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1 Conjugated Copol yner Field of the Invention 5The
invention relates to a conjugated copol yner conpri sing

WO pefiafsruor ene and triarylam ne units and to PEHEP2IES/008972

in organic electronic devices. Background and Prior
Art 10 In recent years, there thas been devel opnent of
organi ¢ sem conducting (OSC) materials in order to
produce nore versatile, |ower cost electronic devices.
Such materials find agpl ication in a wde range of
devi ces or appar at us,CenjugatedCopolymer fiel d ef f ect
transistors (OFETs), organic light 15emtting di odes
(QEDS) phot odet ectors, photovoltaic (PV) cells,

ft enents and logic circuits to nane
JUSt a few. The organic sem conducting materials are

caI I‘% pres%r% I n the eléctronl device i.n the form

€ fiyentiogyefates & S COPOVIIET CTRPEYBH ¢ hi ck.
ZOiﬁhenpﬂuémm@trdryI@fﬁfﬁe aeits @l todtspuseniri prgiainic elastranic
up&g\p%ge charge carrier nobility of the sem conducti ng

T- and the current on/of f rati o, so the ideal
sem conductor should have a | ow conductivity in the

Of%aéﬁ@%d%ﬁg’:n@d/wﬂh a high charge carrier
no vl s-1.. )In addition, it is

i nportant that the sem conducti ng material is
r elnarfe'c’éﬂt yeéﬁsamé?eaﬁisob@éﬂ\ d@‘&él@ﬁmerﬂ' of b?géfﬂ@ s@nhd:ts}’muctlng

1l SE) pEteBalndn cuder sy Brediic? ShorrEAliE. kiyerignst Slectronic
semavaoe@lL&ma:m matetiasifadd apmicatigo dnl apride eangeiof ideyices or

%&g%l%lt? dﬁagﬂn@r&gaﬁ d&ﬁ@f%@'t’ﬁ%h&?to% (dﬁﬁ*é)%@aﬁlc light
unenrrmtmgtd;o@eaj(@lcﬁag) |nlxnt@@eteﬁt@ra,r@miwolﬁﬁ(ewﬁa&& @ensors,

| apRImory&lements and logic circuits to name just a few. The organic
semiconducting materials are typically present in the electronic device in
the form of a thin layer, for example less than 1 micron thick.

The performance of OFET devices is principally based upon the charge
carrier mobility of the semiconducting material and the current on/off ratio,
so the ideal semiconductor should have a low conductivity in the off state,
combined with a high charge carrier mobility (> 1 x 102 cm?*V's™). In
addition, it is important that the semiconducting material is relatively stable
to oxidation i.e. it has a high ionisation potential, as oxidation leads to
reduced device performance. Further requirements for the semiconducting
material are a good processability, especially for large-scale production of
thin layers and desired patterns, and high stability, film uniformity and
integrity of the organic semiconductor layer.

In prior art various materials have been proposed for use as organic
semiconductors in OFETSs, including small molecules like for example
pentacene, and polymers like for example polyhexylthiophene. However,
the materials and devices investigated so far do still have several
drawbacks, and their properties, especiaﬁlly the processability, charge-
carrier mobility, on/off ratio and stability do still leave room for further
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In prior art various materials have been proposed for
use as organi c sem conductors in OFETs, including

wa pwblosrn ecul es |i ke for exanpl e pentacene, aP@I/EP2008/008972

polymers |i ke for exanple pol yhexylthi ophene. However,
the materials and devices i nwe2tigated so far do stil
have several 35drawbacks, and their properties,
especially the processability, charge- carrier
mobility, on/off ratio and stability do still |eave

r oonpfavenientt her 2 i nprovenent. One ai m of the
present invention is to provide new organic

sem conducting materials for use in electronic
de@nseaim ehthehpreseat Bwentinnas topovideopewmorgania n
paééhﬁéﬂrﬂfucﬂlﬁ%%ﬂfé?@@ssﬁﬁmsle' .hyele&r&hc eae(c%% whit hawe

mobi | it on/ g rati o gh oxi dative stabil
an@dvam 'égpppgtnrﬂeemﬁsemdamemaé Je9 RraGesSaRIKRIORichArge-
i Sctamei'xhﬁmﬂtyt h@m@ﬁﬁofﬂ)‘%\tlaemmbd@@i\JeﬂQaﬁﬂlheéh@"cﬁng lifetime in

bel he
° Bl 48uHS ARREEL P R BRE L BB et
t hendtetialsvavaijabel @i thedxpestc (Other aims &DtHet pregenbieention are

| A 93500 The B BRI E ARt fscrotion
i nventi on. These materials are based on pol yners
CONHAsShékh RiLfhPthallBidseChitns 84n b@aé&ue\}éads\?pié\}ﬁ&hsne

units . of the follow ng fornulae, or derivatives
t h&ERYgo ipgdnatesials as claimed in the present invention. These

materials are based on polymers comprising one or more cis- or trans-
indenofluorene units of the following formulae, or derivatives thereof

cis-indenofluorene

(wherein R denote aromatic or aliphatic hydrocarbyl groups, and two
adjacent groups R"? or R** may also form a spiro group),

and further comprising one or more triarylamine moieties. In particular, it
has been found that such polymers are suitable for use as semiconducting
materials in electronic devices like transistors, and as charge transport
layer or interlayer in polymer light emitting diodes (PLEDs), as they have
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R 6R4 7 IR trans-indenofl uorene 30(wherein R1-4
denote aromatic or aliphatic hydrocarbyl groups, and

Wo oaei4atent groups RL'2 or R3'4 may al so f or PCHEBP0$/@08972

group), and further conprising one or nore

triarylam ne noieties. In part3eular, it has been
found that such polyners are suitable for use as

sem conducting 35materials in electronic devices |ike.
transi stors, and as charge transport |ayer or

i ngeod pyecessibilityl gnteat thegdame titviet shmaw di kighch@RyEBairier

asn{ogbilﬁygﬁﬁﬁ%igp{g% gﬁ/e%?%él @PCT/ EP2008/ 008972 3 good

proc saire time show a hi gh charge
carrier nobility and high oxidative stability. WO

g?w«_ﬁsu L ?ﬁﬁﬁaé?&%&oﬂ)dﬂw&s ESHFisHg Sryl-substituted
indenofluorenes and further units like triarylamine or heteroaryl moieties,
and their use in OLED or OFET devices, but does not disclose a device as
claimed in the present invention. WO 2005/024971 discloses an OLED
device comprising a crosslinked buffer layer as electron blocking layer,
and further discloses a polymer comprising 50 % indenofluorene and 50
% triarylamine units, but does not disclose a polymer as claimed in the

present invention.

Triarylamines have good hole transport ability. However, they have only
moderate solubility in many organic solvents, which does negatively affect
their processability in a film-forming process and leads to films with
moderate uniformity. Indenofluorenes, on the other hand, are soluble in
conventional organic solvents and thus show good processability, enabling
the formation of films with high uniformity. However, they have been
reported mainly to be efficient electron transporting and light-emitting
moieties. It was therefore surprising that a polymer according to the present
invention, wherein indenofluorene units are combined with hole transporting
moieties like triarylamines, shows high charge carrier mobility and enables
the preparation of electronic devices like transistors with high on/off ratios.

Summary of the Invention

The invention relates to a conjugated copolymer comprising > 50 mol% of
one or more identical or different units of formula |

and > 0 mol% and < 50 mol% of one or more identical or different units of
formula il
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5i ndenof | uorenes and further units like triarylam ne
or heteroaryl noieties, and their use in OLED or OFET

wWQl2app6a79 but does not di scl ose a device as cl BCTERR200$/008972

the present invention. WO 2005/024971 di scl oses an
OLED device conprising a crossf+nked buffer layer as
el ectron bl ocking layer, and further discloses a

pol ymer conprising 50 % i ndenofl uorene and 50 10%
triarylamne units, but does not disclose a polyner as
claimed in Ahe present invention. Triarylam nes have
good hol e trénsport ability. However, they hqye only
nndetathﬁameJAz% in many organic solvents whi ch
does negatively af flect 15t heir processablllty in a
filmformng process and leads to filnms with noderate
uniformty. | ndenofl uorenes, on the other hand, are
solypelk&ini N conventional organic solvents and thus show
good processability, enabling the formation of filns
with high uniformty. However, they have been reported
MabAkof Roahe Aeld A eirjyié behé GindhetGtRBERATKT R§ and
light-emtting 20 noieties. It was therefore
surprising that a polymer according to the present

i noatdf BrandiB iea sirghe boat landrtbeeother issSCRPR? conbi ned
with hole transporting noieties |ike trlarylan1nes

sho hi gh charge carrier-nobility and enables the
pr Bpar at i oAredepepdently ef gach etherlidemtiaal andiffarentgroups

\ghte h| E{/ ggt I@@(eefé‘d frél"n' HShal% ?gmtm Mtfé lcr\(i)tgcg' rwegt LOEN, -SCN,

conpri si ng &1@ mC(o%éX Té(rrg?)g i P2 Bﬁfﬁ ¢ -SH, -SR?, -

di fferent g0 sozRermrHaNoﬁchFgAnsBs /Mptldﬂéﬁy%ljbstltuted
silyl, or carbyl or hydrocarbyl with 1 to 40 C atoms that is
optionally substituted and optionally comprises one or more
hetero atoms,

X is halogen,
R? and R® are independently of each other H or an optionally substituted

carby! or hydrocarbyl group optionally comprising one or more
hetero atoms,

Ar is a single bond or denotes mononuclear or polynuclear aryl or
heterorayl,
m is an integer > 1,

Y isN, P, P=0, PF,, P=S, As, As=0, As=S, Sb, Sb=0 or Sb=S,
Ar'  which may be the same or different, denote, independently if in
different repeat units, a single bond or an optionally substituted

mononuclear or polynuclear aryl group,

A% which may be the same or different, denote, independently if in
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one of A and A is a single bond and the other is
CR1R2, one of B and B' is a single bond and the ot her

WO 20008349 R1- 4are i ndependently of each ot herPCT/EP2008/008972

identical or different groups selected fromH,

hal ogen, -CN, -NC, -NCO -NCS5 - CCN, -SCN,

-C(=0) NRRoo, -C(=0)X, -C(=0)R, -NH2, -NRR, -SH, -SR -
SABH, -SMZR, -0OH, -N®2, -CF3, -SF5, optionally
substituted silyl, or carbyl or hydrocarbyl with 1 to
40 C adiffereritirepeatsumits, iapneptionatiysabstitutextimamdnuclear or

opti onal|l QNPL | e or nore hetero atons, X s
hal oge?]()lyé’cgﬁgpﬁyzggo%dependent |y of each other H or
an optionally substituted carbyl or hydrocarbyl group

APogxﬁblocﬁ JEQ?TPJ 'tﬁb%n%‘%r fofe'?Pﬁte dEﬁBﬁJ ?né’é enﬂ?'nsma

Si ngl enot es nononucl ear P ear ary
or het@iffereftirepeat umits, rﬁre@etlon@"ywbsmu gl mm?nUPtez!r or

P=S, Asolyh§ciBar é&?ﬁrouﬁp WISIBF P 8 bébpﬁ@néw sNﬁ‘étﬁtﬁteH&W a

be the s me or n

di f 1 or & gmggé%.wpﬁﬂwg J'fae@ﬁﬂgh@na 085 S piindharn

substi tuted nononucl ear or pol ynucl ear aryl group, Ar2

whi ch ﬁf éhe same or different, denote,

|nﬁepe ?& in 5 different repeat units, an

optlonally substltuted nononucl ear or polynuclear aryl

@ Ar3 which may be the sane or different, denote,

ndependently if in 5 different repeat units, an

optionally substituted nononucl ear or pol ynucl ear aryl

grWHEreM@'pﬁBn&thﬁegr@@blswbéﬂld/Rgléb@ﬂldrtthb%ﬁobﬁs & and R*
i dgin ro i,.N |np fferent CP resi dues of
qu%ﬁl}jeq'ﬁfh H’%jadjacen fluorene moiety form a Spiro group.

The invention further relates to the use of the copolymers as described
above and below in an organic electronic device as described above and
below .

The invention relates to an organic electronic device comprising a
semiconducting layer comprising a conjugated copolymer as described
above and below .

The organic electronic device includes, without limitation, organic field
effect transistors (OFET), thin film transistors (TFT), integrated circuits
(IC), radio frequency identification (RFID) tags, photodetectors, sensors,
logic circuits, memory elements, capacitors, organic photovoltaic (OPV)
cells, charge injection layers, charge transport layers or interlayers in
polymer light emitting diodes (PLEDs), Schottky diodes, planarising layers,
antistatic films, polymer electrolyte membranes (PEM), conducting
substrates or patterns, photoconductors, electrophotographic elements
and organic light emitting diodes (OLED).

Brief Description of the Drawings

Figure 1 shows the source-drain current vs. gate voltage characteristic of
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kis 1, 2 or 3. and wherein optionally the groups Rl
and R2 and/or the groups R3 and R4 together with the

W@ 2090679 f | uorene noiety forma spiro group. HGEEP2008/008972

invention further relates to the use of the copolyners
as descri bed above and bel ow-ih-an organic el ectronic
devi ce as descri bed above and bel ow. 20The invention
relates to an organic electronic device conprising a
sem conducting | ayer conprising a conjugated copol yner
as ad «3EET hprd palzalacardingetoeaxanile 2or gani ¢ el ectronic
device includes, without Iimtation, organic field
25effect tranS| stors (G:ET) thin filmtransistors

: gerpted ) , radio frequency
| dentifi catl on (RFID) tags phot odet ectors, sensors,

ic circuits, mMenory el enent s, capaC| tors, organi
gh@aerm aiRolyer)) genarally messsemolgede ob highusekative molecular

Chﬁ‘fé!s% tHetatQﬁG@tbge bgW?ﬁ(ﬁm é’ésérﬂ‘bﬂy b@ﬁﬁfrﬁseb ﬂh@%t)dﬁﬁé repetition
i ng di.o

tt k d
ke A SR ot s ahualE: fof oIS oF ow relative
eI acilecllzt mass(PRad) D96 68) 229m)ndutetﬂem|gn '@ugeweat@aumuy

20l oISk AB 0 EFAERm €98 £ B SBAE RS g srucure
Br pEwhitdsessantialiy comprises@ amalh giurality ofainits deFived, actually or
pr eeﬁé@ﬁuswth%rteeu%@dm&ﬁer’- elatRlerlofet 55@ PRE,

he 'l nvent1 on term ymer enera ans
a 8Pece8.22 1 )ninyd W@ﬁea&qwrw&l %Qﬁﬁ’lf%‘dﬂg o the predent invention a

polymer means a compound having > 1, preferably > 10 repeating units,
and an oligomer means a compound with > 1 and < 20, preferably < 10,
repeating units.

N—

The term "repeating unit” means the constitutional repeating unit (CRU),
which is the smallest constitutional unit the repetition of which constitutes
a regular macromolecule, a regular oligomer molecule, a regular block or
a regular chain (PAC, 1996, 68, 2291).

The term "leaving group” means an atom or group (charged or uncharged)
that becomes detached from an atom in what is considered to be the
residual or main part of the molecule taking part in a specified reaction
(see also PAC, 1994, 66, 1134).

The term "conjugated” means a compound containing mainly C atoms
with sp>-hybridisation (or optionally also sp-hybridisation), which may also
be replaced by hetero atoms. In the simplest case this is for example a
compound with alternating C-C single and double (or triple) bonds, but
does also include compounds with units like 1,3-phenylene. "Mainly"
means in this connection that a compound with naturally (spontaneously)
occurring defects, which may lead to interruption of the conjugation, is still
regarded as a conjugated compound.
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mass, the structure of which essentially conprises the
multiple repetition of units derived, actually or

weongeaisoal |y, from nol ecul es of | ow rel ative POI/ER20&008972

mass (PAC, 1996, 68, 2291). The term "oligomer"
generally nmeans a nol ecul e ot 7i-nternedi ate rel ative
nmol ecul ar mass, the structure 10of which essentially
conprises a small plurality of units derived, actually
or conceptually, from nol ecules of |lower relative
molslegk atatedssthéRviSe, theatipletilar2@dht isigiven ps dhe nueder

oA RS ERA L R UERARlne KT U BRrAcBRO TR |
unchrematographyd/GR{Chagainebpelystyceepatandaids: H he degrrg o
ff@%gﬁ{eﬁi&éﬂﬁﬁ:@ﬂ, Heand ThEPRABEIBVERPAdS dedhle éﬁﬁdl\{merization,

nmeans. t he constitutional re N

ungivep erU) = MM W"@WW&“"Q@FW%@P'WtW?'@E‘FE @\e %Jﬁ@?

t hepedBAgidniton of which constitutes a regul ar

macr onol ecul e, a regular oligomer nolecule, a regular

bl ock or 20a regular chain (PAC, 1996, 68, 2291). The

t eThe 'td?]mavd:myggmwp' asamesl abovet amd belogr depotestanmyged

or _uncha . det . '

wEeRBleBR S At BE BURNE RIS RO ATNER Erifices gt east

t henerchdzrl atonaleithgr pithout anynepserboreataras tlikedier example

25(588. ?{)FGpt’f’cﬁ%H 1MbinE8 withl 3tk ast’bfe hBARBarbon atom such as
conj ugat ed”. maar¥s a conpound cont ai ni ng i nl g

at . .thh SipSenfisy T8Iy {6 or 6?"’6’2‘? P%&&W%et&ga- e term

ﬁ pzﬂm(&étib:;agﬂo?ﬁb)' tdﬁwbt@a l'ﬂiﬁ)rt%y@bﬁ@&?wﬁt epkscriditpnally contain
etero atons. In e Si e case is is r

600 Or il AR AP RS TAly <Erinat AR S ana LRSS

( olikg forpx@mpleMis, 8uP, B8aBe,Asd e ocGede conpounds

wth units |Iike 1, 3-phenylene. "Mainly" nmeans in this

connection that a conpound with naturall

( spararbylewiyidypcarbyligidupocarepesing a eiraie |Q¥|$dgr meegiCiatoms
i XJ‘ &84 bR irgarFﬁ%n%ﬁ@ﬂ%ﬂ}’étoéyclib,sinéﬁﬂﬂg sGiEREAEr Agsed

a conj ugat ed conpound.
20099965479PCT/ EP2008/ 008972 -7 Unl ess st at ed
ot herwi se,. the nolecular weight is given as the

nupber aver age, nol ecul ar [ / ternpin gel

perﬁ%frﬁ qegncacrﬂyloq&({ ﬁ&#‘l}%ﬁ{}a\%%p% 8'?@&5'&'! )S/g(to 8¥’ene

st alkgadsonylhalkdrgparbooyl, ptkylcadvarndexyoand alkoxgearbonylexy,

nu i y hd Ml 29| yeferdblym o 25

e HEIEPR QERER Syt phd Ao 19, ERrEbM o 25,

si Mglyepreégralty héo (18iG atoms, furthermore optionally substituted aryl or
aryloxy having 6 to 40, preferably 6 to 25 C atoms, furthermore
alkylaryloxy, arylcarbonyl, aryloxycarbonyl, arylcarbonyloxy and
aryloxycarbonyloxy, each of which is optionally substituted and has 6 to

40, preferably 7 to 40 C atoms.

The carbyl! or hydrocarbyl group may be a saturated or unsaturated acyclic
group, or a saturated or unsaturated cyclic group. Unsaturated acyclic or
cyclic groups are preferred, especially aryl, alkenyl and alkynyl groups
(especially ethynyl). Where the C4-Cyo carbyl or hydrocarbyl group is
acyclic, the group may be linear or branched. The C1-Cag carbyl or
hydrocarbyl group includes for example: a C1-Cyo alkyl group, a C2-Cso
alkenyl group, a C2-Cqo alkynyl group, a C3-Cyo allyl group, a C4-Cao
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The term "carbyl group” as used above and bel ow
denot es any nonoval ent or nultival ent organic radical

WOorRiengs4ihi ch conpri ses at | east 10one car bon BETEP2008/008972

ei ther without any non-carbon atons (like for exanple
-CC-), or optionally conbined &-th at |east one
non-carbon atomsuch as N, 0, S, P, Si, Se, As, Te or
Ge (for exanple carbonyl etc.). The term . "hydrocar byl
group” denotes a carbyl group that does additionally

coatkyldiemyigroup naCa- Gkoamivmxd@domté Geél1bayary:l®wabra02 -Cig
o Figthoi 855 o € QTN B 05 O PRy brod, .
coh‘apm cmlﬂglkal @19aipn adf34-@4@cy¢i@albem'laqr@nﬁ ang the l@e bBreferred

| l-
fuaReng ‘ﬁ‘é%?%‘f‘”?ef etﬁ"‘?seﬁ*’%%% C’L"’@Wf@go?“@‘cm‘@*y'
2

grS[RPeP ithee oo AlkypY! IRURE 2\ 3-Grai SFdimyA Ca- Co alkyldienyl
al W@%WF argldfglig 24 @@lzm@teﬁmﬁ}yl g%roup and a C4-Cy
car bonyl ox iS optio
U BSERH G P ectED, s WofliearB o b Pgtidas of grapps
pr béaeinghdaybdn tatorh8 aDdagroups rfaswrtgwhelmnm atams] lieaé lgy an alkynyl
I

or SRYF b Ecb esBinst el i 8betiieBtulh biforoup, praferably a
ar ynailsulwhgrouraryl oxycar bonyl aryI car bonyl oxy and
aryl oxycar bonyl oxy, each of which is optionally

at Eﬂtgt' teétel?%e?rggrqr}frby'@rn%ﬁr’ee%ﬁS@fﬂ'ﬁyjﬁz% %@é\t chain,

sabmm@dt cﬂfcy(?ﬁedllfw ittt &£40] preferadipl t@QSHC%adimehld:h is

or unsa CllC o C or,

oy BB Tt rp st B o0 BLACHEENS oBftpyherein

andnald{ymyﬂe 0o r-aplfa oem Gt gbbpsarbppﬁbhallWMm&dam each
H%&ﬁf&é#en‘a n'ﬂWuro‘?I‘?%thén%QP@i/ -@Ja-%’-c'-rklﬂ N?-?’ QA'SPRIRO..

ear or°branc

ﬁﬂn ey FO§uPiGRrddes-€6r, “@mpl SOx, 20", -NR"-
al ©0-, RABONRE. bfl sl Lo sottBafahdutiat O andior

" QUBonss b et S JB ot oty mfgerﬁwaYképgf@ﬂya
erﬁbﬁ)ehdbatlp@f phch othegr, HaF 0B} GAOI\aIalny!I R} yhd ®%Oupe a

SaRpRHEh UL alh erud o n ARl DB 3o L Ritfeictr

amergmatie hydrosgoh ey withcu fss2@Ceatone. - C20 al kyl group, a

C2- C20 al kenyl
R® and R” are preferably selected from H, straight-chain or branched alkyl
with 1 to 12 C atoms or aryl with 6 to 12 C atoms.

-CY'=CY?- is preferably -CH=CH-, -CF=CF- or -CH=C(CN)-.
Halogen is F, Cl, Brorl.

Preferred alkyl groups include, without limitation, methyl, ethyl, n-propyl, i-
propyl, n-butyl, i-butyl, s-butyl, t-butyl, 2-methylbutyl, n-pentyl, s-pentyl,
cyclopentyl, n-hexyl, cyclohexyl, 2-ethylhexyl, n-heptyl, cycloheptyl, n-
octyl, cyclooctyl, dodecanyl, tetradecyl, hexadecyl, trifluoromethyl,
perfluoro-n-butyl, 2,2 2-trifluoroethyl, perfluorooctyl, perfluorohexyl etc.
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5group, a C2 -C20 al kynyl group, a C3-C20 allyl group,
a Ca-Cm al kyl di enyl group, a C6-Cl2 aryl group, a

W@20000854met er oaryl group and a C4- C20 pol yenyl| PQr/BR3908/008972

respectively. Also included are conbi nati ons of groups
havi ng carbon atons and groupsghavi ng hetero atons,
like e.g. an al kynyl group, preferably ethynyl, that
is substituted with a silyl group, preferably a 1
Otrial kylsilyl group. Further preferred carbyl and

hy erefenrdayalkgngugreups ahclade, syt g imititiahn etherai gire genyl,

cyelic alkyl, with to 40 r ef er.abl to C-.at gns,
o PulsE el FrdpbEntenyl, Bexsivigrdelisint henSoy v
Cl cyd@oheptemyl, Odteryl deyhesatenyl ¥ione or nore

non- adj acent CH2 groups are optionally replaced, in
each case i ndependently from one another, by -0-, -S,
- NRreferned. alkyny! gs@eps includgowithqud dimitatignoethyngl, poorynyl,

- oy, PRy, hSiGRyl, ociBre, - NR- 0O, - NR- 0O MR,

- CY1=CY. 1---"C" in sdch a manner that 0 and/or S
atons are not linked directly to one another, wherein

Y1Pasferréd slkexy groupzninniidet Wwthelt aratien, aetHdxyFetHeky, 2-
or Ce% anq R and R are i ndependent!|y of e?ch ot hetr Ht
or MEMGRYEIBRNI TPIRRY: AR MHAP0R HEHTa, Sl texy: t
hy butoagr Benethivibut@xy,an-pentoxgt nitexoxy, n-heptdxyamebdtory etc.

preferably selected fromH, straight-chain or branched

al léyl 25with 1 to 12 C atons _or aryl with 6 to 12 C
at Breferredyamipezgraupsgneludeawitoutdinitsion, dopettrlamino,
Chirdth {ibhiino Ha9APheésylamirld, ’phliérny[érmihp, 8. Preferred

;ll kyl groups incl'ude, Wthout limtation, nethyl,

ethyl, n-propyl, ipropyl, n-butyl, i-butyl, s-butyl,

t- myl)drouﬁ? rfei)h%é hntbr)dnudlemenéyllhavigg Dahtyt cjyﬂrm]e arcl)matic ring (like

cyel o - hex - et hyl hexyl.

e ﬁégp%%glgfaré&xgsfbpeﬁ%%h%ﬂt%ﬁf)ow(w e&gd,?/.let?gvmg two or more

dodewaati¢ ringe whicke 0dy, bé fusete(dike fot exdrhpler mapthiglydr,

35 N Bk v ey r ;

o< R0y gkt e R evample i)
and/or a combination of both fused and individually linked aromatic rings.

Preferably the aryl group is an aromatic group which is substantially
conjugated over substantially the whole group.

Aryl and heteroaryl preferably denote a mono-, bi- or tricyclic aromatic or
heteroaromatic group with up to 25 C atoms that may also comprise
condensed rings and is optionally substituted.

Preferred aryl groups include, without limitation, benzene, biphenylene,
triphenylene, [1,1":3',1"terphenyl-2"-ylene, naphthalene, anthracene,
binaphthylene, phenanthrene, pyrene, dihydropyrene, chrysene, perylene,
tetracene, pentacene, benzpyrene, fluorene, indene, indenofluorene,
spirobifluorene, etc.

Preferred heteroaryl groups include, without limitation, 5-membered rings
like pyrrole, pyrazole, imidazole, 1,2,3-triazole, 1,2,4-triazole, tetrazole,
furan, thiophene, selenophene, oxazole, isoxazole, 1,2-thiazole, 1,3-
thiazole, 1,2,3-oxadiazole, 1,2,4-oxadiazole, 1,2,5-oxadiazole, 1,3,4-



Preferred al kenyl groups include, without limtation,
et henyl, propenyl, butenyl, pentenyl, cyclopentenyl,

whe00enyd479 cycl ohexenyl, heptenyl, cycl ohept enyPCT/EP2008/008972
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octenyl, cycl ooctenyl etc. S5Preferred al kynyl groups

include, without limtation,. ¢ghynyl, propynyl,

butynyl, pentynyl, hexynyl, octynyl etc. Preferred

al koxy groups include, without Iimtation, nethoxy,

et hoxy, 2- nethoxyet hoxy, n-propoxy, i-propoxy,

n- B%%dﬁé?i%lelt 1 msqmm&dwt tﬂZMrtrr]ﬁaid]QZtBI@XYhz,5-thiadiazole, 1,3,4-

ut Qx ent.oxy,. n-hexoxy, n-heptoxy, ..

208501, BrhembeEed SROK iR PV BR B YA DEerVmidint.

| i pyteainiegn, 3 Sitniakzimel, 42, Adrianmpehy)2edrtmazine, 1,2,4,5-tetrazine,

Dol PR nRaZ, A2 SRAAR M flsEuy Syt e BuRtSadTRY

[“€éar one
(I indeld, osmedalep[rwq@hmej||ndazoﬁmé:e)nzgn@)azolﬁ benzotrlazole

0 I -
P FMﬂH& ﬁé’p{)hthmlggégl?r Sn%?g‘t‘ri’lngf(lgﬁn%ﬁlg gﬁ;ﬁﬁﬁldi&zdlé NYfrazin
napnid ﬁypéqgwnqxahnmaam'ray bergxazRle.yap ZPF‘? ranthrgxa-
exagm! g bhahmmazolémgémzo@e dsyHYolthz o, benkefukar used
?E%olggylgg %n, %gng#ﬁg@rbaréﬁ tl ¢idd L&%qlg}%ogign ngbbé/nzo 5,6-
Suhatr@iﬁhealbéryzosﬁm qgmbede ld\)@’rzoswﬁsqlamblnaé | beriZoésoguinaine,
rou o
8 W RO Kol L BEPRL N REBRT e
upqumOXBIIIQB aﬂmmznnmtnamhmdm& @ﬂmﬁr@@z@@c@m@@@é@ ine,
Eﬂénéﬁﬁmﬁ Weﬂﬁﬁmr?élu%‘ tlﬁfe'nbf’é SQ]thBrpﬁ(eﬁér ed aryl

ups i nclu
bi ﬁn&agﬁS&mth@ph%@ thlopﬁelngndlthlgﬂég{)ndme

[ 1isbbehzothld d?’f@fdrﬂer&otbfbphéne Negritdibiadzothiophene, or

58 S LS00 BN AL B4t e sy
peatlmynwoéibyizﬁwmn duofdalioyl enéyrtherdaykor heteroaryl
gSBQ{ItLH {Ene, spirobi fluorene, etc. Preferred

eroary groups i nclude, without limtation,
5 menbered rings |ike pyrrole, pyrazole, imnmdazole,

tlhﬁréretrféoe&glaﬁk |Jgr8u Hchﬂfeokmthowuﬁﬁéﬂbﬁ, 23611 3adlyl, 4-tolyl,
I Oé) gfﬁé@y@%e%%pz 6" r(‘:l?éth?f;()%égyleQ 6-arn propyﬁjhenyl 2,6-di-t-
butylphenyl, o-t-butylphenyl, m-t-butylphenyl, p-t-butylphenyl, 4-
phenoxyphenyl, 4-fluorophenyl, 3-carbomethoxyphenyil, 4-

carbomethoxyphenyl etc.

Preferred alkylaryl groups include, without limitation, benzyl, ethylphenyl,
2-phenoxyethyl, propylphenyl, diphenylmethyl, triphenylmethyl or
naphthalinylmethyl.

Preferred aryloxy groups include, without limitation, phenoxy, naphthoxy,
4-phenylphenoxy, 4-methylphenoxy, biphenyloxy, anthracenyloxy,
phenanthrenyloxy etc.

The aryl, heteroaryl, carbyl and hydrocarbyl groups optionally comprise
one or more subtituents, preferably selected from silyl, sulpho, sulphonyl,
formyl, amino, imino, nitrilo, mercapto, cyano, nitro, halogen, Ci.12alkyl, Ce.
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t hi azol e, 1, 2, 3-oxadi azol e, 1, 2, 4-oxadi azol e,
1, 2, 5-oxadi azole, 1,3,4- - 10 - oxadi azol e,

wa @986 adi azol e, 1,2,4-thiadi azol e, PCT/EP2008/008972

1,2,5-thiadi azol e, 1, 3,4- thiadiazole, 6-nenbered
rings |like pyridine, pyridazine,. pyrimdine, pyrazine,
1,3,5-triazine, 1,2,4-triazine, 1,2,3-triazine,
1,2,4,5-tetrazine, 1,2, 3,4-tetrazine,
1,2,3,5-tetrazine, and fused systens |ike carbazol e,

5i qlpléirye Ci. &@lm@l Bydiox§ArdZbnéombinatidas thereof. The optional
nj.daz ht hi. m dazal

P afbTiRff Baydoniiss At ehSnicAly BoSsbIS BotBifaians, b the
q u sameagnaunpmrdﬂzoh pluratityz(prefeabdy twapdt ihexafoedraentioned

I&? §xarﬂ§f’e”§\ﬂw 8%8%8] E‘ngig?ﬁég attached to each other

€nzor ur an,
d| b@fﬂéemarsulmnﬁwlm@lcal)soqw nol i ne, pt eri di ne,
benzo-5, 6- 10qui nol i ne, benzo-6, 7- qui nol i ne,
benzo- 7, 8- qui nol i ne, benzoi soqui noline, acrid

phEﬁ%ﬁeﬁreaizwﬁst'ttpﬂréﬁmﬁqiﬁéfwtmﬁilapwlpaa 123 Brl “CN, -NO; , -
benmywosdlm@N qscmoxe io RIrEnaz=mX°, -C(=0)R’, -NR°R®,

e AL th@?g i Wg‘f?"zéb@ﬁﬁtﬂ.%ﬁéagms

t hhetm{)éry:kh]lthm tmh@nm’efehatbly Ethbl(Dattﬁne and straight chain or

Eenzo%ﬁyé'kﬂegﬁ@(%%@@? ﬁl adl za@%‘?ﬁﬁ'&ﬁ@y' glkylcarbonlyoxy or

coﬁﬁﬁommar@@@ymywﬂtiﬂ taRe, heaferably §Ito §20G @somsywherein one or
SUHﬁirbtwtaﬁdinwafr§ o@hﬁﬁéu %d@e@a %} P'&%IKWheré hY4€Y 8nd R® are as

fl er ;aryl et er oar yl
su §{'P?%@£P¥e a@@F’Fe‘ﬁé‘fﬁ’%@e%ryl al kyl groups include,

vvlthout limtation, 2-tolyl, 3to|y| 4-tolyl,
i et h

2. gsapc@%%&%rr éﬂHSt'?L?’ES arey §I§ﬁ%ﬂy |5Wé’n?/|f(yl alkoxy, alkenyl,

0- bxaalkyl, thiealkyl, flmetodikylAndHrmybalkpxy ghoupd ahdefimed for the

phg%}éﬁrggg}éh sﬂ{]ﬁl %%\thenyl 3- car bonet hoxyphenyl ,
oXyp

car eny etc. 25 Preferred al kyl aryl
groups include, without limtation, benzyl,

et marithemm! isapi PESV SlkBXi/ radiéélPVéRWﬁQbéhtqe termlnal CH2

hen t r |
F%f l,srrgapaéeﬁ F5ga3( ésUagg HHOF branched VIS
I i méfatamstra@ﬁmham hapla oo garbbnpdte ms thl@@@édr,dmgly is

pth fgﬁpﬁ’)égg'ﬁlz)&;ogylpgﬁpﬂ 'S r¥tyl ﬁexyﬂ ﬁcen t)x, ethoxy, propoxy,
butoxy, pentoxy, hexyloxy, heptoxy, or octoxy, furthermore methyl, nonyl,
decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecy!, nonoxy, decoxy,
undecoxy, dodecoxy, tridecoxy or tetradecoxy, for example. Especially
preferred are n-hexyl and n-dodecyl.

If one of R™ is an alkyl group wherein one or more CH, groups are
replaced by -CH=CH-, this may be straight-chain or branched. It is
preferably straight-chain, has 2 to 12 C-atoms and accordingly is
preferably vinyl, prop-1-, or prop-2-enyl, but-1-, 2- or but-3-enyl, pent-1-, 2-
, 3- or pent-4-enyl, hex-1-, 2-, 3-, 4- or hex-5-enyl, hept-1-, 2-, 3-, 4-, 5- or
hept-6-enyl, oct-1-, 2-, 3-, 4-, 5-, 6- or oct-7-enyl, non-1-, 2-, 3-, 4-, 5-, 6-,
7- or non-8-enyl, dec-1-, 2-, 3-, 4-, 5-, 6-, 7-, 8- or dec-9-enyl, undec-1-, 2-,
3-, 4-, 5-, 6-, 7-, 8-, 9- or undec-10-enyl, dodec-1-, 2-, 3-, 4-, 5-, 6-, 7-, 8-, -



The aryl, heteroaryl, carbyl and hydrocarbyl groups
optionally conprise 350ne or nore subtituents,

wWorwpesHn y sel ected fromsilyl, sul pho, sul phBGE/EP2008/008972
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fornmyl, amno, imno, nitrilo, nercapto, cyano, nitro,
hal ogen, G _ual kyl, C6_ WD_12-

2009/ 065479PCT/ EP2008/ 008972 -11- 12 arYl, Cl-12

al koxy, hydroxy and/or conbinations thereof. The
optional substituents may conprise all chemcally

p09811lv 6r aRaE- naterqmsrh@ambﬁ E@ﬁ&pg‘hé}dnoﬁmﬂs@rC-‘&C bonds with
raI ii_%(gsfpreferabl,é ng} 3 ! aforemsnu oned

3?&”8 RETS Be§ phonyl if directly

attached to each other 5represent a sul phanoyl
Pn

YR E SO QLS8 o My - '
- OpreferatdystraightohaiRFe-oxaprapyk (methoxyrshyl), MRoRoo,
op *é%ﬁ@i(){ﬁﬁeﬁﬂ}ﬂs&‘ 3-6k59ur§| {=24- meﬂﬁd&ye%;‘lj‘ y.) 3-0 o4%~oxape(r)1tyl 2-,

ferab het e

pr@f é’raﬁf%’ -OXahgxylp 2¢ 3y 6‘m§ %’h@'%? ﬁPE}%t cﬁal"n o 6- or7—
br@nﬁ&ﬁsﬂ QLIQ/J 4- HB-KexYr- atlykasriyooy Ry, 3-, 4-, 5-, 6-,7-, 8- or 9-

Ikylcarbonlyoxy or alkoxycarbonyloxy
Wi %aqe?yi ?ﬁexﬁp‘é’?%r ably 1 to 12 C atoms, wherein one

or rmre H atoms are optionally replaced by For d,
am a
GV e e
aI pgﬂferaillk§t{9!gh&|chernyﬂhlom§&wl (PCHa) h1-daipriny! (-SCH2CH3), 1-
fl Hﬁ{é s %@sz:HQcplg Homcqmwa aﬁ.diﬁfﬁtwdn (tﬁrohbtaﬂ) 1-
Et&wraptsa? oot arthipnaneiBodeeyD ol hisndaiy) or 1-
gr (lthlbdo@eb?pl wnéttl@pref?rably théCHa)grbﬁp ﬁd?}ah@iﬁt% dfeagpﬂz
anc refera sty ai ght-chain as to
8 Eﬁﬁ%%ﬁe‘it"%ca%o"o%t%? & %8?/ (S p?ef erably ethyl,
propyl butyl, pentyl, hexyl, heptyl, octyl, ethoxy,
U
W f'ﬁr . gﬁéﬁ%%rreg%é%:ﬂ?&%é%‘kyyn %@%‘f@?é‘biy Qgtra >ﬂht ~chain
do@&liﬂ O)GiFgecyhergiad F%ﬂ@@}iﬁgeb@ﬂﬁhﬂ&)?% inRATHRYIar CFs,
de@Fé{, C3F7, C4F9, C5F11, C6F13, C7F15 or CaF17, very preferably CeF13, or
the corresponding fluoroalkoxy group.

If the groups R' and R? and/or the groups R® and R* form a spiro group
together with the fluorene group, it is preferably spirobifluorene.

Preferred units of formula | are those wherein

- Aris either a single bond or an optionally substituted mononuclear or
polynuclear aryl group, very preferably a single bond,

- Aris selected from optionally substituted indenofluorene, optionally
substituted spirobifluorene, optionally substituted 9,10-
dihydrophenanthrene or optionally substituted phenanthrene,

- mis <10, very preferably 1, 2, 3, 4 or 5, most preferably 1,

- A'is CR'R? B is CR®R?, Aris a single bond, and m is preferably 1,

- A'isCR'R? B'is CR’R*, Aris a single bond, and m is preferably 1,

- R"™ denote optionally substituted carbyl or hydrocarbyl, very preferably
optionally substituted alkyl, aryl or heteroaryl.
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undecoxy, dodecoxy, tridecoxy or tetradecoxy, for
exanpl e. Especially preferred are n-hexyl and

wo2eodesyd . | f one of RL-4 is an al kyl group WPEF/BP2908/008972

one or nore CH2 groups are 30replaced by -CH=CH, this
may be straight-chain or bran¢Bed. It is preferably
straight-chain, has 2 to 12 Catons and accordingly is
preferably vinyl, prop-1-, or prop-2-enyl, but-1-, 2-
or but-3-enyl, pent-1-, 2- , 3- or pent-4-enyl,

hex-1-, 2-, 3-, 4- or hex-5-enyl, hept-1-, 2-, 3-, 4-,
ochn g FPforiife Y wheBih i > 1, jhe riganis ofpyafq B7in each
noimdgneflybrengegroup, arg-selacted Andemmndemtly of the gthesr
dec-9- _1- a, - - _ -1, - . O-
or MU rpre IPps s, thé it of Sl lymdy gofsist O
8- exclusivelyof fused ciggindenflda@neinnoigtips., orrmaygansisf exclusively
gr 8fusBBMraridepBflGoferieomdtetitist Br Frayomprise alternating or
Z-ggﬁ%gguratlon oraﬁgglxturﬁéﬁgereof Iflone of R%k%

i sraleaT RgAUences ofused dfieand Pags HifPNAIurEEie BRPYRS-
-0-, is bpreferably straight-chain 2-oxapropyl

( = h - ( = r - .

(IR MRS b iin oo SrEICIABN T 1 R BRAKG ,
or s@bformbldeyl , 2-, 3-, 4-, 5-, or 6-oxaheptyl, 2-, 3-,
4-, 5-, 6- or 7- oxaoctyl, 2-, 3-, 4-, 5-, 6-, 7- or
8- oxanonyl _@r 3-, 4-, 5-, 6-,7-, 8- or 9-

10 If one of R1-4 is thioalkyl,
i . e whepeQr ] ) =s_replaced by -S-, is

pr eferg G 2 i onet hyl -(-SCH3),

1-t hi 0 - . vti-opr opyl (= - SCH2cH2CHd)
1- (thiobutyl), ™ yl), 1-(thiohexyl), 1-
(thioheptyl), 1-(th¥00etyl), 1-(thiononyl),

1- (thi odecyl), 1-(thioundecyl) or 1- 15(thi ododecyl),
wherein preferably the CH2 group adjacent to the sp2
hybri di sed vinnazcarbon at i sp¥epl aced. |f one of
R1-4 is flﬁ% gal kyl or fluorgafkoxy, it is preferably
a straig 3 wherein i is an

i nt €ge D i CF3, |2
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20C2F5, C3F7, C4F9, C5F11, C6F13, C7F15 or C8Fl17, very
preferably C6F13, or the correspondi ng fl uoroal koxy

wWQewapes4rd the groups R1 and R2 and/or the gr oRGEERR08/008972

and R4 forma Spiro group together with the fluorene
group, it is preferably spiropdtl uorene. 25 Preferred
units of formula | are those wherein Ar is either a
single bond or an optionally substituted nononucl ear
or polynucl ear aryl group, very preferably a single
bond, Ar is selected fromoptionally substituted
|ndenoflu§tene R‘ jonal Ly 30substituted

splroblfluo Qe l'y substituted 9, 10-

di hydr ally substituted
phenant/ preferably 1, 2, 3|54
or Is CRIR2, Bis CR3R4

is a si pref erably 1, A is

CRIR2, B is CR3R4 Ar is a single bond, and mis
preferably 1, 35- Rl1-4 denote Q?}lonally subg Z{tuted
car byl or hydrocarbyl, very prefé

substituted al kyl, aryl or heter
units of l&ornul 2| yvhere'n m> 1
B' in each trde

|ndepeno--

Thus , ex\lu5|vely
of S ' . onsi st
exclusi y aof et i es, or

may conprise alternating or random sequences of fused
cis- and trans i ndenof | uorene noi eti es.
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The units of formula | are preferably selected from

the foll owi ng 10subf ornmul ae: 30 35 14 WO
WQo9NeBIn 79PCT/ EP2008/ 008972 - 14 - 20 WOPCT/EP2008/008972
2009/ 065479. PCT/ EP2008/ 008972
-15 -

110

111

112

wherein R'™ are as defined in formula I, R and R*® independently of each
other have one of the meanings of R’ givenin formulal, ris 0, 1, 2, 3 or 4,
tisO,1or2anduis 0, 1, 2 or 3.

Particularly preferred units of formula | are selected from the following
subformulae:

I1a
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- 15 - 5 wherein R1-4 are as defined in

formula 1, R and R5-8 independently of each 20ot her
wh200e/06132 of the meani ngs of RLl given in fornuP&I/EP2008/008972

is 0, 1, 2, 3 or 4 t is 0, 1or 2anduis 0, 1, 2 or

3. Particularly preferred uni{6-of fornula | are

selected fromthe follow ng subformulae: 251111 WO

2009/ 065479PCT/ EP2008/ 008972 - 16 -

1b

1c

11d

I5a
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25 - 17 - wherein 10 Lis H, hal ogen or
optionally fluorinated, |inear or branched al kyl or

WQLWoRgs4M th 1 to 12 C atons, and is preferabl BCHEPF)8/008972

met hyl, i-propyl, t-butyl, n-pentoxy, or
trifluoromethyl, and 15L'is -opfronally fluorinated,
linear or branched al kyl or alkoxy with 1 to 12 C
atons, and is preferably n-octyl or n-octyloxy. Arl
and Ar2 in formuja Il are preferably selected from

1, 4- phenyl ene whéxein one, two or three CH groups are

optional Iy replacgédDy N .and Bo which are optionally
substituted by oK v gf oups R1 as defined abovelsb
Further preferred & U gf forrmula Il wherein Arl

is a singlle~pone

wherein

L is H, halogen or optionally fluorinated, linear or branched alkyl or
alkoxy with 1 to 12 C atoms, and is preferably H, F, methyl, i-propyl, t-
butyl, n-pentoxy, or trifluoromethyl, and

L' is optionally fluorinated, linear or branched alkyl or alkoxy with 1 to 12
C atoms, and is preferably n-octyl or n-octyloxy.

Ar' and Ar? in formula Il are preferably selected from 1,4-phenylene
wherein one, two or three CH groups are optionally replaced by N, and
which are optionally substituted by one or more groups R' as defined
above. Further preferred are units of formula |l wherein Ar'is a single
bond.

Ar'2 in formula Il is preferably selected from phenyl wherein one, two or
three CH groups are optionally replaced by N, and which is optionally
substituted by one or more groups R' as defined above.

k in formula Il is very preferably 1.

Y in formula |l is very preferably N.

The units of formula Il are preferably selected from the following
subformulae:
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Arl1-3 in formula 11 is preferably selected from phenyl
wherein one, two or 25three CH groups are optionally

WO apbace® by N, and which is optionally substiRCr/ee2008/008972

one or nore groups IRl as defined above. kK in
formula Il is very preferably18- 30Y in fornmula Il is
very preferably N. The units of formula Il are
preferably selected fromthe foll owi ng subfornmul ae:
-.18 - io\/vherei n Rand r are as defined above and
s is 0, 1,(R N3, 4 or 5. Particularly preferred units

of fornmul a
subf or nul ae:

R), R), |
(R), (R,
R, © R), © R),
@N N 12

(R)

R, :
R), © R), R), © R),
-BEG-

wherein R and r are as defined above and s is 0, 1, 2, 3, 4 or 5.

sel ected fromthe foll ow ng

Particularly preferred units of formula Il are selected from the following
subformulae:
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20 25 1l 2c WD 2009/ 065479PCT/ EP2008/ 008972 - 20 -

5 113b
WO 2009/065479
-19-
L L
L

PCT/EP2008/008972

H1c

l12a

H2b

I12¢c

I13a



10

15

20

25

30

35

wherein L and L' are as defined above, L is preferably
i -propyl, t-butyl or trifluoronmethyl and L' is

wQewbesa® y n-octyl or n-octyloxy. 15 Prefer abP@T/EPa908/008972

copol ynmers consi st of one or nore, preferably one, two
or three, nost preferably one20t-ype of units of
formula | and one or nore, preferably one, two or
three, nost preferably one, type of units of fornula
[1. 20The upper limt of the ratigo of the units of
formula | | : 'g%olyner i s pretesably 99 nol % nore
preferably ¢ the ratio of the
] s preferably 55

p ably 75
N nits of
45 1ol % 13b

nore preferably 35 nol % nost preferably 5 25 nol %
The lower limt of the ratio of the units of formula

The | ower |i

Il in theL abl DI % nost
preferably o the units of
formul a | and bel ow, the
copol y preferably

sel ect ed
avit ng 'ng 113c
proper N=%. 35Addi¥Fenal havi ng\et€ct r on
transport properties are preferably selected fromthe
foll owi ng formul ae
wherein L and L' are as defined above, L is preferably i-propyl, t-butyl or

trifluoromethyl and L' is preferably n-octyl or n-octyloxy.

Preferably the copolymers consist of one or more, preferably one, two or
three, most preferably one, type of units of formula | and one or more,
preferably one, two or three, most preferably one, type of units of formula Il.

The upper limit of the ratio of the units of formula | in the copolymer is
preferably < 99 mol%, more preferably < 90 %. The lower limit of the ratio
of the units of formula | in the copolymer is preferably > 55 mol%, more
preferably > 65 mol%, most preferably > 75 mol%.

The upper limit of the ratio of the units of formula It in the copolymer is

preferably < 45 mol%, more preferably < 35 mol%, most preferably < 25
mol%. The lower limit of the ratio of the units of formula Il in the copolymer
is preferably > 1 mol%, most preferably > 10mol%.

In addition to the units of formula | and |l as disclosed above and below,
the copolymers may also comprise one or more, preferably one, additional
type of units, preferably selected from units having hole or electron
transporting properties.

Additional units having electron transport properties are preferably
selected from the following formulae
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- 22 - wherein R and R are as defined
above, and are preferably H, alkyl, aryl,

wa3penéd4oor oal kyl , thioal kyl, cyano, al koxy, PCT/EP2008/008972

heteroaryl, alkylaryl or arylalkyl. Ris preferably H,
phenyl or alkyl having 1, 2,-31-4, 5 or 6 C atons. R
is preferably n-octyl or n-octyloxy. 20The copol yners
of the present invention include statistical or random
copol yners, alternating copolynmers and bl ock
copolyners, as well as conbinations thereof.
Especral |y preferred are random and bl ock copol yners
conpri>' g< very 25preferably consisting of, > 50 nol %
of onesor \yore units of formula I and > 0 nol % and <
50 nmoN/ 0 ofNone or nore units of formula II. Most
d@re copol yners excl usively consisting of >

50 nol/ one type of units of formula I and > 0 y
nmol / 0 \s 4
[1. The—e

50 nol /0 of one type of units 30of fornula

dpol yners are preferably sel ected of the
- following formula WD 2009/ 065479PCT/ EP2008/ 008972 -

23 - R R

h27_7<&

v
R R
N/- \N Vi
\S/
R R
/ \ / \
o o
N/\ /\N | Vil
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wherein Ulis a unit of formula | or its preferred

subformul ae, 10U2is a unit of forrmula Il or its
w@e@besuer subformulae, xis > 0.5 and < 1, yi SPCT/@PBNE008972

< 0.5 15 x +yis 1. Preferred polynmers of fornula 1

are selected fromthe followpg_subfornulae 20 WO

2009/ 065479PCT/ EP2008/ 008972 -24 -

7\ Vil

wherein R and R' are as defined above, and are preferably H, alkyl, aryl,
perfluoroalkyl, thioalkyl, cyano, alkoxy, heteroaryl, alkylaryl or arylalkyl.

R is preferably H, phenyl or alkyl having 1, 2, 3, 4, 50r 6 C atoms. R'is
preferably n-octyl or n-octyloxy.

The copolymers of the present invention include statistical or random
copolymers, alternating copolymers and block copolymers, as well as
combinations thereof.

Especially preferred are random and block copolymers comprising, very
preferably consisting of, > 50 mol% of one or more units of formula | and >
0 mol% and < 50 mol% of one or more units of formula 1l.

Most preferred are copolymers exclusively consisting of > 50 mol% of one
type of units of formula | and > 0 mol% and < 50 mol% of one type of units

of formula II.

The copolymers are preferably selected of the following formula
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wherein R1-4, RR, R, r, s, x and y are as defined
above. In the polyners according to the the

W@e@seet479 nvention, the total nunber of 10r epeRCT/AB2008/008972

units n is preferaby 10, very preferaby 50, and
preferably up to 2,000, verypmeferably up to 5,000,
nost preferaby up to 10,000. The polyners of the
present invention may be prepared by any suitable

nmet hod. For exanple, they can be suitably prepared by

aryl varyl coupling 15\reacti ons, such as Yamanoto
coup ing,1 Suzyki gouplyng, Stille coupling, 1
So ful U Meck coupling. Suzuki coupling

amanot o coupling /are especially preferred. The
nmonorters which are polynerised to formthe repeat
units of the 20pol yners of the present invention can
be prepared according to suitable nmethods which are
knwhereino t he expert and have been disclosed in the
literature. Suitable and preferred nethods for the
preparation of the indenofluorene nonomers of formul
| Wre desds abwit ofdforreuianordty pref@redsubformadaea and
WO 2006/ 015862 Al. Suitable and preferred 25net hods
for, the preparation of the triarylan ne nononers of
f & nul a | is arbitgisformiadll s its prafesied sybfamulaes 4385

Al . Preferably the polyners are prepared from nononers

conprising o of the above nentioned groups of
fdrnula 1! Qfgﬁvﬁﬁ<jre linked to two 30pol ymeri sab

groups P. Accordingly, for exanple indenofluorene an
triaryl arri@g dggﬂg@é_%,sel ected fromthe follow ng
fornul ae can be used: '35

X+y is 1.

Preferred polymers of formula 1 are selected from the following
subformulae

a

e
d

1-1

1-2
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Ar-P2 1A WD 2009/ 065479PCT/ EP2008/ 008972 - 25 - Ari 3
Pl +Ar|l Y-Ar2pP2 10 wherein P1 and P2 are

WO pepessdent | y of each ot her a pol yneri sabl e oPCT/EP2008/008972

reactive group and A, A, B, B, A, Y, Arl-3, R

R1-4, k, m r and s are as 20defi ned above. The ot her
co-nononers can be built accordingly. Preferably the
groups P1'2 are independently of each other sel ected

fromd, Br, I, O-tosylate, O-triflate, O-nesylate,
0-nonaflate, -Si Me2F, -Si MeF2, -0-S028R)

-CZ2=C(Z22)2, - - Sn(Z3) 3, wherein

25are sel 1)) B group consi st h?

aryl, r 1-3

wherein R“’, R, R', 1, s, xand y are as defined above.

In the polymers according to the the present invention, the total number of
repeating units n is preferaby > 10, very preferaby > 50, and preferably up
to 2,000, very preferably up to 5,000, most preferaby up to 10,000.

* The polymers of the present invention may be prepared by any suitable

method. For example, they can be suitably prepared by aryl-aryl coupling
reactions, such as Yamamoto coupling, Suzuki coupling, Stille coupling,
Sonogashira coupling or Heck coupling. Suzuki coupling and Yamamoto
coupling are especially preferred.

The monomers which are polymerised to form the repeat units of the
polymers of the present invention can be prepared according to suitable
methods which are known to the expert and have been disclosed in the
literature. Suitable and preferred methods for the preparation of the
indenofluorene monomers of formula | are described for example in WO
2004/041901 A1 and WO 2006/015862 A1. Suitable and preferred
methods for the preparation of the triarylamine monomers of formula |l are
described for example in WO 99/54385 A1.

Preferably the polymers are prepared from monomers comprising one of
the above mentioned groups of formula I-1X, which are linked to two
polymerisable groups P. Accordingly, for example indenofluorene and
triarylamine monomers selected from the following formulae can be used:

A B
S D G
A BT
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optionally substituted, and two groups Z1 may al so
forma cyclic group. Anot her aspect of the

coupling one or nore nononers based on a unit of
formula | with one one 30or -r@Fe nononers based on a

unit of fornmula I, and optionally with one or nore
further units, for exanple selected fromfornulaein a
pol ymerisatign reaction. Preferred nethods for

pol yneri satAmn are those | eading to G C coupling or
35C N- coupl i h g, like Suzuki polynerisation, asa

des e Lf oy, _ex zqu_e,zu n WD 00/ 53656, Yamanoto

pol |sat|on aslidescribed in for exanple in T. WO

2009/065479PCT/EP2008/008972 - 26 - Yamanoto et al.
Progress in Polynmer Science 1993, 17, 1153-1205 or in
WO 2004/ 0226%6 A%, and Stille coupling. For exanple,
when synt hes {ng a linear polynmer by Yanmanoto

pol pgmerl @ descri bed above having two
reacti de ref erably usedl1Ahen
5synt hes) Br FE Suzuki

pol ymeri sati on prefebl a nononer as descri bed
above is used wher &H aR‘ﬁyeast one reactive group P1'2
is a boronic acid or boronic acid derivative group.
Suzuki polynerisation may be used to prepare
statistical(Rlalternating and 10bl ock random
copolyners. I icular, statistical or block

copol yners ma reared fromthe above nononers
wher ei n ofR)o ive groups P1 and P2 is
-actlve group is a boronic acid
or pe \ Fgr oup. The synt hesi S
statistixa al terna=J and bl ock copolyners is
described in detail for exanple in WO 03/048225 15A2
or WD 2005/014688 A2. Suzuki polynerisation enploys a

Pd Mbréiﬁ@' &xd PP age RAGEpEnGently. oﬂ%ﬁﬁmthedalﬂﬂﬂ)@hensable or

S SRR HGR By B Al R I SR R g

I | dafided abbwe sTbe obtwer co-monomers can be bwlt accordlngly

Preferably the groups P"2 are independently of each other selected from
Cl, Br, |, O-tosylate, O-triflate, O-mesylate, O-nonaflate, -SiMe;F, -SiMeF-,
-0-S0,Z, -B(0Z"), , -CZ?=C(Z?),, -C=CH and -Sn(Z%), wherein Z and Z'"°
are selected from the group consisting of alkyl and aryl, each being
optionally substituted, and two groups Z' may also form a cyclic group.

Another aspect of the invention is a process for preparing a polymer by
coupling one or more monomers based on a unit of formula | with one one
or more monomers based on a unit of formula ll, and optionally with one
or more further units, for example selected from formulae Ill-IX, in a
polymerisation reaction.

Preferred methods for polymerisation are those leading to C-C-coupling or
C-N-coupling, like Suzuki polymerisation, as described for example in WO
00/53656, Yamamoto polymerisation, as described in for example in T.



20t ol yl ) phosphine, i.e. Pd(o-Tol)4. Preferred Pd(I1l)
salts include palladium acetate, i.e. Pd(OAc)2. Suzuki
wWoNaeHrsati on is perforned in the presence OPCHERWS%(08972
for exanpl e sodi um carbonate, potassium phosphate or
an organi ¢ base such as tetr@ghyl anmoni um car bonat e.
Yamanot o pol yneri sation enploys a N (0) conplex, for
exanpl e bis(1,5- 25cycl ooctadienyl) nickel (0). As
alternatives to hal ogens as descri bed above, |eaving
gr\%*ﬁénﬂtfto fev iy ProgrésSi2 Pobameb@cience 1@981 &7 n1153-4286 or in

3&%28@@%@ %f A t%!b?g?lgﬁi%lﬁ%?le%%nf&& r\%h@@‘égf%@’\esizing

oralmear Eolgmier yi Yananiate polynerisaticanplanamersassaescribed
f %ﬂ%eelfé\ﬁﬁ% t\}v{) qgébﬂeoﬁal(cgﬁg.lpstm' NsTrtfdrabiansedl When

di o frequenc
5 ommtthee,nzuag@hnc{avemqwmeagy ba%lymrwtlogew gefrably a

' AbRofier @4 &esdi%@ﬁrébcﬁ)eqm%d vﬂfr’él@ﬁ'i h0leasPO Y& Fédctive group

phofpvoltaic (OPV) cell, . char ect I
ch%r g 3 Par e Aeid o ron&%?%ﬂ'va*%%grolOgna??lglrng

| ayer, antistatic film polymer electrolyte nenbrane
phg%cﬁ?p%%& L4t SUng)penB%d Ibo ényeparé’ rstaﬁ%& %glr Qlternatlng and
10 orlgank cahdayhtcopuilyrhersy |rdped@u(am_ala)lstlca| or blOCWpRQiETFe"S
ﬁs&eoeaér%‘b;a%@ Gronf tﬂ%‘?b@v@ﬁ%nﬁé%%ér%ﬂw Bﬁéﬁaﬂrﬁg’}ééctlve

supstrate

el goupsd®’ and, P gn%hélggencan%\ﬂ %hphgea%vergrouals a boronic acid
Sedi BaMHChEBUrR¥EBVe group. The synthesis of statistical, alternating

and block copolymers is described in detail for example in WO 03/048225
15 A2 or WO 2005/014688 AZ2.

Suzuki polymerisation employs a Pd(0) complex or a Pd(ll) salt. Preferred
Pd(0) complexes are those bearing at least one phosphine ligand such as
Pd(Ph3P)s. Another preferred phosphine ligand is tris(ortho-

20 tolyl)phosphine, i.e. Pd(o-Tol)s. Preferred Pd(ll) salts include palladium
acetate, i.e. Pd(OAc),. Suzuki polymerisation is performed in the presence
of a base, for example sodium carbonate, potassium phosphate or an
organic base such as tetraethylammonium carbonate. Yamamoto
polymerisation employs a Ni(0) complex, for example bis(1,5-

25 cyclooctadienyl) nickel(0).

As alternatives to halogens as described above, leaving groups of formula
-0-S0,Z can be used wherein Z is as described above. Particular
examples of such leaving groups are tosylate, mesylate and triflate.

30
The organic electronic device is for example an organic field effect
transistor (OFET), thin film transistor (TFT), integrated circuit (IC), radio
frequency identification (RFID) tag, photodetector, sensor, logic circuit,
memory element, capacitor, organic photovoltaic (OPV) cell, charge

35 injection layer, charge transport layer, Schottky diode, planarising layer,
antistatic film, polymer electrolyte membrane (PEM), conducting substrate
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- a source electrode, 10- a drain electrode. wherein
the sem conduct or | ayer conprises one or nore

W@ aWogHer s as descri bed above and bel ow. 15ThRCTyEP2908/008972

source and drain electrodes and the insulating and

seni conducting layer in the GEF device may be

arranged i n any sequence, provided that the source and
drain el ectrode are separated fromthe gate el ectrode

by the insulating |ayer, the gate electrode and the

s eoii RaLtRI0C pb@tqu@mém elecaphetograghic glament 8§ orgarie light
a ectrode and the drain el ectrode
b?)%ﬁ‘tg'g%?gﬁéﬁggggm conducting layer. Preferably the

el ectronic device is an OFET conprising a dielectric

| NAHIGREN@dviveeaccardii 1o thbgrésontsnventicitpiefgrabiecomprises:

surface of the dielectric |ayer, a sem conductor | ayer
co'n?&bquag'é' q ﬁ‘éb%ﬂ?et?ace of the dielectric |ayer

25f agatgematnpde;om t he gate el ectrode, and drain

ele : ectrodes contacting the surface
of %tﬁﬁe&g(gtrrf]ﬁgg%%%%@%ﬁzgyer facing away fromthe

di ed semicendusting layee OFET is preferably a top gate
devi gBuRie 8ldefbyem gate device. 30 Suitable structures
and manutfacturing nmethods of an OFET device are known
t o~ 2 EIBI8leeERdPer son and are described in the
literature, for exanple in WD 03/052841. - 28 -
although.it may be thicker if required. For variQus

o) WEBH the sEnTea sl TNy ErmPRERR OPRonRee R ey os
bedéswibedhalrovie endbefow.For use in OFETs the | ayer
thickness is typically 500 nmor less, for use in
OLEDs typically 100nmor |ess. The exact thickness of
t h&he gpte. spurce @agedrain electradeaaprdhe inmiating.and

I egeinf@MRINEEng laydian ehe OFEONHEViEB \th&E bk arkdged ihhy

| ayer
gequence, provided that the source and drain electrode are separated

from the gate electrode by the insulating layer, the gate electrode and the
semiconductor layer both contact the insulating layer, and the source
electrode and the drain electrode both contact the semiconducting layer.

Preferably the electronic device is an OFET comprising a dielectric
insulating layer, a gate electrode contacting one surface of the dielectric
layer, a semiconductor layer contacting the surface of the dielectric layer
facing away from the gate electrode, and drain electrode and source
electrodes contacting the surface of the semiconductor layer facing away
from the dielectric layer.

The OFET is preferably a top gate device or a bottom gate device.
- Suitable structures and manufacturing methods of an OFET device are
known to the skilled person and are described in the literature, for

example in WO 03/052841.

The organic semiconductor layer is preferably less than 30 microns thick.
Typically the semiconducting layer is at most 1 micron (=1um) thick,
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Is used. Cenerally the thickness of a functional |ayer
in an el ectronic device according to the present

WO pwer634an can range from1l nm (in case of a PCT/EP2008/008972

10nmonol ayer) to 10 pm preferably from1l nmto 1 pm
nore preferably from1l nmto 280 nm The organic

sem conduct or | ayer can be deposited by any suitable
nmet hod. Liquid coating is nore desirable than vacuum
deposi tion 15t echni ques. Sol ution deposition nethods
arathlﬁ&@ﬁ't mdybethitlerierequiteel &or edridep efddtionit device

tec es_incl Iy [

sorblcaternghe HERnef Bkeishst b fih iR ore i
sc®EEff spihedayerghncxkoessns tyipicadly &6 nmaor less,| fer use in OL Ds

ﬂyﬁ{aangqopﬁm?%s@*rhs exBEl ﬁﬁem%ss%‘fftﬁsﬁayérw?aeﬁeha for

pri exographi c print print’n ¥
coexample, ypganh%@qw@n@ﬂtszqfﬁae qjetptmmﬁg!evmunjv@wch he layer
Prisiisedy is particularly preferred. The organic

seni conductor layer is preferably deposited froma

formul ation, very preferably a solution or a

di Gpaeailigrthe thicRness ofja flectiooad layee i ah electrarie device

g?éc%é)?{j @gr}g(‘ia%@r:@/g%&ﬁo\é%é%o%ﬁéw Ir%igeofroﬁjl hﬁp iﬁ c%%g of a
| i monatsyen), tod] @ pimorweterablydrom i aiml tor bpet, maere, preferably from
m)p%? PEGHSIRGENe, odi chl orobenzene, tetrahydrofuran,

ni so nmor phol i ne, toluene, o-xylene, mxylene,
p- xylene 1, 4-di oxane, acetone, nethylethyl ketone,

1 '?he %@éﬁb's@hﬂ@éﬂi@jtﬂor Iayer can be deposﬁed by any suitable
r oet hane rachl or oet,hane.

I
ot ipthoafduid RS o eI AR, LT HeRPRLon
di mhhwmeSamtdm depositidry rethdas akeespedialiy preferred.

delglaéfiaﬁed id?—:%%@ﬁio%ﬂ%éﬂﬁiq@eétiHélﬁae,t\”ffﬁ&ﬂflimitétio%? dip coating,
spin coating, ink jet printing, letter-press printing, screen printing, doctor
blade coating, roller printing, reverse-roller printing, offset lithography
printing, flexographic printing, web printing, spray coating, brush coating or
pad printing. Ink-jet printing is particularly preferred.

The organic semiconductor layer is preferably deposited from a
formulation, very preferably a solution or a dispersion, comprising the
copolymer(s) and one or more organic solvents.

Examples of suitable and preferred organic solvents include, without
limitation, dichloromethane, trichloromethane, monochlorobenzene, o-
dichlorobenzene, tetrahydrofuran, anisole, morpholine, toluene, o-xylene,
m-xylene, p-xylene, 1,4-dioxane, acetone, methylethylketone, 1,2-
dichloroethane, 1,1,1-trichloroethane, 1,1,2,2-tetrachloroethane, ethyl
acetate, n-butyl acetate, dimethylformamide, dimethylacetamide,
dimethylsulfoxide, tetralin, decalin, indane and/or mixtures thereof.

The total concentration of the copolymer(s) in the formulation is preferably
0.1 to 10% by weight, more preferably 0.5 to 5% by weight.
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After the appropriate m xing and ageing, solutions are
eval uated as one of the follow ng categories: conplete

waeloanesang borderline solution or insoluble. TPET/EP2008/008972

contour line is drawn to outline the solubility

par anet er - hydr ogen bonding l-i29ts dividing solubility

and insolubility. 'Conplete' 5solvents falling within

the solubility area can be chosen fromliterature

val ues such as published in "Crow ey, J.D., Teague,

G Afterdtheadshropviate thiXitig and,agking, rstllutiafnsRaengvaluated as one of

Tech A 49 " .
eIl Heatlid Bmagt sARoN, borft Rl STER | |
" Sobelehtes Tha ebitolr Bne Fedraven tootnlftdiﬁeswseubéiiiy parameter-
ey 3gén BERARR) ks dRiaing ol antiiiEblipfiepr ORfBIER
di selvents falling within e satbditypreseamn pesdwsenfiamditeipture
2'0\?6‘1\/9%%?% g’»sgpue!ﬂighégbrgegg@ltewéﬁmﬁ Té@g?\%r , @.r@e Jriand Lowe,
.. ut i "

o oo olr. ek Siainh T e Raibpk et 134 okl 20647564 spivent
j ettlepds piayglsorberused darepems beddeRififccas degcriretiist TSalvents,

I ct 1 nt . ; . "
R I e P R B BB ol hEchd Hocer.
TeSuchobaggcedreTaaydead e briérd pf rRINC splventsghat wilhdissolve
Tri i oral | il e
r bt iR 2 8ot LAgS) aefll BUSEER tohave
Kol least ane kye spdveniiRdlendshi ba TEC or single
20nozzl e m crodi spensers such as those produced by

N S Pk Ry RS 8 et F B res by
t hiak jetopriritageot micbdispdnaingy Prefieda bty drid ustitiallFezoelagtric print
def r f . i : : .
SChHIERIA o biEle PRl U OGSy ABR, ook
>1bédpt pedirelagyyOb ﬂmggtaﬁqcfrml@gxor%f:@eéb‘%@eci@ daidemt, Xaar
gg?:%r uded. NRY BN alRPRKIrARINGUEYiaP heBH S 8B cK 343REs& nddiFactured

utiton drying out 1nsjde the print head. t from
t hiy S&pthent pm,ﬂfﬁmaa,a%%e,'n%tmmsmseﬁ%%ﬁ@ PhEINHR:
SURG#ld rietbdsisbriveis sUbls bistthd sl produiee sleMisratiroreand
di - C1 é-!aH%l 30f or mam de, substituted and
noM—' i tté%ug?ﬁ"sol es and ot her phenol - et her
derivatives, substituted heterocycles such as
su t iedi ; [ : ‘3 di ' .
oy P ol SRS fh R Jet A R FPicrBMEhBhoIhg sy fufi the
N, reqiremerds stated atiaverand awst sehbave poy detriteatadeffect on

ghirféréﬁb%b%dpmtqs@éd. %dit%ng,r 85196 & HUIY Alve bolling points

oI PreferRRly TRIC o ag oS et RE Tt parger to

depteveht sperdbikth paalslems caused by the solution drying out inside the
print head. Apart from the solvents methoned above, suitable solvents
include substituted and non-substituted xylene derivatives, di-C4.-alkyl
formamide, substituted and non-substituted anisoles and other phenol-
ether derivatives, substituted heterocycles such as substituted pyridines,
pyrazines, pyrimidines, pyrrolidinones, substituted and non-substituted
N, N-di-C.p-alkylanilines and other fluorinated or chlorinated aromatics.

A preferred solvent for depositing copolymers according to the present
invention by ink jet printing comprises a benzene derivative which has a
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- 30 - benzene ring substituted by one or nore
substituents wherein the total nunber of carbon atons

wW@rwaheHne one or nore substituents is at | easPCT/EP®E8/008972

For exanple, the benzene derivative may be substituted
with a propyl group or three 3f@thyl groups, in either
case there being at |east 5three carbon atons in

total. Such a solvent enables an ink jet fluid to be
formed conprising the solvent with the polyner, which

r eblemmemingp sabstittitedchygge og mdret substituentamdherein the total

o aEBp 8fodbo RofiRAPAY e EHpdinR SbherSt ot teast
i

f ofhires exagnpl@f thexbemprens defivativpmay bermubstituted with a
1- Y§rotipl & thréd EthARE606s, i %ﬁtﬂbﬂ%ﬁée R reBYIRG @t least

I SO ene, terpi nol ene; cynene, dieth )i) benzene,

he
sonfv%paw aloms ¥uiolalnBuRh 2 splentianables ag ink jet jUid to be
cwmhmtcm%ﬁémgmm eblvenf Gntﬁ ohe pBlyImers aHicls eSS or
erera avl n 0i n
P GieSpafy Joddingcdt tBe 1S rhdiidr Bton PE e, ciinnents dyring
f ospralingn The ddheerités)anaylewhsiea thdsarsdlecddd donl éhe talowing list

th{} ﬁ%fﬁﬁlgsl oa_é1 &K e 1”85{ Iﬁt@?ttbulgllﬂgrgﬂa%ete‘?&neol

nd sem ¢o
pr kmeney ysa@lsre@evtes'amlme SYNETE, @netmytb@omg Theselvent

pr ﬁ{ag%bé ¥olven? ﬂ?ﬁtu?e atngt &Dé&ombﬁfaqro@%fytwb SOmBre Solvents,

organi c on uctor, fornul atign
Pt

adaacfh soiXe heBARG adhoiling B PtiRg:Ce BIR58 mEtesably
| ke46@. saxaﬂmleeﬁws)fa@@eahbnu@fmrmmm il Werlagait i ng

ag nt @geq&ag a4 e@é@gﬁégﬁﬁéﬁa}gegﬁt ggem 2w I mprovers,

def oam ng agents, deaerators, diluents which may be

rzg‘gﬁé '|M§re? ﬂufaorr@ﬁ%ﬁé%lkf(ﬁe o?%h)e'n?rﬁlﬁ%er 504 gaﬁﬁéﬁrﬁjuctmg

naﬁ@pawn@) rér@f@rrahlmha%atv(ﬁ@s'tv at aﬁoﬂﬂéﬂ a)%!rr@rar%dnore

enprAb BN 1 Fonbs sRINRISABEt raY&ablyPN.30mMRagr gani ¢
sem conductor |ayer or the fornulation for its

deposition conprises one or nore organic binders to
ad]'l'héforgérﬁc iseatitogd wdr fmrmpuwtioine@ahn additienally bemhptise one or
4 ; e
of MeRE el s o8 A6 o mp i Bl hof8 B BBLAs
d| kibeicating agayts; waitihg agerisedispetiing agantsh dydesphoatbiny
fr a i
apg ﬁt ?gﬁétﬂe g‘%f'nt:sglﬂéw |§{B§(r)19é"r§ 8&rdERinbad et Héators,
dlluents which may be reactlve or non-reactive, auxiliaries, colourants,

dyes or pigments, sensitizers, stabilizers, nanoparticles or inhibitors.

In another preferred embodiment of the present invention, the organic
semiconductor layer or the formulation for its deposition comprises one or
more organic binders to adjust its rheological properties, as described for
example in WO 2005/055248 A1.

The other components of the electronic device, like the substrate, the
dielectric layer and the electrodes, can be selected from standard
materials, and can be manufactured and applied to the device by standard
methods. Suitable materials and manufacturing methods for these



35net hods. Suitable materials and manufacturing
nmet hods for these WD 2009/ 065479PCT/ EP2008/ 008972 -

wW@2009/06amponent s and | ayers are known to the tPEI/EP2008/008972
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skilled person and are described in the literature.
The deposition methods includ¥ tiquid coating and
vapour or vacuum 5deposition. Preferred deposition
techni ques include, without linitation, dip coating,
spin coating, ink jet printing, Ietter-press printing,
s cearapomeiitaandglayescarsr kngvento theatherikilladoperepn and are

pr&é%drlﬁgd L SNShiRsafpl! er printing, offset lit hography
printing,

_ I'exographic printing, web printing, spray
coati ng, brush coating or pad printing. Ink-jet

Pg@% Htﬁlﬁgilﬁoﬁaﬁéiwlsaﬁélud@ﬂ|qﬁﬁ:¢o%dlngsend vafadr arwaduiugh
CfResHas Rrajeed deeasiioh Eehaifugs rBLEE Wil ul Prigin, die
el @@f%trr@n Bplr?@cyatn'@s inK jet pemamg{cp,l lettgi-psssqrintings screen printing,
SL,I C mat er |
P\ f5tiof BlaRLcBafhay ol BEinBhG  EVEE rp BPinfiig affeetc! no
15hthbgwpéweormtmge flexograbhid pr¥Yinge wahmrw@gaéemt goating,

epﬁ?qsﬂecoa?iﬂg)%}f g pAmny. 16k fo'p?iP\‘ﬁn@hé BéﬁlcblérIWe%rred as it

ene hyl'ene-tetra-f]| Uoroet ene, fibre gl ass
enabowebigh r@§9|®°”f'ﬁ¥@ﬁcﬁﬂi’r%%‘fic%%@ pEepared.
hexafluoropropyleneV|nylldenefluorlde copolyner hi gh

de t t hyl

o3t BabY R A bl el 7 S PRIk By B Bidronic
DOFéwfﬁ@e‘bhykamle gtdslyseirwasmsnataistlhahmtenals being preferred,
olye en

Bop ?@Pt%ﬂ Hg'ﬁ‘ﬁi{},@g{kgé r@élﬁ F%JI ggfﬁtrgrl?enzocgflobuteneeﬁe
pobytadigriesstyrens| qerlleltorsgt pakbﬂ@%@ ﬁye% eqﬁaq'%r%é(r%%ymefs

pole*ﬁé/'rléﬁé El"\‘lbgéthﬂ@oroséﬂh %@eefHM-ﬁetraiﬂbd)r@@ﬂ%ﬂene fibre glass

red substrat erials are

popyb@m@ﬁ%ﬂ@ﬁgpewmrﬁgﬁm pq%mﬁ% hfé(aflgwa)propylenevmylldene—
PokyEfidey b@ﬁ@wﬁmﬂ h@lhademsutwwmbwenex panyisneh eolyaymide,

o Bohisee popeamic, StietyHlAaRey B8 EheStARNOAG, poly

ho@ﬂWrszpdiycetbyleneeagbﬂnalqlat p@yetl”dlﬁnemenepbﬂwalaﬂeae polyketone,

?)?)bfg?%tﬁylﬁﬁ%/t {:@ﬁat p&l?h@cﬁiyfg ?fo&s@rbﬂ@eeﬂg%@gone
t eonmtetcaa‘wqr@ethym noh@r@ﬁhaeﬁsaw MW”M‘PW%@%? lisape rubbers,
seR}iicOREs b Rferr8d QUBSIrafeOmaftiRNe ret polyeBlyIdHdikddphyhaldte,

polyimide, and polyethylenenaphthalate. The substrate may be any plastic
material, metal or glass coated with the above materials. The substrate
should preferably be homogenous to ensure good pattern definition. The
substrate may also be uniformly pre-aligned by extruding, stretching,
rubbing or by photochemical techniques to induce the orientation of the
organic semiconductor in order to enhance carrier mobility.

The electrodes can be deposited by liquid coating, such as spray-, dip-,
web- or spin-coating, or by vacuum deposition or vapour deposition
methods. Suitable electrode materials and deposition methods are known
to the person skilled in the art. Suitable electrode materials include,

" without limitation, inorganic or organic materials, or composites of the two.
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The el ectrodes can be deposited by |iquid coating,
such as spray-, dip-, web- or spin-coating, or by

WO 2906540 posi ti on or vapour deposition net hodBCT/EP2008/008972

Sui tabl e el ectrode materi als and deposition nethods

are known to the person skil-I34-in the art. Suitable

el ectrode materials include, 35without limtation,
inorganic or organic materials, or conposites of the

two. WD 2009/ 065479PCT/ EP2008/ 008972 - 32 - Exanpl es

f cExsmpleatfoe saltatieredectrode materials inaudeipolyenijiasi pelygyrrole,
p i | HPNF Qi

FOPERG 8 BpeblShurin e BEbnEAS) 7 P ISPRRIORS r pasies o

of gnaphite os paiticles afimetgl, suoh aspu, NG, by, AhdYirordhgir grigtures
£l ' tc.,
ZI‘Q’%%."WS{IJI ’agééﬁgrgz%t.’ég?%%agbréiééﬁﬁéﬁﬁ(ﬁkénét@ Gu, Ci,Ha/Pd etc

_ O a?gg sem conguctors |ike & 9:0b
| Temd @Wqﬂl@@@.gdﬂ[ @qwec{p i§ Pacyrsaps may aiso be

depsd H8Foditerran 4 Ayiid paase. The dielectric materi al
for the insulator |layer may be inorganic or organic or

a conposite of the two. It is preferred that the )
i NThik dialectrie raalevial for the awadatdr lehiet may berorgaticartorganic
processing,.. . rd QYIS
va%ruﬁr?lgﬂ"eogjgﬁt?ﬁfotﬁgwélghﬁquelléai&r_ @g&tthgﬁﬁga at'éorg isf?n
betoategdarhioh mlaysiambigpt pecessing: Rt ceid heopisedeposited by

b@@é@\gcdtﬂﬁgﬁegbis@iﬂn%cﬁ%u%. \WReh theshdaaer id beingn

erre ep05|t|?n techni.ques incl ude, V\nth?ut

11 atemedn it may PEORIT b TapstomAtTargyel idjagion br att 4

gr @;tattei iﬁg?lakcﬂ{fbebn!@ﬁ&?i Pﬁféfrédi@qsﬁmetenhpiqhasiim’cgtl,zde,
oct.or ade.coat.ing,,rol |l er Nt r rse

or eI RS tip BB as oBplite A8 sotArEbgr it féss

pr pritfing scredn printing,rapctepblage coatinggroller panting aeverge-roller
o e i i) Bl Tk BAU A i,
desprayscaatinge bpisipenaling apRacRENtng. IkdetAritg:is particularly
m%?éfjeﬁ%d RUt diIbRs BigHsesbiutivpdapérscatiddevice@ e b \prepared.
20 etter resitjvity aga ns‘ sol vents a_r]d/ 05 strl#é:é Forg‘l:hieve
" nOpyeraly.dhe/dislecticanatene! pasid b stseiiyed of cu

( ﬁb@ﬁ@i iéshﬁljtlyaﬂjlah)st Robletits add@mtserdcnﬂfl iategrity and/driosaable

t hat _proyi.de oy [ i :

supeBTEblf hePrBElbA Piblehd Lol ffaldts 26 e that

i npraside adbwmarmittivity interface to the OSC.

Suitable and preferred organic dielectric materials include, without
limitation, fluorinated para-xylene , fluoropolyarylether, fluorinated
polyimide polystyrene, poly(a-methylstyrene), poly(a-vinylnaphtalene),
poly(vinyltoluene), polyethylene, cis-polybutadiene, polypropylene,
polyisoprene, poly(4-methyl-1-pentene), poly (4-methylstyrene),
poly(chorotrifluoroethylene), poly(2-methyl-1,3-butadiene), poly(p-
xylylene), poly(a-a-a’-o tetrafluoro-p-xylylene), poly[1,1-(2-methyl
propane)bis(4-phenyl)carbonate], poly(cyclohexyl methacrylate),
poly(chlorostyrene), poly(2,6-dimethyl-1,4-phenylene ether),
polyisobutylene, poly(vinyl cyclohexane), poly(vinylcinnamate), poly(4-
vinylbiphenyl), poly(1,3-butadiene), polyphenylene. Further preferred are
copolymers, including regular, random or block copolymers like
poly(ethylene/tetrafluoroethyiene), poly(ethylene/chlorotrifluoro-ethylene),
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25limtation, fluorinated para-xylene ,
fluoropol yaryl ether, fluorinated polyimde

WQa09eessiene, pol y(a-nethyl styrene), PCT/EP2008/008972

pol y(a-vi nyl napht al ene), poly(vinyltol uene),

pol yet hyl ene, cis-pol ybut adi-&8; pol ypropyl ene,
pol yi soprene, poly(4-nethyl-1-pentene), poly
(4-nmet hyl styrene), poly(chorotrifl uoroethyl ene),
pol y(2-nmet hyl -1, 3- but adi ene), poly(p- 30xylyl ene),
pdluptinatedaetrylernedprogiylare copwlyypey,| piystyrene-co-o-

| - (2- ' -
anetrbist sy SirbiondleiRpAEn Re CorBlh, bR
polOfelyiadisned nyty(styze—q%‘eﬁw%but%ﬁ%m% pply(styrene/2,4
go |§)¢|‘(§Wé’ﬁ§/(}:’érﬁér}e FuRRAkY pMrBikd @Y€ Ipplipnénaiom the commercially

vin I nnamat e) , ly(4- | bi ph [ ),
D vAlabe ToRaR P GRIPE (B SRpBhGIAGIEoRTS iR tose fiam dhe
gg&ﬁ%&@gh*aﬁémbﬁ Aoét;u@bi@ﬁgeﬁ/e? l(ll:ﬁtfr\]:\?mﬂdﬂh) and hightk soluble:
i ke poly(e ene
o ttppeLRr Bt BERp A Hge BTty Whtbe o ©
2023 PG ADPCTASE) 20 OR:ID0BE /R serigs (DuPomb) i nat ed
et hyl ene/ propyl ene copol yner, pol ystyrene-co-a-

met hyl styrene, ethyl ene/ et h%/I acryl ate copol yner,
pdfor snepifindgvicesdumnay bersgierablay to use a dielectric matrial with a

p%ﬂ%ﬁ E)‘e)%ﬂﬂ@ft)l. 5%@{&[5?@' LAAPrefdptldyéganicediglettrfc materials of this
di net hyl styrene) . Further greferred a eﬁ IX rs from
t H¥Pe dRgledei Withguiginitation, oreaaple, Pog’lﬂlég I?(‘a?l-, cona),
g\?gaf\wgylggba?i, rﬂﬁ‘bl&rﬁ&ﬂlytrhi@m@cfyg’alm tyancathypate] polygaccharides
i [abe Avatr sere ro i apl
S URRTES pReotBY nIloREr e R LY Ry rpb Akt Sughlas
%omﬂyvinyliadéne_fmmihleabelyﬁmtbpne@pi)eser(smpolg(\é@ﬁ) or
o b e . ol '
TS B s SRR il
materials of this type include, without limitation, for example composites of
TiO,, Ta,0s, SrTiOs, BisTizO12, BaMgF4, barium zirconium titanate or

barium strontium titanate.

In a preferred embodiment of the present invention the insulator layer
comprises, or consists of, an organic dielectric material having a low
permittivity, preferably having a relative permittivity from 1.1 to below 3.0,
as disclosed for example in WO 03/052841. Suitable and preferred
materials for this embodiment include, without limitation, polypropylene,
polyisobutylene, poly(4-methyl-1-pentene), polyisoprene, poly(vinyl
cyclohexane), or a copolymer containing the monomer units of at least
one of these materials, polycycloolefins like those from the Avatrel ®
series and fluoropolymers, in particular those from the Cytop ® or-
TeflonAF ® series.

Preferably the insulator layer comprises a fluoropolymer, like e.g. the
commercially available Cytop 809M® or Cytop 107M® (from Asahi Glass).
Preferably the gate insulator layer is deposited, e.g. by spin-coating,
doctor blading, wire bar coating, spray or dip coating or other known
methods, from a formulation comprising an insulator material and one or
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high permttivity. Suitable and preferred organic
dielectric materials of this type include, w thout

wo pewpoe4roNn, for exanpl e, polvinylal cohol, PCT/EP2008/008972

ponV|nyIphenoI pol yrmet hyl met hacryl at e,

cyanoet hyl at ed polysaccharldé§4such as
cyanoet hyl pul | ul ane, high permttivity flurorpolyners
such as 15pol yvi nyl i denefl uori de, pol yurethane

pol ynmers and pol y(vinyl chloride/vinylacetate)
panpnesslvests withlomeapranpre: fleprosatomeotfiyene %Olm@sbd:tr?feéab'y a

"Bﬁ&‘flhel'o%o‘ﬁeﬁthbﬁstﬁt}éﬁ% b%?lhﬁ%ol%ﬁth@ét |F'G‘7 5®T(éﬁllable from

exa e conposi t

BlAﬁ@OQQtalmmmh%ﬂ?éﬁphQf@@ﬁﬁuﬁ??'ﬁt ?QO'MF‘%%PPGm
stfl@tbsoNehtd afeakrowr th pRoBark IKecfor estaripietherent  of

the present inve e | | at I I

or PRGHOTRRRVETS iiﬁhgvab@%r%@@h GRS ol RRppel®
a (fom @tonik) ortHeyperfluefesaivent RFGYBEY Acros, MO | 12377).
permttivity from1l. 1 to below 3.0, as disclosed for

exanpl e in WD 03/052841. Suitable and preferred
25hattber pleferred is ah dntegtatadl wirauit caaIRigNg Qifiekbeaffect transistor

po%'% dblro e [prRsaRYheBRtiorkol vi sobut yi ene,

pent ene), polyisoprene, poly(vinyl
cyclohexane) or a copol yner containing the nononer

UnF&ﬁh@rf p@ﬁeﬂr@é\fﬁé aPHdteVolidie6sll sanerisimgsone or more copolymers
g/ \é tg‘%:}i ns Iléeq?tlhose fromthe Avatrel series
and® Aegen ?bﬂ%‘??n P4rticular those fromthe Cytop

(r) or. 30Tefl onAF series. Preferably the insulator

aéﬁ&'%?a'?‘%d'@ 9% Lffbg{@go‘yfgg%%bwﬁ“d&?fefé*%%,gompnses

(f oanlowayn cﬁua@@gn epptrpdeé rexantlg Al @mﬂm) at or
| ay eé High W%PIQ?\{) AN Qeltrody (fBPERaMPR |TT), oreISOAINEN is

bl ading, wire coating, spray or dip coating or
ot helraRPRANE et hods froma formul ation conprising an

| nsuhailayenst @n@étnfgldf ahelotrandifdrting and an electron

2009{rggg6107 ﬁgT (n%Ft)grcl)a 8{ eogl?a7y%r 'caﬁ%x'ist as two distinct layers, or a
blended mixture (see for example Coakley, K. M. and McGehee, M. D.
Chem. Mater. 2004, 16, 4533),

- an optional conducting polymer layer (such as for example
PEDOT:PSS) to modify the work function of the high work function
electrode to provide an ohmic contact for the hole,

- an optional coating on the high workfunction electrode (such as LiF) to

provide an ohmic contact for electrons.

The hole transporting material in the blend exists of one of the copolymers
as described above and below. The electron transporting material can be
an inorganic material such as zinc oxide or cadmium selenide, or an
organic material such as a fullerene derivate (for example PCBM, [(6,6)-
phenyl C61-butyric acid methyl ester] or a polymer see for example
Coakley, K. M. and McGehee, M. D. Chem. Mater. 2004, 16, 4533). If the
bilayer is a blend an optional annealing step may be necessary to optimize
device performance.
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nore solvents with one or nore fluoro atons
(fluorosolvents), preferably a perfluorosolvent. A

WG 2000a6i4@ per f |l uorosol vent is e.g. FC75(r) (avedT/ap1088/008972

from Acros, catal ogue nunber 12380). Ot her suitable

fl uoropol ynmers and fl uorosol¥®nts are known in prior

art, like for exanple the 5perfl uoropol yners Tefl on

AF(r) 1600 or 2400 (from DuPont) or Fl uoropel (r) (from
Cytoni x) or the perfluorosolvent FC 43(r) (Acros,

128/é%3 thé-conhtesdt clﬁaerfyend@ate$ot’mﬁr\mseegs ased ftﬁfﬁtmp't“a' forms

g&g@égghﬂghg@h%r@t ee&Sn m%ra%ss iucﬂﬁ Helsitguldr bR and

_ Invention. Furt pre rre is a
pHce ¥esat ai ¢ cel |l conpri si ng one or nore copol yners as
descri bed above and bel ow. An OPV devi ce
according to the present invent

compusbel neiesalb g T ot s BpBralot ghe words

e3<a rSeJIL\'_?g@ “eofjain’aand ghriatiors 6futhet wordse fercexamople( f or
AT i SRl RS AU oL AR 8 o are

tn@lnatamdedrtg (mmtedo abt) exchidsi othgecomponenist as two

di stinct layers, or a 20blended m xture (see for

exanpl e Coakl e K. M and McGehee, M, D. Chem
21bovill be @ppssciajed thatyariatiens ta hederegsigg ;%FWF"Q“’%Q the

]S Eﬁ%?tlugtﬁ céﬁ%fﬁ@&' \ﬁhlﬁ’é:—mr fa‘ﬁﬁ’@ wttl@mftﬁéls:cbpsftﬁ th@ikvention.
on e

Fach dRatuie gisaesect AR sheseatieneress s yfenyisp, may

Cﬁétré;ﬂﬁc@@ Hyfu(;thhefNe/\/fHdtﬁwscSarwngdheaanmieeqwmihnhsr similar
ovi de

BHPo BB Sy PG setar o eI edl teBl e dighBsed iEane

oéxarmpleconlylof regeneric dedes pheguivalent op Btmik| f@ﬁIUf%e

el ectron transporting material can be

All of the features disclosed in this specification may be combined in any
combination, except combinations where at least some of such features
and/or steps are mutually exclusive. In particular, the preferred features of
the invention are applicable to all aspects of the invention and may be
used in any combination. Likewise, features described in non-essential
combinations may be used separately (not in combination).

It will be appreciated that many of the features described above,
particularly of the preferred embodiments, are inventive in their own right
and not just as part of an embodiment of the present invention.
Independent protection may be sought for these features in addition to or
alternative to any invention presently claimed.

The examples below serve to illustrate the invention without limiting it. In
the foregoing and the following, all temperatures are given in degrees
Celsius, and all percentages are by weight, unless stated otherwise.
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30an inorganic material such as zinc oxide or cadm um
sel enide, or an organic material such as a fullerene

wWa@lrpeee (f or exanple PCBM [ (6, 6)- phenyl CORCTEP2300$/608972

acid nethyl ester] or a polyner see for exanple

Coakl ey, K M and McCGehee, M6B. Chem Mater. 2004,
16, 4533). If the bilayer is a blend an optional

anneal ing step may be necessary to optim ze 35device
performance. WD 2009/ 065479PCT/ EP2008/ 008972 - 35 -
UnEeasipteht context clearly indicates otherw se, as
used herein plural fornms of the terns herein are to be
construed as including the singular formand vice

vePely[{\6Nthis(dgpbeny-Ne(ddeeebuptiphanydemioehras{28-(614.42,12
S PR%ab A6, mdma%meéﬁé [1 %}ﬁﬂidr@ﬁe)}?%% A 20 % MaN

var | ations of the wor ds, exanpl € conpri si ng and
" cRippaTedas, f°“ﬁé’éﬂ$r i ncl ud| ng but not limted to", and
are not intended to (and do not) exclude other

conponeats. 101t - be appreciated tha riat S
to thon | nments of the i nve?ﬁﬂF‘a ¢ﬂ?'i;
f M | 0\ 3 - 4 c

eatdre di scl oseg

I nvent1I'o Each

specificati ¢f )

repl aced by native feature ’ A

equi val ent orNsimi | ar purpose. Thus, 4Rl ess stated
ot herwi se, eagh feature disclose@ Irl% on€ thexanpl e
only of a gene eries of equwal ent or simlar
features. Al of the features disclosed in this

speci fication nmay be conbined in any conbi nati on,
except conbM1aB0¥ns where at | east sonme M2 788&h
features and/or steps are nutually exclusive. In
particular, the preferred features of 20 the invention
arvoaomoo:abi“RBB eduipps¢ edthsmethahieal stireert arahrefiusk may

ooctifihss? ok AT albh AR vhisER ML A B s hERAe Y 12 4

se@laxab@ﬂo}arq-ﬂeyl)pherwﬂff%{ﬁ@lepdmtylpheny\h)am|rtgae(2 70 g, 4.88
f
ADRIRA) aé %@a&,?[?%régﬁ% ’1 ésgﬂggfa}ogg%ﬁ;z 92% 699VEr.

ﬁpﬂyqrmmﬁnpﬂbﬁtb]ﬂuorene (3.11g, 3.25 mmol), 2,8-
dlbromo 6,6'12,12'-tetraoctyl-6,12-dihydroindeno-[1,2b]fluorene (7.00 g,

8.13 mmol), potassium phosphate monohydrate (8.24 g, 35.78 mmol) and
tolyl boronate ester (9.9 mg, 0.061 mmol). To this is added degassed (N;)
toluene (81 cms), degassed 1,4-dioxane (81 cm3) and degassed HPLC
water (81 cm3). The cloudy mixture is then degassed (stirred, bubbling N,)
for 1 hour. Meanwhile, the oil bath is pre-heated to 105 °C and a stock
solution of catalyst is prepared [4.5 times the quantity required:
palladium(ll) acetate (32.9 mg, 0.147 mmol) and tri(o-tolyl)phosphine
(267.3 mg, 0.878 mmol) in degassed 1,4-dioxane (15.8 cm3), which is
degassed for 50 minutes in a sealed vial]. After the reaction mixture is
degassed, the degassing glass tube is washed with 1,4-dioxane (6 cm3)
and toluene (6 cm3) and then the flask is lowered into the preheated oil
bath at 105 °C and after 10 minutes, the catalyst solution (3.5 cm3) is
added. The reaction mixture is then stirred vigourously for 2 hours in the
dark. Tolyl boronate ester (31.3 mg, 0.193 mmol) is added followed by
further catalyst solution (3.5 cm3) and the mixture heated at 105 °C for 1
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i nvention presently clainmed. 30The exanpl es bel ow
serve to illustrate the inverggon without limting it.
In the foregoing and the follow ng, all tenperatures
are given in degrees Celsius, and all percentages are
by wei ght, unless stated otherwi se. WO

2%@6@9&%%5%@8@689@2 sodfim-digthgidithipchrbamate

F Bl (5% 5o RB9 by weidnly 876 151b1e RBT BHd) R Bkl ting
t etheanixtyré-is stitredi dtyidr 0 fatehbaurs2 After adowirg) to] God 39623 °C
oS BRI AN el R dei
antolueste (lmocmd)eaga@tdedn be omgamg layrrdg washed with water (3 *
NI %f))((g Ay ﬁﬁ’t ﬁu@‘ié EB&iatéd %n@i’prempltated into methanol.
(2The pglynmgrg\égaégﬁj ted y ilt rat|$>n asn%cfhe t(YﬂGP(P Srrmlgen) \?argurb(?n The
2, §ol bk 4s disBofvelah ft@liﬁ@hé)(%d ch’P afti dittebed thrangR-aypad 6f
{ eoaIB Y tolbuagien JAPQUYBRBSY 411983 PrRFRIALed o sred
3. @letiaral {1200 8m°) and the polymer is collected by filtration, washed

?;%hﬁﬁ%tgaﬁtall%%&%neg‘?&@?% i té?ylélbfib{é‘ %&\%fr}% & f}a@
royelloydsalich(7. 31 24 8§% B S PE@ (HAG! ?t @Qld:)t Mny‘-f 9%&0&91?@'

eSL?ﬂjB(‘gO?ne A1 0. 061 nmol ). To this is added degassed

t'olu 81 cnB), degassed 1, 4-di oxane (81 cnB)
and degassed HPLC water (81 cnB). The cloudy m xture
I SEkBeDlalggassed (stirred, bubbling N2) for 1 hour.
MeanwhiTe, the oil bath is pre-heated to 105 C and a
stock solution of catalyst is prepared [4.5 tinmes the
quArfield ysffeequuziamsdtorpmpre}xdiredr(aslf@llmat@nea glags suhgtrate

gﬂéésk u ggg rdel éi&? dh;% @Iéd?%%%%@gr@gp né@’ééd?nynﬁwa&v@m

deq@@gm Poazelfseswmuhr&; manolayss of @@nﬁqurobw@é}e thie)
r e?&éét%ﬂéﬁﬂjééﬁo% |b§eﬂ}q§4 §§ﬁ1@6atefdhﬁwt6qaasm 8lectrbass andbe

Yo hed Wikt FA. 2 Re S e oG PRds BrtrIaact §EFoving
gglEE?mng]el%n @ (zdni:eﬂtrta@bnlﬁ nivh%t iesmesitgdenet Bihg/ semiconductor
C nalipR s e FEBto aaHE e SURRERE S Brbioh 8 sbEonos
Tofollowear yn20@0rsn dor 3C5Lat3roey) tamper@tuieoin)ail andiifaegolvent is
f ole{/%\ﬁ%téa’ THe H%gfatﬁﬁtr%géhéél f(é?Jo%@ 809K/B avaltdbie fRIM Asahi

ture heate
20@3@?@6 gg thercspippoaies) g dhe semlconductor giving a thickness of

approximately 1 ym and the solvent is evaporated. A gold gate contact is
defined over the device channel area by evaporation through a shadow
mask.

For the electrical measurements the transistor sample is mounted in a
sample’ holder. Microprobe connections were made to the gate, drain and
source electrodes using Karl Suss PH100 miniature probe-heads. These
are linked to a Hewlett-Paékard 4155B parameter analyser. The drain
voltage is set to -5 V and the gate voltage is scanned from +20 to -60 V
and back to +20 V in 1 V steps. The Isp (source-drain current) vs. Vg (gate
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- 37 - hour. After cooling down to 65 C, sodium
di et hyl di t hi ocarbamate tri hydrate (81 cn8, 10% by

WaQRrgneH7and t ol uene (81 cnB) are added and t hBCHER2008/€08972

is stirred at 65 C for 2 hours. After allowing to coo
to 23 C overnight, the reacti®®-m xture is poured into
a separating funnel and 5tol uene (200 cnB) is added.
The organic layer is washed with water (3 x 500 cnB)
and the organic | ayer separated and precipitated into
nmevditagd).chanactpostjorsrshevat i Figoteed. by filtrati on and
then dried under vacuum The polyner is dissolved in
t ol uene (200 anL and filtered throu a pad of celite
WI The rﬁ@td etectgnebilithealpes pne calsolajed g’@
t I
ﬁ”e (% bgér@a%t(-%%iﬁ iR Imé&%%%urﬁ@&ﬂbn@%@b? BRd IQI% Téﬁglrahén

tration hanol|
dr redimgr{Sat '%R)uﬁﬂwm%awf@m%ef%%ﬁaﬁve%@ gir 34 rgom
ye{érﬁwar%wedmé rééums afd¥mnidrcedMeidbwat 60C): M =
99, 000 g nol-1, =208, 100 g 15Exanple 2 Afield
effect tranS|stor is prepared as follows: On a gl ass
subshmabe=0dhﬂenn§VsAu source and drain electrodes are
b wh faski ng. A self assenbling
%F ayceé)r ?fﬂp}%g'?‘aé\}lgaor obenzene-thiol 20(el ectrode
injection layer) is spincoated onto the Au el ectrodes
and washed with I PA. A sem conductor formulation is
prepared by dissolving Exanple 1 in a concentration of
1 w.%in nmesitylene. The sem conductor solution is
then spincoated onto the substrate at 500 rpmfor 3
seconds fol |l owed by 2000rpm for 30s at room
tenperature in air and the solvent is 25 evapor at ed.
The insulator material (Cytop(r) 809M avail able from
Asahi dass) is then spincoated onto the sem conduct or
giving a thickness of approxinmately 1 pmand the
solvent is evaporated. A gold gate contact is defined
over the device channel area by evaporation through a
shadow mask. 30 For the electrical neasurenents the
transi stor sanple is nounted in a sanple hol der.
M cropr obe connections were made to the gate, drain
and source el ectrodes using Karl Suss PHLO0 m ni ature
probe- heads. These are linked to a Hew ett-Packard
4155B paraneter anal yser. The drain 35voltage is set
to -5 V and the gate voltage is scanned from+20 to
-60 V and back to +20 Vin 1 V steps. The Isp
(source-drain current) vs. VG (gate - 38 -

m Q\%gaﬂl?ﬁ&(bfﬂba Isp
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vol tage) characteristic is shown in Figure 1. The

field effect nobility values are calculated fromthe
WQrHaeH?? of t he
i near reginme (Lin nob) and the saturation 5regine
(Sat nob). Al neasurenents agg@ perforned in air at

roomt enper at ur e.

'"SD VS. VG characteristic in PEEEP20038/008972

The results are summuari zed bel ow

Lin nmob = 0.011 cn2/Vs Sat nmob = 0.015 cn2Ns 10 15 20
25 30 - 39 - Patent Clains 1. Conjugated copol yner
conprising > 50 nol % of dnatest Glaimasi dentical or
different units of forrmlal and > 0 nol/0 and < 50

m)l%o
for Ig:ol éd

rﬁ’@rnédrﬁﬂmllsﬁ? Sdi El?l%néf 6’% bp nﬂfrfae

ereln 0 a sing

bond anierttﬁél o ﬁ'éflef‘r?%t unyitsref formul a

A B'
Ar— I
A B S
and > 0 mol% and < 50 mol% of one or more identical or different
units of formula H

'Ar3

|
—Alt—y—at}—

wherein
one of A and
one of B and

R1-4

R° and R®

A' is a single bond and the other is CR'R?,
B' is a single bond and the other is CR°R?,

are independently of each other identical or different
groups selected from H, halogen, -CN, -NC, -NCO, -
NCS, -OCN, -SCN, -C(=0)NR°R”, -C(=0)X, -C(=0)R’,
-NHa, -NR°R®, -SH, -SR®, -SO3H, -SO;R°, -OH, -NO,, -
CF,, -SFs, optionally substituted silyl, or carbyl or
hydrocarbyl with 1 to 40 C atoms that is optionally
substituted and optionally comprises one or more
hetero atoms,

is halogen,
are independently of each other H or an optionally

substituted carbyl or hydrocarbyl group optionally
comprising one or more hetero atoms,
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one of B and B is a single bond and the other is
CR3R4, Rl-4are independently of each other identical

w@eoodiob$42y ent groups sel ected from H, hal ogen, PETZEP2008/008972

-NC, -NCO, - NCS, -0OCN, -SON, -C(=0)NRR, -C(=0)X,

C(=0)R, -NH2, -NRR, -SH, -SRO0-503H, -SX2R, -OH,

NO2, - CF3, -SF5, optionally substituted silyl, or
carbyl or hydrocarbyl with 1 to 40 C atons that is
optionally substituted and optionally conprises one or
nore hetero atonms, Xis halogen, R and R are

I ndepegpdent | y of; T po\s hOm lvnucl
355ubs’$'idt ut ed ca'?b Ihgfré Wcﬂgt%%ﬁésgﬁghp op!%?x%%ra?cl)g ear
conpri sing one @Wﬁ@fbeﬂ%@r@b/b atons, WO

2009/ 065479PCT/ EP2008/ 008972 - 40 - Aris a single bond

or denotes nononucl ear or p?l ynucl ear aryl or

heterdPayl, is a8 A& =1 is N, P, P=0, PF2, P=S,

As, As=0, As=S, Sb, Sb=0 or Sb=S, 10Ar 1whi ch nmay be

the s or differ , ndan , pLAdepenRdent I\ _iof o -
difforbnt r epeat'sdﬁ’ﬁ%’s?—g Eﬁg?égbg\ﬁdﬂgﬁaﬁ%ﬁ igc?gzﬁq'yo or
substi tut ed nonoBbeSear or pol ynucl ear aryl group,

15Ar 2whi ch may be the same or different, denote,

i ndependently if in different repeat units, an

opti onAf'ly substWhishenaxbedhesasae opdiffesenindenets ary|

group, independently if in different repeat units, a single bond
or an optionally substituted mononuclear or polynuclear

aryl group,

Ar which may be the same or different, denote,
independently if in different repeat units, an optionally
substituted mononuclear or polynuclear aryl group,

Ar® which may be the same or different, denote,
independently if in different repeat units, an optionally
substituted mononuclear or polynuclear aryl group,
which may be optionally substituted by a bridging group
linking different chain residues of formula Ill, and

k is1,2o0r3,
and

wherein optionally the groups R' and R? and/or the groups R®and R*
together with the adjacent fluorene moiety form a spiro group.

2.  Copolymer according to claim 1, characterized in that the units of
formula | are selected from the following subformulae
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Ar3whi ch may be the sane or different, denote,
20i ndependently if in different repeat units, an

W@pivo6erd y substituted nononucl ear or pol ynucPEHEP2008/008972

group, which may be optionally substituted by a
bridgi ng group linking differdht- chai n residues of
formula Ill, and 25is 1,2 or 3, and

wherein optionally the groups RL and R2 and/or the
groups R3 and R4 30tpgether with the adjacent fluorene
noi ety forma $p rosgroup. 2.Copolyner according to
claim1, cha - zed in t at _the units of formula |

are sel o subfornulae WO
2009/ 065474 8/ o - 20 X
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WO 2009/ 065479PCT/ EP2008/ 008972 -43 - wher ei n
R1-4 are as defined in claiml1l, R and R5-8

W0 pepesadent |y of each other have one of the nRGHEPZ§E8/008972
of RL giveninclaiml1, r is 0, 1, 152, 3 or 4, t is
0, 1 or 2and uis 0, 1, 2 or43- 3. Copol ynmer accordi ng
to claiml or 2, characterized in that the units of
formula | are selected fromthe foll ow ng subfornul ae
25 WD 2009/ 065479PCT/ EP2008/ 00897(?R)' 44 -

r

110
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10 15 11d 30 wherein Lis H, halogen or optionally
fluorinated, linear or branched al kyl or

w@bdoongs4am th 1 to 12 C atons, and is preferabl pCHEP$608/008972
nmet hyl , i 35propyl, t-butyl, n-pentoxy, or
trifluoronmethyl, and WD 20094865479PCT/ EP2008/ 008972
- 45 -

111

112

wherein R"™ are as defined in claim 1, R and R>® independently of
each other have one of the meanings of R’ giveninclaim1,ris 0, 1,
2,30r4,tis0,1or2anduis0,1,2or3.

3. Copolymer according to claim 1 or 2, characterized in that the units
of formula | are selected from the following subformulae

Foo -
JORGY
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L'is optionally fluorinated, |inear or branched al kyl
or alkoxy with 1 to 12 C atons, and is preferably

Wo2@e0§3470r n- octyl oxy. 4. Copol ynmer accor di ng POI/EP2008/008972

| east one of clainms 1 to 3, characterized in 5that the
units of formula Hare sel ect-ed4fromthe foll ow ng
subf or nmul ae 25 wherein R has one of the neanings
of RlL givenin formula I, r is 0, 1, 2,3 or 4, and s
is 0, 1, 2, 3, 4 or 5. - 5. Copolyner according to at

| east ohe~eof X} ai ns NO L characterized 30in that

the units

e selected fromthe foll ow ng

68479PCT/ EP2008/ 008972 - 46 - 1
C

I1d

I5a

I15b

wherein

L is H, halogen or optionally fluorinated, linear or branched alkyl or
alkoxy with 1 to 12 C atoms, and is preferably H, F, methyl, i-
propyl, t-butyl, n-pentoxy, or trifluoromethyl, and
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20 25 I12a WO 2009/ 065479PCT/ EP2008/ 008972 -47 -

25 wherein L and L' are as defined in claim3. 6.
w@apoger according to at | east one of cl ai nEPQT/ER208§/008972

characterized in that the upper limt of the ratio of

the units of formula | is 90-4630and the lower linmt

of the ratio of the units of formula | is .. 55 mol %

L' is optionally fluorinated, linear or branched alkyl or alkoxy with 1
to 12 C atoms, and is preferably n-octyl or n-octyloxy.

4. Copolymer according to at least one of claims 1 to 3, characterized in
that the units of formula Il are selected from the following subformulae

(R)

S

R), R),

N I
(R (R)
R), © R), © R, ‘
(R)s (R)s
R), © R), R), © R),
B

wherein R has one of the meanings of R’ given in formula |, ris 0, 1,
2,30r4,andsis 0,1, 2, 3,4o0rb. ’

5.  Copolymer according to at least one of claims 1 to 4, characterized
in that the units of formula Il are selected from the following
subformulae
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7. Copolynmer according to at |east one of clains 1 to
6, characterized in that upper limt of the ratio of

wo h@oeiars of formula Il is 45 nol % and the | POBEP2008/008972

limt of the ratio of the units of formula Il is ?..
10mol % WD 2009/ 065479PCT/ ER2608/ 008972 - 48 - 8.
Copol yner according to at |east one of clains 1 to 7,
characterized in that it exclusively consists of > 50
nol /0 of one type of units of formula | and > 0 nol/0
and <50 nol /0 of orfe type of units of formula Il. 9.
Organic el ectroni cAdevi ce conprising a copol ynmer
according to at | one of clainms 1 to 8. 10.

Organi c el ectroni eyice according to claim9, which
Is an organic 10fie¥d effect transistor (OFET), thin
filmtransizg (TH egrated circuit (1C, radio
frequency ¢ ZFTD) tag, photodetector,
sensor, |oghe=ircuit, \merDry el enent, capacitor,
organi c photovoltaic (OPV) cell, charge injection

| ayer, charge transport |ayer or interlayer in polyner
light emitting diedRs #PLEDs), Schottky diode,

pl anarising 15l a anti static film pol ymer

el ectrol yte menbr~ane{ PEM), conducting substrate or
pattern, phg ond cto ectrophot ogr aphi c el enent
or orgam’ @, ode (OLED). 20 25 30

Ma

11b

H1c

l12a

12b
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WO 2009/065479 PCT/EP2008/008972

-47 -

OO0

L

¢

BaZatacsas

~OO-O00-
wherein L and L' are as defined in claim 3.
6. Copolymer according to at least one of claims 1 to 5, characterized

in that the upper limit of the ratio of the units of formula | is <90 %
and the lower limit of the ratio of the units of formula | is > 55 mol%.

7. Copolymer according to at least one of claims 1 to 6, characterized
in that upper limit of the ratio of the units of formula Il is < 45 mol%,
and the lower limit of the ratio of the units of formula Il is 2 10mol%.

12¢

I13a

113b

113¢
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-48 -

Copolymer according to at least one of claims 1 to 7, characterized
in that it exclusively consists of.> 50 mol% of one type of units of
formula | and > 0 mol% and < 50 mol% of one type of units of
formula Il.

Organic electronic device comprising a copolymer according to at
least one of claims 1 to 8.

Organic electronic device according to claim 9, which is an organic
field effect transistor (OFET), thin film transistor (TFT), integrated
circuit (IC), radio frequency identification (RFID) tag, photodetector,
sensor, logic circuit, memory element, capacitor, organic photovoltaic
(OPV) cell, charge injection layer, charge transport layer or interlayer
in polymer light emitting diodes (PLEDs), Schottky diode, planarising
layer, antistatic film, polymer electrolyte membrane (PEM),
conducting substrate or pattern, photoconductor, electrophotographic
element or organic light emitting diode (OLED).



