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ALL-1 NKJET PRI NTED THI N FI LM TRANSI STOR Fi el d of the
Invention This invention relates to the manufacture of
wao boor/ofdsbom t r ansi stors by inkjet printing. BacRgrosde/o47771
of the Invention US 6,690,029 Bl purportedly discloses
certain substituted pentacenes and el ectroni c devices
made therewi th. WD 2005/ 055248 A2 purportedly
di scl oses certain substituted pentacenes and pol yners
in top gate thin filmtransistors. Summary of the
Invention Briefly, the present invention provides a
nmet hod of making a thin filmtransistor conprising the
steps of: providing a substrate; applying a gate
el ectrode ink by inkjet printing; applying a
dielectric ink over by inkjet printing; applying a
sem conductor ink by inkjet printing and applying a

source a g”g In
sone enb% ngnts]ﬁtﬁﬁate el e e I N sgiﬁ |ed

directly to the substrate In sone enbodinents t he

dielectric ink is apgl lﬁd (gveE least a portion of
the gate el ectrode i di ments the

SenTaERIFusth relalesits tRRRhTEctONAT thin filBRSinsAstOR by iAkiet
of the dielectric ink and the source and drain

Prigdinget r ode ink is applied over at |east a portion of
t he sem conductor ink. In sone enbodi nents the source
and drain electrode ink is applied over at |east a

portion of the di Mmmgmmmm% conduct or
i nk tpj a rtio f.t.he saurce
U PP Bl ) B3 A DS RS
electronic devices made therew1th.

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 method of making a thin film transistor

comprising the steps of: providing a substrate; applying a gate electrode ink by inkjet
printing; applying a dielectric ink over by inkjet printing; applying a semiconductor ink
by inkjet printing; and applying a source and drain electrode ink by inkjet printing. In
some embodiments the gate electrode ink is applied directly to the substrate. In some
embodiments the dielectric ink is applied over at least a portion of the gate electrode
ink. In some embodiments the semiconductor ink is applied over at least a portion of
the dielectric ink and the source and drain electrode ink is applied over at least a portion
of the semiconductor ink. In some embodiments the source and drain electrode ink is
applied over at least a portion of the dielectric ink and the semiconductor ink is applied
over at least a portion of the source and drain electrode ink. In some embodiments the
semiconductor ink is applied directly to the substrate, the source and drain electrode ink
is applied over at least a portion of the semiconductor ink, the dielectric ink is applied
over at least a portion of the source and drain electrode ink, and the gate electrode ink is

applied over at least a portion of the dielectric ink. In some embodiments the source
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sem conductor ink is applied directly to the
substrate, the source and drain electrode ink is
wappliogsseover at | east a portion of the sem coPdTENG6/047771
ink, the dielectric ink is applied over at |east a
portion of the source and drain electrode ink, and the
gate electrode ink is applied over at |east a portion
of the dielectric ink. In some enbodi nents the
sourceand drain electrode ink is applied directly to
the substrate, the seniconductor I nk is appl i ed over
at | east partion he, so ain el ectrode
and i Sasirode SR tpplicd ARortly B hf FUaRglre R e Hegs ok is
appB?& bl @t ¥ast Q‘ﬁoﬁ?o’ﬁ' TR Y5t & arld draintdlectidiR ifR tBe dielectric ink is
ectrode 1nk'is applied over at |east a portion of
applingé odereatécast p portisin ofithe semscrdHstRi FerAng thpgate electrode ink is
con C I
PR BB CET R HLPEt Bf UERuR AR, 1RSbmBgBdment the.
senﬁéorﬁluﬁtﬁryﬂemmpﬁsbs& sbl\%%uhya venighhdwtting m@tnp@lmmlprlsmg:
accordi to For e each R is independently

sel E‘@P #’Vd’ﬁ?‘gpgﬂ}f Rﬂ—%’“ﬁ’h&“ ach R 2 is independently
sel gqtam, iy gnmwunam@aﬁ@a Fo2m@Gld: al kanes,
branched or ranched C - C18 al kyl al cohol s,
branched or unbranched C2- C18 al kenes, C4-C8 aryls or
het eroaryl s, C5-C32 al kyl aryl »or aIkyI-heteroaryI, a
ferrocenyl, or SiR where eachRR i s independently

sel ected from hydrogen, brancled or unbranched d-A O
al kanes, branched or unbranch:H d-d O al kyl al cohol s
or branched or unbranched C2- €10 al kenes. In_sone
enmbodi nents t IR
| kHz of greater t
fromthe group co ghet byl
styrene) and ] B
the Drawing Fig. 1 is a sche it c deplctlon of the
| ayers present i

where each R! is independently selected from H and CH3 and each R2 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 alky! alcohols or branched or unbranched C2-C10
alkenes. In some embodiments the polymer has a dielectric constant at 1kHz of greater
than 3.3, and typically is selected from the group consisting of: poly(4-cyanomethyl
styrene) and poly(4-vinylphenol).

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

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

wo boor/ofssbon t ransi stor. Fig. 3 is a schemati c de@i/UE20061047771
of the layers present in a top contact/top gate thin
filmtransistor. Fig. 4 is a schematic depiction of
the layers present in a bottomcontact/top gate thin
filmtransistor. Fig. 5 is a schematic depiction of
the bottom contact/bottomgate thin filmtransistor of
Exanple 1. Fig. 6 is a mcrograph of a bottom

. , . Ex le 1 7
i t K D56 PSR o1 ghe IPYFS HeSbHs bptiom contacibotton
gatb ShihQTIPR&RIsta. ues for the bottom contact/bottom gate
thin filmtransistor of Exanple 1. Detailed i
Des &ig- 5t s @rfchiematiq denstianafshe layees pspesit iy o tepseoniast/tapegate thin
faevalioprent of ightwei ght, inexpensive and readily
reproduced el ectronic devices. The present invention
pr oVigldsishechahtid ddpi¢tiin ofahé layeri gréseat manbbimerh wonataof/top gate
h.tﬁ' nfilmtransistors. Thin filnms transistors are
thig M Bur principle geometries. Wth reference to
eaclFi@fs ElaGchdmatiCRIPRERIH dfiiBe BotkGiR c6AREASIHAR hRhBiatig
thin filmtransistor, Fig. 2, representing a bottom
trapsyienet FxweRlgth gate thin filmtransistor, Fig. 3
rep i G . .
tr o S oy it SALBARLL LI ol ke thipRim ransistor of
Exaoplealc withay2.@ratresdate barf i | m transi stor, thin film
tzgalq'?gl.sfi(s)ra g%a?p of ) ﬁ:elrfé)g'r%gncseu\pa 1tlersaf101e thle%ou%fant gon llce toEtgx%egate thin
film transistor of Example 1.

Detailed Description

Thin film transistors show promise in the development of lightweight,
inexpensive and readily reproduced electronic devices. The present invention provides
for all-ink-jet, all-additive manufacture of thin film transistors.

Thin films transistors are known in four principle geometries. With reference to
each of Fig. 1, representing a top contact/bottom gate thin film transistor, Fig. 2,
representing a bottom contact/bottom gate thin film transistor, Fig. 3, representing a top
contact/top gate thin ﬁlm\;ransistor, and Fig. 4, representing a bottom contact/top gate
thin film transistor, thin film transistor 100 includes substrate 10, gate electrode 20,
dielectric layer 30, semiconductor layer 40, source electrode 50, and drain electrode 60.
Typically, each of the source electrode 50 and drain electrode 60 will overlap the gate
electrode 20 to a slight extent. d

In the top gate designs depicted in Figs. 3 and 4, the gate electrode 20 is above
the dielectric layer 30 and both the gate electrode 20 and the dielectric layer 30 are
above the semiconductor layer 40. In the bottom gate designs depicted in Figs. 1 and 2,
the gate electrode 20 is below dielectric 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 inkjet printing techniques requires a semiconductor that

-3-
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dielectric layer 30, sem conductor |ayer 40, source

el ectrode 50, and drain el ectrode 60. Typically, each
wo@boorloesssour ce el ectrode 50 and drain el ectr odeCBOSW06/047771

overlap the gate electrode 20 to a slight extent. J In

the top gate designs depicted in Figs. 3 and 4, the

gate electrode 20 is above the dielectric |ayer 30 and

both the gate electrode 20 and the dielectric layer 30

are above the sem conductor layer 40. In the bottom

gate designs depicted in Figs. land 2, the gate

el ectrode 20 is below dielectric |ayer 30 and both the

canche; applpd i YN0 PEFYIPUSHecested @e{eﬂr@ lpygrs vithgupdigruption or
dmgmﬁﬁwg$ﬁﬁo§§g?9@nductor | ayer 40. As a result, the

manuf act ur e the bottom gate designs by |nkJet

pri hﬂmﬁgnrmmsns yel kopenuin thesart, esgarfor pristing grapbivst ingluding
R BP s G R BY GrUBE OB o R Gh o o
inkl ay@rmtableléﬁkjet printiig $ygtens rrwllie usad wnthiepradiize af the present

t , | udi [ti-col
v i incdtc s Kk oG s Gy S5 suriemen MRgt
typRhlly @'ple R Rlctridin@ e s%gterh RKuse@NYnisdthideAN 8 inl&i ]ﬁtn‘uﬁ\g are

printi'ng system nay be used in the practice of
typsely dree of pagtivuiates, srestet thah 3§0 niveinmite angl motselypisaly e of
t. t
parBRidafed it Wk n B2, SR el o Rt Byicelly requic
suitabl¢ rhtolpgical progedics. typ| cally free of particul ates

par TS i o 1 S5 P o o e e be

appliedivilicrit dRmbgd toseVibREISabbNed BUEI The $ikistanllrfaterials of the
rheol ogical properties. InkJet printing of thin film

pregeny iyestign snatlg ihe cnsirpatiqnsef aghin i taRsistAr wRprei every layer is
magg Eﬁ a,gﬁ%tvimr%ﬂ, t 8t taorepart%gméipyenemveﬁﬁreb&% %echﬁbr%gy can

ial's of the pres i'nvention enabl e
be wwddo gentratprelefironid ¢irquith) th¢mcsn spmgieantwidimente pﬁ the

preLearX ?rgveln%on, transistor manufacture requires only additive steps. That is, etching

or other material removal steps may be eliminated.

Semiconductor inks useful in the present invention typically include a solvent
and a semiconducting material, which typically includes a polymer and a
semiconducting compound. Any suitable solvent may be used, which may include
ketones, aromatic hydrocarbons, and the like. Typically the solvent is organic.
Typically the solvent is aprotic.

Semiconductor inks useful in the present invention may include any suitable
polymer. Typically, the polymer has a dielectric constant at 1kHz of greater than 3.3,
more typically greater than 3.5, and more typically greater than 4.0. The polymer
typically has a M.W. of at least 1,000 and more typically at least 5,000. Typical.
polymers include poly(4-cyanomethy! styrene) and poly(4-vinylphenol).
Cyanopullulans may also be used.

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

2004/0222412 Al, incorporated herein by reference. Polymers described therein
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made by inkjet printing. As a result, a relatively

I nexpensi ve yet precise technol ogy can be used to
wW@enenzsel el ectronic circuits. Furthernore, i nPGDDE2006/047771

enbodi nents of the present invention, transistor

manuf acture requires only additive steps. That is,

etching or other material renpval steps nay be

el i m nated. Sem conductor inks useful in the present

invention typically include a solvent and a

seniconducting naterial which typically includes a

. pal r_an m co ctin d.. Any suit abl

incl5gr YRy Ben Bt A P T RE (B reabBrL an s oFhe

forraREAt i ¢ hydrocar bons, and the like. Typically the
solvent is organic. Typically the solvent is aprotic.
Sem conduct or inks useful |ﬂ{ he present invention nay
i nclude any suitable polngf ]ﬁ@_&_lly, t he pol yner
has a dielectric constant I K f greater than 3.3,
nore typic nygreater than 8.5, and nore typically
greater —Theandol ypi cally has a MW of
at | east 1d§p d nore typ¥callly at |east 5, 000.
Typi cal | yners include/poly(4-cyanonet hyl styrene)
and poly(4 wnylphenoIQRS),l anopul I ul ans may al so be

used. Typical polyners also include those described in
whatel®: Pat ent Publication No. 2004/ 0222412 Al ,

PR TR0, LR RS S BRDATE By 95050 Bty e

inchidby ARfdsiaabiggroapeat units of the fornulas mhereln
each Rl js |ndependentl H, an aryl group,

or &3rhdR gigrindenspeeml Ytlﬁa%n W’(:gliﬁ’&}BsOTaRer ossl i nkabl e
gr Oddbh 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*.

The semiconductor material in the ink contains the polymer in an amount of 1-
99.9% by weight, more typically 1-10% by weight.

Semiconductor inks useful in the present invention may include any suitable
semiconducting compound. The semiconducting compound may be a functionalized

pentacene compound according to Formula I
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each R2 is independently H, an aryl group, or R4; each
R3 is independently Hor nethyl; each R5 is

wOo paepessdent | y an al kyl group, a hal ogen, or REACT/®@8206/047771
R4 is independently 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; wth
the proviso that at |east one repeat unit in the
pol ymer includes an R4. The sem conductor material in
the ink contains the polynmer in an anount of 1- 99.9%
by weight, nore typically 1-10% by wei ght.
Sem conductor inks useful in tthe present invention nay
i ncl ude any suitable sem conducti ng conpound. The
sem conducti ng conpound may béla functional i zed

pent acene conpound according tjo Fornul-a | "wher e
each R is indepk el ectled from H and @3 and
each R - is indepyrd ;: g v ahched ?ﬁj
unbranched C2-C18 ancheél -

a 8 al kyl al cpRdl S
al kenes, C4-C8 aryls or heteroaryls, C5-C32 al kyl aryl
or al kyl -heteroaryl, a ferrocganyl, or Si R- where each
R is independently selected f (IJm hydr ogen, branched or
unbranched d -d O al kanes, brapched or unbranched
d -d O al kyl al cohols or branched or unbranched C2-C10
al kenes. Typically each Ris H Typically, each Ris
SiIR- . Mre typically each Ris SiR and each Ris

whepslepa RlentihdeRalatlyesdidctedirdh 30 ahE CHY and At R RENS thdependently
Cd-d O al kanes. Most typically, the conpound is

selgcted fipins brancheoprobydehtd C2t Glhslkpsnbmoelnsl 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. Typically each R1 is H. Typically, 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(triisopropylsilylethynyl)pentacene

(TIPS-pentacene), shown in formula II:



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

sem conduct or material contains the conpound of
wao-eoomorssed or of Fornula Il in an anount of 0.REEB%200§047771

wei ght. Any suitable dielectric ink may be used,

i ncl udi ng conposi stions disclosed in U S. Pat. App.

No. 11/282,923, incorporated herein by reference.

bj ects and advantages of this invention are further

illustrated by the foll ow ng exanples, but the

particular materials and anmounts thereof recited in

t hese exanples, as well as\pther conditions and

details, should not be constfued to unduly limt this

i nvention. Exanples Unle se noted, al

reagents were obtained are available fromAldrich

Chem cal Co., M| waukee, W, or may be synthesized by

known nethods. Materials weng obtained fromthe

foll owi ng sources w t hout fu ther purification:

Pol yet hyl ene napthe a S !Ir I1]on eijin filns,
1.0 h

Q65A PEN. Cabot Ccddblict or,

bul k resistivit Print abl e
El ectroni cs and Di pla pugerdque, w Mexi co
Per f | uor ot hi ophenol , Aldrlch Chem cal Conpany.

G bbst own, NJ.

Tol uene, EMD Chemical s, | nc.[
I nc. G bbst own,

Cycl ohexanone, ENMD Chenjcal s|
NJ. 6,13-Di (triisopr opylrrwsqt hg nyl ) pent acene
(TI PS- pent acene) was sypthes) zedhas disclosed in U S
6, 690, 029 Bl at Exanple 1.€FJ$I3y(4-vi nyl phenol ) MV

(

9,000 to 11,000 Sp.gr. 1.1 VP) , Pol ysci ence, Inc.
Var rThegenticonidfictor material contains the compound of Formula I or of Formula

IT in an amount of 0.1-99% by weight.

Any suitable dielectric ink may be used, including composistions disclosed in
U.S. Pat, App. No. 11/282,923, incorporated herein by reference.

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.
Materials were obtained from the following sources without further purification:
Polyethylene napthalate (PEN), Dupont Teijin films, Q65A PEN.
Cabot silver ink, Inkjet Silver Conductor, bulk resistivity 4-32 mW cm, from
Cabot Printable Electronics and Displays, Albugerque, New Mexico.
Perfluorothiophenol, Aldrich Chemical Company.
Toluene, EMD Chemicals, Inc. Gibbstown, NJ.
Cyclohexanone, EMD Chemicals, Inc. Gibbstown, NJ.
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Pentaerythritol tetraacrylate (SR444), Sartoner, West

Chester, Pennsylvania. Irgacure 819, C ba specialty
w@h@miozab®, Basel Switzerland. Preparatory Exap@i/@S2006/047771

-Preparation of Polynmer A Polynmer Ais a

nitrile-containing styrene-mal ei c anhydri de copol yner

that is described in U S. Patent Publication No.

2004/ 0222412 A, incorporated herein by reference. The

synthesis is described therein at paragraphs 107 and

108 under the caption "Exanple 1, Synthesis of Polyner

1," . X Ll i liter t hr ee- necked .

11 o koY DR Brop A B Mhrdeselafras kg nep B S RS R apesiced
as dizslosbdirgtd. 6,690, @ 9321 gr Bxamhlg)l. 3- et hyl

' ionitrile drich). and sol utj f_20.00
2 tm y mfﬁhg@b%éﬁhyﬁﬁ 9(3@00@231&,%99?1)-@@3,@4& é@&ﬁ, ggliyﬁmencge, Inc.
waYmtahlpa from Sartonmer, Exton, PA) in 50 nL of

anhydrous di net hyl acryl am de (DVAc, Al drich). After _
t he Renjaerythritod setepacrylatel ($RA4D0Sartoraere VashChysten, Peaesylvania.

0 Db ' j | P) (0.18
o SERull Sro- Libd ey DALl Ve
heated at 1100C for 17 hours (h). The solution was
rId oco?l

Prepagatory Example— Prepgratipn of Do Bhopanol while
st i IFoRpmBEANS A nGeild-YontdiRm gY@y re AN SE bty dR coPalymer that is
formed was coll ected byiﬁ%ﬁiation and(ﬁied aP gOOC

degcstbed dn -8t Patent JubticpicaNer 200 d7320 17 Ads Boprisgated herein by
RS e e 0 ol 5
caphdac “Exaintgod dSiythedieo iy mieo h, e 108009 g gl yci dyl

ot DR SR i T, R0 B sl % Gl SR an
nithshierdhley vae bt edrivit 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 mechanically. The yellow precipitate that formed was collected by
filtration and dried at 80°C for 48 h at reduced pressure (approximately 30 millimeters
(mm) Hg). Yield: 26.0 g.

Twenty grams (20 g) of this material was dissolved in 50 mL anhydrous

DMACc followed by the addition of 28.00 g glycidyl methacrylate (GMA) (Sartomer),
0.20 g hydroquinone (J.T. Baker, Phillipsburg, NJ) and 0.5 g N, N- V
dimethylbenzylamine (Aldrich). The mixture was flashed with nitrogen and then was
heated at 55°C for 20 h. After the solution was allowed to cool to room temperature, it
was poured slowly into 1.5 L of a mixture of hexane and isopropanol (2:1,
volume:volume (v/v), GR, E.M. Science) with mechanical stirring. The precipitate that

formed was dissolved in 50 mL acetone and precipitated twice, first into the same

-8-
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(Aldrich). The mixture was flashed with nitrogen and

then was heated at 550C for 20 h. After the solution
worm7ardsemed to cool to roomtenperature, it WAST/pPS20EEH7771

slowy into 1.5 L of a m xture of hexane and

i sopropanol (2:1, volunervolume (y/v), GR E M

Science) wth nechanical stirring. The precipitate

that forned was dissolved in 50 nL acetone and

precipitated twice, first into the sanesolvent mxture

as used above and then using isopropanol. The solid

| | d by fjl ' d w dried
solly e iyrs 2% 3687 i} 8P i oARg 15PRSRERG, ThASPROIE HHTeT ) was
colbétetibyHE trativhind wad 8rizQ a8 509CTH ok B4 tf bl da} 'red%ég’@ﬁ/rhegﬁﬂ‘gu
1723, 1637, 1458, 1290, 1160, and 704 cm 1.

(anprasHvEicly @ m digo el 3230 ghIR mmecwgﬁ,amﬁ%uis, 1637,
| [ c r i.gh; =

1498 150811 pna 1 AT, A RERAC Dk R Al BN - 9000 grams
perappledgimul).SViyv @GveghtEvaragk endlecitarakeight) k H,e(p% g dTg = 105°C.

. - itive array o ransi stors was printed on a
Dl%%éetf:lg%g?s@gﬁp?f%‘r%ﬁttebs%g' dpi using a Spectra inkjet

print head SM 128 having a 50pl drop volune for the

silver ink and the dielectric (polynmer A ink and a
ﬁwgéﬁ-la inkjet print head SE- 128 having a 30pl drop

vol : . LGORG - . .

oy el Bl PR A A0S Afrol IR B i 0 picce of
PENdiintay Madm usimgd Spectre mljetuting head SkE-¢28 Havigg G Ophdrop

t [C iy Fld . and. t he fol | ow,ng, net hog. .

vl (6 hetREERE S IS bR SRS AbXink B84 DSy ikt print
headrSEH1 28| having at30p] By wilat fatihe Werhitomaiabr @IPS&W]?HKk. Layers

Thi s ferial ,wa curedqb heating to 125 0C for 10
WeIR R tﬂ‘é@‘.n t%‘ﬁ Q1frelegir; & l%v‘éﬂ?, 3 sewIcg{drayin, ¥1d 4. semiognductor;
accBRIINERS thB patterd JpIordd BAGH! £ afl fheRBALRA b@ba@r and 1.5

vvt%%gn aé)r yt hrcﬁ)ol tetrgacryl ate crosr{cg I?ﬂng‘er (SR444)

i n Gate electrodes (1x1 mm with probe pads 1x1 mm) were printed onto the PEN

substrate with Cabot silver ink. This material was cured by heating to 125 °C for 10
minutes. The dielectric layer, a solution of 15 wt% Polymer A, 1.5 wt% Irgacure 819
photoinitiator and 1.5 wt% pentaerythritol tetraacrylate crosslinker (SR444) in
isophorone, was printed on top of the gate electrodes so as to cover half of the strip and
leave half exposed to make electrical contact. This layer was cured by placing under a
bank of short wavelength UV lamps (254 nm) in a nitrogen environment for seven
minutes. A pair of source and drain electrodes (1x1 mm) were printed aligned with each
gate electrode so as to form a 100 micron channel between the source and drain
electrodes over top of the gate electrode while minimizing the amount of overlap with
the gate electrode. These electrodes were also printed by inkjet printing using Cabot
silver ink followed by a heating step at 125 °C for 10 minutes. This sample was then
treated with a 0.1 mmol solution of perfluorothiophenol in toluene for 1 hour. The
sample was rinsed with toluene and dried. The semiconductor solution, a solution of 10
wt% PVP and 0.8 wit% TIPS in cyclohexanone, was printed by inkjet in a short line to
cover the channel region between the source and drain electrodes but to not touch the

semiconductor material form adjacent transistors. The sample was then heated at 120

-9-
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I sophorone, was printed on top of the gate el ectrodes

so as to cover half of the strip and | eave half
wezosessed o nake el ectrical contact. This | ayePCES2006/047771

cured by placing under a bank of short wavel ength U/

l anps (254 nra) in a nitrogen environnment for seven

m nutes. A pair of source and drain el ectrodes (1x1

nm were printed aligned with each gate el ectrode so

as to forma 100 m cron channel between the source and

drain el ectrodes over top of the gate electrode while

o BB, SRS Bl St SE Aot e o oy with o 2.0mm
scald¥dret printing using Cabot silver ink followed by a

heating step at 125 OC for 10 m nutes. This sanPI e Was
t heRig /daa grph afipesfopmangevsiues ophtaingd figm the resulting device as

follRGs! 'ﬂ%&%&lﬂﬁg%?)g},cé Ral fék%ﬁ o réogﬁ ief Dure HNGr S@APAE

was rinse uene and dri ed. e sem conduct or
Semzbntucor, Paameten iinaly zef (mddehd ¥4 52V Prcgm Hedvlgt-Radkard, Fslo Alto,

Calff iRl ol et ke e Al Criolet AR 4 Qpfaited gy Funerion
of %E%?—Isgurg% Sfats r(‘\?Q%é JﬁgH‘I +1@Vv8l4bap B d &%&ﬁ%ﬁ%%ﬁ&@ﬁias Vas)

eria orm cent transistors. e san‘p‘l € was

of 1412w, hgghg@h@éq@agﬁp for 10 minutes. Fig. 6 is a
m crograph of one of the resulting devices with a

2. 0mm scal e bdgs =kiyx W/Li s (Yggr ¥p)t/df performance
val ues, obtained fromthe resulti ngt devi ce as foll ows

Tr aths sstusatignefield afieatmotility was calgulated:foermthe hipear petian of the

cury§ Bk R, PR BRRPUE LR pal R (Rl AR (W)
e i T bt i
BB Bt GRASPEE e Ra
cur\% )ng%?ezél strafSht ehe! G SO 3 vh Aong #50rTi ol B ¥he v cdn¥finthg V;.

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 (Ijs)
values of the Iqs-Vgg curve. InFig. 7, traces labeled A are measured drain current

(Igs), traces labeled B are the square root of measured drain current (I4g), and traces
labeled C are measured gate current (IgS).

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, 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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the saturation field effect nobility was cal cul ated
fromthe |linear portion of the curve using the

W@ p@aiofsseo capaci t ance of the gate dielectric (BT/USINE6/047771
channel width (W and the channel |length (L). The
X-axi s extrapolation of this straight-line fit was
taken as the threshold voltage (V). In addition,
plotting Id as a function of VgS yielded a curve where
a straight line fit was drawn along a portion of the
curve containing V. The inverse of the slope of this

Wéclrgne was the sub-threshold slope (S). The on/off ratio

&"Paken as the difference between the nini mum and

waX|nun1dra|n current Ods) val ues of the Ids-Vgs
curve. 9. 7, | abel ed A are, sured raln

1. cur r‘*emeﬂ(qcﬁ%tgxnekla%ééhlp m%ﬂis&t%rcemwl% PP 06

MeasbAdingd Adubseatey ent (| ds) traces | abeled C are

measur ed gate current ég . Various nodifications
and agplyéige ainslestrodpink bynpkiet pontingl | becore appar ent
to t t departing fromthe
sco%gsgﬁlg%?ien%%‘%@g% ?Ilsléj\%trﬁ\?g‘%g and it should
be lapplbnimgmsdnicbaductdrnﬁkby\rﬁqbﬂmmtng,amd to be unduly
limted.to the il rative enb nts set forth
her GPRLN B S0Eee P reirelesitad Rb B SRORGRIHIPE ¢ hi n
filmtransistor conprising the steps of: providing a

substrate; applying a gate el ectrode ink by inkjet
2. pri Athermethad proprdige 2o elatm dovhareinjth seigeitecipde m&ﬁ istapplied

dirBt | 019 I?s?%'té" ng a sem conductor ink by inkjet
lrprll}mol ngsuan appl ying a source and drain el ectrode

i nk by inkj et pr| nt| ng. 2. The nethod according to
Cl alﬂ?e mé’m accor tgc alm 3|wcér£i%q e Idpelfecltr?c %L ggglied over at

least a portion of the gate electrode ink.

4, The method according to claim 3 wherein the semiconductor ink is applied over
at least a portion of the dielectric ink and the source and drain electrode ink is applied

over at least a portion of the semiconductor ink.

S. The method according to claim 3 wherein the source and drain electrode ink is
applied over at least a portion of the dielectric ink and the semiconductor ink is applied

over at least a portion of the source and drain electrode ink.

6. The method according to claim 1 wherein the semiconductor ink is applied
directly to the substrate, the source and drain electrode ink is applied over at least a
portion of the semiconductor ink, the dielectric ink is applied over at least a portion of
the source and drain electrode ink, and the gate electrode ink is applied over at least a

portion of the dielectric ink.

7. The method according to claim 1 wherein the source and drain electrode ink is

applied directly to the substrate, the semiconductor ink is applied over at least a portion

-11-
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directly to the substrate. 3. The nethod according to
claim2 wherein the dielectric ink is applied over at
wo e@s7sseporti on of the gate el ectrode ink. 4.Pdhes2006/047771

nmet hod according to claim3 wherein the sem conduct or

ink is applied over at |east a portion of the

dielectric ink and the source and drain el ectrode ink

is applied over at |least a portion of the

sem conductor ink. 5. The nmethod according to claim3
wherein the source and drain electrode ink is applied

ver at | t. a ) f t.he dielectric i.nk a t he .
of i 30uflk anf Bdin YR Bk PhediEtetie Tuf S drpfieh VTR portion
of the seitca@utoe irk) dndl il ghretleatsdedak iddpplRd oVbeatTeds@gortion of

according to claim1 wherein the sem conductor ink is
theielertEig 18K ect Iy to the substrate, the source and

drain electrode ink is applied over at |east a portion

of the sem conductor ink, the dielectric ink is
8. app(Thednahed aetording e claimdrwhareinghe sémiconduater iakgomprises a

j nd, t he ‘gate electrode ink is

solgfr:n iarllxdels%(r:r}icr:cg)nd uc*ink afa Al 1ng, . o
o At pS?IPP H®f the dielectric ink.

appled over a
7. Theo 9Etdyodeiahcof dpolgmes; andai m 1 wherein the source

and drain electrode ink is applied directly to the
suthlr'gétz’,bﬁ W%‘ggbﬂf%ﬁ‘?mmr@r CFW"P?SthIi[ﬁWI Lover at

| east a portionof the source and drain el ectrode ink,
the dielectric ink is applied qver at |east a portion
of the semi conductor ink, andR’he gate el ectrode ink
is applied over at |east a porjtion of the dielectric
ink. 8. The nmethod according claim1 wherein the
sem conductor ink conprises a’|solvent and a

sem conducti ngemmaterial conprijsing: 1-99.996Q¥ wei ght

of a pol yner; and
L, @
R]

Rl

where each R is independently selected from H and CHj3 and each R2 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.

9. The method according to claim 8 wherein each R! is H and each R2 is 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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0. 1-99% by wei ght of a conpound according to Formula I
. where each R is independently selected fromH and
w@kd7amseeach R is i ndependently sel ected fronP@Gr/asmwheat7771
or unbranched C2-Cl18 al kanes, branched or unbranched
G -C18 al kyl al cohols, branched or unbranched C2-C18
al kenes, C4-C8 aryls or heteroaryls, C5-C32 al kylaryl
or al kyl-heteroaryl, a ferrocenyl, or SiR*3 where
each R is independently sel ected from hydrogen,
branched or unbranched d -d O al kanes, branched or
unbranched d -d O al kyl al cohols or branched or
unbranched C2-Cl10 al kenes. 9. The nethod according to

o.C! a;g% il nagepenc tcl[??h%s R RART R H SnPERhVARISIR 33

eac sel ected from hydrogen,

T35 4 ot St e

unbranched C2-C 10 al kenes. 10. The nethod according to

claim8 where each Ris, H and each Ris Si R wher ach .
1R {6 Redelrenige Sengiot & PHFCFSPERERa] groring fo Fbla Lis
6, 1§ﬁﬁ£(ﬁn§$1ﬁ9pﬁsﬂﬁkﬁyﬁ&15ﬁa&%ené@nP eniRtigd according to

I'm 8 ‘'where the” conmpound according to fornula | is

6,13 bi s(triisopropylsilylethynyl)pentacene

(T PRe B& i &g tcﬁl‘éh@i%ﬁt t at
12.me§§e?rhe@§ogcgfé%§%drm%% dé—ﬁg?gﬁfectrl g}gﬁst anta a‘t3 1k A
1kigr eAgenter tiean 333.3. 13. The net hod according to cl a| m 8

where the polyner is selected fromthe group

consi sting of: poly(4-cyanonethyl styrene) and
13.P0l YHémethod Reerihg to didim §hﬁldif€ﬂi&qﬁl)&ﬂa0ﬂ’s dblegtetl dronh diengroup

8 where the polyner jis poly 34 V|ny ﬁhen bs The
conpisting #lapebiticripomerthylayre ViRd Paly( é(“}i’ is a

pol ymer conpri si ng

14. The method according to claim 8 where the polymer is poly(4-vinylphenol).

15. The method according to claim 8 where the polymer is a polymer comprising

cyano groups.

16. The method according to claim § where the polymer is a substantially

nonfluorinated organic polymer having repeat units of the formulas:

R?
|
+C—CHyy
il
gy and
R! R?

®)s
wherein:
each R! is independently H, Cl, Br, 1, an aryl group, or an organic group that
includes a crosslinkable group;
each R? is independently H, an aryl group, or RY;
each R? is independently H or methyl;

13-



cyano groups. 16. The nmethod according to claim8

where the polyner is a substantially nonfluorinated
w@e@anissepol yner having repeat units of the foremius®ne/047771

wherein: each Rl is independently H d, Br, I, an

aryl group, or an organic group that includes a

crosslinkabl e group; each R2 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

hal ogen, or R4; each R4 is independently an organic

gr oy r.ising,at, | ea one CN group angs having a

nol 8%0&0121%\/1\&6@??(1%@% oaj{gylﬁo?% % cl) eI%26’(') per CN

gr oeach Rhis indepefdditlyvirf drghtiie gpsgvédnpriding atdeadt @86 CNOg@up
and I?fv?r?é a lflr?ollécdlag' \)E/quhtp c?tJ a%gﬁ{;#,d {J)Celb%%te 506Jl Ber%lN group; and

n=0-3;

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