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SEM CONDUCTORS Techni cal Field Sem conductor devices, nethods of making
sem condwwOanovdgyisees, and coating 5 conpositions that pcansbeswsad2to
provi de a sem conductor |ayer within a sem conductor device are descri bed.
Background Traditionally, inorganic materials have dom nated the

sem conduct or |ndusté§ For 10 exarrEt silicon arsenide and gallium
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manuf act WoMngsigpnetheceandisitscdnmrewse agamicopduadaycrything semisppduceadt i ons,
and may QQQRI%K;&gc (%'of flexible circuit supports for display backplanes
or |ntegrate circuits. A variety of organic sem conductor naterials have
been considered, the nost conmon being fused aromatic ring conpounds as
exenplified by tetracene, pentacene 20 bi s(acenyl)acetyl ene, and
acene-t hi ophenes; oligoneric naterL%&QSﬂﬁﬂﬂﬂaining t hi ophene or fl uorene

uni'ts: and pol et fl EhEFL AR 3¢ AahALRTHAAB Y Sop ik Rahene).

At | east sone ani ¢ sem conductor materia have pertor mance
chat@&ct ereixamphas smumharsasda:mwr @éhmlarsemde et beach psedoaw/ semficondnetent rati os,
erio t hose of

and sub-thres ta t hat ar bl e or
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of its good electronic performance characteristics, pentacene is often the
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addi tional conplication for solvent-based deposition technigues, pentacene

tends to BRblgilaree aica gppiisegonsd PRy apatin theawe of Bergbicisingriyuppesh iRt ons. Once
dep05|teqhﬁpmﬁhﬁﬁghﬁgﬂgqﬁ&g&KﬁQ%%ﬁﬂ&pentacene can oxidi ze over tine.

A variety of organic semiconductor materials have been considered, the most
common being fused aromatic ring compounds as exemplified by tetracene, pentacene,

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

25 materials 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.



1 WD 2009/ 079150 PCT/ US2008/ 084122 This can lead to reduced perfornmance or
conplete failure of the sem conductor device that contains the oxidized
pent acenewO3ummapys0 5 Sem conduct or devi ces, net hods of PERRIS2ES/084122

sem conduct or devices, and coating conpositions that can be used to
provi de a sem conductor |ayer within a sem conductor device are descri bed.
More specifically, the coating conpositions include a small nol ecul e

sem condudtinean lgid forrsdicad ipagoresingarer coraplatednilue ghticscmitonduaton deatcedhat

di ssol ve ul e sem conductor and the insulating polyner.
The snalfmn%P§3E$8m’gEagﬁgg%ﬁ'uctor is an ant hracene-based conpound (i .e.
ant hracene derivative) that is substituted with two thiophene groups as
well as with two silylethynyl groups, In a first aspect, a coating
conposition is provided that i ncl udSMMBRAY, spg| | nol ecul e seni conduct or
(b) an i nsul atddidcRPh¥igPHievidddnbmbdapt RLEARLEnREhYRMr doHIE, 1@ Y
conposition contains at least 0.1 weight percent dissolve | ecul e
15 seni caedypositonsthdt Gin Heemsd todpravide angpedlmamtlayhr sgtlivedemivendutarng

pol ymer based on,th tqtal wei. the.coatin |t|on The smnal
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i ndependent |y aIkY koxy, tth% hydroxyalkyl het er oal kyl ,
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for ﬁyl ' semiconductor is an anthracene-based compound (i.e., anthracene derivative) that is
substituted with two thiophene groups as well as with two silylethynyl groups.

In a first aspect, a coating composition is provided that includes (a) a small
molecule semiconductor, (b) an insulating polymer, and (c) an organic solvent. The
coating composition contains at least 0.1 weight percent dissolved small molecule

15 semiconductor and at least 0.1 weight percent dissolved insulating polymer based on the

total weight of the coating composition. The small molecule semiconductor is of Formula
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In Formula (I), each R' is independently alkyl, alkoxy, thioalkyl, hydroxyalkyl,
heteroalkyl, alkenyl, alkynyl, aryl, aralkyl, halo, haloalkyl, trialkylsilyl, thienyl, formyl,
acyl, alkoxycarbonyl, carboxy, aminocarbonyl, aminosulfonyl, or combination thereof;

each n is independently an integer equal to 0, 1, 2, or 3; and each R? is independently



acyl, al koxycarbonyl, carboxy, am nocarbonyl, am nosul fonyl, or conbi nation
thereof, each n is independently an integer equal to O, 1, 2, or 3; and
each R2 iwoizngapersdent|y 2 WO 2009/ 079150 PCT/ US2008/ 082L2A1S2@8k0§4122

al kenyl , al koxy, aryl, heteroaryl, aral kyl, heteroal kyl, heteroaral kyl, or
hydroxyal kyl . In a second aspect, a sem conductor device is provided. The
sem conduct or device contains a sem conductor |ayer that includes (a) a
smal | noladel dkewhiaderdustbhetsfoasyl Ryl dcteroallghdictasparalkyl. @5 ul at i ng
polyner.lkg(%yg%k[d aspect, a nethod of meking a sem conductor device is
provi ded. he ‘hod includes providing a sem conductor | ayer that
contains (a) dnasatdndmspec emisaiducondeddcois padvidealr rMibleaciiconadumdor dz)ican

i nsul ating pol ymer.. The above su ry of the present invention is not
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transistor. Figure 2 schematically illustrates a second exenplary thin
film transi st ofhe abpygsynemarysdenprcsanainvgniion g st mteadedita driserdbesachpl ary thin
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way of exanple in the draw ﬂ%fﬁ@&n. o mhgﬁrg‘%ﬁ&%i bed in detail. It

shoul d be understood, however, tiat tne rmtentromr s not tolimt the
invention to tTHe ipadition magrbeantedonmpittdy dedastobed th conkideheorn ofithear y, t he
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Figure 1 schematically illustrates a first exemplary thin film transistor.
Figure 2 schematically illustrates a second exemplary thin film transistor.
Figure 3 schematically illustrates a third exemplary thin film transistor.
20 Figure 4 schematically illustrates a fourth exemplary thin film transistor.
Figure 5 schematically illustrates a fifth exemplary thin film transistor.
Figure 6 schematically illustrates a sixth exemplary thin film transistor.
While the invention is amenable to various modifications and alternative forms,
specifics thereof have been shown by way of example in the drawings and will be
25 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.



3 WO 2009/ 079150 PCT/ US2008/ 084122 Detailed Description of the Invention
Coati ng conpositions are provided that can be used to prepare a

sem conduwOapov/d7anser wi t hin a sem conduct or devi ce suchPa3/us2a08i084122 | m
transistor. Al of the coating conpositions and the sem conductor |ayers
i ncl ude both an insulating polynmer and a small 5 nol ecul e sem conduct or.
The coating conpositions also _contain an organic solvent and at |east a
portion of the small nole il € 1I0Neast a portion of the

t
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bei ng descri : erm "al kyl" rs to a nonoval ent” group that 1s a
radi cal dfasaa pattioamd thomathmolesula ssmicondtosat any dt Bestalpontionldfehalnsylatican be

| i near, branched, ,cycligc, or conbinations 15 thereof .and typi.cally contains
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atoms. Exanples of alkyl groups include, but are not limted to, methyl,
et hyl , n-derigpiyyc thatiis syhisopydd wiih bue thigpheae grobps g4 well sowbhitwo silyletbamtly| |
n-hﬁ§yl, %éclohexyl, n-heptyl, n-octyl, and ethylhexyl. 20 The term

al oxy"gﬁ Y& s to a nonoval ent group of fornmula -OR where Ris an alky

group. Exanpl ess iidee hueien, e ey a etdhoxahd ‘RlEOROX Msedibehingaably witedti ke. The
term"alkenyl" refers to a nonoval ent group that is a radical of an al kene,
whi ch i s leashger deanaspenaprt Mok ofi thaslemsite bemerispcrtsllbon doubl e bond. The

al kenyl can b l.] b i r i ] f
ypi ol 1y cont Bres YySEAIRIEL mK ok iBln BRER KA b ARGEE EH
al kenyl deataurased?hytdeocathon? Tthe alld/] czh bolidddr, artched @ycldk, bocdnbin2tidd 8, 2 to

6, or 2 to 4 carbon atons. Exenplary al kenyl groups ingclude ethenyl, n-
pr oﬁienw ,tg%fﬁﬂfc aﬁlﬂwﬁl&% conigips | oy 1} 0azhan 4igms. %%Oér}eser{ﬂz?dgnﬁ%é%agﬁky gr oup

that i s aupadidilin®l «f.albyne: o HOUGH 105 & DA RIRIPON 1Y fbdeast one

carbon-carbon triple bond. The al kynyl can b

atoms. Examples of alkyl groups include, but are not limited to, methyl, ethyl, n-propyl,
isopropyl, n-butyl, tert-butyl, iso-butyl, n-pentyl, n-hexyl, cyclohexyl, n-heptyl, n-octyl,
and ethylhexyl.

20 The term “alkoxy” refers to a monovalent group of formula —OR where R is an
alkyl group. Examples include methoxy, ethoxy, propoxy, butoxy, and the like.

The term “alkenyl” refers to a monovalent group that is a radical of an alkene,
which is a hydrocarbon with at least one carbon-carbon double bond. The alkenyl can be
linear, branched, cyclic, or combinations thereof and typically contains 2 to 30 carbon

25 atoms. In some embodiments, the alkenyl contains 2 to 20, 2 to 14, 2 to 10, 4 to 10, 4 to &,
2 t0 8,2 to 6, or 2 to 4 carbon atoms. Exemplary alkenyl groups include ethenyl, n-
propenyl, and n-butenyl.

The term “alkynyl” refers to a monovalent group that is a radical of an alkyne,
which is a hydrocarbon with at least one carbon-carbon triple bond. The alkynyl can be

30 linear, branched, cyclic, or combinations thereof and typically contains 2 to 30 carbon

atoms. In some embodiments, the alkynyl contains 2 to 20, 2 to 14, 2 to 10,4 to 10,4 to 8§,



30 linear, branched, cyclic, or conbinations thereof and typically contains
2 to 30 carbon atonms. In sonme enbodi nents, the al kynyl contains 2 to 20, 2
to 14, 2 wo22a®/7d1sb0 10, 4 to 8, 4 WD 2009/ 079150 PCT/ 8620620038422 2 to
8, 2to 6, or 2to 4 carbon atons. Exenplary al kynyl groups include

et hynyl, n- propynyl, and n-butynyl. The term"acyl" refers to a nonoval ent

group of formul a -(Coz-Rb where Rb is an alkyl, heteroal kyl, or aryl and
the (CO ZErfolda Ot orad forhearben omsi Exemplaphakytyd staves sveluglssthymyhint h a doubl e

bond. An égw acyl group is acetyl where Ris nethyl. In sone
enbodi rrerﬁ? ) L%B%Babg‘)r{%n p can be substituted with at | east one hal o group.

For exanple, Hrytelytroytiemnfons toanmahdsalent hriue fod @rkyla —(@O)aRYWhee ®ifs aan be
repl aced by hal o group. K The t "aryl" refers to a nqgval ent group that
isar adiai%xhal&ﬁeraﬂk Bhy| end t&s‘f@@bg}?ﬂ% hgipotben RGBS HEAPBBRY ol | ¢
refess 1Qyh & HOEhIS boME LA Sxdrih ¥y 01 %rbh tshRetyLQnEieM0is3hQRPI. 3 Sofi@r Pon. The
aryl can have one aromatic ring or”can Ii)ncl u&’e up to 5 carbocyclic ring

st r uct ur esntiodaherds, ehcRhgeop eah bosubstifutrslodith at lt4se o atagiapr iFogexdhpde,ot her
ring structures can.be aromatic on-aronmatic, .or conli nati ons thereof.
Bcanpi s or Tafeet g SLpRYE R ot TBEaDLEPtRsen PE FITEac 8 TBREAPID b pheny!
terphenyl, antiyotbsm RapivtBits to aaReARRhNYoup &k Y AQdIcROGNHN. arpgant hryl
ant hracenyl , pyrenyl, perylenyl, and fluorenyl. 15 The term "aral kyl"

refers tcabospeltveinnoundr dhptermararbgeyelicathiferato afing heudwiepo whdch il the wher e
Ar s an aromatic carnbocyelic.aro and R is.an alkyl .group. The aral kyl is
of 11 an BeThi s SRRt daeafy RERR R Sl bl P R 825, Bonyl

refers taag fviad gestituc g @tBatQire Eondtika to (rdGddHBahe wWostatic Bagl Théydeogen,
al kyl, or _aryl. 20 The term "am nosul fonyl"” refers to a _nonoval ent group of
formul a -"SEAUMRATESGIB e 2rRIN3LS, PYRIGFBHC, AIRYIbInagpnyihgreof. Theampleswfady hoxy"

Erer. 9B IRKAL A0 PR LD G CONALE 8 gt ha
" al koxy c acbeapyithyl,raaftesquironyh pheedneny |, gnthripenfl, fyoempl) gerylC30) £/ idveergyl. 25
SndlR o an s\ EyPIT FHEI BARTorT Grasomorn BRLEOLD g ARG b Grotgr
formul a - GOWAMRE & dnh®omatic carbocyclic group and R is an alkyl group. The aralkyl is
often an alkyl substituted with an aryl group.
The term “aminocarbonyl” refers to a monovalent group of formula -(CO)NHR*®
where R is hydrogen, alkyl, or aryl.
20 The term “aminosulfonyl” refers to a monovalent group of formula -SO2NHR*
where R is hydrogen, alkyl, or aryl.
The term “carboxy” refers to a monovalent group of formula -(CO)OH where (CO)
denotes that the carbon is attached to the oxygen with a double bond
The term “alkoxycarbonyl” refers a monovalent group of formula —(CO)OR where
25 (CO) denotes that the carbon is attached to the oxygen with a double bond and R is an
alkyl.
The term “formyl” refers to a monovalent group of formula —(CO)H where the
(CO) denotes that the carbon is attached to the oxygen with a double bond.
The term “halo” refers to a halogen group (i.e., -F, -Cl, -Br, or -I).
30 The term “haloalkyl” refers to an alkyl substituted with at least one halo group.
The term “hydroxyalkyl” refers to an alkyl substituted with at least one hydroxyl

group.



(CO denotes that the carbon is attached to the oxygen with a doubl e bond.
The term "hal o" refers to a halogen group (i.e., -F, -d, -Br, or -1). 30
The ter mwbab@al7ksh” refers to an al kyl substituted w t RCatUSR@898410ne hal o
group. The term "hydroxyal kyl" refers to an al kyl substituted with at

| east one hydroxyl group. 5 WD 2009/079150 PCT/ US2008/ 084122

"Heteroal kyl" refers to an al kyl having one or nore -CH2- groups repl aced
with a thio, oXigteraalkyloueferstto iyl havingpne qfaers KRBl srowpeiradpsad sitha kyl |

h I f | Kyl .
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five ring structures that are aromatic, aliphatic, or conbinations thereof.

Exanpl es of héieeﬁrrmylre@r&)turﬁsmomatmeradmt aieg nHve (o severaender f ur anyl ,
t hi henyI rr.o r.az tri t | wl

t i D001y eror AL ik ot ingh LGBy BUCREKIN inabfch Rl ol RS 81

I sot hi aza@irebmbmatibe thiteof ythé dﬁgr Bitdh a wé@aﬂymmhg ciybd mxﬂbaydr to GtUuswal tb nyl
i soqui nol i nyl, benzofuranyl, benzothi ophenyl, indalyl, carbazoyl,
benzoxaz drpytp fiveswgsGUAUES haf lare Hamatifriadnbasicypr C%rlbr%romﬁ;hereqq‘u Enamples ny| |

qui noxal i i 0 , phenazrnyl,

phenant hr| ter&%%g&ﬂ%rlﬁ%@ de’angﬂré ﬁé@%@ﬂéﬁ h}% l’tbtﬁ%p&fj %?8)! }Ll’

"Het er oarlahd@gzblyl eyl f toiazolylatdaybolgl dsadolyls @dizmyl, hisca abdyle boatiydolyl,

" Sr | et hé ﬁf ers t a oval en Pup of Lor rrul.(g -C--C Si (Ra) 3 where
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Aary!
are soneti nes re érred to as silanylethynyl ‘groups.
benzothiazolyl, benzimidazolyl, cinnolinyl, qulnazohnyl quinoxalinyl, phthalazinyl,

benzothiadiazolyl, benzotriazinyl, phenazinyl, phenanthridinyl, acridinyl, and indazolyl,
and the like.
20 “Heteroaralkyl” refers to an alkyl substituted with a heteroaryl.

“Silylethynyl” refers to a monovalent group of formula -C=C-Si(R"); where R" is
independently selected from alkyl, alkoxy, alkenyl, heteroalkyl, hydroxyalkyl, aryl,
aralkyl, heteroaryl, or heteroaralkyl. These groups are sometimes referred to as
silanylethynyl groups.

25 The term “thienyl” refers to a monovalent, heterocyclic group of formula -C4H;S.

The term “thioalkyl” refers to a monovalent group of formula —SR where R is an
alkyl.

The term “trialkylsilyl” refers to a monovalent group of formula —SiR3 where each
R is an alkyl.

30 The phrase “in the range of” includes the endpoints and all numbers between the
endpoints. For example, the phrase in the range of 1 to 10 includes 1, 10, and all numbers

between 1 and 10.



25 The term"thienyl" refers to a nonoval ent, heterocyclic group of fornula
-C4AH3S. The term "thioal kyl" refers to a nonoval ent group of fornula -SR
where R iwoanov/@abisyl . The term "trial kylsilyl"™ refers t@Causeeswsiient group
of formula -SiR3 where each R is an alkyl. 30 The phrase "in the range of"’
i ncl udes the endpoints and all nunbers between the endpoints. For exanple,
the phrase in the range of 1 to 10 includes 1, 10, and all nunbers bet ween
1 and 10. 6 W20 BPELE0CPETE omRPOBi@Es ppovidadihat inglpdes (aspepell a coat i ng
conposi ti nductor
(5) " an i rarils REMUREE ) MELHHEE pbh? BT o B BT

conposi t |cﬁ)atuo:gwﬂrapdmloatcohmtat Qeadt ONEiwfght peteremiﬁssd]lvs$ Sinwie chodaemld m)l ecul e

sem conduct or nd at st 0 1 ght t di ssol ved i nsul ati ng, pol yner
based on FHEdrgpRindel T GhitO biveight Peissati sﬁﬁ%ﬁa{%ﬁo ym?égg%?éwrﬂqw ecul e

sem gondygt,of, fg)ﬁt Of thEQ5 M %on%sﬁgn IThg)mgll Aeduld se\m&orgﬁ):f(‘)r 1s%f(ﬁgr1)nﬂla
Si-RR 12 ? 10 I'n F rmul a , each Rl 1s 1 ndependently alkyl,

al koxy, uﬁxoalkyl hydr oxyal kyl , heteroalkyl al kenyl , al kynyl, aryl,
aral kyl, hal o, hanaIkyI trialkylsil¥; thienyl fornyl, acyl,
alkoxycarbonyl carboxy, am nocar bonyl, anlnosulfonyl or conbi nation
thereof. Each variable nis |ndep8nd iR y an integer equal to O, 1, 2, or
3. Each R2 in Formula (I) is indepen al kyl , al koxy, al kenyl, aryl,
het eroaryl, aral kyl, heteroal kyl, 0

@
10 In Formula (I), each R' is independently alkyl, alkoxy, thioalkyl, hydroxyalkyl,

heteroalkyl, alkenyl, alkynyl, aryl, aralkyl, halo, haloalkyl, trialkylsilyl, thienyl, formyl,
acyl, alkoxycarbonyl, carboxy, aminocarbonyl, aminosulfonyl, or combination thereof.
Each variable n is independently an integer equal to 0, 1, 2, or 3. Each R? in Formula (1) is
independently, alkyl, alkoxy, alkenyl, aryl, heteroaryl, aralkyl, heteroalkyl, heteroaralkyl,

15 or hydroxyalkyl.

As used herein, the term “small molecule” in reference to the semiconductor of
Formula (I) means that the semiconductor is not a polymeric material. The small molecule
semiconductor of Formula (I) is an anthracene derivative that is substituted with two
thiophene groups as well as with two silylethynyl groups.

20 The two thiophene groups of the small molecule semiconductor can each
independently be unsubstituted (i.c., n is equal to 0) or substituted with up to three R'
groups (i.c., nis equal to 1, 2, or 3). Each R' group is independently selected from alkyl,
alkoxy, thioalkyl, hydroxyalkyl, heteroalkyl, alkenyl, alkynyl, aryl, aralkyl, halo,
haloalkyl, trialkylsilyl, thienyl, formyl, acyl, alkoxycarbonyl, carboxy, aminocarbony],



15 or hydroxyal kyl. As used herein, the term"small nolecule" in reference
to the sem conductor of Formula (1) nmeans that the sem conductor is not a
pol yrer i cwoab@vi7ads0 The smal | nol ecul e seni conduct or ofPCEFarsaaBas{ik) i s an
ant hracene derivative that is substituted with two thiophene groups as
well ‘as with two silylethynyl groups. 20 The two thiophene groups of the
smal | nol ecul e senmi conductor can each independently be unsubstituted
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ani nosul f aB%ynzfg )fr?é%alpblntrtaﬂsﬁ%@ thigayl,eiaeyl rany ke subgtifited g %ﬁ%ﬁ

the §erm t t m , of |table
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t hi oal kylwitlnfldoroxyal kyI het eroal kyl, al kenyl, al kynyl aryl, aral kyl,

e e Y B RS L Bl e °

subst i t utgupsWiah be fihbiar é&fchgx&moﬁﬂﬂneﬁﬂoﬁﬂlereﬁi @XNualkTHaQabk Y 10 bygsoxyal kyl
het eroal Ky, al kenyl, and al kynyl roups can be linear, cyclic, or a

conbi nat ia6ems. higrte Sfcatbed atpgfalup yo hagdoy ptos, Qoum@r%mbomatoms Anp to 8 carbon

atops, up,.t carbon ato carb at o y aryl
ar o i o arERbr BGOSR By PTG B g Bl W PR ALY 20

car bon at@fBentdiérhs that 8 4hisdtitdted @6th\w FhBnyl gﬂ&gﬂ"IYExe@[M hefexsial @b shﬂlteﬁr oaryl
groups often have a 5 or 6 nmenbered saturated or unsaturat ed het erocyclic

ring thathavpappdsmampgredsatyrated op apsiratedbsteprcyelc Heg thabichidry| og?-oups have

an al kyl p
menber ed yg@%%?ﬁ‘ﬁ“a@?ﬁg‘%i&or %&,E@? eP%)g%ﬁé.sdl ac%; &%Hg?cgyw%rp%rﬁ%tgo
exenpl ar ychzttns alblsyiumdl with g5@upsndrabecdipettoakD hadnd o or Athoteegatarps. t Badh car bon
n at ons, 0 4 carbon Exenpl argcﬁ% groups

ot O?%r aékycf %@3ﬁap@%tr%ywlaﬁgr%%bwwpéﬁ §ch N GHR URAQ ORg 10

car bon ata%‘fﬁs .2 té‘6'3§rb%%b@ns bPh&s «d @c&b&?&t%ﬁﬁa@% W&ﬂ@r g é@fo@ﬁﬁﬁ&on
atonms, up to 8 carbon atoms, up to 6 carbon at ong, “of up to 4 carb

at oms. Th€CHR Ehoalad/) grgulmﬂpt Isfameulk}h aouprwitxyp gr kﬁmrlam 4tomms or a R” group
that is a heteroalkyl with up to 10 carbon atoms, up to 8 carbon atoms, up to 6 carbon
atoms, or up to 4 carbon atoms. The heteroalkyl group often has an oxy group as the
20 heteroatom.
In many embodiments of the small molecule semiconductor according to Formula
(), there is a single R' group on each thienyl group. That is, the compounds of Formula

(1) are often of Formula (II), (II), or (IV).



20 heteroatom |In many enbodi nents of the snmall nol ecul e sem conduct or
according to Formula (I), there is a single RL group on each thienyl
group. ThaO 20e9/07915@ conpounds of Fornula (1) are oftenPofi/usSeeosioba2f11),
(rer), or (1v). 8 WD 2009/079150 PCT/ US2008/084122 R2 21 R Si-R21 11 S
RS R-RS-RR 12 R(11) R | R-Si-R Il ss R RLIlI R S-R 12
R5 (IlIl) R 21 RSi-R2IlI s Rl




SRR Si-RR 12 R (IV) 9 WD 2009/079150 PCT/ US2008/ 084122 In sone snal |
nol ecul e sem conductors of Formula (Il), (Ill), or (1V), each group Rl is
an al kylwbaviwgowsp to 10 carbon atons, a heteroaryl suebTas2a08i084192, an
acyl group having up to 10 carbon atons, or a fornyl group. Each of the
silylethynyl group in the small nol ecul e sem conductor of Forrmula (1) 5 is
of formula -C=C-Si-(R2)3 where each R2 is independentjlé/)s al kyl, al koxy,

r

al kenyl , lapgme smalmeqleals semigonsugiprs offfiormuls Ry, we 180 ceaechigkgp, R 'gp an

hydr oxyal P = I I erqal kvl r | Kyl

gr oups cfﬁly}ll%gaﬁ?ge rt?ﬁ%rc ?Ré%gﬁ?ﬁtﬁ%%?‘%?% a([:sgﬁl’gﬂla ?%ﬁgwgrhgg%%gﬁd
usual |y haue cufbohatahts, oas femyap@ip, up to 8 carbon atons, up to 6 carbon
atons, or up to 4 rbon atons. An_exenplary aryl group is phenyl and an
exenpl ary 10 aﬁaé‘h»e?ﬁlq Sélygﬁ?byalgﬁgnouhgmhﬁ@n@ﬁ ofolCons SRR uSOG RET ST {13

subsg it ut; | aceie 2 Jdpe ( have a
5 or§ 6 néﬁgg%nﬁnsat u?ﬁRe ,\91%52% or ocygF ik@eg?ﬁr%h@}g %ggylh%(gf(géagge n?f’tgfﬁ’z

het er oat dwserodExk apillgl yhetmoadkplahettlogtallgl,auphy divayakgin Edckplarpalkiyhglepyl,t o 10

carbon atoms that is substjtuted wt .5 or 6 ered heterparyl having 1
or 2 hotErgatbsen L eetin e ipanpraehe A e SRRy [ havi ng
up to 10,théRoft MdSsuflly MRvel! t& 10 e&bBR BtodtsOBF to I Baboh §tornts,h® ®id ydreschynyl

group is a trialkylsilylethynyl group. Each al kyl group often has at |east

1 car bon a@rosmor ap t¢ égatbor aarshdin excorpdary eryl groupdaghery! eed doexeapdars.  For
XL, TSy SOROITRL L CSEBo L b R S SR o o
sem condugieaipl4ry hERrdmardups ofi@h hbee H5 0P8 nheshiyedaimiaterond) he@yitl biestise
met hod. For exanpl e, the sem conductor can be prepared as shown in Reaction
Schene A.thatgncludes 1 or 2 heteroatoms. Exemplary heteroaralkyl 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.
15 In more specific examples, each R” is an alkyl having up to 10, up to 8, or up to 6
carbon atoms. That is, the silylethynyl group is a trialkylsilylethynyl group. Each alkyl
group often has at least 1 carbon atom, at least 2 carbon atoms, or at least 3 carbon atoms.
For example, in some copolymers of Formula (I), the silylethynyl group is
triisopropylsilylethynyl where each R is isopropyl.
20 The small molecule semiconductor of Formula (I) can be prepared by any known

synthesis method. For example, the semiconductor can be prepared as shown in Reaction

Scheme A.
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WD 2009/ 079150 PCT/ US2008/ 084122 Reaction Scheme A Si(R2)3 Il 0 aB, _ 1.
LiBu/ /I \ Br +S RZBr\ ()32 sSnCl2/ HO Br \ \ / 0!i(R)3 V
Si (R2) 3 SVORow/73150/ / \ Br 0% O PdC 2(dppf)2 + 'B-B B@OI/UBR00S/084122/ O O
oB\\' I /Il OIl SI(RR)32Si(R)3 VVI Si(R)3S(R)3 Il ORLII S
\ -~ 1 BO/ /1T \RL OB+Br SS\\/ Oll M1l Si(R)3 S (R)3 5
VI VIl Initially, a silylacetylene conpound of formula H-C-CH Si (R2)3 can
be treated with butyl Iithium tBeagfion Schemerdat ed version Li-CG-CH Si (R2) 3
of the silylacetylene conpound. Various silylacetyl ene co,mgx))unds are
commercially avail abl e. For exanpl e, ’

0
Br Br
SOSAREEET EENS ¢ ¢ o
=—siR), —
Br ° 2. snCl,/HCl Br N
0

Si(R%),
\%
SiR®), Si(R?
I 3
I o
~ Br 0, 0 PdCl,(dppf), I
+ BB, —_— Z B~o
20 S o SO
=
o
I I
Si(R%), SI(R)
3
\Y] VI
Si(R?
Si(R2)3 Si(R%),

5 Vi Vil

Initially, a silylacetylene compound of formula H-C=CH-Si(R?); can be treated
with butyl lithium to form a lithiated version Li-C=CH-Si(R?); of the silylacetylene
compound. Various silylacetylene compounds are commercially available. For example,

10 (trimethylsilyl)acetylene, (tricthylsilyl)acetylene, (triisopropylsilyl)acetylene, and (tert-
butyldimethylsilyl)acetylene are available from GFS Chemicals, Columbus, OH.
(Dimethylphenylsilyl)acetylene, (methyldiphenylsilyl)acetylene, and
(triphenylsilyl)acetylene are available from Sigma Aldrich (Milwaukee, WI).

11



10 (trinethylsilyl)acetylene, (triethylsilyl)acetylene,
(triisopropylsilyl)acetylene, and (tert- butyldinethylsilyl)acetylene are
avai | abl ewbroemwi@S0Chem cal s, Col unbus, OH. PCT/US2008/084122

(Di met hyl phenyl sil yl')acetyl ene, (nethyldi phenyl silyl)acetyl ene, and
(triphenylsilyl)acetyl ene are available from Sigma Aldrich (M| waukee, W).
11 WD 2009/ 079150, PCT/ US2008/ 084122 The lithiated version of the

si | yl acet yl enel'edipigteda cesiam Qﬁibwlbéaqeésé@teé‘@nmomd gan thesbejrassicd avith aqui none

such as 2 & dﬂ{ E{a Mbﬁ@%&ﬂ‘%ﬁé i BaeIﬁHIlaé{l}]lﬁgIbég '@Le] ﬂgﬂlgﬁﬁﬂl ate can then

be treated are ucin as st oform t he
2, 6- di halioteBnddatbicaf ﬂieh;bleertebmdwmhamﬁebmaﬁgu@noﬁuoﬂiors Rtahaoys\bhlorieGo Sorm

dib df 2, 6- h i , whi ch
s avar o8 RS A e R ke Eor (Vo Ry the pr ocedur o <
descg i bedjiB¥nlohRh uuﬁ')h ar%'%mni Bldiankfoantfqu ;!1&1?69 W:h:l'ﬁlzl (2003). It

can be further recr sta |ze from N, N di net hyl for?mlm dé The
2, 6-di haIayaﬂ)qblﬁfrbhlsf(igmhyﬂllémdy@ﬁilx)zalﬂ{ehrWd)am&ngﬁhdﬁnomxﬂluee cdés@rlbmirbytl}t[ect be 10

e P Bk B S T RS LRSS e o
tetramtwwalmmfogﬂngﬁme (P\grF).conpound of Formula (VI) subsequently can be
reacted with a hal ot hi ophene conpound to formthe seni conductor conmpound

of Fornula (WVIThe2 @dﬂ@ldnﬁ,llﬁibm(@bﬁ@hﬂylbn‘élra@m?@nmﬂd WV epaitheatice. For
ene boxal der@(ldgbf

exappl e, [ hi 2R

o o o aEaT PR i BRAENG1ans ST bt HRGER ER RS

br onot hi qnmlna (SLI}Sthlaf mawbdleoxazmblammgr&rpts huapd“s&eteﬁﬁétbg&wxworaﬁhel The

2- br omo- 5- net (i/|thl ophene, and 5-brono-2, 2'-bithi ophene are available from

Si gma Al dempeund of FeamaeeyD wt)seqlmélvpalbhfareagﬁ%ﬁltmm%h@pbewmoa%enes
h
ST s JoRUATG S TR AR R ARNRRGr (o GR1EANY). Bk R Mfiophenes are

2-(5-br ormhhhcﬁaﬁ}lyhx)aglaytexﬂoabmmlﬂeb?fbmdihlppleamyj 2-bioapiéne, and N-net hyl - ( 2-
bro thle th m ne re avai | bIefrom ybr dge Chem cal Co. Ltd.
(Cot ﬂwe@necgfﬁgxaﬁ%%%r?d IOIOY At ﬂ(l?lélﬁ?ﬁzzo{;/%@%/ PERROEERARENG, &-

avai | abI eor&‘hQﬁE'lo ohd- 5'sﬂH&Pa%1@& @b&h‘%‘@'ﬂﬁopl@%@a 8(%1110 agd, 3 BRre@spound

5- br onot hi ophene- 3- car bal dehyde is avallable fr Ukr Or gSynt hesi s Ltd.
(Ki ev, Ukmethylfhioplonbemdsulystriot i eblitiio@snbreruiitdp ﬁene%lgmamlbeclpr epar ed

using a w%lwau é,'\?fi)i. %d({lt?oafl%ﬁ s&stlgltcedt {' grornothlop e%gg S0 as 2-bromo-3-
methoxythiophene-4-carbonyl chloride, 2-bromo-3-methoxythiophene-4-carboxylic acid,
20 ethyl 2-(5-bromothien2-yl)glyoxylate, 2-bromo-5-phenylthiophene, and N-methyl-(2-
bromothien-3-yl)methylamine are available from Maybridge Chemical Co. Ltd.
(Cornwall, UK). The compound 2-bromo-5-(isoxazol-3-yl)thiophene is available from
ASDI Incoporated (Newark, Delaware) and the compound 5-bromothiophene-3-
carbaldehyde is available from UkrOrgSynthesis Ltd. (Kiev, Ukraine). Other substituted 2-
25 bromothiophenes can be prepared using a NBS bromination reaction of the corresponding
substituted thiophene. For example, see the reactions described by Vidal et al., Chem.
Eur. J., 6,1663-1673 (2000).
The small molecule semiconductors of Formula (I) are usually thermally stable as
characterized using Differential Scanning Calorimetry. The decomposition temperature is
30 often greater than 350 °C. Solutions of the small molecule semiconductors of Formula (T)
are stable under normal ambient conditions (e.g., normal ambient temperature and

humidity) and under typical room lighting conditions for extended periods. For example,
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substituted thiophene. For exanple, see the reactions described by Vidal et
al., Chem Eur. J., 6, 1663-1673 (2000). The small nol ecul e sem conductors
of For mulwo@2b)v/apsousual |y thermal |y stabl e as char act ecirasdoos®s4192
Differential Scanning Calorinmetry. The deconposition tenperature is 30
often greater than 350 C. Solutions of the small nol ecul e sem conductors of
Formula (1) are stable under nornal anbient conditions . nor mal
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positions prevent 5 these ul'es fromun
addi ti on wigatheimeel ved (tdllm&iizagbereaoumgen or wth thensel ves (dl nmeri zation

reaction). coat ositio s i ncl u nsul atii n ol r and an

O gani o ol ventie Gt B s e e Rt SR B o6 Mo mul a
(1). Any ddasiehad iRGnRl MeBEulE BdthicofduaRlof €Srhila g}) AngandGati@ poBiheratdtt abl e
for the small nol ecul e sem conductor can be used 10 in the coat’ing

conposi t idssolves in atbdrgaiin SQilvantusngahi@ foyres Snalymptﬁaulleysemmon@mctcbrm bean¢digat ed
car n- Car On %i,lllilb oern % ﬁl 11 lal%ln rr]n T caﬁ %, §PF C-glqat Iﬁé t he
i nsul at i ng po n%? %? Pon'ts gucstul vEEder et%é’pll ?jt R %Vﬁ p%‘lg ric
chai n. Tharbonsdaktaini dd@bleRnd$Eong ﬂ&%%one@ﬁﬂlehﬁ)\l!ﬁnﬁeglh@ﬂﬁ e iksu@np ugat ed
car bon-car bon doubl e bonds, For _exanp t he |nsulat|n&bpolyner can have

pendant d@#ﬁragaﬁ@dwarmdwtyeg)fv%tﬁé lemgﬁh @f&h’épqlﬁn@ﬁﬁéh?lﬁe g insplREng nsul at i ng
pol ymer 'H% rpﬂ&%s%r ac'ag thQéeSregFoWs with c%gglgat%g 280 %@{1:@8'&0 Howbh&, hpds. The

i nsul at i yner 1S often af anorp eria mplary I nsulating
pol yrrer s elxambl.edehe 1b$11ﬂatﬁllg®oitmherlclaﬂhhmbdndantpsohjyaghtyd ervenatiegyoups. In some

Bgl i nyI %Lgr g&fﬁ% mg‘gg‘i@ R’f?l}ﬁ%a} ﬁﬁll(a %é)an F?ﬁrﬂl\ e(\:)vr %%?%Efg%%fé Pwmo%c et at e)
(PVAC) , ¥eigaylehl oride (PVC), polyvinyl denfl uori de ( PVDF) ,
cyanoet hyI pul lul an ( CYPEL),
pol y(di vi nyl t e’flreanmldrtyigm@ym@)danﬁetbars@Ibenphownht@bmlt dixejnplary BGBlkatingnd t he
ke, polymers include, but are not limited to, polystyrene (PS), poly(a-methylstyrene) (PaMS),
poly(methyl methacrylate) (PMMA), polyvinylphenol (PVP), poly(vinyl alcohol) (PVA),
20 poly(vinyl acetate) (PVAc), polyvinylchloride (PVC), polyvinyldenfluoride (PVDF),
cyanoethylpullulan (CYPEL), poly(divinyltetramethyldisiloxane-bis(benzocyclobutene))
(BCB), and the like.
The insulating polymer can have any suitable molecular weight that can be
dissolved in the organic solvent. The molecular weight of the insulating polymer can
25 influence the viscosity of the coating composition. Insulating polymers with a higher
molecular weight tend to result in coating compositions with higher viscosity. The desired
viscosity may depend, at least in part, on the method used to prepare a coating layer from
the coating composition. For example, lower viscosity coating compositions can be used
with inkjet methods compared to knife coating methods.
30 In many embodiments, however, the molecular weight of the insulating polymer is

at least 1000 g/mole, at least 2000 g/mole, at least 5000 g/mole, at least 10,000 g/mole, at
least 20,000 g/mole, at least 50,000 g/mole, or at least 100,000 g/mole. The molecular
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The insul ati ng pol yner can have any suitable nol ecul ar weight that can be
di ssolved in the organic solvent. The nol ecul ar wei ght of the insulating
pol ymer o0 208791501 uence the viscosity of the coating ®ORAS3008i084122

I nsul ating polyners with a higher nol ecular weight tend to result in
coating conpositions with higher viscosity. The desired vi scosity may
depend, at least in part, on the nethod used to prepare coating | ayer
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greater than 500, 000 g , ho greater than 0, 000 g/ nol e, no greater
t han 100 mmng/amdlaeleaﬁh)el waightp&ra&*ntw'e;is@hed $rgall mbieenlmsnnmdmeducammf of 1000 to

1, 000, 00Q. g/ npl e, rang 500, 00Q le, or. in the range
of 2000 (5508, B i fie 8 reheTabr rytod eaernigh Ronputhic sfvehbast 001
wei ght pengeah pflivi&ohkefinimsH ! salubNly cRAPbyaRH. ane offanlc@ABlenPis bftwgi ght

percent dissol ved snal|l nol ecul e sem conductor of ~ Fornula (1) based on the

t ot al weusgh:tctedfoawdeanctbapmgul@bm@dgimg miynmhgﬁlmt@aamud&)as@l qreth@ R'@hdR’ can

roYddethls m._ni_num ven i.s oft

Per 'S o P PriXc o B Rl ol et haffontitr o PGRRA#AE, B s FRlicdsRuSy o

the Rl anHe Bbadid sgiveniis sgle@sE it haad atrbleti SgiRhighrpoligpUltntsadirelomelie tow - of
Formula (I)..1n_sone anI ications, the ora%anl c solvent is selected to have
a rel ati vexigitni §or s¥mpice éorﬁemﬁtbuhmr allapatieariony it swesitablq tejusy an peganiexanyl e,

for some B%nﬂ?&w@ ell 'i"?ﬁgé ]Fa);d;llﬂ{n %r%Qt%r thtah Sbfgdgégtéﬁtﬁhﬁ 9HC, 01 & @er%agbmg

sol vent having a greater greate
great er tan 100 C. 15 A first suitable type of organic solvent has a

single aromatic ring that can be . optiona bstltuted th one or nore
al kffr gr oups. Arfiat spigablg fyge pf prggni g Wﬁ‘é f‘o%roma?lgaﬂg\éﬂaéem%t can be a

benzene t nél?y WBSHARHIViHE &R &rmo%”aﬁ&! %ﬂéhﬁ&' T‘ﬁa&'& e ﬁx@%ﬁta@l@%yﬁ%‘d‘fy
group. Exanples of this first type of gani ¢ solvent 1 nclude,” but are not

limted taganibsrizenean bok benrrene shpt Besubstifuyddeoresubsitutyd entd, at iﬁaxtydnemé;yl

ethyl benz ergl(lap lgia%gp?gy olﬁﬁlrs] %ﬁa%’rpe of organic solvent include, but are not limited to,
benzene, toluene, xylene, o-xylene, m-xylene, p-xylene, ethylbenzene, n-propylbenzene,

20 n-butylbenzene, n-pentylbenzene, and n-hexylbenzene. A second suitable type of organic
solvent is an alkane that is substituted with one or more halo groups. Examples of this
second type of organic solvent include, but are not limited to, chloroform, 1,2-
dichloroethane, 1,1,2,2-tetrachlorocthane, and trichloroethane. A third suitable type of
organic solvent has a single aromatic ring that is substituted with one or more halo groups.

25 That is, the third suitable type of organic solvent can be benzene substituted with at least
one halo group. Examples of this third type of organic solvent include, but are not limited
to, chlorobenzene and dichlorobenzene. A fourth suitable type of organic solvent is a
ketone that is cyclic, linear, branched, or a combination therecof. Examples of this fourth
type of organic solvent include, but are not limited to, acetone, methylethylketone,

30 methylisobutylketone, isophorone, 2,4-pentanedione, cyclopentanone, cyclohexanone, 2-
methylcyclopentone, 3-methylcyclopentanone, 2,4-dimethylcyclopentanone, and 1,3-

cyclohexanone. A fifth suitable type of organic solvent is an ether such as a cyclic ether.
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20 n-butyl benzene, n-pentyl benzene, and n-hexyl benzene. A second suitable
type of organic solvent is an al kane that is substituted with one or nore
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1,1,2,2-tetrachl oroethane, and trichloroethane. A third suitable type of
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1, 4-di oxane and tetrahydrofuran (THF). A sixth suitable type of organic

sol vent iselvant iagiude buEsismet &siited ta, knsoksi sthoxtbgpecnes 2-bragensinsokoftvent

i nclyude, [but are . n limt.ed to, N, N dinethylformam de (DWVF) and

N, @i rretbﬁ?/ling%néWé?ﬁ%%u?rﬁ?\ﬂ&%@?' A seventh suitable 5 type of organic sol vent
has a singl e arenhtstiatiogof il eakchie sefidoadaltdryin Shdsdatihgl t&epaMifidh it

| east one al koxy q{aoups. That is, the seventh suitable type of organic

sol vent cdignéleast lhbre@hbPerret: atdcasiib3 tycight percents #f lagst P Saxeighymsrantaky

group. T ri | f er I d. wi hal o
oroup, ExgPas gt reRng Hhcht 1 CRURNR ke IGNEL s BUER bl It are
not | i m t2@weht parcanlbescdanhtbx yvenzege,of Zrduoatinaoompdsitiond THe br onpani sol e,
2-f| uoroani sol e.. ThF concentration of small . no| ecul e sem.conductor in the
coat? ng CORFBLHPHAT the smafl muecile seayeqndyctpr jetipriupde 1l ayright RFrcPRiaER 1o, 2

wei ght  pey Geighs pé’i‘&enlt,ei%StB 40y dgBcedtht, RB 6 § Weigh herckRASHE uPro2 WeigBhierB&k cent,
at least 1.0 weight percent, at least 1.5 weight percent, or at Teast 2.0
wei ght pénrsahin thasetdl weighthe thocatingeomhosiodn. t henayainmnginartpaesidastdd. The 15

Concentr 2L o e B TR BTG P R Do
percent, RFccHB at Rad 908 Gt pRRIAEBE least 95 weight percent, at least 98 weight percent,
20 or at least 99 weight percent of the small molecule semiconductor is dissolved in the
coating composition. In these embodiments, the coating composition can include both
dissolved and dispersed or suspended small molecule semiconductor of Formula (I). In
some embodiments, the entire amount of the small molecule semiconductor present in the
coating composition is dissolved. That is, in these embodiments, the small molecule
25 semiconductor can be entirely dissolved in the coating composition.
The concentration of the insulating polymer in the coating composition is often at
least 0.1 weight percent, at least 0.2 weight percent, at least 0.5 weight percent, at least 1.0
weight percent, at least 1.5 weight percent, at least 2.0 weight percent, at least 2.5 weight
percent, at least 3 weight percent, at least 5 weight percent, or at least 10 weight percent
30 based on the total weight of the coating composition. The lower concentration limit can
depend on the use of the coating composition. If the coating composition is applied to a

surface using an inkjet method, the concentration of the insulating polymer is often at least
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based on the total weight of the coating conposition. In many enbodi nents,
at least 50 weight percent, at |east 60 weight percent, at |east 70 wei ght
percent, WO 2b@agp1580 wei ght percent, at |east 90 wei ghPCparse@siog4iar | east
95 wei ght percent, at |east 98 weight percent, 20 or at |east 99 wei ght
percent of the small nolecul e sem conductor is dissolved in the coating
conposition. In these enbodi nents, the coating conposition can include both
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The concemtr on of thé insul a I'ng po € coa conposition is
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percent, .up . to 4 rcent, or up.to 3 wejght perc based, on the
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for many appl ications. Typically, the upper Timt IS determi ned by the

sol ubi i tvyelngt pehent, laslﬁthstt9i9t$gw@ghwﬂe¢ent or phleast 9819 wgglttgrepmst ofitba. The

i nsul atin dIS 0l ved or..substantially dissol ved
acher  HOATEIEgEan s PESETbmdted e faponiiSi
Any ratio of the small rnolecule semiconductor to the insulting polymer can be
20 used in the coating composition. In some applications, the weight ratio of the small

molecule to the insulating polymer is in the range of 1:10 to 20:1, in the range of 1:10 to
10:1, in the range of 1:8 to 8:1, in the range of 1:5 to 5:1, in the range of 1:4 to 4:1, in the
range of 1:3 to 3:1, or in the range of 1:2 to 2:1.
The percent solids of the coating composition can be any desired amount but is
25 typically in the range of 0.2 to 30 weight percent based on the total weight of the coating
composition. The percent solids is often in the range of 0.5 to 20 weight percent, in the
range of 0.5 to 10 weight percent, in the range of 0.5 to 5 weight percent, or in the range of
1 to 5 weight percent. In many embodiments, the percent solids is limited by the solubility
of the small molecule semiconductor of Formula (I) plus the solubility of the insulating
30 polymer in the organic solvent.
The coating compositions are often used to prepare a semiconductor layer in a

semiconductor device. Thus, in another aspect, a semiconductor device is provided that
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coating conposition. As used herein, the term"substantially dissol ved"
nmeans that the 15 insulating polyner is dissolved but nay contain an

i mpurity wbavoswworsot di ssolved in the coating conpositiPom/uUS2e08l0ea22 98
wei ght percent, at |east 99 weight percent, at |least 99.5 weight percent,
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Formula (1) plus the solubility of the insulating 30 polynmer in the organic
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| ay in .sem conduct or . devi ce, Thus, iR .another aspect. a sem conductor
devfe | BT TS S St e kBB SRR MR o e o
sem conduh@fonl @kamplctRE tIReFeaRMY GilteFraled tatuitiatiude siveadrs ossimatdrs,nol ecul e
sem conductor of Formula (1) .and (b) an insul ating polymer. Sem conductor
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t her e ar ecnsiny mgnpes devicews hadlihedikp- n-p, n-p-n, and thin-filmtransistors),
phoi conductors, C(gfr Lent limters, . therm storF, fgl-n junctions,
field-effect Bl thasqrpicendpcr dauses anaraepls thingldm rasisirs AHSOMY  devi ces
can incl L&‘éﬁerﬁﬁ[&ﬁl}'ﬁ{‘ﬁi uRdGho 8S Aﬁ@g&bﬁia%lsm A8 LAYSus WintHI AR R Sshowdi 0des,
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ci rcui t s.in FiguBeni wohducihdnddemitpdslagtrs of owteriahc |Hudhearnalayendandgnelodd 4 s t hat

erforman electropic . . . .
P single ma%erlapor multiple materials. Further, as used herein, the terms “disposed”,

2% ¢

“disposing”, “deposited”, “depositing”, and “adjacent” do not preclude another layer
20 between the mentioned layers. As used herein, these terms mean that a first layer is
positioned near a second layer. The first layer often contacts the second layer but another
layer could be positioned between the first layer and the second layer.
One embodiment of an organic thin-film transistor 100 is shown schematically in
Figure 1. The organic thin-film transistor (OTFT) 100 includes a gate electrode 14, a gate
25 dielectric layer 16 disposed on the gate electrode 14, a source electrode 22, a drain
electrode 24, and a semiconductor layer 20 that is in contact with both the source electrode
22 and the drain electrode 24. The source electrode 22 and the drain electrode 24 are
separated from each other (i.e., the source electrode 22 does not contact the drain electrode
24) and are positioned adjacent to the dielectric layer 16. Both the source electrode 22 and
30 the drain electrode 24 are in contact with the semiconducting layer 20 such that a portion
of the semiconductor layer is positioned between the source electrode and the drain

electrode. The portion of the semiconductor layer that is positioned between the source
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function. Exanples of these arrays or integrated circuits include
inverters, oscillators, shift registers, and logic circuits. Applications
of these worrn@arghsot or devi ces and arrays include radi @CTSQuS084122
identification devices (RFIDs), smart cards, display backpl anes, sensors,
menory devices, and the like. 15 Sone of the sem conductor devices are
organic thin-filmtransistors as shown schematically in Figures 1 to 6.

Any gi verfleciipde apchthedeaiy glecode is refarred tomstthaphsingelalls Tdwehpnnd s adiagaites 1 to
6 can in e R S [ | i ncl ude
2 Congl a0 HTefURIBR LRGP SBlntBhRioh By dYIE b ATbUORIShRAN | 12
terns "ditsqpasadlayer betivepogicrpgte, dicldaposdyicedd and the pomidontgtor layw 20adj acent ™
do not preclude another |ayer 20 be n the nmentioned | ayers. As used
herein, these ARPROMEHPSTHELIRS iERE gyéﬁ OrEnIGbETHim AR s AT second

| aves . Theafblcsthd AYBAI b ERACONAYeRREnIE AR A¥SFodaUY RTASIRT _ | aver
coul d be positioned between the first 1ayer and the second | ayer. One
enbodi merschahataallp ngBigiue 2 for thef OQTHT 20605 adjacnt ttbe senishodustgdhentdiasal |y in
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organic thin-filmtransistors. exanple, the optional substrate 12
can be adjragewntacowitheéhgaieceldectingldgcrbdctathashpemion of Hermmicatiitoi laydi gur e

2o he QIO A0 AR L e SETLoRIdor] Ser . g0, v
portion of the semiconductor layer that is positioned between the source electrode 22 and
20 the drain electrode 24. One or more optional surface treatment layers can be included in
the semiconductor device. For example, an optional surface treatment layer can be
included between the gate dielectric layer 16 and the semiconductor layer 20.
An optional substrate can be included in the organic thin-film transistors. For
example, the optional substrate 12 can be in contact with the gate electrode 14 as shown
25 schematically in Figure 5 for the OTFT 500 or in contact with the semiconductor layer 20
as shown schematically in Figure 6 for the OTFT 600. OTFT 600 can include an optional
surface treatment layer between the substrate 12 and the semiconductor layer 20.
In operation of the semiconductor device configurations shown in Figures 1 to 6,
voltage can be applied to the drain electrode 24. However, at least ideally, no charge (i.c.,
30 current) is passed to the source electrode 22 unless voltage is also applied to the gate
electrode 14. That is, unless voltage is applied to the gate electrode 14, the channel 21 in

the semiconductor layer 20 remains in a non-conductive state. Upon application of
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optional surface treatnent |ayer between the substrate 12 and the

sem conduct or | ayer 20. Another enbodi nent of an organic thin-film
transi st owoi2e0%t191m schematically in 10 Figure 4. Thi sPorgseeos/osd1ien-fil m
transi stor 400 includes a gate electrode 14, a gate dielectric |layer 16
di sposed on the gate el ectrode 14, a sem conductor |ayer 20, and a source
el ectrode 22 and a drain el ectrode 24 di sposed on the sem conductor | ayer
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shown scheadidtiealpblyndd, driadiohtbifationthdrber. CTitdb16 Abtal OTddlal@R0 ichitlel Bigt ddgle an
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seni cond ot §mited ye plyppnumachypaivn; ghd.sflveraicke npa sd B pdatingsy, fapgalum,
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applied to the gate el ectrode 14. That is, unless voltage is applied to the
gat & el edtPifdelo1POy4HNG ﬁalﬂﬂ’eﬁ-egqunﬁdw iopBRE<d BRRRYSNS PABRISETr emai ns i
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PCT/ US20 voltage to the gate electrode 14, the channel 21 becones
conduct i vrtedlectelda figetibh eng thetshppargfunchen cfthnmeistiatk. fiooaxdange stoped e
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can provi de amiR!fed dlb@rldeinfsihé @RbéAmchiRgs FHRLd birebatRXaRbGrate surface
20 with a dispersion that contains conductive materials such as nanoparticles that are
conductive or polymeric materials that are conductive. Conductive nanoparticles include,
but are not limited to, ITO nanoparticles, ATO nanoparticles, silver nanoparticles, gold
nanoparticles, or carbon nanotubes.
The gate diclectric layer 16 is disposed on the gate electrode 14. This gate
25 dielectric layer 16 electrically insulates the gate electrode 14 from the balance of the
OTFT device. Useful materials for the gate dielectric include, for example, an inorganic
dielectric material, a polymeric dielectric material, or a combination thereof. The gate
dielectric can be a single layer or multiple layers of suitable dielectric materials. Each
layer in a single or multilayer dielectric can include one or more dielectric materials.
30 The organic thin film transistors can include an optional surface treatment layer
disposed between the gate dielectric layer 16 and at least a portion of the organic

semiconductor layer 20 or disposed between the substrate 12 and at least a portion of the
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5 the backsi de of the substrate can provide electrical contact. Useful
substrate materials include, but are not limted to, inorganic gl asses,
ceram c maDendl7s1sopol yneric materials, filled pol yneripCTrsb@siosdig2 (e. g. ,
fiber-reinforced polyneric materials), netals, paper, woven or non-woven
cloth, coated or uncoated netallic foils, or a conbination thereof. The
gate electrode 14 can include one or nore |layers of a conductive material.
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The patterning of these electrodes can be accomplished by known methods such as
20 shadow masking, additive photolithography, subtractive photolithography, printing,
microcontact printing, and pattern coating.

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

The method includes providing a semiconductor layer that contains (a) a small molecule
semiconductor of Formula (I) and (b) an insulating polymer. Although any suitable

25 method can be used to provide the semiconductor layer, this layer is often provided using
a coating composition. The coating composition can be the same as described above.

In some exemplary methods of preparing a semiconductor device, the method
involves providing a first layer selected from a dielectric layer or a conductive layer and
disposing a semiconductor layer adjacent to the first layer. No specific order of preparing

30 or providing is necessary; however, the semiconductor layer is often prepared on the
surface of another layer such as the dielectric layer, the conductive layer, or a substrate.

The conductive layer can include, for example, one or more electrodes such as a gate
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| ayer serves as an interface between the gate dielectric |ayer and the

sem conduct or | ayer or between the substrate and the sem conductor | ayer.
The surf awe 20aprsent | ayer can be a self-assenbl ed nomeoiraysesosassidescri bed
in US. Patent No. 6,433,359 Bl (Kelley et al.) 5 or a polymeric materi al
as described in U S Patent No 6,946,676 (Kelley et al.), and U S. Patent
No. 6,617,609 (Kelley et al.). The source electrode 22 and drai n el ectrode
24 can be& Wtoéqz 8r a lypiohat mﬁlﬁﬂ%ﬁ bqtle thegsgise rggodesndhe draiclpgiiede. dRrdes,
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appropriate.for. 15 use. with pztype sem conduct.or teria knvvn n
o erior o A pitRicerbbrl it 2R GRhE RDRE HAl o Bh e Padinypnta '
el ectr odgeas@d \Lél%htfb’e?deﬁt dlgéﬁ&gdrs%ﬂ)mﬁééhlé)gerﬁrc%d@ﬁﬂ aﬁ&’ atal@é/st Uﬂ&ﬂ&gﬁtnom in
the art such as physical vapor deposition (for ex t her mal

ev apor at insrecof disgglivadgniwafing pqh%nq:rétasm ¢mihic rﬁryal ngh th¢ faating Thpgstierr ni ng
sl e e et P Bl DS S Ry R gAY e T A e B ool 0

addi %

m cr ocontoagatm@ﬂmﬁlmgfanmdrsp&)‘ﬂeeﬁéth&o@ﬁprelgarmlgranmgaxﬁ@@lﬁxhﬁrm aameads a net hod
of making a sem conductor. device is Pr ovi.ded. The nethod incl udes

provi di ngn¥elEsrrpgamgardpledyyses inrihe fodlomting order ajats dderiofe fozase diclectric
sem cond any
i t abl e Bty Be R Sidblce ATl DIndR i HE BT St B hrai T VLR, 2
I ayer i s odlidremndor @wiicdedutter hag'erm coaati wih bonhpbssdmmble&?hﬁe@ﬁather@am
sitign can be the sa desc i bed above. sone exe met hods
eparq??? ode. f HARIIGor BT Beludenan sk e pquswwsa n@l/ ﬁu}ea first
i ayer Sels%ﬁﬁ&ﬂdﬁét&%fep&m% oSO TEend NS roré%'in@thﬁ?ﬂ%ﬁ&ﬂs‘i’s@ork @:&’&ﬁrdlﬁﬁ'% thil| Sposi ng
a sem conductor |ayer adjacent to the first layer. No specific order of

pr epar i ngn@bodarephown dihegnatisalheiodigarey ] thdwever, the sem conductor |ayer is
oo B e e o i, B4 ASE By AR SR G S
i ncl ude, YY) SrovRING: PEatdIeirédLIs UOSRRInBUCIht@GicRcBRyer 16 adjacent
20 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
electrode 24 are separated from each other; and forming a semiconductor layer 20 that is
deposited on the source electrode 22, on the drain electrode 24, and in the area 21 between
the source electrode 22 and the drain electrode 24. The semiconductor layer 20 contacts
25 both the source electrode 22 and the drain electrode 24. The portion of the semiconductor
layer that is positioned in the area between the source electrode and the drain electrode
defines a channel.
The organic thin film transistor shown schematically in Figure 2 can be prepared
by providing a substrate 12; depositing a gate electrode 14 on the substrate 12; depositing
30 a gate dielectric layer 16 adjacent to the gate electrode 14 such that the gate electrode 14 is
positioned between the substrate 12 and the gate dielectric layer 16; positioning a source

electrode 22 and a drain electrode 24 adjacent to the gate dielectric layer 16 such that the
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20 WO 2009/ 079150 PCT/ US2008/ 084122 el ectrode or a layer that includes
both the source electrode and the drain electrode. The step of disposing a
sem conduwwOapodEaysp adj acent to the first |ayer includegCoftsessiosnabudes
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organic thin filmtransistors. One net preparing an organic thin film
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and a drai n erBetrEaee S Fahydp @b fenibit in Plsuriar Sndigpraparcd °°1

sem condustRbvid Ages subBrEe M a6 imiistacRRIOAdEAET BPs 0B dR]cBRitD ActesuBBehts e drain
15 el ectrode. The sem conductor [fayer includes an insulating polynmer and a

smal | nolpesitiopingseeisgtistpde 2Handodirin eeqtiode 2ihadiagtriny thersgamdondudipn il m

trapsi stqrs cordi.ng,. to,this . ,nmethod are sho SC tijcal.l v, i igures 1
to 3 B e 20 PROaind Subhes 12 R AR i Soflo R ra Ty SRuin fielodds 3 oS, |
Fi gure 1 gagpaRecdii@pandtothyr; gegvsittigngsate gialeetre!18ed 16dajaddit télgRasitcbng a

gate dielectric | aﬁer 16 adjacent 20 to the gate electrode 14; positioning

a sour ce Hicdere dgdhodraghelceragiegrnand wpartigp el D semjcopdiating dayen 20 gaimeen

dielectri l.eqt : rag n
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| ayer 20 ddhatntits thadepodictcedicdaydrié. Botlr the selrec ticowelc22, andrth¢ tirdr ai n

electrode 24, and in the area 21 betwee he source el ectrode 22 and the
dr aﬁ] el slitgde 2%&@%@%&@&%&@{ Laryeli g%/; PO i segniowdygion E’tyﬁ%lssour ce

el ect r 0de,RioARHLERBeRisBuret SRbEQRE22Mhd OGraRPLLLRICON. U RefContuct or
| ayer that 1s positioned in the area between the source el ectrode and the

drain el eciaductdelyeraiefiscchemnmetl. The organic thin filmtransistor shown
oot ol A B BB S Pl BB R RO 12
prepared by a method that involves arranging multiple layers in the following order: a gate
20 electrode; a gate dielectric layer; a semiconductor layer containing the insulating polymer
and the semiconductor of Formula (I); and a layer having a source electrode and a drain
electrode that are separated from each other, wherein the semiconductor layer contacts
both the drain electrode and the source electrode. In some embodiments, a surface
treatment layer can be positioned between the gate dielectric layer and the semiconductor
25 layer. A substrate can be positioned adjacent to the gate electrode or adjacent to the layer
containing the source electrode and the drain electrode.
For example, the organic thin film transistor shown schematically in Figure 4 can
be prepared by providing a gate electrode 14; depositing a gate dielectric layer 16 adjacent
to the gate electrode 14; forming a semiconductor layer 20 adjacent to the gate dielectric
30 layer 16 (i.e., the gate diclectric layer 16 is positioned between the gate electrode 14 and
the semiconducting layer 20); and positioning a source electrode 22 and a drain electrode

24 adjacent to the semiconductor layer 20. The source electrode 22 and the drain
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30 a gate dielectric layer 16 adjacent to the gate el ectrode 14 such that
the gate electrode 14 is positioned between the substrate 12 and the gate
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2009/ 079150 PCT/ US2008/ 084122 two el ectrodes are separated from each
other; and form ng a sem conductor |ayer 20 adjacent to the source

el ectr odleel@Qf,Od@ R aggrsgparater dvom gl opher apd Bothrelgoiedesrag ipgongpset wetdihe he
3 ai : i. 20
ont Set o EihtfcePiafn Dol Nep8Bh Bt AlSERI QARG 11I0S, PETERATIEISh thatyer

portion abutchenddmiceleciueicor | ayer 5 that is positioned in the area between

t he source el ectrode and E’E drain gjl@ectrode defines. a channel. Th
organi c thin filSATEIHGER TR UraRdHAr SONSReRaiRYY imhbigruy enPedyrPas

pr epar ed bergt}f?ﬁgﬁlg Ayl ?2‘,%}36%%12% %géte fefé‘é%c‘i@l@ac{éé‘d&f?&riﬂé'%éa@{rat'e gyer 20

adj acent ubstrate 12; oning a source electrode 22 and a
drai n el epootes 24atad)jderdmnt layer toheljment toohdgatt olecti@el ldysmch #it teprsi te t he

substrate 1 uch.that. the, source electro 22 and drain.e|lectrodes 24 are
Sonar nt e eoRT dhipatinard bEBEEE heHER O wiine R it i ELSE [ 55 aeent
to the squUifig akRidon@e@ordyertdnadficahtio ehE&dd GidR e a@nd 6 BarRiQidsitRRingf t he

sem conducting |ayer 20 between the source electrode 22 and the drain
el ect r oder Rarceahgtiddpds pnd ndram glacteods|2daudraseiet ta the sgajicondnetor Byemidd. glitee
dielectric |ayer. 16.,8Both,the.source ectrode 22.and the. drai 5
el et oacstEERrad: TRl ek AR ERT R ST nBRSee Gino el

sem condugdcdbdéarelin éshtadd 0sthtth© sl cheiusRe lykh20.S apoettored faké s@siconicend t he
drain electrode 24. This portion of the sem conductaor |ayer defines a
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depositing a gate clectrode 14 adjacent to the gate dielectric layer 16. A portion of the
20 semiconductor layer 20 is positioned between the source electrode 22 and the drain
electrode 24.

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 coating composition that
contains the small molecule semiconductor of Formula (I), the insulating polymer, and an

25 organic solvent that dissolves at least a portion of both the small molecule semiconductor
and the insulating polymer, (2) applying the coating composition to another layer of the
organic thin film transistor, and (3) removing at least a portion of the organic solvent. The
coating composition contains at least 0.1 weight percent dissolved small molecule
semiconductor and at least 0.1 weight percent dissolved insulating polymer based on the

30 total weight of the coating composition.
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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 ectriwol2a99r79156 adj acent to the gate el ectrode 14; PCOMISR00§/084122

sem conductor |ayer 20 adjacent to the gate dielectric 30 |ayer 16 (i.e.,
the gate dielectric layer 16 is positioned between the gate el ectrode 14
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any of tHgddCgamvadl,tH{n filmtransistors shown schematically in Figures 1
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2,6-Dibromoanthraquinone was prepared from commercially available 2,6-

20 diaminoanthraquinone (Sigma Aldrich) as described by Ito et al., Angew. Chem. Int. Ed.,
42, 1159-1162 (2003). After sublimation, it was further purified by recrystallization from
dimethylformamide (DMF).

Substituted 2-bromothiophenes are either commercially available or were prepared
through a NBS bromination reaction of the respondent substituted thiophene. For a similar

25 reaction, see Vidal et al., Chem. Eur. J., 6, 1663-1673 (2000).

The molecular structures of all products and intermediates were confirmed by 'H-

NMR (400 MHz).
The precursor 2,6-bis-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl1)-9,10-bis-

30 [(triisopropylsilyl)ethynyl]anthracene was synthesized according to Reaction Scheme 1, as

described in Preparatory Examples 1 and 2.
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contains the small nol ecul e sem conductor of Fornula (1), the insulating

pol ymer, and an 25 organic solvent that dissolves at |east a portion of

bot h t he woabdv/areisecul e sem conductor and the insul ati rgTASR§NSOE412% 2)

appl ying the coating conposition to another |layer of the organic thin film

transistor, and (3) renoving at |east a porti on of the organic solvent. The
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(HVDS) were i)i;tji/ned fromAl fa Aesar (Ward Hill, M.
|

Triisopropyl s\l etyl ene was purchased from GFS Chem czh{ Col unbus, OH).
15 n-Butyl be s fromTC Anerica (Portland, OR). Si
5- Br onot hi opheneH- 2- car boxal dehyde was from Maybri dge ChemJ

(Cornwal I, UK). HexaneBr and tetxahydrg ang T, were dis
sodium 2, | nt hr aqui @one Bms;éepz.ﬁé&gﬁ% r om CQAaREE
2,6 20 dig gqui none (Srgea AP ch) as desgri @@

Angew. Chem Int Ed 42, 1159-1162 (2003). AfLterBsubfi it was
further purifi ed by recrystal lization from dine Pf or mam de ( DVF).
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Preparatory Example 1 - Synthesis of 2,6-dibromo-9,10-bis[(triisopropylsilyl)-
ethynyl]anthracene
Triisopropylsilylacetylene (12.32 grams, 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
10 lithium (2.7 M in hexane, 14.5 mL, 39.2 mmol) was added dropwise under dry nitrogen
through a syringe to the mixture. After addition, the mixture was stirred at room
temperature for 2 hours. This colorless solution, was then added to a suspension of 2,6-
dibromoanthraquinone (5.49 grams, 15.0 mmol) in dry THF (300 mL) under dry nitrogen.
The solution turned red immediately and the 2,6-dibromoanthraquininone dissolved in
15 minutes. The mixture was stirred at room temperature overnight and the solution became
dark red. When deionized (DI) water (6.0 mL) was added, the color changed to light red,
and a white precipitate appeared. Tin (II) chloride (8.088 grams, 42.6 mmol) in
hydrochloric acid (HCI) (18 mL, 10 weight percent) aqueous solution was then added.
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Substituted 2-bronothi ophenes are either comrercially avail able or were
prepared through a NBS brom nation reaction of the respondent substituted
t hi ophenewoORow/@Ishm | ar 25 reaction, see Vidal et al.pcTuseeos@ss122J., 6,
1663-1673 (2000). The nol ecul ar structures of all products and

I nternmedi ates were confirnmed by H NWR (400 MHz). The precursor
2,6-bis-(4,4,5 5-tetranethyl -1 2- di oxaborol an-2-yl)-9,10-bis 30
[(triisopFhsgyaire yay eaighid qurCt fw adene apdshangoolpddp Feam seemsraiigg Tths

Reacti on t
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Li Bu / [/ eddéd Bid thBlres\llt(ng)rﬂlxﬁlre Salilien/extriidteBivith h\exdne(@l (D(Bm-L Y3)Y T X > S
ii I o Br 01 O PdCl12(dppf)2 + | B- B% ?r 0 OMB\ \ | / 1l
rSi~ X 5epp %parvyas%@ with DI%?r 11? aeyral. The washed ‘hexane solution was

2, 6-4i br I ] n

Tr| |5sjopr ?gg &m&%d%?é%;&hfg%%ﬁ?@élﬂﬂ% cﬁ#déb%t%gragﬁ;hééﬂ%h g)épaﬁr%%g y%h%ri%r%e (140 m.)
wer e adda@ﬂuwﬁ%hd@%65gnmmﬁym@bﬁz%bamkebmnwdaaﬂawnnmdn|ed round bottom fl ask
(1 L). Butyl 10 lithium (2.7 Min hexane, 14.5 niL, 39.2 muol) was added
dropwi se under dry nitrogen

Preparatory Example 2 - Synthesis of 2,6-bis-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

X
O

y1)-9,10-bis[(triisopropylsilyl)ethynyl]anthracene

10 2,6-dibromo-9,10-bis-[(triisopropylsilyl)ethynyl]anthracene (5.225 grams, 7.5
mmol) from Preparatory Example 1, bis(pinacolato)diboron (4.763 grams, 18.8 mmol),
potassium acetate (2.940 grams, 30.0 mmol), and chloroform (CHCI;) (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°-

15 bis(diphenylphosphino)ferrocene]dichloropalladium (0.205 grams) was then added under
dry nitrogen. The solution turned orange. The mixture was refluxed 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 magnesium sulfate (MgSO.). The organic solvent was removed by rotary
evaporation. The solid residue was purified by column chromatography (silica gel,

20 CHCls) and recrystallized from ethyl acetate. Orange needle crystals were obtained (3.20
grams, yield: 55%) as the product.

A Suzuki coupling reaction was used to synthesize the substituted acene-thiophene

derivatives (Table 1) of Examples 1-9, as shown in Reaction Scheme 2.
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THE (300 nmL) under dry nitrogen. The solution turned red i mediately and
t he 2, 6-di br onoant hr aqui ni none di ssolved in 15 mnutes. The m xture was
stirred at room tenperature overnight and the solution became dark red.
When dei digagtian Sohemegt Byntheses oftrengathiophrag Deryativet or changed to 1ight
red, and a white preC|p|tate appeared. Tin (I1) chloride (8.088 grans,
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(CHC13) (100 nL) were charged to a 250 nL flask under dry nitrogen. A
yel | ow sol ut i orheiptlowingpsaerdepropgiee wamesed b HilnesdctiopheA é’,ﬁépéngqh(bﬁmkwas
degassed r.enp

b1 (8 phéliyt SO ChRER LR TE P Shia N Sisamistmi T - Giorroba YAl ¢ hen
added unC[ethlsogfdpymlpl)agﬁﬁyl]a]ihﬁeadéﬁ& (2. 0®mnidly dstH&eperratageExdﬁlqﬁe o] xture was
refluxed at 70 C for 3 days and then cooled to roon1tegH§rature It was

washed whrﬁmmhIMﬁ@@s ® QlerﬁQl)xs@)unaﬁ%beWGf €@ raed). ARHREATUROSQI0P Lrems,

(00%04) AR LOFER 3L RGAPE SRl N g Pl 0

r ecr yst aldatatyd), tlisahedvhget (zécmL)ataed tdDiarge0hmell @hemgsthml Wawmgessedbhﬂdlaﬁed
[0)
Lot o Sy rihrel 1585 QS B r%&éﬁ@h?w@wﬁ hoipaliftium) (F8F el "2

was then added under nitrogen flow. The mixture was stirred under nitrogen at 90 °C for

20 hours. The upper toluene solution was isolated and washed with DI water (100 mL X
3). After being concentrated to about 25 mL, it was quenched in methanol (MeOH) (100
mL). The precipitate was collected by filtration and was purified by zone sublimation or
15 column chromatography (silica gel, chloroform or hexane). The solid was further purified
by recrystallization from cthyl acetate or toluene. 'H-NMR (400 MHz, CDCl;) was used

to confirm the structures of all these compounds.

Solubility Measurement

20 The solubility of the small molecule semiconductor was measured in n-
butylbenzene at room temperature. The results are summarized in Table 1. The weight
percent is based on the total solution weight. Typically, the solubility is lower in n-
butylbenzene compared to halogenated solvents such as chloroform, chlorobenzene, and
dichlorobenzene.
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derivatives (Table 1) of Exanples 1-9, as shown in Reaction Scheme 2. 26 WO
2009/ 079150 PCT/ US2008/ 084122 Reaction Schenme 2. Synt heses of

Acene-t hiwphemwa7Dsni vatives | Si Si ~~ R s 0 B O R BCIIUSBY08/084122 S| >- Si
The follow ng general procedure was used in this reaction. A 250 nL Schl enk
5 flask was charged with

2,6-bis-(4,4,5 5-tetranet hyl -1, 3, 2-di oxabor ol an-2-yl)-9, 10- bi s-

[ (triisoRifpsentfl Sepnning,(alorimetry easapement 00 mmol ) of Preparatory Exanple

2, 2- bronot hig: { ¢ I ALI QUAT 336
(0.09 grans, Igl@%?%gltﬁalr %égﬁﬁﬁg%%rwgﬁmgg%%tﬁﬁm [2%:12%%23\%] 3NCH3+d -,
used as dngthasmtd sfaNeE €astls BB wsStused i tdshitegthavatrasitiodandin)cltignpebihtadfuene
(100 m)., The m xture was degassed under 10 a Schlenk_line tq renove
oxygen. Tt FEK} g&%vi&%ﬂm%ﬁkb@%g N pales ddp i &5 %@?%50%?3& 19 35086 4 Ren
added _undgrif LEOGer G Qpmithe. MikhHGonFRuidd hbGLd ga&?{heﬂh&lrs%ﬁny g 90 C
for 20 hours. The upper toluene solution was 1solated and washed"w th DI
wat er ( 106mptraturesdjp. toAH0EC. Dleidegoroporiot wat @detvod ap outhe35011C of ithe testig

guenched i n nef hangl 100.. mL.). The precipitat Ql.l ect.ed by
e r art oHsmd RAGA eI PakByS SRR S BPTanucd Bh LSS Tl df CHPGTa: g aphy
(silica gslampthb af Pf403 10 OFx 18N8 08 as hERBd $:Bki 30 WesHfoar dt Q‘ﬂeatﬁ’(gﬂafd & 0 oy
recrystallization fromethyl acetate or toluene. 1H NVR (400 MHz, CDC13)
was used per oiewaf Arliquicherystel phasetrassitidn wid obshirsé farghis suardsle asbduibiCi ty

Meagur e t 2 he solubility of th .ol ecul e sem cpnduct o S

realir eq Tite & ORyRElsBehbee ol e IR P oA PaLE PPN Wi e
i n Tabl e ale subh@amMeidghtTaber cent i s based on the total solution weight.
Typically, the solubility is |lower in n- butyl benzene conpared to

hal ogenatEable b Spmarysafehinthesiedd asewt drionhcenigropEeraddheippgpertics

1

TN
= \R1
S _x

\ |/
% f
15
Example Small molecule Thienyl group Solubility in M.P. (°C)
semiconductor butyl benzene
(wt %)
1 BT-TIPS-An S 0.05 293.0
Y,
2 B5MT-TIPS-An SN Me 0.05 333.0
AYa
3 B3MT-TIPS-An \Q 2.3 237.6
Me
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di chl or obenzene.

Scanning Calorinmetry Measurenent Differentia
| nst runerwe 28@209fsnom TA

25 27 WO 2009/ 079150 PCT/ US2008/ 084122 Differenti al

| nstruments of New Castl e,

measure phase transition and nmelting point of
Examples 1 to 8 were heated from30 to 350 C at a 5 heating

senm conduct or s.

Scanni ng Cal ori neter
DEPCTAS 208084 12D

the small nol

ecul e

(DSC, TA

rate of 10 _C per inute. All these compounds showed aood thernel stabi Iity
at tengeratfires upBSETSHBSAN NG de £4i on|was obderved |[up 2W-&he 350 C
of the tlesting range. A quuid cryst phase fransition was observed [ or
Exanpl e B—at—3176-p—Cand—for anpteg2—at 114 3-C—FExanpter9—was—heated
from30 |to 380 C atBépﬁégPsﬁﬁlrate‘ﬁg;?eméa7per nlnuﬂé A |IQUI¥p% ystal
phase trlansition Wwas observed for thi exanple at 108. 4 C. 10 Exanple ¢
start ed to—deconpps € |||§ |||:|L|||g potnt Ot anp to 9
are sunmmarized in T%gﬁzggﬁgfﬁ%le 1. Fy“of synthgélzed dcengﬁf%lophene
derivatilves and their properties \Y rS| <1l SIS\ \ ~~ S~
15 Exangl e Spal T pogegwlgpEhaenyl grou [ubli Ity |m2NlP. CD 14L8
sem conductor butyl benzene (WM |% 1 BTATV/PS-Ap S/ 0.05 293.0 2
BSMI-TIRS-An s C{ Me 0.05 333.0 3 B3ME-TIPS-An * \S/ 2.3 237.6 M
8 B5TT-TIPS-An s A\ 0.2 299.0
\ / S
9 B5FT-TIPS-An s Q 0.04 > 350
\ J "

Example 1 - Synthesis of BT-TIPS-An (2,6-Bis(thiophene-2-yl)-9,10-bis-

[(triisopropylsilyl)ethynyl]anthracene)

The crude product (yield: 99%) from precipitation was further purified by zone

sublimation under vacuum (1.2x10° Torr). The source zone temperature was sct at 280

°C and the middle zone was at 240 °C. Orange product was collected in the middle zone.

Example 2 - Synthesis of BSMT-TIPS-An (2,6-Bis(5-methyl-thiophene-2-yl)-9,10-bis-

10

[(triisopropylsilyl)ethynyl]anthracene).

The red/orange crude product (yield: 99%) from precipitation was further purified

by zone sublimation. The vacuum was 1.0x10 Torr, the source zone temperature was

250 °C, and the middle zone temperature was 200 °C. Red needle like crystals in the

middle zone were obtained as product.

15

Example 3 - Synthesis of B3SMT-TIPS-An (2,6-Bis(3-methyl-thiophene-2-y1)-9,10-bis-

[(triisopropylsilyl)ethynyl]anthracene).

The crude product (yield: 99%) from precipitation was further purified by column

chromatography (silica gel, hexane) and recrystallized from ethyl acetate. Orange crystals

20

were obtained as product.
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28 WD 2009/ 079150 PCT/ US2008/ 084122 4 B5ET-TIPS-An \ S/ c2H5 1.4 274.6 5
BS5PT-TIPS-An --1 S/ n-C3H7 1.4 208.3 6 B5HT-TIPS-An \ S/ n-C H13 2.5
190.3 7 BBHIIMI7PS6AN , s 4.2 141.8 n-C6HL3 8 B5TT- Tl PBCAUSD08/0841299. 0 9
BSFT-TIPS-An 0.04 > 350 S\ / HExanple 1 - Synthesis of BT-TIPS-An
(2,6-Bi s(thiophene-2-yl)-9,10-bis- [(triisopropylsilyl)ethynyl]anthracene)
5 The crude product (yield: 99% fromprecipitation was further purified by

zone sublixmepled -uryaicsy of BT TIES-ANG26-Bist 3-ythylrthéordeng-3w )& bisenper at ur e
was set - ' one was at 240 C. Orange product wa

coisl th e3h|n§5%&10£9r§1ﬁgﬂ?&e}%;gﬁggl%@@frpI e 28- Synt hesi s of %5NIr?' Tl gS— An >

(2, 6- Bi s(5- metThelbright mydheneng? cylde-pRodifdt Biidd: dbdut 100 %) collected from

(v el o GoopiaRismpibaur bt g sl o soprr D el < g £ofie Bt vmc i on.
The y aCUL[H%rY‘f%%g%ta%e&@r‘oﬁl &ﬁ&lracetta{'ég(lji%%\:'ﬁ%%l %Q@bt}a&%’ﬁiﬁigﬁo‘dﬁ&. was 250 C and

the mddl e zoné tenperature was 2 . "Red needl e crystals in the
m ddl e zone were obtained as product. 15 Exanple 3 - Synthesis of

B3MI- Tl PS- An (.2,.6-Bi 5( 3- -t hi.ophene-2- -9, 10- bi s- )
[(triiso Ig i5|'y?BYI)“§1<eﬁ’§ %ﬁ‘?ﬁf n ":ﬁégﬂe@z%“%'ﬁg'z}fr"ﬁéﬂlét?‘mpb%‘&ﬁ‘e?'y&)ﬁ’é‘i"&%s' 99%
from pl’eC{'(tpiiiShgltdg?[},ﬂy,\g&h%ﬁsﬂ}ahgﬁad%ﬁé)i_ fied by colum chronmatography (silica
gel, hexane) and recrystallized fromethyl acetate. Orange crystals 20

wer e obt ai ned B tyigbtiornge sdidupichb 08 or@isocp@pnuseopsatiBurafurtiranpl e 4 -
Syngfesi Spu?ifﬁeg %}Eg_ol-{llml?lséh'%gm t%gr%i)%ll %s(il?c:_aezgteﬁ",yéﬁéﬂj aphenang ye'c)is?a’ll%zoealﬁlrosrﬁ

ethyl acetate. Orange crystals were obtained as product.

Example 6 - Synthesis of BSHT-TIPS-An (2,6-Bis(5-hexyl-thiophene-2-yl)-9,10-bis-
[(triisopropylsilyl)ethynyl]anthracene).

15 The bright orange crude product (yield: 99%) collected from precipitation was
further purified by column chromatography (silica gel, CHCl;) and was then recrystallized

from ethyl acetate. Orange crystals were obtained as product.

Example 7 - Synthesis of BSHT-TIPS-An (2,6-Bis(3-hexyl-thiophene-2-yl)-9,10-bis-
20 [(triisopropylsilyl)ethynyl]anthracene).
The bright orange solid (yield: 98%) collected from precipitation was further
purified by column chromatography (silica gel, CHCIs) and then recrystallized from ethyl

acetate. Orange crystals were obtained as product.

25 Example 8 - Synthesis of BSTT-TIPS-An (2,6-Bis(2,2’-bithiophene-5-y1)-9,10-bis-
[(triisopropylsilyl)ethynyl]anthracene).

The bright red solid (yield: 92%) collected from precipitation was further purified
by column chromatography (silica gel, CHCls) and then recrystallized from toluene. Red
crystals were obtained as product.

30
Example 9 - Synthesis of BSFT-TIPS-An (2,6-Bis(5-formyl-thiophene-2-yl)-9,10-bis-
[(triisopropylsilyl)ethynyl]anthracene).
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[(triisopropylsilyl)ethynyl]anthracene). The bright red / orange crude
product (yield: about 100 % collected from precipitation was further
purified W9 200/aamsochr omat ography (silica gel, CHC13) amrdTwes3008H841REn
recrystallized fromethyl acetate. Red crystal was obtained as product.
Exanple 5 - Synthesis of B5PT- TI PS- An

(2, 6-Bi s(5-pr ﬁ‘yl-thl ophene- 2- i 9,10-b

[ (triisopropyldicbyigheerspassqliddyie ch@ér/e)colfrﬁfédﬁﬁongmecmrtamwg&ﬁumel( yield: 98

% colle

chr omat og}u?qliha%? F]IEI% é&b+ﬁ%gﬁ@?§@lléa eﬁ rﬁﬁ(glég%@ééé %egg' %YI zeél%rEgp n?’ ! et hyl
acet at e. a@étatege:hhfryﬁmlm IWweOeangbhaddietikasryptatsduat obﬁmmals erdaluet. Synt hesi s of
B5HT- TI PS- An (2, 6- Bi s(5-hexyl -t hi ophene-2-yl)-9, 10-bi s-
[(triisopropylsilyl)ethynyl]anthracene). 15 The bright orange crude product

(vi el d: 90mSRhbeoh s [ OPRLBRIDRA MoMRAe LyEbNBL purified by col um

chromat ogr ap l'1'ca gel was then recrystallized from ethyl
acet at e. ‘tﬁx[étngsepmpybtlle@hymd}andlba@anﬂed as product. Exanple 7 - Synthesis of

DGt 1 sopr opyl 6700 MLesstlsiT Hash v HaRaRey HtsH AR sramgByebia (yi el o
98% col Icﬁ@ia%ardwpznygt@«;o-mstrgﬁmgrdwﬁsﬂwéﬁlwl]anﬁﬁadehb edo®ynsal, yom

chromat ography (silica and then recrystallized from et hyl

acet at e. Dpmndéonbeystah ald@hﬁ%(&i@@t@dfﬂd@%ﬂ@@u&lev 2Ergnangl08 gmol)Synt hesi s

?Etr ;r-sro&:")glgm}p\gar‘g?/q# &hyny?@anﬂn@g %2@80? l%“’%aﬁe?oﬂz solid (yield: 92%

col | ect e CiH;@PMPSIECGCH (At dndMOMECH D INEH; U, iddded alphagokdniter clvalye®t ogr aphy
(silica gel, CHCLl3) and then recrystallized fromtoluene. Red cr stal S

were obt éilﬁél?dé&at%r@%lﬁ&t) anggolueBgi08 nol). Theqaikaye & dogapstyodyr pSchfenk
2, 6-B A
E(t rii Iszg)rﬁloﬁé) Si X7 %}lgg yny %ﬁ%ﬁ&) grl;{grﬁolgb@Be%lafé%go&%%Blmob is then

PCT/ US2008dE8dild2? mtfﬂgen loivg ﬁltheomaﬂge issstiktied upydératitdoge 2t 99 °C dbrl 20cHomes. f r om
pre ipitation was further purifie mm _chr omat ogr aph silica gel,
%) ar;léwttﬁ)@ﬁr tp@g@p@ §({‘ il(PT‘F Qéﬁplqtgg m(gwﬁ%eg with DI water 8%0 HE)L ¥ 3() After
being concentrated to about 25 mL, it is quenched in methanol (MeOH) (100 mL). The

precipitate is collected by filtration and is purified by zone sublimation or column

chromatography (silica gel, chloroform or hexane).

20 Organic Thin Film Transistor (OTFT) Device Preparation and Characterization

The following general procedure was used for preparing HMDS-treated Si wafers.
Heavily doped n' Si wafers (Si 100, obtained from Silicon Valley Microelectronics, Inc. ,
Santa Clara, CA) were sonicated in acetone and isopropanol 10 minutes respectively. The
wafers were then rinsed with DI water. After being dried under N, flow, 1,1,1,3,3,3-

25 hexamethyldisilazane (HMDS) was spin-coated on top at 1000 rpm for 30 seconds. The
substrates were stored under N, before use.

The following general procedure was used for fabricating OTFT devices. The
synthesized small molecule semiconductors such as BT-TIPS-An or the like and an
insulating polymer such as polystyrene (PS) (Mw = 97400, from Sigma Aldrich,

30 Milwaukee, WI) were dissolved in n-butylbenzene at room temperature or elevated

temperature (such as 90 °C). The solution was then knife coated on the HMDS-treated
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acetate / chloroform(1:1). Orange needle-like crystals were obtained as
product. 5 Exanple 10 - Synthesis of 2,6-Bis(4-fornyl-thiophene-2-yl)-9, 10-
bi s[ (triiwopropybssnl yl ) et hynyl ] ant hracene. A 250 nlL ScirCenis2dosasd2t s
charged with 2,6-bis-(4,4,5,5-tetranethyl -1, 3,2

di oxaborol an-2-yl)-9, 10-bis-[(triisopropylsilyl)ethynyl]anthracene (2.00
mmol ), 5- bronot hi ophene- 3- carbal dehyde (UkrOrgSynthesis Ltd., Kiev,
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ni trogen ¥ aP%%{HeS?H%C%dW% Rarpaicist Applyger 1%245%@%%&{9 GOm0 hour s.
15 The u I t 00 nL
X 3)fh ATPEEEMEZ% @ g%%ggﬁ%fg?%éﬁ%%ﬁgﬁﬁ%?gg H%%M@§9@#§W2%ﬁ%§%gg@ﬁﬁ{H%?hano
(MeOH) ( DOOwImie) keefiing thdrei yiltaae 6V issatedd Vet Boleanyfit fa theddt' i oh tamd i s

urified b 0 ti or cIurm chro r

Phl o of o B S e iB b0 SO oy AR B S v BeeleF Iodk tinger
Prepar at i fialo &, Chakaed AlowedlthOBurrchf8n/oot hBMI I8 GENRIad. PIORCRBbIley MRS used
for preparl ng HVDS treated Si waf ers. Heavily doped n+ Si wafers (Si 100,

obt ai ned the O @ Iritomervahmearikedindkdbéetronics, Inc. , Santa Cara, CA)
ver g soni cated in acetone and isopropanol 10 m nutes respectively. The
vvafe(?s were then rinsed with DI water. After being dried under N2 fl ow,

1,1, 1, 3, Ecimplehexaperhyf BTsTiRZane (HVDS) was spin-coated on top at 1000
rpmfor 30 seconds. The substrates were stored under N2 before use. The
fol | owing genddHilIBS-deemdmeiabacnrsweremyred mb@a%heﬁ@engmh%rewg@s The

Zy”t hesi zaflc HIBlibn WL f%‘b‘ﬂ %e%ﬁ%e‘%@éh‘?% %%eﬁgﬁg‘a %%gf% %1@@2%8 ohife I 1 ke

insu at| ng polyner as po ystyr from Si gma
Al dri ch, t3Ql Weighaotkiae coMpositier. hdicempbsiteh whas mealmaittyl%é@zsenbe adlidsoom
te ratu r .el evated enperature (such as 9Q_C esl tion s then
kni odDaNGR COMBDS T Gat ngsgum%é@vnd%ffg)@a@ 005 e

sili CO“ %Bﬁfa%e vﬁﬁélﬁ&za@ét&o&lﬁ%xﬁﬁeraﬂ{% dAﬁé}lHe AR aﬁ'l gcqa 'Edi)déécufoﬁgs nm
thick) were patterned through a pol ymer shadow mask using a thernal

evapor at ivere pettdroet] through a shadow mask using thermal evaporation method under a vacuum

of 2x10° Torr. The hole mobility u was calculated to be 0.22 cm?/Vs and the On/Off ratio
was 2x10°.

20
Example 12 — OTFT of BSMT-TIPS-An

B5SMT-TIPS-An and polystyrene were mixed in n-butylbenzene so their weight

concentrations were 0.6 weight percent and 2.0 weight percent respectively based on the
total weight of the composition. The composition was heated to 90 °C so the solids

25 dissolved completely. The resulting solution was then knife coated on a HMDS-treated
substrate, which was held at 50 °C. After being dried in air, gold top clectrodes were
patterned through a shadow mask using thermal evaporation method under a vacuum of
2x10° Torr. The hole mobility u was calculated to be 0.12 cm*/Vs and the On/Off ratio
was 1x10%

30
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Thin filmtransi stors were characterized under anbient conditions using a
Hewl ett Packard Sem conductor Paraneter Anal yzer (Mdel 4145A, avail able
from Hew woto®/Parskar d Cor poration, Palo Alto, CA) by sweeqgispgsioka2zgat e
voltage (Vg) from+10 Vto -40 V, while keeping the drain voltage (Vds) at
-40 V. Alinear fit tothe 1d"2 - Vg trace permtted the extraction of the
saturation nobility and the threshold voltage (Vt). Alinear fit to the Id
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erol ve atefinbuedr e po2 WRsfork Rohord peli s el i g bsod

BSMT- Tl Py BaMIihd DR ARad W aP2k Mst yrene were m xed in n-butyl benzene so
their weight concentrations were 0.6 wei ght percent and 2.0 wei ght percent
respectively based on the total weight of the conposition. The conposition
was, heat t o C h [ di ssol ved conpl etely. The resulting

sol H?l onelgv\%smm%gﬁ ‘k@??“éf‘éﬁ%@ 'gnHI\/DS-t reated substrate, which was held

at 50 C. Aft erBirei-mpSianedd ipblydiyfencGadrel disefivel @ai-b@dbenxae at ropat t er ned
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fit|c
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13 - Or

knife coated on a HMDS-treated substrate at room temperature. After being dried in air,
15 gold top electrodes were patterned through a shadow mask using thermal evaporation
method under a vacuum of 2x10° Torr. The hole mobility u was calculated to be 1.8x107

cm?/Vs and the On/Off ratio was 1x10°,

Example 15 — OTFT of BSHT-TIPS-An

20 B5SHT-TIPS-An and polystyrene were dissolved in n-butylbenzene at room
temperature so their weight concentrations were 1.5 weight percent and 2.5 weight percent
respectively based on the total weight of the composition. The resulting solution was then
knife coated on a HMDS-treated substrate at room temperature. After being dried in air,
gold top electrodes were patterned through a shadow mask using thermal evaporation

25 method under a vacuum of 2x107° Torr. The hole mobility u was calculated to be 0.013
cm’/Vs and the On/Off ratio was 3x10°,

Example 16 — OTFT of BSTT-TIPS-An
B5TT-TIPS-An and polystyrene were mixed in n-butylbenzene so their weight
30 concentrations were 0.8 weight percent and 2.0 weight percent respectively based on the
total weight of the composition. The composition was heated to 90 °C so the solids

dissolved completely. The resulting solution was then knife coated on a HMDS-treated
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B5ET- TI PS- An and pol ystyrene were dissolved in n-butyl benzene at room
tenperature so their weight concentrations were 1.0 wei ght percent and 2.5
wei ght pewoent/o79esepecti vel y based on the total weight @eCTtuseoososgesiti on.
The resulting solution was then 5 knife coated on a HVDS-treated substrate
at roomtenperature. After being dried in air, gold top electrodes were
patterned through a shadow mask using thermal evaporation nethod under a
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conposi t i . “He resul ti ng solution was then knife coated on a

HVDS; treated substrate at roomtenperature. After being dried in air, 15
gold top el ectrodes were patterned through a shadow nask using thernal
evapor at iEnamplefliedOTRtef BRFYdERYA0f 2X 10-6 Torr. The hole nobility g was
calculated to 0-3, ¢c V s and th /OFf ratio was,1,X 103.
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di ssol vedydightitoRednylaREMZREE 0at wERRMpert GIRES ADW Eali PctRRi st based
concentrations were 1.5 wei ght percent and 2.5 weight percent Trespectively
based on anhbe taslayeightiogithe epinnolsgion ofpe sésulting solphien mas theni kngfe sottad pba was

t he kni ted, on HVDS-t reat ed. subst.rate at .room.te rature. , After
bor Ny r 110 A WGy G P R BbE A ARE b pShuEP R ERERE K uaon
nmask usi ngert Pefidradd By@parahh@iw aﬁslaeiih%meuﬁalesrvaporummh@ﬂ uBderkOvabudiar r .

The hole mobility g was calculated to be 0.013 cn2/V s and the On/ O f

rati o waf3x1903ormEdAgdeeica gras funtheragieagd rdan ipsogen 488 - G ferd Saningtey-

| yst . i | : . ‘ Crati
her 207 5 THS L SoBAAA o] BB SO LaP Bt {8 e U Ol i P T 6"

total weight of the conposition. The conposition was heated to 90 C so the
solids djssolv onpletely. The resulting solution was then knife coated
on }3HND§%SI}SI%&@%Fig%ﬁ%@éﬁw&wgwﬁmgw AY98VeSsybst rat e, whi ch was
held at 50 T. After being dried in ai\k,(gol d top el ectrodes were

Si

-

S\\
= R’
S N
W
g Il
Example Semiconductor | Thienyl group Coating Mobility | On/Off
(SO) composition (cm’/V.s)
(Wt%)
SC/PS/BB’
11 BT-TIPS-An S 0.4/2.0/97.6 022 | 2x10°
Y,
12 BSMT-TIPS-An | S\ Me 0.6/2.0/97.4 0.12 1x10°
U




patterned through

a shadow mask using thermal evaporation nmethod under a

vacuum of 2X 10-6 Torr. The hole nobility g was calculated to be 0.07
cn/ Vs amsioth@/@mi50f f ratio was 5x 103. 5 Exanple 17 - PCTRR2@8/084122

BSFT- TI PS- An B5FT-

at 90 C so their

TI PS- An and pol ystyrene were dissolved in n-butyl benzene
wei ght concentrations were 0.7 weight percent and 2.0

wei ght ercent respect ivelyv based on the total weight of the composition.

The resyl tinkp sol it BYATIARS thver kﬂi{?&@&t dd b 2549 . HVDS-Q.P&ht ed2sidbs] r at e
driied i

at roomterrperature. After being

pat t er ngd—throughta
vacuum |of 2& 10-6 3€#T'Iﬁ%é“UevTﬁ§+?ﬁﬁ'
115 C far 15 ninutes. The hole nobitit

hadpow rmel us

S a
[SARLITACAVA LR T Yoy | L= LILEPRULA ST R AV AY

s R o T e

mas calculated to be 0. 01 c|nR/ Vs

air gold top|el ectrodes were
I evaporat i on—met had
;

synt hesi|zed cene

d the [©Ent rat ' X102 —% abt etrti 3
and he Rl G P TR 00 5T |
| t

Si Exanpl e Sem conduct or Thi eny

ing Mobility OnOf [(SC

conposi tfi on {gn®?/

2X 10 12 B5SMI-TIPS-An S/ Me

2009/ 079150 PCT/ U
2X 103 H4-Bs5PTF-F

14 0.12 1 X 104 34 W

a
V. 83 TT{MPSOA NS JW Blo 81 P& PHn S|0. 4/072. 07591476 0. 22
-7 Ps,-An C2H5 1.0/ 2.5/ 96.5 [0.003

52008/ 084122 |13

PS-An—s/ n-C3HY7

BSHT-TI BS- AnlA s n-BSFHITRS 812 5/ 96

-
5/ _2. 05 0 0 0018 1 X 103 15
0D 013 &7A2P(H7.3 0.01 1X10°

* SC: Small

molecule semiconductor; PS: Polystyrene; BB: n-Butylbenzene.
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16 B5STT-TIPS-An s 0.8/ 2.0/ 97.2 0.07 5X10 \ ~ s 17 B5FT-TI PS- An
0.7/2.0/97.3 0.01 1x102 H S * SC. Small nol ecul e sem conductor; PS:

Pol yst yr eme;20®B179150 But y| benzene. 35 WD 2009/ 079150 PCTPUBAGR@K084222 WE
CLAIM 1. A coating conposition conprising: (a) a snmall nolecule

sem conductor of Formula (1) R2 | R? Si-R2 S(Rn R Si-R2 12 5 R (1)
(I') wherein each Rl is independently al kyl, al koxy, thioalkyl,

hydr oxyal WAHl CLAIM:het er oal kyl , al kenyl, al kynyl, aryl, aralkyl, halo
hal oal kyl, trialkylsilyl, thienyl, formyl, acyl, al koxycarbonyl, carboxy,
am nocar bonyl, am nosul fonyl, or conbination thereof; each nis

i ndependeint | y Anodtinigegeaposiguakomprifing:l, 2, or 3; and each R2 is

ot of oal kyl KB o) GBI ICC SHYPBMERTATIFONTH (Bn T nsul aci ng pol yirer : and
(c) an organic solvent, R
RE—$i—R?
I
X (R,
s Y
\\ |
(R"), H
R¥=—Si—-R’
5 3
@
@
wherein

cach R' is independently alkyl, alkoxy, thioalkyl, hydroxyalkyl,
10 heteroalkyl, alkenyl, alkynyl, aryl, aralkyl, halo, haloalkyl, trialkylsilyl,
thienyl, formyl, acyl, alkoxycarbonyl, carboxy, aminocarbonyl,
aminosulfonyl, or combination thereof;
cach n is independently an integer equal to 0, 1, 2, or 3; and
ecach R” is independently alkyl, alkoxy, alkenyl, aryl, heteroaryl,
15 aralkyl, heteroalkyl, heteroaralkyl, or hydroxyalkyl;
(b) an insulating polymer; and
(©) an organic solvent,
wherein the small molecule semiconductor of Formula (I) and the insulating polymer each
have a solubility of at least 0.1 weight percent based on the total weight of the coating

20 composition.

2. The coating composition of claim 1, wherein the small molecule semiconductor of

Formula (I) comprises
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wherein the small nol ecul e sem conductor of Fornula (1) and the insulating
pol ymer each have a solubility of at |least 0.1 weight percent based on the
total weiwbtoefo7ptse coati ng 20 conposition. 2. The coat iPag/useensosiie? on of

claim1l1, wherein the small nol ecul e sem conductor of Fornmula (I) conprises

36 WD 2009/ 079150 PCT/ US2008/084122 R2 | R? Si-R Il SR SR~II R?
SS-RR 12 R R I R?Si-RZIISSRRlzllRZSi-RZ 1 R2o0or R I R?
SS-RII S R1 ||?

R¥—Si-R’

R
R=—Si-R’
I
N S
S / R’
\ |
R’ Il
R2—§i—R2
R2

or

3. The coating composition of any one of claims 1 or 2, wherein each R” is an alkyl

having up to 10 carbon atoms.
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SRR Si-R2 12 R 5 3. The coating conposition of any one of clainms 1 or
2, wherein each R2 is an alkyl having up to 10 carbon atons. 37 WO

2009/ 079180 2PEN7USR008/ 084122 4. The coati ng conpositi eaTafS2@spsanr of
claims 1 to 3, wherein each RL is an alkyl having up to 10 carbon atons
and each R2 is an al kyl having up to 10 carbon atons. 5. The coating
conposition of any one of claiml to 3, wherein each Rl is g fornyl 5 group
or an acy havihegoapng epmupsitintd anaeaasl clogrss leford, tsrea gachdy gsipn g&yl
unsubsti t r I i 2 0 . P I ition of
any one éﬁkggéﬁég1§%$§%E%ﬂ%ﬁg¥%%%p?Eeﬂﬁﬁéﬁﬁgﬁﬁﬁgg“§g$32§%b§§%§§?Ses

pol ystyrene, poly(a-nethylstyrene), poly(nmethyl nethacrylate), 10

| yvi nyl ph |, l. i nyl _al cohol), | y( Vi tate), .
Dol iyl Bt or e DLibA SUTBR G o phesbl I GLE HIBE Fa R, isgrformyl
pol y{ di vi é}b{lll% ?rt 425t ltf'a)(fllr@f &ﬂc!lo . %onbdt&%p,%?&ﬂ ?ﬂe%xf £136) Is unbubstitGe® t81at '129

conposi tion any one 0 ains 1 to 6, wherein the organic sol ven

conpr i sessupstitutoemathrpchdltiat i s unsubstituted or substituted with at | east
one al kyl group, (b) an alkane that is substituted with at |east one halo
group, (c) benzene that is substituted wth at |east one halo group, (d) a

ketone, (@) anmRtdefing dopRRADBIURY 08 of AdinRENBEN S Heh@ tHeSnsubgt | t ut ed
with at | east one al koxy group. 20 8. A sem conductor device conprising a

seni condutmer caprisesamby steieng poly(emeshydstrtene hppletuttbylsestheunidtedt or  of
For Wl a (pIOAyV%ylplllenlgE pg'li(\anzlyll allco%ol), poly(vinyl acetate), polyvinylchloride,
polyvinyldenfluoride, cyanoethylpullulan, or poly(divinyltetramethyldisiloxane-

bis(benzocyclobutene)).

7. The coating composition of any one of claims 1 to 6, wherein the organic solvent
15 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, or (g) benzene that is

substituted with at least one alkoxy group.

20 8. A semiconductor device comprising a semiconductor layer comprising;:

(a) a small molecule semiconductor of Formula (I)

wherein
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S(R)nll R2S-R2 12 R (l) wherein 38 WD 2009/079150

PCT/ US2008/ 084122 each Rl is independently al kyl, al koxy, thioalkyl,

hydr oxyalwol2podmepesooal kyl , al kenyl, al kynyl, aryl, aral girjusheismg4122
hal oal kyl, trialkylsilyl, thienyl, fornyl, acyl, alkoxycarbonyl, carboxy,
am nocar bonyl, am nosul fonyl, or conbination thereof; 5 each nis

i ndependently an integer equal to 0, 1, 2, or 3; and each R2 is
i ndependent | y hydrogen, FkRI is igfdgnsryently| alemyalkoxyy (hioalky ehyekreraialkyl. ar al kyl |

het er oal kyl , heter |1, Y, yl . ( i 1.ng
pol ymer. 10 9. The%@%%%%dﬁg%%{l aglge}a@églr%f 4‘%@?%&%’ 9%18?9 %légﬁgﬁc?ﬁrr%lrs{?’si ng a
conducting | ayer, ahicaylefeniyt,iacyl, alkexycationgl, cabkynahiinstatboaygof adj acent to
t he sem conductor |ayer. 10. The sem Conguct r device of any one of claim8
or 9, wherein the %W%%‘#éﬂﬁlt%cm@@(ﬁt@é‘t ®Rpri ses an organic thin film

transistor. 15 11. The %%UEE?MH&?&HerENJnCiﬁteQ& ¥1 8E 103, Fhalgp 8 to 10,

further conprising an electrode |ayer ‘conprising a source el ectrode and a
drain el ectrode that ar eeasleﬁéisané@ehd@mhy hydoigentdieyr], dkakyt, hkendr &ryhot h i n

contact with the sem conductar layer. 20 12. The sem conductor device of
any one of clains ef%O%fja?a@?yﬁ’ er%%héﬁr?é?fﬁafa@ﬂ’@éﬁéfﬁww Eyll’ﬁ r adj acent
to one surfacqppf thanSSMnePodusdd ng |ayer and a dielectric layer adjacent

to an opposite surface of the sem conducting |ayer. 39 WO 2009/ 079150
PCT/ US2008/ 084122 13. The sem conductor device of any one of clains 8 to

12, I(Y\'h ergnt hﬁlessrerrerllliclonductor device of claim 8, further comprising a conducting layer, a

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

10. The semiconductor device of any one of claim 8 or 9, wherein the semiconductor

device comprises an organic thin film transistor.

15
11.  The semiconductor device of any one of claims § to 10, further comprising an
electrode layer comprising a source electrode and a drain electrode that are separated from
cach other and that are both in contact with the semiconductor layer.

20 12.  The semiconductor device of any one of claims § to 10, further comprising a

conducting layer adjacent to one surface of the semiconducting layer and a dielectric layer

adjacent to an opposite surface of the semiconducting layer.
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nol ecul e sem conductor of Formula (1) conprises R | R2 Si-R2 1 11
RL1R?S-R 12 RR | R S-RIIl SSR RILI R S-R 2 5or
R2 Si-R2 WO29R796B0R1L |l R2 Si-R2 12 R 40 WD 2009/ 079PB0/US2008/084122
PCT/ US2008/ 084122

13. The semiconductor device of any one of claims 8 to 12, wherein the small

molecule semiconductor of Formula (I) comprises

R2

)
RZ—Si-R?

I

40
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14. The sem conductor device of any of clains 8 to 13, wherein the

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

pol y( met wO 20@d1aspy| at e), pol yvi nyl phenol , pol y(vi nyl parash@8)s4122

pol y(vinyl acetate), polyvinylchloride, polyvinyldenfluoride,
cyanoet hyl pul I ul an, or pol y(divinyltetranethyl di sil oxane 5

bi s(benzocycl obutene)). 15. A method of making a sem conductor device, the

net hod cofpri sthegemigondysten dryice of any ebeldumes %'FO 13 ydiercin tsrnsilaigepe)yreers mal |

I I f S (R I R2
A D T S MO T LN
L h: oal Ey:polwﬂlrlph@nal lplysllgz(\lqntnlleﬁlecrme) ﬁqlbr(hvm}llaeetyie) palﬁvmn&!dhlomtey: 3 ar al k% |, 5
alo, halo Si thie or al koxycar bon
car boxy, PREHIAET a fe, Camwﬁy&mwéfﬂﬂ or B‘ﬁy@b‘ﬁw F%@P@Fhﬁ%@ WS each n i
|ndependqﬂ§5&uggﬂﬂ?&gg%@ equal to 0, 1, 2, or 3; and each R2 is

0X

i ndependent | al kenyl , aryl, het eroaryl, aralkyl,
het er oal kyl , heteroaralkyl “or hydr oxyal kyl ; and 20 (b) an insulating

polymer. 16. The claimi15 urt her in rooviding a first
Cayer adj Beent™ FUG %m&%me‘muc{oawwe’ FemRipd o afuREconpr i ng a
conducting | aﬁﬁéw@fng@ Rirgdpahétbelay@y®mpristh WO 2009/ 079150
PCT/ US2008/ 08
(a) a small molecule semiconductor of Formula (I)
|Iq2
R¥—Si-R’
[
N R,
s =
\, |
R, H
R*—Si-R’
|2
10 R
ey
wherein

cach R' is independently alkyl, alkoxy, thioalkyl, hydroxyalkyl,
heteroalkyl, alkenyl, alkynyl, aryl, aralkyl, halo, haloalkyl, trialkylsilyl,
15 thienyl, formyl, acyl, alkoxycarbonyl, carboxy, aminocarbonyl,
aminosulfonyl, or combination thereof;
each n is independently an integer equal to 0, 1, 2, or 3; and
ecach R is independently alkyl, alkoxy, alkenyl, aryl, heteroaryl,
aralkyl, heteroalkyl, heteroaralkyl, or hydroxyalkyl; and
20 (b) an insulating polymer.

16. The method of claim 15, further comprising providing a first layer adjacent to the

semiconductor layer, the first layer comprising a conducting layer or a dielectric layer.
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17. The method of claim 15, wherein the sem conductor device conprises an
organic thin filmtransistor conprising nultiple |layers arranged in the
f ol | owi ngwondera79sogat e el ectrode; a gate diel ectric | apemruszoosigs122

sem conductor |ayer; and an el ectrode | ayer conprising a source el ectrode
and a drain electrode, wherein the source electrode and the drain

el ectrode are separated from each other and wherein the sem conductor

| ayer cont’act sThsanethedhal ¢lpigt hS.avheeqin drpesscamepndAdosdRIi OB BBy Puganio 18.

o gantc LR SnabFRE ARE SR SRR bk RO SRR (55° P e

fol | owi ng or dergataclgataicel ectrode; a gate dielectric |layer; an el ectrode
| ayer conprising a sPurce el ectrode and a drain electrode, wherein the 15
source el ect r daEtadiglectic 194 n el ectrode are separated from each other: and
the sem CO”dUCtBQEedli@éﬁﬁfucio'i‘}T@@Ptaﬁﬁt with both the source el ectrode and the
drain electrode. 19. The thod of any one of clains 15 to 18, wherein the

i nsul ati ng polapmaectro@dd layonpmisesngrosopstoyalentiode pod y (eimelettyddst whemee) the

pol y(net hyl met hacryl ate),, .pol yvinyl phenol,. pol y(vi nyl al.cqhol.),

Dol y(vi nyPUEEELAEsS By dreif Pettfos escpaeid Fmg ey Teih the

cyanoet hykpidondh@8s 1a§ér deataisbow M¥ldkh EREBEAWYAndithd tR¥@N8ectrode.

bi s(benzocycl obutene)). 25 20. The nmethod of any one of claim15 to 19,
wherein providing the sem conductor |ayer conprises applying a coating

co sitiQn to.a surface  of ot.her. lL.ayer .of the .sem conductor device, the
coating costRirBihegfEe Rl S L n MR FmiGrab dPes 8T R Lo e For mul s
(1), the thinsuhatrimBtd@ebinFeking andtise |Hcgadiidgsdinmaatolloddhg odiessol ves at

| east a portion of both the small nol ecul e sem conductor and the insulating
30 pol yner. 42 S degmdsy9150 PCT/ US2008/ 084122 21. The nethod of claim

20, wherein trh%@é@i'eiecﬁ%k%&e‘ﬂf e sem conductor of Fornmula (1) and the

i nsul ati ng pol r eac e a concentration of at least 0.1 weight percent
based an electrode layer comprising a source electrode and a drain electrode, wherein the
15 source clectrode and the drain electrode are separated from each other; and

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

electrode.

19. The method of any one of claims 15 to 18, wherein the insulating polymer
20 comprises polystyrene, poly(a-methylstyrene), poly(methyl methacrylate),

polyvinylphenol, poly(vinyl alcohol), poly(vinyl acetate), polyvinylchloride,

polyvinyldenfluoride, cyanoethylpullulan, or poly(divinyltetramethyldisiloxane-

bis(benzocyclobutene)).

25 20. The method of any one of claim 15 to 19, wherein providing the semiconductor
layer comprises applying a coating composition to a surface of another layer of the
semiconductor device, the coating composition comprising the small molecule
semiconductor of Formula (I), the insulating polymer, and an organic solvent that
dissolves at least a portion of both the small molecule semiconductor and the insulating

30 polymer.
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on a total weight of the coating conposition. 5 22. The nethod of claim 20
or 21, further conprising renoving at |east a portion of the organic
sol vent avODepospplsyi ng t he coating conposition. 43 PCT/US2008/084122

21. The method of claim 20, wherein the small molecule semiconductor of Formula (1)
and the insulating polymer each have a concentration of at least 0.1 weight percent based

on a total weight of the coating composition.

5 22. The method of claim 20 or 21, further comprising removing at least a portion of

the organic solvent after applying the coating composition.
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