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Technical Field Sem conductor material, conpositions containing

t he sem cwodoewisus7mat eri al , 5sem conduct or devi ces cont CmiUsgoovloe1904

sem conductor material, and nethods of maki ng sem conductor devices

contai ning the sem conductor material are described. Background
Traditionally, inor%HFlc mat eri al s have dom nated the sem conduct or

i ndustry. For 10¥QEKFJION BROCIESSABEEMDBRE AN SEMIGONBLHDBS have been

used as sem conductor materials, silicon dioxide has been used as an

insul ator material, and netals sueg Es.aiﬂgjgun1and copper have been used
as electrode materials. In recent ver, there has been an

i ncreasi ng r eskaiiedhdatop ratediaNRImMPbsitEnNDneiGAR tHe seRli@ntiadtsr mafetier, than the
traditional inorganic materials in sem conductor devices. Anong ot her

benef i t s,scmigondugigrdayices copingngriae spmigprduetey il eandangthodsdmaking

manuf act yr. ar0e appl i cations,
and may Leén#ng(%ga{lﬁgll cﬁe&é&%? b@ﬁ%}%ﬁ[}ﬁg%@%ﬂi {Bglj%pag%rr gl%f(%)er§£ ﬁ?egm ay backpl anes
or integrated circuits. A variety of organic sem conductor materials
have been considered, the nbst common being fused aromatic ring conpounds
as exenplified by tetracene, pentad@ﬂggﬂﬁﬂﬁis(acenyeacetylene and

acene-t hi ophenggqitighi dRLRHLRMSvEQhRALRY M&ﬁa d

units; and pol ynéf?c ﬁgteréﬁTs such asvrég%oregu af ) ?gsa?LuFthlophene)
At l(bast @ampleoﬁlhttbte&eemdegarﬁ gallﬁﬁn‘hrselmdahawbmwd &l SSmhmmduq:ier f or mance
characterlstl uch as -carrier ity, on/off cu rati os,
bt S Sk R R S M e A SN

anor phOUSahﬁhinhﬁ%‘d%ﬁﬁéi HAQY b&@Sused RESIBC RO Shdt&tials. 2151%@@[ yargl%@beb& be vapor
deposited since they are not very soluble in nost solven ecause
of its gdb@teéih@b@@l@ﬂillncrp@nﬁmmmweefManmﬂ@t nsing ngamp@mtmeém@theg theit en t he

organi c uct or of. ch Howeve ent aceng can he cylt to
oyat hesi JECLAEGNT e e FARLER ip SAHES Rhup PRV GRS rERP o 1S: Bkl alishe £
Manys CoNTmE of Blo¥Rid triaters e P BAANIE Diwdr aye msan@mtlmngldﬁglepﬁaﬁla@eﬂeesg myc ally
cannot be formed using solvent-based 30 deposition techniques. As an

addi ti onanablengies aiee ikbliceEenss and/eny coaetheaspotilexiby cireeihMRPES forpent acene
tends to tion reactions in many solutions. Once
dep 05|tedﬁ§%gg&§g %%h 3@%@3 dg%%?&@ entacene can oxidize over tinme. WO
2009/154877PCD£UﬁzﬁﬁafGéﬁﬁméaﬁmoammmmwhaaddshawﬂMmﬁedm@@ﬂé@nMamoa or

conpl ete failure  of tq? sem .conduct or device tq%; cont ains the oxidized
pent acengommon being fused aromatic ring compounds as exemplified by tetracene, pentacene,

20 bis(acenyl)acetylene, and acene-thiophenes; oligomeric materials containing thiophene or

and

fluorene units; and polymeric materials such as regioregular poly(3-alkylthiophene). At
least some of these organic semiconductor materials have performance characteristics such
as charge-carrier mobility, on/off current ratios, and sub-threshold voltages that are
comparable or superior to those of amorphous silicon-based devices. These materials

25 usually need to be vapor deposited since they are not very soluble in most solvents.

Because of its good electronic performance characteristics, pentacene is often the

organic semiconductor of choice. However, pentacene can be difficult to synthesize and
purify. Because of the limited solubility of pentacene in many common solvents,
semiconductor layers containing pentacene typically cannot be formed using solvent-based

30 deposition techniques. As an additional complication for solvent-based deposition
techniques, pentacene tends to oxidize or undergo dimerization reactions in many

solutions. Once deposited in a semiconductor layer, pentacene can oxidize over time.



Summary 5Sem conductor material, conpositions containing the sem conductor
mat eri al, sem conduct or devices containing the sem conductor material, and
met hods oWormadrsge7sem conduct or devi ces contai ni ng t he PEUSVdO¢1904
material are described. Mire specifically, the sem conductor nmaterial is a
smal | nol ecul e sem conductor that is an anthracene-based conpound (i.e.,

ant hracene derivative) that is substituted with two 10silyl et hynyl groups
as wel | akhis g leadiotredired preeimgce poesapletefaifure of B sgajroatiucter e|that

nol ecul e I L0 la (1) is provided. Si(R2)3 Si(R2)3 In this
fornula,(%gghﬁgfgyéh%ﬁﬁg%gﬁgég?ly a phenyl or naphthyl. The phenyl or

napht hyl 15group can be unsubtituted or substituted with one or nore groups
sel ected from hal ogen, hydroxyl, am no, alkyl, alkenyl, alkoxy, acyl oxy,
heteroaryl, heteroal kyl, or heteroaSIMBRIY Each fe group is i ndependently
sel egted froma@llyl,dudlbk ﬁﬁi’elri’al,%bﬁl@ﬁéﬁtioﬁr%&l‘caitﬁﬁ% ﬁ{e%ﬁﬂéongﬁét&l Ilﬁ)fﬂerial,

het er oal kyl, heteroaral kyl, or hydroxyal kyl. I'nh a second aspect, a

conposi t isomidopdpetovdayents chitininpcthe s@sicoajuctor smdrial ranldevethads2@swakigonduct or
and (b) an oQ%gnic %olvent. The gnall.nqﬁggyle sem condu tgr is of Fornmul a
(1) as deSTHIBEEALLVESS FAMEGHE BADIRICHRHCL! I‘Eﬂ’i@”&&ﬁp‘%é?rﬂ Bn MUFt her

i ncl udes PRcitiBAM, el BB RRUYEBY material is alshaf ridledute @$RESIducRr BRMsGanduct or
device is provided. The sem conductor device contains a sem conductor |ayer
t hat i nclandweccac-dasad conposedi(ie. sethreasnd den Gitiver thitos sulistites( with twer somre

enbodi nent,s, .t he, sem conduct or | r further includes an insulating

pol g(ﬂer %658'6@} %@H@S?%?#hﬁy(? %/ Rfé%ﬂatmg EOURSh "a fourth aspect, a nethod
of making a sdflacBchdpEdra el Belccsle Re@itod@ttor UTForataGY ik privitddds provi di ng
a sem conductor |ayer that contains a small nol ecul e sem conductor of
Formula (I). In sone enbodi nents, the s#M)eonductor |ayer further includes
an insulating polyner. 5The above sunnﬂ1y of the present invention is not

i ntended to descri be each enbodi nent ond|levery inplenentation of the present

invention. The Figures, Detailed Descrijption, and Exanples that follow nore
particularly exenplify these enbo %j:::]/

R’ Z

2

Si(R%)

@
In this formula, each R' is independently a phenyl or naphthyl. The phenyl or naphthyl

3

15 group can be unsubtituted or substituted with one or more groups selected from halogen,
hydroxyl, amino, alkyl, alkenyl, alkoxy, acyloxy, heteroaryl, heteroalkyl, or heteroaralkyl.
Each R? group is independently sclected from alkyl, alkenyl, alkoxy, aryl, heteroaryl,
aralkyl, heteroalkyl, heteroaralkyl, or hydroxyalkyl.
In a second aspect, a composition is provided that includes (a) a small molecule
20 semiconductor, and (b) an organic solvent. The small molecule semiconductor is of
Formula (I) as described above. In some embodiments, the composition further includes
an insulating polymer.
In a third aspect, a semiconductor device is provided. The semiconductor device
contains a semiconductor layer that includes a small molecule semiconductor of Formula
25 (). In some embodiments, the semiconductor layer further includes an insulating

polymer.



Brief Description of the Drawings 10The invention may be nore conpletely
understood in consideration of the follow ng detailed description of
vari ous ewbadiwvesst7’s of the invention in connection w thPChaSaaeowpanyi ng

drawi ngs, in which: Figure | schematically illustrates a first exenplary
thin filmtransistor. Figure 2 schematically illustrates a second exenpl ary
thin filmtransistor. 15 Figure 3 schematically illustrates a third

exenpl ary t hi infifowith pspegs s Msthodmfaupkénga scomeonsurtoardpyics isinievided ekhea fourth
exenpl ary [ates a fifth
exenpl ar m‘% E&Pmtc “:dgé Hogﬁ%lﬁ %Q{H.nc cﬂ%{ogl ﬁ]E?mat Elhgg‘lf %ﬁ{aﬂ 0usElr ates a sixth
exenpl ar ysetnli’ﬂolﬁdﬁcttbmﬂﬂ’cmmlas(ﬁ))rln sWhle |eﬁlbbhmdnt‘8\{&msleﬂlmcdnﬂueimallaﬁd‘ﬂ farthe vari ous
nodi fi cat.i oni and alternative fornms, 20specifics thereof have been shown by
way of exBfp @ainr’rnﬁlhaém@r ds and will be described in detail. It should
be_under st 00d THOMEYCLum i3 lof hEp Ok THk A [ BPhidiAcd {didscilidcRvent i on Lo
the particul ar enbod?arrl{en[rlltgﬁit 'E@ra‘[ljged e (Izlontrame/ OrT%]ecl nt eantl onisto
cover al lenttwdithént at coarg ;mpkqmeuahelmbﬁthe@mtemﬂ iheentiah i {Fes Figaulrdsi Bgtavl/edl hin the
spirit and scope of n 25 Det ai Desc ion t he I nvention
Sl 1 ol g it eueies ! o b e e B PR Rdim -

sem conductor |ayer within a sem conductor device such as, for exanple, a
thin filmtransistor. The srral I m)l ecuI e sem conductors, which arc usually
p-type sem conductors, ghDiascy o fafvings and have two

si |l yl et hynyl 0 el ron ' he el ectron
dong(%l ng grouglg ealr\éenglgpecatybc? 'S Comp%heclhypderw Hh‘qu%sﬁera%lguﬁf Nd can be
unsubst i tiylledingrdesilos tibstcﬁ f6h ¥ FdriodH embbdifiRhs oFWisSinkéntRntis comebti@swital o,
hydr oxyl , am no, alkyl, kenyl , al koxy, acyl oxy, heteroaryl, heteroalkyl,
or heter dbﬁ? aqq@mpagﬁaguégawmgs mwh@ used herein, the terms "a", "an", and
"the" are use e or nore of
the el enents gFelglﬂqu gg@ﬁ%@%g&ﬂ%ﬁ% %%?rnSt ggﬁﬁé}l& 1eqf ers to a&nnonoval ent
group that is Pagmradl schématfcahyl ilalskaea second tuerapled) thydtﬁlmﬁmb;mmr The al kyl
can be linear,_branched, cycli or conbj n S eof and typically
contins 1 to HeuE r%ﬁﬂn%ttca s b eha pﬁ@éwlen HRragsiRor- gr oup
contains 1 to ﬁgu&afrslaﬁé}nﬁ{cg@ illubtrh@s 3 Forr@f é?;%ﬁlp%rgﬂﬁn film t@ndis@r.car bon at ons,
4 to 10 carbon car bon at ons, to carbon atons, | to 6
carbon atons, logurk Stwhdnumaljpldhﬂsﬁatteewﬁfthlfxamnplaasthm ﬁhnll ktyhsmjmoups i ncl ude,

Per e | gy e RenalY s h@E hxipfh Seo s b PRI siginc w1 7

cycl obutyl, cywhﬁlert@@mlvenﬁbnhe Bﬁ])éhablé"toosfatrﬂ()hs n@aﬁﬁc@ﬁ&nsl an@%¥tbrnative formyhe term
"al koxy" refers to a nonoval ent group of fornula -OR where Ris an al Kyl

gr otlp. BEsansgfiesthpigef bave been blwyn b wapR{cxammdpuntiic diyingsandand behe | i ke.
described in detail. It should be understood, however, that the intention is not to limit the
invention to the particular embodiments described. On the contrary, the intention is to
cover all modifications, equivalents, and alternatives falling within the spirit and scope of

the invention.

25
Detailed Description of the Invention
Small molecule semiconductors are provided that can be included in a
semiconductor layer within a semiconductor device such as, for example, a thin film
transistor. The small molecule semiconductors, which are usually p-type semiconductors,
30 are anthracene derivatives and have two silylethynyl groups as well as two electron

donating groups. The electron donating groups are selected from a phenyl or naphthyl

group and can be unsubstituted or substituted with one or more substituents such as halo,



15The term "al kenyl" refers to a nonoval ent group that is a radical of an
al kene, hydrocarbon with at | east one carbon-carbon doubl e bond. The

al kenyl o0 2b@/1s5u87@¢ar, branched, cyclic, or conbi nati ongCrhusc@oinsend
typically contains 2 to 30 carbon atons. In sone enbodi nents, the al kenyl
contains 2 to 20 carbon atons, 2 to 14 carbon atons, 2 to 10 carbon atons,
4 to 10 carbon atons, 4 to 8 carbon atons, 2 to 8 carbon atons, 2 to 6
20car bon hydemw!, agting aﬂwlmllé@wb@&oavmlowx@swwy hatekeshil, Qrhstspearaliel ude
et henyl , I%ropenyl (i.e., allyl), iso-propcnyl, and n-butenyl. The
term"am 0"t efers to a nonoval ent group of forrrula -N(02 where each Rh is
| ndependent | y Axyaicdderein, adtytms Yot emOadiky ithe aity iscdanteashahgepbly wikte*“dter m
"aryl" refers to a nonoval ent frnt‘tzu that is a ra&ecal of an aromatic

25car bocy &4 eNC JRPEIAQNC PHEIFEPIH® EISPEBIEPEINEIestErdrs to a ring structure

in which all thig &% R4 10 MECANS a%n%%‘lent Suulﬁ"‘{hlé{ 1s("aarQ {BAVE aRAfkafi QMRLI C T NG

or can include up to 5 carbocyclic ring s tures t at are connected to or
fused t o satueated bydibcarbaorni. ibhe atkyd cat hehncarnlgramhedm}mhesnr(cambbetlamsﬁralteof:

non- arorratl or,, conbi.n S the f ar ps include, but
S S e Rl P L el s A R e g
30acenaphiohins RO AN, 1 B ha RafdoRms. 216 10 2686y hionf2Y 4 @Y0 carbon

peryl enyl, and fluorenyl. WO 2009/ 154877PCH/ US2009/ 041904 The term

" ar al kyl ratoras, drte Staarbonrateroydlte Btcahopupornsrdtto |6§aebom@nmslor dfto ¢igerbevnpound

wher mat.i ¢ carb k oup. The
ar QFQ( a?o ms. tﬁxamalﬂesa? allfyl SIS Iu% L]V}\A atr% Hprm(%l to rn &159 n%f%r ﬁ}rl
"acyl oxy"lsd;ﬁa‘qgmn betyh tdEfOB@ﬁyﬁhﬁﬂlbutglr ﬁLﬁén@/ﬁ ﬁmml@cloﬁém@elowﬁpg 5(CO
denotes a carbonyl group and Re is al kyl, heteroal kyl, aryl, or aral kyl.
The t er moyRigbstyl, rCéFIQP%)PLVb néleﬁﬁ/lldg@ﬁylgﬁ%ﬁh(/ hesyl, -F, 'O, -Br, or -1). The
term "hydroxy I e
hydr oxyl groughlfghe e@%}&{}ﬁ&%pﬁ@ﬁ%ﬁ&ﬁ%ﬂﬁ%hﬁg%gon aaqulghvél\??eﬁ%gsoaﬁg or nore
- CHz gr ailipg gicﬁrpemmﬁmbs\mdlhdeambtﬂmmy, othoxy, progds;quibum&yfmﬂn’mé BHke.NR'- where Rb

hydr ogen, kyI h aral kyl , or aryl, or f forrrula
- s| h% wher e aﬁf( e%%’%@@%\éﬂ% @r%lgﬁxfﬁés OP %}f %lﬁ
cyclic, gd%ﬁmoﬂ%&lﬂpaﬂ?leJsh@r{eeé%‘}bd'i‘inéjar&ﬁf'cidu@fé b tmefafkeég c%ﬁ%@@lﬂeﬁft 0”3 and
up to 20 teroatons. In some enbodi ments, the heteroal includés up to

25 car borbratabed,, cyulc, oo c@@bmatiorihatonmd typcalty c:bﬁtanmburﬁ(mambm atoms.upn t o 10
15 cor bon Aoy T 2LV 9 PRS0 oKLY, S ouB P, SHBSELS S0
si des of foh@ridi Bem@ WMo 10NRbon a®ims, Fit6B-caoRWRbms, 2 to § carbon atoms, 2 to 6
20 carbon atoms, or 2 to 4 carbon atoms. Exemplary alkenyl groups include ethenyl, n-
propenyl (i.e., allyl), iso-propenyl, and n-butenyl.
The term “amino” refers to a monovalent group of formula -N(R"), where each R”
is independently hydrogen, alkyl, heteroalkyl, aryl, or aralkyl.
The term “aryl” refers to a monovalent group that is a radical of an aromatic
25 carbocyclic compound. The term “carbocyclic” refers to a ring structure in which all the
ring atoms are carbon. The aryl can have one aromatic ring or can include up to 5
carbocyclic ring structures that are connected to or fused to the aromatic ring. The other
ring structures can be aromatic, non-aromatic, or combinations thereof. Examples of aryl
groups include, but are not limited to, phenyl, biphenyl, terphenyl, anthryl, naphthyl,
30 acenaphthyl, anthraquinonyl, phenanthryl, anthracenyl, pyrenyl, perylenyl, and fluorenyl.



The term "heteroaryl" refers to a nonoval ent radical having a five to seven
menber aromatic ring that includes one or nore heteroatons independently
sel ect ed Woam238770, N, or conbi nations thereof in thePCirng20080ety0a

het eroaryl ring can be connected to or fused to up to five ring structures
that are aromatic, aliphatic, or conbinations thereof Exarrpl es of

het er oar yl groups i ncl ude but arc not |limted to, furan t hi ophenyl
pyrrolyl, im deedein  arplyBAefoys to ampnpglopt grous thad ot lgarhcaflrﬁ the gprppound
oxazolyl, , \ di nyl,
pyri dazi n%/IASrg)&;/}?egéz)zlk%ysl an%&g%t?ng%r%ciyﬁgg% ﬁ*) |knly|an hﬁ{gf %lwﬁﬁ Jfl‘Xé araﬁ%ﬁ I
benzofurarf’gehantaﬁrymmﬁmﬁpdsﬂawyhanandgfmb car bazoyl , benzoxazol yI

benzot hi azol yl ., benzj m dazgl ny ci nnol | qui nazol i ny |po al i nyl,

pht hal azi nyl , TB@&%‘E PNz & 9115 o pEAGYH Flatzgrﬂ%O %ﬁf@ﬁlézr where

phenant hricey)ny e@EEArQb&M ”éitd'wq él‘R ¥ heteRAfk [yE heyl! btkaﬁalk

1.
term’ heter ara ree an a "subst 1 tut ed’ wthaheteroaryl.
30The term" hyﬂredmyﬂl “hai(éflefess tooa hxalgge(nugrorqj (ifeqrMHCa, -BOHr -1). The term

"silylethynyl” refer to a f.formul a 1 where
Ra i s i ndependglstiFy? sle‘fdé%’iyé‘gg'? %Y%F all%é %39utegrwlhlgr‘i\} easﬁ?élféﬂyg%ffxp&l

hydr oxyaldyhp. WO 2009/ 154877PCT/ U82009/ 041904 aryl, aralkyl, heteroaryl or
het er oar a kyI These groups are sonetines referred to as si I anyl et hynyl

The

gr oups. Trhreemerlmterpalkall”rtyﬁegﬂ tpypnalkybhevisg poc er m@moﬁhe gtouge oup of
forpula -SRI ach Ris_ an hra i ther ge of'
| neltides ThacGEn ARE %P ¢ Bt ght e 2RE PRECRS bRt dE, JBIR%, pe

endpoi nt shetdr@dlk@xaaklys or bhe, @hrase d)fr‘fohh@lar—gﬁgzew&%réRﬁ@aMkylnqlh@deS 1, 10,
and all nunbers between 1 and 10. Further, unless specifically stated
ot her wi seietapafkylean bading. bpnehed agighictaigombanatigns hpwef rndc%mrlycle%ﬂ e a

range in ng]ﬁ! t u 10Unl ess
ot herw s? :j% ca%?(ga,g a %uzk'gggggét&%?egﬁgﬁ%@%gﬁ@gﬁ% ﬁlzlgggtg nt s, and
physi cal ipclogsnipi te25wardniarorhdyap $cpé(a; cdrbo@ttoon, et 16 @rls @adsms,tod ubeo 10

under st ood .as bein fied in i nstances by the_term "apout.
Accﬁf’r di ngrag)aonlfmrg%gﬂrlﬁgr reﬁpstae aﬁexwﬁwpéﬁpe pts ALRSRIPRIEFORRY t h are

appr oxi M ihONigetdDAky CABuYAaY e de %fb@pléﬂ%tﬁ §18esdF3hd @b, B&fpﬁﬁb' Qs using
t he teachi ngs disclosed herein. IR a first aspect, a small nol’ecul e
sem condudiiBs- greumr ovi ded. As used her ei n, the term"small nolecule" in

reference to the sem‘ duc mat eri al ans EE t.he ?em conductor is not

a pol yneric ma (fip Ba@f Ie ST 9 LRy G@Haé%% LI 2 1 SCYRE hr acene
derivat i Mfethb@tardiastid MR Gbd Mbl@ﬁékydﬂé'or@r%r&"ﬁét%ro@forﬁs\’&ﬁd@eﬁ&éﬂt@@ef&@@@tﬂdﬂg

3 CBD 320+ 0. Nl or combinations thercot n the fing. Such a heteraaryl fing can b6 connécied io or
fused to up to five ring structures that are aromatic, aliphatic, or combinations thereof.
Examples of heteroaryl groups include, but are not limited to, furanyl, thiophenyl,
pyrrolyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl, thiazolyl, oxazolyl, isoxazolyl,
oxadiazolyl, thiadiazolyl, isothiazolyl, pyridinyl, pyridazinyl, pyrazinyl, pyrimidinyl,

25 quinolinyl, isoquinolinyl, benzofuranyl, benzothiophenyl, indolyl, carbazoyl,
benzoxazolyl, benzothiazolyl, benzimidazolyl, cinnolinyl, quinazolinyl, quinoxalinyl,
phthalazinyl, benzothiadiazolyl, benzotriazinyl, phenazinyl, phenanthridinyl, acridinyl,
and indazolyl, and the like.

The term “heteroaralkyl” refers to an alkyl substituted with a heteroaryl.

30 The term “hydroxyl” refers to a group of formula —OH.

The term “silylethynyl” refers to a monovalent group of formula -C=C-Si(R");
where R is independently selected from alkyl, alkoxy, alkenyl, heteroalkyl, hydroxyalkyl,



In this formula, each R is independently selected froma phenyl or

napht hyl , where the phenyl or naphthyl group can be unsubtituted or

subst i t utwo 2% 15489Me or nore substituents. Suitabl e subgCirtuseemws4fos t he
phenyl or napht hyl group include halo, hydroxyl, am no, 25alkyl, alkenyl,
al koxy, acyl oxy, heteroaryl, heteroalkyl, or heteroaral kyl groups. Each le
WO 2009/ 154877PCT/ US2009/ 041904 group i s independently selected from al kyl,
al kenyl , aaylkww dreieroarpepehereyialkyhr Bhasy igrouns ey seanckipics refetred wasal kyl , or
hydr oxyal vle 1 Oﬁw tabl e al kyl, al kenyl, al koxy, acyl oxy, and

het er oal ky sutggltl¥t% Us for a phenyl or napht hyl Rl group can be |inear,
cyclic, or a cdrtiemattriatkyldigl aoferatoc menalalont gonp af famulp-SiR; Mbeeatablon
atons, up to 8 ca}rbon atonms, up to 6 carbon atons, or up to 4 carbon atons.
Het er oal w¥eti tuents for a phenyl or naphthyl fe group often have an
oxy group as [11R JheARr4AheMn St ABlAORE AN of RIbAJUGRH RELen have a
5 or 6 nenbered saturated or "unsaturated heterocyclic ring that includes I
or 2 het enmdaemmm&ﬁhpbatpplmm Ewmamplwtheqﬂnb@sbnmﬂenamehﬁ\leodﬁ indlikgds Wi t h

ot er oar yl e Pngersobohue e bt Hier A Sheig=0F o5 S BE: 89 nary

amno gr Q‘éélﬁa;ﬁoﬁ%@ﬁ?@ﬂ%%%a@ﬁ@ﬁ&sﬁé&ﬁwy called @fa'fn Qe AL 1R AHPBIRGand all I'n
sonme enbodi ments, the R group is a phenyl stituted with a single R3

group or IalHﬂEph@thnélecmép@ubstl tuted with a single R3 gr oup as shown in

Formil as (11) i\ cted from hal 0. h droxyl
o B0 e ki Ut iR ced 2UTGREEL S pish O I 9REr aPRiiy

het er oar a}ﬂhlyyibal prperﬁé’s GE® Uthe 3Pcdifecaibn any clamndas t@b@tﬁﬁ&fsté&tﬁasﬂﬁﬁ@’ or
naphthyl group that is not directly attached to the anthracene portion of

the snal |mwbﬁ@(é:m al instapgep by thq teym | ghoutn Aemprd %Weurslﬁfédnth%,te@mam ments, the
l'e group doﬂtrg n‘amﬁTo%)s dﬁg rt?earé)%pég 1%1[18115(t t ae eﬁ{fé }{{Jc)n l n Sone

even nore speci I'n any o is an
al koxy grdmsﬁpedmmpﬁgemlmg)thweamhmg@dlsalb@emshermp to 6 car bon at ons, up to 4

car bon at ons, carbon atops, or carbon ato ch of the
si | { et hynyl dp& Bt %%E?qﬁn?e%nqlﬁmtbﬁgulgmwo P Broy, gar?ricoﬁme@E E?relélf theor mul a

(1) is ofehoriliBmofetueh i RS il s%ﬁffébnﬁ?actblsmm@ﬁsm&qﬁ@ﬂmh@l kyl ,
al koxy, WO 2009/ 154877PCT/ Us2009/ 041904

semiconductor is not a polymeric material. The small molecule semiconductor is an
anthracene derivative that has two silylethynyl as well as two electron donating groups.

The small molecule semiconductor is of Formula (I).

20
@
In this formula, each R' is independently selected from a phenyl or naphthyl, where the
phenyl or naphthyl group can be unsubtituted or substituted with one or more substituents.
Suitable substituents for the phenyl or naphthyl group include halo, hydroxyl, amino,
25 alkyl, alkenyl, alkoxy, acyloxy, heteroaryl, heteroalkyl, or heteroaralkyl groups. Each R*



al kenyl, aryl, heteroaryl, aral kyl, heteroal kyl, heteroaral kyl, or

hydr oxyal kyl . Exenpl ary al kyl, al koxy, al kenyl, heteroal kyl, and

hydr oxyal wWol20eridugy3 can be |inear, branched, cyclic, orPaTAS2@00&t900N

t hereof and usually have up to 10 carbon atons, up to 8 carbon atons, up to
6 carbon atoms, or up to 4 carbon atons. An exenplary aryl group is phenyl
5and an exenpla aral kyl is an alkéﬁphaV|ng up to 10 carbon atons that is

subst i t utEeuRst @aelpfk‘@ﬂy selgeteds Fomelisrtpt ke Lvdkawotiivli ihetgrenips atgtkybn have a 5
or S ic ring that includes 1 or 2
heteroa?gﬁ%g qﬁ%&%g&ﬁg?égg&% iMF§broups have an al kyl having up to 10
carbon atons thatabicslisidkdntylta@xvy etclyloay5armlrheﬁierﬁﬁhjd$mbsilttmﬂ£f0®al’p}dbn}hav| ng |

or 2 heteroato 10l n sone exenpl ary silylethyn up ch is an
al kyl t haf negh Ry R SOBp 5t binlittaR CHrEE, PhaFOmRYa fthsref by a%%s up to
8 cay bORyLﬁ;ttB%,cafb%nta‘Ebn@s G F@?@a@%ﬁ’%mso&% ERLEE HORRNATAEE: calit 1S, the

silylet group is a trialkylstl group. Each R2 group can be,
for exanpitens.i Heproapyl substlplmt]s)fd)r a pheoyt o naph‘ehpbhf gﬂopp oftem hh\ea(qnl axyFor

exanpl e, the si th an be tr| ro il re each
R 1o § sapopi bR S BB RGPS L BER BB Bl Sor SEERET  oup 1 s
an al kyl @h@eaBd BiilinsaturdtE€PBdter@Bge IR ringhBatah i desAr FUPSctdrdates! Ekempaly or only
a portion of the carbon atons 1n the al kyl group can be included in a

car bocyclheterearaldyyl @bﬁ@t@)@@h@rwﬂe}rl kith lgr@d@scaﬁameat@m maBISQHb%mﬁeéwdhs and

al l f the a(?}%lopnbateﬂq}ste?‘rac A %n r?ﬁ &30 bocyﬁ LeSbIE A Toups can anpl ary

alky gr oup¥ hAVESNGETo B §hc% BEPFOBI Al 8“ p“%% E@sca on at oms

20attac hqﬂlrﬁ@yanﬁn&élbﬁpé?@édoh@ﬁyhﬁﬂndl oups, lo@ thti g b gloaps. Ei ther the

non-cyclic portion (i.e., linear or branched portion) or the c§glic portion

of the al kyl dnoopesabopi@meats hefedzpe SHePhenylisubiiterd tit asymgle 8f wyawp|

group. ¢ to

Oy1 copr opr HagaF e EHE iRk SR L Ay it i Tgngehs LhRYRR

t et r amet hylhay BF opeetoed, frozn By dhopet, hyloc ywdropyl pgwing, divgll alkeiiyy) mkaﬁwlene and

250 | opr opyl net hyl ene. In still other exe Iary silyleth groups,
{ TRast BHOBIIGGRRD hgtemagerli hifrropr k¥ yI1hg e% UhetndieyP WY&%}?B that is

not an ah%ﬁﬁ%kﬂ&ﬁ@kﬁﬂk§n@ﬂnﬁhﬁybm&ﬂﬁyﬁnommﬁkﬂp%na&ﬁﬁt§ﬂk%%ﬁﬁ&%ﬁ¥bm%bﬁUp can

be a trial kenyl si'l yl'et hynyl kyl di al kenyl sifylethynyl, or

di al kyl ald€elmysrsill mbktrhlgnyl . The al kenyl and al kyl groups can each be |inear

or branched 30and can have up to 10 carbon atons, up to 8 carbon atons, up

to 6 carbon atons, or up to 4 carbon atons. For exanple, each of the
al kenyl groups and any al kyl grotps can have WO

::)

2009/ 154877PCT/ US2 (#1904 eit L, 4 carbon at gws npl ary al kenyl
groups i ncl ude, not |im-H 1yl |sopr , Rut -1 -cnyl ,
and 3-but-I-cnyl. The .8 et ecul e senm cef e of Formula (1)

can be prepared by any known syntheS|s nmet hod. For exanple t he
senm@onduct or can H#)prepared as ghHdwn in Reaction 5Sdhépe A. Reaction

Schenme A In sor\r/lle Imolre specific embodiments, the R' group in Formula (I) can be of Formula (V) or

(VI)
RS
O
V) (V)
25 In some even more specific embodiments, R* in any of Formulas (IT) to (VI) is an alkoxy

group having up to 10 carbon atoms, up to 6 carbon atoms, up to 4 carbon atoms, up to 3
carbon atoms, or 1 carbon atom.
Each of the silylethynyl group included in the small molecule semiconductor of

Formula (I) is of formula -C=C-Si-(R?); where each R” is independently alkyl, alkoxy,

7



VIITVITT WD 2009/ 154877PCT/ US2009/ 041904 VITIITXX Initially, a

silyl acetyl ene conpound of fornmula H CCH Si (R2)3 can be treated with butyl
| it hi um twof20eomsa877i t hi at ed versi on Li-CCH Si (R2) 3of thecsiusgpécaoetogd ene
conpound. Various silylacetyl ene conpounds are commercial ly avail abl e. For
exanpl e, 5(trinethylsilypacetylene, (triethylsilyeacetylene,
(triisopropylsilypacetylene, and (tort- butyldinmethylsilypacetyl ene are
avai | abl elfnghmacitdatyiesnyb arakylduteralisl, heyegoaralkyl, or hydroxyalkyl. Exemplary

Di net hyl j | [ il : I d
(71 pronyTon g sabe M AAChACERE, hRERUO S BUTRAN ol AP FRnsiee, w)
The | it higtkd ovarsmbinaabn theecofiahy hacdly hhenep woltpaidich aams,tupaa Sarboract ed

with a 102, 6-di hal oant hr aqui none such. as 2, 6-di br onbant hr agui ngne. The
resul ti ngtANHIUPitAOSATHOR NS, E51P forfgﬁar]a%n OBt %”C{I}R?aéy Ped &R GS ﬁl&‘élﬁf[] such

as s§ annolg GhkahbAe 4 PlsTh g, ﬁaxﬁﬁg Ihﬁ?d Po SarOh Bbib $hd: Y sglﬁogtytﬂbéa%mﬂﬂ acene

of Forrmula (VIl). 2,76- di bronoant hr aq one can be prepare rom
2, 6- di amiaweanylhgraeui FomeplinydwtcSpaypiagraiiol aftn haht b waulbeegmiiiryd usiahgattdhe

rocedur escr j.bed Lt t .al ., Angew. em hit. I5Ed , 42, 1159-1162
05003 retanelio g Aanaiut ) Fep el Hiths.BRRO D dic ROy oAl TR { D)
The 2, 6- dinhalkyd hBvihQupits (6 tarpbL hVRYRANS AIRERRA With F9M¥lnderiddréd can then be
reacted with ‘a di oxaborol ane such as bi s(pinacol ato)di boron to forma

conpound hstergayhhavang M1 3 hetetoatontsas t wo di oxabor ol ane groups such as

t et ramet hyl di gxabor ol ane. Th Ocompound of, For nul [.L1),. subsequently can
e Bact et wi (i ko S0gHnr U SRASTRAUES ofith Sobmt ey e R HEHERE " onpoting

of For nultarch¥) atidthbORduphe 19eriben Atnes, 0p t€ 9 oRdunatoafs, MtowItabdnAtoms,
Sui t abl e hal ogent at ed benzene or hal ogent at ed napht hal ene conpounds of

Formul a (IrXp tarearehitarei dhpyisdbapibdsihunyl geupds asplkylsiylphymd gsowol e,
4- bromob ﬁ'ﬁ@’gr&‘iipb%ﬁ%%o -eyah@blg,'ligaﬁgg{ﬁ?ﬁlﬂdp% -8t RIFRAPRE A exGE &Y

4- br onot ol uene,” 4-"br onostyrene,
example, the silylethynyl group can be triisopropylsilylethynyl where each R is isopropyl.

15 In other exemplary silylethynyl groups, each R* group is an alkyl group but at least
one of the alkyl groups is cyclic. All or only a portion of the carbon atoms in the alkyl
group can be included in a carbocyclic ring. Some exemplary alkyl groups have 3 to 6
carbon atoms and all of the carbon atoms are part of the carbocyclic ring. Other
exemplary alkyl groups have a linear or branched portion having up to 10 carbon atoms

20 attached to a cyclic portion having up to 6 carbon atoms. Either the non-cyclic portion
(i.e., linear or branched portion) or the cyclic portion of the alkyl group can be attached to
the silicon of the silylethynyl group. Examples of cyclic alkyl groups include, but are not
limited to cylcopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 2,2,3,3-
tetramethylcyclopropyl, 2,3-dimethylcyclopropyl, cyclobutylmethylene, and

25 cyclopropylmethylene.

In still other exemplary silylethynyl groups, at least one of the R* groups is an
alkenyl group and any R” group that is not an alkenyl group is an alkyl group. That is, the
silylethynyl group can be a trialkenylsilylethynyl, alkyldialkenylsilylethynyl, or
dialkylalkenylsilylethynyl. The alkenyl and alkyl groups can each be linear or branched

30 and can have up to 10 carbon atoms, up to 8 carbon atoms, up to 6 carbon atoms, or up to

4 carbon atoms. For example, each of the alkenyl groups and any alkyl groups can have



WO 2009/ 154877PCT/ US2009/ 041904 br ono- 4- et hyl benzene, 4-bronophenol ,

4- bronoaniline, 4-bronmo-N, N-diethylaniline, |I - brono-4-cycl ohexyl benzene,
1- br ono- AWbube@xpesnzene, 1-brono- 4- N-octyl benzene, 2- brorasaphohebene,
2-bronn-6-nethoxynaphthalene, 6- br ono- 2- napht hal enol , 2- br ono- 6-

but oxynapht hal ene, 2-br ono- 6- ethoxynaphthalene I -bronDnaphthaIene et. al.
are bavail abl e fron1AIfa Aesar (Ward Hill, e smal |l nol ecul e
sem conduéther 30u4 carbpmaiors( ﬁye@p@rmlhawlﬁrqq@é mﬁémdeyblsttaa%n@t lugitedar dbtler i zed
usi ng Dif. b 1Sce Lok i y. The deconposition tenperature is
of ten greg e]§%k92]§§g %bﬁ%oﬁﬁﬁﬁ%%gﬁl. the smal |l nol ecul e sem conduct ors of
Formula (1) aKEmﬁh&hhﬁoMmdeSmﬁmhmﬁmkneéﬁdnﬁmEﬂscamﬁepmpmeabymﬁpknbwght|ng
conditions for, extended 10peri o For exanp no col or change was

obser ved WANSHs TefsHs Faf F’é%mlél%\}g? %ﬁmlﬁ%@zlgtoafca%%m&aee@ AeistondhBiRegetion

cond§ tiongnhamd Aypical roomlighting conditions. The good stability results
fromthe anthracene structure. Anthracene derivatives often show better
stability than pentacene or pentacene derivatives because of their shorter

conj ugation. The silylethynyl gr ﬁtgé{ uted at 9,10 positions prevent
t hese nol ecul es fron1undergoing der addition reaction with
singl et oxygen or with thensel ves (dlnerlzatlon reaction).sir?, In a

second aspect, a conposition such as a coating conp05|t|oq
includes (a) a snallo nol ecul e sem conductor of Formul a (1)
or gani ¢ sol vent.

i s provided that
|and (b) an
@F cent

helcegpesi tion contains at least 0.1
di ssol ved smal | @ 20senicanggst oL Wt Formul a (
wei ght of t heBComMpPoy 6n. Any organi’c gobvantcit hat Bca Novidde this

m ni mum sol ubility can be used. The organic solvent is oftjen sel ected based
on the Itl and fe groups present on the small nol ecul e seni conduct or of
Formula (1). In some applications, the organic solvent is $(Rs0 selected to
have a relatively high boiling point and relatively |OMIR/%ICity. For
exanple, for sonme but not all 25 applications, it is desitable to use an
organi ¢ solvent having a boiling point greater than 80 C, greater than 90C,
or greater than 100 C. The conposition can be, for exanple, used to forma
sem@onductor | ayer in a sem conductor devi ce. A first suitable type
of organic solvent has a single aromatic ring that can be optionally
substituted with one or nore al kyl groups. That is, the first suitable type
of 30organi c solgent can be a benzene that is unsubstituted,or substituted
with at |east one alkyl group. Exanples of this first typ&ff organic

sol vent include,lflbut are not linmted to, benzene, toluenel| xylene%;;

o-xyl ene, m o)

—_

xyl ene, yl be Negaciipiy, 0Pyl benzene
2009/ 154877 3009/ 041904 Pyﬁb?ﬁ%ene——ﬁ’pentyl, wZene ahto
n- hexyl beszen A s€cond suitabl € typ f organlccﬁo ég“ ah al kanc t hat
IS substltuted {th one or nore hal o groups. | &8s of tfhis second type
of organic solvent include, but are not Ilnlted © form 1, 2-

di chl or oet hane, €, 2, 2-tetrachl oroet hane, and trlchloroe hane. A third
suitabl e type of 5organic solvent has a single aromatic r|H8 that is
substituted with one or nore halo groups. That is, the tthﬂ suitabl e type
of organic sol véht can be benzene substitut ed mnth at | east one hal o group.
Exanples of this third type of organic solvent include, but are not limted
to, chlorobenzene and di chl orobenzene. A fourth suitable type of organic
solvent is a ketone that is cyclic, |inear, branched, or a conbination
thereof . Exanples of this fourth 10type of organic solvent include, but are
not limted to, acetone, nethylethyl ket one,



met hyl i sobut yl ket one, isophorone, 2, 4-pentanedi one, cycl opentanone,

cycl ohexanone, 2- nethyl cycl opentone, 3-nethyl cycl opentanone,

2, 4- di metwol2o009¢isegrent anone, and | , 3- cycl ohexanone. A PCTius2eiot®bd e t ype
of organic solvent is an ether such as a cyclic ether or aromatic ether.
Examples of this fifth type of organic solvent include, but arc not
15limted to, 1,4-dioxane, tetrahydrofuran (THF), and anisole. A sixth
suitabl e type of organkgisol vent is an am de. Exanplessﬁﬁsthis sixth type
of organic solvent inc|ude, but are not limted to, N’h di met hyl f or mam de
(DVMF) and N,N—dinethylﬁcetao' (DMAc). A seventh suitable type of organic
solvent is an al kane _sych ag ose have at |east 6 garhbon.atahs. Exanples

of this seventh typ gani ¢ sol Rent imctute, b limted to,
20oct ane, nonang -sd®: ~and dodecane. |n sone eaAbedNgeENg, the solvent is
a mxture of vari-dus gani ¢ solvents of the sanme type|or a m xture of

vari ous organic solven“s of different types. TheHconcentration of

smal | nol ecul e sem condygtor in the conposition is often,at least 0.1

wei ght percent, at |ea8t1’0.2 weight percent, at |east 6 weight percent,
at least 0.5 25wei ght percent, at |legst 1.0 weight percent, at least 1.5
wei ght percent, or at Ylast 2.0 meigﬁt percent based on‘the total weight of
t he conpositi gRi:; > t IH_coRh e i tor is
often up to 18H$gﬁgﬁ%ﬁ erg@%%?cggggg&%aﬁgpgﬂgfﬁg}cen?ﬂkﬁ%%%gbﬁ9§g#ght

per cent , with batyBlitheinght foperadehitedorrsign LieC2CHeSight): gfehesihtladesded on t he

total weight of the.conpo itiPn. | n many enbodinen}s, ahp‘e t 50 i ght
per cent, fpopid ¢ %%O@gx}p%%%ﬁy “PeFLBRRLNCAFq CRYETTE evy epg:rsoﬁéﬁ%r{lp Gt | east
80 wei ght(trﬁﬁétﬁﬁ@ﬂyl)@%tyhe%@,semaﬁy1&\@1?%%?%&%5%@%?%@@1&%@%e RnWeinghterpoer cent,

at | east 98 wei ght percent, or" at percent of the snall

mol ecul e Bgyllootidstydlacétgledd siwaiveidablé fromHel s Ohpogiatsi(6nlunbust @GHge WO

2009/ 154877PCT/ US2009/ 041904 enbodi ts, . the c osition can include both
i S0l ved ARG PAFEE R SLa B Gog BT b G SRR bbb Conduct o of

Formul a ({dgphehfisisEnRcsHaedid®matishlc flag SighiarAdasmmitiwaikdehwigmal | nol ecul e
sem conductor present in the conposition is dissolved. That is, in these
embodi ment s, tHe l8hated vieriancefi the sibrecsaenscoatposah caiethembe paaripd aiitlisbl ved i n
t he,5co A o 0, i . CANR 1Ll opns, can further
inc}@dengﬁéﬁﬁggﬁ%?%%ﬁmﬁg?gﬁégaﬁ%ﬁgﬁﬁgégﬁg@gﬂgkg%iynefgﬁﬁéég@@%solves in an

organi ¢ Soleviaadiats Ghi teh ®c fi@titet Mathsatlicin® hgew bechss Riapandudl@ideaaforhe used
in the conposition. Suitable insulating palyners tﬁﬁically do not have

conj ugat B¢ e&QrdibHoPalhbin(sHylgthvay buracaeshformda k¥ERkbdhe of the pol yner.
10That i sy; i I : i ngt h of

t he po|;ﬁ%?$ﬁﬁﬁﬁg?ﬁbﬁ§hgg?ﬁ§%IE?%E%%%§1§§§?, gag@gﬁﬁnggﬁﬁﬁggggbgg?ons wth
conj ugat eslddah bdilweakdeo W glosibg ehelypoctelurcrdescrévcdriyl I cttahedhgesiCheinngizpol ymer

can_ have ngan j.u d aromatic, groups..ln so odi ts, the
bt at | gy TR D AP BB Sier BRGNS B houb e
bonds. 15Pagry nsul ating polyner is often an anorphous material. Exenplary
i nsul ating polymers include, but are not limted to, polystyrene (PS),

pol y( a- net hyl skherZefrdiha{cPRNBbis(pbilstiynst agthrasenhelck grinad 2fVIDRMRR) G be

ol yvi nyl phenpl . { PVP 0 i nyl .al cohol VA I inyl acetate
Crvicy | sBS O b Erip BBt Y asa B GRRR ol of Bich(asomigoRESE 21 ©
cyanoet hytgsiulautvar) fHefislovo dioxaborolane groups such as tetramethyldioxaborolane. The

pol y(di vinyl t et ramet hyl di si | oxane- bi s(benzocycl obut ene)) ZOEBCB), and the

| i k0 compphed phEermarda aglh spissarenlssam b ecagied vaith & hadpgenatst dendeae ofei ght
t hat can ' gt | Y [ f, the
i neul ot gl REp R et P aRLAFPETRILAR) 1o BR (R AR Bibo il
| nsul at i g Roehyla®Xs. Wi th a hi gher nol ecul ar weight tend to result in
conpositions with higher viscosity. |[f the conposition is used to
oSt 1 Vguitablelh%logent\a/l‘:ed%enzleng or halogentate(? IrlreIljphtlllalelne colrnpotlnds of Formula
(IX) are commercially available. For example, 4-bromoanisole, 4-bromobenzene, 4-

25 bromo-N,N-dimethylaniline, 4-bromodiphenyl ether, 4-bromotoluene, 4-bromostyrene, 1-

10



25 prepare a coating layer, the desired viscosity may depend, at least in
part, on the nethod used to prepare a coating |ayer. For exanple, |ower

Vi scosi t ywoanposig7rons can be used with inkjet methods ecwuse@d/osoknife
coat i ng net hods. I n many enbodi nents, however, the nol ecul ar wei ght
of the insulating polynmer is at |east 1000 g/nole, at |east 2000 g/ nole, at

| east 5000 g/ nole, at |least 10,000 g/ nole, at 30l east 20,000 g/ nole, at
| east 50, WO0OGetbylbenzshce, é*rbnoé@@bew bomagnivse A-brmmeo-NeN wsindrnilias. dht i s

often no t l e, no
ar cater RoROEh B Y Perhe dobobls B B PR RE Hiph BN . 2P

nmol ecul arbrmogmltha&neVDbﬂﬁﬁk% Jrﬁetmaﬁﬁuthts&weltﬁéﬁe@%a;ﬂﬁmnbn 2tHs1~emroamge of
1000 to 1, 000, 0Q0 nole in the rang f 2000 to 50 or in the
range of n Ieﬁﬂ?% é@)r@mér%hoxynaphtﬁa#ﬁée %ﬂlearp%fhagwe& Zfﬁ‘ée. nsul ati ng
pol ygrer iR tihge %ﬁpﬁﬁéwe%(%r@iﬁl?r}\/lﬁ | east 0.1 weight percent, at |east

0.2 wei ght percent, at least 0.5 weight percent, at least 1.0 weight
S5percent, at Iﬁmﬂmaﬂ Bolneilgkt¢migendyetiirs ol orheldasﬁ) Qre(ﬂlsu@lyghtmpélycsmbiq asat
| east 2. erce ast .3 e a

bor cent . birasrreb BBl syl SR d0bul o fworBoskShdirame ety

conposi t | fFitn gl&ier! tRWETS 00N Gyt loP Fhel sinfil tm 128U 18 §REIREn AR tdr8f TP g} he
conmposition. 1f the conposition is applied to a surface using an inkjet

met hod t ¢ siﬂb&pamd@eammgltlcaybﬁon&m tmn@lémmétghbmg mndutlmmfws@qtmdpd]g pol yner
I s 6ten aegrlod %‘S xarn oo 1rchg(:"rec(:"nt bbasgcg 100 1, Vravﬁ ks 0 Of the
conposi tifoh° T over o‘h%’er?t iONSnhy have 1i‘}esF % S)? ¥ i Scosn ty. If
the co np@sdrag@mhdes aidpiehi @ﬁhdttia)na afditypaaerosdi Nghtigdohdieben Tht @ebMitEbiginsuch as
kni fe coatlng to forma coating |ayer, however, the viscosity of the
conposi t el arPnpEiciagissceps staucture nibEiseRhds R Gtenshewbrgen il pol yner
can be |g t f the
conposi ti oé‘} lgéh%%ﬂ? o3 on'(t:agn erc?le?l{vgﬁ%osf& %%gloﬁglg rré? ol C%h ;ggﬁ(rgpltrrlllgt he
corrp05| t istiglettsngf grenpigubsiiud anejlg hobsmeng:mtzent tipest molékuim ifight wiplrgoémg , up

p p to 4 WEI rcent, wei ght . per cent
bas F Qlﬁ%éiqierm%ﬂ%% R g BB oY s o7 HE M O ATPAIAGRP 1 5 t 00
hi gh, th%é’dtféﬁjl)_s' ty of the conposition may be unacceptably high for many
appl i cations ypically, the upper limt is determ ned by the solubility of
the insul ati ngnz()‘»eqzmidwswct,i aconfi@sitionpodi 4s enatiiip eompesutiat is pgopdddther i s

typically. sol ved antiallly dissolve at t han di spersed or
sy pendedni hiona Sonaban it icpelet ATDmbtla (b i Shale SREFETTy

di ssol vedihamaipdsitibatohths bRt @t @&gﬁ%&é@& disSol e BsRdIv@dicbyie may contain
an inpurity that is not dissolved inthe con‘gosmlon At | east 98 wei ght

pergént , sgmigoagduetonsf Kesmgh (Ipleasedon thedotal weight @fghg cmp@qﬁuorpe%me@mamat | east
99. 8 wei %h} REMS eéyil d)ré)Vld% ﬁng I%ﬁﬁttnul% %o?ub%lﬁgy%lalg BE %%r Gﬁl%tor am id &?Y,'en? RO lf%%l ng

S
pol ymer i's di sso NPOoSI

mol ecul e sal%meacbamc‘dnome RO aﬁdDR gmpb pteﬁ@tDﬁhl)[d@ﬁalpﬁﬂleb@lelsélﬁ(tohmdtdﬁ%f
conposition. In _sone applications, the weight ratio of the small nol ecul e

to the i dsumala(hly [pspypaepplicatipns, fhireorg%m@éolﬁffnt 15 algp gedeot te hayga peledivelhge of
1:10 to gg%%boﬂlﬁg i}&‘ﬁt 51%“9?&1%1#10@ t&ac Of glglgfe fog@%%e%{lt I}Utélto 5:1, in

t he rang Int eraneof or |nthe range of
1: 2235 o 2:applications, ifliselcpmbietotuss ah D@nmfsotvhﬁt loyieosbdilinnpaiangbatcathyn d@si r ed

he 1ot al Caicgl Th SP1e: GBS DDA Fhel Hoom00RSHE P 0Ty GV O Ol 1904
to form a semiconductor layer in a semiconductor device.
A first suitable type of organic solvent has a single aromatic ring that can be
optionally substituted with one or more alkyl groups. That is, the first suitable type of
30 organic solvent can be a benzene that is unsubstituted or substituted with at least one alkyl
group. Examples of this first type of organic solvent include, but are not limited to,

benzene, toluene, xylene, o-xylene, m-xylene, p-xylene, ethylbenzene, n-propylbenzene,

11



percent solids is often in the range of 0.5 to 20 wei ght percent, in the
range of 0.5 to 10 wei ght percent, in the range of 0.5 to 5 wei ght percent,
or in thewoangelse§771 to 5 wei ght percent. | n nmany enbodiPeEnisggo®oper cent
solids is limted by the solubility of the small nol ecul e sem conduct or of
Formula (1) plus the solubility of the insulating polymer in the 5organic
sol vent . The conpositions arc often used to prepare a seniconduct or

| ayer i n Tabwglbceesnaucparylyescas. aanmdsexym@n%ﬂﬁét wcm@bleﬁmﬁ%mct or
device i ] duct or

| ayer i ncsﬁo%ﬁylsgﬁqu{aaﬁg% ﬁ%%tgﬁtﬁ é’a @;8%%%?,” 510 gg(?{’%&o Qﬁ%ﬁwﬁﬁﬁ]n sone
enbodi menkeondtthpe skorpataseletoindledeebuf ave hhtelrmﬁéli tm:&h]dteforan lizasul at i ng

pol ymer. con ctor vi ces have been descri for exa

S. M sz éh‘r‘h%orpﬁ\ﬁe%é,h -t@;é%#@ %?@Fo%ndﬁ@sﬁe&et hang.qAd, vg ﬁwﬁ%lerﬁﬁml ey and
Sonss Nevzsrgaﬁ sdidctffhhs o TRERGSAMGANMELOLublRK GRS ith BRL HlfiofAEAd gﬂoﬁ{o§
transi stor e are nany types, |nc ding p-n-p

t hin-fil mMtat &in‘dleShlod s)ltabbhppe)cﬁnrgamc solscnt cam behenzlenmubenmted%mlharlmsm or S,

p-n junctions, fiel e ct Sch ttk des, d.the

e bond USRI e LB HahBAE S bRsanare bicaBim b BRG Huf B gbt finitd ays o
transi st apSohistbB&Lenc &@Rﬁé&ilb&'bénzeﬁ@bﬁqgﬁﬁh GARBR thHE Sf ordidc kESEMtPL S t hat
are used to formcircuits. Sem conductor devices also can include arrays of

circuits ek thatns @rcm,alme@t,é)&mbm @raanmbm@hon @@mﬁl Examples pletbis favitlays or

| nt FR at e[d C ocrgI 68 1Y t1nc de & SE1 St’hrn%co!t acetqn rnt%spet tlket ISt ers, and
| ogic cirdkli TS HBprT L ST cob e L iy 8ncﬁ?°t8r oV ar r ays

i ncl ude rrﬁ@{hjbhsfob&@ﬂ&&ﬁl)é isdlﬁiﬂfrd)ﬁd Q&%dﬂfhn@@%h@%cl@ﬁﬁﬁﬁﬁ)he SFhtx RheS-

di spl ay backpl ancs, sensors, nenory devices, and the |ike. Some of the

seni condyegtbyl cm,lvpe@wea% @%ﬁl}d@)fﬁlqpepwpﬁn% 2idndimesindsysiapestananes R 3- _
schemat i CcS?Hoyl OE%S#W#@I 418 T&ﬁ%{gg ogéa\ﬁ?@solﬁéé]? fs nrbtﬁ Qu ' O@%h& th@ film

transisto gures can | e multirp e 14dyers 6
mat er i al sor akamdtharntherafxainplee bf thawfiftin glpe € ogganicrglventiatiexle ddut are nml ti pI e

mat rials, Furth as used er s i sposed' di s ng",
ﬁ%s. t dinited: tﬁegésdil‘?’iaﬁ& tetraﬁxsf[ﬂ@aina@éﬁ?ﬁ %%9? p&éﬁﬂ%%taamy | ayer

bet ween td?g T B QR §ard a‘}ﬂl@ESExﬁﬁpl'é§§fjthkkesﬁﬁh@ypetct}%§§an§@§di’§enmmdrehﬁh a first
| ayer is positioned near a second layer. The first |ayer often contacts the

second | ayenotdimiteaitot Ne¥- dﬁmthyl@rmaoudiej(WFpJ@m Niddevethghomanide IPMA¢)st

| ayer and, t he [of8) | ayer.. . @]] di ment, of . an or ic thi -fiIm
Lr ansi ot o S0 RS RPERERRRLS 2oL 1 SERgE PR Chs TG G A Fe PRPFFOR | m
transi st Qliorh OTEAm& o fi thseteish @ngéf Srg@hiRGbIveriEindiftde, dudat@ot MBited to,

2009/ 154877PCT/ US2009/ 041904 di el ectric | ayer 16 di sposed on the gate

el e r odedctane, zongowdeeans) ansk dasigeane2 In gorde einbodimentsr thasolyant inmenigture of

sem condy %}18115 J) XI?ltC Sglo gltltﬁ %% th.? sal!nn & OenOtI'%Cl‘%lX 5 of, Var%él o?&?nfchs%li & lfeCt rode 22

and the drarn ro r&"s ol ce “el"EctF 6ué c?raln el ectrode
24 are se;ﬁﬁférahﬁg}pésr om each other (i.e., the source el ectrode 22 does not
contact the drain electrode 5 24) and are positioned adjacent to the

di el ectric | aydre cpgcengistipn Pﬁ@ﬂéb@mﬁéul@|S@@tqoa@@tczznélaf‘dcqm@sam1ﬁ0%%%,tt rode

24 arc i Ne&POL AR Reh{‘ Gt I%QQOCZ)&} rcén@ya? fead®. §Uv(é!khtt B&%etﬁ AU } &3 of

the sem conduct orgl?ﬁ‘a{)teer I's posiftion et ween t%te sou el'ectrode and the
drakth el e;c@ghldnerceiﬁhat kea:erttll(DWel(ght pdneengeamiecastnljﬁl@tecght bayent, otratcass2.posi ti oned

bet ween the source el ectrode and the ain electrode is referreqd.to as the
channel 2ACighTeeRLPATE 01,‘1 ea{a }yglrggt Qgtﬁl? ﬁ%rn@%ﬁl‘%on ¢ concentration og the

small molecule semiconductor is often up to 10 weight percent, up to 5 weight percent, up
to 4 weight percent, up to 3 weight percent, or up to 2 weight percent based on the total
weight of the composition. In many embodiments, at least 50 weight percent, at least 60
30 weight percent, at least 70 weight percent, at least 80 weight percent, at least 90 weight
percent, at least 95 weight percent, at least 98 weight percent, or at least 99 weight percent

of the small molecule semiconductor is dissolved in the composition. In these
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10di el ectric layer 16. Sonme sem conductor devices have an optional surface
treatnent | ayer between the gate dielectric |ayer 16 and the sem conduct or
| ayer 20.wWO0 2009/1548770pti onal substrate can be included i RCTHS2a99a9€
thin-filmtransistors. For exanple, the optional substrate 12 can be

adj acent to the gate el ectrode 14 as shown schematically in Figure 2 for
the OTFT 200 or adjacent to the sem conductor |ayer 20 as 15shown

schenat i c,eamho)dlmwtw@woen@smh cphénchyrdebogodissofyrd atrtispgoed easspededde an
opti onal f

o condut B lE SG Tl P EARFIRRT L AEpeURBITAL R e Rilte iy of

t ransi st ahe smal$hmmummuﬁabﬂ prescnt fi o cempositléi dm’sgl&Bdi cThadtiig)4d i [ m
tranS|sto 400 i ncl udes a gate eIectrode 4, te diel ic.l er 16

di sposed ¢ tﬁeteﬂaogateéﬁset@éﬂ%ldeo poul eéerg@ﬁt%&tm&et ?W%F;?E’r‘ﬁ%{wért’a

sourge elce,gﬁ;ogi%nzz and a drain el ectrode 24 disposed on the semi conduct or
| ayer this enbodi nent, the sem conductor |ayer 20 is between the
gate dielectrilo sbmyembﬂz&mmmds HetdontpoesitisosicancfugheanelodiearR@sanating payadeai n

el ectrode, 24. The soyrce e de 22 and the drai | ectyode 24 are
Separ at et S RVHEr Dot Gisons b ek SEheEEySud 35 bS8 TRl act

the drai negli@alnQdecahbe. usgwinhthé B&nﬁ&#ﬁi&? Qli@bleriRdRatAd pRIKEndrE 8 pidadly

el ectrode 24 25 arc in contact with the sem conductor | ayer such hat a
portion ofothine @@mg@t@d@a@powattweioublg bpo@a Etlplagt@d bbelthmee af thewokymuarce

ele 6r0def %?9 fh n li% oi ors, e fon-cofid ct rtﬁ 1dn3 OrltI 2l C)hal

sem conduclt or> 3 I ep%5|t|oné)8 B ltV\%é)g% he § %?émf be %2 and
the drai migl 1ﬁﬁﬂatﬁ@q302y4ne@i@wwer fﬂaﬁﬂia@ﬁegm&k}vnﬁ%ﬁﬁl@@teﬂ rc@t@bﬂ%ﬁhﬂooh@&i%lé can
be included in_the sem conductor device. For exanple, an optional surface

t r eat mentbondyeforeaampls, theipwilaiie Pobarsisan havepcgdpn canispaed ﬁt%nqtlayer 16 and
the sem ?ﬁ%ﬂ#mlﬁ E?Ihggl%ho&glents the 1n§% tﬁ’tgg) g)tlx‘?e{r ioH ?15{1635 ﬁa%r}‘?\g 6 l'uded in

the orga m transi stors. eop I ona rate 12
can be |madmntcacttonvdomhlettimadgate el ectrode 14 as shown V\D
200 154877PCT. USZO 9/ 041904 s mat i cal Ié in FI% eEggt the QrFT 500 or
ntact w t %A %tglr%ﬁ? d§8 €1} 3y, FROPHOU MK Bin ISHIYEi n Fi gure
6 for th I i S I ayer
&R Her® M udT bk a@@%tqgﬂtédrtﬁ #ﬂfsc 7 tﬁ@n@foﬁﬂ) {)ﬁ;g%(rasdél%thﬁ’}lﬁﬁlréﬂe? A RSy,

bet ween the substrate 12 and the sei nduct opérati on of
the semi thyimetlofri npehacgaate Mgy apalpnsylehawh (R VP Fpglytasyl kldobob (P8 t age

Char e CoRY Gyl feelal VAT BRGNS E e B S ieai&5h bRPRAL” ol Cage

is also &i@/ﬂﬂtde@l@l QAL O EL e pSIGEdi A Pltckm T A isil Skan LBl sBShizd@lcloddRnb

applied to the 'gate el ectrode 14, the channéel 21 in the sem conductor |ayer
20 2@mai (8GH, @drtbﬁhk@nductl ve state. Upon application of voltage to the

gate el ectrodeyld, 16, GRANNEI.. 1. DEERER,GEMIYELINS,ANG (ERILIE. 1 ovs

10t hr ough t he channe Yomthe*source e T6YUrai n

el ect r odeliélved in the oi’geﬁlltd)ﬂ‘f@'& eTHZmefdcelar $41pRo6 1 the indalaGhf pobuicr Bgh
manuf acturing, testing, and/or use. Optionally, the substrate can pI’OVI de
an el ect rngwince diectsconity ot the sempsstion. Hgpulatingpnlemerspathynbiedeigaolseulihe

substr at %&gﬂ tQﬁcPt\é'rgﬁxllﬁh%S gbﬁﬁl)nscx%'ﬁ ﬁ%m A gc]%szﬁz FURSLJ o"sltﬁt&ﬁécﬁ'tﬁs

i ncl ude, arc not limte I hor asses, ceramc materi als,
pol ¥ier i romires cadtsg leiﬁr,l thé édsu;ed Ivysmtesntycmm;ad@enda,l ) le(aet ig .partf orbthe niehotf or ced
terials) en or. non-woven.cloth, coated or

pol ymeric
uncoat ed WHEEH trFEar?a.CP%tm Pyea %aﬁaaﬂatl? ﬁﬁWtrhVétC@éty compositions can be used

with inkjet methods compared to knife coating methods.
In many embodiments, however, the molecular weight of the insulating polymer is
at least 1000 g/mole, at least 2000 g/mole, at least 5000 g/mole, at least 10,000 g/mole, at
30 least 20,000 g/mole, at least 50,000 g/mole, or at least 100,000 g/mole. The molecular
weight is often no greater than 1,000,000 g/mole, no greater than 500,000 g/mole, no
greater than 200,000 g/mole, or no greater than 100,000 g/mole. The molecular weight is
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The gate el ectrode 14 can include one or nore |ayers of a conductive
material. For exanple, the gate el ectrode can include a doped silicon

mat eri al ,we 20@/@&k§77an al |l oy, a conductive pol ynmer, or aPcCoras2emaosmns t her eof
Suitable netals and alloys include, but are 20not limted to, alum num
chromum gold, silver, nickel, palladium platinum tantalum titanium

indiumtin oxide (1TO), fluorine tin oxide (FTO, antinony doped tin oxide
(ATO), orofigngpHisiranga &frl 00 & &8P0.08% amstiary tWﬁmQﬁ%0m5W9£g/m¢,@ae, but

arc not . mt I b hé

pol y(3, 4-%?%%@%%%@?20@9%%?@%?%@@{?06% y(styrene sul fonate), or polypyrrole.

I n some or ganiThetdonhoerftiation bf thio Snssitading polyneer s@the coripesitiah iscatenpt teaktdel bot h
t he 25gate .el ectrode functjon, ﬁnd t he S&Jpport function of the 5ubst rate.
For exanpt@ehtdsrent &f Ieptt O weight Resedt-cth ast botiahhaergartertdrastt Potfdetind as
t he subst [ I.gen | ating
A e I e b e S N B R R R b e
such as malmpal weghepertdratat drast Twngthtpdrvent,cor ap Eaytndrvogngteercnbbased hat ar e

conducti ve. nduct i nanoparticles include, 30but gre not [imted to, 1TO
manopar 167 W Ve ek Fhsraratin TEF VBT chsseapave LrReth Jotead SRbpSE: ol oo,
or car bonyfpn@IniRRRion. hSRERIGASY KREPIiEUUM AL XMy an inkjet Miehddab e
dielectric layer 16 is disposed on the gate el ectrode 14. This gate

di el ect r ifermh ayeatinpflapdreibe cprcehirgtiomefithatnsslating polamer sl odisnrablestids f r om t he
bal ance aof .the OTFI deyice. ful rials for the gate diel.ectric
Pncllae, NN TeREa bRRS fespBEh e PLRC P Pe i i LBy fE e

di el ectritaveat ehdalrablglo visesdiynaf thervotipesieion is Hppligbdotr hefabt gGhg hC can be a
single layer or nultiple |ayers of suitable dielectric materials. Each

| ayer i n Bffeicpgehndqueriyrch py kyifs cogting kxioFmea aing layeiBew s the viseesty of
dielectri ial s Tk I I N3 i i.ncl ude
anopt 1 or PR e g ouer O, HetBRtdubitbof b MR pSLRE Pl 0P 1

| ayer 16 tAnd(.atwdigaptrcantiostd antheftothhecighafithe caepositamgluct or | ayer 20 or
di sposed bet n the suhstrate .12 and at |east a portion. of_ the 1Qorganic
sem Sonduct or fw@fl_cwaﬂplﬁog@ﬁén%maip g In Elﬁéog‘é‘t)%ﬁ%is ifrrRde 2r eat nent
layer Ser\V&%ht%rc%ﬁt, 'ugtt@'i(f) ACRHP BLNER N 36 Falkt M8l th T WayR et bie
sem conductor | ayer or between the substrate and the sem conductor | ayer.
The sur f apeotireaggetccnalaed onthdtetahwsaghf ofths eombedtioro b iteywnceadratescr i bed

inUS P t. No. 6,433,359 Bl (Kel.l . | i terial
basor 1 beds [ 2 eSsaRTy Rp Teoaine o8 e b ngcesttanfy e KTaars s 1 opat ent.
No. 6, 617%pBR&tike! Teycaly, aie-u)ppler limit is JAGMERAH BiethelssiebilRder B idhtidgai n

a

el ectrode 24 can be netal s, oys, netallic conpounds, conductive mnetal
oxi des, dwhdogtinvhe earnesitios, The mbuleting polyimep extypisaldy diasadvasongubitingally

pol ymers, ;.inel udi.ng,...f or. I o S r | ckel, .U ium
D1 at 1 mum A A PR SRR b hmlnat i RO
f1 uori ne ‘sutstaBiaiy dBsdlFddd)meamB thateiryinéul ftingXiotgm AT @ssolv @bt maai doataii de
(12O, poly(3,4- ethylenedi oxythi ophenc)/poly(styrene sul fonatc)

pol yani | iadmpgtityethatad e dissohgd i ferReryposisPn o v leekciiewsighiorsigsinh af lcard9

t her eof , i.pl r . i al

appropri avt%ggl%tg}fé Hue&slg av?\}e%1 ﬁbgsf?/%gﬂsp%%eggﬁg%g%t??Strr\gfg%ﬁtl ﬁﬁé&%no aglte et?s9 '9ar e
app2dpri araglitgrerasatoiwht msplatiyg polyent saticdobiedin thetoempabisonas i s known in the

art. 25The thip film el ectrodes .g.,.the gate el ectrode, the squrce
el ectrode. an q}h@tialogﬂﬁ: srna?l mole&ﬁe ermcon(?ucgor to the insulting polymer can%e

used in the composition. In some applications, the weight ratio of the small molecule to
the insulating polymer is in the range of 1:10 to 20:1, in the range of 1:10 to 10:1, in the
range of 1:8 to 8:1, in the range of 1:5 to 5:1, in the range of 1:4 to 4:1, in the range of 1:3
30 to 3:1, or in the range of 1:2 to 2:1.
The percent solids of the composition can be any desired amount but is typically in

the range of 0.2 to 30 weight percent based on the total weight of the composition. The

14



el ectrode) can be provided by any neans known in the art such as physi cal
vapor deposition (for exanple, thernmal evaporation or sputtering), ink jet
printing,wonows4d7irke. The patterning of these el ect rod@STa®R0MD41904
acconpl i shed by known net hods such as shadow nasking, additive

phot ol i t hogr aphy, subtractive photolithography, printing, 30m crocontact
printing, and pattern coating. In yet another aspect, a nethod of

nmeki ng a PSEGPNEwds ét dfiends iccangasold}-oia Heweighhecrpent.Ho dhg megeled S i & di ng a

sem condugt: . [ : - -

5000, 10485 MBI BET BT ST hor B GE e SR SRS any
sui t abl e predchodinaamytentusigdendte thd parcee solinds is Emited b tiod wiuliktyeif thd dmal | ayer
is often provided using a conpositjon. The canposition can be the sane as
descr i bedelBBE SCTTIRORMOT ShbBATHE A 2 istBs ?Pl‘tltﬁgg’c%cﬁ%’élﬁ‘tﬂ%?g BofymeR the

resud ti n%rggn%gcg ctor layer include an insulating polynmer in addition to
the smal|l 5nol ecul e sem conductor of Formula (1). I n sone exenpl ary
met hods of pr éfwrdongositisahire ofidn osawlrto gheapaces sanneontttoothyeninad ves provi di ng
a first layer selected froma dielectric layer or a conductive |ayer and
i sposi nge e eor My BB 4 Shtrahe P Ao SrroRgs e f1'e
order of RhHARAr d%ﬁli&fndﬁét@illa?brnQFHe%eﬂl%ﬁ&iééMhyé}QM@M@és,(a} henmgemokenduct or

| ayer is often prepared on the 10surface of another |ayer such as the

di el ect r isemicppductor ¢id cxmmtiu@l. i nsomaygmbodigrents, thepemiconductihleygdndbwt i ve
IayFQ car}nélngel Udeins flé%r ex qgelre, one or nore electrodes such as a gate

el ectrode ot ﬁalnayélr 1% AE1 udes both the source el ectrode and the drain
el ectrode. ThesesiieghdattotlisHESIHAge BechadBs&ribed Uk ekarhiily Sy S.dyiasaith Phesithe

first layer includes often includes (1) preparing a conposition that
i ncl udes affemigpaductapPDevigese 2 s editoantphet HewhandmruNaw (Mork { EXde &hessr gani ¢

sol vent that. di : i f .
sem condusclazﬁ‘ttl)cro,%h%%?Il %eggﬁesﬁ%g‘ﬁ%ﬁ%Ct@‘ﬁ%%@@?tSﬁ% (tof)aﬁ hcgq%%r% g{g%ag)ebﬁ?sb forma
coati ng liagieding prdp(Bp-n, endbthimbiatrah€ssts).gphparcbndurt@s, duhentdigads,c sol vent
fromthe coating | ayer.. The osition contains at |east 0.1 weight

per &2nt AR EEGHOB AP SraRtioRD ST B SN 0F DSetPEHoHE 1ot al v ght of

the compagintit@iuctof i&HeeslAf ir?c@&ﬂl%%h{rﬂo%ht%&ﬂ Sag%hﬁ%t&% %aJsQﬁ%ﬁgnﬁ%ers,l wei ght

percent dissolved insulating polyner. me of the rfet hods

pr epar i nglisdssi @padtecs, embdédadorpaa@tocs, aed trodorofthaparepacd todoon gaeiits. t hin film

transistqrs.. e nethod of prepari an organi.c thin filmtransistor

ol ves SERHSITRRAGE fefncssgie el ol in gt RS el bR CEAEE

el ect r odeun@icaa X afipRls O tHck € afr AWt iintBorh RY Rfrc fidVih Bl d @ irSeHES SoselIREr§,0de and a
drain electrode that are separated from each 25other; and a sem conduct or

| ay?d i n sbhregtsteriand lasme pireuits. s isatiesad thase scraisandustor desices anldegtaydde.
The sem conduc i ] I cule.seni uGt Formul a
(1Y and ACGESlodShol AR ef gndR GERST dhg SR RRN H Bnifhen

transi st aefisoas; @ntirpdetioed, Bhdtheeikbod are shown schematically in Figures 1
to 6 For exanple, the organic thin filmtransistor shown schematically in
Figure 1 can 30Wee ¢frtBpsgragomiucior dovigesige aragatcdhvriela rgnsistors as ghopdsi ting a
gate diel i . jace t r . it honjing a
Jour ce ol Sl GYPEiLRa A 8RRy LRch MeHR! o SRRk Tk Al

di eR®ct riin Figyer1 e samchclibamuttipde hgens of nateots. dieth2? aanthybhendndude a

single material or multiple materials. Further, as used herein, the terms “disposed”,

2% ¢

“disposing”, “deposited”, “depositing”, and “adjacent” do not preclude another layer
between the mentioned layers. As used herein, these terms mean that a first layer is
positioned near a second layer. The first layer often contacts the second layer but another
30 layer could be positioned between the first layer and the second layer.
One embodiment of an organic thin-film transistor 100 is shown schematically in

Figure 1. The organic thin-film transistor (OTFT) 100 includes a gate electrode 14, a gate
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WO 2009/ 154877PCT/ US2009/ 041904 el ectrode 24 are separated from each other;
and formng a sem conductor |ayer 20 that is deposited on the source

el ect r odewB2009%013487Me drai n el ectrode 24, and in the arcaCTUSh@vne®nsd t he
source el ectrode 22 and the drain el ectrode 24. The sem conductor |ayer 20
contacts both the source electrode 22 and the drain el ectrode 24. The
portion of the sem conductor 5layer that is positioned in the area between
t he sour chclestéielaystto anposchendhagaic eleeiqdeddea surrhelsctepdsianmdrain The
or gani ¢ thi i r i [ t.C A Fi

pr epar ed e@%ﬁ?éé%ﬁlﬁgﬂ%@%géi%‘cftgf‘\é@?f?bnﬁggysﬁ (fadlnlr%t gﬂag)to glu%lggér?% gaﬁ%ieon t he
subst r at €214 thke@paii dlecigpda 2dalac dowbeckctralel 22y thiddath desivide 2o athe gat e

el ectrode 14 sych that the gate electrode 14 is 10positioned between the
subst r at e@enazafgﬁ ofhgrcg Qther i tge poyree ?159@#16%@#05%%?&%&4%@6 gr%al@etéode

| d e ‘ . . o
eleciro ez4zt%n@91% Iﬁsﬂ'bg%cf‘e%(ﬁéc%ﬁ{ foHEdR b AR lgfée?g%f ?g%{ glg gﬁ@%@ cRL@ORCIT Ayl | ayer

16 such th the 'two rodes are separa ther; and form ng
a sem cortbedtaor clbcyele 220 ranh @otiat with thhensoudoetoelaget 20ouheh Bt atpheiodredi n

el ectrode, 24, and, i he area. 21 tween the source el egtyode. 22 and the
G ai n el abt HEOSheloR ot BreOSWRBR o TR oo EeHrer Gaupt Fors @ g our ce
el ect r oderigdoiish $MBe RO RIcRE 14yRH a2 podifien®PBdtivedh BE sl SIRBkERNGHCT Or

| ayer that i's positioned in the area between the source el ectrode and the

drai n el ¢be dodecladfddeasregeredidnne the channel 2Thdhe elypaniclcis edjiapent td thetgetensi st or

SO o IRLHE B 6 BP0 B R 5 P S sty
20posi t i Metwignahs gtk dil@bRClayadies 4Ad tadstndicéidatfor &lyec2@.ode 24 adjacent to

t he sem conductor | ayer 20 opposite the substrate 12 such that the source
el ectrode 22 ahyoptioxiahsubpise coybeingludgd i the gegantcBine iignirazdtiorst Rer ;

deposi ti a L i | r trode 22,
tho dr i e ERE F B RS b B e N e g S -0 bet veen
t he sour cehehs&hllpdeFigareahfbr tiveOUFEI2O0 of edjhccnd® tRd scradndlepadaytcr ¢ as gat e
el ectrode 14 25adjacent . tqQ th ate di el ric r. 16. Both the source
ele rpde“hQ‘Q’néﬁt&Fniaﬁ]é?@fléliP?}g‘éngcng B@@EFET g@@_ty&b?ﬁ gbisie Bideesr | ayer 20.
A porti O%pﬁBnélﬁgr?%reﬂéa%QHQ&f& b&t%égﬁ tHeA%fuB#ﬁa!té !P&ﬁﬂth@%&ﬁ‘iﬁ%ﬂ%&c‘f@ 18R P6E

el ectrode 22 an drain €l ectrode 24. I's portion of the sem conductor

| ayer defi nes Anatharendlodiniing obamargauictthinfil tranststaansswior shehatveally in

schematically in Figures 4 to 6 can b Oprepared b od that involves
2t angi nd R o S SniTeetRoior 307 M EFSe Eedlos ol M deitode: a gat o
di el ect rifelb@i€laycr] 6 8RPpSLABHEROEat SNEFodROAt RisdthREnGRIOrIARANGL A 2of Formul a
(T) and an optional insulating polymer; and a | ayer having a source

el 62 1 0dousd CloppS0BDATES ERFFEIdE 08 9iDasom e craicandicelaysdals at ar e
separ at ed, (1M 9ach, Of Dey MBLEL 1, LDS, RaILcoNdeLar Jauer. ontacks both

the drain electr e source rode: one enbodi nts, a

surface thoglathesoirct aleetiodal? Lkl the akain clbatbdeeunwady sbitee gRrtEodd X @elthé c | ayer
and the sem conductor |ayer. A substrate can be positioned adjacent to the

gate el ectridgtecspdsatipseemrates fiopeeachpiier tiehtths es dprrodsdldecerdct r ode
and t _he Yot Ak %Fa?ul"l1 nggtrode %4). BGH& tlt_19§@1gpé %ect}&fé ﬁragﬁ'?h&drjéﬁ'f égedctlloldglz.él .
transi stor shown schematically in Frgure can be prepare y providing a
gat 25 el ecir¢ od®niadt with plosschiicandactgatageidiveh dedtt niportlcaydthd @nachraloetot layor t he
gate electrode 1

el oot  hE PPAJRIECHOTenShE s QeR@OGEl Btk coayBic 1BG Qupesd A foleq
bet ween thei@pdEheLEetsRAR o+ fay@Pthat is positioned between the source electrode 22 and
the drain electrode 24. One or more optional surface treatment layers can be included in
the semiconductor device. For example, an optional surface treatment layer can be
30 included between the gate dielectric layer 16 and the semiconductor layer 20.

An optional substrate can be included in the organic thin-film transistors. For

example, the optional substrate 12 can be in contact with the gate electrode 14 as shown
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10t he sem conductor |ayer 20); and positioning a source electrode 22 and a
drain el ectrode 24 adjacent to the sem conductor |ayer 20. The source

el ect r odewD2o@mid487ne drai n el ectrode 24 are separated fPomUSaal/oot9her and
both el ectrodes are in contact with the sem conductor |ayer 20. A portion
of the sem conductor |ayer is positioned between the source and drain

el ectrodes. 15The organic thin filmtransistor shown schematically in

Fi gure 5 sshgmyicaly B Dipr e THT RG0 ar Bugestachwveth 1l scadpsiueton lpyar Hht e

el ectrod ' - : ot j iC
Cayer 16 50 anRFRelS HTfaRyRTh: @ Orr, cUERRFLE CO R IEB MBLERRL 0 14
i S positisarfect thhettmeiajdn®ctswhs thieadubstii2e dhdnd the sg@aicendiucedbrdeyari20. | ayer 16;
form ng a sem _conductor | ayer 20 adjacent to_the gate dielectric |ayer 16;
and posi ti oni g °PBAteR At e semisepdwdy deyicg sanBeirias “Bewe it Bguresd t%gj acent

to toe S%ﬁg@%%oarsgh@mrthggraﬂ BEcHGe rkfdaﬁefr%ﬁ %P'I%a?c%d@aﬂ?, ﬁd‘&ag%egdi.i@.ﬁ

el ectrode 24 arc separated from each ot he bot h el ecttodes
cont act wiuttent) epaseatl to dimckocta@reldcarpde 220nless yporage oralef apphed ethe gateduct or

| ayer 20 is sitioped between the sour | ectrod 2 the drain
o vot r oS00 SPGBl T P aR & O Ghe TR e L tiEarL 3 i
Fi gure 6 th@ferlifoi@RANSLEr 20 R AR O aHIdGcond 8RR tskAd. €UB appightidndt Ng a
source el ectrode 22 and a drain el ectrode 24 adjacent to the substrate such

t hat t he witage® tht gt clodeodl 4l ¢haanad 2d ibscarhescrondasive4nd charge flawat ed from
each, other: formng a 1 conduct or | aye that contacts ~t,he source
oroll Pt nahinybR HF ety DEROEREHEE clBSd. Ao ACkfMIRARR ANE SOUT e

| ayer 16 adj acepiibstratet P fRaKupIIEURE OTFTaeihe dRPAticheinkhe sty at®ochRct r ode
22 and the drain el ectrode 24; and 30depositing a gate el ectrode 14

adj acent @Rfiangby.gh¢ aubyirar san proyideapeiecimeal fnsHen fuihoPTHRe Foeptaateiuct or

| 20 i b .
el vt rodd S 4R o BB RS IR PRLS BBE By Rt R rARBIR B O g ¢
thin fil mé¢lodedusiromst Binteditos dtoegamid gladsky, ceranfie guateemls] pdlgmBric faeerials,

' d I .be f d by (1 i : iti t hat
oo Gt Tk AR T e R T R o AT TS
i nsul at i ng,\RAloy ABA-wARRH lcﬁ)Eh,%Qc@di'bﬁu&%ﬁé&%etélhé‘?oiﬂ' SSPLoESn@lonl (BASHF 2

portion of both the small nolecule sem conductor 5 and the opti onal
i nsul ati ng polheegate {1trodp gk chmgncitile onowpo®id lagers o a amadusare mateeial. ofort he

organic thin filmtransistor, an 3), remvi ng at .l east ortion of the
or gani ¢ ool Hoals D568k BERih AgpRC ot Rbraiod Fel Bitlayef cant

di ssol vedondmdtive FBlyRsdd] & SRMERAHERRE D ZHREDI Mt at PAIR)ys WRILGH b@fard he
conposition and can optionally further contain at |east g 1 wei ght percent

di s3®l vedot Hsuted te, aiprpishgpreiromign modypilEs, nickel, palladjum, gdajiamms tagélem,
pur chased..f 1.0 -ia@ cas d.used w . the rifjcation
o chaseq L, GAFER s BRpBI B0, AR W AL RO
bi s( pi naqalTiAt &y dédraiamionlthérdf. Akiea{plarl pbedictipd psiphicheihplatié, adt ad() ,
4- br onoani sol e, and 2-bronp- 6- ) )
limited to, polyaniline, poly(3,4-cthylenedioxythiophene)/poly(styrene sulfonate), or
polypyrrole. In some organic thin film transistors, the same material can provide both the
25 gate electrode function and the support function of the substrate. For example, doped
silicon can function as both the gate electrode and as the substrate.
The gate electrode in some embodiments is formed by coating a substrate surface
with a dispersion that contains conductive materials such as nanoparticles that are
conductive or polymeric materials that are conductive. Conductive nanoparticles include,

30 but are not limited to, ITO nanoparticles, ATO nanoparticles, silver nanoparticles, gold

nanoparticles, or carbon nanotubes.

17



met hoxynapht hal ene were purchased from SigmaAl drich (M| waukee, W).

ALI QUAT 336 (a phase transfer catalyst), n-butyl lithium and [1,1'-

bi s( di phewgl2pivaspdrizno) f er r ocene] di chl or opal | adi um conpl @XTRISLV9/041904

di chl oronet hane were obtained fromAl fa Aesar (Ward Hll, M.

20Trii sopropyl silyl acetyl ene and was purchased from US Chem cal s ( Col unbus,
OH). Hexane and tetrahydrofuran (THF) were distilled over sodium The

nol ecul ar st r udteugatasdiglectsic|laysy d@lircdisposedion Heeraredpcitods 1e TBISESHT i r ned by 1H
NVR (400 dMil‘éétrlc i@%le@t‘f‘fe?gi ﬂ%%)l\‘i;’\léttek AQ Jid egédér%gﬁ W&o R{e%g?a'h@gof‘t% ng

publ i she rocedur es as br onbant hraqui none was

pr epar ed (DTEI‘rrievatmeUsﬂfalJ hytcaMaifdrabd gat@ dieleceiaimtindatbheagipl¢) aneéndrgardoa

Al drich) as descri be Ito . Angew. Chem_. I nt .,. 42, 1159-1162
(2003). Af iglggirig mtwgﬁ Rehymeric @@@C%M@?alwﬁ %ﬂ%ﬂ%&?nﬁgw@fs tTi‘IelgF‘tPat i on

f2r gr@b D':':(diglgé%@ gﬁ{ getcélglngl Ail}ler or rélulztlpéel: gl grg Srf sTlgar‘?lezdlelectrlé: ni%?rbals _Each
[(triisopaywyh sisﬂngb&trhumd‘yla}/ardlbileetuenen wabids pne bemlozee«ﬂelactcmrmhtﬂgals; o Reaction

Sch 1, bed . t
2000/ 15457 7PCT] LB G155 CREHAPRGH" Sk priof efisnd sy

reacti on g@sstsedwbéh ty @Eﬂé%él@&rlé/ Pa"ybp%arﬁpa[m&'dﬂéjﬁorﬁBn Epﬂlféklirgan@c( 1) as shown
in Reaction Scheme 2. In Exanple |, the precursor 2,6-bis-(4,4,5,5-

t ctranet Wnucpnguqowawéﬂmroinms@—lwwe@ tm@s@sﬁaﬂwlaua@dm t@pgtlaswty&pt@ﬂtyﬁyl i ant h
et e Srerosaiheybe gt PR et B b SR R RET SRt hat ene
(R1- Br i nayjeaeivcons sciiemcedetweMn QAR 8487 RSE! AP0 9¢01#d8Qrktor layer

or between the substrate and the semiconductor layer. The surface treatment layer can be

a self-assembled monolayer as described in U.S. Patent No. 6,433,359 B1 (Kelley et al.)

or a polymeric material as described in U.S. Patent No. 6,946,676 (Kelley et al.), and U.S.

15 Patent No. 6,617,609 (Kelley et al.).

The source electrode 22 and drain electrode 24 can be metals, alloys, metallic
compounds, conductive metal oxides, conductive ceramics, conductive dispersions, and
conductive polymers, including, for example, gold, silver, nickel, chromium, barium,
platinum, palladium, aluminum, calcium, titanium, indium tin oxide (ITO), fluorine tin

20 oxide (FTO), antimony tin oxide (ATO), indium zinc oxide (IZO), poly(3,4-
ethylenedioxythiophene)/poly(styrene sulfonate), polyaniline, other conducting polymers,
alloys thereof, combinations thereof, and multiple layers thereof. Some of these materials
are appropriate for use with n-type semiconductor materials and others are appropriate for
use with p-type semiconductor materials, as is known in the art.

25 The thin film electrodes (e.g., the gate electrode, the source electrode, and the drain
electrode) can be provided by any means known in the art such as physical vapor
deposition (for example, thermal evaporation or sputtering), ink jet printing, or the like.
The patterning of these electrodes can be accomplished by known methods such as
shadow masking, additive photolithography, subtractive photolithography, printing,

30 microcontact printing, and pattern coating.

In yet another aspect, a method of making a semiconductor device is provided.

The method includes providing a semiconductor layer that contains a small molecule
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Reaction Schenme 2 +R1-Br 111 | )-x< Preparatory Exanple 1 -

Synt hesis of 2,6-di bronp-9, 10-bis[(triisopropylsilyl)- 5ethynyl]anthracene
Trii sopronpgl2gedyshsrcet yl ene (12.32 g, 67.5 mmol) and dry PheAsa@90i¥904 )
wer e added under a dry nitrogen bl anket to an oven-dried round bottom fl ask
(1 L). Butyl lithium (2.7 Min hexane, 14.5 nlL, 39.2 mmvl) was added

dropwi se under dry nitrogen through a syringe to the m xture. The m xture

was st i r rseaneendpgonefiRarpatadiy ralthaygh anp é‘ll}Faé) methed €3] e wsHde pwyidedhe ut i on,

e (EARgkeiBr G BrehDUATBAN BLORLORNE (FSton B0 IR ipEr e,

added under ry n e so tur ne |rrrred| a
di br onpantahbadfus sammseleghrmdhbm i s@maamésdmﬂélns mthttherc&)nvmltﬁmlalndelcb at

roomt enperature qverni gh and the soluti.on becarre dark red. Deionized (D)
water (6.76Hine %ggcwei@ar ﬁ@nel&H%ﬁn Eralgag relymer ghi it 0 sl ¢ o

pr ecg pi t%@leé\ﬂ@@@}ﬁﬁﬁnduﬂd?oﬁ@mﬁ?@' oride (8.088 g, 42.6 nmol) in HCL (18
m., 10%

aqueous solution was t added. The m xture was heated to 60 C
for 2 hours ard soimerxeophedmtthodoaipremmpe racmi@ndidter doticcethe metbod enoved by

1 1 1 t th i . whi
e BRI PV Hinm Ay et R Fomy & i itabe e S Bt Sl é&%@hms
With DI WaiREind At LSS laydladREntGO RREMET 1BYQd N \cBiokd @S F ik

col uim chromat ography 20(silica gel / hexane). A bright yellow soli (8 55
g, yield: or@z@gldmggs m'@@awehowqur}i@e p@m@g@ductor\l@er is often prepared on the

200?(2 1548 S}]}r 3C%Ofu Ogagé% sfgjilgﬁ égcglolé O?l(l) condgctwe? ner ho(?rsa subsocrate

yl)-9, 10 Tlie&{oﬁthﬁdtiv% (D(We@@z}ﬁ ﬁlblhl&l@&bhmﬂﬂl@@hb bafREelectrodes such as a gate
2, 6-di brono-9, 10- bi s- %trl i soprop | silypet hynyl ]ant hracene (5.225 g, 7.5
mol ) f r hectidpar aleyeythesdasiyes tlot Biesppica skesipdd ¥ddhe dragheledrodsa T@G 18. 8

o). i 5 3800 A SR i g 25
obt ai ne_d .(lj'ptepawmnmltmsha&gmﬂsm thosmahmvicticac@sconluaxyafdormula (I)
b undoh GRS GE KN & FHOHOBREAGall PRI xt ur e vas
s SIS AP SNSRI ST,
renoved WY) reotoing & \egsba porition of t'ﬂ@@rgamc solvent from the coating layer. The
composition contains at least 0.1 weight percent dissolved small molecule semiconductor
based on the total weight of the composition. Often, the composition also contains at least
20 0.1 weight percent dissolved insulating polymer.
Some of the methods of preparing semiconductor devices are methods of preparing
organic thin film transistors. One method of preparing an organic thin film transistor
involves arranging multiple layers in the following order: a gate electrode; a gate dielectric
layer; a layer having a source electrode and a drain electrode that are separated from each
25 other; and a semiconductor layer in contact with both the source electrode and the drain
electrode. The semiconductor layer includes a small molecule semiconductor of Formula
(I) and an optional insulating polymer. Exemplary organic thin film transistors according
to this method are shown schematically in Figures 1 to 6.
For example, the organic thin film transistor shown schematically in Figure 1 can
30 be prepared by providing a gate electrode 14; depositing a gate dielectric layer 16 adjacent
to the gate electrode 14; positioning a source electrode 22 and a drain electrode 24

adjacent to the gate dielectric layer 16 such that the source electrode 22 and the drain
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solid residue was purified by colum chromatography (silica gel, CHC13) and
recrystallized fromethyl acetate. Orange needl e crystals were obtained
(3.20 g, Woehe/B59 as the product. 15Exanple 1 - Synt h@€rarsed09/041904

2, 6- Bi s(4-met hoxy-phenyl)-9, 10-bis- [(triisopropylsilyflethynyflanthracene
(BAMP- TI PS- An) A 250 nL Schenk flask was charged wth

2,6-bis-(4,4,5 5-tetramethyl-1, 3, 2- di oxaborol an-2-y1) -9, 10- bi s-ft
triisoprcpSEeHe %éltewynweér&qm a@ér%he(rola@efeﬂgmg@ ssmiGargngtor layes20rhatris s ol

(0.748 g, 20336
(0072 g 3oty squf QITAEE eI gy e 2 ARG e Bt n Lo
as a phashe sowratsélestroclatalayid the drﬁlm&ﬂécltrbéd%fva‘ﬂhﬂf seZibordutor &aydr 2@ targaes (100
nm.) The e was degassed un ni trogen using a Schl enk li.ne to renove
oxygen. %@}éﬁ iSQYCF Pﬁ@ﬁ%ﬂfﬂ ﬁ? H@}rbalr:?tme&% g perte2fdhe Fryondieey was
t hens addagyimdRts AsRGeh fhbav 1BhHEh HEIRARE d6:iRRE afPHR drhiffRicck M Xt ure
was stirred under nitrogen at 25C. e upper organic layer turned to

gr eeni sh defiapgechaand. t he | ower aqueous | ayer was colorless. After being
stirred at 90 for 20 ho t he m xture was.cpo to yoomte er ture. A
it et nsol uthts Srufi bR kel IR SR RR e g e PO BRE TSl ut  on
was conc Wgra‘tflﬁﬁlgté)subsﬁlée b &é}éoaﬁﬁﬁg’iﬁ Yat8 CRRAbA | Pon tHReObAKENENQdpdsitiddeOH

(100 ni) ange solid (1.13 g) was collected by filtration. It was
pur i fied dagatiz@nk@cfwdaywdé|adﬂcer¢m@tl@@amw0deé4 sudxthet the Tafe clecrodg teiszone

re d 0|r’ Z;“ro‘zs‘ml‘é’s %‘% ée%wgein @%d“g?ra gﬂg gg‘[n@lele&urg{ ﬁyer ; pQSQtlollclng y (Sitce

2009/ 154&To0nedé %EMQH%QQ&r@QMdﬁacBnﬂo degickc@ic layer 16 such that the

2, 6- Bi s- (6- net hoxy- napht hal en-2-y1)-9, 10-bi s[ (trii soprlgﬁlyl Si | aw)gl) et hynyl ]
_ ant hr acéie {sirdFrossonated ben eﬁ‘Fh otéélh [RBd ROrpHiRE & SARREORAYS

2. 6-b1 o (i SUCLLATRARNAAd o3 e af PUBORKE AN 3%;91 Blesvebd the
triisopropylsilyBet nyllant r acene (1. g, 1. ol ),

52- br ono- sﬁumetetmtryairamaﬂmﬂheﬂeanﬁ elset‘ﬂ&iegm Z[Elfé&emnmh)iuctsﬂdymmmmomaioﬂl (0. 848

%:32) ;FD N%BI@A%? %ﬁgéé éihﬁ‘ado %@trpﬁg% flee eé{ﬂa# m?%@@ '\cqugfldta;ﬁ;{t Zpd

( 25 ), @Rds E@élﬁ@ﬂﬁ i Q}Qcﬁrég-ﬂetwgéhethgk&r% @leé”@&ie%ﬁg ARSEIint dEEB AL boBRsYnder

nitrogen using a Schlenk line to renove oxygen.
Tet r aki s(othampﬁhenyl phosphi ne) pal | adi un{0) (0.024 g, 0.02 nmol) 10was then

added under en. f ow,., Aft er. . degassi n re m Xture was
e et rter Hierdt Gt 138 il b HRRE SRR e A Feb o e e & vk
green in byﬂroﬁ@ Tga%ﬁ@st?éi@li%ﬁm@%%@ﬁ%nh@&@ﬂ lay@&mb&éhtﬁté $he Abedte PRI NQ
stirred at 90 C for 20 hours, thé m xture was cool ed to roomterrperature A

1it20 e i rositioning aoatsk clastode Jhend 4 ragy @@lctmsﬂte 24pdrakenyite s seoicpadectanl ut i on
tr MeOH
1250 e S 3 ab g S oAU REARBP e SRR 0

purified a}ws@@fwecsﬂﬂ&hleaat bther; daiﬁ@ltﬂfgcdghm m&cﬁmﬂxyei06 6djﬁeéht t& drs6@rcgone
tenperature was 300 C and center zone tenperature was 220 C. Orange solid

(0.4 g) Wwectiode Pachedraimele¢feodseds andd 2 pesgian 0@@‘5@%&0@1‘8“01“ legr 2Bibefrgen

Measur emept source electrode 22 and the drain electrode 24; and depositing a gate clectrode 14

25 adjacent to the gate dielectric layer 16. Both the source electrode 22 and the drain
electrode 24 contact the semiconductor layer 20. A portion of the semiconductor layer is
positioned between the source electrode 22 and the drain electrode 24. This portion of the
semiconductor layer defines a channel.

The organic thin film transistors shown schematically in Figures 4 to 6 can be

30 prepared by a method that involves arranging multiple layers in the following order: a gate

electrode; a gate dielectric layer; a semiconductor layer containing semiconductor of

Formula (I) and an optional insulating polymer; and a layer having a source electrode and
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The solubility of B4MP-TI PS- An, which was synthesized in Exanple 1, was
measured in various solvents at roomtenperature. This small nol ecul e

sem conduwwoapodiags7moder ate sol ubility in n-butyl benzeneP(Cahseaon4Bonei ght
percent) and good sol ubili ty i n di chl orobenzene (greater than 6.0 wei ght
percent) and xyl ene (about 3.5 WEI ght 25per cent). The wei ght percent is
based on the total solution wei nmple 4 - Thin Fil mTranS| stor (TFT)
Devi ce Préepamascdinda iyt @%@@%@tég itoRt @8@h other wharpig hq serideidbctsy layer er s ( Si
100, Sili ok i t pretreated
with 1,10 g% hifthe M0 %ﬁkﬁﬁ(}&sﬁ‘i gz@%‘é’“&%ﬁﬂ) (e glp%%&(r:%% 0%6@% 1000 rpm
for 30 senthcstrcaBsabil- 1a3}e598ambe pmmitlcpreﬂxbstvweﬂml& gd‘W\dl%leet}&Clﬁ)yerSn@ﬁ& Al dri ch)
wer e di ssol ved in x'él ene at hei r. .concentrati gns were 3. 0 wei ght

percent aREMePNGUGHRYT [gKer &?@éﬁeteﬁé% RRPYIRICY adisen] to et FleRtEodeREi ght of
the £onpagfctino tﬁélgyer\é%%@%ﬁ%ﬂé‘é%wggé&&ge A/ R4 A0A18Qt kT Oon was then
kni fe coated on a piece of S-treated substrate. After air-drying, the
sanpl es wer e dimeadrepleathe ¥AHNE thorfilBOtrarsmtiresbown seliematiGdlydindogure é/cdnai n

el ectrodes thic tterned .through a r .shadow mask using
Cher ol bGPt BhPRais b B Lodrnh drrT e fo b torie S P AaRFs

transi st gp $ho\BRCcIeRASRAUEFdrAfth MRFEERRITIY @Rer SO hddnPRSth ghBdiAcddeM et t
Packard Sem conductor Paraneter Analyzer (Mdel 4145A, available from

Hew et t Paxkdbdi. @oﬂlp@ﬁt@tdl@wtnp@lygr K sposigapedliete prsethi lggtetellf@trgéet b4 vl t age
(Vg)sfro +10Vt t he drai.n vaht age 40V A
ok T Snifaldeist g PR pERRRIAS e IR Rk e RO G b el ot on
mobi ity zingdjdchet tbhlﬁeﬁﬁ:hﬁbdhdﬂ@tbf &ger 0Vt The Wutderttrofié 22 hd thhelra:lml -V, trace
allowed the current on/off ratio to be 10cal cul ated. The hol e rmblllty 11

was cal culestiogde g4 arsescparpted dppyp ¢ach ofhgs apg patdiedtcgrodes ara gecapdast watlrtheind t he
On/ OF f t
0O o S My O 20 R 0 B SR ko T Cho TR RcRrigs ot o

procedur eolvdesd diddedettrodexanmpl e 4. The conposi t| on of the sem conduct or
solution used jn this i mtent, wa wt % of B4MP- Tl PS- An, % of
pol 3t yrene, aritf BEIHC Tt i fra&wt@@w&é@%e%ﬁl%m Figgra i ¢ %&F@ﬁ%’g

Sixt een HTordeMinbasBerRe 1RGN £ LAE LREraAL4 ﬁ&c‘%ﬁt {o%he Tkeppaperti es

right aftér the sanple was prepared. "The sanpl e In an air oven
setting atepdsitng si:gatﬂéil'elcmtrmqalaytn sadpdcentteglee gataeleetmm& wiek theethe gats- neasur ed

after 20b for.3 s and 7 : |, si xteen tested devic

Funct i ondiears The Toionef BYneeL he fuhigigoH B keCaledi Baenft " Tani e 1.
t he nobi |fbi’=rM1ngfa sehgcogydtseRy &'20%$dc¥nﬁ6$ﬁee§&$@§ilek@trﬁh% 165ar8icsRdhingf their
original valués after being aged for 3 days and retained about 50 percent

af Ej hbelah?guﬁ@@éﬁcﬁoda% agg a da0n deetrpdgiZd adgertp éhersgnycomdh@todawrczor Theti o
aver age, DS SRR IR TyRARe ART B M BRI R R B BRI (3 ays)

and 0. 03%Ietldldsart Tn contact with the semiconductor layer 20. A portion of the semiconductor

layer 20 is positioned between the source electrode 22 and the drain electrode 24.
The organic thin film transistor shown schematically in Figure 6 can be prepared

25 by providing a substrate 12; positioning a source electrode 22 and a drain electrode 24

adjacent to the substrate such that the source electrode 22 and the drain electrode 24 are

separated from each other; forming a semiconductor layer 20 that contacts the source

electrode 22 and the drain electrode 24; and depositing a gate diclectric layer 16 adjacent

to the semiconductor layer opposite the source electrode 22 and the drain electrode 24; and
30 depositing a gate clectrode 14 adjacent to the gate dielectric layer 16. A portion of the

semiconductor layer 20 is positioned between the source electrode 22 and the drain

electrode 24.

21



days); the 011/ O f ratio increased from1.0x104 to 1.7x104(3 days) and
8.7x104 (7 days); and the subthreshol d sl ope decreased from 3.2 V/cl ecade
to 1.4 Viwecaes§®7days) and 1.5 V/decade (7 days), whi eaTiusdéooasmest he
devices turn on faster after being aged. WD 2009/154877PCT/ US2009/ 041904
Table 1. Stability of BAMP-TIPS-An TFT devices at 120 t in a Device
Mobility (cnm2Ns) On/OFf (x104) Sl ope (V/decade) O day 3 days 7 dag/s 0 day
3 days 7 days 10 agagf thegaganiczthgnijn Eralaﬁlﬁ@crrs shows yehgmaggally in Figures 1 to 6,

the semiconductor layer can be formed by (1) preparing a composition that contains the
small molecule semiconductor of Formula (I), an optional insulating polymer, and an
organic solvent that dissolves at least a portion of both the small molecule semiconductor
5 and the optional insulating polymer, (2) applying the composition to another layer of the
organic thin film transistor, and (3) removing at least a portion of the organic solvent. The
composition contains at least 0.1 weight percent dissolved small molecule semiconductor
based on the total weight of the composition and can optionally further contain at least 0.1
weight percent dissolved insulating polymer.
10
EXAMPLES

All reagents were purchased from commercial sources and used without further
purification unless otherwise noted.

Sodium carbonate, tin (IT) chloride, bis(pinacollato)diboron,

15 tetrakis(triphenylphosphine)palladium(0), 4-bromoanisole, and 2-bromo-6-
methoxynaphthalene were purchased from SigmaAldrich (Milwaukee, WI).

ALIQUAT 336 (a phase transfer catalyst), n-butyl lithium, and [1,1°-
bis(diphenylphosphino)ferrocene]dichloropalladium complex with dichloromethane were
obtained from Alfa Aesar (Ward Hill, MA).

20 Triisopropylsilylacetylene and was purchased from GFS Chemicals (Columbus,
OH).
Hexane and tetrahydrofuran (THF) were distilled over sodium.
The molecular structures of all products and intermediates were confirmed by 'H-
NMR (400 MHz). The following starting materials were prepared using published
25 procedures as follows:
2,6-dibromoanthraquinone was prepared from commercially available 2,6-
diaminoanthraquinone (Sigma Aldrich) as described by Ito et al., Angew. Chem. Int. Ed.,
42, 1159-1162 (2003). After sublimation, it was further purified by recrystallization from
DMF.
30 The precursor 2,6-bis-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl1)-9,10-bis-
[(triisopropylsilyl)ethynyl]anthracene was synthesized according to Reaction Scheme 1, as

described in Preparatory Examples 1 and 2.
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Reaction Scheme 1

o |
Br Br
T e 22, OO
=—si(iPr), —=
Br ® 2. snCl,/HCl Br N
7 |

_<

>|%i< X

7 Br o © PdCl,(dppf), I
¥ ’B—B\ e /Cﬁ ~0
™ (0] (0]
Br O. XxD
>—Si< .
A i

A Suzuki coupling reaction was used to synthesize various compounds of Formula

5 () as shown in Reaction Scheme 2. In Example 1, the precursor 2,6-bis-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl1)-9,10-bis-[(triisopropylsilyl)ethynyl]anthracene was
reacted with 4-bromoanisol (R'-Br in Reaction Scheme 2). In Example 2, the same

precursor was reacted with 2-bromo-6-methoxynaphthalene (R'-Br in Reaction Scheme

2).
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Reaction Scheme 2
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Preparatory Example 1 - Synthesis of 2,6-dibromo-9,10-bis[(triisopropylsilyl)-
5 ethynyl]anthracene
Triisopropylsilylacetylene (12.32 g, 67.5 mmol) and dry hexane (140 mL) were
added under a dry nitrogen blanket to an oven-dried round bottom flask (1 L). Butyl
lithium (2.7 M in hexane, 14.5 mL, 39.2 mmol) was added dropwise under dry nitrogen
through a syringe to the mixture. The mixture was stirred at room temperature for 2 hours.

10 To this colorless solution, dry THF (300 mL) and 2,6-dibromoanthraquinone (5.49 g, 15.0
mmol) were added under dry nitrogen. The solution turned red immediately and the 2,6-
dibromoanthraquininone dissolved in minutes. The mixture was stirred at room
temperature overnight and the solution became dark red. Deionized (DI) water (6.0 mL)
was added, the color changed to light red, and a white precipitate appeared. Tin (II)

15 chloride (8.088 g, 42.6 mmol) in HCI (18 mL, 10%) aqueous solution was then added. The
mixture was heated to 60 °C for 2 hours and then cooled to room temperature. The solvent
was removed by rotary evaporation. DI water (100 mL) was added to the mixture which
was then extracted with hexane (100 mL X 3). The hexane solution was washed with DI
water until neutral. It was concentrated and purified through a column chromatography

20 (silica gel / hexane). A bright yellow solid (8.55 g, yield: 82%) was obtained as the
product.
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Preparatory Example 2 - Synthesis of 2,6-bis-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
y1)-9,10-bis[(triisopropylsilyl)ethynyl]anthracene

2,6-dibromo-9,10-bis-[(triisopropylsilyl)ethynyl]anthracene (5.225 g, 7.5 mmol)
from Preparatory Example 1, bis(pinacollato)diboron (4.763 g, 18.8 mmol), KOAc (2.940
g, 30.0 mmol), and CHCl; (100 mL) were charged to a 250 ml flask under dry nitrogen. A
yellow solution with suspended KOAc was obtained. The suspension was degassed to
remove traces of oxygen. [1,1’-bis(diphenylphosphino)ferrocene]dichloropalladium (0.205
g) was then added under dry nitrogen. The solution turned orange. The mixture was stirred
at 70 °C for 3 days and then cooled to room temperature. It was washed with DI water
(100 mL % 3) and dried over MgSOs. The solvent was removed by rotary evaporation. The
solid residue was purified by column chromatography (silica gel, CHCl3) and
recrystallized from ethyl acetate. Orange needle crystals were obtained (3.20 g, yield 55%)
as the product.

Example 1 - Synthesis of 2,6-Bis(4-methoxy-phenyl)-9,10-bis-
[(triisopropylsilyl)ethynyl]anthracene (B4MP-TIPS-An)

A 250 mL Schlenk flask was charged with 2,6-bis-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-9,10-bis-[( triisopropylsilyl)ethynyl]anthracene (1.266 g, 1.60 mmol),
4-bromoanisol (0.748 g, 4.00 mmol), sodium carbonate (0.848 g, 8.00 mmol), ALIQUAT
336 (0.072 g, a mixture of [CH3(CH,)o]sNCH;'Cl" and [CH3(CH,);1sNCH; Cl’, used as a
phase transfer catalyst), distilled water (25 mL), and toluene (100 mL). The mixture was
degassed under nitrogen using a Schlenk line to remove oxygen.
Tetrakis(triphenylphosphine)palladium(0) (0.024 g, 0.02 mmol) was then added under
nitrogen flow. After degassing one more time, the mixture was stirred under nitrogen at 90
°C. The upper organic layer turned to greenish orange, and the lower aqueous layer was
colorless. After being stirred at 90 °C for 20 hours, the mixture was cooled to room
temperature. A little insoluble black solid was filtered out. Dark green toluene solution
was concentrated to ~ 15 mL by rotary evaporation then quenched in MeOH (100 mL).
Orange solid (1.13 g) was collected by filtration. It was purified by zone sublimation. The
vacuum was 1.1x10° Torr, source zone temperature was 260 °C and center zone

temperature was 200 °C. Nice red/orange crystal (1.0) was obtained as product.
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Example 2 — Synthesis of 2,6-Bis-(6-methoxy-naphthalen-2-yl)-9,10-bis-
[(triisopropylsilanyl)-ethynyl]-anthracene (BMN-TIPS-An)
A 250 mL Schlenk flask was charged with 2,6-bis-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-9,10-bis-[( triisopropylsilyl)ethynyl]anthracene (1.266 g, 1.60 mmol),
5 2-bromo-6-methoxynaphthalene (0.949 g, 4.00 mmol), sodium carbonate (0.848 g, 8.00
mmol), ALIQUAT 336 (0.072 g, a mixture of [CH3(CH;)o]:NCH;'Cl” and
[CH3(CH,);]:NCH; ' CI', used as a phase transfer catalyst), distilled water (25 mL), and
toluene (100 mL). The mixture was degassed three times under nitrogen using a Schlenk
line to remove oxygen. Tetrakis(triphenylphosphine)palladium(0) (0.024 g, 0.02 mmol)

10 was then added under nitrogen flow. After degassing one more time, the mixture was
stirred under nitrogen at 90 °C. The red upper organic layer turned to dark green in ~ 1
hour and the lower aqueous layer was colorless. After being stirred at 90 °C for 20 hours,
the mixture was cooled to room temperature. A little insoluble black solid was filtered out.
Dark green toluene solution was concentrated to ~ 15 mL by rotary evaporation then

15 quenched in MeOH (100 mL). Orange solid (1.15 g) was collected by filtration. It was
further purified by zone sublimation. The vacuum was 3~5x 10 Torr, source zone
temperature was 300 °C and center zone temperature was 220 °C. Orange solid (0.4 g) was

collected in the central zone.

20 Example 3 — Solubility Measurement
The solubility of B4MP-TIPS-An, which was synthesized in Example 1, was
measured in various solvents at room temperature. This small molecule semiconductor
had moderate solubility in n-butylbenzene (about 1.0 weight percent) and good solubility
in dichlorobenzene (greater than 6.0 weight percent) and xylene (about 3.5 weight

25 percent). The weight percent is based on the total solution weight.

Example 4 - Thin Film Transistor (TFT) Device Preparation and Characterization
Heavily doped Si wafers (Si 100, Silicon Valley Microelectronics, Inc., Santa
Clara, CA) was pretreated with 1,1,1,3,3,3-hexamethyldisilazane (HMDS) by spin coating
30 at 1000 rpm for 30 seconds. B4MP-TIPS-An and polystyrene (Mw = 97400, Sigma
Aldrich) were dissolved in xylene at RT so their concentrations were 3.0 weight percent

and 1.0 weight percent respectively based on the total weight of the composition. The
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solution was then knife coated on a piece of HMDS-treated substrate. After air-drying, the
samples were annealed at 120 °C for 30 minutes in air. Gold source/drain electrodes (60
nm thick) were patterned through a polymer shadow mask using thermal evaporation
method under a vacuum of 2x10° Torr. Thin film transistors were characterized under
5 ambient conditions using a Hewlett Packard Semiconductor Parameter Analyzer (Model

4145A, available from Hewlett Packard Corporation, Palo Alto, CA) by sweeping the gate
voltage (V) from +10 V to -40 V, while keeping the drain voltage (V) at -40 V. A linear
fit to the 14" - V, trace permitted the extraction of the saturation mobility and the
threshold voltage (Vy). A linear fit to the I4- V, trace allowed the current on/off ratio to be

10 calculated. The hole mobility u was calculated to be 0.21 cm?/Vs; the threshold voltage
was -8V; and the On/Off ratio was 6x10".

Example 5 — Stability Test of Thin Film Transistor (TFT) Devices.
B4MP-TIPS-An TFT devices were fabricated according to the procedure

15 described in Example 4. The composition of the semiconductor solution used in this
experiment was 3.0 wt% of B4AMP-TIPS-An, 2.0 wt% of polystyrene, and 95.0 wt % of
xylene based on total solution weight. Sixteen TFT devices were randomly selected and
tested for TFT properties right after the sample was prepared. The sample was put in an air
oven setting at 120 °C. TFT properties of these sixteen devices were re-measured after

20 being aged for 3 days and 7 days. All sixteen tested devices functioned very well after
these aging periods. As can be seen in Table 1, the mobility of the devices slightly
decreased to about 75 percent of their original values after being aged for 3 days and
retained about 50 percent after being aged 7 days at 120 °C in air. Surprisingly, the On/Off
ratio and the subthreshold slope showed great improvement after aging. On average, the

25 mobility decreased from 0.079 cm?/Vs to 0.059cm?/Vs (3 days) and 0.039 cm?/Vs (7
days); the On/Off ratio increased from 1.0x10* to 1.7x10%(3 days) and 8.7x10" (7 days);
and the subthreshold slope decreased from 3.2 V/decade to 1.4 V/decade (3 days) and 1.5

V/decade (7 days), which indicates the devices turn on faster after being aged.
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Table 1. Stability of B4MP-TIPS-An TFT devices at 120 °C in air.

Device Mobility (cm?*/Vs) On/Off (x10% Slope (V/decade)
0 day | 3days | 7days | Oday | 3 days | 7days | 0 day | 3 days | 7 days
1 0.073 | 0.057 | 0.031 | 4.0 6.5 39.0 24 1.6 1.3
2 0.056 | 0.040 | 0.029 | 1.0 2.8 3.1 3.1 0.9 1.6
3 0.081 | 0.074 | 0.046 | 13 2.5 28.0 3.0 1.3 0.8
4 0.078 | 0.051 | 0.029 | 04 23 6.2 3.4 1.2 1.0
5 0.082 | 0.069 | 0.044 | 04 0.8 52 3.5 1.7 1.4
6 0.082 | 0.059 | 0.035 | 03 1.1 0.7 3.5 1.6 1.6
7 0.072 | 0.046 | 0.030 | 03 0.6 0.4 33 1.5 2.1
8 0.106 | 0.071 | 0.045 | 04 1.0 4.5 3.4 1.3 1.3
9 0.084 | 0.058 | 0.037 | 02 0.7 5.0 3.9 1.6 1.4
10 0.090 | 0.066 | 0.046 | 04 1.0 0.9 3.7 1.4 1.6
11 0.076 | 0.057 | 0.041 | 0.5 2.5 24 33 1.2 1.8
12 0.104 | 0.048 | 0.027 | 09 0.6 0.7 32 1.6 1.5
13 0.085 | 0.068 | 0.036 | 0.5 0.4 0.6 32 1.9 1.6
14 0.067 | 0.063 | 0.042 | 0.6 4.7 0.4 32 1.6 1.6
15 0.061 | 0.058 | 0.042 | 03 23 41.0 2.8 1.2 1.5
16 0.065 | 0.058 | 0.043 1.2 1.0 1.1 29 1.5 1.3
Average | 0.079 | 0.059 | 0.038 | 1.0 1.7 8.7 3.2 1.4 1.5
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WE CLAIM:
1. A compound of Formula (T)
Si(R%),
1
X
R’ =
5 Si(R%),
@

wherein

R' is a pheny! or naphthy!, wherein the phenyl or naphthyl is unsubstituted or
substituted with one or more substituents selected from hydroxyl, amino, atkyl, alkenyl, or

10 alkoxy; and
each R* is independently alkyl or aryl.
2. The compound of claim 1, wherein R'is of Formula (1), (II), or (IV)

S ek

15 (In) (HI) (IV)

wherein

R’ is hydrogen, hydroxyl, amino, alkyl, alkenyl, or alkoxy.
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1.5 1.3 Average 0.079 0.059 0.038 1.0 1.7 8.7 3.2 1.4 1.5 WVE CLAIM
1. A conmpound of Fornmula (1) wher ein Rl is a phenyl or
napht hyl, wherein the phenyl or naphthyl is unsubstituted or
substituted mﬁth one or nore substituents sel ected from hydroxyl,

Tt on Yy s Siboun@he dRfl KB v 3 GRaf oy COSR oenty

(1), (111), or (1V) =3
O

V) (VD)
wherein
5 R? is hydrogen, hydroxyl, amino, alkyl, alkenyl, or alkoxy.
4. The compound of claim 2 or 3, wherein R? is alkoxy.
5. The compound of any one of claims 1 to 3, wherein each R? is alkyl.
10
6. A composition comprising
() a small molecule semiconductor of Formula (I)
Si(R%),
1
o
R' &
Si(R%),
(D)
15 wherein
R' is a phenyl or naphthyl, wherein the phenyl or naphthyl is unsubstituted or
substituted with one or more substituents selected from hydroxyl, amino, alkyl, alkenyl, or
alkoxy; and
each R? is independently alkyl or aryl; and
20 (b) an organic solvent.

7. The composition of claim 6, wherein the composition comprises at least 0.1 weight
percent dissolved small molecule semiconductor of Formula (I) based on a total weight of

the composition.
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Ra wherein R3 is hydrogen, hydroxyl, am no, alkyl, alkenyl, or
al koxy. (V)(VI) wherein 5123 is hydrogen, hydroxyl, am no, alkyl,
al kenyl , or al koxy. 4. The conpound of claim2 or 3, wherein
113 is alkoxy 5. The compound of any one of clains 1 to 3,

ot e Flnllee e S RE RO AR S

15wherein is a phenyl gg naphthyl, wherein the phenyl or

napht hyl is unsubstitutgdd or subs iwad with one or
substituents sel rom hydro m
al koxy; and each RR _i%& independentlya

no, al kyl,
organi ¢ sol vent.

al

Kyl or aryl;

(1) (111 1v)

5 wherein

R?is hydrogen, hydroxyl, amino, alkyl, alkenyl, or alkoxy.

9. The composition of any one of claims 6 to 8, further comprising an insulating
polymer.

10
10.  The composition of claim 9, wherein the insulating polymer comprises
polystyrene, poly(o~methylstyrene), poly(imethyl methacrylate), poly(vinyl phenol),
poly(vinyl alcohol), poly(vinyl acetate), poly(vinyl chloride), poly(vinylidene fluoride),
cycanoethylpullulan, or poly(divinyltetramethyldisiloxane-bis(benzocyclobutene)).

15
11. The composition of any one of claims 6 to 10, wherein the organic solvent
comprises {a) benzene that is unsubstituted or substituted with at least one alkyl group, (b)
an alkane that is substituted with at least one halo group, (¢) benzene that is substituted
with at least one halo group, (d) a ketone, (e} an ether, (f) an amide, (g) an alkane, (h) or a

20 mixture thereof.

12. A semiconductor device comprising a semiconductor layer comprising a small
molecule semiconductor of Formula (I)

Si(R%),
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7. The conposition of claim®6, wherein the conposition conprises at

| east 0.1 weight percent dissolved small nol ecul e sem conduct or of
Formula (1) based on a total weight of the conposition. 8. The
conposition of claim6 or 7, wherein R is of Fonnula (1), (Ill), or
(1v) (1V) Swherein R3 is hydrogen, hy Soxyl, am no, al kyl, al kenyl,
or al koxy. 9. The conposition of any one’of clains 6 to 8, further
conpri Si Rghedddni Nsul ating polymer. 10 10. The conposition of claim?9,
wherein the insulating polymer conprises polystyrene,

pol y( 0z- met hyIRstiy a phey] opoaphtisis wdreinghhpleany] et raphthybisyeibstituted or

phenol ), Ly (.vin al cohol vi nyl et at ol y(vi

Chi ort ey OISR Pty GEHE rpBPioby s ed RBLTh o bt ARy, atkeny, or
pol v di viamdxkesfganmet hyl di si | oxane- bi s(benzocycl obutene)). 15 11. The
conmposi tion of ané?pne of claims 6 to 10, wherein the organic sol vent
conpri ses (a) eBehBeirandepsndendygeilipseivi-ut ed or substituted with at

| east one al kyl group, (b) an alkane that is substituted with at

| east one hal o group, (c) benzene that is substituted with at | east
one hal o 1gr ouThe(séhic@niedtondvide)f chitmalhehere(rf the 8¢mizohdiRtor (ger &ither

al kane, (h) or a 20m xture thereof 12. A sem conductor device

conpri si FEMRTSEABHIMINEROY B er conprising a small nol ecul e
semgonductor of Formula (1) (1) wherein Rl is a phenyl or
napht hyl , wherein the phenyl or naphthyl is unsubstituted or

substi t utldd wiThe semécoaductor deviaehstcidimdate 18 ehuebtedripramngwy cmduyting

am no, alkyl, alkenyl, or 5al koxy;. and each. R2 is independently alk
or aryl. la}yer, a (%e{éct c layer, or a com%nYatlon r‘ghereéaf agjacent to the semri)con uctor Pellyer. y
15.  The semiconductor device of any one of claims 12 to 14, further comprising a

15 conducting layer adjacent to one surface of the semiconductor layer and a dielectric layer

adjacent to an opposite surface of the semiconductor layer.

16. The semiconductor device of any one of claims 12 to 15, further comprising an
electrode layer comprising a source electrode and a drain electrode that are separated from

20 each other and that are both in contact with the semiconductor layer.

17.  The semiconductor device of any one of claims 12 to 16, wherein the

semiconductor device comprises an organic thin filin transistor.
25 18. A method of making a semiconductor device, the method comprising:

providing a semiconductor layer comprising a small molecule semiconductor of

Formula (I)
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13. The sem conductor device of claim 12, wherein the sem conductor

| ayer further conprises an insulating polyner. 10 14. The

sem conduct or device of claim12 or 13, further conprising a
conducting layer, a dielectric layer, or a conbination thereof

adj acent to the sem conductor layer. 15. The sem conductor device of
any one of clainms 12 to 14, further conpri si B)a 15conducting | ayer
adj acent to one surface of the sem conducto 1Iayer and a dielectric

| ayer adjacent to an opposite surface of thé& sem conductor |ayer.

16. The sem conductor device of any one of s 13'to 15, further
conprising an el ectrode |ayer conprisi el ectrode and a
drain el ectrode that are separated fr per and that are
both in contact with the sem conducfor [layery. The sem conduct or
device of any one of clains 12 to 16, whereijp the sem conductor
device conprises an organic thin fiIn1transJEt 2518. A net hod of
maki ng a sem conductor device, the nethod canps.i sing: provi di ng
a sem conductor |ayer conprising a snall Eﬂgdﬁe sem conduct or of
Forrmula (1) (I') wherein Rl is a phen&g napht hyl , wherein the
phenyl or naphthyl is unsubstituted or“5substituted with one or nore
substit uefieseinel ect ed from hydroxyl, amno, alkyl, alkenyl, or

al koxy; and each R2 is |ndependently al kyl or aryI 19. The net hod
of claim 18, whds éuphelwﬂn@r saitiod nabereorthe B! o1 wiphthet lsamﬁtghsn@é@i @i

L TR T A M T M

| ayer, thkdxyt &id | ayer conprising a conducting layer or a dielectric
| ayer.

each R? is independently alkyl or aryl.

19.  The method of claim 18, wherein the semiconductor layer further comprises an

10 insulating polymer.

20.  The method of claim 18 or 19, further comprising providing a first layer adjacent
to the semiconductor layer, the first layer comprising a conducting layer or a dielectric
layer.
15
21. The method of any one of claims 18 to 20, wherein the semiconductor device
comprises an organic thin film transistor comprising multiple layers arranged in the
following order:
a gate electrode;
20 a gate dielectric layer;
the semiconductor layer; and
an clectrode layer comprising a source electrode and a drain electrode, wherein the
source electrode and the drain electrode are separated from each other and wherein the
semiconductor layer contacts both the drain clectrode and the source electrode.

25
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15 21. The nethod of any one of clains 18 to 20, wherein the

sem conductor device conprises an organic thin filmtransistor
conprising nultiple layers arranged in the follow ng order: a gate
el ectrode; 20a gate dielectric |layer; the sem conductor |ayer; and
an el ectrgde layer co isin our el ectrode_ and a drain .

ol ect roddd whebrheiBRLE AR08 B BT G 1h ST R A eP e icg, o

separ at ef&ofr{p@iﬁés%‘-‘d}gﬁﬁ@&ﬁn and t\Whesst forh ixﬁbﬁlﬁfhﬁ@[hdl‘d%r@ Eirrh@g}éﬁfin the
contacts both the drain el ectrode and the sourcé el ectrode. 25 22

The met hddllawingwydashe of clains 18 to 20, wherein the seniconduct or
devi ce conpri sesan %ro%?ni c thin filmtransistor conprising nultiple
| ayers arrangeaogal%eF %01 | owi ng order: a gate el ectrode; 5a gate
di electric | ayegate diclectricaflyeg] ectrode | ayer conprising a source
el ectrode and a drain electrode, wherein the source electrode and the
drai n el ect r odé chacirode paeagaseprisiiam wakde deatiede anghe drain electgqgls, wherein the
sem cond I C 1.t 0 r C de arid
the drai noutslPEGle AR hcid bl N AR T HIECE 8 o
22, wherein priby sehhidendubr &8@t Bogvatiet @ith bathehe 6aipy dle@fodappl YeFaia
conposition to a surface of another |ayer of the sem conductor
devi ce, teILF‘étréé"?rposi tion conprising the small nol ecul e sem conduct or
of rmula (1) and an organic solvent that dissolves at |east a
portion of the small nol ecul e sem conductor. 15 24. The method of
cl ai m 23,23t he Thetrhatod of dfyameedriainsi Higp 222 nherding patvidieatik sampondwader
of the organi c salvent_ after a}g)pl.ing t he, conposition

1 osition t0 a

yer comprises applying a com surface of another layer of the semiconductor
device, the composition comprising the small molecule semiconductor of Formula (I) and
an organic solvent that dissolves at least a portion of the small molecule semiconductor.
15
24. The method of claim 23, the method further comprising removing at least a portion

of the organic solvent after applying the composition.
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