10

15

20

25

30

35

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@ 20906779 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

sel ected fromthe follow ng subformulae: 251111 -

1b

1c

11d

I5a
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wherein 10 Lis H hal ogen or optionally fluorinated,
linear or branched al kyl or alkoxy with 1 to 12 C

waewawes4znd is preferably H, F, nethyl, i-propRCT/EP2008/008972

t-butyl, n-pentoxy, or trifluoronethyl, and 15L'is
optionally fluorinated, l i neat? or branched al kyl or
al koxy with 1 to 12 C atons, and is preferably n-octyl
or n-octyloxy. Arl and Ar2 in formula Il are
preferably sel ectfed from 1, 4-phenyl ene wherein one,
two or three CH gyoups are optjonally replaced by N,
and 20 which are 4bstituted by one or nore
groups Rl as defi Furt her preferred are
units of formula is a single bond. 15b
Ar1-3 in flo et abl y sel ected from phenyl
wher ei n one ee CH groups are optionally

) ptionally substituted by

one RT3 ed above. kK in
formul a\K 2 1. 30Y in formula Il is
very preferably N. The units of formula Il are

preferably selected fromthe foll owi ng subfornmul ae:

- . 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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20wherein R and r are as defined above and s is 0, 1,
2, 3, 4 or 5 Particularly preferred units of fornula

W@ 2000/06543€| ect ed from the fol | ow ng subf or nul aBCT/EP2008/008972
19 - 20 25 1l 2c

-18 -
(R),
R), R),
N k|
(R), (R),
(R, © R), © R),
@N N "2

(R)

R, :
R), © R), R), © R),
-BIEG-G

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

Particularly preferred units of formula Il are selected from the following
subformulae:
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WO 2009/ 065479PCT/ EP2008/ 008972 - 20 - 5 113b
wherein L and L' are as defined above, L is preferably

WO 2049 t-butyl or trifluoromethyl and L' iBCTI/EP2008/008972

preferably n-octyl or n-octyloxy. 15 Preferably the
copol ynmers consi st of one or- M@re, preferably one, two
or three, nost preferably one, type of units of
formula | and one or nore, preferably one, two or
three, nost preferably one, type of units of fornula
I1. 20The upper limt of the ratio of the units of
formula ILin the copolynmer is preferably 99 nol % nore
preferably 9 The lower |imt of the ratio of the
units of fo | in the copolyner is preferably 55

nmol % nore p erably 65 nol % nost preferably 75
nol %
N ¢

ol .
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25The upper limt of the ratio of the units of formula
Il in the copolyner is preferably 45 nol % nore

weewbessn y 35 nol % nost preferably 5 25 nol BeT/EP2908/008972

lower limt of the ratio of the units of fornmula Il in
the copolyner is preferably 428wl % nost preferably ?_
10mol % 30l n addition to the units of formula | and |
as di scl osed above and bel ow, the copol yners may al so
conprise one or nore, preferably one, additional type
of units, pre ak sel ected f s having hole
or electron gporting proper 35Addi ti ona

units having [

pr ef er gbty sel
2l
above,

15per fl uoroal kyl thloalkyl cyano, al koxy,

heteroaryl, alkylaryl or arylalkyl Ris preferably H,
phenyl orLal k hauvi ng 1, 2, 5 gL 6 Catons. R
is preferab pjctyl or n- octy 20The copol yners
of the pressg vention includ i stical or random

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.

113b

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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copol yners, alternating copolyners and bl ock
copol yners, as well as conbi nations thereof.

WEeoedrdy preferred are random and bl ock copRCT/RERI088/008972

conprising, very 25preferably consisting of, > 50 nol %
of one or nore units of formupa-l and > 0 nol % and <
50 nol /0 of one or nore units of formula I1. Most
preferred are copol yners exclusively consisting of >
50 nol % of one type of units of formula | and > 0

nol /0 and < 50 nol /0 of one type of units 30of formula
I1. TRe copRl ynmers are preferably selected of the
follomﬁggaéornula WO 2009/ 065479PCT/ EP2008/ 008972 -

/WY

23 - rein Ulis a unit of formula | or its

pref eNred ¥bfornul ae, 10U2is a unit of formula Il or
its praferfed subfornulae, xis > 0.5 and <1, yis >0
and < i

R>_<R

NN
7\ 7\ IV
o) o

v
R R
N/- \N Vi
\S/
R R
/ \ / \
o o
N/\ /\N | Vil
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wWQQO®9/06831 79PCT/ EP2008/ 008972 - 24 -

15 x + yis 1. Preferred polyners of fornula 1 are
sel ected fromthe follow ng subfornmulae 20 WO
wher ei NPEIVEB20082)08972
R, r, s, x and y are as defined above. In the
pol ymers according to the theypresent invention, the
total nunber of 10repeating units n is preferaby 10,
very preferaby 50, and preferably up to 2,000, very
preferably up to 5, OOO nost preferaby up to 10, 000.
The pol yners O > i nvention may be prepared

by any exanpl e, they can be

sui t ab | coupling 15 reactions,
such a ' Suzuki coupling, Stille
coupl i ng; ra couptfing or Heck coupling.

Suzuki coupl i ng ‘
preferred. The rnohers which are polynerised to form
the repeat units of the 20pol yners of the present

i nvention can be prepared according to suitable

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 Il.

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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met hods whi ch are known to the expert and have been
disclosed in the literature. Suitable and preferred

woreaohoes79 or t he preparati on of the indenof| uoPEREP2008/008972
nmononers of formula | are described for exanple in WO

2004/ 041901 Al and WO 2006/ 03862 Al . Suitable and
preferred 25nethods for the preparation of the

triarylam ne nononers of fornmula Il are described for

exanple in WO 99/54385 Al. Preferably the polyners are

prepared from nonomner
nment neq groyps of, f
t wo o

conprising one of the above

the f'ollow ng fornul a
2009/ 065479PCT/ EP2008/ 008972 - 25 - Ari 3 Pl +Arl|
Y- Ar 2P2

wherein

u' is a unit of formula | or its preferred subformulae,
u? is a unit of formula Il or its preferred subforniulae,
X is>0.5and <1,

y is>0and <0.5,

X+y is 1.

Preferred polymers of formula 1 are selected from the following
subformulae

rmula 1-1X, which are linked to
ps P. Accordingly, for exanple
i nde ofI uorene and t¥i aryl am ne nononers sel ected from
can be used: 35 Ar-P2 A WO

1-1

1-2
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10 wherein P1 and P2 are independently of each
ot her a polynerisable or reactive group and A, A, B,

W®2009/06547%, Arl-3, R Rl-4, k, m r and s are BGI/EP2008/008972

20def i ned above. The ot her co-nononers can be built
accordingly. Preferably the.g4aoups P1'2 are

i ndependently of each other selected fromd, Br, I,
O-tosylate, O-triflate, O-mesylate, O-nonaflate,

-Si Me2F, -Si MeF2, -0-S02Z, -B(0z1)2 , -Cz2=C(Z2)2,
-CCH and -Sn(Z3)3, wherein Z and Z1-3(Rsare sel ect ed
fromthe gyoup gonsistipg of alkyl [
bei ng opta RQ/FQJ R{]ut ed, and t
al so form j ML

i nvent i

coup 3 N

formula I with one one 300or nore nononers based on a
unit of formula Il, and optionally with one or nore

lfo WiHdieh K™ (R, RY 9's SXAMPY Bré Bsdifialdsivel or nul aein a

ymeri sat'ion feaction. referred methods for
pol ynmeri sation are those |leading to C C-coupling or

32@32% Eglgﬁ#érﬁgaccbifdiﬁg & Bk theDsre¥ B8Rt invahtien, thestotal number of

or exanpl e in 00/ 53656, , Ya to
EPSrAIMEURIToR 1 REtaRky: DELVE HIGTeTaRk PG 4H Rreferably 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

1-3



WO 2009/ 065479PCT/ EP2008/ 008972 - 26 - Yanmanoto et
al., Progress in Polyner Science 1993, 17, 1153-1205

W@R00pA6IND 2004/ 022626 Al, and Stille coupl i ng. PEDEP2008/008972
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exanpl e, when synthesizing a |linear polyner by
Yamanot o pol yneri sation, norders as descri bed above
having two reactive halide groups P1'2 is preferably
used. Wien 5synthesizing a |inear polyner by Suzuki
pol ynerisatiqn, preferably a nononer as descri bed

above is u wherein at | east one reactive group P1'2
IS a bor onl c| aC| d or boronic acid derivative gnpup.

Suz ?\qu}"_g_@,zrmy be used to prepare

sta |s |cal ting and 10bl ock random

copol yners. In particul ar, statistical or block

copol yners may be prepared fromthe above nononers
wher ei n oner&f 1Hfe reactive groups Pl and P2 is
halogen and the other reactive group is a boronic acid

é:gck copol yners ilsA

: exgpl € in WD 03/048225 15A2
or WO 2005/ 014688 /?% uzuk| pol ynmeri sati on enpl oys a
Pd(0) conpl ex or afed(l R salt. Preferred Pd(0)

conpl exes are those bearing at | east one phosphine

i gand such as Pd(Ph3P)4. Another preferred phosphi ne

ligand is t ortho- 20t ol yl ) phosphi ne, i.e.
Pd(o-Tol) 4. P : ed Pd(I11) salts include palladi um
acetate, i GAC) 2. Suzukl pol ynmerisation is

per f or med Rﬁt 9 pee of a base, for exanpl e
SOdIUﬁ]C |un1phosphate or an organic
basp! i um car bonat e. Yaneabto

pol ynmeri's Ni (0) conplex, for exanple
bis(1, 5- 250yc|ooctad|enyl) ni ckel (0). As alternatives
to hal ogens as descri bed above, |eaving groups of

f owwélréig'Fﬂ a‘iQ?lPZ lhaepéﬁ@ewﬂwf&i]at%thgr apalgserishisld or
bove.. Particul ar,e u Vi (o
t og@ﬁ%le/g rRHR A n§t éagp ﬁ? gt’ arcsdﬁ,eﬁ I BHRP s Hré as

defined above. The other co-monomers can be built accordingly.

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.
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The organic electronic device is for exanple an
organic field effect transistor (OFET), thin film

W@ e@no6ator (TFT), integrated circuit (1C), raRGTDEP2008/008972

frequency identification (RFID) tag, photodetector,
sensor, logic circuit, nenoryp@lenment, capacitor,

organi ¢ photovoltaic (OPV) cell, charge 35injection

| ayer, charge transport |ayer, Schottky di ode,

pl anarising layer, antistatic film polyner

el\egrhamotd @t mn@r@g@sé REMDlyncamBiciencad 996h 47y 41 %3-1208pr in

eﬂ&ﬁ%ﬁ@bh@ﬁg@@ﬁ ,ocotf Smfé géwlfr{gﬁ o[gl%g(gm;g%_\&%?h %ynthesmng

Ara [Dhddr pdyimee btyc\(:amdmmgo mlmlsmt@@e monamestasogescribed
gaqege e"’\%\)’ ngg\F}B éé@tﬁ/e ﬁahdé%ﬂoﬁ?@'#’v i@ pPeferaBIgiBed. When

ectr nsul ati ng | ayer

sewrttiaﬁsjuaguaw@nwmlymer Qy&@uisbp%lmﬁf\saﬂgn Fifoefég'Y a
drrﬁg}?ﬁgg&gﬁg&e or"b%?ée&ﬁ i5 fﬂﬁe&%é‘r@ﬁgépkéé% blﬁé eébactlve group
rs. as descri
anid bl RETOMe RSl t%orog&ﬁ%gﬁgﬁ'aaﬁ\‘%w?‘a eitrgdg\s/eand
fjhe_ i nsul ati ng and sem conductl ng layer in the OFET
eyic ar.ran
t reug g el RS ey e Rt B0 Staiigy) SREieRRp and
gatviecke randoradmpojyrhées. ||mpaﬂaula1'gsﬂaé!9’@¢a| ar idogkagapolymers
el gg & q%dﬁ eﬁ%‘#e& %n?ﬂgg ?ﬂ%ﬁ{o?fonlié%%h@r%woﬁ@% ad rééﬂ:ﬂve
r, an

i nsu e source 20el ectrode and

dr aonpsiRcand i3 4 belogesranstiher pibes EACTVR @eYP ﬂ§ga|b9y%fﬂ'0 acid
Pr&f lZﬁS&‘Pn'ld’ aélﬁ%éﬂv%ﬁ‘{/é @%@p ded §gnthesisof Gitisticanpitemiatiog

IC i f |
C oMK ERAVIEERS 5 ST IOEA 4" GRIACR preiPly B W 00i048225
seAReRW2005/04yeB8ckmt acti ng the surface of the
dielectric |ayer

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-
tolyl)phosphine, i.e. Pd(o-Tol)s. Preferred Pd(l1) 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-
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.

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
injection layer, charge transport layer, Schottky diode, planarising layer,
antistatic film, polymer electrolyte membrane (PEM), conducting substrate
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25facing away fromthe gate electrode, and drain
el ectrode and source el ectrodes contacting the surface

W@R00pA6s43em conduct or | ayer facing away from tPE&I/EP2008/008972

dielectric layer. The OFET is preferably a top gate
device or a bottom gate devit%?-SO Sui tabl e structures
and manufacturing nmethods of an OFET device are known

to the skilled person and are described in the
literature, for exanple in WO 03/052841. - 28 - o

al ehpaltgini phatpcopductarcrlectrpphelographia elgment, gF osganic light

elgmtﬁ,q@'tﬁi?gﬁg(fbggmppl i cations, the thickness may al so

be | ess m cron. For use in OFETs the | ayer
thickness is typically 500 nmor less, for use in

OLERODREPideideyadédmedtio the presdmtcineadtisn prefelabis so@brises:
the | a%%rél wi | | q?%end, for 5exanpl e, upon the
r eqeRHANN L SUPSYHE: el ectroni c device in which the
| ayegatseleotddeeneral |y the thickness of a functional
Iaygrd{-é'lgctﬁg iﬁé&'l%ﬁﬁ@'f%ferdew ce according to the present

ro

i nvention can rang m1 nm(in case of a
10nasemigenductinglleygim preferably from1 nmto 1 pm

nor § sBLURILERRSdEr om 1 nmto 500 nm The organic
sem conductor | ayer can be deposited by any suitable

met AGWaIN§lgelradeoat i ng i s nore desirable than vacuum
deposi tion 15t echni ques. Sol ution deposition nethods

are, especially .preferred. Preferred deposition

F eBhRTeinaas sr B P e Ryat RIS bR o eyeCthmalyers as

spdesaribed algpve akdjbefowrinting, letter-press printing,

screen printing, doctor blade coating, roller

printing, reverse-roller printing, offset |ithography

prThe .gage Fausre @ndptrain pleriredey anddbe prsuitinggandpr ay

CO8émiDndRicAg 1R ih fise OFET device may be arranged in any
sequence, 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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20pad printing. Ink-jet printing is particularly
preferred. The organi c sem conductor |ayer is

wWoewbeedn) y deposited froma fornulation, veryPCI/EP2008/008972

preferably a solution or a dispersion, conprising the
copol ynmer(s) and one or nore 28gani c solvents. 25
Exanpl es of suitable and preferred organic sol vents

i nclude, without limtation, dichloronethane,

trichl oronmet hane, nonochl or obenzene, odi chl orobenzene,
t %Iﬂaﬁugﬂr loﬁtuyabie thiokeraf requiredp ol vagous eleotioajc device

oA EaEapF kg Bs HAPARD e BaduREe T ik FSFse i
1 @FETtsrtheHay)erdbtdkaBe$ isitypically-508t il less donaae in OLEDs

{Cﬁxﬁ? gpgbﬁn ofIdddt The%ﬁ(%‘:t;‘trﬁ?kr@sgraftibféﬁéyé?@ml @pend, for

am de, oxXI tralin
de@samnle upaarbe éﬂwlfﬁmﬁﬂé efthg ale@trenie devicesip whigh the layer
t hg (aRPropriate m xi ng and agei ng, solutions are
eval uated as one of the follow ng categories: conplete
sol ution, borderline solution or insoluble. The
COtBtaﬁéfalllyithe thigkdesswf h@umttdriah tayehdn anlellérttl'dmg device

P AA R BB p R et s CEA i ot £l hspidrs
t hmosolayer) fiot 10 aneapreﬁmablg fcdms1enmftpohpm trepret mneéerably from
GatHﬁﬁ gggﬁ published in "Crow ey, J.D., Teague,

we, J.W Jr., Journal of Paint
Technol ogy, 38, No 496, 296 (1966)". Sol vent bl ends

Mayh@bf@ame s@ﬁﬁéoﬁ’dl@btéﬁl&ybﬁcaﬂ%tdépcﬁﬁeaﬂayd@%%unmel n
SoI ¥en , W H. El | 8 Fedg; g&& Soci et i s fo@
%‘Hrﬁﬂ%‘&?' FRreges|'s afo‘é%?&’l*ﬂ"é fPBEalr e

gatyechamﬂlebo Salutioandepdsitiorometsods ard sspdwallypidferred.

|
a gﬁquxgdtz@ ostoh BEhNIERS iRlub8 WRhAXIRbitdHC A BBating,
swmemai:ngamtuehunntrnga lefterpriesa priating psereen atsinging, doctor
apﬂbué%otaﬂngr RAIrRP blnﬁaﬁ§dfe%vgé:€o|@w Bﬁhfuﬁé eéﬁw it jrBkh

jet printin m cr.odl spensi n Preferab %/ ria

pi @z@mgeélexperﬁnh'%pr'HMM%eﬁnagg mray geeting D?@Jé cogting or
t hps@ prHtRG ] IBR-jBY pAtingR, pdrtitalaky pkefierredl nkJet

Technol ogy, On Tar get Technol ogy, Picojet, Spectra,

Trident, Xaar are used. Additionally sem -industri al
hellls osgmﬁc aenibosductanizyac isuprederaplyBilepdaited fEpwmon,

Kopir G natiod, K8ry PRIFEHIBAN L Sol AN 82a BRpePSion! 8%hBrising 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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20nozzl e m crodi spensers such as those produced by
M crodrop and M crofab nmay be used. Suitable solvents

wo 2009/068479 et printing or m crodi spensi ng nust Pai/EP1008/008972

the requirenments stated above and nust not have any
detrinmental effect on 25t he c2@sen print head.

Addi tional ly, solvents should have boiling points

>100C, preferably >140C and nore preferably >150C in

order to prevent operability problens caused by the

soAfiér the appropgateuiniding iadd ddetngrsohitidrsaare éaduatetramone of

s Be TPl AROAIRS SRt sato gt Rk iR r V¢
diingilublealThe caatbor Hmisjéravsyumsouhhue dle salyibility parameter-
nochﬁHgértr 'bb'r’rhﬁfpol?rﬂité Qk\ﬁ%nﬂ%ltﬁr rRhﬁQ@l'uEllﬂ h€bmplete’

deri vatives eteroc es suc

sugsiventadalingywithin Hae solypility arﬁe%,cawﬁqh%eﬁefgom literature
PWdIGed Qua%%spubmghéa iifh bCRAvIaPA). DONT Satsd, i 8. & and Lowe,

Y ARk T8 @a@a%@? ol s0H50671 607" Solvent

deplends muy alspdiey used arat canlbegdentifidteapdeseritted in "Solvents,
[ td,ePN i ' e "
GV EDEE St Blioh B SpelidtiestiBr ERERGS 3ecAnBEisoBS-10, 1086"
suBscth aytredetiyreomaydeadiio @ biemad of tnmnsslvmt@r hiab wilhdissolve

qg htﬂgg% mlgf's Gﬁfh%?}eeéﬂﬂ?ﬁvémm élf?\%u%ﬁt i%rdig?rra%le to have

For exa
be@iz'@ﬁ@ ong trugrsolentdy agdesdbst i t ut edxvvr th a propyl
group or three nethyl groups in either case there
o DEAPSRERIA1E PIRlarARY, RPIH P e i5oesRoftiacs SUbdrates by
coifpijétsprivgirigher swdrodispensing. Phefepathly nmiustmﬂdr piezoaldatriegprint
or hgéoesvgl?éﬁ agl 8&%6}9.;19 (ec] {be tlﬁxﬁéess jahbﬂnrrﬂéfrﬁ I(}%Okl
conponents
t hb&éetsﬁe@wddgr,r@mﬁarger %eq:hmkn@y |I?lg«t>rebf rqalTégient Xaar

doghey Cdéé?f ch‘d?ﬁ@nélgf?érﬁyr'ndﬂsﬁ%! heh4s ¥Les %éQHése manufactured
ne

t er pi.neo [ 1 non rene, ter Q

di Y BYothenAepeon HRNIs3) %h? l"fﬁ%tyuraén@ 'EQFF% ?ﬁﬁﬁ 9¥ gingle

t hﬁézZIé nAcRIperRicroBubh akWhoSs praduedidhy Midrodrainahd

SOM fﬂgpref abl havr ng a boiling point >100C, nore
uch sol vent (s) al so enhance film

formation in the | ayer deposited and reduce defects in

t hguhﬂgrsol\;&ts for ink jet printing or microdispensing must fulfil the
requirements stated above and must not have any detrimental effect on
the chosen print head. Additionally, solvents should have boiling points
>100°C, preferably >140°C and more preferably >150°C in order to
prevent operability problems 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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The ink jet fluid (that is m xture of solvent, binder
and sem conducti ng conpound) preferably has a

W r@eoeidry at 20C of 1-100nPas, nore preferabl PCT/EP2008/008972

1-50nmPa’' s and nost preferably 1-30nPa's. 20The organic
sem conductor fornul ation carB@dditionally conprise
one or nore further conponents |ike for exanple
surface-active conpounds, |ubricating agents, wetting
agents, dispersing agents, hydrophobi ng agents,
adbersiene g aubstitttedby ape ovenare sidistitenty wagrainsthe total

deﬁ’ﬁﬁ'\%f’ cal‘yolnuﬁﬂfn% 4RbAY tﬁ@l nB%r’ nﬁBFé iglgstﬁﬁents is at least

non- reac auxi 1 arl es; OUT

pi @mtﬁpr e@mple; the b,en@rwmm@éwg man@@whatlmtéé wgth a
i N IQI’ drnth?é@H&ﬁ yIRJr6fise, rlﬁ%ltﬁﬁpegégﬁ%reoéelﬁﬁ%t least

pres nventlon gani c sem conduct or

t h@f%Pﬁ{h%\ ploms WOFQ' gaeﬁaaﬁq lyeswt $ §@é”'bh%?'b'fd to be
W&n@ﬁ%ﬁhﬁr@h@ dies Sofventdjth3he lpbﬁ/nﬁéhewrﬁ@h egduces or

t d f 30
Dobgraissaaofie SHHEe selR ereianintan o e Paranents ding
deypragl,ngl iThe sdheerd(d) shanirejudenthodedadedted drdrayhee fallodving list

g LS, Aade bt Rt 1ARe R LRI BB L ge, torppeo

e manufactured and
deumeeem lgoqtnrmed tegpinslensi symaue, mtéyw@néenm Ehegsglvent

et ard AsbRBnTRliRees, that |st$‘§§|%bnwaon of two or more solvents
2009 065479PCT/ EPZB{ 08/ 00897

onen
| a§a¢hs selvenipisfiprably badng ﬁ*eb%lm P@lﬂ“ 5én§ &r mﬂﬁedﬂf%ferab'y
desmmd@dsu(m écbieehtl(é)%l@d) ehBandd filrddpasatiorom hetlages

cipestad At fodiRE 9dcRaRstE B {echni ques i nol ude.
vvlthout limtation, dip
The ink jet fluid (that is mixture of solvent, binder and semiconducting
compound) preferably has a viscosity at 20°C of 1-100mPa's, more
preferably 1-50mPa’'s and most preferably 1-30mPa’s.

The organic semiconductor formulation can additionally comprise one or
more further components like for example surface-active compounds,
lubricating agents, wetting agents, dispersing agents, hydrophobing
agents, adhesive agents, flow improvers, defoaming agents, deaerators,
diluents which may be reactive 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
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l'i thography printing, flexogr‘Fhlc printing, web
printing, spray coating, brusi eoating or pad

printing. Ink-jet printing is particularly preferred
as it 10allows high resolution |ayers and devices to

be prepared. Various substrates may be used for the
f atorhpanents and laygesare knave taothiecthgeskilleskspersap andais e

gl@é‘%r%@d%@ﬁédféat& astics materials being preferred,

es inclu kyd resins, allyl esters,
benzocyclobutenes 15but adi ene- styr ene, ceIIquse

C lehé' H@ESSlﬂéﬁtrﬁ%@mfdgnﬁéﬂudé ||qﬁidQ2©etmg| artevapour or vacuum
orotriflu

ct AR, HrpleT o, JEBET RGN A TTaas clides aitbgps fimigtion. o
Pl esdting, Sb'mﬂm lrsljep pitimg, detter-press printing, screen printing,

h fl
h|e ﬁ targ %%1@;%@#%”%%@ Fal'ééo Fdll‘é?e Pﬁﬂﬁﬁ%ymet
polltyloglawy fpoitiye, ﬂax@lgrapblq/m‘lntmy\regj pr@mﬁ\ge spray coating,

d
Hb‘q enéna%pw%@ I@@?ﬁtet in‘ﬁﬂéés artlcullqa%rlyaﬁ)raetfeerre as it
poB l@@ rege lﬁi@é‘t'ﬁwrﬁeﬁ%@v? %@Ir?‘ﬂﬁ?rﬁﬂyl ene,

pol ystyrene, polysul phone, polytetrafluoroethylene

poI uretha pol yvi nyl ch| silj.cone r r :

b Hoie Subgi el i b et B i iatkleplifd BE pgHRE Lhectronic
IOOHWibésﬂfeﬂekal‘rmgl'mlsairmlasimsyplasdes meatdrials being preferred,
poI et h n h
o1 e BlEsERERTL, ARV LEaind ] BRI HenaBRYclBBidics.
abbutadnmteasiyaee@e cmlglmbgeﬂtdoée grolate, gnaxids, ROy ROlymers,

Eﬁgﬁés Y eéhlb%tﬁpﬁafoeeﬁs?%epemwéﬁb ftqfa-ﬂuéﬂo@mylaﬁ@ fibre glass

extenhanwﬁ Pl@'ﬁf'ﬁt@l’ﬁrﬁﬁa%ﬂj 'W@eé) he; angwgﬂgﬂgegymyhdene-
teﬂh@nweﬁpwme"rdmgﬁ dérssitprpotysthylens, pérytdne, pogemiide,

duct
ThEobiELe; babaramip. e psTERSEyS PoEheTRaphohY: pol-
s uethydenes modyethylénpnaplmmalate,r p@lpetlnylmmterﬁghthala@ polyketone
t
S PP RaRTbegh, %h%‘@'??*bfpg‘%%“%&l%%?ﬁ?oﬁé"ﬁe“'ﬁ“"”e
o pokeinafiuasoethylane: polvusaihanes. polyviRdlchlaridess licapp aubbers,
el gficbRee Iﬂi%tférrré@|s§béﬂ?@ﬂeqﬂgter%@\'aié‘@@weihymdeﬁélfepihthalate

i norgani ¢ or organic mnater osites of the
{ wholTGe2 600 R R PolSERNaRPRIS80 805 3UBSEale Thagk bt Ay plasti
f oma#Eiaablatabbeglass deatet with #he aboeé mbiepallsyiﬁhelsubetrate

O:s%ﬁé rol g%ggg?ggg}o%%g@ﬂgqg '@ EQ?& gﬁocg’gbﬁgﬁf ﬁeflnm?n The
of subsmdatesmay a0 be unﬁgrm&preﬂahgnﬁd tyr extruding nstr@tgh@g
as rﬁ‘@t&hg %8@%#%%’@‘0%@ thnf{RRbah8GcdTRI2b BentatibR of the

organlc 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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5and sem conductors like e.g. ITO Oganonetallic
precursors may al so be used deposited froma |iquid

W@b@eeos4The diel ectric material for the insul aeCI/EP2YE008972

may be inorganic or organic or a conposite of the two.

It is preferred that the insBZtor is solution

10coat ed which all ows anbi ent processing, but coul d be
al so deposited by various vacuum deposition

techni ques. Wen the insulator is being patterned, it
el x4raplesrior tsheamaratecctmdeomantenajs inghede palyandineoRolypyrrole,

e e%'é@ﬁ?@fﬁ?égﬁ Ll.gatéd) é?%@ Ef-[rrthh%"r %fﬁ §9n? or r[]Jastdels of
cogfaphge owaﬁtudeapf metali suchj a8 Abr Agi pHg, ’I"é'tqf I"%r’%@o

EFSF {és}ré“'a%gs &Fér@@éleerdr@v'aﬁgra@@%@lfaléo|I|Ré% @C@ul 0f.Pt/Pd etc.,

li @m@ge% Wﬁr e\éeér gfg%g({)%ogt%phlﬁ%rﬂaxs%may also be

Priigid A8positicPiromoatiquig, pHasesh coating or pad
printing. Ink-jet printing is particularly preferred

as it allows high resolution |ayers and devices to be
pr Ehadeslectptrhatesial for thé instilatbe yer enayplb@ inergaoiswardrganic

I
5 Ao RAARY . s R styhen
enmtedprmnclarauawmamlyleobnmcgrssmoepbwa alpadepgsited by
gal &id S @hRA %egbsltlbh(@&\ﬁla@és PVBéndRe Eﬂnétﬂé\tor is being

permttivity I nt ace ui t ap

D Bned. §ganPeaITa b ficlonRIdPIenyeT HSHIAEN or act as
}N: Qﬁt‘éuhsﬁlﬁwrﬂ’ot t@h'@HETlf Prafeiradtdeposition-tegheigees include,
ugQ et her uor.i.na o
po 959@ Igﬁ@ag%ﬁ{};e gbﬂ{_{.?QTﬁng ﬁagﬁ@) W Jépp(il‘?\tmg, letter-press
pobﬂl(lﬁﬁg/IsmyémphhadeQc,torptdbgie\mayhgmodengymtlng, reverse-roller
R/( | Fe "m‘ﬂa/%&k% ltrl]tﬁfa il‘éﬁog rﬁibﬁﬁﬁﬂ&%b printing,

rene,

(4S|D®Umdaélngr bﬁ.@ cqﬁj|r5@(wcbpflnmmgjdp @tﬂyp'glﬁlg)ls particularly
poFVéf@rr@Et"J&Vﬁ aflows lﬁiqrﬁ@séﬂﬁbon Iﬁ?éﬂé(éhd dOviyey ke be)prepared.
5 B

PoOpenaly, 2basielprtGraaRe) B Ul A RERgITar s pare to achieve

IO obftey Fésﬂhﬁitmdgemﬁt atventsibad/or poiug{urbl iotexpity ned&r to enable

Bgbé{tgnmgﬂiy?z[ﬁ%&ob%]bﬁw?ﬂrgﬁa&eﬁ@&@|n§ulators are those that

pobyvider gl lowrpemttigity infeifg¢etto then®@S§i.phenyl ),
pol y(1, 3- but adi ene), pol yphenyl ene. Further preferred

are _
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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35copol yners, including regular, randomor block
copol yners |i ke poly(ethylene/tetrafl uoroethyl ene),

W 0906y | ene/ chl orotri fl uoro-ethyl ene), WD PCT/EP2008/008972

2009/ 065479PCT/ EP2008/ 008972 - 33 - fluorinated
et hyl ene/ propyl ene copol yner,33el yst yrene- co- a-
nmet hyl styrene, ethyl ene/ ethyl acryl ate copol yner,
pol y(styrene/ 10%but adi ene),

pol y(styrene/ 15%ut adi ene), poly(styrene/ 2,4
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S CHlH\@tI’?ylgt?féﬂégo FGRHEV B%férrbd ke b'@ﬁﬁﬁelfsrf%ﬁ'ntthé commerCIaIIy

conmmer cl val |
Teniadne ToRASS SeandRISpReL AR IIRAP T IkFe oSBT the
”Bébnki’r‘ﬁg?érlnéﬂ)?éﬁé’l:ébé AOatlﬂélg{ll?D%eﬁe?(EﬁdmemsﬂHI@) and highty soluble-
i Vi e . an r
aishriBetapomets Ha G0 i 77 BT A PR stor ©
| i srieat(Asahi Glass)aadflenAfo®\senigls 4 Debloot),
pol yvi nyl phenol , pol ynet hyl net hacryl at e,
cyanoet hyl at ed polysaccharldes such as

cy%mmeto}ﬁqademeanenah bgiprptarableyitoiusg g ﬂmqﬁ%mﬁ?lsw'th a
9?{}@%%%99@’ ﬁ&]tﬁﬂl@'%ﬂﬁfdré@r#&ﬁ@r @ﬁld&ié@d‘r@d‘ﬁ\atenals of this

poI rs '2%‘ gorl e/V|n tat%'

poW?ﬁé’P@Ud%thtﬁ%'lﬁe"rﬁ g5}, dpreerampplen tj{ flcahdh ectri ¢

W%&Wlﬁylﬁh@ﬁot fy&ym?wlm@mbumatewcymthylamd polysaccharides

Xa Si

Bk SyangalPuIERe. hioh R RGRY Prictkdbiess sughias

stpmwlnymenetfhmde palyurethang pefymerscarshpoly(viet of

t h&wlBFi&é/@[@léc{b‘f%& p%Wrﬁ gnlﬁ%l%téﬂd bR Efre8 MRIGLARSielectric

el ectric rraterlal havi n
a nn@maéas @fthls\wneymcbm &lﬁ!@whw&@tlﬂ@ for expmple, gomposites of
pefin.t tl"a¥®£%f‘lﬁ@/{‘ Bi %izmz,tBéM YF 3 -Hariuas zREsilestitdna® or

exanpl e i.n 1
batium strontiam tltana Sui tabl'e and preferred

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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25materials for this enbodi ment include, w thout
limtation, polypropylene, polyisobutylene,

wWeoloypésipet hyl - 1- pent ene), pol yi soprene, pol y(RECTEP2008/008972

cycl ohexane), or a copol yner containing the nonomner

units of at |east one of thesdrmaterials,

pol ycycl ool efins |ike those fromthe Avatrel series

and fluoropolyners, in particular those fromthe Cytop

(r) or. 30Tefl onAF series. Preferably the insul ator

| aylere solvpnisseith 2l eronepsflyerer atomSké lugregolyents), preferably a

@%%leegivﬂ' ABbk IGBrd%Q)W@It% e tF‘IP?é@ZMbllable from
rom ass Pre eraé a]te i nsul ato
{ Lheios: atmlegsis nutmbes 12350 Qihen SHsd e ToraBinass and
g'ttﬁ%rﬁgolv\éhfsear{éﬁkncﬁmﬂn plor §r|®flik\e f@f edamm@aie ng or
RO TP AMDERS LETom AFoR 1Bap B FA0D (18 BUPHtFo M uBRpele
200 SATHIRCT FHR20EBILO BTNt F32143cmos,dﬂ0e‘rﬂ&7 A th
one or nore fluoro atoms (fluorosolvents), preferably

a perfluorosolvent. A suitable perfluorosolvent is
e. gurtr@7preferrécdisan anegrated eiraoit 6omprising adigld aliagidransistor

123800 qir] B3he proba Bvbhgeas.opol yrer s and

fl uorosolfvents "are known 1n prior art, like for
exanpl e the 5perfluoropol yners Teflon AF(r) 1600 or

240QrthérF ?ﬂ@f&kﬂé’@r& A photdValiopel édsmpﬁérr@rbr@/bomoré copolymers
the perf %‘i Bol vent bf{i: 43(r) (Acros, No. 12377).
Fu?$® ﬁ@?crrbt? aPP¥eiand BEIOWnt egrat ed ci rcuit conprl si ng
a field effect transistor according to the present
f

%ﬁ%%ﬁp rc?\/lt?enagégrﬁnﬁtontwé e:ﬁ[e&&rqﬁ |h§eﬁtlc§w§Fegééﬁcﬂlfg Gmprises:

above Imdvq;rbﬁumptlon electrode (for example Aluminum),

- a high work function electrode (for example ITO), one of which is
transparent,

- a bilayer of consisting of a hole transporting and an electron
transporting material; the bilayer can exist 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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An OPV device according to the present invention
preferably conprises: 15a | ow work function el ectrode

W@ t@p/oedznpl e Al um num), a high work function BCEEP20081608972

(for exanple ITO, one of which is transparent, a

bi | ayer of consisting of a-h®be transporting and an

el ectron transporting material; the bilayer can exist

as two distinct |ayers, or a 20bl ended m xture (see

for exanple Coakley, K M and McCGehee, M D. Chem
Matless tiaoaantedd cletblyandicatesoptheonise, 88 mseethargingelujahdprms

V\gfytﬁéftunc Re?éinfé)rh;t %r’?stn%ﬁ@%r S fReRldifg the gingVildriterm and

I on of unction el ectrode to
pVIo@/_NdEsaan ohm c contact for the hole, 25an optional
coatlng on the high workfunction electrode (such as

to prOV|ge an .ohm c, cont a

Li F
el des IRNATEBITS OF 1S seRaT el el ahsWass
g‘{cgg’{]mséolt@hwﬁbhﬁe}lﬂsad@sranahmds aibthecwvartds, el examplee

ron tran
oS8 8 S0P A 0 R ar
ongtantendest ter (aald dmnbt)ae;(cwdem)ther eopgsentst e (for

ex?npl e PCBM [(6 6) - phenyl C61-butyric acid nethyl
ester

@eth ymer see for exanpl e Coakley, K. M a?ﬂ_\

e apmregate{ghﬂmt vgeatiens tothe foimomg@@}/boqlfnem%o e

g@ggg@gr} bé?fbebh%@ \ﬁﬁllé’@iéll fAiliHg \inﬁhﬂ&héwo@bﬁﬁ thaynvamntion.

26aoh mﬁ@g@%ﬁg@%@gﬁ&s}%@/@c atugg unfess Ttsted (yt\ﬁ)enmse may
be replaced by alternative features serving the same, equivalent or similar
purpose. Thus, unless stated otherwise, each feature disclosed is one

example only of a generic series of equivalent or similar features.

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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Unl ess the context clearly indicates otherw se, as
used herein plural forns of the terns herein are to be

W@ 2v8064ed as including the singular form and RCTHEP2008/008972

versa. 5Throughout the description and clains of this
speci fication, the words "conPBi-se" and "contai n" and
vari ations of the words, for exanple "conprising" and
“conprises", mean "including but not limted to", and
are not intended to (and do not) exclude other
cobEpamelg $. 10lt will be appreciated that variations
to the foregoi ng enbodi nents of the invention can be
made while still falling within the scope of t

oo bistBhe st} 486 GbLBARRBT AT Re)-CO- 2.6-(6,6,12,12-
Sp@?r'afogtéﬁ‘- yPZldMVdr@ﬁaeﬁbf[‘i S RISIERBAYF B0 DRO% M2, is

repl ac alternative features serving the sane,
eqpieParehesdellawss | ar purpose. Thus, unless stated
ot herw se, each feature disclosed i s one 15exanpl e
only of—s gener| c Sseni es of equival ent or I§|l1ml
f eat ur Al '\?ra N\eat ures di scl osed |
speci on Zombi ned i n_any conbj

except | i onsvwhere at g 0
st eps are nutue ;
br ef erred f eat ur ®s—0

features an»
particul ar,

are appllcab o all aspects of the fwventlon and may
be used in any conbination. LikeGde, f&xHyyes

descri bed i M-essential conbinations may be used
separately (not in conbination). It will be

appreci ated that many of the features described above,
25parti cul aM1y30% t he preferred enbodi ni2 FD%ar e
inventive in their own right and not just as part of
an enbodi nent of the present invention. |ndependent
prm) ect0GMchERBE, squigpéd iwth ineehanicabstirrersandireflux

ol el Do 1S BRRLUE N PEY WY B EMIES Y
i ndienaborelan-2hd)rhenyliN{ fgectbutyiphenyl)dminey(@. /g gad B8
th rﬁ&g'?wg&d,,f,'s's SARPRRERYHY 8524 &a%o‘f&l%n'é‘ zﬁ@éﬁ%z -

Cel siu ercent ag s are wel ess

St tafiaachi-hel 2ty drondenod o 2bUbirTepe fA EHSB (2B TBIP, 2.5
36dibrédmarmba 2112 -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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-reaction

M: 70% M2, is Sprepared as foll ows: ML 30%vR 70%
15 To a 1000 cnB RBF, equippegy with nechanical stirrer
and reflux condenser under N2 is added
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Va‘éHngxuﬁB dy@' Mﬁ%’nd tﬁe%o‘ﬁ%ﬁt@dv&;ﬁbﬁa&b&%go(ﬁ@ﬁe&rﬁiﬁtact is

an ere ite wt
99 AU s SR YIoR chahiriate . el plth (Fppols Hitow
10wegskanol (1200 cnB) and the polymer is collected by
filtration, washed with nethanol and dried under
vacuumto yield the product as a pale yellow solid

( 7 Fot.thg elgotrical GrasuPacents thed@nsisipr sagwle Fomgupted in a

sa%%z?e hOfied. l@’lﬁﬁﬁﬁfﬂﬂeecgfmectlons 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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A field effect transistor is prepared as follows: On a
gl ass substrate patterned Au source and drain

W@Ppwonesdes are provided by shadow maski ng. A BEI/EP2008/008972

assenbl i ng nonol ayer of pentafl uorobenzene-thio

20(el ectrode injection | ayer)38s spincoated onto the
Au el ectrodes and washed with | PA. A sem conduct or
formulation is prepared by dissolving Exanple 1 in a
concentration of 1 wt.% in nesitylene. The

s evoltage) whieactenstid isshaven inhléiguspil ncoat ed onto the
substrate at 500 rpmfor 3 seconds followed by 2000r pm
for 30s at roomtenperature in air and the solvent is

25Tbe dietit affect. muhility vidlubatase calsulated frontihegadiearibhe Isp

aveé \ADLRafd 5%}%5%% ith&liAese rélgﬁné:g@ﬁ ﬁ.ebylsﬁattﬁ@l safurgnon

he sem conduct.or gi vl ng ess of r oxi mat el
1 iﬁﬁ'@ﬁdsﬁﬁé"%@}%me?@r@m afeperfarmged HP gis@d room
cofmgératisredThieneduley are shwnitfivedsalbannel area by
evaporation through a shadow mask. 30 For the

el ectrical neasurenents the transistor sanple is
nDUmMGdbunoaHSanpﬁVsholder M cr opr obe connecti ons

e drain and source el ectrodes
?ﬁg”ﬁg}|b§5Q28Ef§%§ m ni at ure probe-heads. These are

I|nked to a Hew ett-Packard 4155B par aneter 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 V
in 1l V steps. The Isp (source-drain current) vs. VG
(gate - 38 - voltage) characteristic is shown in
Figure 1. The field effect nobility values are
calculated fromthe gradient of the 'SD VS. VG
characteristic in the linear reginme (Lin nob) and the
saturation 5regine (Sat nob). Al neasurenents are
performed in air at roomtenperature. The results are
sunmmari zed below. Lin nob = 0.011 cnR/Vs Sat nob =

0. 015 cnm2Ns 10 15 20 25 30
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- 39 - Patent Cains 1. Conjugated copol yner

conprising > 50 nol % of one or nore identical or
WeiRGpeéam units of formula | and > 0 nol /0 aPCI/EPZ08/008972
nol % of one or nore identical or different units of

formula Il Ar3 |

I wherein one39f- A and A is a single

bond and the other is CRLIR2, one of B and B is a
single bond and the other is CR3R4, Rl-4are

i ndependent |y of

each other identical or different

groups sel ected fromH, HRateqéGlaines NC -NCO, -

NCS - SON,

- OCN,
ot on g ugated

“C(=0)NRR, -C(=0)X, -C(=0)R, - NH2,

[ ? %’&er &ﬁ%ﬁwn?;c % Of %r [)ga%rpéyl

wi t h 1idesticel @ranff@ﬁ%nttmtscps‘oapuhadnm | y substltut ed
and optionally conprises one or nore hetero atons, X s
hal ogen, R and R are i ndependent |y of each other H or

an opti onaky gl LecdarByl or hydrocar byl
group optio y c |ng of-Arere hetero aforrs,
m

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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WO 2009/ 065479PCT/ EP2008/ 008972 - 40 - Aris a single
bond or denotes nononucl ear or pol ynucl ear aryl or

wohetenezyl , is an integer 1, is N, P, P=0, PRCT/ERE)8/008972

As, As=0, As=S, Sb, Sb=0 or Sb=S, 10Ar 1whi ch may be
the same or different, denot-e40+ndependently if in
different repeat units, a single bond or an optionally
substi tuted nononucl ear 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 ongl 1y SUDSULLILRAHIANHFLERSIeAmBRLARIEHES paiybicicar

group, Ar3which ma ame or erent, denote,
20i ndependent | y 2yl phheftereraybnt repeat units, an
optionally substituted nononucl ear or pol ynucl ear aryl
group, which nmay, be optionally substituted by a

bri dgig group 'SR WEIETH &rent chain residues of
formula Ill, and 25is 1,2 or 3, and

wherei) optional.l y,thesgkw0 1lea _And/l.o € Qh=
groupspRS and R4'Sé}5’t%g%t'{?em ItE%St E‘g Egj_ggg‘r?t_gfltsl&()rsebﬁeo or

moi ety form a spBbaSgroup. 2. Copol yner according to
claim1, characterized in that the units of

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,

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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formula | are selected fromthe follow ng subfornul ae

WO 2009/ 065479PCT/ EP2008/ 008972 - 42 - 20 WO
wWQo®9NeB 3N 79PCT/ EP2008/ 008972 -43 - WhRCBEP2008/008972

R1-4 are as defined in claiml1l, R and R5-8

i ndependent |y of each ot her hdte one of the neanings

of RL given inclaiml1, r is 0, 1, 152, 3 or 4, t is

O, 1 or 2and uis 0, 1, 2 or 3.
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3. Copol yner according to claim1 or 2, characterized
in that the units of formula | are selected fromthe

WO 200006d4my subf or mul ae 25 WO PCT/EP2008/008972
2009/ 065479PCT/ EP2008/ 008972 42 44 - 10 15 11d

110
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30 wherein Lis H, halogen or optionally fluorinated,
i near or branched al kyl or al koxy

wowdb/ods4sro 12 C atonms, and is preferably H F, PeeEP200§/008972

i 35propyl, t-butyl, n-pentoxy, or trifluoronethyl, and
WD 2009/ 065479PCT/ EP2008/ 008943 -- 45 - L'is optionally
fluorinated, linear or branched al kyl or alkoxy wth 1
to 12 C atons, and is preferably n-octyl or

n-octyl oxy. 4. Copolyner according to
clainms 1 to 3, char terized in 5that
fornmul a Hare sel &g ed fromthe foIIoJﬁng gofor mul ae

O'0.0

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

0

Foo -
T
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25 wherein R has one of the nmeanings of RL given in
forrulal, r is 0, 1, 2,3 0or 4, and s is 0, 1, 2, 3, 4
W@er009/065439 Copol yner according to at | east one BET/EP20$1808972
1to 4, characterized 30in that the units of fornula

Hare sel ected fromthe foll ovddg subformul ae WO
2009/ 065479PCT/ EP2008/ 008972 - 46 - 20 25 1l2a

Mc

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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WO 2009/ 065479PCT/ EP2008/ 008972 -47 - 25 wherein L
and L' are as defined in claimS3. 6. Copol yner

wW@ewonei4my to at | east one of clains 1 to 5, PCT/EP2008/008972

characterized in that the upper limt of the ratio of

the units of fornula | is 90-4630and the lower limt

of the ratio of the units of formula I is .. 55 nol%

7. Copol yner according to at |east one of clains 1 to

6, characterized in that upper limt of the ratio of
the unkts isfoptianally luprinateds §nae o brapghed @lyb@ealkoxy with 1

limt of the1p hpmAY, éﬁ!ﬁis‘ﬂ?bfe?a@l}/ H-8&Hbanidctylsxy’.- -
10mol % WD 2009/ 065479PCT/ EP2008/ 008972 - 48 - 8.
Copol ynmer according to at |east one of clains 1 to 7,

char actepbksder acdoidingitd atieddivineadf\claims 6 3, oharactdlized in

oL ey 08 P i P s R ol e

Organic electronic device conprising a copol ynmer
according to afR).east one of claims 1 to 8. 10.

Organi c el ectroni vice according to claim9, which
is an organic

R), R),

N 1
(R)s, ° (R),
R), © R), © R, ‘
—®—~N N 12
(R), (R),
R), © R, (R, © R),
BB

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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10field effect transistor (OFET), thin filmtransistor
(TFT), integrated circuit (1C), radio frequency

WO d@avefsrcati on (RFID) tag, photodetector, senBOF/EP2008/008972

logic circuit, menory el enent, capacitor, organic

phot ovoltaic (OPV) cell, char4@-i njection |ayer,
charge transport layer or interlayer in polyner |ight
emtting diodes (PLEDs), Schottky diode, planarising
15l ayer, antistati¢ film polymer electrolyte nenbrane
(PEM, conducting bstrate or pattern,

phot oconduct or, el ggtrophotographic el enment or organic

light enitting di 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).



