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application clains the benefit of U“S* Provisional Application Serial .
60/ 116, 112, filed January 15, 1999. Lastant invention is in the field

of transi sve%/42ed8r e specifi cal MM\i\mmg\ﬁ!ﬁﬂfant s invention PSTIYS%PRIZ| e] d
of transistors based on sem co ynmers. Transistors are inportant

el ectronic devices. Metal oxide sentt¥tductor field effect transistors (MOS

FET) are wel | - knowsgpicHielut TefiGeed L YMBRS ELD/ERFEDT TRANSISYORe! ements. The
first elenent is an insulator |ayer, the insulator |ayer being an

el ectrical insul at qhjs 4JpfcdiiBs lah®thel RHRFt HraY.ENBravidibha? hpplicatioh BriaNdo 2
second side. The second elenent is a gate, the gate being an electrical

conduct of9/1116d 134dfiled Banuay PodPPPoned adj acent the first side of the
insulator layer. The third elenment is a sem conductor |ayer, the

sem conduct or | ayeiThedngtant givagtian ipén {edield efttransisterst dprowspegificaiiyr herimstarit

t he nononer units. pf .1 : j S : -substituted

f 1 uor ene YRMOHR %eél,egf%fﬁ%bglgﬁa Q%ﬁe@%wﬁ%ﬁééﬁ%c%&ﬁh@mgé i conduct or Payer
having a first sid a.second si fir e nd. a second end.. the
second side of the %(}ﬁsioor 8[?0'@(5’19%?gtyeé?aboa'cn%e@%ﬁsag%ﬁ% %xidg Sf&%%@ugﬁd@e%‘f

t he i nsukfig@nrahsig®rs (MO8 FETYatewell-levmnt. is a source, the source being an

el ectrical conductor, the source being in electrical contact with the first

end of the sem conduioeffdcayanmsistdheniprisib fieé ereamints.s The fliselRmenies 4l ai n
bei ng an_el ectrical  conduct ?ﬁrY Ehe drai n bei l?'ﬁ% in electrical contact with
aubsigs 2 g

the secolguitR layerithe InsHiE P glRatrican! i the Bsuatgplaygieavi g first

appl i gd tRelRE a%RicBNE 8idE £ Fhé Becdnardidhémis Bfgate, Hed ?at@fﬁémg?éri B8 cFiBANAGUEDY,
t he sem conductor |ayer connecting the source to the drain. A positive bias

appl i ed ths gatebgiageositiorassadjarent bedistisite ithainselatertavas- dbadicd plagedhigrnel
in the sem I i i S i I I : an
embod; gt Eprg ey somlcofudor By@ SIRIBTERFLUPREL lASL ARy Doy i n
as a "mepeicentnfihamenomenunismd the palymerdreing@ seleeted dtom a Qrasibstituted fludrgieammit
The M SF LSS, @m i ] an i : r Lt g | WO
el ect rodggd ?%%%geﬁlgﬁgd rarn lmg?g{eggtetnlgg%@é’ thbg '%%Z%‘é‘ﬂ]ag(;ﬁ%u%é%% sléé:?)é(r? srgﬁd a
t hi r ds el edirst@dd ahdaat second ensh dhea $enged sklg) of demsemicendudierlaygrdeing adjaeent the

i nsul at or. I ] tQr i | east ten
wei oht - RN ot fie PROBERBONE 1B (o PLipRRAPs ot IR KTt pihg

9- subst i tleckidalfdonduetoe thesdurcenokigy B, edectnidad contatiawlitt thedirgremdwdithe In a 3 o

p-type field effect transistor, applying. a.ne i ve voltage to the gate
el ectr odée’i"f‘r‘aﬁ%@mdﬂyeéc ?ﬁﬁﬁh%f PBWP’EF a W%fne & %%Lﬂ g‘?'ﬂ&%’ ﬁ%ﬁhﬁ%@?m‘sﬁ“ﬁ@r'&ﬁet he
sem conduediwbeih@eslectfic abhtact viththa daedridoenddfahaebmidohdugbr ahec A redgative | C
current can flow by hole transport bpetween.the soyrce and the drain, so that
Che BR SFERaS tap ARISD i the SRR russ 1 ARG G 4P SPEdton Shediel n the 1 g
JUL 2003 siMic8Rdutiértsydredhnéztifly tHeGsbirdef torthe waiml Apositle/iss deslied to the gate
pol y( met hyl met hacr yl at e()), p?l sul f ene, Etgﬁ‘éé’ an_inorgani ¢ oxide (for
exanpl e, causes tg tgrmafien of\gicglediopronaying el in ihe ?F'(S‘S'ﬁ%ﬂﬂ”@@l'%t’ ide (for
exanple) CsF, CaF2,_ MgF2, LiF), and an inorganic nitride &f or exanpl e,
Si 3N4) . The t hi ckn&is 143 & crassishetianat gide Vieest apemiogiment of tag instant jnvaatiom; n
as possible while maintaining electrical insulatjon between s the gate 14
and the sem conductl8e NSk iNVERLiqR; is tRrmedere/p PE fg & §1aliNFHiRter-semicopaUIan fifdtht
10. The gRoL¢QRSUOMISEY T The MSFETEDMIEEE eiliforidiRtor Ri/al akilaBentAyer by,
for ggarr%ﬁga,t %ﬁangﬁlr@d sgﬁ?{i on pr ocessesﬁ.} The sem conduc{éy# ?ajl?er 15
conpr i sedsalapsliayerr Tworelectrodes (source and drain) are attached to the semiconductor layer and
a third electrode (gate) is positioned adjacent the other side of the insulator layer. The
semiconductor layer comprises a polymer. At least ten weight percent of the monomer units of
the polymer are selected a 9-substituted fluorene unit and a 9,9-substituted fluorene unit. In a
30  p-type field effect transistor, applying a negative DC voltage to the gate electrode induces an
accumulation of "holes" near the insulator side of the semiconductor layer, creating a
conduction channel through which electric current can flow by hole transport between the

source and the drain so that the MISFET is in the "on" state. Zeroing the gate voltage causes
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| east t'en Wwei ght percent (preferably at |east 20 weight percent andp n;FjLe 2003
preferably at |east 30 weight percent) of the nmonomer units of t he ymer
bei ng selected froma 9-substituted io fluorene unit and a 9- substltuted
fl uorene unY® 00/82668mpl es of such polyners are described in Un'?@@d”@t—”&@'és
Patent 5,708, 130; United States Patent 5,777,070) United States Patent -
Application Serial Nunmber 08/861, 469 filed I\/ay 21, 1997; United States

Pat ent 5@@%&%& g/rmgglp%@%mﬁ%%mﬁﬁé) Rﬂolyéumsnw \A%}T%ﬁ%or%'r% 6%ia8%r

have gro mul a é&Q
i ndependesxamplé, rG@cGa@c%l@r eS'©,z HSnd,b earmyrpanie figyridedtan gxaroplar BgF,

cont ai ni n@além@g? Ln@F gﬁ“???l é}l.— rl" ﬁd ngorae&gﬂg g’hN,, .fngggﬁ %gggghth? r|]t1esulator

car bonyl oxy,? ofrmw
9- car bon layertifids fast pesterably rag tlam@& ;Z@swbimlketmmotauﬂm electacaléhsBltion bgtween

ndependdhEisps 1 BARHRRECt Y Eer & g SRR ng aier el s bRy 19,
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defi ned above, and R is in endent | in each occurrence dr ocar byl
or G, . ZO Ingeiter weight pgrgagtt(Pfqi?@elwattlwsa 20 weighbaenegntianei mere p@fe@bly at least 30

hydr ocar Q)/&Bﬁ%e‘?%en% of%g me%ﬁream)fé oPFhe%BI‘y&n@rbeuﬂﬂl%%%i t&@g sgsgnﬁ}% meri c

groups that used 1 ncl ude: ONO
(m(R3)Db f(uamrm ynit and aQQMUStIW!@ibJCRSﬂQ ¥nif. ndependent |y in each occurrence
carboxyl, C, -C2o0 alkyl, C,-C20 al koxy or a group of the formula - CO2R
wherein R is a G -Ezmde&yi sucinppiymers argrdesseineld int WiyitadrStetes IPatent 6:7081180; an

B Y it e T ST NN R

filed May 21, 1997; United States Patent 5,962,631; and W0O99/54385.

Specifically, the polymaers, preferably, have groups of the formula

(R?), (R?),
vy

R! R!
15

wherein R' is independently in each occurrence C, ,, hydrocarbyl or C, ,, hydrocarbyl

1-20

containing one or more S, N, O, P or Si atoms, C, , hydrocarbyl carbonyloxy, C, ,,

aryl(trialkylsiloxy) or both R" may form with the 9-carbon on the fiuorene ring a C, ,, ring

structure or a C,,, ring structure containing one or more heteroatoms of S, N or O;

20 R’ is independently in each occurrence C, ,, hydrocarbyl, C
C,,, thioether, C

hydrocarbyloxy,

1-20

20 hydrocarbylcarbonyloxy or cyano and

1-20
A is independently in each occurrence 0 or 1; and/or groups of the formula:

2 2

(R); )a
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CHR



WO QO0I 42668 C8H CgHi ~ C8H~~ CgHI~ ~0 0 ¢ CO2H N~ N =0 COzH O-H J A (L JULI2003
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wherein R’ and a are as defined above, and R’ is independently in each
occurrence C, ,, hydrocarbyl or C , hydrocarbyl substituted with di(C, , alkyl)amino, C ,

hydrocarbyloxy or C , hydrocarbyi or tri(C, ,, alkyl)siloxy.

Comonomeric groups that may be used include:

F |
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i R R

R® is independently in each occurrence carboxyl, C,-C,, alkyl, C,-C,, alkoxy or a
group of the formula -CO,R’ wherein R*is a C,-C,, alkyl; and

b is independently in each occurrence an integer from 0 to 3. Examples of
10  such copolymers include:

"BFE"
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CO,CoHs CO1C,Hs

-n




1.0.JUL 2003 WD 001 42668 PCT/ US99/ 30612 Ot her conononeric groups {iBcUubie?003
.stil bene, tolan, C6-Czo nononucl ear/ pol ynucl ear aromati c hydrocarbons, and
Cz-C o nononuclear/polynuclear het er ocycl es. Exanpl es of
nnnonucleaWWb@%?ﬁﬂblear aromati ¢ hydrocarbons incl ude benzePCTﬂﬁggﬁ?ﬂalene
acenapht hene, phenant hrene, anthracene, fluoranthene, pyrene, s rubrene)
and chrysene. Exanpl es of nononucl ear/ pol ynucl ear heterocycles include 5
nmenber heterocycl es such as furan, thiophene, pyrrole, oxazole, isooxazole,

t hi azol e, SotNN-2a S ? zole adi | es, ol e, and
pyrazol es—6 C@O | , ‘s@x@ Zine, pyFdm dine,
pyrazi ne, tria2|ne._ ene benzo- tens sug@ngs

benzoxazol e, ot 'dazole i ne, isdquinoline, Zo

ci nnol i ne, qU|n§ bllne qU|nox:v ' phthala 8 ot i adi azol e, and
benzotri azines; and pol ynucl ear con88hBed ring sys @ ch as phenazi ne,
phenant hri di e, acridi ne, carbazole, and di phenyl ene OXI € In general)
conj ugat ed onpounds containing up to 30 carbons are useful for the present

pur pose. They X_be ted o] onal |y s onel or nore substituents
that are pet—ely ) ~ mﬂb perties #FA'he pol yner
; 9 ent

; dde C, C20hydrngg?
dicals, C P} | k t hi I I
radi cal s g‘ﬁ‘l q_)a oxy o (thio)aryl oxy radicals,

cyano, fluoro, ord® car C, - C20 aryoxyl car bonyl ,

C, - CZO car bpxyl, and aIkyI(aryI)suICGﬂHl radi €9H. Substituents which are
known phot ollum nescent quenchers, such as aryl carbon and nitro, are
undesi rabl e. Conjugated nononeric units of nore conplex structures, as

exenplifiedft L ’i') 20 (8), |may also be used. -6 i 0 JUL 2003
WO 001 42668 | 0O YCT/ A0SR0/ i Olv Ov O0) Nc~~~ o R N~ ~N Y
(4) (S Y =|S ‘ii §P (18) Preferred quorenépﬁ%%$Zining
pol yners ar g Mt h high ier noldility as neasured by sfiXndard

t echni ques tucﬁ@H$7uEﬂhﬁof fli experilments as descri bed by Van der

Auwer aer) ef al. in Advanced Mateérials, [Vol. 6, p. 199, 1994. More
preferred ane fluorenecontaini ngaygl ymeris wi th non-di spersive carrier
transport bebavior, for exanple) poly(949di octylfluorene-2,7-diyl)

descri bed by RPdecker et al. in Applied Physics Letters, Vol. 73) p. i
565, 1998. Als ) ng fI ne (copol yners with
tertiary aromat — "PFMO"

o | "
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1.0 .JUL 2003 WO 00/ 42668 PCT/US99/30612 as described in the above 1 JUL 2003
referenced '469 and '187 United States Patent Applications. These polyners
have carrier nobility of at least 1 x 104 cn¥/volt - second. gp

seni conduct¥? 9948 15 may conmprise a nixture of polymers. Th @8?%/:?93}2 of
the semi conductor |ayer 15 can be honpgeneous or phase separated; it may

al so be s anorphous, semcrytalline or liquid crystalline in m)rphol ogy.

The pol yner nay al s@”l?éc‘émp'@?féﬂ“q ﬁfoﬂiﬁé'ﬂqllﬁi?isd”ttﬁ“ﬁsfoaﬂﬂ Cer&state for

enhanced I t

Mat eri al Sﬁ@ﬁﬁr}rﬁfeg%&%x%é’ar l%rg%t?&q%&g%ﬁ%r&%?g Ccff@‘t’ hg%dr%% CEA% t8 @rga'i ayer

15 i s not heteiocyacled. Em@wpmof\raovyonuctﬂar/enlanpctlear droovatic hydrocarbd@9 dclude

preferably 10 nm r 09 nm. to The source
D ¢ rierspnf MabingRer MlonTBhaRE S BRier apMCh R Rlhenb e, ek by
sputtesi n@bﬁernet hfm‘mysemearﬁxaatp!moﬁ monmmwar/payeﬁaearewtmmwahaua@s t he
source 20 an ain 21 ar ?ad}'ﬂ%{ ver r al um num A E}ﬁg]ati e bi as
2ppl | ed (BoTRE! BReEcRR Sbnisdu i Bipmsncop aeoiaioe: SRS AIRAdR e
sem conduigblazbRYiflidakdlcdoxMia A, thihSiakdale cdficBe@arbled) stembBskdtaiRycidd suéh
current flows fromthe source 20 to drain 21 when the latter is nmade i5
negati ve @%ﬂ’)éfﬁf\ﬁepxr@afﬂﬁ'é pwinwgine. nyjazing SHezings, ans tg"@Wéﬁtb%ﬁoéﬁﬂ@d ring
character i r i W t; 10 JU
2003 V\hatél S %‘fcﬁe fbe‘ﬁ?o&‘fzf:le? ﬁg%%c%'ﬁrgﬁé?@% (Izlég?rﬁ%{? |ng (a) an

i nsul &t orcumrwnee.,qtmmoimas auapmhnleapiemabernngbarzomledﬂazcrl@azndrbresaotaannes tainel

i nsul at or Vi i d. _si te, the gate
bei ng. an R EEERAR R nd st dhEBuaT s BaoiREARS cRpfEnrdhle AcHBRS: A (¢
si de of tarel drplsaﬂy&heroxlcteyém perieril, aosjegatedmmoondst auyrealnmghrp te S0icactruhscirer

| ayer co a co ner  of r d nmononer and at
Ie;st ong&) é?r %R’eﬁgaﬁy&p?%noﬁ‘ee%’ ’E%‘ﬁ?%sﬁfr’]sﬁ'g‘,“‘ﬁg%f’g 9(@66’8?? OL{MHE, which
ot her rr?rmﬂsertuems :mm abe ﬁbtwaam?usab tI&efsmtomnmeghpropmee bt th@fpoﬂ%ﬁﬁermnomr
units of t € Ccopoly r eln ect r nsrs or a

ol SUbkt | (PSR, ErAmBiEs PPl R R GhBE Kl Lo B RS BBl A G ¢ e

sem COndU@HIQ)ralHoW%Hrd&%VCanoa(trfd) rawrox*yl rdeicaie, smnduabd@rora €l-c3talkRPcABENA,

second end, _t he second of sem con& ctor ayer bei n&)adj acent the

second si@eC xaﬁ'yf’ﬁécﬁ"?@'i}‘ll aﬁ tﬁ’zo Fad'§’8¥y' g alkyl@gyhsufony! radicaly r 2@ giitiengs which
el ectri Caére%rarmgﬁabrunr.n&camttrmch@rsngrdwbseé@rctam&r?l arraqmr@csre\ryha@sutébfe first

end of the sem conductor a drain drain being

el ectri ca¢omwm%menomﬁn%uwegﬁfﬁn%@|q@gm'er Hrustyrep can exemlitied bW\ﬁfrHCtﬁfﬁs dkcond
end of, t hg gﬁgggwgérggég | ayer. 2. The transistor of claim1, wherein the
senlconducz | ayer consists essentially of the copol yner. 3. The

t ransi st or of claim1, wherein at |east 20 wei ght percent of the nononer
units of the copolynmer are selected fromthe group consisting of a
9-substituted fluorene unit and a 9,9-substituted fluorene unit. 4. The
transistor of claim1, wherein at |east 30 weight percent of the nononer
units of the copolyner are selected fromthe group consisting of a
9-substituted fluorene unit and a 9,9-substituted fluorene unit. 5. The
transistor of claiml, wherein the sem conductor layer is in direct contact
with the insulator Layer and wherein the gate is in direct contact wth the
i nsul ator |ayer. 9 1 0 JUL 2003 6. The transistor of claiml1 wherein the
ot her conjugated nononer is selected fromthe group consisting of aromatic
am nes, stil benes, tol anes, C6-CZO nononucl ear or pol ynucl ear aromatic

hydr ocar bons, and CZ-C o nononucl ear or pol ynucl ear heterocycles. 7. The
transistor of claiml wherein the other conjugated nononer is thiophene. 8.
The transistor of claiml wherein the other nononer is selected froman aa~
and wherein R3 is independently, in each occurrence, carboxyl, C, -CzO

al kyl, C,-CzZO al koxy or a group of the formula -COZR4, wherein R4 is a

C, - CZO al kyl; and



b is-independently, in each occurrence, an integer fromoO to 3. 9. The JUL 2003
transistor of claiml1l wherein the copolyner is an alternating copol yner.
10. The transistor of claim1l wherein the copolyner is align 14
~UL ~ou3 1 WRHEP43t he copol ymer has a carrier mobility of a?gi”e‘ég%mf‘%( | 04
cn/voltl ~ , The transistor of clamsecond. 11 .A FE A .F. A A[.AA )
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(b) a gate, the gate being an electrical conductor, the gate being positioned adjacent the first
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(
(
(
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side of the insulator layer;

(c) a semiconductor layer, the semiconductor layer comprising a copolymer of at least one
fluorene-based monomer and at least one other conjugated monomer containing up to 30 carbon atoms,
which other monomer is not a fluorene, at least ten weight percent of the monomer units of the copolymer
being selected from the group consisting of a 9-substituted fluorene unit and a 9,9-substituted fluorene
unit, the semiconductor layer having a first side, a second side, a first end and a second end, the second
side of the semiconductor layer being adjacent the second side of the insulator layer;

(d) a source, the source being an electrical conductor, the source being in electrical contact
with the first end of the semiconductor layer; and

(e a drain, the drain being an electrical conductor, the drain being in electrical contact with

the second end of the semiconductor layer.
2. The transistor of claim 1, wherein the semiconductor layer consists essentially of the copolymer.

3. The transistor of claim 1, wherein at least 20 weight percent of the monomer units of the
copolymer are selected from the group consisting of a 9-substituted fluorene unit and a 9,9-substituted

fluorene unit,

4, The transistor of claim 1, wherein at least 30 weight percent of the monomer units of the
copolymer are selected from the group consisting of a 9-substituted fluorene unit and a 9,9-substituted

fluorene unit.

5. The transistor of claim 1, wherein the semiconductor layer is in direct contact with the insulator

layer and wherein the gate is in direct contact with the insulator layer.



U8 ()-:'S10% U8 ()-y09l 10% U& ()-110% U& ()-" 10% U& ()-nt xve7f 1010 d6Lu2003
10 UF&10% U&' ()-F' 1710% U& ()-.310% U& ()-0@ 10% U& ()--ML0% U& ()-f 9%40%
U& () - (4CdBXMB7f 10 Ul yr (10%QQ& () -z

109&' ()-!109%& ()-y#109%&' ()-109%&' ()-' 10%& ()- {*=dBXMB7f 10 U @ &L0%&' () -
y#10%&' () - gY$10%& ()-F°/<10%&' ()-"109& ()-y8109%& ()-2z=Vuj @f 10 U 10% & () -
10 10 10, < 10%& ()-$ 10%&' ()-"SH109& ()-!;f&LO%& () - Y[ 9] _@f
:38;-0(;/&6(@737‘ ! Tﬂ-él-@a/ﬁsm%r(c)f &R L0 Yierbih- t#é—g%l&cc(n) gat%@lx%ﬁ‘g‘m@ 1s 100t € (ﬁ)om the) group

117, gleoagis{ing "of - aromgtiy @pings,09klikenes. - tefanas) ofgesor ) mpnapugleays gn polypyclear 1 gopate () -
BF KR docarbons, Jam@fcl moﬁéﬁlfmc& &12/m{éle%ﬂ+ﬂ%%ﬁ§eyél)es & + 10%1& 0)-"\

(10%<P<15& ()-1! /zddé o{) rv'x"z

10% & () - #10%{& () #10%{& ()- f& 10%{& ()- 10%{& () s<10%{& ()-

38$10% ©& () Tg% tran(s sto#Mgd{falm'ﬂwhe &e/ ?‘tgér ol z.@;te’laqr@ho@er is thlophene

s$10%& () -! 10%& ys' 10%& 10(#%&A "' "1 [PE:?
8. The transistor of claim 1 wherein the other monomer is selected from
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® R

wherein Rj; is independently, in each occurrence, carboxyl, C,-Cy alkyl, C;-Cy alkoxy or a group
of the formula —CO,R*, wherein R* is a C-Cyg alkyl; and

b is independently, in each occurrence, an integer from 0 to 3.

9. The transistor of claim 1 wherein the copolymer is an alternating copolymer.

10. The transistor of claim 1 wherein the copolymer is aligned.
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