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WD 2007/ 078993PCT/ US2006/ 048804 BOTTOM GATE THI N FI LM
LKANSI STORS Field of the Invention This invention
relates to bottomgate thin filmtransistors including
tﬂﬁ gpﬁgnﬂfonductor of the present disclosure. In sone
B3N RS the semiconductor may be sol vent At BYoe08804
over previously generated |ayers of the transistor
duri ng manufacture. Background of the Invention

US 6, 690, 029 Bl purportedly discloses certain
substituted pentacenes and 10 el ectronic devi ces nmade
therew t h. WO 2005/ 055248 A2 purportedly

di scl oses cer HHTTOWBATE rEANIATMGIEISRALIRS! YTer s

in top gate thin filmtransistors. Summary of the
Invention 15Briefly, the present invention provides a

transi stor conpri sing: I@elﬁlﬁ?ﬁé‘ﬁx\rﬁigi@ gate el ectrode; a
sem conducting material™n Det ween t he
subst raisdnyggation Fratgpiodotipm ertedlin;film twosisiors intleding thde i n
: c -al aj n
oD e e SR T KL A B o Bl lchugfor may be
analyent canted avarprevignstyagenerhted nyewsf dettransisior thringgasmafacture.
el ectrode and the sem conducting material; wherein the
sem conducting 20 material conprises: 1-99.9% by wei ght

of a polynmer having Ha fithe igmt at 1kHz of
gr eat bod i - 990, i und
o tL R 2 Bi ppdd AR LEL A0 Qbsitufi8 TBRAes and

28079107 699SPORde8R0061048804 where each RL is

i ndep f 5 _and re typicall
H anaPS 203 s 28 8 e e BT - BRES bt B Rk BorSitened god
eelymepy ianeaheade Bir Gib8transksémyes, branched or unbranched

Cl1-C18 al kyl al cohols, branched or unbranched C2-C18
al kenes, C4-C8 aryls or heteroaryls, C5-C32 allcylaryl

or al kyl -heteroaryl, ghy knveationore typically
Si R33 . [-S deptly selected from
myclr o5 Ret b p Bl B QR ENARD oYl B 0P a g

Isteatedee dl samicominc imrinetridinoCbated kgtiveal the hitis&ateand the gate
Q[e@ﬂg&?g sUreet] ?cfu%ﬁg Pnec%n ¢t with the semiconducting material; a drain
electrode in contact with the semiconducting material; and a dielectric materizl 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% ijy weight of a compound according to Formula I:

RZ

hl

R! N R!
@
R! == R!




10

15

20

25

e R

C10 al kenes, where nore typically each R3 is
i ndependently sel ected from branched or unbranched

~ Cl-Cl10 al kanes. Most typically the conpound according

to formula | is 6, 13-

bWOCOV788hr opyl si | yl et hynyl ) pent acene PCT/US2006/048804
(TI PS- pentacene). The polynmer having a dielectric 10
constant at I kHz of greater than 3 3 is typically

sel ected fromthe group consisting of:

pol y(4-cyanonet hyl styrene) and pol-y(4-vinyl phenol) and
nost typically is poly(4- vinylphenol). Typical

I . gl i ncl | i ni
SPSHEEE B BB et et d ot B GO, BurSiedibattopnd cact 72
G4 FRLFRAETY TBY RS frofh KrHhBE br Wbtdhchd¥CH 88 GhbELChranched or

material of not in contact‘vvlth the dielectric
mbepched C1161 $plidralqobglsy brpndhed otnbranchedl @01 § alkenes, C4-C8 aryls

Fig. 1 i c. depi Gti t | t
o ettty o, DRG0 b A BRI A TR Moy oy pically SIRSS

bie Gaob B3 RERTER IS E DR P TOR PR o hErehghC1-CI0
falignes3 biadci®d 9¢ haraidhed e Al 10t1100 alRbhdlHier braydhes oPtsSithed C2-

in a top contact/top@ﬂate thin filmtransistor.
K519 alkenpss whersaprraiinically epbdRd ig indspendaetly sejestest fimme branthed or
lAbAnBRE QT FPAkHeL/ VOB FRtAN A Borky | i
Det ai | ed Description Thtlgﬁ ?liyltt% tr a@gﬁ?%&cﬁ)@&i&%%ﬁoﬁn&éhs 613
pisoiispgrapklsitHethyiex) iepiapens  THTS-tengernak | Tietpolymentpeingiavdislectric
DAk R I0IUEY JrRRLALWERAS £is@GhEAYGedaY] ' isting of:
particul ar v\,herél t hey ma;%é% ngéee%?fg%ﬁ\q/%en%ﬂag%gﬁshsang of
rebhrpremetby giyrens) apd pely (drgnitlpkehal) godmost tcally is poly(4-
A9 OB bhighid ¥ s Qo

P RAD DT R A motude poty Pl Sottnli yano groups such
\w eyanppiihilangc Ehe epuseecind graifelgetroties mey rhese neritag wathahe dielectric
GORLA8 LS RQt ' il istor, Fig. 2,
repr ese’lnl{ibl %@%ﬁ%ﬁg%@cﬁﬁ%é&%%{g?%m gate thin film
transistor, Fig. 3, representing a top contact/top gate
thin filmtransi st Hig. 4 representing a bottom
contact/top gatet%ﬁef lj'lzt% OL} eﬁpw, thin film
t r ansFig diis d @Bematdd degiesios nbeit it piGentgateoet@eict/Boteom gate

' i c layer 30, sem conductor |ayer 40, source
éﬁg%?ggﬁéé{' and drain el ectrode 60. Typically, each
of t h&is 3y cehehatit depibtiod Of i dhydrspiresesliratbonoe coftaiottom gate

ate electrode 20 to a slight extent. In

?ﬁg@thg%g%tﬁggdesi gns depicted in Figs. 3 and 4, the
gat e Elgedtiyottbendid depitbion ef thhéryiBgrekmdt hitap domyret/todQate thin
and 129481 he gate el ectrode 20 and the dielectric |ayer
3%96“ e_lga]{%%ve the sem conductor layer 40. In the bottom
gat e fast damssceapatit degictinn Bf (s Jayérspraie®, in tibett@Akentact/top gate
alig Gtk 0dgsi2l 1S bel ow dielectric layer 30 and both the
gate electrode 20 and the dielectric layer 30 are bel ow
the sem conductor layer 40. As a result, the
manuf acture of the bot tﬁgbigeadtﬁésdesh%]s by sol vent

coating techni ques reqm‘r‘es—'d—tﬁ'ﬁ‘l’-cvnduct or that can be
appl i étinifimtBeekweshowergniss indts Hyvebpateetofdightved it ipexpensive

I -1 W [ [ f. those | ayers, T
Y Rb i Nebldilca URLURE ol in AR Fiat B ey pey be madbby
sUMst comting devhoiques, bahtas prigddegethngynsd. st or with a sol vent
coat ed sem conductor, due to the fornulation of a

sem conduct or coating conposition that can be coated
over the dielectric. However, the sem conductor )

-2-
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| ayer of the thin filmtransistor of the present

di scl osure may be made by any suitable 20 nethod,

i ncl udi ng sol vent coating methods, but al so including
dry nmethods, nelt processing, vapor deposition, or the

i ke. Where the sem conductor |ayer of the present
dWORHEE¥Y83 | s made by sol vent coati ng net hodshCly#Ra006/048804
mat eri al s of the sem conductor |ayer nmay be carried in
any suitable solvent, which may include ketones,

aromati ¢ hydrocarbons, and the like. Typically the
solvent is organic. Typically the solvent is aprotic.
25The sem conductor | ayer according to the present

glc i g lr gﬁ’lﬁ [ E%Snt%lélg%%?saﬂ?? uo%n%&rl ;;nzngi%lep geeg;n%gn%g € V\S:ltol’lnlgfoell"ler:l%e to

20060 60 QQQ 3&@8’5&1&15%%6}5 Odiigbotiom \phe tidn EB6 Rraflistbs Fig, 2,

i ndepe nden% select d fron15%ﬁ% CH3 and_each R2 1's

AR BHBE A PpYom contackpottara gate gﬁw@& Ble. tuTBPaoReRa top
@nfabop gk Mas i1 HanENed a0t Fighh ran ggq bdubsh émﬂc{% ate thin
ghcohols bragphed or unbranched al kenes,

i tganapfo&ébj@ Bxgrtw@stot;})ﬁo ipglydes sp]ﬁ}qaﬁ:r]ﬂ, gaie electrode 20 dielectric
ahyex B0 NRIRIRAENdr laRr HESHQEE El)é&tmd@ 150 B HRai B (fé h T@%lcally,

i s i ndependently sel ected from hydrogen, branc

LB SifBR avireg electroded andetsain sleaty \@.ﬂ ayeirethe Eetd electrode 20 to
@ stighlex@dky! al cohols or branched or unbranched C2-Cl0

al kenes. Typically each RL is H Typically, each R2 is

Si R33.In fhsrtap e3P fesigns depigiet inigs.3 @dﬁs@eam elegtyhde ) s gbove the

186tk ’
u excczlhg@g mhﬁﬁg@ tﬁlgggtfcﬁg‘,zb aﬁ@ﬁlggg%%d&nydﬂ?&%%?@&m the

eemicopudtenlayes 4% e bcmom gate Jepyans gepictad exfdgs. 1 and 2, the gate
(Té BSdPeisak RAEicleSHO an
26057/ 078993PCT/ O’zsliooayggiﬂs%oin b e bic dgmg’élr%zg &g (e diglectric
1axre A0 atsriednvn e seraicenstysion ae0. Ry susil, thegranyfachige rithe bottom

| datd d&s% t &faqu %cﬁﬁcﬁe@fedﬂ%&@ Eetmw{dﬁctgy Al ﬁ(@d.lnlb\é applied in

he sem conduct or | ayer accordi ng

p’*PB@&‘ﬁP PRV saated ﬂlﬁk@pmé@w@s mcyan@ﬁmsum thgseelayers

di el ecjink inCatG RN FAM prédent i Ebgmgfx gﬁlﬁ@%@ on}sg@(gno% oFa t3A8m gate
nor e typlcalgé greater t 5

érmosionehg sphigntiseated semiegnduttan e ®, thafmdmullatlsmnﬁa semiconductor
%tlgﬁﬂlap&%% %??gtgé o?egg% cﬂ%!?{:%%- rﬁmgf?vey r{Ee semiconductor

typically has a
tigysir eﬁmr:;ﬁuatﬁlm dramdistey, GO pragept dsdlopr ryanebeanadactbmﬁ suitable

RRLHES i iU co§ﬂtn§£‘lg|'r I%Qt%))dsapgt Cf!‘?s%l 1X<I(h§' Vhrg'ynllgp eél‘n?%lé

Typlca nNers nma Her S~ con
dyensesing. U GEE)?S' dgmﬁlom(prage kea ik Iﬂu:l Samg:onductor iayer 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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Typical polyners also include those described in U S.
Pat ent Publication No. 2004/0222412 Al . Pol yners

- described therein include substantially nonfluorinated

organi ¢ polyners having repeat units of the fornul as:
R8OkRboHOIa993- - (C-C-)- and 112 RL R g). 15wh e rREITAIS20000# 8804
2007/ 078993PCT/ US2006/ 048804 each Rl is

i ndependently H d, Br, |, an aryl group, or an
organi c group that includes a crosslinlcable group;
each R2 is independently H, an aryl group, or R4; each
R3 is independently H or nethyl; 5each R5 is

i ndependently an al kyl group, a hal ogen, or R4;

each R4 is independently an orfgani c group conprising at
| east one CN group and having ja nol ecul ar wei ght of
about 30 to about 200 per CN diloup; and n = 0-3; with

where each R1 is independently selected from H and CHj3 and each R2is independently

selected from branched 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 alkylary! or alkylheteroaryl, 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. Typically each Rl s
H. :I‘ypically, each R2 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(triisopropylsilylethynypentacene (TIPS-pentacene), shown in

formula II:

-4-
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bj ects and advantages of this invention are further
illustrated by the foll owi ng exanpl es, but the
particular materials and anounts thereof recited in

t hese exanples, as well as other conditions and
d¥020974978%8houl d not be construed to undul y | iFFRUS2H{j6:948804
i nvention. 15Exanpl es Unl ess ot herw se not ed,

all reagents were obtained or are avail able from

Al drich Chem cal Co., MIwaukee, W, or may be

synt hesi zed by known net hods. Preparatory Exanple-.
Preparation of Polymer A 20Polymer Ais a

nitril e-containing styrene lLei c anhydri de copol ymer
that is described in U ent Publication No.

2004/ 0222412 Al . The sysiges S.18 described therein at
par agraphs 107 and 108 under |t he™~caption "Exanple 1,

Synt hesis of Polynmer 1," as

ol lows: A 250-milliliter
(mL), three-necked flask fi i [ [

3-net hyl am nopr op¥on 8 d a solutlon of
20.00 g styrene- e er I35k 1000
resin avail abl e fem-Sa : . PR ) in 50 nL of

anhydr ous di net hyl acryl arnid
the m xture was stirred for
tenperature, N, Ndi nethyl arrJ nopyridi ne (DVAP) (0.18 g,
99% Aldrich) was added nd he gol uti on was 30 then
heated at 110C for 17 ho The sol uti on was
allowed to cool to roomtenm rat re and was slowy
poured into 1.5 liters (L) ~0f\ sopropanol mhile stirred

Aldrich). After
30 n1nutes (mn) at room

- WO 20Ghé 9&&%&?&3 go}(%gp&ﬁfa%%w&\%@ﬁg%ﬁf F&Huéa or o% Formulall in

yel | ow precipitate that fornmed

fan amoyey of Q- laRePe by ivesighitm@e typicatly #3-19%t r educ ed

pr essyt,e

6.0 o _sl_év\rgﬁt&g/&girogﬁatsﬁxl %8‘%3 n@t# {He Se@ﬁt I[EI;QJ."E Wéudes a pog/mer

dirgiag p disleciie @ostaRt aarhhlsldpﬁglsat@m )\ alndmnie typicaftegreater than
addiahd p

Car t% ik r0 e e?[ﬁ)UQiQnEglEqJH %%at%ﬁé}%aﬂ{(: c&ré n)lbodlments may be

Ritatar thse gThel\mP)!ymdym0$y drat\h MW pfmtlmst b,engﬂmfe @ypically at

( )T he ni.trogen and
tlélgﬁjr 32‘2 i%at e%gfgégéé% '\f{@?p y&f‘ﬁyan%?m%\fh A n‘?&ﬁ‘gi’?lbﬂ" was
afllrryéﬁbéﬂolﬁ olaesl pelymeronat dvpiecladapeymert cosinp@ueyath groups such
Sk WY piliilisl- 5 L of a mixture of hexane and

i sopropanol (2:1, volune:volunme (v/iv), GR E M

Sci end#picglinofyrase plam inchide S108q ddserghed ThY.$ PetshpPuldicidnNd,
f2054788h2 I

preci pi }4’2? éq ?&M@éﬁéﬁy éiségb%g tﬂr? P%n tﬁﬁ gltdg gﬁnés%élgl hn iR
LA SaQ LAY bavargeptas nnitsxifthy fosurmpanol . The sol i d
(Polymer A) was collected by _giltration and was dri ed
at 50C for 24 h under reduced pressure. (approximtely
30 nm Hg). Yield: 2230 g. HFO-RCHES m): 3433, 2249,
1723, 1637, 1ﬂ58H 1290, 1160,/ and 704 aafi. M (nunber

aver age no_% é meigmﬁ) 0O grans per nole
(g/mol ), Mwv(vei aver ag ecul ar wei ght) = 22,000
15g/ nmol. Tg = 10 Di el ect constant approxi mately

4.6. Preparatory Exanpl@gn reparation of Solutions A -E

wherein:
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20 WO 2007/ 078993PCT/ US2006/ 048804 Sol uti ons of
6,13-bis(triisopropylsilyletlynyppentacene

" (TIPS-pentacene), shown in Forrmula 11, and a high

di el ectric constant polynmer were nmade with the
CHOROEirsd9hs i ndi cated in Table |. TIPS-pent apernes2gs48304
synt hesi zed as disclosed in U S. 6,690,029 Bl at

Exanpl e 1. Pol y(4-vinyl phenol) MAN 9,000 to 11, 000

Sp.gr. 1.16 (PVP) was obtained 5 from Pol ysci ence, Inc.
Warrington, PA. Pol y(4-cyanornet hyl styrene) was nade

by the nethod described for "pol ymer 4" in U S. Patent

Publ i cat.i on. No 0 Al'l sol utions were

or opar Bt By iiepRHRERE A GG it &5 bipebi Gan Copa Goup at
fml:tbdaerslamgosﬁlinﬁcabl%%nbﬁp,ng m xture through a 0.2 mcron
filter JTabl r Tl PS; pent acene Sol vent

A 10 PR ﬂsﬂ‘fﬂ’%ﬁg%ﬁe% o8P Rf ’cycl ohexanone B 10
Wt % PalayiRt isAndepbndahily Hsepisyene C 0.5 wt %

p0| (4 acchy l%ﬁ 193 ql?clteggrlldegttl)y arme 21]%2'1 g?ou5p, a ha/]ogen or R%;

each R* is independently an organic group comprising at least one Ci\] group and
having 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*.
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 coql to room

temperature and was slowly poured into 1.5 liters (1) of isopropanol while stirred

_6-
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cycl ohexanone D 5.0 wt % pol y(4-vi nyl phenol) 0.50 wt %
cycl ohexanone E 10.0 wt % pol y(4-vi nyl phenol) 0.50 wt %
cycl ohexanone Exanples 1-11 Test transistors
exanpl es 1-10 were made on single crystal (i.e., <100>
oVDEM7A898) , heavily doped, p-type silicon VTEFR0U6IH¢R804
were obtained from Silicon Valley 15 M croel ectronics
(San Jose, CA). The wafers as purchased have a 1000 A

| ayer of high tenperature thermal silicon oxide |ayer

on one face and a 5000 A | ayer of alum num netal vapor
deposited on the opposite face. In this configuration,

the doped fer capped with alum num serv as the g
63313 8 Vel BrepipiER Tk ?qreefl Vst Prltffﬁtsg %a@rﬁengaaé @ried at

oboect @@rtmrpatrémed;rre@me%ﬁﬂ%ﬁmfatetmd st K(}%Fiﬁad 26.0g.

mere prepared For exanpl e - 8, sol ution

or E vErRpBrreds) Oéﬂﬂefhe?teeﬁh Wﬁ%%tﬂwrrbmoﬁﬂ Rhiaplydrous DMAc
Cf@ﬂ&\b&ﬂ)}”ﬁ& Mtufrpclflﬂ% %cr%rlt 'Ete @GMQS%O@?}, 0. 2(? g

anneal ste& heat i ng nrnute , as no

i iy drogingng M#rel’leawsblﬁg Nﬁ@n@@é@ﬁy N-glia Wb@rmhamme
li { ,,f o

S, IndlR0 uh TAELEO MR oA R ERRECkclla A 55°C or 20

thlerdlaobition wes allgvecddaisaeltareom Eprmra@mtlt wep med slowly into 1.5

| f t

o SRS Eh AR P S Rnb 0 AR DBRIVRR, B A science)

Pty meehanicalrigringa Jde pogrimRNhtdornzd V@edlswaei or@tmb acetone and

(p;i‘ 1&@&1%) ﬁI‘S{rlQ‘E) tﬁ@ a|.n?@§)]\yg%f fni L ﬁst.eﬁ‘%bg?/ z&tﬂttfx%r&?ng

vapor deposition of source and draln elec

tiaroergnok Eﬁadenhrsrr@r dr)wstchléecsférhycﬁ:m@mtaod vaayeed at ST for

R R

B8 o?‘%@oﬁﬂédﬁael\ﬂﬁ&elzgﬁawﬁpem 'W&s; dM¥n et tveragednolecular
\, d 0 r
i) AR00P by Berthol O hoBOWY Bl errmggsﬁtr B8R = 22,000
cHmahdk = Y- hDistecB Opostam@ppanmaimiy #6channel w dth of
1000 jun. The sem conductor was then knife coated 5
over the entire structure Bott om cont act devi ce

aenyptasery Hxagmple 4 PreparatiotnefSdintidns(As{E | nkj et printing
srlver nanopartrele |nk onto the dielectric |ayer
(I'nkjet Silver Conductor, AG U-100-S1, bulk resistivity
4-32g2 cm from Cabot Pri nt e El ectronics and

Di spl ays, Al buger que, hiﬁggfsjco, Bat ch AG 062005-A).

The sanpl e was then cure for 11 m nutes
followed by treating the€ sanple wwth a 0.1 mol

sol ution of 10 perfl uorothi dghenol in toluene for 1
hour. The indicated seni condyictor solution was

deposi ted by knife¢ . Qe entire structure
and the sanple wd 0 arfriedl ed at
120C for 10 m nut
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Transi stor performance was tested at roomtenperature
in air using a Sem conductor Paraneter Analyzer (node

"~ 4145A from Hew ett-Packard, Palo Alto, 15California).

The square root of the drain-source current (1ds) was
pwotzbEe@sss a function of gate-source bias (VORT/US2006/043304
+10 Vto -40 V for a constant drain-source bias (Vds)

of -40 V. Using the equation: lds = pCx WL x (Vgs -

V2/2 the saturation field effect nobility was

calculated fromthe |linear portion of the curve 20

using the specific capacitance of the gate dielectric

(O, the channel wd and the channel | ength

The x Sa&‘Pgnse‘?&Gp%@F@T’F%“Rﬁ“'ﬁ’!ﬁ@“gl)?%ﬂt@’ﬁt’e ?I%%P%t@cem%)sshown
bR ASTI! HR 4 higieshiebiflc ¥aHsta0o1¢MED werz@,mds withdhS QInidb3itions

the results of the various devices.

sheptestig JablodT TR DRI o BT sy WSt iged| s dB%los‘E%lélﬂéﬁ- 6,690,029 B1 at
%qaégle ST LhyRhd1 MW 00B8AY 1 Bbod sy &L, BP6IPVE) MasttAined

from Polyscience, Inc. Warrington, PA. Poly(4-cyanomethyl styrene) was made by the
method described for “polymer 4” in U.S. Patent Publication No. 2004/0222412 A1. All
solutions were prepared by mixing the components overnight and filtering the resulting

mixture through a 0.2 micron filter.

Table I
Soln. Polymer TIPS-pentacene Solvent
A 10 wt% poly(4-vinylphenol) 0.8 wi% cyclohexanone
B 10 wi% Polymer A 1.0 wi% isophorone
C 0.5 wit% poly(4-cyanomethyl styrene) 0.5 wit% cyclohexanone
D 5.0 wit% poly(4-vinylphenol) 0.50 wt% cyclohexanone
E 10.0 wt% poly(4-vinyiphenol) 0.50 wi% 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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TC/ BG Spi n/ Anneal B 10-2 3 TC/ BG Kni fe/ Anneal A 10-2 4
TG/ BG Knife 10-3 5 TG BG Knife B 2x10-2 6 TC/ BG

WO 2007/078993 PCT/US2006/048804

The devices had a channel length of 60 to 100 um and a channel width of 1000 pm.
Bottom contact device example 9 was made by patterned vapor deposition of gold source
and drain electrodes through a shadow mask onto the dielectric to give a channel length of
60 to 100 pm and a channel width of 1000 pm. The semiconductor was then knife coated
over the entire structure. Bottom contact device examples 10 and 11 were made by first
inkjet printing silver nanoparticle ink onto the dielectric layer (Inkjet Silver Conductor,
AG-1J-100-51, bulk resistivity 4-32 pQ cm, froin Cabot Printable Electronics and
Displays, Albugerque, New Mexico, Batch AG-062005-A). The sample was then cured at
125°C for 11 minutes followed by treating the sample with a 0.1 mmol solution of
perfluorothiophenol in toluene for 1 hour. The indicated semiconductor solution was
deposited by knife coating over the entire structure and the sample was allowed to air dry
or annealed at 120°C for 10 minutes.

Transistor performance was tested at room temperature in air using a
Semiconductor Parameter Analyzer (model 4145A from Hewlett-Packard, Palo Alto,

California). The square root of the drain-source current {Ids) was plotted as a function of
gate-source bias (V gs)» from +10 V 10 40 V for a constant drain-source bias (V4g) of ~40
V. Using the equation:

Igs = RC x W/L x (Vg — V272
the saturation field effect mobility was calculaied 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 IT displays the results of the various devices.



AT

Knife C 2x10-3 7 TG/ BG Knife D 10-3 8 TG/ BG Knife E
10-3 to 104 9 BC/BG Knife E 10-7 10 BC/ BG Kni f e/ Anneal

WO 2007/078993 PCT/US2006/048804
Table 11
Ex. | Design Coating Solution | Mobility (cm2/v-s)

1 | TC/BG Spin A 10-3

2 | TC/BG | Spin/Anneal B 10-2

3 | TC/BG | Knife/Anneal A 10-2

4 | TC/BG Knife A 10°3

5 | TC/BG Knife B 2%10-2

6 | TC/BG Knife C 2%10-3

7 | TC/BG Knife D 10-3

8 { TC/BG Knife E 10-3 10 104

5 | BC/BG Knife E 10-7
10 | BC/BG | Knife/Anneal A 10-2
11 | BC/BG Knife A 10-6

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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A 10-2 11 BC/BG Knife A 10-6 Vari ous
nodi fications and alterations of this invention wll
becone apparent to those skilled in the art w thout
departing fromthe scope and principles of this
i WOeMr0ea93 S5and it shoul d be understood that ROATUS2006/048804
invention is not to be unduly Iimted to the
illustrative enbodi ments set forth herei nabove. WO
2007/ 078993PCT/ US2006/ 048804 W claim 1. A transistor
conprising: a substrate; a gate el ectrode; 5a
sem conducting material not | ocated between the
sybstiate and the gate el ectrode; a source electrode in
contact with the sem conducting material; a drain
dl ect Aoldmsister compraseg:wi t h t he sem conducting material ;
and asubsttgtedielectric material in contact with the
gate el'ectrolle and the sem conducting naterial;

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 matertal comprises:
1-99.9% by weight of a2 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

I

R} R!
o,
R! R

i

R2

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

independently selected from branched 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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10wherein the sem conducting material conprises:

1-99. 9% by wei ght of a polyner having a dielectric
"constant at llcklz of greater than 3.3; 0.1-99% by

wei ght of a compound according to Fornula I: 15 wher e
each Rl is independently selected fromH and CH3 and

each dependent |y sel ected from branched o
unbrgﬁzﬁ%‘}fw& a@i%'g‘é’igﬁﬁﬁ Ip ]éfﬁ?:ﬁ%"g plSdﬁB‘P‘b?ﬂ?ﬁ @SlRﬁ

alcohols branched or unbranched C2-C18

C18
Wg?rﬁéﬁgliig eindepsndensly selectsd from h)fdgageﬂ brandtrf—dcazmbranched C1-C10
Si
5 eir ot B ihed €1 S RPN B 5 ) peSiyinee <2

Cbb alkedxed or unbranched Cl -Cl10 al kanes, branched or

unbranched Cl -C10 al kyl al cohols or branched or
unbranched C2-Cl0 al kenes. 2. The transistor according

e AR S 8 S g
SRR s 2R e AL S Bl crcao

anched C2- C10 al kenes. 5 3. The transistor
according to claim1 or claim2 where each RL is H and
each R2 is SiR33 where each R3 is independently
sel ected from branched or unbranched Cl-Cl10 al kanes.
4.4, THe tangistor 3EWF digg é‘b?lélnhéj vihgrecthg icampowibacgording to formula I is

6. E RSP RpTRLES %ﬂ%lﬁpeflﬁ% (ks PPtk one

(TIPS-pentacene) . The transistor according to
mhere t he pol yner having a

claijn1 or. claim
5 di el ﬂ]tettﬁnéls@é ACQOEHPE iR clpin Lipr glpiry 2 avhess thelpelymerdaving a

SHERP b ol AT O (BRSSP Gomm s b eivipe of

poby(4-Eiyendmelind issirane) and polg{4rginy iphehad). m 4 where t he
pol ynmer having a dielectric constant at 1lcHz of
greater than 3.3 is selected fromthe group consisting

6.0f : mlﬁéﬁglst%y Q&%Hﬁﬁé‘ YcJ clﬁﬁﬁ’ﬁ %{h%])e iy golgrl er having a dieéectric gonstant

pol y(4-vinyl phenol')- etr { o7 BE &S
at ¢kidz of greater thaaBr i Seilb@cde fmhethp groupeondistitig@f: goly(4-cyanomethyl

di el ec onstant at | kHz of greater than 3 3 is
Sty&ﬂq}(aﬂé 1%94: #EEFI}OI)g The transi stor according to

claim4 where the polynmer having a dielectric constant

7. The transistor according to claim 1 or claim 2 where the polymer having a

dielectric constant at 1kHz of greater than 3.3 is poly(4-vinylpheno}).

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).

9. The transistor according to claim 1 or claim 2 where the polymer having a

dielectric constant at 1kHz of greater than 3.3 is a polymer comprising cyano groups.

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

at 1kHz of greater than 3.3 is a polymer comprising cyano groups.
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25at licHz of greater-than 3.3 i's pol y(4-vinyl phenol).
9. The transistor according to claiml or claim2 where
the pol yner having a dielectric constant at |icHz of
greater than 3.3 is a polymer conprising cyano groups.
3010. The transi stor according to claim4 where the
pol ynmer having a dielectric constant at | kHz of greater
than 3.3 is a polymer conprising cyano groups. 11.The
1k r anBhestramsistir @ocadding td claith dioiclkirar whet MedoMipérchavhiey a
d.glgl.me‘r havinﬁg%bq¢electric constant at | kHz_ of greater
! ¢ gonstand af iy oh gpaterahpy 3 Adha suksiantalle sorfipainated organic
: i -gﬁﬁg j of the formulas: R3
Wﬁﬂ%?g?ﬁ?@4¥¢&@3%; *C#Eh%%gépendently H d, Br, I, an
aryl group, or an organic grggup that includes a
crosslinkabl e group; each R2 is independently H an
aryl group, or R4; l1lO0each-RE-i-€Hadependently H or
net hyl ; eacH RGSHi s i ndependently an al kyl group, a
hal ogen, or {R4; | eqch kS i ndependently an
organi c gTb%ﬁ“t ﬁpTiéWﬁg : ast one CN group and
havi ng a nogecup@ar wei ght bout 30 to about 200 per
CN group; and n = 0-3; 15y the proviso that at | east
one repeat unit in th gl ymer includes an R4. 12. The
transi stor according to claim4 where the pol yner
whesgiting a dielectric constant at |lcHz of greater than
3.3 1substantial | onf Luori nat ed organi c _pol yner
e A0 RePdnderdiondy . qlofe i EiBbm, o 8 Organf rbip
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 R?;

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=0-3;

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
|
C—CHyy
il
Sl
R R?

wherein:
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20 wherein: HHIl -GG and 12 RR each Rl is
i ndependently H d, Br, |, an aryl group, or an
“organic group that includes a crosslinkable group; each
R2 is independently H, an aryl group, or R4; each R3 is
i ndependently H or nethyl; 5each R5 is independently an

al kydacHROWindépehat: 880, COBr an arg}T%rro.ug a&f}m%é}g%nz% group rt1heat

_independent|y ‘an organic group c I 'Sing at
ingiNdefraourpsshinkatiagiong; a nol ecul ar wei ght of about 30 to

about 0. per, CN.gr ;and n = 0-3, with the proviso
t hat®® %Ri ﬁ&?%ﬁ@%@ﬁ‘i@ﬁwﬁﬁmmw ﬂ{ pol ymer i ncl udes
an R4ch tdis i%&@peﬁa&tﬁrr}@%hé{}gﬂl- according to claim1 or

claim4 wherein the source and drain electrodes are in
conteael Rivistindepsadatitlylsacilil @ravpt e balagen, ot 2*; The

transi,stor_ .agcor di toclaim1 or cl.aim4 wherein the
soure&%h ntf lag%ﬁeﬂg%nlg‘!
hat 1@ adh&le@ak W& ghBSf@Ibb& 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 or claim 4 wherein the source and drain

electrodes are in contact with the dielectric material.

14.  The transistor according to claim 1 or claim 4 wherein the source and drain

electrodes are not in contact with the dielectric material.
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