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SOLUTI ON PROCESSABLE ORGANI C SEM CONDUCTORS Techni cal
Fiel d Sem conductor material, conpositions containing
wao b@ogsesiconduct or materi al, sem conductor devPCEES2009/041904

contai ning the sem conductor material, and nethods of
maki ng sem conduct or devi ces containing the

sem conductor material are described. Background

Tr adi SUARTIQN FROECISYAB I QR GAN CMIGONPHCdOR e

sem conductor industry. For exanple, silicon arsenide

and gal I i um arseni de ha*elpeeglﬁégd as sem conduct or

materials, silicon dioxt n used as an

| nsgbai@hdi@beniatal, aifpdsaicak Sostdbhhe sEtitbAdUBR G Mhterial,

copper have been used as electrode materials. In )
scrpisprdtctay slgyiscs ¢rafniag the ywareondyetoppaterigh anghaycewds making

; - ; . . .

sorh ERRRIR L LoB] SoriHE (R oL R OO TR BbachBs.

sem conduct or devi ces. Anong ot her benefits, the use

of organic materials may_enabl e | ower cost

manuf acturi ng of el ectrord es, may enable |arge

ar eqrmﬂaﬁg} ﬂnelrgamcmem(hm%kfanétwm%%&n&_fon&ﬁ&& iRli&try. For

circulrt supports for display backplanes or integrate
exanpleuili®n atsenaleiaptl walbfumoargemd chave ihiccronstd as eemivandicial s

h b ' d, th t bei f d
el T EOR (100 3 G DI S e BT i ) e rTatemsh o
aluPBRLAGRA Boplel BARCKRRY LI RLAN B08e nARHiaRC AR ecdehi RRACAGR ever,

oligoneric materials containing thiophene or fluorene

thepmhasdheerm an insotayimg réscaieh céipitalimed gohvingorgane oategiglsgpther than
ol v(3-al kyl t hi ophene). At |east sone of, these organic
theQrad;I’tgona n %’ anic materia gans seﬁmcon(fégtro%r ?V&%eﬁc Among O%her ‘t%neﬁts, the

sem condu I mat er | ave 2)

us€bgragiti € rasdriabsmguehbRS o®Bas@emaifhe@ringobéléttonic devices, may
on/off current ratios, and sub-threshold voltages that
enahl@laggsases amlisatinns sydapioenapls theseofdtexiie pispausipports for
- Sl . ' : ese materials usually need to
d“§§§§§§§?Q§§gggﬁﬁéégg?%%ggthey are not very soluble in
nostA snilcwent @garBe sanisendictor insatgdhak detn comsalered, the most

o erformance characteristics, pentacen i% often the
Figa et e i O ER P AL & CBILYEH DY SR Hse REhtacene,
bisERBn G ciyIdni Catldtact - BYSPhBRS 8Bod¥dic materials containing thiophene or
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
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
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.
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purify. Because of the limted solubility of pentacene
in many common sol vents, sem conductor |ayers

W@ owwas48rhg pentacene typically cannot be fornedr/usiong041904
sol vent - based deposition techniques. As an additiona
conplication for solvent-based deposition techniques,
pent acene tends to oxidize or undergo dinerization

Thisecan dgadrie redycoenpsifospiangq & rromplyie Erilgepefsthe sumicpndyctor device that
cmﬁ@ﬂ&ﬁ%ﬂ&ﬂﬁ& 4ﬂ%*§&’ pent acene can oxi di ze over
t1ne. Pead t

hi's ca to reduced performance or conplete
failure of the sem conductor device that contains the
oxi di zed pentacene. Summary Sem conductor material,
conpositions containing t conductor materi al

S e?@@&%ﬂﬁﬁc@cér %gtt%fﬁﬁ:l? csorﬁ?dﬁt?d.n_@ icGﬁlafnlﬂfg the g@rﬁ&ﬂﬁ&l&t&rmaterial,

material, an ods of nmaki ng semTconduct or devi ces

sergigpdichirmigvichecawrmiog titbustocondacter imaterial, endewthoidb efimaking

serg/blﬁé&ciuséﬁg&ié%%gsgééléﬁn%g S e%?o%{&ﬁgtgltr ﬁlrgtegaf 216rre Idgécrljbgd.aMore
spRMAANACAP ScrhRRefdh cERMRAM i 4 siBall m3MchlcaeMN®nductor that is an
derivative) that is substituted with two silylethynyl
anfjrasapsbassd gempounsl (.o artheeenrcaderigaied) ithag igyubsipyted ithatwo
first aspect  a.smal |l cyl e .sem conduct or of
Sﬂﬁ%@ﬁ%ﬂégﬁfSafg@gﬁnggggghﬁﬁ?mpgﬁgﬁﬁglFbrnula, each R1
I s imgdepgagent, hymallphsegplle Sgmibaqtutctoy bf Fdineuld 1§ ixyprovided.
napht hyl group can be unsubtitufed or substituted with
one or nore groups sel ected BB hal ogen, hydroxyl,
am no, al kyl, al kenyl, alkoxw, acyl oxy, heteroaryl,
het er oal kyl , or heteroaral kyll. Each R2 group is
i ndependent |y selected from al kyl, abkenyl, alkoxy,
aryl, heteroaryl, aral ef oalkyl , heteroaral kyl,
or hydroxyalkyl. In a , a conposition is
provi ded that incl ude nol ecul e
sem conductor, and (b) an organic solvent. The snal
nol ecul e sem conductor is of kornula (1) as described
above. In sonme enbodi nents, tlhe, conposition further
i ncl udes an insulating pol ymefR)X n a third aspect, a
sem conduct or device is pro%?ded. The sem conduct or
devi ce D

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

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
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
(). In some embodiments, the semiconductor layer further includes an insulating

polymer.
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contains a sem conductor |ayer that includes a small

nol ecul e sem conductor of Formula (1). In sone
Werinods4seht s, t he sem conductor |ayer further PERUSHEH041904

an insulating polyner.In a fourth aspect, a nethod of

maki ng a sem conductor device is provided. The nethod

i ncl udes providing a sem conductor |ayer that contains

a skt fourd) aspedter wethpd ohaakingra sspiqydpgipadqvioe.is prpvidege The
memqgél Iﬁ”OVlH a%%ﬁﬁ&o%.ﬁlﬂ&&t 61J tﬁé(tecron{aﬂ{s ar%%‘allﬁﬂgle&ﬂgs

an i nsul at'l ng ve summary
serpicesd@ttoriof Fentuula IQI)I $n mohe embedichents) the dﬁﬁmbndh&tc&aayer further

odi men or every inplementation of the present
mo‘f‘%éﬁ? ioH a“fFﬁEOIFY-’Pﬁ’Hr es, Detailed Description, and

Exarl %ﬁosﬁehs%hnﬁé%ﬂz loPﬂ{egés%nﬂﬁ%ﬂtﬁ)H|1§1ﬁ(l)t3int%ﬁ@émb 'dfeé(crfbla €&

enbodi nents. Brief ription of Dr aw ngs
cmibpdigrent oncveryinfdemontetiqooihepebgnt undetict. bl lFlgures Detalled

DG sticw Entsnieba TobSy R ATuRER G oFomOER HhtPepfiSaRens

Wi th the acconpanying drawi ngs, in which: Figure 1
schematically illustrates a first exenplary thin film
transi stor. Fl gurwﬁenﬂmméﬂlg&mmnﬂrat es a

Sec %g iRefifl 1%r % b o Iore f)"i]e{e! Sdgis'tt 3d in co criefr'ﬁt% ?f tPe

schemati ca exe

foltowdng dsthidsd ddgt@ptrcﬁa dfsfaﬁb@mhbdd&hbms bfihld Sﬁ\refﬁtlﬁﬁ irBconnection with
fourth exenplary thin filmtransistor. Figure 5
thexepmpInyaRg dywingsustyli¢lss a fifth exenplary thin film

tr aﬁ%u% Pk %}ﬁlﬁlﬁﬁgélﬁr ﬁuﬁ?ﬂ%@ﬁﬁfzéleb@i)l%ltltﬁﬁatfflﬁtt?ﬁls& of) Xth

exenpl ary mtransi stor e fnvention is
anefghire? schevaticdisillomditéd caconhexcarpdarglthie lﬁhmttranelstor

foros, specifics reof haye .been sho
ex aﬁﬂ“ée ? ﬁcﬁeﬂg‘“&i‘ LM 1H§t§at%§r?d Ieﬁelﬁgﬁ@’e\%ﬁg} F%%H %ﬁStor
det @idyre h%c&%ﬁké}il}bﬁum&r ST ex pﬁf’;ﬁﬁnn ﬁl@lﬂraﬁs‘?ﬁor

intention i1s not tolimt the invention to the
par Figmé &lscl@ntwdatltgelﬂﬂustred@szcﬁftb exkmtharytthim fdontranarsior. t he

R B R TR e LS

of tWailt teaRtdn®Bn is amenable to various modifications and alternative forms,
specifics thereof have been shown by way of example in the drawings and will be
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.

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,
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,
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Det ai | ed Description of the Invention Small nol ecul e

sem conductors are provided that can be included in a
waeepadsduct or | ayer within a sem conduct or deRCTESHOLOH1904

as, for exanple, a thin filmtransistor. The snal

nol ecul e sem conductors, which are usually p-type

sem conductors, are anthracene derivatives and have
hy@rwzsyls pmiioeliyh g Ikcaylogllexm acylexy. hatsreany, beteropkksh or heteroaralkyl

g ating groups. The el ectron donating groups are
"S&lected from a phenyl or naphthyl group and can be
unsuBsised hdreid, e taulsshi’t*uh edtnd/i“tﬂa” arveusod imackangeably with “at

a3 TR RS e O TOTe PO P hek er oal Kyl | or
het §he ?Jrﬁlll Mgl’gfe@&g’% a AondeBcht RIS that 1§ Q?a(ﬁ@aﬁ HFan Akane, a

"an' are used I nterchangeably wth "at
satheasithydnwar‘ttoo fbarlkyh eamlve Imyag bodnchéd cgélenencaniyeatngs thereof
seri bed., Th m“al kyl" refers t nopoyal en
and BT Fitaihs T40 PGl pms i¥ s pBod iR Rt edit eroup
cokt¥ils Ga OB bod BRnRl KYd 14 aitbHeatohRER 1 PEABENREmS, 4 to 10 carbon
cyclic, or conbi nati ons thereof and ;éplcally cont ai ns

atomst $ t@9 cerkpheiomst bmsS cqrhos atemse koo carean stomsher hiokd ¢arbon

atog}sg %’a&%w a'f il@(}’ 0(1)1 £ ng u%r uf irae not 1811t]édtt% mezlﬂg gért@}glr,] H-propyl,

isobfop$l, @aﬁbﬂnte&t-lﬁm}il 1sa, tﬁmyISn pattl;apﬁ Rk PINBycldhdxl, GyElapdndy,
atons, or 1 to 4 carbon atons. EmmMesofwkw

cygplipls cychenrarnd; nHertyhneochdt and; siitlbexyi o, methyl, ethyl,
D9 AR Oty KLU Wl SOTERR A i
alkgy gloapu Eyhmpley alchple opythoxyn ethepy, \propaxy olaityty, aad che like.

et hy| hex The term "al koxy" refers to.a en
gr oﬁjﬂ? ‘X‘f Ikeny Ly refeR tRdprnawaleat grup thay s 4 ”E oafjan a'ikene a

hyé%@émbﬁmm@ leug%ner%meﬁ;earb%h faeﬁme bBh p@walkwl %ﬁ/be B,
I'1ke. The term "al kenyl"” refers to a nonoval ent

bragmlw#a cydimt oi @ndalnmhns aier@ff andh typli dedlp epntains 2 dp 30 @rthon atoms. In

some ﬁl@l}q%ﬁm@&ﬁsﬁgo eﬁg ?%r}saﬁw agt& u bal[t?ergboftlg' 14-Eg1§bon atoms, 2 to

10 ¢&BBh ARkisO N %o 1 hesrBek at@ﬁﬁ 4 ¥ 6zﬁrbbﬁ/ atoAn! @t(m ca&bbxoataﬁls 2t06
carbon atons. In some enbodi nents, the al

carbompiginison2 toot cybemitben. Exomslaryaltkenyl gravas g@i{ud@te&m@yl 2-
el 3R 1258 Rens? dcedline, 2 i0s 10 °

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
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,
acenaphthyl, anthraquinonyl, phenanthryl, anthracenyl, pyrenyl, perylenyl, and fluorenyl.
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carbon atons, or 2 to 4 carbon atons. Exenplary
al kenyl groups include ethenyl, npropenyl (i.e.,
W@R009134871 so- propenyl, and n-butenyl. The ter nPCHEB2009/041904
refers to a nonoval ent group of fornula -N(R b)2 where
each Rb is independently hydrogen al kyl, heteroal kyl,
aryl, or aralkyl. The term"aryl" refers to a
mondvafeEnt a@ﬁrﬂéﬂprftfﬁrétto agn%low%lamﬁpumﬁlafalﬁ agpdpadtof éhe compound

R- &?GVBQI%V&II it Gn GRIFROK QQ%oRt?ﬁ M ?&M&yl%o@? ‘;ﬂ{esarélﬁyl is

ring structure in fe ring ato
oﬂm@mbdmylﬁhanamyhdeM1m§N@oame aronatlc ring or can

include up,to 5 carbocyclic ring structure r.e
conﬁﬁefﬁ‘éﬂl a6Vl {5 %ﬂlpﬂ%vaé?*@ FERUP©T fprimy! awﬁ@%ﬁ% eyhere
(C@b Béhords MG §% a{?@ Rafsodﬁ@}l' I?eterBQlﬁ laﬁ T af:alk}qr

conbi nati ons Exanpl’es of ar r'oups incl ude,
butTbﬁ@xmomakfnt%edomdmkmhegyhm(bcpﬂéﬁgl -Bt, er ghenyl ,

SEEH@%FﬁFcﬁggégyﬂkﬁgé fs to hth%@ﬁlﬁﬂ}Béﬁ%ﬁgﬁ@pybgﬁanehyébxyl

grdupuor enyl . The term "aral kyl" refers to a nonoval ent

gro&grthat is a radical of the compound R-Ar where Ar

¢ éﬂr@lndmete@aﬂarlbrﬁfgr@ lte an glkplipvanedorR or snaxe —&Hgygroups
rep@ac%hl Qw t%loaro%ll,%%roltlé ot d t :Qlal‘r"(ﬁ}g{% l\<x>f1| {;esklbﬁ:hga otggn aYﬂytl h

hetﬁﬁfamyal a@d1kylQg610atpl, of a @fUqu@omﬁXl@CB1R2%a’é® s @Dalkyl. The
dengtes a carbonyl group and Rc is al kyl, heteroalk
hetgropfkyl gan bg lanlqaylbranp ed. ccaelif, Oh gPrbinptigns rt%e%f andigan gghlc up to

309%1%59 a{o'msl%dl to 2 Roterga®ms. Ol Sﬁ‘lﬁ)ﬁ %g%r{l heteirP]al ¥1

roxya ers to an a
indhﬁhs up oS b@tﬁnmxty)hlsgmp)tmﬁzo chieont seoms, "uped & 6 (caﬂbloy latoms, or up to 10

efers tqo. an_alk havi one or nore, - - 0]
Cari@b PR QRmaiM Zf P an%%@O%g@elaweépb%ﬁb%meg?maﬁ%ﬁ [sroups.
mﬂ@?%t‘é&&ﬂ $rdid 'hQ@eeszCﬁ J‘%*bup &?B@tﬁ%ﬁiegﬁt the@hi®! &%), -NRP-, or

aryl, or "a"group of formi - where Ris an
—SébkgkmpThe het er oal kyl can be linear, branched,
i ncl u

“ mbi ti th f d,c
S0 b pea e e B e & MO R e D G A e i g5 a8
meBTHRP BhioRRIAL FingtthR i@ RS @b Ky motddtetd ey @ndege&@nﬂﬁ kéledted from

atons, up to 20 carbon atonmns, ﬁ to 15 carbon atons,
R

S, O Nupr easnbinatioas Hrsrcaktinths. rimehi Swah Ry tegrasylpin gaad balcRepegted to or
fusdll %Jgpg toHive r’?frlfgb Stk ﬁlrgsf thle;,]t g 51%%'&5' al%'hgtllléo dt 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,
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.

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,
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O her heteroal kyl groups have a -CH 2- group on both
sides of the thio, oxy, -NRb-, or -SiR 2- group. The
W 200915482t er oaryl " refers to a nonoval ent radi BEI/US2009/041904
having a five to seven nenber aromatic ring that
i ncl udes one or nore heteroatons i ndependent |y
selected fromsS, O N, or conbinations thereof in the
ary, %glkylsb@ﬁroa%ar&ema}@kyh NgiCeRgroBes ¥6 ipBetimes kefrend to as
o five ring structures that are aromatic,
Sﬂ%ﬁ%%%gﬁig, Br conbi nati ons thereof. Exanples of
het @hoa&ryl “tgalkylpdyli’ nefbtsde a nimnovaleet grodp of forrheld (SR ; where each
furapy l t hi ophenyl, pyrrolyl, imdazolyl, pyrazolyl,
]§PP§@3 vyl tetrazolyl thiazolyl, oxazolyl,
| S0 ghﬁéke “19)‘5991121‘?1%965’ linchidsapd @tﬁfﬁlo}ﬂts of tﬁQI’ 8200 Y the
pyri di pyrid pyrazinyl, pyrimd él,
nuqubens (bletwﬁy:h thq emlgmmtsolﬁomykqmlhienhgphmasmyﬂ the range of 1 to 10 includes

1, E(g ggﬁ ?Blet%eigﬁ - olgz %augggrz O¥lﬁ$§oqpe F%‘lﬂy sqat\éd btherwise, any

recitelicpé0d ﬂaﬁgé thaﬂid'n@ﬂﬁ'ciff&ﬂly calidhahazd 1ﬂ?2’l|udes the endpoint and all
benzot hi adi azol yl, benzotriazinyl, phenazinyl,

nwmh@ﬁamWﬁmﬁhemyhmné@rud|nyl and |ndazonI and t he
ik Th 0 refers n_.al kyl
supCPIT PR AR Bufor Sl R P ounts. and
phfs&éa@ pfopkfics u@i&lﬂ@h@ﬁpeﬁﬁfcﬁ%tﬂand@l‘hlm'ghee foeeranderstood as being
S|kylethynyl refers to_a nonoval ent group. of fornmula
mo S

in @R By acany heperm sabonie prasashingly, undgss srdicrtadrte ihe
I
corﬁt%/%?, (;d)%f/ g]]lljlég%% gerta'{)llfﬁar aalpgiﬁ%tﬁ%tgc?{g lrf%alé ’rc§1/1? Varz)/ depending upon the

dediﬁ:ti@lrm@dskmng tﬁhmeehlggmmm@d&emnet i mes r ef erred to

Iet nyl s. The te trialkylsilyl" :

rof % eﬁ%ﬁéwﬁ Q %Fﬁma?n%ﬁoﬁtﬁ RfoYi i Fahadiesdeherein, the
terﬁla%ﬂlaﬁ rhoﬂe@hne %Ifwerenwﬁo Al "s@fﬁﬁondhfétdrh‘ﬁat&?d] gﬁea% that the

i ncl udes the endpoints of the range and al
semmnmhrcsarbenmamlyrh@lcemd@oalntﬁle shoitl rexdaerdé eqmltctmhpmrasm

t he,ran to 10 inpcl udes 0 nd all .

andhfies & Batve B s My nr{Rar aireelibplsbryingirgers.
Th& kah B ethdMes Whicndadyr sefifoahi@nnof a range that is

not specifically called a range i ncl udes the endpoi nt

and all nunber between the eﬁdBQ;nts

@
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,
alkyl, alkenyl, alkoxy, acyloxy, heteroaryl, heteroalkyl, or heteroaralkyl groups. Each R*
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Unl ess ot herw se indicated, all nunbers expressing
feature sizes, anmounts, and physical properties used
WO poovheesgpeci fication and clainms are to be undeCBHUSNA9/041904
as being nodified in all instances by the term
"about." Accordingly, unless indicated to the
contrary, the nunbers set forth are approxi mations
graupas indgpengdgntly srdgs&addiron allybrileomsl, alkoxy eyl hespoptil egalkyl,
1t hiaged herein. In a first
he"lgf:,&é H%geréa?raa%pf Ggﬁ (gh}?}% em conductor is provided. As
use Guhﬁa“le alfkyl, hlkenyle alioXys majzlbxymhé teadalliyh sulstiarcetsder 4 phenyl

t he sem conduct mat er means .t .hat e )
or gaéﬁliﬂzsﬁ ﬁi gEQupreande A@Fara%ﬁfwreaﬁoalmmt@ﬁ tgffreofme usyial|yj contains
up @@h@wbsn %Hiscwg)l%céé%oﬂ §tofi’15‘ %&W&?ﬁcﬁ%&% of @ Itcv@ carbon

has two silylethynyl as two elect
atomsn d{atﬂgalgykﬂmbsntuéﬁhe fog mplhlenyhmlr a@phtbylé?a rarcamolftiot lmve jag oxy

xR e PG Sk der Rty b SRYhiherrr 6 membered

satWheddeortunSateAet@bcyd RO Fih P Y at gfcﬂidil@s ¢ 30 2 Detcknsehl. | Extin@flary
or substituted with one or nore substituents. Suitable

hetgrpgsal kil subitiwitongy hayvp en plkerhyfllth@lp to AP atbph atprmsitpatiinsybytited with
as 01r|qO rherngerﬁ Fé{tel’oa%mhawl‘%% &l l{e}( a%gmxl u1 ablfe ar}{l’nP lgy(?ups can be

roaryl eroar

prigfaptifgino paclps Rg6mdapy mmorgi@mndﬁﬂttiayy slﬁhﬁcgr&@bsf r om
al kyl, al kenyl, al kox ., heteroaryl,

het &t gN&§Nb Odﬁ@@@%aﬁé I%{HHP ipp PRy 6%8F ﬂ}%@ﬁi WlﬂfS@xlst%Eﬂ R’ group
o Qh 5{1%%%&2%? %t}ta!ae § eny?]ﬁ%lle @%p% hyISHé?(ﬁ %I?g%%ﬂéagna% fo (V)
whlererieals sclegted from lqrdr@mpllmbo ratdraxyl, tahene etk yh radkang U aldoyy,
ac;ﬁont gle‘rg?q?gﬁ ]%%eréglg%@ rop E&e@%&ﬁ%l lllg%l Qgﬁ)ug?crab Q ogtagyrlrgarbon
ato'ﬁ'?@)%@ @h&i&ll oﬁﬂmﬁﬂﬂ BERHSh SR nét d?['%@f‘}y Ltt&ﬁe({‘ﬁ‘ﬂh@ BYthraRlne portion

group oftén have an oxy group as the heteroatom

of thgistrabllmeolb@tler oaryl substituents often have a 5 or 6
menbered saturated or unsaturated heterocyclic ring
that includes 1 or 2 heteroatons. Exenplary

het eroaral kyl substiutgnts have an alkyl with up to 10
carbon a rREhat is s ed with a 5 orxg

nmenbe eroaryl ha r 2 heteroat @e R’
Sui t abl e no group rimary am po ~groups

secondary am no groups, or tertiary am no groups.,
(I1) (I10) (Iv)

In some more specific embodiments, the R' group in Formula (I) can be of Formula (V) or

(VD)

V) (VD

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

3

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,
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In sone enbodi nents, the RL group is a phenyl

substituted with a single R3 group or a naphthyl group
waeemstis48it ed with a single R group as shown i nPEDDRDAB41904

(1) to (IV) where Ris selected from hydrogen, hal o,

hydr oxyl, am no, aIkyI al kenyl , al koxy, acyloxy,

heteroaryl het er oal kyl, or heteroaralky . The grou

alkenyl, Hal, Rtcaanyyle aiebkoh hﬁte&ﬁﬂ@fl haterogrbkeyis(or éydfﬁ%ibeﬂkﬂy |Exerelplary
R BT S N PRSIl e 8550
cydtimt er s panbihattonethbedt aeintsaallyt heveRb tgro uprbion afemtisyup &o § kyrbon

can be ormula (V) or, (V) (VI In some even
atopsy 8P & e%rg 8RR HReRTiCaren %%%1 1 SKCTRRIARRATYSSTPYR §S phenyl

and 8 EMnlplhiS ARl K RXN1KGT 128 NAVIOND UPodnQuitds #3F RQDbstituted with

atons, up’to 6 carbon’atons, up to 4 carbon atoms, up
a phomy3d g(:(alpb dixcaptarg het@roaﬂ_ylcgampe nftai_l bme eE,‘éoh6 ofentbieed unsaturated,

hetgg“;yl e %%8} A H%O ﬂrlé E Elio)a eplg;r Pg‘teroaralfkﬁ groups have
an a t Rlvik ® W@&&Iﬁﬁ&lﬁs Rt is%ubﬁﬂ@t@@ REBN 3 Yr &leMibered

oxy, al kenyl , aryl, heteroaryl, aralkyl,
hdﬁ@@éﬂéﬁvmgﬂ(Hﬁéﬁ@ﬁﬁﬁmaﬁkyl or hydroxyal kyl . Exenpl ary

al kYn Son?el eg%é/jl? sh%leMlyB}l sogac@ﬂz is gﬁ] glkﬂ’% s¥1%|eal1<ryolr

gr oupCaN

branohdd didtthaihat e ke cabsh svtsmaj dp/tofsaaaebdimtbms 1) to@rdaevon atoms,
atons, up to 8 carbon atons, F to 6 carbon atons,

or mptq ‘&Paﬂb%laﬁt%ﬁ Bhad s theA%ﬁlYé?ilé}Wpll goyp &y 4 riadfeybiilylgtaynyl group.
LY B B PR S P b RPN AR Bl B, For

eng‘npia,ahe Ekeoghly @yl ywrdugt @ndmnyisogbpﬂpﬁyletﬂlpeﬁ wiaveeahRas is6propyl.
unsat ur at ed, heterocyﬁg%g}rln t hat ygclud

me d
1 oM Qt RePery %ﬁﬂyle@(gmraw iR affg E‘ES%‘P%M at least

ond éme amy@gﬁbs B%‘fzblﬁ‘& AR o} en@% FRRPHF BE LB Q@tnslﬁ the alkyl
substituted wth or nbered heteroaryl having 1

gramp c2n hetrehwoket oms carlbncmlmemgx énmeaavcymslamalkylrgmyps have 3 to 6
i, s linear..or

Ca‘gﬂ?j u{%ﬂ*&t ﬁgﬂ Eﬁhelt %Y% a?é#ﬁ grrq pg?c&%he PRl g @ﬁ}?hed

ex@hSIAE;: alli gkSupR hadE HARcarbeBRnched portion having up to 10 carbon atoms
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
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
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



10

or up to 4carbon atons. That is, the silylethynyl
group is a trialkylsilylethynyl group. Each R2 group
W@ 2009h8487T or exanpl e, isopropyl, n-propyl, n-DbRETUS2009/041904
n-pentyl, or n-hexyl. For exanple, the silylethynyl
group can be triisopropylsilylethynyl where each R2 is
i sopropyl. In other exenplary silylethynyl groups

cithes SrPTECaghanAiomS Eﬁer@plklw all@finahgrosn& inghudp.cy preging ligited to, allyl,
ISOEJBI%GC&? lou@§ a1!1c§3-%¥' aﬁ% or only a portion of

on ato Int group can be included in
a cdhb emylt Irﬂaiedulmmlﬁﬁmtactexef‘rmramya @) &anl begrroppsd brawey hown

6 ca n_at ons all .of the carbon ato
SYIH’FGSE%G‘EE‘%? bB%rﬁIaF’é’?%l geMigadRCiek R e@ﬁ%aé?‘{:%‘sﬁ %ﬁ}“’adﬂbéeacnon
Schayeaa linear or branched portion having up to 10
carbon atons attached to a cyclic portion having up to
6 carbon atons. Either the non-cyclic portion (i.
i near or branched portion the cyclic portion of
the al kyl group can béﬁ§¥?%EE%BH?SAthe silicon of the
silylethynyl group. Exanples of cyclic alkyl greuds
i nclude, but are not limted to cyl copropyl,
cyclobutyb cycl opentyl, cycl ohexyl, 2,2, 3, 3-
tetrary Bpropyl, 2, 3-djnethyl cycl opr Br
cycl oyI ene =a.ng,R;z C|_JQ_[.JIEb_p¥LrTEt hyl e O
[ gf Exenpl ary S|Iy et hy$rgk/ H§r oupskr 3
one of th@ R2 groups is an al kenyl group and an
group that is not an al kenyl group is an al kyl ¢
That is, the silylethynyl group can be a Si(R%),
trial kenyl silylethynyl, aIkyldialkenylsilylethélyl, or
di al kyl al kenyl silyl ethynyl. The al kenyl and al C
groups can each be linear or branched and can have up
to 10 carbon atonms, up to 8 carbon atons, up to 6
carbon atons, or up to 4 carbon atoms. For exanpl e,
each of the al kenyl groups and any al kyl groups can
haveeither 3 or 4 carbon atons. Exenplary al kenyl
groupsisyncl ude, but are not limted to, allyl,
i soprdpenyl, 2-but-1-enyl, and 3-but-I-enyl. ThERemal
mol ecll e sen1conductor of Formula (1) can be pq$paredo/§2’

by _am _knowsa: synt hesy sonet, . Pes,exanpl e, the i
@ or can be]prepardd as—shown in B~o
BrSCREME A React i on 8chene R N

Vi VI
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VII VII VITIVili i x Initially, a silylacetyl ene

conpound of formula H CCH Si (R2)3 can be treated with
wheaogl1s487t hiumto forma lithiated version PCT/US2009/041904

Li -CCH Si (R2) 3 of the silylacetyl ene conpound. Vari ous

silylacetyl ene conpounds are commercially avail abl e.

For exanple, (trimethylsilyl)acetylene,

(triethylsilgR)acetyl ene, SR,

(triisopropylsilyl)acetyl ene, and |

(tertbutyl dilpret hyl &1l yl) acetyl ene are avail's

GFS Chemi ca O%\ us, OH)

Y1) acetRiKeneT—>

ilyl)acetylene, and g

(triphehyl

yl)acetyl ene are avail able from Si gma
Aldrith (M ljwaukee, W). The |ithiated versﬂun of the
silyl acetyl ehe, conpound can then be reacted Wjih a
2,6-dihaloan“§%aquinone such as SR,

2, 6-di br onoant hr aqui none. The resulting diol
i nt er nedi at &can then be tteated with a reduding agent

such,: ' f _ 2
>V GRS LRIDRLS R A de FRITI AEC—CHLSIRY: qan be feated
with\Kulty 1 lit@psr to dotor @ hitaated vergion AoE@#Si(RE):pf dzatilgthcéty e
2, 6-dij 1 noant hr agyi none from Si gma Al drjch .
cofipp T JLBe i s 2a pantsely failablg. Fepexample.
(trigtetiBsity ARG Ghe, rRMy 14 ac _ene,g&ﬁso%ilo’}%mllyib@e%t&l@@é?%ﬁd (tert-
It can"be further récrystallized from
bufyl dndihybst )i detyrl ereerdrel evyiBE) frorTied™S Chemicals (Columbus, OH).

2. 6-di hal 09, 10- hi i1yl et | }ant h f F I
b bk P bR R BEBSRORan, Sonrh
(tribh&dyNiRBa AR shcRosidId @o&%%m@Amquﬂdwﬁﬂ(e&Wﬂw a

VII1) that has two di oxaborol ane groups such as

t et dapbittigiedversiap of dreamlelacatylene spppoiny wh thwsy bagegcted with a
I . G W .t h d
2 G fhabdn RUARRENE Nl SR R el TR RRURAEIRNCS
intérdm¥didt©cdnahen bhecaahvith adedicalg enfpuuhds ahnifoak Bhillogide to form

....Sui tabl e hal tated b hal t at ed
il GO BRI L TToeje 10 o o1 al |y
di@@béﬁl@a@uingﬁ ca%}j%'H?é&reéfr@rﬁ@f@aﬁhﬁﬁ’daﬁthraquinone from Sigma

ronobenzene,
Aldrich (Milwaukee, WT) using the procedure described by Ito et al., Angew. Chem. Int.

Ed., 42,1159-1162 (2003). It can be further recrystallized from N,N-dimethylformamide
(DMF).
The 2,6-dihalo-9,10-bis(silylethynyl)anthracene of Formula (VII) can then be

reacted with a dioxaborolane such as bis(pinacolato)diboron to form a compound of
Formula (VIII) that has two dioxaborolane groups such as tetramethyldioxaborolane. The
compound of Formula (VIII) subsequently can be reacted with a halogenated benzene or
halogenated naphthalene compound of Formula (IX) to form the semiconductor compound
of Formula (X).

Suitable halogentated benzene or halogentated naphthalene compounds of Formula
(IX) are commercially available. For example, 4-bromoanisole, 4-bromobenzene, 4-

bromo-N,N-dimethylaniline, 4-bromodiphenyl ether, 4-bromotoluene, 4-bromostyrene, 1-
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bronmo- N, N-di net hyl ani | i ne, 4-bronodi phenyl ether,
4- br onot ol uene, 4-bronostyrene,
wa20poms774- et hyl benzene, 4-bronmophenol, 4- br onPeriubi008041904
4-bronmo- N, N-di et hyl ani li ne, 1-
br ono- 4- cycl ohexyl benzene, | -brono-4-but oxybenzene,
| - brono- 4- N-octyl benzene, 2- brononapht hal ene

bromayfrsiiyl e 67@%@1?11%91 érléomeartﬂdw romaghdhdictwdmniline, 1-

o B e MO SO oy s, i g,
braahonaphthalawa i2-aohe-6- mrhoékblﬁa,phm Q%ttrmb BidaphthMehol, THbeomo-6-

smal | ecu sem. c nduc rs of rmul a are
bu%n%ﬁmhsm AR Y IEUREAR, aﬁtbg lepgct. al. are
avd?[afofeeﬁ&ﬁw@ Aég@p?hﬂq{ﬁah@g rret ry. The deconposition

tenperature is often gréater than 350 OC. Sol utions of
t h e Toerainhll myllewid @rm@ndudnwmft}"@rmubf(l)ﬁmt nuadly theymallestable as

o g R RITETBTe S Bk s Bor | eSO mppabigppgratur i

oftBP gfe@lcPthafi B30 €. WoRItIORSE e gmhll‘ nffddld RRfcAdL&brs of Formula (1)
several weeks of storage under anbient conditions and

are wl@amder emmelnt %tdntngﬂs @Od} @fpucrad) Feom hrgl@l@c;@ddléltoabfqruewnded
perclioedssuht)r exam %h%ol%lrr] %;] oﬁ%er u%b ]tutl %gxhe al weeks of

erlvatlve acene

sto@lgc PR atrameiientdendiviatd Mﬁl&ypeslausm 1fgfht1h@ emtdnsch@r TR good stability
conéugatlon The S|I%¥ethynyl groups.substituted at

resylty Gomdhs pnthrascs epshire. HBRacoAs| dsEyttbss pHembhinvakstss siability
tha%l:}%gm%ﬁl tsqh eﬁitg en%qgl(‘l%t Rids HEAGE Gtndk bl @%Jﬁ%at%y“gﬁé]

ves nerlzatlon reactlon)
sildethomyl @&nﬂ&hbstﬁuted) A $0 positiorspedy casthasccmaletulgs from undergoing

e Bebicer S RaTaGY b tngGH T P ) A0 emfimerization

ra@ﬁ&9n|c sol vent. The conposition contains at |least 0.1
wei ght percent dissolved snall nol ecul e sen conduct or
of Foa sedoad gspechasenipositiotheuchas alcomsigydempiitiones provided that

inciF il e SRR R e bR Fom h GRT DG ig Tifem

Th@EbﬁEoﬁﬁé@@dn@gnﬂo@tS@a@t On vdight Rrcanddif¥ vt QHRg n%lsc&ﬁ@t
on the small nol ecul e sem conductor of Formula (l). In

ser@@ﬁ@d%mqf Earmeasl) besrel arthaitel vedghabthd epmyjogision. Any organic
sol?%}tgﬁt éIOOIV%Vt 15%15 ' %él%{)f’flt h&%htl)ebl%e ?He 8%8916 s?flfgntt is often

OXI ClI
scladttd Bzrsph b alid Rhand R grbﬁpsiﬁsseham metsﬁlaUSfﬁol&ml@E@de)Iﬁductor of

FOIer?llllg %Ir)]t Inh sao\;rllen gpp?lcgt(l)olnlsl trl]le ongoaln{]ct SO rerelta fsealﬁsotsgfaegteg (t)o have a relatively
high boiling point and relatively low toxicity. For example, for some but not all
applications, it is desirable to use an organic solvent having a boiling point greater than 80
°C, greater than 90 °C, or greater than 100 °C. The composition can be, for example, used
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
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,
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0C, greater than 90 0C, or greater than 100 0OC. The

conposition can be, for exanple, used to forma
waeepadsduct or | ayer in a sem conductor devi cePCHUSI00%041904

suitable type of organic solvent has a single aronmatic

ring that can be optionally substituted with one or

nore al kyl groups. That is, the first suitable type of )
n-tyty heizens orReaht baEpn s andinherybenzcnh ot speondmyiide %ﬂoa {oé grganic

sol%%nt?ﬁ?@&lk&ﬁgtﬁgt 1%&%&?&6(1 VAR Bng&e 8&‘%‘10 %{: H )E%xgjt@ SShis

rst organi c So vent are
sedoatl t}l’}ierdftoeghnimsol\&ﬁnmehﬂa, o Iateemﬁ ,hn){t}ekiem&hldneﬁoymﬁné-

. | - xyl | b
dichlosp ey éﬁzze%@?rﬁaﬁa B 2BAGICHIEMEYA: A shwitallgdype of
org&nﬁes)él/\leﬁ?ﬁ%earb@n%léal%%ﬂe ding Whdt 204 BsiNRA ith &{egcﬁ'%&e halo groups.

solvent is an al kane that "is substituted with one or
Thatos ght el syrteblp Wpe@f@lgﬂn&ssoment tinsbestmpoend subgiautofl with at least

onfg h(‘%g %Igfu&)f %X\?/l%n %:s 03%85 ﬂgﬁd&gﬁ%g Q&garlﬂg tsolvienqiirtlct?gdet 81’1‘[ are not limited
to, thibrebedzdmRland diih@iresinbante, A datht fuitehlb SfRIfvdRMic Hlvent is a

‘third suitable tyge of organic solvent has a single
ketanothat iseyeli dginparabranehodursa ¢amhination thercefn eEP@mplh@rQ-‘f this fourth

typlgaolf A rﬁ%g?cgs% vent %n%fude ut taheenott tﬁ'rnrlf%d% usatc Ee?, éjééﬁ\?ﬁ?ﬁylgtetone,

ven enzene su

mdtl@&ﬁbb@ﬂkeﬁﬁé dscphotipe, fﬁ@@ﬁdaﬁﬁh@fe tiﬁl@petnhinbﬁle tcyﬂﬁh&fanone 2-
or?am c solvent include, but are not limte
m Waﬁ@ﬁ@eﬁé-lalﬁalyaqyehs?p@mmﬁz%ﬂéhmﬁ\thvlfuﬁlpae%%wsmné 1,3-

{léﬁﬁ)&aﬂéneo rg ﬁﬂk %gﬁa?dlé’ S@E ok 3 nf’é%ﬁ%ﬁt %lélf'i“ethfetS @%g a%gchc cther

I'near, branc , nation thereo
or arfontakic sthko UEtdmilype tbis ﬁfﬂgam of eghnie nbdlventdhalads, bbwre not

I d I hyl ket
hnﬁtg? ﬁ@n»f)f,% eis%nﬁéﬂe kts{r é?ocﬁt@ggﬁHFgeﬁ@%g&ley %léﬁé&}tﬁ% type of

or%.‘ﬁfcl s%%ﬁt RRARGIIC y@&%&ﬁe@a&%@ six ty&;%hxiggﬂﬁlse%ﬂtt BB de, but
nmet hyl cycl opent anone, 2, 4-di met hyl cycl opent anone,

arcarnd lifnited t@%l\lecﬂlew&ryrbﬁwemamldel(w )salmdﬂ\ébﬂ @nteylryéacofamlde (DMACc).
or i C. vent .i S an et her. suc cyclic,ether o

A SRR iR HEF o phafit s RRis 21 Flkaf yftn S Do bt s @ carbon

atoB EXRnpl RO Udescviehith tfpEoMRbadit BIVEH inPudel bdk A A¥ANRRited to,
tet rahydr of ur an éTHF) and anisole. A sixth suitable

octeiyg élommeoﬁ@?éﬁﬁ? and gdpdenanc.i B semezambodiments iy sodvast istgixture of

Valﬁﬁk s ?%%ngol%{}tﬁ%ﬁg%%@ﬁﬂpggﬂg %Mgt%k %18% 01%51%0 W8ivents of
diffr&htdypest hyl acet ani de (DMAc). A seventh suitable type
of organic solvent is an al kane such as those have at

| eadti® goragpisaiPrRtomall redarHle synigpndusios s BpERMROLIpR igrten at
leaS' @ ?Wefgh% Bér\é@rﬁf at Bl U.ngelgﬂtpelacreﬁt, BOfkadt 08 &Jgghttﬁ%rcent, at least 0.5

weight percent, at least 1.0 weight percent, at least 1.5 weight percent, or at least 2.0
weight percent based on the total weight of the composition. The concentration of 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
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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oct ane, nonane, decane, and dodecane. In sone

enbodi nents, the solvent is a m xture of various
wW@e@ans487so0l vents of the same type or a m xt urBCDS2009/041904

vari ous organi c solvents of different types. The

concentration of small nol ecul e sem conductor in the

conposition is often at |east 0.1 weight percent, at
embadigienty, the\gempRsitipe paeeludg pothaissplvgd 311%18@%6%%8@&?@1(16(1

I
smglté rn%og%t%ﬁe Bl eas%ﬁ\tl gle(;rﬁl%% ). Sltélrsgg%fé&nbépgn%w% eas&{ntlﬁe 6mount of
thevma@lhholpalle eﬁhlcbmwr(pmesbhtentﬂm ampsiteihtis dfssdiixel. That is, in
tion. The rati.on of the smal] nolecu
thesg %g%%aﬁe&soﬁhe smafl S%C%@uw@r gt bep%xﬂe@mdlsse.lﬁegf g the
Comg&gﬁ&pt percent, up to 4 weight percent, up to 3
Ight percent, or up to 2 weight percent based on the
t ot & somed ghbod)ﬁlenth,ethc ooppsitiérsran furthea meleleizodnswating, polymer.

at. | east 50 wei ght,.percent, at l.ea 0 wei ght
ArdpuiRt rap S B uBSHE i BhanERived SulSAERY ghs small molecule
seHRbAMIct AL 8B Liseddh thegphpoRioneisahiblp ﬁfsﬁﬁﬂhg pélynlc@ASbically do
95 wei ght percent, at |east 98 weig mgfrcent or a

nof heers coy9gaied g&rborpewbelm tlogfle bméisgtmgl therpgakbemeof the polymer.
11,]15 tﬁg %H%%lﬁ%ﬂ? m%lﬁiasl’r egon utcalxjee o2t niPeol%n$th 8? thbe (ﬁorl]yrnerlc chain.

gsee Ion Ccan

ThdirsaRkive @doBattr,HosRe s e@h h)etve&b@pﬁwﬁﬂl coijagdted@drbsiit£bon double
sen1conductor of Forrmula (I). In sone enbodinents, the

borg iFios cxareRlftthe spliEng pelymeRetehaye deadant sgHugrigdopromatic
&@@Sﬁm r?%e”e B H NP ‘%ﬁé IisQR 1+§%§P&%P{s‘éﬁghau€%‘d (51'a§ few, 3 any,

ese e nent s, e sna ecu em conduct or
cmbamcEQOEGDMMebymﬁtssolved in the conposition. In sone

s QPTG B PYREET M QIR MUY X RBE inolating
poffiRATh R U 8RR HAMCE 15 PoNSRFerRYPLRB0R (&9 %etﬁﬁﬁyﬁeﬁw (PaMs),

ol ecul e sem conduct or can be “use

polStintthpl meﬂln@ula&t)l(HMl\@A) mnbrvmytlgmmbﬂf’l\@)dwly(mnyh akcehol) (PVA),

o iR 56 FN RSB ER TrRER Py rdifihfige ovom

cy@féleth?%ﬁuﬁhQCY‘P!E gsrqu%t(qtvhﬁ@@teauﬁéthymeslﬂoga&tﬁs@Eniola?clobutene))

E yneric _chain. The insulating polyner, however, can
(B B%@nd@gﬂdﬁs wi th conj ugated carbon-carbon doubl e

bon 3?1 8fatlﬁé gBBAn%T cgn{]ﬁade %%9 sﬁtta{bﬁ]eqmg Felcé{l%{;velcgﬂpthlaﬁé/ A be
penda con romati Cc” gr oups. n sone
dissstbedlinnaa bﬁg,anichv,elweﬂﬁ Ultetrhélgcydad weighit dfshainkbigdd sol@mer can

1nf|l']uaelslcef t?l\évwslcgsrglnoyf the composition. Insulating polymers with a higher molecular
weight tend to result in compositions with higher viscosity. If the composition is used to
prepare a coating layer, the desired viscosity may depend, at least in part, on the method
used to prepare a coating layer. For example, lower viscosity 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
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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“subBtahti€llyudiesolved” means that the insulating polymer is dissolved but may contain

an impurity that is not dissolved in the composition. At least 98 weight percent, at least 99
weight percent, at least 99.5 weight percent, at least 99.8 weight percent, or at least 99.9
weight percent of the insulating polymer is dissolved in the composition.

Any ratio of the small molecule semiconductor to the insulting polymer can be
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
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
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sendBisgiempey @@ﬁﬁeshﬁﬁi&ﬂe fke.t he total weight of the
co osition. Thepercent solids is often in the rang
ORIC0h t@cﬁeWé"?O@HthtB%ﬁi%’é‘i?@ arg ofgHe thinhe tepsigtoss %So@hsmn

schernatlcally in Figures 1 to 6. Any given layer in the various thin film transistors shown
in Figures 1 to 6 can include multiple layers of materials. Further, any layer can include a
single material or multiple materials. Further, as used herein, the terms “disposed”,
“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
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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sclmmanualtﬁlnlmgtlra defoi the €Y Tl 300 @scljdckattortlis seﬁhcdﬂductor layer 20 as
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thléz %Bgcﬁﬁfeneﬁle%%ﬁﬁlcol?ﬁﬁ&bplay&rﬁ) i %E&ﬁee éﬁ?es & glectrlc layer 16 and

both the source electrode 22 and the drain electrode 24. The source electrode 22 and the
drain electrode 24 are separated from each other (i.¢., the source electrode 22 does not
contact the drain electrode 24). Both the source electrode 22 and the drain electrode 24
are in contact with the semiconductor layer such that a portion of the semiconductor layer
is positioned between the source electrode and the drain electrode. The channel 21 is the
portion of the semiconductor layer that 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
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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ween % € source elecC rodce an t%e rain €electrode.

The Apqibkire 10 bfttheuHerts 6RNOMET durih@anufhbt@ting, Sesting, and/or use.
posi tioned between the source el ectrode and the drain

Opéipaetys eubsatesasyirayde an sisctrisal iupglinteor theQThhekor example,

R0l of i ML REE Ty AR S SLRLEC LR Bt

indludeaburennd ndtdineirediet ineanichptasgest ecrainel materials, pohyracriclfaterials,
and the sem conducto opti onal, substrate

| ayer 20. An
filled polymerin Mpateyials (-1 r@r-a%/laﬁﬂﬁ?eé ROLYTREHS MAteiplyh Gicdaly paper,

woBh ofXHMbSen L16@, ARk O AIncSHES I AlIR 1585, AR Bfmbatiias eeof,
to the gate el ectrode 14 as shown schematically in

Fi glihe g2tefebactrpthe 1 OTHTInQI00e one adparcdamyers of 4 trmductive material. For

sem conduct or, | ayer .2 s shown.schematically, in
ox g B 541 SeorREY Bneictufon S NReF oy e Rl
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12 and the sem conductor |ayer 20. Another enbodi nent
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TR P TG e TSR, Rl b o
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a sem conductor | source el ectrode 22

limaied oo RO it Ry g lenes S en DR Prlg(sOEmONanEEl or
pofyﬁyﬁ&e?@n sdrfle organic thin film transistors, the same material can provide both the
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,
but are not limited to, ITO nanoparticles, ATO nanoparticles, silver nanoparticles, gold

nanoparticles, or carbon nanotubes.
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a sélP: a?éeﬁlb%a%é‘ﬁdlé’% qf dés*aﬁb@E t‘f@”ﬁéf@ﬁt% @eM3CR0 B (Kelley et al.)

conflgurations Sh ures 1'to o, vof tage
or applyhedc hatériu addaicribel @df .SoEIz&en’iZN 0. laceyan,(Katleyt @asd, and U.S.

i deal | y C .€., current) is passed to the
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applied to the gate el ectrode 14, the channel
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usdRIe Bﬁ&ﬁ&se%&ﬂdh@ﬂo? materials, as is known in the art.

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,
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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bad¥Bloarth@tosal weddh of 8x@onipdsifios] OEter, tBE coMpdditicyAEo contains at least

dielectric can include one or nore dielectric

0. Inw¢isht pereent diseolvwdgasiletingnolyment m t ransi stors can

i nc \%é]gl% ?ﬂé or%tp&'ibglf éﬁ%{: Eﬁg %erl%[cgﬁa tdae%%&g %re qﬁestﬁ)(?cﬁ q preparing

bet a er I"'ea
orda@fct thianfilef trztdmtcﬁs gont e df(pmjjaﬁhg) tn bayaeic (R fim transistor

di sposed between the substrate 12 and at | east a

1nvlgb\fe§ REANERE pdiple 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
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
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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organi c sem conductor |ayer 20. In sone enbodi nents,
the optional surface treatnent |ayer serves as an
WO pioensace bet ween the gate dielectric |ayer apdr/vkzmo9/041904
sem conductor |ayer or between the substrate and the
sem conductor |ayer. The surface treatnent |ayer can
be a sel f-assenbl ed nonol ayer as described in U.S.

cleptipdeni4 8 serprdaBirgmaagh 0‘(th |apg jorgringp sgmigpndicks|igpiee 2P ghat is

oo PR T B BABELS e

theesousde. e]ectrﬂi&@2$mﬂme dedie ekectoek 22 "ﬂre@edllcamduﬁblekaymﬂﬂ)econtacts

bog R T/ 23R U MO GTRSIBET o4 CBY BG83 of the semiconductor
lay%PfquJtJﬁ to¥ifiofl SiRGRS RN BetwdBH ﬂfé%ﬁillée kie¥&o &@Aﬂﬁr{ﬁé drain electrode

i ncluding, for exanple, gold, silver, nickel,
de@ME@mMmmdbarlunl pl ati num palladlun1 al umi num

cal titan ndi t n 'd TO,. fluorine

¢ 2 Ths Plaahicr B ML PRt hovh sSieiGe kit h i B prepared
by @i@v‘i’&né hé@stra&oiy G@pd&ltm/g %ate electrode 14 on the substrate 12; depositing

etﬁglenedloxythlophene) pol y(styrene sul fonate),

a gpisl dyelpdtiip frever bt dipccabiedbe gita glestww @chélnatdy%gate clectrode 14 is
po% Eone tw %IIR { %2ta1hlg hee ga’tei c?igfjectrlc %69 | 8 oas tlonfn(%,a source

ereo ese rrater S are a

cleusedadt atndm drym%lamtie ondgiatet tovik %ﬁte&h@ec&ﬁd la@/teh &6 SuchrtBat the
appropriate for use with p-type sem conduct or
tworglcglrodgs gre R dK RGP thaFeTsk IormiTe@ SeRTGpPngtas layer 20

adﬁ &t td A §§u1(:§ Qetrode %td’f Gl R HELE 94 athti]?n HRUFE® | between the
e & e b

ectrode, FArn el ectro be provi
smarneyelﬁﬁanﬁ ZQanmhe dirahi‘ﬁéeca]rotie dc ﬂ"haSermhylsducajr las@p @6 contacts both

deposi tion (for vapor. at i or .
thesSBEfC@eeﬁqCHasie f i gt owﬁrﬁ%@ Yo rThieriigne! the prgniconductor layer
thal %tﬁﬁftfé'n&g mOtBe faﬁﬁ %%twaéeﬁ ¢hd QHAES @Role a@(?@@ niplih shefodYdefines a

known mnet hods such as shadow maski ng, additive

chamot ol i t hogr aphy, subtractive photolithography,

pr ! 3%-? n%?gtcl,{tglln gg%%fs%st%r hg\%llﬂ ggie an %Eya't tgFe%ure OC%}I e%repared

by @&mw&ﬁg dyabsdratcdey ifeienihS a BéRcbARRtor TR 1B hljatert REIhYdgSstrate 12;
providing a seni conduct or | ayer that contains a snal

positipring k eewrs elepiardst2grandfa drainmldciods 34 adipeanbtagthe aeryiconductor
lay%%’lﬁ(s %gén gggﬁg:hgﬁstrca%]lf ?uhcﬂ%fas iy so%lfc%vél%?rohg 52 and (ciira in electrodes 24

sem ayer

arcdkspaigtcd ftb@ﬂmldth@ﬂdep&lang? ngmésdlélbcﬁfic C5or D’Eadj ﬁk&nﬁ@rﬂie source
as descri bed above. In sone enbodi pents, both the
ele@‘@ﬂ%@ theghaigsdecide 24, and a portion of the semiconductor layer 20 between

the source electrode 22 and the drain electrode 24; and depositing a gate electrode 14
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
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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resul ting sem conductor |ayer include an insulating
polynmer in addition to the small nol ecul e

waemoassauct or of Fornula (1). In some exenpl aPgT/US2009/041904
nmet hods of preparing a sem conduct or device, the
met hod invol ves providing a first |layer selected from
a dielectric |ayer or a conductive |ayer and_ di sposing

a dgpig glerEendhietase Sepajased iomaaehethetn Whke thesemicgpdyctomiayer
colthés béﬂh%{%ﬂﬁ{ 1k ha LR SR G oh? ORI »

owever, e sem conductor layer 1s often prepare
surffdve tsamicnt ayof canrtet fositiohad Betwsercthe aatetdidedrielset andethe
| ayer, the condu%t ive | ubst raile

er,.or . . Th
SCTRISH SV eIf-aéesﬂu HERLe ¢ edd’él,tlo%‘? a‘%%‘éﬁ%@eﬁ ¢ gHE egﬁ‘r“r%?%r
adj_%&é%;% td @d ?aére% E&Haigﬁlg%él ?&ﬁceeélé‘&ﬁordg dRd 9{% otﬁ%ﬁel%ge%&o&é? at

i ncl udes Both th ource el ectrode an rain
el etor odeplThiec erigepc dfin dilmpeskisgr shavenichomaiicd lynn Fegpes 4 can

adjacent to.the first |ayer includes offen .includes .
be P BTV sier X4t R UPRE p Bule e hRCHGRT 16 acjecent
to fRlg@fWI & 1SaE £ 0BEHRE Al seiiconahidtbl Rydr! J0 R cRito M@ Giclectric
sol'vent that dissolVves at |east a portion of the small
layepl @tist.déhsgate dishagtrict laysr 102y pepiponedigtwase teoggioslcetresty 14 and
to the fir I r.to forma coatin e d
the SR b X ar oo BB Ok Mt B2 o i cteceode

24 fadfaterit fethe @ainidogdihdyrelayer The The Rp@st tlicotfodeMM didribe dtain
| east 0.1 wei g[ht percent dissolved small nol ecul e
a

clegpdechinia sersratphiiam crh prher st bath ghergprics gre inrantact with the
s RRRRI B0 281 MRy TR AR AR R RS
souscerendodrainhedectetiesods of prepari ng sem conduct or devi ces

are_pret hods of preparing organic thin fil
t r arl§F SEPY. tﬁ@#ﬁﬂﬁ@w&a&é&%{l éﬁ&maﬂgﬂwnﬁggﬁ PCap R Rrepared
by fd VR BUERSR 12 DY MRS ALK ANG ARt TULJRL tb AKRKBsthle 12

ow ng order: a gate electrode; a gate
dephisgingot gatcdicyeic; layer 1 apdjactavo thy gatesdentiode éft eudhr thafethe gate
and rain.electrode that are separated fr each
clegis 4ty RS Sube SioPif R A B ate e I s
forbfig & 9dthiebn®lcRflayRee0 adidcdni @ theahit déieatit ager 15;had positioning
sem conductor | ayer includes a small nolecul e

a sqwif elepldedst Brangfa dramrlgcarode $4 adigcent tothe isemigpnductor layer 20. The
ol LA IR LA B o
clesebdntd daohact Witlrtgweascohdi@oblayer 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
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
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.
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For exanple, the organic thin filmtransistor shown
schematically in Figure 1 can be prepared by providing
W@ 2@ausset ect rode 14; depositing a gate di el ece€T/TS2009/041904

| ayer 16 adj acent to the gate el ectrode 14;

positioning a source electrode 22 and a drain

el ectrode 24 adjacent _to the gate dielectric |layer 16

suchn pmaef theereapigrtbia fEmdeansistpss spwanghematically in Figures 1 to 6,
the e HRURGLE B8 A LS ARG E) gL} ERGRichGher Ains the
smbh encdauicenetaductodel Bamubay(1), he ogtienah irsuacihg pdiynidgd, and an

and ipn the area 2 1 petween.the. soqurce ehectro e 22

OTEIAL SPREMRA] Hissot e £ A appriop R Wodhihe s crr Ul agrapicasiuctor
and ﬂl@to?ﬁg)ﬁ'al k?l%tuthtl&rlg ?o%@'ﬁr,lc(g% %01?9{11% ngeeco%_?pcﬁﬂgnttg Endih& 18er of the

el ectrode 24. e sem conductor |ayer
organgt thinsfilposansisemeahd @) thevarges l1érst swpentiot lo€ theauganec solvent. The

el ectrode and the drain el ectrode defines a.channel..
cofpE oS st £ e AL RSl Bl s gonductor
badel ohitBdHoRal FcF@ o teRoR1PBEIEEN B PACYitIdhAIYy furSdPEIntah 8t least 0.1
12; depositing a gate electrode 14 on the substrate

weight perspglisphvgd insglatiag @plemset ri ¢ | ayer 16 adj acent to
the gate electrode 14 such that the gate el ectrode 14
is positioned between the substrate 12 and the gate

dielectric layer 16; posEXAWMIPDgSa source el ectrode 22
and a drain electrode 24 adjacent to the gate .
di edlicpganty wgre pundhassddiom gammerdalisqprcet dik yssd adthgpigfurther

puﬁﬁpﬁ{oﬁ%‘gfgsggﬁmglﬁbﬁ%her; and form ng a seni conduct or

ayer adj acen he source el ectrode 22, the
dr aSodiehectbode, 84 (ITactdoride, bisepiazcedatd)dibdrehween t he

ter g BT P55 B SO RO A BBBOCT HI SO
meg]go%?ﬁﬁm%l&% W pliRBadl Fdh SloBGINIAGS @filwdlkRe PRTY | ON

e sem conductor layer that is positi oned in the
ar eadAbKQWAER 36 lfe pbavatreasfel ettlyssi e-tanyd lithiemdrad pl,1°-

.el.ectropde defipes a annel .. The organic thin, film
visfigh GG G i o Sardabio el e e e i lofethane were
obfairRAF R A ALaViIWiraHis, shstrate 12; forming a

sem conductor |ayer 20 adjacent to the substrate 12,

posiltiisenrapylsdykectyleac andwes perehapd dnm gF Y (hicmicals (Columbus,
OF§| ectrode 24 adjacent to the semi conductor |ayer 20
pposite the substrate 12 such that the source

el etlekotteand ettt debfadan (EHEY veedisil R4 oatesodapar at ed
from each other; depositing a gate dielectric |ayer 16
adj d&emtolecylar ssuctpigp egall products and intermediates were confirmed by "H-

NMR (400 MHz). The following starting materials were prepared using published
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.

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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el ectrode 22, the drain electrode 24, and a portion of
the sem conductor | ayer 20 between the source

webk@ensesde 22 and the drain el ectrode 24; and PCT/US2009/041904
depositing a gate el ectrode 14 adjacent to the gate
dielectric |ayer 16. Both the source el ectrode 22 and
the drain electrode 24 contact the sem conductor |ayer
20. A portion of the sBpactiondisbeme 1l ayer is positioned
bet ween the source el ectrode 22 and the drain
el ectrode 24. This portion of the sem conduct r\féy r
defines a channel. The organic thin filn1trang}sﬁo<§
shown schematically in Figures 4 to 6 can be pre
by a nethogl that involves arranging multiple |ay

)
RMer: a gate elieghode; a gat O Br

di el eg Egir; a §§ﬁ+@@hﬁue%e%—+a§er conplg
seni"tonducf or of Fornul a (1) §h§mﬁﬁH'ptioﬁ&

i nsul ati ng® pol yner; and a | ayer having a source ||
el ectrode anda drain electrode that are separg%g _{Lom
each other, wherein the sem conductor |ayer c zgf
both the drain el ectrode and the source electrodes In
some enbodi nents, a surface treatnent |ayer can be

posi NOned between the gate dielectric |ayer aqQd, the
se?;g ctor layer. A substrate can be posi igﬁéd
adyacgntyto the gate el ectrode or adjacent t pi
Iayer|containing the source el ectrode and the d

el gctfode. Eor exa o) ;n%jiéggﬁ% pphhin film

shown schignag+al | ure 4 gan be ~0
2 Ay provi di @ gareel ectrode 14, @@@

b dielectric layer 16 adjacent t Rg™ gat e

ode 14; form ng a sem conduct or r 20 l

c to the gate dielectric layer 16 (i.e., |th

ga e/ﬁ{e ectric layer 16 is positioned betwe i

gate“etectrode 14 and the sem conductor |ayer ; and

positioning a source electrode 22 and a drain

el eqt 4RI &fhlpﬁﬂig aGenén Hves tded 16 Mtﬁé%_[h‘é%ﬁ@ﬁs ¢ nd®of Formula
The source electrode 22 and the drain electrode 24 are

(1) s& phovat adRdacoen Sehemeat: HarExaaw b bt e drasrsopdésbisf b4iSr-

t At e ' or . 20. It f
SRR, S GRS AR Ry AR AR v
reasfedveich fbcbniamisol @'eBit indt@stion Heheate@INIie Exdripic 2] thdsame

transi stor shown schematically in Figure,5 can

b
PresrEspaatreBgtesh Mot Jabigioat-gishry aahthedene (B B i Rﬁ@c%@n Scheme

2)gate el ectrode 14 adjacent to the substrate 12,
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depositing a gate dielectric |ayer 16 adjacent to the

gate electrode 14 such that the gate electrode 14 is
weopnsned bet ween the substrate 12 and the geECEUS2009/041904

dielectric layer 16; form ng a sem conductor |ayer 20

adj acent to the gate dielectric |ayer 16; and

positioning a source electrode 22 and a drain

el ectrode 24 adj acent Reaation Sebgmednduct or | ayer 20.

The sourc | ectrode 22 and the drain electrode 24 are
separated fropm each other and both el ectrodes are ¥n
contact wBh<{ he sem conductor |ayer 20. A porti

t he senico"ductor l/ayer 20 is positioned betwee t"e
source el e¢trodeg nd the drain electrode 24. Thg
organ| (PR AL @T ansi st or shown schemati cal Ly

Fi

®r ode “4 adj acent to the substrate such that tfe

source e¢trode 22 and the drain electrode 24 are

separatgg— each other; form ng a sem conduct

| ayer 20 that contacts the source el ectrode 22 angi{he

drain el ectrode 24; and depositing a gate dielectric

| ayer 16 adjacent to the sem conductor |ayer opposite

the source el ectrode 22 and the drain el ectrode 24;
Preprrathey &ianiplg 1a Syathesie b&2,brdibionb49, ddHba@misopropylkidy!)-

ielectric layer 16. A portion of the
d@%ﬁﬁ%ﬁi? tor 1ayer 20 is positioned between the
sou U%@so@f@%lsﬂ?ﬁ@e@%né‘(‘@ 3he @ Rinthod) ael@tdrp dexadd (14D ADY were

of the organic thi iI'mtransistors shown

ad@gihmdalt 4 dal nlvogeml urmg«m wnjoven-deicd tfmdé@ﬁpmoﬂﬁﬁ&éi &». Butyl
htl}l 1%%5 75 Rgx rf'ﬁeg miy Pé % oﬁ RAS 'aageda drgﬁ aer ry nitrogen
WAt ont arnen he sna edue™ denicon ores

EQg'lflan}&m(gb Yo thmiQpire.ONiad minGie|vadsiscigre ol mﬁﬁftem@&dma for 2 hours.
organj c solvent that dissolves at |east a portion

Toglys isoloHessssebtionngy ddif ©309apk badue-ddrompnthiguigprg @rﬂa‘ﬂ g, 15.0
mdé&zwe?et ddlagd HR&&;&%{ ﬁm(ogén apRd 96 g)nttpﬁleﬁ 9%@%&&8@1? Ad d the 2.6-

ther Tayer o ani c t ansi sto
dib(r&)lozne]mqmmgma& dissdgdd ia mpiantes OMhomitthe wasgainicd at room

sol vent S on_.conta n east i gh
terﬁ&r%movavg gﬁﬂeﬁ'ﬁi 1011&69%%1'1 §%<an& a})%f'g&ff 0 mL)
wa@adddae tHe QbR clﬁ\@ﬂ Bto BEnttrBE 468 H%ﬁietﬁr%@a@éjaﬁﬁﬁred Tin (11

optionally further contain at |east 0 ercen
chidrids . 9@, i43ummatol g HAll (y Srerl., 1BXANRLESS solutlon 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
(silica gel / hexane). A bright yellow solid (8.55 g, yield: 82%) was obtained as the
product.
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Al'l reagents were purchased from comerci al sources

and used w thout further purification unless otherw se
Wmoa0eds488bdi um carbonate, tin (I11) chloride, PCT/US2009/041904

bi s( pi nacol | at 0) di bor on,

tetraki s(tri phenyl phosphi ne) pal | adi um(0),

4- br onoani sol e, and 2-brono-6- nethoxynapht hal ene were

Preppraty dxame? siSyrdasis el ¢4 t(w(‘} ke amwhyl 1.Ai2-dpjaaporolan-2-
SRR RS Roby AT SRk ke n-DUCY! 11 thi um” anc
bi ’s(zlgﬁ dibem- 913om:q[(nﬁ;dmﬁpmgm)e}@hyﬁamhmpaie| (8025m 7.5 mmob
t
FroRRBRPATAAY TP |- BRI THBERBY Pl Y badel e Ky (2940
g, W@ 815,238 A1 L ng%Jg) &?Qx%'ﬂhﬁ é t(( £ob by 'f'l%sk Q'&er dry nitrogen. A

Hexane and tetrahydrofuran ( were distilled over
yeldodsalmiomiyeh rmipendddd{OAtcm&stqbtae@doifhakuspmsmuwassd@asﬁed to

kRS T1 SR R S ea0 Mgt Lm 020

2) Rf'd@ﬂieﬁ hegkdaideedyyBgo@n. ThE §dEon turned orange. The mixture was stirred
6- di br onbant hr aqui none was prepared from

at ?,(b rﬁ@réu dalys ynchihan celpétoropm tginaptiafoadt wesigashedwath DI water

TP 5 G ESREP R, LG5 it T

solsdkido@tvia® Purifidéd Masoliindh tch@mamgrraﬁhye(dmby gel, CHCl3) and
recrg;talllzatlon from DMF. The precursor

recpysgal red-from gthg] acetage. r%@%@qedle cgyspalyvsseatBrh- . glyyeld 55%)

as gleg?g - [(triisopropylsilyl)ethynyl]anthracene was
fes) zed according to Reaction Schene 1, as

descr i bed in Preparatory Exanples 1 and 2. Reaction
EXQNhbs PG PoE TRURyBUNS IO IR 1) a5 Shown
[(tﬂéi’@%lfﬂglﬁ@?l%ﬁfb}l@g@g WRhrcold(BRVEPRIPSIANS he precursor

t et AR mizISchle8k flask wratiorgddanitp2 ﬁH)iS-Qﬁ}A,G ~Seiegafpéthyl-1.33-
T R T e Y U
4-bRombiBs3 B48 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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precursor was reacted with
2- br ono- 6- net hoxynapht hal ene (R Br in Reaction Schene
WQ200Ra54877 on Schenme 2 Preparatory Exanple 1 - ByRURmwe9/641904
of 2,6-di brono-9,10-bis[(triisopropylsilyl)- ethynyl]
anthracene TriisopropylsiIylacetylene (12.32 g, 67.5
and dry hexane (140 wer e added under a dry

EXﬂnml% ervyBihshk ef 216031&ﬁ6r§%l@9><d/rm3@athak¢an?dyar9t Fobist | ask (
4.5 nL, 39.2
Kﬁ%&#ﬁmgﬁﬁdgaaﬁ%ﬂ%ﬂgﬁéﬁgému gﬁggnltrogen t hrough a

Syr AN hb Sch&nknﬂmluwes cliﬁln@dnwmlt Dyoebiwes4 StoHetradethy1-1,3,2-

dlorggﬁ?%npfaaggzﬁé-%yf&ﬂa é) t%]@sizyp?ﬁ?p;]y Sélﬁaet%ynﬁha%tlsrgcl:e?lg l(F§g6 g, 1.60 mmol),
2- t%mﬁofb 1% ﬁ)ﬁfh@&ﬂb gtg@@ §54 Pmthol L]léocﬁumh)onm%f(@ 848 g, 8.00

added under” dry nitrogen he sol ution turned
mmeetLILEAT 336¢0. 071?5&28, Iﬁlxtuhe o {ﬁﬂﬁ(ﬁ:ﬂhbmfﬂﬁ Qbred

Th t d
R ERETL 6 Ve G PG PhELERHITE AUUEd Rer LA AT and
tolh&@fd- (108! "lzlﬁdm{x@lr}: wWidld8gast&t Brdtlimivamdade@bgent iehg a Schlenk
col or changed to light red, and a white preaﬁgltate

ling fspisEosd oxEan. I1:tre)l<13£mp@pmdehqsahmsn>a@admm(@( # . 9.2 mmol)
ol B 1 PHERLH L 95 MRS AT TS

stit@Dleidr hidroge® b S0P ahated €pper. hﬁgaﬁﬁﬂa’}&iﬂ turn@dStorcﬁﬂDgledn tny~
rotara evaporatlon DI water (100 was added t
howy apd thloyst amucREs aﬁ/ﬁ%wa&e%l@réﬁéﬁ e@ft% heﬁlgrsé&rsﬁ at QQ@fCﬁQ%ours

the%}nxu;l;g %valg %?@1@& tost% Hi ﬂeﬂl ciftite V)@ﬁgfaeqnmh‘ﬁ g,acﬁ@& w'eﬂpﬁftéred out.

neut was concentrated and puri
Daclognenmtahlmne ratuagn apk yorfceniratcdtagell 5 mlhex sna) . evdx)dwtncghhen

qu%}%g[&(g %D%IS(A gpgg 8@@%%%{)18(1 QS%%W']Q ?étg %lt?astlogl t was
fur@ne@ pQﬂlﬁecflﬁly éon'[é'sﬁbltuﬁﬁt'img 3(fllcdun?’wgs m%@b AoRd, 8bkirée zone

(triisopropylsilyl)ethynyl] anthracene
term;eﬁatdlrebmmﬁﬂoﬁ Cleddsicntef (cmeltersmmimpwfss 230 e tOhgugel spha (b g) was

5. 7.5 mol) from Preparatory Exanple 1,
CO@?ﬁ P&%C%?l‘ﬁ%yﬁlboron (4.763 g, 18.8 nmol), KOAc
(2.940 g, 30.0 mmol ), and CHCI3 (100 nL) were charged

to a 250 m flask under dry nitrogen. A yellow
Examiple 3 orolubility ddepsuisansdt KOAC was obt ai ned. The

SUSHER §J)lgﬂlllwgf ﬂﬁﬁ%?fﬁ"s-k%, 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

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
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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renmove traces of oxygen.

[1,I"-bis(di phenyl phosphi no)ferrocene]dichl oropal | adi u
wong9d/12837 g) was then added under dry nitrogenPCIE82009/041904

solution turned orange. The m xture was stirred at 70

OC for 3 days and then cooled to roomtenperature. It

was washed with DI water (100 nL x 3) and dried over

solypieowas thes kade geated oma Plfeé%f/HM%tfﬁ@)f@é pybsEpiepHftar pigdrying, the
sarﬁlﬂgs S0k a‘ijmgﬁﬁd U0 PYH }‘ﬂflllll%%dp 3@)119 urce/ drain ellectroccijes (60

romat ogr a (silica g ecrystallize
nnf thmkb e/bi'ey;battanﬁti altreuglﬁi pdjllgﬁlen sedbe mz[sj(sismlgshevmmé evaporatlon

d (3.20 g.. yield 559 he brod
mefh @?@E@%Y@%@ 0% %X'g?greﬁr ﬁ@ﬂf@%ttrg}%g?gr? yv%%:t cf@rqgfeglzef under
amk{e%l% %dlﬁiﬁtmélg ﬁlxﬂgg' 'H’év)lé& By a%kd §&hﬁ6ﬁ&?c&?r Ifa%%?erTAEéyz%? Model

was ch arge
419358~ dyhﬂat(ldfrdnﬂﬂﬁwhe@tﬂaakmd ﬁfyytpdratﬁ)nzPalo Alto CA) by sweeping the gate

o TR Yy b o o -4V, A

fit BBk X,"2 43R &ﬁﬁ@ﬁ&hﬁ@éd t&h@ Xt&tidn of tRGafi®Rloh mSGIHiyURd the
car bonate (0. 848 0 mmol ), ALI QUAT 336 (0. 72

(hrgehal et iege O G BEH 8 O]BNGH s s A CHbE CHEYVIBRBL Btio fo be
calcggted l(’@g %nﬁ)moqolﬁ ga;f’ \gv § caefcusl t%%&)c%_? EY%}N sd{ht‘sc‘ttlllrlelshoqjd voltage

uene

was egassedhe0d @ ff Ritlorwgedk 105i ng a Schlenk line to renove
oxygen. Tetrakis(triphenyl phosphi ne) pal | adi un(0)
(0.024 g, 0.02 nmmol ) was then added under nitrogen

Exphipie 5 AT A7 61eRR85 it PR RS bI ) ISIAL X Ur € was

stirred un nitrogen at upper organic
| ay 84MRHTHBS-A0 THT elenicshworcdalgécataalrnat cridengl towker pracgdeols

) I Af [ d 90 OC,f
doss DR Ecertile Tl B RPN S DI B B i
ex&r nhdnt Was B Sloy Qf B4MIREkPS A, 4. 0\RE be&%@fén@ Lhtnd 9@@“‘%1 % of

green tol uene solution was concentrated to ~
xyleot basgd evagpel sliton wheht. SuenoA&d der\rldvewelre(m@@nﬂbz)selected and

O olid (1. s collected by . filtration. It. .
tesigadOREFT Pratrtsy B Ster B vy SR SREd sl Rl s A n an ai
ovédiDscBinbOdt 1120 SOUTEE pA&peRick 8 MREAL Kicen WascedtirOfe-mBskured after

center zone tenperature was 200 OC. N ce red/orange

beigg ygechfor 3 apy angas dast Allnedecadeyieddrydecs Bxatpned gery well after
3 BT A% e sospin el e iy g6t dovieessightly
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
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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[(triisopropylsilanyl)-ethynyl]-anthracene

(BMN-TIPS-An) A 250 niL Schlenk flask was charged with

WQ2@9h548714, 4,5, 5-tetranet hyl -1, 3, 2-
di oxaborol an-2-yl)-9, 10-bi s-[(

PCT/US2009/041904

triisopropylsilyl)ethynyl]anthracene (1.266 g, 1.60
mmol ), 2- br ono- 6- net ho]{ﬁna[[)ht hal ene (0.949 ,4.00
nol ) , TablgilufiabHityehRAMR-3] %&gﬁlg,TF‘édQuC%%ﬂ?() Qin @auAT
336 (0.072 g, a mxture of [CH3(CH2)9]3NCH3 +Cr and
[CH (CH)V] NCH +Cr, used as a phase transfer
cat al yst Momiistichi’ad)wat er (@h/OME)x104nd t 0l ueSiepd (Wdecade)
Device The m xture was degassed three tipestunder
ni t r og@rflays hgaws sdlesnk O davel ¢ dayendsyoxyoday, | 3 days | 7 days
TetTakKiSLT T BFRRY Qﬂ%j ptir ey pat tadi pme @) (0,024 T,
0?02 Tr?gﬂz' vvgg)%?hs ‘a dedqg%derbﬁi t 'g%ée)'p] fll gvflté Af tlgr 1.3
degassiongoone.oaor £ (L6029, tilge |m RQur e Bas st i3rred omder 1.6
pi-trogenatt 90 0C The #ed upper organic hayer turned
td daf R-BreleR U474 ~ N0Kolr land t Be | bwe-Oaquédls| | dyper| 038
S CPRRES D05 | R Tg STITREN W 90 0CSIpTI29n T 10
hours| the /mxturge Was cool ed to ropmtenperature. A
I5ttl eoioss0l olwee bleeedd sobidd wae.sf i | tered ogts Dank 1.4
green toluene sol uUtion was caoncentrated to ~ 15 m h‘,’
r ot ar y 083poPddPon A Hen | gdenched-li n| MISH (166 nt) 1.6 1.6
Crange LA 1P Ol vas ccol teptedi by fTitatiom, ot
VU7\IaS fJP?ﬁgr 8u\0rﬁ|6f e(ﬂad%)y 28;13e Su Il6i mat %bo4n. Tﬁ? vacuim 2.1
wWas 319.10610 0®7T0f ro.0430Ur 0&t zjone ot ehpersat ur g aas 330 1.3
QC and centler zone temeérat urle was P20 QC ﬁrnndp
sB1i d| 0P84 |gP-0&s| dMI%edt 8@ i|h PHe Certtal Bdhe, 1.6 1.4
Exanp ST So bty easurement—h otrolyid Tty of
VP- 'Flﬁlggp,ﬂn,aw\?ﬁi :hd'(\ﬁl\%s s?‘rﬁ‘t heesi Zed i‘rJ(i)‘ an‘gre 1, li%ias 1.6
ngasur @d7en vaxrolw.¢al Yeotss @t 2rs0o0m tenper gture. 1bhi § 1.8
small lml eclul e _sem condilict or _lhad mderatelsolubility
iR n- bOPhHeADdRe| C0u] 2.0 meléht | pdrtent P-2and ¢dod| 1.5
oty feentorgbenzene(greatery than 6 Oweiggh
;1 rce 1t0)68§ndld>9;§?eneo‘quﬁoutﬁ%l& 5 4i ght Opéercel;??z). TmliegU 1.6
vl ght omgrclentosBs| eeed [on.d he tatal ol utli g wei glst. | 1.6
Exanple 4 -| Thin Film Transistor (TFT) Deyice
Prepar &06dn AWG8Chd:Cdet ¢r 0Aat|i 0A-3 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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Heavily doped Si wafers (Si 100, Silicon Valley
M croel ectronics, Inc., Santa Clara, CA) was
w@e@vnssred with 1,1, 1, 3, 3, 3- hexanet hyl di si | azBeiBUS2009/041904
(HVDS) by spin coating at 1000 rpm for 30 seconds.
B4MP- TI PS- An and pol ystyrene (Mv = 97400, Sigma
Al drich) were dissolved in xylene at RT so their
WE§deAM: at i ons were 3.0 wei ght percent and 1.0 wei ght
percent respectively based on the total weight of the
conposition. Thesolution was then knife coated on a
1. pi eeecwiipodiv®Dsf Fomatled)substrate. After air-drying, the
sanpl es were anneal ed at 120 OC for 30 mnutes in air.
CGol d source/drain el ectrodes (60 nmthick) were
patterned through a pol yner g@@QOMInask usi ng t her mal
evapor ati on nmet hod under a vacuum of 2x 10~6 Torr.
Thin filmtransistors were c hracterized under anbi ent
conditions using a Hew ett Packard Sem conduct or

Par amet er Anal yzer (Mde 454 R | abl e from
Hew ett Packard Cor por 3 A\l to, CA) by
sweepi ng the gate voltas 0 +10 Vto -40 V,

whi | e keeping the drain voltgge (Vvds) at -40 V. A
linear fit to the Id 1 2 - Vﬂ trace permtted the
extraction of the saturation'nobility and the
threshold voltage (Mt). Aligggy fit to the Id - Vg
trace allowed the current on/off’ ratio to be
cal cul ated. The hol e nobility) mwas calculated to be
0.21 cn/Vs; the threshold voltage was -8V; and the
whereiior f rati o was 6><104. Exanple 5 - Stability Test of
Thi g1Fi | m Transi st or FT) vi.ces. B4AMP: Tl.PS- TFT
devRedet PP PR olfelt SRR R os Rt gyl o
suttbeiaged WRE oh& o2rarg¥ustitucntd ol €6 thawge® fhyldfsyl, amino, alkyl,
sem conductor solution used in this experinment was 3.0

alkgpyl, gtkopa pevloxpdeigroaryl, hetgioatkst opBetgwaialledeandand 95. 0

W % 0fp2xyl: [ I [x$een
TR R RRBeRRRAL AR, ALy, BRLY. SR RELEy aRISES
hetproafisil, theesoaralght oahydroxidiieylsanpl e was prepared. The
sanple was put in an air oven setting at 120 0C. TFT
properties of these sixteen devices were re-neasured
2. af t e BENPOURIATEIAIRAN, JHERYS RARGS FoaYR (N (IS b esn
tested devices functioned very well after these aging
peri ods. As can be se®j in Table 1, the nobility of

t he de‘vi®§fi ghtly R3

1)) (11T) Iv)

wherein
R’ is hydrogen, halogen, hydroxyl, amino, alkyl, alkenyl, alkoxy, acyloxy,
heteroaryl, heteroalkyl, or heteroaralkyl.
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decreased to about 75 percent of their original val ues
after being aged for 3 days and retai ned about 50
w@ereams7aft er bei ng aged 7 days at 120 OC i n BETF/US2009/041904
Surprisingly, the On/Of ratio and the subthreshol d
sl ope showed great inprovenent after aging. On
average, the nobility decreased,from0.079 cn2/Vs to
3. 0. o%@ GPmpeund(f clpigish orzh o8B  ést/Fgsmpta (YAps VDt he
On/ Of ratio increased from1l. Oxl™4 to 1. 7* 204 (3

days) and 8. 7x| @4 (7 days) and t 2(0 eshold
sl ope decrea -- B 2" V/ decade | decade (3
days) and 1.5 Vitde ade (7 days), di cates the

devi ces turn on ster after being age able 1.
Stability of B4 TI PS- An TFT devi ces 120 0Cin
“m@kmin CLAIM 1. A conpound of Formula (1) (I) wherein
B? a phenyl or naphthyl, wherein the phenyl or
nap hg/hydr@geunhalbm ydrexylosmiabalkyl alikenylvilkéxyoneylory,
u u d from hal ogen, hydroxyl,
haﬁﬁ?ﬁgﬁl%FRy%yF dﬁyﬁnﬁ%?koxy acyl oxy, heteroaryl,

het er oal kyl , or heteroaral kyl; and each R2 is

i nde endentl al kyl, al kenyl koxy, aryl,

4. het ﬁ‘éﬁ?@ﬁpou@r@lcﬂ@mz Piet, é‘fh@éﬂllkﬁlz is %éﬁé’r oaral kyl , or
hydr oxyal kyl . 2. The conpound of claim1l, wherein Rlis
of Forrmula (I1), (Il1), or (IV) (H (IH (1V) wherein

5. R3 IThe bydipegerinf angloageficlaimsdr @ wheadih sach Rl ik wilkyl or alkenyl.
al kenyl , al koxy, acyl oxy, heteroaryl, heteroal kyl, or
heteroaralkyl 3. The conpound of cIain11 or 2, mherein
RL iaSc Vyo,or (V) (V) (M) wherein Ris

6. hydergdgflnpoFﬁfolr[N ﬁ?ly‘h%r oxyl, amino, alkyl, alkenyl,
al kéy, acylathoyledudt emoeonductohef Bomallk(), or
het eroaral kyl . 4. The conpound of ,claim2 or 3,
wherein R3 is al koxy. Si(R’),;

N R
I
2

Si(R),

)

wherein

R' is a phenyl or naphthyl, wherein the phenyl or naphthyl is unsubstituted or
substituted with one or more substituents selected from halogen, hydroxyl, amino, alkyl,
alkenyl, alkoxy, acyloxy, heteroaryl, heteroalkyl, or heteroaralkyl; and

cach R is independently alkyl, alkenyl, alkoxy, aryl, heteroaryl, aralkyl,
heteroalkyl, heteroaralkyl, or hydroxyalkyl; and

(b) an organic solvent.
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5. The conmpound of any one of clains 1 to 3, wherein
each R2 is alkyl or alkenyl. 6. A conposition
w@ovpns4sing (a) a small nol ecul e sem conduct or POF/US2009/041904
Formula (1) (1) wherein R1 is a phenyl or naphthyl,
wherei n the phenyl or naphthyl is unsubstituted or
substituted with one or nore substituents sel ected
7. f r orhhp SPBRRAtOMYIH R, Whergip #ic eompppitiog |cRBAYIFCS ahlgashQ 1 weight
Y
pel%s (gga%ﬁeggﬁllgg 91?{1]3 g%)ee% eﬁc{ %L#é?’kff&{néﬁfégﬁ{é@& 8*1 ‘é%tal weight of
th&n@MpOQMBheroaryl, ar al kyl , heteroalkyl heteroaralkyl,
or hydroxyal kyl; and (b) an organic sol vent. 7. The
conmposi tion of claimé6, wherein the conposition

8. CONQHE %@ﬁg@stltlcl;@@isctlalgr ¢ o2 ivaireiR ﬁl ‘i:se(ﬁtFo‘Eifnﬁ g}ll‘} s R IIV)

mol ecul e Sem conduct or of” Fornul a based on a total
wei ght of thesconp05|waon 8. The conp05|t|on of claim
6 or 7, &n Rlis o P a (1), (111 v&
(rr) V) wherei hydr ogen, @&

hydr oxyl ¥—&m no, al ky =1yl , al koxy, ac»

het er oar het er oal kyl r heteroaral kyl The

conposit%%% of any one Sg%clalns 6 to 8, fu%?ﬂ

conprising an insulating polynmer. 10. The conposition

of claim9, wherein the insulating polyner conprises
w&mnﬁwstyrene pol y( a- nethylstyrene) poly(nethyl

o c B B, e ﬁ&ﬂéfﬂt SRy Sl e ey

het@fﬁaﬁl%dﬂ&bhlﬁ?ln@r hdt&rQhal cycanoet hyl pul | ul an,
pol y(di vi nyl t et r anet hyl |S|onane bls(benzocyclobutene

)) . 11. The conposition of any one of clains 6 to 10,

9. Whe[[%'e gortnlﬂoesn?ortggfn a{ng:l ond lo\f elgurns 6 to 8, further comprising an insulating

polymer.

10. The composition of claim 9, wherein the insulating polymer comprises
polystyrene, poly(a-methylstyrene), poly(methyl methacrylate), poly(vinyl phenol),
poly(vinyl alcohol), poly(vinyl acetate), poly(vinyl chloride), poly(vinylidene fluoride),

cycanoethylpullulan, or poly(divinyltetramethyldisiloxane-bis(benzocyclobutene)).

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, (c) benzene that is substituted
with at least one halo group, (d) a ketone, (¢) an cther, (f) an amide, (g) an alkane, (h) or a

mixture thereof.
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conprises (a) benzene that is unsubstituted or
substituted with at | east one al kyl group, (b) an
wa@bdanssthat is substituted with at | east one P@l/vS2009/041904
group, (c) benzene that is substituted with at |east
one halo group, (d) a ketone, (e) an ether, (f) an
(g) an al kane, (h) _ or a m xture thereof 12. A
lzsemAc%’ﬁH%ld@Ptoﬁ AN eCIMISINSst ¥ BOTSBATOE BT ISing ymall
£GY! e sem conductor of Fornula
?%%EJ ?1 dﬁg?n (nﬂghaﬁghenyl or naphthyl, wherein
the phenyl or naphthyl is unsubstisiebed or substituted
with one or nore substituents sel gcted from hal ogen,
hydroxyl, am no, al kyl, al kenyl, gl koxy, acyl oxy,
het eroaryl, heteroal kyl, or heterogaral kyl ;, and each R2
i s independently al kyl, al kea e %ryl
het eroaryl, aral kyl, heteroa oaralkyl, or
hydr oxyal kyl . 13. The seng’e® e ce of claim
12, wherein the sem conductor |ayer further conprises
an insulating polyner. 14. The se[p conductor device of
claim12 or 13, further conprising a conducting |ayer,
a dielectric layer, or a combi nat SgR’)f her eof adj acent
to the sem conductor |ayer. 15. The sem conductor
devi ce of any one of clains IR to 14, further
coq¥r|5|ng a conducting |l ayer adjacent to one surface
W he sem conductor | ayer and a dielectric |ayer
adj RE@NY phRyRor RPRAS, tvehcBdih ﬁ@gﬁueﬁﬁ driv@pIsBY iS ARAWGH@Ted or
| ayer. % %he sem conduct or vice of any one of
sulstifitedswitl ongonmoref sybstiuents mmc?dsﬁr@ig halogen.dyrdraxab amagwnalkyl,

R P Rl e R B R PP ORI o ot

tare both
in emtfa?clk ivdchbndchey sk en@dﬂgmbxy ayd[ hetdroarThearalkyl,
seni conduct or device o one of clains 12 to 16,

he@ﬁ@ﬂ%ﬂﬂwﬁﬁ@n§eﬁﬁébﬁﬂh@%ﬁﬁ evice conprises an organic
thin filmtransistor. 18. A nethod of making a

sem conduct or devi ce, the nethod conprising: providing
13a sait sandunduztoridayiet of ol il 3, wigerainsinadcmiomidactol &yer further

sen1conducior of
comprises an insulating polymer.

14.  The semiconductor device of claim 12 or 13, further comprising a conducting

layer, a dielectric layer, or a combination thereof adjacent to the semiconductor layer.

15.  The semiconductor device of any one of claims 12 to 14, further comprising a
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

cach other and that are both in contact with the semiconductor layer.
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Formula (1) (1) wherein R1 is a phenyl or naphthyl,
wherei n the phenyl or naphthyl is unsubstituted or
WG apsus480t ed with one or nore substituents selBCT/ES2009/041904
from hal ogen, hydroxyl, am no, alkyl, alkenyl, alkoxy,
acyl oxy, heteroaryl, heteroal kyl, or heteroaralkyl;
and each R2 is |ndependently aIkyI al kenyl , alkoxy
17 ar yiThe ﬁ@“fvép@camqr degica Pk, onscafetiams g Ito | hayhargathy kyl,
setﬁ coHé{{%{o‘P&%@ﬂ JEmP&? aﬁ%‘?%a[ﬁ?é tﬁﬁldﬁl(ﬁ{ trilsgp 18, wherein
8 'sem cond ayer Turther conprises an
|nsulat|ng polyner 20 The nmethod of claim 18 or 19,
further c j Nng provi |n fir er adjacent to
18¢ heAs@ﬁﬁhegnBH@? 81%%9011 BHEr fvicey eé%?l’ {eﬂ%éri%%g a
Con HR’tldlﬂ s@ﬁiﬁ:ﬁn&ﬁct& 193}6‘?'0 gflélﬁg Layarn n?olecu]_@ﬁnﬁ%ﬂa‘agtor of
a|n1 ny one of clains 1 0, wherein t
FoH@Mﬁébnductor deV|ce conpri ses an organic th|n fllm
transi stor conprising nultiple Ia%er§ arranged in the
follow ng order: a gate el ectrode; gate di el ectric
| ayer; the sem conductor |ayer; a P an el ectrode | ayer
conprising a source el ectrode and'/a drain el ectrode,
wherein the source el ectrode and flhe draim el ectrode
are separated from each ot hg f n the
sem conductor | ayer contact he gfain el ectrode
and the source el ectrode.R32. “TheYmetRod of cl ai m any
one of clains 18 to 20, wherein tfpe sem conductor
devi ce conprises an organic thin flil mtransistor
conprising nultiple | ayers arrang*gRjn the foll ow ng
order: a gate el ectrode; R

@
wherein
R' is a phenyl or naphthyl, wherein the phenyl or naphthyl is unsubstituted or
substituted with one or more substituents selected from halogen, hydroxyl, amino, alkyl,
alkenyl, alkoxy, acyloxy, heteroaryl, heteroalkyl, or heteroaralkyl; and
cach R is independently alkyl, alkenyl, alkoxy, aryl, heteroaryl, aralkyl,
heteroalkyl, heteroaralkyl, or hydroxyalkyl.

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

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.
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a gate dielectric layer; an electrode |ayer conprising

a source electrode and a drain el ectrode, wherein the
waowpasse! ectrode and the drain el ectrode are BEPHR2DEH1904

fromeach other; and the sem conductor |ayer in

contact with both the source el ectrode and the drain

el ectrode. 23. The nethod of any one of clains 18 to
2122, Thpartiad regimamygne REclaisn EoiRdle topreiniiesemiconductor device

corﬁﬁg%%{% élfi %?%a%ﬁ)ooﬂh}‘r# ﬁlgrhéar‘f‘s?sq&oc% gﬂlg rﬁlgﬁell%géj a{ﬁ‘raﬁlged in the

e sem conduct
ﬁﬂ&@nn@euhron conprising the small nol ecul e
sem conduct or, of Forrmula (1) and an organi c sol vent
t hat 28C<LS94S at | east a portion of the small
”Dlﬁ%nghésﬁhE pctor. 24. The nethod of claim 23,
th thod further conprising renpving at |east a
por ticomodontthaookgemined sol vent after applying the

co OSiectrocPe layer comprising a source electrode and a drain electrode, wherein the

source clectrode and the drain electrode are separated from each other and wherein the

semiconductor layer contacts both the drain electrode and the source electrode.

22.  The method of claim 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;

a gate dielectric layer;

an electrode layer comprising a source electrode and a drain electrode, wherein the
source clectrode and the drain electrode are separated from each other; and

the semiconductor layer in contact with both the source electrode and the drain

electrode.

23. The method of any one of claims 18 to 22, wherein providing the semiconductor
layer comprises applying a composition to a 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.

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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