- 1 - Conjugated Copolynmer Field of the Invention 5The invention
relates to a conjugated copol ymer conprising indenofl uorene and
triaryl ampg bRkks7eAnd to its use in organic electroni gc4R¥pheRS
Background and Lrsl%or Art 10 In recent years, there has ge@n Roso72
devel opment of organic sem conducting ((@SC) materials in order to
produce nore versatile, | ower cost electronic devices. Such materials
find application in a wde range of devices or apparatus, including
organic field effect transistors (OFETs), organic |ight 15emtting
di odes (OLEDs), photodetectors, Qumugatedt@opolyfér cel |l s, sensors,
menory elenments and logic circuits to nane just a few. The organic
sem conducting materials are typically present in the electronic
devi ce in theField of ée Iavemian | ayer, for exanple less than 1 micron
thi ck. 20The perfornmance of OFET devices is principally based upon
t he charge car(ier Di | of the sem conductin terial and the
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mobi lity (> 14%,419s3nt)In addition, it is inportant that the
sem conducting material is relatively stable 25to0 oxidation i.e. it
has a high ionisation potential, as oxidation |eads to reduced device
performance. Backdveundemnd Peoredts for the sem conducting material are
a good prpcessability, especially for |arge-scale production of thin
| ayers and desired patterns, and high stability, filmuniformty and
integrity of theecenydedrs, dene bondeendsievelapeient QbOTQ@INHJrWW'CQF'@UQ}'&Qi ous
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s, including s nmol ecul e i ke.for exa en n n
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apparatus, including organic field effect transistors (OFETSs), organic light
15 emitting diodes (OLEDs), photodetectors, photovoltaic (PV) cells, sensors,
memory elements 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.

20 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 10° em?V's™). In
addition, it is important that the semiconducting material is relatively stable

25 to oxidation i.e. it has a high ionisation potential, as oxidation leads fo
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.

30
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 stili have several

35 drawbacks, and their properties, especiaﬁy the processability, charge-
carrier mobility, on/off ratio and stability do still leave room for further



the materials and devices investigated so far do still have severa
35dr awbacks, and their properties, especially the processability,
charge- cawpiefoezxbe | ity, on/off ratio and stability decstErkdosh&ane
roomfor further - 2 - inprovenent. One aimof the present invention
I's t,o provide new organi ¢ sem conducti nggmaterials for use in

el ectroni ¢ devi ces, which have 5advant ageous properties, in
particul ar good processability, high charge- carrier nobility, high
on/off ratio, high oxidative stability and long lifetine in

el ectroni ¢ devinpesvermerdt her aimis to extend the pool of

sem conducting materials availabel to the expert. Qher ains of the
present inventjion are_imredi ately evident to the expert fromthe

fol Il owi ng det &#Medamyetts present intention inda PRVIGE ROYSIONEL t hese ai ns

Cﬁn be achi evegniiyorpiuetihdingelgigifoonstipt diograrat eliaks, vasicl havered in
conpr s, onctantapug RO T bBiEy Rl BB B s aRtb! Wi hasoe-
fol | owi ng f or eargs mebiliye highar/vi satich dighopxidaive staloiliivenddpng Hetite in
denote ar omat igfed@onid dONEEL. AANKEQGAT BYS cUHePHRRe pBBFof ¥niconducting
materials availabel to the expert. Other aims of the present invention are
immediately evident to the expert from the following detailed description.

10
It has been found that these aims can be achieved by providing
semiconducting materials as claimed in the present invention. These
materials are based on polymers comprising one or more cis- or trans-
indenofiuorene units of the following formulae, or derivatives thereof
15
20
25
cis-indenofluorene
30 (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
35 materials in electronic devices like transistors, and as charge transport

layer or interlayer in polymer light emitting diodes (PLEDs), as they have



adj acent groups R1'2 or R3.4 may also forma spiro group), and
further conprising one or nore triarylamne noieties. In particular,
It has beewghoinessthat such pol ynmers are suitable for peeErs008/008972
sem conducting 35materials in electronic devices |ike transistors,
and .as charge transport layer or interlayer in polymer light emtting
di odes (PLEDs), as they have WO 2009/ 065479PCT/ EP2008/ 008972 - 3 -
good processibility and at the sane tine show a high charge carrier
nmobility and high oxidative stability. WO 2004/ 041901 descri bes

pol yners conpgosd m:gowssibilﬁwhsdiat theesiarbe nidensidw arhigie shange damidrher

units like tri ' . ; leties, and their use in OLED
or COFET devi céﬁéﬁ’ggt@”%‘é@{%g d| sgt%w“t "a device as clainmed in the
present invention. WO 2005/024971 di scl oses an OLED devi ce conpri sing
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Triarylamines have good hole transport ability. However, they have only
moderate solubility in many organic solvents, which does negatively affect

15 their processability in a film-forming process and leads to films with
moderate uniformity. Indenofluorenes, on the other hand, are scluble 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

20 moieties. it was therefore surprising that a polymer according to the present
invention, wherein indenofluocrene 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.

25 Summary of the lnvention

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

30
Ai[ IBJI }
_ A B -
and > 0 mol% and < 50 mol% of one or more identical cor different units of
35 formula



20 noieties. It was therefore surprising that a polynmer according to
the present invention, wherein indenofluorene units are conbined with
hol e transpgLldoRgs i eties like triarylam nes, shows high ehakbRor
carrier mobr ity and enabl es the preparation of electronic devices

li ke transistors with high on/off ratios,_ 25Summary of the Invention
The invention relates to a conjugated copol ynmer conprising > 50 nol %
of one or nore identical or different units of formula |I 30 Ar Ar2
wherein one of A and A is a single bond and the other is CRLR2, one
of B and B' is a singlg®bond and the other is CR3R4, Rl-4are

i ndependent|y of each o&her identical or different gr Oﬂps sel ect ed
fromH, hal ogen, 1 -DC,_ -g}g; -NCS, -QOCN, -SCN, -C(=0)NRR

- C(=0) X, -C(:O)Ii,‘{—%l\rHZ, -Nﬁh, k-SH, -SR, - SG8H, -SZR, -0OH, -NO2,
-CF3, -SF5, optionally substituted silyl, or carbyl or hydrocarbyl .
with 1 to 40 C atons that is optionally substituted and optionally
conpri ses one Mer8Rre hetero atons, Xis halogen, R and R are

i ndependently of each other H or an optionally substituted carbyl or
hydr ocar byl group optionally conprising one or nore hetero atons,

Ari s a singl e dnend foand dhistaesinglermmdcirebiheasthgok ORI ear aryl or

het er or ayl ,

10 one of B and B' is a single bond and the other is CR°R?,

R* are independently of each other identical or different groups
selected from H, halogen, -CN, -NC, -NCQO, -NCS, -OCN, -SCN,
~C(=ONRRY, -C(=0)X, -C(=0O)R?, -NH,, -NR°R", -8H, -SR", -
SO3H, -SO,R?, -OH, -NO,, -CF3, -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,

15

X is halogen,
20
R? and R™ are independently of each other H or an optionally substituted
carbyl or hydrocarbyl group optionally comprising one or more
hetero atoms,
25 . .
Ar is a single bond or denotes mononuclear or polynuclear aryl or
heterorayi,

m is an integer > 1,

30 Y is N, P, P=0, PF;, P=5, 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

35 mononuclear or polynuclear aryl group,

Ar* which may be the same or different, denote, independently if in



is an integer 1, Yis N, P, P=0, PF2, P=S, As, As=0, As=S, Sh, Sb=0
or Sb=5, which may be the same or different, denote, independently if
i n differend20@pesty units, a single bond or an opti onalktyEgeiostastat ed
nononucl ear or pol ynucl ear aryl group, Ar2 which may be the sane or
different, denote, independently if in-5.5 - different repeat units,
an optionally substituted nononucl ear or pol ynucl ear aryl group, Ar3
whi ch may be the sane or different, denote, independently if in

5di fferent repeat units, an optionally substituted nononucl ear or

pol ynucl ear aryl diffetgnt reyaat nitayarbepliptally sabstifuiediyseneniciririsy a
bridgi ng group |i gk | chain residues of formula Ill, and
kis 1, 2 or 3. angglmlée%ﬂérg{) igﬁ'ally the groups Rl and R2 and/or the
groups R3 and R4 together with the adjacent fluorene noiety forma
spiro group. Abe whichnhapbe this shee orefifiirest, tendteeindependerttlyef in

copol S as desgd d ' | i C

devi co 55 desor | pUe BB SR GRS o SHBYAND R RLARI SRR O €

or gani c el ect r oni eolsiewglear awhgreMBi which nanbe optirnatiy wybstiytad by a

conprising a conj y@?iﬁ@gwl differee eRainhesidabovEfonmdidogl and The
evi C

organic electronic e includes, wthout limtation, organic field

k is1,2o0r3.

10
and
wherein optionally the groups R' and R? and/or the groups R® and R*
together with the adjacent fluorene moiety form a spiro grotp.

15
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 .

20 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

25 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,

30 antistatic films, polymer electrolyte membranes (PEM), conducting
substrates or patterns, photoconductors, electrophotographic elements
and organic light emitting diodes (OLED).

Brief Description of the Drawings
35 '

Figure 1 shows the source-drain current vs. gate voltage characteristic of



25effect transistors (OFET), thin filmtransistors (TFT), integrated
circuits (1C, radio frequency identification (RFID) tags,

phot odet eCk 8N Of,ﬁ%sors, |l ogic circuits, nenory el eneng,&nggﬁglgdggﬁrs,
or gani ¢ pho ovof aic (OPV) cells, charge injection |ayers, charge

transport layers or interlayers in polyner light emtting di odes
(PLEDs), Schottky di odes, planarising |layers, 30antistatic fil ns,
pol ynmer el ectrolyte nmenbranes (PEM, conducting substrates or
patterns, photoconductors, el ectrophotographic elenents and organic

light em ttingndhpa®SréSAED accBrdisd idBsfhpiBtd on of the Drawi ngs 35
-6- an OFET prgpar ed%arc%)ﬂrédiar?g tcl)ﬁéexarrpl eﬂ)z. Det ai | ed Description of

the I nvention 5The term polyner" generally neans a nol ecule of high

rel ati ve nol e@dtailedrBescrigtiba ofthelifventioof whi ch essentially conpri ses
the nultiple repetition of units derived, actually or conceptually,

from nol ecul es of lowrelative nol ecular mass (PAC, 1996, 68, 2291).
The term "ol i Jheeermaedimen’ genstaly meansi 2Bdecus of highrelativaxmelecular

relative nol eGyhsy, tHBRSBuctlRESIHibR dsentibll tomipris8s aEsRDkibR lepetition
conprises a s

|| .. plural it f ts d t ual .
conceptual |y, PBHgﬁg{'ﬁ%cLI guoaéwlﬁ?@aé?e;ﬁéélﬁg ?@@aﬁﬁ’r%&@ga‘%ﬁ%&]aﬁﬁc
1996, 68, 229MoletwianmaseiBACeA98@ 6 2208 bridiertgrmdoligumet gspertally
i nvention a pohydmy g Wﬁﬁé&,l@o?&@ﬂ%t@%]hﬂ@e mble ié‘rfrﬁﬁ?é?ltﬁ{e Strdfure

d an o with > and < 20

repeating,units, an )| ] gomer .neans a _.c oun ] > ,
pr of er abl 5. 0?(@{“'%?%&@&?“\25%%%%% 3 ?Wé‘”tpgw‘r}%'tyroéb@ﬁ? ARtvasheetualig ahs
the constitut :oonaéptuam&dnmmqm}tﬁes{ 6Rover rdiatdie mslechiar smazk|(PAC,
constitutl ona | t i . I

macr onol ecul e,‘1 gggfég’u#%ﬂglﬁ%g%'?ﬁen%%%% %&Og&ﬁéttﬁ%gr &%ﬁ%‘r&t{{ﬁ%t%aa
regul ar chai n PobyseEr meaes aggmppeiad)havirnge> 1 epigferabbist g repestipg uniians
an atom or gr Qi {rHRjonest rhéanks RergRdhd Wikt > hegeneso dabashsld < om an

atomin ‘y?at S_cqnsi detred to be the residual or main part of the
nol ecul e' T aki ﬁap%ag}ntg YWSa specified reaction
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
20 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

25 (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
30 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.
35 '



25(see al so PAC, 1994, 66, 1134). The term "conjugated" neans a
conpound containing mainly C atons with sp2-hybridisation (or

opti onal | ywelemwssshybri di sation), which may al so be r epraraus/bygs72
hetero atonms. In the sinplest case this is for exanple a 30conpound
with alternating C C single and double-(for triple) bonds, but does
al so include conmpounds with units |ike 1, 3-phenylene. "Minly" neans
in this connection that a conpound with naturally (spontaneously)

occurring defects, which nay lead to i nterrupt i on of the conjugation,
is still r egaUdte@saatadmh@W e owiglaraveighids given as the number

2009/ 065479P%ﬁ§8§@%!@9&87&e tght M, d&é@ﬁﬁeébﬁb@ﬂpmtmse the

nmol ecul ar wei g e nunbe vera ar, vwei

det er ni ned by S @m%&?@ Vl@%éW@MB L’ﬁ% E;‘;'ID'}S’S h%fj ediE tyrene
st andar ds. Thﬁol@}awreatmﬁ (mohyanes iheatumlner(av)eramdnegreb@f polypwerizatien,age

degree gf pol LQh, é/lm,@é tbf'the binglde

nol ecul ar V\Blé a%a}.% W/W%é&{ééﬁgﬂgpf%é\%ﬁbm he @barm cartq)

group” as usetbpEsdive uifd bel ow denotes any nonoval ent or mul ti vaI ent

organi ¢ radi cal noiety which conprises at | east 10one car bon atom

ith ith - car bon .at
opt 1 onal |y coRBPAua WA ropR ey et shife o8l pSEARecEly o N o
S, P, Si, Se, mwovaknbor Galtivalant exganit emdicel mmqtty vév@h pompriges alrlpast
" hydrocgy byl ogEQum, or{j%% Eftheét v@iﬁfd?x‘f%nﬁh@H—R:aFB’tﬁ{ atdafS(liRé thirtdxaRmld ¥

contain one or. Rore t contains one ormore :
hetero at ons lg?gﬂeo'f ‘B‘Pt' WPE"Q\I’PQC{)WH'S %333‘?"8 RQN-CADOMRloN SUER asy
carbyl or hydiNy@arhR, 1 BapAsonpor @er(g)raaxehmﬂmcmboﬁylcﬂtc pofhe ©mat ons
may al so be |

fused rings. mr ;B&P@%U@ gﬁtﬁé d‘%\i gou r %k Hgﬁggdgnﬁ?ﬂﬁly?&gﬁéfﬁ

al kyl, al koxy onamwwar%@ms aa# @@%9*&%! ins anﬁ B raﬁgoraﬁd

al koxycarﬂoonylmawor@@mptgfw i Ip,is, SétA:qﬁlc":dd):szubstltut ed and has 1
to 40, preferably 1 to 25, very preferably 1 to 18 C atons,
furthernore optionally substituted aryl or

A carbyl or hydrocarbyl group comprising a chain of 3 or more C atoms

may also be linear, branched and/or cyclic, including spiro and/or fused
rings.
20
Preferred carbyl and hydrocarbyl groups include alkyl, alkoxy,
alkylcarbonyi, alkoxycarbonyl, alkylcarbonyloxy and alkoxycarbonyloxy,
each of which is optionally substituted and has 1 to 40, preferably 1 to 25,
very preferably 1 to 18 C atoms, furthermore optionally substituted aryl or
25 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.

30 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-Cyp carbyl or hydrocarbyl group is
acyclic, the group may be linear or branched. The C4-Cag carbyl or

35 hydrocarbyl group includes for example: a C4-Cap alkyl group, a C2-Cao
alkeny! group, a C2-Cqo alkynyl group, a C3-Cag allyl group, a C4-Cap



25aryl oxy having 6 to 40, preferably 6 to 25 C atons, furthernore
al kyl aryl oxy, aryl carbonyl, aryl oxycarbonyl, arylcarbonyl oxy and

aryl oxycarpgnylopysizo €ach of which is optionally substi peiggd@gehshas 6
to 40, preferably 7 to 40 C atons. 30The carbyl or hydrocarbyl group

may be a saturated or unsaturated acycljg_group, or a saturated or
unsaturated cyclic group. Unsaturated acyclic or cyclic groups are
preferred, especially aryl, alkenyl and al kynyl groups (especially
et hynyl). Were the Craw carbyl or hydrocarbyl group is acyclic, the

group may be laikykiien@igréumrcOsy, ﬁdﬂs?e@lmmﬁrm&-(:@g aborodippa T-hY s
O Cr o ol kyny reitBa i BBl 2 Gy gﬁmﬁ%g 2 Y e PGB, €000
al kyl di enyl giCaupyclaaloyl- mgpp@py&uypy a@lhpnyi@r@@@r@taewegi’mfgrfed
0r20818 het er O%deggth@lfﬁreg%t g%ﬁs%'ré‘)é'@;f-&%gﬂfyopgrbupaa@g %Chlﬁé%ﬂrll al ma
P R s T 4 e o T Y SR Lt
a 02-020 al kemgybduphgr G+ aryCgroupRa %—@pﬁydtegxamgm@md@m@iol yl

, a C4- | ﬁg
%;?gfoa?yl g%@ﬁhﬁ%&;r@hab@&g& |S§/eny g%daérﬁéggﬂ{ebﬁ’é%ﬁm ;
i ncl uded are CGMBREATPOMatasRs a%aw g%tﬁ Omt-b e&rqa agrdomy
havi ng het er ogmmrefenreklﬂy@trgmyamahxywétzt@eduﬂth Psifl graly, praferaphya,

that is bsti h a silyl group, preferably a 10trial kyl silyl
group. Fﬁyt he;}%k’ggg%}o&pciar byl and hydrocar byl groups include

strai ght-chain, branched or cyclic alkyl with 1 to 40, preferably 1

to 25 C atons,Fu\%bf:bréférré@%u bhd h98rocBRIVP grtips RSI Ve BEAiG husHREN, by F,

Sré opt i onal I g\‘ é!r"?ec%\ gﬁﬁ"ﬁ%é‘l&&@ﬁq&&g‘é 45013%6%%@&? c\?§%@f‘98ﬁe‘%w Ber,

by -0-, -S-, -UNBsmubstithiRd, moBioRBr polys@tituted@-F, CI0BQO4 or ON, @ddGvherein

- S-00-, 1'530 Sone otMore ﬁ&%&igben{é‘% groups are optionally replaced, in each
case independently from one another, by -O-, -S-, -NH-, -NR", -SiR°R%., -
CO-, -COO0-, -0CO-, -0-C0-0-, -5-CO-, -CO-S-, -S0,-, -CO-NR’-, -NR’-
CO-, -NR%CO-NRY-, -CY'=CY% or -C=C- in such a manner that O and/or
S atoms are not linked directly to one another, wherein Y' and Y? are

20 independently of each other H, F, Cl or CN, and R® and R are

independently of each other H or an optionally substituted aliphatic or
aromatic hydrocarbon with 1 to 20 C atoms.

R° and R™ are preferably selected from H, straight-chain or branched alkyl
25 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)-.

Halogenis F, Cl, Brorl.

30
Preferred alkyl groups include, without limitation, methyl, ethyl, n-propyl, i-
propyl, n-butyl, i-butyl, s-butyl, t-butyl, 2-methylbutyl, n-pentyi, s-pentyl,
cyclopentyl, n-hexyl, cyclohexyl, 2-ethylhexyl, n-hepiyl, cycloheptyl, n-
octyl, cyclooctyl, dodecanyl, tetradecyl, hexadecyl, trifluoromethyl,

35 perfluoro-n-butyl, 2,2, 2-triflucroethyl, perfiuorooctyl, perfluorchexyl etc.



CO, -NR-CONR-, -CY1=CY2- orin such a manner that 0 and/or S atons
are not linked directly to one another, wherein Yl and Y2 are

20i ndepend@ghhpsmedszeach other H F, A or CN, and R angcRu@s@smoserz,
i ndependent|y of each other H or an optionally substituted aliphatic

or aromatic hydrocarbon with 1 to 20 C agons. R and R are
preferably selected fromH, straight-charn or branched al kyl 25with 1
to 12 C atons or aryl with 6 to 120 atons. -CY1l=CY2- is preferably
-CH=CH, -CF=CF- or -CH=C(CN)-. Halogen is F, d, Br or I.

Pr ef e”led al k)Preﬁ.fr@ﬂgélké bVéiﬂss %hﬂ@%ﬁlﬁddﬂl’hﬁﬁah@? etﬁ@hiil}’brtorﬁ)@h L
n- propyl , pro u u uty
n-pentyl, s-p Wﬁ%’b‘ﬂe e%ﬁéwzmxex}flyﬁﬁ'%%ny! %err{a rhexyl

n- heptyl, cycIogblepeplenyhoctmtyyIcycloycﬂeopio&tyj dodecanyl, tetradecyl,
hexadecyl, trifluoronethyl, 35perfluoro-n- butyI

2,2,2-tr quoroe hyI er f | uor ooct erfluorohex et c.
Preferred al k r{9 ertadlpEny! EEQLIR?é”C{lP? h‘g'ﬂioqt liFiteen. cﬁ{hyr@,fl,ﬁgﬁpynyl

propenyl, but égnyl, pemntgy, hexgpgl ogtenylesty.l , hexenyl, cycl ohexenyl,
heptenyl, cycl oheptenyl, octenyl, cyclooctenyl etc. S5Preferred

al kynyl groups include, without limtation, ethynyl, propynyl
but §n§| gpenl[o yigf errqq!eadm groy@gymdq;mthout hmltat?/ony met oxy?%tﬁ/oxy, 2-

methoxyethoxy, n-propoxy, i-propoxy, n-butoxy, i-butoxy, s-butoxy, t-
10 butoxy, 2-methylbutoxy, n-pentoxy, n-hexoxy, n-heptoxy, n-octoxy etc.

Preferred amino groups include, without limitation, dimethylamino,
methylamino, methylphenylamino, phenylamino, etc.

15 Aryl groups may be mononuclear, i.e. having only one aromatic ring (like
for example phenyl or phenylene), or polynuclear, i.e. having two or more
aromatic rings which may be fused (like for example napthyl or
naphthylene), individually covalently linked (like for example biphenyl),
and/or a combination of both fused and individually linked aromatic rings.

20 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
25 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,

30 tetracene, pentacene, benzpyrene, fluorene, indene, indenoflucrene,
spirobifluorene, etc.

Preferred heteroaryl groups include, without limitation, 5-membered rings

like pyrrole, pyrazole, imidazole, 1,2,3-triazole, 1,2,4-triazole, tetrazole,
35 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 koxy groups include, without limtation, nethoxy, ethoxy,
2- nmet hoxyet hoxy, n-propoxy, i-propoxy, n-butoxy, i-butoxy, s-butoxy,

t 10but oxy, 5@@3@%}‘/ but oxy, n-pentoxy, n-hexoxy, n'hept%i‘mpﬁbé}(ﬁ&%y

etc. Prefe 0 groups include, without limtation,

di met hyl am no, net hyl am no, nethylphenyL m no, phenyl am no, etc.
15Aryl groups may be nononuclear, i.e.” @Ving only one aromatic ring
(I'i ke for exanple phenyl or phenylene), or polynuclear, i.e. having
two or nore aromatic rings which may be fused (like for exanple

napt hyl or napht hyl ene | Rl ¥ I o . ' A
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i ndi vi dual |y thiadiazoler Gmearneeredriings ke pvediaeapyydazine, RYYMidpdup is an
aromati ¢ grougyMBidel 115538kt p althizineM oRtrRgirky ar2 ssbetranheal |y
the whole gro 1\3 Ar k and Eﬁt ryl. pref efrabl c{enot a_npno,, bi-
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that map al soirgoimisairddéciaddiissdndazols bendinisanpe] berdotjazole,
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napht hal ene, Andazeleefdinoxalinipideryiee henZqxRenlen NRPRIREXaZR)R Athroxa-
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Prof o od het BRRGTUS SRRk AR it Plet Bocp RS s HURE Enz0%8
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1,2,4-triazol g¢riligkr i u : _ |
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1, 2, 4- oxadi az (gp'gloxiaﬁ%,%ﬁh@;@’aaipgzB@;g%t&lir?dir’]%iazz’a%%azo'e?%gkz%carbo!ine,
2009/ 065479PCphERZMBEIMESPHEnantiMline, thieno[2,3blthiophene,
thieno[3,2blthiophene, dithienothiophene, dithienopyridine,
15 isobenzothiophene, dibenzothiophene, benzothiadiazothiophene, or
combinations thereof. The heteroaryl groups may be substituted with alkyl,
alkoxy, thioalkyl, fiuoro, fluoroalkyi or further aryl or heteroaryl

substituents.

20 Preferred arylalkyl groups include, without limitation, 2-tolyl, 3-tolyl, 4-tolyl,
2,6-dimethylphenyl, 2,6-diethylphenyl, 2,6-di-i-propylphenyl, 2,6-di-t-
butylphenyl, o-t-butylphenyl, m-t-butylphenyl, p-t-butylphenyl, 4-
phenoxyphenyl, 4-fluorophenyl, 3-carbomethoxyphenyl, 4-
carbomethoxyphenyt etc.

25
Preferred alkylaryl groups include, without limitation, benzyl, ethylphenyl,
2-phenoxyethyl, propylphenyl, diphenylmethyl, triphenylmethyl or
naphthalinylmethyl.

30 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
35 one or more subtituents, preferably selected from silyl, sulpho, sulphonyl,
formyl, amino, imino, nitrilo, mercapto, cyano, nitro, halogen, Cs.12alkyl, Ce-



oxadi azol e, 1,2, 3-thiadiazole, 1,2,4-thiadiazole, 1,2,5-thiadiazole,
1,3,4- thiadiazole, 6-nenbered rings like pyridine, pyridazine,

pyrim di neyoRYlagife, 1,3,5-triazine, 1,2, 4-triazine, ch%llc%zdu?/bt%’f ne,

1,2,4,5-tetrazine, 1,2,3,4-tetrazine, 1, 2 3,5-tetrazine, and fuse
systens |ike carbazole, 5indole, isoind i ndol i zi ne, indazol e,
benzi m dazol e, benzotriazole, purine, ahth|n1dazole
phenant hri m dazol e, pyridi m dazol e, pyra2|n|n1dazole

gui noxal i ni m dazol e, benzoxazol e, napht hoxazol e, ant hroxazol e,

phenant hr oxazq L%ry '@Péaaﬂ@x? h%ﬂ%@é%/@?%rﬁbm@ﬁ@ﬁf’ HEr&6¥. The optional
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Preferred al k “gj;é%eglrb gﬁ%p%}éﬂ%@’d \Hréfﬁrach["fk( ?%n??rtfo gogvbsepzmer&hnone ér
et hyl phenyl , znwéﬂ@ %ﬁgﬁr opiignally replaesd by HigsKanyhersimiR and R are as

tri phenyl et h)deﬂﬂéd @@Qbé aaﬂlx‘?yé, harigew! . 30Preferred aryl oxy groups
i nclude,4qv thout limtation, phenoxy, naphthoxy, 4-phenyl phenoxy,

4- et hyl phenoxy, blphenyloxy, ant hr acenyl oxy, phenant hrenyl oxy etc.
The aryl, het drspecially peefetip substithgatsare sleptedjrompkybmlkaxyablkgnyl,
conprise 350n%x95fk57puﬁo§mpt fikdreaks arﬁHﬁJd?BéIPb )i%%luﬁ;a%chefﬁhgmf&' th!

sul pho, sul phon | m no, rcapt o, cyano,
nitro, hal oge®” g#@freggrﬂ s Re ﬂLeEOW

20 If one of R™ is an alkyl or alkoxy radical, i.e. where the terminal CH
group is replaced by -O-, this may be straight-chain or branched. It is
preferably straight-chain, has 2 to 8 carbon atoms and accordingly is
preferably ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, ethoxy, propoxy,
butoxy, pentoxy, hexyloxy, heptoxy, or octoxy, furthermore methyl, nonyl,

25 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 alky! group wherein one or more CH; groups are

30 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-,

35  7-ornon-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-, 8-, 7-, 8-, -



WO 2009/ 065479PCT/ EP2008/ 008972 12 aryl, Cl1-12 al koxy, hydroxy and/ or
combi nations thereof. The optional substituents may conprise all

chem cal | ywaoes®hiisgs conbi nations in the sanme group and/pgirmm(mk,wg&}zl ty
(preferably two) of the aforenentioned groups (for exanple am no and
sul phonyl if directly attached to each_gbher Srepresent a sul phanoyl
radical). Preferred substituents incl ude, without limtation, F, O,
Br, I, -CN, -NO2 , - NCO -NCS, -QOCN, -SCN, -C(=0)NRR, -C(=0)X,
-C(=0)R, -NRR, optionally substituted silyl, aryl with 6 to 40,

preferably 6 tgo- ﬂﬁoﬁjﬁ&m1 -ehPhTFhe rfianyl x‘dubhné’y E6mAhse Ceetisyrddl with?
to 20 C atons ancEed al kyl, al koxy,

al kyl car bonyl , E- é’l %o @H?%%?Hﬁra 'gﬂ' ';Veqé?ﬁ%’ Il yoxy or al koxycar bonyl oxy

with 1 to 20, preferably 1 to 12 C atons, wherein one or nore H atons

are optional |yt cfﬁo bR eishyaBIKT i & whihes eHRg?oh c@@b gebi ngd
above a Xis en 15 Es eC| ally Qjﬁl gferred su F uents are
sl ected ¥rom @F%‘?rab QW@}QP IR @riaPTRRYA GFRGThoXy etk f 1 uor oal kyl

and fl uoroal kag[hgmupmyas)raetﬁxa’meadjl (e2-midtitoxyet iy 2ed- gclsroupsaﬂ%htﬁ 2-,
bel ow. 201f o f akky, r InC e.g.upel e t he
term nal CH2 g%reggpolf% orxghgﬁr? E 4! § f‘hl&%ﬁe%@gz a:if’%.l gh't \(l:xﬁal n or

branched. |t ioc¥apetyt @r a?ul ¢ St é‘n@r Eoaanenyhas 22 3ot-850 BrBord-ar Sns

and accor di nglgxadécydrBf exaipe. et hyl , propyl, butyl, pentyl, hexyl,
hept yl tyl, ethoxy, propoxy, butoxy, pent oxy, hexyloxy, hept oxy,
or octox‘@f furthernDre met hyl , nonyl, 25decyl, undecyl, dodecyl,
tridecyl, tet rlmim:qi R’ ptsrth@dt!@yll e vmmewﬁ G:l'éz:@X%P lsrf&akao&@bydﬁdelsoxy
tridecoxy or it ¥ ight-Okaif FﬁHP:'eﬂw :{Esm')ai {moéthaf(es@qgcme 1-
n- hexyl and n-d %ecy)? 19 ? wherer'n ope
or nore CH2 ¢ 'HBB'éOpé(He‘ ﬁﬁ@?ﬁ%)‘b (t*@b&&% 'Gﬁ'PEg 5 fréthiohexyl), ik
strai ght - chai fithivhepty))dh@toodty!)] B(thicebaylgbi- yh-tieaylght-(ﬂmbamdecyhas 12 to
12 C at an
o op. 2- g{?ﬂ gthg’o%%%@glﬁ'%ﬂe%ﬁu &%?Jrﬁﬁl?*ﬂ‘wé/ CH rb{&up aﬁfgee%k to tﬁé sp’
pent - 4- enyl , hwRiidised yinyl garbop atesp ‘%E@P’@P@é‘nyl hept - 1-, 2- , 3-, 4-,
5- or hept- 6- enyl, oct-1-, 2-, 3-, 4-, 5-, 6- or oct- 7- enyl, non-1-,
270 3, A Oy or?e_ of R™ is fluoroalky! or fiucroalkoxy, it is preferably a straight-chain
group (O)CiF2.1, wherein i is an integer from 1 to 15, in particular CF3,
20 CaFs, CsFy7, C4Fo, CsF11, CeF13, C7F15 or CgF 47, 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.
25
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 substituied indenofluorene, optionally
30 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, Ar is a single bond, and m is preferably 1,
- A'is CR'R? B'is CRR", Aris a single bond, and m is preferably 1,
35 - R™ denote optionally substituted carbyl or hydrocarbyl, very preferably
optionally substituted alkyl, aryl or heteroaryl.



357- 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-,

- - 12 - 9, -10 or undec-11- I
aI kenyl gr%ﬁﬁ"%é“?:onprl se C=C-bonds with E- or Z-conf %éyiﬁ%@nﬁmﬂ%ﬁ a
m xture thereof. If one of Rl-4 is oxaal gyl_, i.e. where one CH2 group
is replaced by -0-, is Spreferably st railghit - chai n 2- oxapr opyl
(=nmet hoxynmet hyl ), 2- (=ethoxynethyl) or 3-oxabutyl (=2-nethoxyethyl),
2-, 3-, or 4-oxapentyl, 2-, 3-, 4-, or 5-oxahexyl, 2-, 3-, 4-, 5-, or
6- oxaheptyl, 2-, 3-, 4-, 5-, 6- or 7- oxaoctyl 2-, 3-, 4-, 5-, 6-,
7- or 8- oxanonyl or 2-, 3-, 4-, 5-, 8- or 9- oxadecyl, for
exanpl e. 10 | in ¢nits @fformuylai |§N*E€Fﬂ9tb“amkﬁ/ﬂ thﬁ reeaRiegeobBandi® iyeae s
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(0)C F2141, wherein i is an integer from1 to 15, in particular CF3,
20C2F5, C3F7, F r erably
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Preferred units of formula | are those wherein Ar is either a single
bond or an optionally substituted nononucl ear or pol ynuclear aryl
group, ver rably a single bond, Ar is selected j 1y
substituté%ogﬁﬁéﬁg uorene, optionally 30substituted s%ﬁ?@%ﬁﬁ%ﬂ%ﬁ@ne,
optionally substituted 9, 10- dihydropheﬁgnthrene or optionally
substituted phenanthrene, mis < 10, vety preferably 1, 2, 3, 4 or 5,
nost preferably 1, A" is CRIR2, Bis CR3R4, Ar is a single bond, and
mis preferably 1, A is CRIR2, B is CR3R4, Ar is a single bond, and
mis preferably 1, 35R1-4 denote optionally substituted carbyl or
hydrocarbyl, very preferably gptionglly substituted al kyl, aryl or
heteroaryl. - 13 - R iRsRot _foRmula | wherein mr 1, the neanings
of B and B' in each_i group are sel ected i ndependently
of the other inde s, the units of for al my
consi st 5excl usiv uorene noieties, or may
consi st Sexcl usi vel denof | uorene noi eties, or my
conprise alternating or random sequences of fused cis- and

trans-i ndenof | uorene noieties. Th@aynits of fo“gyla | are
preferably selected fromthe foll ow ng 10s% r
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30 35 14 WO 2009/ 065479. PCUEP2008/ 008972 - 15 - wher ei n Rlas
defined in fornmula I, R and R543 i ndependently of each 20ot her have
one of th ' of RL given in formula I, r is O, ,
is 0, 1 oﬁvgsgﬁ@E%?%-s 0, 1,2 or 3. Particularly prefer%ga%B%OFQi%/gd’s%é

formula | are selected fromthe foll ow g subf or nul ae:

1

110

5
111

10
15 112

wherein R"™ are as defined in formula |, R and R*® independently of each
20 other have one of the meanings of R’ giveninformulal, ris 0,1, 2, 3or 4,
tisO,1or2anduis @, 1, 2 or 3.

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

25

I1a

30

35



25 11a 30 WD 2009/ 065479PCT/ EP2008/ 008972 - 17 - wherein 10
Lis H, halogen or optionally fluorinated, |inear or branched al kyl or
al koxy W tWolkodomedszo C atons, and is preferably H F, meichpaoosoosy72

i -propyl, t-butyl, n-pentoxy, or trifluoronethyl, and 15L'is
optionally fluorinated, |inear or branchgd al kyl or alkoxy with Ito
12

i1b
5
10

I1c
15
20 11d
25

15a
30

35



C atons, and is preferably n-octyl or n-octyloxy. Al and Ar2 in
formula Il are preferably selected from 1, 4- phenyl ene wherei n one,
two or thneg6dlogdseups are optionally replaced by N, apdyrzPo0edags,ar e
optionally substituted by one or nore groups Rl as defined above.
Further preferred are units of formul a17T-wherein Arl is a single
bond. Arl-3 in formula Il is preferably selected from phenyl
wherein one, two or 25three CH groups are optionally replaced by N,
and which is optionally sulhstituted by one or nore groups Rl as

defi ned above. k informula 11 is very preferably 1. 30Y in
formula Il is very preferabl A7 ks of fornula Il are
preferably selected fromt h subfornul ae: WO 15b
2009/065479PCT/EP2008/00897 20wherein R and r are as
defined above and s ils or 5. Particularly preferred
units ofg formula 11 are omthe follow ng subfornul ae:

wherein
10
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

15 L' s 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 !l are preferably selected from 1,4-phenylene
wherein one, two or three CH groups are optionally replaced by N, and

20 which are optionally substituted by one or more groups R’ as defined
above. Further preferred are units of formula Hl wherein Ar'is a single
bond.

Ar in formula |l is preferably selected from phenyl wherein one, two or
25 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.

30 Y in formula Il is very preferably N.

The units of formula |l are preferably selected from the following
subformulae:

35



WD 2009/ 065479PCT/ EP2008/ 008972 - 20 - 5 113b wherein L and U
are as defined above, L is preferably i-propyl, t-butyl or
trifluoronghbylenadflse U is preferably n-octyl or n-octyl @gymedsnoger2
Preferably the copol ymers consi st of one or nore, preferably one, two
or three, nost preferably one, type of_ ygits of formula I and one or
nore, preferably one, two or three, nost preferably one, type of

units of formula Il. 20The upper Iimt of the ratio of the units of
formula | in the copolyner is preferably 99 nol % nore preferably 90
% The lower linit ofRi e ratio of the units of formula | in the
copol ynmer is preferabl | % nore preferably 65 nol % nost
preferably 75 nol % .
r R)F
¥
5 N
(R)g (R)s
' R)rfg R) C; R),
10 \
N N 2
(R), (R)e
15
R), R), R), R),
v NN 113
20 wherein R and r are as defined above and sis 0, 1,2, 3,4 or 5.
Particularly preferred units of formula Il are selected from the following
subformulae:
25 L
C : H1a .
N
30

35 _< >~ .< >,
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25The upper limt of the ratio of the units of formula Il in the
copolynmer is preferably 45 nol % nore preferably 35 nol % nost

pref er abl yw@3.g@RkAee The lower Iimt of the ratio of theckpihsfizer
formula I'l 1n the copolyner is preferably 1 nol% nost preferably
10mgl % 30In addition to the units of fegoula | and Il as disclosed
above and bel ow, the copol yners may al so conpri se one or nore,
preferably one, additional type of units, preferably selected from
units having hole or electron transporting properties. 35Additi onal
units having electron transport properties are preferably sel ected
fromthe follow ng flQ ae | - 22 - wherein R and R
are as defined above, = are preferably H, alkyl, aryl,
15perf|uoroalky| th|o= , cyano, al koxy, heteroaryl, alkylaryl or

aryl al kyl . is preferab phenyl or al kyl having 1, 2, 3, 4, 5 or
6 C ato is g er abl 3 yI or n-octyl oxy. 20The copol yners
of the gfesent oann« statistical or random I1e

35



copol yners, alternating copolyners and bl ock copolynmers, as well as
conbi nati ons thereof. Especially preferred are random and bl ock

copol ynmer sygohRhkshdd, very 25preferably consisting of pcy/epbhoiisds,of
one or nore units of fornula I and > 0 nol % and < 50 nol % of one or

nore units of formula Il. Most prefepred are copol yners
excl usively consisting of > 50 nol % of one type of units of formula I
and > 0 nol % and <50 nol % of one type of units 30of fornmula Il. The

copolynmers are preferably sel Ected of the followng formula WO

2009/ 065479PCT/ EP2008/ , 23 - efvip s a unit of fornmula
| or its preferred subf ae, 10U2is a of formula Il or its
preferred subfornul ae, 0.5 and < 1, 0 and < 0.5,

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.

15
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.

20 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%.

25 The upper limit of the ratio of the units of formula Il 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 2 1 mol%, most preferably = 10mol%.

30 in addition to the units of formula | and |l as disciosed 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.

35 Additional units having electron transport propefties are preferably
selected from the following formulae



15 x + ylst Preferred polyners of fornula 1 are selected fromthe
foll ow ng subformul ae 20 WD 2009/ 065479PCT/ EP2008/ 008972 - 24 -
wherei n RlggRonksse r» S, X and y are as defined abovepcrmpadoBodshs
pol ymers according to the the present invention, the total nunber of
10repeating units n is preferaby 10, ve ¥_preferaby 50, and
preferably up to 2,000, very preferably up to 5,000, nost preferaby
up to 10,000. The polyners of the present invention may be prepared
by any suitabl e nethod. For exanple, they can be suitably prepared by
aryl-aryl coupling 15 reactions, such as Yamanoto coupling, Suzuk
coupling, Stillegrcouplgng, Sonogashira coupling or Heck coupling.
Suzuki coupling aRd Yamanoto coupling are especially preferred. The
mononers which arg palynerised to formthe repeat units of the
20pol yners of thd pregént invention can be prepared according to
suitabl%
H
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nmet hods whi ch are known to the expert and have been di sclosed in the
literature. Suitable and preferred nethods for the preparation of the
I ndenof | u rs of fornula | are described for bk, VO
2004/ 041901 AREMA0 2006/ 015862 Al . Suitable and prefGr Eogusdsih2
25met hods for the preparation of the tr'grylanine nononers of fornula
Il are described for exanple in WO 99/54385 Al. Preferably the

pol yners are prepared from nononers conprising one of the above

menti oned groups of forrmula 1-1X, which are |inked to two

30pol yneri sabl e groups PR Acc®& di ngly, for exanple indenofl uorene and
triarylam ne nonone sel & he follow ng fornul ae can be

used: 35 Ar-pP2 O. 20 EP2008/ 008972 - 25 - Ari

/ \ il

10

wherein R and R' are as defined above, and are preferably H, alkyl, arvl,
15 perflucroalky!, thioalkyl, cyano, alkoxy, heteroaryl, alkylaryl or arylalkyl.

R is preferably H, phenyl or alkyl having 1, 2, 3, 4, 5or 6 C atoms. R'is
preferably n-octyl or n-octyloxy.

20 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
25 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

30 of formula Il.

The copolymers are preferably selected of the following formula

35



PL f Arl-Y-Ar2 Ik P2 10 wherein P1 and P2 are independently
of each other a polynerisable or reactive group and A, A, B, B, Ar,
Y, Arl-3, r and s are as 20defi ned above

CO- NDNONEer s can%ge U|It accordingly. Preferably t he grSﬁ%@”@ﬁ§E5”

i ndependently of each other selected fr, , Br, 1, O-tosylate,
O-triflate, O-nesylate, O-nonafl ate, § 2F -SiNbFZ, - 0-S02Z,
-B(Qz1)2 , -CzZ2=C(Z2)2, -C=-CH and -Sn(Z3)3, wherein Z and Z1-3 25are
selected fromthe group consisting of alkyl and aryl, each being
optional Iy substituted, and two groups Z1 nmay also forma cyclic
group. Anot her spect of the invention is a process for preparing a
pol ynmer by co mers based on a unit of fornmula I
with one one 304&r nor'é nomer€ pased on a unit of fornula Il, and
optionally with'one or nore further units, for exanple selected from
formulae I11-1X, in a polynerisation reaction. Preferred nethods
for pol§ner|sat|on are those leading to G C-coupling or

35C- N- coupl i ngherkinke Suzuki pol ynerisation, as described for exanple
in WD 00/53656, Yanmanoto pol ynerisation, as described in for exanple
inT.

U is a unit of formula | or its preferred subformulae,
10 U? is a unit of formula Il or its preferred subformulae,
X is>0.5and <1,
y is > 0 and < 0.5,
15
X+y is 1.
Preferred polymers of formula 1 are selected from the following
subformulae
20
1-1
25
1-2
30 T

35



WO 2009/ 065479PCT/ EP2008/ 008972 - 26 - Yamanoto et al., Progress in
Pol ymer Science 1993, 17, 1153-1205 or in WD 2004/022626 Al, and
Stille co exarrpl e, when synthesizing a line y
Yamanot o 3@%@2’??“@“ nononers as described above hgéleﬁf?Jok@V\ﬁang»vg
reactive halide groups Pl 2 is pref eraa y used. Wen 5synt hesi zing a
| i near pol yner by Suzuki polynerisatio f"pr ef erably a nononer as
descri bed above is used wherein at |east one reactive group 131.2 is
a boronic acid or boronic acid derivative group. Suzuki

pol ymerisation may be used to prepare statisticg, alternating and
10bl ock random copol yrrers In particular, statist or bl ock

copol yners may be pr %he above nononer rei,n one of the
reactive groups Pl an gen and the otler e group is1-3
a boronic acid o or‘?;\nl c/ac\d deri vati ve gr gip.\Th @ ~
statistical, ‘alfferpati nd/ol ogk gopol yner s\ is/descr

for exdmple in WO 482 15A2 or WO 2005/014688 A2. Suzuki

pol ymeri sation enpl oys a Pd(O) conplex or a Pd(II) salt. Preferred
Pd(0) conmpl ex t4h ar phi ne |igand such

as Pd(Ph3P) 4. "o bﬁ\Rer gﬁ?(ﬁf el’rejéggﬂg %?ﬁ?ﬁfﬁggﬁ 92 tris(ortho-

20t ol yl ) phosphine, i.e. Pd(o-Tol)4. Preferred Pd(Il) salts include

pal I adi um acah Qﬁé?po!ym%rs Bd&cs?&m)gao tl&xmd@resewmmmt ttentotal rmmtfarrdfed

phosphat®or Tere g Thiarelrdy 200 G R 2 30 e pRbaD
Yamanot o pol ye@;iMrvionpreferablysipatons, Q@) re@sfmreﬁera%up é@(é@ﬂ@p@ b| s(l 5-

25cycl ooct adi enyI ) nickel (0). As alternatives to hal ogens as

descri bed ab | eavin rou f fornmula -0-502Z o
wherein Z is %@%‘P?fsogfofﬂ g%e ?#‘B’ref‘i“arthfr};ﬂ'y b BRRALR §¥ aE)ﬁéHﬁ%@gw ng
groups are t aagthatefomesyrhpleethendan biefduitably prepared by aryl-aryl coupling

15 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

20 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

25 methods for the preparation of the triarylamine monomers of formula Il 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

30 polymerisable groups P. Accordingly, for example indenofluorene and
triarylamine monomers selected from the following formulae can be used:

1 BF
CRiC
A B

35



30 The organic electronic device is for exanple an organic field
effect transistor (OFET), thin filmtransistor (TFT), integrated
circuit (Ip,omaeks frequency identification (RFID) tagcT/EP2008/008972
phot odet ector, sensor, logic circuit, nenory el ement, capacitor,
organi ¢ photovoltaic (OPV) cell, chargez®5injection |ayer, charge
transport |ayer, Schottky diode, planarising |ayer, antistatic film

pol yner electrolyte nenbrane (PEM, conducting substrate - 27 - or
pattern, photoconductor, el ectrophotographic elenment, or organic
light emtting di ode (AILED). An OFET device according to the

present invention preferably conprises: 5- optionally a gabstrate, -
a gate el ectrog Ay el g g2 insul ating | ayer, - a sem conducting
| ayer, - a sourcelelectrode, "¥0- a drain el ectrode. wherein the
sem conductor |ayer conprises one or nore copolynmers as descri bed
above a bel ow. 15The gate, source and drain el ectrodes and the
i nsul ating and sem conldugc Rng llayer in the OFET device nay be
arranged in any seque

el ectrode are $ep t 0 | ectrode by the | a‘ul ating
| ayer, the gate eI ¢ : otpfuct or | ayer bdth cont act
the insulating | aye Oel ectrode and the drain
el ectrode both contact the seppco ﬂuctl ng | ayer
10
(R)s
R) R)
15 p! N p? 1A

wherein P' and P? are independentiy of each other a polymerisable or
, reactive group and A, A, B, B', Ar, Y, A%, R, R™, k, m, rand s are as
20 defined above. The other co-monomers can be built accordingly.

Preferably the groups P"? are independently of each other selected from
Cl, Br, I, O-tosylate, O-triflate, O-mesylate, O-nonaflate, -SiMe;F, -SiMel,
-0-50,Z, -B(0Z"), , -CZ%=C(Z%),, -C=CH and -Sn(Z%)s, wherein Z and Z**
25 are selected from the group consisting of alkyl and aryl, each being
optionally substituted, and two groups A 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

30 or more monomers based on a unit of formula |, and optionally with one
or more further units, for example selected from formutae [il-IX, in a
polymerisation reaction.

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



Preferably the el ectronic device is an OFET conprising a dielectric
I nsul ating |layer, a gate electrode contacting one surface of the

di el ect r! %{)Q@/ﬂ%fﬂﬁﬁ% sem conduct or | ayer contacting thepéwﬂ,ﬁ@%(g;nt he
rain

di el ectric rayer acing away fromthe gate el ectrode, "and

el ectrode and source el ectrodes contactyng the surface of the

sem conductor |ayer facing away from tHe dielectric |layer. The OFET
Is preferably a top gate device or a bottom gate device. 30 Suitable
structures and manufacturing nmethods of an OFET device are known to

the skilled i ' '
i ne V\% 6 y 85282’?1‘{1‘?‘8910%2% _a[,gﬁ’@ﬁg%éshhﬁi’)lﬁrﬂeﬂﬁéehéé €68 Ur7e 115911205 e

b hi ck
various el ect Y§h2BO#EFLEE0 Adp F‘Pgaﬁt#"% ﬁgagmgg Fttoﬁ Ireg?‘%rBLels f’vﬁrgs%ghg%gﬁgéor
13883 ntmhgp Ile% ﬁﬁ?oé\: pd?ﬂhe!:lbjé\’iaméﬂﬁﬁﬁq:_dlﬁ?elﬁ@ﬁen, tiohokees ss desceripsdcal | y
SS r_use.,in @
t hi ckness of ?%qulé?/"é?g e re%g F\%M@% g&”@éx@nﬁ?Qaéﬁgﬁﬁﬁengﬁaa
requi r efent s sinthémizing eclineenpelvimnarityeSyzykipplymerisatiqn peaferably@ed.

General |y t he thbrlIeSriBed Up6Yd RNAed!vtySBIN 4t 6ast@neabactivegyrdepi ce
according to the prgsent I nyen |on.caﬁllprfﬁ3q§$?from 1 nm(in case of a

10nonol ayer) Po B BR{CNST 8¢ CLbP{PTHiG 8 T 9O8M nore preferably

Lr 021n1 231 : ob500 nm The organi c sem conductor |ayer can be deposited
depost ti.on 157 SERRPANEeEhinSPBE LSS Iepief SRRHIGHR AenmaE )
pref err d@. block random copolymers. In particular, statistical or Blogk copglfj)mers y
may be prepared from the above monomers wherein one of the reactive
groups P! and P? is halogen and the other reactive group is a boronic acid
or boronic acid derivative group. The synthesis of statistical, alternating
and block copolymers is described in detail for example in WO 03/048225

16 A2 or WO 2005/014688 A2.

Suzuki polymerisation employs a Pd(0) complex or a Pd(il) salt. Preferred
Pd(0) complexes are those bearing at least one phosphine ligand such as
Pd(PhsP)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



Preferred deposition techniques include, without limtation, dip
coating, spin coating, ink jet printing, letter-press printing,
screen pri tor blade coating, roller printing

reverse- rJPb 5"gpr‘ﬂ(raétzlng, of fset |ithography printing, ?Fg§gummnsyg
printing, web printing, spray coatlng,_QTush coating or 20pad
printing. Ink-jet printing is particularly preferred. The organic
sem conductor |ayer is preferably deposited froma fornul ation, very
preferably a solution or a dispersion, conprising the copol yner(s)

and one or noge ﬁ{@ﬁnpﬁot@@bﬁ@tﬁﬁt@r eRitibpasphRHH eletidnidreorgasic light
preferred organl.e 353}?‘3 @T%[?)zl ude, without limtation,

di chl or onet hafig""t9 © ane, nonochl or obenzene,

odi chl or obenzene, tetrahydrofuran, anisole, norpholine, toluene,

o-xyl ene, m Xﬁlnetﬁ‘leE eﬂé’e%ordknﬁftcﬂfh@ﬁ@genﬁﬁ\?érﬁiﬂﬁ1preferably comprises:
met hyl etﬁpyl ket oneg, di chl oroet hane, 1,1, 1-trichl oroethane,

1,1,2,2 etracﬁPQﬂQ?é’Vl?aﬁébs @y acetate, n- butyl acet at e,
di met hyI f or mamadpte dicoblg) acet ami de, di net hyl sul foxi de, tetralin,
decalin, i ndang d?élgétﬂé Iﬁg@féﬁ;{gqe]ggéper eof. - 29 - After the

appropriate mXing an ofutions are eval uated as one of the

fol | owi ng cat eg&emueon géaversol ut | on, borderline solution or

i nsol ubl e. Thea%upm[eum@e,l s drawn to outline the solubility

par amet gy hydro%n bi ‘“g limts dividing solubility and
insolubility &Fe" olvents falling within the solubility area

can be chosen from literature values such as published in "Crow ey,
J.D., Teague, wHeRin 'ﬂﬁe é@ﬁ'\ld@?\\ﬂ%cto?l éémprlé@é'éﬁ@br Rlord %g%lymers as

Technology, 96 Sol vent bl ends may al So be used
and can be |d9ﬁ§‘%\% eo%'%*‘(:é IB%d in "Solvents, WH.E |is,

Federation of Soci et| es for Coatings Technol ogy, p9-10, 1986" 10Such
a proceqy e Mifeo2f doirde Bhe Bihif bieciBfics ﬁﬂbYﬁé‘ﬁéuFaﬂﬁ%t%” di ssol ve

both the poly resent inventron I's desirable
to have at | e&@@“%’i‘éuﬁ*% aé/GF{ﬂetﬁP QE’EBdS}’%ﬁd“aYT*P\%a%FQﬁq BhaMar e
preferably ap@qudeOpmm@bma@mee@bmeyaﬁe dsalhsldotiogs by separated

from the gate electrode by the insulating layer, the gate electrode and the
semiconductor layer both contact the insulating layer, and the source
20 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

25 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.

30
- 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.
35 The organic semiconductor fayer is preferably less than 30 microns thick.

Typically the semiconducting layer is at most 1 micron (=1um) thick,



15 ink jet printing or mcrodi spensing. Preferably industrial

pi ezoel ectric print heads such as, but not limted to, those supplied
by Aprion, Hi j - Koki, |nkJet Technol ogy, On Target I

Pi coj et, %§3§'§§Q4#| dent, Xaar are used. Additionall yIE‘EEBﬂmQr%gn
sem -industrial heads such as those manyfactured by Brother, Epson,
Koni ca, Sei ko Instrunments Toshi ba TEC of”Si ngl e 20nozzl e

m cr odi spensers such as those produced by Mcrodrop and M crofab may
be used. Suitable solvents for ink jet printing or m crodi spensing

A

detri nment al ct > chosen print a tl on%l , solvents
shoul d have bapplicagiopdithe thishmse may alserbeess hartotmigannpeieuse in

pL ef er ?bl y >16PETisrhensiesr tﬁi@ﬁﬁs@\gewpim@rmﬁmi firh toy lgwspfrem® ic QLEDS by
the solution dryi t inside-the print : r

sol vents met hgﬁé’@ﬂgﬂggam 3??%&?*‘6’ ?gqcbgﬁ?@%?ggfﬁgegagﬁﬁé@{qg&? B fon
non- sub$t i t ut exampleenponiéhe reairementaivt t0e edeciranjs dadeainmuhich éhe layer
substi tuted a@qﬁs@gn-substi tuted ani sol es and ot her phenol - ether
derivatives, substituted heterocycles such as substituted pyridines,

pyrazi nes, pyrimdines, pyrrolidinones, substituted and

non- subst i t ut G@nbkdiydhe Cickhealslof ladfontiiores layediroamelectrbuisrdeviteed or
chlorinated a j A e bl

copol yimer s aceering tp e freteRt Befilon it Ftiod o AN é% g
conpri sd€ a bewrekyesdei Wamyerefriably e anm-toJoum. mere errderablygfrom
substituted by e 800 fMaf.e substituents wherein the total nunber of
carbon atons anong the one or nore substituents is at |east three.
For exanple, the benzene derivative may be substituted with a propyl
group or thre&heerganic gemigenducior éavensan besieposied bpanyguableeast

Sthree carbon s Liduili @baling RUABredSilabRthannaklLem ddpositien) et fluid
to be f :ﬁﬂsd comprisin reduces

he sol vept wit he pol yner ch
o prevams. clopRIaEsoPobHEn iepeS i Mot eerens et Al O BBt ent <
during sprayi Rgefeifhe depbsiéioh teghmayesi includeewittms dmitatiet,tdip chatnm,t he
fol l ow ng |1 st af--e ' VILRENZRAE printing, screen printing, doctor
1- net hyl - 4-t e%?'ﬂbcl?%ﬁg’ghgi%ﬁﬁggg'pFneo? 1(§Ipi [nunge'ne, .e s%clur ghe
t er pi nol ene, Blpdereating foH9T BN Eeversrsrallss Pﬂﬂtﬂngré’@]sﬁte“ hogrgp{¥nt
m xture, that phigtirfy, flexbgmahlicorintihg! web Qirintig,espsay seating, beshicoating ent
prefera havi a.boilin .ot .> erably >140C. Such
sol vent ?3/ al Ega%ﬁ'ﬁgﬁgelkh%ﬁqﬁgﬁéﬁ &%’ﬁg?"ﬁﬁ?ﬁgef%%r deposited and
reduce defects in the |ayer.
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.
25
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-
30 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
35 0.1 to 10% by weight, more preferably 0.5 to 5% by weight.



15 The ink jet fluid (that is m xture of solvent, binder and
sem conducti ng conpound) preferably has a viscosity at 20C of

1- 100nPas, waah@okesef er ably 1-50nPa’ s and nost pref er ablpyripgfasiine s
20The organi ¢ sem conductor fornulation can additionally conprise one

or nore further conponents |ike for exapple surface-active conpounds,
| ubricating agents, wetting agents, dispersing agents, hydrophobing
agents, adhesive agents, flow inprovers, defoam ng agents,
deaerators, diluents which nay be reactive or non-reactive,
auxiliaries, Aﬂéméaaﬁ;ﬁ-opﬁétdyﬁamgrarmm soltionsiaré zealsiated as one of

stabi i zers, avplb'ggc%ﬁégoﬁ[e;gh{?{}rhﬁleﬁ%%Elut:&ﬁ‘ @d?Béﬂﬁé SBLRdred

enbodi nent of g sem conduct or | ayer
or the fornul msokaha‘ Jdihei santelrdivei is deawre tnpw @%@%‘F‘@U@Mymﬁfém@@’am c

bi nders to adh b éﬁ ﬁoham%lmtsc(ﬁb.dmgogaﬂusm@%ndaﬁsa@@w ioeinplete’
30exanpl

h
el ect rorﬁe c de¥? 8%'“3?"?"8@9 "’gh‘ﬁ @t'@y a{q?ecwngp(g&:%%?rpgvﬂgméw& t he
el ectrodes, caaubessch astpablisherhinsCandlaydJ. Ba.t'ésfamlesﬁ Sndr arahLdee,

manuf act ured ggg ﬁpﬁoh‘?ﬁalto‘?faaﬁclﬂ TRKh6R F’ysé ese %V\Ed%olvent

Suitable materials’and manuf acturing 'hod

2009/ 065479PCHenps oty dggderisedzand Cag dﬂ%'f‘ﬂ@ aﬁ?ndﬁwéﬁé iRy r SO IKERIRN
to the the skiy HemligeFsduratitrtobsecidtscior Gaditings Thehhdlogy, At . 19816,

deposi tin MeEhods I 0ELAE hifiliad t5PRILAT of Mo’ BR0MALs Mat AR Hioive
both the polymers of the present invention, although it is desirable to have
at least one true solvent in a blend.

The solutions are preferably applied to prefabricated device substrates by

15 ink jet printing or microdispensing. Preferably industrial piezoelectric print
heads such as, but not limited to, those supplied by Aprion, Hitachi-Koki,
InkJet Technology, On Target Technology, Picojet, Spectra, Trident, Xaar
are used. Additionally semi-industrial heads such as those manufactured
by Braother, Epson, Konica, Seiko Instruments Toshiba TEC or single

20 nozzle microdispensers such as those produced by Microdrop and
Microfab may be used.

Suitable solvents for ink jet printing or microdispensing must fulfil the
requirements stated above and must not have any detrimental effect on
25 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
orint head. Apart from the solvents methoned above, suitable solvents
include substituted and non-substituted xylene derivatives, di-C1.2-alky!
30 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.o-alkylanilines and other fluorinated or chlorinated aromatics.

35 A preferred solvent for depositing copolymers according to the present
invention by ink jet printing comprises a benzene derivative which has a



5deposition. Preferred deposition techniques include, wthout
limtation, dip coating, spin coating, ink jet printing, letter-press
printing, screen printing, doctor blade coating, roller intin
reverse-r oY PEPHPI*it i ng, of fset |ithography printing, FFE&B&PQ%%P?
printing, web printing, spray coating, ush coating 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 fabrication of organic el ectronic devices, for

exanpl e glass bgﬁzﬂe%fgjgébstmtaafbyﬁﬁef@fwﬁaﬂeaé@sh At R8T fiRdotal
exanpl es including al resins, "ally’ esters, benzocycl obut enes,

15. but adi ene- Supbenel cAbPN @Rres amand) the 958 Ucrerg wbstifuerisis at igasty
pflhylrrer S, : e: h&ﬂrfélé.ef:@l*d)?ﬂqﬁé,i thewehgerd biwimm may be sub?titute_d with a

et hyl ene-tetra- Qr oe ene, fibre glass.enhance iC

f 1 uor ocar bon BB‘TWE@E"?P q{éh%?fel fBS{"é’E%’HgP’éﬁe‘%‘/‘ﬁﬁQ?? eﬂ-'g?e E?h@rqté%%t
colpol ymér ,  hi tfired eagionyatpoisyiotdial. Sush epenlyerdremables amimkdet, fiidta/ben de,
pol yaram d, p r‘@)t,ﬁy hd ARy :

20et hyl ene, po rvfey}dhyl enﬁe_sjlgépgt hal aﬁ@%ﬂﬁ?ﬁ@?{)ﬁ}ﬁ}\@ﬂ%&%@ﬁﬁeﬁ ort e,

bol yKet one.  pBSHREIGIPARIPARE A lisand,SeRAsatesy PEIE, SormRmANS Auiiia

po: ysul plhoma, speiyirige Thafsoliant(e} imaly émdudeptrlogarseldvaed from the following list
pol yvi nyl chl or i 1 ANeS. t
POl Y1 Ll Oty ekt BRI 1 R SNER T BLRLG RS ot =
pol yet hyltenentiprenaasdsedurgne. ternirelpae cymsne diethyibpnzans. dheselvest i al |
et ?l 0 [) | gl fgs %ha:‘yq% gdoWehbmigrea iy & ggbmu'tirfét@n &h?psymdréao&/esmul d
preferably be hgmbgenous to ur e gopd.patter ni.tio

substrate may 6313'%8&58“}?{??% W}%P@%B@B’ﬁ%&%g&@ﬁ&dﬁﬁ'& &gfe}g@é’hi ng,
rubbi ng or by >pHdtG G sdventése isocgrbwnte film dermeatiomendne Eyeat i on of
the organi ¢ segh&QRAUSPfedule Yefilis frOthe ce carrier nmobility. 30

The el ecgodes can be deposited by liquid coating, such as spray-,

di p-, we1 or spin-coating, or by vacuum deposition or vapour
deposi ti on neflhedsk jeStluidaitha ienedtreodfsokengrbiader anmbiseeisosi tdting
nmet hods are k | ; &qltf,i Ay bi-ab

el ectrode mat ggﬁ@fﬁs’ﬂ?)ﬁl@%&%%@g%ﬁ%h%t i%ng‘? iogrlll 1?%]?%§h¢n§reor
organi ¢ mat er iPAgferabht 1-59mias aed mrst prrieraRly 1-3@mPars.

2009/ 065479PCT/ EP2008/ 008972 - 32 -

20 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,

25 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
30 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
35 methods. Suitable materials and manufacturing methods for these



Exanpl es for suitable electrode materials include polyaniline,

pol ypy{rol e],c PEDO;I]'_ or doped conjugated polyners, further dispersions
or pastes 0 raphite or particles of netal such as Au, A Al_,
Ni or theiwoﬁﬁ?’f’%ﬁ@s as well as sputtercoated or evapoPﬁT@Hm%?"ﬁ@,
like e.g. Cu, C, Pt/Pd etc., 5and sem.gonductors like e.g. ITO
Organonetal lic precursors may al so be USed deposited froma liquid
phase. The dielectric material for the insulator layer nay be

i norganic or organic or a conposite of the two. It is preferred that

the [nsul at or ol psRbii bR 1AAGE Btk RPval hewkilarporn aTosessi no

but coul d be al'so deposite vari ous vacuum deposition techni ques.
When the i nsufiegcsibedlén Hid Wigradetet erned, it may performthe function of
interlayer insulation or act as gate insulator for an OFET. Preferred

deposi tion teghni,ques,.i ncl W t )0 M tati.0n,.g <6l oatd i
coating, ink J(':E? ng?ﬂP% 1e“fﬁ§?st '\eMF ﬁ%gg:ggfdacggﬁzﬁh{aﬁﬁgagggrrg?n du'rﬂjl%nt ?ﬁlgn
d](c)](c:tor F!aﬂe depasitiag. Prefered ganositiondechniquassigcluge \eﬁthwi'm'%tfav, dip

of fset lit i L . . ST ; vry,
spray co:alt i ggﬁé‘%%s Eﬁlh’?:fda!ﬁﬁg, ihk $4QEMBAG 16USLprabs PEntivg Bscpermprinting,

ti, d : - L0t i
particularly BP@PEP'@Q%%@*'S& rg[l?'%\rgﬂﬁ%%tv%n 6rloh$ri %i”ﬁ“g%ﬁgé‘;ﬂg >
g;a\é | ces t Eegelit}hbgmhg(ﬂlrinﬁpg,i fimalgraphic prnttiige webtpringnaesnsay 6Pa#I d be
- i . . Es . i

andor st uct B beafinb By peHRfingRRIARINNRG S partiuoRapraibireaabyent <
(phot ol ihogr aivwyy hiohapeelien (yees ?'Pigﬂ?‘éﬁ;%?go lg‘? B&PREEE that provide a
ljpwl pe[m ttivity i Inte.rfaf:edto the OSC. Suitable and preferred organic

ielectric matger.ials jinclu ] A i
par asxyl ene. - VAGT SHETSAPS Flals U844 (of e Mugaddor oroeiic ""*3?'315‘*3“‘"} ene,
pol y(a- met hyl sieyicendpr examplessiesngl piaginsapatgs mﬁ%ﬁrﬂwﬁyg tpé‘%/ Gél)éé) ,
o e STUSBESIOLHRG gl bk hppesag o ssnseons

- -1- , 4- S e .

pol y(¢ noBt L PP(FE‘H%&"W%%}?Q)C?P{LH%??&E’%F%ﬁﬁé‘%?%-eﬁﬁf"gﬁr ERAYY Polymers,
30xyl yl ene) , pthyree-chlatotafiudre ettafiénso et yenartefiaciigyoethylene, fibre dlass
poly[1,1-(2- “%%HX{ncéH ﬁ?@ﬁ'&)f@o%éé'rmﬁéﬂ}/%‘é?é,maﬂ@iropm&mv deey |

: hy
o) b ceahmat 45 AR A SRUSEEEENe, e one
pol y(vi nyl ci nat@hile, ppRbyddid, polpginisthyisitoxane, poystherstiphongdpelye) ,
pol yphergé ene'ett"nzyll'ér%er]%%I)%&Wigﬁé%hﬁﬁate, polyethyleneterephthalate, polyketone,
polymethylmethacrylate, polypropylene, polystyrene, polysulphone,
polytetrafiuoroethylene, polyurethanes, polyvinyichloride, silicone rubbers,
silicones. Preferred substrate materials are polysthyleneterephthalate,
polyimide, and polyethylenenaphthalate. The substrate may be any plastic
25 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.
30
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,
35  without limitation, inorganic or organic materials, or composites of the two.



35copol yners, including regular, randomor bl ock copolyners |ike
pol y(et hyl ene/tetrafl uoroet hyl ene),

pol y(et hyl trifluoro-ethylene), WO
D005, 06547 B REBAE8) 008972 - 33 - 1 ori nated et hyl ere/ Bt Opy I ene

copol ymer, pol ystyrene-co-a- nethyl styrese, et hyl ene/ et hyl acryl ate
copol ynmer, poly(styrene/ 10%but adi ene), pol y(styrene/ 15%ut adi ene),
pol y(styrene/ 2,4 dinethyl styrene). Further preferred are polyners
fromthe comrercially 5avail abe Topas series (Ticona),

(p;)l) yggf' gg' ?L:&gﬁgw#)ié%efotgeﬁ&lé eRBHAE n‘f‘élléﬁ%é%mde/[%ulﬁy@rmh@é)@o&m@trb% )

i sol u rfluo i ke
t hose from t hEEESAHErF epaed ?O%‘Q?Y%Qﬂ%’ RIE'Sp WFE?p?ﬁé%rfﬁogélég% OH
Tef | onAF (r) geiphite of Paftaés of hefedsusipes A, gdeui Bbdijor thmnymb@ures

2,7 2 0, R S R et D g e

C%" materj al s |stgg
i ncl ude 5 wi t hant semcangucirs likee. %)&E@p@&?a'}%ﬂ‘@?wg‘rf’ﬁf%ﬂﬁ may also be

pol yvi nyl phengked Beby SR Mo AEL phade, cyanoethyl ated
pol ysaccharides such as cyanoet hyl pul | ul ane, high permttivity

flurorpolymers such as 15pol yvi nyl i denefl uori de, pol yurethane
pol yners and fbkydisleatyic restiedal fdethei ingulatosiayes aydde inereanisar eBNE and

preferred i nory QQ:' %éﬂs‘i’tle%ttﬁé Wt@rdré’feﬁ'egfthéth% instifol RAUdRN

t hout t t T LT
B am 809 mBa%gizr%” \wa&rw@ﬁé@ﬁ@eﬁm rocassii Bubgould pe dirarengNtH Ry
titanate. 20 harisupvafieim edpesitatievbniques. YWhenghe ssnlatonigdsingn t he
i nsul ator |ayer ttgoq%@w'it;rg:;wgﬁe?ﬁrpfﬂe%ﬁc@n o@i@ e‘?(agéﬁhguigtu% BFhLE 5

mat eri al havi r?a tivi %g era avi n t| ve
permittivity foatginsulatergopan &l (Pre regh %Qﬂ%g@e t%l? %%?T‘BP
031052841. SuiieLiEliANSkidH, fieEd&mhg, spin coating, ink jet printing, letter-press

15 printing, screen printing, doctor biade coating, roller printing, reverse-rolier
printing, offset lithography printing, flexographic printing, web printing,
spray coating, brush coating or pad printing. Ink-jet printing is particularly
preferred as it allows high resolution layers and devices to be prepared.
Optionally, the dielectric material could be cross-linked or cured to achieve

20 better resitivity against solvents and/or structural integrity and/or to enable
patternability (photolithography) Preferred gate insulators are those that
provide a low permittivity interface to the OSC.

Suitable and preferred organic dielectric materials include, without

25 limitation, fluorinated para-xylene , fluoropolyarylether, fiuorinated
polyimide polystyrene, poly{a-methylstyrene), poly(c-vinyinaphtalene),
poly{vinyltoluene), polyethylene, cis-poiybutadiene, polypropylene,
polyisoprene, poly(4-methyl-1-pentene), poly (4-methylstyrene),
poly(chorotrifluoroethylene), poly(2-methyl-1,3-butadiene), poly(p-

30 xylylene), poly(o-o-o-¢’ tetrafluoro-p-xylylene), poly[1,1-(2-methyl
propane )bis(4-phenyljcarbonate], 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

35 copolymers, including regular, random or block copolymers like
poly(ethylene/tetrafluoroethyiene), poly(ethylene/chlorotrifluoro-ethylene),



25materials for this enbodi nent include, without Iimtation,
po:ypropylene, pFIyisothylere, pol y(4- net hyl - 1- pent ene) ,

pol yi soprene, po vi nyl cycl ohexane), or a copol yner containing the
nononer uﬁw9§m§9ﬁé%’least one of thele naterian,ypon8§E@36W§ﬁ%ﬁ@

| i ke those fromthe Avatrel O series and fluoropolyners, in
particular those fromthe Cytop or. 30TefTonAF O series. Preferably
the insulator |ayer conprises a fluoropolyner, like e.g the
comercially avail abl e Cytop 809MD or Cytop 107Mr) (from Asahi

G ass). Preferably.the ' | ' . 0.
spi n- coat | ng,ﬁ%’&éﬁ%ﬁ@%&%@g?“‘%ﬁ% ga%é{?%géﬂaﬁyns , B{s?%_lrc giqlgbr edigp >
coating or otmemylahwmenefﬂﬁhl@dﬁeﬁwi@#ﬂéﬂtﬁ(ﬂoﬁmy&quoho%@%?'i‘%’i ng an
o 6 2ol vent s Dty ooy~ o
preferably a ﬁmmﬂﬁy%)vﬁﬁherﬁ@%ﬁ?gﬁrﬁ PRl ?rgg‘%ﬁ&e\/vcgqr{]{\%gdae“yg.
]lflng(rJOg 5}/a| | adztiabe dopas @ serienfTitog)epoiyoystooldBdibe thaxensemgbet abl e

ol yner ' _ ! . = .
exanpi o the. SRR PrpeEraeby et f seBR Pl LOG) B gt Solgle.

( )

or Fl uor opel opgrflueippehtragistike dhogenEorpdhe coBy BN AVallEBe421Ph | Acr os,

No. 12377). FegddiqpsBheGRIssRer ToflaAR BtsegieatPdPont)cuit conprising a
field effect transistor according to the present invention. 10

Further preferred is a photovoltaic cell conprising one or nore
copol ymdPs asFdespacifivedevitrsyit maydeopretaablay to use a ielectric matrial with a

high permittivity. Suitable and preferred organic dielectric materials of this
type include, without limitation, for example, polvinylalcohol,
polyvinylphenol, polymethylmethacrylate, cyanoethylated polysaccharides
such as cyanoethylpullulane, high permittivity flurorpolymers such as

15 polyvinylidenefluoride, polyurethane polymers and poly(vinyl
chloride/vinylacetate) polymers. Suitable and preferred inorganic dielectric
materials of this type include, without limitation, for example composites of
TiO,, Taz0s, SrTiOs, BisTiz0q2, BaMgF4, barium zirconium titanate or
barium strontium titanate.

20
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

25 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-

30 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,

35 doctor blading, wire bar coating, spray or dip coating or other known
methods, from a formulation comprising an insulator material and one or



An OPV device according to the present invention preferably
conprises: 15- a low work function electrode (for exanple A um num,
- a high work function electrode (for exanple ITO, one of which is

t r anspar er¥O 2009464479 ayer of consisting of a hol e transBEHERHY RN 2an
el ectron transporting material; the bllg er can exist as two distinct
| ayers, or a 20bl ended mixture (see for %xarrpl e Coakley, K. M and
McCGehee, M D. Chem WMater. 2004, 16, 4533), - an optional conducting
pol ymer |ayer (such as for exanple PEDOT:PSS) to nodify the work

function of t%%rgggﬁeﬂggbnﬂ UH&BI’ﬂﬂ)r@’lﬂﬁ&tor&S%St(ﬂuﬁfdéﬁlv@ﬁtsgrbr@fémﬁlya

contact for t tional coat mg;

wor kf uncti on W@é@ﬂ?@é’%&ﬁﬁu'ﬁblﬁpﬁbﬂw{ﬁﬁﬂ' Fe®8n gﬁ aygilablg fromy,

g:c etCE1 re 022 OlThAc.ml eafaé@:@mrmbﬂmmr(bﬁlerBmtéﬁieﬂbbmmb!merstamdof one
pol y escr V. t

transporting ﬁ@?fgﬁ ?nt@aﬁ{eﬁggyﬁﬁ%nﬁoré’gln@?op% p%tﬁ%ﬁghrgg Zi

oxi de ob cadrrpanﬂuse:lmﬂurders TefllarABR G @Friidp@r(ffﬁm RBuRent)er E'UP[FPF?é ene

derivate (for %C@'\(h [Hfr@rosaaHc $8@-(neias, No. agiwr)met hyl
ester] or a p mar see for exanple Coakley, K M and McCehee, M D.

Chem Mater. 2004 16, 4533). If the bilayer is a blend an optional
anneal i ng st epufthyr prefaresbissar intégrateptdincliz eoSHdieingeefigld efiechtsanaistor wo

20091065479PCé¥%ﬁaQ,%8/0q9(§§]%eﬁt ARentibil ess the context clearly

i ndi cates oth erein plural forns of the terns herein
are to B® construed as including the si ngul ar form and

Further preferred is a photovoltaic cell comprising one or more copolymers
as described above and below.

An OPV device according to the present invention preferably comprisés:
15 - a low work function 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
20 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,

25 - 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
30 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
35 device performance.



vi ce versa. 5Throughout the descri ption and clains of this
specification, the words “conprise” and "cont ain" and vari at I ons of
the words, for exa[{g:) "conprising" and "conprises", nean_ "includ

but not |iWP2A8%6Y¥™ and are not intended to (and do nSFY’EE%@F’[‘J‘t?%”

ot her conponents. 10ltW| |1 be appreci ag d that variations to the
foregoi ng embodi ments of the invention an be made while still
falling within the scope of the invention. Each feature disclosed in
this specification, unless stated otherw se, nmay be replaced by

al ternative 5@3? élié Sﬁﬁ{e\f& B ah) R HTEs offRiibive! 58Lsod hétéﬁn bRiralFdfrR9se.

Thus, unl ess ef W se, ” eac eat ure di scl osed onfe
15exanpl e onbﬁlth@ﬂeﬁngbﬁ@m@f%& be sopsiruad as/ Bckiging esqup,gqlgr AN es.
Al of the fgatyems disclosed in this specification may be conbined

i n any conbi nati on, except comnbi nations where at |east sonme of such
features and/or steps are nutually exclusive. In particular, the
pref er fed f eThroughoof thetdeseeiption and ickaima of thip speeitieation; fheswprdsspect s

of the inventid daﬂﬁycgﬁaﬂ?%d'Jéri%ﬂb!n§@ﬂ@hb%rﬂ§nfor bkkmweﬁe
f eat ures descrl e I N non-essenti g

a
separately (rﬁfﬁﬂﬁrﬁ'ﬁﬂarﬁﬂ%a‘ﬁ‘tﬂﬁsesl tm%q I’"%‘é‘;'%ﬁ%m né’gecr%’ata%ﬁ? of
t he feat ures ndeintndeddoghandeo riipaxdludrmbthel gomponartspr ef err ed
enbodi ments, are inventive in their own right and not just as part of

an enbodi ment of the present invention. |ndependent otectlo
sought tr tHtemHabfé@@tﬁ@étadihaﬂtﬁﬁat'@ﬁstt‘b“'@rfc’a?gcé’ﬂgtﬁ Q"‘t‘%ﬂtarﬁ{t]t

't Rvent ' Ont Pr ¢3&A Elé]rY c8h %'emﬁade -’cma%nmm withinghescepes vhtHedniéntiost r at e
e inventio ou (6]
foll ow no. - alach et dispsel ts sk %t'ahﬁtﬁ%%s 280 Sriehfise, may

per cent ages @e&eplacwbgtaltermaﬂves‘satw%ﬁ sefvisgHbe wRae, eqmafent or S|m1|ar
2009/ 065479Pw5%3 20QR(:9089¢<s stadd othBNAER) &ach feature disclosed is one

15 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

20 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,

25 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.

30 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.

35



Pol yRN, N- bi s( 4- phenyl ) -N-(4-sec-butyl phenyl )am ne}- co-
{2,8-(6,6",12,12' - tetraoctyl-6, 12-di hydroi ndeno-[ 1, 2b]fl uorene)}],
30% M: 70% M2, is S5prepared as foll ows: ML 30%w 70% 15 To a 1000
cnB RBF, SHORPYPEEHH t h nechanical stirrer and reflux c8REERIEIERGer
N2 is added N, N-bis[4-(4,4,5,5-tetranethyl-1, 3, 2-

di oxabor ol an- 2-yl ) phenyl ] - N-(4- sec- but‘y3 henyl )amne (2.70 g, 4.88 20
nmol ) ,

2,8-bis(4,4,5,5-tetranmet hyl-1, 3, 2-di oxaborol an-2-y1)-6, 612, 121-
tetraoctyl-6, 2 d| roi ndeno-[1, 2b] fluorene (3.11 g, 3.25 nmmol),

2, 8- dibrono- —12' -tetraoctyl-6, 12-di hydroi ndeno-[ 1, 2b] fl uor ene
(7 00 g, 8.13 mml) pot assi um phosphat e nonohydrate (8.249, 35.78

mml ) and tol ysgm uene ( ,094 gemmﬂp gmma .cquqtgt(e?s 13 pelded

g et 14 tiamtie e @momc?ﬂq@ %ﬁ@gprﬁmm%eg/@ﬂt % oo o

(stirred, bubptdpagedds féllowsl 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: palladiunm(ll) acetate (32. 9 , 0.147
mmol ) and tri (o-t0 phosp 0(267.3 ny, 0.878CMp gegassed
1, 4-di oxane (15.8 By, WhAT 6 50 m nut inasealed
vial]. After the rea€tioa_m Xtufe is degag gl as
tube is washed with 1,/ pxane (6 cnB) A d then
the flasi is | owered i ilhe preheated oi 4 ‘

10 m nutes, the catal ystys0olution (3.5 cnB)

m xture is then stirred yigourously for 2 155 i@gtihe 35 dark. Tolyl
boronate ester (31.3 ngy 8 193 nmol) is added foll owed by further
catal yst solution (3.5 an) and the m xture heated at 105 Cfor 1

is ded The reaction

M1 30% M2 70%
15

To a 1000 cm® RBF, equipped with mechanical stirrer and reflux
condenser under N; is added N,N-bis[4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl]-N-(4-sec-butylphenyl)amine (2.70 g, 4.88
mmol), 2,8-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-6,6'12,12'-
tetraoctyl-6,12-dihydroindeno-[1,2b]fluorene (3.11 g, 3.25 mmol), 2,8-
dibromo-8,6'12,12'-tetraoctyl-6,12-dithydroindeno-[1,2b}flucrene (7.00 g,
8.13 mmol), potassium phosphate monohydrate (8.24 g, 35.78 mmol) and
tolyl boronate ester (8.9 mg, 0.061 mmol). To this is added degassed (N2)
toluene (81 cm®), degassed 1,4-dioxane (81 ¢cm®) and degassed HPLC
water (81 cm?). The cloudy mixture is then degassed (stirred, bubbling Ny)
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 cm?®), 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 cm®)
and toluene (6 cm®) and then the flask is lowered into the preheated oil
bath at 105 °C and after 10 minutes, the catalyst solution (3.5 cm’) 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 cm®) and the mixture heated at 105 °C for 1
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- 37 - hour. After cooling dowmn to 65 C, sodium
di et hyl di t hi ocarbamate tri hydrate (81 cnB, 10% by wei ght) and tol uene
(81 cnB) are added and the m xture is stirred at 65 C for 2 hours.

After all o¥PREP0634¢bol to 23 C overnight, the reacti on PtEHI0&/0§8872

poured into a separating funnel and 5tol uene (200 cnB) is added. The
organic layer is washed with water (3 %3560 cnB) and the organic

| ayer separated and precipitated into nethanol. The pol yner

wascol |l ected by filtration and then dried under vacuum The pol yner

is dissolved in toluene (200 cnB nd, filtere h h ad of
celite with hBPuR o‘hﬁ%@?“ﬁ*ﬂé’ow&@ﬁgﬁaoﬁ '3 l?tbylbﬁ@gp%rﬁagqaga from
stirred 10net hwataté 1206ne TR) %arydweihkt) pot toleene 8t o pareeatided and
filtration, sh it o | i t he
roduct as’ a DB BdkSsES %38%7.@9%%'?‘bé%%mé%@“?@ﬁéﬁ‘%?'go%fbM,
= 99, 000 gMy, ov@DiRIhtdbedeasipramptweds potred)|igtoad peRarating igingt gpd s
Sr epar e|d5 atS f &Jm%(zo@‘cm?)gé g@%eé_ulﬁﬁé dSrgbﬁicnﬁjféreg nﬁdhé\ﬂl %mﬁumaxer (e
rain electro ar. rovi de shadow | ng. . 2SS,

nonol ayer of ggﬁt‘;ﬁﬁﬁgﬁj gﬁ%ﬂﬁ@ﬁ@'ﬁ’ﬁ?ﬁe qgﬁea&%gpd‘a%'pﬁ%egdﬁ‘?o’ﬁgﬂab@?)
i s spi ncoat ed Tostpolyrher Wasallecteddyditration andsthen ddedrundeavapuum. The
sem conduct or l: atyd LS 0@19?{ ' | gt tlﬁmrgﬂ iof a
concentrati onpé?mlgf\;\f&ag?wbﬁé@l{ty éeﬁ((eipb'l)che _ég%ﬂggﬁgiuc% S%Fa?i nis
t hen spi ncoat 68litgnith hatdolugne: g BoMes§BIUtigHS Brecpite ﬁ'i‘a@si"é'ie%omed
by 2000r{Om f OmetRSnEH (1200 o pametrat polgméenisaolleated ytfdtratimny evashed 25
evapor ated. The,insul .er | (st s | om
hoahi @ ass)  PEnRnBh ST BHEL Bl RELORI NS 8 pXel SBel

thi ckness of aplrespihiTaTy 01 8B1h)RHCHRECS 81 GeIR) Mo “aPIP SrBE " Mugol d
gate contact i-podebonpehopler the device channel area by evaporation
t hrough a shadow nask. 30 For the electrical neasurenents the

transi stor sanple is nounted in a sanple holder. M croprobe

connect i'ths wxammel2 to the gate, drain and source el ectrodes using
Karl Suss PH100 m ni ature probe-heads. These are linked to a

Hew ett - Packard 4155B paraneter anal yser.. The drain 35volt is set
Tol BV and ¢ AeieAeRechivagEor & MERNEEES Pl 0N PRI S Pt e

patterned Au source and drain electrodes are provided by shadow
masking. A self assembling monolayer of pentafluorobenzene-thiol

20 (electrode injection layer) is spincoated onto the Au electrodes and
washed with IPA. A semiconductor formulation is prepared by dissolving
Example 1 in a concentration of 1 wt.% in mesitylene. The semiconductor
solution is then spincoated onto the substrate at 500 rpm for 3 seconds
followed by 2000rpm for 30s at room temperature in air and the solvent is

25 evaporated. The insulator material (Cytop® 809M, available from Asahi
Glass) is then spincoated onto the semiconductor giving a thickness of
approximately 1 pm and 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 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 Hew!eﬁ—Paékard 4155B parameter analyser. The drain

39 voltage is set to -5 V and the gate voltage is scanned from +20 to -60 V
and back to +20 V in 1V steps. The lgp (source-drain current) vs. Vg (gate



and back to +20 Vin 1 V steps. The Isp (source-drain current) vs. VG
(gate WD 2009/ 065479PCT/ EP2008/ 008972 - 38 - voltage) characteristic
is showmn in Fiqure 1. The field effect nobility values_are cal cul at ed
fromthe g‘?’ga?@ﬁf“a the 'so vs. VG characteristic in Fh&FFHEEPI72
regime (Lin nob) and the saturation 5reginme (Sat nob). All
measurenents are perfornmed in air at roeftenperature. The results
are summari zed below. Lin nmob = 0.011 cnNs Sat nob = 0.015 cn2Ns 10
15 20 25 30 WD 2009/ 065479PCT/ EP20081008972 - 39 - Patent C ains

dont eal or  SPHE ShErRrIge B sFaptl BT of one or more

The field effect mobility values are calculated from the gradient of the Isp
vs. Vg characteristic in the linear regime (Lin mob) and the saturation

5 regime (Sat mob). All measurements are performed in air at room
temperature. The results are summarized below:

Lin mob = 0.011 cm%/Vs
Sat mob = 0.015 cm?/Vs
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-.10and > 0 mol % and < 50 nol % of one or nore identical or different
units of formula Il Ars Ary_Ar2 ]k 15 wherein one of A and A is a
single bond and the other is CRIR2, 20 on of B and B is a single
bond and the other is CR3R4, Rl-4are independently of each other
identical or different groups selected fromH, halogen, -CN, -NC
-NCO, - 25NOB020@@bk479 SCN, - C(=0) NRR, -C(=0) X, -C(=0) R, Pcﬁﬁﬁoosmﬁ@%
-SH, -SR, -803H, -302R, -OH, -NO2, - CF3, -SF5, optionall
substituted silyl, or carbyl or hydrocarlg_with 1 to 40 C at ons t hat
is optionally substituted and optionally conprises one or nore
30hetero atons, Xis halogen, R and R are independently of each ot her
H or an optionally 135substituted carbyl hydr ocar byl group

Opt i onal | y &&ent%‘a!“s

1. Conjugated copolymer comprising > 50% and < 90% of one or more identical
or different units of formula |

CoCE
F—
A B '
10 and > 0 mol% and < 50 mol% of one or more identical or different
units of formula Il

(
'Aif' .
. ) fl
—FAl—y—ai]—
15
wherein
one of A and A' is a single bond and the other is CR'R?,
20 )
one of B and B is a single bond and the other is CR®R?,
R™ are independently of each other identical or different
/ groups selected from H, halogen, -CN, -NC, -NCO, -
£ o5 NCS, -OCN, -8CN, -C(=0)NR’R™, -C(=0)X, -C(=0)R’,
~NHa, -NR'R, -SH, -SR?, -SO;3H, -S0,R?, -OH, -NO,, -
CF3, ~SFs, optionally substituted silyl, or carbyl or
hydrocarbyl with 1 to 40 C atoms that is optionally
substituted and optionally comprises one or more
30 hetero atoms,

X is halogen,

R%and R™ are indepandently of each other H or an optionally
35 subsiituted carbyl or hydrocarby! group optionally
comprising one or more hetero atoms,



..conprising one or.nore hetero atons, .. WO 20091065479PCT/ EP20081008972 .
- 40 - Aris a single bond or denotes nononucl ear or polynuclear aryl
or heterorayl, isl, is N, 10Arlwhich may be the sane or different,
denote, independently if in different repeat units, a single bond or
an optionally substituted nononucl ear or pol ynucl ear aryl group,

15Ar 2whi ch e 2p8/0634e sanme or di fferent, denote, i ndepercierezbogiosh7ai n
different repeat units, an optionally substituted nononucl ear or

pol ynucl ear aryl group, Ar3which may be 4the sane or different,
denot e, 20i ndependently if in different repeat units, an optionally
substituted nononucl ear or pol ynucl ear aryl group, which may be
optionally substituted by a bridging group linking different chain

resi dues of formula Ill, and 25is 1, 2 or 3, and
Ar is a single bond or denotes mononuclear or polynuclear

aryl or heterorayl,

5 m s 1,
Y is N,
10 Ar' which may be the same or different, denate,
( . independently if in different repeat units, a single bond
i or an optionally substituted mononuclear or polynuclear
aryl group,
15 AP which may be the same or different, denote,

independently if in different repeat units, an optionally
substituted mononuclear or polynuclear aryl group,

AP which may be the same or different, denote,

20 independently if in different repeat units, an optionally
substituted mononuclear or polynuclear ary! group,
which may be optionally substituted by a bridging group
linking differeni chain residues of formula iil, and

25 k is1,20r3,
and

wherein optionally the groups R' and R? and/or the groups R® and R?
30 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



—wher ei n. optionally. the.groups Rl and R2 and/or-the groups R3 and-R4- -

30t ogether with the adjacent fluorene noiety forma spiro group.
2. Copol ynmer according to claiml, characterized in that the units of
formula | are selected fromthe followi ng subformul ae WO

2009/ 065479PCl YEP2008/ 008972 - 41 - 12 10 20 .25
WO 2006/065479 PCT/EP2008/008972

-41 -
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wherein R14 are as defined in claim1, R and R5-8 independently of
each other have one of the neanings of Rl given in clai m1, r is O,

1, 152, 3 or 4, t is O, 1 or 2 and uis 0, 1, 2 or 3. X
accor di ng Y8281°4f3W or 2, characterized in that the UW@% ’P'@?Wul a
| are selected fromthe foll ow ng subf oagul ae 25 WO

2009/ 065479PCT1EP20081008972 - 44- 5

11
5
10 12
wherein R' are as defined in claim 1, R and R*® independently of
each other have one of the meanings of R' given in claim 1, ris 0, 1,
15 2,30r4,tis0,1or2anduis0,1,20r3.
3. Copolymer according to claim 1 or 2, characterized in that the units
of formuia | are selected from the following subformulae
20 LI L'
O'0.0
L' L'
25

S0
30 L O O

35



lid 30 wherein Lis H, hal ogen or optionally fluorinated, |inear
or branched al kyl or al koxy wwth 1 to 12 C atons, and
is preferably H F, nethyl, i35propyl, t-butyl, n-pento

trifl uor onEPRYSHAY WO 2009/ 065479PCT/ EP2008/ 008972 C%@”""E’"‘?*%”Z
optionally fluorinated, linear or branc Ed al kyl or alkoxy with 1 to
12 C atonms, and is preferably n-octyl o4 - octyl oxy. 4. Copol yner
according to at least one of clains 1 to 3, characterized in 5that
the units of formula Il are selected fromthe foll ow ng subfornmnul ae

I1c
5
10

i1d
15
20 I5a
25 15b
30

wheregin

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



25 wherein R has one of the neanings of RL given in formula 1, r is
o, 1, 2, 3 or 4, and s is 0, 1, 2, 3, 4 or 5. - 5. Copol yner according

to at Iea @n f-; é:lalms 1 to 4, characterized 30in th t tPhe uni t
of formul a {98428 ected fromthe fol | ow ng subf or mul®: hitks2”
2009/ 065479PCT/ EP2008/ 008972 -46 - . ag 25

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);
R)r R)F
10 N 11

(R), ° (R),
15 R)r© R), © R, '

20 (R), (R)s
R), © R), R), @ R),
%D—r«“ (O NC%
25

wherein R has one of the meanings of R’ given in formula |, ris 0, 1,
2,30r4,andsis0,1,2, 3,40r5.

5. Copolymer according to at least one of claims 1 to 4, characterized

30 in that the units of formula Il are selected from the following
subformulae

35



I12a WD 2009/ 065479PCTTEP2008/ 008972 - 47 -
6. Copol yner according to at

are as defined in claim 3.

25 wherein L and L'
| east one

of cl ains characterized in that the upper limt |.0
of the unﬂ%égggmﬁgﬂhula | is ..c 90 % 30and the | ower F?ﬁﬂ%gﬁﬁ&gﬁé

ratio of the units of fornmula | i

7. Copol yner according

s 2 5§?rml %

to at |east one of claims 1 to 6, characterized in that upper linit
of the ratio of the units of fornmula Il is 45 nol% and the | ower
limt of the ratio of the units of forrmula Ills ?_ 10norYo. WO

2009/ 065479PCT/ EP2008/ 008972 L 48 - 8. Copol yner according to at

| east one of clains 1 to 7,
consists of > 50 nol % and
and > 0 nol % and <50 nol % off

characterized in that

it exclusively
qol % of one type of units of fornula I
e type of units of formula Il

Ma
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L
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9. Organic electronic device conprising a copolymer according to at

| east one of clainms Ito 8. 10. Organic el ectronic device according to
claim9, which is an organic 10field effect transistor hi.n
filn1tran§wgfgpmﬁ¥ﬁ*), integrated circuit (1C, radio F&ggﬁéﬁﬁvk9z
identification (RFID) tag, photodetectog+ sensor, logic circuit,
menory el enment, capacitor, organic photovoltaic (OPV) cell, charge
injection |ayer, charge transport |ayer or interlayer in polyner

light emtting diodes (PLEDs), Schottky di ode, planarising 15| ayer,
antistatic film polymerLe| ectyolyte mephra PEM), conducti ng
substrate or pattern, photo diictor, elle phot ographi c el enent or
organic light emtting di ode

- =

20 L\Q/L L\©/L
OO =
25
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 %
30 and the lower limit of the ratio of the units of formula | is 2 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 1l is = 10mol%.

35



10

WO 2009/065479 PCT/EP20603/008972

8.

exclusively consists of > 50 mol% and € 90 mol% of one type of units of formula | and >

- 48 -

Copolymer according to at least one of claims 1 to 7, characterized in that it

0 mol% and < 50 mol% of one type of units of formula ll.

10.

15

20

25

30

35

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

Organic electronic device according to claim 9, which is an organic
field effect transistor (OFET), thin film transistor (TFT), integrated
circuit (1C), radio frequency identification (RFID) fag, photodetector,
sensor, logic circuit, memory element, capacitor, organic photovoliaic
{OPV) cell, charge injection layer, charge transpori layer or interlayer
in polymer light emitting diodes (PLEDs), Schottky diode, planarising
layer, antistatic film, polymer elecirolyte membrane (PEM),
conducting subsirate or pattern, photoconductor, electrophotographic
element or organic light emitting diode (OLED).



