the order of 0.2 S/cmfor an as-deposited film By
anneal ing t C O+ N P 4
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wer e circuits and active matrix circuitry for a display or a memory device, or a user-

defined gate array circuit.

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

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



fabricated by inkjet printing a line of PEDOT with a width on the order of
60m and a length of 500m The different inkjet printing conponents that

have beenwdemekeped, i.e. transistors, via-hole interconngalideingioss
resistors, capacitors, nmultilayer interconnect schenes etc., can be

integrated to fabricate integrated elecigonic circuits by a conbination of
direct printing and solution processing, Inkjet printing can be used for

all processing steps where lateral patterning is required. The sinple
inverter circuits described above are the building blocks for nore conpl ex
logic circuits. Solution-processed TFTs as descri bed above nmay be used as
pi xel sw t cainmgsphereathel sdralustiviy iactebsed tm2r semdiByplittisg s dted salsition with

l'i qui d- CD |ect di.spl B. .Coni s, L.,
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18(a); and PEQT/EEDOTABSE) edsighti sifibayfs 0(0H. a&drfduamh@usf 16f Blcm waSci ence

280, 1741 (1998), faor which a suitable circuit is shown in fiqure 18(b); or
as an acti v@eﬁ‘ﬁ‘t'rfeijﬁ@ﬂ(ﬁ“@@%‘i%afe?%ﬁeéﬁt%s iR yeieignes of §9%ﬂrﬂa‘§er§ random

access nemga‘brlézﬁéh/pb ihRief | GRS d’—%ﬁ@?}f BBECMit! LaRESoR R gljde%?“aéﬁmﬁ may

be fornmed fromtra tors as scrlbe above. Features 40 represent a
di splay or an@aﬁm¥ﬁmbéﬁﬂhnnmﬁth current and vol tage supply pads. Exanpl es
of possible device configurations to control the voltage on the el ectrode
of a LCD or an electrophoretic display are shown in figure 19, in which

| i ke parts Ths @iffersrienmigest ;ﬁtmtwﬁ@bombmﬁrﬂs that havd beerddevwstaped, . tfangidtors,19 (as
for figure i nsul atin
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are connecPedireet Wét'r@a?ﬁd ‘&WH pggpesing. n'@kﬁ§ Prinfieg; ogn 'E’?lé*sﬁgtffp(/é‘ et ri x,
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adequate conductivity over E{g drain el ectrode 3 of the

TFT nay al séewbﬁﬁé\bom R th@lbé' ln@a@ckﬁform%e svmeleXérPsé@w%é may be forned
froma different conducting

Solution-processed TFTs as described above may be used as pixel switching
transistors of active matrix displays such as liquid-crystal (LCD) or electrophoretic
displays (B. Comiskey et al., Nature 394, 253 (1998)) for which a suitable circuit
is shown in figure 18(a); and light-emitting diode displays (H. Sirringhaus, et al.,
Science 280, 1741 (1998), for which a suitable circuit is shown in figure 18(b); or
as an active matrix addressing element of a memory device, such as a random
access memory (RAM). In figures 18(a) and (b) transistors T1 and/or T2 may be
formed from transistors as described above. Features 40 represent a display or

memory element with current and voltage supply pads.

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



material as in figure 19. In devices which rely on application of an
electric field rather than charge carrier injection it is not required

t hat thi swe) Acksspde 41 is in direct contact display el enagir/dBuosesgh as a
liquid crystal or electrophoretic ink etc. In this configuration the total
pi xel area occupied by the TFT and int%bconnect |l i nes has to be kept snal
to achi eve adequate aperture ratio and to reduce potential cross-talk

bet ween the display elenent 40 and the signals on the data and addressing
lines 43 and 44. The configuration in figure 19(b) is nore conplicated.
However, the whole pixel or a large portion of the pixel area is avail able
for the TFTRefeRthg & digosnriectind isoake amdhGatd@lgbiropba)?, ed esfeie TET sdreel ded

fromthe signals t he data an dr essi | i pes 44, and 43 hy the pixel
bl oct rode 4SRRI e BREGR: B adUERTg AP dreoh Tectide S th Wit FPsnal

dielectric payrbridatedntrom véadmeree]tfbédmﬁﬁégtﬁ]af@mduwia&iev@ataa@haéte% to
connect the pixel electrode 41 to the TFT drain electrode 3. The via-hole

can be fabrf¥ueivitypVeRiongeuiereths ! Reedai dlesirodsoy af thrdifd MmayalsorPe thes

confi gurat i gReltdictdRBI41UMRe FRld BleeRBId MalHE Bided rBfda BLrdlR copligchi ng
100% This confi guratl on can al so be used for displ aé/ application with a
I

backl i ght stweterigkas ifigHies49via devsesi wijrayely ofi apudicalian gbpy miectig-feldas
fabricated L Gl ; Aol A t FVARSY! ; a :
Frgure 20 Chgdrar onaly dareRRANETis b roultddinal s RRkHels 40RUR. . et
i n whi ch t hdrecheppimst dishlayrelemeet 40.i uebcruailianidagrystabyr diegtiephdrelis ke

| i quid-crystal || ] fd r : i 0d iL,gnnent
| ayer whi chétgl b&ﬂge%@ﬁgh%ggﬁpﬁeﬂo{ﬁg&%gﬁror(fl %é? ?gté)’?ee E?%ﬁdﬁ?e@go él:}ti on
printing. |linesanadédo deekepthamall He adieve caddqsiatel gbénjure rratie pandeitt réduceost of

the visible r r.ang e _of 0] PCT/ 04 41
relatively %‘?‘gﬁﬁa@&ﬁéas S{gtglp?)( @?taggﬁﬁe E@B@E‘*@?%@Ft %dr éﬁggi? g@\?@%%ﬁ%@hi eved
i f sem condndaddrgsdiay bmes 43iaid 46 F8 or TFB or ot her pol yfl uorene
derivatives (US 5,777,070) with higher band gaps are used. The alignnent
of the polynmer chains gives rise to optical anisotropy such that |ight

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

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

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

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



direction (plot labelled " I I ") is nore strongly absorbed than |ight
pol ari zed perpendicular to the alignnent direction (plot |abelled "1").

The opti calo @nessat ropy can be used in a LCD display to fudiesooioasigease
the optical transparency of the TFTs by orienting the alignnment direction
of the polymer chains normal to the pqglarizer between the gl ass backpl ane
and the backlight. Under polarised |ight the transistor devices appear

al nost colourless in visible light, if the thickness of the F8T2 layer is
bel ow 500 A. Al the other layers of the TFT including PEDOT has |ow
optical absorption in the visible spectral range. Another advantage of the
| ow opti calredtisely Higiohand dabeofSESTZ: dEvbinchettey trempparensy tdae be echiewsti if
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figure 19(mlrécﬁo@| Rt Wabéieaurt pg Eoﬁuow%tr@hgwea&éﬁséd shah iGht Yolded LED
display (figure 18(b)), since it allows the drive current of the TFT to be
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i nor gani ¢ nivadplicaltbRoRSion # thel idiblespéétkiitdiigem i s easily oxidised in
contact with PEDOI/PSS. One possi bIe solution is the fabrication of

i nterconnect lines and pi xel electrodes 43,
Another advantage of the low optical absorption of the semiconducting layer is the

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

The configuration in figure 19(b) is also well suited for the drive transistor T1 of an
LED display (figure 18(b)), since it allows the drive current of the TFT 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 figure 17 can also be used in
all of the above applications (figure 19(c)).



44, and 41 fromindiumtin-oxide (I TO or tantalum tungsten and ot her
refractory netals or another material having nore stability in this

envi r onmewlo 010%69g7he use of a suitable barrier |ayer. In tlhgcemaisds a

di splay application it may al so be desirable to fabricate TFTs with a
smal | channel |ength by printing onto gopre-patterned substrate indicated
as 10 in figure 19, as described above. Simlar device configurations for
active matri x transistor switches can also be used if the pixel elenent to
be controlled is not a display elenent but a nenory elenent such as a
capacitor or a diode, as for exanple in a dynam c random access nenory. In
addi ti on t oOhdeofcibedingiortant déarviotagibat isssiesefonfthe Habradatien dfagetive mébirixne TFTs
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| evel , SO”EaQGM%ﬁfﬁaP%PE%eﬁor”Ed on top of others. By use of interconnect
strips and vi a-hol es as descri bed above especially conpact circuit

arrangenents may be forned. The technol ogy devel oped here for the
fabrication ink= | | ] i r Hasi ' ect
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Similar device configurations for active matrix transistor switches can also be
used if the pixel element to be controlled is not a display element but a memory
element such as a capacitor or a diode, as for example in a dynamic random

access memory.

In addition to the conducting electrodes, some of the other layers of the TFTs may
also be patterned by direct printing methods, such as screen printing or 1JP.
Figure 21(a) (in which like parts are numbered as for figure 1) shows a device in
which an active layer island of the semiconducting layer 4 and the gate insulating
layer 5 may be printed directly. In this case no via-holes are required, but
connections can be made by direct printing of a suitable gate electrode pattern 6.
In areas where addressing or interconnect lines 43, 44 overlap thick islands of a
dielectric polymer 46 may be printed to provide electrical insulation (figure 21(b)).

A plurality of devices formed as described above may be formed on a single
substrate and interconnected by conductive layers. The devices may be formed



| ength of the transistors and/or the width of the interconnect |ines. The
substrate nmay also contain an array of highly conducting netallic

i nterconng@ollgesds. Using a conbination of ink jet printipeg/ce/odessosi tion
of continuous |layers fromsolution an array of transistor devices is
defined in customlocations and with cyst om channel w dths. An integrated
circuit is then fabricated by form ng electrical connections between pairs
of transistors and suitable interconnects using ink-jet printing of via-

hol es and conducting lines. It is also possible that the prefabricated
substrate may already contain one or nore of the conponents of the
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holes and conducting lines.

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



know edge of the | ocation and configuration of the transistors on the
sheet. Then, by a conbination of via-hole formation and interconnection
st eps thewigi/46ed7 printer can configure the circuit for perioBmwiagssa
desired electronic or logic function, by interconnecting the transistors
in the desired way. This technology thyg allows for the formation of
| ogi c-specific circuits on substrates using snmall, 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
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Examples of the application of such a circuit are for printing of active electronic
tickets, luggage and identification tags. A fticket or tag printing device may be
loaded with a number of non-configured units each comprising a substrate
carrying a plurality of transistors. The ticket printing device includes a computer
that is capable of controlling an ink-jet printer as described above and that is
capable of determining an electronic circuit that is indicative of the valid function of
the ticket. When required to print a ticket the printing device configures a
substrate for the appropriate electronic circuit by printing via-holes and/or
conductive material so that the transistors on the substrate are appropriately
configured. The substrate can then be encapsulated, for example by sealing with
adhesive plastics sheet, leaving electrical connection terminals 54, 55 exposed.
The ticket is then dispensed. When the ticket is to be validated, inputs are applied
to one or more input terminals and the outputs of the circuit at one or more output
terminals are monitored to verify its functioning. The tickets could preferably be

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



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 nia¥ed; and/ or inventive aspects of the concept pcdesdrosingd
herein and all novel and/or inventive conbinations of the features
described herein. The applicant draws aitention 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 foregoing description it wll be evident to a person
skilled in the art that various nndifications may be made within the scope

f th 4 9 Al df
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the electronic switchin evic i.nti or
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one or noretgyo, bage Bo).| owi ng el enents: interconnects, via-hole

interconnections, resi stors, capacitors, diodes, display el enents, the
nmethod conprising formng at |east part of the switching el enents and at

| east one ofnhd hailitpt drethe | paBIYed BY defive | dicuids 1 Bt |s"‘rﬁple3|nkt%eﬂ%tnhm€b festr

formng an i ntegrated circuit conprising electronic swtching, devices
i nt er connecIRRIOBIALY | RREFEONEN LBICC &n AERERH STay hefferst ﬁ'Gﬂ'f'G%’iﬁyr inereRgeds or ni ng

the vi a- hol g@spesibares tgyadté}ly de§i‘gn86bi'ﬁéd|t'§9 4. A nethod as clained in any
of claims 1 to 3, wherein the Step of ink jet printing conprises ink-jet

printing electrically conductive material. 5. A nethod as clainmed in claim
4, wherein $he cRAb fiveMforl B! £6t! iRhitd Ll e &P ERsmAEs ! NEspdeN! Gehe
present invention include all novel and/or inventive aspects of the concepts
described herein and all novel and/or inventive combinations of the features
described herein.

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



6. A nethod as clainmed in any of clains 1 to 3, wherein the step of ink-jet
printing conprises ink-jet printing sem conductive material. 7. A nmethod as
cl ai med i wocdiakeg76, wherein the sem conductive material f QigmeBRGksIgE

| ayers of the switching devices. 8. A nethod as clainmed in claim®6 or 7,
wherein the sem conductive material igg conjugated polymer. 9. A nethod
as clainmed in any of clains 6 to 8, wherein the sem conductive nmaterial is
a conjugated bl ock copol yner. WO 01/46987 PCT/ GBOO 04938 47 10. A nethod
as claimed in any of clains 6 to 9, wherein the sem conductive nmnateri al
conprises a block copolynmer conprising a first block of conjugated nononer
units each linked by at | east two coval ent bonds, and a second bl ock of
nononer unléé whéle bl ock copol yner having an el ectron affinity greater than
3.0V or é 11. A method as clained in any of clains 6 to 9, wherein
the sem conductive material conprises a block copolynmer conprising a first
bl ock of cohjuga emethuuincfmarfounhgs aeaditegratede ctiroyit aincludimgt at weastoiabent

pond. 71 R SPRG- Bl AREARE adiehs gt PRLG et Ry 12

claimed in lekst partléf the elbtironib entitiing devites Isy inkljetqkintfig.monomer  units
conprises one or nore of the group conprising a fluorene derivative,

b rononer Zunt ¢ and fudbrl P etpaedion Pl bl Sk bbR SREANG B'pﬁéﬁe
derivati ve, devidgs angl amé e where it iheefalloding blenmotdi atbrearoieetsgeda-tialei ve.
13. A net hod as cl a{

n.any of clainms, 5 to wher.ei n t he sem conducti ve
raten o 1 i tRigRg 1 RhefRireaBis Bl uRRal Ing et 5.
wher ei n t hecaapfishty fbndingat leasttRir ofl the GMRLEMHIAG Sletndrits|ahd at [asst ahd bNe
conj ugat ed ggl yrrer. L -
ther elements by ink-jet printing.

3. A method for forming an integrated circuit comprising electronic switching
devices interconnected by via-hole interconnections; the method comprising

forming the via-hole connections by ink-jet printing.

4, A method as claimed in any of claims 1 to 3, wherein the step of ink-jet

printing comprises ink-jet printing electrically conductive material.

5. A method as claimed in claim 4, wherein the conductive material forms
electrodes of the devices.

6. A method as claimed in any of claims 1 to 3, wherein the Astep of ink-jet

printing comprises ink-jet printing semiconductive material.

7. A method as claimed in claim 6, wherein the semiconductive material forms
active layers of the switching devices.

8. A method as claimed in claim 6 or 7, wherein the semiconductive material

is a conjugated polymer.

9. A method as claimed in any of claims 6 to 8, wherein the semiconductive
material is a conjugated block copolymer.



15. A method as clained in claiml, 2 or 3, wherein the step of ink jet
printing conprises ink-jet printing a solvent on to |ocalised regions of

i nsul ati ngd auessy of the devices so as to dissolve the ingul@sdongodsayers
in the regions to | eave voids extending through the |ayers. 16. A nethod
as claimed in claim15, conprising the step, of depositing electrically
conductive material. in the voids. WO 01/46987 PCT/ GBOO 04938 48 17. A
method as clainmed in claiml1, 2 or 3, wherein the step of ink jet printing
conprises ink-jet printing a diffusive dopant on to |ocalised regions of
insulating layers of the devices so as to nodify the insulating layers in
the regions and thereby forma channel of electrically conductive materi al
ext endi ng t h@.ough metodl asydaimedliB.anp afetdiros Gato % |vetiareid the samjcopdacivei ng

claim conprising the ep d ptin (e Vi cti terial
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step o epositing electrijc i nsul atin terial. ink jet priptin
bet ween 1 holgBbINEEgnfa e blopR caaufer bl o BRREba Birnl alshlersGen Bigelly
met hod as cbpgged. in any preceding claim wherein the devices are
transistors. 21. A nmethod as clainmed in any preceding claim wherein the

step of ink, jet ,pripting is. performe s, af _an. ink jet printer
havi ng at Iélést &@egﬁdrﬁq‘i ﬂamp e'Qc?ngpogrcg%mg%ﬂﬁ rwr&%ﬁﬁutﬁgrsle%?#%&vteo
dleposi g mat afateérlal i donsprises ex totatkl osiVinger cempiidiey sullisstrisibek of Zonjgatdhod as
claimed in claim?21, wherejn the ep.of ink jet printi i ncl ydes the
teps of  delSBPTAG Ui Pect MksHUB A (oa3h e Fevalb aoRdend d g o ol
processi ng aivnbher Rags sthef bibkie cesuNmasShaviny an detisationdpstential timeéhd Fargel ng
head under _conputer caontrol.

from 5.5eV 1o 4.9eV.

12. A method as claimed in claim 10 or 11, 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.

13. A method as claimed in any of claims 5 to 8, wherein the semiconductive
material is F8T2 or TFB.

14. A method as claimed in any of claims 5 to 8, wherein the semiconductive

material comprises a liquid-crystalline conjugated polymer.

15. A method as claimed in claim 1, 2 or 3, wherein the step of ink-jet printing
comprises ink-jet printing a solvent on to localised regions of insulating layers of
the devices so as to dissolve the insulating layers in the regions to leave voids

extending through the layers.

16. A method as claimed in claim 15, comprising the step of depositing

electrically conductive material in the voids.



23. A nmethod as clained in claim22, conprising the step of formng a
display elenent over at |east one of the transistors with an el ectrode of

t he displeywoigksyyent in electrical connection with an el eqigmaggooafiozgne of
the transistors. WD 01/46987 PCT/ GBOO 04938 49 24. A nethod for defining

an electronic circuit froman electronyg device array conprising a
substrate and a plurality of transistors |ocated on the substrate, each
transi stor having at |east one interconnection electrode for allow ng

i nterconnection of the transistors; the nmethod conprising defining a
pattern of interconnection between at |east two of the transistors by ink
jet printing conductive material on the substrate so as to provide a
conduct i ve Pat h Abmethedras claimnast intdieim ht2 et dnneerelnothealte of Bitdes. printing A

part o iRt ok Bl BHAs IRRAG] Sohf oR 1o 8GISRY Fecrdfe bf BRIEEATT S . °
26. %A nmet gddyeas afltfaé ndedvides s a'slrtDZrnodify e, ir:mbletimj; nayess in diie régions andi st or s
‘ ! - A . . . ,

wher o1 n ¢ ndMRERY IEY Ratnel st of Sipfiban oA Ols, ARt STERall Bilalef o

pol yner. 28ayebsnethod as clained in any of clains 24 to 27, wherein the
substrate includes one or nore passive circuit elenents and the nethod

i ncl udes t st j i i.nt | t] A t bstrate
so as to provid ﬁ%g%%l%t #@hﬂg‘{)éﬁhér@gPﬁeggﬁHgnéllgﬁ’g%@wﬁ%& iq@en Sg ec%;fl rode of
one of the depasiting letactricaiiyl conduatie tnteterigd dyysink-get qirinting betvemmethe slevic2®. A
nmet hod as clained.in.any.qQf cl ai 24 to 28, wherein the substrate

i ncl udes on¥® qﬁtorﬁgchrquﬂyfrﬁgrrco%qqt ‘(iﬁvtl%ﬁ?'rt el ements. 30. A nethod as
claimed in claim?29, conprising the step of formng a display elenent over
at | east ont9.of A meethodires stadmed \in t dnyapreskediogr ddien,o€omprising sipe afep alf enent

in electri %pé%‘%ﬁ%%@@a”wiﬁshula%lrr]\gerln%%rigpgﬁ iﬁi—je?%ﬁnﬁ)rtg bBGdehans il Res. WO

01/ 46987 P
so as to electrically isolate the devices.

20. A method as claimed in any preceding claim, wherein the devices are

transistors.

21. A method as claimed in any preceding claim, wherein the step of ink-jet
printing is performed by means of an ink-jet printer having at least one printing
head operable under computer conirol to deposit material in a selected location

on the substrate.

22. A method as claimed in claim 21, wherein the step of ink-jet printing
includes the steps of detecting optical contrast one the substrate, and performing
processing on the basis of the contrast in order to direct the printing head under
computer control.

23. A method as claimed in claim 22, comprising the step of forming a display
element over at least one of the transistors with an elecirode of the display

element in electrical connection with an electrode of one of the transistors.



50 31. A nethod as clainmed in any of clains 24 to 30, wherein the step of
ink jet printing is performed by neans of an ink jet printer having at

| east onewyiinkdgrg head operabl e under conputer control tpTdEP»RIL38
material in a selected |ocation on the substrate. 32. A nethod as cl ai ned
in any of clains 24 to 31, wherein the gtep of ink-jet printing includes
the steps of detecting optical contrast one the substrate, and performng
processing on the basis of the contrast in order to direct the printing
head under conputer control to achieve good registration accuracy with
respect to a previously deposited pattern. 33. A nethod as clained in any
of clains 24 to 32, wherein the ink jet printer is operable for depositing
conductive and/or insulating material in order to define a user-selected
circuit on the substrate by neans of ink-jet printing. 34. A nethod as
claimed in any of clainms 24 to 32, conprising ink jet printing a solvent
on to localised regi ons of |nsulat|ng | ayers of the devices so as to

di ssol ve t&b i nsmeinedépr @lém dmelentonieglrenisfrem arealestronic disvisgtasrayi ng

through theadfyiny a sB5GE8Ag s tdl&%lnt?'o??r%ﬁ%lgt%é%gﬁt‘éﬂ%cthb‘é&gg%gré in the
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the el ectrodes neans on a for the
l'iquid. 36. lnMccmmctlmrorbe{twelm'l ate ldast niao Iy  themirbhsidtoas cloy dhln@ttpnralm}g

precedi ng c d fo ef|n| Iectr ni.c e froma
et at s chiseureaidheBh a8 it b Yol eadd 5 oAl K BOuesR o
ot her by set»mwtbelrrﬁacmrzeuielselectrb@esret hod i ncluding the step of defining
el ectrodes of a plurality of transistors on the substrate by depositing an
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PCT/ GBOO 04pa8of Hfhre- connected functional block of transistors on the substrate.

26. A method as claimed in claim 24 or 25, wherein each of the transistors is

formed from polymer material

27. A method as claimed in claim 25, wherein the polymer material comprises
a conductive or semiconductive polymer.

28. A method as claimed in any of claims 24 to 27, wherein the substrate
includes one or more passive circuit elements and the method includes the step of
ink-jet printing conductive material on the substrate so as to provide a conductive
path between an interconnection electrode of one of the transistors and one of the

passive circuit elements .

29. A method as claimed in any of claims 24 to 28, wherein the substrate

includes one or more further active circuit elements.

30. A method as claimed in claim 29, comprising the step of forming a display
element over at least one of the transistors with an electrode of the display

element in electrical connection with an electrode of one of the transistors.



relatively repelled by the second surface zones so as to cause the materi al
to be segregated into regions corresponding to the first zones, and

form ng swisaagyeyt functional regions of the transistors mg/@sooiod93s
i nterconnect material in regions corresponding to adjacent first zones as

el ectrodes of a single transistor. 38. g nethod as clained in claim37, the
nmet hod conpri sing deposition of polynmer transistors with channel | engths
defined by the repelling surface regions, but with user-defined |ocations
and with user-defined channel wi dths; the method further conprising,
ink-jet printing of conductive material so as to provide interconnections
bet ween the transi stors and/or opening of via-holes through insulating

| ayers by |¥cal Alepixd asclaihed il amnokclainty 24 ta 8@, weerejor thatstegobink-jet

i nsul ati ng ver.s | | ; i rC ts 39. met hod
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bl ock havin S 8@%@' one interconnection el ectrode for allow ng

I nterconnection of the transistors; the nmethod conprising defining a
pattern of 32t erk owtent aocladieedireanyadf tleiast 24 vw31,0fvherem theastap of inkgetby any
one or nore_ of. the f
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33. A method as claimed in any of claims 24 to 32, wherein the ink-jet printer is
operable for depositing conductive and/or insulating material in order to define a

user-selected circuit on the substrate by means of ink-jet printing.

34. A method as claimed in any of claims 24 {o 32, comprising ink-jet printing a
solvent on to localised regions of insulating layers of the devices so as to dissolve
the insulating layers in the regions to leave voids extending through the layers,

and depositing electrically conductive material in the voids.

35. A method as claimed in any of claims 24 to 34, wherein the substrate
includes a structure between electrodes of the transistors for confining liquid
deposited on the substrate in a pre-defined path between the electrodes by

means of relative attraction and/or repellence for the liquid.
36.  An electronic device formed by a method according to any preceding claim.

37. A method for defining an electronic device from a substrate comprising an
array of first surface zones separated from each other by second surface zones,
the method including the step of defining electrodes of a plurality of transistors on
the substraie by depositing an eleétrically conductive polymer material from

solution in a solvent that is relatively attracted by the first surface zones and



WO 01/46987 PCT/GB00/04938

51

relatively repelled by the second surface zones so as to cause the material to be
segregated into regions corresponding to the first zones, and forming subsequent
functional regions of the transistors so as fo interconnect material in regions

corresponding o adjacent first zones as electrodes of a single transistor.

38. A method as claimed in claim 37, the method comprising deposition of
polymer transistors with channel lengths defined by the repelling surface regions,
but with user-defined locations and with user-defined channel widths; the method
further comprising” ink-jet printing of conductive material so as to provide
interconnections between the transistors and/or opening of via-holes through
insulating layers by local deposition of solvents and/or ink-jet printing of insulating

layers in the overlap region of two interconnects

39. A method for defining an electronic device from an electronic device array
comprising a substrate and a plurality of transistors or functional blocks of
transistors located on the substrate, each transistor or functional block having at
least one interconnection electrode for allowing interconnection of the transistors;
the method comprising defining a pattern of interconnection between at least two
of the transistors by any one or more of the following steps:

ink-jet printing conductive material so as to provide a conductive path
between two of interconnection electrodes;

opening a via-hole through an insulating layer of a transistor by local
deposition 6f solvents on to an insulating layer of the transistor; and

ink-jet printing an insulative material in the region between two transistors
or functional blocks.



