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BOTTOM GATE THI N FI LM TRANSI STORS Fi el d of the

I nvention This invention relates to bottomgate thin
wo domiorgvamnsi stors i ncludi ng the sem conduct or BETURE06/048804

present disclosure. In sone enbodi ments the

sem conduct or may be sol vent coated over previously

generated | ayers of the transistor during manufacture.

Background of the Invention US 6,690,029 Bl

purportedly discloses certain substituted pentacenes

and el ectroni c devices made therewith. WO 2005/ 055248

A2 pur por t edBQTFOM GIERE THINFILMTRANSISTORS

pent acenes and polymers in top gate thin film

transi stors. Sunmary of the Invention Briefly, the

present invention provyig@Sofant idASit/indr conprising: a

substrate; a gate el ectrode; a sem conducting materi al

not Thisciayentigratelaiesiotbosom gate thin Hlm trnsisergiachiding the

: : rqde in ntact w.th the

serleBar e BRULRAIAURER, 3o SRUPRE bl fngaptor may be
solwetitivobted ovenprevindslytdengratedtlgydrabs thanchnsistbir duffg hiaGufacture.

material in contact with the gate el ectrode and the

sem conducting material; wherein the sem conducting

mat eri al conpri ses: Bici@oda bY ieiitigh a pol yner

having a dielectric constant at TkHz of greater than

3. 3UX6.690.699 B muepeptrdlnfisalosesmsdainsubsiiiotes negtacenes and

b i s.independently selected from
deﬁ%%ﬁ%h%ﬂéfyﬁ§§§ﬂ§$%pg§|ly H and each R 2
WO 2005/055248 A2 purportedly discloses certain substituted pentacenes and

polymers in top gate thin film transistors.

Summary of the Invention

Briefly, the present invention provides a transistor comprising: a substrate; a gate
electrode; a semiconducting material not located between the substrate and the gate
electrode; a source electrode in contact with the semiconducting material; a drain
electrode in contact with the semiconducting material; and a dielectric material in contact
with the gate electrode and the semiconducting material; wherein the semiconducting
matenial comprises: 1-99.9% by weight of a polymer having a dielectric constant at 1kHz

of greater than 3.3; 0.1-99% Ey weight of a compound according to Formula I:

RZ

I
R: R!
L,
R! R!
I

R2
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I's independently selected from branched or unbranched

C2- C18 al kanes, branched or unbranched d -C18 al kyl
w@b@okdsss branched or unbranched C2-Cl8 al kenesT/U2b0&IB18804

aryls or heteroaryls, C5-C32 al kylaryl or

al kyl -heteroaryl, a ferrocenyl, or nore typically SiR

where each R is independently selected from hydrogen,

branched or unbranched C1-Cl10 al kanes, branched or

unbranched C -d O al kyl al cohols or branched or

unbranched C2~ O O al kenes, where nore typically each

wh&e-eatls Ril g e pelaieht] s6lebiee Eosh From Mg Pically H, and each R2
unbranched C -d O al kanes. Mst typi cal | y the conpound

is 1ade;fmndhmlg’ stéh:cfadrfnmh&rzindhsd 61 idbranched C2-C18 alkanes, branched or
npinel RCTR B SloolelS iRk o B RG-ie R2 Caalrenes, C4-C8 aryls

or gﬁﬁg% E%#( %;%gfﬁtqrd%reaﬁég %g{erc%aag%lsa %?rlroscegxyp bf %oré/ typically SlR3

whid b RO EAATEL Ly sg)thnsg;ﬁ g%qggg%} Yarged Befibrindld c1.c10

alkpiodsy bianshedeot mbmchétb(?mdiel qcmkwmcﬁmmmamma of Yiabh@nched C2-
roups such as cyanoPuIIuIans. The source and drain
Clglaﬂf@nm adhsrenmyrebiypically eathaR? isindépentientti selawted from branched or

oA Bip Bkl SRR HUSPRLEEHER o oyia s 6.1
bisani’sepmpytsﬂgihﬂlwiyll)@lantaéeﬂeMQ‘IF&N@K&GN)& SE{# pdlymar kg a dielectric
ST R T AL N
polgenéRmbiR eyl e aRY Bnd pdip(d blh?lp@)éﬁﬂ?bﬁd Rost typically is poly(4-
vinylphenol). Typical polymers may also include polymers containing cyano groups such
as cyanopullulans. The source and drain electrodes may be in contact with the dielectric

material or not in contact with the dielectric material.

Brief Description of the Drawing

Fig. 1 is a schematic depiction of the layers present in a top contact/bottom gate

thin film transistor.

Fig. 2 is a schematic depiction of the layers present in a bottom contact/bottom gate

thin film transistor.

Fig. 3 is a schematic depiction of the layers present in a top contact/top gate thin

film transistor.

Fig. 4 is a schematic depiction of the layers present in a bottom contact/top gate

thin film transistor.

Detailed Description

Thin film transistors show promise in the development of lightweight, inexpensive
and readily reproduced electronic devices, in particular where they may be made by

solvent coating techniques, such as printing techniques.
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Fig. 3 is a schematic depiction of the |ayers present
in atop contact/top gate thin filmtransistor. Fig. 4

WO 300a/0%89bemat i ¢ depi ction of the | ayers presenPCT/NSE06/048804
bottom contact/top gate thin filmtransistor. Detail ed
Description Thin filmtransistors show promse in the
devel opnent of |ightweight, inexpensive and readily
reproduced el ectronic devices, in particular where
they may be made by sol vent coating techni ques, such
as printing techniques. Thin filnms transistors are
Knothin filchotiinsiptemn etk vgemtols petcipMigebmeaicss! GMRE rdfBrence to

.of Fig. 1 representing atop contact/bottom gate
caciFifs | A PRRUTE Bdop et b opbgate i M GoRsISOR e 2
repr@Bhasg A Beftd R ToRRAESb I ggﬂeltfﬁhtﬁlﬁpﬁérﬁﬁls'i’cﬁ; ﬂ:g: rgn’ representing a top

representing a top contact/top gate thi
contpgifiep gaisrthingdHom tangistar, andPige 4 erepiasentingrobgttom contact/top gate thin

t ol id m.tr.ansi.stor,.~thi.n film ] ;
GiREREG R B8 Gl 100 HERBBORIRERE 1] B elecleBe 2p, dictectric
lay2030,demli@midnctor lagyet0, S&gcg el@bﬁ@cﬁfﬂi&taﬁd gka’i% grecéede 60. Typically,

ource el ectrode 50, and drain el ectrode .
eacﬂsrvgfth%\ﬁw?e %‘a%tﬁ’d&éﬂtwg drginrelestiode 60 il oveaming sateglpctrode 20 to
asﬁ%ﬁQ&&&ﬂe 60 will overlap the gate electrode 20 to a

slight extent. In the top gate designs depicted in
Fi gén the tgpgate desigas denieted ieEigsodlendd, the gatis@lastiode 20 is above the

BB T LSy 1 SRS O o AL 20 e e
serhgyrducdd}. layar 40h dn ldet bastong gite dd€ghgiepictepicFigd. 1 and2 ghe gate
ele%trt%‘e%(; 1s btekloew g%&eectric layer 30 and both the gate electrode 20 and the dielectric
layer 30 are below the semiconductor layer 40. As a result, the manufacture of the bottom
gate designs by solvent coating techniques requires a semiconductor that can be applied in
solvent to previously coated dielectric layers without disruption of those layers.

The materials of the present invention permit the construction of a bottom gate
transistor with a solvent coated semiconductor, due to the formulation of a semiconductor
coating composition that can be coated over the dielectric. However, the semiconductor
layer of the thin film transistor of the present disclosure may be made by any suitable
method, including solvent coating methods, but also including dry methods, melt
processing, vapor deposition, or the like. Where the semiconductor layer of the present
disclosure is made by solvent coating methods, the materials of the semiconductor layer
may be carried in any suitable solvent, which may include ketones, aromatic hydrocarbons,
and the like. Typically the solvent is organic. Typically the solvent is aprotic.

The semiconductor layer according to the present disclosure includes a

functionalized pentacene compound according to Formula I:
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el ectrode 20 is below dielectric |layer 30 and both the

gate electrode 20 and the dielectric layer 30 are
whedoamgobe sem conduct or |ayer 40. As a resul t PCT/Hi82006/048804

manuf acture of the bottom gate designs by sol vent

coating techni ques requires a sem conductor that can

be applied in solvent to previously coated dielectric

| ayers without disruption of those |ayers. The

materials of the present invention permt the

construction of a bottomgate transistor with a

sol vent coated semi conductor, rélue to the fornul ation

of a sem conductor coating cofposition that can be

coated over the dielectric. Hpwever, the sem conductor

| ayer of the thin filmtransigtor of the present

di scl osure m:\\yﬁsl e net hod,

i ncl udi ng sol ncl udi ng

dry nmethods, nelt : tion, [dr the

i ke. Where thg '

di scl osure is %¥m

materials of the sem conducto

any suitable solvent, which ngy include ketones,

aromati c hydrocarbons, and the like. Typically the

sol vent is organic. Typicallygrthe solvent is aprotic.

The sem conductor | ayer according to the present

di scl osure includes a functionalized pentacene

ound accordi ng to Fornu |_:where each ins

I
Whgli%}gﬁ]é dafndeperdeatly selested ﬁﬁogp Hrnd &3 apdicachdl™ R ipdependently

i ndependent L.y .sel ected fr anched .or unbranched
sel R EC By TR s e Gl e dfPneogp P R iigea c1-C18
alkgll slobigdls, brixicheé Be thidhndheb CRAChE dikeresCER-@8 KEMNEST hetdokaFls, C5-
aryls or heteroaryls, C5- C32 al kyl aryl or

C33 allgllariborealgrheteroayt, erfememnyl, or SIRY Whaewher B> énindefendently

i S independentlg
selected from hydrogen, branched or unbranched C1-C10 alkanes, branched or unbranched

a8, the
| ayer may be carried in

C1-C10 alky! alcohols or branched or unbranched C2-C10 alkenes. Typically each R} is
H. Typically, each R? is SiR33. More typically each R2 is SiR33 and each R3 is
independently selected from branched or unbranched C1-C10 alkanes. Most typically, the

compound is 6,13-bis(triisopropylsilylethynyl)pentacene (TIPS-pentacene), shown in

formula II:
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sel ected from hydrogen, branched or unbranched - O
al kanes, branched or unbranched O -d O al kyl al cohol s

wa@eoognzssehed or unbranched C2- Cl0 al kenes. TypPCHIUB3006/048804

each Ris H Typically, each Ris SiR. Mre typically
each Ris SIiR and each Ris independently sel ected
from branched or unbranched C -d O al kanes. Mst
typically, the conpound is

6, 13-bis(triisopropylsilylethynyl)pentacene

(TI PS-pentacene), shown in fornula I1:The

sem conduct or | ayer contal he conmpound of Fornula |

or of Formula Il in an Qmount of 0.1-99% by wei ght,
nore typically 0.1- 10@ii}he conductor | ayer
according to the prese di gcl ostwv e i ncl udes a pol yner

having a dielectric constan kat | kHz of greater than
3.3, and nore typically gredqter than 3.5, and in sone
enbodi nents may be greater than 4.0, and in sone
enbodi nent s may fre greaks ap— 7R \‘p%%TN

typically has a

typically at | east 5, | ~poel ypers i ncl ude

pol y(4- cyanonet hyl styrene) and poly(4 vi nyl phenol ).

Typi cal polyners may al so iiclude pol ymers cont ai ni ng

cyano groups such as cyanoplllulans. Typi cal polyners

al so include those descgibed in M. S. Patent

Publ i cati on No. 2004/0%?241 Pol ymers descri bed
therein include substanti al Iy quorrnated or ganic

pol ymers having repeat uni¥s of t he fornul as:

wherei n: each Rl is independently H d5Br, I, an aryl

gr OEBE S%}fllcgﬁdlg‘,t@rahary%r R thp gempound of Formula I or of Formula IT in

an amount of 0.1-99% by weight, more typically 0.1-10%.

The semiconductor layer according to the present disclosure includes a polymer

having a dielectric constant at 1kHz of greater than 3.3, and more typically greater than
3.5, and in some embodiments may be greater than 4.0, and in some embodiments may be
greater than 4.5. The polymer typically has a M.W. of at least 1,000 and more typically at
least 5,000. Typical polymers include poly(4-cyanomethyl styrene) and poly(4-
vinylphenol). Typical polymers may also include polymers containing cyano groups such

as cyanopullulans.

Typical polymers also include those described in U.S. Patent Publication No.

2004/0222412 A1l. Polymers described therein include substantially nonfluorinated

organic polymers having repeat units of the formulas:

R3
|
C—CHyy
p o
—C—C)>— and
II{l 1'{2

Ry

wherein:
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i ncl udes a crosslinkable group; each R2 is
i ndependently H an aryl group, or R4; each R3 is
wo pdepesydent |y H or nethyl; each R5 is i ndepenBenub300ammssos
al kyl group, a halogen, or R4; each R4 is
i ndependently an organic group conprising at |east one
CN group and having a nol ecul ar wei ght of about 30 to
about 200 per CN group; and n 0-3; with the proviso
that at | east one repeat unit in the pol yner includes
an R4. The sem conductor |ayer contains the polynmer in
an aaduRt isdhddpederdtp Hy ClyBrghtan aBljgeanrs cand oaghndngagp shat
. of this ipve ion are further illustrated by the
1“@@9?8“?%@’%&%%%?%&?’but the particular materials and
anoeadtsRt Rah@§endagiy Bdar iyl BR%p, &®@MPl es, as wel | as
ot her conditions and details, should not be construed
to GAdURyis/indenendently Hoyamthdh. Exanpl es Unl ess

Ve IBAetaatl AFRREIS M RSR RS, O e

ey ebcleh ?ﬁ};’rrsst;h?:n.é?tbzafukmgmnl ic rgfmdmamo| prﬁi;ﬁ)iﬂliaisn loyie CN group and
ey E AT EE R AP RP G PYF SRS TRPEPR B RS8P ool yrer

t haty +g-3described in U S Patent Publication No.

2004/.0222412 AL The synthesis is described .
with the proviso that at least one repeat unit in the polymer includes an R”.

The semiconductor layer contains the polymer in an amount of 1-99.9% by weight.
Objects and advantages of this invention are further illustrated by the following
examples, but the particular materials and amounts thereof recited in these examples, as

well as other conditions and details, should not be construed to unduly limit this invention.

Examples
Unless otherwise noted, all reagents were obtained or are available from Aldrich

Chemical Co., Milwaukee, WI, or may be synthesized by known methods.

Preparatory Example — Preparation of Polymer A

Polymer A is a nitrile-containing styrene-maleic anhydride copolymer that is
described in U.S. Patent Publication No. 2004/0222412 Al. The synthesis is described
therein at paragraphs 107 and 108 under the caption “Example 1, Synthesis of Polymer 1,”
as follows:

A 250-milliliter (mL), three-necked flask fitted with magnetic stirrer and nitrogen
inlet was charged with 8.32 grams (g) 3-methyl aminopropionitrile (Aldrich) and a
solution of 20.00 g styrene-maleic anhydride copolymer (SMA 1000 resin available from
Sartomer, Exton, PA.) in 50 mL of anhydrous dimethylacrylamide (DMAc, Aldrich).
After the mixture was stirred for 30 minutes (min) at room temperature, N, N-
dimethylaminopyridine (DMAP) (0.18 g, 99%, Aldrich) was added and the solution was
then heated at 110°C for 17 hours (h). The solution was allowed to cool to room

temperature and was slowly poured into 1.5 liters (L) of isopropanol while stirred

-6-
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therein at paragraphs 107 and 108 under the caption

"Exanple 1, Synthesis of Polyner 1," as follows: A
wWQ@3@nrdobs 1 iter (L), three-necked flask fitteRCTMIBI006/048804

magnetic stirrer and nitrogen inlet was charged with

8.32 grans (g) 3-nethyl am nopropionitrile (Al drich)

and a solution of 20.00 g styrene-nul ei c anhydri de

copol ymer (SMA 1000 resin available from Sartomer.

Exton, PA.) in 50 nL of anhydrous di nmet hyl acryl am de

(DMAc, Aldrich). After the mxture was stirred for 30
methdiitAE . (THejelldtv pro@pithe TRA FodnidEwas collected 3/ filtration and dried at

N, Ndi met hyl am nopyri di ne (DVAP) (0.1 9% Al drich)
80\ for Adeat Tedped ReSsswe RPRSAIRAICYY Qﬁnw@aﬂééﬁ (@) HghCYield: 26.0 g.

for

oo faip s ) ShR SRl RalBReR PR RE ERPIR PMAC
folldvyeddfy ths epditipadR8Wkid gysitlyl methaecytan (GRIA) Saifthmer), 0.20 g

ny b AP LR a3t bl 5 55 SR Blgeytamine
(ARERESF UTR: @R RfeOXASMdsBbY w3 lirbbdnBidahén WEEhedted at 55°C for 20 h.
Yield: 26.0 g. Twenty grans (20 g) of this naterial

Afigg ghegrokusigmizs allovsd thicoakinyasmsmpraRe.df Waneersg siowdy into 1.5
L cﬁddg#ﬁﬁg%gro;ﬁle%e%dg%%?%dgg%’ olr.]rgxtohﬁﬁé 301)1%51% évg%j GR, E.M. Science)
witthinédhapsblstygring Thapnbc(plﬁttegthm; foNLndd s Hﬁsw@ndyﬂ a@rimdeacetone and
urevva ashdvmth tro and .
oot hge, FRE il thiked v FRRR A biba PRV aRT R foime
isopRspadbl. OMRGoli0 (B@lglmet @) Va3 Bol 18ERE b il &ionl dnd\hms QEdr£260°C for
slowy into 1.5 L of a m xture of hexane

24hapdebisanetd Rrossyre. (RRrEsrEMAkTY AR PRpE). G 0230 g FTIR (film):

34@'29‘49@72@/‘ i@ﬂ@b@ﬂ!z@@' 15840, bhd 704 cdi'e Noh ERirRbdrat Erage molecular
that fornmed was dissolved in 50 nL acetone and

weight) = 8000 grams per mole (g/mol), Mw (weight average molecular weight) = 22,000
g/mol. Tg = 105°C. Dielectric constant approximately 4.6.

Preparatory Example — Preparation of Solutions A -E

-7-
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precipitated twice, first into the sane sol vent
m xture as used above and then using isopropanol. The
wa eio7a7§9P»1 ymer A) was col l ected by filtrati onPenuSwas 048804
dried at 500C for 24 h under reduced pressure
(approximately 30 nmHg). Yield: 22.30 g. FT-IR
(film: 3433, 2249, 1723, 1637, 1458, 1290, 1160, and
704 cm 1. M (nunber average nol ecul ar wei ght) = 8000
grans per nole (g/nol), Mv (weight average nol ecul ar
wei ght) = 22,000 g/nol. Tg = 1050C. Dielectric
con Sb]ambnﬁbmi Q3 ibistrisoprdpyasilReRpayidientacene (TIPS-pentacene), shown

in @ nrfzbﬁs c‘f ﬁ? ﬁ{ggdxeg%‘s}ﬁ; ppsé),qlt%{t @%Qpﬁ% ol ut :ggtnhsthgfcomposmons
md(cE{e%Sn%'Bi@p eNIPE.penRUR: s Eﬁftﬁ%&kz%d ok dls%wée&ild“U@ 6,690,029 B1 at

dielectric constant poI yner were made Wt
Exa;ondsds i Ralpdsvinpighermal MW 9, OlQibﬂoel 1,000 Sg. Eﬁldér(ﬂ’é{d’é ves\edtained

heS|z |sclos 6, 69
s Rrae S YRU G o o ety o8 i) Bl made by e
meﬁmdgi’escribeﬂﬁ’of %mm oy & B@ﬁnf P@crncBﬂbxyN@l emozzmz Al. All
Warrington, PA. . Poly(4-cyanonet styrene)

SOIW“FW@“F‘:@FW Seat Y ef“cﬂmP%‘SP%}/r?émeAght apd @I‘S“nﬁéltee‘ﬁ‘?‘ﬂtmg
nnfﬂﬂ@thﬁﬁ%%qn)@Qnm%gQﬂ&9222412 Al sol utions were

prepared by m xing the conponents overnight and

filtering the resulting m xture through a 0.2 mcron

filter. Table | Exanples 1- 1 §st transistors
exanpl es 1-10 were nmde onzéi%qie crystal (i.e., <100>

ofélent ati on), he@vlynyerdoped, p- t y|pEIPS-pémapneadf er Solvent

that were obt pb wed dolyamvahdlpeadpMal | eyg witvs cyclohexanone
B 10 wt% Polymer A 1.0 wit% isophorone
C 0.5 wt% poly(4-cyanomethy! styrene) 0.5 wi% cyclohexanone
D 5.0 wt% poly(4-vinylphenol) 0.50 wi% cyclohexanone
E 10.0 wt% poly(4-vinylphenol) 0.50 wt% cyclohexanone

Examples 1-11

Test transistors examples 1-10 were made on single crystal (i.e., <100>
orientation), heavily doped, p-type silicon wafers that were obtained from Silicon Valley
Microelectronics (San Jose, CA). The wafers as purchased have a 1000 A layer of high
temperature thermal silicon oxide layer on one face and a 5000 A layer of aluminum metal
vapor deposited on the opposite face. In this configuration, the doped wafer capped with
aluminum served as the gate electrode and the silicon oxide functioned as the gate
dielectric when organic thin film transistors (OTFTs) were prepared. For examples 1-8,
solution A, B, C, D or E was applied by either spin coating or knife coating method
followed by either air drying or an anneal step (heating to 120°C for 10 minutes), as noted
in Table II. Knife coating was accomplished with a Gardco 4” micron film coater by
application of a portion of the solution to the knife edge and pulling the coated over the
substrate. Spin coating was accomplished according to the following protocol: 1st stage
500 RPM for 10 sec Acceleration 2 (166 rpm/sec), 2nd stage 2000 RPM for 20 sec
Acceleration 4 (332 rpm/sec). The devices were completed by patterned vapor deposition

of gold source and drain electrodes through a shadow mask onto the semiconductor layer.

-8-
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M croel ectronics (San Jose, CA). The wafers as
purchased have a 1000 A | ayer of high tenperature
wo b@voed99%i | i con oxi de | ayer on one face and aPGD082006/048804
| ayer of alum num netal vapor deposited on the
opposite face. In this configuration, the doped wafer
capped with al um num served as the gate el ectrode and
the silicon oxide functioned as the gate dielectric
when organic thin filmtransistors (OTFTs) were
prepared. For exanples 1-8, solution A, B, C, Dor E
Theaievapphada channel lehgth c(60rto doapimanda ckatinkBwid@R bf MO0 pm.
net hod foll omed by either air drying or an anneal step

BotnL eoRFt d5vies SBEIPISS Wes mpd b Bytteried yanog depesitionstiegold source

andl biraiff@iebB08Aht FUZhWEBadSH IRk batdtlle Middbide {REFE Q clannel length of
mcron filmcoater Q§haggllcat|on of a portion of the
e

6049|109 ingnandsa ehannghivi @0 Ph¢ bémigondstaosasaienkaife coated

t i oat | cconpl { she ccord
oo BRI, o OBLARAR, AGEATRL ) PERRI LIy i
inlgetcprining| siivat hamoparticlGitk bprd the djele@nid 15AJak208vdrRMnductor,
A -;%%O sec Acceleration 4 (332 rpm sec). The devices

CoripPetatsipyiyat-e¢ Pﬁ%ﬁ“v%%@fc"d’é’ﬁ B%ipﬁb!ﬁwmﬁﬁtf@‘é%and
Di?;%ke&sc} A 1L WA R&ILOHES h m—_@HQ&)ﬁAZ.h Zﬁ%‘#gﬁﬁ(wgp{hgn cured at

sem conductor |ayer. The devices ha
125 ferhl lohirggest follo@ed irmtrgaidngthe Isamplse with dtOhl wimdl Gotimmof
n i C anpl.e_ 9. was de.b atterned
poRLESEIBAAH (IEK R AP Pl PR SH0E v
depdried dly kaifslvadiong owskhoaitive sinectaiceindahe sainle vais\wlowded to air dry

channe| | of 60 to 100 mm and a channel w dth of
Orfﬁ‘ff(???‘f{rﬁt 1$ﬂgég%rn{0c‘8ifﬂ’tﬁ‘?ﬁ or was then knife coated over

t he anfnsifoSpdritindhes whRdlebBIERRhRRInyIeMINESn aXA¥ES

10 and 11 were nade by first inkjet printing silver

Sepasradaptior Eramaii Analvrer feodildil ded dram Heydett-PrefiesétPalo Alto,
Caﬁ%r\ﬂﬁﬁ. LY gé[’t&ﬁ@ foot of the drain-source current (Iqg) was plotted as a function of

gate-source bias (Vgg), from +10 V to —40 V for a constant drain-source bias (Vdg) of ~40
V. Using the equation:

Igs = RC X W/L x (Vg — V2/2
the saturation field effect mobility was calculated from the linear portion of the curve
using the specific capacitance of the gate dielectric (C), the channel width (W) and the

channel length (L). The x-axis extrapolation of this straight-line fit was taken as the
threshold voltage (Vt). Table Il displays the results of the various devices.



AG 1J-100-Sl, bulk resistivity 4-32 mMWcm from Cabot

Printable Electronics and D spl ays, Al bugerque, New
woroog99Bat ch AG 062005- A). The sanpl e was t hpoT/T82006048804

at 125C for 11 mnutes followed by treating the sanple

with a 0.1 mmol sol ution of perfluorothiophenol in

toluene for 1 hour. The indicated sem conductor

sol uti on was deposited by knife coating over the

entire structure and the sanple was allowed to air dry

or anneal ed at 1200C for 10 m nutes. Transistor

performance was tested at rpapleiEnperature in air
usi ng @ U\,-;Coﬂdu"* o Paranet-er Anal yzer (rmrlpl A4145A

from Helet tDesi@ndr d Coating Allt Solution’ foMutality (am@/v-s)
squar e rboy) BE/Bthe dr Bpinsource carrent (Id )

, Q3
pl ott ed &3S r@t I §]5§]Jpg r ~SOgce pgras (v 5 fron
+10 V ;G? al“¢ 2-cons af dralp-sdurce hﬁaQq (\/r‘lQ\

of -40\2 leT‘F@Qréﬁé&déW%: ldh= nd x W LI Vgs -
Vt)2 /R 4hel§aﬂﬂclt|om{rﬁfeeld ef f ext bility,yas

cal cul gt e |TF@MG e T KGR ri gy of [h?C5x¥82u5Tllg

t he speeHe—capagitance—of the gate—¢gi-elect e
the chanfel V&% (W thé chdnnel |l engt Bx{0$. The
X- axi s| ekt i apoBdd ijon &mifehi s straDght-I i ne fq(t) 3was
taken [asgth <ho| Ita € IaDI Spia

nDd|f|ra|r al t iong of hismventil@ﬂwill
beconme| dPpaBWBG ¢ KiifdAnsdall|l ed An tHe art wyhout

depart|ng 1rsengdde Sscapgeand|pringci pl €s of t%_%
i nvent o

U

)
U.La vul

Various modifications and alterations of this invention will become apparent to
those skilled in the art without departing from the scope and principles of this invention,
5  and it should be understood that this invention is not to be unduly limited to the illustrative

embodiments set forth hereinabove.
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and it shoul d be understood that this invention is not

to be unduly limted to the illustrative enbodi nents
wa@eao7foosodh her ei nabove. W claim 1. A transi st BCT/US2006/048804

conprising: a substrate; a gate electrode; a

sem conducting material not |ocated between the

substrate and the gate el ectrode; a source el ectrode

in contact with the senmi conducting naterial; a drain

el ectrode in contact with the sem conducting materi al;

and a dielectric material in contact wwth the gate
Weetleiot:r ode and the semiconducting material; wherein the

sem,conducting material conprises: 1-99.9% by wei ght
L of ?%%Ifsilsﬁr%rrcoﬁ‘éfiﬂsﬁlgg'a dielectric constant at |kHz of

gr eats@bstidi@an 3. 3; 0. 1-99% by wei ght of a conpound
accor di nq to Formula | : where each R is independently
sel BEEEFI$FIOIEH and CH3 and each R2 is independently

sel r f - .
o S B AN o A 2 SR AL oo

br archede elecuody mrohtdt G2th@i8sahikcendsting4natGalar yl s or

Pgtr r%g 6%%%’%&(@)% i_ncc?(’)%ta%lt wﬁhatflg lsencl)lrcoraxlcli&c\{ilné rr]r?z}tgrriﬁ?gl}q > @

a dielectric material in contact with the gate electrode and the semiconducting

material;
wherein the semiconducting material comprises:

1-99.9% by weight of a polymer having a dielectric constant at 1kHz of greater
than 3.3;

0.1-99% by weight of a compound according to Formula I:

R2

|

R} R!
SO0
R! R!

I

RZ

where each R! is independently selected from H and CHj3 and each RZ is

independently selected from brapched or unbranched C2-C18 alkanes, branched or
unbranched C1-C18 alkyl alcohols, branched or unbranched C2-C18 alkenes, C4-
C8 aryls or heteroaryls, C5-C32 alkylaryl or alkyl-heteroaryl, a ferrocenyl, or
SiR33 where each R3 is independently selected from hydrogen, branched or

unbranched C1-C10 alkanes, branched or unbranched C1-C10 alkyl alcohols or
branched or unbranched C2-C10 alkenes.
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SiR- 3 where each R is independently selected from
hydr ogen, branched or unbranched C -C O al kanes,
whe@nohssds or unbranched C -d O al kyl al cohol s BET/US2006/048804
branched or unbranched C2-Cl0 al kenes. 2. The
transi stor according to claim1l where each Ris H and
each Ris SiR where each R is independently sel ected
from hydrogen, branched or unbranched d -C O al kanes,
branched or unbranched d -d O al kyl al cohols or
branched or unbranched C2- C O al kenes. 3. The
transi stor according to claiml1l where each Ris H and
each Ris SiR where each Ris independently sel ected
2. f r orifisrteanstsénd ageordingrtantdimd WheelearlaRE dnBsanddeaci RE is SiR33
transi stor according to claim1 where the conpound

- wheee eaclii lhbistindépmdemhr deldcged from hydrogen, branched or unbranched C1-C10

e b Reendes Hitt T e hoiEeE g argmbanehed C2-

C1b adheies. t he pol ymer having a dielectric constant at
| kHz of greater than 3.3 is selected fromthe group
consi sting of: poly(4-cyanonethyl styrene) and

pol y(4-vinyl phenol.). 6. The transistqr .accordi Q ..
5. BF a AR B AR ey ey SR B P A2 R s
at 1k f greater than 3.3 is . selected fromthe group
wHERS SR8 5 BPDepary ﬁe%afﬁofmmﬂcg?@%\ﬁ%‘ar%ﬁg C19C10 Bikcanes.
pol y(4-vinyl phenol). 7. The transistor according to
claim1 where the pol ynmer having a dielectric constant

4. at I'Hhadrasisiresearingin slang wheisdhsy compound asherdstg to formula I is
6,13-bis(triisopropylsilylethynyl)pentacene (TIPS-pentacene).

5. The transistor according to claim 1 where the polymer having a dielectric constant
at 1kHz of greater than 3.3 is selected from the group consisting of: poly(4-cyanomethyl
styrene) and poly(4-vinylphenol).

6. The transistor according to claim 4 where the polymer having a dielectric constant
at 1kHz of greater than 3.3 is selected from the group consisting of: poly(4-cyanomethyl

styrene) and poly(4-vinylphenol).

7. . The transistor according to claim 1 where the polymer having a dielectric constant

at 1kHz of greater than 3.3 is poly(4-vinylphenol).

8. The transistor according to claim 4 where the polymer having a dielectric constant

at 1kHz of greater than 3.3 is poly(4-vinylphenol).

0. The transistor according to claim 1 where the polymer having a dielectric constant

at 1kHz of greater than 3.3 is a polymer comprising cyano groups.
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8. The transistor according to claim4 where the
pol ymer having a dielectric constant at | kHz of
w@e@anes9s han 3.3 is pol y(4-vinyl phenol). 9. TPET/US2006/048804
transi stor according to claim1 where the polyner
having a dielectric constant at |kHz of greater than
3.3 is a polyner conprising cyano groups.10. The
transi stor according to claim4 where the pol yner
having a dielectric constant at |kHz of greater than
3.3 is a polymer conprising cyano groups. 11. The
10t r arEHesttArsistaeREckding to@ldhad Whirewhe p6lyhlte hR@ny ARfielectric constant
having a dielectric constant at |kHz of greater than

at 3kHz pE ereaten thanah$ isd POLYRSHEPIBHRE CENLEGHPS-c pol yner
havi ng repeat units of the fornulas: wherein: each Rl
is independently H d, Br, |, an aryl group, or an
lor géfhedrﬁglsi‘scm ﬂch(aﬁirigtolcllﬁdmsl wheredbs bolyked havigp al:tﬁ)t,‘le(:tric constant

at Eglglz oﬁgre t;é6 é |r11sdae ntbgyanﬁ altl)hy?n yogg-%{e%ép g%xgcr: po ymer %avmg repeat

unite deperfdantiay: an aIkyI group, a hal ogen, or R4; each
R4 is independently an organlg group conprising at
| east one CN group and haV|n§»a nol ecul ar wei ght of
about 30 to about 200 per_gmc gg and n = 0-3; wth
the proviso,that, at | east one rep EE unit in the
pol ymer i ncij de%lan R4.

—C—Cy— and
R R
®)

wherein:

each R! is independently H, Cl, Br, I, an aryl group, or an organic group that
includes a crosslinkable group;

each R? is independently H, an aryl group, or R%;

each R is independently H or methyl;

each R is independently an alkyl group, a halogen, or RY;

each R* is independently an organic group comprising at least one CN group and
having a molecular weight of about 30 to about 200 per CN group; and

n=10-3;

with the proviso that at least one repeat unit in the polymer includes an R®.

12. The transistor according to claim 4 where the polymer having a dielectric constant
at 1kHz of greater than 3.3 is a substantially nonfluorinated organic polymer having repeat

units of the formulas:

R3
I
H -—C—CHy-
H
——ec——-ca—— and
R‘ R2

®)
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12. The transistor according to claim4 where the

pol ymer having a dielectric constant at | kHz of
w@e@anesyst han 3.3 is a substantially nonfl uori pet/@d2006/048804

organi c polymer having repeat units of the

formul as: wherein: each R} is independently H d, Br,

I5 an aryl group, or an organic group that includes a

crosslinkabl e group; each R is independently H, an

aryl group, or R4; each R3 is independently H or

nmet hyl ; each R5 is independently an al kyl group, a
wiéiggen, or R4; each R4 is independently an organic

group conprising at least one CN group and having a

nol @gh & iiedgpandsntly b (il B 1129 aplogroup.ow apearg@pe group that

nghop with the proviso that at |east one

mg[elg%%“gmt ?%le%ﬁ(ﬁlpﬁol ymer includes an R4. 13. The

t r arsck nsmdepnmﬂlemjyfbanla@lllgr@mbeR‘él n the source and

drain :R@ctr des ar t with the dielectric
mat eeﬁc Is) jpdeggpde ﬁ’é#&’%‘f’%‘ﬁ‘ ccording to claim1
wher&ich RE ieindepsrdendy n dikel Eroﬁbe&hilggﬁﬁ ofRE& not in
contact with the dielectric material
each R* is independently an organic group comprlsmg at least one CN group and
ha§/ing a molecular weight of about 30 to about 200 per CN group; and
n=0-3;

with the proviso that at least one repeat unit in the polymer includes an R*.

13. The transistor according to claim 1 wherein the source and drain electrodes are in

contact with the dielectric material.

14. The transistor according to claim 1 wherein the source and drain electrodes are not

in contact with the dielectric material.
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