WO 2009/ 151978PCT/ US2009/ 045571 M XED SOLVENT SYSTEMS FOR DEPOCSI TI ON OF
ORGANI C SEM CONDUCTORS Rel at ed Applications 5Thi s application clains
priority wo2eh9As1®sovi si onal Patent Application No. 61/ @60aS300iokssd1 on 11
June 2008, the contents of which are incorporated herein by reference.
Background 10Traditionally, inorganic materials have dom nated the

sem conduct or i ndust rg. For exans‘pl e, silicon and gallium arseni de have been
used as seni condUXES SORVENBISY STHEVISHOR DBROFET MeOR@AXECas an

i nsulator material, and netal s SENHCONBUGHOBS and copper have been used
as electrode materials. In recent years, however, there has been an

i ncreasing research effort ained at using organic materials rather than the

traditional IS inorganic materi M@Mﬂ 2 C ict or devi ces. Anong ot her

be”eff its, the ”I'élﬁ?a lic%cqlaahiﬁlsgﬁfo?ﬁ* R 6 STBYvRIGRN Paﬂe%%plfcgﬁ&nﬁ%wf acturing
e e I cations,

of electronic vices, may en arge area app and may enabl e
t he use afl/6d08925 filed wubSunat 86t alse sunpgoy diSwiiioh arl ieairpamted hetdicbytry in
di spl ay backpl anes, integrated circuits RF1D tags, and sensors. A variety
of organi'€@¥%fconduct or material s have been consi dered, the npbst 20common
bei ng fused aromatic ring conmpounds as exenplified by acenes. At |east sone
of these organic sem conductor nmaterials have perfornmance characteristics
such as charge-carrier nmobility, orBRmkbrewnd ent ratios, and sub-threshold
vol iages t hat arg, ,cgag})ar abl e or superior to, thgose of anorphous

if1ep !

si | {%on- based Ja » TR0 Igteriplsdave dempippted te seaveondueior idystry- dijosi t ed
since th i r i 2 ni c
Som condoreRpR. Mo Bd el AlEnidE RSt gaN SeRfoapl: miRERSARLPT © e
or gani ¢ skoiidohdustousdi saalivedatommanarial; gadhmetatsoduvle ag lpmiomd awd capptt mum

performance characteristics have been difficult to achi eve. Sunmary 30There
s & needih e%}?ﬁ@@% ?IFE}H‘&P%TH%{?“%%naﬁeﬁenéﬁe%ﬁ’d]&me(‘fers CHdSER B8R materi al

O RO PSS e o o
suchS conposighnio ﬁmﬂ@lq@m@eﬁgﬁ@hdmﬁmgfe%m@hdﬂsmm,@kﬂéSlEsEbf organic
materials may enable lower cost manufacturing of electronic devices, may enable large
arca applications, and may enable the use of flexible substrates as supports for electronic
circuitry in display backplanes, integrated circuits RFID tags, and sensors.
A variety of organic semiconductor materials have been considered, the most
20 common being fused aromatic ring compounds as exemplified by acenes. 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. Typically, these materials have
been vapor deposited since they are not very soluble in most organic solvents. When
25 organic semiconductors have been deposited from solution (such as a solution of the

organic semiconductor dissolved in an organic solvent), good or optimum performance

characteristics have been difficult to achieve.

Summary

30 There is a need for compositions that contain an organic semiconductor material
dissolved in organic solvents for use in the preparation of semiconductor devices such as,

for example, thin film transistors. There is a need for such compositions to provide



sem conduct or devi ces having performance characteristics (such as high
saturation field effect nobility (0) that have not typically been achieved
usi ng knowo 20omsox8t i ons and preparation nmethods. | n a PCTAS2@&9pe3571 a
conposition is provided that includes (a) a solvent m xture and 5(b) an
organi ¢ sem conductor material dissolved in the solvent m xture. The
solvent m xture contains (i) an al kane having 6 to 16 carbon atons present
in an anoamicondquetor ¢gyifes ving perfomapes ghrﬂracrs@rs@éﬁ(subla@@@lgbﬁatarmn distd of the

I
L S LY o e e T
sol vent qnaﬁwﬁﬁmiﬁ&hmmln Formula (1), the group Ra is an aIkyI a

het eroal kyl, an al koxy, a heteroal koxy, or a fused 5 6 nenber ring. Each
group Rb |s |ﬁa@p}°€ﬁfoPéa@th COIROSHISR 15 Pioided tlaatkryqludeé.ﬁa)aﬂl Jobsept mirtug adl 0. The

var i Sabl e 51? O%QHI @%%Edﬁc@orttﬁﬁflrl%?%gg%g 9 %h% ?lr\]feﬂ-t}}ﬁ xﬁﬂgu@he CEIV%IRe

150rgan| nmateri a PVert Nt Xt Uure is equa

to at | eaﬁixnﬁe tomeing (i) apelkeshhased Dhcabdroitams pedsgitin @h atdentCianpasic i on.
In a second aspect, a conposition is provided that includes (a) a, solvent
m xture #Hd teB 5%%@@%}1@%@1@&@%&&% of thgiselygntatrtyrp apnth 81)<@| G@AMIGY xt ur e.

The sol Vec%hlé)%ff& B'fﬁ rﬁlﬂlﬂéq El%séﬂtln %nitﬁ{) i %%gﬁ\\%‘el ﬁ?t& 99 av@ &8&1&

present in an anoun ange o perce ase %on a
wei ght ofontthe wehv efithe BbIvtatrmixame. (ii) an aronatlc conpound of Formula (I)
present in an amount in a range of 80 to 99, wei ght percent based on the

wei ght of the solvent mxture. (I) Brrul a (1), the group Ra is an
al kyl, a heteroal kyl, an al koxy, & e gal koxy, or a fused 5 or 6 nenber
ringd Each group Rb is independently setected froman al kyl, an al koxy, or

a halo. The variable n is an integer i @:the range of 0 to 5. The
sem conductor material is of Fornula ( i WO 2009/ 151978PCT/ US2009/ 045571

(1) I'n Rargshala(h)! the eRGRAS ah%lldy[‘@%@éi’é‘eﬁﬂ%l' ¥n 818bBE et Q83 Nor a

unsubstituted or substituted al kyl, an uns tituted or substituted
het er oal Ky$cd aer umsuibst Iilmgjtlé@hcgromlbsltsumdwe@ﬂeaﬂk éelyeted Bam amadkidsan t ut ed or

Subst 6,8tk o BREOFAIS - SHERA S0 AT o BB
from hydr@gaiie sciiicoiifidis natdHae diseolvedinshd 1t @f nakioyd is cahalypsuiRsdtiotiut ed or
substit Utvsquht percent based on a total weight of the composition.
In a second aspect, a composition is provided that includes (a) a solvent mixture
and (b) an organic semiconductor dissolved in the solvent mixture. The solvent mixture
contains (i) an alkane having 6 to 16 carbon atoms present in an amount in a range of 1 to

20 20 weight percent based on a weight of the solvent mixture and (ii) an aromatic compound

of Formula (I) present in an amount in a range of 80 to 99 weight percent based on the

"
Ra

@
25 In Formula (1), the group R" is an alkyl, a heteroalkyl, an alkoxy, a heteroalkoxy, or a

weight of the solvent mixture.

fused 5 or 6 member ring. Each group R is independently selected from an alkyl, an
alkoxy, or a halo. The variable n is an integer in the range of 0 to 5. The semiconductor

material is of Formula (II).



het er oal kyl, an unsubstituted or substituted al kenyl, an unsubstituted or
substituted al kynyl, a substituted or unsubstituted aryl, an unsubstituted
or substiwotea/13e478r oaryl, or 1l0acetyl. Suitabl e substi raentsgoonssan al kyl
or heteroal kyl include an awl, heteroaryl, halo, cyano, hydroxyl, or
carboxyl group (i.e., -COOH). Suitable substituents for al kenyl or al kynyl

i nclude an al koxy, aryl, heteroaryl, hal o, cyano, hydroxyl, or carboxyl
group. Suitable substituents for an aryi’ or heteroaryl include an al kyl,

al koxy, heteroal kyl, hal o, cyano, hydrg¢gxyl, -SeH, or carboxyl group. Each X
i s independently selected fromy Shydrogen, halg, alkyl, alkoxy, aryl,

het eroaryl, al kenyl, cyano,_or Thé¢ anpunt of the organic

sem conductor nmaterial diss FXture is equal to at

| east 0.1 wei ght percent base of the conposition.

In a third aspect, a met hodxo 7 F ) or device is provided.
The nmethod includes providing a,conposiition thgt contains (a) a solvent

m xture and (b) an 20organi c sem condu@t or material dissolved in the

sol vent m xture. The solvent mxture cdntains (i) an al kane having 6 to 16
carbon atonms present in an anpbunt in aRange of 1 to 20 wei ght percent
based on a wei ght of the sol vent nixtu&g and (ii) an aromatic conpound of
Formula (1) present in an anmount in a nge of 80 to 99 wei ght percent
based on i he ' : 09/ 045571
I n Fornuﬁgh?F¥?ng%(%géﬁp%ﬂggﬁﬁﬁgﬁmgké$ﬁ%&goﬁg?ggggFig%?agﬁggﬁkﬁggy, a

het er oal kabikyt, anounsabdtiged obsubstititaderdreoalkylngn uisabstitged opsiRistifused atkkmgéndent | y

selected from.an al kyl, .an 53l koxy, or_ a halo. The variable is an integer
in the r ﬁg@swst@t?@fs%ubﬁfﬁgteﬁﬁaﬁn% bt ﬁﬁwgétl%‘@i febieRiEt 8r material
di ssol Ve%fr&ce&lgrz op @i ﬁ’ﬁmﬁ’ﬂ S fdFRulh SSRRYR! B4 @lis iﬁ?ﬁ%ndgn%y Vel Qi frfiRr cent

based on a tot wel ght™ of the conposition. The ne d further 1 ncludes
deposi t i Aydtdeenconposbdtitond adjubstimtedtatkyd, apomdulestituted omgubstitatedor adj acent to

a dielectric terial to.forma deposjted |ayer and then renoving at | east
30" wei ghticiierdBi, anpwheiosSl B Senibirla el S dhb bt Bt dyer (o or m
a sem congugk Ol duBMRhted BF L&ubRRaREaBH! ANuRlbdiGcPoAWMRARted heteroaryl, od NE

i nvention rmay be nore conpl etely understood in consideration of1¥he

f ol 1®wi ngcdt. abuiedlccmbstitigtts tor aofallkyhoi betsroeliiybiichmdntis anfl, teberodryl daloi on i n
connection wth 15t he acconpanyi draw.nqgs. in.which: Fiqure.1 is an
Cvonr e e sy {8 BBeI aln %e ne SRS st SR Bisems n T & por a2

i's an optdigalyl HeRideAh aRdxHf ardl, ﬁ&@i&gﬂ%&,%a&%?éﬂo&ym 8f BRBoMS LRfipa
sem conduct’of conposition” containing only anisole as the sol'vent. Figure 3

i s an optSutablemitbstivgaméplor e aryl sehdteroagil otchrdede pdisil t adkbxyohetepalkyl, hgloa

20sem conduct or ,conpogi.ti on contai ni ng_a mxture of i sol d decane as
the. 301 vaNEno-TKARSVE RerH A GREPOH e mERba HuR Bl s FERt | ono. and
al t g5 nat iardg@hMalo, BR8] Ak, bREMeREoIAY SIKBRR N2 RO WR HBderdidly 1 OTThe%¥ABRAE 1 N
the drawi ngs and wi |l "be deScribed in detail. I't should be ‘understood,
however , dfttiat onghwiciserhisnndustoringaterdel dissolviedrirt the lselviemtveinture is aquaktheat [sastt i cul ar

ermbodi mar‘H: fw%ﬁg%glroértggnq 'basce}zi &nhaetoga? r\};[egg%t[ gf thte Q:%mlpggiﬁgltl.l on iI's to

In a third aspect, a method of making a semiconductor device is provided. The

method includes providing a composition that contains (a) a solvent mixture and (b) an

20 organic semiconductor material dissolved in the solvent mixture. The solvent mixture
contains (i) an alkane having 6 to 16 carbon atoms present in an amount in a range of 1 to
20 weight percent based on a weight of the solvent mixture and (ii) an aromatic compound
of Formula (I) present in an amount in a range of 80 to 99 weight percent based on the

weight of the solvent mixture.



25cover all nodifications, equivalents, and alternatives falling within the
spirit and scope of the invention. Detail ed Description in
several pwvacew/tsilw7eughout the application, guidance is pcowsded/osisrough
lists of 30exanples, which exanples can be used in various conbinations. in
each instance, the WD 2009/ 151978PCT/ US2009/ 045571 recited |list serves only
as a representative group and should not be interpreted as an exclusive
list. Any recitation of nunericg Hg@s by endpoints includes al
nunbers subsuned within that rang&<e 1to 5 includes 1, 1.5, 2, 2.75,
3, 3.80, 4, 5, etc.). 5The terns "a, ah," "the," "at Ieast one," and "one
or nore" are used interchangeably. Thua: for exanple, "a" conpound of
Formula (1) can be interpreted to nmean Yone or nore” conmpounds of Fornul a
(1). In FbREUBANPAR Ik HR" dan alkyPachchesfiy, %ﬂk@;@y YR rddQr B a

sem conduct or Iayers using printing or coatlng techni ques rather than

cost | i er fusgidr todeposber rorg. tirchraupeR” 1sWﬂepa1®ﬁémnﬁe@odTﬁommacbkbd ar e known

for deposition of onductors fr.o Iutlon rsion of the
Fosul £ nglisb RoHIE: SR PRI Retdnieatia Thohngne Fin* RS SERabane when

i nkj et prdr?&d@&n‘ﬁ@éndﬁ%ﬁo@ n&!ﬁ&f&l HRséletd Mahe So1o@l Wik @R RicqRdl tOhORM: 9.1

sem conduc di ssolved in an organic solvent to a substrate and the

sol vent hmglﬁeﬁmenébﬂsv@dn byotelhaigghtatfithncomprsitonn ddwtmeihébiuriber inhlades

sem condugt materi al ds to 15hi hest near, th her f the
dopostt . (BRI GPRPORRP StTal G TRy & Rt PSS R 8ialisdic | ons

di scl osedniigriglith f&da @dposied 156N B i enBinb oM a8 RALIKINKMERQIerdcRY 8F the t han
those previously used for fornlngasenlconductor | ayers.” More specifically,
t hel @ onpaelvchomsxtaicdtsiny thedichesieil aytee aform arsegudoandigtor lagerdeposi ti on of

sem conductors with a crystalline norphol ogy that affords better electrical
properties such as field effect nobility 20for thin filmtransistors.

A conposition is provided tBafef Desdriffivh dfdhe Bra®inggnt m xture and (b) an

organi ¢ sem conductor di ssolfved 1n the solvent mXxture. The solvent mxture
contains (i) akhedhkentien hmylb@gn@etcompl}:t@wb@@rstao@rrscoe@ﬁldel(aitlm)l ofithear omati ¢

ko eSS BieriblRba e epBed iR b et EGOMRE S e

rings anﬁegﬁgﬁ@aﬁpnggnhﬂﬁgpﬁﬂgﬁﬁhly selected froman al kyl, an al koxy, or
a halo. The variable nis an integer in the range of 0 to 5. The solvent

m xture can i rfdgwdd lﬁrﬁlfl exqrpplpryanit aatkean &r ustigehe Bﬁmcm@cmr@ﬁmpmn@mnpound
of Formula (1)

corpound of \FOVRLFZ 15 obies' B 8RGel b Ben et iy Ble il i eRe Aromiie

semiconductor composition containing only anisole as the solvent.

Figure 3 is an optical micrograph of a semiconductor deposited formed using a
20 semiconductor composition containing a mixture of anisole and decane as the solvent.
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
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
25 cover all modifications, equivalents, and alternatives falling within the spirit and scope of

the invention.

Detailed Description

In several places throughout the application, guidance is provided through lists of

30 examples, which examples can be used in various combinations. In each instance, the



In sonme enbodi ments of Fornmula (1), W is an alkyl group having at least 1
carbon atom The al kyl group often has at |east 2 carbon atons, at |east 3
carbon atwoppowrs1e | east 4 carbon atons. The al kyl of t @aThsg009043561 10
carbon atons, up to 8 carbon atons, or up to 6 carbon atons. For exanpl e,
the al kyl group can haste 1 to 10 carbon atons, 2 to 510 carbon atons, 3 to
10 carbon atons, 4 to 10 carbon atons, 2 to 8 carbon atons, 2 to 6 carbon
at ons, 3 regted lishpdaves alonsa regrasentstivegrannand they!d mt b infeipkied et s, The

al kyl groyp, can e linear, branched, cyclic, or a conbination thereof

Non- | i n1t|n exanpl es of aIkyI groups include ethyl, n-propyl, isopropyl,
n-butyl, isob IAI)/}} recB@ionfvftnyinerit&irhndey 1by |end15tﬁﬂtl§ intluded ah @xpbers 3ubedd,
cyclopropyl cycl obutyl, cylcopentyl cohex% and

10cycl ohexhinghasjangade 2., 1 t0 5 mchudss el Se 88 P, H6Pnul a (1), Ra is a

het ef oal kyl gr Vit NG ats, L on, al kyl group has
at I%ast one he e?%gstom bglt \/\égeﬁ’sta\l/%eaggér %%Or;l:{aﬁ %éﬁélgteroatom bei ng

sel ect ed ihfceohageabky Thu-fbr ctdmpic, (“aScbmp@Ind diiforgiayp.cah be ieypreabedi ment s,
the heteroatomis an oxy grou (|.e., the het eroal kyl is an ether or
15pol yet HBgangoe gy monhCopwpourdsAfifprmyladllp can be |inear, branched, cyclic,

nmb t . t
or 2, SpmoLnat 1 e, IR BB 85 GRLKY b RS0 AP Bk RRSh: By BRAAA 2 0T
atons, uprinding o€ asdriag tethaities eithed matnccoﬁtheﬁvdmn dajmsitnaachnituct. oWile

het eroatons, up to 5 heteroatqgns, or. up to 4 heteroatons. For exanple, the
het & oal KPMECRRIPRSHiENDare fngysn é%rrdﬁaﬂm%\%ﬂfsseampnﬂu@terssﬁ%@é%l&%ﬁﬁ 3 to 10

carbon atg %Q@% L o 10, £ar _q{]gf}gﬁja 1tob
het eroato él}car oﬁggt cﬁﬂiﬁwo a}'g]hs gef%&%g{rég to Egcar bon
at ons ancbx&mpte Fhbe trdijo priatisg hd; ‘tteenﬁseziatblal@hveatacmﬂm@n@finbfgaalchet eroatons, 3
to 5 carbon atons and 1 to 2 heteroatons, or 4 carbon atons and I[to two

het er oat CREUCOREHCLPT 13 Yrg 1B RARFIARY weﬁé@ear PRpKafE 28t thg el venidias deen

et hoxy gy hBHOATRY 9&? ¢

met hoxyet %Jﬂ%‘ ene (CH%%H%:% &?ncgnd et rggxlg%gteﬁn?ene %@_‘O&E Scﬁzb-e

In &3ill mgﬁwtn@nﬂm@emphdsrs of theFdmpagit. aMpik) ynifdami ssmavondhdcoxiy g awme(edede a
group of formula -OR where Ris an al kyl) having. at |east carbon at om

For exanpl 1, CONesitiPRY 19cle$eédfﬁr%ﬁam F g pigoray, s FONGUGHRE 1aysEs | east 3
carbon at; é‘thther 1%10{1@9%@&09%?9& éehﬁ@alduét%if Rl lePéYe e%@a@ g gas up

by
to 10 carbon atons, car bon” at ons, g carbon atons.
exanpl e, doh@oalltlbwdasagi,omdmemm tenelve rebult dn th0 depmdmmn @ﬁs@nmonﬁucttorslmlcar bon

atons, 1 to carbo t ons, to 8 carbon atons, .1 to 6 2to
G oar bon YR MTObS Tk ¢ FRBIRISSUOS o SETEs tCh & T ? B as. The
al kexy grfgy@ilrpﬁﬂng@n§lgtggar branched, cyclic, or a conbination thereof
Speci fic al koxy groups include, but are not limted to, nethoxy (CH30-),

et hoxy ( %m%cympmmm@@xqvld@ﬁ@-iﬁﬂhﬂ@-(ﬁ) a B(ﬂwrtmimuye 41(@15!3)112 @@m)c
n- but oxy 5 CF |so ox CHZO tert - b
((O3) S00SHcodgecin (R i S PR CRIBLS: THesBHEB! @ﬁﬂiéléﬁ PCH0-)

- hexoxyalﬁa%lhgd%%'d?@ﬂa G'ai%@h'%%rﬁs add%ﬁ?%‘&r%ﬁétl(: CEHRY AP EHRA-( 8
cyl cohexoxy (CoL , and cycl ohexyl net hyl eneoxy (CGHll CH20) .

In yet other enbodi rrents Ra can be anpy
of 10fornmula -OR where R is a het ®o&
| east one het eroat om between two carb

grRor oal koxy group (i.e., a group
). The heteroal koxy group has at
tonms. The het eroatom can be an oxy
group, thio group, or -NHgroup. In many enbodi nents, the heteroatomis an
oxy2 roup. The het eroal koxy group can | i near, branched, cyclic, or a

combi nat iy f t op. atoms. The
het er oal kggg fhgﬁltagﬁ wgg%‘{beflg easﬁ é( té}g&ﬁ ad ‘%@X Jé1 t%%fq%é bgrn?131

fused 5 to 6 member ring. Each group R is 1ndependently selected from an alkyl, an

alkoxy, or a halo. The variable n is an integer in the range of 0 to 5. The solvent mixture

can include more than one alkane, more than one aromatic compound of Formula (1), or

30 more than one alkane as well as more than one aromatic compound of Formula (I).



atons, or at least 5 carbon atonms. Sone heteroal koxy groups have up to 10
carbon atons, up to 8 carbon atons, or up to 6 carbon atons. Mre

speci f i cawbyeoowtsew7Bet er oal koxy group can have 2 to 10 cachars2e@wons’and 2 to
5 heteroatons, 2 to 8 carbon atons and 2 to 4 heteroatons, 2 to 6 carbon
atons and 2 to 3 heteroatons, or 3 to 6 carbon atons and 2 to 3

20het eroatons. Non-limting exanples of heteroal koxy groups include

(CH30CH20- ), (lesempizobrgimonts qfdiqsooiat O-RO1s)an alnd et aplcarbon
In still i ment t d 5.t ing. That
12511 RS TROLLIRR i bl 580 By RSP SR b T

can be caedx0¢\hibon @fonaMHergiylldée@ hiLieioodt QB oneit@as, &g td BRarban atys, ot hi o,
or -NH group. The ring structure can be 25saturated or unsaturated.
Exenpl ar yiPaP Srfgthod aihp otz amplionths akyd gepupicag have Lt Lt earbeicatos, 2 out are

[ ar i f o ,
ot iy Db RFAE X 818 Rartiop digth 495 IDEAREH R 2308 corbon atoms. 196 ¢ |

sonme enbadibvRnidms,3 tb$ catbod.atdrhs, 3 tbS cgrtdatatimd, ban cadion atdnis. iEhcialidépendent |y
selected froma halo group (e.g., chloro, brono, 30fluor, or iodo%, an
al kyl, orgrayp eandksxipcaighranghide cxgliey pr geasnpisatiasy theysobf Newrligaiing ¢xapples ofar bon

- but vl EOR epfseRds i PRI R RE . BBl R BB R SSRRECTY
of t en havenfyl trohkyt, @-hexyl,\6x [3PRPY 1L 03 ASBRAT LIS/ 0 bévhtx ¢t ards. Exenpl ary

al koxy grougf i ncl ude net hoxy, ethoxy, n-propoxy, isopropoxy, nbutoxy,

i soblit oxyeycloBexpmediencand tert - but oxy In sone enbodi nents of Fornul a
(1), leis a : i HN Wi a et hyl
G oup, “or _a mar oy CoRoltRn AT e l(h, RERIARAAGAK Vel OiR 27

enbodi mentaghontanemsar Dinelidtaoglkpippume hof at Fastatdeahefdrpatom beel@atted chfbom ani sol e,
2- et hyl ani sol e nmet hyl ani sol 4- met hyl ani sal e, . 2, 3-di net hyl ani sal e,

3- e
2, 4- di meOIt wifh 4l eteroatgmdreing telqctsdi fEem @n ozy Q). ipKyS-aer sk group. In
3, 4- di net ;aﬁ% - bz hdi isol hl,ar, i
3-ch|oro§ﬁ¥lo é?g%ﬁgﬁﬁgg%%%?ggﬁg?ﬁ§ﬂ§§??‘?mﬁiﬁéﬁﬁgﬁﬁﬁéﬁgéﬁzél?ﬁm;gne
part5 cul grolwitixogrampit The héteroatkghatoup canbibukad, whndrhod,nykhc, bda thmbmadon sol c.
I n other partjicylar ermhodi nents, the aromatic conpound of Fornmul a is
3., 5 di metAFEn ﬁ@.te_rgﬁky Oﬁat‘?@% HAFaS ABBRPBIS BRt ﬁwaébqnf)ts)m&aff%% an
al kyl gr %E%roélpﬁ 0 ﬁ'hﬁph]ﬁtd"ld @arﬁd%lﬁ%{)mg,%goto gloartn a%om%%g uﬁ%a cﬁ%o{& Stoms

i ndependently a hal o group, a ne group, or a nethoxy group. For
exanpl e, andeipco bpotenchtahs,Faprtondlhatefdatoms of @b ee 8 ddtefdatomsn - Burtexhibplezéee, sec-

15but yl benzene, tert-butyl penzene, isob | benzene, isopropyltol uenc,
n- pr opy| ﬁ@mﬁfal_ P8 i&‘bY“o%%h ﬁé%z%at?@a ﬁ%#ii)){? AN Jredd .Cgrlb_ﬂn atme
par ¢ cul a8 BBk &ms. B¢ 86 LABLA GofRTRAYNE 5HetdrRidMb 2 tg%z) cfakb%n atoms

n- but yl benzene. In addition to the aromati ¢ conpoun Formula (1),
t he sol vemtl Inbxtheteoitomb Lillies @rbdredstns ané 1 & Kk doteroaome 330 b\eerbonaiontur es

i nclude nor.e than one al kane, The al kane  can_ 20 be |inear, branched,
cyclic, gindg g gj{’ﬁtﬁﬁ%t%ﬁrk% et @oon asoms apd & o7 Eatﬁ@@t%% 8h* ﬁ%ﬁ%@n glomms apg
carbon at O@Fwo Hagr@tdas CNQﬁ-ﬁi%Htiﬁ%éxa%plése(ﬁfﬁete@oﬁl%fl%?&éf%th?d”f&de at least 9
carbon atons, or at least 10 carbon atons. The dl Kane often has no greater
t han 14 owetborynattioytencor no greater than 12 carbon atons. |In sone
enbodi ne | kane has 6 t r at gns, 0 C on _atong, 10
Co 55 canbshbFhmshetime bt SR Bt IR HE) 4 ¢ o
2512 car ka3t @FRne NoRsdifDEHRGLXampl es of al kanes include octane,
i So- oct ane,
In still other embodiments of Formula (I), R* is an alkoxy group (i.e., a group of
formula —OR where R is an alkyl) having at least 1 carbon atom. For example, the alkoxy
group can have at least 2 carbon atoms, at least 3 carbon atoms, or at least 4 carbon atoms.
30 The alkoxy group often has up to 10 carbon atoms, up to 8 carbon atoms, or up to 6 carbon

atoms. For example, the alkoxy group can have 1 to 10 carbon atoms, 2 to 10 carbon

atoms, 1 to & carbon atoms, 2 to 8 carbon atoms, 1 to 6 carbon atoms, 2 to 6 carbon atoms,
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cycl ooct ane, nonane, 2-nethyl octane, 3-nethyl octane, decane,

2- met hyl nonane, 3- net hyl nonanc, 4-nethyl nonane, undecanc, 2-nethyl decanc,
4- et hyl dwoan®/15»78net hyl decane, dodecane, 2-net hyl unde®amajS2awiodsscane,

3- net hyl dodecanc, tetradecane, pentadecane, and hexadecane. In sone

enbodi nents, the al kane includes decane, 30undecane, dodecane, or m xtures
t her eof In sone exenplary solvent m xtures, the aromatic conpound of
Formul a (ar)! to¢ caghomcatesss.f Flamsllsprvsgspen can 8: linoss trgriched. sBlEc, onabut yl benzene,

or 2 Xty LRenaRL. AN, LA YR 2000 IOAATARCTL 2009 QASTL alkane 1

sel ected Trom ecane res er € nor e
specifiC(gmLQEﬁbﬂmkytures |nclude ani sol e and decane, 3, 5-di nethyl ani sol e
and dodecane, n-butyl benzene and &cane, n-butyl benzene and undecane, and

n- but yl béﬁfbﬁ@zgrﬂdnd’é‘w@éan@HS@Hk@{%),\ﬂé@ﬁmpﬁw%@@%@ﬁpchpf%}‘thﬂcI udes Ito 20

melgﬁt Bgrc %h§¥b¢ﬂ§3§Tona R@ﬁxgﬁ%BunE?%%p%§%%5ﬁ8X§Peﬁ§£sed)ng@ﬁ%gaeight

of the sqlOHROH,0HXCHY)®-), hofenexxgPHeCHLOH,CHICIEO-),M-kdxeke can include 1 to
15 wei ght percent of the al kane and 85 to 99 wei percent of the aromatic

ht
compound (GRLESRGHRGHGH;CHQ- é)iaopemmjr((CH@p@%ﬁﬁzgﬁz@ﬁecsdmé@ﬁexsa%%é)t o 99

wei ght 1Qp d of Fornmula (1), 2 to 10 wei ght
per cent g%ﬁéﬁ(vﬁ£%%ﬁgﬁgggg§2gﬁi melg t percent of the aromatic conpound
of Formula (1)In ydt étherldnbugiigbrits,[FErcarbt anf hétb®aklokageoupr(tle 99 gtoapdf wei ght

percent of the aromatic conpound of Formula (1), 4 to 10 wei ght percent of
t hel®l karfe™Wad 90 to 96 wei ght percent of the aromatic conpound of Formul a

(1), or 4619%%%%“&@&’6?1%2&% h@t? 3%!146%8%9 Gha?% fert%ﬁep@ﬂe%Eonl?erce“t of

t he 15aromati c conpoun xenp ary solvent m xtures
i ncl ude ﬂxﬁWBdﬂhMMﬂmﬂmhaﬂﬁﬁ$éﬁkﬂdﬁﬁ&ﬂ&m&ﬂﬁ@é@ﬁb&ygdm@emmngpupﬂna$ﬁixture
thereof and 88 to 99 wei ght percent anisol e, 5- di_npet hyl ani sol e,

n- but yl bef9¥heln reérnwnhhqéﬂra?rés, thpherpatom s gn P@Yﬁé‘?l’@htThﬁé‘F{eé‘??tl kQFS o

undecane, cgg g_g %‘ggﬁﬁ%ﬁhc@ g@’d‘ﬂ: o) ctoﬂﬁfn?ﬂlofﬁ 9 1 h%%r(‘fﬁlbgg')g IQa%raﬁ Akt

ani sole, 3, ni so butyl benzene, or a m°xture thereof,
to 1D weitgbtcafpenaents. dﬁwdmeeroalhd;e;ceﬂm had (adkaﬂrﬁeaarbml aoms, it loast 4t duelaof and
90 to 97 melght ercent ani sol ¢, 3,5- dinethyl ani oIe dg benzene or

a m xt ur QAR08 8¥ leayf Stcgropy %P@@O%%]i‘?f%rﬁﬁ‘ %Wpi) ?Vc?é’rPtto n affipfecane,
dodecane, F Sacapa a%rﬁs togﬁ? ?(f’% cABn gﬁ’)n{so l\ggre"égécgﬁéall e{h%qlré%er@apkd:xgl g?oup

3, 5- dlnefﬁy anls enzene, ture thereo
wei ght 25qaerhaea'12 toMa() qinborpﬁomeland @Ie@arhetemaltrdmcarteﬁ odﬂx&e(aanm a2 @ 4 Xt ur e

t her eof 92 to 96 mel ht perce anj sol e ani so
n- but yl bjn%‘é??éoms 20 6 agy %ﬂﬁi&qﬂﬂete@ee%ﬁ aF toggp ﬂ@awtaaﬁéstoﬁnm ude
1 tegl2 "}ﬁ't&l@a{toﬁ@%ﬂthnﬁﬁﬁ% &d&%%oalg%%ﬂﬁéﬁ | hd@ oo Hhereof and

88 to 99 wel ght percent nb enzene 3 rcent decane,
undecane (Ccﬂbﬂéh@@ﬁzOe)r (@Hf@(ZHL(EIézQ D,eindQCPBOHﬁﬂCH%H@(M? wei ght percent

n-butyl benzene[n st111 other em\QB(Ih entspﬁg canntg El%g(P ? to Pn%%l aelp Sng That is, R"is a
ring fused to the benzene ring of Formula (I). The fused ring can be carbocylic or can
include a heteroatom selected from an oxy, thio, or -NH- group. The ring structure can be

25 saturated or unsaturated. Exemplary aromatic compounds with a fused ring structure
include, but are not limited to, benzofuran, 2,3-dihydrobenzofuran, and
tetrahydronaphthalene.

In Formula (I), n is an integer of 0 to 5. In some embodiments, n is zero. If n is
greater than zero, R® is independently selected from a halo group (e.g., chloro, bromo,

30 fluoro, or iodo), an alkyl, or an alkoxy. Suitable alkyl groups for R” often have 1 to 4
carbon atoms. Exemplary alkyl groups include methyl, ethyl, n-propyl, isopropyl, n-butyl,
sec-butyl, tert-butyl, and isobutyl. Suitable alkoxy groups for R® often have 1 to 4 carbon
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dodecane, or a mxture thereof and 90 to 97 wei ght percent n-butyl benzene,
4 to 10 wei ght percent decane, undecane, dodecane, or a m xture thereof and
90 to 96 wmligiwispBcent n- WO 2009/ 151978PCT/ US2009/ 045FTTI/usatopiowzsnrene, or
4 to 8 wei ght percent decane, undecane, dodecane, or a mxture thereof and
92 to 96 wei ght percent n-butyl benzene based on the weight of the sol vent
m xt ure. O her nore specific exenplary solvent m xtures include 1 to
12 wei ghtatgres. desmphiey arexy arpugginchido mafkgxyh ethpey. debroP@ty: $6PWPoRy.tho 12

wei ght percent . n n 0,97 i.ght percent anisole, 4 to 10 wei ght
per cent }élgogﬂlélsgﬁlgog}b%F%bgtgxé\’eﬁngﬁfr?ggr(’:( nt anisole, or 6 to 10 wei ght

per cent decandnaphc 3bbeinRAht I FfinuRIIC RALs AmehokegapedcBR ihe wei ght of
the solvent mxture. Still other nore specific exenplary solvent m xtures

i ncl ude Indepengenglyiadio goppenneHFHROBROT aractBEt grouw and ithfhtarisbledeist), 1,
3, 5-di met hyl ani t o _10.wei ght.. 99 wei ght
2581 ey SN0 Epndal RA Ol Rl REARIN RPEARRERGE BNdcR0ekp °F el

wei ght  pemdend, 23ndhdaiiedlbyl-ariisddnisol Q4-detholabisvle] YBidipethgRnisodpdgcane and
94 to 97 weight percent 3,5-dinethyl ani sol e based on the wei ght of the
sol vent rﬁl&lﬁ%ﬁ@mwle, 2,5-drpethybmieds, gitoHmetylamole det-dimethytanise.& - nei ght
per cent a nt,_ M res. he ) el _the

conposi tgg%lgghilﬁdgiségeﬁ%gg}%é%ﬁ&é ? Zc?il?%gﬁp%ﬂh?fg %}ﬁ&ﬁ%lglg\é\@le%tdl wei ght percent,
at | east dfecthekgithzael deBdme phrticelasémB&dimehnghthe pnegittcompoud off Basiul5
wei ght percent. sol vent m xture based on the total weight percentage of the
corrngsi t i (bris anigelec bnpibss pardeuleembodinenth thpargrete epmpeud Gdoomplsi(hre | no
greater thhan. iight, no greater than 99 weight, no greater than 98.5
wei ght peig%glnte?hﬁgﬁ%élgat er than 98.2 weight, no greater than 98 wei ght
percent, no grieatler cinbadin®nhtsviFphmulagi)c Rhis, anradkyd edipethetviasiabl® @ i2 Oqvail ght
percent, reater than, 95 wei ght percent, no greater than 90 weight

nQ :

percent, ©0: hPTgr 824 erchthdhingopRerpfivt 2 palp &5, & BISHBH £TMMPx 014 BCREEd on t he
total wei t [ i N at,.| east
oneor gart sy S BF ek o Eprmufh SRS Holl bR “The
anount ofbutlylbaokve dersbutythendinet Bobutplbetiicat, isoprohdtob@np.asptopgibe2maepends on
t he parti.cul ar sem conduct or terial and the particul ar  sol veFt m xt ure.

The sol udPInreRyIBRNZenc(cumgag) endmpiiysmaudt sme BHtipragRbadimenty the sol vent

m xture g | - re a wei ght percentage) than in
orflﬁﬁe’g)ébgﬂhé/duﬁa ofﬁo ula(ljgiz 15{?5@'[ fiRf-@=.

any one o ents inclu e solvent m xture. The conposition
typi cal |y i nclluddditiah té thastorfatic cvmiglohd pEFaentla dy,ghasadvae mictnndinctudes

di ssolved in the sol vent m xture. Stated differently, the 30 c osi tion
cont ai ns %ﬂeaﬁw@tﬁlﬁni- maﬁt)lvs%t_r%mrewng@gﬁ g Brg Qhe el ﬂ&?g%‘t"c‘}ﬁnbased
on 8 t Ot ale (RLGBlanehed. BLIOBPLhbIRRion RErcEK ARl ANCCOMBORI LGB 162N

contain at least 0.2 weight percent, at [east 0.4 weight percent, at |east
0.5 wei ghtarlparateng. , Tlat alkerstfted hés atErsP 8 @8rbdb bHTBPEMeUF200 8004557 onei ght
percent, at |east 0.8 weight percent, or at |east_ 1.0 weight percent

di ssol ved®#t B firbon é%oﬂg‘ﬁé{%“ lfLbasdio ngﬁ@f;@ﬁ%liﬁgHﬁm BOMSOR GO EETHTsi t i on
cont ai ns i {PcgBoVRbAR! PEIEEAhbodiRehOtRAIMRE 87 6 RETLERbon MBmE R o1 4nei ght
percent, up to 10 weight percent, up to 8 weight percent, up to 6 wel ght
per cent, aapponaitdmmeddghil4 paboratomsof taip3 taybdn sweimght tqpEY caelbrin Bdins,swllPed

or gani ¢ sem conduct or matl.er.i.al t he t ot al t of the

based ofn vveigh
conpdsi t i grf’ at%@%%nlﬁ% Y RRgee oxtlksmes ws _apﬁtae.’isoc-%ct%’mi ght
percent, Qchot@ne Aol IMmARYIEER e, 30ndth}Bcthle WRL AR 2 PRYISAAGnanD, 3L tO 5
wei ght percent, 0.5 to 5 weight percent; 0.5 to 3 weight” percent, 0.1 to 3

wei ght pendbylnpn@ic54-netlyylngiaghtundesapeid-metrylddcdng, 4-ractiydidedane fer cent
di 501 ved of QaNLE ST GRS, TR ki RBRE b Gode i cEhh 0" the
pentadecane, and hexadecane. In some embodiments, the alkane includes decane,
30 undecane, dodecane, or mixtures thereof.

In some exemplary solvent mixtures, the aromatic compound of Formula (1) is

selected from anisole, 3,5-dimethylanisole, n-butylbenzene, or a mixture thereof and the
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10Any organi c sem conductor material that can be dissolved in the sol vent
m xture can be used. Non-limting exanples of organic sem conductors

i ncl ude aweornew/1s8er oacenes, peryl enes such as PCT/US2009/045571
perlyene-3, 4,9, 10-tetracarboxylic diimdes, buckm nsterfullerenes
substituted with various organ groups such as the conpound

[ 6, 6] - phenyl -Cm butyric acid nethyl ester, polythlophenes pol ypyrrol es,
pol yacet yallaneds sclast ijqrp Weepre enslcgansy dadssane, ommextysh fiordei e Sgme meore

vi nyl ene S S an

or ganomec ke s8R o RRRC RS i IR L FEALE FEIARATAAIE pFEHRSIRS 80 o
organi c &ﬁl‘iﬂltﬂb@ﬂu@b Qhé dédaat,udButl fbesfnd @€ ihdweand, and hduty@¥a@rpheandy. S.  Pat ent
Nos. 6, 690,029 (Anthony et al.), 7,319, 153 (ngel et al.), 7,211,679
(GErIach‘%@e%mﬁ) 6,864,396 (Smith et al.), U S. Patent Appllcatlon

D007 aa6a26 (i DRRA BpERpiEL YR R0 ko FORKAFITNE lkflHa fhe &1
2007/ 02327/®1 acﬁkﬁbnea&orﬁé ajd 80 to 99 wéiphtg@ignestidd iaroemnitis, cohipeund glifdraula

sem conductor includes a substituted pentacene. Exenplary substituted
pent acend® hased pithervaght obthemehvent mixtyrey For exgmodhe sodyai gpetnrasp009/ 045571

I n For nul uted or
subst | tur B4t fiy PP SRieht udrier B BRENCERLLL 3 FEHERnL BACLATsHiHbiThAS

unsubstlknh@ﬁuﬁdoSEmﬁhﬂd@)edoaQKﬁﬂ@hqmﬁﬁnuﬁsubsmhﬁdﬁnwﬁgab99uhﬁ@ututed aryl,
an unsubstituted or substituted heteroaryl, a ferrocenyl or. a silyl group

f $Gr muipsreenf ofithy gronpiiscorgonnd offpspafiddheity 18 sveight parcentahtbmaliinsged, an
unsubstlt Fﬂﬁﬂﬂﬁi
het er oal k%/blttg@gg’&eﬁ %%fsdtel{l%fﬁg%gﬂgﬁglalg% ute }nklen;qj) ngn%gﬁé%ﬁ Pi&t%%%ted or
subst i t utefdh@dlkymeydnd 99 ts bemgmq)eﬁemofm]mesarbﬁiant vdrepowidydf,Foanularibudhsd i t ut ed
or substituted heteroar Suitable substituents for an_al kyl or

|, or acet
het er oal K\? Wagm?écqnheﬁ %ﬂ elkape %RCWG\( tofr wrighrRercenhal the akamatis comparrsk9l , ~ or
car boxyl yghQup of4 ¢ é%egﬂ%&memﬂt&b&lﬁa@%ﬁabgwg@k%lgh%el%&ﬁ%@xﬂ and
al kynyl groups ude al Kox aryl, heteroary al o, ano, hydroxyl, or
Carbbxylzgmﬁmw:@nm@mndoﬁEﬁH%ﬂaﬂyltable substituents for an aryl or

het er oaryl include an IkyI al koxy, het al k hal o, cyano, hydroxyl, -
SeH, or carbo MGTST. TargSedhiont m%tqr?ﬁd@ﬂ@ﬁﬂi ﬂ%wghahéewéﬁﬁ#ﬁ%ehydr ogen,

hal o, al ‘ibﬁ'dﬁcaf'ﬁle K(R%%can%r%t]amﬂﬁﬁr% éﬁ’&éé’f*and%%‘%@%'we ﬁ?gﬁ%\efg%qlfsﬁf% grsoal kyl . The

anount of the organic 15sem conductor nateri al e sol vent
m Xt ur e idmetpyhknisblz, atbulydbsizetk, dr aeiiggate qherreoéatto bﬁs&dglﬂtpeaehtuteahna;\el ght of

t he conposition I n Formul a kyl Re gr s typically
have |to@ée@gﬁﬂme%ﬁn8n%fam&mrsi%ﬁéqf§nds9ﬁ %P@iﬁﬁm@a offane 2 to 12
car jpn atcﬁﬁ'iéuh Parti®1d G- G&&}%@ﬁkeﬂ&%m&t&r I?eré‘oifr?R)nl &gﬁv cFodnPd&af&r bon
at ons, g car’bon atons. The al y group can |near 20br’anched,

cyclic, omdacanenindneaneomr 4 inevteo fthddeot-and Wotto AF w@x@fpbmsntmhlsaldgyls gr oups

'ngﬁi/fjde Sl BERY ot lbienB @ v Jiereoted DLV Ehepacast pisigdts) °0°Y"

groups. Apyci déclaﬁé %néééﬁ}{é RHOURE, M RBrORId-QIT3hd B0 38196 Wit ﬁ&c&ht h an
aryl, heteroaryl, halo, cyano, hydroxyl or carboxyl group. Suitable aryl

subst i t uemissleopB ISedmh&wé aiselo, r-Butythehoame avronmixtBeithatdfeotvbtost waight

ggfgﬁ ts :dtn%?%h{sxgg ‘b]ﬁercent ﬁecane un%ieca%%rc?oo eca?lfeog;s a r%?x(%ur]é t e%eg)f ar;l L I’t(o) g%oms
weight percent anisole, 3,5-dimethyl anisole, n-butylbenzene.

Some more specific exemplary solvent mixtures include 1 to 12 weight percent
decane, undecane, dodecane, or a mixture thercof and 88 to 99 weight percent n-
butylbenzene, 3 to 12 weight percent decane, undecane, dodecane, or a mixture thereof
30 and 88 to 97 weight percent n-butylbenzene, 3 to 10 weight percent decane, undecane,

dodecane, or a mixture thereof and 90 to 97 weight percent n-butylbenzene, 4 to 10 weight

percent decane, undecane, dodecane, or a mixture thereof and 90 to 96 weight percent n-
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sul fur, or nitrogen. Sui t abl e heteroal kyl | e groups typically have 2
to 18 carbon atons and 1 to 10 heteroatons selected fromoxy, thio, or
-NH-. Forwexamplsey78t he het eroal kyl has 1 to 12 carbon aromaSand/01557D 6
heteroatom | to 10 carbon atons and | to 5 heteroatons, | to 6 30 carbon
atons and 1 to 3 heteroatons, or 1 to 4 carbon atons and 1 to 2 heteroatom
The heteroal kyl is often an ether or polyether %roup that is, each

het er oat dmtsdbwzsae andox§ quzmpr:mﬁmtdeﬁgneemimw@s @fﬂeca@t, F saniKyIe Gewaps

i ncl ude 09/ 1

et hoxyrret gﬁéqﬁéﬁgﬁ%ﬂ%w Zoe>1<1yeta %02%%? ggé‘g%%/& gég

et hoxyet hyl en&)tﬁl@ﬁ&d&%&'ﬂﬁ@bﬁe&plaﬁmﬁl@m eses hielhelcaabklwasittesccann be
optionally substituted with an aryl, heteroaryl, hal o, cyano, hydroxyl or
car boxy!l Pwlcﬁnd%tﬁ QB meight prrespiidisola drie 42 ofoie PprsoRt dgcans and 884p 88n” at ons.
Sui tabl e ro ti f t nd 1 to
3 heter oa\{)egér@ %Iﬁgc'#?% r%é#gg)& 8%18 p%%%fl{’&%%ﬁ? gﬁldn%bttg’g)&%lgm qjef% 8@ fOI%I

al kenyl grreupd Otqu@gIQa)lefc)énMQneZaﬂdc%hB odavdight patdemsamdaw basaopkie, wibet

al kenyl group can have 2 to 16 carbon atons, 2 to 12 carbon atons, 2 to 10
carbon atQfithe SoBvangMextEEr bon atoms, or 2 to 6 carbon atoms. The al kenyl

group can be | i .
Non-limting egggﬁ% eerst%]%%g%lﬁg%ﬁgegygﬁﬁglﬂeﬁ%?&élggwﬁy lO[PIIE IQ%I?IR 88?08%% nyl ,
1- but enyldod&ealnemwg to 9 heiphnpdreent 3cﬁcﬂlaﬂ:yﬂyla1ﬁsdﬂaqetwb,wéigldq;emayﬂ 3-
decenyl, 1-dodecen 1-tetradecen and 1-octadecenyl groups. Any of

t heb® ™ al Kiodggang raaihé@ t%%%ws@hbb%rpaﬁﬁﬁ -Jimgihdanisale. edow ngatrpeacrevabs@ﬂecaw

het er oaryl 4 OXW

cubst | £ udnd 23 P8 sHE0 Gerg Y DY ho@RRREIBUN 1o i NP BV 04

Sui tabl e th9t7ave@@lrtpbrcsmﬂ)sﬁ4dimﬁhylan1@61bé>lasdalameth8vaiecghlef marsbbantahﬁmsre or 4to 8

carbon atons and 1 to 3 heteroatons sel ected from oxy sul fur

ni t r ogen. Thegiompgpitian a1/ Inchide gpy sy tabie peighy rre;ch%%zé Oé SQlaeIthzmé%\lr%on

O F MG fotal DA SLAHR IS mholiBod BGRLARN LRy 94 6 Lo 8

carbon atons aryl éroup ca ude a si aromatic ring, a first

ar oh@t i ¢ weigly feuzad at kas 89evagid pea:rehoaylehstQOaV@gmmemenn ogat ledst 95 2@fght st

aronatlcrlngflfsedtoanon ar matlg bocyclic ring. Non-]Jim¢ting

exanpl es RSFCCRt SAIVGY BUHEraRAFPhen Bictiptal weig P%?Pné%g&?é lilwr%méltlaﬁerﬁl

1- napht hy, ok naI |y

substi tutéggin p\%&ﬁ ﬁgéﬁl@%é}r%oﬁ%%ﬂa’ﬁ%%% O%rrﬁ%ﬁ%l cyagglep%l}tt cP(25 roxyl,

-SeH, or greertdmhg'ﬂ 9Ywoight, nSLgréaaérltham@&yhve@hbpeﬂcem;—:-m sreatet than I9a\26w¢1gh1 10

carbon at ons, carbon atons, or 1 to 4 carbon atons. Non- ting

exarrpl es Ib)fgrsﬁtvt %§$ PRt HLEGHOTIR O BF PRiPES &Y %gﬂategﬁaﬂg'é i ncl ude
g hyl I I Vi | phenyl ,

4 but yl pﬁgﬁy t, eﬁéﬁte@%%eﬁewé;ng% h&g@% E%n@%ﬁ&sthﬁ g%ﬁlg%%ﬁe?éerr&g{a{%y#

subst i t ueartaerahied0 vaight Rertent k0lvearhiaturabased on2hd wtHh weaghvohthat ons, or 2 to

4 carbon atons .and 1 to 3 heteroatons selected fromoxy, thio, or -NH

30Sui t abl@WEEPBaryl Re groups typically have 3 to 10 carbon atoms and Ito

3 het eroat ons %%&ﬁ%@ﬂtl%ﬁhﬁ‘ﬂucfeﬁ ane%%% Brgaﬁfé' Sfehlllicongﬁctgll ﬂlﬁféﬂ@l%ss%i%d%a”p' e,

the heteroaryl often has 3 to 8 carbon atons, carbon atons, or 4 to

6 car bon th¢ svtecramuxturd. dhg amuﬁoﬁgﬁslsﬁhygdB@iﬁifbmﬁwﬂﬁgﬁﬂd@"ﬁmthwbmpoatmms or 1
het e oat ns. . The h@teroargl can inch % Si n]g]g ateroaronat ri ng,
ero 90 the PRytiFyaktemigongueigr H’&W@ F BRREEHET P KL MYruE

het er oar %Gﬁfb'ﬂ?t ol 01 Jr?'a?ﬁéjsetrﬂc@ncﬁﬁfo?‘éwﬁé gl‘éaﬂ%{aﬁl tRE %Wéﬂt%l&hﬂcgor Non-1imting

exanpl es of he eroaryl groups include 2-pyridinyl, 3-pyridinyl,

4- pyri di rephpogitipy(e.gl 94 meBupyirasol eightDefaentugy) thasisf anyamglof the solvents

included in the solvent mixture. The composition typically includes at least 0.1 weight

percent organic semiconductor dissolved in the solvent mixture. Stated differently, the
30 composition contains at least 0.1 weight percent dissolved organic semiconductor based

on a total weight of the composition. For example, the composition can contain at least

0.2 weight percent, at least 0.4 weight percent, at least 0.5 weight percent, at least 0.6
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52-thienyl, and 3-thienyl. Any of these heteroaryl groups can be optionally
substituted with an al kyl, al koxy, heteroal kyl, halo, cyano, hydroxyl,

- SeH, or warbexh7gr oup. Suitabl e al kyl substituents of Pem/usawe/0dssvnp 10
carbon atons, 1 to 6 carbon atons, or 1 to 4 carbon atons. Suitable

het er oal kyl substituents often have 2 to 10 carbon atons, 2 to 6 carbon
atons, or 2 to 4 carbon atons and 1 to 3 heteroatons sel ected from oxy,

thi o, or weght pereysyiat kbitd.§ weigbtegdnt.gir atilpastilof WRight prrrerddisselyed argenigot

limted tq, .fernr | .. fer i | ferr I .
tet r anet fyPieRibaEEDHerist b B EREEF e s Rl Y SBRIRIR PP arciseny
Sui t abl e kdeytt, ugr®@DQPSvel gt pdded! €p @f 15 Weighi Fercchit,(UBdd 10 weagh pBetehSup to 8

i ndependently sel ected from hydrogen, unsubstituted or substituted al kyl,
unsubst i tWRislf nsrcealipBtte O fcaeht PSivebler & kMeight parGert o witted weightutsssent ut ed

| k |, ti j - , ' - tituted
v iR b SR oiarBRR! iigaCh LU Yo TR b b oyt @
subst i t uatdrexdraplepdondd doytpositiohet@itaialoklydo As5nedipktepcadena oyl to Joevepmar yl , hal o,
cyano, hydrox or carboxyl group (i Sui tabl e substituents for

%/I , ) p .e., -COOH). |
an al kenylerGat & Ikiprid weighi nesena Oklotey>, weighi pererat.dk Dy 3 Weighap@cergyhn & 3

hyd I . I i 1 a i . I
el v ArigfiERnKon S S A St oS HERSACORER Y Mo Pl GPRY
car boxyl dissolied organic seblicdnabéter mlateyihl gusedips tHeabtaRalelgipb ik kympasionl to 10

carbon atons. For exanple, the al kyl can have | tqo 8 carbon atons, | to 6
car Hon at oms, Amt @reanie spBANGHcFamAtorigl shot gar he disrplugdbinehe solyent gixtargon
atons, or QR . |+ ranched,
cyclic, or E%E)%P %ir g@&?ﬁ@%@&o%gﬁgg%gf%éﬁt%ﬁgﬁog@ugr&es drléelﬁ%g ?Ceeﬁé%*)uer ein as
"cycl oal KyeterogrenespperyBinkyduchae perlyeaei3ng9.a0aytedchbopplid dibnidps,us a | i near or
branched portion arc referred herein as "cyl coal kyl al kyl ene" groups.

Non- | i mi thusgmEisillgsnes substkiptedgyiguraiona or43g0 2rauss serhcitbosPBRUBE i ncl ude
nmet hyl , 1 [\ I 7 I I ntyl,
cycl ope nﬁg{w lpﬁg% ftl,%}’ I(t:) %’Iﬂg %81)??/19 é&h%lce%é?:&%g@g%%%egw&#g H@I e% Q‘ﬁgé%%%‘%%
groups. Rwiy(hkrenyhmr-vinyidrics ngnepalpfihiesylencliugienesy c lrogmopythboetifyhte e 2, 3-
di net hyl cycl opropyl,. and 2, 2,3, 3, -tetranet hyl cycl ogro yl . An}élof t hese

al kyl gr SUBQICSENIBRNGISI SARPTSEs Sh9sganemeRYiGFantpoyRd spqn as aphithalegyapine. na) o,
cyano, h 2} VA . /; itabl e
R it A R Sl R ol
subst i t udnSsPattnte¥oshawe0,829 cAdtocactdn, B3 BB 3aMibgtl dtal.B 7HEt 764 Gortech

sel ected from oxy .sul fur, or nitrogen. An exanpl.e of I

Subst | { utsedl W0 APt emocﬁ_-%é’ﬁtea P%lfcéPP’_éﬁu@gpaflﬂ? &oe-?ﬂ)&?@ﬁ%%@%as an
"aryg al ky('v%ggl"et‘af.),"2@67//b§4dﬁ%'7"(2hﬁéta@.?,%bb/o15&26%%@13%@@{%??,%8ky' groups for
Rd typically have ' Ito I O carbon atons and Ito het er oatons sel ected from
oxy, thi &008/0249892.(ZRort dxXamp 2007t(12827¢l @hoatk kly). can have | to 8 carbon

atons and 1 tqg 3 heteroatons, .1 to 6 carbon, atons, and 1 to. 3 heteroatons,
or 1 to 4 car HBACRE SMPOdinFnis. thy o5apue %amworméu%éw‘m%ﬁ P$aGshE-en an

et her or mh?g%p%ﬁbﬁmewpe&tmméiﬁglueémsésf%rﬁﬁﬁé)m)is an oxy. Non-limting
exanpl es of hetéeroal kyl groups 10i ncl ude net hoxynethyl ene (CH30CH2-),

et hoxynet hyl ene (CHI CH2OCH2-), net hoxy&'hyl ene (CH3OCH2CH2-), and

et hoxyet hyl ene (CH3CH2OCH2CH2-). Any of| t hese het eroal kyl groups can be
optionally substituted with an )gryl , h Ieroaryk, hal o, cyano, hydroxyl or
carboxyl group. Suitable aryl shbstitugnts often have 6 to 12 carbon atons.
Suitabl e heteroaryl substit Y carbon atons and 1 to 3
X 7 X
X || X
RC
25 ey
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15het eroatons sel ected fromoxy, thio, or -NH. Sui t abl e al kenyl and
al kynyl groups for Rd typically have 2 to 10 carbon atons. For exanple, the
al kenyl aw0 200%m78 groups can have 2 to 8 carbon at ons PCZ/usSe008/0¢xrbon
atons, or 2 to 4 carbon atons. These groups can be |linear, branched,

cyclic, or mxtures thereof. Non-limting exanples of al kenyl groups

i ncl ude vigyl, allél, i sopropenyl, 1- 20butenyl, 2-but-I-enyl,

ci s- 2- butinFognyla (13-cpeh R]isdpdapendentizselegied fipnhancensybstitated et eipytitutegng

L oo NS IR A B RIS LB B URS AR 8
opt i onal iay1 niisstindted @Ckubktithtedaryd] oxisubaittkd ohaibefieddteterbaya cyano,
hydroxyl, or carboxyl group. Suitable aryl substituents often have 6 to 12
car bon” atferacenglior abilel greureeivaryplasbibB ot e ibindeperandy Flotdfiam car bon
2o ol ES RO SELAEIANL AR ARy U LG 1t Lgen. The
Sui t abl e mterbalRylparpensabitiitct) @y eulBtitubedladk @t hannadBitt@ orGubaitldd car bon
atons. Phenyl is an_exenplg%% arél group. Suitable heteroaryl group often
have 3 t clKIYbarybiitaied aE vawdstituted agylnat wisshitiswsd oF substiyteg ekrensnl. 8t ons and
| to 3 h =l Lm k] |.bcl ude
2 pyr i i gt 3Pl bl Kl o FPh Gty Pk ERRE Ml WG Roded D0
3- f ur anylhala? <ydtiop hydroxglner Sutbdxiybpyolup (Ay of these aryl or heteroaryl groups
can be optjonally substituted with an al kyl, al koxy, heteroal kyl, hal o,

cyahd, hy&QAEE). ,g/mtséh,subwtm@f% glkenylommbitynyb st sz eloxynaxll  group.

An exanpl y i i vl | y&..: g of a
het er oary “%%rg?Pgﬁt%ﬁﬁ§ﬁ§ﬁ&%§&§ﬁQyﬁ%g%ﬂﬁfﬂéﬁﬁy|S??&@r-@ﬁﬁﬂ”%faﬂg&ﬁ% sone
enbodi merfosan ipkoshdterdargt tglmdo in atkyinallaxgf hdtavatitd g halsi Ry Jhyidsoxod, -f or nul a
-Si (R, (R Each R _independently js selected from(a

(R"),. (a), an
unsubst i tYFkar s#rbesiligEup: uEad R isapdepcpdintiyselpstsdritam hydragero haloydkyh t ut ed
cycl oal ky, r it r i y . Each R
independéﬁ%Xg’?§E§%F%%¥gﬂggggﬁi?éy&§%I%ﬁ%ﬁ%??i?h?g%%%@agﬁ%iﬁgﬁﬂfed al kenyl ,
(b) 12n ursmbhshidtctdbedaerialsdiotvctun € solrvehomixkyie,is equa( ©)atdcasth$ wasghtt ut ed or
substi tut ed cyclo Ikylaltyleﬂe. " is selected from (a) hydrogen, (b) an
unsubst i tRFFEHT Bsed apatPiplLved %ﬂfw%mp%&)onan unsubstituted or substituted

cycl oal kyl i o i I e n
cretyl or’ (1) EPARLANT IR E RS PR hroB o Splchith BEVEN ¥ B (¥ o phor®
vari abl e grainpleetiealkytl grduparan Davah thearbar atatnk £ © Tlscaglopnadtohe 2to® | . The

sum of x + + z is equal, to 3. In,some silyl groups of fornula

- Si (Rd) 3,2 (’é‘f?t‘ﬁas’ér%??p?afb?ni QIR ER AP chreR Plsed e AR S0 RERGINgHoup
havhimg n : i : I 15n0
gre%?er ?ﬁ%&ﬁgac F%gﬁpgégﬁgﬁgﬁﬁ%ggﬁgfoﬁggI%QHQ%E%%Wﬁggggﬂgﬁﬁﬁgﬁﬁd, cyclic,
or conbi natludnsthylheropgf, bufybrpehiyitekpig cpotatnply b sciyf, cgtlobetgb mpoyindtsyhr ¢

??\r;)p ?{J/;] dsunc()ifecylio orcrilélcﬁ,s te‘srllc}gc’yl, %\eQa’de&}{,l <)1n’d o(c\t/a{dle%ﬁ g(réﬂpls.l )A’ny(olfzcﬁze’se %ﬂgll éré ps
can be optionally substituted with an aryl, heteroaryl, halo, cyano, hydroxyl or carboxyl
group. Suitable aryl substituents often have 6 to 12 carbon atoms. Suitable heteroaryl

25 substituents often have 3 to 10 carbon atoms and 1 to 3 heteroatoms selected from oxygen,
sulfur, or nitrogen.
Suitable heteroalkyl R® groups typically have 2 to 18 carbon atoms and 1 to 10
heteroatoms selected from oxy, thio, or -NH-. For example, the heteroalkyl has 1 to 12
carbon atoms and 1 to 6 heteroatom, 1 to 10 carbon atoms and 1 to 5 heteroatoms, 1 to 6
30 carbon atoms and 1 to 3 heteroatoms, or 1 to 4 carbon atoms and 1 to 2 heteroatom. The

heteroalkyl is often an ether or polyether group; that is, each heteroatom can be an oxy.

Non-limiting examples of heteroalkyl groups include methoxymethylene (CH3;OCH3-),
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(M) (1I'X (X) WO 2009/ 151978PCT/ US2009/ 045571 These conpounds al |
have silyl groups of fornula -Si(Rd)3 that are also of formul a

-Si (R) " (WORpey1Ri978. Each silyl group in the conpounds @CTRseemloassf1V) and
Formula (VII11) has three alkyl Rd groups. Al three al kyl groups arc
branched in Formula (1V). In Formula (VI11), two alkyl groups arc branched

and one al kyl group is cyclic. Each silyl 5group in the conpounds of
For mul a (othoxymstimigng (CH:CH,0€Be thumgthpxyothydens (ﬁ(ﬁ ﬁﬁﬂHazC(H&) one al kenyl Rd

ana- (1 %0 SRR PR R M P nB RS BTl Ryl 1

The al kenyibstiiited pvithsanl drﬂ@ﬁéteﬂo@ryﬂ_'cﬁalfm |c§§no( Hydtrbxgalrtd céaé)oxpltgrow am@tdt i n
Formulas (V) and (I X). Each sil r |n t he conpound of Fornula (VI) has
two al kerfyyl mhstgu@%@ftW% R0 iéé}lﬂ%? Sgr%wﬁbletﬁn@r%rklesﬁwﬂta%s afitgay |

Gr oups a0 ko 3 AORASTob A Sy SO il RN 68 ESE sERIPRUNTS, each

group X on ut'r nos cene group addi tion
to the samr@gmduct or material di ssol ved in the soI vent m xture, the
conposition can further include a polynmer. The polynmer can be a

homopol yner, cop@bipmtenyt Ry g@}lmplcaléy havse foi h@ecarbmeat%tﬁ yRefrexp@plss then added
to modify,tdh 1%&%@%9@% ) tl)ﬁ%rh%rb%ﬂrg?c?ﬁé tgﬁg%ﬁrb%ﬁ ot TR 9V& 16 RELIR SRR Ca'

t2I
properties o m con uct ayer rired fromthe conpositlon.

some enmbdiortegiirison 4tbi@s, eI 20 ®r cattncodins. €Tied ylketiys golupedn balihde, Bongped) t | on
I n ot her enbodl ments, the polyner is partially dissolved in t he
conpdsi t iYRlic. 88 a&@@élﬁ%@%tﬁ?f@# h@oyémlﬂgamm%tpt 9t kb erpeps IchMeYilk t hat

the sol Uhihi GorffochDe IBAIHSE IR ehfler SOLUEDY GO XG0, DL 3.

conposi tion’i s exce or that t r contai’ns a cohponen

i mpurity debatyli lsdasrtebem,npteataééqtnylll sabl%edded@nyl@oﬁpsl vﬁantofrthe(%mﬂ&nylr
conposition. For iments, at |east 98 wei ght percent,
at | east BOURHHRY tl?’? Oaté?rtaélmsub%ttu%a@ttl a@@l@%whtlefﬁ&aaénta O.4yaMdast 99. 8

wei ght pq{r}‘g%i opéarﬁc% r¥l| gt ; %altﬁj @ngﬁbgﬂﬁfeﬁﬁ%t&eﬁﬁa@@@ PP YiIBEn %tgmg bpsol ved

in the conposrtion I ments e po ynmer Is i spersed
i n the canpaddi darlam. atéros. &xiafnsm lesteradryl @dstitudils vty hdveietocidntarboatatbresst 99

wei ght percent, at |east 99. ght pe at Ieast 9.8 wei ght percent,
or at |edsP %@r@%?@ﬁﬁmbit%gh@te@@tqmﬁeseif&tff@r%} M XY NS PGS THEOdRe

conposi tion. n%f,fe dryl Qe 5u %Q&lmﬁ%ﬁ 8 151chibon RRYS. For Qkarh 1%}@ tBQla I's

di ssolved in t e conposit a secon portion Is disperse
conposi t igroup éfen lex @npllé, caﬂjtonla&am ordBtovecagbrin gpems.ehg axt gloapstn ﬁﬁludmag ht
percent, s?r%gle aromatic ring, a first aromatic ring fused to a second carbocyclic aromatic ring, or a
20 first aromatic ring fused to a non-aromatic carbocyclic ring. Non-limiting examples of
aryl groups having 6 to 12 carbon atoms include phenyl, 1-naphthyl, and 2-naphthyl. Any
of these aryl groups can be optionally substituted with an alkyl, alkoxy, heteroalkyl, halo,
cyano, hydroxyl, -SeH, or carboxyl group. Suitable alkyl substituents often have 1 to 10
carbon atoms, 1 to 6 carbon atoms, or 1 to 4 carbon atoms. Non-limiting examples of aryl
25 groups substituted with one or more alkyl groups include 2-methylphenyl, 4-
methylphenyl, 3,5-dimethylphenyl, 2,4,6-trimethylphenyl, 4-butylphenyl, 2-hexylphenyl,
and 4-hexylphenyl. Suitable heteroalkyl substituents often have 2 to 10 carbon atoms, 2 to
6 carbon atoms, or 2 to 4 carbon atoms and 1 to 3 heteroatoms selected from oxy, thio, or
—NH-.
30 Suitable heteroaryl R® groups typically have 3 to 10 carbon atoms and 1 to 3

heteroatoms atoms selected from oxygen, sulfur, or nitrogen. For example, the heteroaryl

often has 3 to 8 carbon atoms, 4 to 8 carbon atoms, or 4 to 6 carbon atoms and 1 to 3
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30l east 99.5 weight percent, at |east 99.8 weight percent, or at |least 99.9
wei ght percent of the polynmer is dispersed or dissolved in the conposition.
Al t hough woyeoeustEBl e pol ynmer can be included in the compodistéoonsssvhe
polymer is often an insulating polymer (i.e., the polynmer is an electrical
insulator). In sonme enbodi nents, insulating polynmers can be free or

substantially free of conjugated car bon- car bon doubl e bonds al ong the
backbone I@fert)ertemp or | e? heterpatonss Therhstarepyil eaniingjudio? single SieBeepionpetic
non- Cond I X%et%t[o%{rm}lﬁﬁ IJII? nt%ts&i t%f éa?t? c llcy aqg{nlaﬁ f Eglo@ a het%?odrg gtl@ﬁhg
pol yne regi ons w conj ugat ed~car bon- car

bonds. Fqnseewamhﬂmcydte ﬂoﬁlsd#brﬁhﬂld\ﬁn@ONyﬁfEthnﬁﬂg’le}tWesQﬁnﬂwﬂ@aﬁj o%:rlbumat ed
aromatic groups. In other enbodinents, the insulating 8 as an
al i phat i dn&pdqepyridinghd-nyaisiméd-pymdiay 2-pyee bbm- Efé‘f(ﬂl?)h cfwmb 3durrasl al ong

the ?aCk@ﬁl‘?ﬁn&t ah&?-tﬁ%h¥ f&ft}q&e%%{%‘ij@a}’ﬁzlﬁq{)g&n%n b%%ﬁigﬁtq‘ﬁ&' B t%&‘(lntﬁe an

anorphous™ po mer— ex 0 Cry SR trng point

when analanzaid;l, aflb(ﬁxyehé’tﬁﬁia&,yl bt)ald;lbizefner Bydrbatl, SeBINoi Cugb&all gfdu@etSmt)ble
Exenpl ary polyners i nclude, but are not limted to, polystyrene,

pol y( ametayl siRstisass oftfaﬁwml el fgarbey pteps) 1 tOp@P%rb%@tems %tt@aﬁctaybtat e),
pol yvinyl pAenody; B ﬁ’e Vhal¥ sfabé?tﬁg&ttg ci%&l%%‘é'tﬁltp %h%{o%)ts 2REEYGMLRY!
chloride), polyvinylidene uorl cyanoet pulTul a

pol y(di viaiyths, @k Caoetchsbod iasinhsat@nietold lsdtézeﬁrbmsyelleabwﬁenec)w, tiEd, yore -,
but adi ene bl ock copol ynmers, hydrogenated styrene-butadi ene bl ock

copd ymers, pa?rttltah €| 9rrwaylogjeh%& fofRs inphudaeb B ararnt dmaitod tockreesl-y mer s,

Soroy e IR S LRI QIS B PRLTRIEEEI,

t he Ilkenoa&ﬁaayﬁehymnylcan have any wei ght average nol ecul ar wei ght. The
wei ght average np] ecul ar ght of the polyper,can have an effect on the

viscosity of tsﬁlétaE]@r?Hﬁ]sgrPP BoPSﬁ’rﬁ.f fQrnigyla hSlaRﬁl? gﬁ%ﬁh Rrdp Bégpedendy ght
usual Iy repuleh fdh fi cﬁh%é’hg uAQIRAS I 2 @ﬁtfs‘f‘l'uh&i ngp ﬁfé)sfu‘t)ktﬁtﬁféﬁ' FXubs'tlﬂltécP”e

enbodi nents, the me average nol ecular weig e polynmer 1s at |east
10005 gr art&tetmilbyl artsubﬁastbd Bﬂﬁlﬂ)sgnmdsa{lkmiye unaiibstienast orEsﬁlBﬁlt@ﬂcdlaﬂdynp]l e, 25at

| east 10, 000 /nDIe ast grans/ nol e, at ]east 50,000
gr ams/ ol Wsu 1“5? @re%léftltt@é aagouratl vt Pbsubtﬂ@méte&wara 8F a8 nol ecul ar

wei ght i Sstf?JaBl%@u 1t19ern‘?sai‘o?5n ta%?xf‘oﬁhe@&%al@ﬂg%ﬁ&@% eteﬁ%rgr ﬁé’?}BeJ ahdlan

500, 000 grans/nD no great t han gr anms no g eater t han
100, 000 gmannwnmhembsnmtqun@be COﬁEDméhgﬁMemMEﬁagemﬁbtmcdkamdmemgmmdcan be

in the range of 1000 to 000, 000 ans he r e. of 2000 to
500, 000 JRSIHEY HEPS: A S gawggyaep oo o 36 oBH0 GHEHBr@uCns ~ The
conggnt r ah 91{'a fortﬁ't@erB Yfﬁ%fudb'anta 1%‘1?1{95{951‘1&&185‘11(913%199 ’p@?lce ,-1 wei ght

percent, at st 0. I ght percent’, least 0.5 wei t’, or at
| east 1. (Sahblogbarbmlgﬁﬁ@ 151978PCT/ U82009/ 045571 per cent based on the total

wei ght of the gconpos tlon e gonce tlon e poI rint
conposi ti on PG l%gbql@a?% B Bo e Op?ét BrHOm N Op PRI Bhan 15
wei ght  pefiggRhn hi\R ﬂtoea’ﬂta%o&ttaas 110to\/@ea@t6n ﬁ@r’hgelntro4&9b(9feﬁ8ﬂt§r2 tott@n 5 wei ght

percent, no greater than 4 weight percent, no greater than 3 weight
percent, w@rbongitgngdtte ctaﬁcam azom:e iog Btto Bpenboe ptonipasiBesogroupecandiedineami ght  of

t he onp Sit For exa t he osjtjon can inclu QA to 20 weight
per ont ” BUhEE cyb st Gt Lo et (O A5y LERAPGHE ERECRTSINAA t o 3 el ght
per Cent ‘QylodIRy® MBI IRATESH havﬁ{g apcﬁhtc PoRiohgileY liR&F 6eRanARU IR Pased
on the total wei ght of the conposi ti
are referred herein as cylcoalkylalkylene groups Non-limiting examples of alkyl
groups having 1 to 10 carbon atoms include methyl, ethyl, propyl, isopropyl, cyclopropyl,
butyl, cyclobutyl, pentyl, cyclopentyl, hexyl, cyclohexyl, octyl, cyclooctyl, nonyl, and
30 decyl groups. Further non-limiting examples include cyclopropylmethylene, 2,3-
dimethylcyclopropyl, and 2,2,3,3,-tetramethylcyclopropyl. Any of these alkyl groups can

be optionally substituted with an aryl, heteroaryl, halo, cyano, hydroxyl or carboxyl group.
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The conposition can contain any weight ratio of the organic sem conductor
to the 10polyner. In sone enbodi nents, the weight ratio of the organic

sem conduwwOano%i519478e pol yner is in the range of 1:10 toP20/UB2000/0435hE r ange
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 41, in the range of 1:3 to 3:1, or in the range of 1:2
to 2:1. The conpositions often contain 0.1 to 25 wei ght percent organic

semi condubtiigble pyhatibstitegnts aftanchaye Oveil gkerbpe pioar SpapYladieteresid 55 to 99.9
wei ght P&LESH en%&&f\(e%%avrenﬂtiglfb%a{t’;ﬁﬁ%%n?snantdhetotSOl]ie%ro%hlg Qéle@tfe%%r?%[oxy§ o
conposi tion. n sone exanples, e conposition can contaln . 6} BHWE‘I ght
per cent Q;Ihg‘aﬂioEnﬁﬁ)@b@.OAdléﬁirﬁ?lermhﬁﬁﬂ@l subdtitueedbOitned @il, vidgeicemtbepetfeyiegr, and
70 to 99.9‘meight percent solvent nixture. |n other exanples, the

conposi t iBmciehangeably ap an Oarylallylans” W grtalydr debrnzgk gani ¢ seni conductor, 0

5 ight 2 ' I
mxtire, in ool SRt caRh Al BRLVEY 1

wei ght  peafceeddtons geladted Sem @i odr NHO. For Sxangilg hlic paéroalikl/l @@lhanen to and 85
to 99.5 weight percent solvent mxture. In still other exanples, the
conposi t i ofiredatenerd ht@3 heerpapnyeil 4ad cporasimuorganioc keemaepueitloe, 0.5
to 5 wei i ght r 1 Xture.

I any oft (RESLAGE: oRE ST heic ARy ThE e MR P ol er PP Be e i
percent girk@nehdiay cih etdroatd ican boyl Woobisnidnge:80hiles dhewro gkl gpaupsent of

the aromati c conpound of Fornul a %é, 1to 12 meight ﬁgrcent al kanc havi ng
8 tH) 14 dB¢lHdmmy h@ﬁﬁmathaleeg(@%s@@g icxypethydie (6H:¢HeOGHarat i ¢ conpound

of For nul iRt i 0,1 bon
ators. and Soops Gl BLORTHE T R ERbuBIohR eI SR Eaf B2 (1)
30 Sone nhese hepeeilly] grapspas bt bptithati p siitastinutéd dith an 26/ Westgbiryp@nloent

sem conductor of Fornmula (lI]), O to 5 weight percent of a polyner such as
an i nsul SRRy BYBToRHERT cashyyBgopp: §91.t¢blwgmbs WERE Aftey Bwéﬁto S8 RAe Wi t h
t he solv 1t ' : | 9 9/ 045571
percent a IE%L IE%EHS%%Q%Xﬂ%%Q%%Tt%ﬁﬁg?%ﬁ%ﬁ%%g%é%h?%gégﬁggﬁg gggercent of
t helar ondtetezoaromp stladedfrofmarxyuthdo, ok }NH-or exanpl e, the conposition can

contain 0.5 to, 10 wei ght percent sem condyctor of Fornula (11), 0 to 5
wei ght per centSUibls anyhnd w1 E9VRR LTS dYRiEd! ghaasﬂwéﬁ,ca AR &% 0 99. 5
wei ght p I 1 r L ] [ el I 2

woi ght parESntma e Pyt b S g E Pl B L Be 036 ot

per cent aftorhfer Ao drbibon aampo uFletsofrokps canl & I{rkhr, bramch¢deyclex anpiasres t he

conpositipn can_coptain 0.5 to 5 wei ght percent sem conductor of Formula
(11), 0. 8hiigot Ryt wetm@eerxe@ﬁiew? a%%%! T 1%&_&‘&? \&gylaﬁl?ﬁnléama??% lsol ymer,
andyP0 1 g, 99 Yﬁ@'—lﬂﬁll-é}ﬁﬂ,cﬁfﬁ-bﬁgblé% £ 30 UnS 1 Wiidkeh h?z-%@iéﬁﬁgtl-éﬁtéﬁéﬁl’ r&qbei ng
1to 12 melggt per cent’ ‘al kanc having 6 to 1016 car%on ato and 88 to 99
wei ght pel-demtylafrotpse Namelimtting examples nflaléfnyH@ronps andldde. ethynystaropyngt.her
exanpl es, the conpositi can contaip 0.5 to 5 i ght. rcent. sem conduct or
of For mui4ad@rpymg. any ot shese Akary] 0o lemiT ipuns 38 By RFo B RUBNIURT MISUI at i ng
ol yner, i-gh t ’ 1 i tdy,; | vent
poly a%racﬂk&%, %@1,%%@%& hﬁala,eaﬁﬁ&thygﬁigﬁ B cAbskH Folt. dhifabR 239

m xture being wei ght percen ne havi ng 14 carbon atons and
90 to 99 snbitghntpeftadnive 6fto tiReadoo rrmisc Skiteblahotenshrplfsubgitwentsaoftdn) have 3 I n
o) even re specific exanples, the co itions contfain 0.1 to 10 wei ght
perghnt - SedPSEHaNELRS Y Ho FRASOHPTY SHRGRG R OECk /T Pr BFOPEh ml a
-Si (Rd) 3, 0 torp weicdhil AREheRNarfforéuRAYIBLd SHAT @f LRRsddBHRAL KpgaRo! yrer,
and 85 to 99.9 weight percent solvent mxture with the solvent m xture
bei ng 1 tavyligzowpsiaften hpee ¢ ént2 edrkemetomawr fdo 90 carbgd a®nmaPhomylas ans and 88 to
99 wei ght percent of the_ar i.c conpound of . For pul ). For ex | e, the
compos: t IBRTBR UhEIA SULG agroRaH GHPRURELATE S Ut R SHERRBMSGE RSP mul o
(11) whergendgohdnA &Bluy:s c@fbohgfdﬁ}ﬁ ﬁld‘lsﬂo(ﬁ@tgroatgnfspl\ﬁ)nyﬁhﬁiﬂg cRENFIBHSSF Of a

0

pol ymer such as an insulating polyner, and 85 to 99.9 wei ght percent

sol ¥ent  rickroarel sroups inbleds dtpyedinyhidxpyurdeniet-ngridinylo 290 mabil ghvypelyt ent
al kane h Yran 1, %-flul(r)an%rf 2&%&%91? ar?& 9 -rtrlilsler?yqq Agngr otf Phese aryl or heteroaryl groups can be
optionally substituted with an alkyl, alkoxy, heteroalkyl, halo, cyano, hydroxyl, -SeH, or
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2599 wei ght percent of the aromatic conpound of Fornula (1). In other
exanpl es, the conposition can contain 0.1 to 10 wei ght percent

sem conduwwOapowfs1Eermul a (11) where Re is a silyl of foremts26008i0Rd) 3, 0 to
5 wei ght percent of a polynmer such as an insulating polyner, and 85 to 99.9
wei ght percent solvent m xture with the solvent m xture being 3 to 10

wei ght percent al kane having 9 to 13 carbon atons and 90 to 97 wei ght

per cent cRIBEYhgonp ofititckemplsmd 6o atyl srbstgtediwih @ plkyl is tolyl. | An example ot her
exanpl es, wei ght percent
senlcond&%&g&ngﬁﬁggﬁukpgalﬁ%Bd§ﬁqgﬁl y@yh%%%%d of formula -Si(Rd)3, 0 to

5 wei ght WO 2Qﬁ$6ﬂ.15bﬁf68&i@'ﬂnﬂ$ﬁ&(kﬂ&9§@5ﬁ l;f ARMOBNYS fofmda PRI(RIREs sfUshinds an
|nsulat|n%&£olyner ,gnd 85 to 99. Eercent solvent mi xture with the
sol vent Rbb{kg)-1 Fagh R mdepejhien%wcse eted [floane) ge pagbsdtufadgr decane,

undegane, rcent of an
arore | ¢ ORBEEATRL DAL b YR A PESRRI B ERalG, 8F il B

n- but yl besnsgheted oyclaalkyii ikiylene. EbﬁfRMndeﬁéiﬁl&ﬁtlﬁiS@Bl&bea ftb&irﬂ(a()@ﬂt a| n0.1to 10
wei ght percent sem conduct or of Fornmul a % where Re is a sil of fornmula

- Si (R1) 3,ungulpsgtusedygy sglﬁﬁ“%@d@@ﬁpyl@{b)&npeﬁw uted rrpufsfitated |CM‘§94115Y1r Ag(chol ymer ,
d 85 tq ’ Xt
ot ng 1 £ Uyl es BELEEL SRLYRDRII: RS, Mokl Bl Blrolla b ©

dodecane,anamsabstitué disesubhiueadfalkangll, 9@ ahanSebsvimitghdr substiatat cgéloaﬁyla(d) mat i c
co ound 10 sel ected from ani sol e 5- dlneth{lanlsole n- but Ibenzene or

&t ur entysylsgfutadhiswb @%aﬁﬂ@eéalk&ﬁn%(%a%ﬁ &i 9 (0 athetegoarpl. bler cent
senlcond f i f.ar )3, O0to
5 melghtg%%% g%goggEﬁu%gwéﬁé%eﬁh (ﬁQEEE%&? Sﬁ?gﬁﬂﬁ§5%8?9§g‘ﬁlandg§% to 99.9
wei ght pérleainin ¢ vent z isieghairte 3wi th t he sol vent m xture being 3 to 10
wei ght percent al kane sel ected from decane, ungecane, dodecane, or a

mi xture 15t herl8PMS/HYIgHOLRs Oéfoweﬂ@h&(%e)r €asht Rogroyp inindgrandent oﬁﬁf‘@tﬁ%

sel ected xture
t her eof . 1ﬁﬁ9ghgﬂ%ﬁ§%£nﬂ§h%%?%g gﬁ%?g%gpgghﬁﬂg i n.ngﬂ éygﬁﬁ) tic
conpdund mof greaemntbad cdrbon atonal ld:hram granpOcagairi lmesIebmno]mﬂi,lcjz@rc oland an

optional polymer order. For exanple, an aromatic conpound of Fornul a
(1) can tf@“ﬂ"é‘%%‘PH%ﬁ‘ e hNaﬂ?’éIPR‘é%ex%“%P%%%‘efp%Plec%BO‘g’gﬁ PErfOHOREEN Y, and t he

resultin ed with an organic
senlcondgg?g¢ﬁgggogg§£g%§i@ﬂgaE Pyﬁgg%%%ﬁkﬁ the conposition includes an
optional polyner, the poI can be added as a neat p r, as a solution
wi th the pol yner di ssolkved ny suitable organic salvent s a dispersion
wi th the pol yner dlspe€>ed&rﬁ<§ny sui tabl e organic s§>vea%<<§r as a

conbi nation thereof 25In sgne ‘enbodi nents, the solve xture is prepared
and then conbi ned ?%th thd organlg(senlconductor naterid| and oggional
polymer with stirr agi fation, jor shaking at i enperatures (e.qg.
about 20 to 30t 3

conbined with th
heated to a tenpeénry
or shaking. 30The der an inert
at nosphere havi ng Fess th 21 percent oxygen, |éss thag

| ess than 10 percent o ss than 5 WD 2009/ 151978 /U 2009/ 045571
percent oxygen, or |ess ﬁ<§9percent oxygen, or Ie?}—% 0.1 percent
oxygen). The resulting’co tions can be stored be oge&g in the dark.
I n anot her aspect, a net od of making a sem conductor devRce is provided.

The met hod i ncl udes providing a conposition that contains (a) a sol vent
m xture and (b) an V) (V)

ercent oxygen,
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50rgani ¢ sem conductor material dissolved in the solvent mxture in an
anount equal to at least 0.1 weight percent based on the weight of the
conposi t iw.20Mes198] vent mi xture contains (i) an al kanePhawiseg9H435601 16
carbon atons present in an anmount in a range of 1 to 20 wei ght percent
based on a wei ght of the solvent m xture and (ii) an aromatic conpound of
Formula (1) present in an anpunt in a range of 80 to 99 wei ght percent

based on the 10wei ght he sol vent m xture. The ne d further includes
depositing the conpo |t|o dj acent to one or nore co e materials or
adj acent to a dielect 'ﬁﬁ?erial to forma deposit yer and t hen

removing at | east 80 mel

(|
deposited |ayer %o fornJ

ght percent of the sol vent n1'

furefromthe
sem c@nduct or | ayer.yAs used

hereiny the term

"adj acent ™ th Aeferenoe to a ‘|rs£ | ayer ,and| a second 15| ayér ngans t hat
the first |2§ ty to t Hie 3 S 0 | ayers
can be in cont§ it ed by one ) | ayers

such as an axhe dyer, OK R
the first |ayer k | ayer contacts
the second | ayer. More eC|f|caIIy, in many enbodi neffs, the deposited

| ayer and the resul t\ng se conductor |ayer are i mM\Z20dqont with one or

nore conductive | ayer n contact with a diel ects terial. In
one exanple of this net t he sem conductor device s a transistor such
as a thin f|In1tran5|stor Tran5|stors Wi th an organifc sem conductor are
described in, for exanpl%,I U.S. Patent Application Pub VI ation Nos.

2007/0158643 (Vogel et , 2007/ 0146426 (Nel son et av. , 2004/0222412
(Bai et al.), 2007/ 426 (Nel son et al.), 25and 2007;0249087 (Zhu et

al.). Tran5|stors oftfn have nultiple |ayers of diff \]} ial that
serve different fu For exanple, there is oftéb_a&bggéﬁgubstrate
that can be rlgld - silicon wafer) or flexible (elg pol y(et hyl ene
napht hal ate) or it hyl ene terephthal ate) fil Addi”lonally there are
usual |y diel eq Xas wel | as conducti ¥e material s suéﬁ as the

gate, source 30The et
onposi ti ons desd

oly(
ric materials

i ncl udes prad

dep05|t|ng< ructure tha 3 ectrode
and a drai'h ellectrode i the conpositi'on ils depos t ed adj-cent to
(e.g., on WD X009/ 15 678PCT/ 62009/ 045571 or in &ontact ith) both the
source el ectrode an he drain electrode. Alternatively,'|'t he t hod

i ncl udes prOV|d|n§gan ¥i t he conpositions described g, nd t hen
depositing the co tion adjacent to (e.g., on or i t with) a
dielectric |ayer. dep05|t|ng t he conposition, st 80 wei ght

percent of the solvent m xture is renoved resulting |n 5the formati on of

t he sem conduct or | ayer .(VII) Any suitable method of ({Xym ng the deposited
| ayer can be used. In sone enbodi nents, the deposited |layer is forned using
inkjet printing (i.e., the conposition s deposited onto a conductive
material or dielectric material using n et print head). Inkjet
printing nethods arc further descri or exanple in U S Patent
Appl i cation 10Publi cation No. 2007/014"ﬁé6 (Nelson, et al.). In other

enbodi ments, the deposited layey is fo d usipg knife coating or spin
coating (i.e., the conposition |s appliled to céndugtive material or
dielectric material and is fhe 8 %yer by using a knife
coating blade or by spinning $tribute the conposition
over it). Knife coating andyx 3 9 Nt her described, for

exanple, in U S. Patent 15Appligation 'ubllcatkon No. 2007/ 0158643 (Vogel ,

et al.). In still other enbodinents, t

(X)
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deposited layer is formed using dip coating (i.e., dipping a structure into
the conposition). O her suitable nmethods of form ng the deposited |ayer

i ncl ude, woto@ves1978t [imted to, flexographic printing, PGrasaeee/opssinti ng,
and m cropipetting. The surface on which the deposited |layer is forned can
be provided froma roll (i.e., the conposition can be 20deposited on a
surface of a flexible substrate or on the surface of one of nore other

| ayers delwss eaapomdaall haya plybewypset grayla —Si(R'): tharsypeehformlet ure in the

deposi t ed_§i@%iij’g(ﬁ’egp‘ﬁ%Qh % lf g(gu? Oi%@l%ﬂ?o%ﬁo)%ﬁ&?&%o%u'la?@fﬁﬁ %@%mﬁ%’ée table

met hod can used 't o’ enove ure (1.e.

deposi t ed VIIAYB4s. thicd alBm R’ groupei ABinh&e alllye gfRby eRtbrafickbd EFdriul £(T0Y.eTh by
evaporation. 25The various solvents included in the solvent m xture (e.qg.,

t he ar ondtoreukadYgBurao stkyterowps are(branchpdiandencalidresqurcissydicagérchsdylat t he

same: rate [ r , mti nd of
For rrsul a (gf§)ﬁpc%1r1t££eg%%@éu&dgbgfogﬂﬁ%mﬂﬁﬁﬂF’g{/ﬁZsﬁoﬁﬁltara}dan dalfor@?‘@ al kanc.
I n ot her laxanphiksnylRweMgr andtthe itk Rigr@ypspaThates alkyl goupd i@ Ronaulak §V§,ast er
than that of the aromatic coanund of Formula (1). At |east 80 percent of

t he 30sol(Yaht and kK upre branchedriybiel thegwp skl graips vt @anductloe Feshsr . Theor

exanpl e, - Wel . j I | east
02 wei ghi sty E@Rn KR B¥orBBIETIIn R K DR st AN BES S50 B8

per cent, Richlsggsiro@Yinvké ghhp@eidagFormal (Veasts t98 alkeh g greupsant onat | east
99 weight pergent, or at |east 99.5 weight percent of the solvent mxture

i s Hinovedkyl R grouprpkhegdrapahindqaliyl greunsfies! Bgpchsd iadhipfrawky Tamappt

i tabl . : i i ted at
S 301 © HRERSEAOUR, el SOTX TR RO BOLYAP e Mo B aphapor ated o
whi ch the depdaiatiditign $4 the stsicoadudtednagtiyl. didsolvetl ethervelvendaixtiheths ol vent

m xture is evaporated at a tenperature_higher than anbient tenperature. For
exanpl e, @MMOsIER cayBEEET INFlde Rdostmgic {ThF BOAKT B P he8ORYY R enper at ur e

hi gher t [ : t
of “at 1 oacoSHR: Grob BRIl TEAPhYGROEF RN RS % FbEOELG ar
| easd 70Che compdsiticmastto @fiovd e rédahicelniropaticovfapenatandattonlayenfoenat ur e of

no great efr t han 100C,. no greater than 90C, no greater than 80C, no greater
t han 70C, B tyr@ROF1UPRan 60C, or no greater than 50C. In still other

et hods, SO 1o Shlinf . BRI N6RMherTL KRR SYARAN ML ApATBEH

tenperature, and any renmi ni ng ents ca vaporated at ‘a tenperature
hi gher t hlmerandbiodmbent tparodymeras phmiabyidoeo nehinshavbenpositidn eA suwded dnteimyi xt ur e

evaporates at a 15t enmperature hi gher than jent. tenperature, the
evapor at B gm0 PR IR A fpaHe Lﬁana%a@rtha&ﬁhq Wmfﬂéﬁ%%@w?r Bbpsodyers
nit E@gen,rﬂfxﬁ{%§ BP&Y e cAp&itIH is REdeded BEhEOhY BBy nfl ¥MhiRs G RBmpPEndneBPVed by

application of reduced
impurity that is not completely dissolved in the solvent mixture or composition. For

example, in some embodiments, at least 98 weight percent, at least 99 weight percent, at
least 99.5 weight percent, at least 99.8 weight percent, or at least 99.9 weight percent of
the polymer is dissolved in the composition. In still other embodiments, the polymer is

25 dispersed in the composition. For example, at least 98 weight percent, at least 99 weight
percent, at least 99.5 weight percent, at least 99.8 weight percent, or at least 99.9 weight
percent of the polymer is dispersed in the composition. In still other embodiments, a first
portion of the polymer is dissolved in the composition and a second portion is dispersed in
the composition. For example, at least 98 weight percent, at least 99 weight percent, at

30 least 99.5 weight percent, at least 99.8 weight percent, or at least 99.9 weight percent of

the polymer is dispersed or dissolved in the composition.
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pressure (i.e., a pressure that is |l ess than atnospheric pressure) such as
t hrough the use of a vacuum The sol vent can be renpbved at any suitable

t enper at We 28acis198 t hose 20descri bed for use when the ®olwSRa0MU3STUre S
evapor at ed. The rate of renoval of the solvent mxture fromthe
deposited layer can affect the resulting sem conductor |ayer. For exanple,
if the renoval process is too rapid, poor packing of the sem conductor

mol ecul es t endAlthpugh eny S@tﬂbiermﬂrsmgfrsctaalheﬂlz%lw@nn thhosnpesionbitie pphgnce ah be
detri nment I I p 0 dyc | ayer. 25The
CONposi tlotéq;{neél agaltrtrllsh afn gjgbmlleg@ant% %'%?e??sf g1?‘}&[}8&1%%nla('gor?rycic%)lnst duct or | ayers in

smal |, dleswoairﬁem,emmmgtpbﬁynwr@lwn Kl’ffréﬁmfbhsﬁsmﬁuﬂlyfﬁe@l’o@ﬂ&njﬁgaté@éarﬁ&f—m ng
sem conduct or | ayers t hat sggn | arge areas. The deposition of the
seni conduéton dosplerbondpsipng tehgelsiont oh thegiobvaneni Adiabis, e iulasng opLERES can be

APENAGL S e R e S A Sk T
per f or maneeveebacackarirsgiveswih coijegseitabiduabor déﬁﬂ@boﬂdl@ aFot sxahgpldred.

These include the surface tension of the conposition, the interfacial
t ensi on BB¢ seldting Bolymeperd lt%@e%éﬁat eBUEAlRck ematn iRPE hin athsts  deposi t ed,

mxture, QSolaRge e oy it AR B I M e R PR Conmosi 11 on

and the starfoacartion dmuhledrondea;ledgthfbmwkmb\oéﬂte @raparatin pendahhgroupscosi ty of
the conposition, the solubility of the organic sem conductor in the sol vent
m xtQre, the detgrmedymaer %ﬁﬁéﬁgawmpﬁaolwef fe-dhgplymcsehikitsiPuct or in the

solvent m i t he sol vent
ot ore, g ffe HRRMREAR MiRh A R, Ririalifle, Oy SicRtEicinkiBe L T8 20 e
Bot h t he cahshatyg. Excrhplasgy pcﬁymbnsnmladﬁj bevapaodimbed toapasgstpfent.wly(ndi vi dual

solvents in the solvent mxture and their relation to each other may affect

& he semi dBBYEYEME). HPEH4- Hil%hﬂ%tmep% Rolyfmethyhmpigacryiete) edwipylgh@ioli es in the
t t
por T or a1 ESotdtR pBBRPackald Hcf(viny] SBMED), S AL&RE thifice

Al t ugh dyahoathydpulhdart, polyédibmyhetrdnyethyldnilyxantties(bedbtydsbundne) hetymnkane to
t he sol vent m xt tends to |l vver t he contact ~ang|e of the conposi B on on
Cﬁﬁﬁ? n

t he substquadiens PARNSTS 8Y 83@%@%@% ut@ﬁl@n% lock eepalyHers R el t he

conpositi ur face

t ensi on t}ﬁgnﬁéﬂgggg%%g ?’tél{a@%%ﬁé’yﬁg ca\bglggfr%lrrrsﬁ tgke%g(l Bb. Q??SOI@C% (%ggfgs often have
a surf aceytlenpshand btgsnetisopnerzdlabknepd lymerd, @agiatlhapddGedyetegyeng-isopssact han
25 dynes m. or Jess th qﬁﬁ dynes/cm at 20C. After nucleation of the
organic ‘Pﬁkc‘%?ﬁa C1%t 2B¢ t ear the contact line, the |ower contact angle
andyper haps t e

cry%(fpal lize a% dﬁg}v{vﬁﬁ(&gﬁg s\ggg%t}r%'lte% %?fﬁ)é%u%hﬁw&%lgnghgm ggikg%%e?rat e
rather t haoieuﬂamfzélghﬂtef tind pxﬂgmenf canhave aib stfeaoa tlmwﬂs@sﬁ@ of the csnipmsitibn

evapor at Thi s articul arl ortant en cha e trans ort..in the

or gani ¢ Soronaitrohe ofj aelest! st ighasufiBerr it B attd FomBiiRs vike

per for ”W}ﬁghe?fwswﬁt QH‘s&’ﬂ@Qﬁ'l%@ihleﬁ%V{h%Qwe@H%beﬁg %‘f‘é&ufa@@zefg‘ﬁ%@ﬁb“ on is
deposited onto a gate dielectric in the fabrication of a thin fil

transi st qmlymm"rleatdam i16Q0 gnahy/mwlh,ah leweld 100feransimes:, at lead 6600 gdn(sémgie,, on

t he,order Or 25 ),,th mati c ound _of Fornula (I oftenis
st 2t eq % renbl O Fandrlory eshe Tiad iR ohF el paataf b 2ribuRolray 0 rm
mercury, [L&8$0d b@(ﬂ%énﬁlﬂld@r THE Weight axl’e?é“g% th&R8u14r WHLRES Gﬁéﬁ/n@gre%{é?:thahf the
only solvent inclu in the conposition is the aromatic conmpound of

For mul a (110Q0, Wms/mdmaowmhmwﬁmmumm nb@y@rcerttmm%ﬂOLQQObe

nonuni f orm eation t s t ur at t erineter.of th osited
"ayer andrimy Bl ot bf BsuihareaRo B mo b R et ETHE ghEUSIAATERS at L hi s
peri nmet ermol@@lﬁhﬂ\bélgﬁﬂdaﬂ,be'lﬁ thte%ng%"cﬁﬂ@b()@o €00 000 Srafts/hOE MM tRe fah)e HRS a
relatively high surface tension such greater than 30 dynes/cm greater

t hadl 32 dARe<e 60,000 crgmeandde, qrhlaﬂleaﬂngtwfe?@ﬂﬁm 200,00 ramsApgtlal
The concentration of the polymer in the composition can be at least 0.1 weight

percent, at least 0.2 weight percent, at least 0.5 weight percent, or at least 1.0 weight
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WO 2009/ 151978PCT/ US2009/ 045571 growt h of the sem conductor material tends
to be off the plane of nmany substrates. M xing the aromatic conpound of
Formul a (WP 2009131978 al kane having 9 to 16 carbon at ons @®CTABG2000/04357car bon
atons tends to result in the formation of crystals over the entire
deposited | ayer and growth along the substrate surface. These al kanes often
have a surface tension 5less than 28 dynes/cm |ess than 26 dynes/cm | ess
than 25 dighest eased o thedetal wisight olthg yamppstiemt Theconcentrationgfdhe peJsiaier i, when

smal | fe re re deskil Lpcl in \; mxture is
often seiths paipRiRudSBERfl efddfey Mab AR AR b0 M BRE BT 007, 1 By
poi nt of Jeh@nBmhoFRdats tENIOWBighOperbt, Aol @edtdnthardl Biveighe beetntOfio pRYtef esul t i n
an optimal 10recirculatory flow (i.e., Marangoni flo in the conposition
as the sdhaehiveight paseRierd gisatcrpn PardghtPerasst, PhRoratcaish than 2sweiRklonduct or

| ayefs W t [l .cal T, [ o e

ol ko 1 rreCRP TS bn MeISh] e BEHLRAARRTRon. (5 SR T YRGS il
conposi t iipcludnol 1t 20 suehsit padcent! 0.1he 10 weigd peraeiti lllty 5Stwasigta pskvend, 011it68.
During this tinme, nucleation of the sem conductor material occurs. Upon

further regtitaierent Opetosveighirareentiok Ouxte,3 veighicrsiecat polymeebased en theecedes
inward a . } . crystals grows fromthe nucleation sites

i nwar d. #ﬁ?aisagl gmtﬁ%gwgésﬁﬁ?nénds toresult in a fairly uniform

seni conduct or They®inposition cal forsgnanlcihdgatiotdfehcogmos isémieondwtadaepasi t ed

using inkjet printing techni ques or another_ technique that fornms a deposit
havitig a BobADFRudn pae paPodmeatssihs v eieht gatioaefahe omppigcmrudusgonPths net er s,

Sonme exe . i1 . hgu [ lhe.fiar i1 i.ng
ok et priChE oS AR SR 5 183 b AE forBdok Bt 1871, HERE T AR 1A% 1,
wei ght pes:tenthdasgne Bfitb 88, inahOinge o hid tpdric énthcamigeaifd;3 tb 3:0 okln Wi ght
percent &cane and 90 to 99 wei ght percent anisole, or 6 to 12 wei ght
percent deéegsf lahtP 88 to 94 weight percent anisole. Qther exenplary

conposi tions t I it r Lt ' 251 k| inting
t echni ques inc ngﬂj‘ayog%lwlseﬁ?énm&gtkag? gqttﬂgfg gf:%%% ig{l&gﬂﬁdr?%n%géﬂ\%g{)g%f%er cent
dodétane mmdrid30 too2®Qcight ghiterp polyant, addS55do 9B Ohydigiti peedeat solvdno nilbuveei ght
percent dodecane and 90 to 99 wei ght percent 3,5-di nethylanisole, 3 to 10
vei ght pgaaé@n?n e it e t%cqrﬁp@queilgﬁ?mﬁé%%ﬁ?&ﬁ}es@ailn?éttmwalﬁi sol e, or

3to6 Wolo\: r : : I : i
3, 5edi mot g L af 20 St eTHR PRI Oy MR R O 630 cahtmersert
sui t abl e folymdepak7( iod9. Ustight parkgne solpentmixhge.t badthérguespleschede | to 12

wei ght percent. undecane and 88 o 99 wei ght percent. n-putyl benzene, 1 to 10
wei ght péroé@ﬁﬁltlﬂﬂ%j%?@a‘r‘?étaé}hg-l%lbéiv tmﬁcgwm cemicondyGion o, Bt 3 1o 10

! _ O
wei git pﬁfe&%ﬂ’é ?@M\gﬁgf?%ﬁé %5%@%@?’g&{gﬂ%@&%&%ﬁéﬁ%ﬂﬁﬁﬁ%aﬂﬁaﬂe@&ah{%le%?9‘8’8' ght

percent n-buty zene, or I ght percent undecane and 92 to

wei ght peheembpasithuts ghivemzand.5 to 10 weight @irdeat orgetkadsjconthectapfposi tion is
deposited using a tecghni qgue ch di p coating. or another techni que that
forms a d¥p Xl palgms” ﬁ%?ﬁfﬂﬁﬁm% paﬁCﬁ%tﬁglvgﬂt BhT WAL siffenpout 2

m | 1§ met egmpRQMERe BXAPRIAIYcHATRAR] § 5955 wﬁ%l%éa@fé'eﬁ‘tr dr¥ard¥bdrRRb IR, 0.5

deposition using dip coating techniques i e a sofvent m xture that
cont ai ns té Stweidl? pesicghpolpmeic end 9d ec2the cighhplercan eolvdddeisame, Inomyafithost ur e

(ne5eoT a0 B 2. 9, E RN PSSR T YL Sezens, 5, LR, A0, yel gt percen
percent NuRIdnRRNZRNGD toDotWeidft PURlhbf RE LR cE8RRBEnd of Formula (1), 1 to
12 weight percent alkane having 8 to 14 carbon atoms and 88 to 99 weight percent of the
aromatic compound of Formula (1), or 1 to 10 weight percent alkane having 9 to 13 carbon
atoms and 90 to 99 weight percent of the aromatic compound of Formula (I).
30 Some more specific compositions contain 0.1 to 10 weight percent semiconductor
of Formula (I), 0 to 5 weight percent of a polymer such as an insulating polymer, and 85

to 99.9 weight percent solvent mixture with the solvent mixture being 1 to 12 weight
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10undecanc, dodecanc, or a mxture thereof and 90 to 96 wei ght percent

n- butyl benzene, or 4 to 8 wei ght percent decane, undecane, dodecane, or a
m xt ure twereof1sard 92 to 96 wei ght percent n-butyl benzeag/usalaoussekenpl ary
conpositions include a solvent mxture that contains 1 to 12 wei ght decane
and 88 to 99 wei ght percent anisole, 3 to 12 wei ght percent decane and 88
to 99 weight percent anisole, 1 to 10 mel ercent decane and 90 15to 99
wei ght peceesht alkmicsisiving o 1 qagboncatoues gmt welghlercaerat ahide %mtléélcg?

wei ght peJ d

vl gnt pariEhndRl Edda &), Bl %hat%lééﬁh%*‘onéto%ﬁto%“&aﬂ%er QIR el o

deposi t tﬂeeceﬁomﬁmﬂduemrbﬁ%@mn (Ig)eod@pwgm eﬂcwfamm@rsuémml of the
solvent m xture fromthe deposited |ayer to formthe sem conductor |ayer
perm ts tiRBUafEe nefyraeryed & ip 95 watsht pf‘d@@% SOl(Y@‘Hdﬂﬂétqf%@’“ﬁé]tleeﬁéql‘éq% 20 and

di eléaCtrIIﬁltXﬂR%Sél:pglls[() 15%H$Ht%erc%& fne éﬂ%ﬁ {»I B ‘{b%x%'to s B, logr med of

mat eri al typi y ‘consi or exanpl e, For
exanpl e, wéightgehshr afttas a@@aalwomt)ottﬂteoﬂﬂdmmlal @y ensothaexagpidsgthie bl e,
polyneric materials. Transi stors having any desired architecture

(With respeewositign capcaEadi R %welghfdrer@%aﬁﬁﬂuéon%@r obRPeyHa (L 81 tPayer ,
contact s v(/eﬁgtt %?ceﬂﬂg% | fitereiu%ﬁBgﬁﬁiﬁﬁtlauﬁgﬁol&ﬁl%r gﬁ&go%”% %Eg{h?ﬁ] a” be

pr epar ed. one e nts ransi es a bo
bot t om caotwaat mantekivtigcthykelvent mixturd beinn apeL twetitht pérctenlitas thhtzﬂng @ to
transi stors such as, for exanple, the saturation field effect nDblllty (p),

can!®e vaf @EPINABF FirchP ol %&b ¢enpaf thy geonaaticsorprsrd of Earmuds @bt
mobi li ty Iﬁ%{;y %&%&%ﬁgﬁ on%ﬁmtﬁn d‘%sy%gﬂb@%gen?\s@ga ﬁdtt&t&e

current ( gate source voltag rom +10V
to -40V aﬁFanﬁmmiﬂan15dﬂimmeﬁnmﬂcaumﬁhbabﬁuﬁBm$u$VBBﬂmmam@@VBMﬁhamd
saturation field effect nobility (p) can be cal cul ated fromthe sl ope of
the pl ot Wtod ﬁéweattt@@tce%weef ntwrea‘@léh therolyers msityg bemg 1dqdwadshtwo

2009/ 15133 ﬁ%l&éﬁ%%%%@@ Y daRn at%n@%t\é%?hxgﬁﬁm&gfﬂf the fattﬁna%ﬁec' fic

capaci tarnc e gat d|e ectric List
chaihel kmngbbndaﬁﬂnhhﬂaﬁ)the t hreshol d vol tage, as descri bed |n t he

Exanpl es. The units of t he ghannel mndth and. L, the channel Bgth are
of ten the sangeemg eVeW@FeosrPE?l £ Syamplesdh ??%Pwsémé&?ntﬁ’ﬁ& fa 1P Wﬁlg n be at

| east pépcenﬁseglg&@'cﬁ)r oﬁﬁ?ﬂnﬁﬂ‘é H)&%ﬂ&eﬁ felald o laI ES@ﬁ%dg( 18’&3"9 4 cnmeN-s,

at Ieast 10-4 east 1 x10-3 cn? east 5 cnm2N-s, at
| east 1x ]SﬁelghtqrdfﬂNﬂSQf aapolyma]sstucﬁxi@n thsolafing polyater Iaad§6 td 29.0-wleightiphkcent or at

| east 5x10-1 cn® | n_sone enbodi nts |d effe t bility (R of
the resul*°Met BrAHS P R TRREIG DEnE dce ot PFCEH, kang PRYigh SO han
othey ! 1 anSl il hiPsR BIAPRLER R chPb AT A il oRHBLAPOCKSHAL, figyer Trom

a conposition having a different sol vent or di fferent sol vent Xt ure.
The crysﬂﬁhennnmhahegympmmm¢mmmmmmﬁmnﬁgtséﬁwemympmmmmsbmyemdﬁﬂommﬂ fromthe

conposi ti ribed herein is. often rable in te ns of inproving
Che't el d BmpBaT e K1 aé&%f fagmyla Efgvts’o(ﬂ e bt e PbA PEIBIE.

15Exanpl &§ch as an 1n51HQ’Jn§'Sg9ﬁo nglrngle b §§td"'® §%elg?1|t ketrc%ﬁgﬁweﬁt ARGurS YiMeRL S were or
can be obtained from rich Co., oul's, MO

solvent mixture belng I1to 10 welght percent alkane having 9 to 13 carbon atoms and 90 to
25 99 weight percent of the aromatic compound of Formula (I). In other examples, the

composition can contain 0.1 to 10 weight percent semiconductor of Formula (IT) where R

is a silyl of formula —Si(R%);, 0 to 5 weight percent of a polymer such as an insulating

polymer, and 85 to 99.9 weight percent solvent mixture with the solvent mixture being 3

to 10 weight percent alkane having 9 to 13 carbon atoms and 90 to 97 weight percent of
30 the aromatic compound of Formula (I).

In still other examples, the composition can contain 0.1 to 10 weight percent

semiconductor of Formula (IT) where R® is a silyl of formula —Si(R%)s, 0 to 5 weight
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Unl ess ot herw se noted, percentages of conmponents of conpositions are

wei ght percentages. 20The term "DVA" refers to 3,5-di nethyl ani sole. The tem
"nbb" refwo0t%15m78Ut y| benzene. The term "PS" ref @CI/USR0QU0ETTI C

pol y(styrene) having a nunber average nol ecul ar wei ght of 112,000
grans/ nol e and a pol ydi spersity index of 1.05. This poly(styrene) was
obtai ned from Pol ymer Source, Inc. (Dorval, Quebec, Canada). 25The term
"PS2" r effsFeent of apar@ehyichep g1t ytsylraén@polbrwr, gd 85 e ABErw aight pstssnhiailesat| ar
wei ght of I styrene)
was obtalnegigggﬁﬁﬂ??ﬁv ggﬁgmisﬁl iﬁé ?9§§?9£m%m9§u?ﬁg %%&%4% PS" refers
to 6, 13- hicgdite] Lhde@Pic) A¥dEhhy loet MRtk mefbba@ﬁl% tom%p@gmq)ee@esleat aml |y as
described in U S. Patent No. 6,690,029 (Anthony et al.). 30The term

" A DI PS" arematiseanapognd slpgted Aomyanenols ey diathsilangsale, Hlylﬂy}’lj?@éﬁ?ﬂ%% de. This
conmpgound I P 5571
The ter mr}ﬁﬁ%‘ %P%%?Of'r e %?es g?%r?ﬂgés?%ﬂg ??{1 ﬁlw? %gg)l@&%%/h%g&ggnq gﬁ Cgf?&%’(%/oqz‘

pr openy! sidrinuit (ny micpeRt Basilel of tbimule 981(& )acb we&welrgﬁppa're@t a8a gelyater bed

bel ow. The term"C-DIPS" refers to

bi s(cycl cﬁyﬁlb@wumﬁlslaf&gnwy@% 9%8?%%%@@1% ew&enﬁsﬁ ventoisEandthids pr epar ed
as 5descr| Rf%ﬂ 1{3 1T1.18 Ov%lgﬂtéﬁérc"ez{ a-llihgl'e sreFe £ dgcan&?hnlabcsagl - but - B
enyldllsopropy yny pentacene. I'S conpound was prepared as

descri bediodetame; or“éhﬁlxtnﬁe mhe@ﬂli d vefiedS weipht pércatyd o btohaitic cohpotued m " MeOH"
refers to net hanol 10The te "DCM' refers to dichloronethane, The term

" pol Y mer isglepicd franoppisole.of, %ﬁgn?thylanlé@ﬁﬁbéwtyihﬁﬁzqnﬁa?r bt tkareafur These
modi fi ed e&h&ﬁ%ﬁ .2 BROERRLHICT 51 (ﬂhé@ﬁ%q%@%éﬂrt %ﬂﬁd%%% £8Rh8a ﬁﬁaﬁé’et i on

and sol ven preparation of t C conposition is
descri bedRheh iyl o‘fifemmﬁai nsl(Ei)g dxtoZraAglit peedeat sf 4 polamensyebsis be insebutihg i ng
[rom e S 09, and A0) I 221 00 (L i SN S 1% BRLIEE 20T
r CAc corf9b4nes il ghtp g
to 10 weight percent alkane selected from decane, undecane, dodecane, or a mixture

15 thereof and 90 to 97 weight percent of an aromatic compound selected from anisole, 3,5-
dimethylanisole, n-butylbenzene, or a mixture thereof.

The composition can be prepared by combining an aromatic compound of Formula
(D), an alkane, an organic semiconductor, and an optional polymer in any order. For
example, an aromatic compound of Formula (I) can be combined with an alkane to prepare

20 a solvent mixture, and the resulting solvent mixture can then be combined with an organic
semiconductor and any optional polymer. When the composition includes an optional
polymer, the polymer can be added as a neat polymer, as a solution with the polymer
dissolved in any suitable organic solvent, as a dispersion with the polymer dispersed in
any suitable organic solvent, or as a combination thereof.

25 In some embodiments, the solvent mixture is prepared and then combined with the
organic semiconductor material and optional polymer with stirring, agitation, or shaking at
ambient temperatures (e.g., about 20 to 30°C). In other embodiments, the solvent mixture
is prepared, combined with the organic semiconductor and optional polymer, and then
heated to a temperature above ambient temperature with stirring, agitation, or shaking.

30 The heating can be under an inert atmosphere (e.g., an atmosphere having less than 21

percent oxygen, less than 15 percent oxygen, less than 10 percent oxygen, less than 5
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The term"CE" refers to Conparative Exanple. Preparation of Polynerizable
Zr QAe Conposition Zirconia nanoparticles were prepared using hydrot her mal
t echnol ogyoasoydsswsi bed 20in U. S. 7,241,437 (Davi dson e®CaluSpooInbssel
specifically, a first feedstock that contained a zirconiumsalt was
subjected to a first hydrothermal treatnment to forma zirconi um contai ni ng
internedi ate and a byproduct. A second feedstock was prepared by renoval of
at | east PsoiRt ofygencrdessdhan bpgead asyemepiissh har P Agerdsat ¢1vesn). H&m ot her mal
treat msntre%u-ﬂri]f%go%poo@gigﬁlgggislgé)ﬁlo(re%%{ trup?& R4 é&acfft.ed to a second hydrot herral
treatnent to rm-a Zirconi a sol that contained the zirconia

nanoparti cl es.Inhhethei & HMstholl of ArkmanoRafiédnduesr delie idpt@idddnetheby
transm ssion el ectron m croscopy. . The nanoparticles ranged in size from
appr oxi mEtethgd meRidepproyidngy eirResiio thafraoniginsHahp selvent aystupaind @) ansi ze of
approxi 4 7. 1 L akl cf ratios
of "the. nanginls ferlrRulch Bl BRSRLCH KL SR nftkeude 1 P JRPGABPREL 12

nanopar t iledsed.10fcigiteczichtiRedos e weipier dffilencanidsann. mhdisbivest mixtiie 3-
(et hacryl oxypropyl )trinet hoxysil ane by a process simlar to that described
i n Exanpl@ntigsf()ignglkapghaynng Qo 1§ coan gtoms naicRkin anpmougt ing rapget bt t hat

only one 'Jvéigﬁt (ﬁ)@%nvﬁfs%i ol 1% APRRY HRERY BRI dnd PRPAOt ol de Sdrh@gu whi ch

was 3-nmethacr ropyl) trimethoxysilane, 1s conmer y aval under
t he tradefdesmgladl)ipedset inQuRMbuAt th7drahgoof o9 weghtggrdcW¥ bdsodon €BE) . The
process resulted in_a surface nodifjed zirconja nanoparticics di spersion.

ThelQur f araghkiodiths dvept pisHica Thsrpshed fusther eldet dapepiting ShecOmioriEianwi t h
tris(o- . 4 - ‘ trad
desi gnat i S S RO PP BRCKABLERL Ty EHACEIA L B SAE AR 1& Rty e
1- hydr oxydeyeditel éagyek pinkthyh rédradvang at(least B otedihn ipticaiitaif thiey/silvamb hexturedesmt he
trade desjgnation | RGACURE 184 from C ba, Tarrytown, NY), and a sol vent
3, 5, 5- t r ithederreited layen te erupp samisprductar d&/chaned i sophor one and avai | abl e

from Al pha ACS@{ use 181%|}]ﬂ'|'tlllé ten%djac-léﬂ?’ 9 .f@r% cer%taeﬁtjstallaier"éﬁaﬁ s@éc?ﬁ‘ad vi a

magnetic stirring. € m xture-was subjected to rotary evaporation using
a bai h t dapemataus thaothe o€ [ayed 1s/aclasmpidximity ity the866bnddyydro Taa swe &ayers
preferential renoval of the water, nethylethyl ketane, and

1- met hoxy P Op&RCBURL OF b wpwatadhy IRe-oF TS HbAYSiRe Bysprekitit el y 8.5

wei ght pefaentc @ er% ﬁliil?élfﬁgé&ggr Rt hM%ﬁ?%ﬁBan%%,Wﬂeﬁ%&ﬁ@% Rydr3f 368)

40. 0 wei ght percent o ace no zirconi a nanopartfcles, 1.5

wei ght 15dpecataothadecdndiyigerothy dirstl layee xyhtpéte the sckatddager( Mgaecpecefick84)in and
50.0 wei ght percent of 3,5, 5-trjnethyl-2-cycl.ohexen-1-one. The resulting

mi xt ure éa%ﬁym@dhre@ntwéh@g?polﬁlé%@mr i SONGRRYKEOT BB BN of  sur face

modhg | ed phfeORlR of M@f&éoﬁ?&%iveﬁ}fer%ﬁh%ﬁa il 98l fl i OmhRA t €mperature

and then filtered through a m crometer filter 1nto a clean anber gl ass
bottle. 20 In one example of this method, the semiconductor device is a transistor such as a

thin film transistor. Transistors with an organic semiconductor are described in, for
example, U.S. Patent Application Publication Nos. 2007/0158643 (Vogel et al.),
2007/0146426 (Nelson et al.), 2004/0222412 (Bai et al.), 2007/0146426 (Nelson et al.),

25 and 2007/0249087 (Zhu et al.). Transistors often have multiple layers of different material
that serve different functions. For example, there is often a base substrate that can be rigid
(e.g., a silicon wafer) or flexible (e.g., poly(ethylene naphthalate) or poly(ethylene
terephthalate) film). Additionally, there are usually dielectric materials as well as
conductive materials such as the gate, source, and drain electrodes.

30 The method of making a transistor includes providing any of the compositions
described above and then depositing the composition on a structure that includes a source

electrode and a drain electrode. That is, the composition is deposited adjacent to (e.g., on
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Preparati on of A-D PS Di chl orodi i sopropyl silane (4.00 grans, 21.6
nmol ) and anhydrous THF (20 nlL) were added into a dry 250-nlL round bottom
flask equwppea/asid78 a stir bar. The flask was equi pped WRCThUS200d0y5571
condenser. Allyl magnesium bromde (22.0 ni, 22.0 nmmol, 1.0 Min 25THF) was
added to the flask through the condenser to forma first mxture. The first
m xture was heated to 63C for 12 hours, and then cooled to room

t enper at N cantagietiry beih tha sewres gleetrrdc(and 88> drpimraiectipde. AR Velndhan hydr ous
THF (12 rH‘[%th fn%lu?%gg%ﬁgﬁn a@g&?f %n}? [o¥hi %Qge%bg %o%e%%&ttﬁ)e@ e‘ggﬁ{f gqui pped

with a stir eaC|on mx ure was coo ogOC and

t hen n- buhy bdhpdkition ddfacéninth (.23 oMEPIn cohtdet Mitha BRYRAR) layérs st @dpabitapwi se.
This was followed by stirring for 90 m hutes to forma second m xture. WO

2009/ 1519rsrapessxmoay loast §¢ weight percypieofshmpsokyent maxtirecis frragedigsulHe ineact i on
mxtfyre (the §Or%131§1[g%ﬂhr %m{Poé&%‘io?)la;Y@S then cooled to 0C, and the second

m xture was a W'se via syringe. The conbined m xture was allowed to

stir overni ghtAnyTiiﬁtaBkenﬂ&tﬂ@tﬁoﬂlfbﬁhimgehd\@@otsﬂﬂﬁﬂamwhﬁGe usddo 1AQ@BmBL sat ur at ed
NHAC sol ution, and rinsed with a 1:1 hexane and diethyl ether m xture (100
5ni). Theenehog&mtés ithe/dapogitesd 13 g ay Brwad using ikt prktiag (ueayh@ CQUAROSHIG I8 Ct ed

again wt !ngﬂ The
organic p%P?él}toeﬁ?n\?\.fieréeongg I ne%?rla;}gﬁg%g&p%ha%{a glrlsug%%nt %fe t g&gtqbrl ne (25
n), dri adkjevgdintimggnehodsars ﬂhfhat geschibéd, €sregkamphed ic OISR @atchal pplicatian r ot ar y
eva oration. The product was taken up in THFE (50 _ni) Met hanol saturated

K2Cdi! &@@@%@@POM?‘%&&IM& qt ahkdlnwheé”tembpfi%enr&aﬁhezden%% aNgAt er
50 nL
éepar ) ooy A0 A0 Bl M FinRAAEL (80 hd AmBRARACap BN D50 1

organi c Ic@ylémcslv\ﬂmmrmbbdn&&adtnc'lihaemimhdmeﬁhemslgaaﬂm d thyrelagenBrsinggshed Wit h
water (20 nmi), dried over magnesiumsulfate, filtered, and subjected to

sol vent ésylafﬁ&%tﬂr}&)wadmféoyp%aw thgagugie tp idisirityye Eﬂ@wem%lﬁ%ﬁﬁ?rdar aphy (5:1
hexane a %:S(QMA% %(d gdlﬁi'c%gm a?eﬂﬁfﬁ dé%f:rlﬁedc?d ghﬁﬁf% @0 S( 9at€ntmm| 44

percent yi e he product pr OVI l'ow ng data: 1H NNR
(2005 MHz , AfipiDcafson BuiﬁwBtIor(ND 206)7/0148% (VageRldd al. )2 138til{ sthed¢fhbodimétks (tHe, J =
1.4 Hz, This .is consistent with the forpmation of

al 1yl dii é@ﬁ?%@l@ier yﬁfoae%cf w%@pb?ﬁfénga%vélpmgw HTUCBp P eSomPPsitieBt y| ene
(1.62 gr % shitdBle 'Hﬁ?fm} s%@%rﬂtnﬂé/ ﬁfec&éﬁ it gaﬁrgﬁ COO‘{HIE) bﬁ’f’%{reen(ﬂ%irﬁ%dttg a dry |

00-nL ro otto a'stir to 0C. An aliquot of
n- but yl | i ftdxiogrpli8.ptinrhg, gfa8irerpohting? aﬁd MidrnpibeMage)Fhmafad@advlﬂclomw se and

t he sol utj on. aI l o d%go rmover .1 hour. . Then, 6, 13-pentacenequi none
(1.22 gr 051 ﬁf?otlﬁyn eaneduaVdediP e 1l G BCRAEIPSHIIPR 630 ¥or 48 hour s.
Theyg eactde Qsﬂ%@%n %ﬂ%%@@ﬂ@ﬂbl@ @ﬁbs%% (;r'o‘i’ir{hé)gur@ac@ ofbnObf Mot Wit gl NHCL

solutlonadthen luted wth MeOH m) to forma reaction m Xture.
deposited on a flexible substrate).

The solvent mixture in the deposited layer is removed to form the semiconductor
layer. Any suitable method can be used to remove the solvent mixture (i.e., dry) in the
deposited layer. In many embodiments, the solvent mixture is removed by evaporation.

25 The various solvents included in the solvent mixture (e.g., the aromatic compound of
Formula (I) and the alkane) can evaporate at the same rate or different rates. In some
examples, the aromatic compound of Formula (I) can evaporate at a rate that is faster than
that of the alkane. In other examples, however, the alkane evaporates at a rate that is
faster than that of the aromatic compound of Formula (I). At least 80 percent of the

30 solvent mixture is removed to form the semiconductor layer. For example, at least 85

weight percent, at least 90 weight percent, at least 92 weight percent, at least 95 weight
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In a |l arge Erlenneyer flask, MeOH (600 nL), SnCl2.2H20 (2.60 grams, 11.5
mml ), and 25 % HCL (2.5 nmL.) were conbined with stirring and cooled to 0OC
to form aweeoorid18¥8sol uti on. The reaction m xture was a®dedSzena43sipw
streamto the second solution and rinsed in with additional MOH

Addi tional 25 % HCL (3 nL) was added, and the m xture was stin-ed for 20

m nutes. The m xture was placed in the refrigerator for | hour and then WO
2009/ 151 Pr8RCTAUS2E0I/VoUS!E perdent, eeleed I8 ovajgldipgreeniz ageasi®9 gfcight gesent sh- bl ue

01 10. TG o Rl 19,381 S 7S AI5RLYSH M 11 BhIRL DOV (about °6 ),

diluted w exane rinse hick silica plug. Excess

acetyl ene was Tiewed: Mktidewstiah Ban bdievapbiigedittaly BEixadetempbR e Othigimaras
cluted using a 5:1 m xture of hexanes and DCM The sol vent was renoved to
yield 0. angg@%edpl%m@l%w|1$jeva‘pﬁ@te§<ﬂt aERbigAS s RN dHC | # thotenpeetgie,

over i gniot i Selll AAULATHEFOSERAMPYN Reur OGS, APHRE bRuBRT | 7@

bl ue needbbg&n( ﬁl)@&eﬁﬂ’r@d’a,poﬂa@edpﬁ haefperyiued BipherAl@l yabisntatmphratupd. qurneedI es
pr oduct prOV|ded the follow ng data: TI-NWR (200 MHz, CDC13) 6 = 9.3 (s,
4H), 8.0 sraerplesa plagenssupportingfhe sprugtyrgiepn be heatpdgo ﬂﬁemmtureehlgleer(tmn 2H), 5.1

(7, 4. gl Aol eV FLEIAREL TS

conbi ned 30ACpatdeast 28, mleaguneb JholdasnePCasticadt 70r@E ostu leado®0°C.ambe t hen
cooled to -78C. 15An allquot of n-buty II|th|un1ﬂMg m., 37 mmol, 2.5 Min
hexthes) SRESTEASHRRTBISH 8 &Emmsratiie Hgowaatedhan HfeH: aharcelsb thee M9eF diUr e was

TRl Ll gl A0 SR OLLONPE RY el SRR A0U L8 sorc.

di chl or odi I sopropyl s gr ans, xture was all owed
to war m amdl cﬁhdrltﬂie&lﬁbdsp&’onﬂfﬂorhﬁmﬂt of the sbbicm mixftire $hn avapbrt€at dntbientsepar ate dry
100-m. round-bottom flask with a stir bar, 20trinethylsilylacetylene (3.93

grans, 40SOPFRABIY: 2BAANAFMAIRBE SOITRES cabsEPaEce & 8 ionpradfUisishkdshad to oC,
An al 1 auokm Bl el (RIcHBolitn, Mroren{MBlen frivuM LViphEKANLY vas added

dropwi se and stirring was conti nued rsto second m xt ure.
ThelJ i r sttempaaturohightnthan ambiast emptdirt,ahOErapdiaeios eswbelcartizd outandasaradded

to the 25first ntﬁéure by syringe, and stirring was continued for 12 hours.
The reactPghaMosR r%a?gcléaﬁ)tméf&g?lhtta%p%%turat ed NHACL sol ution (100 ni),

and then a 1 %Al?é?ﬁ@cﬂ% %‘l\%rgﬂ%tltxtﬁrter}%ﬁ b@réﬁ‘f@%ﬁ b@lmgghggﬁ)on‘@@% dded. The

organi c | ayer was sep wat er | ayer extract again with
the 1:1 hexane (anda dreesthlg/ thaetsHess thamxatmoeph(c2i0 pndspureThreh @s gaough thousd ohs wer e

conbi ned, washed th water (20 ni) and bri over 30
magnesi urh SGPWA éFWe polvedcay | bt é?tBOVc?ér‘i‘éé?ﬁ t%tagt? té@aerﬁ%t%wﬁé@ fation. The

prosuict Hekhifid 9B WA ThY S d G120 fPokyepd then VeOH saturated with
K2CO3 was adde Stirring was conti nued ? ours. Water (100 nli) and

hexane (100 mJhewetrcefacdedl offithe solvent mixture from the deposited layer can affect the

resulting semiconductor layer. For example, if the removal process is too rapid, poor
packing of the semiconductor molecules tend to occur during crystallization. This poor
backing can be detrimental to the electrical performance of the semiconductor layer.

25 The compositions can be used advantageously for forming semiconductor layers in
small, discrete areas on the order of hundreds of microns or for forming semiconductor
layers that span large areas. The deposition of the semiconductor layer from a
composition containing an organic solvent can be a complex physical process. Many
properties of the composition and the surface on which the composition is deposited may

30 influence the performance characteristics of the semiconductor layer that is formed. These
include the surface tension of the composition, the interfacial tension between the

composition and the surface on which it is deposited, the rate of evaporation of the solvent
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WO 2009/ 151978PCT/ US2009/ 045571 organi c | ayer was separated and then washed
wth water (20 nlL), dried over magnesium sul fate, filtered, and
concent r WOQ0W/1#1978t ary evaporation to yield 4.6 grans eCTaseaosisess oi l
(26 mml, 70 percent yield). Analysis of the col orI ess oil product provided
the follow ng data: 11- I-NNR (200 MHz, CDC13) 6 =576 (m 1H, 5.51 (m
1H), 2.42 (s, 1H), 51.88 (s, 3H), 1. 05 (m 14 H). This is consistent with
the for meEnixgHe.dhe fendencamdiyd eniash hrobsivesn e dan@tttyqi epraposition andithe above

| soprope kfgé\ée t?)gjq ap e!cgde on%gﬁlé%ft e%%gﬁgﬁ%l? Qhegw O 35? the fcg}%g)ﬁgltl&? qhé1 nhydr ous

THE (16 roun 'h™a stir

bar. Aft %bltﬁﬂﬁ&ioﬂgletdigaﬁ& %iﬂﬁc@ﬂdu@ﬁr imthe Wb bht rhfxiwe) thé dégredof 14 mml , 2.5 M
i n hexane) 10 was added dropw se. Stirri n% was continued for 2 hours
6, 13- Pentsdpendyisiap Abthe praanig %ﬁwcowuetomm Dy sQlasntugade 4pen ¢HEorHieR f e was

St f at ed ot SHfep SRS B, R S P B R o o e

first reaginic@ndodtsi thaefolms. aBbt&art@ealEbhﬁ@m%é tenStoad. ZMp()ﬁnSn gatend, th@5
mmol ) was di ssolved in MeOH 15(800 ni) and 25 % HCl m.) was_added to
form a sdBnuiua sefypngs in g 01veap BYXtHES atnﬁéh@wémnﬁp K2 %h@rdnwf qchEhef i r st

reacti on %&oﬁéﬁﬁ?ﬂﬂ%ﬁ%ﬁj %&gg&dﬂ%& V%ég 83{381 g& 6?&1’8&%&3&& MG 8% %ﬁéd; lal @ as20

m nut es. ced I'n r| ger 1 hour

and t hen th¢ bdlegm thikryisetdoeedahueaffice ere wofortancthvhartbiadstis @f thesfolhed was
taken up in mnimal anmount of DCM (about 5 ni), diluted wth hexane (200
nL) 10 and semésonAnsigieldy®nt o a thick 20silica plug. Excess acetyl ene was

f1 ushed usi ng DENAEnoPRRNASH oL RELRIAIHEL, AR AUHEASURI it Inchexane and

DCM m xt ure. ent yre a ue so

Recr yst alsoivzat mdiurik mmsmhivmn ehd @baitt addOofthp cympbsi&@h dn ﬂheg;nbsmteaéndbl ue
needl es (1.74 mu] percent yield). Analysis of the blue needles product
provi ded M#HehFBFIdYGE wgnalgtqi the gontaoRlipobrs Wikl the eprmpayitign andythg sylstraigy = g o

(dd, J = "l?hezallg%i) t}%ﬁéa&lﬂha %lgxger z%rf;ﬁegteﬁmgﬁ thaf A dromatid &l g n?%@oﬁn@la( bm

2H), 2.1 mass spectrosco El) raiz
63415 100 (W Mt)alkanmmﬂ%é5391%8&6&1@82&@%@1458Zlgzné%rcemae@tthmmf C- D PS

pr cpar 6. GRSV ety QY1IcrhaE 9t D A BEaaBal b I HHEABIar at i on
of A-Dl P@h% H%B%Eﬁé&h%@%rca}f%!r g@%‘ﬂ?&’éon‘i’&g &S 'tHé"I(ob e?%r%ct F&agle%%er@g?&n%' um

brom de. (2

0.45 (m tBé¢heduedl pidnigpmayHielp the organivesepriemanebr m)mrpmihzmu&ﬁgmwmld)mgﬂhy to
that for the pr n of. A-D| PS by substitut]
cycl opr op¥ ﬁﬁt%& @ HF;S’if thgc%ﬁwaé% ﬂ%@érthaaqpﬁfﬁ{?ﬁ%§éa&e@5§h%ﬁwb§ﬁratawéfl9| ene.

2 Iagw‘? (_ztgg 52(M7gnt e%ﬁés STHis & ﬁrt(c%’larﬁi"ﬁn Oﬁ?ﬁo\{]lgé% c(h‘%{gé é%bn,gpo_rgmgljl_é?rr%aﬂg?_b - 718
Pr epar at i somichdBstot R&acent fo the substrate is critical to the performance of the semiconductor
device, such as when the composition is deposited onto a gate dielectric in the fabrication
of a thin film transistor.
More particularly, when small features are desired (e.g., on the order of 1 mm or
25 less), the aromatic compound of Formula (I) often is selected to have a relatively low
vapor pressure such as less than 10 mm mercury, less than 5 mm mercury, or less than 2
mm mercury at 20°C. If the only solvent included in the composition is the aromatic
compound of Formula (I), however, the resulting semiconductor layer tends to be non-
uniform. Nucleation tends to occur at the perimeter of the deposited layer and crystals of
30 the semiconductor often form predominately at this perimeter. Additionally, if the

aromatic compound of Formula (I) has a relatively high surface tension such as greater

than 30 dynes/cm, greater than 32 dynes/cm, or greater than 34 dynes/cm at 20°C, crystal
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Thi s conmpound was synt hesi zed by nethods simlar to those used to prepare

i sopropenyl dii sopropyl silyl acetyl ene di scussed above in the preparation of
| P- DI PS byo=uodpstsi478t i ng 2- 11t hi o- 1- but ene (generat ed i nPsirtus2@y/o435ent i ng

2- brono-1-butene with n-BuLi 15in tetrahydrofuran at -78 C) for
2-1ithio-propene (generated in situ by treating 2- bronopropene wi th n-BulLi
in tetrahydrofuran at -78 C). "H NWR (200 M4z, CDC13) S = 5.76 ((%\}[‘J = 1.2
Hz, 1H), Sowth qfghe samicgnductpr magerial topyls topbesalt the plangof manggubstrptess Mixing) |

219, (0 Une oo Sombo o ofilhe dpath 4 oo |30 caslIEu BREBRTG! ! 0N

20subst i ttgt1R RErbod aftRideh@&e RERRYR thd BapitapydTirysyds acseityd atiec igfosited
i sopropenyl di i soproEyI Si I%GI acetylene. 11-1-NWR (200 Mz, CD0132 6 = 9.33
(s, 4H), lzyaygnd gepwih along the subsgatppurfans Thesepikqngy oftgn bavg assurfgegteppion 4H) |

aig 3T odepuhl S oFEut OuhA s Wnedery thyyy SHbycSelbal Bl gy & 1

Conposi t idynss/whtah2@fCSol vent and an Organi ¢ Sem conductor - Conposition
Preparati on Methaod | An anount of an organic sem conductor and an

optional anmourdddfonsdlyywhen epdl {fatuecs s dertigdi the alkanginghiled imthe selvened by
t he wei I td t 1 . htd . sired
Concent ¢ afiaREt AR KA LEhALpAERYE ST RESPRSbLP hoildiibdif®, |2
conposi t ignhendmatie ceapoundd i Wetghih (atlihis efccdoh wantrssuftan acopi@sl ti ons t hat

cont ai ned nore than one solvent. The vial was capped, and then wapped with
al ub? numegrqulateryshve(ig- tMaapean Jem i cpprpsifighes theselventds rapeyediraded on

a | KA WO - - Wer ke
Grbi & 08 R B P AR A D et B

Pr epar at i e aptinftonpasuritiod s alkdne ia tHsalowent mandrcamyQlpanihe cGetattdoreduct or -
5Conposi tion Preparation Metho mpunt of an, organi

hod | I A
sem condRetBFendRe CHRPLHIaGAI handskitte & beBIped Yt Red éh%&@ﬁéﬁuriﬁg oa
gl ass via; 9?&‘, AR TRILA; L SRt tof nﬁf’e;riaf ﬁéclug,‘(‘%&%fu%& WLONGH gaddi tion
t(0s) f the desire

of solven O prepare a conposition o concentrations of
or gahi ¢ seivicabmdtak pthe aontacfinc@fiah rgetysihwasiwend the tdneicomdyoasictysails and t he
desired wei ghé raili o of 10 solvents for coq{)osi tion that (io.nt afi?ned nor e
than one ZoOVyEAM theRrelgation siasmegphddis Rt Prilerpicadsl? esrlaingtiahypl at e and

the cont ‘%ﬂﬁi%}ﬂ'ﬁts'brhfc%ﬁ uclfifaydral was covered with a nmetal can to shield the
conposition from ig?]t. T?’ue contents were stirred for a m ni numof 12

hours. Prepar dhisome aicthalpcthe dompasisosisalepGtited abing @skj¢t pridnhe schoighey avi se
noted transi stors having.a bottom gate, bottom contact architecture were
pr epar ed.2n8thehicsARARS @e? foras p deprsitav g mw,lmwaﬁa@@iﬁweé{sw@.ns.grwé?rent

Appbg cat iyf) fishl h?xﬂfﬂn%e%!o -So%ﬁo&e%ga?fgg’tgéys@%gﬁ ngfvtlc%laﬂ)ydspmg f§F ansi st or

was prepared using one of eight s e and al n el ectrodes
wer e r ectdepgutian uanglinkg ppatiad teehnigwesendhdod dvens epatuet thdt doptditsel ©hinnel

| ength. The transistors h channel 20l engt.h, L, of 1Q0 m croneters
unl ess_otHapHi pgéceﬁb@f‘éar}e aifsfto b‘g?lg%&@r%nﬁggsogj?,és. Wi Y HEinTRIGET Givanoof
appr oxi mafaloy (999 We!i%ﬂt PelceASinR12BPE 81 IRERIY paBedtidbldntBhERE tPY4 weight
approximately 0.7 mTlineters and having alayer of sputtered al umnum
appr oxi mgteedent @08men OHiec kxamplanyeosipdeitioiheartiagadysifimbk fof d¢pusition using
25 inkjet printing techniques include a solvent mixture that contains 1 to 12 weight percent
dodecane and 88 to 99 weight percent 3,5-dimethylanisole, 1 to 10 weight percent
dodecane and 90 to 99 weight percent 3,5-dimethylanisole, 3 to 10 weight percent
dodecane and 90 to 97 weight percent 3,5-dimethylanisole, or 3 to 6 weight percent
dodecane and 94 to 97 weight percent 3,5-dimethylanisole. Still other exemplary
30 compositions particularly suitable for deposition using inkjet printing techniques include 1

to 12 weight percent undecane and 88 to 99 weight percent n-butylbenzene, 1 to 10 weight

percent undecane and 90 to 99 weight percent n-butylbenzene, 3 to 10 weight percent
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25al um num was anodi zed to alum na (Al 203) of the desired thickness,
typically around 100 nm (75 V). A layer (approximtely 300 nanoneters to
appr oxi mewel2gosB®7aanonet ers thick) of dried and cured BPCcQAS2000943501 med on
t he anodi zed surface. The dried and cured ZrQAc | ayer was forned by coating
t he anodi zed alum na surface with a ZrOAc pol yneri zabl e conposition by spin
coating (acceleration rate of 415 revolutions per 30mnute (RPM with a
final speadeene 20080 RPN welghBpersent arttsylbenysag.iond tof vecigld trepscat wdgeant00 C
for 10 m t ht (i.e., 254 nmgermcidal lanp) in a
ni t rogen akitr?gé%gggvﬁgggg §Igtm ﬁlﬁwehzegnd then heating on a hot plate at 100
C for 10 WO 209 %ttkb hRAGCTh/S2APE ABS dtpdsitodusife a Guhdiquouiicteasatigl gol d
drain el ectrodes were vapor-deposited (approximtely 2000 Angstrons thick)
on the drqOé@n%Wn@thfféeP%m%tha {pams apigpest haiving ominimugdaisra ¢RYues was
carrjed o Kk waf er
W t hé t her#aait&gtkiﬁg%%fl 3 %:%%%<§8%§%9 .-%1%1% hi g?ﬁ,& ﬁgﬁgg%&é{l&?yﬁ{gg@?@c wth a
resisti Vldepodlﬁﬁl‘ﬁuilﬁ@dlp%@ﬁhfg Rbiffiguas iddlaldesdigi dne ehisdutdthat chBhsAn@st om t hi ck
t hermal oxide (Si02) on the front surface and coated with 100 strons of
titani umwgbt.m@eahépcswmns&mg@ d9decape. dlaupihupthsreaf gad §§&fk9%ﬁ’lefgg&e) from
e en 5 AL ROh By dcion ol CRIBE Rl Sl ot HRGMALRICOHRSSLLANCH: b MR

oxygen 10pl asna. he gold source ol d draih electrodes wer

vapor - depbaie(omwmtto %h&lgmlpdﬁehayemymn@enbm ekressightf papdpit dmalmt ely 2000
Angstrons. Patterning was carried out using a shadow mask. Substrate B was

cl elhed UEIREFNEMIRGIENOTH BT Citharerf aafié?wo 9p Msight peigers n-bibenzene € was an
n-type sif {,Gofe &%éﬁ%&&aﬁ@%{nﬁ%anBXdo%?éq% &‘a!ﬁlﬁcgﬁ gﬁegg(gaﬁﬁ‘éﬁft&‘% hi ghl'y

doped n+ (arsen resistivity o ess t mcm and
suppl i ed wéiglt Iﬁrcﬁbﬁﬂﬁ’-bﬂ@MEﬁf& tmhaiexbm@tamﬁbomposﬁimm%?uhd)ﬂde ogoltdne nfixtard
sur face and coated with 100 Angstraons of titaniumnitride_and_ 5000

Angst r ongngrcontaifsi lﬁe#mﬂplgm@eﬁ%{@kanééﬁf%%welgmaﬁﬁCRﬁ@mlw&%ﬁ%ﬂ%@f@@éﬁ | nc

( Canpbel

source arpgrcg%? %Ie gﬁiﬁ%@éé %c%%gghteﬁe&%gt %‘/&g%(gg lgﬂgplgyﬁg I%%ldt%g Cgﬂ-@%n oxl de

| aye§ . Pabvemighy peasnicalisoledr dud 10siciuht perstradovuncaall 90 Th87 swehght patentwas

cl eaned using an ox¥ | asma, and vvai {)heg im&rsed ina 10 mllinolar

t ol uene SOIGLS 8ho & @%t FP?IB?IBtdﬁ?a@ﬁﬁB 8 tq HIVSISHEBCTESE AUAPCa Aesar, Ward

H L MY O ARGl Sow TicaRRY 'h?%}aeto%gostiﬂﬁg oftpRG i 1B 1d nsed wi th
ried don a avi n

t ol uene and was plate a sur e tenperature of

appr oxi naiepbgteﬂil@(érﬁnxt foappmowal ohithel sy lventmixtidre SronTthe dspmmddaayer%ﬁms al | owed
to cool ﬁ Qal%glﬁrra\t)@,%/%m utes, and then 1,1, 1

hexamet hyNEPERICABASON ST BFISLRE 135 dAfRerasigpy é@b%ﬁsv@@dﬁt}%ﬁelﬁ%}s’st and
foro@ppr %Hr&%lé‘dtﬁ{c hl‘ﬁ%nﬁlsn‘#h%tslsbﬁf FRhALS lofHir ty%f&' d&n%@%ﬁﬁed@f Q5 KM f or
approximately 2 mnutes. The substrate was stored in a wafer carrier

over ni ghtarbsfporaly versid30bEsdnsitivatehddt wasr amampid, Ypeessiniple o shbteateswrt dny

t hermal oxi de a5|I|co 00> waf er hI . doped n+ (arsenic) with a

Fest st vidyhpthdgier il %&%@edrﬂ%ﬁﬁw iielinpi ied w ih a1 000
Angstrom t hi ckrd hespmly QPﬁ G&l&a)ar&{‘teétﬂ?e (fwrlf?l%sp%ef fareiRMbcotRd Wi th
100 WD 2009/ 151978PCT/ US2 045571 Angstronms of titaniumnitride and 5000
Angstro maexalfnpw, mﬂsnMOudthmelawcthe santhats €JourderapchdNoe lelcTeradnsplaoditleesgatd nc.

e ) O e 38 G e B A DS T B e
Pat t er ni r‘tﬂ)t%@ﬁco%@arc{ h@ﬁilt&ltﬁre_USI ng a shadow mask. The substrate was cl eaned
Heing The properties of the resulting transistors such as, for example, the saturation field
effect mobility (p), can be varied by varying the composition. The saturation field effect
mobility can be determined by, for example, measuring the drain-source current (Ipg) as a
30 function of gate-source voltage bias (Vgs) from +10V to -40V at a constant drain-source

voltage bias (Vps) of -40V. The saturation field effect mobility (p) can be calculated from

the slope of the plot of the square root of Ipg against Vs using the equation
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5an oxygen plasma, and was then imersed in a 10 mllinolar tol uene

sol ution of pentafl uorothiophenol (obtained fromAlfa Aesar, Ward H I, M)
for one mMvour®/15T91@ substrate was then di pped into and PCmASAN0Li08357t ol uene
and was dried on a hot plate having a surface tenperature of approxinmately
110C for approximately 6 mnutes. The substrate was allowed to cool for
approximately 40 m nutes before use. 10 Substrate E was an n-type silicon
wafer with thernmal oxide (a si Ilmscoh“kq(U@}sr%f etL hi ghl y doped n+ (arsenl C)
with ar V. a h

Angstrom t 62% Eallg hye 4 8C1h ?Q?fpme%tf a?%%tefé?ﬁlrcf %g%@éﬁ@lagggt e f Lf} %Eh%

Angst r om dhiirggh Ildmlg’[m bhd VdB ththr&A01 V%ﬂ@%é A1 dmhum muft BRahples bakkusitirdface)
from 15Noel Technol ogi es, Inc. (Canpbe . The wafer was cl eaned using
an oxygen pth§§hannehw¢thwnﬁe{yébe dnantlfvltl%nﬁtwﬁeaﬁ@néhﬁ WH(6:8 - MREIMeters).

2000 Angstrom r LTolok! o: I he

oxide to formjt}% f?ésf%%fr%%cg an 1tg?}$)dca‘(¥5c1e%t G%Et 19 E&&gg&tg%gtm%}éhcgbfﬁégaout
usi ng cony ki onal' cptiot-g) dttdaegs-apHticen’ IV stat(kaafst neEiioheas/V-Ehe ledgbstinat e was

cl eaned using an ox%/ en _plasm, and was then imersed in a 10 mllinolar 20
t ol uene < (YiSo# lefs S@«q £ (brsottHEash helb] cor'eY -sordesnt Agt®. corif¥-ssabatt r at e was
then dip | Id n

having o CaTans PRIV AT St bibal RNt 4% (bl B B Al ¢

m nut es. tineistouhad & Atld offest rmbbitivyettiat io hiphet th‘aﬁ) bthepphokitoredeeicgs plepaicd biyes,

and then 1,1,1, 3,3, 3- hexanet hyl di sil azane, was applied to the surface,

al | Bhed tioimeing ke scariconseion layat B axomnesities hpwng e differigolycaii? coat er at
4000 25r el I ;Lo stand
'n a vt e RRRAPHLIRE thetr R0l JUFR hORIhELeiRBadtE | 2 LS
gl ass, hdeimgl domehscansstfonadpsctibedradreinyis bemrinold fed@bk ihyermpif oxi mat el y
50 n‘illimeters bé]ﬁ]afp oximately 0.7 mllinmeters and having .a | ayer of 30
sput t er ed MR lgﬁf’p?fé%t H’&Pé}tX/ COMPRTRE{ LR CHIRESIE KBWN PABPOBHONSUr f ace of t he
al um num was anodi zed to Al 203 of the desired thickness, typically around
100 nm (75 V), and had a | ayer (approximately 300 nanoneters to

appt®dxi mat el y 400 nanoneters thick) Exantsleed and WO

2009/ 151978PCT/ US2009/ 045571 cured Zr OAc. on the anodi zed surfa The cured
ZrOAc was f or mEicHPRERiSeHgiadng Eigents s sl RNURRCWF Cfn Be %@P‘?F‘é%io?abl e

Zr CAc co tAll S g (acceleration rate of 415 RPM /s, final
speed of "S}%%hARgﬁlf%r gﬂoﬂsoglgon heating on a hot plate at 100 C for 10
m nute, exposilgetswthdvwisegloted( pereentag%éf pompatenisaif dampbsgtipn)s drawaighni t r ogen
at nosphere for 15 mnutes, and then heating on a hot plate at 100 C for 10
m nut es. PST9PEESSour ce and drain el ectrodes were vapor - deposi t ed

(appy oxi mat el ypi2Q00, ADIRLT QRS td8,SKimoR faﬁﬁoﬁél’l ed and cured ZrQAc | ayer.
Patterning was carried out using conven%’l onal photolithographic lift-off

met hods. 108ul5§tertaﬂné‘n6b’\’/\a£erato mbutyengédei con wafer with thernmal oxide (a
silicon <100> wafer hij ¥ doped n+ iﬁrseni c) with a resistivit o[ <0. 005
ohmcm and supls Py 1SS Ot UAROSHFIBTRNE WA VPR 2 BYRPORE 4V ERe2mofisUishe fr ont
surface 6\9& %t §d o%gran%s%olféraaéfarpemdﬂ Msﬁpqln&%%@1fﬁsgsfthﬁsomlgﬂﬁ§%ﬂ%?lwaen t he
back surfac ) from Technol ogi'e Ip Campbel |, CA). waf er was

cl eaned umtmgedaﬁnommgmer;ﬂoammlncn(rmdvdt thbeprCmada)a 15use. Substrate

gp\é\? x?lrrgtSZI\y 5 5 ng]?@etré s tﬁf §8‘%‘?‘ﬁ9@%&y§¥ﬁ§gaﬁnw}“}qﬁ?& E‘%éﬁnd havi ng a

thin | aygpocanpr Qfd BRBRBIEF sty fR1cRRIPT D6 M ters
t hi ck) of %I&?gd \gégg%f%?horogd %r %%\c di gseztﬂec%gnqygne ssﬁé%{acglged%ﬁgjgg:sass was

coat ed widbtaisedofodypridfd Aedat,eW Zd@AEl, ¥bhposi ti on by spin coatl ng (accel eration
rate of 415 R fil , ed 0 00 RPM for .3 sec was the heat ed
on a hot "t at o 1 00 T SRRTO WD gaBrarHst) BARGS B e st (1 o
254 nm geersgenﬁhmyahs Jl@é@i%ed'lﬁ tﬁsnpatt&RW@sbmpmﬁ@loﬁpa A3 m nutes, and was
then heated on a plate at 100 C for 10 m nut

30 The terrn “A-DIPS” refers to 6,13 b1s(ally1d11sopropylsﬂylethynyl)pentacene This

compound was prepared as described below.
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25 Substrate | was a flexible poly(ethylene naphthal ate) or PEN film
which is commercially available from DuPont (WI m ngton, DE) under the
trade deswonatwsm78EONEX (B5FA, that contai ned an arr ay Pofi/usagoeness71

transi stor structures that were fabricated by inkjet printing of the gate
el ectrode | ayer, gate dielectric layer, and source 30and drain el ectrode
layer on the film The array contained 8 rows and 15 colums of transistor
structures (120hetteEmsiPsPBES seferctods Bsbisatiigpnropendt t he transi stor structures

were on Lich e h e -hat re printed
(gate el @g@‘g%&@@%@yvﬁ%ﬁ@ﬁ%1@@%9@%@%@2&& 1@%%@% X Flté&?c eﬁ%, source
and drain | ayerg)temere-piPsatadrsith 6Adobe Phot oshop. The all -inkjet printed

| ayered transistor structures were fabricated by the process described in
detai | bdliggrclapopyldisopgpypiilytethysyDgengeng hiThi cPEROPR] YaRI§PH8d fened

bet ween t I f S5stainless steel. The two pieces of stainless steel
vver\tla\?darrpe Crgdregﬁ)ﬁgm?he perineter of the PEN filmsuch that the stainless
steel clanps fTareth tBOIPENrdfbistd 6IBds(SthaikNl ess steel frane hel ps minim ze
the shrinkage in the PEN filmthroughout the process. Both sides of the
framed PERYHibontaryleldetiamne Pepidreico dd)it AROURE tHes REPaTedtas detdikadbelpw. or der
to reduce partf&'t@nﬁ%ﬁﬂé}&%kﬂ%tﬁ DR ovide a clean surface with a nore
consi stent 10surface energy. er ctleaning, the clanped fil mwas

posi ti oned on Thepeod “®cOOL’ rpfedd © radibariohe frane sat on an al um num vacuum
tabl e of the inkjet deposition system The hot plate was attached to the

al ub num vacuurhettamsn &Mﬂ ﬁef@(rstorféi?lﬁémpﬁéhaﬁl?ane. The frame was fastened with
four screws iR LA AMTLMIM AR LAN 6 5 Al@Lidh S BT Lipporas

pl aced in the system the top surface was clea ed one more time wth

et hanol . ri&dAfipd rinddadathnopdnticles s pasadriaracpayhyriabi doalpositionded sélhentt r ade
designatign SX3-128 fromFujifilmD matix, Inc. (Santa ¢ ara, CA), was then
i nsert ed ThsteRAREIRf thgpolyRerigdlioéiQroreranesitim ihdercHpet PEeWposi ti on

control of thepinkj.et ' [ - ' i i &061L,Ppg head had
128 ] ot vi t h oo EE e PR beldhs \Fedtanloslp KGRI Fom il

appiHxi mgtodyryer2Atiomii.cafcuring) eftthbpeysictivahic Zahecérapoditida. whi ch i s

commerci al ly avai |l ab|, ,ZOL%nder the trade desjgnation CABOT AG U-G 100-S1
from Cabot Cor H¥ri&i? chE ( MIEs i GergaetivalyeMiiii s material served as the gate
| ayer of the backplanc. Once the printhcad was in the system the height
and sabre angle were adjusted. The printhcad hei ght was adjusted to

appr oxi meRmepyrationdfriivlabhenimklilé ZrOicf@arpeditiotne PEN fil m The sabre angle

was adjusted to give a desired resolutjon of 702 drqps, per inch (dpi). Upon
25conpl eti on oé‘)“ctoﬁé'l TEPEPEHENRY METISPA PSR %fgsweiéeqhgam é @fcf.gng?f%
corngr ofinitNs A4 MATRRKEFL fINANRNIS RN AP N ReBHBUL BRI LT

g 01

origin. Fromthe origin a 1. ch offset was set In the negative x and y
di r ect i oreircdtius saftsvdsisebjectedto o firsvhepdetitchmalgrdathére aa fetnar tisdnpmi-nt i ng t he

conductive ink or patterne ate |ayer. Registratjon was acconplished with
a DVT MaclPiERg gt e@@&gﬁﬁ&g@mé é%@ﬁaﬁ?e%@e%wmpﬁ@d}aﬁ}ﬁmea@ié n of
the condugidyEohfdkof thdsiSieBShioah& f&@ﬁedpd&fnghﬁ@ﬁ&t hytbihREhd Ire@imdnpeThe | m
between the thermal curing 0f each |ayer affects registration of subsequent

| ayers. Theorprfecdshrckmsiigenpubpetd to actead dytediarmgl tréwementitonfémom t he bott om

o %) 09/ 1z?r]éggi§1 I:s)o t/hallJtSczo(I)lQa%e%é}[ 65 Zi:ll"conia nanoparticles. The dimensions of the nanoparticles

were determined by transmission electron microscopy. The nanoparticles ranged in size
from approximately 1.8 to 11.2 nanometers (nm) with an average particle size of
approximately 4.7 nm with a standard deviation of 1.3 nm. The aspect ratios of the
nanoparticles ranged from approximately 1 to 3.4.

30 The zirconia nanoparticles of the zirconia sol were then surface modified with 3-
(methacryloxypropyltrimethoxysilane by a process similar to that described in Example 2

of U.S. Patent No. 7,264,872 (Walker, Jr. et al.) except that only one silane was used. The
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and the top of the substrate. Heating from bel ow was done with the online
hot plate. The hot plate was set to 125C. Heating from above the substrate
was done wiD2hosass8 Watt/inch infrared (IR) |anp. Once Pha/usetoophsre
reached 125C, the IR | anp scanned over the substrate 5 tinmes with a
velocity of 2 inches per second and at a 100 percent 5power |evel. This
process took 25 seconds and the maxi numtenperature of the substrate
reached 148G, Wlbwaw\%r@qt@@eﬁ@e@rwl)éwnmﬁwwle@e pyeamersially availablgypon

conpl et i ce | a cool ed
fo o termird e D4 PUGLEMLE SHNBUBSPIET P shBlapiRidRt iRk il YE2, T2
onto the pr&déss idsimtedneassutfae: Padified aRcorii happagenduidpersionnk was deposited
onto the substrate, it was held at 1045C for. 5.0 m nutes and then sintered
with the onli r{'élerﬁeffafﬁ medifighdirperis penapartighplisprrtomyes prrabiacduithdids(2t o 125C
and g he | e ot ty of
2.0 1 nends dpaRgARRRRR A Elriah D B TMIE dud I terds TRy RSB BEH Y

seconds tSartohfet €o. Inlae Extdny BA) whd h-hiyb@xl & dihiery [pAéiyé ﬂ(eﬁohe( 8 iphdteinitiasr
sintered, the tenperature of the hot plate was set to 150C. The substrate

remai ned aygilatig gn eéﬁlw?aémeeg&emmf@@ww&ﬂ@é fropyeitgeXarrytayas Nivp, ander
fabricati k e tric

| ayer. Afst(:8 [ebreg{ :?ig’?(rar% elf/h})(lzl?rély%ghtg ée‘{]%g’g P%ayer ﬁ%@%@%%gg%%%la% %r was
renoved axighi epbacedrduilh MApr Tid d:tﬁﬂﬁnémtltehslswmﬁmdahdt yhagiaicl sabdueg under
the trade_desi gnatl on SE-128 fromFujifilmD matix, Inc. (Santa Cara, CA).

Thi £0 pri nkhsenirtina &2 suyeded ©rropwy ﬁwpﬁ@t@ﬁ@seg@ﬂ@é}W@elf%&trepf &>"Ccaidposi ti on,
whi ch was, y printhcad had 128
jets and a%%hgl coI| ewpf%) I?%lgé)g'%?é&ﬂda? e&ﬁg?fﬁﬁt %&gg set to

appr oxi rr&hahylemyﬂcetrmeazi:rmtvlentetm)xyptbpﬁﬁ-atoe Eh@lrdshlﬁng abik@racgltdansas set to

produce a resol utjaon_of i | aten tenperature was reduced to 26C.
Bef or e praPRIPHBEHE- aw&gélép?ricent|0§§réﬁ<2 hadwéxethblalmyameteﬁflaw@é?

register '3%@ 409 QLishERkLdnt 8?{% stif&de nﬁ&hﬁ&& Yifconfh Mﬁ%ﬁﬁﬁlete?rlr@%%ﬂ e |ayer.

The test pr nt was -c are anot her test print that was pri d with the
gat & | aygrerceihef Irepdrok ey cibhbfydplemgekdetodacihd 84 wand 6.0 varigintpsredet & m ned

Mover bas E%m‘%fhyﬁ?oag STRRSAL L L (e L Y
conpl et ecgoh ﬁg[[?ércéﬁft ?étﬁ%a%gh{o'dﬁiéaaz}ﬁl Bhlﬁlna r@lésntm Iﬁ&ﬂﬂ& Qrak he
gate |ayer. pon con‘§ Ion of printing, e print mat eri al was

i mredi at e:loyledrto ethm cmpeditu@radd dranefd teagrhthroughhael .0 miebmdtey ifittgr o elssn or

pr e- bake wa% g]rsle with the online hot plate and IR | anp. Once the hot plate
reached & H0QfHe of 75C, the IR WD 2009/ 151978PCT/ US2009/ 045571 | anp
scapmed over the printed inmage two tinmes at a velocity of 2.0 iresec and at
40 percent power. The IR step in this process was | ow tenperature.

I ncr easi MyepheationtefnsiDIPSof this step could cause the dielectric |ayer to

"skin over t he sol yent herefqre, nost of the dr done
thermal |y fro:ﬁlﬁé‘Pg%lﬁsﬂerogﬂﬁ‘lWﬁQ ekl éﬁgmpﬁfapgﬁefevdff%#%@@ﬂia over
the Sa”plv%re Taﬁ!&‘ed%t%t n&?tzemelt %dﬁﬂ%o&t@ﬂ?ﬂd@ﬁ@q& p&ﬁ&tfl‘arsn@ﬂaraﬁﬂé Hés‘kﬂf'a‘a_ls 10

mnutes. This step | he process was utilized to renpve any renaining
sol vent eqtltpqaedvvlnteh asctryueMenmsAﬂglmnvgd:slunhlaodnda(dzrﬁemlarIhﬂ) muasd, E0Medh or

crog i e e of 45C This s acconplished with a
5502 veldl Bty RABNRLER 1St e S RS (P agRT BITGS: TAHS! pr ocess
Look 401 38508 %s b0t EPIRBESor THBoudrs, Nak (HioBEdSH SR ferRSitarclObake used
the same process steps as the previously nentioned pre-bake except that the
| R Trimethylsilyl acetylene (2.36 grams, 24.0 mmol) and anhydrous THF (12 mL)

were

added to a separate dry 100-mL round bottom flask equipped with a stir bar. The 100-mL

30 flask reaction mixture was cooled to 0°C, and then n-butyllithium (9.2 mL, 23 mmol, 2.5

M in hexane) was added dropwise. This was followed by stirring for 90 minutes to form a

second mixture.

31-



| anp was scanned over the image 5 tines at 2.0 in./sec and at 100 percent
power . Upon conpl etion of the dielectric |layer, the SE-128 pri nt head
was renpweo 2hedarsida78e system and repl aced with the SX3- 1P8TarSeemwioezsdl f or
deposition of the source and drain |layer. The source and drain |ayer was
printed twice with inkjetable silver conductor ink 15 comrercially

avai l abl e from Cabot under the trade designati on CABOI AG 1.1-G 100-S1 from
Cabot Cor por atThsr?50Anb dlegiueeniiaingivg reaqtien Iﬁéﬁt‘(}}‘ﬁt(l of the fisst prik s thens

v sot (0GR BRI o pITYR AL SRR B RE TRRBRIG, S0

drai n | aysixturt Res pllewedtovveis oG@ﬁigﬁd The céﬁﬁn@ddmiﬂﬂf@%ﬁhreﬂﬁ)b@ﬂ&d\i\ﬁs 1gone in
t he sane manner as EleCVI ously nmentioned for the dielectric layer. Once

pri nti ng Masateesigsd NHeClseplyon|agd sisedyriile pdt Lhexapand dicdighcther TBG@TP 610030
secopnds [ I e,

si ntfgrl ngI;Htjjn%hé P%rﬁl{cagyér%asssﬁ#éf%rggaat gﬁ%%% Fur ggﬁﬁ?fe%% t%d%gcor‘fc?f{h %(ylﬁle

pl at en t esfer rdxaneanddicthal stk rhﬁthQmo‘mL) Tiherorgunti eporkiofs whe coabied, pri nt ed
source and drain layer, not every image or feature was 25printed twi ce. The
drain | i neshedihaytsr (39 M ead Srbe CIREN.lisd orer megncsis topn8Hercgrangt ed
twce. T ted twice due to non-uniformty after the
sinteri ng%g?%%%%fﬁ@a&%gg)&gﬁlﬁe pl aten was set to 150C for 10 mnutes to
sinter the silMerprodite wahaikoelp i€ MHERS0 gt Mahdnoe satinatedncien KeC@@ €N he
source pad and drain_|line, was 150 SOBef ore the process of printing the

sem Conduebbvabifad, fo{lﬁ@e%bhﬁféﬁmﬁ&r cboregWMagers gng hexpne 4100 mkgat ment
was appl i h I Iy d tgg Hi gh
par i 1y 1 o dengE End € Bl iy IR i B ThOR RO UNEPLE BEANEAR GO |

WO 2009/ Jrﬁ]l%ﬂd%)l’ Aﬂd&ﬂ@@%a@ﬁ?xy&s memactonamied é]fHe c@mbﬁrml @gait Byésrwete 0

m nute. After m nute, the toluene was renm by blowing it off with an

air can (vzﬂsl’ﬂ%wﬂé w130 H&éx@rledaOV%n@gwwrwuliat@ ﬁflmd A $UNRSESSL AT ophenol
in high p Neh‘ye\éBBféﬁ&? ﬂ@%h&ﬁfé?%k ?Qnﬁ’&iﬁ S1edh @%&a?ciﬁr%% ENtid& éﬁiﬁp' e

and left or m nut e e solutfon was renove ngltofvmth an
ai r15can.D0kb, ﬁeﬂrdi@clm weatnsagfal doldriesadié (0. intriolf Mp@e@ﬂtlympmmkmfahe
solutlonfor 1.0 ute Theslutlonvva renpv owing it off with

the air J4RC uCF:B’fOVE the fodlowingednta: hHgIHMd% 093}\%4 G@ﬁé)éﬂé ddbdeti®bn the
entire S\%g{ %E]ﬁ Pi9 ks éf fﬂfhe Sd@tJ&iQerﬁ@an a dsgg & %%‘lf_l))r.zﬂl@?scc%ﬂgﬁe{npe

t ol uene le wt can. eparation o

Tr ansi st owish thy fd)mkthah o&’ral]lyldlmgpropﬁerhylcaoelgﬂmbor Deposi ti on Met hod

Conposi tions vvere depo |ted ont e |layered transistor structu usi ng an
i nkj et printer CCORKeREY! élilﬁoi?mé\)’gﬁﬂb’g%ﬂeg’l?}ﬁdiré 2tgramy. 9&&@8@@)&@&&@53&0@ MATI X
280§, seri-ggp available fromFujifilmD matix, Inc., Santa Cara, CA) in one
of three print patterns, each with an i ndivi dual drop volunme of 10

pi col i t er(20 nillhevao agdzsli to iaaing 10& . msd;bdttdrhrfkaslgbvith akbi0b& amdcopoledted d.i | t er

as they were Ioad d |n i nkj e artri Model No DIV[?(lf - 11610, from
Fujifil ma} ﬁléqqo;(o PRpty ht@’é‘ﬁ%é g'“gm "@%FE i ﬁ‘l?i‘@’ce) Head ‘%dir?ﬂ‘]"élsf)l aten on
whi ch t h%nh%(&o‘?&lc}nr@éksdlﬁwéﬁ tg Waﬂﬁfo%@ﬁh&ﬁr &hed %C?ﬂn?é’iﬁz{c%n&gh&n%t(l 9)

tenperature of approxi mately 30C. The distance fromthe I nkjet head to the
subst r at egravas, 3a&ﬁ)mmmil)nmwdyled amd {heinmetuee wasstirrddrfont8 Rars &Fire réactioR wdisops  of

ac ositio deposite 0i n 13 x.4 matri x (the. .

centr - t GlUER 'b%%(ﬁ%%? fa @a@%@k@cﬁ?%%%méﬁn e @it

transi st oyie0 gfg;@;ggera@tl&lmggmgr ops of a conposition were deposited
inan 11 x 9 rop tr|x (the center-to-center spacing of the drops was 40

m croneters) dntadargad?}nlenmayrsnﬂatserMeGHr(@’@ 1), $tl-@HAO032.60Arawls,ddsS of a
corrp05|t|on ﬁere deposited in an 11 x 11 drop matrix (the center-to-center
spaci ng dft e drops was 30 micronmeters) onto each

and 25 % HCI (2.5 mL) were combined with stirring and cooled to 0°C to form a second
30 solution. The reaction mixture was added in a slow stream to the second solution and
rinsed in with additional MeOH. Additional 25 % HCI (3 mL) was added, and the mixture

was stirred for 20 minutes. The mixture was placed in the refrigerator for 1 hour and then
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25transistor. These various X x Y drop matrices were deposited such that
the X drops ran in the sane sense (e.g., direction) as the channel w dth
and the YwoOnopssie® in the sanme sense as the channel | ergrhiS2eaolss71
conposition was allowed to dry at 30C while on the platen during printing
of the substrate, and then at roomtenperature after printing was

conpl eted. The mobility was determ ned approximately 1 hour to 24 hours

aft er t hellBoebiepoditlidogramuef e serepiyBibluassolid\ithoped!ing sd rBpeTliesbedon 045571

5 c ; ki o s hh
vk oa Al DESHIRl 5 LG Gl RO 08 ot "R SROAE Y oRBRRR | T,
cont ai ni Rgud. ayeicedadetyddil wisaemsi ¢digt Miishsnd BE PRE Wivh Adkadt | FHePtpdict pagcess,

by the followi ng nmethod. Upon conpletion of the surface treatnent of
Subst r at elutedysipga ¢l meduiepf bepnepardPCdh Toe sphpat wep remaned toraeld 0.5

Strugtures! - i : r

el Sced inbf Fud Gl TyE SRl Lt B AR HOEIRIGHE, Bl WA G TBRTs

sem conduygt@rinpafpQahd kidewddo drastatlingoteht ghte A wonduetgstalliayesn frdle SE- 128

printhead has 128 jets and an individual drop volune of 30&C0[i ters (pL).
r

The hei ghceigas yiskicdi3 &gypme Rf e argdlas @-GZrmeanbyé perrensyipleh).ritadysiref thhe
sabre angle 0 resol uti L. [ stratjon of
the sem goélrlled%%%? %)eg%%angtrlplj\’/ovﬁgi%@%ﬁgpéggﬁigg&pr%w@i&séggnl\@ﬁ%’icolﬁglgj orq"i% LSé ot her
llayers of4rBuk®t@dtie- 8.4 Hz, 4H), Be{@l, @ =0RpoEl 4HR®. 3¥ (nf, 28]) SR M(SOAHY Ot ®fm,
conposition, a preheat step was perforned in order to renove any sol vent
(t olQene)Dhas-k&fmi H8Y-on the substrate after the surface treatment. This
preheat step was conpleted with the online infrared |lanp at 6 passes, 2.0
15i ni sec, and 80 percent power. Once conpleted, the platen was cooled to
30C. PrephéatfomnofapiiRs or conposi tion was deposited onto Substrate 1 in
a print pattern defined by a bitmap i mage created i n Adobe Phot oshop and
shown in Fi gurZeBromaraepensi(#.38erammsc d8-6immeh ang prlgisousnidie Glephbyerst s

appr oxi mal el & 18 {1 SERIRL 8184 Horom a5 QMRLSF bdl Gy ARn G503 L Sheg by the
e dar Pcate d 0

702 dpi resol ution. rts rn Fgure 11n eposit1on of 1

drops (30 A hliqiot bhe-besMiitbRndUt ML IMAvEdI{ 2.0 inlheahésyhtas Bild®l droghvisat e t hat
no sem conduct or deposition occurred at that location. A total of 44 drops
of the seirEBadae coHIpeHpSheitgAp KardepoRrnEincsfon] @ memtes filoveddy

2L UE Lt S BRI AR o AR By O o W T VBRI, O

over the wanilletvedfo tvagn bhd Kirkdd for 48 Aosds 3¢ rmch@nnelixtwtet h t he 25centerl i ne
running in the same direction as the channel width. That is, the centerline

of the print pJartsepHagalsy pOEmL wyadbaitemdlpshattheetr bie source and drain
el €54 ' Odetﬁmeth%il%?a%gtlyﬂe%% %375? QHHB,SE% %rﬂé]ﬁ Ad anhydrous THF (10 mL) were

combined and cooled to 0°C. An aliquot of n-butyllithium (14.8 mL, 37 mmol, 2.5 M in
hexane) was added dropwise and stirring was continued for 2 hours to form a second
mixture.
The first reaction mixture was cooled to 0°C. The second mixture was added to the
25 first mixture by syringe, and stirring was continued for 12 hours. The reaction flask was
emptied into a saturated NH4Cl solution (100 mL), and then a 1:1 hexane and diethyl ether
mixture (100 mL) was added. The organic layer was separated, and the water layer was
extracted again with the 1:1 hexane and diethyl ether mixture (20 mL). The organic
portions were combined, washed with water (20 mL) and brine (20 mL), dried over
30 magnesium sulfate, filtered, and concentrated via rotary evaporation. The product mixture
was dissolved in THF (50 mL) and then MeOH saturated with K,COs; was added. Stirring
was continued for 2 hours. Water (100 mL) and hexane (100 mL) were added. The
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Preparation of Transistors by D p-Coating - Sem conductor Deposition Method
1] Al'l dip-coating experinents used Substrate G which were treated
for 3 m muDesowv1s1EsPl asma Cl eani ng System (Model YES- GLeOO/USeanioxisel d

Engi neering Systens, Inc., Livernore, California) using a power setting of
500 Watts and oxygen pressure of 5approximtely 200 mlli-Tor. Each

sem conductor solution was filtered through a pol ytetraf| uoroethyl ene

( PTFE) fidrgayc W@lhwas ysopatediang thym \gashegrivith vpter{0 2. )ndniad vk agneshHER | s

conmer ci al t t R4 Pal |
Life SC: %anétga%( balrﬁ #H&%Meg%la dlf ?%ﬁz ega % a%%g tJ) ﬁf&lﬁ%ﬁgp%nga olér%g}%
(appr oxi rml(ebymﬁ@l mopwicae, yiddmandBeR, ofalfﬁjcﬁ&ldﬁﬁbh}pwuc Gi@le&ﬁﬂﬁt rat e
sanpl e was di ppe a draw rate of 10approxi mate mllimeters

m nut e usfPH@iWngdiatﬁ iﬂﬁMRdzg%W@ﬁBClB t 5% (é@dﬂr@r%ﬁh(ﬁlylléilél‘lza(m ]EH)under

Uni 100K GO T Akpraii o s Y R EEHRIER sk used. Ench Sampl e

was al | ovgshrégen gr(ylsgﬁropggmlta@ap@ﬁ@ture After coating, long crystals were
present on the 02 surface of the substrate, and typically oriented

parallel to triﬂlecnbpvagrownédusosrowhéyl @ﬁ@’lﬁdﬁﬁﬁrﬁﬁf@h 16 mﬁlél)@ﬁsist als ran

in the sane direc t he di ectl e
el ect r odéd Y%BB? OXi 3&? Iel}%“)) V80D° ]ﬁ hngas rf‘iir%% q?/\gt maﬁ%pgw t%)1r5| ted
t hrough a&aghaderedmisl thsilag t@ 0thed- Bi@tbzllﬁMamC(lS&St@L, 14 Aol f05 M ﬁﬁletxa@é)a stors

with a bottom gate, top contact architecture. Source and drain el ectrodes
wer &0 or | evaseddod diepwiss. IStirgnavpeensitignedfor 2Heues édﬁrP@ﬁ@@enqqh@oeﬁélnﬁel wi dt h,

per pendi 4 J«lr% 4%%11%}) w%@ad’a)éa% d §1%l%mx?ur9 9\%@#& 4%8186901%6 rggc a%d such

that the Shi ranS|s or i's apprOX| m Cr onet ers and the

channel |RegEHRdIbY tRORIKINBEES L 1OQaftiratONRL el §01ut|i&i? lahd then alted whest Met hod
| The saturation field effect nobility (R) was determ ned using two Source

Measur e 24erHi (S0 oNpde forpyp rst le%mﬁll@y | nstruments, Inc. (devel and,

OH)). The deV| I8 1.9 robes
connect ed usi né%g %?ﬁ%&m pul & %?16 %%%?ﬁgaj\?aﬁﬁ g I(%%lesfd?stsij}f;V §i gn@{%%}P

Corps, G(BOOWL)GAN 25 ThEICH( Sihil.) twars 20d6dCte fhinas s@’d@hﬂ@ﬁﬁtufé/@ﬁ')erw@hﬂg&hd at -40
V. while the gate to source bias (VG ) was increnented over the range + 10

V to -40 svccmﬁi ix{arg e, thharsgrearnnsyintes wageddet in(@) sy stigan prdhal as a

30f unctiq AY V +

const ant 0 57 28R o Fae S BRE k@R, ider R ek Bor O D Bl B

ef fect mabed fikted p) yidks gad-gtdeatseldd. f T MOg22096/1539y BRET ﬁpﬁﬂﬁﬂﬁh@%S? 1 the
sl ope of the linear portion of the plot of the square root of Ins versus

VGs usi ngmiaet ed&M citonDsmb) rstedasitivhgane (0 mheead thenginsegonipadhick ¢
capsgi t ange  Pud K& 0R%EetPlehl GGE Alibied Wsing HelfheC RANMAEL ¥ bt ¥ efutddS

using a 5:1 hexane and DCM mixture. Removal of solvent yielded 1.35 of a blue solid.
Recrystallization from acetone (about 400 mL) yielded 1.1 grams of blue needles (1.74
mmol, 38 percent yield). Analysis of the blue needles product provided the following data:
'H-NMR (200 MHz, CDCl3) 8=9.3 (s, 4H), 8.0 (dd, J = 3.2 Hz, 4H), 7.4 (dd, J = 3.2 Hz,

25 4H), 5.9 (bm, 2H), 5.8 (bm, 2H), 2.1 (s, 6H), 1.3-1.4 (m, 28 H); and mass spectroscopy
(70 eV, EI) m/z 634 (100 %, M+).
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5t he channel length. For sonme transistor sanples prepared using Substrate
E, the gate to source bias (VGs) was increnented over the range +20 V to
-40 Yin IW0 200915978 . Using a plot of the square r®oT/uskookD$559Er Sus
Vcj s curve, the X-axis extrapolation of a straight-line fit was taken as
the threshold voltage (Vt). In addition, plotting IDs (using a | og-scale)
as a function of VGS afforded a curve where a straight line fit was drawn
al ong a Mysparation SfC-DHBScurve containing V. The inverse of the slope of
this line was 4k - I - - raf i s taken as
the differ enceflﬁsg?l\%\tggﬁ‘% Q(g?@nﬂ%lkzg}ﬂ%rﬁlg%gw{r@% S’rlr%ljmirdt?g'jt}l4 O%E E:I?Jerd ?Iéh%p%\?DS) val ues
of the | RByHiiMpoirilykaceivibdmi [distyssdbahoee Tetht pivpirhtich df1IA-DEFH By substitate
mobility of each sanpl.e was deterpined in air undeg ' | j.ght ] usi ng
two Sour ccéfcl%@gnlrreaaaﬁ?%\%?%ﬂ‘éﬁor H]b‘dn?%wfkéquﬂa‘éyhrﬁm (@%HYIE?, e

(O eyela )+l h A Iase ap S Sefrl es probe station
ande%robérggi cz:'?r;%’e}clg)éégu@?}é{dqgﬁ%’\%@g@ﬂ@h?’égIr(‘%lf %Prlg ?%%?‘ﬁ g[\[/%i | abl e from

Si gnat one Cor prhe fEeparaion ceAYinucihemiardy to that feothe pecparamn\wdlA-BIRS bvDs) was
held at -40 V, while the gate to source bias (VGs) 20was. i ncrenented over
the rangeubstiuing gelopgonyl 1F§ORTOVY1§tlé]p?§?tﬁq¥§%%ﬁélry sopopyBilyhacgiiens. it
calculatqg}er Ry (O n$LSt-Or. c I ate

The "effectl v@m(): an%l’e: vv%?h" 'o?s’ %ﬁi%dée{/a?iézs%\)\%g%dgg ’e@%’ zéz(ag’iaggés'gi p

coati ng dilg 4pD! 1.ak(Weis281@)s 018G () SEIppI2et(eh, cEyer age of the substrate. The
percent age of substrate surface covered by dried sem conductor conposition
wasl@reasur ed by (i) taking three 25digital photos of the substrate at high

magni fi cag.j 0X)n_ n (ii) using photo editing software (avail abl e
under thgﬁljteﬁg@(etgogle%i)%}l)g?lgon PHOTOSHOP C53 from Adobe Systenms Inc., San

Jose, CA) to iTgfntarhpoudtdtvdssnadesiasdessmehodxpnsettoghibstused & mepaidi f or m
bl ack (0,0,0) coloration in L,a,b color space, then (iii) usiTrl}g t he
hi st ogr arFenaepany Kliisepropdsib gegsylens dispepsebtong itheprenseaitoniof IFAHPRdycent age

of photo . UM, RQsS] t < d. W) H3 Tagl I 't of
the thr eeswgﬁglfl%g? gﬁgdﬁ \}gbug&%/ea(fg%%é?%c?ﬁissﬁé& cée(a'(t:l}c{)%%?oggﬁégol?&%t%% &s]ﬁ%gt raqe. The
val ug of istgtfahgéro€nue g8 *Gasort2nkthioip@Peic geadratad at ant hetrefiihglti ve channel
WD 2009/ 151978PCT/ US2009/ 045571 wi dth of the TFTs, and this effective

channel Virempapgaena gy ntBld an tofabyEoy He7€ ¢ ) iTIéer}vﬁBb@pp MHz1ek) 0 The
fol | ow | | ' | i dt b *
Lo o IR A, BIES AL ot FIRIBL I L 2ee

of sour cgqand=drsai 2 KQNHYCL $0 &( asodenasited), and C, is the surface
coverage (in percent). For exanple, if the source and drain el ectrodes were
1000 m crons |Brgrepndatimecostinyedeemdabetodhe fpptcgoensertioaef IPHBR by

20 substituting (1-methylenepropyl)diisopropylsilyl acetylene for isopropenyldiisopropylsilyl
acetylene. "H-NMR (200 MHz, CDCls) 8 =9.33 (s, 4H), 7.98 (dd, J = 3.4, 6.6 Hz, 4H),
7.41(dd,J=3.4, 6.6 Hz, 4H), 5.9 (q, J = 1 Hz, 2H), 5.83 (quint, J = 1 Hz, 2H), 2.19 (q.t, J
=8, 1.1 Hz, 4H), 1.39 (br. s, 28 H), 1.24 (t, ] = 8 Hz, 6H).

25 Preparation of Compositions with a Solvent and an Organic Semiconductor —
Composition Preparation Method 1
An amount of an organic semiconductor and an optional amount of polystyrene
were weighed into a glass vial followed by the weighed addition of solvent(s) to prepare a
composition of the desired concentrations of organic semiconductor and optional
30 polystyrene in the composition and the desired weight ratio of solvents for compositions
that contained more than one solvent. The vial was capped, and then wrapped with

aluminum foil to shield the composition from light. The vial was placed on a IKA
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the effective channel wi dth would be 800 m crons. The saturated field
effect nobility (a) was calculated fromthe slope (in) of the plot of the
square row02009/d1E8N current versus VGS using the fol |l orcCagiSeepaasison: n L
10,u 2 WC where Cis the specific capacitance of the gate dielectric, Wis
the effective channel width, and L is the channel |ength. The nobility

val ue for each sanpl e was the maxi mum nobi l ity val ue observed over the

range of I/BORI IK HSs@b#haket KdaVgeketanbH e (ool GrStaufen, Gegaghy) g8d hod as
Mobility Egl&:;nr Qﬁ%{}mtmo?%ﬁ the gate to source (VGs) bias was

i ncr ement’e Bn 5 equal ly spaced steps. In Tables 1 -5
and 7- 11, all the conpositions listed in one table were inkjet 20printed
onto the very same substrate sanple. That is, one conposition of the table

was not iktiepaxation offcampeidonseith aSolveat and amiirganicSentgondiréaher
corrp535| tl(?&nﬁI)Sl{l{)}g é"lfargnb Me‘%t’-otﬁ nted onto anot her substrate sanple of
ype an

t he sane ace rea In Table 6, four substrates types are

listed. For exmmphesnttdfah otdagic dohcamatot Meanadptidubisdnicain€of pdigst@enPosi ti ons
were inkjet printed onto the very sane substrate sanple. 25 Exarrpl e 1 and

Conpar at i W meaghsl énte a glass viakgontinpiigs wagnesg gickpsaklawd/y thg avpighed |

t f
compos L 00 or ko) B0hcRRE SXBinolL 5 bR H S ANRELEAABRAIAE 2.0,
Pr epar at isemiddataor dnd dpaiohalqigaeseid i@nhs\esnsisigi dnddhoddsoedwdbureid ofr OAC

di eI ectrlc | ayer of Substrate H by taking up a small_vol une of the

appt®pri aﬁpl:yeeérf%%qrtn%ﬁlqnﬁhaé wgtﬁtreélmqratt@p%ﬁ?lvems dbs abil evaglcarpedpingdet t e,
pressing i I I

e R e e
pressi ng tb Beickiuhb compesitial fremaight. die wohtentdfwdrd etireinfpo s ntihidmunt biit2 h@ds

remai ned on the walls of the pipette onto the cured ZrOAc dielectric |ayer.
Bot h 5t he corrposi ti on and substrate were at roomtenperature. This process

resul ted I;ljg ;m{ ap i %g,lepédsTp‘{nsﬁtmrgéﬁ?thés conposition that deposited onto

the diel ect? osit1on was owed to dry for at |east 20 m nutes,
andlj hen the sIHmldQ mmmtwemnmdwhm@bmghwﬁbmmccﬁmCtm croscope in
differential interference contrast (D C). node, Optical m crographs of

seni cond&é@tﬁt@cwéepwetetpgenaé%eﬁwh@&rwt@%rezs gesgEid @qhtn prcanp! PR Paismh ani sol ¢

and 1.8 ‘ggblgﬂﬁnﬁﬁgﬁ%ﬁnéﬂ RS, 2@7%’5@6@”@%%%&?9aEQcthPa[BBR?drt\x}aQ Becpf Shown

in Figur respectively.
using one of eight substrates. Source and drain electrodes were rectangular and ran

parallel to each other separated by the channel length. The transistors had a channel

20 length, L, of 100 micrometers unless otherwise noted.

Substrate A was glass with dimensions of approximately 50 millimeters by
approximately 50 millimeters by approximately 0.7 millimeters and having a layer of
sputtered aluminum approximately 200nm thick on one side. The top surface of the

25 aluminum was anodized to alumina (Al,O3) of the desired thickness, typically around 100
nm (75 V). A layer (approximately 300 nanometers to approximately 400 nanometers
thick) of dried and cured ZrOAc was formed on the anodized surface. The dried and
cured ZrOAc layer was formed by coating the anodized alumina surface with a ZrOAc
polymerizable composition by spin coating (acceleration rate of 415 revolutions per

30 minute (RPM) with a final speed of 2000 RPM for 30 seconds), heating on a hot plate at
100° C for 10 minute, and exposing to UV light (i.e., 254 nm germicidal lamp) in a

nitrogen atmosphere for 15 minutes, and then heating on a hot plate at 100 °C for 10
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The TIPS deposit fromanisole did not uniformy cover the dielectric |ayer.
Rel atively large crystals were fornmed that only covered a small portion of
t he area woi20dviEl478¢ covered by the conposition. It appe®&C3/ushew/osisal
conposition was pinned on the 15substrate; that is, the location of the
contact |ine between the conposition and substrate was mai ntained at the
sanme position as the anisolc evaporated. Since anisole evaporates

rel at i velyingfeonOpldsprectiadgeld dratnedleqifodehweigrigpoigepopitatHepprionindidy same

| ocati on,, el @t l. anger,;. ¢ S r t EVS [ t
flueh aga olvestSil (g BFin et Mt AMhe Qo PRl SIRLE AT, o
the di el egdsrdagriddayeisinda sh@iey @ikt in the drying process, 20the
conposition becane unpinned along at |east a portion of the perineter and
the contact line noved inward to establish a new equilibrium position

di ctated by the el BaGkah nltgpékiﬂgoxpgﬁﬁmhttﬂ GOORAS (4 il A0hosubst rat e.
The Tconposi tion agai h becamne hned a I's new l'ocaton and more crystals
wer e gr owaferlighly dobydh-al&sohed)avidepasistieity rRogn 0085 iohint-¢ra) andeuppiedder of

the drop and in lines that represent the |ocations where the contact |ine
25becane Wit @00 Apgyron-thigksthggaad jopide (B 0B HheeTent suHece andegatsd vwathyld0al s do
not si gni | ocat | : i I ey were
For med wHotE 5o shEGhLERRed R Mof 26500 BF bkl o Pl Bk Piaciicre

i nwar d, afgh NereTedhnblgies) st @agpbbidtCARpdTigy war ahodigartediusingianvaglgdd ne
broke away and were carried by the receding solution, and then were

red&hosi tB¥Hn Theeodd spareesnd gothdragntlegtiadas wererapar-flgposiigdite theede s to

becone 3Qpi 1 - | 4.0 in i £ 1,Cl f the
subst  at o 1t 1 peSFo/ b Ak Gl SRR alng PAR b Guf Dinl Yl B4R 7,
addi ti on shhdaleansle Substrhe B aaposidddanidganuxgytdgiasnihdcdinicBoprivrdeasne

sol vent m xture, dramatically changed the norphol ogy of the TIPS deposit on
the dielectric layer. The TIPS was deposited as well-defined crystallites
over virtually [ r 14 . ; . t appears
that the addigrgﬁﬁgﬁpgéggﬁéq} gg@’&?ﬁgﬂ$§ﬁ%§%§§E%PQ§?hggg%%%gg¥%}on to pin
to the substriapklyaloged ht gdrsanic)edticetsistieity ofnlags thaagl0s ahin-theacbnposi ti on
with the substrate. The crystals tended to grOM/anng t he substrate rather

than awnayUppién s 4088 Apgttom-thiek Baemaliosiled Pie cades fien) surfaw andvgatedsul t ed
'na reC'MMG’éRﬁ%sufo Wlddtarffam nl H@Q&@?Qq%v{?g%?hﬁ JrARNGRAMMARIhe Qfkas the

sol vent evapor at ed. is recirculatory ave contributed to the
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each of Exanples 2-4 and nparatjve anpl es 2-3, conpositions were
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surface temperature of approximately 110°C for approximately 6 minutes. The substrate

25 was allowed to cool for approximately 25 minutes, and then 1,1,1,3,3,3-
hexamethyldisilazane was applied to the surface and was allowed to stand for
approximately two minutes before using a spin coater at 4000 RPM for approximately 2

minutes. The substrate was stored in a wafer carrier overnight before use.

30 Substrate D was an n-type silicon wafer with thermal oxide (a silicon <100>
wafer highly doped n+ (arsenic) with a resistivity of less than 0.005 ohm-cm, and supplied
with a 1000 Angstrom-thick thermal oxide (SiO;) on the front surface and coated with 100
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TIPS Wei ght percent PS Solvent Field effect mobility (1,0 CE 2 1.8 0
ani sole 1.60x10-3 cn2/V-s 2 1.8 0 91/9 ani sol ddecane 1.13x10-2 cn2N-s CE 3
1.8 0.9 awD=22009%1519786x10-2 cnN-s PCT/US2009/045571

Angstroms of titanium nitride and 5000 Angstroms of aluminum on the back surface),
from Noel Technologies, Inc. (Campbell, CA). The wafer was cleaned using an oxygen
plasma. The gold source and gold drain electrodes were vapor-deposited onto the oxide
layer. Patterning was carried out using a shadow mask. The substrate was cleaned using
5 an oxygen plasma, and was then immersed in a 10 millimolar toluene solution of
pentafluorothiophenol (obtained from Alfa Aesar, Ward Hill, MA) for one minute. The
substrate was then dipped into and rinsed with toluene and was dried on a hot plate having
a surface temperature of approximately 110°C for approximately 6 minutes. The substrate
was allowed to cool for approximately 40 minutes before use.
10
Substrate E was an n-type silicon wafer with thermal oxide (a silicon <100>
wafer highly doped n+ (arsenic) with a resistivity of less than 0.005 ohm-cm, and
supplied with a 1000 Angstrom thermal oxide (SiO,) on the front surface and coated with
100 Angstrom titanium nitride and 5000 Angstrom aluminum on the back surface) from
15 Noel Technologies, Inc. (Campbell, CA). The wafer was cleaned using an oxygen plasma.
A thin layer of titanium and an approximately 2000-Angstrom thick layer of gold were
vapor-deposited onto the thermal oxide to form the source and drain electrodes.
Patterning was carried out using conventional photolithographic lift-off methods. The
substrate was cleaned using an oxygen plasma, and was then immersed in a 10 millimolar
20 toluene solution of pentafluorothiophenol for one minute. The substrate was then dipped
into and rinsed with toluene and was dried on a hot plate having a surface temperature of
approximately 110°C for approximately 6 minutes. The substrate was allowed to cool for
approximately 25 minutes, and then 1,1,1,3,3,3-hexamethyldisilazane was applied to the
surface, allowed to stand for approximately 2 minutes before using a spin coater at 4000
25 rpm for approximately 2 minutes. Then the wafer was allowed to stand in a wafer carrier

for at least 8 hours before use.

Substrate F was glass, having dimensions of approximately 50 millimeters by
approximately 50 millimeters by approximately 0.7 millimeters and having a layer of
30 sputtered aluminum approximately 200 nm on one side. The top surface of the aluminum
was anodized to Al,O; of the desired thickness, typically around 100 nm (75 V), and had a

layer (approximately 300 nanometers to approximately 400 nanometers thick) of dried and
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3 1.8 0.9 91/9 ani sol e/ decane 3.72x10-2 cn2N-s 4 1.8 0.9 88/12
ani sol e/ decane 5.29x103 cn2N-s 20 WD 2009/ 151978PCT/ US2009/ 045571
Exanpl es Woo@vid1928npar at i ve Exanpl e 4 For each of ExamplCa&as2e08/0a35d1

Conpar ati ve Exanpl e 4,

conpositions containing 1.8 wei ght percent TIPS and
0.9 wei ght percent PS were prepared by Conposition Preparation Method I.

The solvent or solvent m xtures included in the conpositions are 5indicated

in Tabl e cRredi£rityq et e gnodired swriapar Bk Gycd oA Miap doriied bysepisd iFons ont o

avor ago ErPHd Sk AL I BRSO RS B IPRAHIRE ana 1 ne

data are (géoéstation riridfe1 2 RPMYE ot speed DF 2060 RPM for 80 skxoady), Bsating@nand
Conpar ati ve Exa

5

10

15

20

25

30

hot plate eg[pllogo LCLfor 10 minute, exposing to UV light (i.e., 254 nm germicidal lamp) in a
nitrogen atmosphere for 15 minutes, and then heating on a hot plate at 100° C for 10
minutes. Silver source and drain electrodes were vapor-deposited (approximately 2000
Angstroms thick) on the dried and cured ZrOAc layer. Patterning was carried out using

conventional photolithographic lift-off methods.

Substrate G was an n-type silicon wafer with thermal oxide (a silicon <100>
wafer highly doped n+ (arsenic) with a resistivity of <0.005 ohm-cm, and supplied with a
1000 Angstrom thermal oxide (SiO;) on the front surface and coated with 100 Angstrom
TiN and 5000 Angstrom aluminum on the back surface) from Noel Technologies, Inc.
(Campbell, CA). The wafer was cleaned using an oxygen plasma immediately prior to

usc.

Substrate H was glass with dimensions of approximately 50 millimeters by
approximately 50 millimeters by approximately 0.7 millimeters and having a thin layer
(approximately 300 nanometers to approximately 400 nanometers thick) of dried and
cured ZrOAc dielectric on one surface. The glass was coated with a polymerizable ZrOAc
composition by spin coating (acceleration rate of 415 RPM/s, final speed of 2000 RPM for
30 seconds), was then heated on a hot plate at 100° C for 10 minute, was then exposed to
UV light (i.e., 254 nm germicidal lamp) in a nitrogen atmosphere for 15 minutes, and was

then heated on a hot plate at 100° C for 10 minutes.

Substrate I was a flexible poly(ethylene naphthalate) or PEN film, which is
commercially available from DuPont (Wilmington, DE) under the trade designation
TEONEX Q65FA, that contained an array of layered transistor structures that were
fabricated by inkjet printing of the gate electrode layer, gate dielectric layer, and source
and drain electrode layer on the film. The array contained 8 rows and 15 columns of
transistor structures (120 transistor structures total), and the transistor structures were on a

3.0 mm pitch. All of the images of the layers that were printed (gate electrode, gate
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Exanpl e Solvent Field effect nmobility (1) CE 4 anisolc 1.06x10-2 CMN-s 5
94/ 6 ani sol e/ decane 1.03x10-2 cnN-s 6 91/9 ani sol e/ decane 2. 27x10-2 cn2N-s
7 88/ 12 awpodlstssane 1.41x10-2 cn2N-s 8 85/ 15 ani sol elPdeamp@od4352k10 3
cn2N-s

dielectric, source and drain layers) were created in Adobe Photoshop. The all-inkjet
printed layered transistor structures were fabricated by the process described in detail
below.
An 87x11.5” piece of 8 mil thick PEN film was fastened between two pieces of

5 stainless steel. The two pieces of stainless steel were clamped around the perimeter of the
PEN film such that the stainless steel clamps framed the PEN film. This stainless steel
frame helps minimize the shrinkage in the PEN film throughout the process. Both sides of
the framed PEN film were cleaned numerous times with absolute ethanol in order to
reduce particle contamination and to provide a clean surface with a more consistent

10 surface energy. After cleaning, the clamped film was positioned on top of a hot plate and
the frame sat on an aluminum vacuum table of the inkjet deposition system. The hot plate
was attached to the aluminum vacuum table and fit inside the frame. The frame was
fastened with four screws into the aluminum vacuum table. After the clamped film was
placed in the system, the top surface was cleaned one more time with ethanol.

15 A printhead, which is commercially available under the trade designation SX3-128
from Fujifilm Dimatix, Inc. (Santa Clara, CA), was then inserted into the system. The
deposition system had precise position control of the inkjet printhead in the x-y directions.
This printhead had 128 jets with a 10pL drop volume. The printhead was filled with
approximately 20.0mL of inkjetable silver conductor ink, which is commercially available

20 under the trade designation CABOT AG-1J-G-100-S1 from Cabot Corporation
(Alburquerque, NM). This material served as the gate layer of the backplane. Once the
printhead was in the system, the height and sabre angle were adjusted. The printhead
height was adjusted to approximately 1.0 mm above the surface of the PEN film. The
sabre angle was adjusted to give a desired resolution of 702 drops per inch (dpi). Upon

25 completion of the aforementioned, the substrate was registered. The corner of the
stainless steel frame was used as the starting point or origin. From the origin a 1.0 inch
offset was set in the negative x and y direction. This was the location where the printhead
started printing the conductive ink or patterned gate layer. Registration was accomplished
with a DVT Machine Vision (Legend 530) CCD camera.

30 Before the application of the conductive ink, the substrate was pre-shrunk.
Shrinking of the film between the thermal curing of each layer affects registration of

subsequent layers. The pre-shrinking process included heating the film from the bottom
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Exanpl e 9 In Exanple 9, a weighed m xture of 91 wei ght percent

ani sol ¢ and 9 wei ght percent &cane was conbined with sufficient TIPS and
suf fi ci erWORBB/15y97€0nposi tion 15Preparati on Method |to pCowSd@9Ins4ss71
conposition containing 1.8 weight percent TIPS and 1.8 wei ght percent PS2.
Transistors were prepared by depositing the conposition onto Substrate E in
Print Pattern 3 using Sem conductor Deposition Method I. The channel |ength

was 30 miadedhetopof thﬂwbstéaﬁ@r%lg@m&fmm belpwinsas dpaeeifh the ankies s it 7Xho- 2
CmeNs by %B'fge \;/Xs s\é‘ffl u 6St Pfggttn? ﬁiorgn abg\? @%{l‘@gt}%fe V%QS %e thlhI qjgd:d)r each of

Exanpl es |ons contai min percent and 0.9

wei ght pe\rv@emchﬁﬁfrma @Imnaﬁpr e)(ﬂcebtsheqi@ﬂpla&l rehdhiad I?Q@Omarﬂad TronRniyaichad! .
Transi stors WD 2009/ 151978PCT/ US2009/ 045571 were prepared by depositing
t he conpadiet thewybwisienS Bues ithtag chocity opiipgheppen sseendandsit ad 0&ppicednduct or

i hat e orn A of s RESHE R TR R B LN FRRRT BB Ve e

Test Met hegthed anerQ, ehichad as @eerded ¥ an infrafabpgodeted Tabl e 3. Transi stors of
Exanpl es 10-13. Exarrpl e Solvent Field effect nobility (N 10 97/3
ani sol e/ dodec daronacoppiatmnpf thppre-shrinking process, the substrate/ platen was cooled to a

temperature of 45°C and the silver conductor ink was inkjet printed onto the PEN film.

Once the patterned silver conductor ink was deposited onto the substrate, it was held at
10 45°C for 5.0 minutes and then sintered with the online hot plate and infrared lamp. The

hot plate was set to 125°C and the IR lamp scanned over the patterned image 5 times at a

velocity of 2.0 inches per second and at 100 percent power. It took approximately 25

seconds to sinter the silver with the IR lamp. After the silver was sintered, the

temperature of the hot plate was set to 150°C. The substrate remained at this temperature
15 for 10 minutes.

The next layer in the fabrication of the all-inkjet printed backplane was the gate
dielectric layer. After thermally curing the gate layer, the SX3-128 printhead was
removed and replaced with a printhead that is commercially available under the trade
designation SE-128 from Fujifilm Dimatix, Inc. (Santa Clara, CA). This printhead was

20 used for printing the dielectric material composition, which was a ZrOAc polymerizable
compostiion. The SE-128 printhead had 128 jets and a 30 picoliter (pL) drop volume.
The height was set to approximately 1.0 mm above the substrate and the sabre angle was
set to produce a resolution of 702 dpi. The platen temperature was reduced to 26°C.
Before printing the dielectric layer, a test print was printed for registering the dielectric

25 layer relative to the patterned gate layer. The test print was compared to another test print
that was printed with the gate layer. The measured difference between the two test prints
determined where printing of the dielectric layer began. The registration of this layer was
done with the use of the CCD camera.

Once registration was completed, a blanket coat of dielectric material was printed

30 onto the gate layer. Upon completion of printing, the printed material was immediately
dried, cured, and dried again. The first drying process or pre-bake was done with the

online hot plate and IR lamp. Once the hot plate reached a temperature of 75°C, the IR
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94/ 6 ani sol e/ dodecane 4. 76x10-5 CVM2/V-s 12 91/9 ani sol e/ dodecane 3. 48x10-7
CM2/V-s 13 91/9 anisol e/decane 1.00 x10-2 cn2N-s Exanples 14-16 For each
of Exanplwe 208b/15678conposi ti ons containing 1.8 wei ght pectarstoosioPS7and | 0
0.9 weight percent PS were prepared by Conposition Preparation Method I.
Transi stors were prepared by depositing the conpositions onto Substrate E
in Print Pattern 3 using Sem conductor Deposition Method |I. The sol vent

m xt ur es lpmeserraad prertthepdrad guige tﬁ’ﬁélfl@ﬁﬂeﬂt pryglogty e62.0nan/veeing a 40 PRiscaiver age

i 13 s e s AL T, IR Tl i
Sol vent Kt dbukf a@ed thawind]bdtitiy 1afy b toléklﬁyv&” and trap the solvent. Therefore, most
of the drying was done thermally from below the substrate. After the infrared lamp
5 scanned over the sample, the platen temperature remained at 75°C for an additional 10
minutes. This step in the process was utilized to remove any remaining solvent. After the
solvent was removed, the dried material was cured or cross-linked at a platen temperature
of 45°C. This was accomplished with a 250 nm wavelength UV germicidal lamp with a
nitrogen purge. This process took 401 seconds to complete. The final drying step or post-
10 bake used the same process steps as the previously mentioned pre-bake except that the IR
lamp was scanned over the image 5 times at 2.0 in./sec and at 100 percent power.

Upon completion of the dielectric layer, the SE-128 printhead was removed from
the system and replaced with the SX3-128 printhead for deposition of the source and drain
layer. The source and drain layer was printed twice with inkjetable silver conductor ink

15 commercially available from Cabot under the trade designation CABOT AG-1J-G-100-S1
from Cabot Corporation (Alburquerque, NM). The height of the printhead was adjusted to
approximately 1.0 mm above the substrate and the sabre angle was set for a resolution of
702 dpi.

For printing of the first source and drain layer, the platen was cooled to 45°C and

20 registration was done in the same manner as previously mentioned for the dielectric layer.
Once printing was complete, the platen temperature was raised to 60°C for 30 seconds.
This sintered the silver along the edges before completely sintering the material at a higher
temperature. After 30 seconds, the platen temperature was raised to 150°C for 10 minute.

For the second printed source and drain layer, not every image or feature was

25 printed twice. The drain lines were only printed once, whereas the source pads were
printed twice. The source pads were printed twice due to non-uniformity after the
sintering of the first layer. The platen was set to 150°C for 10 minutes to sinter the silver.
The channel length, that is the distance between the source pad and drain line, was 150
um.

30 Before the process of printing the semiconductor began, the platen was cooled to
30°C and a surface treatment was applied to the dielectric material and the source/drain

contacts. High purity toluene was deposited onto the surface of the entire sample with a
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Mobility Val ue Test Method | and the data are given in Table 5. Table 5.
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20 seconds the toluene was blown off the sample with an air can.

10 Preparation of Transistors by Inkjet Printing — Semiconductor Deposition Method 1
Compositions were deposited onto the layered transistor structures using an inkjet
printer (commercially available under the trade designation DIMATIX 2800 series,
available from Fujifilm Dimatix, Inc., Santa Clara, CA) in one of three print patterns, each
with an individual drop volume of 10 picoliters. The compositions were passed through a
15 0.2 micrometer filter as they were loaded into inkjet cartridges (Model No. DMCLCP-
11610, from Fujifilm Dimatix, Inc., Santa Clara, CA). The inkjet head and the platen on
which the layered transistor structures were placed were held at a temperature of
approximately 30°C. The distance from the inkjet head to the substrate was
approximately 1 millimeter. For Print Pattern 1, 52 drops of a composition were deposited
20 in a 13 x 4 drop matrix (the center-to-center spacing of the drops was 40 micrometers)
onto cach transistor. For Print Pattern 2, 99 drops of a composition were deposited in an
11 x 9 drop matrix (the center-to-center spacing of the drops was 40 micrometers) onto
cach transistor. For Print Pattern 3, 121 drops of a composition were deposited in an 11 x
11 drop matrix (the center-to-center spacing of the drops was 30 micrometers) onto each
25 transistor. These various X x Y drop matrices were deposited such that the X drops ran in
the same sense (e.g., direction) as the channel width and the Y drops ran in the same sense
as the channel length. Each composition was allowed to dry at 30°C while on the platen
during printing of the substrate, and then at room temperature after printing was
completed. The mobility was determined approximately 1 hour to 24 hours after the

30 compositions were deposited.
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Preparation of Transistors by Inkjet Printing — Semiconductor Deposition Method 11

Compositions were deposited onto Substrate I, a PEN film containing layered
transistor structures formed by an all-inkjet process, by the following method.

Upon completion of the surface treatment of Substrate I as described in

5 “Preparation of Layered Transistor Structures”, the SX3-128 printhead was removed from
the system and replaced with the SE-128 printhead. This printhead was filled with a
semiconductor composition for forming the semiconductor layer. The SE-128 printhead
has 128 jets and an individual drop volume of 30 picoliters (pL). The height was set to
approximately 1.0 mm above the substrate and the sabre angle was set to produce a

10 resolution of 702 dpi. Registration of the semiconductor layer was completed as
previously mentioned for the other layers of Substrate 1.

Before deposition of the semiconductor composition, a preheat step was performed
in order to remove any solvent (toluene) that remained on the substrate after the surface
treatment. This preheat step was completed with the online infrared lamp at 6 passes, 2.0

15 in/sec, and 80 percent power. Once completed, the platen was cooled to 30°C.

The semiconductor composition was deposited onto Substrate I in a print pattern
defined by a bitmap image created in Adobe Photoshop and shown in Figure 1. Each bit
or pixel in the bitmap image represents approximately a 36 micrometers x 36 micrometers
arca as established by the 702 dpi resolution. The dark bits in Figure 1 indicate deposition

20 of 1 drop (30 pL) of the semiconductor composition. The light bits indicate that no
semiconductor deposition occurred at that location. A total of 44 drops of the
semiconductor composition was deposited onto each transistor structure. The centerline
of the print pattern, which runs the length of the long dimension of the pattern as defined
by the bitmap, was centered over the center of the thin film transistor channel with the

25 centerline running in the same direction as the channel width. That is, the centerline of the

print pattern was positioned midway between the source and drain electrodes.
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Preparation of Transistors by Dip-Coating — Semiconductor Deposition Method I11
All dip-coating experiments used Substrate G, which were treated for 3 minutes in
a Plasma Cleaning System (Model YES-G1000 from Yield Engineering Systems, Inc.,
Livermore, California) using a power setting of 500 Watts and oxygen pressure of
5 approximately 200 milli-Torr. Each semiconductor solution was filtered through a
polytetrafluorocthylene (PTFE) filter with a pore size of 0.2 micron and 25 mm diameter
that is commercially available under the trade designation ACRODISC CR from Pall Life
Sciences (East Hills, NY) and then placed in a dip-coating tank (approximately 50 mm
wide, 5 mm deep, and 30 mm high). Each substrate sample was dipped at a draw rate of
10 approximately 3 millimeters per minute using a dip coating apparatus that is commercially
available under the trade designation NIMA DIL from Nima Technology Ltd. (Coventry,
United Kingdom). Approximately 5 mL of each solution was used. Each sample was
allowed to dry at room temperature. After coating, long crystals were present on the SiO;
surface of the substrate, and typically oriented parallel to the dip axis. That is, the long
15 dimension of the crystals ran in the same direction as the dip direction. Gold source and
drain electrodes (approximately 800-1000 Angstroms thick) were vapor deposited through
a shadow mask using a thermal evaporator, thus forming transistors with a bottom gate,
top contact architecture. Source and drain electrodes were oriented with the long
dimension of the electrodes, the channel width, perpendicular to the dip axis. Source and
20 Drain contacts are sized such that the width of the transistor is approximately 1000

micrometers, and the channel length is approximately 100 micrometers.

Mobility Value Test Method 1
The saturation field effect mobility (p1) was determined using two Source Measure

25 Units (Model 2400 from Keithley Instruments, Inc. (Cleveland, OH)). The devices were

placed on an S-1160 Series probe station and probes connected using S-725-PRM

manipulators (both available from Signatone Corp., Gilroy, CA). The drain to source bias

voltage (Vps) was held at -40 V, while the gate to source bias (Vgs) was incremented over

the range +10 V to -40 V in 1 V steps. The drain-source current (Ipg) was measured as a
30 function of gate-source voltage bias (Vgs) from +10V to -40V at a constant drain-source

voltage bias (Vpg) of -40V. The saturation field effect mobility () was calculated from
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15 Exanpl es 19-22 and Conparative Exanples 9-10 For each of Exanpl es
19-22 and Conparative Exanples 9-10, conpositions were prepared by

Conposi t iwo 2Rogsag7at i on Met hod |. The conposi ti ons usedPCm/uSz@pkzsst 19- WO
2009/ 151978PCT/ US2009/ 045571 22 contained 1.8 wei ght percent TIPS and 0.9
wei ght percent PS in 91/9 ani sol e/decane. The conposition used for CE 9 and
CE 10 contained 2.0 weight percent TIPS and 1.0 wei ght percent PS in

ani sol c. e &lars et the sinpertmegfdheplobyf the paire raehof e veshpYss tsivgdicont o t he
substr at eﬁ%' n Print Pattern 1 using Sem conductor Deposition Method 1. The

5averagee tHni ty was determ ned by Mbility Value Test Method | and the

data are given in Table 6. Tablig 6ywWr@ngi\gferd of Exanples 19-22 and
Conpar ative Exanpl es 9-10. Exanple Solvent Substrat e Field effect nobility

(10 19 9WmlprafkiisHicspadbiasepaaitance ok the guodiglepiics Woig the glgnnel width, and L is

5 the channel length. For some transistor samples prepared using Substrate E, the gate to
source bias (Vgs) was incremented over the range +20 V to -40 Vin 1.2 V steps.
Using a plot of the square root of Ipg versus Vs curve, the X-axis extrapolation of
a straight-line fit was taken as the threshold voltage (Vy). In addition, plotting Ipg (using a
log-scale) as a function of Vg afforded a curve where a straight line fit was drawn along a
10 portion of the curve containing Vi. The inverse of the slope of this line was the sub-
threshold slope (S). The on/off ratio was taken as the difference between the minimum

and maximum drain current (Ipg) values of the Ipg - Vs curve.

Mobility Value Test Method 11

15 The average mobility of each sample was determined in air under ambient lighting
using two Source Measure Units (Model 2400 from Keithley Instruments, Inc. (Cleveland,
OH)). The devices were placed on an S-1160 Series probe station and probes connected
using S-725-PRM manipulators (both available from Signatone Corp., Gilroy, CA). The
drain to source bias voltage (Vps) was held at -40 V, while the gate to source bias (Vgs)

20 was incremented over the range +10 V to -40 V in 1 V steps. The average mobility value
is calculated from the measurement of 10 transistors on each substrate.

The “effective channel width” of the devices was determined because dip coating

did not always result in complete coverage of the substrate. The percentage of substrate
surface covered by dried semiconductor composition was measured by (i) taking three

25 digital photos of the substrate at high magnification (100X), then (ii) using photo editing
software (available under the trade designation PHOTOSHOP CS3 from Adobe Systems
Inc., San Jose, CA) to identify and render areas of exposed substrate as uniform black
(0,0,0) coloration in L,a,b color space, then (iii) using the histogram feature of the photo
editing software to identify the percentage of photo with luminosity (L) < 15, and then (iv)

30 averaging the result of the three photos to give a value for surface coverage of the

substrate. The value of surface coverage was then used to calculate the effective channel
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width of the TFTs, and this effective channel width was used to calculate charge carrier

mobility values. The following formula was used to calculate effective channel width:

Wdep
Weff = #* C
eff [ 100 j ov

where Weyis the effective channel width, Wg,, 1s the length of source and drain contacts
5 (as-deposited), and C,, is the surface coverage (in percent). For example, if the source and
drain electrodes were 1000 microns long and the surface coverage was 80 percent, then
the effective channel width would be 800 microns.
The saturated field effect mobility (1) was calculated from the slope (m) of the plot

of the square root of drain current versus Vgs using the following equation:

m’L
10 =2
# (WC

where C is the specific capacitance of the gate dielectric, 7 is the effective channel width,

and L is the channel length. The mobility value for each sample was the maximum

mobility value observed over the range of measurement.

15 Mobility Value Test Method 111
Same method as Mobility Test Method II, except the gate to source (Vgs) bias was
incremented from +5 V to -40 V in 51 equally spaced steps.

In Tables 1 — 5 and 7 - 11, all the compositions listed in one table were inkjet
20 printed onto the very same substrate sample. That is, one composition of the table was not
inkjet printed onto one substrate sample and then another composition of the table inkjet
printed onto another substrate sample of the same type and surface treatment. In Table 6,
four substrates types are listed. For examples that list the same type of substrate, the
compositions were inkjet printed onto the very same substrate sample.
25
Example 1 and Comparative Example 1
For Example 1 and Comparative Example 1, compositions of 1.8 weight percent
TIPS in 91/9 anisole/decane and 2.0 weight percent TIPS in anisole, respectively, were
prepared by Composition Preparation Method I. Each composition was deposited onto a

30 cured ZrOAc diclectric layer of Substrate H by taking up a small volume of the
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10Exanpl es 23-27 and Conparative Exanple 11 For each of Exanpl es
23-27 and Conparative Exanple 11, conpositions containing 1.8 weight

per cent TWB30@d1989 wei ght percent PS were prepared byPCOsesowizsm
Preparation Method I. The solvent or solvent mxtures included in the
conpositions arc indicated in Table 7. Transistors were prepared conprising

depositing 15the conpositions onto Substrate E in Print Pattern 3 using
Sem condUyEPEIPTIBEFESIPOBIFAN Nt Fitdcal labprasorydéspasd qelass nipsitonarssdieg Beiuted by
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DMVAI dodedh#diad ramsined en thegyallsof #iw mpgtssanto the cured ZrOAc dielectric layer. Both

5 the composition and substrate were at room temperature. This process resulted in small
droplets or a “mist” of composition that deposited onto the dielectric. The composition
was allowed to dry for at least 20 minutes, and then the slide was observed under an
Olympus MX50 optical microscope in differential interference contrast (DIC) mode.
Optical micrographs of semiconductor deposits formed from the 2.0 weight percent TIPS

10 in anisole and 1.8 weight percent TIPS in 91/9 anisole/decane compositions are shown in
Figures 2 and 3, respectively.

The TIPS deposit from anisole did not uniformly cover the dielectric layer.

Relatively large crystals were formed that only covered a small portion of the arca
originally covered by the composition. It appears that the composition was pinned on the

15 substrate; that is, the location of the contact line between the composition and substrate
was maintained at the same position as the anisole evaporated. Since anisole evaporates
relatively slowly and the perimeter of the drop was pinned in the same location, relatively
larger crystals formed. All the crystals were not flush against the dielectric layer. Rather,
many grew up off the plane of the dielectric layer. At some point in the drying process,

20 the composition became unpinned along at least a portion of the perimeter and the contact
line moved inward to establish a new equilibrium position dictated by the interfacial
tension between the composition and substrate. The composition again became pinned at
this new location and more crystals were grown. Thus, crystals were deposited along the
initial perimeter of the drop and in lines that represent the locations where the contact line

25 became pinned. Also, it is possible that some of the lines of crystals do not signify the
location of the pinned contact line. But rather they were formed when a pinned contact
line became unstable and began to recede inward, and some of the crystals that had grown
along this pinned line broke away and were carried by the receding solution, and then
were redeposited on the substrate. The solution of TIPS in anisole appears to become

30 pinned on the substrate resulting in insufficient coverage of the substrate with TIPS

crystals.
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was covered by the drop. It appears that the addition of decane reduced the tendency of

5 the composition to pin to the substrate and it also reduced the contact angle of the

composition with the substrate. The crystals tended to grow along the substrate rather

than away from the substrate. The addition of decane may also have resulted in a

recirculatory flow (i.e., Marangoni flow) in the composition as the solvent evaporated.

This recirculatory flow may have contributed to the improved morphology.

10
Examples 2-4 and Comparative Examples 2-3
For each of Examples 2-4 and Comparative Examples 2-3, compositions were
prepared by Composition Preparation Method I. Transistors were prepared by depositing
the TIPS compositions onto Substrate E in Print Pattern 2 using Semiconductor
15 Deposition Method 1. The concentration of TIPS, the concentration of PS, the solvents,
and relative amounts of the solvents are shown in Table 1. The average mobility was
determined by Mobility Value Test Method I and the data are given in Table 1.
Table 1. Transistors of Examples 2-4 and Comparative Examples 2-3.
Example | Weight percent | Weight percent Solvent Field effect
TIPS PS mobility (p)
CE2 1.8 0 anisole 1.60x10™ cm?/V-s
2 1.8 0 91/9 1.13x10™ cm*/V-s
anisole/decane
CE3 1.8 0.9 anisole 1.36x10™ cm*/V-s
3 1.8 0.9 91/9 3.72x107 em’/V-s
anisole/decane
4 1.8 0.9 88/12 5.29x10” cm’/V-s
anisole/decane
20
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1.8 weight percent TIPS and 0.9 weight percent PS were prepared by Composition
Preparation Method I. The solvent or solvent mixtures included in the compositions are
5 indicated in Table 2. Transistors were prepared by depositing the compositions onto

Substrate E in Print Pattern 2 using Semiconductor Deposition Method I. The average

mobility was determined by Mobility Value Test Method I and the data are given in Table

2.
10 Table 2. Transistors of Examples 5-8 and Comparative Example 4.
Example Solvent Field effect mobility
(W)
CE 4 anisole 1.06x10 cm?/V-s
94/6 anisole/decane 1.03x107 cm?/V-s
6 91/9 anisole/decane 2.27x107 cm?/V-s
7 88/12 1.41x10 cm?/V-s
anisole/decane
8 85/15 8.42x10™ cm’/V-s
anisole/decane
Example 9

In Example 9, a weighed mixture of 91 weight percent anisole and 9 weight
percent decane was combined with sufficient TIPS and sufficient PS2 by Composition
15 Preparation Method I to provide a composition containing 1.8 weight percent TIPS and
1.8 weight percent PS2. Transistors were prepared by depositing the composition onto
Substrate E in Print Pattern 3 using Semiconductor Deposition Method I. The channel
length was 30 micrometers. The average mobility was determined to be 4.67x107 cm?/V-
s by Mobility Value Test Method 1.
20
Examples 10-13
For each of Examples 10-13, compositions containing 1.8 weight percent TIPS and

0.9 weight percent PS were prepared by Composition Preparation Method I. Transistors
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2 using Sem conductor Deposition Method I. The average nobility was

determ ned by Mbility Value Test Method | and the data are given in Table
9. Tabl e WO 2009138478t or s of Exanpl es 34-37 and Conpar at i PYETHES2009/0¢3571.2.
Exanpl e Wi ght percent TIPS Wi ght percent PS Solvent Field effect nobility
04 CE 12 1.8 0.9 anisole 4.45x10-2 cn2/V-s 34 1.8 0.9 97/3 ani sol e/ decane

4.15x10-3 cnm2/V-s 35 - - o '
were prepared by depositing the compositions onto Substrate E in Print Pattern 3 using

Semiconductor Deposition Method I. The solvent mixtures used in the compositions are
indicated in Table 3. The average mobility was determined by Mobility Value Test
Method I and the data are given in Table 3.

’ Table 3. Transistors of Examples 10-13.
Example Solvent Field effect mobility
(W)
10 97/3 4.17x10™ em’/V-s
anisole/dodecane
11 94/6 4.76x10” cm’/V-s
anisole/dodecane
12 91/9 3.48x10" cm’/V-s
anisole/dodecane
13 91/9 anisole/decane 1.00 x10™ cm®/V-s
Examples 14-16
For each of Examples 14-16, compositions containing 1.8 weight percent TIPS and
10 0.9 weight percent PS were prepared by Composition Preparation Method I. Transistors
were prepared by depositing the compositions onto Substrate E in Print Pattern 3 using
Semiconductor Deposition Method I. The solvent mixtures included in the compositions
are indicated in Table 4. The average mobility was determined by Mobility Value Test
Method I and the data are given in Table 4.
15
Table 4. Transistors of Examples 14-16.
Example Solvent Field effect mobility
)
14 97/3 5.58x10™ cm’/V-s
anisole/undecane
15 94/6 8.26x10™ cm®/V-s
anisole/undecane
16 91/9 anisole/decane 3.33x10” cm”/V-s
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1.8 0.9 94/6 anisol e/decane 1.45x10-3 cn2/V-s 36 1.8 0.9 91/9

ani sol e/ decane 5.07x10-2 cnR2/V-s 37 1.8 0.9 85/15 ani sol e/ decane 1.12x10-2
cn2/ V-s WO 2m0arspi78s 38- 39 and Conparati ve Exanpl es 13- PET/US2009/0F371 each of
Exanpl es 38-39 and Conparative Exanples 13-14, conpositions were prepared
by Conposition Preparation Method |I. The anpunt of TIPS, anount of PS, and
the solvent or solvent mxtures included in the conpositions are shown in

Tabl e 10.Examples 17-18 and Comparative Examples 5-8
For each of Example 17-18, the compositions were prepared by Composition
Preparation Method 1. For Comparative Example 5-8, a solvent mixture was prepared by
adding 1 part by volume of dodecane and 3 parts by volume of chlorobenzene to a vial and
5 stirring the contents to form a 75 volume percent chlorobenzene and 25 volume percent
dodecane solvent mixture. This solvent mixture was then used to make compositions by
Composition Preparation Method I. The solvent mixtures used are indicated in Table 5.
Transistors were prepared by depositing the compositions onto Substrate E in Print Pattern
3 using Semiconductor Deposition Method I. For Example 17 and Comparative Examples
10 5-6, the transistor channel length was 100 micrometers. For Example 18 and Comparative
Examples 7-8, the transistor channel length was 30 micrometers. The average mobility

was determined by Mobility Value Test Method I and the data are given in Table 5.

Table 5. Transistors of Examples 17-18 and Comparative Examples 5-8.

Example | Weight Weight Solvent Field effect mobility
percent | percent (W
TIPS PS
17 1.8 0.9 91/9 1.50x10 cm*/V-s
anisole/decane
CE5 1.8 0 75/25 8.25x10° cm?/V-s
chlorobenzene/dodecane
CE6 1.8 09 75/25 No transistor behavior
chlorobenzene/dodecane
18 1.8 0.9 91/9 4.08x107 cm*/V-s
anisole/decane
CE7 1.8 0 75/25 6.33x10* cm?*/V-s

chlorobenzene/dodecane

CE 8 1.8 0.9 75/25 1.74x10 ¢cm?/V-s

chlorobenzene/dodecane

15
Examples 19-22 and Comparative Examples 9-10

For each of Examples 19-22 and Comparative Examples 9-10, compositions were

prepared by Composition Preparation Method I. The compositions used in Examples 19-
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15Transi stors were prepared by depositing the conpositions onto Substrate F
in Print Pattern 2 using Sem conductor Deposition Method |I. The average

nobi | ity weaesey7si ned by Mobility Val ue Test Method | pamaseéme/odsra ar e
given in Table 10. WD 2009/ 151978PCT/ US2009/ 045571 Tabl e 10. Transistors
of Exanpl es 38-39 and Conparative Exanples 13-14. Exanpl e Wi ght percent
TIPS Wi ght percent PS Sol vent Field effect nnbilitg‘(lg CE131.80

ani sol e 221oatamncyd lchpright pgeantd’IBS gnd 6.9 weight percent PS in 91/9 anisole/decane.

The composition used for CE 9 and CE 10 contained 2.0 weight percent TIPS and 1.0
weight percent PS in anisole. Transistors were prepared by depositing the compositions
onto the substrates in Print Pattern 1 using Semiconductor Deposition Method I. The

5 average mobility was determined by Mobility Value Test Method I and the data are given
in Table 6.

Table 6. Transistors of Examples 19-22 and Comparative Examples 9-10.

Example Solvent Substrat Field effect mobility
S (D)

19 91/9 A 5.22x10” cm*/V-s
anisole/decane

20 91/9 B 1.64x107 cm*/V-s
anisole/decane

21 91/9 C 2.66x107 cm*/V-s
anisole/decane

22 91/9 D 2.25x107 cm*/V-s
anisole/decane

CE9 anisole C 4.52x107 cm?/V-s

CE 10 anisole D 6.42x10™ cm”/V-s

10 Examples 23-27 and Comparative Example 11
For each of Examples 23-27 and Comparative Example 11, compositions
containing 1.8 weight percent TIPS and 0.9 weight percent PS were prepared by
Composition Preparation Method I. The solvent or solvent mixtures included in the
compositions are indicated in Table 7. Transistors were prepared comprising depositing
15 the compositions onto Substrate E in Print Pattern 3 using Semiconductor Deposition
Method I. The average mobility was determined by Mobility Value Test Method I and the

data are given in Table 7.
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C COPAS2A000m3571

containing 1.8 weight 5percent TIPS and 0.9 wei ght percent PS were prepared
by Conposition Preparation Method 11. The solvent or solvent m xture

i ncluded in the conpositions is indicated in Table 11. Transistors were
pr epar ed Tplafbpbensisiars efiammigyesiil ansCanpaatsigdstamplel i, allinkjet printed

| ayer ed
Met hod |
10det ern
Table 1

tTansys
| EXGpLS

1 ned by
Tabl e

or—stTrucd
:hanneli$§%ﬁ was

res onm PENf L using-—Senicy
Flsig (ﬁﬁgﬁﬁ e average nobility was
Mobility Val ue Test Method | d the d3

11 Transistors of Exhmle 40 and Conmn

150/ m Ccro

Exanpl e

Séit éht

DMA

"2.47x107 cm*/V-s

23

97/3 DMA/dodecane

2.81x107% cm?/V-s

24

94/6 DMA/dodecane

2.12x107% cm?/V-s

25

91/6/3

DMA/dodecane/decane

921x107 cm?/V-s

26

88/6/6

DMA/dodecane/decane

2.09x107 cm?/V-s

27

91/9 anisole/decane

3.07x107 cm?/V-s

10

Examples 28-33

nduct or Deposition

ta are given in
rative Exanple 15.

For each of Examples 28-33, compositions containing 1.8 weight percent TIPS and

0.9 weight percent PS were prepared by Composition Preparation Method I. The solvent

mixtures included in the compositions are indicated in Table 8. Transistors were prepared

by depositing the compositions onto Substrate E in Print Pattern 3 using Semiconductor

Deposition Method 1. The average mobility was determined by Mobility Value Test

Method I and the data are given in Table 8.

Table 8. Transistors of Examples 28-33.

Example Solvent Field effect mobility
(W)
28 94/6 DMA/undecane |  1.21x10™ em’/V-s
29 91/9 DMA/undecane 5.95x10” cm*/V-s
30 88/12 5.51x10™ em’/V-s
DMA/undecane
31 97/3 DMA/dodecane |  2.14x107 cm®’/V-s
32 | 94/6 DMA/dodecane | 2.22x107 cm’/V-s
33 91/9 anisole/decane 1.65 x10™ cm®/V-s
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Field effect nmobility GO CE 15 ani sole 5.40x102 cn2N-s 40 91/9

ani sol e/ decane 2.21x10-1 cn2N-s Exanpl es 41-45 and Conparative Exanple

16- 18 15MRW0 2e@xt31998 Exanpl es 41-45 and Conparati ve ExanpCeasi@9n83571
conpositions of 1.8 to 2.0 weight percent sem conductor were prepared by
Conposition Preparation Method 11. The solvent or solvent m xtures included
In the conpositions arc indicated in Table 12. Transistors were prepared by

deposi t i fgranmles 43¢ and §copparativg ESpmpdhkE2 ont o Substrate G using the
di p-coating a I | 1 ] I 1] o]
G p-coat oSBT he S Fae B BEPESL e SRR 4O

det er m nggepiyedBPCbinbysivad Pepdtbn Matihed. IThcantbuhhel Ti@Saambent @f PSNaridn Tabl e

12. Table 12. Transistors of Exanples 41-45 and Conparative Exanpl es 16-18.
Exanpl e $Berblbeid & sQlvesaniyanes ippladed iaftheeampaspions age shgynaeTable P ps

5 Transistors were prepared by depositing the compositions onto Substrate F in Print Pattern
2 using Semiconductor Deposition Method I. The average mobility was determined by

Mobility Value Test Method I and the data are given in Table 9.

Table 9. Transistors of Examples 34-37 and Comparative Examples 12.

Example | Weight percent | Weight percent Solvent Field effect
TIPS PS mobility ()
CE 12 1.8 0.9 anisole 4.45x107 cm?/V-s
34 1.8 0.9 97/3 4.15x107 cm’/V-s
anisole/decane
35 1.8 0.9 94/6 1.45x10™ cm’/V-s
anisole/decane
36 1.8 0.9 91/9 5.07x107 cm’/V-s
anisole/decane
37 1.8 0.9 85/15 1.12x107 cm*/V-s
anisole/decane
10
Examples 38-39 and Comparative Examples 13-14
For each of Examples 38-39 and Comparative Examples 13-14, compositions were
prepared by Composition Preparation Method I. The amount of TIPS, amount of PS, and
the solvent or solvent mixtures included in the compositions are shown in Table 10.
15 Transistors were prepared by depositing the compositions onto Substrate F in Print Pattern

2 using Semiconductor Deposition Method I. The average mobility was determined by

Mobility Value Test Method I and the data are given in Table 10.
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anisolc Solution did not coat 41 TIPS 91/9 ani sol e/ decane 0.261 cn2N-s CE
17 I|P-DIPS anisole 0.118 cn2N-s 42 | P-DIPS 91/9 ani sol e/ decane 0. 155 cn2N-s
CE 18 A- DNBRoawissBe 0. 145 cn2N-s 43 A-DIPS 91/ 9 ani sol eCaasarme/o@s5101

cnk/ V-s

Table 10. Transistors of Examples 38-39 and Comparative Examples 13-14.

Example | Weight percent | Weight percent Solvent Field effect mobility
TIPS PS M

CE 13 1.8 0 anisole 1.19x10™ cm”/V-s

38 1.8 0 91/9 5.07x107 cm’/V-s
anisole/decane

CE 14 1.8 0.9 anisole 4.78x107 cm?/V-s

39 1.8 0.9 91/9 3.85x107 cm’/V-s
anisole/decane

Example 40 and Comparative Example 15
For Example 40 and Comparative Example 15, compositions containing 1.8 weight
5 percent TIPS and 0.9 weight percent PS were prepared by Composition Preparation
Method II. The solvent or solvent mixture included in the compositions is indicated in
Table 11. Transistors were prepared by depositing the compositions onto Substrate I, all-
inkjet printed layered transistor structures on PEN film, using Semiconductor Deposition
Method II. The channel length was 150 micrometers. The average mobility was

10 determined by Mobility Value Test Method I and the data are given in Table 11.

Table 11. Transistors of Example 40 and Comparative Example 15.

Example Solvent Field effect mobility
(D)
CE 15 anisole 5.40x10” cm?/V-s
40 91/9 2.21x10" cm*/V-s
anisole/decane

Examples 41-45 and Comparative Example 16-18

15 For each of Examples 41-45 and Comparative Examples 16-18, compositions of
1.8 to 2.0 weight percent semiconductor were prepared by Composition Preparation
Method II. The solvent or solvent mixtures included in the compositions are indicated in
Table 12. Transistors were prepared by depositing the semiconductor compositions onto

Substrate G using the dip-coating as described in Semiconductor Deposition Method III.
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44 C-DIPS 91/9 ani sol e/ decane 0.600 cnR/V-s 45 B-DI PS 91/9 ani sol e/ decane
0.191 cn2N-s 5 Exanpl es 46-50 and Conparative Exanple 19 For each of
Exanpl es wWo0-26@/@ney8 Conpar at i ve Exanpl e CE 19, conpositi eas/useemwaiising 1. 8
wei ght percent TIPS and 0.9 wei ght percent PS were prepared by Conposition
Preparation Method |I. The solvent or solvent mxtures included in the
10conpositions are indicated in Table 13. Transistors were prepared

conpr i si nEfcdepEsk Makyity Ré cacbripaple waristamitrddypeblite VElue d estrMﬁithOMIt tern 3
usi ng Seqﬁﬁqgg%b%g{gﬁg h%b%QQthhOd |. The average nobility was

determ ne Iue St Method 1 and the data arc given in Table
13. 15Tabl e 13 TranS|stors of Exanpl es 46-50 and Conparative Exanple 19.

Exanpl e Splhyent. FaglistoRfSraxbmpRrRigh 14syan@@ dapativeiXamples 16-18.

Example Semiconductor Solvent Field effect mobility ()
CE 16 TIPS anisole Solution did not coat
41 TIPS 91/9 anisole/decane 0.261 cm’/V-s
CE 17 IP-DIPS anisole 0.118 cm”/V-s
42 IP-DIPS 91/9 anisole/decane 0.155 cm*/V-s
CE 18 A-DIPS anisole 0.145 cm”/V-s
43 A-DIPS 91/9 anisole/decane 0.191 cm*/V-s
44 C-DIPS 91/9 anisole/decane 0.600 cm*/V-s
45 B-DIPS 91/9 anisole/decane 0.191 cm*/V-s
5
Examples 46-50 and Comparative Example 19
For each of Examples 46-50 and Comparative Example CE 19, compositions
containing 1.8 weight percent TIPS and 0.9 weight percent PS were prepared by
Composition Preparation Method I. The solvent or solvent mixtures included in the
10 compositions are indicated in Table 13. Transistors were prepared comprising depositing

the compositions onto Substrate E in Print Pattern 3 using Semiconductor Deposition

Method I. The average mobility was determined by Mobility Value Test Method I and the

data are given in Table 13.

15 Table 13. Transistors of Examples 46-50 and Comparative Example 19.

Example Solvent Field effect mobility
(W

CE 19 nbb 5.70 x 10

46 91/9 nbb/decane 5.16x 10™

47 91/9 1.22x 107
nbb/undecane

48 94/6 1.15x 10
nbb/undecane
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5.70 x 10_1 46 91/9 nbb/decane 5.16 x 10-4 47 91/9 nbb/undecane 1.22 x 10-2
48 94/ 6 nbb/undecane 1.15 x 10-2 Exanpl e Solvent Field effect nobility GO

49 97/ 3 rnwb/l200vdsewse 1. 06 x 10-2 PCT/US2009/045571
Example Solvent Field effect mobility
W
49 97/3 1.06 x 10
nbb/undecane
50 91/9 3.99x 10™
nbb/dodecane

Examples 51-53 and Comparative Example 20
For each of Examples 51-53 and Comparative Example 20, samples were prepared
by dip-coating according to Semiconductor Deposition Method III. The semiconductor
5 solution for each example and comparative example was a 1.8-2.0 weight percent solution
of TIPS in the solvent system indicated in Table 14. These solutions were prepared by
Composition Preparation Method II. Mobility values were calculated according to

Mobility Value Test Method I1I.

10 Table 14. Transistors of Examples 51-53 and Comparative Example 20.

Example Solvent Field effect mobility ()
CE 20 100/0 nbb/decane 0.208 cm’/V-s
51 94/6 nbb/decane 0.306 cm*/V-s
52 91/9 nbb/decane 0.233 cm*/V-s
53 88/12 nbb/decanc 0.257 cm*/V-s15

Examples 54-56 and Comparative Example 21
For each of Examples 54-56 and Comparative Example 21, samples were prepared
20 by dip-coating according to Semiconductor Deposition Method III. The semiconductor
solution for each example and comparative example was a 1.8-2.0 weight percent solution
of TIPS in the solvent system shown in Table 15. These solutions were prepared by
Composition Preparation Method II. Mobility values were calculated according to
Mobility Value Test Method I11.
25
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50 91/9 nbb/dodecane 3.99 x 10-4 Exanples 51-53 and Conparative Exanple 20

For each of Exanples 51-53 and Conparative Exanpl e 20,

pr epar ed W9 2deptsewat i ng accordi ng to Sem conduct or
The sem conduct or 5solution for each exanple and conparative exanple was a
1.8-2.0 weight percent solution of TIPS in the solvent systemindicated in

Tabl e 14. These sol utions were prepared

by
Mbbi |Tetb§ﬁ 1/%1I%@Slmﬁéf@ép@@leé@étf66?@@&%1??@&&% Emmpllq% Val ue Test Met hod

Exarrpllg SERTRT [ e d Skt mobi 100 oy a0 g0,
cn2N-s 31 @RLe rbhidecanaidedde ¢ WQN(§2@?20r82-'/V95 nbbl
54 94/6 nbb/dodecane 0.306 cm®/V-s
55 91/9 nbb/dodecane 0.237 cm*/V-s
56 88/12 nbb/dodecane 0.141 cm?/V-s

10

Examples 57-59 and Comparative Example 22

sanpl es were
Depo®criusaoossisod |11 .

Conposi tion Preparation Method

Conpar at i ve Exanpl e 20.
0 nbb/decane 0. 208
decane

For each of Examples 57-59 and Comparative Example 22, samples were prepared

by dip-coating according to Semiconductor Deposition Method I11. The semiconductor

solution for each example and comparative example was a 1.8-2.0 weight percent solution

of A-DIPS in the solvent mixture shown in Table 16. These solutions were prepared by

Composition Preparation Method II. The alkane used in each Example and Comparative

Example was decane. Mobility values were calculated according to Mobility Value Test

Method I11.

Table 16. Transistors of Examples 57-59 and Comparative Example 22.

Example

Solvent

Field effect mobility ()

CE 22

100/0 nbb/decane

0.228 cm*/V-s

57

94/6 nbb/decane

0.225 cm*/V-s

58

91/9 nbb/decane

0.455 cm*/V-s

59

8&8/12 nbb/decane

0.140 cm*/V-s

15

20

Various modifications and alterations to this invention will become apparent to

those skilled in the art without departing from the scope and spirit of this invention. It

should be understood that his invention is not intended to be unduly limited by the

illustrative embodiments and examples set forth herein and that such examples and

embodiments are presented by way of example only with the scope of the invention

intended to be limited only by the claims set forth herein as follows.
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0.233 cn2N-s 53 88/ 12 nbb/decame 0.257 cnm2N-45 Exanpl es 54-56 and
Conpar ati ve Exanple 21 For each of Exanples 54-56 and Conparative
Exanpl e 21, sanples were prepared 20by di p-coating according to
Sem conduct or Deposition Method I11. The sem conductor solution for
each exanpl e and conparative exanple was a 1.8-2.0 wei ght percent
solution of TIPS in the solvent system shown in Table 15. These
sol ut i onswierie chiegbiked by Conposition Preparation Method 11.
Mobility val ues were cal cul ated according to Mbility Value Test
Method I11. 25 Table 15. Transistors of Exanples 54-56 and

Conpar ati ye c%é@ﬁ% Sol vent Field effect mobility GO CE
'21n?00/0 %bb/dggahgne & %gN-s 54 94/ 6 nbb/ dodecane O. 30% cn/ V-s
a solvent mixture comprising
i) an alkane having 9 to 16 carbon atoms present in an amount in a

range of 1 to 12 weight percent based on a weight of the solvent mixture;

and
ii) an aromatic compound of Formula (I)
R),
“~J
(1)

present in an amount in a range of 88 to 99 weight percent based on the
weight of the solvent mixture, wherein
R? is an alkyl, heteroalkyl, alkoxy, heteroalkoxy, or a fused Sto 6
member ring;
each R" is independently selected from an alkyl, alkoxy, or a halo;
n is an integer in the range of 0 to 5,
wherein the alkane has a boiling point 5°C to 35°C greater than a boiling
point of the aromatic compound of Formula (I); and
b) an organic semiconductor material dissolved in the solvent mixture in an
amount equal to at least 0.1 weight percent based on a total weight of the composition,

the organic semiconductor being of Formula (II)

RC
« x
oo
X = X
X | X
RC
(I)
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55 91/9 nbb/dodecane 0.237 cnR/V-s 56 88/ 12 nbb/dodecane 0.141 cn2N-s
Exanpl es 57-59 and Conparative Exanple 22 For each of Exanples 57-59
and Conparative Exanple 22, sanples were prepared 5by dip-coating
according to Sem conductor Deposition Method I11. The sem conduct or
solution for each exanple and conparative exanple was a 1.8-2.0

wei ght percent solution of A-DIPS in the solvent m xture shown in
Tabl e 16. wil&teiae sol utions were prepared by Conposition Preparation

Method Il. The al kane used in each Exanp and Conparative Exanpl e
was decane. MBFR R i hdgrardeniiy selected %@pépélaw&é%kémguhsawmlww

Corpar at i VS Erap & S R EREFoAEy), AR SRGS o SRR 20 O
7100/ 0 wisbltiesuhe Ghakeed gy, nsngbsguid anlsististelet@oaglh a daaNesyl,
or a silyl group of formula -Si(R%)s;
each R%is independently selected from hydrogen, an unsubstituted or substituted
alkyl, an unsubstituted or substituted heteroalkyl, an unsubstituted or substituted alkenyl,
an unsubstituted or substituted alkynyl, a substituted or unsubstituted aryl, an
unsubstituted or substituted heteroaryl, or acetyl;
each X is independently selected from hydrogen, halo, alkyl, alkoxy, aryl,
heteroaryl, alkenyl, cyano, or heteroalkyl;
wherein a substituted alkyl or substituted heteroalkyl is substituted with at least
one aryl, heteroaryl, halo, cyano, hydroxyl, or carboxyl group; and
wherein a substituted alkenyl or substituted alkynyl is substituted with at least one
alkoxy, aryl, heteroaryl, halo, cyano, hydroxyl, or carboxyl group; and
wherein a substituted aryl or substituted heteroaryl is substituted with at least one

alkyl, alkoxy, heteroalkyl, alkoxy, halo, cyano, hydroxyl, -SeH, or carboxyl group.
2. The composition of claim 1, wherein R® is the silyl group of formula —Si(R%);.

3. The composition of claim 1 or 2, wherein the organic semiconductor is selected

from a compound of Formula (IV) to (X).
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58 91/9 nbb/decane 0.455 cnm2N-s 59 88/ 12 nbb/decane 0.140 cn2N-s
Various nodifications and alterations to this invention will becone
apparent to 15those skilled in the art wthout departing fromthe
scope and spirit of this invention. It should be understood that his

invention is not intended to be unduly limted by the illustrative
enbodi nents and exanpl es set forth herein and that such exanples and
enbodi nents arc presented by way of exanple only mnth scope of

t he invention intended tgjﬁg limted only by t he cl et forth
herein as foll ows. 20 ;meg—{f claimed is: 1.A conpo .eq;
conprising: a)a solvent mixture conprising |) an al n- having 9 to
16 carbon atons pregsent ifan ampynt in a range of 1 t 12 melght

range of 88 to 9
m xture, wher eikn
het er oal koxy, or 2
selected froman afkyl, alk of a halo; n is’an inte
range of 0 to 5,

oo ocoCCr
X 7 X X 7 X

X || X X || X
OO OO
X = X X 7 X

X X X I X

-62-



wherein the al kane has a boiling point 5C to 35C greater than a
boiling point of the aromatic conpound of Formula (1); and b)
an organi ¢ sem conductor material dissolved in the solvent mxture in
an amount equal to at least 0.1 weight percent based on a tota

wei ght of the conposition, the organic sem conductor being of Formula
(I'l') Re wherein, each le is independently selected from an
unsubstituted or substitwigd al kyl, an unsubstituted @K)substituted
het er oal kyl , an unsubstituted or substituted al kenyl,

unsubstituted or substituted aryl, an unsubstituted or substituted
heteroaryl, a ferrocenyl, or a silyl oup of fornmula -Si (Rd)3;

each Rd is independently selected frd%?hydrogen, an unsubstituted or
substituted al kyl, an unsubstitute 0Q5§y6§Fituted het er oal kyl , an
unsubstituted or substituted alkengi, an unsubstituted or substituted
al kynyl, a substituted or unsubstituteg aryl, an unsubstituted or
substituted heteroaryl, or acekyl; eachXX i s independently

sel ected from hydrogen, halx, 2 X arylx heteroaryl,

al kenyl, cyano, or heteroal k substituted al kyl or
substituted heteroal kyl is s -gst one aryl,

het eroaryl, hal o, cyano, h?ﬁro y gr'oup; and

wherein a substituted al kenyl &r substltuted &l kynyl is substituted
with at | east one al koxy, aryl, heteré- ryl, halo, cyano, hydroxyl, or
car boxyl group; and wherein syr?ﬁted aryl or substituted
heteroaryl is substituted wth at Teasft one al kyl, al koxy,

het er oal kyl , al koxy, hal o, cyano, hydyaxyl, -SeH, or carboxyl group.
2. The conposition of claim1, wherein Rc is the silyl group of
formula -Si (Rd)3. 3. The conposition g{)claim1 or 2, wherein the
organi ¢ sem conductor is selected froma conpound of Formula (IV) to
(X). (VIHTD) (I X) 4, The conposition of any one of claims 1 to 3,
wherein the afﬁ{@%hﬁooga Epﬁy&lfe oF BB Prold, I HERAPIHE SRR o8 Gand of
3, 5-di net hyl ani'sol e enzene, or a mxture thereo %

al kane c&mnmlae(i) @em% amﬁmdteéénthmetwthetsahen botyltenndmnet w,rrasnmherc dofeof

Co 10" car bRt b ol fegie WAGHA s Eetrbotb bt el ® 6 e

conposi tion of claim 1, mhereln t he aronatlc conpound of Formula (1)

conpri ses_ani sgol e, 2-nethyl| ani sol g, met hyl ani sol e, _4-pnet hyl ani sol e,
2,3- di methyl aThesC@rr@omﬂomomlw& hwf&mlg& B, anzil@xa|gﬁ%1pﬁgﬁrf@a|1§8|1@calbon

2, 6- di met iyhapy a%odlﬁyl h§v;ﬁg 19h WEQ%B@%&@' e, 3,5-dinethylanisole,

2-chl oroani sol e, 3-chl oroani sol e, 4-chl oroani sol e,
1, 2- dlnethoxybenzene, or a m xture thereof

6. The composition of claim 1, wherein the aromatic compound of Formula (I)
comprises anisole, 2-methylanisole, 3-methylanisole, 4-methylanisole, 2,3~
dimethylanisole, 2,4-dimethylanisole, 2,5-dimethylanisole, 2,6-dimethylanisole, 3,4-
dimethylanisole, 3,5-dimethylanisole, 2-chloroanisole, 3-chloroanisole, 4-chloroanisole,

1,2-dimethoxybenzene, or a mixture thereof,

7. The composition of claim 1, wherein the aromatic compound of Formula (I)
comprises n-butylbenzene, sec-butylbenzene, tert-butylbenzene, tsobutylbenzene,
isopropyltoluene, n-propylbenzene, isopropylbenzene (cumene), mesitylene,

tetrahydronaphthalene, or a mixture thereof.
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7. The conposition of claim1, wherein the:aromatic conmpound of
Forrmula (1) conprises n-butyl benzene, sec-butyl benzene,

tert-butyl benzene, isobutyl benzene, isopropyltol uene,

n- propyl benzene, i sopropyl benzene (cunene), nesityl ene,

t et r ahydr onapht hal ene, or a m xture thereof. 8. The comnposition of
claim1l1, wherein the aromatic conpound of Fornula (1) conprises

n- but yl beg1zenerTheaddiniRkifion 3f Slakhh MBYAE A MeHRbiBaticontholh& bFGmulameof .
9. The conposition of claiml, wherein the alkane has 9 to 13 carbon

atoms. 1@mprises EoHpPsnEangmngfole Pardhnethyloniselsi or a mtaerkaieofconpri ses
decane, undecane, dodecane or a m xture thereof. 11. The conposition
of claim1, wherein the solvent m xture conprises anisole and decane,
3, 5- di nethyl arllsdloepasition ofldeian &, wiarein tHeud kapb av® el 2acatbanred@sane.  12.
A met hod of making a sem conductor device, the nethod conprising
provi ding a conposition conprising a)a solvent m xture conpri sing

i) an al kepe hpnd daehpBsition dBclaAl PoMerdiA MR AMB8 8hthpiidts ABcaABRHdEcahE
range of 1 to 12 wei ght percent based on a weight of the sol vent

m xture; %ﬁ@“meoranvﬁwﬂﬁﬁmﬁﬁﬁnatic conmpound of Formula (1) (Rb)n (1)
present in an anmount in a range of 88 to 99 wei ght percent based on

t he wei ght, of e YA Lxture in - i.s_an al kyl
neteroar kit ot koo Ponapeebafipklnif R Hlvey rmingle pipBhetaifiin and
each Rb idchmgldpatishethlylayisskl aad tdedechng or abudibeyibencahnl axdecad. a hal o; n
is an integer in the range of 0 to 5, wherein the al kane has a

boiling point 5C to 35C greater than a boiling point of the aromatic

conpound pf Fok mekibd(dfhiakdich sehi@hdfRv e SBR MeaRdUehprisinpt er i al
di ssolved in the solvent mxture in an anmobunt equal to at Tleast 0.1

wei ght per centpPrpddag agpmmosigembompisgia of the conposition, wherein
the organic sem condsluct %rsoiv%ntoliﬁ)gﬁ% %}?ns(ullé )
1) an alkane having 9 to 16 carbon atoms present in an
amount in a range of 1 to 12 weight percent based on a weight of the
solvent mixture; and

ii) an aromatic compound of Formula (T)

. R,
Y

)
present in an amount in a range of 88 to 99 weight percent based on the
weight of the solvent mixture, wherein
R?is an alkyl, heteroalkyl, alkoxy, heteroalkoxy, or a fused
5 to 6 member ring;
each R”is independently selected from an alkyl, alkoxy, or
a halo;
1 is an integer in the range of 0 to 5,
wherein the alkane has a boiling point 5°C to 35°C greater than a

boiling point of the aromatic compound of Formula (I); and
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Fe wherein, each Re is independently selected from an
unsubstituted or substituted al kyl, an unsubstituted or substituted
het eroal kyl, an unsubstituted or substituted al kenyl, an
unsubstituted or substituted aryl, an unsubstituted or substituted
heteroaryl, a ferrocenyl, or a silyl group of fornmula -Si (Rd)3;

each Rd is independently selected from hydrogen, an unsubstituted or
substituted al kyl, yn ungupshiddhfbn@hictsistHiilWRevEE eho 3kt miire
unsubstituted or substituted al kenyl, an unsubstituted or substituted
al kynyl , a substit utedappunfrequdde ptlgese 8. lavsight parsenirhasdsisan & igtab wveight of

substituted hetero . ace . X 18 ]nde I
sel ected fron1hydrgé%%?mﬁévgﬁ’%ﬁ%???h%?%%§§?Q%%§+ﬁwk€ éﬁ?&%§€@(ﬁ)

al kenyl, cyano, or heteroal kyl; ptherein a substituted al kyl or
substituted heteroal kyl is substitutedfwith at |east one aryl,

het eroaryl, hal o, cyano, hydroxyl, or|1arboxy group; and

wherein a substituted al kenyl ¢ al kynyl i1s substituted
with at |east one al koxy, a -Xcyano, hydroxyl, or
car boxyl group; and ed aryl or substituted
heteroaryl is substituted wihsa : : het er oal kyl ,

al koxy, hal o, cyano, hydroxyl, /-SeH, o Xyl “group; and
depositing the conposition adjacent t4|a conductive material or
adjacent to a dielectric material to fporma deposited | ayer; and
renoving at |east 80 wei ght percent ofRthe solvent mxture fromthe
deposited layer to forma seniconductabflayer. 13. The net hod of
claim12, wherein Rc is a silyl group formula -Si(Rd)3. 14. The
met hod of claim12,ypdagrein the aromati c conpound of Forrnula (I)
conpri ses ani sol e, 3,5-dinethy[aniso|e, n- but yl benzene, or a mxture

thereof and the al kane Ea#pRisdirdependgnidy selastrddiave an degbstinied obr a

m xture thereof substituted alkyl, an unsubstituted or substituted heteroalkyl, an

unsubstituted or substituted alkenyl, an unsubstituted or substituted aryl,
an unsubstituted or substituted heteroaryl, a ferrocenyl, or a silyl group of
formula -Si(Rd)3;

each R%is independenty selected from hydrogen, an unsubstituted
or substituted alkyl, an unsubstituted or substituted heteroalkyl, an
unsubstituted or substituted alkenyl, an unsubstituted or substituted
alkynyl, a substituted or unsubstituted aryl, an unsubstituted or substituted
heteroaryl, or acetyl;

each X is independently selected from hydrogen, halo, alkyl,
alkoxy, aryl, heteroaryl, alkenyl, cyano, or heteroalkyl;

wherein a substituted alkyl or substituted heteroalkyl is substituted
with at least one aryl, heteroaryl, halo, cyano, hydroxyl, or carboxyl
group; and

wherein a substituted alkenyl or substituted alkynyl is substituted
with at least one alkoxy, aryl, heteroaryl, halo, cyano, hydroxyl, or

carboxyl group; and
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wherein a substituted aryl or substituted heteroaryl is substituted
with at least one alkyl, heteroalkyl, alkoxy, halo, cyano, hydroxyl, -SeH,
or carboxyl group; and
depositing the composition adjacent to a conductive material or adjacent to a
dielectric material to form a deposited layer; and
removing at least 80 weight percent of the solvent mixture from the deposited

layer to form a semiconductor layer.
13.  The method of claim 12, wherein R® is a silyl group of formula -Si(R%;.
14, The method of claim 12, wherein the aromatic compound of Formula (T}

comprises anisole, 3,5-dimethylanisole, n-butylbenzene, or a mixture thereof and the

alkane comprises decane, undecane, dodecane, or a mixture thereof.
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