Formul ati on and nethod for preparation of organic electronic devices Field
of the Invention The present invention relates to novel formnulations
conpri si ngoau12i4@Bi ¢ sem conducti ng conpound (GOSC), topchaiprolushe218$
conducting inks for the preparation of organic electronic (CE) devices,
especi ally organi c photovoltaic (OPV) celts, organic field effect

transi stors (OFET) and OLED 10devices, to nethods for preparing CE devices
usi ng the novel formulations, and to CE devices and OPV cells prepared from
such met hods and fornul ations. Background and Prior Art 15 Wen preparing
OLED devi ces usual | y pri ormglatenangumethod for prgparagiomt i ng, roll to roll
printing, slot dye coating Orofidyami€ ehedtPdbhictevieeysed to apply the active
| ayer. Based on the |ow solubility of most of the present organic conpounds
useful as emtting materials and/or charge transporting 20materials, these
t echni ques nerad bhehalFredtionol vents in high amounts. In order to irrpr ove
the filomformng ability and the rheol ogy, binding agents can be used.

These gddl tives are especially needed with regard to light emtting

material s andherprebmtgavemtwrsmiatmrtg nowetfarmiutationsi cognpnisihd adSorgheicul ar

wei ght or po AUiSo | C gcunment
WO 2009/ 1082 énﬁéadsrﬁdr&(bmg con% #Q%scﬁ) d)mrei'ﬂg.}s‘;e égseé%mg tmylp\'} tf’(?rstﬂl n order
to achieve speeparationiofosganig. e'@ﬁﬁ@@ﬁt(ﬂﬁieﬂ“&ﬁﬁp%l’@ﬁl@ﬂ% OfgANIBr i nt i ng

appl i cati ons phbtvottait vpéélrst'o n.ékew@d@wa@\swoé%w&@m@mng need
addltlvstomcreaselgm cos &Eeqd rove filmformation.

prior d0% prd@Viges. ogng Gher ices upingdhenPVs! ocess Iow

nol ecul ar V\/efcgh’ﬁulat’gmmnd tcgmollz dmnt:és wd&DQVCdiﬂhﬁﬁebaaéfwﬂom s0ch ][rat ﬁri al s.
35However, it per anen ire to inprove the performance of the 2 -
OLED | ayer, ﬁ°§§ r%(gﬁﬁ!?%%l'i fe time and sensitivity regarding

oxi dation or water. In addition thereto, the the formulati on shoul d

enabl e a | oWgCRRL AN SPPriBPAt i Ng process. The printing process should
allow a _hig ‘qnaérry—p'r‘l‘n‘rrn‘g—a'[ hi gh speed. It is therefore desirable to
have |ﬂ1§roved formul ations conprising an OSC that are suitable for the

gr epfir at OndWh&E rﬁ@smemoeévnaéé )asbanyﬂpffntlr@ tb@hhm.@sﬂﬂ(@ﬁﬁk efli odes, OLED
I splays an

t ff t CE
devi ces havi R&ngn%l r&higé%’,\ﬁ]m'%%esqwaéxeoﬂ%a ﬁ%f%fgrlé&u%ar'%"?%w%slé?%d nV| ty
agai nst wat eapply thel abtive dayerOBased anothetlow s;mhftﬂlaytoflmwsiruﬂtm presenm provi de

such inprove k j i s of
preparing angﬁi‘ﬂgew @1?0%0%@33@ Ir%?@ﬁt{n% gﬁtg?@g%ﬁﬁ& g\r{ﬁeaq’ssgﬁhnﬁgov de
i nproved® CE dratedals, tissei tashinifuemnegditheaisedfsolvaids mwblgd?eamousts Furt her
aims are inmmedi ately evident to the person skllled in the art fromthe
fol |l ow ng descrl tion. Surprl ngly it has bee nd tha ese ai s can
be achi eved, IREAQre IMPsRs, et {sming BP'HHI%’P@ FUT‘ ng ggepivovi di ng

met hods, nmat eahdesusstt] ThriseCRiditfech@ é@édumlytrt&d@daamte amaathgnﬂ,

especially b ovi di ess _for e deV|c ing a
formul ati on éf’%"ﬁ'@ %?Qeg@ﬂﬁ g?ﬁ@éﬁ?‘? tr% 1?‘89'{' ?rﬁ%?g% %V'%g nt WO

2009/ 1@%273 dedeculbeweightpopiolyroasc conmqusdaglaypgca fw sudleewlaswerghdr der to
achi eve specific viscosity. Summary of the Invention 30 The invention
relates to a_fornulation conprising_one or. nore organi ¢ sem conducti ng
conpounds ( O3t degvmenaNgt 2 nB@?/é 08553&%056435/6%9036@%é’@ﬂmrlsiréﬂj in that

sai d formul afsbe&ac@@méhﬁsem dd¥t frashitve abeaﬁ&v@koé s:émﬁyhubﬁanPas and the
boi ling point of t nvention further

Pol atos Fo 1 reTRastOrSdor BANRG APBICA nsdbe bt P08, SFkPePBR s’ coat i ng
or pri 30 ng igravurprpeintingrieed additives {or iepeerasei ok viscositgadd ampfdwexfill e O
devi ces, ?@ﬁéet%"" ar for thin filmtransistors, diodes, OLED devices and
rigid or fI ex organi ¢ photovoltaic (OPV) cel I s and 5deV| ces, preferably
by fl exographic or gravure printing. The invention further relates to a
process of prg %ﬁ&%rﬁﬁrd@"%‘é&nﬁb%ﬁbﬁ@'&'eﬁ\g(@@fuﬁiﬁvdreér t&Bn‘H&é‘s@ldW the

steps of 10a) depositi ngl_\ formul ati on as descri bed above and bel ow onto
a molecular weight organlc light emitting and charge transporting matenals.

35 However, it is a permanent desire to improve the performance of the




substrate to forma filmor |ayer, preferably by coating or printing, very
preferably by flexographic or gravure printing b)renoving the sol vent(s).
15The i nweotwnm4bszst her rel ates to an CE devi ce prepar egciiepmiaobargrul ati on
and/ or by a process as described above and bel ow. The OE devi ces incl ude,
without limtation, organic field effect2transistors (OFET), integrated
circuits (1C, thin filmtransistors (TFT), Radi o 20Frequency

| dentification (RFID) tags, organic |light emtting diodes (OLED), organic
light emtting transistors (OLET), electrolum nescent displays, organic
phot ovol t ai c QldHY)ayes| such as gﬁ"ml@%lol@rtmélarﬁ sensityity repasding exidatienand

0- SCs, organiysyAserdiodes (0-1aser), organic integrated circuits (0-1C),
Ilghtlng deV|ces sensor devices, electrode materials, photocon- 25ductors,
phot odet ect or s, eI ect r ophot ogr aphl c recording devices, capa- citors, charge

injection | améadlt@ﬁhﬁéﬁéw eaHeJorpliation ishbul ératsle 3 loantost aad gagyi | ns,
conduc i ng subsbrat es og.guctl n@ﬂpattern

S
el ectr phot oGP BHRY PTofRRS: 45 RIPY ngOﬁ%%?Q,Olﬂg "@&’s‘gﬂﬁ %%%EY)PE"E%
bi ochi ps. 30 abhbagrspeegl.t 0o a preferred enbodi nent, the present invention
provides organic light emtting diodes (CLED). O_ED devices can for exanple
be used for illumnation, for nmedical illum nation purposes, signal l'i ng
devi ce, as sd@aatg@remreldmabémtp havelinproygd formnylgtians ceawnﬁ@gaamﬂégcé
35usi ng passiyg éf@tsrdltéb@fo\"tﬁhgprépﬁréhoﬂ?UBdéﬁ@é@S&d&léﬂ& tARLfile Matrix

drivin Transpar ent nuf ac tically -4
t ranspgpent é’aé‘éﬁi‘?féeg PPe&iﬁiS@ ‘t6§?28§€5dmﬁ§a?ﬁﬁ‘g‘ﬁé|ﬂet he use of
f1 exi bl e subshamifasturd b€ highr effitizht OB devietd bdvirmnal hcyetvpm@rnwndehe pr esent

dovi ces and (oS PR8ISR O BT AR B Wb O6: Srbafiof e Bl f e
lifetime and thépredent divemtipnas te heovidie duoh dopraved fpemuhpposzeﬁlnothﬁrt hese

devices are aghieyed r&/\{dé‘ﬁh@%v@d(@gfg\%gk cﬁ??e;?%nﬁégs{g@@%%mce'f%/rﬁ%ﬁn

Furtherrmre It was suu,_gz0 ormul ati ons are suitable
for pri LU ng Q@ﬁ'@éh@ﬂﬁ th %%@'éfé!saﬂol g;omg#e 'fﬂ%%@ﬁ" %Fjéwﬁﬁﬂ °§F3A

pr It nti nﬁ, Fiﬂfltdti:ﬁ"sgﬁlii %rn’?&é?@r?&”ﬁﬁékﬁétﬁﬂd@f%ﬂﬂ%rpélﬁ%&ﬂb TS EET prp;/i desdan
astoni shingly vel of fi or.mn speci geneity an
the quality &V"h%t SHEesen %élmd:w‘ﬂrtg%@gﬁr ﬁ@&ﬁh@éﬁqgtcﬂe@p the pr esent
invention enables better printing of multi |ayer devices. 15 In addi tion

theret o, the & LARTH AAL BSNARAN i thots SRS cARBealofid BpifeP Ocess:

The printing pr ce oW a spee

rmn
20Det aidled Debovepnentionsd pw@lems@anu solvéd, travewm?mgmempds,u on has a a
viscosity at ngélgngfs érﬁﬁae\tnbé'@ aé%lalm@dqnﬁhéfp?é%tﬁnJ/&ﬁﬁ)nt @§Beé1§lly SipeC' ally

| ess than 11 and post prefera ess nPas,

formul ati on M@V'Q"\Ql%EE%qqsy"‘ Php'quﬁ’@r'ﬂgrﬁjbgg‘ o¥ge Hising @?%W\‘&a‘&yn %étﬁém ally
from1l to 9 rpPrasemtnaverition. preferably from1,5 to 8.5 nPas. According to a
further aspect of the present invention, the viscosity is preferably
situated in the range of 2 to 6 nPas. The viscosity is determ ned at a

t enper &ur e dfurlte@mbye tbasiocunend WOR @29/ 0827 descritesuteropasitidndy TA

| nstrunents. r ry. The

vi scosity of ct'BhPﬁea I%%’ng_ur‘Fat ?Ioglﬂ\(lzégﬁwgog% g’\?éedé'?%"éo%ﬁé%égpg riate solvents
and other additives in suitable anmounts. -5 Consequently, the formul ation
of the present invention conprises at |east one organic solvent having a
viscosity at 25C of |ess It han.15 nPas and a boiling point of at nost 400C.
5The sol vent mm or sublimation tenperature of < 400C,
especi &0 y 350C, nore preferably 300C, nost preferably  250C, at the
pressure enpl e 3 hPa) .
Evaporation c g‘l\/g% ﬁe/regé%fésﬁé%gt%@%ﬁat%%ngaﬂgﬁ&hg e iﬁHP @%o?c reduced
pressure. 10 sanmncn@duqimfcmram@nd%@% la Omlommcb'ﬁ Qfgénl§§|0W§'i’ttS or of the
| onest boili %lﬁé’ét&ﬁféd mthtahga@%\/rﬁmatl%%wnpﬂlssesaé v|s%6§|§y a5 C BPI8s

preferably at | east at npspherj c ress X 5According to
a speci al entiban dedpP GFaP%éh p?WQ@E V?Wésﬁéﬁﬁﬁﬁébpdﬁ mey conprise
ais m3gure of organic conpounds as sol vent haV|ng different boiling
points and the boiling point of the conpound with the | owest boiling point
is at |least 10C below the boiling point of the conpound with the highest
boiling point. 20 Furthernore, the fornulation nmay conprise a m xture of

or gani ¢ conpounds as sol vent having boiling points and the boiling point of
the conmpound with the I owest boiling point is at nost 100C bel ow t he
boiling point of the conpound with the highest boiling point. 25 The
partition ratio log P (in the literature also referred to as "partition
coeff|0|ent ) of a conpound or solvent is given by equation (1) log P = |og

AT a2



30 wherein [Nod is the concentration of the conpound or solvent in octanol
and [Nag is the concentration of the conpound or solvent in water. -6 (See
| UPAC Conwendimumvat Chemi cal Term nol ogy, El ectronic vewrpsir@mp011/002128

htt p:// gol dbook. i upac. or g/ PO4440. ht mi , PAC 1993, 65, 2385, and C. Hansch,
Acc. Chem Res. 2, 232, (1969)). 5In cas®-of a solvent blend, which
conprises two or nore solvents, the partition ratio of the blend is defined
as the weighted average (log P)," of the partition ratios of all solvents
contained in the blend, as given by equation (2) 10(10g P)w = w, log pi(2)
1.1 with n bé*hagn\térﬁmuﬁmmaeroelamltwdhesu,selcofga I*orrmelahgntase:leaﬁg edval ue of a

singl e sol ve on
15(Concentra??g%@aﬁﬁ%%%\k‘é%@c#ﬁp%ﬂ%ﬂprﬁ?ﬂg‘éﬂwﬁb@'gﬁ} %EFesﬁ réﬁé{t bl end.
The 1 og P vaPfiEgidsprefigx lgﬁﬁww%asgamﬁglacrﬁ@r @@h&ﬁﬁﬂ%ﬁﬁiﬁrs HIdR%h phase
(e.g. by CC dﬂ%@de%e\élérufhgrd)ouaﬂéﬁtsleezﬂgahictﬁrﬂﬂbmtaac fOPW) @elobHEi on 20i n
equal yol unes of water ag& h E I%nﬁ)estl mation | og P can be

cal cul 3t ed b§eMigeachielerably y, ﬁi“i’Qfﬁp 559fggr HW%r aw U tra version 11.0
(2007)" software, produced and nmarketed by Canbridge Soft., unless stated
ot herw se. rre nt invention,
the logarit hiﬁgflﬁ\’%@%ﬁ’ﬁm@rgﬁgi&t{o Qp%géggcﬂq%%%g@cg ven §§|§|r‘8 t he wei ght ed
aver age of tIelaqum¢(®&r)|deatqeoc(>hﬂylsﬁ)g/\}lhﬁstew§ ofol vent blend is >1.5, nore
preferably > 2 and nost preferably > 2.5. Preferably these values relate to
t he cal @ul ated log P for each solvent. 30 The solvents can generally be

sel ect 48 f r o® angiepnsitingdhe formulation as esceubed abgyks anddrelewiaiei@a ment i oned
above, incl udi ngsubgttraﬁéqb fbiiid fieh bpl,ay@+ lméféraﬁlycb'y ESAMRY dicpintiigowanpbons,

am nes, thiols, S et hers Brs al cohol s, diols and
pol yol s. Prefer aB’Ir er;fstmé%&ﬂe nga%?rﬁFPE%’y%@Qf‘ Meast one aromatic and/ or
het er oar onat b c oenpouing. the-soh&nt(sdbl e and preferred sol vents include for

exanpl e aromati ¢ hydrocarbons (eg hal ogenated aronmatics) and aromatic

hydr ocarbons having an al kyl group having 1 to 8 carbon atons and nore
preferddly 1The laveramcnbfurmeomlam&aaﬁgdewpam@par@idn@mﬁ fasewdatinns
(xylenes), t&ndRsribY a PrEcERERSdesditbetPiiile A7PBERM.enes; and aromatic

hydr ocar bon conpound havi ng a cycl oal kyl group, especially cycl opentyl
benzene and cycl ohexyl benzene. According to a further enbodi ment of the
present i nveTheoDE device incluties withoutlimitatiomrorganig fiedd effecbtransistosy be used

el ude ar omdPFE T Syt Gl QG MRS R B, ROBRE e s
5- met h@¥yi nddmeqeency ldextificatiarnéR IR tags, @rganic Ilgbt emittisgstiodes (OLI%
but yl benzoat %gﬂ.ex.phge@ﬁgﬂfdé@t&%r(@v r?ﬁ@@c?rbﬂﬁ‘ﬁi%%&éﬁt aaeaagynds havi ng

at | east one omin the aro icring are preferred. These
conpounds i ngrg@@c(pr@tm@]talﬁ EABVscels: SrgRric Wf%"t%”%é@eﬁ@? flesple P Yadol e,
6-met hyl qui Reld 0SEYDL bhmaeemuodase(wseept@gma ubl%gvét@d crsuls xt ure of
two, three or mr&é % tomsmg rove é% q a][cs %ed w th
mixtures of KQACACISHEY I Bt eTRoRABYRTS, CierTeds mAtriaEhRRRioLelt e can
conpri & at |deskirs ppleotadetestors, bLeuttrophotmgma;biauwagardrngadkynbegraalq@ having 1
to 8 carbon a4gns cﬂﬁggébé&%%tla BRky Gidaedr BRAEPMCgyBRUNd having a
2% é ahlc sol*/ents can co Ig ggﬁénsen

cycl oal kyl
Sol ubility p@ﬂﬁﬁﬁt'@rféméf CWLFQ’('“QWQS&(@@? &pnducting BaQQTTQ WPQt'OCOHp in the

range of 0.2 dRtd3; éleWBphé‘t%r it el R8s SiMiOmePndhytdeviées) bd3ensofdr e

preferred organjc 30 solvents conprise Hansen Sol ubility paranmeters of Hd
in the range BieCHPE, 23.2 MPa", Hp in the range of 0.2 to 10.5 MPa 5 and
Hh in t3@ range of 0.0 to 5.0 I\/PW5 Particul ar useful organic solvents

o The' r ange AeaEnb 30 StRitied Srlpdirahe BF efssrS initnoTies R°Ct g
37 MV m - 8 ofganicdight emitting sivedesa(Oldspp PLEP davices eaefar exampieiben a
m xture of qur?\éa%?nraﬁnnél@om?fsﬂrﬂé@wanmuﬂ? ﬁéﬁa@aa b&asgsiggmsrgﬂs

t avi ng a surface

Preferably, e m xture can conprise east o vent
tensi on of atdeviss a§§'9§i‘ﬁ@%’e‘€§%@'& indigplays. %ﬁ[aY§633fﬂ\Wna§ﬁEF5§? | east one

sol vent3shavi R@irly passive matrix driving, total matrix addressing or active matrix
driving. Transparent OLEDs can be manufactured by using optically



surface tension of at |east 30, especially of at least 32 rnN mand the
difference of the surface tension is at least 1 Nm nore preferably at
| east 2 nomp111QTdre surface tension can be measured usi pgTAaPRMAV0FRE St Ten
Angstrom 125 contact angl e gonioneter at 25C. Details of the nmethod are
avai lable fromFirst Ten Angstrom as puwdished by Roger P. Wodward, Ph.D.
"Surface Tension Measurenents Using the Drop Shape Method". Preferably, the
pendant drop nmethod can be used to determ ne the surface 15tension. For the
pur pose for making a rough estinmate, the surface tension can be cal cul ated
usi ng t he Hatrapap&eint plactrogepal lexile QLBYs are assesaabie thrpughdlel use ofiansen
Solubility Pakg S er's Handbook, Second 20Edition, C. M Hansen
(2007), Tayl gréﬁlggrﬁj&f‘—br%etlrnag?ésba oup, LLC (HSPi P manual ). Surface tension =
0.0146 x (2.28 x SHd2 + 6Hp2 + Hh2) x Mol (12, where: 25Hd refers to
Di spersi on cqherfolttilaibnsiPmeticisSand®dBoicas of e piddent cheHlnthfr@maeto
Hydrog%n bondi ng. cont ri buti on Wo%r%hers to mo r gol.ume. ﬁt‘éhe Hansen
Sol ubi Pi ty PSHEFHSING TRIQNERIENR N giency. 5f %@Et eYifigs A9BSR sol ubi ity
Par anmet er s i préductioncthe(etSPUPexpeotediyn th2rpkrimintanee) thees litetippd aed thg Hanson
and Abbot et . | I | I N LLitX. BaLameters,
their surfacgﬁcé%@oépﬁﬁgogﬁ%%ﬁeéiffb nrbg 'moﬁw?'? é’g’a'{?? %stégl\j“é\élggs iaﬁéTabl el. WO
2011/ 147523P@thienvediby esngzscomppsition af thenresentsovantion t bunthermeneeits of
useful sol veRysx sabyismglyHbundiastndde fdvhiiastidin AMdaatdoISysf pastingnsi on
[MN m | c. (Actual ol | 1@2& ol.nt [CJ Calc. g%Act ua%) ,
1,2, 3, 49 et r SR IRSREC of 8exegraphia gnd grawrg pntng. Furthermeseo (207)
1, 2, 3, 4- t et r ane@chipesitioansf the. presefit ihvendidnprovides an astonishingly high

level of film forming. Especially, the homogeneity and the quality of the

films can be improved. In addition thereto, the present invention enables

better printing of multi layer devices.

15
In addition thereto, the the formulations enable a low-cost and easy
printing process. The printing processes allow a high quality printing at
high speed.

20 Detailed Description of the Invention

The present formulation has a a viscosity at 25°C of less than 15, more
preferably less than 13, especially less than 11 and most preferably less
than 10 mPas. Preferably, the formulation has a viscosity in the range of
25 0.5 to 9.5 mPas, especially from 1 to 9 mPas and more preferably from 1,5
to 8.5 mPas. According to a further aspect of the present invention, the
viscosity is preferably situated in the range of 2 to 6 mPas. The viscosity is
determined at a temperature of 25°C by measuring on AR-G2 rheometer
manufactured by TA Instruments. This is measured using a parallel plate
30 geometry.

The viscosity of the formulation can be achieved by using appropriate
solvents and other additives in suitable amounts.

35
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, 3, 5-tetranmet hyl benzene 18.7 1.8 1.6 32.0 198.50

Consequently, the formulation of the present invention comprises at least
one organic solvent having a viscosity at 25°C of less than 15 mPas and a
boiling point of at most 400°C.

The solvent has a boiling point or sublimation temperature of < 400°C,
especially < 350°C, more preferably < 300°C, most preferably < 250°C, at
the pressure employed, very preferably at atmospheric pressure (1013
hPa). Evaporation can also be accelerated e.g. by applying heat and/or
reduced pressure.

Further preferably the boiling point of the solvent, or of the lowest boiling
solvent of the solvent blend, is at least 130°C, more preferably at least
150°C at atmospheric pressure (1013 hPa).

According to a special embodiment of the present invention, the
formulation may comprise a is mixture of organic compounds as solvent
having different boiling points and the boiling point of the compound with
the lowest boiling point is at least 10°C below the boiling point of the
compound with the highest boiling point.

Furthermore, the formulation may comprise a mixture of organic
compounds as solvent having boiling points and the boiling point of the
compound with the lowest boiling point is at most 100°C below the boiling
point of the compound with the highest boiling point.

The patrtition ratio log P (in the literature also referred to as "partition
coefficient") of a compound or solvent is given by equation (1)

log P = log ([Aloct / [Alag) (1)

wherein [Alo is the concentration of the compound or solvent in
octanol and [A]aq is the concentration of the compound or solvent in
water.

hyl benzene 19.0 2.9 1.6 32.6 171.60 1, 2,4, 5-tetranet hyl benzene
08214652398. 50 1, 2, 4-tri chl orobenzene 20.5 6. $cZ2/EP289/002129€4. 80
hyl benzene 19.0 2.9 1.6 32.6 171.6 0 1, 2-di hydronapht hal ene
37.7 209.5 (206) 1, 2- dlnebhy4naphthalene 17.6 1.7 5.2 29.9

) 1,3,3-trinethyl-2 nethylenelndole



17.9 1 3 30.6 296.9 (248) 1, 3-benzodioxole 19.7 7.4 7.9 37.1 169.50 200 O
1, 3-dii sopropyl benzene 17.5 0.2 1.1 29.2 1, 3-di nethyl naphthalene 17.6 1.7
5.2 29.9 W6Lob/263) 1, 4-benzodi oxane 19.5 8.7 7.2 37. 8prtTA&PZ013/002128

1, 4-di i sopropyl benzene 17.5 0.6 1.6 29.2 206.7 0 1, 4-di net hyl napht hal ene
17.6 1.7 5.2 29.9 261.5 (262) 1,5-di nettfyttetralin 19.3

(See IUPAC Compendium of Chemical Terminology, Electronic
version, http://goldbook.iupac.org/P04440.html, PAC 1993, 65, 2385,
and C. Hansch, Acc. Chem. Res. 2, 232, (1969)).

5 In case of a solvent blend, which comprises two or more solvents, the
partition ratio of the blend is defined as the weighted average (log P), of
the partition ratios of all solvents contained in the blend, as given by
equation (2)

10 (log Phu=3"w,logh, (2)
i=1
with n being the number of solvents, log P; being the log P value of a
single solvent in the solvent blend, and w; being the weight fraction
15 (concentration in % by weight/100) of said solvent in the solvent

blend.

The log P values are measured by measuring the concentration in each
phase (e.g. by GC, HPLC, UV/vis etc.) after equilibrating a dilute solution

20 in equal volumes of water and octanol. For a rough estimation log P can
be calculated by molecular calculation using "Chem Bio Draw Ultra version
11.0 (2007)" software, produced and marketed by Cambridge Soft., unless
stated otherwise.

25 According to a preferred embodiment of the present invention, the
logarithm of the partition ratio log P of the solvent, or the weighted average
of the partition ratio (log P)w of the solvent blend is >1.5, more preferably >
2 and most preferably > 2.5. Preferably these values relate to the
calculated log P for each solvent.

30
The solvents can generally be selected from any chemical class that
meets the physical criteria mentioned above, including, but not limited to,
aliphatic or aromatic hydrocarbons, amines, thiols, amides, esters, ethers,
polyethers, alcohols, diols and polyols. Preferably, the solvent comprises

35 at least one aromatic and/or heteroaromatic compound.



5.5 2.6 36.2 243 0 1-benzot hi ophene 19.7 12.3 6.3 36.5 107.5 0
1- brononapht hal ene 20.1 10.3 6.1 37.9 262.8 (133) 1-chl oronethyl

napht hal ewe 20/G7239 5.3 36.6 285 (287) 1-ethyl napht hal eoe/EP8018/0d218s 4. 4
33.2 254 (258) 1-nethoxynaphthalene 19.1 10.5 7.5 35.2 260.8 (269) 1-ne
napht hal ene 19.2 8.4 4.5 34.0 (36.3) 240 {243) 1-methylindane 19.4 5.7
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Suitable and preferred solvents include for example aromatic
hydrocarbons (eg halogenated aromatics) and aromatic hydrocarbons
having an alkyl group having 1 to 8 carbon atoms and more preferably 1 to
6 carbon atoms especially toluene, dimethyl benzenes (xylenes), trimethyl
benzenes, and methyl naphthalenes; and aromatic hydrocarbon
compound having a cycloalkyl group, especially cyclopentyl benzene and
cyclohexyl benzene.

According to a further embodiment of the present invention, aromatic
compounds comprising hetero atoms may be used such as esters, ethers,
nitriles or amides. Preferably, these compounds include aromatic alkoxy
compunds such as 3-methylanisol, 2-isopropylanisol, 5-methoxyindan, 2-

ethoxynaphthalene, aromatic esters such as butylbenzoate, ethylbenzoate.

Furthermore, heteroaromatic compounds having at least one O, Nor S
atom in the aromatic ring are preferred. These compounds include e.g. 2-
bromo-3-(bromomethyl)thiophene, 2-methylindole, 6-methyl quinoline and
thiophene.

The solvents can be used as mixture of two, three or more.

Astonishing improvements can be achieved with mixtures of hydrocarbon
aromatic compounds. Preferably, the mixture can comprise at least one
aromatic hydrocarbon having an alkyl group having 1 to 8 carbon atoms
and at least one aromatic hydrocarbon compound having a cycloalkyl

group.

Preferred organic solvents can comprise Hansen Solubility parameters of
Hg in the range of 17.0 to 23.2 MPa®?, Hp in the range of 0.2 to 12.5
MPa%® and H in the range of 0.0 to 20.0 MPa®>. More preferred organic
solvents comprise Hansen Solubility parameters of Hy in the range of 17.0
to 23.2 MPa®®, H, in the range of 0.2 to 10.5 MPa’® and Hj, in the range of
0.0 to 5.0 MPa’®.

Particular useful organic solvents comprise a surface tension of in the
range of 22 to 50 mN/m, especially in the range of 25 to 40 mN/m, and
more preferably of in the range of 28 to 37 mN/m.

t
2

hyl
5



35.2 199.1 0 1-nethylindole 19.2 8.1 10 35.7 90 (133)
2,3,3-trimethoxyindolenine 19.6 6.8 4.2 37.7 228.4 (228) 2, 3-benzofuran
21.3 5.5 WwWo@oBB4352313. 70 2, 3-di hydrobenzofuran 19.9 9. 5r6T&P3@.1002129. 4 O
2, 3-dinethyl anisol 18.9 4.6 4.5 33.7 192.8 0 2,4-dinethylanisol 18.9 4.6
4.5 33.7 192.8 0 2,5-dinethyl anisol 18-8-4.6 4.5 33.7 192.8 0

According to a special aspect of the present invention a mixture of solvents
can be used having different surface tensions. Preferably, the mixture can
comprise at least one solvent having a surface tension of at most 35

5 mN/m, especially of at most 30 mN/m and at least one solvent having a
surface tension of at least 30, especially of at least 32 mN/m and the
difference of the surface tension is at least 1 mN/m, more preferably at
least 2 mN/m.

10 The surface tension can be measured using a FTA (First Ten Angstrom)
125 contact angle goniometer at 25°C. Details of the method are available
from First Ten Angstrom as published by Roger P. Woodward, Ph.D.
“Surface Tension Measurements Using the Drop Shape Method".
Preferably, the pendant drop method can be used to determine the surface

15 tension.

For the purpose for making a rough estimate, the surface tension can be
calculated using the Hansen Solubility Parameters by the formula
expounded in Hansen Solubility Parameters: A User's Handbook, Second

20 Edition, C. M. Hansen (2007), Taylor and Francis Group, LLC (HSPiP
manual).

Surface tension = 0.0146 x (2.28 x 8Hq” + H,> + 8Hy2) x MVol®?,
where:
25 Hgy refers to Dispersion contribution
H, refers to Polar contribution
Hy, refers to Hydrogen bonding contribution
MVol refers to Molar Volume.

30 The Hansen Solubility Parameters can be determined according to the
Hansen Solubility Parameters in Practice (HSPiP) program (2"d edition) as
supplied by Hanson and Abbot et al. Suitable solvents, their Hansen
Solubility Parameters, their surface tension and their boiling points are
provided in Table 1.

35



2, 6-diisopropyl naphthal ene 16.8 3.5
18.9 4.6 4.5 33.7 192.8 0 2, 6-di net hy
2- br ono- 3wbhwommethyl ) t hi ophene 19.3 7.3
napht hal ene 19.6 9.4 7.2 37.4 289.6 (291)
37.9 262.8 (281) 2-ethoxynaphthal ene 18.9
2- et hyl napht hal ene 18.8

2.2 28.3 299 (300) 2,6-dinethyl ani sol

| napht hal ene 17.6 5 3 29.9 261.5 (262)
.3 6.6 36.4 236. #c/Ep2bn0mnet hyl

2- brononapht hal ene 20.1 10.3 6.1
1

-10 7 34.3 271.6 (282)

Table 1. Hansen Solubility Parameters of useful solvents

Ha Hn Hp Surface Boiling Point
Solvent MPa®%) | (MPa®%] | (MPa®%] | Tension [mN/m] [°C]
Calc. (Actual) Calc. (Actual)
1,2,3,4-tetrahydronaphthalene (tetralin) 19.1 2.3 4 33.3(33.2) 206.9 (207)
5 1,2,3,4-tetramethylbenzene 18.7 1.8 1.6 32.0 198.5 0
1,2,3,5-tetramethylbenzene 18.7 1.8 1.6 32.0 198.5 0
1,2,3-trimethylbenzene 19.0 29 1.6 326 1716 ()
1,2,4,5-tetramethylbenzene 18.7 1.8 1.6 32.0 198.5 O
1,2 4-trichlorobenzene 20.5 6.9 2.7 39.0 204.8 0
1,2,4-trimethylbenzene 19.0 2.9 1.6 32.6 17160
1,2-dihydronaphthalene 20.1 5.5 49 37.7 209.5 (206
1,2-dimethylnaphthalene 17.6 1.7 5.2 29.9 261.5 (266)
1,3,3-trimethyl-2-methyleneindole 17.9 1 3 306 296.9 (248)
10 4,3 benzodioxole 19.7 7.4 7.9 371 169.5 ()
1,3-diisopropylbenzene 17.5 0.2 1.1 29.2 200 ()
1,3-dimethylnaphthalene 17.6 1.7 5.2 29.9 261.5 (263)
1,4-benzodioxane 19.5 8.7 7.2 37.8 178.7 0
1,4-diisopropylbenzene 17.5 0.6 1.6 29.2 206.7 0
1,4-dimethylnaphthalene 17.6 1.7 5.2 29.9 261.5 (262)
1,5-dimethyltetralin 19.3 5.5 2.6 36.2 243 ()
1-benzothiophene 19.7 12.3 6.3 36.5 107.50Q
15 1-bromonaphthalene 20.1 10.3 6.1 379 262.8 (133)
1-chloromethyl naphthalene 19.6 9.9 53 36.6 285 (287)
1-ethylnaphthalene 18.8 7.8 4.4 332 254 (258)
1-methoxynaphthalene - 19.1 10.5 7.5 35.2 260.8 (269)
1-methyl naphthalene 19.2 8.4 4.5 34.0 (36.3) 240 (243)
1-methylindane 19.4 5.7 25 35.2 199.1 0
1-methylindole 19.2 8.1 10 35.7 90 (133)
2,3,3-trimethoxyindolenine 19.6 6.8 42 37.7 228.4 (228)
20 2,3-benzofuran 21.3 5.5 5.6 38.0 113.7(0
2,3-dihydrobenzofuran 19.9 9.5 6.6 39.0 180.4 O
2,3-dimethylanisol 18.9 46 4.5 33.7 192.8 ()
2,4-dimethylanisol 18.9 4.6 4.5 33.7 192.8 ()
2,5-dimethylanisol 18.9 4.6 4.5 33.7 192.8 ()
2 6-diisopropyl naphthalene 16.8 3.5 2.2 28.3 299 (300)
2,6-dimethylanisol 18.9 4.6 4.5 337 192.8 ()
2,6-dimethylnaphthalene 17.6 5 3 29.9 261.5 (262)
2-bromo-3-(bromomethyl)thiophene 19.3 7.3 6.6 36.4 236.4 O
25 2-bromomethyl naphthalene 19.6 9.4 7.2 374 289.6 (291)
2-bromonaphthalene 20.1 10.3 6.1 379 262.8 (281)
2-ethoxynaphthalene 18.7 10 7 343 271.6 (282)
2-ethylnaphthalene 18.8 7.8 4.4 33.2 254.1 (251)
2-isopropylanisol 17.7 4.3 5.4 30.8 201.5 (0
2-methyl! quinoline 20.0 7.8 4 35.7 1415 ()
2-methylanisol 18.3 5.1 6.2 31.9 169 ()
2-methylindole 17.8 9.7 4.8 29.6 134.3 (228)
30 3,4-dimethyl anisole 18.9 4.6 4.5 33.7 192.8 (201)
3,5-dimethylanisol 18.9 4.6 4.5 33.7 192.8 ()
3-bromogquinoline 21.4 8.7 5.1 41.2 169.3 ()
3-isopropylbiphenyl 19.1 1.3 1.9 35.3 2771 0
3-methylanisol 18.7 5.7 5.4 33.1 171.7 0
4-isopropylbiphenyl 19.0 25 1.9 35.2 282.4
4-methyl anisole 18.6 59 7.2 33.8 178.5 (174)
4-phenyl-2-butanone (benzyl acetone) 18.3 8.8 5 34.4 241.4
5-decanolide 17.1 7.8 3.8 30.7 278.4
35  [5-methoxyindan 19.8 9.8 4 39.7 235.0 (232.5)
5-methoxyindole 17.4 12.3 7.8 32.7 158.2 (176)
5-tert-butyl-m-xylene 17.6 34 2.2 30.1 213.8




7.8 4.4 33.2 254.1 (251) 2-isopropylanisol
quinoline 20.0 7.8 4 35.7 141.50 2-net hyl ani sol

2- et hyl

17.7 4.3 5.4 30.8 201.5 0
18.3 5.1 6.2 31.9

169 0 2- wohylimdabe 17.8 9.7 4.8 29.6 134.3 (228) 3, 4- dicmmrbylhenisol e

18.9 4.6 4.5 33.7 192.8 (201) 3, 5-di net hyl ani sol
-1

3-bronoquinoline 21.4 8.7 5.1
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18.9 4.6 4.5 33.7 192.8 0

Ha Hn Hp Surface Boiling Point

Solvent (MPa%?% | MPa®%} | [MPa%%} | Tension [mN/m) [°C]
Calc. (Actual) Calc. (Actual

6-methoxy-1,2,3,4-
tetrahydronapthalene 19.4 6.8 5.4 37.6 241 (269)
6-methyl quinoline 21.7 8.4 4.5 419 140.4
8-methyl quinoline 21.7 8.4 45 419 140.4
Acetophenone 18.8 10.8 55 36.1 187.1
Anisole 18.5 55 5.2 31.4 (34.5) 144.8 (154)
a-pinene 17.4 3 3.2 28.5 (27.6) 165.2
Benzonitrile 19.2 11.9 4.7 36.9 (39.0) 193.7
Benzothiazole 21.3 55 5.6 38.0 113.7
benzyl acetate 18.2 7.3 6.4 335 215.8
Bromobenzene 19.8 7.6 43 35.8 162.9
Butylbenzene 17.6 2.6 1.7 28.7 1831
Butylbenzoate 17.7 5.9 5.2 319 241.8
Butyl phenyl ether 17.8 4.1 5 30.9 208 (210)
Cyclohexylbenzene 18.6 1 1.6 32.3(34.3) 238.7 (239)
Decahydronaphthalene 17.5 0.4 1 28.2 (30.9) 192 (189)
dimethoxytoluene 18.8 6.5 7 35.8 225
diphenyl ether 19.9 29 3.3 37.1 268.4 (259)
ethyl phenyl keton (propiophenone) 18.3 8.9 53 339 202.5
Ethylbenzene 18.2 27 2.1 29.3 (28.6) 141.1
Ethylbenzoate 18.1 6.6 59 32.5 210 (212)
gamma-terpinene 18.0 2.5 2.8 30.2 180.4
Hexylbenzene 17.4 2.9 1.6 29.2 226.2
Indan 19.7 7.3 5.8 37.0 188.9 (176)
indene 20.3 44 5.4 373 188.6
iso-amylbenzene 17.1 3.7 1.8 28.0 198.5
iso-butylbenzene 171 2.9 1.6 27.2 179.3
Isochroman 19.6 5.4 3.8 354 ) 201
isopropylbenzene (cumene) 17.8 2 1.1 28.5 (27.4) 155
m-cymene 18.1 2 2.1 30.3 173.7
mesitylene 19.0 29 1.6 32.6 (28.5) 171.6 (166)
methyl benzoate 18.5 7.9 6.4 3438 215.8
methylphenylacetate 18.2 7.3 6.4 335 215.8
m-xylene 18.8 3.1 2.7 314 144.8
n-butoxybenzene 17.5 4.4 4.1 29.7 202.1
n-butylbenzene 17.6 2.6 1.7 28.7 183.1
n-propyl benzoate (propyl benzoate) 17.8 6.6 6.3 325 222.7
n-propylbenzene 17.8 3.4 2.8 29.1 161.5
o-dichlorobenzene 19.5 8.7 3.3 359 179.8
o-diethylbenzenes 17.7 0.7 1.9 326 3213
o-ethyltoluene 18.0 1.9 2.8 29.4 161.5
o-xylene 18.4 2 29 29.9 (29.5) 147.7
pentylbenzene 17.4 3 1.8 28.7 2041
p-ethyltoluene 18.3 3.5 2.8 30.7 168.6
phenetol 18.1 4.6 46 30.5 163.7 (170)
phenyl acetate 18.5 7.9 6.4 34.0 194.4
p-isopropyltoluene (p-cymene) 18.0 2.5 2.8 30.2 180.4
propiophenone 18.3 8.9 53 33.9 202.5
p-xylene 18.7 33 33 31.3(27.8) 151.7
sec-butylbenzene 17.2 2.2 1.6 27.3 176.8
t-butylbenzene 17.2 1.3 2.9 27.5 168
thiophene 18.8 5.2 7.4 309 91.9
toluene 18.6 4 2.2 30.0 118.3
veratrole 18.2 6.3 8 33.1 190 (206)

Hgq refers to Dispersion contribution




41.2 169. 30 3-isopropyl bi phenyl 19.1 1.3 1.9 35.3 277.1 0 3-net hyl ani sol
18.7 5.7 5.4 33.1 171.70 4-isopropyl bi phenyl 19.0 2.5 1.9 35.2 282.4

4- et hyl woi2enl@7£8.6 5.9 7.2 33.8 178.5 (174) 4-phenyl P2rmre@nonm2€§ benzyl
acetone) 18.3 8.8 5 34.4 241.4 5-decanolide 17.1 7.8 3.8 30.7 278.4

5- met hoxyi ndan 19.8 9.8 4 39.7 235.9 (231.-5)

10

15

20

25

30

35

H, refers to Polar contribution
Hy refers to Hydrogen bonding contribution

The present formulation comprises at least one organic semiconducting
compound (OSC). The OSC compounds can be selected from standard
materials known to the skilled person and described in the literature. The
0OSC may be a monomeric compound (also referred to as "small
molecule”, as compared to a polymer or macromolecule), a polymeric
compound, or a mixture, dispersion or blend containing one or more
compounds selected from either or both of monomeric and polymeric
compounds.

In one preferred embodiment of the present invention the OSC is selected
from monomeric compounds, where it is easier to achieve a significant
variation in the degree of crystallinity.

According to an aspect of the present invention, the OSC is preferably a
conjugated aromatic molecule, and contains preferably at least three
aromatic rings, which can be fused or unfused. Unfused rings are
connected e.g. via a linkage group, a single bond or a spiro-linkage.
Preferred monomeric OSC compounds contain one or more rings selected
from the group consisting of 5-, 6- or 7-membered aromatic rings, and
more preferably contain only 5- or 6-membered aromatic rings. The
material may be a monomer, oligomer or polymer, including mixtures,
dispersions and blends.

Each of the aromatic rings optionally contains one or more hetero atoms
selected from Se, Te, P, Si, B, As, N, O or S, preferably from N, O or S.

The aromatic rings may be optionally substituted with alkyl, alkoxy,
polyalkoxy, thioalkyl, acyl, aryl or substituted aryl groups, halogen,
particularly fluorine, cyano, nitro or an optionally substituted secondary or
tertiary alkylamine or arylamine represented by -N(R*)(RY), where R*and
RY independently of each other denote H, optionally substituted alkyl,
optionally substituted aryl, alkoxy or polyalkoxy groups. Where R*and/or
R’ denote alkyl or aryl these may be optionally fluorinated.



5-met hoxyindole 17.4 12.3 7.8 32.7 158.2 (176) 5-tert-butyl-mxylene 17.6
3.4 2.2 30.1 213.8 WD 2011/ 147523PCT/ EP2011/ 002128 - 10 - Solvent Hd [M
Pan Hh [ MPa(2ab}14Hpe3[ M Pan Surface Tension [N/ rn) Cal c. pCA@Pa@lipoBes | i ng
Point [C] Calc. (Actual) 6-nethoxy-1,2,3,4- tetrahydronapthalene 19.4 6.8
5.4 37.6 241 (269) 6-nethyl quinoline 2127 8.4 4.5 41.9 140.4 8- net hyl
quinoline 21.7 8.4 4.5 .

Preferred rings are optionally fused, or are optionally linked with a
conjugated linking group such as -C(T")=C(T?-, -C=C- -N(R%)-, -N=N-,
-(R*C=N-, -N=C(R?)-, wherein T'and T? independently of each other

5 denote H, Cl, F, -C=N- or a lower alkyl group, preferably a C14 alkyl group,
and R? denotes H, optionally substituted alkyl or optionally substituted aryl.
Where R? is alkyl or aryl these may be optionally fluorinated.

Preferred OSC compounds include small molecules (i.e. monomeric

10 compounds), polymers, oligomers and derivatives thereof, selected from
condensed aromatic hydrocarbons such as tetracene, chrysene,
pentacene, pyrene, perylene, coronene, or soluble substituted derivatives
of the aforementioned; oligomeric para substituted phenylenes such as p-
quaterphenyl (p-4P), p-quinquephenyl (p-5P), p-sexiphenyl (p-6P), or

15 soluble substituted derivatives of the aforementioned; conjugated
hydrocarbon polymers such as polyacene, polyphenylene, poly(phenylene
vinylene), polyfluorene, polyindenofluorene, including oligomers of these
conjugated hydrocarbon polymers; conjugated heterocyclic polymers such
as poly(3-substituted thiophene), poly(3,4-bisubstituted thiophene),

20 polyselenophene, poly(3-substituted selenophene), poly(3,4-bisubstituted
selenophene), polybenzothiophene, polyisothianapthene, poly(N-
substituted pyrrole), poly(3-substituted pyrrole), poly(3,4-bisubstituted
pyrrole), polyfuran, polypyridine, poly-1,3,4-oxadiazole, polyiso-
thianaphthene, poly(N-substituted aniline), poly(2-substituted aniline),

25 poly(3-substituted aniline), poly(2,3-bisubstituted aniline), polyazulene,
polypyrenepolybenzofuran; polyindole, polypyridazine, polytriarylamines
such as optionally substituted polytriphenylamines; pyrazoline compounds;
benzidine compounds; stilbene compounds; triazines; substituted metallo-
or metal-free porphines, phthalocyanines, fluorophthalocyanines,

30 naphthalocyanines or fluoronaphthalocyanines; Cgo and Cyo fullerenes or
derivatives thereof; N,N'-dialkyl, substituted dialkyl, diaryl or substituted
diaryl-1,4,5,8-naphthalenetetracarboxylic diimide and fluoro derivatives,
N,N'-dialkyl, substituted dialkyl, diaryl or substituted diaryl 3,4,9,10-
perylenetetracarboxylic diimide; bathophenanthroline; diphenoquinones;

35 1,3,4-oxadiazoles; 11,11,12,12-tetracyanonaptho-2,6-quinodimethane;
o,a’-bis(dithieno[3,2-b:2',3'-d]thiophene); 2,8-dialkyl, substituted dialkyl,



41.9 140.4 Acetophenone 18.8 10.8 5.5 36.1 187.1 Anisole 18.5 5.5 5.2 31.4
(34.5) 144.8 (154) a-pinene 17.4 3 3.2 28.5 (27.6) 165.2 Benzonitrile 19.2
11.9 4.7 86.2011(13%28) 193. 7 Benzot hiazole 21.3 5.5 5.6 38CU/EP2®.1/P0Hehzy|
acetate 18.2 7.3 6.4 33.5 215.8 Bronnbquene 19.8 7.6 4.3 35.8 162.9

diaryl or substituted diaryl anthradithiophene; 2,2"-bibenzo[1,2-b:4,5-b'}-
dithiophene. Preferred compounds are those from the above list and
derivatives thereof which are soluble.

5 Especially preferred OSC materials are substituted polyacenes, such as
6,13-bis(trialkylsilylethynyl)pentacene or derivatives thereof, such as 5,11-
bis(trialkylsilylethynyl)anthradithiophenes, as described for example in US
6,690,029, WO 2005/055248 A1, or WO 2008/107089 A1. A further
preferred OSC material is poly(3-substituted thiophene), very preferably

10 poly(3-alkylthiophenes) (P3AT) wherein the alkyl group is preferably
straight-chain and preferably has 1 to 12, most preferably 4 to 10 C-atoms,
like e.g. poly(3-hexylthiophene).

Particularly preferred polymeric OSC compounds are polymers or

15 copolymers comprising one or more repeating units selected from the
group consisting of thiophene-2,5-diyl, 3-substituted thiophene-2,5-diyl|,
optionally substituted thieno[2,3-b]thiophene-2,5-diyl, optionally substituted
thieno[3,2-bJthiophene-2,5-diyl, selenophene-2,5-diyl, 3-substituted
selenophene-2,5-diyl, optionally substituted indenofluorene, optionally

20 substituted phenanthrene and optionally substituted triarylamine.

The composition according to the present invention can comprise between
0.01 and 20% by weight, preferably between 0.1 and 15% by weight, more
preferably between 0.2 and 10% by weight and most preferably between

25 0.25 and 5% by weight of OSC materials or the corresponding blend. The
percent data relate to 100% of the solvent or solvent mixture. The
composition may comprise one or more than one, preferably 1, 2, 3 or
more than three OSC compounds.

30 The organic semiconductor compound used here is either a pure
component or a mixture of two or more components, at least one of which
must have semiconducting properties. In the case of the use of mixtures,
however, it is not necessary for each component to have semiconducting
properties. Thus, for example, inert low-molecular-weight compounds can

35 be used together with semiconducting polymers. It is likewise possible to
use non-conducting polymers, which serve as inert matrix or binder,



Butyl benzene 17.6 2.6 1.7 28.7 183.1 Butyl benzoate 17.7 5.9 5.2 31.9 241.8
Butyl phenyl ether 17.8 4.1 5 30.9 208 (210) Cycl ohexyl benzene 18.6 1 1.6
32.3 (34.8) 288RB147526239) Decahydronapht hal ene 17.5 0.4 1r28/E22q1300828 192
(189) dinethoxytoluene 18.8 6.5 7 35.8 225 di phenyl ether 19.9 2.9 3.3 37.1
268.4 (259) ethyl phenyl keton (propiopfAdnone) 18.3

together with one or more low-molecular-weight compounds or further
polymers having semiconducting properties. For the purposes of this
application, the potentially admixed non-conducting component is taken to
mean an electro-optically inactive, inert, passive compound.

Preference is given to solutions of polymeric organic semiconductors,

which optionally comprise further admixed substances. The molecular

weight M,, of the polymeric organic semiconductor is preferably greater

than 10,000 g/mol, more preferably between 50,000 and 2,000,000 g/mol
10 and most preferably between 100,000 and 1,000,000 g/mol.

For the purposes of the present invention, polymeric organic semicon-
ductors are taken to mean, in particular, (i) substituted poly-p-arylene-
vinylenes (PAVs) as disclosed in EP 0443861, WO 94/20589,

15 WO 98/27136, EP 1025183, WO 99/24526, DE 19953806 and
EP 0964045 which are soluble in organic solvents, (ii) substituted
polyfluorenes (PFs) as disclosed in EP 0842208, WO 00/22027,
WO 00/22026, DE 19846767, WO 00/46321, WO 99/54385 and
WO 00155927 which are soluble in organic solvents, (iii) substituted

20 polyspirobifluorenes (PSFs) as disclosed in EP 0707020, WO 96/17036,
WO 97/20877, WO 97/31048, WO 97/39045 and WO 031020790 which
are soluble in organic solvents, (iv) substituted poly-para-phenylenes
(PPPs) or -biphenylenes as disclosed in WO 92/18552, WO 95/07955,
EP 0690086, EP 0699699 and WO 03/099901 which are soluble in

25 organic solvents, (v) substituted polydihydrophenanthrenes (PDHPs) as
disclosed in WO 05/014689 which are soluble in organic solvents, (vi)
substituted poly-trans-indenofluorenes and poly-cis-indenofluorenes (PIFs)
as disclosed in WO 04/041901 and WO 04/113412 which are soluble in
organic solvents, (vii) substituted polyphenanthrenes as disclosed in

30 DE 102004020298 which are soluble in organic solvents, (viii) substituted
polythiophenes (PTs) as disclosed in EP 1028136 and WO 95/05937
which are soluble in organic solvents, (ix) polypyridines (PPys) as
disclosed in T. Yamamoto et at., J. Am. Chem. Soc. 1994, 116, 4832
which are soluble in organic solvents, (x) polypyrroles as disclosed in V.

35 Gelling et at., Polym. Prepr. 2000, 41, 1770 which are soluble in organic
solvents, (xi) substituted, soluble copolymers having structural units from



8.9 5.3 33.9 202.5 Ethyl benzene 18.2 2.7 2.1 29.3 (28.6) 141.1
Et hyl benzoate 18.1 6.6 5.9 32.5 210 (212) gamma-terpinene 18.0 2.5 2.8 30.2
180. 4 Hexybhenzam2317.4 2.9 1.6 29.2 226.2 | ndan 19.7 7p8THEP3013/60812488. 9
(176) indene 20.3 4.4 5.4 37.3 188.6 iso-anyl benzene 17.1 3.7 1.8

-15-

two or more of classes (i) to (x), as described, for example, in

WO 02/077060, (xii) conjugated polymers as disclosed in Proc. of

ICSM '98, Part | & 1l (in: Synth. Met 1999, 101/102) which are soluble in

organic solvents, (xiii) substituted and unsubstituted polyvinylcarbazoles
5 (PVKs), as disclosed, for example, in R. C. Penwell et al., J. Polym. Sci.,

Macromol Rev. 1978, 13, 63-160, (xiv) substituted and unsubstituted

triarylamine polymers, as disclosed, for example, in JP 2000/072722,

(xv) substituted and unsubstituted polysilylenes and polygermylenes, as

disclosed, for example, in M. A. Abkowitz and M. Stolka, Synth. Met. 1996,
10 78, 333, and (xvi) soluble polymers containing phosphorescent units, as

disclosed, for example in EP 1245659, WO 03/001616, WO 03/018653,

WO 03/022908, WO 03/080687, EP 1311138, WO 031102109,

WO 04/003105, WO 04/015025, DE 102004032527 and some of the

specifications already cited above.

15
According to a further embodiment of the present invention, the organic
semiconducting compound preferably has a molecular weight of
5000 g/mol or less, especially a molecular weight of 2000 g/mol or less.
20 According to a special embodiment of the present invention, the OSC can

be used for example as the active channel material in the semiconducting
channel of an OFET, or as a layer element of an organic rectifying diode.

In case of OFET devices, where the OFET layer contains an OSC as the

25 active channel material, it may be an n- or p- type OSC. The semicon-
ducting channel may also be a composite of two or more OSC compounds
of the same type, i.e. either n- or p-type. Furthermore, a p-type channel
OSC compound may for example be mixed with an n-type OSC compound
for the effect of doping the OSC layer. Multilayer semiconductors may also

30 be used. For example, the OSC may be intrinsic near the insulator inter-
face and a highly doped region can additionally be coated next to the
intrinsic layer.

Preferred OSC compounds have a FET mobility of greater than
35 1x10° ecm?/'s™, very preferably greater than 1x10° cm? V''s™.



28.0 198.5 iso-butyl benzene 17.1 2.9 1.6 27.2 179.3 | sochroman 19.6 5.4 3.8
35.4 201 isopropyl benzene (cunene) 17.8 2 1.1 28.5 (27.4) 155 mcynene 18.1
2 2.1 30.Wokéd/i47smsitylene 19.0 2.9 1.6 32.6 (28.5) 17rcH/epi@Gpones hyl
benzoate 18.5 7.9 6.4 34.8 215.8 net hyl phenyl acetate 18.2 7.3 6.4 33.5
215.8 -16 -

Particularly preferred polymeric OSC compounds are selected from
formulae P1-P7:

R

10

P2
15

P3
20

P4
25

P5
30

P6

35




m xylene 18.8 3.1 2.7 31.4 144.8 n-butoxybenzene 17.5 4.4 4.1 29.7 202.1
n- butyl benzene 17.6 2.6 1.7 28.7 183.1 n-propyl benzoate (propyl benzoate)
17.8 6.6 W00B2A4252322. 7 n-propyl benzene 17.8 3.4 2.8 29ptTAP2013/002128

o-di chl orobenzene 19.5 8.7 3.3 35.9 179.8 o-di et hyl benzenes 17.7 0.7 1.9

32.6 321.3 o-ethyltoluene 18.0 -17 -
(R)s
R _R
R)r R)f
. P7
: [N 7O O
R R
wherein
10

n is an integer >1, preferably from 10 to 1,000,

R  on each occurrence identically or differently denotes H, F, Cl, Br, |,
CN, a straight-chain, branched or cyclic alkyl group having from 1 to
40 C atoms, in which one or more C atoms are optionally replaced by
0, S, 0-CO, CO-0, 0-CO-0, CR’=CR® or C=C such that O- and/or
S-atoms are not linked directly to each other, and in which one or
more H atoms are optionally replaced by F, Cl, Br, | or CN, or
denotes an aryl or heteroaryl group having from 4 to 20 ring atoms

15

20 that is unsubstituted or substituted by one or more non-aromatic
groups R®, and wherein one or more groups R may also form a
mono- or polycyclic aliphatic or aromatic ring system with one another
and/or with the ring to which they are attached,

o5 R® on each occurrence identically or differently denotes F, CI, Br, |, CN,
Sn(R%)s, Si(R%); or B(RY), a straight-chain, branched or cyclic alkyl
group having from 1 to 25 C atoms, in which one or more C atoms
are optionally replaced by O, S, O-CO, CO-O, O-CO-O, CR®=CR?,
C=C such that O- and/or S-atoms are not linked directly to each

30 other, and in which one or more H atoms are optionally replaced by
F, Cl, Br, | or CN, or R® denotes an aryl or heteroaryl group having
from 4 to 20 ring atoms that is unsubstituted or substituted by one or
more non-aromatic groups R®, and wherein one or more groups R°®
may also form a ring system with one another and/or with R,

35



OO'O ~WE

.9 2.8 29.4 161.5 o-xylene 18.4 2 2.9 29.9 (29.5) 147.7 pentyl benzene 17.4
1.8 28.7 204.1 p-ethyltoluene 18.3 3.5 2.8 30.7 168.6 phenetol 18.1 4.6
.6 30.5 W62011/1415%0) phenyl acetate 18.5 7.9 6.4 34.0 19414AP2011/002128

-i sopropyl tol uene (p-cynmene) 18.0 2.5 2.8 30.2 180.4 propi ophenone 18.3

.9 5.3 -18 -

R® on each occurrence identically or differently denotes H, F, CI, CN,
alkyl having from 1 to 12 C atoms or aryl or heteroaryl having from 4
to 10 ring atoms,
R on each occurrence identically or differently denotes H or an aliphatic
5 or aromatic hydrocarbon group having from 1 to 20 C atoms, wherein
two groups R® may also form a ring together with the hetero atom
(Sn, Si or B) to which they are attached,

r is0,1, 2, 3or4,

10
s is0,1,2,3,40r5,
wherein R in formulae P1-P5 is preferably different from H.
15 Especially preferred monomeric OSC compounds are selected from the

group consisting of substituted oligoacenes such as pentacene, tetracene
or anthracene, or heterocyclic derivatives thereof, like
bis(trialkylsilylethynyl) oligoacenes or bis(trialkylsilylethynyl) heteroacenes,
as disclosed for example in US 6,690,029, WO 2005/055248 A1 or US

20 7,385,221.

Particularly preferred monomeric OSC compounds are selected from
formula M1 (polyacenes):

25

M1

30
wherein each of R', R?, R®, R*, R®, R%, R’, R®, R, R'%, R" and R"?,
which may be the same or different, independently represents: hydrogen;
an optionally substituted C4-Cy4o carbyl or hydrocarbyl group; an optionally
substituted C4-C4o alkoxy group; an optionally substituted Cs-C4o aryloxy
35 group; an optionally substituted C;-Cso alkylaryloxy group; an optionally
substituted C,-C4o alkoxycarbonyl group; an optionally substituted C;-Cjo



33.9 202.5 p-xylene 18.7 3.3 3.3 31.3 (27.8) 151.7 sec-butyl benzene 17.2
2.2 1.6 27.3 176.8 t-butyl benzene 17.2 1.3 2.9 27.5 168 thi ophene 18.8 5.2
7.4 30.9 Wo.01vabsene 18.6 4 2.2 30.0 118.3 veratrol e 18cz/mP2@18083s 1 190
(206) Hd refers to Dispersion contribution Hp refers to Polar
contribution Hh refers to Hydrogen bonedilfg contri buti on The present
formul ati on conprises at | east one organi c sem conducting

aryloxycarbonyl group; a cyano group (-CN); a carbamoyl group
(-C(=O)NHy); a haloformyl group (-C(=0)-X, wherein X represents a
halogen atom); a formyl group (-C(=0)-H); an isocyano group; an
isocyanate group; a thiocyanate group or a thioisocyanate group; an

5 optionally substituted amino group; a hydroxy group; a nitro group; a CF;
group; a halo group (Cl, Br, F); or an optionally substituted silyl or
alkynylsilyl group; and

wherein independently each pair of R' and R?, R? and R®, R® and R*,
10 R” and R® R® and R®, R® and R', is optionally cross-bridged to form a Ca-
Ca4o saturated or unsaturated ring, which saturated or unsaturated ring may
be intervened by an oxygen atom, a sulphur atom or a group of the
formula -N(R®)-, wherein R? is a hydrogen atom or an optionally substituted
hydrocarbon group, or may optionally be substituted; and
15
wherein one or more of the carbon atoms of the polyacene skeleton
may optionally be substituted by a heteroatom selected from N, P, As, O,
S, Se and Te; and

20 wherein independently any two or more of the substituents R'-R"
which are located on adjacent ring positions of the polyacene may,
together, optionally constitute a further C4-C4o saturated or unsaturated
ring optionally intervened by O, S or -N(R?), where R? is as defined above,
or an aromatic ring system, fused to the polyacene; and

25

wherein nis 0, 1, 2, 3 or 4 preferably n is 0, 1 or 2, most preferably n
is 0 or 2, meaning that the polyacene compound is a pentacene compound
(if n=2) or a "pseudo pentacene” compound (if n=0).

30

35



5conpound (OSC). The OSC conpounds can be selected from standard material s
known to. the skilled person and descri bed in the literature. The OSC may be
a nononmerwo 20omaeizad (al so referred to as "smal |l nol eculpeT/EPasi1m02IR@r €d tO
a polynmer or macronol ecule), a polyneric conpound, or a m xture, dispersion
or bl end containing one or nore 10conpedfRds sel ected fromeither or both of
nmononeri c and pol yneric conpounds. I n one preferred enbodi nent of the
present invention the OSC is selected from nononeric conpounds, where it is
easier to achjieve a signlflcant 15variation in the degree of crystallinity.
Accor di ng t o V&fY Begfered gre caepsussisAf forpuiatMaa (Slﬂbﬁé'tlejsé pentacestieslabl y a
conjugated aromatic nol ecule, and contains preferably at |east three
aromatic rings, which canfge fused or unfused. Unfused rings are
20connected e.g. via a Ilm age group, a singl e bond or a spiro-I|inkage.
Preferred nononeric CS@tnﬁannds contain one or nore rings selected from
the grup consisting of 5- - or 7-nmenbered aromatic rings, and nore
preferably contai ||or 6- ered aromatic rings. The nmaterial nmay
be a nononer, ¢ 0 i ncl,udi ng m xtures, 25dispersions and

bl ends. Each B #% onal 'y contains one or q@;g het er o
atons sel ected f ., As, N, O or S, preferably fromN, O
Hgnal |y substituted with al kyl,

aryl or substituted aryl groups,

3 ine, cyano, nitro or an optionally substituted
second Py or tertiary al ky|am ne or arylam ne represented by -N(Rx)(RY),
where Rx and RY indepengdenilk'of each other denote H, optionally
substituted al kyl, 35optiohally substituted aryl, alkoxy or pol yal koxy
groups. Wiere Rx and/or RRdenote al kyl or aryl these may be optionally
fluorinated. - 12 - Preferred rings are optionally fused, or are

?&E?”gglézif“.k NeErei R TR R R R R Bl 18 SR NERBE e naont |

of each“ot heldeﬁtlylarmtrte stm€l gr differetiElndaach |hde\|mencmmyl regresqmts fedrer ably a

opti onal |y STBLEn B URS B o] GPARGFB YAl R blahlly e
optional |y fisubstitotede@s- CRo eﬂ@pwegioqg(:a@@npguaitygsummgg Gerfadd @ xé(cm es

(1.e. nDnoner ) s.col e t her eof
sel ected fro d;gﬁﬂsed ar§§%$?§hﬁgﬁf§é%§gﬂns ch as ?e??gzgﬁggméhrysene
(3]

pent acene, pyHefduteshigiCanal k%PBM QB}Ups@PlHﬂt'@n§Ub§PP§ti}’t‘ Geoat i ves
of t he 28 or empyibXRRESONY] GrogpTes Cgans rouIEN)! aicarbareydrenps such as

i 5LF262ﬁl§é<993@l¢h> e foRgHiA gr%ﬁ)fphi?g b, FhstEr Rgbresshii 85 v

hydr ocar bon alogeer atom)c b fasnylarpap dr(=Qjdt ) pindagtyams, grpmlbyephenyl ene

| | f th
bony ugat ed_ heeRisatuerd hidesaale ofthB L 4 o e bl ym"sucheZS
pol y( 3- subst ioptioaallyt Whﬁilﬁ@ﬁé)amtﬁl@l SIPSP4351Y§[m@t9fPuPe€ "dtfﬁ’ Qme?h

20pol y28 enophes ,a RAI Qgrauﬁt(mtmrt lFt)e&éreb ﬂ&ﬁ&l@%stnﬂﬁé&(sﬁyl%hﬁubﬁaltm ed

sel enophene), i sot hi anapt hene, poly( stituted
pyrrol e), V&%ﬁ’éﬂﬁgﬁ GF’ b@?p838¥xn631 (3, 4-bi substituted pyrrole),
pol yfuran, polypyrldlne pol y-1, 3, 4- oxadi azol e, pol yi sot hi anapht hene,

pol y(N substi tut gg oy .hﬁS&en&’&rﬁt&@ﬁ-&’@% R e ﬁR and R,

25pol y( 3- substltu € freuted an
pol yazul ene, RIANdR? eRue@m’ ﬂ)eﬂzaﬂdr%n, Rpoal}d a@d ROl gns/ Rl iszi

pol ytri38ryl a?gﬁ@ﬁal?"%s@%r ledonh Xch %%r'tb%ﬁ‘ﬂ a0 sahu%%badn nes;

pyrazol ine c oun benzi di ne conpounds; stil bene conpqun IF triazines;
R y

substituted mesaluraisd R, aYDIeD satyiateshphwisatyrated r1pgys APHea

f1 uor opht hal W}é%déﬁsby aﬁmp@éh@hmyarywmr@torww mwmfrtaﬁqcmlangs C60
sSubst|.t ute

and C70 fulle S yativyes the

di al kyl, di ar@ﬁgﬁ V@?ﬁf? Pufsea\f‘ddé?%” ?L%lfh grg ng%ar{g%g@ﬁé rYdAr boxylic
dii m de and fdptionallydsubstavtedeandN, N' - di al kyl , substituted dial kyl, diaryl
or subf¥5 tuted diaryl 3,4,9,10- perylenetetracarboxylic di i m de;

bat hophenant hrol i ne; di phenoqui nones; 351, 3, 4- oxadi azol es;

11,11, 12, 12-t et racyanonapt ho- 2, 6- qui nodi net hane,

a, ce-bis(dithieno[3,2-b:2",3 -d]thiophene); 2,8-dialkyl, substituted

dial kyl, - 13 - diaryl or substituted diary! anthradithiophene;
2,2'-bibenzo[ 1, 2-b: 4,5-bl dithi ophene. Preferred conpounds are those from
the above |ist and derivatives thereof which are sol uble. 5Especially
preferred OSC materials are substituted pol yacenes, such as

6, 13- bls(trlalkyI5|IerthynyI)pentacene or derlvatlves thereof such ‘as

= a A I

or S. 30The anr;
al koxy, polyal ko
hal oge particulafly flu




Particularly preferred polyneric OSC conpounds are pol yners or 15copol yners
conprising one or nore repeating units selected fromthe group consisting
of thi ophgoeey@ssddyl, 3-substituted thiophene-2,5-diyl pcoptre@nabiiys
substituted thieno[ 2, 3-b]thiophene-2,5-diyl, optionally substituted

t hi eno[ 3, 2- b] t hi ophene- 2, 5-di yl, sel enophene-2,5-diyl, 3-substituted

sel enophene-2,5-diyl, optionally substituted indenofluorene, optionally
20substi tuted phenant hrene and optionally substituted triarylam ne. The
conposition according to the present invention can conprise between 0.01
and 20% by wei ghwhergiefoaeas moreefibercazbon atems Bfdhe p poe skpleton
preferably btygpmafl %uﬁ@ﬂuﬂ&%?lé Mk Ao SbI8BEH FRIATN 'Ry desveen 250. 25
and 5% by wel ght o? %SC materials or the correspondi ng bl'end. The percent
data rel ate 88d760% of the sol vent or solvent mixture. The conposition nay
conprise one or nore than one, preferably 1, 2, 3 or nore than three OSC

conpoupds. 30QThe organi c,sem conduct.or u used here is either a pure
conmponént orPHRﬁ?&P%E fr ?a{%og}portrlgpg oég%ﬁa%hb ?%l&ﬁt'glgsg one of which
nmust have sehetesoacertas)g properties. In the case of the use of m xtures,
however, it is not necessary for each conponent to have sem conducti ng
properties. Thus, for exanplgs inert |ow nolecul ar-wei ght conpounds can
35be used together with sem'tonducting polyners. It is |likew se possible to
use non-conducting pol ym&'s;Awh'’ch serve as inert matrix or binder, - 14 -
togethﬁé wi th one or nore | ow nol ecul ar -wei ght conpounds or further

pol yne havi ng sem conductifjpg properties. For the purposes of this
application, the potentially| adm xed non-conducting conponent is taken to
mean an el ectro- opt Réal Iy i magtiwe, R nert, passive conmpound. Pmﬁigrence IS
given to solutions of ﬂqii gani ¢ sem conductors, which optionally
conprise further adgi 28 We€s.,3The nol ecul ar weight M" of the

pol ymeric organi ¢ sem conducfor is preferably greater than 10,000 g/ nol,
nor e prgferably bet ween 50, Q00 and 2, 000, 000 g/ nol 10and nost preferably
bet weer 100, 000 and 1, 000, 0GP g/ nol. For the purposes of the present
invention, polyneric orggvc,sem conductors are taken to nean, in
particular, (i) substituted poly-p-arylenevinylenes (PAVs) as disclosed in
EP 0443861, WO 94/20589, 15WO 98/27136, EP 1025183, WO 99/24526, DE
19953806 and EP 0964045 which are soluble in organic solvents, (ii)

substituted polyfluorenQ§F%PF§) gs_gdi sgd osed in EP 0842208, W) 00/22027, WO
00/ 22026, DE 198WEs7in RipRoRi6B2IR "WB 997 54288 indepsrsieiily:igiie whi ch are

?glst;bl) &0i nd_oggm@' 6r @iﬁéreeﬂtagmg %éd%ibihdépég@%rﬁt% %%réémﬁv\o 1537/?2511 ‘%p'tibhall% enes

s) as disc]ose :
VO 97/ 39045 éHESM%§U%?§BMPEHV§B agQMJ'%?‘ép?ﬁP BPB%Hﬁq@ %’8{55@&? (i)
substitut ed QtQpEkaaypdreup! anaptioRERE SulbstituteidoBe Oy andoxyagrodpsahosed i n WO
92/ 18552, WO 086 : swhi ch

ol ubl e | zgéﬁéﬁ%'ﬁi’%%ﬁ‘ﬁ@g%?;’f?f%a@s@??ﬁﬁ?@bﬂéwﬁt&%ﬁ%ﬁgﬁg‘éﬁo?enZ‘;e

(PDHPs)ans diCecl osdigoxyeavprs goaurs em eptiaallysabstiuted &7 oc%f&jiah‘!'c sol vent s,
Vi) sébstit . ' I A ) BO(B - 4or enes
(P Fo) 2 dﬁéﬂ?’o’?‘éa"’?“nﬂ' @‘rz%i”/b"%?‘é%%ﬁ%a o O & e n
organi ¢ sol v@ﬁf@?”’(‘ igrouR (Dt HUNEIN SHEREREMS AR Aty @ed i n 30DE
102004020298 fovnyt lyraue (-St=00H); an issqyanbagreapyamisocyavate grospbat i t ut ed

pol yt hi ophengs ( PT. i scl ' 1 3 : whi ch are
soluble in 0?33&!{@%&?%% z)?a?lﬁﬁgdﬁgﬁﬁgﬁ3@?’%2“%@9'2@@%@@%&ed in T.
Yamarmfs % et amino groupna iydioxy gseup;18pUro arosip; ag2bs gieuph adrado guaufl e i n

or gani 8Usol v ) i h- J toat .,

Pol ym Prepr ?@E?60?%40{%1%@%&\{@?%%%&&%?%Iﬁzg?%’%&géﬁ?ﬁggn\%ﬁﬁ |"g?ﬁ( Xi)
substit ut ed, o§&¥arBIAWPpBNYners having structural units from - 15 - two or
nore of classes (i) to (x), as described, for exanple, in W 02/ 077060,

i ' d I i Scl di. . | $sSM | 98, ~fa I & |
(i) synth. Vet 1Sseandeagasedi il ob Raang e For hsh R Bor i <.

(xiii) substiR'ftad RitiandRIbst optidredly poosssbriggedmithzed absothe Ptadorm as

di scl oS&d, f X ' . P i Macr onol
Rev. 1978, 1?4%%{5&?%\5?"%%%’%{%?9%% Vﬁ'\%ﬁ%%gﬂ%tseﬂ @Ju‘%/’ﬁ%‘“tﬁ??eadr% M ne
pol yners, as isipiorallydntereened Byngnexygan atom ecsuiptaaratom k3 gstxef t ut ed
and unsubstituted polysilylenes and pol ygernyl enes, as disclosed, for
exanmple, in M A Abkowitz and M Stol ka, Synth. Met. 1996, 1078, 333, and
(xvi) soluble polyners containing phosphorescent units, as disclosed, for
exanple in EP 1245659, WD 03/001616, WD 03/018653, WD 03/022908, WO
03/080687, EP 1311138, WD 031102109, WO 04/003105, WO 04/ 015025, DE
102004032527 and sone of the specifications already cited above. 15

o Y I T




5000 g/ mol or less, especially a nolecular weight of 2000 g/ nmol or |ess.
20According to a special enbodi nent of the present invention, the OSC can
be used fwo2exampd2eé as the active channel nmaterial in tireTEPRIIGONIREL I NG
channel of an OFET, or as a l|layer elenent of an organic rectifying diode.
In case of OFET devices, where the OFET2Rayer contains an OSC as the
25active channel material, it may be an n- or p- type OSC. The sem con-
ducting channel nmay al so be a conposite of two or nore OSC conpounds of the
same type, i.e. either n- or p-type  Furthernore, a p-type channel OSC
conpound naythedpraulan (R bewhiesein Ry ista Bydragen oy & ByseGaEPAbr t he
effect of dogioup, bRE iSBEtibANIFF subdstitetadsd sem conductors may al so 30be
used. For exanple, the C may be intrinsic near the insulator inter- face
and a highly doped region can additionally be coated next to the intrinsic

| ayer. Prwheregie dn€3¢ morgolihescarbur atorh& of theb pblyagené sgeletdrer t han
351x10£5 cn®) - f I r ~y - 16 -
Parti cal ar | yﬁﬁgpﬁgﬁlggﬁﬁ%ﬁyﬁﬁgg%ﬁg 'éo%%@usr?tééagg i@ﬁl“ﬁc‘f’er% ’ﬁ'zsm%‘%r nmul ae
P1-P7: R and7e.. P3 25R 30 WD 2011/147523PCT/ EP2011/ 002128 - 17

- wherein nis an integer >1, preferably from 10 to 1,000, Ron each
occurrence identically or differently denotes H F, O, Br, I, CN a

st rai ght - chaEspegatinpreferred asg somparinds) of subfasmua Mith. mhsfein aideast C at ons,
bno\ghbch ngeoﬁé paRIct FG ‘ﬁ“fﬁé't a:g@ R‘?F%dd)R&ié Mf)é@lﬂriagéd vhltsh l@acISogféJ@ 80- Oi

- 00- =CR or uc - and/ or, S-atong.are n in irectly to
each ot fer, W?%V@Ocﬁ?t‘ﬂfﬁge%f)r HBPRULR dfﬂ?’g‘&léabbc‘['f‘gqﬁ rl‘?/gﬁééﬁrhced by F,
Cl, Br, | orogeratotsresaiphanatomylor @ groapaf dae jormyslaulN (RYv,iwhereiroR? 4 to 20
ring atons t ' j ' : non-aromati c
groups Rs, aﬁ? m@rroggﬁﬁﬁé'f %#‘éﬁggg&cﬁgé’rgg?@ﬁﬁ%&dy rs“(ce);ﬂﬁso(ram'gné’r@no- or

pol ycycl i c asulpstdvted. or aromatic ring systemwi th one another and/or wth
the ring to which they are attached, Rs on each occurrence identically or
differeptly denotes F, O, Br, I, CN, Sn(e Si(e)3,.0 ( 2a

straig g-cha APeqaly, prRigree %?&PW%WI&#‘EM"T@%M@{ @MXW'%"C at ons,
i n whi ch onehéterd@dehesS)at ons are optionally replaced by 0, S, 0-CO C0-0,
0-00-0, CR=CR, C=C such that 0- and/or S-atons are not linked directly to
each other, and in which one or pole H atons are optionally replaced by F,
cd, Br, | or CN, or Rs denotes anjaryl or heteroaryl group having from4 to
20 ring atons that is unsubstitut«fp or substituted by one or nore
non-arqmati ¢ groups Rs, and iin ane_or m)sre groups Rs nmay also forma

ring s¢@temw th one a
g ? R’ Bs_R- M1b1
= 2
|
SiR",
25
wherein
one of Y' and Y? denotes -CH= or =CH- and the other denotes -X-,
one of Y2 and Y* denotes -CH= or =CH- and the other denotes -X-,
30
X is -O-, -S-, -Se- or -NR"'-,
R' is H, F, CI, Br, I, CN, straight-chain or branched alkyl or alkoxy that
have 1 to 20, preferably 1 to 8 C-atoms and are optionally fluorinated
35

or perfluorinated, optionally fluorinated or perfluorinated aryl having 6
to 30 C-atoms, preferably Cg¢Fs, or CO,R™, with R™ being H,



- 18 - R on each occurrence identically or differently denotes H F, d,
CN, alkyl having from1l to 12 C atons or aryl or heteroaryl having fromi4
to 10 rinyoabume7s2R on each occurrence identically or dipCirapreetioyigenot es H
or an aliphatic 5or aromatic hydrocarbon group having from1 to 20 C atons,
wherein two groups R may also forma rrBQ-together with the hetero atom
(Sn, Si or B) to which they are attached, ris 0, 1, 2, 3 or 4, 10 sis 0, 1,
2, 3, 4 or 5 wherein Rin forrmulae P1-P5 is preferably different fromH.
15Especial ly preferred monomeric OSC conpounds are selected fromthe group

consi sting of su@EtlwanlechQﬂﬁaQQihélKMbBa\ﬁUBH 92} Enatamsner, optianadlfene or
anthracene, or ha&fiRaealdrfl KAy 2ttb B80S préfefatsly 5 tbi20EC-atom

bi s(trial kylsilylethynyl) oligoacenes or bls(trlalkyIS|IerthynyI)

het er oacenes, as di sclosed for exanple in US 6,690,029, W 2005/055248 Al

or US 207, 38&"22ib irPease ofimuitiple peetirenesl imiepemdently 6656ne amptherds are

sel ect dfromfor C f

R4, RSg Rs, R7, &gal%éwaﬁi‘gghﬁlg‘{ﬁ@‘ﬁﬁﬁd a |'§’ﬁg[¥g’w 6@%0’%&3%%2
different, i ndepprfﬁeratilywm@r@samm oh?dd(ﬁ@&mg ato BﬂtG-etmmyallsQlfbahlchut ed
Cram car byI or h 8 " al koxy
group; an opti onéﬁ 85%@%" I@L&M%te&B&jmg?@f\%tgﬂ %@gﬁ%ﬁ)ybgﬁeﬁ) onal |y
substi tuted QanPQIWQth'QHSYFS(HW group; an optionally substituted C2-C40

al koxycar bonyl group; an optionally substituted C7-C40 - 19 -

2 Vel of Byl Ror ol Byt Seoraiibamim oot N At gl Catemy

formyl group (- Cpréferdhly Han i socyano group; an isocyanate group; a
t hi ocyanate group or a thioisocyanate group; an 5optionally substituted

am no group; a hydroxy group; a nitro group;, a CF3 group; a halo group (d,
Br, F); or amopits@®&allLy substituted silyl or alkynylsilyl group; and
wher ei n |ndependently each pair of RlL and R2, R2 and R3, R3 and R4, 10R7
and R8, _R8 and R9, and R10, is optionally cross-bridged to forma C4-
C40 sat'Grat e@ or 'ﬁjﬂ§ét1urat ed ring, which saturated or unsaturated ring may
be int ervened by an oxygen atom a sul phur atomor a group of the formula

-N(Ra) - K IS drogen at om o n_optid || t

nydirotar bon: EeBaEATPreRye B SRR Hls 4 AU RVIRT ilerBfER A bite o |
one or nore 6f antdroaisbtdnarat/onB’ sfFt he pol yacene skel eton may optionally be
substituted by a heteroatomselected fromN, P, As, 0, S, Se and Te; and
20wher ei n i ndependently any two or nore of the substituents R1-R12 which
are | oé8ted dmadipteseast embagineiithesemraunchel pifoeneadiay is prryidacer
optional l'y cgﬁatustédtésanwfdré@ftr%aﬁﬂﬂaﬁ@ m%ﬁ-@écﬁﬁe@oﬂiﬁé%l!ﬂvﬁhgd ring
optionally |?t ervened by 0, S or -NRa), ere Ra is as defined above, or
an aromatic H&‘g stem fused to the pol yacene; and 25 wherein n is
0, 1, 2, 3 or 4 preferably nis 0, 1 or 2, nost preferably nis 0 or 2,
rreani ng that the poI yacene conpound is a pent acene conpound (if n=2) or a
"pseudo _pent acene" conpound ‘thf' n=0). 30 - 20 - Very preferred are
compour®s of fornmula Ma (supstituted pentacenes):

R g( IDIE R M1b1a
(o]

30 Il
SiR",

35



wherein R, R2, R3, R4, R7, R8, R9, R10, R15, R16, -17 V< each indepen-
dently are the sane or different and each independently represents: H, an
opt i onal lwo=uohsgisrizat ed Cl- C40 car byl or hydrocar byl groepI/EeRoiapdiienal |y
substituted Cl1-C40 al koxy group; an optionally substituted C6-C40 aryl oxy
group; an optionally substituted C7-C4024l-kyl aryl oxy group; an optionally
substituted C2- C40 al koxycar bonyl group; an optionally substituted C7-C40
aryl oxycar bonyl group; a cyano group (-CN); a carbanmoyl group (-C(=0)NH2);
a hal oformyl group (-C(=0)-X;zwherein X represents a hal ogen atom); a
formyl group (-C(=0)-H); sotyano group; an isocyanate group; a

t hi ocyanate group or a thioijgocyanate group; an optionally substituted

am no group; a hydroxy gro A a nitro group; a CF3 group; a halo group (d,
Br, F); or an opt'b(o 3 B yl group; and A repres Ilé&t)s' licon
or Germani um gi g epgndgnt gy each pair of Rl a ; R2 and
R3, R3gand R4, R sSSP 1R ¥ and R10, R15 and R16, and R16 and
R17 is optionally crosg-biidged with each other to forma C4-C40 saturated
or unsaturated ring, which s{turat ed or unsaturated ring is optionally

i ntervened by an oxygen ato a sul phur atomor a group of the fornula
-N(Ra)-, wherein Ra is a hyd&ipgen atom or a hydrocarbon group, or is
optionally substituted; and - 21 - wherein one or nore of the carbon
atons of the polyacene skeleton is optionally substituted by a heteroatom

sel ect fromN, , , R%€m E far ounds
of forﬁ'gl a Mlb (gﬁggﬁtﬁ%’ﬁhet ergé;gjec-r;]-z?y; "%%6%&?@#8% o}éﬁﬁ%’PA R17
R16 wherei n Rbthermeapigsrgivemrimsformuia NP erene phiepRiedieried yeaninghe 20sane
or different gr%ﬁ #fasle andBERIE 0T preferBbRSSNdfd nthndd &netprefahbly 0.
substituted aw car byl or hydr ocar byl group; an optionally substituted

Cl- 40 al koxy group; an optionally substituted C6-C40 aryl oxy group; an

optional | y sThettetrnt'earb@V gup" alskydett gthaveyand below denotesi ameamionosubst i t ut ed
C2- C40 ,al kox [ X i i . CL- ry] oxy-
25car b&%yl gyéﬁb?Bgmcu;}%ﬁ%g@r%rgg ”?’?’aﬁﬁé?g‘{ %%&%Q?r‘%b@%h%@qgﬁ) )?/ a

hal of or nyl grathen atgr-either witiheuteany nom—@pmleaipmsi(lIﬂmf@g@xaraplenﬁs%—),f or nyl

group (- C(=0xr BhiioRdlly SRHABRABE Wit dPleadlNohs ABNAbEN AtGMBuch ddINOBY Fat e
group or a thi %&s%yanat e ronally subs_il tuted n roup; a
g

grou&; an opt "arg 0 p
hydroxy group> A% e 8lfpe dorpemplsrarbanylte ) gt bk fergn (rdroggrbyky . or
an optional | gyreugrsddriciésd cairbyllgroup tivat doed Riditpmdiyedtrtainl dneonmdie

Ger mani_.um aFg - 22 - L{.he IIor la - N Ra') w?]egein Ra Iﬁ(af hydr ogen atom
or a gl ocalbRRTyH 807 oPtiAgeiheCals e O Tars frlsipatomsiretor ™ Pl el
one or nore ekamipie bahd) RtIinSepAst he qudbg.acene skel eton 5is optionally
substituted by a heteroatomselected fromN, P, As, 0, S, Se and Te.
Especially preferred are conpounds of subformula Mb, wherein at |east one
pair of R2 afdcarby! eimbydracarbyl gUPsCUPPLSING & el oSt reathCARES t o 10f or m

a CA- CA0 sat pAf &ido Ve stisightuétadiRdbrdndtied Hhdfdt dy@:lié,ﬁhéfuﬂﬁﬁgpihy anfd/opXygen
atom a sul pPHur tomor a group of the formula ™ N(Ra)-, erein Rais a
hydr ogéf ato S&d%lngﬁldrocar bon group, and which is optionally substituted.

15Especially preferred are conpounds of subfornula MLbl (silylethynyl ated
het er Oacenesbreferreﬁi czﬁtﬁl and hydrocarbyl groups include alkyl, alkoxy,
alkylcarbonyl, alkoxycarbonyl, alkylcarbonyloxy and alkoxycarbonyloxy,
each of which is optionally substituted and has 1 to 40, preferably 1 to 25,
30 very preferably 1 to 18 C atoms, furthermore optionally substituted aryl or
aryloxy having 6 to 40, preferably 6 to 25 C atoms, furthermore
alkylaryloxy, arylcarbonyl, aryloxycarbonyl, arylcarbonyloxy and
aryloxycarbonyloxy, each of which is optionally substituted and has 6 to
40, preferably 7 to 40 C atoms, wherein all these groups optionally contain
35 one or more hetero atoms, especially selected from N, O, S, P, Si, Se, As,
Te and Ge.




wherein one of Y1 and Y2 denotes -CH= or =CH and the other denotes -X-,
one of Y3 and Y4 denotes -CH= or =CH and the other denotes -X-, Xis -0-,
-S-, -Se-wonotiN®gis23 - 23 - optionally fluorinated al kylThayéin@oizg o 20
C-atons or optionally fluorinated aryl having 2 to 30, preferably 5 to 20
C-atons, R' is, in case of nultiple oceBbrence independently of one
anot her, 5cyclic, straight-chain or branched al kyl or al koxy that have 1 to
20, preferably 1 to 8 C-atons, or aryl having 2 to 30 C-atons, all of which
are optionally fluorinated or perfluorinated, with SiR'3 eferab bei ng
trialkyl sil yTrhexzarbyhos hmdmcarfby:llgrowsmasabgmsaiheatad@f unsaaﬁﬂw@@ it with 1
to 10 G at0”§ d‘@’ ? ofupsStupted: c g%g@g?olﬁ) OUnéatﬁéﬂé@l%c%Jchbf opreferred
ds o ormul a

are conpoun are S, and/or

erern.m
R is F. 201 fydicrenps a&p@fsa\égnﬁme%'y ewh;ﬁimwl@ﬂdsaﬂbf'}yﬂ 9{9‘%951\/1 bl is

provi ded and(dspedialg e&hy’ﬂ . W\hepé theé€ Ay icarleyl br Hydrocabyirgroap is he
foll ow5ng fornmul ae

11/ 14752'1P 2011/ 002
Si R 3°10wheP&YH Xtthg olgp Mgy b st (%t/‘ﬁ}ﬁ) ‘é}ﬁﬁjen-[h?/cdf ‘@ac(,aﬁbgtq{er one
of the meani hydrogavkeh gmupf mcindes fhriLmampleJraaC@:IC‘;b ladky gedugy, @eG2-faani ngs

b f bly 0. Th
o ven above S LAy 3R SNty SN b S GrelsTat 0. e
nul ti val ent aﬁgmrmyhgawmea Cn‘(ﬁmwlmwamﬁr@s@ss afyl pe, ke Cear bon at om
either wt _hOHszt dren cardgocmoaé@mw b, fPC,- @saepénearkw%aoulgoa @pt . onal ! Ly

conmbi n Wi t one non op at
Te or (fop4@5§mg]§eEﬂr958H9i a%@ gpke'-hérqu FBWBP%%W?QQ'PSW denot es
a carbyl grogpugsadret€s-Cig dikyl gmld ¥a Cohahlkepybgauprar®,-Cod-halayoyis and

S Sor L, “SBE 9T Sl hla ¥ CGCn SRRk (ol AT e ALl %

of 3 or morea@daat Gmﬁzoraply@nybgmlpsrem@mveltyhéism inclugdedrare combioatiens| i c,
| udi byl
i ncl udi ng Sp r%vu?qjtzaﬁfaﬁ tEPrP,i {g @gﬁ%&ﬁgm@yéro%enﬁyﬁweag y

groups |nclu car hon

al kyl caﬁbony?B)@}kW&géﬂ%Wﬁf&’%@MﬁtW| t@aéw 4 smnteﬁ with %ﬁl'Y'cQ{SPPy

substituted ?F@fef’ﬁ:lﬂyéthgleQn |p§r@t,§rabl y 1 to 25, 30very preferably 1 to 18
C atons, furthernore optionally substituted aryl or aryloxy having 6 to 40,
preferably 6 to 25 C atons, furthernore al kyl aryl oxy, aryl carbonyl,

aryl oxycar boiyyl,arat Iyéteméryrwrleditxryabtmdlemtglammm Hunpt ticyclicacimatic ohich is
optionally s r ons, wherein
all these grggf)%rb%ﬁrﬁ cagr%ulﬁa\ﬁltﬁ F)Cio% C%SFn% tﬂQ{ Pf}? élg’o é8m§ri§5 especi al | y
sel ect @8 f r osondensedsings asd is gptionglly subsmaed;emth onqsr mora@redpsl or

hydrocar byl  grHa@inems rbﬁo@eﬁ%mw@ﬂ anowsakylea%@kyﬁ@b@kbﬁyﬁrey@,rl_ or a
saturated or unsaturate é:tr: oup. . Unsat ur at e;h ic or cyclic groups
are preferre8roWsWER 1o 12 tlomsal"ﬁ?ﬁg?ln Qe OHIMBFR 5%%5?3’( R&pecial I 'y
ethynyl). Wiesslatée bg¥F 640I.carbyl or hydrocarbyl group is

\

25 Especially preferred aryl and heteroaryl groups are phenyl in which, in
addition, one or more CH groups may be replaced by N, naphthalene,
thiophene, selenophene, thienothiophene, dithienothiophene, fluorene and
oxazole, all of which can be unsubstituted, mono- or polysubstituted with L
as defined above.

30
Especially preferred substituents R, R® and R"" in the above formulae
and subformulae are selected from straight chain, branched or cyclic alkyl
having from 1 to 20 C atoms, which is unsubstituted or mono- or
polysubstituted by F, CI, Br or I, and wherein one or more non-adjacent

35 CH. groups are optionally replaced, in each case independently from one
another, by -O-, -S-, -NR®-, -SiR°R®-, -CX'=CX?% or -C=C- in such a



5acyclic, the group may be straight-chain or branched. The Cl-C40 carbyl or
hydr ocar byl group includes for exanple: a Craw al kyl group, a C2-C40

al kenyl gwoupi11/@a7%23- C40 al kynyl group, a C3-C40 allyl growmEp2@10421¢%0

al kyl di enyl group, a C4-C40 pol yenyl group, a C6-Cl18 aryl group, a C6-C40
al kyl aryl group, a C6-C40 aryl al kyl gre@f,- a C4-C40 cycl oal kyl group, a C4-
1040 cycl oal kenyl group, and the like. Preferred anong the foregoing
groups are a Cl-C20 al kyl group, a C2-C20 al kenyl group, a C2-C20 al kynyl
group, a C3-C20 allyl group, a C4-C20 al kyl di enyl group, a C6-Cl2 aryl
group and a m@mmtlwltgawvorg‘sewnsmp@t{nw «}Ireox? lo onr anatheraere

combi nat | Onsdéﬁot@‘s ond %Uﬁsﬁ}ﬁféﬂ)ﬁry@bpﬁﬁt%ygb%@ﬁaﬂ'yahw g{c};*’ﬂiﬁrﬁr10toat0m3

1, 50 ol B bl ol sner it ek

V'y|
preferably dhamhg fﬁbrﬁﬂnl@-12 Bi-atobrs, tanidcy tand X3 ey irdepentiehtly ebeacmt i C

group wi ith u Ffa:((‘al that nay al so conprise 20condensed rings and is
optionally S i i 'one or nore groups L, wherein L is hal ogen or
an al kyl, al koxy, al kyl car bonyl or al koxycarbonyl group with 1 to 12 C

atons, wher e “Snﬁcﬁh" e Br gré?ra?é&g%ém%ap& difid {fﬁ"qﬂo%s Eﬁﬁéi:teq fsloec' ally

preferred ar a etero are i on, one
or nore CH gé@ po-alisy) aseup d?fﬁéﬁ!@b')'b% Qraﬂ%nmat Rigserabiy mﬂmeethy n-
sel en_ophene BNQF}?@;WEI”&CstJiohér?FQFdﬂlpOPF@‘@%bW Hehging @gﬂé JHxazole, all

of whi can b nsubstit no- oOr S I tute as defi ned
Sbove T8 EsE@ﬁ?gVIIS}fOHPe?2$1rg@'§ ey opeh e SR Gy g e e
f or mul ae andwhebdiaratitheee greups hes bptibrallgrsubbtititedh forceanpletwidnohe dror

cyclic alkyl 1] or nono-
o)r/ plol ysub)s/t ﬁi%@%é@mobé qDEir%? Sbﬁ} ﬂ;ﬁg %\%efﬁe a8 eégﬁ &%érje&ér?\‘glx adj acent
35CH2 groups saleeteqafrommthpaﬂapﬂuhetawtedl ﬁheaatkybemera predéerablicGi-plkyl,om one
anot her, by n%svt [ecferablgu@% 3'-a|k¥l \‘cﬁt?ﬁ“am le aHEIo pHenally'ssb&flued - 26 -

manner that I|n egq d| rectl to one anot her or

denot ed9opt | &qaqn Yl spiederabit eae%xlyfu'aberﬁye R a ﬁi')é!fQéPﬂBIO)f/ HEHIRAG from 1
to 30 C at ongRWR'hwReréindk Ras beidedined ddpos deiat R3° f@frmga:d(sjyabrmyl dkgr al kyl

havi ng from 1 to 12 at ons 1 and X2 i ng_inde nt|ly of each
5other H, F, %&g@%ew{%hme§h8 %’Féefanﬁ@‘gwaqP?t or di fferent
groups sel ect ed froma Cl-C40-al kyl group, preferably Cl1- C4 aI kyl, rmst

br of or abl ¥ preale PréferE ool At PoT il of R e bRl il o,
a 06- C20- ar yf@fl%ﬁml? igentigsl, wmf@illm salbstltu @me%raé iBpt i onal ly
and R ar o caRoRtRYRIR, bery pRISat] 2‘3""?Rﬂh‘“g??lﬁﬁima?iﬁgf‘ﬁ‘ﬁﬂ?éy’ e
15 ar kyl < ORioRAl SHtatEgeg Grioamiore preferly Came NSt IS eebly Caiso f or
exanpl e i SopyeEEPS. raprefoped @il gyoupibsthis cdsedis iSoidpyD- aryl , preferably
phenyl . Further preferred is a silyl group of fornula - Si R15R16 wherein
R15 is as defined above and R%] orm; a cyclic silyl alkyl group together
with tB8 Si ﬁ’creﬂarrqﬁgfoelpab&R ViR'G and: SIRY; Dchuderavithaut imitabesf er r ed

enbodi ment  akdnaiy ﬁ@l‘ th?fsnzll kri d;ﬂf)pﬁsrl Iaﬂlﬁétﬂﬁamﬁiyl HiS ﬁnethgfsﬂ exarrpl e

i dentical, option % 'Atri sopr
Very preferag!f?eﬁlYFPfQPWRﬂ!ﬂ qrrnetbvl'%gnrore»rls' ' d'BEQPY metvisll. opti onal I y

substi tut ed @ﬁsd&op?ﬁﬁﬁhprsﬂf/leHﬁiibyyl%yfsllynﬁﬁéo;ﬂbf RAAILKICL_3 al kyl groups.

Ao Risrusrt7 distivisberePyinbidisoeisaehi. tireRceuY, TEbausiE s Py

tri et hg0si | yltriphenysilyhdiphémlisoprapyidilyl, éiisoprepyphengisdylhy| net hyl si |yl ,

di net hyl t »

o Eop oy P DR AN o BT Pl iy

di et hyl i sopr dpyethwlryﬁthqxvsalsdo@imqipylahewxysﬂyh mathyyet owphqrwlswhei@su lyl,
30t ri phenyl sijndreinthalky! H89BF Qﬂkbk?'gWup ischptRmRNIg RYbBtRRed Si | v,
dlphenylethyIS|IyI di et’hyl phenyl si di phenyl net hyl silyl,

tri phenoxysilyl, dlnethylnethoxy5|lyl di met hyl phenoxysi |yl ,

et hyl @8t hOXW@:'&@I‘chg itd l prefdreed emlb@ﬂ(‘ménﬁdifahaldreéentahvénth MekOSE group is

optional Iy substitute rr t he
present i nvemstSHatj'ﬁeaqu%%ﬁg? @élﬁﬁwtﬁbgaﬁag#rgaéﬁpg%’r &tﬁ?aghﬂg?‘?f’ﬂg "Saterial
and/ or charge transporting - 27 - material. The organic light emtting
materials and charge transporting materials can be sel ected from standard
materials known to the skilled person and described in the literature.
Organic light emtting material according to the present application neans
a material which emts |ight 5having a Amax in the range from400 to 700
nm Swtabl e phosphorescent corrpounds are, in particul ar, conpounds which

e o o o



15platinum Particularly preferred organi c phosphorescent conpounds are
conpounds of fornmulae (1) to (4): - CCy _ 2CCy 13 DCyDCy A-Ir 1ir 1

formul a (Mphormuba3(2) _ 25DCyDCy A-Pt1l Pt 1 CCyCCy_ 2 formrpba1/@1bor nul a
(4) 30where DCy is, identically or differently on each occurrence, a cyclic
group which contains at |east one donofr2dt-om preferably nitrogen, carbon
in the formof a carbene or phosphorus, via which the cyclic
group is 35bonded to the netal, and which may in turn carry one or nore -
28 - substituents R18; the _gr_ougs DCy and CCy are connected to one another
via a coval emateialidThe ogganis lightiemittioaimatesalsgand epargeltiansposting
oceurrence, ﬁ)éfé‘l‘tl;élsgaﬁrt{é@etzléﬂe@lh h{éﬁ%égdm_rﬂﬁt@ralww@ft«@mm@smimh the
cyclic group is bon 0.the an ich. n rn _carry one or nore
SUbst it dent SPRIESN B des et iodhe Jiesalier DraETYnbATIHES etk ence. a
nmonoani oni ¢, abesrdirigatoethelgbséntrgpplicatiod mexres @ nadteyialawkicka&mitalight! i gand; 10
R18 arg identically,or.different a chnd ance, and are F, d, Br, I,
NC2, Cﬁl a sb%g'ﬁg )-‘rt‘,aﬁé'? h‘,e Wﬁcﬁ%@ ‘f)‘%&@"ygﬁ’?@ﬁ& kyl or al koxy group havi ng
from1l to 20 carbon atons, in which one or nore nonadjacent CH2 groups nmay
be repl aced itaBie phosbhord¥dk = “are- 80 O+ -0 le—i: or
-CC, and i%ﬁ&ﬁ?l&f)h&%ghg{ m?‘écﬁrf&rgygﬁé%aé?bﬁ&%ﬁzu%g c?;n%roaucne Wb@gE or an
aryl or het epBUrahtgprefgrably inihe yisiblegegion, ensuitagleexritationandid nay be

SUBSEi tut e? BYJRIBA cONtdIR =R IEuK Fne @bhth&Rlifiglartatemie nufibér yrehter ar v of
substi tyents

8, .either on the s rin r two different ripgs, ma
onet nabeT ol RrerSarh e Ban I Bat ek e i e BT aP N GRT, & 1 ing
system and Ridh 56 anddesy thaml 8Q. The phbépharettoncd emittehs iusetianee, and are a

st rai ght - chalj n ] I from1l to

20 carbon at b%f,epd:bi/ \g\ﬁﬁgﬁgéﬁgﬁ'&ﬁrﬁ%@%ﬁ%?%cﬁ%y%‘qgﬁ’o@%g%y be

25r epl aced byhergum, ngheniupg-gsmiuncrbodiungheddm,alladium, platiumnsiverch one

or nore hydr o IFRY: : : i eroaryl group

whi ch S frgrgnﬁﬂmta%&@ldﬁ’r@g% @?ﬁ%@legﬁggﬁggs’g@ '%rﬁggﬁ?ﬁultng& rﬁ)‘?}r one or nore

nonar orBti ¢ RIBSINUANI cal s. 30For mation of ri ng systens between a plurality

of radicals RL18 neans that a bridge may al so be present between the groups

DCy and CCy. Further nor formati.on,of ring systens between a plurality of

et cal's R.8PREGHEDBIETerred ol gy osPRe ReSH EEBROURE AELROTRBUBHS by ee

| i gands 35CCypf fafynutae pBttoddn one or two |igands CCy-DCy and the |ligand A

giving a pol ydentate or pol ypodal |igand system WO

2011/ 147523PCT/ EP2011/ 002128 - 29 - Exanples of the emtters described

above 8Pe reveal e yRe applicati ohsp@p |00/ 70655, WD 01/ 41512, WO

02/ 02714, V\DAQZZI;L%EMIF? %P 1191613, 1[1 1612, EP 1191614, WO 04/081017, WO
CCy

05/ 033244,

2 CCy |4

formula (1) formula (2)

25 /DCY DCy

A—Pt\ Pt

CCy CCy |,

formula (3) formula (4)

30 where

DCy is, identically or differently on each occurrence, a cyclic group which
contains at least one donor atom, preferably nitrogen, carbon in the
form of a carbene or phosphorus, via which the cyclic group is

35 bonded to the metal, and which may in turn carry one or more



5WD 05/ 042550, WD 05/113563, WO 06/ 008069, WO 06/061182, WO 06/ 081973 and
DE 102008027005. In general, all phosphorescent conplexes as are used in
accor dancwowntin4tsze prior art for phosphorescent' OLEDspemdgprasii@o®2&nown to
the person skilled in the art in the area of organic el ectrol um nescence
are suitable, and the person skilled in28he art 10w ||l be able to use
further
is known to the person skilled in the art which phosphorescent conpl exes
emt with which em ssion co1l our . Exanpl es of preferred
phosphorescent coubstituentsR &; theogroups DGy angiCTy @fe sgnnasted.to ave r 11 \ /

N O

10

15

20

25

30

35

phosphorescent conpounds w thout inventive step. In particular, it

Z \0 Gndtherwid a covhentBéng; NIt 0 _ Nlei I (3) (4)

CCy is, identically or differently on each occurrence, a cyclic group which
contains a carbon atom via which the cyclic group is bonded to the
metal and which may in turn carry one or more substituents R'®;

A s, identically or differently on each occurrence, a monoanionic,
bidentate chelating ligand, preferably a diketonate ligand,

R' are identically or differently at each instance, and are F, Cl, Br, |,
NO., CN, a straight-chain, branched or cyclic alkyl or alkoxy group
having from 1 to 20 carbon atoms, in which one or more nonadjacent
CH_ groups may be replaced by -O-, -S-, -NR"-, -CONR"-, -CO-0-,
-C=0-, -CH=CH- or -C=C-, and in which one or more hydrogen atoms
may be replaced by F, or an aryl or heteroaryl group which has from
4 to 14 carbon atoms and may be substituted by one or more
nonaromatic R'® radicals, and a plurality of substituents R', either on
the same ring or on two different rings, may together in turn form a
mono- or polycyclic, aliphatic or aromatic ring system; and

R are identically or differently at each instance, and are a straight-chain,
branched or cyclic alkyl or alkoxy group having from 1 to 20 carbon
atoms, in which one or more nonadjacent CH; groups may be
replaced by -O-, -S-, -CO-0O-, -C=0-, -CH=CH- or -C=C-, and in which
one or more hydrogen atoms may be replaced by F, or an aryl or
heteroaryl group which has from 4 to 14 carbon atoms and may be
substituted by one or more nonaromatic R'8 radicals.

Formation of ring systems between a plurality of radicals R' means that a
bridge may also be present between the groups DCy and CCy.

Furthermore, formation of ring systems between a plurality of radicals R'®
means that a bridge may also be present between two or three ligands
CCy-DCy or between one or two ligands CCy-DCy and the ligand A, giving
a polydentate or polypodal ligand system.
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Examples of the emitters described above are revealed by the applications
WO 00/70655, WO 01/41512, WO 02/02714, WO 02/15645, EP 1191613,
EP 1191612, EP 1191614, WO 04/081017, WO 05/033244,
5 WO 05/042550, WO 05/113563, WO 06/008069, WO 06/061182,
WO 06/081973 and DE 102008027005. In general, all phosphorescent
complexes as are used in accordance with the prior art for phosphorescent
OLEDs and as are known to the person skilled in the art in the area of
organic electroluminescence are suitable, and the person skilled in the art
10 will be able to use further phosphorescent compounds without inventive
step. In particular, it is known to the person skilled in the art which
phosphorescent complexes emit with which emission colour.

Examples of preferred phosphorescent compounds are shown in the

15 following table.
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Preferred dopants are selected from the class of the monostyrylamines,
the distyrylamines, the tristyrylamines, the tetrastyrylamines, the styryl
phosphines, the styryl ethers and the arylamines. A monostyrylamine is
taken to mean a compound which contains one substituted or unsubsti-
tuted styryl group and at least one, preferably aromatic, amine. A distyryl-
amine is taken to mean a compound which contains two substituted or un-
substituted styryl groups and at least one, preferably aromatic, amine. A
tristyrylamine is taken to mean a compound which contains three substi-
tuted or unsubstituted styryl groups and at least one, preferably aromatic,
amine. A tetrastyrylamine is taken to mean a compound which contains
four substituted or unsubstituted styryl groups and at least one, preferably
aromatic, amine. The styryl groups are particularly preferably stilbenes,
which may also be further substituted. Corresponding phosphines and
ethers are defined analogously to the amines. For the purposes of the

present invention, an arylamine or an aromatic amine is taken to mean a
compound which contains three substituted or unsubstituted aromatic or
heteroaromatic ring systems bonded directly to the nitrogen. At least one

of these aromatic or heteroaromatic ring systems is preferably a con-
densed ring system, particularly preferably having at least 14 aromatic ring
atoms. Preferred examples thereof are aromatic anthraceneamines, aro-

matic anthracenediamines, aromatic pyreneamines, aromatic pyrene-

diamines, aromatic chryseneamines or aromatic chrysenediamines. An
aromatic anthraceneamine is taken to mean a compound in which one di-
arylamino group is bonded directly to an anthracene group, preferably in
the 9-position. An aromatic anthracenediamine is taken to mean a com-
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pound in which two diarylamino groups are bonded directly to an anthra-
cene group, preferably in the 9,10-position. Aromatic pyreneamines,
pyrenediamines, chryseneamines and chrysenediamines are defined
analogously thereto, where the diarylamino groups are preferably bonded

5 to the pyrene in the 1-position or in the 1,6-position. Further preferred
dopants are selected from indenofluoreneamines or indenofluorene-
diamines, for example in accordance with WO 06/122630, benzoindeno-
fluoreneamines or benzoindenofluorenediamines, for example in accor-
dance with WO 08/006449, and dibenzoindenofluoreneamines or dibenzo-

10 indenofluorenediamines, for example in accordance with WO 07/140847.
Examples of dopants from the class of the styrylamines are substituted or
unsubstituted tristiibeneamines or the dopants described in
WO 06/000388, WO 06/058737, WO 06/000389, WO 07/065549 and
WO 07/115610. Preference is furthermore given to the condensed

15 hydrocarbons disclosed in DE 102008035413.

Suitable dopants are furthermore the structures depicted in the following

table, and the derivatives of these structures disclosed in JP 06/001973,

WO 04/047499, WO 06/098080, WO 07/065678, US 2005/0260442 and
20 WO 04/092111.
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The proportion of the dopant in the mixture of the emitting layer is between
0.1 and 50.0 % by vol., preferably between 0.5 and 20.0 % by vol.,
particularly preferably between 1.0 and 10.0 % by vol. Correspondingly,
the proportion of the host material is between 50.0 and 99.9 % by vol.,
preferably between 80.0 and 99.5 % by vol., particularly preferably
between 90.0 and 99.0 % by vol.

Suitable host materials for this purpose are materials from various classes
of substance. Preferred host materials are selected from the classes of the
oligoarylenes (for example 2,2,7,7‘-tetraphenylspirobifluorene in
accordance with EP 676461 or dinaphthylanthracene), in particular the
oligoarylenes containing condensed aromatic groups, the oligoarylene-
vinylenes (for example DPVBI or spiro-DPVBI in accordance with

EP 676461), the polypodal metal complexes (for example in accordance
with WO 04/081017), the hole-conducting compounds (for example in
accordance with WO 04/058911), the electron-conducting compounds, in
particular ketones, phosphine oxides, sulfoxides, etc. (for example in
accordance with WO 05/084081 and WO 05/084082), the atropisomers
(for example in accordance with WO 06/048268), the boronic acid
derivatives (for example in accordance with WO 06/117052) or the
benzanthracenes (for example in accordance with WO 08/145239).
Suitable host materials are furthermore also the benzo[c]phenanthrene
compounds according to the invention which are described above. Apart
from the compounds according to the invention, particularly preferred host
materials are selected from the classes of the oligoarylenes containing
naphthalene, anthracene, benzanthracene and/or pyrene or atropisomers
of these compounds, the oligoarylenevinylenes, the ketones, the phos-
phine oxides and the sulfoxides. Apart from the benzo[c]phenanthrene
compounds according to the invention, very particularly preferred host
materials are selected from the classes of the oligoarylenes containing
anthracene, benzanthracene and/or pyrene or atropisomers of these
compounds. For the purposes of this invention, an oligoarylene is intended
to be taken to mean a compound in which at least three aryl or arylene
groups are bonded to one another.
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Suitable host materials are furthermore, for example, the materials
depicted in the following table, and derivatives of these materials, as
disclosed in WO 04/018587, WO 08/006449, US 5935721,

US 2005/0181232, JP 2000/273056, EP 681019, US 2004/0247937 and
US 2005/0211958.
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For the purposes of this invention, a hole-injection layer is a layer which is
directly adjacent to the anode. For the purposes of this invention, a hole-
transport layer is a layer which is located between a hole-injection layer
and an emission layer. It may be preferred for them to be doped with
electron-acceptor compounds, for example with F4-TCNQ or with
compounds as described in EP 1476881 or EP 1596445.

Apart from the materials according to the invention, suitable charge-
transport materials, as can be used in the hole-injection or hole-transport
layer or in the electron-injection or electron-transport layer of the organic
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electroluminescent device according to the invention, are, for example, the
compounds disclosed in Y. Shirota et al., Chem. Rev. 2007, 107(4), 953-
1010, or other materials as employed in these layers in accordance with
the prior art.

Examples of preferred hole-transport materials which can be used in a
hole-transport or hole-injection layer of the electroluminescent device
according to the invention are indenofluoreneamines and derivatives (for
example in accordance with WO 06/122630 or WO 06/100896), the amine

10 derivatives as disclosed in EP 1661888, hexaazatriphenylene derivatives
(for example in accordance with WO 01/049806), amine derivatives with
condensed aromatics (for example in accordance with US 5,061,569), the
amine derivatives as disclosed in WO 95/09147,
monobenzoindenofluoreneamines (for example in accordance with

15 WO 08/006449) or dibenzoindenofluoreneamines (for example in
accordance with WO 07/140847). Suitable hole-transport and hole-
injection materials are furthermore derivatives of the compounds depicted
above, as disclosed in JP 2001/226331, EP 676461, EP 650955,
WO 01/049806, US 4780536, WO 98/30071, EP 891121, EP 1661888, JP

20 2006/253445, EP 650955, WO 06/073054 and US 5061569.

Suitable hole-transport or hole-injection materials are furthermore, for
example, the materials indicated in the following table.
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Suitable electron-transport or electron-injection materials which can be
used in the electroluminescent device according to the invention are, for
example, the materials indicated in the following table. Suitable electron-
transport and electron-injection materials are furthermore derivatives of the
compounds depicted above, as disclosed in JP 2000/053957,
WO 03/060956, WO 04/028217 and WO 04/080975.
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Suitable matrix materials for the compounds according to the invention are
ketones, phosphine oxides, sulfoxides and sulfones, for example in
accordance with WO 04/013080, WO 04/093207, WO 06/005627 or

DE 102008033943, triarylamines, carbazole derivatives, for example CBP
(N,N-biscarbazolyl-biphenyl) or the carbazole derivatives disclosed in

WO 05/039246, US 2005/0069729, JP 2004/288381, EP 1205527 or

WO 08/086851, indolocarbazole derivatives, for example in accordance
with WO 07/063754 or WO 08/056746, azacarbazoles, for example in
accordance with EP 1617710, EP 1617711, EP 1731584,

JP 2005/347160, bipolar matrix materials, for example in accordance with
WO 07/137725, silanes, for example in accordance with WO 05/111172,
azaboroles or boronic esters, for example in accordance with

WO 06/117052, triazine derivatives, for example in accordance with

DE 102008036982, WO 07/063754 or WO 08/056746, or zinc complexes,
for example in accordance with DE 102007053771.

According to a preferred embodiment, the organic semiconducting
compounds (OSC) preferably have a molecular weight of at most 5000
g/mol, particularly at most 2000 g/mol, especially at most 1500 g/mol and
more preferably at most 1000 g/mol.

According to a special embodiment of the present invention, the
formulation can comprise 0.1 to 10 % by weight, preferably 0.25 to 5 %
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more preferably 0.5 to 4 % by weight emitting materials and/or charge
transporting materials.

Preference is furthermore also given to solutions of non-conducting,
electronically inert polymers (matrix polymers; inert polymeric binders)
which comprise admixed low-molecular-weight, oligomeric, dendritic, linear
or branched and/or polymeric organic and/or organometallic semicon-
ductors. Preferably, the formulation may comprise 0.1 to 10 % more
preferably 0.25% to 5% most preferably 0.3% to 3% by weight inert
polymeric binders.

Optionally, the OSC formulation comprises one or more organic binders,
preferably polymeric binders to adjust the rheological properties, as
described for example in WO 2005/055248 A1, in particular an organic
binder which has a low permittivity (¢) at 1,000 Hz of 3.3 or less, very
preferably in a proportion of binder to OSC compounds from 20:1 to 1:20,
preferably 10:1 to 1:10, especially 5:1 to 1:5, more preferably 1:1 to 1:5 by
weight.

Preferably, the polymeric binder comprises a weight average molecular
weight in the range of 1000 to 15,000,000 g/mol, especially 1500 to
12,000,000 g/mol, and most especially 1500 to 10,000,000 g/mol.
Surprising effects can be achieved with polymers having a weight average
molecular weight of at least 10,000 g/mol, preferably at least 200,000
g/mol, especially at least 300,000 g/mol and more preferably at least
500,000 g/mol. According to a very preferred aspect of the present
invention, the polymers can preferably have a weight average molecular
weigh of at least 1,000,000 g/mol and more preferably at least 2,000,000
g/mol.

The polymers being useful as inert binders can preferably have a weight
average molecular weight of at most 20,000,000 g/mol, more preferably of
at most 12,000,000 g/mol and most preferably at most 7,000,000 g/mol.

In particular, the polymer can have a polydispersity index My/M, in the
range of 1.0 to 10.0, more preferably in the range of 1.01 to 5.0 and most
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preferably in the range of 1.02 to 3. Astonishing improvements can be
achieved with perferbable polymers having a polydispersity index Mw/M, in
the range of 1.03 to 2.0, especially 1.04 to 1.5 and more preferably 1.05 to
1.2.

According to a special aspect of the present invention, the polymeric
binder may have a multi modal molecular weight distribution. Preferably,
the polymer may have 2, 3, 4 or more maxima in the molecular weight
distribution as determinable using GPC.

The binder is selected for example from polystyrene, poly(a-
methylstyrene), polyvinylcinnamate, poly(4-vinylbiphenyl) or poly(4-
methylstyrene). Polymeric binders preferably comprise repeating units
derived from styrene and/or olefins. Preferred polymeric binders can
comprise at least 80 %, especially 90 % and more preferably 99 % by
weight of repeating units derived from styrene monomers and/or olefins.

The binder may also be a semiconducting binder selected for example
from poly-arylamines, polyfluorenes, polythiophenes, polyspirobifluorenes,
substituted polyvinylenephenylenes, polycarbazoles or polystilbenes, or
copolymers thereof.

According to a preferred embodiment of the present invention, an inert
binder is a polymer having a glass transition temperature in the range of
-70 to 160°C, more preferably, 0 to 150°C, especially 50 to 140°C and
most preferably 70 to 130°C. The glass transition temperature can be
determined by measuring the DSC of the polymer (DIN EN 1SO 11357,
heating rate 10°C per minute).

Usually, the polymeric binder is dispersible or soluble in the solvent of the
present formulation as described above and below. Preferably, the
polymeric binder is soluble in the organic solvent and the solubility of the
polymeric binder in the solvent is at least 1 g/l, especially at least 5 g/l and
more preferably at least 10 g/i.
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According to a special embodiment of the present invention, the
formulation can comprise 0.05 to 10 % by weight, preferably 0.1 to 5 %
more preferably 0.15 to 3 % by weight polymeric binder. Astonishing
improvements can be achieved by using formulations preferably
comprising 0.2 to 1 %, more preferably 0.25 to 0.6 and most preferably 0.3
to 0.5 % % by weight polymeric binder.

Astonishing improvements can be achieved by using a high molecular
weight binder at a low content in the formulation. Using such approach
surprisingly efficient devices having an excellent printing quality are
obtainable.

The weight ratio of the semiconducting compound to the inert binder is
preferably in the range of 30:1 to 1:30, particularly in the range of 20:1 to
1:5 and more preferably in the range of 5:1 to 1:1.

According to a special embodiment the polymeric binders preferably
comprise repeating units derived from styrene and/or olefins. Preferred
polymeric binders can comprise at least 80 %, especially 90 % and more
preferably 99 % by weight of repeating units derived from styrene
monomers and/or olefins.

Styrene monomers are well known in the art. These monomers include
styrene, substituted styrenes with an alkyl substituent in the side chain,
such as a-methylstyrene and a-ethylstyrene, substituted styrenes with an
alkyl substituent on the ring such as vinyltoluene and p-methylstyrene,
halogenated styrenes such as monochlorostyrenes, dichlorostyrenes,
tribromostyrenes and tetrabromostyrenes.

Olefins are monomers consisting of hydrogen and.carbon atoms. These
monomers include ethylene, propylene, butylenes, isoprene and 1,3-
butadiene.

According to a special aspect of the present invention, the polymeric
binder is polystyrene having a weight average molecular weight of
preferably at least 100,000 g/mol, especially at least 200,000. especially at
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least 300,000 g/mol and more preferably at least 500,000 g/mol. According
to a very preferred aspect of the present invention, the polystyrene can
preferably have a weight average molecular weigh of at least 1,000,000
g/mol and more preferably at least 2,000,000 g/mol.

The polystyrene being useful as inert binders can preferably have a weight
average molecular weight of at most 20,000,000 g/mol, more preferably of
at most 12,000,000 g/mol and most preferably at most 7,000,000 g/mol.

The formulation according to the present invention may additionally
comprise one or more further components like for example surface-active
compounds, lubricating agents, conductive additives, dispersing agents,
hydrophobing agents, adhesive agents, flow improvers, defoaming agents,
deaerators, diluents which may be reactive or non-reactive, auxiliaries,
colourants, dyes or pigments, sensitizers, stabilizers, nanoparticles or
inhibitors. However, these further components should not be oxidising or
otherwise capable of chemically reacting with the OSC or have an
electrically doping effect on the OSC.

Surprising improvements can be achieved with volatile wetting agents. The
term "volatile" as used above and below means that the agent can be
removed from the organic semiconducting materials by evaporation, after
these materials have been deposited onto a substrate of an OE device,
under conditions (like temperature and/or reduced pressure) that do not
significantly damage these materials or the OE device. Preferably this
means that the wetting agent has a boiling point or sublimation
temperature of < 350°C, more preferably < 300°C, most preferably <
250°C, at the pressure employed, very preferably at atmospheric pressure
(1013 hPa). Evaporation can also be accelerated e.g. by applying heat
and/or reduced pressure. Preferably, the wetting agents are not capable
of chemically reacting with the OSC compounds. In particular they are
selected from compounds that do not have a permanent doping effect on
the OSC material (e.g. by oxidising or otherwise chemically reacting with
the OSC material). Therefore, the formulation preferably should not
contain additives, like e.g. oxidants or protonic or lewis acids, which react
with the OSC materials by forming ionic products.
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Surprising effects can be accomplished by formulations comprising volatile
components having similar boiling points. Preferably, the difference of the
boiling point of the wetting agent and the organic solvent is in the range of

5 -50°C to 50°C, more preferably in the range of -30°C to 30°C and most
preferably in the range of -20°C to 20°C.

Preferred wetting agents are non-aromatic compounds. With further
preference the wetting agents are non-ionic compounds. Particular useful

10 wetting agents comprise a surface tension of at most 35 mN/m, especially
of at most 30 mN/m, and more preferably of at most 25 mN/m. The surface
tension can be measured using a FTA (First Ten Angstrom) 125 contact
angle goniometer at 25°C. Details of the method are available from First
Ten Angstrom as published by Roger P. Woodward, Ph.D. “Surface

16 Tension Measurements Using the Drop Shape Method”. Preferably, the
pendant drop method can be used to determine the surface tension.

According to a special aspect of the present invention, the difference of the
surface tension of the organic solvent and the wetting agent is preferably

20 at least 1 mN/m, especially at least 5 mN/m and more preferably at least
10 mN/m.

Unexpected improvements can be achieved by wetting agents comprising
a molecular weight of at least 100 g/mol, especially at least 150 g/mol,
25 preferably at least 180 g/mol and more preferably at least 200 g/mol.

Suitable and preferred wetting agents that do not oxidise or otherwise
chemically react with the OSC materials are selected from the group
consisting of siloxanes, alkanes, amines, alkenes, alkynes, alcohols and/or

30 halogenated derivates of these compounds. Furthermore, fluoro ethers,
fluoro esters and/or fluoro ketones can be used. More preferably, these
compounds are selected from methyl siloxanes having 6 to 20 carbon
atoms, especially 8 to 16 carbon atoms; C7—C4 alkanes, C;—-C14 alkenes,
C;—-C,4 alkynes, alcohols having 7 to 14 carbon atoms, fluoro ethers

35 having 7 to 14 carbon atoms, fluoro esters having 7 to 14 carbon atoms
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and fluoro ketones having 7 to 14 carbon atoms. Most preferred wetting
agents are methyl siloxanes having 8 to 14 carbon atoms.

Useful and preferred alkanes having 7 to 14 carbon atoms include

5 heptane, octane, nonane, decane, undecane, dodecane, tridecane,
tetradecane, 3-methyl heptane, 4-ethyl heptane, 5-propyl decane, trimethyl
cyclohexane and decalin.

Halogenated alkanes having 7 to 14 carbon atoms include 1-chloro

10 heptane, 1,2-dichloro octane, tetrafluoro octane, decafluoro dodecane,
perfluoro nonane, 1,1,1-trifluoromethyl decane, and perfluoro methyl
decalin.

Useful and preferred alkenes having 7 to 14 carbon atoms include

15 heptene, octene, nonene, 1-decene, 4-decene, undecene, dodecene,
tridecene, tetradecene, 3-methyl heptene, 4-ethyl heptene, 5-propyl
decene, and trimethyl cyclohexene.

Halogenated alkenes having 7 to 14 carbon atoms include 1,2-dichloro
20 octene, tetrafluoro octene, decafluoro dodecene, perfluoro nonene, and
1,1,1-trifluoromethyl decene.

Useful and preferred alkynes having 7 to 14 carbon atoms include octyne,
nonyne, 1-decyne, 4-decyne, dodecyne, tetradecyne, 3-methyl heptyne, 4-
25 ethyl heptyne, 5-propyl decyne, and trimethyl cyclohexyne.

Halogenated alkynes having 7 to 14 carbon atoms include 1,2-dichloro
octyne, tetrafluoro octyne, decafluoro dodecyne, perfluoro nonyne, and
1,1,1-trifluoromethyl decyne.
30
Useful and preferred alcanols having 7 to 14 carbon atoms include,
heptanol, octanol, nonanol, decanol, undecanol, dodecanol, tridecanol,
tetradecanol, 3-methyl heptanol, 3,5-dimethyl-1-hexyn-3-ol, 4-ethyl
heptanol, 5-propyl decanol, trimethyl cyclohexanol and hydroxyl decalin.
35
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Halogenated alkanols having 7 to 14 carbon atoms include 1-chloro
heptanol, 1,2-dichloro octanol, tetrafluoro octanol, decafluoro dodecanol,
perfluoro nonanol, 1,1,1-trifluoromethyl decanol, and 2-trifluoro methyl-1-
hydroxy decalin.

Useful and preferred fluoro ethers having 7 to 14 carbon atoms include 3-
ethoxy-1,1,1,2,3,4,4,5,5,6,6,6 dodecafluoro-2-trifluoromethyl-hexane, 3-
propoxy-1,1,1,2,3,4,4,5,5,6,6,6 dodecafluoro-2-trifluoromethyl-hexane, and
3-propoxy-1,1,1,2,3,4,4,5,5,5 decafluoro-2-trifluoromethyl-pentane.

Useful and preferred fluoro esters having 7 to 14 carbon atoms include
3-(1,1,1,2,3,4,4,5,5,6,6,6 dodecafluoro-2-trifluoromethyl-hexyl) ethanoate,
and 3-(1,1,1,2,3,4,4,5,5,5 decafluoro-2-trifluoromethyl-pentyl) propanoate.

Useful and preferred fluoro ketones having 7 to 14 carbon atoms include
3-(1,1,1,2,3,4,4,5,5,6,6,6 dodecafluoro-2-trifluoromethyl-hexyl) ethyl
ketone, and 3-(1,1,1,2,3,4,4,5,5,5 decafluoro-2-trifluoromethyl-pentyl)
propyl ketone.

Useful and preferred siloxanes include hexamethyl disiloxane, octamethyl
trisiloxane, decamethyl tetrasiloxane, dodecamethyl pentasiloxane, and
tetradecamethyl hexasiloxane.

Preferably, the formulation may comprise at most 5 % by weight,
especially at most 3 % by weight of wetting additives. More preferably, the
formulation comprises 0.01 to 4 % by weight, especially preferably 0.1 to 1
% by weight of wetting agent.

The formulation according to the present invention can be designed as an
emulsion, dispersion or solution. Preferably, the present formulation is a
solution (homogeneous mixture) comprising no considerable amounts of a
second phase.

The formulation according to the present invention can be used for the
preparation of organic electronic (OE) devices, for example transistors like

N
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OFETSs or organic photovoltaic (OPV) devices like diodes or solar cells, or
organic light emitting diodes (OLED),.

Especially preferred OE devices are OFETSs. A preferred OFET according
to the present invention comprises the following components:

- optionally a substrate (1),

- a gate electrode (2),

- an insulator layer comprising a dielectric material (3),

- an OSC layer (4)

- source and drain electrodes (5),

- optionally one or more protection or passivation layers (6).

Figure 1A exemplarily and schematically depicts a typical bottom gate
(BG), top contact (TC) OFET device according to the present invention,
comprising a substrate (1), a gate electrode (2), a layer of dielectric
material (3) (also known as gate insulator layer), an OSC layer (4), and
source and drain (S/D) electrodes (5), and an optional passivation or
protection layer (6).

The device of Figure 1A can be prepared by a process comprising the
steps of depositing a gate electrode (2) on a substrate (1), depositing a
dielectric layer (3) on top of the gate electrode (2) and the substrate (1),
depositing an OSC layer (4) on top of the dielectric layer (3), depositing
S/D electrodes (5) on top of the OSC layer (4), and optionally depositing a
passivation or protection layer (6) on top of the S/D electrodes (5) and the
OSC layer (4).

Figure 1B exemplarily and schematically depicts a typical bottom gate
(BG), bottom contact (BC) OFET device according to the present
invention, comprising a substrate (1), a gate electrode (2), a dielectric layer
(3), S/D electrodes (5), an OSC layer (4), and an optional passivation or
protection layer (6).

The device of Figure 1B can be prepared by a process comprising the
steps of depositing a gate electrode (2) on a substrate (1), depositing a
dielectric layer (3) on top of the gate electrode (2) and the substrate (1),
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depositing S/D electrodes (5) on top of the dielectric layer (3), depositing
an OSC layer (4) on top of the S/D electrodes (4) and the dielectric layer
(3), and optionally depositing a passivation or protection layer (6) on top of
the OSC layer (4).

Figure 2 exemplarily and schematically depicts a top gate (TG) OFET
device according to the present invention, comprising a substrate (1),
source and drain electrodes (5), an OSC layer (4), a dielectric layer (3),
and a gate electrode (2), and an optional passivation or protection layer

).

The device of Figure 2 can be prepared by a process comprising the steps
of depositing S/D electrodes (5) on a substrate (1), depositing an OSC
layer (4) on top of the S/D electrodes (4) and the substrate (1), depositing
a dielectric layer (3) on top of the OSC layer (4), depositing a gate
electrode (2) on top of the dielectric layer (3), and optionally depositing a
passivation or protection layer (6) on top of the gate electrode (2) and the
dielectric layer (3).

The passivation or protection layer (6) in the devices described in Figures
1A, 1B and 2 has the purpose of protecting the OSC layer and the S/D or
gate electrodes from further layers or devices that may be later provided
thereon, and/or from environmental influence.

The distance between the source and drain electrodes (5), as indicated by
the double arrow in Figures 1A, 1B and 2, is the channel area.

In case of formulations for use in OPV cells, the formulation preferably
comprises or contains, more preferably consists essentially of, very
preferably exclusively of, a p-type semiconductor and a n-type
semiconductor, or an acceptor and a donor material. A preferred material
of this type is a blend or mixture of poly(3-substituted thiophene) or P3AT
with a Cgp or Cyo fullerene or modified Cgp molecule like PCBM [(6,6)-
phenyl C61-butyric acid methyl ester], as disclosed for example in

WO 94/05045 A1, wherein preferably the ratio of P3AT to fullerene is from
2:1 to 1:2 by weight, more preferably from 1.2:1 to 1:1.2 by weight.

1w
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Figure 3 and Figure 4 exemplarily and schematically depict typical and
preferred OPV devices according to the present invention [see also
Waldauf et al., Appl. Phys. Lett. 89, 233517 (2006)].

An OPV device as shown in Figure 3 preferably comprises:

a low work function electrode (31) (for example a metal, such as
aluminum), and a high work function electrode (32) (for example ITO),
one of which is transparent,

a layer (33) (also referred to as "active layer”) comprising a hole
transporting material and an electron transporting material, preferably
selected from OSC materials, situated between the electrodes (31,32);
the active layer can exist for example as a bilayer or two distinct layers
or blend or mixture of p and n type semiconductor,

an optional conducting polymer layer (34), for example comprising a
blend of PEDOT:PSS (poly(3,4-ethylenedioxythiophene):
poly(styrenesulfonate)), situated between the active layer (33) and the
high work function electrode (32), to modify the work function of the high
work function electrode to provide an ohmic contact for holes,

an optional coating (35) (for example of LiF) on the side of the low
workfunction electrode (31) facing the active layer (33), to provide an
ohmic contact for electrons.

An inverted OPV device as shown in Figure 4 preferably comprises:

a low work function electrode (41) (for example a metal, such as gold),
and a high work function electrode (42) (for example ITO), one of which
is transparent,

a layer (43) (also referred to as "active layer") comprising a hole
transporting material and an electron transporting material, preferably
selected from OSC materials, situated between the electrodes (41,42);
the active layer can exist for example as a bilayer or two distinct layers
or blend or mixture of p and n type semiconductor,

an optional conducting polymer layer (44), for example comprising a
blend of PEDOT:PSS, situated between the active layer (43) and the
low work function electrode (41) to provide an ohmic contact for
electrons,

SO
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- an optional coating (45) (for example of TiOy) on the side of the high
workfunction electrode (42) facing the active layer (43), to provide an
ohmic contact for holes.

The OPV devices of the present invent invention typically comprise a p-
type (electron donor) semiconductor and an n-type (electron acceptor)
semiconductor. The p-type semiconductor is for example a polymer like
poly(3-alkyl-thiophene) (P3AT), preferably poly(3-hexylthiophene) (P3HT),
or alternatively another selected from the groups of preferred polymeric
and monomeric OSC material as listed above. The n-type semiconductor
can be an inorganic material such as zinc oxide or cadmium selenide, or
an organic material such as a fullerene derivate, for example (6,6)-phenyl-
butyric acid methyl ester derivatized methano Cgg fullerene, also known as
"PCBM" or "CgPCBM", as disclosed for example in G. Yu, J. Gao, J.C.
Hummelen, F. Wudl, A.J. Heeger, Science 1995, Vol. 270, p. 1789 ff and
having the structure shown below, or an structural analogous compound
with e.g. a C;o fullerene group (C7;oPCBM), or a polymer (see for example
Coakley, K. M. and McGehee, M. D. Chem. Mater. 2004, 16, 4533).

CesoPCBM

A preferred material of this type is a blend or mixture of a polymer like
P3HT or another polymer selected from the groups listed above, with a Cgp
or Cyo fullerene or modified fullerene like PCBM. Preferably the ratio
polymer:fullerene is from 2:1 to 1:2 by weight, more preferably from 1.2:1
to 1:1.2 by weight, most preferably 1:1 by weight. For the blended mixture,
an optional annealing step may be necessary to optimize blend
morpohology and consequently OPV device performance.
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During the process of preparing an OE device, the OSC layer is deposited
onto a substrate, followed by removal of the solvent together with any
volatile additive(s) present, to form a film or layer.

Various substrates may be used for the fabrication of OE devices, for
example glass, ITO coated glass, ITO glass with pre coated layers
including PEDOT, PANI etc, or plastics, plastics materials being preferred,
examples including alkyd resins, allyl esters, benzocyclobutenes,
butadiene-styrene, cellulose, cellulose acetate, epoxide, epoxy polymers,
ethylene-chlorotrifluoro ethylene, ethylene-tetra-fluoroethylene, fibre glass
enhanced plastic, fluorocarbon polymers, hexafluoropropylenevinylidene-
fluoride copolymer, high density polyethylene, parylene, polyamide,
polyimide, polyaramid, polydimethylsiloxane, polyethersulphone,
polyethylene, polyethylenenaphthalate, polyethyleneterephthalate,
polyketone, polymethylmethacrylate, polypropylene, polystyrene,
polysulphone, polytetrafluoroethylene, polyurethanes, polyvinylchloride,
silicone rubbers, silicones, and flexible films with ITO, or other conducting
layers and barrier layers e.g. Vitex film.

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

The electrodes can be deposited by liquid coating, such as spray-, dip-,
web- or spin-coating, or by vacuum deposition or vapor deposition
methods. Suitable electrode materials and deposition methods are known
to the person skilled in the art. Suitable electrode materials include, without
limitation, inorganic or organic materials, or composites of the two.
Examples for suitable conductor or electrode materials include polyaniline,
polypyrrole, PEDOT or doped conjugated polymers, further dispersions or
pastes of graphite or particles of metal such as Au, Ag, Cu, Al, Ni or their
mixtures as well as sputter coated or evaporated metals such as Cu, Cr,
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Pt/Pd or metal oxides such as indium tin oxide (ITO). Organometallic
precursors may also be used deposited from a liquid phase.

Preferably, the substrate on surface on which the formulation according to

5 the present invention is applied comprises a surface energy in the range of
130 to 25 mN m™' more preferably in the range of 115 to 30 mN m’’
determined by measuring the contact angle of at least 2 solvents, e.g.
water and methylene iodide, but other solvents can be used. These are
typically measured using a contact angle goniometer such as a FTA 1000,

10 at a temperatrure of 20- 25°C (room temp and at normal atmospheric
pressure.the contact angle of the 2 solvents are then combined using a
variety of mathematical models, typically Owens-Wendt geometric mean or
Wu’s harmonic mean. Perferably, the Owens-Wendt method is used.

15 Owens-Wendt formula
(1+cos 8) ‘YLv=2~/—( VDWVDLV)+2J_( v Psv ¥y Pw)

Wu’s Harmonic mean formula
20

(1 + cos 9) yw=4{ vyosvyow/ ( ¥Psv+ ¥yPuw) + ¥Psvy P/ ( ¥Psv+ yPw)}

Deposition of the OSC layer can be achieved by standard methods that

25 are known to the skilled person and are described in the literature. Suitable
and preferred deposition methods include liquid coating and printing
techniques. Very preferred deposition methods include, without limitation,
dip coating, spin coating, spray coating, aerosol jetting, ink jet printing,
nozzle printing, gravure printing, doctor blade coating, roller printing,

30 reverse-roller printing, flexographic printing, web printing, spray coating,
dip coating, curtain coating, kiss coating, meyer bar coating, 2 roll nip fed
coating, anilox coaters, knife coating or slot dye coating. Preferably, the
OSC layer is applied with gravure printing, doctor blade coating, roller
printing, reverse-roller printing, flexographic printing, web printing, anilox

35 coaters. Gravure and flexographic printing and varients of these printing
methods are preferred. These include but or not limited to, micro gravure,
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reverse gravure,offset gravure, reverse roll etc. Both web fed(roll to roll)
and sheetfed in both flatbed and the more conventional ‘on the round’
configurations can be used.

For flexo printing the anilox can be either chromed steel or ceramic,
preferably ceramic. The cell etch can vary between 2 cm’/m? to 120
cm®/m? but most preferably between 3 cm®m?to 20 cm*m? and most
preferably between 4 cm®/m? to 18 cm*m?, however the dried film
thickness will vary on the concentration of the active material and the
transfer characteristics of said formulation.

The cell configuration, ie shape, depth, cell wall linking can be adapted by
a person skilled in the art to achieve an optimal printing result.

For gravure printing the chromed steel is perferably used but this does not
exclude other materials. The engraving requirements are approximately
50% of those for the flexographic printing because there is one less
transfer process involved.

The speed can vary significantly depending on the press type and
configuration, for flatbed printing the print speed is typically very slow,
typically 100 mm/minute or less. On roll to roll presses the speed can
exceed 500 m/min.

According to a special aspect, an insulator layer can be deposited on a
substrate in order to achieve a special type of an OE according to the
present invention. Preferably, the insulator layer is deposited by solution
processing, very preferably using a solution of a dielectric material, which
is optionally cross-linkable, in one or more organic solvents. Preferably the
solvent used for depositing the dielectric material is orthogonal to the
solvent used for depositing the OSC material, and vice versa.

When spin coating is used as deposition method, the OSC or dielectric
material is spun for example between 1000 and 2000 rpm for a period of
for example 30 seconds to give a layer with a typical layer thickness

Si
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between 0.5 and 1.5 pm. After spin coating the film can be heated at an
elevated temperature to remove all residual volatile solvents.

If a cross-linkable dielectric is used, it is preferably cross-linked after
deposition by exposure to electron beam or electromagnetic (actinic)
radiation, like for example X-ray, UV or visible radiation. For example,
actinic radiation can be used having a wavelength of from 50 nm to 700
nm, preferably from 200 to 450 nm, most preferably from 300 to 400 nm.
Suitable radiation dosages are typically in the range from 25 to 3,000
mJ/cm?. Suitable radiation sources include mercury, mercury/xenon,
mercury/halogen and xenon lamps, argon or xenon laser sources, x-ray, or
e-beam. The exposure to actinic radiation will induce a cross-linking
reaction in the cross-linkable groups of the dielectric material in the
exposed regions. It is also possible for example to use a light source
having a wavelength outside the absorption band of the cross-linkable
groups, and to add a radiation sensitive photosensitizer to the cross-
linkable material.

Optionally the dielectric material layer is annealed after exposure to
radiation, for example at a temperature from 70°C to 130°C, for example
for a period of from 1 to 30 minutes, preferably from 1 to 10 minutes. The
annealing step at elevated temperature can be used to complete the
cross-linking reaction that was induced by the exposure of the cross-
linkable groups of the dielectric material to photoradiation.

Removal of the solvent and any volatile additive(s) is preferably achieved
by evaporation, for example by exposing the deposited layer to high
temperature and/or reduced pressure, preferably at -50°C to 300°C, more
preferably 20°C to 250°C. According to a special aspect of the present
invention, the solvent(s) and any volatile additive can be evaporated under
reduced pressure. Preferably either atmospheric pressure or reduced
pressure the pressure for solvent evaporation ranges from 10" mbar to 1
bar, especially from 10”2 mbar to 100 mbar and more preferably from 0.1
mbar to 10 mbar. Moreover, the evaporation of the solvent can be
preferably achieved below the boiling point of the solvent.
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The thickness of the dried OSC layer is preferably from 1 nm to 50 pm,
especially from 2 to 1000 nm and more preferably 3 to 500 nm. Preferred
layers comprising organic light emitting materials and/or charge
transporting materials can have a thickness in the range of 2 to 150 nm.

5
Further to the materials and methods as described above and below, the
OE device and its components can be prepared from standard materials
and standard methods, which are known to the person skilled in the art
and described in the literature.

10

It will be appreciated that variations to the foregoing embodiments of the
invention can be made while still falling within the scope of the invention.
Each feature disclosed in this specification, unless stated otherwise, may
be replaced by alternative features serving the same, equivalent or similar
15 purpose. Thus, unless stated otherwise, each feature disclosed is one
example only of a generic series of equivalent or similar features.

All of the features disclosed in this specification may be combined in any
combination, except combinations where at least some of such features

20 and/or steps are mutually exclusive. In particular, the preferred features of
the invention are applicable to all aspects of the invention and may be
used in any combination. Likewise, features described in non-essential
combinations may be used separately (not in combination).

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

30
Unless the context clearly indicates otherwise, as used herein plural forms
of the terms herein are to be construed as including the singular form and
vice versa.

35 Throughout the description and claims of this specification, the words

“comprise” and “contain” and variations of the words, for example
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“comprising” and “comprises”, mean “including but not limited to”, and are
not intended to (and do not) exclude other components.

The term "polymer" includes homopolymers and copolymers, e.g.
statistical, alternating or block copolymers. In addition, the term "polymer"
as used hereinafter does also include oligomers and dendrimers.
Dendrimers are typically branched macromolecular compounds consisting
of a multifunctional core group onto which further branched monomers are
added in a regular way giving a tree-like structure, as described e.g. in M.
Fischer and F. Vogtle, Angew. Chem., Int. Ed. 1999, 38, 885.

The term "conjugated polymer” means a polymer containing in its
backbone (or main chain) mainly C atoms with spz-hybridisation, or
optionally sp-hybridisation, which may also be replaced by hetero atoms,
enabling interaction of one n-orbital with another across an intervening o-
bond. In the simplest case this is for example a backbone with alternating
carbon-carbon (or carbon-hetero atom) single and muitiple (e.g. double or
triple) bonds, but does also include polymers with units like 1,3-phenylene.
"Mainly" means in this connection that a polymer with naturally
(spontaneously) occurring defects, which may lead to interruption of the
conjugation, is still regarded as a conjugated polymer. Also included in this
meaning are polymers wherein the backbone comprises for example units
like aryl amines, aryl phosphines and/or certain heterocycles (i.e.
conjugation via N-, O-, P- or S-atoms) and/or metal organic complexes (i.e.
conjugation via a metal atom). The term "conjugated linking group” means
a group connecting two rings (usually aromatic rings) consisting of C atoms
or hetero atoms with sp2-hybridisation or sp-hybridisation. See also
"ITUPAC Compendium of Chemical terminology, Electronic version”.

Unless stated otherwise, the molecular weight is given as the number
average molecular weight M, or as weight average molecular weight M,
which unless stated otherwise are determined by gel permeation
chromatography (GPC) against polystyrene standards.

The degree of polymerization (n) means the number average degree of
polymerization, unless stated otherwise given as n = M,/My, wherein My is
the molecular weight of the single repeating unit.
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The term "small molecule" means a monomeric, i.e. a non-polymeric
compound.

Unless stated otherwise, percentages of solids are per cent by weight ("wt.
%"), percentages or ratios of liquids (like e.g. in solvent mixtures) are per
cent by volume ("vol. %"), and all temperatures are given in degrees
Celsius (°C).

Unless stated otherwise, concentrations or proportions of mixture
components, given in percentages or ppm are related to the entire
formulation including the solvents.

The invention will now be described in more detail by reference to the
following examples, which are illustrative only and do not limit the scope of
the present invention.

All process steps described above and below can be carried out using

known techniques and standard equipment which are described in prior art
and are well-known to the skilled person.

Examples

Example 1 (Small molecule, flexo printed, top gate)

Compound A is a mixture of the following isomers

SiEt, SiEt,
! l
S S S
I+ 0D
S
! l

SiEt, SiEt,
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Compound A and its preparation are disclosed in S. Subramanian, J.
Anthony et al., J. Am. Chem. Soc. 2008, 130, 2706-2707 (including
Supporting Information).

An OFET device was prepared as follows:

Teonex Q65FA film (available from DuPont Teijin Flims) was washed in an
ultrasonic methanol bath for 2 minutes and then rinsed with methanol.
Approximately 60 nm thick gold source drain electrodes were evaporated
with a parallel plate geometry of 20 micron wide by 1000 micron long. The
substrate was cleaned with plasma ozone for 1 minutes. The electrodes
were treated with Lisicon™ MO0O1 (available from Merck Chemicals) SAM
treatment by spin coating from isopropyl alcohol and evaporating the
excess off on a hot plate at 100°C for 1 min.

An OSC formulation was prepared by dissolving of 1.6 Compound A and
0.4 parts 350 000 Mw polystyrene in 78.4 parts cyclohexylbenzene and
19.6 parts of mesitylene filtering the solution through a 0.2 um PTFE
cartridge filter.

Viscosity of 2.2cP as measured using an AR G-2 rheometer ex TA
instruments. The viscosity was measured over a shear rate range of 10
sec” to 1000 sec™ viscosity extrapolated using a Newtonian fit equation,
all measurements taken at 25°C.

The OSC formulation was then printed as a 5 X 5 cm wide area block on
the array of source drain electrodes on PEN film as described above using
a RK Flexiproof 100 flexographic printing with a 8 cm’/m? loaded anilox
and a Cyrel HiQS flexo mat running at 80 m/min speed. The printed OSC
layer was then annealed at 70°C for 3 minutes.

A dielectric layer of fluoro-polymer Lisicon™ D139 (9% solids available
from Merck Chemicals) was spun on top of the OSC layer on the device
and annealed at 100°C for 2 minutes to give a dry dielectric film of
approximately 1 micron thick.
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Finally a 40 nm thick gold gate electrode array of evaporated on top of the
dielectric layer in such a way that it covered the existing source drain
electrode structures.

5
The transfer and stress measurements of the OFET device was performed
by using Keithley 4200. The transistor transfer characteristic and the linear
and saturation mobility are depicted in Figure 5.

10
Example 2 (Small molecule, flexo printed, top gate)
An OFET device was prepared as follows:

15 Teonex Q65FA film (available from DuPont Teijin Flims) was washed in an

ultrasonic methanol bath for 2 minutes and then rinsed with methanol.
Approximately 60 nm thick gold source drain electrodes were evaporated
with a parallel plate geometry of 20 micron wide by 1000 micron long. The
substrate was cleaned with plasma ozone for 1 minutes. The electrodes

20 were treated with Lisicon™ MO001 (available from Merck Chemicals) SAM
treatment by spin coating from isopropyl alcohol and evaporating the
excess off on a hot plate at 100°C for 1 min.

An OSC formulation was prepared by dissolving of 1.3 parts Compound A

25 (as mentioned in Example 1) and 0.7 parts 350 000 Mw polystyrene in
78.4 parts cyclohexylbenzene and 19.6 parts of mesitylene filtering the
solution through a 0.2 um PTFE cartridge filter.

Viscosity of 2.3cP as measured using an AR G-2 rheometer ex TA

30 instruments. The viscosity was measured over a shear rate range of 10
sec” to 1000 sec™ viscosity extrapolated using a Newtonian fit equation,
all measurements taken at 25°C.

The OSC formulation was then printed as a 5 X 5 cm wide area block on
35 the array of source drain electrodes on PEN film as described above using
a RK Flexiproof 100 flexographic printing with a 8 cm*/m? loaded anilox
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and a Cyrel HiQS flexo mat running at 80 m/min speed. The printed OSC
layer was then annealed at 70°C for 3 minutes.

A dielectric layer of fluoro-polymer Lisicon™ D139 (9% solids available
from Merck Chemicals) was spun on top of the OSC layer on the device
and annealed at 100°C for 2 minutes to give a dry dielectric film of
approximately 1 micron thick.

Finally a 40 nm thick gold gate electrode array of evaporated on top of the
dielectric layer in such a way that it covered the existing source drain
electrode structures.

The transfer and stress measurements of the OFET device was performed
by using Keithley 4200. The transistor transfer characteristic and the linear
and saturation mobility are depicted in Figure 6.

Example 3 (Small molecule, flexo printed, top gate)
An OFET device was prepared as follows:

Teonex Q65FA film (available from DuPont Teijin Flims) was washed in an
ultrasonic methanol bath for 2 minutes and then rinsed with methanol.
Approximately 60 nm thick gold source drain electrodes were evaporated
with a parallel plate geometry of 20 micron wide by 1000 micron long. The
substrate was cleaned with plasma ozone for 1 minutes. The electrodes
were treated with Lisicon™ M001 (available from Merck Chemicals) SAM
treatment by spin coating from isopropyl alcohol and evaporating the
excess off on a hot plate at 100°C for 1 min.

An OSC formulation was prepared by dissolving of 1.3 parts Compound A
(as mentioned in Example 1) and 0.7 parts 350 000 Mw polystyrene in
58.8 parts cyclohexylbenzene and 39.2 parts of mesitylene filtering the
solution through a 0.2 um PTFE cartridge filter.
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groups are palitmeadurementy akenalti2b°cti | benes, which nmay al so be further
substi tut ed. Correspondi ng phosphi nes and 25ethers are defined anal ogously

to the am nes. For the purposes of the
The OSC formulation was then printed as a 5 X 5 cm wide area block on

the array of source drain electrodes on PEN film as described above using

a RK Flexiproof 100 flexographic printing with a 8 cm*/m? loaded anilox

and a Cyrel HiQS flexo mat running at 80 m/min speed. The printed OSC
10 layer was then annealed at 70°C for 3 minutes.

A dielectric layer of fluoro-polymer Lisicon™ D139 (9% solids available
from Merck Chemicals) was spun on top of the OSC layer on the device
and annealed at 100°C for 2 minutes to give a dry dielectric film of

15 approximately 1 micron thick.

Finally a 40 nm thick gold gate electrode array of evaporated on top of the
dielectric layer in such a way that it covered the existing source drain
electrode structures.

20
The transfer and stress measurements of the OFET device was performed
by using Keithley 4200. The transistor transfer characteristic and the linear
and saturation mobility are depicted in Figure 7.

25 Example 4 (Small molecule, gravure printed, top gate)

An OFET device was prepared as follows:

Teonex Q65FA film (available from DuPont Teijin Flims) was washed in an

30 ultrasonic methanol bath for 2 minutes and then rinsed with methanol.
Approximately 60 nm thick gold source drain electrodes were evaporated
with a parallel plate geometry of 20 micron wide by 1000 micron long. The
substrate was cleaned with a 500W argon plasma for 1 minute. The
electrodes were treated with Lisicon™ M001 (available from Merck

35 Chemicals) SAM treatment by spin coating from isopropyl alcohol and
evaporating the excess off on a hot plate at 100°C for 1 min.
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40 was then annealed at 70°C for 3 minutes.

A dielectric layer of fluoro-polymer Lisicon™ D139 (9% solids available
from Merck Chemicals) was spun on top of the OSC layer on the device

20 and annealed at 100°C for 2 minutes to give a dry dielectric film of
approximately 1 micron thick.

Finally a 40 nm thick gold gate electrode array of evaporated on top of the
dielectric layer in such a way that it covered the existing source drain
25 electrode structures.

The transfer and stress measurements of the OFET device was performed
by using Keithley 4200. The transistor transfer characteristic and the linear
and saturation mobility are depicted in Figure 8.

30

Example 5 (Small molecule, flexo printed, bottom gate)

An OFET device was prepared as follows:
35
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The OSC formulation was then printed as a 5 X 5 cm wide area block on
the array of source drain electrodes on PEN film as described above using
25 a RK Flexiproof 100 flexographic printing with a 8 cm*m? loaded anilox
and a Cyrel HiQS flexo mat running at 80 m/min speed. The printed OSC
layer was then annealed at 70°C for 3 minutes.

The transfer and stress measurements of the OFET device was performed
30 by using Keithley 4200. The transistor transfer characteristic and the linear
and saturation mobility are depicted in Figure 9.

Example 6 (Small molecule, flexo printed, bottom gate)
35
An OFET device was prepared as follows:
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| ayer which is | ocated between a hole-injection | ayer 30and an em ssi on

| ayer. It may be preferred for themto be doped with

Teonex Q65FA (PEN) film (available from DuPont Teijin Flims) was
washed in an ultrasonic methanol bath for 3 minutes and then rinsed with
methanol. Approximately 40 nm thick gold gate electrode were evaporated

5 on top of the PEN substrate. A dielectric layer of D206 available (from
Merck Chemicals) was spun on top of the gold gate electrode, at a spin
speed of 1500rpm for 30 seconds; annealed at 120°C for 1 minute, and
then UV cured under UV light (302nm) for 5 minutes. Approximately 40 nm
thick gold source drain electrodes were evaporated. The electrodes were

10 treated with Lisicon™ MO0O1 (available from Merck Chemicals) SAM
treatment by spin coating from isopropyl alcohol and then rinsed with IPA
and spin dried evaporating the excess off on a hot plate at 100°C for 1
min.

15 An OSC formulation was prepared by dissolving of 1.6 parts Compound A
(as mentioned in Example 1) and 0.4 parts 6 000 000 Mw polystyrene in
cyclohexylbenzene/mesitylene in a 1:1 blend filtering the solution through a
0.2 um PTFE cartridge filter.

20 Viscosity of 5.6cP as measured using an AR G-2 rheometer ex TA
instruments. The viscosity was measured over a shear rate range of 10
sec” to 1000 sec™ viscosity extrapolated using a Newtonian fit equation,
all measurements taken at 25°C.

25 The OSC formulation was then printed as a 5 X 5 cm wide area block on
the array of source drain electrodes on PEN film as described above using
a RK Flexiproof 100 flexographic printing with a 8 cm’/m? loaded anilox
and a Cyrel HiQS flexo mat running at 80 m/min speed. The printed OSC
layer was then annealed at 70°C for 3 minutes.

30
The transfer and stress measurements of the OFET device was performed
by using Keithley 4200. The transistor transfer characteristic and the linear
and saturation mobility are depicted in Figure 10.

35
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An OSC formulation was prepared by dissolving of 1% polymer comprising
15 phenanthrene units having the following structure

20

25
and a weight average molecular weight of 78,000 in mesitylene filtering the
solution through a 0.2 um PTFE cartridge filter.

30

Viscosity of 6.1cP as measured using an AR G-2 rheometer ex TA
instruments. The viscosity was measured over a shear rate range of 10
sec” to 1000 sec” viscosity extrapolated using a Newtonian fit equation,

all measurements taken at 25°C.
35
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The OSC formulation was then printed as a 5 X 5 cm wide area block on

the array of source drain electrodes on PEN film as described above using

a RK Flexiproof 100 flexographic printing with a 8 cm*m? loaded anilox

and a Cyrel HiQS flexo mat running at 80 m/min speed. The printed OSC
5 layer was then annealed at 70°C for 3 minutes.

A dielectric layer of fluoro-polymer Lisicon™ D139 (9% solids available
from Merck Chemicals) was spun on top of the OSC layer on the device
and annealed at 100°C for 2 minutes to give a dry dielectric film of

10 approximately 1 micron thick.

Finally a 40 nm thick gold gate electrode array of evaporated on top of the
dielectric layer in such a way that it covered the existing source drain
electrode structures.

15
The transfer and stress measurements of the OFET device was performed
by using Keithley 4200. The transistor transfer characteristic and the linear
and saturation mobility are depicted in Figure 11.

20

Example 8 (Small molecule, flexo printed, bottom gate)
An OFET device was prepared as follows:

25 Teonex Q65FA (PEN) film (available from DuPont Teijin Flims) was
washed in an ultrasonic methanol bath for 3 minutes and then rinsed with
methanol. Approximately 40 nm thick gold gate electrode were evaporated
on top of the PEN substrate. A dielectric layer of D206 available (from
Merck Chemicals) was spun on top of the gold gate electrode, at a spin

30 speed of 1500rpm for 30 seconds; annealed at 120°C for 1 minute, and
then UV cured under UV light (302nm) for 5 minutes. Approximately 40 nm
thick gold source drain electrodes were evaporated. The electrodes were
treated with Lisicon™ M001 (available from Merck Chemicals) SAM
treatment by spin coating from isopropyl alcohol and then rinsed with IPA

35 and spin dried evaporating the excess off on a hot plate at 100°C for 1
min.
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di scl osed in JP 2000/ 053957, WD 03/060956, WD 04/028217 and WD 04/ 080975.
30 - 57 - N1\ 0-zrYN p40 41 11- ISl ail OON *SO* O (177) (178) 45 *
41 411 6 (179) (180) Suitable matrix materials for the conpounds
according to the invention are 15ketones, phosphine oxi des, sulfoxides and

sul fones, fop %S@ﬂo‘?mhih %ﬁgﬁégﬁwﬁar&ﬁ df‘&%cﬂWnBJo?OﬁQ paY’Q @c% gdr§ A WO
06/ 005627 or DE 102008033943, triar 66%&;@ er| vati ves, for
o Cap’ (45 NeBRonas TSRS 1L RBAT 4 Pars 0 W ROEHTENG Ny es
di scl osed i ncyclohexylbenzene, filtering the solution through a 0.2 um PTFE cartridge

5 filter.

Viscosity of 6.5cP as measured using an AR G-2 rheometer ex TA

instruments. The viscosity was measured over a shear rate range of 10

sec™ to 1000 sec™ viscosity extrapolated using a Newtonian fit equation,
10 all measurements taken at 25°C.

The OSC formulation was then printed as a 5 X 5 cm wide area block on
the array of source drain electrodes on PEN film as described above using
a RK Flexiproof 100 flexographic printing with a 8 cm*/m? loaded anilox

15 and a Cyrel HiQS flexo mat running at 80 m/min speed. The printed OSC
layer was then annealed at 70°C for 3 minutes.

The transfer and stress measurements of the OFET device was performed
by using Keithley 4200. The transistor transfer characteristic and the linear
20 and saturation mobility are depicted in Figure 12.

Example 9 (Small molecule, gravure printed, bottom gate,
mesitylene/CHB)

25
Teonex Q65FA (PEN) film (available from DuPont Teijin Flims) was
washed in an ultrasonic methanol bath for 2 minutes and then rinsed with
methanol. Approximately 50 nm thick gold gate electrode were evaporated
on top of the PEN substrate. A dielectric layer of D206 available (from

30 Merck Chemicals) was spun on top of the gold gate electrode, at a spin
speed of 1500rpm for 30 seconds; annealed at 100°C for 10 minute, and
then UV cured under UV light (306nm) for 5 minutes. Approximately 60 nm
thick gold source drain electrodes were evaporated. The electrodes were
treated with M0O0O1 (available from Merck Chemicals) SAM treatment by

35 covering for 1min and then spin coating to remove excess M001 and then



WO 05/ 039246, US 2005/0069729, JP 2004/288381, EP 1205527 or 20WD

08/ 086851, indol ocarbazol e derivatives, for exanple in accordance with WO
07/ 063754v0r20MQ4085056746, azacarbazol es, for exanpl e i rcamposidannes Wit h EP
1617710, EP 1617711, EP 1731584, JP 2005/ 347160, bipolar matrix materials,
for exanple in accordance with WO 07/ 138825, silanes, for exanple in
accordance with WD 05/111172, 25azaborol es or boronic esters, for exanple
in accordance with WO 06/117052, triazine derivatives, for exanple in
accordance with DE 102008036982, WD 07/ 063754 or WD 08/ 056746, or zinc
conpl exes, f6@5@(&%@&aﬂ%&@@rdﬂﬁ%@%qfﬁt'm”ﬁ)@@@mmaB@A@létﬁaﬁ ng to a
preferred enpogid s mie or gani ¢ sem conducti ng conpounds (OSC) preferably
have a nol ecul ar wei ght of at nobst 5000 g/nol, particularly at nost 2000

g/ nol, especially at nost 1500 g/ nol and nore preferably at nobst 1000

g/ ol . 35AccAnddSQ formalatipaavad prepaved byrdissivihngof freepans Compond #n, the

5 | ndre.pr ARG PN 880Bg0g WwmkpiRlyihe BichPlonsBY BeRETel TSR Shar ge
t ranspor t i ng(‘h} fitermgstheaddtéore througk af A2t e Aidtecatidgeyfilem t o sol uti ons
of non- CO”d“V/[?'cBQty mﬁé%‘&b’é’é‘hﬁ@és‘u)/ed ﬂgirng RRBLS EteX eROFA T S, i nert

polymeric bin onprise adm X ovv-m) ecul ar-wei ght, oligoneric,
dendritic, | |n$é'ametnts b viseasinwasmeasyedquer @rsdmréat&rransre of 10

or ganorret al | s&cSeym G@Wse@LUQHHo%I B&ﬁ‘é 6Iiéltéd’usﬁ15% Newtothiah ie eqliBloonpr i se

. 0 % refera 0.2 t, %rmst preferably 0.3%to 3% by
vvel ght ﬁnert Ulﬁﬂpsyﬁ%mleﬁpsb'i%llfﬁa £t| onally, the OSC formul ati on conpri ses

one or nore organi c binders, preferably pol ymeric binders to adjust the

r heol ogi cal

particul ar aﬁf‘gr'?g%‘tﬁuf@ﬁ%'%%ﬂ%C%g?‘gf’irgéd3@% %(5 Qnolqﬁo\zl??%/a%%?'%;ég 1, 000 Hz
of 3.3 or | elab preefer. phefgsavieycylindar padpaany esl mptbsmmerderdomnwrpounds

from 20 1 tOdifeféht RGngE Phl Atffiof vids & 8]1'9I/m@513ﬁ’ﬁ'd%b{df blade Wais nlgy.nt@sor e

prefer Iyllto X refera neric
conpri 355 a ﬁ%”t@ﬁtwﬁbé?%géa%?é‘ddﬂg? f“q){?ﬁ'qrh‘é‘a?ﬁ%f@do‘ﬂ thedwP t o

12680? 028 8betweeremeemabd iatieQthd faQQQa Sfixder mah trr\]@rmdotgt?@d bﬁsr)ef:i ally
(0] , rl I N S ,can aC |.eve pO yners
roving s oot BRe0athe IRt hedt ks P SIgub FhRa TR i STMEE The

preferably apruhtedsﬁ)SQdéyéO@aSSgémhneamle(tﬁorawyalraat V@%@n‘o@@@mﬁﬂ’@sg/ nmol and
nore preferably at |east 500,000 g/nol. According to a very preferred

aspect of t he present invention, the polymers can preferably have a wei ght
aver ag@0nol et he dranssr@ncstress measurements, afdbe @Ml denigerwas perefraedbl y at

I east 2, 000, QQQISB{gnIQélth@?Qb@ Wﬁb)[@fs%t@ﬁré‘ﬂsféﬁ@Iﬁéﬂac&'ils'tna%rnh hengeap can
preferably hav vvei a[a r?g IJTD e g aB t of at nost 20, 000, 000

g/ mol, nore AP ﬁépﬁﬁ 8"8?0 Wty #ie depicted in EQJ"& and nost preferably at
nost 7 000,000 g/mol. - 59 - preferably in the range of 1.02 to 3.

Ast oni shi ng i nprovenents can be achieved wth perferbable polyners having a
pol ydi sgersity index MriMh in the range of 1.03 to 2.0, especially 1.04 to
1.5 andonor eEpaniple 491 (Smalianotecule, grayawe girinfedotap gpta)i al aspect of the
present invention, the polyneric binder may have a nulti nodal nol ecul ar
wei ght di strlbutlon Pref erabl y, polynmer may have 2, 3, 4 or nore

maxi ma in th@e%@égﬁ%ﬁf}\!@?éﬁﬁa"épﬁfrf?wi”%ﬁntagewéf@m Mﬁﬂ‘@aﬂ'zﬁ’%ﬁ‘ apcC. 10
The bi nder i gltzebar!metHapol BatTIre Mm@ehmahdmneedmihymethanol

ret hyl ot or enbpPrBIFIRL BT ARER 9ot P et PO Vele BheRErRE <
deri vedOfr orrwﬂhyar parallehplate gebwietnyof ZUr micron edde bl VINO0i midoom deng Tdeen

1Soompri se aLybaAat ik dbaSSAlRA 10080 Hiuch BRERPIE Rl 95 % bY

wei ght of repea uni ed fr o efins. The

bi nder may aeb@tr@deaw@émt@aﬁe@mhdﬂomr(avéalla@éfr temeMerals Coranipals) SAYM

pol y-aryl am gegimed! by H&ssies a el éﬁ&‘lé&ﬂh@‘@ﬁnﬁﬁu%%d%nfé;ﬂﬁﬁﬁ €s,
20substi t ut ed_pol yvi n I eneB {l epes, )@%o roifar b%‘ﬁ@& f?é EBI yéltl I ?enes
copol ymer s t AEXGESs apd &va ng thesxgess olfon P dobl esent

i nvent 86n, amin.nert binder |s a polynmer having a glass transition
tenperature in the range of 25 -70 to 160C, nore preferably, 0 to 150C,
especially 50 to 140C and nost preferably 70 to 130C. The glass transition

tenperature can be determ ned by neasuring the DSC of the polymer (DIN EN
| SO 11357, heating rate 10C per mnute).



30Usual Iy, the polyneric binder is dispersible or soluble in the sol vent of
the present fornmul ati on as descri bed above and bel ow. Preferably, the

pol ymer i owbi20ders7428 sol uble in the organic sol vent and phe/rpediulooiingy of
the polyneric binder in the solvent is at least 1 g/l, especially at |east
5 g/l and nore preferably at |east 10 gBF.- - 60 - According to a speci al
enbodi nent of the present invention, the fornulation can conprise 0.05 to
10 % by weight, preferably 0.1 to 5 % nore preferably 0.15 to 3 % by wei ght
pol ymeri c binder. Astonishing inprovenents can be achi eved by using

f or nul at i onsApr@BE€r fabinylaionrmsas prergaredpwdjss..olwgmfr%paétseﬁqnpyn@ﬁgs to 0.6
and nost pre&ﬁac”d% aﬂs%ddbogoﬁwvé B1patyVEH TR  cyRR Hé‘x"?fde‘hz@h@q‘%es@ﬁ@'sm ng

i nprovenent s can

o= kst it ol S PR Ty e

61;] fici en}] deViggessitp @Y 5B R8s exndiurediuspng an wmethecbmewr@xomai nabl e.
The wei.ght i i

ti t he, sem conducting_conpound t the nert ris
oref or Sty | tiiRentio EngFssHY ie NSO o $heg) Tele o dnfiE of °20: 1
to 151:5 andseo! ¢o j080eeallwsdasity extrapolped sthigla Newtodian/it eguation, to a
speci al e”bog'll QéerFﬁle[?\?% ArL | &4 JYopders preferably conprise repeating
units derive oms yrene and/or olefins. Preferred polyneric binders can
conprise at least 80 % especially 90 %and nore 20preferably 99 % by

\gtel ght of repgRatd8E féﬁhhﬁatféﬂ%é(@ﬂwérf it SRS a TP QT 60- aecgalrerfés@f ns.
yren

nonomers are [l nown in e oner e styr ene,
subst i 5Qt ed BPmaier. :ﬁﬁ‘ﬁl‘g"éﬁu‘lﬁ ?V\n@ﬁg‘?almﬂ%f;eﬁﬁegﬁ'@ 'EPJ@G%{%’ %"e‘i%such as
a- met hyl st yr gifferantvelusicly | ’ieydecter biadeswas pue thts icpntaut svithi the gravadeky |

ol ogenat ed SHYIGTe I BofiiaticRtuate RlassBli 378 ndlBefieti e Hcfbthage
tribronostyr amgharmavwer@/mndmwmmmtate@mehan@ Ehepriohbead wasonsi st i ng
of hydrogen. #ih SRUPBui® her teabsime RIS phiffedUO8 Ot 88 thé OPY! ene,

but yl eng;s i sopr ene I ene According to a special
aspect t h@npealesiat ZQ]\%‘Wl“dﬁ'mt @& pol yneric 35binder is pol ystyrene
having a wei ght average nol ecul ar weight of preferably at |east 100, 000

/ nol , especi,al J 00, 000, jaldoy at. . - 6 east, 300, 000
3/ nol andprm eecgréq l?éf gﬁu?@ag?lygl%%gﬁga@/)flﬁoﬁ'dﬁ@%hﬁlﬂ Ry
preferred as m}mmnélst) Iwaaspsp&sem topoetite OSC kalyer pnlttxetdywk:eeamhanm:&aiédr ably

have a wei gh e il I nd nore
preferabl y a:ath’éagﬁggciggb 00 gﬁq Yfﬁrﬂﬁ‘q_(ﬁb 1%}1 r‘ﬁ?‘ﬁhe‘ne Eﬁg?%% %‘B# 'gs i nert
bi nder 20can fiinofaf epproximaiely 4 Wﬂl’ghﬁhlﬁ&er age rml ecul ar weight of at nost
20, 000, 000 g/ mol, nore preferably of at nobst 12,000, 000 g/ nol and nost
preferably at m)st 7,000,000 g/pol. 10The forrrul tion a rd|n

present inve il 320 %6‘“'9*8%%?%%%#‘?%%35% reVﬁBPEa Ppﬁegokgrﬁ%onents
l'i ke for exarmélecmurlémanmthwaymmundcverledbheceactstmgmméa;amonductu ve
additives, di n ts, hydrophobi ng agents, adhesive agents, flow

i nprovers, 5?%; %‘S"gﬁ{% deaerators, diluents which may be reactive or
non-red&dtive, auxiliaries, 15col ourants, dyes or pignments, sensitizers,

stabilizers, 1R Efﬁh&%tr@é hﬁéasfurém@ﬁtgb{spm%vgrﬁﬁ&aﬁﬁwégt orfriponent s

shoul d not be ox! disfn erw se ca em ca actl ng with

the CSC or hdveising &e@gwwq NEdERIRISIer TaBEies SherRSteRRic anskieh g
'”provem?ntsafh@f‘sahﬁra?li@)hlrﬁwﬂitwm@‘dé@bﬁﬁl|h€F|g&fé Hag agents. The term
‘volatile" as used above and bel ow neans that the agent can be renoved from
the organic sem conducting materials by evaporation, after these materials
have bé&#®n deposited onto a substrate of an CE device, under conditions

(l'i ke tenper e t 5significantly
damage theseeé)&%rﬁp ?s 3 W%E%@%v;ﬁ%g&%ri gr‘ t‘%??m‘%né means that the
wet ting agentdimethexytslueng) poi nt or sublination tenperature of < 350C,
nore preferably 300C, nost preferably 250C, at the pressure enployed, very
preferably at at gerl C pressure 10%(;3 hPa). Evaporation can al so be
accel erated éHO r%j'p PYFG YRy PreRar WS educed pressure. Preferably,

t he wet3d ng agents are not capable of chemcally reacting with the OSC
conpounds. In particular they are selected from conpounds that do not have
a permanent doping effect on the OSC material (e.g. by oxidising or

ot herwi se chemically reacting with the OSC material). Therefore, the
formul ati on preferably should not 35contain additives, |like e.g. oxidants
or protonic or lews acids, which react with the OSC materials by form ng
ionic products. - 62 -




Surprising effects can be acconplished by fornmul ati ons conprising volatile
conponents having simlar boiling points. Preferably, the difference of the
boi | i ng pwonoiefi7i2Be wetting agent and the organi ¢ sol veot/Epsoitnoibe range
of 5-50C to 50C, nore preferably in the range of -30C to 30C and nost
preferably in the range of -20C to 20C: 8Breferred wetting agents are
non-aromati c conpounds. Wth further preference the wetting agents are
non-ioni ¢ conpounds. Particular useful 10wetting agents conprise a surface
tension of at nost 35 nNm especially of at nost nV m and nore

pref erabl y ofleanexRE5FAsfiimyavailahle EWB@B%@T@J'@E"M Vtﬁ,s wasked 84alsi ng a

ETA (First Tamaéaa&tmemanwéaﬂpf&azcﬁmﬂneé AndRERMMEEH vidth Aiethardit ai | s of
t he net hod are aval |l a eg from F rst| Ten An trom as . publ i shed béﬁ ger P.
%60 digs ebe

Wodwar d, PhAPProximat nrdhisk gold EauiGRATaIN Sleckpdes Weke SVape
Met hod". Pr efm‘th@barallémat&gd@mwrcﬁmmidmd wid@ biyet 00feshidron deriger Thee t he

f I
ST ac8, ol o0 AR RRoL iR ARG o PSS e TR ERbuRRer o
vet ting agenwere trpatddewitbllysi@datMIME61 (availdbig frespderck Cjnemlcale)asAMS m\/ m

and nore pref ,;%?d;g n be

achi eved By V\rg%?l%m@e&'ﬁ%tat'ﬁg fmr’%%gdﬂaﬁglpﬁ%ﬁgr wel ght o{fmit east 100
g/ mol , especP¥¢9sp @ffon@ab@t plate gy H@0°C fopk B¥er abl y at | east 180 g/ nol and
nore preferably at |east 200 g/nol. SUI tabl e and preferred wetting agents
t hat d not i e or otherw se chem react h the OSC material s
bre. senet caAhrORT REnyfRaR Wan BISHATRY ardibsaiRa a0 Daka Ramparra &y

al kenesOI al kyaementibnedin Exanplen) aadal. OlqpertstI%TAAiemi d\mém/bxqfc?h}léme )
conmpounds. F er s, or uoro ket ones
can be used. Hﬁ%ﬂ’gﬁ%ﬁ? Vg‘%)l ?/rgrgf"ﬁhrsge&?olﬁ%owuﬂfa%cgﬁhg ieigfled from met hyl

sil oxanes having 6 to 20 carbon atons, especially 8 to 16 carbon atons; C7

-Cl4 al kaneSv.éEBs. of 5 dFeQ§1°’n Lr&%/ﬂ;smd%lm Gai?t?ét%été?%ﬁm 7 to 14

car bon toms 0 etQLers aV| ng car ban fluoro esters
having1? to mtr@memiﬁ Hﬂ%w@cos't&eyas raﬁaswpad}V@r@eihﬁ?éga%ms&d% 14
carbon at onsgedlisto mcm‘gécf-ednmtyrwtragemtéd asidgre Newtosiahdit @ueatibayi ng 8
to 14 car bon toms Usefgscaz(ﬁ eﬂrﬁ]gzrred al kanes having 7 to 14 carbon

at ons i ncl ud@ gﬁ%ﬂﬁtﬁﬁ@ iz iakes ne, decane, undecane, dodecane,
tridecane, tetradecane, 3-nethyl heptane, 4-ethyl heptane, 5-propyl decane,

tri t hyl t 14
car bon xt ors T8 SGaBrANfEATR her BARR L XA WaoRIe I Bt dh o,
oct ane20decathesairay %aeumfaedrageetacgr@d@s eorfiRN film as deseribad A eueusing

decane, and a@klm&f@rd&hmlﬂ%@%ﬁmc pHﬁﬁﬁglbwwuismn%/ﬁﬁz Readeblgiieg having 7

to 14 carbon ato pt ene,. oct nonene, ece ecene,
e deaena a0 aBe & Eyrel HitKSC e Mot Fuind ok B0 TS apeech JhE dited G5y

hept ene, 5- playeywaicthenaanrmsated at MetdYdr T pdhuteexene. Hal ogenat ed

al kenes having 7 to 14 carbon atons include 1,2-dichloro 20octene,

tetrafl uoro octene, decafluoro dodecene, perfl uoro nonene, and
1, 1, 1- 2bi f | uévdietechyd layec ehBuoro-polymer Lisicond N 3% (936 selily awailatiei ng 7 t o

14 carbon at M%‘?l:k‘@‘ﬁe%&éﬂ@?wf%@;)\(ﬁe%nfo h@pmaeosé |ggéyaﬁméiee%¥ne

tetradecyne, 3-net hyI he eptyne cyne, and
trimethyl cy@ndippngae ?g é@&\ﬁﬁ"e’%ﬂ"ﬂl‘lﬂ%é% gaR H@/ ff'e!QPtﬂ8¥[%P on atons

i nclude 1, 2- dppkﬂmgté}ptmﬂﬁ;mﬁ e¢hierf | uoro octyne, decafl uoro dodecyne,
perfluoro nonyne, and 1,1, 1-trifluoronmethyl decyne. 30 Useful and preferred
al canol s having 7 to 14 carbon atons include, heptanol, octanol, nonanol,
decanoB0 und&omilgla 40ode trcohold gateclectodde aray aflevapotated ondopyf theept anol |
3, 5-di nmet hyl ri met hyl
cycl ohexanol di]e'l‘%&ﬁéfgar r%’s eca \”X{/ tmg %?%ééﬁgkgghg% gér%g r;sa rlti1aV| ng 7 to
14 carbon at Glmter@ISIU@tqfe@hl oro hept anol, 1,2-dichloro octanol,

tetrafl uoro octanol, decafl uor o dodecanol perfl uor o nonanol ,

1,1, 1-triflugroneth decanol, and 2-trifluoro y]-1- drox aIin.
L L uganel i, desanol pand 2 bon 08 GEEDYC b, oy degal i
et hoxy35, 1, 1by.udiry Kehhley6i2006 Tthedtearasidtootransfet bhédammmnbyjlepm@ne 3-
propoxy-l,1,1,2,3,4,4,5,5,6,6,6 dodecaf |l uoro-2-trifluoronet hyl -hexane, and
3-propoxy-1,1,1,2,3,4,4,5,5 5 decafluoro-2-trifluoronethyl-pentane. 10
Useful and preferred fluoro esters having 7 to 14 carbon atons include
3-(1,1,1,2,3,4,4,5,5,6, 6,6 dodecafl uoro-2-trifluoronethyl-hexyl) ethanoate,
and 3-(1,1,1,2,3,4,4,5,5,5 decafluoro-2-trifluoronethyl-pentyl) propanoate.



15Useful and preferred fluoro ketones having 7 to 14 carbon atons include
3-(1,1,1,2,3,4,4,5,5,6, 6,6 dodecafluoro-2-trifluoronethyl-hexyl) ethyl

ket one, awo 28t1(1ysh3l, 2, 3,4,4,5,5,5 decafl uoro-2-trifl uoperasebyliopans vyl )
propyl ketone. 20Useful and preferred siloxanes include hexanethyl

di si | oxane, octanmethyl trisiloxane, dee8fethyl tetrasil oxane, dodecanethyl
pent asi | oxane, and tetradecanet hyl hexasil oxane. Preferably, the

formul ati on may conprise at nost 5 % by weight, 25 especially at nost 3 A
by wei ght of wetting additives. Mire preferably, the fornul ation conprises
0.01 to 4 % Fjguss 19a andihr linean 3ngsal tmmqbllmytaoe depictsd neFignre of
wetting agenygpThe fornul ation according to the present invention can be
desi gned as an 30emul si on, dispersion or solution. Preferably, the present
formulation is a solution (honobgeneous m xture) conprising no considerable
anounts of aExaawpié 12hBmall mokcule Jéx6 printedgtup gate)dh dsothrwmanoPV)
devi ceg | i ke di odes or solar cells, or organic |light emtting diodes
(OLED), Especial |y preferred CE devices are OFETs. A preferred
OFET accor di Ag OFETtdayige wasmreparesnas tollowsnpri ses the fol | owi ng
conponents: optionally a substrate (1), a gate eI ectrode (2), an

i nsul ator |ayer conprising a dielectric_naterial an OSC | ayer (4) 10-
source and drigORe¥| Fr*bﬁg@(ﬂ\@“ab'%ﬁf’ﬂbﬂaf’wt EQU!ncﬁ""?ﬁ)Wéa%)W@ﬁB@@ i"bﬁ"or

passivation |uﬁVé§o$uc( ﬁr)ethéﬁ(ﬂlb"aﬂw ﬂdI zemrmbgradw/theﬁdnreehw histhanvoldepi ct s a
A L N T R i s T

Iayelr of di elvmtta para‘rlat plalteige()ﬁ‘ﬂetr@ad»fmManvadegnﬁeoommldrehdong aSI'be) aln
OSC | ayer (4 t tiona
passi vati on SHoEEeRS G wttfhiBshii Bl K £ fithe %he  BEyBReR”
prepared by w%edm%d Wdihﬂri$l§0lrﬂth 804 (apailatiie fropoMerch §hemjeals) SAMt r ode
gat e 6l.got T ol T e D he ane s PPl e e () Tor
top of Phe dleépéég Pﬁé’nl%&@rpéﬁ at gé@cé%‘%ﬁ hJR D el ectrodes (5) on top of
the OSC | ayer (4), and optionally depositing a 25passivation or protection

I 6 t h D el t d 5)..and. th I Fi 1B
L2ver (20, o0 ArRBsE: bR GhEBL BB A YaBg, (RSB ES e B Vo
contact (BC) (a¥merdeneddn &xaomdée 1y and t.Aeansepawtriapdamiren(R M) onpri si ng a
substrate (1)g ocfhr&?%z o St QA8 1Cetnfindhfingfdrid § paR¥ditekif) theSAUORC T 0des

(5), an OSC l'a assi valo rotection layer (6).
The de¥lce oﬁhflqugbrée 2@@£1T|ﬁ%cﬁﬂéﬁﬁﬁéﬂieby a process conprising the 35steps
of depositing a gate el ectrode (2) on a substrate (1), depositing a

(1, "6 - Uiyl Bopeaf Be Srersiialasnesn A Fof rFSTRE 6l Act 1 ¢ | ayer

(3), deposi tiimgrumeSCThayescobity was mepsorfedtdmerﬁ Shedraate ahege ¢f4)0 and t he

dielectric | ' 3 i i I otection
Faver (9) 0 on ¥55! §5109E SRR S SBBRILH JShEa RGN B M bcfauBh
schematdcal | wlldngaﬁ!rgmmibtﬁl@@tai 25fG. OFET device according to the present

i nvention, conprising a substrate (1) source and drain electrodes (5), an
OSC | ayer (4) a dielectric |ayer . and a gate electrode 2 and an
opti onal passl JiheP56n fosmulRtiona ?H’I?’I é?'étﬁdlﬁ‘ﬁﬁ% X e e @eea Pl C%‘ikgﬁﬂe 2 can
be prepared Qe ariay@fesarcodRiin eistirodes i PEN filin depestribetbalsdve esiagt r odes

5 bst t oS 4 f S/ D

cr ect rodes. (A REIeERISL IRBTRACSPE eiblioa i a Edndhd Rkl 4Bx or (3)

on top 3 thand3CCyssldliQSiexalmpbsunming a4 8faméme guadhdde(@)nted QP of the

dielectric I %} m%r%,%%tlé ggbbycqg,pg%lhb%gf a passivation or protection
op 0

| ayer (6) on e gate e ectrode he dielectric layer (3).
20The passivation or protection |ayer (6) in the devices described in

Figures 1A, 1Byiettdc 3/ érbhﬂuw@@@mé?fusné@ﬁmtmm(ms@ﬁ@slawwébrénd the
S/ D or gate eI ec Odei‘tne me rther |la eis Of deégﬁ:e at maé be | ater
provi ded t hert5R Mefrl henpirgl @’ﬁ\?lsrpdﬁhé'?\ '@YGQ%FrIIée F¥Cance

bet weer85 he smidr sxsnealetl dt 300° G Far midgtes (6 )giveaa dryndietedtad fily of he doubl e

arrow i n Figur the channel area. In case of fornulations
for use in Gﬁ?pi%)?‘ﬁ'satéll? 5‘?%‘1"2‘& on preferably



conprises or contains, nore preferably consists essentially of, very
30preferably exclusively of, a p-type sem conductor and a n-type

sem conduwwoanii/@rs2an acceptor and a donor material. A prefr@mpe@dooaberi al of
this type is a blend or m xture of poly(3-substituted thiophene) or P3AT
with a C60 or C70 fullerene or nodified9®0 nol ecule |like PCBM [ (6, 6)-
phenyl C61-butyric acid nmethyl ester], as disclosed for exanple in 35WD
94/ 05045 Al, wherein preferably the ratio of P3AT to fullerene is from2:1
to 1:2 by weight, nore preferably from1.2:1 to 1:1.2 by weight. -67 -
Figure 3 and Figure 4 exenplarily and schematically depict typical and

preferred CPM 'a@@n?&ﬁﬁ’él@gé\a e‘éﬂ&tﬂfo%g@r?é bf‘é?é{pér‘éibd 8R topibbtheval dauf
et al. @Feéﬁ Lett. 89, 2 &‘%320 %H]AnCP ewceg\s shown in
Figure 3 pr e?’ NG 13y sueik a way eferhtig SXSUNG SPHEGITEEN) (1 or
exanpl e a neéklctrodedtrugturabum nun), and a hi gh work function el ectrode (32)
(for eéarrpl e |'TO, one of which is transparent, 10a |layer (33) (also
referréed to as "active layer") conprising a hole transporting material and
an el ectron Thensrsfern and stiess wmlasume@hsajjltpewéttd@diderwas psdorraeadri al s,
o) Luated_bet bpelind ReRhBGL4RACTNE Hardfdlor HARSTBF Ehafactentie SRR iriplr | OF

exanpl e as a I"ayer stinct ers or m xture of p and n
type seni conéU@tsé uralgn W'Wtﬂfér‘i’@lpl@%ﬂhflgwg 'Iﬁ)l yrrer | ayer (34), for
exanpl e conprising a blend of PEDOT: PSS (pol y(3, 4-et hyl enedi oxyt hi ophene):
pol y(agegr enesul fonate)), situated between the active layer (33) and the

hi gh k function el ectrode (32), to nodify the work function of the high
wor k functi oExahesiertsi¢Srmallpnolecide ditexd printedtopcyateyinitetratin) 20- an
optional coating (35) (for exanple of LiF) on the side of the | ow

wor kfunction el ectrode (31) facing the active layer (33), to provide an
ohm ¢ cont acAnfQFEd| deMmieewas prapaiedeas tello@sy devi ce as shown in Figure 4
preferably conprises: 25 - a low work function electrode (41) (for exanple

a net al such as d a rk f nct ectrode (4 for
cxanpl 451 70y Teanex o3 Bl (&valbin PamdauPont e llpFirsiagas weahés i1 8. e 1o
as "active | aielsohicoegiarsol batiafdrd mmute@&lndrthengmaaemmmmcan el ectron

i I | df d
between « he_ PBLobamiel B 3fiticeld s3fiE Bl e et SaPoliapl o o
bi I ayer or twithch paiallel platy gesmetrydfediimisroniwide by t0Gmacrandong.péhe

duct | |
comprt aing. aspeiStedpss BRAnefRRit Bashth BT 1 Miffict Mile clediraB28P S
Che. 3588w wowere tieetedwitd] Liscenlid Mﬁ@j (availabls frem MerelGhemicaisheAM or

el ectrons, treﬁ?mentb g Ihpédd?lﬂ@fr 8 ﬁl@éoﬁél@ncﬁé@é‘ﬁﬂrﬁtu@é thd Ox) on the
si de of the hi Cgﬂ@? facing the active |ayer (43),

on el
to provide aRfX ?ﬁﬁe#@@rﬂ et rlgts aﬁibé PV devi ces of the present

invent invention typically conprise a p- type (eI ectron donor)

sem conduct or, C type
sem conduct 0(3‘ a‘gg@’@wﬁ%&% “’%E’%@%ﬁg’ (ﬁgé& z& @%%I%C(% gﬁéfp( P3AT) ,
preferdbly p@y@ntioredtiniExpmute)l) @aprdHTd pasts %T rllné\Qti'&IEI f;ﬂfeiﬂi@tthér sel ected
fromthe gr oggﬁw% tRFRIGH 4 9% RRI ¥TPEI GartHagafkepononeric OSC material as

| i sted above e n-t gﬂsem conduct or ca|§|J be an inorganic material such as
zinc oxide or cadm um sel enide, or an organic nmaterial such as a fullerene

derivate, foNigeaitplof Z%Fshsmli@éﬁdrédh}sr %ammmeﬁzfrm’ém@t‘ér%x Tarivati zed
met hano C60 fuI I eren

M, or " as _di osed for
exanpl e i n GNSEYMYN chﬁe Vbsces' %’aﬁd'ﬂﬁﬁlérﬁd PR earA'vgér g%fs Sci ence
1995, ©BI. 2%8¢-1pto 10EDse6- 1anistdsity iextrapbated usingua desttonianifdleswation, an
struct ural ag I Fn%rﬂ? }52% t g. a Cnfullerene group (C70PCBM, or
a pol yner (seenI?or exa 2 nV%tejyl‘s, %K M and McGehee, M D. Chem Mater.
2004, 16, 4533). 30A preferred material of this type is a blend or

m xture of amelas@rfolrmbeatB%lﬂagfheanmma 4304 mes csﬁlvﬁeé%@eé bRiEktdie gr oups
| i sted above o or

rene rene | i ke PCBM
Pr of or abl y ¢ B PHBY 3 SORYRSAT e SEHORES 00 FENHD: a5 fescribedbfSei Wit ror e
prefer8b6ly famRKFIExiprdaf 1001flekogyapiic phintingdth 2 BafmB/ah joalbied anilowei ght .
For the bl ended m xture, 35an optional annealing step nay be necessary to
optim ze bl end norpohol ogy and consequently OPV device performance. - 69 -
During the process of preparing an OE device, the OSC | ayer is deposited
onto a substrate, followed by renoval of the solvent together with any
vol atile additive(s) present, to forma filmor |ayer. 5Various substrates
may be used for the fabrication of OE devices, for



exanple glass, 1 TO coated glass, 1 TO glass with pre coated |ayers including
PEDOT, PANI etc, or plastics, plastics nmaterials being preferred, exanples
i ncl udi ngwval2kuydi4resi ns, ally' esters, benzocycl obut enes pChrpradilona2st yr ene,
cel lul ose, cellul ose acetate, epoxide, epoxy polyners,

10et hyl ene-chl orotrifluoro ethyl ene, etByl-ene-tetra-fluoroethylene, fibre
gl ass enhanced plastic, fluorocarbon polyners,

hexaf | uor opr opyl enevi nyl i dene- fluoride copol yner, high density

pol yet hyl ene, paryl ene, polyam de, polyimde, polyaranmd, .

bol ydi met hy! 804 avie! FIRElsieamat iusitag at BOrystingPerd, The printed OSC

pol yet hyl enepgehivaglthén anpelklrt Sy TictrEamtes at e, 15pol yket one,

pol yrmet hyl met hacryl at e, pol ypropyl ene, pol ystyrene, pol ysul phone,

pol yt etraf | uor oet hyl ene, pol yurethanes, polyvinylchloride, silicone
rubbers, sil Acbelestricdager offhidroepdlymes Lisi¢cdnTIM O138r (986 selids availatilé ng | ayer s

and bakgri er e . fi fe qﬁg? r i-als are

pol yet hyl enetrg%eg%{ﬁ(agg? éﬂ'éﬁé W?%ighg,a%;{l@pp%f{tﬁgt y _Z%l%%tacgm%aﬁé\flgé The
substrat e nagng@nasales atstQ °Qfé1fé?rlinmu,te$réft givess dg distectimfileriofi t h t he above
materi als. ThgpHnhich ¢ mickol thigk ef erably be honobgeneous to ensure good
pattern definF?ion. %ﬁ% substrafe may al so be uniformly pre-aligned by
extrudi ng, stretching, 25rubbing or by photochen cal techniques to induce

the orientat Finaligfa 40 6nPHEEK6IdSGTe HNEctEsIaTaY opedgporated®BRads of @as I i er
nnbiliHb. Thgfﬁ%ﬁCtkfdes can,_be deH%%L%ed bé quuLd.coatig%? such as
spray-, dip- ai ne ye§ﬂﬁ' ﬁ'f'ﬁ%ﬁ‘t‘?’ﬂﬁ, ¢ %?)’9\5 %LPLET?’&'@BB%F’PP %rla'r\'/apor
deposi ti on 3eéleetioddstrustureabl e el ectrode materials and deposition mnethods
are known to the person skilled in the art. Suitable electrode materials

include, without limtation, inorganic or organic materials, or conposites
of the two. HERadfansierand stipssimaasyesmantsef the QT deyise was perfersedncl ude

pol yani | i ne, phpQisyiRyKemhidy 42000Thaltr4HaRAEr #ansfe 8hatchHstiens %iegfd&éd her

di spersi.ons ot 35pastes of graphite o articl of ta uch. as Au, Ag,
oA 155 ° o Figwa Frading dhe SnE8 and s3huBl oty 3te BEpEreditBigtieed moval s
such as Cu, @rb. - 70 - Pt/Pd or netal oxides such as indiumtin oxide
(ITO. Oganonetallic precursors nay al so be used deposited froma liquid
phase. Preferably, the substrate on surface on which the fornul ation

accor di ng t o ExampleresSmallmeledule, flexappirited, togmpates dutyl phenyke ener gy
in the rangeggfed30 to 25 M\ m1 nore preferably in the range of 115 to 30
mMN m 1 _determned by measuring the contact angle of at |east 2 solvents,
e.qg. er and net hyl ene iodi de, but other solvents can be used. These are
typi cally neaguDEETUdViEE WaePrepatedeagfaliog@ni oneter such as a FTA 1000,
10at a tenperatrure of 20- 25C (roomtenp and at nornmal atnospheric
pressure.the contact angle of the 2 solvents are then conbined using a
vari ety of ndebeeriQ85HA filmléhwilablgfroal DyPonkheijiNdlidis)yeaswiished mean or

WI' s har noni : | - i
150/\/ens-v\4énldt?l Itf%?%\'ﬁ E'%mﬂ&%oa)s{h 6&r§f?§ﬁ{ﬁ§§f\%?ﬂén%§8&v 'Bfﬂtaﬁrg'}d'r( y Psv y
PIN) W#Ss HaAppreximately 60cimuthickapid sowrceodrain ?eéytrpcle&wqre@vaewate@)l N C'Y
D SV + y D Lyjithta paraiiél Platdgeommetryof0 midroR wibd by 1sommidroANosd. tThe OSC

| ayer can be achi eved by, standard t hods that 25are known to ,the skilled
person and alslébﬂté%t@r"f’%%élqaﬁe Hath plasma gzene i%@m‘geﬁ-%%?lﬁ%’ &d

deposi ti on nmpidie deated WitteLisicanTh M08t i (agaitabde formMenck CoehricajseSAMer y

preferred depasiti hods . i L tati i ating, spin
Coat g, spr DRl g PRt s ol oh U lbohd B by diraing i 2t 13- P
gr avur 80pr i neixoess affonca hot plate aba00%g forbMirr printing, 30reverse-roller
printing, flexographic printing, web printing, spray coating, dip coating,
curtain coating, kiss coating, neyer bar coating, 2 roll nip fed coating,

ani | ox coat e/ ORR fosmudatiamyas prepasedyedisselvingpf 175 PrEsLPRPONRE Aosc
layer is applaghenitibRedidBxaenglé i1)anad 4¢esPolp|(aphapnsthyidyrene! | er

printing, reyerse-roller printin fl.exoqr [ I i nting,

ani | ox 35coat’@vig LY t@%gﬁ@pq Fﬂ%!%@lf'abwg@?gtﬁ?ﬁ%"ﬁ%ﬂﬁ’%ﬁ’éhﬁ@' of these
printi 3% net pbeaykethepfibéring ok sdlbtiore throagh ded.Byim RTRbtaitiidge édet.o, micro
gravure, - 71 - reverse gravure,offset gravure, reverse roll etc. Both web
fed(roll to roll) and sheeffed in both flatbed and the nore conventi onal
‘on the round' configurations can be used. 5For flexo printing the anil ox
can be either chromed steel or ceramc, preferably ceramc. The cell etch
can vary between 2 cnB/n2 to 120 cnB/nR2 but nost preferably between 3

cnB/ n2to 20 cnB/ n2 and nost



preferably between 4 cnB/n2 to 18 cnB/ n2, however the dried filmthickness
wll vary on the concentration of the active material and the 10transfer
char act erwetotgi4af23sai d fornul ati on. The cel |l confi gur aPCoEP2018/08312%€,
depth, cell wall linking can be adapted by a person skilled in the art to
achi eve an optimal printing result. 15F82-gravure printing the chroned
steel is perferably used but this does not exclude other materials. The
engravi ng requirenments are approxi mately 50% of those for the fl exographic
printing because there is one |ess transfer E{ocess i nvol ved. 20The speed

can vary si gNisScPsknef §-6s€Rmmaasused LaBgRANAR GydehegraeteseXi kiir ati on, for
flatbed pri nmsnﬁrﬁéms PTheéVis8siBAwRS rhg@dural loveY arshedr dte range @iy 100

m m nute or rol | roll e an exceed 500 m m n.
J5accor i ng B4 epBholsees L ycoSity sXiraBaiad Peindla Newdias Tt gatiafeed on o
substrat e i nabbntEmsurements takenat25€Ci al type of an OE according to the
preseng invention. Preferably, the insulator |ayer is deposited by sol ution
processi ng, very greferably using a solution of a dielectric material,

whi ch i s opt Thadd$G fermaulatipn vasihen printed @sa 5o beno wide ateasblogk ons .

Pref er abl y iy 3059 oy €Bhrca il a@cﬂeeee ohi PNk &4 &é@&tbreucamtee&g.ﬁt, i's

ort hogonal to the saol vent used OSItIQ&Pt terial, and V|ce
ver sa. WAdHK &ipxiprogh PRJlexegrantuc RENtiRG ¥ath3 érpnnémhtﬁﬁd%%mt%c
di el ectri c mah@rd @yrel HiQBUEXohat KM@ ab8b WRefin EpeedamHe 20Rted OBCE or a

peri od,Qf 35 or exa le 30 s b ve.a Iayer with a typical |ayer
thlckn Q - ﬁBéWW&%?éﬁﬁ?ch“ﬁ Ytgp- spin coating the filmcan

be heat ed at an eIevated tenperature to reane all residual volatile
| t 0,
ifo‘égnl |Snke dAaq gfe%ﬁ—g dlbk@#?fflltgor{gd% gr%F Lﬁsgéeo?}m%fjtsd ¢9 k%gﬁ&?%@éu?a%é(
el ect r omagnefrom Meseh Fhemieaia) was@'punlqmt@pqurtheﬁﬁﬂ layer-emthe devige vi si bl e

radi ation. Fghdermaley ata1300°@ fbrrzaﬁilrﬂltég'fb g% é’ﬁ?@%dﬂﬁé’ﬂﬁgoﬂ wavel engt h
nmto (00 referably from200 to 450 nm nost preferably

of fronL50
fronthg to QBB“HWTaEMYtaEF%PWHH? ti on dosages are typically in the range
from25 to 3,000 10mJ/ cnR. Suitable radiation sources include nercury

cour oes, -1 Eynata 40 ¥b oS gRe e EiRaRAS Ry of e¥Rlorded B b PR e o

cross- | i nki ndielectocilayeriim suble aovay thatiinkeusired ghe epistiog soheceddrairect ri ¢
material in ngh gqﬁﬁg Gegions. It is also possible for exanple to use a
| i ght squrce 15having a mavelength out si de the absorption band of the
cross- BPnkabl e groups, and to add a radiation sensitive photosensitizer to

the cross- |"Théhtaﬁ1§@éﬁd ﬂres%aenaérh&ntshﬁtﬁb@lestrde@.déahsé patolaggr is

anneal ed aft ex o re to r tion, for ragture from
706 o 1300, by g RApeY Az08, e Hans et FrasiEt chafasteiatin il Mednere: bl y
froml to 10anﬂrsattmtloﬂ'lmobihnyeaeldeynetedm Eigwiect®t ed t enperature can be
used to conplete the cross-linking reaction that was induced by the
exposure of the cross-linkable groups of the dielectric material to

phot or 88i ati on. 25 Renoval of the solvent and any volatile additive(s) is
preferably aghapy n@@ﬁy (SMaNGhaidle, fiéko PFHTEUSbBIoRY Batd)NY the deposited
| ayer to high te rature and/or reduced pressure, preferably at -50C to
300C, nore preferably 20C to 250C. According to a special aspect of the
present 30i NA&NOFE, ddVice fak\prepaed anfbliems: vol atil e additive can be
evapor at ed under reduced pressure. Preferably either atnospheric pressure
or reduced pressure the pressure for solvent evaporation ranges fromle
mbar t 801 baleopsp@65HA (PEN)fiin ¢available from ROBonbAeijiarfdime)measor ef er abl y
om0 1 halydshiedin ThAliadbific tdtha Btﬁatﬁ\flapgrr%h&%e&ﬁd itk AletPRighoan be

35preferably ac |eve SO The
t hi ckness of matagel é@p(mnaéghéﬁou @nﬁh@keoéﬂ)ggrter elegirede ware eyepetﬁted

especi al |y fpafbg df the PEN Bibsifste TR RelRERTcABE! af 8208 a59ﬁhﬁlé1(fr6’rﬁwef erred

| ayers conpr anic light emt mat er.i,al d/ or, ch

transporti ng%f‘grqq}% 'Celé?t‘ﬁ?g\?é’”a‘ ?’P\i‘?ﬂ(ﬁfe@? Q‘Hdtq;?iere Qdsy aga BiM50 nm
FurtheB5t o t bpeediofrba0mmifior 3G sbooisdsy anteatzd alet2fitbfce tamihute| avd t he OF
device and i t n d I d

St andar d met FILCVRAER P ENP Bl G82hE0 sof SRRLAY RerSBBle?ad A
described in the literature. 10 It will be appreciated that variations to
t he foregoing enbodi nents of the invention can be nmade while still falling
within the scope of the invention. Each feature disclosed in this
specification, unless stated otherwi se, may be replaced by alternative
features serving the same, equivalent or simlar 15purpose. Thus, unless
stated othermnse each feature dlsclosed |s one exanple onIy of a generlc

- g, o r . Y b1 . S



251t wll be appreciated that many of the features described above,
particularly of the preferred enbodi nents, are inventive in their own right
and not jweroag4pRet of an enbodi ment of the present i nPemEPeILI/OIIARpendent
protection may be sought for these features in addition to or alternative
to any invention presently clained. 30-9Fess the context clearly indicates
ot herwi se, as used herein plural forns of the terns herein are to be
construed as including the singular formand vice versa. 35Throughout t he
descrlptlon and clains of this specification, the words "conprise" and

"cont ai n" antﬂ“GJ‘aQQ'QtSQS&ﬁ%e grain eleciEndes wers-evapaipled. TheglectrodesWerai ng” and
"conprises”, r8BRA witHﬂEishtﬁBrﬁU N2o01 r(l@&aulabm tr@ﬁh erck @ﬁénﬁéeﬂs)nsAM ntended to

(and do not) excl u nent s m

homopol y er SUEAISIT S oatBB ors Loy Ry GO APAdhAR inssBgrtt P
copol ymers. &nd sgih diied evaperatiagihé patgsseoff onsa heeplate kil 6@TC éor tloes al so
i ncl ud oli gﬁvnaers and dendrinmers. Dendrinmers are typically branched
nacronolecul ‘conmpounds consisting of a nmultifunctional core group onto
whi ch further branched nononers are added in a regular way giving a

tree-1ike StAHCégbefg Jﬂﬁlaggﬁ%éQBFEéﬁaer UKWIQQOMQE 'o?qbd\gaﬁg‘td:mf)ybhtgw e,

Angew. Chem term ~con ate nmeans a

pol ymer cont (asnmegtioned i Example 12 apd 0-4paRs &894, 00 WIRF"!?'%'E%WB'“Wth
sp2- hybri di sgydieRexyd berﬁ’ﬁdeﬂ’mébltyleﬁ@-lmalﬁomi@@ﬁind)ﬂterwfythléWldﬁ so be

repl ac 8 by ggterﬁ aéé rﬁﬁlrﬁzb H% ractlon of one 7c-orbital with

anot her Yacr o¥¥ough ary-¢Hfa 4988 | n the sinplest case this is for
exanpl e a backbone with alternating car bon- car bon (or carbon-hetero atom
singl e and l.e §pal so include
polymers wit unll ?gﬁ'ﬁ d@gg% léér{éb%'n ARQ?%%%eﬁg this Connectl on
that a pol yrrmstrmentaaTlnﬁ:wsncysttysp@ﬁtraﬂ@@ugﬂ;gveo@cshaarngtedr@m@t@ Orvhi ch may

llead to int e&fepw QOOQfseEhQns'?&%ﬂWe&ﬂﬁFb%d usingtd Newtssahdreqaation,
conj ug his meaning are pol yners wherein the

backboﬁl‘éecor‘rﬁ?I P%%W%ngi%%? ?“"-th li ke aryl ami nes, ar yl phosphi nes

and/or certain heterocycles (i.e. conjugation via N, 0-, P- or S-atons)

Cer m - conj ugdBPPHRIGE a'@*ﬁﬁﬁéaé i 9B % RS MR R Ry The
(usual | y ar ottet aray |orﬁ99)1roeodnanrsela¢g'odtes ondt bNdlmrashdeseribest abhevewsing
sp2- hybri di SgtRIQ'Fl&[lpﬁ%’fHb’@rﬂ&og?é\}?)lﬂ@f)rﬁﬁﬁg@ % 82 Shiygr of

Chemi cal term nl ess stated ot herw se, the

nol eculfr wepgdt @WleH)@|$ fiexa mat fennieg a@@QV@MQéWeJGPQ"W@ﬁCNh or as
wei ght aver agfyefNRCHeA aniRialdd aMo°adrchmiinitess stated otherw se are
determ ned by "gel perneation chromatography (GPC) agai nst pol ystyrene

st andar ds. The degree of polynerization (n) nmeans the nunber average
degree of 35pbktrmrsfeacandstress hessuseérabntd afttherOFEE dgwenwas perﬁormaﬁl\/u
wherein Mi i I t

The term. SngyU%WgﬁﬁLéb%rgg‘gﬁg%Q tréﬂsné’(@?trﬁhgfgl'Shélea%‘?@ﬁétf&g?ﬁw{hte l(':necacgrrpou d
5Unl es25st at and satwiatiopanobilitycaretdapictedfin Eigures1%re per cent by wei ght
("Wm. %), percentages or ratios of liquids (like e.g. in solvent mxtures)
are per cent by volume ("vol. %), and all tenperatures are given in
degrees Celsius (C). 10Unl ess stated ot herw se, concentrations or
proportions @xafpleUé(Smafaheléculegflego printpd) bottbaygate)r ppm are rel at ed
to the entire fornulation including the solvents. The invention will now be
described in nore detail by reference to the 15foll ow ng exanpl es, which
are il BOst r alAinvOF&T gevdcel wis prepataédchas fallewsscope of the present invention.
Al'l process steps described above and bel ow can be carried out using known

t echni ques and standard eﬁ iygrrent whi ch are described in prior art 20and
are wel | - knovigonexQRSRAI(PERNY fie(awailabis fiam ByPoptERbiRTIENS) Wakm) |

mol ecul e, f | QeRhBHIiRHRultraSEnigdhetharBNPAMTEr 8 mihutedTand tién Ahséd@ithol | ow ng
I somers Si Et3Si E . .

methanol. Approximately 40 nm thick gold gate electrode were evaporated

35 on top of the PEN substrate. A dielectric layer of D206 available (from

Merck Chemicals) was spun on top of the gold gate electrode, at a spin



- 76 - Compound A and its preparation are disclosed in S. Subramani an, J.
Ant hony et al., J. Am Chem Soc. 2008, 130, 2706-2707 (i ncluding

Suppor ti ngolnfiorsneBi on) . An OFET devi ce was prepared asPrColEpess/ooZieonex
QG5FA film (avail able from DuPont Teijin Flins) was washed in an ultrasonic
met hanol bath for 2 minutes and then rif84ed with nethanol. 10Approxi mately
60 nmthick gold source drain el ectrodes were evaporated wth a parall el

pl ate geonetry of 20 m cron wi de by 1000 mcron | ong. The substrate was

cl eaned with plasma ozone for 1 mnutes. The electrodes were treated with

Li si conTM MDeReed whil bapen forodf seeendsgiaanealadsat BANG fos dtminmte i gnd pi n
coating fromuePOVOREd UndiePYV ﬁggl‘it (BO2RRT) Jb¢ 5‘%|hbfé$15\9}§?&§ﬁ1a@él 40mr hot

plate at 100C .fo | at i on was e i Ssol VI ng of
D & Conpound Michaaksaue e slet GRAP i PyRRG S e gsﬁog%% pere
cycl ohexyl betreated with Lidcdn 'HaviDe 1 qhvaitsbilée jroanMefrek CelenngalshSAwl ution

throughg a 0. AN r asured
usi ng gn AR egtrﬁﬁgt t&s‘f’ég c%)?tttﬁ:h(*ﬁﬁg '#%hyl a\{&ilﬁ@ o scrzlglél F.' S% Ifaggured

over a shear andtspin dried esapating tbece)qcessoﬁ(bnse@mp{ate@béoﬂyCé&lt‘rapol at ed
using a Newtgnjan fit equation, 25all measurements taken at 25C. The OSC

formul ation was then printed as a 5 X 5 cmw de area block on the array of
source drain electrodes on PEN filmas descri bed above using a RK

gllexi pr oof 19@. Obexpamarition was ptépswewymuas&vm@%fnﬂs |p@ﬂt§®b%gtéh?d A30and a
re exo nen 1 N ayer was
then a heal e&a%{“‘%e“?aﬂ §ng‘}&5‘? 38 a"ﬂrajgaag'&frdpgg%i’\?&ﬂwo‘w Y$HENS Bgl yner

Li si conTM D13gclpheéxybénzenedmesitplene ih raod0:#Bbiéndhikeningpthe) solaiorspun on t op
of the OSC | e i aled at 100C for 2 mnutes to give
a dry diel ecﬁrﬁ%gﬁ% éna&rﬂmlf%)??ﬁgpgﬁe ﬂ%Pm cron thick. - 77 - Finally a 40
nmthick gold gate el ectrode array of evaporated on top of the dielectric

layer in Suclv/.@ccmy ofhatcP Ias Gr‘?é’é%nﬁédfd%ﬁwgeéh AR G2 $Re6RBtedex TA el ectrode
structﬁé The transf stress neasurenments of the OFET dev {ce was
d by

erfor INRLTYReTNE; The i éliﬁ%%bwaﬁrfge??'é’ﬁé’u Q&g shegidpte rangerfct®r i sti ¢
and the |inegecand waolseeﬂlmcom?ld)atrbpommdnemgcathomEng‘uree;uanoﬁo Exanpl e
2 (Smal |l nol egul e&,I flexo %t % %g\g gate) An OFET device was prepared as
fol l ows: 15TEONBX %%E‘E arlﬁ a% |l e from DuPont Teijin Flins) was
washed in an uItrasonlc met hanol bath for 2 mnutes and then rinsed wth

net hanol . %ﬁh?ﬁrjﬁiqoﬂrﬂ/%@{ ﬁ@ﬁt@ds«%’é %?( %ré’}h Wil GFd4 B%?O%\?r i cron

evapor at ed Wi t h cron w de
long. #Re sufke aaaé qmgucqee%r@@ve{mnqdpsm%blzﬁiﬁbas éesqlhﬁdrﬁh@se using

glh ectr otﬂe)s é%vl\ﬂ@@f.sﬂkﬁd 00 ﬂé?(o'g'réprﬁt@rp'ﬁ%!:@%tr(él‘Badm%IW%éldédTbW)@k

em cal s rea in,coat.in ro al co

evaporating @ng %éaégpéﬁbﬁ%pp@amwnrﬂpg%éB %b‘cﬁpﬂﬁﬁ%y?hﬁﬂ{'" C@g
formul ati on \@erwaptheadarinealed ab707@doro3 niindtegart s Conpound A 25 (as
mentioned in Exanple 1) and 0.7 parts 350 000 Mwv pol ystyrene in 78.4 parts
cycl ohexyl benzene and 19.6 parts of nesitylene filtering the solution

t hr ougRda 0. The transfarand atress measurements of thedFEY davice wap pesfoimgdur ed

using an AR @ ?usr.ﬁgfkgﬁﬁ@ @ooTﬁrh%Q+a1~fé.§teFﬁah§ferEhsréeté%?@érw #RSiifg@asur ed
over a shear 'l viscosity extrapol ated

usi ng a Newt @rﬁ‘ﬂa"‘r? E @@%@"'W@'eﬁqp'%géﬂ%é% 0t aken at 25C. The OSC
formul ation was then printed as a 5 X5 cmw de area bl ock on 35the array
of source drain electrodes on PEN filmas descri bed above using a RK

FI exi proof 100 fl exographic printing with a 8 cnB/n2 | oaded anilox - 78 -
and a @Prel H QS flexo mat running at 80 m min speed. The printed OSC | ayer
was then annealed at 70C for 3 mnutes. A dielectric |ayer of

fl uor o- pol ymer LisiconTM D139 (9% sol i ds avail abl e
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5from Merck Chem cal s) was spun on top of the OSC | ayer on the device and
anneal ed at 100C for 2 mnutes to give a dry dielectric film of

appr oxi mawel2yi11li4m2gr on t hi ck. Finally a 40 nmthi ck pgolrP2@xatoe2124 ect r ode
array of evaporated on top of the 10dielectric layer in such a way that it
covered the existing source drain el ect®dde structures. The transfer
and stress neasurenents of the OFET device was perforned by using Keithley
4200. The transistor transfer characteristic and the |inear 15and
saturation nmobility are depicted in Figure 6. Exanpl e 3 (Snal |

mol ecul e, flexo printed, top gate) PAipnt Gi@msievi ce was prepared as

foll ows: Teonex (GB5FA fi | m (avail able from DuPont Teijin Flins) was washed
in an uItrasonlc net hanol bath. for 2 mnutes and then rinsed with nethanol.
Appr oxi mat el ¥- 607 AMYIATIGR CEBIRIISNAPRE O NPT YPRRICSSRISOMYRING, apor at ed

25w th a parall %ombauﬁdg@@w)ran@fonamrrmoreaagwndﬁsdwemeoawana@tesﬂzebong The

substrgte was cle o] e fo u frodes were
treated with Li s'irﬂﬁﬂgﬁ Tﬁt‘%@'gm%ﬁ%‘ﬁ%%#ﬂ%&'g’ %ﬁ%’m F gﬁﬁﬁ’treat ment
by spin coating 15 onPasapd dpg bodingghaint eﬁiheesod»mﬂaﬂahmoshéoemess off on a
hot plate at 100C for 1 min. 30 An OSC fornul ati on was prepared by

di ssolving of 1.3 parts Conpound A (as nentioned in Exanple 1) and 0.7
parts 350 0083. M\Feanylation @seording o glagart, §h@yﬁﬁt©m§®lfb'@ngéﬂlé and 39.2 parts
of nesitylene f'fotrﬁfu!é"t%nt&ﬂnﬁﬁéé‘é Qs ddiity 48 5eC Gh thd taRdRTED Sabt ri dge
filter 79 em§|tyo 1. 6¢cP as neasured using an AR G 2 rheoneter ex
TA | nsﬂpuments @Scosity was neasured over a shear rate range of 10
sec to 1000 sec VI scosity extrapol ated using a Newtonian fit equation, all

measur enent s tak I o t as a5 X5
cmw de ar ea3bl oc%"ﬁwaﬁ&%;??‘{)%% S% Megd?aﬁlgyg?tgigggd@gﬁ% N filmas
descri bed above fosmuationRE sFselatipnoof 100 fl exographic printing with a 8
cnB/ n2 | oaded anilox and a Cyrel H QS flexo mat running at 80 rﬂm’ n speed.
The pr| nted OSC 10l ayer. was then annealed at 70C for 3 m nutes.

di el ectlPi ¢ | 4yer FermMelatiopr @cgerding to pneiqrdnae eficiaimsadfa g Fagfamnae&*m e from
Merck Chem cal s) mvmst §§?drfoﬁrﬁutdtibnctforﬁd$h$se@5§sbﬁm@é terisidmn tﬂ\%vrlaﬁ?eéb’fd
anneal ed at 1OOC &B g to give a dry dielectric film

15appr oxi mat el y ’3 o Meinally a 40 nmthick gold gate el ectrode
array of evaporated on top of the dielectric layer in such a way that it
covered the gxis t S 2 fer and
ciross neasufseneﬁp %ﬂpﬁ%%ag@hg tc‘?oﬁ‘é Jrc}ﬂ&e 61*&%%’ ??04 thﬁ%é {éﬁf

4200. ZRe transi ttthat sa@r@'genlc‘cwvra@tt@mmseﬁ ldadsqmgolubrﬂémpaaamewwr atl on

orinted top gat oy e e S ¥ 835@8?%%%05 Hppte @E@:“’T‘e"’gﬁe‘? QB5FA
film (a{/al | abl e %&Mﬁ#‘oﬁt”dﬂé!‘ N WeFfPPHﬁ) @a‘g Q/\gé an an 30ul trasonic

met hanol bath for 2 mnutes and then rinsed with nethanol. Approxinmately 60

nmthick gold soprce ra|n el e d | el plate
geonetry of go nF8|:r8H @Cﬁ??iéggg%‘hﬁ ﬁ“%ﬁ%aggfﬁée"eghwé ?3'[% gﬁg@cl eaned
with a2500W ar goaolpeatswnposes_ Hainsen Soldabiitygparemetersofidy ia thegange ofi t h
Cust g 1 b sont T2 MG egTEhgt o, RYUESS, BBt 56,
plate at 100C foF elfaﬂgﬁ OfQOSQ Mi??forrml ation was prepared by dissol ving
of 1.6 parts Conmpound A (as nentioned in Exanple 1) and 0.4 parts 350000 Mw
pol ystyrene (n cl he Ibenzene a 19. 6, parts, o- xyl ene, and

Pl Yot ng thd"sof aimBRYER AE6aRNG 1§ oBer Threcsaiaims 4526 Ehambenfieton: 1y
of 2.230P as neaputhet sail orgaaic $dtvéhtcarhpiises ene exmbte iof anraroerdte. The

vi scosity was ne range of 10 sec to 1000 sec-1

vi scosity ext rap%ﬁg{ogg‘egés{r?%r&ngﬂémkn{r? té’ﬁdflt equation, 10all neasurenents
taken at 25C. The OSC formul ati on was then gravure printed as a w de area

bl ock on thesarr%[rHEIﬁBHré&oﬂﬂuﬁb'io%iaf?ﬁ\t'f QQ\%?a@(@nf’eﬁf\'urﬂh'a’f”sﬂﬁi &@%md bed
above using a RK Flexjproof 10 rinter by directly contacti ng candran/nQ

| oaded ani | ox 15PANRNh rapr'%sm AN % FRYE HepIRtichydeesarean

printe@50SC | ayer was then annealed at 70C for 3 minutes. A dielectric

| ayer of fluoro-polyner LisiconTM D139 (9% sol ids avail abl e from Merck

Chem cal s) was spun on top of the OSC | ayer on the device 20and anneal ed at
100C for 2 mnutes to give a dry dielectric filmof approximately 1 m cron
thick. Finally a 40 nmthick gold gate el ectrode array of evaporated on top
of the dielectric layer in such a way that it covered the existing source
drai n 25el ectrode structures.



The transfer and stress neasurenents of the OFET device was perfornmed by
using Keithley 4200. The transistor transfer characteristic and the |inear
and sat urwbi2ony/meBl ity are depicted in Figure 8. 30 Exaowh26m1fo5es |

nol ecul e, flexo printed, bottom gate) An OFET device was prepared as
follows: - 81 - Teonex QG5FA (PEN) fil@6(cavail able from DuPont Teijin
Flinms) was washed in an ultrasonic nethanol bath for 3 mnutes and then
rinsed with nmethanol. Approximately 40 nmthick gold gate el ectrode were
evaporated on top of the PEN substrate. A dielectric |ayer of D206

avai l abl e (f®om Emulatim@wewi@g towalainefuicharaaternized in that gaiddargenasic

el ectrode, at a } AR : neal ed at 120C for
1 mnute, and thggd%ggcured&ﬁﬁég'ﬁ)@g\gﬂqrgﬁ?%? 02nn$§‘f%(;? " mi nut es.

Approxi mately 40 nmthick gold source drain el ectrodes were evaporated. The

el ectrodes wepe FomatktonidcBotding ¢ BB Chatautaiizadirethat said\erbaiatic

Chem cgl s) SAM 10t reat ment brﬁ Sﬁl n coatin fr%w g&s!ogr 9‘%}(/[ a{lﬁo ol and then
i nsedowi t h | PA KdeSAteotactod somiristy anAklaiebe Hand A 880 “piate at
100C for 1 mn. carboArat@®S.formul ati on was prepared by dissolving of 1.6
parts Conpound A 15(as nentioned in Exanple 1) and 0.4 parts 6 000 000 Mw
polystyrene in nesitylene filtering the solution through a 0.21.trn PTFE
cartridge fiNlder Foumulatientagcerding ée PnaLrmarsefcalaing héo 40, paracterizedonet er
ex TA instrunent § hEpgaidl Srgafic SolVER dFRRREMRBINETs AnikteAs of ate range of 10
20sec tg 1000 sec-1 viscosity extrar%l ated using a Newtonian fit equation,
al | med8ur enent shydiecarbgn aimatig,e0rMReURES -yl ati on was then printed as a 5
X 5 cmw de area block on the array of source drain el ectrodes on PEN film

as descri bed,gboye usjng 25a RK FlLexi proof 100 fl exogr, i rinting with a
8 cngi ne | oadld ERIMORIARFRorPatS BBt inedodh e o d: Eodiast,
speed. The pri nt adthaB€aidayrganigasolvéntrcompriseseal batling(oiftosf &8 leastut es. The
transfer and strgggo@easuremants of the OFET device was perforned 30by
using Keithley 4 . The transistor transfer characteristic and the |inear
and sat!@ration nobi lity are depicted in Figure 9. Exanple 6 (Small

nol ecul e, fl4q80 PoimtiRfionRRICbAIThE 2 Bhedr MoreBiEdiaiey i 6 12ashiNRRATARY as
follows: - 82 - T onex_q%SFA. (P '\2 f.il m(avai Ifabl e fro({g DuPont Teijin
Films) was washell! hat SAIAPERRICTANCHEE RAMBIUTE2CBPOUNGS RAYIRE and t hen
rinsed w th net hdiffdrentApgiliny pomte bpd 40e bilingi pdiniof tte gangp alnecwitio dee wer e
evapor ated 5on t the P t ° |8l G- 206

avai lable (from %&r’éc){z beﬂg‘r% @lpé')gbaa/ellégétgtuoneoﬁélg\évgtﬂ%fdotﬁhr{ga%@ﬁhgggp e

el ectrdfe, at a spmposipdavithothellligbephbaiing Boirdeconds; anneal ed at 120C for
1 mnute, and then UV cured under WV light (302nm) for 5 m nutes.
Approximately 40 nmthick gold source drain el ectrodes were evaporated. The

el ectrodes wdfle Toimulatien agcerding 40 g MPEL0f Gaims Ake d 35 FRaracisriaed
Cheni cal s) SAM t jieaiateald Grgadit $oleenttis Romixtars dfssumpeyhdshadhgl and t hen

rinsed with | PA spi.n .dried. evapqrating. the .excess off on ho | ate at
1008 for 1 min. uEreREroifi Rairky ARG ol BLETE oy ting &
parts @dnpound Aldveestimiltnigopadt isratfrastp! G0°C) below thedgiling goiét 00000 My
pol ystyrene in c I FA) Teve i a 1:1 blend filtering the
solution thr oughxghﬁ&%&l‘@nﬂg ﬁéﬁ??‘ré%geé]?ﬂdt?'er. 20Vi scosity of 5.6¢cP as
nmeasured using an AR G 2 rheoneter ex TA instrunments. The viscosity was

m%'?sur efl fvgﬁsa_ ?'&%Dkldéiéh%dcéﬂﬂ]@g?é oh@ c%r_]méﬁ,coilttgaﬁﬁ)@@ t6€9; é?aﬂa?fégﬁéwt .
extrapol at ed using, a nian frt equation,, a urenent s, taken a :
25The OSC f or mul H?Fr@ﬁsﬁ&%f'ﬁ@%t‘&ni 'ﬂaf'%%s at Iga;i %g%cﬁﬁwvﬁéglatr%féabq ock on the
array &0 source drganic sblvehtsodes on PEN film as described above using a RK
Fl exi proof 100 fl exographic printing with a 8 cnB/n2 | oaded anil ox and a
Cyrel H QS flexo mat running at 80 mimn speed. The printed OSC | ayer was
t hen anneal ed6at Fpogutationzagordingdo ope artreote aihelawns Atd 1St characterizad enent s
of the OFET devig REESI0EMESHAYrised BakiRidiatb 16 @0of HNgadtr RS St or
transfer charact ﬁfﬁ??g an(J t he I'ﬁ%re'ar a%g saturati o% n%b%il ié?y are depicted
in Figure 10. - 83 -

35 ‘17. Formulation according to one or more of claims 1 to 16, characterized

in that said formulation comprises at least one inert binder.



Exanple 7 (Polymer, flexo printed, top gate) An OFET device was prepared as
follows: 5Teonex Q65FA film (available from DuPont Teijin Flins) was washed
i n an ul tweoniw7swt hanol bath for 2 minutes and then riposakmitiobzioet hanol .
Approxi mately 60 nmthick gold source drain el ectrodes were evaporated with
a parallel plate geonetry of 20 micron-@de by 1000 micron |ong. The
substrate was cleaned with plasnma ozone for 1 mnutes. The el ectrodes
10were treated with LisiconTM M)O1 (avail able from Merck Chem cal s) SAM
treatment by spin coating from nmethoxy propanol and evaporating the excess
off on a hot plate at 100C for 1 mn. An OSC fornul ati on was

prepared by qgsspbihitish ak¥oRAhY 1S ClaiAMY, ichiapsctd RRNE PPiNaR s SieinERi tS_havi ng
the foll ow ng st[).uctur.e

and a wei.ght average mpl ecuyl ar _wei ght of 78,000
i n mesi tyl ene f i PRGET o2 POYTRSH CRTIBHSING “EREAIIE BNES dRfivadEoRLsHFanR)c
filter. Viscositpodlonterscdndisr olefiaslr ed using an AR G 2 rheoneter ex TA
instrugents. The viscosity was neasured over a shear rate range of 10 --
secl t0 1000 secl viscosity extrapol ated using a Newtonian fit equation,
al | neasur endft sFoakelatian #80rding tg4laimTheoO88; ¢haradiesizednin Weat saidkn pri nt ed
as a5 X5cmw d e [WaR trodes on
PEN fil m as desc?ﬁtﬁ%ﬁggg&ggEgmég%@ﬁg%%ﬁ%?h?o{sq{ﬁggﬁl} gghi C printing
with a 8 cnB/n2 repaadimgaitsgeried faowenﬂiw@m@@ana@rﬂlgfm%g at 80
m mn speed. The printed OSC 5l ayer was then annealed at 70C for 3 m nutes.
A dielegtric_layer of fluoro-pal r LisiconTM D139 (9% sal i ds avail abl e
from I\/g ck CRBni EQraylafien %Cﬁﬁ?ﬁg'ﬂéq%(?ﬁecﬂr PRE 'I"?;ﬁ/i? 181% he device and
anneal ed at 100Ccharacteridealingthat saidiinert birtley islaqglodgher hadingra weight
10approxi matel y 1.CIL.O k. Ei (I'rUTb [ ol d gate el ectrode
array of evapor a%é%?ag? %8&)&8?%%55@?5%%'?%&22 ayétr)]g?rﬁoguch a way that it
covered the existing source drain el ectrode structures. The transfer and
stress neasulédnefbsnafatioheacoBElingdoione avasorEeof daimsi1 b9 20s chgrakéenzddey

4200. '%'ge t ransi stt?{gattransfer. characteri.stic and the |inear.and,saturation
mobi | i 'y are depl't fi‘%°ﬁ3d1!|‘?§eﬁ‘_i°.° hﬁ@&OQ“P(%'r?&l'F ALPEANIEIN exo
printed, bottom Gﬁiﬁ%g%agfﬁTaﬂ@)‘ﬁr%a@trﬁh%iﬁ rigtefial | ows: 25Teonex

n

Q5FA (PEN) film (avail able from DuPo Teijin FI'ins) was washed in an
ultrasoni ¢ nmethanol bath for 3 mnutes and then rinsed with nethanol.

Appr oxi matel y,40 _nm t hi.ck gol d .gat | ectrode re e at 0 of the
PEN substr at éz AFHI'BPEaé'PPi %Cloéqus tgp%ﬁﬁéng%a?ﬁﬂﬁgﬁes ?138?;41 ﬁﬁgkﬁ??%ﬁng cal s)
was spun on top §f tHdtehaelghri@senftstiuctifg cotipcunsthds 30asleediapivelftOr pm
for 3028econds; anneal ed at 120C for 1 minute, and then W cured under W
li ght (302nm) fopf80@Y@hmekor l&ssr oxi mately 40 nmthick gold source drain

el ectrodes were evaporated. The el ectrodes were treated with LisiconTM M)O1
(avai l able from Merck Chem cals) SAM treatnent by spin coating from

i sopropyl al eghoFoandidtivaradcondiagd toidne dritAiorkbaiclaisms n tdr22e dhakeperized ng t he

excess off on a hot plate at 100C for, 1. mn. - 85 - An OSC formnul ati on was
pr epar %g by di ss#) thatdherraanic sericonduicting sempquid igehe9MREEN n Exanpl e 1)
and 0. 4oparts 6 i cl ohexyl benzene, filtering the
sol ution throughggeﬁﬁgpggﬁL %E%§g¥[§|SSQUE§¥|ter. Vi scosity of 6.5cP as
measured using an AR G2 rheoneter ex TA instrunents. The viscosity was
nmeasured over a Sheji rate range of 10 -1 sec to 1000 sec-1 viscosity
extrapol at ed usi ng wtonian fit equation, 10all neasurenents taken at
25C. The OSC fornul ati was then printed as a 5 X 5 cmw de area bl ock on
the array of source | ectrodes on PEN filmas descri bed above using a
RK Fl esDpr oof 100 * apli't printing with a 8 cnB/n2 | oaded aRill ox 15and
a Cyrel HHQ flexo mat running at 80 mMmn speed. The printed OSC | ayer was
t hen anneal ed at 70C for 3 m nutes. The transfer and stress
measurenents of the OFET device was perforned by using Keithley 4200. The
transistor transfer characteristic and the |linear 20and saturation nobility
are depicted in Figure 12. Exanple 9 (Small nol ecule, gravure printed,
bottom gate, nesityl ene/ CHB) 25
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Teonex (B5FA (PEN) film (available from DuPont Teijin Flinms) was washed in
an ultrasoni c nethanol bath for 2 mnutes and then rinsed with nethanol.
Appr oxi mawel29115@73m t hi ck gol d gate el ectrode were evapecatppdoiomoiiep of the
PEN substrate. A dielectric |ayer of D206 avail able (from 30Merck
Chenical s) was spun on top of the gold%ate el ectrode, at a spin speed of
1500rpm for 30 seconds; annealed at 100C for 10 mnute, and then UV cured
under WV light (306nnm) for 5 mnutes. Approximately 60 nmthick gold source
drain el ectrodes were evaporated. The glectrodes were treated with MO1
(avail able from Merck Chem cals) SAM treatnent by 35covering for 1mn and
then spin coating to renbve excess nd then - 86 - rinsed with |PA
and spin dried evaporgting t he excegs ,bn a hot plate at 100G, for 1 mn.
An OSC fornul ation di Ssol'Ving of 1.6 parts Conplifid A 5and
0.4 parts 6000000* n cycl ohexyl benzene / nesitylene (1:1)
filterdng the solutio 0.2 i _imPTFE cartridge filter. Viscosity
of 5.6¢CcP as neasured using an RR G 2 rheoneter ex TA Instrunents. The

vi scosity was neasured over a shear rate range of 10 sec-1 to 1000 sec-1
viscosity extrapol ated using a Newonian fit equation, 10all neasurenents
taken at 25C. The OSC for ation hen printed using a CP 90-100-13
Sauerressig | ab proofer. gravur ¢l cytitnder had nmany cell depths in order
to achi eve different & niiSox Was 6.8 nl/nm2. The doctor bl ade
was puj.into 15co ghlavure cylinder, the formul ati &3 was
placed(?n the nip bet tor blade and the gravure cylinder and
then rotated by hand.g The print head was then slowy pulled over the
substrate. The printed OSC | ayer was then annealed (forced air) at 70C for
4 mnutes. 20The transfer and stress neasurenents of the OFET device was
performed by using Keithley 4200. The tran®i stor transfer characteristic
and the linear and saturatjon nobility depicted in Figure 13. 25Exanpl e
10 (Snpl | nol ecul e, aviir Npr i nisd, t e) Teonex QB5FA film (avail abl e
from DifPont Teijih [FN s i trasonic nethanol Path for 2
mnutes and then rins€ w h ne . proxi mately 60 nmthick gold
source drain el ectrodes were aporated 30with a parallel plate geonetry of
20 m cron wide by 1000 mcron Tong. The substrate was cleaned with a 1000W
oxygen plasma for 1 mnute. The el ectrodes were treated with MO1

(avail able from Merclg Chem gal s) SAM treatment by depositing a film and
Ieaviqg for 1lmnute akd th spi nni ng - f excess and evaporating the
excessZ®ff on a hot in. - 87 - An OSC formul ation
was prepared by drf nd A and 0.4 parts g)00000 Mwv
pol ystyrene in cycl oh e (1:1) filtering the solution
through a 0.21.1m PTFE cartridge filter. Viscosity of 5.6¢cP as neasured
using an AR G 2 rheoneter ex TA 5lnstrunents. The viscosity was neasured
over a shear rate range o -1 sec to 1000 secR1l vi §osity extrapol at ed
using a Newtonian fit equ , all nmeasurenents taken at 25C. The OSC
formul 42i on was thep pris Qg a CR=Q0-100-1 Qrressig 10l ab
proofer. The grav FrEcR Jo oery to @i eve

di fferent vol unes. ‘ ; QOTTHE i~ the gravure
cylinder, the fornulation was ¥} 3_lbet ween /%e doct or bl ade
and the gravure cylinder and the ted by hand. The print head was then
slowy pulled over the substrate. The printed OSC | ayer was then 15anneal ed
at 70C for 4 mnutes. A dielectric layer of fluoro-polynmer D139 (9% solids
avail aBDe from Merck Chemicals) was spun on tdR)Qf the OSC | ayer on the
devi ce and anneal ed at 70C fgor 3 mnutes and the Cfor 1 mnute, to
give a dry dielectric 20f Ry mfof approxi mately 1 ick. Finally a 50
nmthick gold gate el @ ay of=e Rd the ¢pelectric

| ayer in such a Wiy @ <Jo 2 Q) W aj n el ectrode
structures. The trans @ [ devi ce was
performed by using Keithley 4200.”4he transi Stor transfer characteristic
and ths5li near and saturation nﬂBiIPty are depicted in Figure 14. Exanple
11 (Small nolecule, flexo printed, top gate, in dinethoxytoluene) An OFET
device was prepared as follows: - 88 - Teonex QB5FA film (available from
DuPont Teijin Flinms) was washed in an ultrasonic nethanol bath for 2

m nutes and then rinsed with nethanol. Approximtely 60 nmthick gold
source drain electrodes were evaporated with a parallel plate geonetry of
20 m cron wide by 1000 micron |ong. The



5substrate was cleaned with plasma ozone for 1 mnutes. The el ectrodes were
treated with LisiconTM MOO1 (avail able from Merck Chem cal s) SAM treat nent
by spin ogetongsbs2e0m i sopropyl al cohol and evaporati ng pohe/mieess198f on a
hot plate at 100C for 1 mn. 10An OSC formul ati on was prepared by

di ssolving of 1.0 parts Conpound A (as-88ntioned in Exanple 1) and 1.0
parts PTAA in di nethoxytoluene filtering the solution through a 0.21.1m
PTFE cartridge filter. Viscosity of 5.0cP as neasured using an AR G2
rheoneter ex TA 15instrunents. The viscosity was neasured over a shear rate
range of 10 sec-Wheeein000 sec-1 viscosity extrapol ated using a Newt oni an
fit equation, all neasurenents taken at 25C. The OSC fornul ati on was then
printed as a 5 X 5 cmw de area bl oFk on 20t he ar{aﬁ of source drain

el ectrodes on PEN fils@ritegarct 1 .rugteigblydremittoal.RROFI exi proof 100

fl exographic printing with a 8 cnB/n2 | oaded anilox and a Cyrel H QS fl exo

t i t 8Q mm d. Th i nt QSG. h | ed at
70C fop 3 i nut oft 2B G aeLrERor ey o7 el YRBetetd: £XTM o106
(9% sol i ds avai | abl eBfrlpo@NviE stkaiGhtaohaial bjanshedspuaycho atkyp gofupt evi®sC | ayer

t he devi d : i ' di el ectri
11 m of appr oxi mat ol OB Fi3AGC Afyrme: My adelsr grdC Boe i O 0 Cate

el ectrode array of e¢aplenaltygeplaceddyy 0% S KECR.LOPr PeCLPCRACRICGT a way

that it covered the edctidiOtha®@-CahdloPESIatBIRCAANSR Ikl Hitdchy to eac$9 -

Fi gure _15a and the Ilmear and satuyration ITDbIé_LI Hf are depl cth |%ﬁ|;| gure
15b. EX8npl e 12 (SmaPthefoped i whigh @3 opmaie ddatdgs age crtionally, reptagedan) An
OFET devi ce was prepbyd GisBf,dldr@N, orfdemstes @aSdmil bi heteteargl gmpe from

DuPont Teijin Flins) i I J h for 2

m nutes and then ri ng‘é’gﬁ\%\’ﬁnﬁg&%&%g%té@%ﬁﬁ%&ﬁ@ﬁ@?ﬁ%@ﬁ% thick gold

source drain el ectrodubstitetes ley/apemmwmamaeorpaﬁragrwp%%mdggonet ry of
20 m cron wi de by 10%&&&;&{@ L OoRGre &e@ﬁﬂsg{;%gggoy?ﬁm% RRdRd op th pl asma

ozone fgr 1 m nutes. e el ectrodes . W LisiconTM M)O1
(avai | dBl e from Mer cROG¥RHCAIRhAtIS AnarpmAtisLing $¥starp; with gaeiangtherom

i sopropyl al cohol andnasiithieltng ewhiepvpes arefttaghed, hot plate at 100C
for 1 mn. An OSC fornul ati on was prepared by dissolving of 1.0 parts
Compound A (as nentioned in Exanple 1) and 1.0 parts polytriarvlam ne
(PTAA) in i sochr ®fan od%egrir dccuameshce-identivally ap differeatly deénptest B, €, Brek i ng t he
sol ution 20t hrough a oRTRE; gant L] of i Y/ S| 3cP as
measured using an AR%’_gsr e?ﬁ‘eﬁé?ﬁ Q&&I‘% i ngztér %ﬁéﬁpgfbﬁ%ﬁébw%c@fggl ry was
neasur €8 over a sheacyelia akylgigupdravig gewm 1 ta 85 Detrrascinwhirk epsiary

25C. The CBC for il aft g o ore OB e e by O S Pea bl ock on
the'array of source Q‘&irbf\&l%%ﬁ(gaesé%spﬁ\ltwq% agé@ég'ﬂ%‘é%a%?oﬁ% using a
RKQI/:l eri pr %gf f I100 f | drkgd dpbitly wéaS%H ohew did in WhithBsre?of nﬁﬁedicgmh?s)x 30and
a rel Hi exo mat _rupni a LN ed. rdsnt e ayer was
t hen anneal ed at 70Caf%95§op@%&e§£a'cegr§%n]é' Sﬁﬁﬁ'gq g&gr&cﬁ 4?'%’8?%-gBol ymer

Li si co@PM D139 (9% sarylas heleriobay igeotip bavingrfodm @hier2 @ sing Jatorms thatia on t op
of the OSC | ayer on i : r sautes to give

y %ﬁgyggﬁgfe‘ﬂ &Sﬁitﬁélt@ﬂ%@%ye&n@& ﬁ‘lﬂ)ggnfoﬂ_alégﬁ_ﬁ'& 9

a dry dielectric fil roxi mat el m'cron t s Finally a 40
nm thick gold gate eOER¥RDRe N WHein ORI TRPEHIVYPSSP BRYEHRO @ @ctri ¢

llayer in such a way tifgtsysteri ey 66k hR6tHRX iapdisrvis9R ce drain el ectrode
structures. The transfer and stress neasurenents of the OFET device was
performed by using Keithley 4200. The transistor transfer characteristic
and t h&0l i near avﬁ% sahuzadh aoccumabiceiidgnticadly b @ifferedtly deRotps i, E6CI, 10

Exanpl e 13 (Snall nol , j i LR) An OFET
devi ce was prepared QG‘F%FYIO%WE%Oﬁgq%&E%FP?WnB A&éh%g%@éwr om DuPont
Teijin Flinms) was wadeind fiomrt ta 10 ssgEtemset hanol bath for 2 ninutes and
then rinsed with nethanol. Approximately 60 nmthick gold source drain

el ectrodes were eygporated with a parallel plaf eonetry. of 20 micron w de
by 1000 micron | &hg. Ofd W@c’\&e\dﬂ@‘ma@&r%d}'&?’%ﬁ“bId§§'ﬁﬁ?so'i'c9'i@”f or 1

%nuiegﬁ) The Iel )ectSrA&@ﬁﬁhach\ar Srdtl;ﬁ@t&i legtrocaion gfr:co@pmwm@ﬂam( ?Y@Qbiﬁl Ie frgm
rc em cal s reat nent . spin. cogbd 0 Lom i Sopro cohol an
evaporating the exce?iorﬁgf“ﬁﬁreénm? gﬁ?%?seﬂatm%éf(?&%(?ml nﬁ?’toggf{her



An OSC fornul ati on was prepared by dissolving of 1.0 parts Conpound A 25(as
mentioned in Exanple 1) and 1.0 parts PTAA in tetralin filtering the

sol uti on wbrough72230. 2 pm PTFE cartridge filter. ViscosipCy/mpboido0nks as
measured using an AR G 2 rheoneter ex TA instrunents. The viscosity was
measured over a shear rate range of 10 180sec-1 to 1000 sec-1 viscosity
extrapol ated using a Newtonian fit equation, all neasurenents taken at 25C.
The OSC formul ation was then printed as a 5 X5 cmw de area bl ock on the
array of source drain el ectrodes on PEN fil mas descri bed above usi ng 35a
RK Fi exi proof 100 flwitb#ieipateromtomt(Sig Siof B) 40 whistthey areaattashedi | ox - 91
- and a Cyrel H QS flexo mat running at 80 mm n speed. The printed OSC

| ayer was then anneal ed at 70C for 3 mnutes. A dielectric |ayer of

f1 uoro-pol yner Lf si 8P B13P7(%% sol i ds avai | abl e 5from Merck Cheni cal s)
was spun on top of the GSC | ayer on the device and anneal ed at 100C for 2
mnutes to give a dr ielecirjc %ilmof approximately 1 mcron thick.
Final 1y a 40 nm¥hic g dfg:git‘g EPect r ode array of evaporated on top of the
10di el ectric layer in such a way that it covered the existing source drain
el ectrode st2act Boesulafibe acterdifgto end ostrmmesofmbamsrﬂmﬁzschvérabtmiz@aET
device was perfornmed by using Keithley 4200. The transisto er
characteristic i'® taabtft%r@anrp q@ﬁf%\ﬂﬁﬁﬂﬁ%camovﬂe '$ ?r@&?p%‘fm; Qgﬁl‘?r ation
nobility are depjs ﬁﬁjn TbEL Ji're 17b. Exanple 14 (Small nolecule, flexo
printed, top gate %/ enyl ether) 20 An OFET device was prepared as
follo 0 Teonex (B5FA film (avail able from DuPont Teijin Flinms) was washed
in an ultrasonic nethanol bath.,for 2 mnutes and then rinsed w th nethanol.
25Approxi mately 60 nmthick gdtd source drain el ectrodes were evapor at ed
with a parallel plate geomgiryn-oR'20 micron wide by 1000 mi cron |ong. The
substrate was cleaned with plalsnma ozone for 1 mnutes. The el ectrodes were
treated with LisiconTM MOl (ayail abl e ,from Merck Chem cal s) SAM treat nent
by spin_coating fromi al coholR and evaporating the 30excess off on
a hot 6fsate at 10/ R1l ati on was pr e;@{ ed by

di ssolving of 1.6 pa enti oned i n Exanpl al) and 0.4
parts Poly (al pha% 2 gi ght average nol ecul ar wei ght
bel ow 10, 000 g/ o y e filtering the solution through a
0.2 ptm PTFE cartrldgeRfllter - 92 R\/scosMy of 1.6¢cP as neasured using
an AR G 2 rheoneter ex TA instlfunents. The viscosity was neasured over a
shear rate range of 10 sec- 5 £ 0 @00 sec-1 viscosity extrapol ated using a
Newt onP8n fit equation, all rrepsurerrents taken at 25C. The OSC fornul ation
was then printed as a 5 X 5 crR'Wi de area bl ock on the array of source drain
el ectrodes on PEN filmas described above using a RK Fl exi proof 100

fl exographic printing with 8 .cnB/ |oa eda Io and a_Cyrel H QS flexo
mat runni ng at 80 MMhﬂr@pédRzT% E?RMB ﬁ&rf}gvﬁg e3amn anneal ed at
70C for 3 mnutegy eﬂhéhgﬁb%}ﬂwé ear% d?fdnffér'éﬂf Qn@%lal‘.ﬂ‘?ﬁdégbéﬂ M DL39 (9%

solids avail able fr

en cal s) n RH? g ayer on
the de®bce and affrigpetsat: apgptiopally SHPﬁUPB'%d U%gP eyl ar i)y fose ri c film
of 15appr oxi nat egyoulp; AnCotibridily Gabstiuted Cy- @oé&dimgrbupkalg@bdogallye

| ectrod f t f th h
Flor T 002 a2 Cln SRR BL it SRubeP aftye 35 BBt SLsYBE ek s @
transfer and str akkylarglagygeowpitan optiomslyGristitided Ca-Gnalyicarbanyl by usi ng
Kei t hl 4200. T d
sgltur ate%/on nobi | pfb a?ig‘sb ﬁat"gé%% @e&har@?a@m @%gﬁ& r]rerglr egtrjll e,
fl exo BOi nted, bsyaraﬁnggaapu%g3 armbafeov lgropad-GrEpMitkY abatabeinyls

30Teonex QB5FA ( GRp (ckﬁa) -@NWHe&Eir\exfré@r@s@HRO@haB@lelnlétoH)l HEOmiAS “washed
in an ul trasoni c net ha&g g_{ or m nutes and then rinsed wi th nethanol .
%0 )daB

Appr oxi mat el y 409FRHR éﬁ%:yéf‘@cqr?Bﬁeaw&y@%tﬁcﬂrgf@daon top of the
PEN substrate. Atilbeyjardite igtolpypea tbfomlb’dyénateagrloabi an (Optionalescstibhted cal s)

was spun on top gf SRi e fi. 1500r pm
for 30 seconds; mﬁgﬁé‘g‘%a?a @%@ﬁ&%% néjﬁﬁrt gf;rogﬁ g e’r@’é@scgrhgl &’ under WV
| i ght 8302nm) f ograup(GluBesF); Azp@ncnﬁtmaﬁ]lyunslltutﬁd snly‘bgroun,mr@kAgol d source

drain el ectrodes apneah ef ceh RcinPdes were treated with
Li siconTM M)0O1 (a%ﬁéﬁeﬁﬁé Prom I\/Erecﬁfagﬁjeni cals) SAMtreatnent by spin
coating fromisopropyl alcohol and then rinsed with I PA and spin dried

evaporating the excess off on a hot plate at 100C for 1




5mn. An OSC fornul ati on was prepared by dissolving of 1.6 parts Conpound A
(as nentioned in Exanple 1) and 0.4 parts 6 000 000 Mv pol ystyrene in

cycl ohexwybeozenedsesi tyl ene in a 60/40 bl end filteringpchapriehuwdiion

10t hrough a 0.2 iirn PTFE cartridge filter. Viscosity of 8cP as neasured
using an AR G 2 rheoneter ex TA instrunts. The viscosity was neasured
over a shear rate range of 10 -1 sec to 1000 sec-1 viscosity extrapol at ed
using a Newtonian fit equation, 15all neasurenents taken at 25C. The OSC
formul ation was then printed as a 5 X5 cmw de area block on the array of
source drain el ectrodes on PEN filmas described above using a RK

Fl exi proof 100 erxo%gpé]hqn&g éﬂde'?ﬂl Véatchsp?als pﬁﬁ Hngop{deaql‘ $lgx 20and a
Cyrel H QS flexo mat nln ee C)S@Ia er was
then anneal ed at ar@R f8r and mﬁ e%ndR RTﬂ@dﬁarBf eandaﬁd @Pﬂe%s an

{reasur e[rentts of ﬁﬁéls Bn@? lcﬁfstst\aﬁdg@i mhrﬁé@hwhusgdﬂ@éﬂﬁea ttjzlce4%5 4200. bTIhet
ransi stor transfe racteris e linear and sa ion nobility
ore deBi cted | n FRUEREAL unsaiplen RA0 WAEMISaaRted BE U atialel it s
bot t om gat e) 30Aopﬁ§rl:‘§nydatem@nem19y}arﬂpwged atont, @ $udpbur éfennema@ﬁ&lr‘m (PEN)
film(avail able trasonic

nmet hanol bath fopfg@m&nﬁﬁes a(‘r?;é H%‘Eer%@eﬁhﬁ'%%gﬂh tBmla&éﬁj‘pproxi mately 40
nm t hi ck gol d gahgdicatharodupe of isoplienallysybsttuted,anchf the PEN substrate.
A dielectric layer of D206 avail able (from Mer ck Chem cal s) was spun on top
of the 80| d gate electrode, at a spin,_ - peed of 1500rpm for 30
secondd® anneal ed at Whegrinfase ar Wpfmpéthea%bpﬂéﬁom QfGP%HOIYﬁGSF‘eUV | i ght
(302nm for 5 ni BKélefon véngit@nan%abym&cémmtamestérag@dncha@cuéaerdam P,

el ectrodes were %\éag?%%ﬁ (1&13 el ectrodes were treated with LisiconTM MO1
(avail able from SAM 5treatment by spin coating from

i sopropyl al cohol and then ri nsed with I PA and spin dried evaporating the
excess off opsa Mmela%ﬁ a&fcoﬂdm&twnelor%are AciStAts 1 96 P2l Bhariktdided
prepared by dissolving of 1.6 parts Conpound A 10(as mentioned in Exanpl e
1) and 18.5 partslrﬁtmﬂ'le)ctyawv: peimjcangdueting icompasinshiea/carepeend ohths t yl ene
in a 60:40 blend f@ﬂ}ter%ng1 the solution through a 0.2 tirn PTFE cartridge
filter. \fscosMyo % measured using an AR G 2 rheoneter ex TA

15i nstruments. The viscosity was neasured over a shear rate range of 10 -1
sec to 1000 sec-1 viscosity extra gol ated using a Newtonian fit equation,

all nmeasurenents taken at 25C. 30SC fornul ation was then printed as a 5
X 5 cmw de area bl ock on 20t helrray of source drain electrodes on PEN

fil ma20described above using a'[RK Flexiproof 100 flexographic printing
with a 8 cn8/n2 | oadeg?ap : el QS flexo mat running at 80

m i n speed. The m'-l—n((e . emdapneal ed at 70€1Hdr 3 mi nut es.
25The transfer and stKN&S 5O ey e OFET device was perfornmed by
usi ng Keithley 4200. The transmsfo pnsfer characteristic and the |inear
and saturation mobility are depll ted in Figure 20. 30 - 95 - Patent Cains
1. Fornulation conprising one or] nore organi c seniconducting conpounds
(0S0), 28nd one or nore organic sRyents, characterized 5in that said

fornmul ati on conprises a viscosity at 25C of |ess than 15 nPas and the
boiling point of the solvent is at nost 400C. 2. Formul ation according to
claim1, charactatereid in that said fornulation conprises a viscosity at
25C in the range of 0.5 to 109.5 nPas.

one of Y' and Y? denotes -CH= or =CH- and the other denotes -X-,
30 one of Y2 and Y* denotes -CH= or =CH- and the other denotes -X-,

X is -O-, -S-, -Se- or -NR"'-,

R' is H, F, Cl, Br, |, CN, straight-chain or branched alky! or alkoxy
35 that have 1 to 20 C-atoms and are optionally fluorinated or
perfluorinated, optionally fluorinated or perfluorinated aryl



3. Fornul ation according to claiml1 or 2, characterized in that said
formulation is a solution. 154. Formul ati on according to one or nore of
clains 1 wo2B11/meh@B8acterized in that said formnul ati on ceapmps@s/oeeistrf ace
tension in the range of 22 nMVmto 50 mM\Ym 5. Fornul ation according to one
or nore of clains 1 to 4, characterizedl@0in that said organic sol vent
conpri ses Hansen Solubility paraneters of Hd in the range of 17.0 to 23.2
MPa", Hp in the range of 0.2 to 12.5 MPa" and Hh in the range of 0.0 to
20.0 MPa". 6. Formulation according to claimy5, characterized in that said
organi ¢ 25sol vent coR@ying&stordh Seatoges, @5iGP:R" pwith it beinaoH, patienalyhe range

of 17.0 to 23.2 MPa’flydiihdtad e/ havig, Plo 80 T-brd of oplisnalfyldihatég t he
range of 0.0 to 5.0 MPa'. .7.r£frgglcgt on according to one or nore of clains
1 to 6, characteri zearyiﬁﬁﬁ'"g © g4 alﬂ’ﬁ%ni c solvent conprises one or nore
of an aromatic and/or heteroaromatic conpound. 8. Formul ation according to
claim £, charactghized.j L [ c solvent conprises _of . .one or

nor e agomati c hy roc! rHi)ﬁagc%ﬁi)'aﬁfm‘ﬂe899‘3’2‘55‘3998“’@?98?8{1}08#%ESPH?‘?{g to

cl ai m 8, char act eri zeyclicnstraight-chauh errtoanched hikyt ocalkbay thatrhaventitaonpri ses
a cycl oal kyl group. 1 i8R AGHET & ohay_ R erized
in that said ar omatigo‘s rféér:%(? rt)gélegrrpou%dgt% Ib?‘é@ée_ﬂagb?[ E%’?Qotp havi ng
1 to 8 carbon at ons. of which argrepfionaily flugtealied; eiparBuerinrated, nore of claims 1
to 10, characterized in that said organic solvent or solvent blend is a

m xture,of 10hydpqcarbqn aropmati c. ounds, 12. Formyl ation cording to
one orqprore of claink® qr&yfqa %Wégcrg' '?QEqurWhFﬂﬁl&é(Y'h‘ 8#33@@ sol vent
conprises a boiling ptomg, of at |east 130C. 15 13. Fornul ation according to
one or nore of clainms 1 to 12, characterized in that said organic sol vent
is a mxture of conpounds having different boiling points and the boiling
poi nt of the conpount ©WorfA.the | owest boiling point is at |east 10C bel ow
the boiling point of the 20conpound with the highest boiling point. 14.

For rmul i%l on according to gne or nore of clainms 1 to 13, characterized in
that saPd organi ® solS@Rf Tis a nixture of conpounds having different
boiling points and the boiling point of the conpound with the 25| owest

boi 11 ng_POi nbel 81t HUAGARL I chBrAbid GBI 182! BRarampMRd Wi th
t he hi ghest Doiling point. .YFormulation according to’oné or nore of
clains 1 to 14, phthatotganic sémicorndirting@othgoundisain oryapdgpri ses at | east

80 % by wei ght of said 30organic solvents. 16, Fornul ation according to one
or nore of cl ai nRhesphpresecentsomppreynd whichemisighbard ybaddiPnconpri ses a

par ti tP9n ratio Loghobt @hst 678 bidm havira S atort nifbErRERGNERERY di g to
claim 17, characterized in that said Ine binder 1s a polyner conprising
repeating units derived fromstyrene nononers and/or olefins. 19.

Formul ati on cordi n 0 claim.17 .or 18,.characterized jn . that said inert
binder i s a o8 yFRIMEER AGRINEA ) Slel 26 DPARESEFShin Rt MBeat : ng unit s

deri ved from stYpRaEoHBIRAEEICHISMALME difipodiRDof ftiriie!|1)a8 (@rcor di ng

to one or nore of clains 17 to 1 characterized in that salrd inert binder
is a p8Pyner having a wei ght average nol ecul ar wei ght of at |east 200, 000
g/ nol . 21. Fornul ation according to one or nore of clains 1 to 20,

characterized 15in that the or ' em conduct i ound is an organic

light emtting nmaterial amdlip(|charge transpork{ipg |mat rial. 22.

Formul ati on according to one o e| of clainms 1 8LM'L characterized 20in
ec

that the organi c sem conducting co und has a wei ght of 5000

g/ mol or |ess. 23. For mul 4dRia @gcording to domenua (Zore of clainms 1 to
22, chdPacterized in that the organic sem conducti ng conpound
is a conpound 25sel ect ed fromth%nyoI | owi ng for abeCy - 99 -

/
A—Pt\ | Pt
CCy CCy |,

formula (3) formula (4)

35 where



wherein nis an integer >1, preferably from 10 to 1,000, 5Ron each

occurrence identically or differently denotes H F, d, Br, I, CN a

strai ght -wbabmnyi4bs2anched or cyclic al kyl group havi ng fPomEeP2d10/04012€ at ons,

in which one or nore C atons are optionally replaced by 0, S, 0-CO C(C0-0,

0-00-0, CR=CR or CC such that 0- and/oriB atons are not linked directly to

each 10ot her, and in which one or nore H atons are optionally replaced by

F, d, Br, I or CN, or denotes an aryl or heteroaryl group having from4 to

20 ring atonms that is unsubstituted or substituted by one or nore

non- aromati c gr oDy iesidemtigaliner difierently on egsh ©cghaapee.R ayslicadroUpPf or m a

mono- or 15pol ycycli ghihl ddithing RNeastBR d6ndr élGrrﬂb?é@?étYWH‘l}ré{j&,anOt her

and/or with the ring t%pwm SE %hgé gre algtached Rs. on each occurrence

i dentically or diffeFaRENYnAae ferad ofa carbeng or phogphords, vg WhICh 81§ ¢) 3 or

2( R) 2a strai aﬂ_t-ﬁhai chlibrglbobescibﬁhdé@CWMé meai_alk;ahdgvmdpnilwihrtggﬁ cgn‘yé to 25
atonmg, in ich one_or re . R8.QRLi e .S,

0-CO, €0-0, 0-00-0, &“—88&?"1‘)‘88%l?%ﬁﬁ'?q%g%-'qﬁ%@?gﬁb%bﬁoﬁ%‘ﬁ%ﬂ%ec | i nked

directly to each ot heonnented itm onki artotberviara cavadem karehs are optional ly

replaced by F, d, Br, | or CN, or Rs denotes an 25aryl or heteroaryl group

having from4 to 20 ring atons that is unsubstituted or substituted by one
or nore non- ar onrfGYisy icalty or difterapldy en eashocsHITEDER. 3y FBESsIMYPNay al so

forma ring system wyhithodshtaimet dearbyndatem Walwhith tROByelit g igccur rence
|dent|m§6IIy or diffe ené%% d note§ H, Jr: Cl, CN., ?I Kyl ~ havi ng froml to 12
C atonglor aryl or hBPRASR IS hemetalAng WhICK MaY i i g Or more  rop on
each occurrence i densubstitugnierRY; fferently denotes H or an 35aliphatic or
aromati ¢ hydrocarbon group having from1 to 20 C atons, wherein two groups

R may also forma ring together - 100 - wth the hetero atom (Sn, Si or
B) to which theyAar eisaidendically or diffegently op eaghmccyrresce, @ manoaniorse, 4 or 5.

24. Fornul ation accobﬂfe!ﬁgatbgcﬂém&irgjlidgﬂoe, p‘?éfe?étﬂg@diﬁefoﬂa ggé,#‘tﬁr acteri zed

in thalaSt he organi ¢ sem conducti ng conmpound IS conmpoun e foll ow ng

formul a°R16 R15- A- R17 wherein al, R2, R3, R4, R7, R3, R9, R10, -15, 1-<

R16, al7 each i ngdpengeienticaleot bfesarityy & eabtf hetpize, and a#€¢ CI, Br, |,

i ndependently 25repr nm H;,, an élon |1y substit teg&l/?l-c@ﬂ?? car byl or

hydr ocar byl gr oup; - al b PrFIObEERRIR, Braenet. Qheycls Al op ke an

cc):gt ic?ur)lal : K isubslti t ut gcbupsh&4ngdrorh dxtp 20 ocanbonaatonyst |mwhldgy40rmjf)srridret eg I
- al kyl aryl oxy ; [ 2~CAQ._al\kewycar bony

g Loy

group ; a carba roupQ-Lc 12}, al r - X,

FSocyano group: -an | SpaLRs TaRde.EBloms Myl B feflaoupby Fror ah i on!

t hi oi socyanat e gr oup,heﬁﬁoﬁﬁit’ R Y@“%a]%? hf’l]%/‘ééo aﬁi%@ygams AnyBAbxy

oty Supst! pureauBEtgeo by ore barorShonaum4(d & Tadiddls, and & i

1 f 1 8 .

and miot SUPSt o Bl sRb 8ty B L sRBLERING Paide uiG8k8h BB Tnd Ko,

R3 and 24, R7 and R8iw&giffardnRIngRInay todetber iRitBrrafatnia 8)onmrdrR18 and R17

is optionally cr oss-Pgiﬂg@&,\gﬁwaﬁgspa%rﬂgﬁc Fiﬂ%g%@r@%mo saturated or

unsaturated ring, wh aturated or unsaturat ring 1s optionally
i ntervened by an oxygen atom a sul phur atomor a group of the formula

-N(Ra) -, wherei n & ife jidhtidamgendiferdmtly afedtingtice0ang =0¢ B stidights

ti | bstituted:. apd 1Qwh in, f th f
The. polyasene skl ot Ghains Beaanaacon oYUt df or Ay Brabi Bed Pt et fic: o
from N_,30P, As, 0, S, ZS&aalndnEmms,Ziﬁ:wIﬁohrunieamrimnreanomdjbog\tt(bH@geoqps nor e
of claims 1 to 22, C%@tﬁéf#@é@é‘d byl-B-that _£R8ep0r gag.c SqateLueLing

conmpound is a conpou ) 1
and in which one or more hydrogen atoms may be replaced by
F, or an aryl or heteroaryl group which has from 4 to 14 carbon
atoms and may be substituted by one or more nonaromatic R
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followi ng fornmul a 25Si R'3 wherein one of Y1 and Y2 denotes
-CH= or =CH and the other denotes -X-, 30o0ne of Y3 and Y4 denotes -CH= or
=CH and wbeoptfaes2zdenotes -X-, Xis -0-, -S-, -Se- or -WRimpr2I1j0621k8 F, O,

Br, I, CN, straight-chain or branched al kyl or al koxy 35that have 1 to 20
C-atonms and are optionally fluorinated 14 perfluorinated, optionally
fluorinated or perfluorinated aryl - 102 - having 6 to 30 C atons, or

CO2R', with R" being H, optionally fluorinated al kyl having 1 to 20 C atons
or optionally fluorinated aryl having 2 to 30 C-atons, R' is, in case of
nul tipl e occ@Br eRogmuladiopeanderding teoneras raes: eletlaims 2 1tp 27, shaedcigrizeshai n or
branched al kyl of, Mt fdrhftliath#yEorhptiSe 8 hddt pifteall Y 1 to 8 C-atons, or
aryl having 2-30‘“0— at ons, rlgﬁla of whi gh are optionally fluorinated or
perfluorinated, 10R' is Hor cyclic, straight-chain or branched alkyl wth

1to 10 G anQ.WBlFo_Ffin&lé}ioﬂrac%:ordiﬁ it6 oPer rMore26f clﬁﬁmmhdﬁ&)!&ham_ r‘tﬁetg to
one or .nore of cla 0 .charact.eri zed, i at argani ¢ _sem conducti ng
conpouéd is an or“b%?éh%h%gﬁﬁ%tf%'bgg@m'sﬁ%ﬁpﬂ[?ng o}\?\mcme'gﬂf?rsgalni'cght and in
addi ti on cont ai nseaticdrehstingmengiaundsavi ng an atom ¢ nunber greater than
38. 27. Formul ation according to claim 26, characterized in that the

phosphor escent conpounds are conpounds of formulae (1) to (4): CCy 12CCy 13
_ DCOyDCy A- | BO- - Formulationjageerding 40 Onprafrmareof gipims A;Fb@ﬂ% 1 COy_ CQy 12

- 103 - DQy is, icHaridtédddindhatine RERRt kticPsr SR8 ReRnsoHd ARG a cyclic

gr oup ich contains at |east, 6 one donor. atq referab i,t rogen, carbon
in the Worm of aCBHRMMNS tarsagﬁ]&eﬁhwa@[ 's\/f‘émﬁﬁgﬁﬁepﬁg-{ci"c?ﬂc group is

bonded to the netal, and which nay in turn carry one or nore substituents

pona: 00yt 3% o PO BB P ERE b TaRRE Pt R ARIRL
whi ch cont ai ns aircthaidhe feromlaticn ahinphises at tgast ooegveitipgiagenbbonded to t he

metal and which may in turn carry one or nore substituents R18; Ais,
identically or differently on each occurrence, a nonganionic, ' bjdentate

chel atil®g 1 i g2nd Fopmefationmrceosdipotaciiay &1, chasaeterized i thatsaid welindeal 1y or

differently at eagent RSidame.andd it eapablel of dhiemitally\actib.with said
strai ght - chai n, branche(g%%[gﬂgcl i c al kyl or alkoxy group having from1l to

20 carbon at ons, SPA"GRR OFPRBI% nonadj acent  CH2 groups may be
replaced by -0-, -S-, -NR19-, 20-CONR19-, -00-0-, -C=0-, -CH=CH or -CmGC,

and in which-gne g, 0pf ?orﬂ'@ét?cﬂ?%c?%rﬂ@ @%&Sr ﬁﬁgé%‘fg%&%mf;to §3 g8 aryl or

heteroaryl group Wni Ch™ has Trom on atons an be substituted
by one?28 nore nceatiogwripcintng inkaler dhe preparatian of Gadevigess substituents
R18, either on the sanme ring or on the 25two different rings, nmay together

in turn forma nopno- or ) . . . .
Process of preparing an organic electronic (OE) device, comprising

the steps of

a) depositing the formulation according to one or more of claims 1 to
25 32 onto a substrate to form a film or layer,

b) removing the solvent(s).

35. Process according to claim 34, characterized in that the formulation
according to one of the claims 1 to 32 is applied by gravure printing,
30 doctor blade coating, roller printing, reverse-roller printing,
flexographic printing, web printing.

36. Process according to claim 34 or 35, characterized in that the cell
etch of the printing device is in the range of 4 cm®m? to 18 cm®m?.
35



pol ycyclic, aliphatic or aromatic ring system and R19 are identically or
differently at each instance, and are a strai ght-chain, branched or cyclic
al kyl or wbkoxy4gs2eup having from 1l to 3020 carbon at onmecTiEP20Mhioch2®ne or
nore nonadj acent CH2 groups may be replaced by -0-, -S-, -00-0-, -C=0-,
-CH=CH or -CC, and in which one or not@ hydrogen atons may be repl aced by
F, or an aryl or heteroaryl group which has from4 to 14 carbon atons and
may be substituted by one or nore nonaromatic R18 35radicals. - 104 - 28.
Formul ation according to one or nore of clains 1 to 27, characterized in
that the for@ddl aPresessageordieg ta aneser mateef elpims 34do 36y charagtedzedaficor di ng
to one or nore OfhdthRe PRintspled R 160 ATAM@RE F86sI N that the formulation
conprises 0.1 to 5 % by welight organic sem conducting conpounds. 30.
Formul ati on according to one or nore of clains 17 to 29, characterized in

L _haé the wei 98% P&bée%scéc%@adji?gaerdiéiﬁﬂ@ﬁl 3@t ngcﬂéllee@izeddnmatgthbchdmét
indergcis in the ra 1 to,.1:1, . Formul ation_accprdi ng to,one or
nor e oP cl ai s 10[16/“%&1 ﬂ}%g}rwl%t}qr}aacqrﬁlr}gntgtor{%%r P(S’Wrﬁfﬁ%”gﬁqctt?n%% [ses at
| east one wet t i ngppligshtompisés aFsurfadeatnergy it ther tingg of 2Tt 30 8IN m™.
characterized in that said wetting agent is volatile and is not capabl e of
chemcally reacting with said sem conducting conpound. 33. Use of a
fornul ati on 88coPapersstaccendingrtomnesorgnoe af elaims 84 tg 38 shamaderizethinor
printing ink for{dieh@e0apbitioAofthe SBIVERN i &éhieviéd bEIORF BeSb@lin@pBRAT | Ng an
organi g el ectronlf (O%E% device, conprising the steps of _ a)
deposMPng the f8FHASRVeM: accor di ng to one or nore of clains 1 to 2532
onto a substrate to forma filmor |ayer, renovi ng the

b)
sol vent (s). : : i o, £l ai terjzed | t the
formul ati on g@(“,oa&'o ﬁ?@%%ﬁ@%ﬁ%ﬁ’i‘ acfoﬁ'i#@tﬁoﬁ %&%255@ t§pdpﬂze| gﬁh‘%{/é gfavur e
printing, 30doct olaibbddie Idat by@ proseseaceending togone everwe-af slaies 3t i nt i ng,
fl exographic pri ggbgg, web printing. 36. Process according to claim 34 or
35, characterized in that the cell etch of the printing device is in the

range P 4 cnB/n2 to 18 cnB/nR2. - 105 - 37. Process according to one or
nore of clai Ad. 3Pk degee askarding & claém 4G ocharactemzedin that §pean arganigo

"' that the sur g R SRR CASERL A okt B BerdRon iR s o

claims 1 to 32 i grapprgandicgghmovsitsic (OPW) daoigeenergy in the range of 25 to
130 mMN m 1. 39. Process according to one or nore of clains 34 to 38,
characterized in that the evaporation of the solvent is achi eved bel ow t he
boi | 1 ngpoi nty10pf 18618 AeBRing 40 ciaif A5 PhaPadte AR RANGE Ao fyand ati on
according to ohe or nore of clarns to or by a process according to one
or nore of clai mooBdateodeéifign15 41. OE device according to claim 40,
characterized in that it is an organic light emtting diode (OLED), an
organic field effect transistor (OFET) or an organi c photovoltaic (OPV)
devi ce. 2042 430EdfieYbgiteafce8fdhg o cRiml 40, BrdPactEhAS Al it #2Gngidesad it
conprises a top gate design. 43. CE device according to claim40,
characéri zed i nbottam gatedanign.ses a 25bottom gate design. 30

30
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