WD 2009/ 154877PCT/ US2009/ 041904 SOLUTI ON PROCESSABLE ORGANI C

SEM CONDUCTORS Techni cal Field Sem conductor materi al,
conpositio et Ng t he sem conductor material, 5senj Qba.
devi ces coﬁf%?ﬂ?ﬁgﬁ?ke sem conductor naterial, and nethgggﬁggﬁﬁ%ﬁﬁﬁg
sem conduct or devi ces containing the sem conductor naterial are
descri bed. Background Traditionally, inorganic materials have

dom nat ed t he semSOIAHTIEIN PRIOCIKSIARLE ORGANIK SHMBECONDIUCKORAr seni de
and gal lium arseni de have been used as sem conductor materials,

silicon dioxide has been used as ag iﬁsulgggr material, and netal s

such as al um num and copper have b el ectrode materials. In

recent years, hguRuefiductdieierRiToREetichE coNEhPRThIE @8 G LA t
ai med at using organic nmaterials rather than the traditional

i nor gahi ¢ AETEPPEICYT IRVisEfrRBinechoterievidege: mutpdHgrrethods efieriing
the 15use QimPpa@Ris: d@a&é%rcbﬁdagm{we SRallBul OB hteGASTe d&@&gﬁﬁg?t uring of

el ectroni c devices, nmay enable [farge area applications, may

enabl e the use of flexible circuit supports for display backpl anes or

integrated circuits. A varietxkgﬁi%rgﬁnic sem conduct or

mat eri al s have been considered, the n being fused aromatic
ri ng conpounds dsadéicmnldy,iifdrgghibmaterils hAoentemipenitthe emticonductor industry. For

20bi s(acenyl )acetyl ene, and acene-thi ophenes; oligoneric terials
cont afht ng FEHTOBUEN GE< R BT LRI PG TISHC B L FoeRaeBRtaTs such
as regi or egudtéfald Gilivdndtiatity hdseaPiRB@) an MulhBASheBAMEOhthBORS as
organi ¢ sem conductor materials have performance characteristics such

as char ge- GBYHPER 2RHEATIPFE Ave Bpgnomed asplecnde materials, lramerns mescs, hpwsteo| d
vol tages t g ﬁés%c&?ﬁ@ﬁ&%@iﬁg R caPdhRE) oﬁ'todgmnt,cpattuplﬁg %F@Bﬁ%ﬁ'&?&%'?soﬂdﬁm than
Susua te o)

silicon-based devices. These materials t e vapor
deposi t ed dhmiealitidnelinengeninotatoriglsyn swhiodridectondeviss. 4olugnthst benefits, the

B foi ' f terd st t
e of Fon1 A 31 SRRk SuERNE AR Cali; L8R ERE RGBTSRt 0B REN°

or or cnol ce.

be di f fi culehatl®lagpenirdrepbiatiang afpdinkf ynabBahausefdbxibheilkhitbhipperts for
solubilitydofﬁgintagfne i.n_many conmon sol vents, sem conductor |ayers
cont ai ni ng 95BKY RAURLES ¥ BIERT{FACHAHEY be forned using sol vent - based

30 deposition tachiie§UTorgaft seficdHslictdrNadiaGaIt b&AtcbMddrQ, the most
sol vent - based deposition techni ques, pentacene tends to oxidize or
under go di #RMMPADFHE fhsed ramsis ring comprpndbiseankifiedincietrarepo senteetni.n a

oAUl e BRSS9
devi ce t hatfluorne anitss andglyprérdi medrigentcheergioregular 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 usuzally 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, compositions containing the

sem conductor material, sem conductor devices containing the

sem conductwo 20mli&fsral , and nethods of making sem conduel@rssfvi.Ges
contai ning the sem conductor material are described. Mre
specifically, the sem conductor material is a snmall nolecul e

sem conductor that is an anthracene-based conmpound (i.e., anthracene
deri vat i ve)Thisen Igad te radgeqdingtionmance pr eompleto &iillie afthpyseyicogdenigraicaise that
well as t . i roups. In a first aspect, a small

mol ecul e ‘Sﬂﬁeze%ﬁdgglg%?@t}g?%g?&h@geﬁg]a (1) is provided. si(Fe)3 si(R2)3
(1) I'nthis fornmula, each Rl is independently a phenyl or naphthyl.
The phenyl or naphthyl 15group can be unsubtituted or substituted
with one or nore groups sel ected fro&#‘%en, hydr oxyl , ani no,

al kyl ,5 al kenyl , Sahiceadittoragatdrax eompedisRabythinifd@hEscaatdnator @hterial,
het croaral kyl, Each R2 _gr oup | s independently selected from al k{_l ,

al | cenyl , ég’ﬁl%f??‘slc&‘rrﬁ“,” Herpipaaihe scapgpdyetor malerilpgiddysthods of making
het er oar al &Mﬁicpﬁduchﬁf@é@&éﬁ%’oﬁ%lnin% e SrREGRANdoARREA L ardd S AMRAS MdON 1S
provi ded that includes (a) a snall nolecul e 20sem conductor, and (b)
an organi c saefiedy. thaspmiserahplonphictliea sl wolvdule sonicomluotor fief waha
(1) as descgtli ) : iLents, .t onposi tion. further
i ncl udes a%hﬁhg%gllie:%%%cgcoﬁﬁﬁ yﬁg@"%%(?&e?en eéwiltﬁlre?glaglﬁgﬁ CS?I%M% with o
sem cbdhductsdylethgnyl@eouips apwoll kdiea. cléthven demitiagprbups.or devi ce contains a
sem conductor | aye hat includes a snall | ecu sem canduct or of
Formul a 25(1). ?%a LBS&@SPS%%W mplgculf pemig "EtBF\?i‘{fﬂr@PE(g);}%me’{‘i’P@-her

i ncludes an insulating polyner. 1In a f@gﬁﬁt)h aspect, a nethod of

maki ng a seni conductor device is providdd. “The method incl udes

provi ding a sem conductor |ayer that co Itai ns a small nol ecul e

sem conductor of Fornmula (l). In some ernbodi nent,s, the sem conduct or
| ayer further includes an insulati C P R

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

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

polymer.



5The above sunmmary of the present invention is not intended to
descri be each enbodi ment or every inplenentation of the present

i nventi on. WaalPig8res, Detail ed Description, and Exanplres/ushmb/o41904
foll ow nore particularly exenplify these enbodi nents. Bri ef

Descri ption of the Drawi ngs 10The invention may be nore conpletely

understood in c de atlo of t follow n ail ed description of
vari ous enbodi t aﬁ?ﬁ? rél‘lfﬂi%kﬁlg@osﬁ%’écé’ﬁsl%%orﬁef‘ﬁe tSIPéO‘”é‘Ed The
acconpanyi ngetmdamm@@ fprmm@a@ézmc&acm%ma;eﬁﬁa%ﬁmng alshiill koldegler ates a
first exenplary | mtransistor ﬁ(itlgure 2 schematically

i |1ustrat e§e’é‘1°§% F%OEE@WI%QI Inipme pmbeqimepifshe sepiconisetpilaya farther
schemat i Ca|IhMudelslaﬁI§{Sﬁ@{H§? Syhtli rd exenplary thin filmtransistor.
Figure 4 schenati cal ?ustrates a fourth exenplary thin film
transistor. Fi ngﬁléaIB)VS@h@mt}I afdh¢ gresant wsentmn esna ifterfdeth toed@scrﬂjeaayh thin
filmtransi i i1l ustrat es ary
thin f11m ceaaameb G DRI RIR B Y ot Pl B 2agteds, PAGLR
nmodi fi cat i dltscmﬂﬂnadxﬁ@aamblevmaf ﬁﬂlﬁﬁ/,mcﬁ@@@ﬁietlﬁﬂlﬁ)Sxdrﬂ}ﬂfllf}efhésefh@%ﬁdm&.
shown by way of exanple in the drawings and will be described in
detail. It should be understood, however, that the intention is not
tolimt the invention to thgrﬁp.[)'@gc@i.ﬂtﬁﬁ 0¢fm§q§l,1mﬁgss described. On
the contrary, the intention s to cover alT nodifrcations,

equi vél ent s, and harvertiparmapeie mereicpmgleily mdsrstaed i ponsideratiptiobbope of
the invent 'fQﬂ)w@%d@%ﬁ&@' de@&g@@ﬁgf %agfoHQ&ﬁﬁ’JdlﬁlE&ﬁs ﬂl{gﬂltvkﬁ)[?i) nconnect%k
nol ecul e sem conductors are provided that can be I nc d"

seni conducttey adcappanywigtduéwings, sewhicbnduct or devi ce such as, for

exanple, a thingd]| The spal |l nolec eni conduct ors,
whi ch are usual IFfurﬁEChgmétécrﬁ il il g lrStg’f?gF’éar%H}%FE'ﬁgﬁ 8ri vati ves
and have L Wel IS| IFygtued h(&jﬂhyﬂnd@'dﬂyﬁlﬁlb&ﬁtey\ﬁladcoﬁsﬁlrﬁemlcgﬂffﬁ@ﬁﬁﬁntrﬂﬁﬁﬁﬂ: ng
groups, The el ectron donat oups are selecte roma phenyl or
napht ﬁ%u group %{‘ﬁﬂ‘ e irhpmatisdy ilks %)tﬁ% d e enpan; thigdde Hotkobne or

nore substitue ntﬁs%#s(m: Ebh@-ﬁlaﬁ@hg auus{%ytei Qi@ahh RSBy tRih l‘fbﬁln ,traﬁéll‘t&nw
al koxy, acyl oxy et er oar et er oal % or het éroaral kyl groups.
As used herein, Figye 3 Eﬂhﬁ@aﬂ%ﬂ}’ iltushates afifth exewentary thin (o gransistor.
| nter changeabl y pghtds sk GA8Y iRRatc! &5 U eAPEy hinHbGrbisbRe
el ements being descri
Whilc the 1nvcnt10n 18 amenable to various modifications and alternative forms,

20 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.

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,



5The term "al kyl" refers to a nonoval ent group that is a radical of
an al kane, a saturated hydrocarbon. The al kyl can be I|inear,

branched, cY¥YeI20¥/15877 conbi nati ons thereof and typical | y Pegrisaions41to4 o
30 carbon atonms. In some enbodi nents, the al kyl group contains 1 to
20 carbon atons, 1 to 14 carbon atons, 1 to 10 carbon atons, 4 to 10

carbon 2oty Sass ISR EHE e el AR o B

but are notgrbm]mted to, rret hyl , et hyI n propyl, |sopropyl n- butyl,

tert-butyl, iso-but ntyI , - hex cycl ohex cycl opent
cycl obutyl , cycl‘db‘dwg‘%) rem F\E’ﬁ‘i“? |4 rfmoc%“&il theaﬁ’@ué?%weﬁfé%wea&y Wlh ‘arhe

term"al kO)q?z‘ast 6:0P>e4 ﬁleiuporﬁe JreRRyat tﬁ@feleﬁh’éﬁ’tk‘ﬁelﬁ% déRfipd a -OR where Ris
an alkél group. Exanples include methoxy, oxy, propoxy, butoxy,
and the |ike. 15heéermeiahe? aefeesiylamoneraens gtrwpathammmdicelmf agrbkape, ghat

is aradic r ast. on
car bon- car f)sgtr??% d?dcé g T%lgenégl c%gﬁé 8%&}’]&%1%? Lar: b ﬁcnhg%ns thercof
cyclic, or &t}dmhuwﬁylcmn&m; hér ﬁbcﬁarlmmchtchry‘pllaabﬂny embdsmﬁllems tﬁe ilRyI3Porgar bon

atons. In 9 nyl contajns 2 to 20 carbon
atons, 2 td ”%négt%%gh C%{F%%tom;lt% ? %8? BES’Hngi o0 cagpop gtopes, & & Hhgarbon
atons, 4 tatdng arub@ Bar8bi08®Bms, 2 fo® GriakRRMk, RO Barbeh 4t8m8 029684 BABon
atons, or 2 to Pon at oms. Exe npl ary al kenyl groups i ncl ude

et heny? , n-PFY egof glkyl %P‘H—S?I”)C[uqes@ltﬁfﬁ‘dbéhwte i aetybgtherhyrpropyl,
The term " ggg Lh St I f

wher e each Rbpm(lgbsy |nﬁfgl§%eﬁ%tgjﬁﬁlymﬁ%${og@%@rﬁ fqﬂ ?%%r I%Xyﬁﬁgﬁi

aral kyl . THackobyt, Cﬁﬂ%ﬂwpyrhé?@pgflifboqymmwlml gr oup that is a

radi cal of an ar G r |i und. rb clic"
refers to a ri ng}q)l g?e%tlcta %I’%g?l I%%\%\%t%chrﬁoq%gqg% r?ulpnog ﬁ%@?@%‘é’%%
The aryl caitkyhgwepobeamaglanatiide mithgxrethoan plrdqmbqa,dﬁtdxp, 4l the like.
carbocyclic rin ruct at are conn ected to or fusdtothe
arona %/c ring. %%E%‘Phgbl(e?ﬁn 9F e rared e&‘bgfob%tthéfrléﬁé?ql of an alkene, a

non- ar omat ikgdroirbe®whh Belhsd Be ééﬂlﬁfne&fbon@éﬁﬁ@hﬁl&d Of heaillRth lea@‘B@ﬁncar
i nclude, but are not limted to, phenyl, ter %

h
ant hryl . ndBHRH CyolgcRsRERfigis, en%ﬂé@(ﬂl%ﬁwntmph%ﬁh?rﬁ %ﬂgﬂn atoms. In
ant hr aCGnWsomE)éﬁl%Bdﬁlmn@etﬁé’ 5&5&}91 cordifls 3 H%U & atomséélto 1? Jen?on aﬁ&m 2 to

"aral kyl" refers to a nonoval ént group Is ar

conpound R-IArcaikiee pemar 4 josl Oamﬂmn@ma é tQ: &parb@tyaibms, QgDCSanrl*@n dtoRis| 3 tcam

al kyI rou VAR |tut Wi th, an, ary
ar oup2?" *RaroBS L 2o 4 At S 1By ST RO G b o

for rrul a O(p@@eRylWherzélyB(@@prmnﬂtaslrabma{}bonyl group and Re is al kyl,
het er oal kyI, ar)ilh&: or .ara %/ The term "hal 0" 1E@ef elrés t o,.a hal ogen .
6 ers

group (i.e., grm “aﬁfno 1§ 2 mppavalent group of) I‘NB "2 Wfie £acht Ry
an al kyl s Hbﬁlﬁbﬁeﬂﬁeﬁﬁy\fﬂy&hg@{ alkgBhbte@ARYN AL QF YtaligoOUP. The term
"heteroal kyl" refers to an al kyl having one or nore -CH2- groups
The term “aryl” refers fo a monovalent group that is a radical of an aromatic
25 carbocyclic compound. The term “carbocyclic” refers to a ring structurc in which all the
ring atoms are carbon. The aryl can have one aromatic ring or can include up to 3
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 fluoreny!.



10replaced with a thio, oxy, a group of fornmula -M> where Rb is

hydr ogen, al kyl, heteroal kyl, aral kyl, or aryl, or a group of formula
-Si R2- wherORV45KA7 al kyl . The het eroal kyl can be |i ne®CI/USe@NetIew,
cyclic, or conbinations thereof and can include up to 30 carbon atons
and up to 20 heteroatons. In sone enbodi ments, the heteroal kyl

i ncludes up to ar hon.at.o up to 20 carbon, at.ons,.u 15
carbon at ons, ofz[%ﬁ gerff[lo aTH{ytl 1@%%50&%0%"81%? grqur}g%ltl 1?(?7@%“?‘8?#&53 chpppound
al koxy gr oupsiramheresAris et srotfhtifedieiegalidytbu@ERUR &. anQURE kro st Thoahlkyl is
groups have _a -G_I%%'G%Lﬁoup Cg)n,both ?i des of the thio, oxy, -NR'-, or
Si R2- grodpen§ha titgfed WitB 4R 91V 8108Pers to a nmonoval ent radi cal
having a five tqhe¥enafReReTeRiRIdoldae g&%\ﬁtof b HARR COME herfiOT €

het er oat ons i ndependent |’y sSel ected from 20S;” O, N, or conbi nati ons

t her eof i n (ERR denoigs.a cathehyleroun anddans/alkyl hjerezlhylbeyk onsreldyed to or

fused to up to H g .S re. aromat i, aliphatic, or
conbi nati ons theﬁrh}é(;ﬁl'fn&1 E%gm}){fée{gwg Eﬂ%@%&%@ﬁe'gr@@s Bﬁh%rl bde, but are
not limted to, Theatamyhydbhyabipiierirs topyratlol yibstituteddashodt Yast goy hadokyll |
triazolyl, tetrazolyl, thiazolyl, oxazolyl, isoxazolyl, oxadiazolyl,
t hi adi azol ﬁr?upi‘sot hi azol yl, pyridinyl, pyridazinyl, pyrazinyl,
pyrimdinyl, 25qube@i“Aiteroalk§PGeietab b Yiky| RO MEXNE bARYEe —CH,- groups
benzoi{?i ophenyl , i,ndol_l,yl , car bazg\%l , _benzoxazol yl , benzot hi azol yl,
benzi Y daz 3FRIEced &ithdahiongy, 2 gtauRas Sl -Niyorherd imbrdrogsnt dlsrlazi nyl |
benzot hi adipgz@lalyl aﬁﬁl@q%rrakﬂ,zérrbyémumlz{‘yéiRz-Rﬂﬁa?@ﬂEﬁ:'lz{d Y e
acridinyl, and indazol y’[ , and the I'ike. e term

" het er oar albRigroallgybtanby lingarabraa¢hiey] cyslib ot rerbinations thereaf et @ndelyde.up to

30The termy; r y of farmul.a - The
term"sil ylz’g[E ﬁg}ﬁ%%hrséb gpgﬁ)[szo& %terq}%%%@gﬁélns m&%&ﬁ%‘ilg’fe“%}lﬁuh?tgroalkyp
- C=C- Si (Ra)iXlwdesup td B carlsoni atetep ep tell tybaelt@nd, ad td [ Oearsdrkatdms, at gowyi0

al kenyl, heteroal kyl .. hydr pxyal kyl,, =~ WO 2009/ 15487 7PCT/ US2009/ 041904
Byl T al Ryes Reftr TP PR s RGPS 7 RSE GBS gy 0w
someti mes rRh@Meeebally] aupsd haoyl-eH)Y gy 86 BotASides of the thid)8xy,eNRP-, or
"trialkylsilyl" refers to a nonoval ent group of formula -S R3 where

each Ris aniBer B{PUP- 5The phrase "in the range of' includes the
endpoi nts of theytangenapgasit re?é?@to@%@ﬁe%ﬁ&ﬁﬁ?a inqa‘ﬁ?gﬂ)os'e% . For
h C s 1, , an I

exanple, the phrase in the range of 1 to 10 i nclude al |

nunbers be tgaeisr am_amic gi@g thatineludes, ong ol B Iepeciténs akdbnendemlyedlcoted from
o herat s, S GELLRR, ot NS 7 BB TR K

a range incl udes e endpol n
10Unl ess offtred vo setoi idiroatsedetu@b thanarmrbensitie xqiipRaRi ageobbaiaioes Ber2es,

:Fgu,? E)S b eaﬁaﬁg%g hg@étqggrggg%hégsqgclgse?Eutla?e IEOQ im%t%g (t:ol,fﬁllr(é\'r%gl,l 81rc]>p Qn?zl,d arms
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 *heteroarallyl” 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,



nodified in all instances by the term"about." Accordingly, unless
indicated to the contrary, the nunbers set forth are approxi mations
t hat can va¥Q20ea88@1 ng upon the desired properties usi mgTiUS2009/041904
t eachi ngs di sclosed herein. 15In a first aspect, a snall nolecul e
sem conductor is provided. As used herein, the term"small nol ecul e”

in referencg h em c ctor i al neans that. the

sem conduct %FI araﬁ< lepstgroﬁlg ?tFr(?an;g'Leﬁéﬁse SEPHRS AGEAmetings afered to as
sem conductsﬂanylahﬁﬂi aidupy. acene derivative that has two silylethynyl
as well as two el ectrqn donating groups. The small nol ecul e

seni conduct or SrhSFGr\ﬁoFrﬁﬁﬁlfyé“'(yi refesy t(’RZ’)"B’OZG)‘SPt(&@ﬁp@f(fql}ﬂullm—Slﬁs where each
formul a, each aik%lk pis i ndependent ly selected froma phenyl or

napht hyl , where the phenyl or naphthyl group can be unsubtituted or
substi?uted wi t Ahepkrag’ lﬁkﬁﬁéaigﬁbé’fmﬂuémtbe er&ppmabifehmﬁgatanﬂlaémhes for
t he phenyl C dro

al kenyl , rﬁkHé])](D)E;é'l %g{é”%?é‘ll e tnlggogékjr o 5’[%? rlaf? lfl¥he ia ng?eotr}g Siﬁﬁ}cﬁi}/‘f‘é
gr gu ps. . Ead:;l NRZm? ‘d‘h)nﬁtgbfé &&%iﬁi P@ila’ 1(52@1&96104&?4&4;[)@{@&&[13; lsﬁteﬁ otherwise, alny
i ndependent el ecte om a al kq , heteroary
ol ky 1 et B Eoarab i B AR A G AR e encporeigng b e
al kyl , aI k&mﬁberm&&&yhe@ﬂyb@fgy and het er oal kyl substltuents for a
phenyt naphtgf group can be linear, cyclic, or a conbination
thered! and usudinisps %@ﬁ't“ﬁ?%gdlsﬁﬁd £l nenbers erBpsswEdeRuTe et eMBUIBRHAN
atons, up tpﬁyﬁca@ﬁf&ﬁ%e@ﬁé@[ﬁ’n the's #H‘lctaﬁon o RR0 2 ALQTE | clé?stt(%’doaglblé%ﬁ
substltuents for a phenyl or group often have an

group as t@@dh@qdenegmsmnc@lhyttmeen fidtoet. daropdrdsghs unlessendisataf tbetlne have

ab5or 6 n urated erocyclic rin

i ncl udes rlr%% E{fﬁ %rglirr}g}% osﬁrégfogtlgf emﬂ% Ty Hc{n@?@é dﬁ‘@ﬁ!ﬁélﬁg%} HF%
have an al ldyshrednpwpeumnmng,elecaarcbmgb ammdmam is substituted with 10a
5 or menber ed_he eroar havj 1 or 2 heteroatons, Suitable am no
gr oupg5 can be prt FEPY2RRS n%%%fﬂ%‘gwl%m&%yoaﬁpm@#o@ﬁglsed&wm the
tertiary amro‘sgaluSecule” in refdréhcs @MBic SERREITRRE ﬁwatchgﬁn@nsg{a?fhg is a
phenyl substituted with a single R3 group or a naphthyl group

subst i t ut edCTRICPHUS108 isigr & PRIMEGTi Mmstesial SHgwmall m%nbwmyoeqiuc)orumr( V)
where R3 i , | k

al kenyl , al%ﬁt%)%i;?&%c%&gétﬁ%%#%@{ﬁ%ﬁ% hﬁhﬂhagméégoaﬁg fle&mn%natﬁlg Qf oups.
het er oar al W@yﬁmaﬂ'mlmlcgqthQHMt@rhﬂleJnrralﬂiy(har bon at om of the phenyl
or naphthyl group that is not directly att.ached to the anthraccne
portion of the small nolecule. 20(!I I)(?'I('Ha(l\/) In sone nore specific
enbodi nents, the R group in Fornula (I r can be of Formula (V) or
(V)

20

M

In this formula, cach 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?



(VM) (V) 251 n sonme even nore specific enbodinents, R3 in any of
Formulas (11) to (VI) is an al koxy group having up to 10 carbon
atons, up t\WOBRLWARIGh atons, up to 4 carbon atons, up t@CI/US20BOMNI04
atons, or 1 carbon atom Each of the silylethynyl group
included in the small nol ecul e sem conductor of Fornula (1) is of

ol kanyt,  argren RACEraarg sBRaH s AR ABERIGR duthei s it o

hydroxyalkwkmd@mynﬂa&yaakﬁy@ﬁn@hkggkﬂ al kenyl , heteroallcyl and
hydroxyal | cyl groups can | i near, branched, cyclic, or

conbi nation t hersé‘BF lg Ay élﬁéﬂ}ﬁ ;ﬁllfﬂ%\‘/eacﬁl@xﬁc?nﬂd}ef@&a%hs@@wts fpapbery!
carbon at orgtpapnfIR’ %r&u%rcgﬁ)ﬁe ﬁﬁé%?%ycﬁbr of‘@ccf'n‘ﬂilﬁ’atﬁﬁrtﬁ%? f%ﬁ@ﬂﬁallﬁ@oq‘fimﬁ

exenpl ary aryl 8roup I's phenyl 5and an exenplary aralk 'S an
havi ng>up tu tedU carbboators orpsio Bteatbon stogsbit iottadebnwtdnts, ar mmrﬂydarhgmoup

s aP oo Y| NE8EY Aatba QY ONBSBISr DAVSy Pordaflndl ST iRG S nRaN E§ o

het erocycl i ete
heteroaralKqugﬁompbﬁ@amemaﬁuaﬂﬂgha@amwhgmupuammﬁ&nmamhomoﬁﬁﬁﬁﬁb&hﬁt

i's substituted a.b or ered et er oar yl ving 1 or

het er oat one 2§ Orélélﬁaéurég?g rl?’BtF Ecl g tgﬁtﬁ%‘iﬁa ZPBE E?er"g‘%ﬁ ﬁ"ée‘PEla%(n

al kyl that Heﬁerédrﬂﬁﬁrsuﬁb"tmﬁh@mﬁ{?@& Ak withalp b Q@ chBm‘i Brorh? tHafsRAPstiRIQRith
up to 8 carbon atons to 6 carbon atons, 4car bon at ons.

That 19, tHe> @9 W@Pﬁ%ﬁ?tﬂ@wbbﬁwr@ hoq%heattrp@gmgu Elytabkeww@q grgrRsLABN be
Each R2 gr g &%H&{ butyl,
n-pentyl, orﬁh£ﬁg§§§ ré xanp gnnhﬁgBﬂﬁfX* ﬁfﬁ%ﬁﬂgé g can be
triisopr opyI si |y et‘l!rhfyﬁybOdzmgﬁa tralt herRap iss phsmblsld:pytutedjyﬁthn otgleR’ group
exenpl ary sjl

| east one of ¥'ﬁ§ﬁtpﬁy %‘fu gr g#%%éﬁi %’a}ﬁ aéllngleq{ ‘Fupo%‘s g vnﬁ%ﬁlgﬁ{aﬁ g[ﬁ EBkjltvt)he
car bon at ongharaRt iaeelad:tkd/frmgm@th}mgaarhdlbehydlmiyudtﬁdnd ik, @B CMlEddyC

ring. Some exe Iar I oyps, have carbon atons and all of
t he cé?c' bon 353’18?@ e“-‘dg lfﬁﬁ %%643 ki & g? Bﬁg@umﬁﬂ’el?e BESPRPY

al kyl groupsoria¥e @hcl:riy'ﬂ Sﬁﬁap%ypé@ﬂ?ﬂﬁﬂs ReY cﬁﬂc@ﬂf{y Rahdido WR dathrd@nl s
atons 20attached to a clic portlon having up to 6 carbon atons.

Ei t her the‘ﬁ&ﬁﬂﬁy@ﬂﬂ@e ‘tion (i.e., linear or branched portion) or
the cyclic portion of the alkyl group can be attached to the silicon
of the silylethynyl group. Exanples of cyclic al kyl groups include,

but are not limted to cylcopropym cyclobutyl cycl opentyl,

cycl ohexyl, 2,2, 3, 3 e Ranethylc Nop v* 2, 3-di S Iopropyl,

cycl obut yl net hyI ene a 25cycl op hyI ene. U ot her
gast

exenpl ary 5|Iylethyn groups, one of the gf o -s |s an
alkenxb group and anY group tha S not an alkenyl ?up is an
al kyl “group. That is, the S|Iyleth group can be a

trial kenyl dh b@ih&ﬁhyﬂ'ﬁpbmﬁahﬂnbydldlbﬂtbhﬁﬂ}jd groly Irefdninial (1) dafi be of Formula (V) or
diaIkyIaIkE&iI5|lylethynyl The al kenyl and al kyl groups can each be
| i near or %ched 30and can have up to 10 carbon atons, up to 8

carbon atons, up to 6 carbon atoms, or up to 4 carhon atons. For
exanpl e, each of the al keny, oups and any aI a ps can have WO
2009/ 154877PCT/ US2009/ 04
(VD)
25 In some even more Spemﬁc embodlments, R? in any of Formulas (11) to {V1) 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 silylethyny! group included in the small molecule semiconductor of

Formula (1) is of formula ~-C=C-Si-(R%); where each R? is independently alkyl, alkoxy,

~



either 3 or 4 carbon atons. Exenplary al kenyl groups include, but are
not limted to, allyl, isopropenyl, 2-but-1-enyl, and 3-but- 1-cnyl.
The snal | ¥PEEI1&8%%em conductor of Fornula (1) can be pCEfSr@e0dy04
any known synthesis nmethod. For exanple, the sem conductor can be
prepared as shown in Reaction 5Schene A. Reaction Schene A VI |

VI | VWO 200 { [ US20 41 Initjially,
si |yl acet yI* g{ﬁéﬁcg ! Egﬁ}g (‘ﬂulile el%@d\ﬁt%’%‘)ﬁ({lﬁyg%@% (Béaltkakaﬁxéﬁlpm h
butyl it hialiyl, tadkofxg,reﬂrkeayl héthﬂoa!k?t;l aMEﬁy&!r@@talklyf &rofpt o2k 682%@ Mrardchey,

|yl I | ace ene_conpounds are
f::)rrﬁe?gue;% y g‘vgﬁo n&fﬁiﬂénﬂtiﬂw %iﬁﬁ? %Sua?c( P%Vc%@t’fw? §4rlg§} Jtampup|te §carbon
(triethyls |akdf1|15), a6 & &/ LRR atérhs, ok SPRY ép@a%o?ﬂ diRacLy ¥)le%gary Wﬁﬁhﬁ id phenyl

but yl di net hyl si |l ypacetyl ene are avail able from G-S
( Col undus ae]hjm exephasy Al esrapel adiil 9*‘”)“383@1 ip| 18rsarbon atoms that is substituted with

(et 1 SR ) U 08 LOTEPHL 1 5 RS S

of the sil ykwosysiicens tbaripduttd 1 oad heteantdre. Bxanhae, Mﬂtetrbﬂralkyl groups have
an alkyl having up to 10 carbon atoms that is substituted with a 5 or 6 membered
heteroaryl having 1 or 2 heteroatoms.

10 In some exemplary silylethynyl groups, each R” is an alky! that is linear or
branched and that has up to 10 carbon atoms, up to 8 carbon atoms, up to 6 carbon atoms,
or up to 4carbon atoms. That is, the silylethynyl group is a trialkylsilylethynyl group.
Each R* group can be, for example, isopropyl, n-propyl, n-butyl, n-pentyl, or n-hexyl. For
example, the silylethynyl group can be triisopropylsilylethynyl where each R? is isopropyl.

I5 In other exemplary silylethynyl groups, cach 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 arc part of the carbocyclic ring. Other
cxemplary alkyl groups have a lincar 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
(1., 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 alky! 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, cach of the alkeny! groups and any alkyl groups can have



102, 6- di hal oant hr aqui none such as 2, 6-di br onoant hr aqui none. The
resulting diol internediate can then be treated with a reduci ng agent
such as st aWRIIY/EM7dri de to formthe PCT/US2009/041904
2, 6-di hal 0-9, 10- bi s(silyl ethynyl)anthracene of Formula (VIIl). 2,6-

di br onbant hr aqui none can be prepared from 2, 6-di am noant hr aqui none

from Si gna i | waukee,. W) using.the procedyre described by
o et ot HEEAG (b R cdanl Shay o BRE S Fuduisapt hieiia e
further recisysdmdnki, 2eadt-1 o Md\-Biteddyy| f or mam de (DVF) . The

2, 6-di hal 0-9, 10- isﬁghé%%et ynéhéanthra%ene of Fornula (V11) can then
be reacted with a°d FH ROt O Franyls Haew betrsgngrag dyeny keown
form a comg@umdsi®mefhed Mibrexbivblel | rQl §

such as tetranethyl di oxabor ol g%é%esrﬁgi%%ﬁ(}%gﬁ%g%n%l%@%raﬁﬁ a %II%HE}%H
subseqtent | 3che@A Abe reacted with a hal ogenat ed benzene or hal ogenat ed
napht hal ene conpound of Formula (I X) to formthe sem conductor
conpound of Formula (X). Sui t abl e hal ogent at ed benzene or

hal ogent at ed napht hal ene conpound®ReaétidnSdlaina A | X) are conmercial ly
avai | abl e. For exanpl e, 4-bronoanisole, 4-bronobenzene, 4- |,

25br omo- N, N-di net hyl ani | i ne, 4-bronodi phenyl ether, 4-bronpfél uene,
4-bronostyrene, 1- bgono- 4-ethyl benzene, 4-bronophenol, [

4-bronoani l i ne, 4-} , N, di et hyl ani l i ne, 1-
br ono- 4- cycl ohexy 1- hr Qoo- 4-but bxyeenzene,
1- br ono- 4- N- oct gt berizgries 2- br6ﬁnﬁg% t hal sweg;ua B

2- br ono- 6- net hoxynaphthal ene, 6-brono-2-napht hal enol ,
but oxynapht hal ene, 2-br onp- 6-et hoxynapht hal ene, 1-brononappt hal ene
et. al. are 5available fromAl fa Aesar (Ward Hll, M. siR), The
smal | nol ecul e sem conductors of Fornula (1) are usually thermally
stabl e as characterized using Differential Scanning Cal orMhetry. The
deconposition tenperature is often greater than 350 C. Sol utions of
the smal|l nol ecul e sem conductors of Fornula (I) are stable under
anbi ed? conditions and typical roomlighting conditions for extended
10peri ods. For exanple, no col or change was observed in sol utions
after several weeks of storage under anbient conditions and typical
room | i ghting con@i®i ons. The good stability results fron1%ge

er

ant hracene struct 3
acene or pentacene degivatives becauseHof t hej

Ee. Ant hr acene derivati ves often show bé
stability than pe s

shorter conjugé 0Ny & silyl XQO up€esmbst i t ut ed 4
@g’@ mol Bcul™gs-ofr o

posi tions pre dergoi ng 15t @@A $er
addition redction|with si ngl et oxygen or wth thep8gkves
(di merization reaftion). In a second aspeéggfé conp“sition such
as a coating conpoﬁ%tion is provided that includ (a) a §
nmol ecul e sem conductor of Formula (1) and (b) an organic si
conposition contains at |least 0.1 weight percent dissolved snal

nol ecul e 20seni cofiduct or of Fornula (1) based on the total Vikei ght of
t he conposition. Any organic solvent that can provide this m ninmum
solubility can be used. The organic solvent is often selected based
on the RI and R2 groups present on the snmall nol ecul e sem conduct or
of Fornmula (1). In sonme applications, the organic solvent is also
selected to have a relatively high boiling point and relatively | ow
toxicity. For exanple, for sone but not all 25 applications, it is
desirable to use an organic solvent having a boiling point greater
than 80 C, greater than 90C, or greater than 100C. The conposition
can be, for exanple, used to forma sem conductor layer in a

sem conduct or devi ce.




A first suitable type of organic solvent has a single aromatic ring
that can be optionally substituted wth one or nore al kyl groups.
That is, thEORPEAP4SSYItabl e type of 300rgani ¢ sol vent cRETHES209/041904
benzene that is unsubstituted or substituted with at | east one al kyl
group. Exanples of this first type of organic solvent include, but
are not limted to, benzene, toluene, xylene, o-xylene, s mxyl ene,
p- xyl ene, ethyl benzene, %Rbropyl benzene, WO

2009/ 154877PCT/ US2009/ 0 fL904 n- butyl benzene, n-pentyl bg , and
n- hexyl benzene. A second| sui bagie type of organic solv is an

al kane that is substijtuieg Bt ope Qr, more hal o grgupss_Bxafipl es of
this second type of Qol vent i nclude, but a mted to
chl orof orm 1, 2->i Ehlorjoefhane, 1,1, 2, 2-tetrachR'6roét yane and
trichl oroet hane. cthl r lSUi tabl e type of 5organic sol yent has a
single aromatic ring th iS substituted with one or re hal o

groups. That is, the this®hsuitable type of organic sols¢gnt can be
benzene substituted with at |east one halo group. Exanples of this
third type of organi c solivent includéX but are not limged to,

chl or obenzene a? g] chI robe zene. A fourth suitable tﬁ?e of organic
solvent is a ket®H %ﬁé VI?ICPE‘POW}W&?““ Hifci{ddSiBr ) gan be treated
conbi nat i omxtﬂtﬂftﬁoﬁh@ﬁa@mﬁsa i@hiativersiaut; Idkdt#’fsxtt%) foth951gﬁ‘&'e€y 1@l vent
i nclude, but are not |limted to, acetone, nethylet lyI ket

met hyl i sobPyPREKoNEroNsHprseblvae comppupdhara neingrseal Y@y@l&biﬁerﬂoamm,le

cycl ohexan

> di ot g e B e SRR PO RS a5t o
type of or dahil dJmsthbdﬁdmlt)acn@ can a@tatveutabmjf&:dsm &5 SeCteyridal o Gotuneius OOH).
aromatic et hi s f 1 type.of arganic, sol vent

i ncl ude, é]?xmeth Wkgﬁpar%etyé e’t(gle AM@%&&ECGW 2% 48/ dr of ur an
(THF), and (mh&qdlﬂlyl)&cesy[eﬁehrfswaﬂﬂbé ﬁ'oﬁtﬂi@n@f%ld?fcﬂiﬂﬂhiﬁ/aﬁ@eVWT is an
am de. Exanpl es ?‘f this sixth ?{ pe. of organic solvent include, but
are not |imtedt® ’ﬂ‘l\i‘t?\‘i%ﬁrﬁ’r@t?fif ¢ §hiacaivirae compgung sap then be reacted with a
N, N- digret hyl @gigkiamitEiaqiiRGheh 4 §@Mﬁ>ﬁtrﬁbaﬁmr£@moﬁe t t‘t?@reghuﬁg @gni c

sol vent is an al kane such as those have at | east car bon "at ons.
Exanpl es ofintempediadesanien heyysated widiragadicingsraknienth dsrstAnnoles, chbide &r formot
limted to, e l B sone

enbodi nent sthgé)ﬁgﬁhs%on) %éﬁ@ﬁ?sg!?lgth%ﬁil?& ?ﬂr&&P Qeglrgqq%ﬁ%qgr&ag’ﬁc sol vents of
t he sane tﬂdﬁomoamhraqmmmweambe mapareiuﬁomr?gfamlamtmhmﬁqhmmef frétn S nt

types. ian snal, | duct in the
conposi ti oA* lfil%c 0(11\;t[:e“r'1&1 ?e gtm%ﬂjf RQsedire goﬁsé ﬁ?éjn'fy figgt %‘Ft ’Eﬁewt)gée’\hé%ht
percent, atEd,dastisn-136800B). IpemaRTlisthatedRaslize fHnPRMeiBlh PR FERRte
at least 1. lgéq\ﬁgjl ght percent, at least 1.5 weight percent, or at |east
2.0 wei ght( ent based on the total weight of the composition. The
concentration ofrh¢ hg-drad-b lUQ)lts‘%ﬁH/lle@h)% m&%%@%@Foﬂn% N@%H&eh%elo
wei ght percent, up to 5 weig ercen & rcent

3 wei ght pé?a@@ﬁtwﬁhcﬁdlwbpwl@c\ﬁmlwtblsﬁeme 0)dikgred t@fvrmrae:onmbaﬁd wﬁel ght
of the conpgsiiih HRY, eg@g ht rce

at |east 60 SO%WW) tﬁher cent0 %eas{;&%s mcgﬁﬁ‘mg@gﬁe@g’x lfdpﬁ?l nh’go
wei gh20 per cempqundtof IFelamtla gﬂﬂb/eul@hdluepéy caiie, reaa:ttedl v@lﬂsi th&ge\mtb@] bénzene or
per cent, eas i,ght percent._ or at |east 9 per cent of
Phe. ol 1 el led el PR o BROR & EarbuB 0SS R e Meri o] GRmpor
t hese WD BDB&!HW@{Y)YPCT/ U52009/ 041904 enbodi nents, the conposition
can include bot ?solved a d di spersed or suspended smal | nol ecul e

sem conductor o mIE—"d? enltﬂ%eﬂtfﬁe beiveas pighaigaspigichaariihalgngcompeinds ofRemmda
of the smalixywd %ﬁh&cxﬁﬁﬂh%ﬂ&ﬂ@cﬁ&r exBi l%eﬂkrdntbahﬂﬁl C@H@%bf;dz@ﬁ% S

di ssol ved. That is, in these enbodi nen the sma ecu
seni c#nhducbemabiiN-Hinetdani keney 4-dir essaslinhedyli ather Hebromotoluene, 4- -bromostyrene, 1-

10



5conposi tion. In sonme enbodi nents, the conpositions can further
i nclude an insulating polynmer. Any insulating polyner that dissolves
in an organV@ BHIGBAT suitable for the small nol ecul e sAETAGDG1004
can be used in the conposition. Suitable insulating polyners
typically do not have conjugated carbon car bon doubl e bonds al ong the

backbone of r.. 10That insul.ati ol .S, are..

non- conductt?rélggg\gegl} Zerfe ng%m()(?;h e‘%qr% r8FVﬁ%ILP% 42%%‘%’1 ﬁl&%ﬁ“bﬂ%b’é@m hg
pol ymer, hdwemesd-cyche zarnegl-omdmwtoﬁmnma,t Ieﬂroﬁl@l’-ﬁbﬂfbc@}%é?@éhe 2-

doubl e bond%Y For @ ng t he |n atl n%q%@ %/rrer can have pendant

conj ugat ed APBRRAPhTE GF 3§§°mf’r? T§E} ¥ -Sromaré-nppikhalepol. ggbromo-6-
pol ymer i s iakd:ghaihtiaicand- &@&ot@%oﬂnaﬁﬁualexﬁar@%&@ﬁmﬁﬂer@%Qh edléJondS
15The insul atin olymer is often an anorphous naterial. Exenplary

i nsul abi ng gyail %M@I%@(Vﬁﬁiﬂ%lﬁé\dﬁbt linited to, polystyrene

PS I t-hyl I
(P " pl yvi ny T oRaR o auey el RELSHRLIED fEISIORT MeBby cubisyr
acetate) ( Wﬁ@):ienmdllymlgrmffcﬂwhml |Sdmn@rlfg\lca)lor1rpe1bvah&>deckanﬁdqumn|t<dﬁ;erature is
PVDF c a Y
bol y( 8 vi myTER e isE tisoisaf | SYTabis! Besmny sue ssrmisnegyecosppbRasyiade
the like. are stabla'bﬁdet ambicat donditipm AR} piCA Rodh@Meht MR oddtidFheextended
nol ecy #ar wei ght t hat can be dlq%sol vedpl n the organl c solvent. The

mol ectPar VRSFgHY F B‘i‘exf“ﬁ‘@ & PR elal iR splfipnseafieescyeral weeks of

viscosity aforh ng&rﬁ?ﬂﬁérﬁ'c&mltidrﬁﬁﬂch &bidatroBa Ei@ﬁﬁﬁ%dﬂd‘tﬁn? ”Iﬁ’l'e%g&f stability
nol ecul ar wei g{:] tend to result in conpositions

vi scosity. TFfu tf’fféﬂtﬁbmbﬁaﬁf@ﬁtl‘ll@m‘@sé@lthtaéeHCZErlp?t@‘pm@el?eshewéxttwgtdbay}er
the desire \ hod
used to pr g%ééir %%%%%r% aor?@ﬁ’ta%ﬁ@ 8&%&‘& ﬂegﬁﬁé ?1* tﬂezF Qt{og‘t’er Qonéu(ggfg or{ml%
conposi t i ondyktynperaugs dulwtltdnedl ankj lémoaabmsvmmrm@iedu@s Iffamf endergomg
coating net Ln _many. enmbodi nents, however e ul ar
et gntor -t RLDehsAIdss 1o ar et M8 SR bieen SOBHE Geroriaes (imariaden
2000 g/ nol afcaoabnj east 5000 g/ nole, at least 10,000 g/ nole, at 30l east
20,000 g/ nole, at |least 50,000 g/mple, or at |east 100,000 g/nole.
The nol ecul ar wel §ARCONS aPFEteth coBPAgHion Sesh qsﬁéﬁat@gmmpeﬂemgvsmvededﬁhﬁt
greater thafcn@Q (SAQne M Soul R BRRLES: dF

greater than 100(% g/ nol eu The nol ec(tgjr &a?aﬂv\glﬁgﬁ (b%wggmc%lv
range of 100G wmpqmmcm@m@t feostd, 1 Wﬁghﬂmrqcawg@ob»fcd zx@ammpb;caeo ooo

g/ nol or

conce%{? r at isgﬁl%P &Cﬁog%? ﬁ%@“&%ﬁgga%‘g?‘iﬁ‘g ¢ 8%%%%%%@ %‘e § P?Sl%or‘fl |Any P EBHe
at |east O. smlvmtltgmmarpmomintthxs mnmklﬁa)sbhﬁllﬁywml@htse(bél’keej‘ngam(aiob}eﬁaﬁbften

0.5 wei ght 20 vvel ercent ast. 1.5 we
per cent , SQ‘? ‘gpasfd %%glﬁldkelg?élﬁf e?ftn %Fmﬁﬂ@(\a\?@GWmﬁB}“g@

| east 3 \/\BIP@hrhui]ﬁQ])Cﬁﬂ:iomeaelpp i@adhs, theWRi G soPRIEE Also s@bctéd tolHaasE rel&Qwely
wei ght perg_ﬂlﬁr]_‘r%&1 bhased. on theiﬁt ofal weight of the conposition. The

| ower conc kingrpontpg relatiyelydpuiRrig- tiesctaw e fotsame dshmssslit i on.
| f thes con@glidatiOny, it $s (ﬁ)@i%ﬂl@fé} Us@ aRoMhik @91%1’& ﬁhﬂﬂ%gﬂ?ﬂlﬂé ﬁblﬁ{ %r?ﬁ&ﬂﬁe% P

forma coating l'ayer, the concentration of the i mer 1s
often at | eﬁsgfeﬁefﬂhim%lcght gpetrcaan 1 MaSe d'honomhesitiastcah bwefpgetmrrnpfe tifed

conposi ti Oq? fc!'rﬂ:h Jem?&ﬂﬁ@&érrl e'rﬂpfse% on'asgtﬁ v1clé|:nde5| rabl y | ow

viscosity e conposi nis surface using a
di fferent techn wqﬁmst ssmxalbie apelofi legamc @altrern (ad iDSlflgiE BroBnatio dib i fat tayer

however, the, .vi he co i n can

concent r at i°8HOS 8 ﬁ@;%ﬁ ili ?I?'Fgor%& ﬁ%?’lo %8quﬁ?té§’§het$1réﬁ'§“€fa@e\t/@?@ﬁt
percem basegnikolvest daftbak b%i@zleﬁ@ﬂlaﬂﬁs uhi®st@ QP OB hlbkRkd Wi Bl Rast one alkyl
concentration of the insulating polyner in the conposition is often

up to 20 weFgw Eyamplsnpt thﬁﬁifﬁfdyaemf\mégfﬂ@mSobéwcleﬁvde B arona Ligteg e,
percent, UpehRné NBERNLyIBR] 685 lene, M-xYRnd, B-F14R! SR HbARSELER L NFRRAR8
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20 polynmer in the conposition. The insulating polynmer is typically

di ssol ved or substantially dissolved rather than di spersed or
suspended W 20bRg5¢8yAposi ti on. As used herein, the ter mPEUBR0QAHIN | y
di ssol ved" nmeans that the insulating polyner is dissolved but may
contain an irrpurity that is not dissol ved in the corrposition At

| east 98 we ercent I east 9 er.cent 5.
wei ght per’&i?ﬂ'ty befigeng,dipqnt nge%?’&?ﬂ érse“a‘{nd S'éi@h f@j@e @fg organic
25wei ght  p@eabis aahikhhethbing vhiRtiuee vrami Mw mose 416 Ry E AxiampldIF this
conposi tion. Any ratio of the_ small nolecul e sem conductor to

the i nsul t $6enGEPS ARt Sanigsobent welpde.buf He neldimissitei GiProform slofre
B e o o R R

1: 10 to 10m3;amp aolwné ham@afiromaac ting Bratlis sitlpstitubes Wlélng@ agfmore Bale gromps.,
in the ran (OTNRS J .

range of 195 at is éﬂ& g)unable tyﬁ.?%f ore%%n{c% Qfg%tl%a% %e §?ﬂ%? eesulg’%#%tgtg llfv%t%l gtn lte%gn
be any desomeeldﬂ(agmupnt E;tmtpl@q&;ftttm:)thmaltme of ordahie soagandfdedbi2 atond limited
wei ght per ce sed on t(ﬂeﬁgt ot al vvel g Ef E BF conposition, The
percent solf mio e‘HF‘EeearPd TR uggh guifaglesyps elioggamiegevertiz a
the rh?nge Qétog?a tﬁatt@cﬂeﬂg\r’]l@ieﬂhbraﬁ@fefﬁ%fta cohﬂ!nriaﬂ@n %t@ﬂ:ﬁ? Man?l&lo'f thidfourth
wei ght percent, or in the range o wei ght percen n many
embodifnent ypeph@rga@ﬁ sedpent wiqdasbqt éremoww%ﬁ yaqetpacJastigethyikgtons. t he
smal | 1ol el lls°0% Hclg hoﬁ;neF?ﬁ ﬁkﬂt@neﬁio}]e,%yﬁp&@ﬁoﬁ@|c9cl§lb}lléx5ﬁ/0n9f2-
the insulatin mer In 50r'gahi ¢ sol ven

conposi ti onstlairoeciofattnecmeu%ﬁd%ﬂwdﬁypioemﬁﬂ*@na Zedimsthydeyslopentinpperani i, 3a
sem conduct or .devi ce. t t |.ce
o b ovi det anrenen: AT Syl RS hAT BT BShn i AR SR B Re

| ayer incl uﬂ&Sméﬁ?d etherS mhmpmbfe:hislféth&gm ﬁ@ﬂ@dﬂﬁ:ﬂ)he@ﬂ‘mﬁﬂdd}‘bhﬂré hot. I n

somne errbod the sem co ctor | r f rth an

oul B g iRy e -otene, Snindon e BFheed it b Sl R o8 phea.
for exanpl gyg am sslverd¥lis aZnilld PhysiI&Sof ta§ sivd ﬁm@w@&wma@ﬁﬂ i6€8de, Bid
edi tion, John Wl ey and Sons, New York [()1981 These seni conduct or

devi ces i nefeu@elimied fof Na¥- §1mqtméfﬁ>§m@mt§lpé VD anhNeYrdirprslsdacsragnidraRMAC).
types, including, R ﬂ%o‘? ofbanR1v % i dikietsh AR BLLhEVe at least 6 carbon
phot oconduct ors, cur ren¥ ers, 15t ennl stors, p-n junctions,

fiel d-effeetondi (EdaspICS@ﬂ'tthtSk\ycndn tgmted organét: soheent inklade, Sefmr@:mtdmmtedﬁo,
devi ¢ can . nclude c one such as tran

DT, o2 gethdl niifo BERANEN BASUED, BRabk UMBLIHANS: w ELIMT i mispure of
that are usraﬁbds@rgaﬁi’cmbﬁfbﬁtﬁuf the sarbetype ondmidtok: ofl earioue sreahis aolvarts of

i ncl ude arraf%(s of circuits that performan electronic function.

Exanpl es of '@EEP5rays or intcgratcd circuits include inverters,

oscillators, 20shi EdncER@tian 6f SnalPASleti0Giceni EdnidGatbt ifi the MR posiaibh QFieBht
these seni conductor devices and arrays include radio frequency

i denti fi caldesip. bwgb@@rqem;aﬁgyst 03w ght paicery, atdgasi)- %yf%abwpsmhéﬁleast 0.5
sens I
dovi By ar Seatptfh s TP ok cKR, AP L8 it PEE L RANEIRY |
Figures 1 wm@t petknt;nt ga%énn tlayteélal weighthod thnmomusﬂomlThefqohmntmmfsh&)r S
shown 25in Fﬁg g Il cf Udet(mljll)tlplhg | AYENS O%we th? ercen?u
Furt her, aﬁ';r/la etcu(?gﬁmcﬂc ulﬁc?ﬂsao Si n8| Brer A uPnﬁ =P P
materials. dumehr perést, lm%@:di% Reighi percédﬂ,e)rhﬁltcms wefyhsmwdba,sed on the total
"di sposi ng" deptgm t ed" ZIEOSI t| ", and ' do not

precl ude afGigheP! e GAPPIsHiaRe S mERECRRMEMEHS At ea%@ﬁével%&ép%rg%ﬂ& 9 lepgiof)

t heseyd er ng @@ erEé]ﬁtat ﬁ:a&'?@%mé@?@rﬁ:eﬂt%t%ﬂ@%@d pBR3M1, A |SRCT Weight
| ayer. The first |ayer often contacts the second layer but another

301 ayer comFgeBeatpesst 15 weisk nseenetidcashed Wrightperepept driepst Heweigkiggerent
layer. o OB BRI TR0 Bha @b 2 SRRed iNINd cbhbamiddanF tiRkor 100 is
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WO 2009/ 154877PCT1US2009/ 041904 di el ectric | ayer 16 di sposed on the
gate electrode 14 a source electrode 22, a drain electrode 24, and a
sem conductP 2EPES70 that is in contact with both t he PEB(HS29/041904
el ectrode 22 and the drain el ectrode 24. The source el ectrode 22 and
the drain el ectrode 24 are separated fromeach other (i.e., the

source el e o - Al . 24) .and
e oost T aniiRdncAR, BREomPO G Alude BB b L EFALAHRA pPaRidioRlC
el ectrode 2maimepleculs sdmadondeiteat Foumul24).amsoima cabndiaehisydt Bntird @mount of

sem conduc uch that a portion of the sem conductor |ayer
is positi oﬁgésr%ag%llﬁélg%uq% - lg%nﬁl}lgtgr %YF%S{ W&@eecoﬂﬁﬂ’s‘t“ﬁ% ‘SO‘F%PE'E‘SI @Eatt Sote.
The porti onhet ethediments thashd! @olebdy edmithraluctobcaBichiiRiedsBREWEEMR t he
source_el ectrode.and the drain electrode is referred to as the
channel 21.°FR&M¥hnnel is adjacent to the gate 10diel ectric |ayer
16. Sone semi COMElstdmhRMhGRS R BN ML AHheSHE] ﬂgﬁjb

| ayer between the gate dielectric | _gyer1 16 and tCheEfsu%ﬁ:%laﬁg%t rtlymer'
| ayer 20. Any insukgingpelysieathasdipsoiveatreancaigariesdlyeot seble ifor thhremal gakede
thin-filmtEansidl r oRt i.QN bstrate 12 can be
adj acent to the ga?{é%aerf E‘%Ltls? %He gh&gggsgﬁ)gmﬁhg%ﬁ%ﬁﬁ@%é%HO%%S é’i%fﬁ&’ég‘?
for the OTESt 200 corjugadjdament-cebonhioulsie hiehnatbug tiarbackyes o2he dslykfshown
sche i cal | igure 3 for the OTFT 300. The FT 300 can incl ude
an om onalﬁhéhl?’gg{@g@?ténﬁ BRbHPeT 5’5?@?”138‘?‘66&%?? PRENS et ofitee H"BY’E%F e
seni conductTh ilsaleng Rllymér) abherer,eah BeliemeibnsalitaebnRie@RBcerbbRkAnbid ddlible
transistor i s, shown schemat. (@%}éé}l n Figure 4. This organic thin-film

transi st or *HB%- iRk Pragule: shegag s gambgve genglantccomiugnted piometic ayer
16 di spose t i irkfati ] : A d a
| Sposedrdms. ﬂ%@gﬁteﬁqbghlg&gfs%@ rﬂslﬁlatlﬁ’g ﬁ&%%ﬁ@gwﬁltaﬁé atg;la% ‘rsa]rﬁ%vﬁgf ariy)

20source electrode 22 an rain el ectrode I'spose
sem conduct#orsgeen dgiblg bpndhi s embodi ment, the semi conductor |ayer

20 i t t - (] ] d t h .

el ect e 25 andts fongesh bt ol S0 faRRh] R e bR S s g
t he drai In ebiefmdcrsdd@u@ﬁbame s@ piariateal pblgmyrcﬁaQB’S)pp&?(ra-rﬁighﬂsny;ohBﬁ(PuIr\]dS),
source el ect 2 es t ct . the,drai ectrode 24). Bot

t he source P8l %&Pﬁld%g%frya{%% @Wé‘?’d’iow &Y@FP%QBSE)A, pmﬁg"l@? &lcPhpLE SiiAe t

with the seoly¢amducitae) (PaVRN, pdUsihyldhddride (POCT, peRvRlIdeuctREERDEYICT or
| ayer i s posi tltgglgﬂwg%&en the source electrodé and the drain

el ect r ode. X ¥ HEL ) prdy (@aimilistramasthy sl eens-bistheneacoelobuigrsd)
that 16 posptBRpAsdHResween the source el ectrode 22 and the drain

el ectrode 24. One or nore optional surface treatnent |ayers can be
i ncl uded in t heThelseaingroboner gay have anFeoritableangb@iar awighp thiabewl be

surface tr t-Lay ; I bet the gate dielectric
| ayer 16 aﬁggﬁéea 'S g%i c%%anngﬁ%tl%rﬁt I?,%gg Aig(gﬁaq Welgh\{\%gﬁe 6‘3?%aglﬁ%l’°l¥raﬁr§ta?at e
can be i ncinfbhenkeithe vibeosity glthe corhpusitiohi [[msuiatiag polginens SvithFomi gledt A cBlar

t he optiongl.. strate. 12 can be in.cqntact. wth t{he gate el ectrode
14 as showﬁ elg@ﬁ%@ér{aotrle lg‘i]ifl)‘io?jﬂoslgimﬂ\ﬁr‘”ét ST VISERSITHTISOmBesitioR isisert Qe t
Wi th 2she serpaoRdustinilayyBs dRBc@sisRRYWas RRNBL 4t tabd i phid obi BUREhEd
for the OTFT 600. OTFT 600 can include an optional surp_a_ce t r eat ment
| ayer bet wB¥H ' REPUGBSPREdaYEy Borxampleslafet vt eamposijiens o, befused

oper ation GnlgeRMARREHEHE! 1deh CurRidmsali ons shoun in Figures
1 to 6, 5voltage can be applied to the drain el ectrode 24. However,
at | east ideal | ipmay corherdgesnfs; hewever the reelejulirsvaigts oé thetiutahieg paymeeis

el ectrode t i I i h e rode 14.
That 1 o CulSHI OB B! 36 2108 ARIEW 0.8 0b elftic. AF ity T 360 bR o
chanri®l  21least 201060 gémile,antag t50)000 gineole, 20 at leAR il BE000N/R0IROThE vl lal Ve

state. Upon_application of yol o th ate el ectrode 14, the
channel leﬁlgg%ﬁggte%g?’n%rﬁ%tﬁ %@n Lﬂg‘%@a&/ Q’QFGF ﬁ‘bﬁf:‘?a*fbﬁﬁ‘i‘ oURPP HEokhatnel
21 from t hgrestotheie 260,600t /0GR, Gthol @edtdrh A WOMOGBRIIE O Bblecular weight is
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A substrate 12 often supports the OIFT during manufacturing, testing,
and/or use. Optionally, the substrate can provide an el ectrical
function foVOMEIHBET. For exanple, the backside of thePSEASZOMEIBEAN
provi de el ectrical contact. Useful substrate materials include, but
are not limted to, inorganic glasses, ceramic materials, polyneric

materi al s, i fiber-rei e

pol yneric noétéIéH %F%H%Q%@OQS 1'6?5 géd g/]m{)lén Oﬂﬂgﬁpﬁ%@@ﬁo g{)(gé(ﬁ) gE’SEE &4d

or uncoat edn tietrangemﬁﬂ@ﬂﬂoﬁoo,@ﬁo g/rmlmbl nati on ther eof The gate
ers of a conductive materi al .

el ectrode 14 can.incl ude one e la

For exanpl e, 2 he SenecRiFatiop ng’g l%sé’[?t‘fl% E’%ﬁéﬂﬂ]@r w thopaspositio dsitcrat lspst Qi1
a netal, arw@gﬂt@ymera G CRGHIEE WeRy h?@r{)@ﬁ?%’t et 0& \@é?gm'p@@teﬁtoﬁ 18R€T1.6 Qeight
Suitable netals and alloys include, but are 20nof limted to,

al umi mum  PRIEH: rfashbp aveiali peresnt, ahjeexel 0 weight neientrpt lpasaiz P mht percent
tantal um b faaizumigtls 'ﬂ@ﬂc&{f‘ &m&sp%wgh@e@t of 41161} PwLibfh p%ﬁcxgt%a]g
t er e

antimony doped tin oxide , nat 1 on
conduct i ve theofolphieighi @fdh@d&np%mmnaihe lowter d:ormzttmdom binitpah ;iqrmﬂ bmehe uqe

ly(3, 4- | f te
Dol Yoo ot QP HeRRab gL N ARNERARMRS XSt IOF st bick BOF% & okRErnstionts o
can provi déotoot boating Ia&&g a’tee:oe&eacrﬁtmmdff tfﬁdmﬁllzttﬁmg paRehel eofeHRPRE: 0.5
i doped silicon can function as

funct noft substrate. For exal
botn 160 aeieEpBEeT b8t Gh st TR AT b GrmPosiTR. e conessipigums s

some enbodihaRidrSuridssifaBlyTBW vito&iQatf e c@mﬁd&ﬁ%ﬁ@&ﬁh@&'fo‘c PGLRN Lﬁstﬂlgazi
di spersi on tg%t contains conductive materials such as nanoparticles

that are cOHéRigRtRrBnigre Pish prspifeccopdnasioifaing2 eoring daver, bawmmtthwscosny of
Conduct i ve jRanapakitibs L&d i%lﬂ”(‘fi@ thggﬁkggnt@%{t%n NPlhel thdl atn%g pBIO gr IR be less

nanoparticles, ATO nanoparti cles, I nanop artl
nanoparti Itk 0. weightrfisenen Haased arbibs fotal weight of thEhemgaﬁtmm}ll eI ectric

| ayer 6 is dis aLe electr te. diel ectr]

| ayer 5}6 el ectr ?ggﬁ%cgﬂﬁ%ﬁ a elqsﬁfélgré%?‘gy‘@?r 2 he ‘iﬂ’g‘pf%“f’? iffepap to 20
bal ance of wchght fEdnt d@vtb cle wcl@efmbcmmtpeﬁ 5@ csehit Qércéﬂﬂalpgam%cdgk@b@&éﬁt' &
i ncl ude, for eg rr%lh ﬁgﬂg fnelectrlc mat er.i_al , pol yneri c
di el ectri c A& &P tp%?ené P gt BhweiRECE gre compasition- elfglﬁlcép@étrﬁti@
can be a siigxgb@ighaihefisodsitoF tHeRbRpbANSS Iﬁa)plge Mbée@t%ﬁ; ﬂ%@fo?ﬁ{aﬁ c
materials. Each layer in a single or nultilayer dielectric ca

i ncl ude onéPRIKatiRsse Tapistlise thei wpperdineit lSaﬂIth}I‘mﬂlhébbﬁlgaﬂHUblhttm@ﬁThCE inswhating
transjet or $o68R Intfd Flgﬁgﬁﬂioﬁpt]“hQ IX lgt?l’%g ert1£ grgtcgﬁa)p&lséo?ye for gll%bSS{) éeﬁij

between the gate die ric |layer por
or gani ¢ semfisednduether thamdgisperad oosus@ersiadsetﬂlebempmront hes 1setbisdreiag the &2m
and at | eas{ 1.a

i fhe 1 ani c onduct or |ayer 20. In
sone enbodi MERE Rt%%'ﬁ@gg%iﬁg? ong™® F érésul[af MET 15 giseq!v g@y gentaig
interface beimmeity thlaelsgat dissdivet @cthe Ic@mb@){tﬁfn ek SEPGRAGHC EQ8ast 99
| ayer or bet bstr nd the sem conductor |ayer. The
surf ace tr@’ﬁvg\%gml “33?2 agt IR b‘?éela’@é‘icFma%ti@%?ge%W%hfd?WéY opgf least 99.9
descrised wRiddt Sercdiabeimt 1ﬂ§|91atn§g ﬁﬁmgﬁgd@ol@ﬂq{l k&%oﬁ%oﬁ{wﬁ or a

polyneric material as describ 46,676 (Kelley
et al.), and U. 81y 133Pa)tf sl mcée%lieﬁeam@n@mnteihean%uzlﬂng)polymer can Hthe

source el eﬁéerd%lﬁl m? 6. A Rofk § icgtgo%.s(zjt eg.r% hp t1 AL Siaft r%?%gleto

metal lic conpoun ductive he OXI |ve cera
conduct i vethdi lsqyéaﬁgg @nb’meamdn d@nd@touf\?d()pmlz(ymanshe namgel cu‘dtlrﬂ)go 10Q¢ in the

exanple, ¢ ef., ni ari um at| al | ad
al um num géélg%f)ﬁmw?zsg a‘HF%en%a“%n"?]uﬁmfﬂ] B ecﬁ%ngflof'%d‘ tofj' tpg@“ﬁ?ﬁ
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
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20o0xi de (FTO), antinmony tin oxide (ATO, indium zinc oxide (IZzZO),

pol y(3, 4- ethyl enedi oxyt hi ophene)/ pol y(styrene sul fonate),

pol yani | i ne¥O3PH8p48¢bnduct i ng pol ymers, all oys thereof, REOA04100E
thereof, and multiple layers thereof. Some of these materials are
appropri ate for use with n-type sem conduct or materi aI s and ot hers
are appropr t ICtor r| al s i
known in t g?%ﬁtt%ﬂg%tﬁ%ﬁe% flefs n%%gg(? gH(pgmém R %“ﬁ‘ﬁ? gf(?gto o
el ectrode, Wﬁgltwmcniemeheerahg@dm 5 a:nijwtngﬁt Iﬂarc&nn ofinakd Faaske)s lCtar5 Wsght

provi ded by an int e art s c va

deposi ti on K16 ge §m%m‘i]q‘g'reﬂtﬁ1 the DIpaY & Jgr‘rsa]b“FP‘%‘%{Yttg%?qi E ty qf e sl

printing, aholtdige :idniiﬁmdi[&l@r &Eliohﬁﬁlﬁl(l)%@,fthésf&ﬁﬁﬂlt?b?ﬁ%ﬁ&%ﬁﬁng%ﬁ&yﬁ@r in the
Ive

acconijSl shed by knovvn nmet hods such as shadow maski ng, addi
phot ol ? t hod"&#fys° Nesibt racti ve photolithography, printing,

30mi crocont act Ak @Bxhﬁ&qtl(ﬁ‘l@ drRich & dt8 ??e%hl%% semiconduckdt %@I‘ ot her

aspect, a nethod of naking a sem con evice Is pr ded. The
met hod i ncl%@@@@n@mmwm ‘Bhuseimi apotheiespet, al sapgronddradr deving Bipnevidedshml |

(1) A hodghany STipAheEtReF o ecdnigid B R EE MG o imaPhtedl

sem co n d uctsemidoagrerar of osmlaglier Inissme kinbodipicon] e seniSérddctdr laver further
iti n can be the same as descri bed above. In

conpo tion, C¥1e conﬁﬁf
sonme odﬂ%ﬁ g ?31% ¥Bfiposition and the resulting
seni conduct or | ZyicohMedi@@viass Ha%Hée%tdeQ&bQ@'fW@%mbfé B o ik ?h%s.hc%

smal I 5nol ecul e, sem conductor of Fornula (1). [ some exe

met hods of %5Semigenductor Dexices andéfionr Jolia Wikey, angd Sensdleworiork 6128 k sEhese
provi di ng gght

conduct i ve%le aycgﬁ&uacncmﬂg‘lglg%gécﬁl%quas%?n%%%?t&% g&g{ﬂé%etlrh Qré%fea'g d’aty?ed t he

first | ayerlﬂCbeﬂésp@flLhrmn,@ndldnnérﬁmm(ieqmomhghmncqmdmwnd; dugrehSlimiters,

Tosur Tace. TR MoRRE FERCHEN ogt GHGHuly et BpReRERe” " '

conduct i ve Scay@nguwaer chv&csb&hmaﬂmjc cﬁh@oﬁ@[@uﬁﬁ he/@ankB)6eY, a8AR of RehikdSs,
for exanpl %ll%jgne or.nore el ge rodes such as a gate el ectrode or a

| ayer that b SRSt Fnieddedsarciorse fskiesigams th dreysed wrfarm circuits.

el ectrode. S-Ehﬁcoﬁﬁmlfﬁfevﬂbsseﬂﬁ}sdaﬂ%@u&%@aﬁ@%&%ﬁz@ﬁh!ﬁ%‘é%m@% AE8Rhid ©

the first |ayer includes often includes (1) preparing a conposition

t hat i ncl udeictiphebxamnles afghese aireyses intessatadieirauits ovcludo frvgtters (ds;ullmﬁasnd
an organi ¢ gf@l ¥ t hat es

ol oot somnsERtn St lofl SRAE AU RAS b AR Bl flor B R pmass
| ayer to fdrads r@tbaﬁlemgnbmdent;ﬁcandn 8)ces EREIVIsh gmatt chrég siispaybacitloes,of
t he organl Y m t he ng | ayer. The conposition contains
at least 0°1 %%ilglﬁ% e':fr%cqeC gfglgglil(ged smal | nol ecul e sem conduct or
based on the toSaﬂnewémghemmﬁnduhe,raarrmarewr@mc @il 81n rhRBEORPAS R ON
al so contai J0s,.a | east.. 200. 1 \tgedght per cent, di ssol ved insul ating

pol ymer . emadeally 1 FigupRs g Y Pretressan fhgyadens thisidndressistgsshews

ar e’ neg hodsn BiguRk 2R&6 tcngln@mg@ﬂlbﬁlpuﬂwcr@ bﬁrﬁht%ﬂﬁ?slhﬁ{hgf Sny Qy&‘r éaﬁ‘il{}%c%f
preparing an organl c thin filmtransistor involves arrang ng multiple

| ayers in tHE eﬂ%ﬁf?f&kph@uw&emteraalgaﬁwhen@weddierenattgacrawd‘dspmﬁ’r| c
| ayer; a la Vi U 1 a ect rpode t hat
Ai8posiaY. ‘ag%ﬁu% (ﬁegoﬁ rg_gf?l L8 e[%@glt d 8}‘60 IS SR r?%ygﬁ Cact

are separatedfrome da s condt ayer i
Wi th bot h bhivesnineceendbexctlaede Anbed herenlrtiajesfc tedn&;dhafa@dlm aTiﬂﬁ layer is

sem conduc r,.1n a | . ol ecul e sem ondu f

Formul a (I 538&1 éﬁle%rﬁtﬁ%%or?gﬁayensﬁﬁﬁghiayeﬁé’ “tao@(t ﬁﬁﬁca?fil%?f&&hwthef
thin 30 Im ﬂayanmummlﬁ)sﬁmtmfbhm@nttﬁe fikt BydRhbat SERdInRWN
schematically i sIt 6. For exanple, the organic thin film
transi stor showt"$ E‘ﬁs Ia? Ofﬁﬁn‘!ﬁlt]@‘mf@“fraé%ﬁor 100 is shown schematically in

Figure 1. The organic thm film transistor (OTFT) 100 includes a gate electrode 14, a gate
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30be prepared by providing a gate el ectrode 14; depositing a gate
dielectric layer 16 adjacent to the gate el ectrode 14; positioning a
source el ec¥P3H/1XB7and a drain el ectrode 24 adj acent t @CTAS2Q99/D46904
dielectric layer 16 such that the source electrode 22 and the drain
el ectrode 24 are separated from each other; and formng a

sem conduct L h is.deposited on,the source electrode 22,

ot he dr o G0t B3R diBleg oh EBIR UGN Bl Relsh o eb it

el ect rode 2Ecand: 24 endls snfic@ldectbs age 2D4hat Thie csebitcamdiset Ok shayeslcARde
ctrode 22 and the_ drain el ectrode 24. The

contacts bqf.h e saurce e

portion of %ﬁ@ag?ﬁﬁ@ﬂﬁ%ﬁt&? reZ45IT EPUrEhAECtiode phand e Aedn §lertiode 24 pEa
bet ween t heesutd tolleteH 61REGI. &Ndle thRcHIRRIEL PS5 Q0EHEET 8 Trath clectrode
channel . The organic thin filmtransi stor shown schenati caf(i y

in Fi gure 2% aH Beppritigyad adiaeopt ierths/digicptgic aysubs t Beth ¢helpurce elpoisidei2Agna
gate el ectr : 12: |t Le [ C
Paver 16 ad aramti@Rodq 2 SLRELEREEAR inc ERRSHACRD 1P A GeLEL FRbHL S or
el ectrode 14 jemidadposort i édpdsionetietyhm thatmtaealaetrdd: akidhd dreingidcaode.
dielectric r. 16..,00Sitioni a source electrode 22 and a drain

el ectrode éﬂil%igftggé)g{l%tSSmfcﬁggﬁg(?éayﬁft e‘é??ﬁlééoqeﬁb%ﬁwe%t §eHCT Fsgtrodp and
two el ect r abledramretecae@sis adfeded to @StRaG ML Der TheaMthrePs Ml o the gate

sem conduct or | ayer dj acent to the source electrode 22, the drain
of ect Hbde éihe,lecgfh%‘a}’%%ghgoaﬁé%{mﬁand&émé%‘ﬂceﬁ havesanciana swéace daament layer

the drain ekskharenR4icdhs. &2&1 1%%9%5‘3&&0%%0@%&9 tacts both 15
the source electrode 22 and the drain el ectrode 24. The portion of

the seni conduct & dpgeal selstateican powkiulehiadhd ergatiethin-Gbm betsinen Fove
Ly s S R

organic thin m transistor s ma gure
prepar ed byclpmevicdiyny Fazusa/b &ir tlat @THP 200 arajacentac e memizoadieiod faykay®ds

20 adjacent to the substrate 12; 0 iti.onin source. e| ectrode
22 anif a ara i il ale ohtug e TN d0” derPadraRlieer nehgn 20
opposi te t hetisiabsirfsat ecatBesiuefer bltaked he saRti€a2ahetHesedR oA iR thydF 2. N
el ectrodes 24 are separated frgm each other; depositing a gate

diel ectric | ayefne@ehgpbadiment ohan prganie thin-dlna travsisterde stppn schematicalisnin

el ectrode Zgur@BdTRs BRJhicOnHimldh8siSSrIRPRAHEL A pal AXES en the
source el eft%r ode Zzsa%a tChendrrgi n SéII ectrode 24; ggnegé{ éﬁg‘gf‘?? gﬁ%a gate

el ectrode HirlegigdpedAdispescrien thysgate diatiode i 4.iacscmiopaduct® layBo2th ahthe
sour cgy el eghrQ Qe&%dggs ali\(b% gﬁ!naéi&n%bg ?t?]gﬁ el grgt %Fé:%)m%ug: 08 Jayer 20, In

sem conduct or layer rtion o em condu
posi t i oned thistmbahmeiticths semicendakioc tayed) i2 Betaaen thhgatd dadldetréd legdrneded

24. This pertion of the sem.co ctor |ayer fines a channel. The
organi ¢ thi ﬁghftﬁ? ?ﬂufcreaeﬂesffrg&eg%zga'@ﬁﬁ aglcﬂﬁ(’gﬁﬁ{lq %gl—hﬁ? SPRFeRFigtiFss 24 apd ths
can be 30puepaciectrddy 2a aficasted foin dably Oh¥aS ¢ 2k ARGt bl DPUSes! Y er S
in the foll ow ng order ate el ectrode; agate dielectric layer; a

© a
seni conductBRtaqiartran slecupds 4 Sethitbomuirsteliciade Bommitadramcleshiadais

opti opmal i RElhabitAd wRG! (ETRMmicEREcHBr haW& @Y C&
and VD 2005/ et s B SUcll Wt abrRorrid %&%ﬁg‘%"%gﬁ‘{et&qu"r

separ at ed fiywiteaehbasterarthe stvesealastrodreansiahs dremdilrstrode. | Bheehameh? bisttise

both the drai € rode. .l.n so
enbodi nont L0 n 8 FESEARE A E: ALK BRGNS v hEE Bermda? ent
gat e di el edherdrginlekyeodedtd Qriver s epivdeicucfice teagenient Aysid st bamhelugannbe

osi tioned_adj acen 0 the te el ectrode or 5adjacent to the | ayer
(F:)ont ai ni ngﬂ}ehégmécgma%cioréjfegff?'?lgq{@){%FH etaﬁle‘)pﬁf”éﬁl ﬁ“rzqéééﬁe?tgﬁ’ét. layer can Le Y

30 included between the gate diclectric 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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For exanple, the organic thin filmtransi stor shown schematically in
Figure 4 can be prepared by providing a gate el ectrode 14; depositing
a gate di el W24V er 16 adj acent to the gate el ect r odRETIE2000041¥0N0Q
a sem conductor layer 20 adjacent to the gate dielectric |ayer 16
(i.e., the gate dielectric layer 16 is positioned between the gate

el ectrode . . Lcondu er 20):. and.positioning, a

source el e(]:l{é e em%‘%; %ﬁ:dguggé?%qﬁe @fl‘@ig b@é%mﬁm)&ﬁtj“éfﬂ'bth'gs?‘%w?q‘i@cmglayer 20
sem conductashéwy stheR@ticalliién Biguite@efoethe CHIFTi®02 DT 00kEen HIcRIdB an optional
el ectrode 24 are sgﬁ%&%e fromeach other and both el ectrodes are in

contact wi tH" e €EH : _‘?enlﬂéey%’rb“%‘? T2engdhe seacrdugtplayer 20.

sem conduct or | ay gperhifonRIFhd JeANRATRELMRER E&ﬁig%%ﬁﬁseshﬂ{;vﬂ i ERLRs 1 to 6,
el ectrodes. 15The organic thin fil mtransistor shown schematically in
Fi gure>5 caiflipee s9ndpaprisdiiy thsdenin aleeitpds 24 ublowerereatist idesdlysind ¢éagedi.c.,
gate el ectr i Sitin at e
el eotri o Ty ASLAREAL ol ABHES: LALR BSOS LB T8RS e
gat e el ect rabigrodetl4. sSThpo i wiloneditdpetnvgplied hehs ghis ticatwle 12, tandhdnhe 2gah e
dielectric . 16: form a _sem conductor .| ayer adj acent to the
gate diel eéb?iyegl{lfoé@ggorl%},lerggderﬁ%}gsf wiaWWﬁn%Evgé‘ﬁth PER ARICERAR 92 and
a drain el eoltagde tRdgabelietont 14,0hd danse 0l 665Re1LE todubahd 2Rargd NEws
sourcEQeI ec e and the drain electrode 24 are separated from

ro 22
each of her @Ruehibe shannelt Hage thegpurce pleetiead o tiedrrin plsctaasivi2ddonduct or
| ayer 20. A porty Qised ﬁi]@ﬁ&les{ﬁg o] I j ]tk
bet ween the_source (Sél éE(::t rode ﬁgﬁdh%ﬁngrdg?{ﬁég%glcf%c?%rg%?’f%@%gdmr use:
or gani ¢ t hiQptionplky, theanbitatesan grayids awckrsirisel foagtiop fomthEDFETe Fér eamphe

prepared 2 | o . i.fi.0Dni source .

el ectrode ggé’%d%gfgé r*g‘?%‘%g‘?%%? %Jo@éﬁgiégﬁﬁgaigéqtgﬁbﬁg%@ Sélﬁ%{g#er s Eich
that the souwleds, bltert nodiei2? tambrgdne gaats cebmtmodl? folgneris enatrialed
fromeach aqther: form ng .a %em' fﬁnduc or Ia){er 20 that contacts the
sour c& el edt FOARIYES IS BRI (GE Al R PR TSRO AP JRF RIS RGPS gat e
di el ectri c wayeor dd-aoyachk, cotcl Beurksit€ aRAULLMBILs, bAY BSmEIRRRMIkEcJthe
source electrod%,zz and the drain el ectrode 24; and 30depositing a
gate el ectrode 14¢8&HF sleetqdecld camaclile angipianergdacs af ayrerductye majgoelt iFon
of the semcganslGhOLatk BkEFodRQak byl iR LWRS opr

el ectrode 22 a%d th% dr ai n0 g?eq?ﬁ%&ihggﬁ%ﬂ@ﬁ lﬁl,g%;?;:t%,f&ﬂ%aﬁl‘éy,a
organi ¢ t hicanguctivs palynes et orosnbitpsinn theedod nBvitabld thetals and-altpys eslubict it 6rc

t he sggm co - : 3 ; epargn conposi tion
that - oont ai e Phel S URRiEEn AR AL TR Bt Rl BRALDR R Balghyn?
optional i risaniw,iingjupdinyxite, (I8 flasrirertgandid: (FO0Y.entimbhpdopdt siaekides at
| east a porti of both the,s | nmol ecul e sem copductor, 5 and the
optional i rq}éilj‘ﬁé]ftqrﬁﬁoﬁlﬁnﬁwt}lerg% %&p%%$@Hg‘V€§HB'H§%W@Hd?=(9“%%9%‘&
| ayer of t hienied g potatiling pBiykmieﬂ@lbﬁbcﬁéﬂfthiolﬁ[éﬂgﬁpay(&t?féﬁé’Etﬂﬂmﬁﬂe?,|oi=:"aSt

a portion of the org]anl c solvent. The conposition contains at |east
0.1 wei ght PREPRERIE: B W& verachn filmtmngisiorss thesame snttuiet o Paddadoginthe

the tpgal welo@htnode AiRQIBARPARIstipk BRGioH R 1RRLLRRAR R | er
contain at \Qﬁke:ast r0.(:1 )A/e%oght perscféﬁr%]{?t di s?ol vé@%h@%@ét%ﬁéﬁ%&ﬁ%%?gd 10
EXAMPLES  silicon can) fungtioage heth theegate geatrodasmbisfthombstorterer ci al  sour ces

and used wi t hou % téE'F L1 fi Lon: unl ess. ot herw se noted.  Sodi um

car bonat e, t'i n ?T‘ ?‘I ¢ %tﬂ%g él? LIA({)HI?@S p?oﬁgﬁ%qts] 15,[%%1'511 ?%8 F% 1,ng a suggrate suldflace

15t et r aki s @tithiaghepeysiqhtba phntam) pad duatiicundtials drcheonmapirtolkethagdte

2- br ono- 6- . . . . . . .
conductive or polymeric materials that are conductive. Conductive nanoparticles include,

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

nanoparticles, or carbon nanotubes.
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i nct hoxynapht hal ene were purchased from SigmaA drich (M| waukee, W).
ALI QUAT 336 (a phase transfer catalyst), n-butyl lithium and [1,1'-

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

di chl oronet hane were obtained fromAlfa Acsar (Ward HIl, M.

20Trii sopropyl silyl acetyl ene and was purchased from OFS Chemni cal s

Col unbus, ) ne. and. t.etr drofuran (THF) were, distilled over
godi 3m uThear-ri)ol gggé%? %13e ercﬁéctitgﬁeéggz Jl%ﬁ“’?“@%*ﬁ]ﬁé?% e'ﬁﬁtﬁoﬂeﬂﬁ e cﬁaﬁt es
wer e conf i rdistebitiylafbr 16 electricalMRs({14QOthNIHak clcthiedd Bl freWiirbaihad 61 he

i al d ' bl j shed 25procedures as follows:
2. 6 di br omiA HPHi one! AR S 4h et FiSRPE0 HFLHE RE Pymaiva i A1Fgmic
2, 6- di am neasdhe AEMHAONBol{ e MeIALEE neiiaf Or § 8SERARH hicdd %@Tg?tt@' sy

Angew. _Chem. Int. Ed., 42, 1159-1162 (2003). After sublination,

was fut t herdieatiq s deByinedrlpys campitiok lapws of wireidhRiclg0iteatpiabe Rashr
2, 6-bi S- (4,14e5::5 & vyl 163 2-di ox _2-y1)-9 10-bi s

5 O AP LS AP ol B,
Reacti on Schene Thg ogsniddiso ffilib édnsisioRcapachtio ny officaniuefscelreamaken? layeMO

2009/ 154877k S2009/,041904 Reaction  Sche A Suzuki, coupling
reaction mdgggéeédj)ef“beeg;E/hnetgr?ges(ﬁ%kéc%%ﬁaiyg&§ a@Hﬁg%ﬁ%aé’maPnﬁ F%E’F%a%ﬂ 1) as
shown in Reamtebﬁducﬁﬁﬂt@ﬁﬁfl(ﬂohr digpoﬁéiadzﬁﬂbd&nlhebﬁbﬁfd% B%Mfd%@[esst alportion of the
2,6-bis-(4,4,5,5- tetranethyl-1, 3, 2-di oxabor ol an- 2- -9,

0. b1 1By | RSP H P9 e sRe CovC et Ba eptaThsfce tratmen

4- br omoani 3@ler (drilesBE ah thid?BRE bitABIRDGHER d)ectrid ool ANPIE sémi ctoft Hyer
tha -Br in

precursor was reacted wi th 2-brono-6-nmethoxynap ene .
Reacti on SERhEffres the syipiraigeod s semiTPGICtys X069/ Tt seTccReamdns ySotae e

2 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 clectrode 22 and drain clectrode 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 (ITOQ), fluorine tin

20 oxide (FTO), antimony tin oxide (ATO), indium zinc oxide (1Z.0), 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 clectrodes (c.g., the gate clectrode, the source clectrode, 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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Preparatory Exanple 1 - Synthesis of

2, 6-di bronp-9, 10-bi s[(triisopropylsilyl)- 5ethynyl]anthracene

Trii sopropyWei2pep1asat yl ene (12.32 g, 67.5 mmol) and dry Heasaes0140
m.) were added under a dry nitrogen blanket to an oven-dried round
bottomflask (1 L). Butyl lithium (2.7 Min hexane, 14.5 niL, 39.2

mmol ) was ed_dr opwi.se_ und nitrogen. through a.syringe to the

m xt ure. TﬁggggO%&%C?% O\gggr%@? ﬁﬁ‘e‘ghg{fﬁgbgmléh%é?@? C&“P8¥86§t Blgride the

10To this ocemimwhéssordoleutthio thycois b iidiPro¢d0@udthg a aifosition. The composition

2, 6-di br om)anﬁ)hr aggi nong ES. 49 g 15.0 mmol ) were added under dry

ni trogen. TR PSHIEHEMEAS i riksd ap ‘éﬁ-ilﬁﬁ%? snbedmaniy bPH’éhQP‘HDPOSIUOH_and the

di br onoant hemuigryeﬂl%ﬁd@t&qﬂev ﬁfégidte ﬁﬁ’lﬂ@b‘i}&% polifer'Th é&diggr} §ee s}t.dur red
an .

at roomterrperat ure overni g e sol ution became
Dei oni 2ed (MyculptcaticqudugombFopmeladded, the col or changed to |ight

red, and a whit Ll | . l.ori.de..(8. 088 g,
426 mol ) 1 1o RTELRE A EpRRARECkARealp s stk mERY RLHAS kb 2
m xt ur e wasnfdetsgdoviding 0 fiet fayer @ldved fiomandiclebein lyepbedcondudtioo Myer and

(100 ) welerhied SOy RT Wb TRt b eedbiiieh SR er GGt mepaine
hexane (10@rptovidngssneddiguritananters@b srhidbhdve®r Ws1Sar frBpdbd Meher
unti | &eut ral, It vvaﬁ? concentrat ed and purified through a col umm

chr omi¥ ogr apHYcess @rptherdayey sychas ghedislentric layess the ﬁP“%}‘éﬁYf‘g‘W o grjagupgrass

g, yield: &%%coﬁ‘&@ti@@fagérrbﬁgizﬁﬁ;dh%r PLAGUC bne or\@f%re electrodes sych as a ga
2009/ 154877PCT/ US2009/ 041904 Preparatory Exanple 2 - Synthesis~o

2, 6- bi s- (4,8lecEodr erex lpgarghah yrlutegbath tiesruabo elottende and the drain clectrode. The
1) -9, 10- bi sKt fri4i j nyfl,ant h . .
S b i br omstd o 61O PR NI B LAGE Rt taverinelnes clien g uges
7.5 mol) f(lﬁbpmlﬁarmgarcanmogiti@(mmhegdgs tlhsi a)‘n(thi m«ge@iidcfgﬁ%d%gg@ﬁgf Fofmul6 31)
, 18 . KOAC. (2.94 0. , .an wer e
ghar gég tommdgZl ﬁ%@r%?w%’?léfglﬁqﬁggfﬁmt %@d’ﬁgfﬁn & Bramalndetlit i on wi t h
tsus pende]g Keon@st@PCR e ng HRoHPSNEN S MBSafte 3R &Rt oSy Sand
races of ox

gen. . _ : .

[1, 1" -Dbis( d?%‘ﬁ@ﬁws RbiSpH P Retoa of ronemmin oheay Byatheaarting lerer28Be g) was
t hen added MpHekit it 0.1THE ' . .
m xture Was\C g@i %itrusei{j%gt 1:%39&%%%&&1 ggég@se%aegg&lfﬁggeggg g%[%g@ersg%{r%nonducml
t enper at ur éasqdtonhstojed Sivkatit of théc@hpastioer 0RO carhpositidh abkndowtninget lcast

over dg504.4TH Yent 4; %g ary evaporation. The solid
resi due was pu?giggﬁézﬁgyd%%ﬁﬁ?rgﬁgﬁrgg %ﬁ%éfgéphy (silica gel, CHCl3) and
recrystallized Spomoétheyhetianisioépepagaogeondetiraecityssiransthely & preparing
obt ai ned (3. 20.(% .yl eltd 55% 3§ t he @{ oduct .. 15Exanpl e! - Synthesis
of 2,6-Bis (oag i HM%F@ﬁ? S. ’Ifd[l?ﬁl | of preparing an organic thin film transistor
[(triisopramdivdslayBetihymriait yRcRnR: OBV bidde Afbke clectrode; a gate dielectric
layer; a layer having a source electrode and a drain electrode that are separated from each
25 other; and a semiconductor laycr in contact with both the source clectrode 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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A 250 nL Schlenk flask was charged with

2,6-bis-(4,4,5 5-tetranethyl-1, 3, 2- di oxaborol an-2-y1)-9, 10-bi s-K
triisopropy™OiMPBEIHAYNyf | ant hracene (1.266 g, 1.60 Mo )BCT/US2009/041904
4- br onoani sol (0.748 g, 4.00 mmol ), sodium carbonate (0.848 g, 8.00
mml ), ALI QUAT 20336 (0.072 g, a mxture of [CH3(CH2)9] 3NCH3101 and

[CHB(CHZ)?] a phase tr fer catal istil
wat er (25 %ﬁ?%b % gﬁégeﬁ% e%oiﬁefh@%ﬁﬁiﬂg %S%Xrﬂé’ﬁﬁgg o %Qﬁ
ni trogen usdapgs@d 5a eaplirck ERetrdde 20e60Me deky@edtrode 24, and in the area 21 between

Tetraki s(trjphen hos [l adi u 0.024 g, 0.02 nmol) was
t hen add(ed yﬁﬁﬁ)ﬁcfrag%%??’?d&% dfﬁcfntf‘éggfﬁéfg e@#?@“ﬁ‘tﬁ‘%‘ I%iem)%o cqUffsts
m Xt ure wasposh ihk c&Fcdd18@FodB Y LADAR ditlin agcn%égm Tﬁ‘&ﬁ: HRASH oﬂﬁggéﬁlflsor{dﬂé&&f

turned to greenish orange, and the | ower aqueous |ayer was

After bei ngaléﬁf itlat spogitionl i thegentgtwenurtis soutve cleciodsraad Weesdraio eleetiodeo
room t enper kLS ciinidit t1 € insoluble black solid was filtered out.
Dark green toluene solution was concentrated to - 15 nL by rotary
evaporation thei hqu@mmmmﬁiml\tmﬁhistoﬂﬂﬂwmts;chen@naﬂgan$~“d)gulrdz ¢dh Bohreparanas

col | ected flltratl rified t|on The .
Sovacuum ve oY TRE Hralelt Foetin e e At SR IR i BRoes T doesstiver
zone t enperagats diclagtsc %9& €3 adj\llc@@t t6 ﬂi&/gﬁfe&eﬁ@&o@é Ve hh tHal i@ )at@%ectrode 14 is
obt ai n@d( as_pr.oduct - _Synt hesi

2,6-BI%- (6 H?é‘E‘HB%ESPeh%ﬁtﬂPFa%‘@ﬁm?e Vf}ndghqaaﬂbiil§[ee&ﬂﬁi%bb¢ dpsitieningaydycet
h | t

C%2¥g£daCM %@g@%‘@%ﬁl % &%ﬁgte’gﬂ%(g:t 2r4aar$je ac@htg@@legmc%faéﬁrné(}a%rq% KullPfat the
di oxabor ol éwozﬂey&?deg a@@ﬁbﬁfétqd frpini @dp@tbgy b ﬂ'oypmg h}snlyaicpaductm dayen?)

1.266 g, 949
ﬁr_rml ), gOdI S%Q car cl)%lg?lﬁg? %E% 22 f{gé %8?%%”&% %L Eﬁ&f 9?3?8"1 gpﬁ‘fﬁe'bt,hea
m xture of bpﬁleB(zléHﬁ)d@mNﬁtﬂ-lﬂrbﬁimantéot[r@d@@CIﬂH& deﬁb@tcﬁmﬁﬂtayemeﬂn@&s Both

phase,tran el cat stille ol uene (100
m) . JI'%e _m'stg% PE SR §X'8%°)g?§s d}t“i ‘bﬂa I%A/?Pgeszé 2’3&130 oy gwemﬁor% peior layer
Schl enk | i nkattiopdsRizhvEnAXygenbetween the source clectrode and the drain clectrode defines a

Tet raki s(t rcil[]%ggpyl phosphi ne) pal | adi um(0) (0.024 g, 0.02 mmol) 10was
t hen added nitrogen flow After degassing one nore tine, the

m xture was sti fihee-ddRdekin Ihrtx‘agﬁﬁo@stho% she Eg%‘%ﬁg FHRPES o rb%ap% %red

| ayer turned to dark ]%Eieen in - 1 hour and t r -aqueous la
was col or| éyrovadingp sihsiralg 1831 formiag asemBonductay ﬂay2ﬂ2muh¢®nt tb htee stubsttaw B;

was cgpl ed %)Qiu%gﬁghgcﬁﬂpee&?&ﬁ%?zz ‘ghd x%ln eiéc?r 83% &ac:ﬁ{l ffgylg%:%pt\:{\@rm_

filtered o reen uene so I'on

by rotary edaapdd apposite thheubsﬂr&t(q ue ramhﬂtlaﬂth)e @qhﬂid e(ckB6dam?) and@feﬂﬁl giectsddet 4
(1.15 g) was_colle Itratl fur her, purified by zone
subl i mati of’° *Hga@g%r h§r §°‘89f8m§ &'ﬁﬁﬁ ta 1?@HE°?“§FH)@F Aire
was 300 C ahgtedmetheziede cleewqRnat AHde D;p@tso@cﬁ%&en@cﬁegﬁoﬁ%érdo 6Owaed)
was collected in the central zone.

- Sol ubi |
Measur ementhe source etpigodsyd 2 g the CifaléfeieBEW% Pl depositipg & Bativel ]éctmde 14
synt hesi zeddjaBedetAi® g@fe Jamlae@fc mﬁﬁyr B6khihe éﬁ%fdc%#% d§ %eéhfd%h@&m oom

tenperature.” This small nol ecul’e sem conduct or
sol ubility ehﬁ“@d@ﬂt@h@éﬁh@ﬁ@ﬂl@@@@mr rye Meirghirtipesitbasemianmdugooidyer is

solubility t han p

xyl ene (ab B%hlgd g%\%\g‘{%ﬁ?{{} %@&g? é%%?cja&e%‘?ﬁgd%eld%{l ey\etf(gg?ﬁ eriusﬁ’g?l?& gﬂ‘
t he total sc;hubmcbmtov\mygmaﬁnEs(zacmhﬂem - Thin Film Transistor (TFT)
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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 clectrode 22 and a drain clectrode 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 dielectric 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.

2]



Mobility (cnR/Vs) On/OFf (x104) Slope (V/decade) O day 3 days 7 days

0O day 3 days 7 days 0 day 3 days 7 days 0.073 0.057 0.031 4.0 6.5
39.0 2.4 1.%0 2009/154877 PCT/US2009/041904

10

I5

20

25

30

In any of the organic thin film transistors shown schematically in Figures 1 to 6,
the semiconductor layer can be formed by (1) preparing a composition that contains the
small molecule semiconductor of Formula (1), an optional insulating polymer, and an
organic solvent that dissolves at least a portion of both the small molecule semiconductor
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

welght percent dissolved insulating polymer.

EXAMPLES

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

Sodium carbonate, tin (II) chloride, bis(pinacollato)diboron,
tetrakis(triphenylphosphine)palladium(0), 4-bromoanisole, and 2-bromo-6-
mcthoxynaphthalene 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 Acsar (Ward Hill, MA).

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
procedures as follows:

2,6-dibromoanthraquinone was prepared from commercially available 2,6-
diaminoanthraquinone (Sigma Aldrich) as described by Tto 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-y1)-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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A Suzuki coupling reaction was used to synthesize various compounds of Formula

5 (I) as shown in Reaction Scheme 2. In Example 1, the precursor 2,6-bis-(4,4,5,5-

tetramethyl-1,3,2-dioxaborolan-2-y1)-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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Preparatory Example 1 - Synthesis of 2,6-dibromo-9,10-bis[(triisopropylsilyl)-
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.
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)
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
(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
£, 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]dichloropaliadium (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 x 3) and dried over MgSQa. The solvent was removed by rotary evaporation. The
solid residue was purified by column chromatography (silica gel, CHCI;) 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)cthynyljanthracene (B4MP-TIPS-An)

A 250 mL Schienk flask was charged with 2,6-bis-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-y1)-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 [CHa(CH2)elsNCH;"CI" and [CHa(CH,)7sNCH; CI', 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 laycr turned to greenish orange, and the lower aqucous 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-y1)-9,10-bis-
[(triisopropylsilanyl)-cthynyi]-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)cthynyl]anthracene (1.266 g, 1.60 mmol),
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,)y]sNCH;"Cl and
[CH3(CHz);]sNCH;"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)
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
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.

Example 3 — Solubility Measurement

The solubility of BEMP-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

pereent). 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. BAMP-TTPS-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
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 (V). A linear fit to the I~ V, trace allowed the current on/off ratio to be
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
described in Example 4. The composition of the semiconductor solution used in this
cxperiment was 3.0 wt% of B4MP-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 propertics of these sixteen devices were re-measured after
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
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 BAMP-TIPS-An TFT devices at 120 °C in air.

Device Mobility (cmeV $) On/Off (x10%) Slope (V/decade)
Oday | 3days | 7days | Oday | 3 days | 7days | 0 day | 3 days | 7 days
] 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 | 0074 | 0.046 | 1.3 2.5 28.0 3.0 1.3 0.8
4 0.078 | 0.051 | 0.029 | 04 23 6.2 34 1.2 1.0
5 0.082 | 0.069 | 0.044 | 04 08 5.2 35 1.7 14
6 0.082 | 0.059 | 0.035 | 03 1.1 0.7 35 1.6 16
7 0.072 | 0.046 | 0.030 | 0.3 0.6 0.4 33 1.5 2.1
g 0.106 | 0.071 | 0.045 | 04 1.0 4.5 34 1.3 1.3
9 0.084 | 0.058 | 0.037 | 02 0.7 5.0 39 1.6 14
10 0.090 | 0.066 | 0.046 | 04 1.0 0.9 3.7 [.4 1.6
11 0.076 | 0.057 | 0.041 | 0.5 2.5 2.4 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 | 05 0.4 0.6 3.2 1.9 1.6
14 0.067 | 0.063 | 0.042 | 06 4.7 0.4 32 1.6 1.6
15 0.061 | 0.058 | 0.042 | 03 23 41.0 28 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 32 1.4 1.5
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WE CLAIM:
1. A compound of Formula (I)
Si(R%),
1
X R
R' 7
s Si(R),
M
wherein
R' is a phenyl, wherein the phenyl is unsubstituted or substituted with one or more
substituents selected from hydroxyl, amino, alkyl, alkenyl, or alkoxy; and
10 each R? is independently alkyl or aryl.
2. The compound of claim 1, wherein R' is of Formula (I1)
-
an
15

wherein

R’ is hydrogen, hydroxyl, amino, alkyl, alkenyl, or alkoxy.
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0.0381.01.7 8.7 3.21.41.5 W CLAIM 1. A conmpound of Fornula (1)
wher ein Rl is a phenyl, wherein the phenyl is unsubstituted or
substituted with one or nore substituents sel ected from hydroxyl,

am no, al kyl, alkenyl, or al koxy; and 1l0each R2 is independently

al kyl or aryl. 2. The conmpound of claim 1, vherein RI is of Fornula
(1) R3 wher ei ihe 2@mpeundyaficiagmn, ortdy stherejt R ssmififormualaky), al kenyl, or
al koxy. 3. The conpound of claim1l or 2, wherein Rl is of Folnula (V)

R3
V)
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) a small molecule semiconductor of Formula (I)
Si(R?),
]
bes
R’ =
Si(R%),
@
15 wherein
R' is a phenyl, wherein the phenyl 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
(b) an organic solvent.
20

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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(V) wherein 5123 is hydrogen, hydroxyl, am no, alkyl, alkenyl, or

al koxy. 4. The compound of claim2 or 3, wherein 12.3 is al koxy. 5. The
conpound of any one of clains Ito 3, wherein each R2 is alkyl. 10 6. A
conposition conprising (a) a small nol ecul e sem conductor of Formul a
(1) Sl(R2)3 Il Si(R2)3 (1) 15wherein i s a phenyl, wherein
the phenyB.is Jrh§t§ﬁ§lﬁ3p$1t1@1é@|f@ﬂms@§§?ﬂ‘{f]@ﬁf@ldRMIQ%flim’@ﬂgr(lﬁnre
substituents selected from hydroxyl _;am no, alkyl, alkenyl, or

al koxy; and each R2 is indepen § al kyl or aryl; and (b) an
organi c solvent. 20 7.The conp on of claim®6, wherein the
conposition conprises at | east wei ght percent dissol ved snal

nol ecul e sen1conducQH§ of Fornula (1) based on a total weight of the
conposition. 30

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(methyl 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, (c) benzene that is substituted
with at least one halo group, (d) a ketone, () 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%),

I

R‘%
A2

2

Si(R?),
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8. The conposition of claim6 or 7, wherein Rl is of Formula (I1) R3
Swherein R3 is hydrogen, hydroxyl, am no, alkyl, alkenyl, or al koxy.
9. The conposition of any one of clains 6 to 8, further conprising an
insulating polymer. 10 10. The conposition of claim9, wherein the

i nsul ati ng pol ymer conprises polystyrene, poly(oz-nethylstyrene),

pol y(net hyl net hacryl ate), poly(vinyl plknol), poly(vinyl alcohol),
poly(vinyll%gqéate), pol y(vinyl chloride), poly(vinylidene fluoride),
cycanoethypri ul an, or

pol y(di vi nyl t etR agre phyrlyt]iveticr i anrepheh $i(ib enaneyaledln keme)gted Wih odd or Hbe:
conposition of any one of clainms 6 to 10, wherein the organic sol vent

) o 10
conpri ses Sghsfitusatssslested fram hxdrordudsines gkwe alspodprsukaxyt & with at
| easts one al kyl U I t is substituted with at
| east one haIoeggggpg1?%%Q%%%§2%§%?ﬁ§%9?5 substituted with at | east
one halo group, (d) a ketone, (e) an ether, (0 an am de, (g) an
al kane, ( or 20m xture thereof = 12. A sem conductor, device
conpri si nB%a She SemisaRdsion f%i@fﬂ O¢ lpR il i W@eraméwqmlmd@e@r yer further
sem conduchRrids AohdMtRe(dolymer( 1) Wherein Rl is a phenyl,
wherein the phenyl is unsubstiwed or substituted with one or nore
substituents selected from hydroxyl, am no, alkyl, alkenyl, or

al koxy; and 5each R2.is.independent K o) ryl. 13. The :

e Khndudtor - ddgiagigroidaiviEs o siate 4t { hebubinommaRised ondysine
further cogpg ascﬁéleaﬂcua?@ﬂ,Ioatalceﬂlbnfahmﬁ{e_reo}f(aaj%e&h@o £:8TeG RBAMEN A layer.
device of claim12 or 13, further conprising a conducting |ayer, a

dielectric layer, or a conbination thereof adjacent to the

sem condugt.or | [ 5. 1.Th ni con .Qr Vi, ce, any one of

o a e 12000, 14 NERhpiat et G oL SREMITARS 16 % b e her Rtneh ol
one surf acendictihp taysesdjs@ntivcinersutfaseadt tedskndicstidelb©e tavefarday @electric layer
15adj acent to an opposite surface of the sem conductor |ayer. 16.
The Seni céABGeR 69 agjernosie sirfaga o Sivsemicoarpstaslayy. t o 15, furt her
conprising an electrode |ayer conprising a source electrode and a
drain electrode that are separated fromeach other and that are both
i n contactlow t MheBemzeniwosrdiesicarnf hay efie of claims 12 to 15, further comprising an

electrode layer comprising a source electrode and a drain electrode that are separated from

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

20
17.  The semiconductor device of any one of claims 12 to 16, wherein the
semiconductor device comprises an organic thin film transistor.
18. A method of making a semiconductor device, the method comprising:

25 providing a semiconductor layer comprising a small molecule semiconductor of
Formula (1)
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20 17. The sem conductor device of any one of clains 12 to 16,
wherein the sem conductor device conprises an organic thin film
transi stor. 18. A nethod of making a sem conductor device, the
met hod conprising: 25providing a sem conductor |ayer conprising a
smal | nol ecul e sem conductor of Formula (1) (1) wherein

Rl is a phenyl, wherein the phenyl is unsubstituted or substituted
with one or nore Ssubstituents selected fromg oxyI am no, al kyl,
al kenyl, or al koxy; and each R2 is independe y aIkyI or aryl. 19.
The met hod of claim 18, wherein the senicondu tor layer further
conprises an insulating polymer. 10 20. The prethod of claim18 or
19, further conprising providing a first -fQyet aetnt to the

sem conductor |ayer, the first layer co
a dielectric layer. 1521. The nethod of

transi stor conprising nmultiple |ayers arrang in the foll ow ng
order: a gate electrode; a gate dielectric |layer; 20the seniconductor
| ayer; and an el ectrode | ayer conpr|5|ﬁaﬂdasource el ectrode and
a drain electrode, wherein the source electrode and the drain

el ectrode are separated from each ot her 8nd wherein the seni conduct or
| ayer cont agthgrelot h the drain el ectrode and the source el ectrode. 25

R' is a phenyl, wherein the phenyl is unsubstituted or substituted with one or more
5 substituents selected from hydroxyl, amino, alkyl, alkenyl, or alkoxy; and

each R* is independently alkyl or aryl.

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

10
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 muitiple layers arranged in the
following order:

a gate electrode;
a gate dielectric layer;
20 the semiconductor layer; and
an electrode 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 electrode and the source electrode.

25
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22. 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; 5a gate dielectric |ayer; an el ectrode | ayer

rode and a drain el ectrode, wherein the

o | | . |
SSH‘P LL%I‘%@? r iﬁ”giggfﬂﬁqqﬁéft Wy A0k oL FlerRy bgle 20 whewspnihgsenicppdpie slenrice
Sour ce of SaTPLses e RRTURLNIN G bR ShSARBRIA N Rrd i BE

one of cl dolhe~ag otder22, wherein providi ng the sem conductor |ayer
conprises applyin onposition to a surface of another |ayer of the
sem conduct or &é@%ﬁg?ﬁf > conposi tion conprising the small ol ecul e
sem cpnduct or  @fgafediBMbic(dger;and an organi ¢ sol vent that dissolves at
| east a portion of the small nol ecul e sem conductor. 15 24. The

met hod of cl ai mn2Bctrodelayen deotprisingtaronrosegstiods ayl & dnovélegrode, Wisasin the

portion Ofsoﬁrr(]:g REFEH a?ndstgelz Xi%pr} elggt}o & aft s%lerlape% ff’orllr? edt 1%?1(1)&‘5 atu'{don'

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

electrode.
10
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.
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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