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SEM CONDUCTOR | N AN ORGANI C SEM CONDUCTOR DEVI CE 5Fi el d of the Disclosure
Thi s i nvewDi2om/05e368t es t o t he manufacture of organi c serctarsduoesddevi ces
by inkjet printing or simlar fluid deposition processes and the devices so
made. Background of the Disclosure 10In recent years there has been an

i ncreasing research effort ainmed at using organic materials as

sem conductors rather than the traditional inorganic materials such as
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substrates as supports for electronic circuitry in display 15backpl anes,

integrated circuits RFID tags, and sensors. A variety of organic
senicsnduc;or mat eri al s have beﬁqﬂ gp %qﬁ&ggmH%he nmost conmmon bei ng fused
aromafi c ring conpounds as exenp?#ire@Lby—atﬁﬁs. At | east sone of these
organi ¢ seni corgymveitidiacRidsad shehayeifait of GBAGR sehidoadt@bl &dvides bsuch as
charge-carrier nobility, on/off current ratios, and sub-threshold voltages
that are BlspaiiEBRer sy dluikdenosition prarssws and teglepiseus ®144. con- based

devi ces. These materi als have often been vapor deposited since they are not
very soluble in nost solvents. When organi c sem conductors have been
deposited from sol uti on (suclBagkgkound c¥aheDielbswkd h an or gani ¢ sol vent),
good or optinmum performance characteristics have been difficult to achieve.
US 6,1890, 029 B refgppyrare@rie hap betroeigcicaringrasca e slifont aineed 45 8pNg OEFBE and

25el ectr %étgrlquﬁ ge%c&%@to%&%{h%%ﬁaﬂ'the traditional inorganic materials such as silicon

and gallium arsenide. Among other benefits, the use of organic materials may enable

lower cost manufacturing of electronic devices, may enable large area applications, and
may enable the use of flexible substrates as supports for electronic circuitry in display
15  backplanes, integrated circuits RFID tags, and sensors.

A variety of organic semiconductor materials have been considered, the most
common being fused aromatic ring compounds as exemplified by acenes. At least some of
these organic semiconductor materials have performance characteristics such as charge-
carrier mobility, on/off current ratios, and sub-threshold voltages that are comparable or

20  superior to those of amorphous silicon-based devices. These materials have often been
vapor deposited since they are not very soluble in most solvents. When organic
semiconductors have been deposited from solution (such as in a solution with an organic
solvent), good or optimum performance characteristics have been difficult to achieve.

US 6,690,029 B1 purportedly discloses certain substituted pentacenes and

25  electronic devices made therewith.

WO 2005/055248 A2 purportedly discloses certain substituted pentacenes and
polymers in top gate thin film transistors.

U.S. Pat. App. No. 11/275366 filed December 28, 2005, the disclosure of which is
incorporated herein by reference, generally discloses an all-inkjet printed thin film

30 transistor and methods of making and using same. The following references may be

relevant to inkjet printing of organic semiconductors: Lim et al, “Self-Organization of
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maki ng ani®36si ng sane. U.S. PrOV|S|onaI Pat. App. No. 61/057715,
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silyl et hynyl " pent acenes; organi ¢ sem conductors.
PrOVISIOQ&me&panépmﬂmﬁbofﬁﬁkﬁ@@ﬁ@ﬁ&ngBMﬁd June 11, 2008, the disclosure of
whi ch is incorporated hereln by referencg$égeneral
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m xed sol vent &ysPiomsiangt PefespRiNe-gH/bx/7 7 May s %%ﬁ&dg@syw fs.
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silylethynyl pentacenes ¢.g. as organic semiconductors.
U.S. Provisional Pat. App. No. 61/060595, filed June 11, 2008, the disclosure of
which is incorporated herein by reference, generally discloses the use of mixed solvent
systems for deposition of organic semiconductors.
20 U.S. Provisional Pat. App. No. 61/076186, filed June 27, 2008, the disclosure of
which is incorporated herein by reference, generally discloses methods of growing organic

semiconductive layers; methods of fabricating organic semiconductor devices; and layers

and devices formed thereby.

25 Summary of the Disclosure

The present disclosure provides a method of making a thin film semiconductor
device comprising the steps of: a) providing a substrate bearing first and second
conductive zones, wherein the first and second conductive zones define a channel
therebetween, and wherein the channel does not border more than 75% or in some

30  embodiments 50% of the perimeter of either conductive zone; and b) depositing a discrete

aliquot of a solution comprising an organic semiconductor adjacent to or on the channel,



25Summary of the Disclosure The present disclosure provides a nmethod
of making a thin filmsem conductor device conprising the steps of: a)
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20  less than the channel length. Such a method not only functions but provides improved
results.
The present disclosure additionally provides a thin film semiconductor device,
which comprises: a) a substrate bearing first and second conductive zones, wherein the
first and second conductive zones define a channel therebetween, and wherein the channel
25  does not border more than 75% or in some embodiments 50% of the perimeter of either
conductive zone; and b) a discrete semiconductor layer comprising an organic
semiconductor on and adjacent to the channel, where the discrete semiconductor layer
serves a single thin film semiconductor device, where a majority of the discrete
semiconductor layer lies to one side of and not on the channel. In some embodiments the

30  boundaries between the channel and each of the conductive zones are substantially linear

and substantially parallel. In some embodiments the thin film semiconductor device is a



conductive zone; and b) a discrete sem conductor |ayer conprising an
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conductive zones, wherein the third and fourth conductive zones define a second channel
therebetween; and b) a discrete semiconductor layer comprising an organic semiconductor
on and adjacent to the first and second channels, where the discrete semiconductor layer
serves exactly two single thin film semiconductor devices, where a majority of the discrete
25  semiconductor layer lies to one side of and not on the first channel, and where a majority

of the discrete semiconductor layer lies to one side of and not on the second channel.

Brief Description of the Drawing

Fig. 1 is a photomicrograph of an inkjet-printed thin film transistor according to

30  the present disclosure, further described in Example 1.



Brief Description of the Dravvinu Fig. 1 is a photom crograph of
an inkjet-printed thin filmtransi stor according to 30the present

di scl osurwQ 2buwaskes descri bed in Exanple |. WO 2010/ 056 P63RSTI0US2DOD/ 063099
Fig. 2 is a schematic drawing of an nkjet-printed thin filmtransistor
according to the present disclosure based on the photom crograph of Fig. I.
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Fig. 8 is a graph presenting on/off current values for transistors of Example 1 and

15  Comparative Example 2C.

Detailed Description

The present disclosure provides a method of making a thin film semiconductor

device comprising the steps of: a) providing a substrate bearing first and second

20  conductive zones, wherein the first and second conductive zones define a channel
therebetween and wherein the channel does not border more than 75% of the perimeter of
either conductive zone; and b) depositing a discrete aliquot of a solution comprising an
organic semiconductor adjacent to or on the channel, where the aliquot provides organic
semiconductor to a single thin film semiconductor device, where a majority of the solution

25  is deposited to one side of the channel and not on the channel. The present disclosure
additionally provides a thin film semiconductor device, which comprises: a) a substrate
bearing first and second conductive zones, wherein the first and second conductive zones
define a channel therebetween, and wherein the channel does not border more than 75% of
the perimeter of either conductive zone; and b) a discrete semiconductor layer comprising

30  an organic semiconductor on and adjacent to the channel, where the discrete
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disclosure comprises a channel 50 having length A and width B bordered by two

conductive zones 10 and 20. Please note that, following standard terminology in the art,

20  the word “length” designates the distance between the conductive zones even when it is
the smaller dimension of the channel, i.c., smaller than the “width.” Where the device is a
transistor, these conductive zones 10 and 20 are typically the source and drain electrodes.
In the embodiment depicted in Fig. 2, the device is built on a substrate 60 with bottom
contact/bottom gate geometry. In this geometry, a conductive layer patterned to form

25  gate 30 is applied to substrate 60 followed by a diclectric layer (which is transparent in
Fig. 1 and therefore not visible in Fig. 2), a second conductive layer patterned to form
source and drain 10 and 20, and finally discrete semiconductor layer 40.

With reference to Fig. 2, the channel length A is the distance across the channel 50

from one conductive zone 10 to the other conductive zone 20. Typically, the channel

30  length is substantially constant. In some embodiments, a substantially constant channel

length is constant by design and varies only by reason of material variation and external
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5 o I RRER MR P LR IRt By e

be that w dth over € annel™ ne

pr ecadi nghemidhtd H8HstadBAlly SRRRNECHAAINTERS, Inl JoedcUushbadirh&ial, thkegiaahad i n
Fig. 2, channel width B is taken to be that width over which the channel 50
neet s al IWidHy s dakenieibe thehwidth puen wlich fieghpenc peeriays d@aBaledyade nlp swme

b . ‘ ‘ . . 4
mator  al SR HARE AL RAGARRY i FREh B 6 F R B e C oM mat es
at its uppefincdny sehidoddehanneleridl0 ThSometmbpainitacs, e cheiict ondthicd ket er i al

and channel width B ) o ) o
be that width over which the channel meets some combination of the preceding conditions.
20  In some embodiments, including that depicted in Fig. 2, channel width B is taken to be
that width over which the channel 50 meets all three conditions: overlaying gate electrode
30, having a substantially constant channel length A and being spanned by semiconductor
material. In the embodiments depicted in Fig. 2, channel width B terminates at its upper
end where channel 50 is not spanned by semiconductor material and channel width B
25  terminates at its lower end where channel 50 does not have substantially constant channel
length A.
In some embodiments, the boundaries between the channel 50 and each of the
conductive zones 10 and 20 are substantially linear, substantially parallel, or both.
For the purpose of this disclosure, conductive zones are distinguished from vias or

30  conductive traces which may be electrically connected to the conductive zones. In some

embodiments, the conductive zones may be defined to be only such parts of source or



25term nates at its |ower end where channel 50 does not have substantially
const ant channel |ength A In sone enbodi nents, the boundaries

bet ween tWe 20tvenseB 50 and each of the conductive zonesPCO/GSae9263099 e
substantially |inear, substantially parallel, or both. For the purpose of
this disclosure, conductive zones are distinguished fromvias or
30conductive traces which may be electrically connected to the conductive
zones. | irggpieceppRsdhaeryeday ¢ gete elpstods. ihe chymesdopsyopkordest meisdhann’He onl y
such part e Of 1,06 i trodes

t hat overq%atl@ef %&{g?%{tgr Oef%étg%[&c?ﬁ gl.}&#%%gfg%gﬁ%@gﬁ%g&ﬁ%t &%g]gcr%c? gé&ﬂ%‘ﬁgl’ tﬁﬁe an 75% of

t he peri meteht difcledirhescsaonbtd sohca@fie ring Reodbianse owind fwonitayvi ¢e
according to the present disclosure does not forma concentric ring
geonet ry SeMCcHIsdHNED g ghpnngl dogonas bardss & fretitnaore oh BredieaReEIr of 664eTnot
bor der; 6Q9 r fi.t ' [ r [ sone
enbodljrrenctéqsl?ﬁcttﬁg chﬁégnlr?espﬁlg%g{sﬁoﬁﬁ‘%&%%ﬁ er aglgéi/odggs %g;ﬁgﬂ%% Bgﬁ’e&%gor%le rorghgr of

ei t her cqréuetdr\o€ cizitsreonduttisoience Mhgdmsenibsdinidne, drahasicl dogsnondbordeor der
40% or nor e of the perineter of _either conductive zone. Wth
r ef er ence&t0fporngre of the perypeer o AGen s Blevi ce according to the

present di scl i -di ] . O gg&r si ng
an organic | (@).@Ee{[r}?%%%ggﬁogﬁg %ﬁlgkogﬁésgélg?cgﬁ{s&elﬁlmg%n uéc%tag%@r?dg{ et?ol%.é: I's located
adj acent diglaurodonigridechdizaete ssthicordecter yomdfocaniprisifg dnh@gghiscr et e

sem conductor |ayer 40 |lies to one side of and not on the channel 50. As
used 1Rer eemicondpctei el g dgerctgsemisondnciordaypg il isloggcdpdipgrat Enefehc and not

direct!y Mfifol SOAER M oricl DeHRCEAAOILARBhAIR R 0 2 [ he Fao ditan@i2n DE

seen that a nmjor axis ape e discrete

sem conduwt of tHheaghatined B0/ iABse BéreihbTio iy 6ideV eeamine alihg@ansidaof thevkinnehannel
50, and therefore it may be concluded that a majority of the discrete

| 1 Ly . ,
seni condu@ddet dizgedly over the ghannsl. dndhe pabogmenidepifsed Brfie re itaaRaeeeshat t hat
is, a mjorj: : I t i ] ayer 40
lies to oan%lhjr&y%’g,g o gnree&ttﬁée@aé eaﬁoglo(?fg}ec%&irgte? %{eﬂ%gﬁ%%?%ﬂlé%ggp g%g){) \cl)éra pl ane
par alllsel doadidi®esuhs1¥ aideEnot loReSeharne 0 Oghdndere foremtimeayt asdondbie dthat e

di screte sem_conductor |ayer lies to one side of .
majority of the discrete semiconductor layer 40 lies to one side of and not on the channel
50; that is, a majority of the lateral area of the discrete semiconductor layer 40 lies to one
side, where the lateral area is the area projected to a plane parallel to the substrate. In
some embodiments more than 55% of the discrete semiconductor layer lies to one side of

20  and not on the channel, in other embodiments more than 60%, in other embodiments more
than 65%, in other embodiments more than 70%, in other embodiments more than 75%, in
other embodiments more than 80%, in other embodiments more than 85%, in other
embodiments more than 90%. Note that, for the purpose of this determination, the
channel is considered to be unbounded in width.

25 In an alternate embodiment, a discrete semiconductor layer serves each of two
back-to-back thin film semiconductor devices. In such embodiments, the discrete
semiconductor layer is located between the channels of the two back-to-back thin film
semiconductor devices. With regard to each of the two channels, a majority of the discrete
semiconductor layer lies to one side of and not on the channel. In some embodiments

30  more than 55% of the discrete semiconductor layer lies to one side of and not on each

channel, in other embodiments more than 60%, in other embodiments more than 65%, in



20 and not on the channel, in other enbodi nents nore than 60% in other
enbodi nents nmore than 65% in other enbodi nents nore than 70% in other
enmbodi nerwe 2nviseicRan 75% i n ot her enbodi nents nore t h&ATABAH09i063002 her
enmbodi nents nore than 85% in other enbodi nents nore than 90% Note that,
for the purpose of this determ nation, the channel is considered to be
unbounded in width. 25In an alternate enbodi nent, a discrete sem conductor
| ayer serafkey calepinggnts mereghek Q- Batherenbadimangs mere theh dtlet Brotfévi ces. I'n
such enbogj i t i I LS/l OC d between the
channels(%?Q?EéayakgﬁatEﬁgg%bggﬁﬁ ﬁ%ﬁgﬂ#ﬁﬁﬁégﬁﬁ%gﬁag%?b?“%%%ices. Wth

regard t entt@dim@its be: thd 96%ani ehch, andenitijdirhértythe distivee sbinsicsrRiu€tor layer
sem conductor |ayer lies to one side of and not on_the channel. In sone
enbodi nerftay BEHBE cnarpd BHVAYE PrHANY Py EHENS e ¢ ckhescpaytem maeke t o one

id f ) : i. ) i .th % i
ot hor Sentiasi e SRER, RUARGEL culifl §f EfinEBPRATINGS o icifen BRcibgibal;
ot her emhodingenictnave oe réndainnofbéonductivat heshtee poatbnrefntisdisate sthdondYor i n

ot her enbodi nents nore than 85% in other enbodinments nore than 90% In
such an dafddi nent, the di screte seni conduct or | ayer may | ater be separated

into two port iﬂ{%.sdiscfég RertRbY AbrINer ARYIARE an I%n@ﬁs?ﬁﬁé&%%i&&o%&eﬂ&l. 5 by any

sui tabl e means, including cutting - or scorin aser, or the like,
or chem caly swablk organiesopvieoraiuctoe ntedriahoiay Gonekd; inchelivg thesd éscipiesdtinon of
the di screte sem conduct or | ?rete s%niconductor | ayer

ot dics G BgRn o Rt Son i otomaer i s apter o gl
Pat. No. 8 a0 056, B S RERE DR Efeg B I SeR O I EEFILAETOY 28, 2005,

U.S. Pat.61Am7715diled Mag 3B3BMS, Li.$. ctoDeioaaitier. 28, N2065060598, fiRddvasi bnal

Pat. App.. No. 61/057715, fjled May 30, 2008, U.S. Provisional Pat. App. No.
61/ 06059500p; the disglpseres of E@g&re inRYPaTated hesgip gr%ff:re%ﬁ?-cﬁheaﬁe@mw%wﬁtﬁ at ed

herein by, Lefianencs ﬁ%&é&ﬁﬁ&&@ﬁ%%%ﬁ{gorﬁﬁ&u%gia@éorgﬁg 1§ Fofnfiyfct i onal i zed

pent acene conpounid according to Formnu re each RL is
i ndedéndently selected fromH and CH3 and each R2 is independently

R2

Il
R R!
o, w
R! R!
Il
2

R

where cach R1 is independently selected from H and CH3 and each R2 is independently

selected from branched or unbranched, linear or cyclic C2-C18 alkanes, branched or
20 unbranched C1-C18 alkyl alcohols, branched or unbranched, linear or cyclic 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, linear or cyclic C1-C10 alkyl alcohols or

-9.-



sel ected from branched or unbranchcd, |inear or cyclic C2-Cl18 al kanes,
branched or 20unbranched C1 -C 1 8 al kyl alcohols, branched or unbranched,
| i near orwoyelwwse68- C 18 al kenes, C4-C8 aryls or het er oRCYIES2000H63032

al kyl aryl or al kyl-heteroaryl, a ferrocenyl, or SiR33 where each R3 is

I ndependent |y sel ected from hydrogen, branched or unbranched C -C10

al kancs, branched or unbranchcd, linear or cyclic C-Cl0 al kyl al cohols or
WO 2010/ (5&68PaTIB2006d 0830BPalkerrnc igpicalty eachRdnis e dTyGRedllylachlReeines .
Typically each Ris H Typically, each R2 is SiR33. Mire typically each R2
is SiR33 sahgg.emqne BPidally icnchelye RERP b wnd edcb Rt ifdapamdsnépmsblededfroonbr anched,
| inear or cyclic O -Cl10 al kancs or al kenes. Most tépically, t he

conpound trandbed gr wibsgnahed dmspiopyaysiie Gl <t iakanepentlietsie Most pBigelnttheene)
shown i n C%Tl:ng);?{.lngﬁ? % Zé{%bﬁé%;gg{obgﬁgﬁgﬁxﬁw&%a%@&t Erip€ &) SnbRfgpendent ly

sel ected
5 formula II:
1<

L ™

%ﬁ%

In some embodiments, each R? is independently selected from —SiR4XR5yR6Z,
wherein:

cach R4 independently comprises (i) a branched or unbranched, substituted or

10 unsubstituted C1-C8 alkyl group, (ii) a substituted or unsubstituted cycloalkyl group, or

(iii) a substituted or unsubstituted cycloalkylalkylene 5 group; each RS independently
comprises (i) a branched or unbranched, substituted or unsubstituted C2-C8 alkenyl group,

(i1) a substituted or unsubstituted cycloalkyl group, or (iii) a substituted or unsubstituted

cycloalkylalkylene group; each RO comprises (i) hydrogen, (ii) a branched or unbranched,
15  substituted or unsubstituted C2-C8 alkynyl group, (ii1) a substituted or unsubstituted
cycloalkyl group, (iv) a substituted or unsubstituted cycloalkylalkylene group, (v) a
substituted aryl group, (vi) a substituted or unsubstituted arylalkylene group, (vii) an
acetyl group, or (viii) a substituted or unsubstituted heterocyclic ring comprising at least

onc of O, N, Sand Seinthering;x=1or2;y=1or2;z=0or 1;and (x +y +z)=3.
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each R4 independently conprises (i) a branched or unbranchcd, substituted
or 10unsubstituted C -C8 al kyl group, (ii) a substituted or unsubstituted
cycl oal kywogpmnsesedr (iii) a substituted or unsubstitut @4T/US2009/063099

cycl oal kyl al kyl ene 5 group; each R5 independently conprises (i) a branched
or unbranched, substituted or unsubstituted C2- C8 aI kenyl group, (ii) a

substituted or unsubstituted cycloal kyl agléloup (ii1) a substituted or
unsubst i t ut ed Ehecdispactk yeraicrydusts Igies tipic @ﬁn‘RslSéb?ﬁﬂmEOé@d@if Forpdp bgen,

(i) a br b ed or unsubstituted C2-C8 al kynyl
group, (i ?ﬁgﬁﬁégﬁs%%@%%lﬁﬁﬂf L#Itad cycl oal kyl group, (iv) a
substitut ed orinyosukaibot i, ﬂlédl@b@étkyérﬁkkﬁd&&ﬁ Igfepuy ifohdadiithsial t ut ed

aryl group, (vi) a substitut ed or unsubstituted aryl al kyl ene group, (vii)

an’ acet y I mpealp suchras syitahly pelyagpsp some gmep lawgtﬁb%pplrymeéad%%w@ym ic ring
corrprl Si S 1 y =1 or
2 B Qﬂelg{tnl: %??an?ggllgﬁz %gr%tgﬁhgﬂlgo ﬁlolre{lkﬁgﬁgﬂyg eﬁlsag r% 3681% é%c tor |ayer

typ| cal | ytyplom;agmstet then 8 Giypdimdraofypfcaliyrpteatet than 40, H&rpquﬁeﬂ typicallyphlasanmount
of 0.1-99% b n sonme enbodi nents, the discrete sem conductor |ayer

I
may i ncl dd¥-Yaaf %tq%'ai O e marestygigakly aldleastP0981 &ypisehnebymaers figludsne
enbodi ne i Ao | kHz of
greater t %4%}’81%%{70&?%1 Sﬁg%illetga?{ﬁ/)gg@egitn ‘rtbhtgllﬁ(gz @.Sg’,nfenore%%plﬁ%al |y greater
t han 3. 5,cyamspuliolads ingpiatsalteyusgd.eat er than 4. 0. The polyner typically has a
MW of at |east 1,000 and nore ty ?I cal | east 5, 000. Typical polyners

i ncl U8e pol y( 4DajchBeirmsyd alsy ipelude hoa%ee%gﬂ@ USnDrtppdndlivationNe one
Phol o L0y IERENANN], ARG TRt P, R Pl HUR R RO Beflse,

i ncor por aubstattedlginonfiyorirefer @padc pblghyretayingaspeadt hes dfitee rmuiascl ude
substanti al | y nonf | uori nated organic pgl ymers having repeat units of the

formul as: -(-CCHj -

—ﬁC—CHQ—)—
1y
—gcl—clg— and
R' R’
5
(R
wherein:
15 ecach R' is independently H, Cl, Br, I, an aryl group, or an organic group that

includes a crosslinkable group;
cach R is independently H, an aryl group, or R”;
cach R” is independently H or methyl;
cach R’ is independently an alkyl group, a halogen, or R*;
20 cach 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*.
Other polymers which may be used may also include polystyrene, poly (a-
25  methylstyrene), poly(a -vinylnaphthalene), poly(vinyltoluene), polyethylene, cis-
polybutadiene, polypropylene, polyisoprene, poly(4-methyl-1-pentene), poly(4-

-11 -



where n 15each Rl is independently H d, Br, I, an aryl group, or an

organi c group that includes a crosslinkable group; each R2 is independently

H, an arywogowusesedr R4; each le is independently H or meThiskeoosessm Rs i s

i ndependently an al kyl group, a hal ogen, or R4; 20each R4 is independently

an organi c group conprising at |east one CN group and havi ng a nol ecul ar
wei ght of about 30 to about 200 per CN gr n =0-3; with the proviso

that at |meefBylsiypacy, @Qéfé@hqwﬁrlﬁlupwethyéensblpy%f merﬁltvllddésbuémhqn&) pebter pol yners

e R B2 o8 LBADRIR LRIMRRY, 8061 Aok 1 RRRREDYLShYT ene).
pol ybut adiheng) c&bbrya‘ﬂé]ppmbr@iyeloh@qﬂ YilcSiRr R 4Re), p@@(c}l{leﬁoﬁ[@fdﬂj poly(2,ment ene)

poly(4- nmethyl styrene y(chorotrifluoroethylene), poly(2-methyl-1
3 but adi éh@ythy M} W@H@y) PRlyIspbuty eae*m)lywry} &¥q Ql@%ne@y xyl yl ene), pol y[

R S T
et her), QQﬂyh&dQMhmﬂemgdmaphydp¢mwmyQM&hohexane)

Copolymers of the above materials may also be useful. For example, polymers of
styrene and o -methyl styrene; copolymers including styrene, o -methylstyrene and
butadiene, for example. Both random or block copolymers can be used. Exemplary

10 copolymers include, but are not limited to, poly (ethylene/tetrafluoroethylene);
poly(ethylene/chlorotrifluoro-ethylene); fluorinated ethylene/propylene copolymer;
polystyrene-co- o —methylstyrene; ethylene/ethyl acrylate copolymer; poly (styrene/10%
butadiene); poly (styrene/15% butadiene); poly (styrene/2, 4 dimethylstyrene); cyclic
olefin copolymers such as those commercially available from Dow Chemical under the

15  trade designation TOPAS (all grades); branched or non-branched polystyrene-block-
polybutadiene; polystyrene-block (polyethylene-ran-butylene)-block-polystyrene;
polystyrene-block-polybutadiene-block-polystyrene; polystyrene- (ethylene-propylene)-
diblock-copolymers (e. g. KRATON-G1701E, Kraton Polymers U.S. LLC, Houston, TX);
poly(propylene-co-ethylene); and poly (styrene-co-methylmethacrylate).

20 The discrete semiconductor layer may contain the polymer in an amount of
0-99.9% by weight, more typically 10-90% by weight, more typically 20-50% by weight.

In the method of the present disclosure, a discrete aliquot of a solution comprising
an organic semiconductor is deposited adjacent to or on the channel. In a typical
embodiment, each such aliquot provides organic semiconductor to a single thin film

25  semiconductor device.

Any suitable organic semiconductor may be used, as discussed above.

In some embodiments, the solution may additionally include a polymer such as
discussed above. In some embodiments, a semiconductor crystal growth solution may be
used, as disclosed in U.S. Provisional Pat. App. No. 61/076186, filed June 27, 2008, the

30  disclosure of which is incorporated herein by reference.
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5pol y(vi nyl ci nnamat e), pol y(4-vinyl bi phenyl ), poly(1, 2-butadi enc),
pol yphenyl ene, poly(nethyl methacrylate), and pol yvinyl phenol. Copol yners
of the abwoeomtsesoBal s may al so be useful. For exanpl e, PEOIGS2@0OH639P9 St yr ene
and a -nmethyl styrene; copolyners including styrene, a -nethylstyrene and
but adi ene, for exanple. Both random or bl ock copol yners can be used.
Exenpl ary 10copol yners include, but are not limted to, poly
(et hyl eneket r muwf@blmylvea@}lay bonsedevhigh arne inslude ketends) gerstiet hyl enc) :
fl uori nat styrene;
ct hyl enoftSERGHRE IR PR BRE B R e B Rl bE P B e IFe T
(styr ene/&@%@urﬂdcaelyehe s¢1otnt i @irmﬁerwlableélsowemtrha@l mthdes) arcaye! i C oI efin
copol ymers such as those commercially avail able from Dow Chem cal . under the
15t rade dBBitat fobengatindbengene, @H%{&@eyenebelﬁﬁ@ﬁewea@ %ﬂor@beﬁeﬁeemso c,
pol ystyr R Y | oC
o o PR P ALY AR08 B EEERLECH some el soven
pol yst yr emcbodiraeis, plod yobuticadioaipetsed adé;asp@ﬁ%éotyyw@gle,ofp@imgﬁ solesne-
(et hyl ene- propylenc - di bl ock- copol yners KRATON- 01701E, Kraton
Pol yners u S. Mixed selae%&saﬁemmay bﬁ&SW 3F GWIOé%H%SePWFW} PataABD JNPy
(styrene Vi Gny ayer may

. ?5‘ RIFERORANY bGE e &%’J%&%b %\g}ﬁ grﬁ fs 1ﬁ8JPR§r%{é‘3‘h%¥e‘?ﬂ b

contain t e polymer 1n an’ anount o nmore typically

10- 90% byetvednght , nore typically 20- 50@6by melght In the nmethod of
t he present dlsclosure a discrete aliquot of a solutlon conpri si n
or garc seni caMdURtigPIciamayapheiareac sapiseictar sayybeglepetiied é%&ﬁﬁé?tho‘? ﬂfa

typi cal HPB%&{FEH ’&%glo%ﬁ‘n%*br E'nt%'t %Rllogro?XﬁeSﬁgseB{ g%?b&lré ek &ondURiAl to a

single thin sem co ctor evi ce urt e organi c sem conduct or
may be used; gasrak thickss adl/@above.crystalline demisanidcentgdrsieticsfina devisal Int i on
may additionally include a poly such as dis sed above, In sone

enbodi merPEe UOdHNYH dircYdrme Pg‘@wﬂscgqt%kqv% ef %Pjﬁltﬁﬁl GRPTISHIE POH2AUG

di scl os e%efn'i'coudt?ttoﬁrs (B\éfwséeﬁ nal Lpaﬁltd 40P In?@ﬁlg @Hb%ﬁ;i,&r‘?sé ]ﬂ{e' Vot YP@e 27, 2008,

t he 30di scl osure IS |ncorporate rein erence.
15  discrete aliquot of solutlon comprising an organic semiconductor is at least 15 pL, more

typically at least 25 pL, more typically at least 50 pL, more typically at least 250 pL, and

in some embodiments 500pL or more. In some embodiments, the volume of the discrete

aliquot of solution comprising an organic semiconductor is not more than 40 nL, more

typically not more than 10 nL, more typically not more than 4 nL, more typically not more
20  than I nL.

In the method of the present disclosure, the discrete aliquot of a solution
comprising an organic semiconductor may be deposited by any suitable method. In some
embodiments, the discrete aliquot is deposited as a single drop or droplet. Such
embodiments may include inkjet printing, micropipetting, flexographic printing, and the

25  like. In some embodiments, the discrete aliquot is deposited in the form of a plurality of
droplets. Such embodiments also may include inkjet printing, micropipetting,
flexographic printing, and the like.

Inkjet printing is well known, e.g., for printing graphics, including multi-color
graphics. Inkjet printing enables precise positioning of very small drops of ink. Any

30  suitable inkjet printing system may be used in the practice of the present invention,

including thermal, piezoelectric, and continuous inkjet systems. Most typically a

-13 -



WO 2010/ 056568PCT/ US2009/ 063099 Any sui tabl e solvent may be used, which may
i ncl ude ketones, aromatic hydrocarbons, and the |like, and nmay include

m Xt ur es Whenwalsesbgpi cal |y the solvent is organic. Typi arus200006309 vent is
aprotic. Suitable solvents may include, but are not limted to, toluene,

et hyl benzene, butyl benzene, chl orobenzene, dichl orobenzene, anisole,

5t et r ahydr onapht hal ene, cycl ohexanone and m xtures thereof. In sone single
sol vent ma@%m@geit fysteguis ys¢b rinkowssivlde snkigt priagisg agsypipyl et of a

0 & Br ot sgyrer M SO AR SR aBLBER Bty 55 4P Hdhic O Rl REl RRAH 7
di scl osurxoafn whiigd) i s i ncorporated herein by reference. 10Any suitable

anount of organic sem conductor may be deposited in the nethod of the
present di sci d8dremethogpétimrescpt dirdoesithedisgreicpbapeted anplugpacl osur e.

G eat er qrggﬁ : y o] . I r r [ | i L,conduct or
Iayer? in 2&%$%§Pr ZW?%%%&P%mé%ﬁg(Eﬁgggﬁﬁgﬁgéﬁt?ﬁgg%gkdﬁgﬁgiggﬁggdiscrete
al i quot ahajedtyusfitbasataigr depbsigdas ons gidabfths ehmehautid@ronitbe dahweemsl5 pL
and 40 nL. I n sone enbodj nents, the volune of the 15discrete aliquot of

sol uti on WEHBPIER: ni§ oA Skleg AIFRES ensirgn sidetBitsidathgchpnng t Ag sed| hergipythe

typi call : - L - i.eal e - : i ly at

| bst  pitoBfion B Spckichis (fE ol KU dgBsit T nts Phuin ARl ALY

t he vol ure vafttingeutdis soned enbddigient obthesatthdd asroadingtol the prsan divcantes
sem cgonductor_ is not nore than 40 nL, nore typically not pore than 10 nL

mor e 10y pire@ieIRAmBY bt sphigAN &5 dpositrgiie opg pide 8F thy cstncharengtoran 1 nL.
n the mahaec Oh ol ABEIRRhIGEIRTUE:, ih BhcaBoEhRR et AantlsoR ifo! uti on
conprising an organi ¢ sem conductor may be deposite By any suitabl e

met hod. lothaembodimmik meretthan 70, 0l slosretrdodinaptromoreshaepis) imedhas a singl e
drop or droplet. Such enbodiments may include inkjet prjntjng,

mi cr opi petiiodgnents @%@t}eﬂ%ﬁ% Bqutﬁ?ri Hpodypcnts maretspy ﬁ%“.% ’IantL*?fme enbodi ment s,

the di screlipaihdfitRbord BadoPAs |l Gfler diytiodfindRl MOR thd DSH! 3h Loc of droplets.

Such enbodi nents al so may 1 nc jet printing, mcropipetting,
fi exdgr apmbodpnemy alhgf thardlutibee id delpesitedné pat sige bfithe rbanrel avel hotlonakr, e. g.

o P08, PRI Eor I AL T 5oL, BL3B0L55, o1 LA
of droplets, which may include inkjet printing, more than 50% of the droplets are
deposited to one side of the channel and not on the channel, in other embodiments more
than 55%, in other embodiments more than 60%, in other embodiments more than 65%, in

20  other embodiments more than 70%, in other embodiments more than 75%, in other
embodiments more than 80%, in other embodiments more than 85%, in other
embodiments more than 90%, in other embodiments more than 95%. In some
embodiments all of the droplets are deposited to one side of the channel and not on the
channel.

25 In some embodiments of the method according to the present disclosure, the
discrete aliquot of a solution comprising an organic semiconductor has a length, after
deposition and wetting out on the surface, which is about 5 times the channel length. In
some embodiments, the length is between 2 and 50 times the channel length. In some
embodiments, the length is between 3 and 20 times the channel length. In some

30  embodiments, the length is between 4 and 10 times the channel length.
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30suitable inkjet printing systemnmay be used in the practice of the
present invention, including thermal, piezoelectric, and continuous inkjet
syst ens. Wbh01wospiesal |y a WO 2010/ 056568PCT/ US2009/ 0630PeTiISeMOMbI®0L ri C

i nkj et systemis used. Inks useful ininkjet printing are typically free of
particul ates greater than 500 rimin size and nore typically free of
particul ates greater than 200 nmin size. In the nethod of the present

di scl osure, tHe semsembpdimanispidhe mrthad gesaiding o Q@dﬁﬁemsqh?@o%‘ﬁe dlgeni c
Sem Condtﬁf Pdd la§ed9§1?c(ﬁs sttged%aqgjcﬁeclg&}lc esglcl) /tdgaﬂntaﬂase &Qﬁl tor\"M[yte maj ority

of the s |on one sSi nne

channel . p%ﬁltmfe&nhma@smypldanymﬁpﬁsdd ermsartr@atﬁc@sldT@hm@md@ch out si de the
channel . As used herein, the location of deposition is the initial |ocation

of deposidefesminsharenssttdoratiag B Hseéakﬂéh‘ﬂeppﬁléﬁﬁ orutigas + s gmbodimensre
enbodi ”E’btf%he{n Sa%tfﬁﬁgg @81%%'%% ﬁtgdléc‘i’osﬁlpee gPer ﬁfﬁgh ﬁfgﬁféhgﬁﬁrogatg}lqﬁ?{h% than

55% of the so ron1s posite 0 one si on the

channel , sotutiohlvempering thampisic safRotdirtor&@%a ldngthobditeecreMD ahdre fitrs iy € t han
65% in other enbodinments nore than 70% in ot her enbodi nents nore than

75% in Gl &%%.Pr%@%ﬁ@owcﬁgéwth%ﬁhmy%d Ipngsh hdssigaiss dineimeasiap it ishan
85% in %gggriggnngg{gg@ eech&?%'ti‘ e%QI{QN bﬁ‘ﬂ{%tl th gﬁ&%%gg@éﬁhgﬁ%&s}tha”

95% In so hesoutlon eposit®ed to one side of
t he chanretatiands mletsnﬂnertdimeﬁshamnel smlahexethiuodner‘raﬂdth ’\Ahﬁsrometdmodﬂlluseﬂtebé
aliquat is de€05| ted in the form plurality of dropl.ets, which may

i ncl dfe ithkmsthodrcerrding to fsracseRk S@G%T%fthff ¥eaed 06 Hicedenosit locatignior ted t o one
si de of sﬁﬁuﬁn%ggnghls@g%m rﬁ@sérﬁan Ag%gg?%asauétaﬁmﬂ% %P%h%é‘&ﬁnﬁ&re than

55% in er e nts ret I'n other e nments nore than
65% in Z6ngh Hesomnbodbdianngs sfohentcthad aé@flingno dicheescendisdosuea ttise imge t han
75% in ot her enmbodi nents nore t han 80%. |n ot her, enbodi nents nore than
85% in ctiks deprpib Cﬁ%‘?ﬁéo ﬁl%?rS@ ytegrogping thgprganic sapisan eI ang degthan

95% In He??‘?a%gpfh%%ﬁ@ha Qﬁneﬁ Fe%g{:i{ qRs6iS eﬁﬁg@gﬁ%mﬁ@m fhogne side of

t he channe not on t anne 251 n sone e nments o e net hod
accorldi ngictardingeo piicesesunt dhlssloj;u:rs uhe1mag@e)fdlnesdﬁpe‘sleloahm@1ufmr thmfsomtsml ution

conpri sing an. organi c sem condyct or ngt h, after deposjti d
wetting GHMPSHINEHEC QigARis SEMIGRATLOT fgasa ﬁt&thﬁ ciperbe Tond &gﬁﬁﬂeﬁhew@ eh. In

some enmbqgi ARNYS sohl @mb@&lﬁ{eﬂts' o'ff tlli’eeﬁl@ﬂ‘ﬁgﬁ‘ a@co@&lﬁg?cgth% (sa?é‘s_énttd?s‘f‘clﬁsﬂ?@ '&f‘c‘ | engt h.

In sone enbodi nents, the length is between 3 times the c¢hannel
| engt h. Idepe&ﬂbcﬁﬁmr&omeWBan coineri$ieg dtehprgmib stmeeniudtonhds 4 Engthmes t he
channel lbee? ée?l 0.05 and 5 times the channel length. In some embodiments of the method
20  according to the present disclosure, the deposit location for the solution comprising the
organic semiconductor has a length that is less than the channel length. In some
embodiments of the method according to the present disclosure, the deposit location for
the solution comprising the organic semiconductor has a length that is less than one half
the channel length. In some embodiments of the method according to the present
25  disclosure, the deposit location for the solution comprising the organic semiconductor has
a length between 0.1 and 0.9 times the channel length.
It follows from the preceding that, in some embodiments of the method according
to the present disclosure, the solution comprising the organic semiconductor is deposited

entirely outside of the channel and deposited in a band having a length that is less than the

30  channel length.
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In sonme enbodi nents of the nmethod according to the present disclosure,
inkjet printed | ayers such as the gate, dielectric, source/drain and

sem conduwoapideywBs are printed fromimges, typicallyPCOrseesmc3009
rectilinear matrices of pixels, which determ ne the deposit |ocations for
t he inkjet deposited solutions. In some enbodi nents 5 of the nethod
according to the present disclosure, the ingﬂe of the deposit |ocation for

the sol ution ddbipeth anhedvian@ges fhisdnwafipe aivdueherlwamted tydhe folloayébgeen 0. 05

and 5 ti | .. - [ "l ength"
designatggg?%g§d§£§%§%&¥4%ﬁﬁJ¥%£%%§§%3$§#$gﬁg%gﬁ?hgﬁﬁgﬁg ﬁﬁgﬁgkﬁﬁgchannel
even whenydlhg dtesargohditibnd hel detFEBeshlild e bdepaghicd ko aadulpmitshisheveatiah| er
dimension, i.e., smaller than the -width." In sonme enbodi ments of 10t he

met hod according to the present disclosure, the imge of the deposit

| ocati:on for the solution conprisin gani ¢ sem conductor has a length
t hat Ps | ess than the channel Iengt%¥&3ﬁ2§%ne enbodi nents of the nmethod
accordi ng to theepretisenisctiosd albtyagents herd sagacdbr drbevadipledtdm [Addiaéh on f or
the solution conprising the organic sem conductor has a length that is |ess
t han one @imlc@@-,é%&wa@fee» B gttrmay be sotheserh by knewr §1c§iodshe met hod
15according to the present disclosure, the inmage of the deposit |ocation
for the solution conprising the organic sem conductor has a | ength between
0.1 and @Entplgseisarddx channel [ ength. In sone enbodi ments of the nethod
according to the present disclosure, the deposit | ocation for the solution
comprilsi ng t he 8heghrptaiamgtygdatiarlyies mas fapricated on INEELRIBIING CHSYARETS ti nes

t he chan I : i; f : i t he
prosent s Aonant. spite SQiH SERAHLIRRLGCR ohld? ABLORA SAAEALEAR 0F 1 he
or gani ¢ shapoooduet@ibel dslosv. | el bhackphate dostaired < rohannd hé coclhiemesef | ength. I n

sone enbodi nents of the nethqd according to the present disclosure, the
deposit |1HEaBIEH(1£8 trapHetos ot “i‘td‘rplECBr%ﬁ&WHg Fignd 1%?6kgrﬁt?kPqé0é‘Pﬁréﬁh%iﬁR¥’teor has
a | ength jhatiksihessqdbianiope hal f the channel length. In sone enbodi ments
of the nethodlaﬁkhrgﬁng ?g)%ﬁé present 25di sclosure, the deposit |ocation
for tihe sol ut iTr fostgdithstwgbdckplanesy &ramplednmrapossdutet die fraenadisdogirt atikt ween
0.1 and 0,9 tines_ the chaqg;j | e a;h. It follows fromthe preceding
that, in BHMSOB RREHEYS IQWﬁé WVHIQTHRESY8i ng to the present
di scl osure, t he, AOLYL R &OIPLL SERY didI&n e, 48cE/dRETLEPRESRI1closGEROSI t ed
entirely outsidg g@gt e éﬁgﬁgé] %%d depos?tedcgn a ban%g%avinéoa | ength
that is Imesgedfiam ahh@a@dobanhel Alder® PhotoshOpRA GBS 6 568RCNaWIREG0A/A)63099
bj ect s d. advant ages of this _j.nvention are further .illustrat hy .t he
fol I ow n?aéké%%ee‘é‘?sg‘ffﬁ%te Fo® PRHLRSA POk R ¥ WRY Grib & @7_%&@%?15
reci bed ﬁﬁr%&@ﬁﬁnﬁ%@@ﬁie§ms@§q {de] R A Alal GeRiokBEPSHiRRAsdet ai | s, shoul d
not be construed to unduly 1im¢t this invention.

The source/drain layer image included transistor channels having a channel length

of 6 pixels, or 217 microns. As printed, the source/drain layer material wetted out
laterally, reducing the channel length to approximately 128 microns in the printed
backplane. Average measured channel length for Examples 1 and 2C were 120 microns

25  and 136 microns, respectively. Average measured channel width for Examples 1 and 2C
were 780 microns and 910 microns, respectively.

The semiconductor layer image was designed to deposit discrete aliquots of
organic semiconductor solution, each providing organic semiconductor to a single
transistor. Fig. 5 schematically represents the semiconductor image used for each aliquot,

30  which was 25 pixels in width and 2 pixels in length and included 18 printed pixels

representing 18 drops of organic semiconductor solution deposited on the backplane.
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5Exanpl es Unl ess otherwi se noted, all reagents were obtained or arc
avail able from Al drich Chem cal Co., MIwaukee, W, or may be synthesized
by known wothwdseseExanpl es 1 and 2C 10A sheet cont ai ni RGTIUSR0MAGCIPY anes
was fabricated by inkjet printing every |layer- gate, dielectric,
source/drain and sem conductoronto a flexible polyneric substrate by the
process described bel ow. Each backpl ane contained 8 rows and 15 col ums of

t ransi st dfash digrohadraaypdige of 39 phafoy a datalavabime pf 240 L. oﬁﬁpﬂpﬁie@ thig mariy ofj gi t al
h f th
phot ogr ap ({}0193&9[&% o%ft !I_afté}gle%{rb?? aly Jg[l%]g&tl?lﬁ&lfs (ieﬁg §C?l§%§l]- gval 11{ 9 the two

backpl anes, resen r e and’ t he second,

Conpar at |meln@wmkmoﬁa@prm$lat@gxmoahﬂcms akrée Menigitkp Ripppoxiimbte; 45y er gat e,
dielectric, source/drain and sem conductorwas printed from an_ i mge created

in AdobeRVPHES0d| h@if(d?poqlt&@%‘éw%‘s%&?éls USRI 0361§ & bethf Frse handrd ged was

created { r I tth a 702 dpi (276
pi xel ? 2 p%l%sern?rﬁ%ﬂyr ?’Péy 4I0)§]1-EL%E eacﬁlgp?%g?lgﬁlﬂég an initial wdth of
36.2 mcrons. Inthe bacﬁbﬁnsoﬂccmbﬂﬁavmkaamﬁé 2Cagevidmadfulleskniicaniatoi or

channel s having a channel ]ength pi xels, or 217 mcrons. As printed,
the sour cBIEP ¥R CImTred o¥etthe Wsdth@étheéaamﬂ Figt &isa PRptomismmEnleltae channel

length tq.a &B&?;ﬁiﬁg % l%%fbfgogﬁ eg;e%xgngle%‘nt ed backpl ane. Average

measur ed c anne were 120 microns 25and 136
m crons, reSpdﬁtt]ne/lﬁc}tplal%lefE@mﬂéa;‘ﬂhé@\ddthhﬁmllﬁedermtcdidhctbﬂfm@eamlﬁﬁeﬂ and 2C
wer e 780 m crons and 910 mcrons, respectivel The sem conduct or

| ayerl O melfan Hiescenies P&ﬂ@@h%@eabbégﬁ pixglsserr ahogt ﬁaq Hissens. dhegfigatives made
d t |
sem con l{ﬁttﬁ)echlieéf_élng)tf'ﬂ? enfi @iy v r%gqge%g@%ﬁg%‘%ﬁ%%&ﬁ%%% R o9l €

transi stor emati ca resents t i mage used
for each thitimpuetf thaGemicohdwas: dhtpnxelssicposited dirbethnid tBe phaneelsyiinkjeengt h and
i ncluded 18 printed p| xel s representing 18(9 q of organi c .sem conduct or
sol ution ILHJé]ﬁlBgI {nstgeagnt Fﬁ@nﬁgw’éﬁ bdrops wetted out laterally to Torm a single

continuous deposit which extended across the channel. Fig. 1 is a photomicrograph of one
15  transistor in the backplane of Example 1.

Inspection of Figs. 1 and 3 suggests that the edge of each deposit exhibited a
strong crystalline morphology while the center was amorphous. Thus, the offset
semiconductor deposit in Example 1 appears to position a substantial amount of
crystalline material over the channel. Inspection of Figs. 1 and 3 suggests that a

20  rectangular semiconductor layer image, resulting in an oval deposit of semiconductor
material, exhibits more parallelism of crystalline structure down its long side than its short
side. Thus, generating a long side and positioning the long side over the channel as in
Example 1 appears to position more parallel crystalline material over the channel in a
channel-crossing direction. Transistors of Example 1 demonstrated dramatically

25  improved mobility over transistors of Comparative Example 2C, as described in the

quantitative test results which follow the process description below.

Process
An 87x8” piece of DuPont Teonex® Q65 4 mil thick PEN film was fastened
30  between two pieces of stainless steel. The two pieces of stainless steel clamp around the

perimeter of the PEN film. These clamps help minimize the shrinkage in the PEN film
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WO 2010/ 056568PCT/ US2009/ 063099 Each drop had a vol une of 30 pL, for a
total volume of 540 pL. As printed, this matrix of drops wetted out

| at er al | yWoOeofoses68 si ngl e conti nuous deposit, roughly ®CRIUSRVIHEIPLE,
having a width of approximtely 1200 m crons and a | ength of approxi mately
650 m crons. These deposits are visible as translucent ovals in both of
Figs. 1 and 3 and 5represented by index nunber 40 in Fig. 2, which is based

on Fig. dfhroughout thaproggsspBethptidasef dfe W%EN\ﬁérn%ﬁﬁleén@@umqﬁ@uwra% of
the sem f Fig. 3
o a phot o sls HRRT i ReC B E AR Bl o AREETORE Ve
Exanpl e 2Grfatawithe coaaanlsareccactpya iyt cﬂeanﬁlgethmmh{peofﬁlﬁlh@ssﬁéﬁ conduct or

i mge was_offset 10 fromthe center of the channel by five plxels or about
180 i cr dagenchraitiyfous srevim ntorigeXY dlepedticfeysigh &F an ﬂémwm FEHYOCEDE. | mage
itself a |

e condustaris SppPERRE LB plRe@RESFrerh iy len ek Ml RERS Y ol
printing. | nSthngecttahlblrmtler)éﬂ-lﬂ&pflnﬂﬁezﬁfWﬁlsl’t!hbls mABITté(Eﬁltd)ﬂh'e syaérﬁr Ehby to form
a single continuous deposit which extended across the channel . Fig. 1is a

phot oni crigtt-aghrgsth %Wehaﬁétzg sl Oph drolevelaeRp IT&ﬁ@HB‘fheEi(‘é(ﬁ%ﬁQedinth

| nspect i fbfxnﬁé §r20101ﬁ‘ﬂgf ?%aﬁé’t 2Pt -]]t()Baél %E]% a%‘f]egﬁlvgf‘ cSRGB I EROS s

exhi bite strong crysta |ne rphol ogy e center was anor phous.
Thus, t hanaérflasl@brvsém thenduchpsr odem’dﬁickplhﬁb ERacqrhe ptinthppratsinttbe p@sint i on a
substantlﬁﬁhannunt of crystalli terial over the channel. |nspection of

Fi gs.10| gg%&?@&é@‘?rg apalatweée Q@P@e ahefupanthead sl digs eoIustedyer | mage,
resultin f r it r

bar al | ol (Eps NN OASRARLE 1 oy HELE SRCLERITEHEY Bl an B R A6,
si de. ThquegéﬂﬁﬁdtﬂmgumnkﬁﬁgaamdémamdmppmnbmoﬁmngﬁnhﬁmMam@dshdedmue% t he

channel as in Exanp appe rs to position nore parallel crystalline
mat eri al RPFSiIPIgESde ﬁ@ﬁr&’@mefﬁ %heéwgﬂ?féwte@i eé@pwsmwiﬁ%%ﬁwﬂmmmﬁor s of

Exanpl e I, %%S'le&% Ak oo B AMBAG: 4 ST OMEd WhRLtibh apfisSt or s of
Conpar ati v Exan%fe g g as desc?#te ?n t he qug |tat|v tegf fes%#ts whi ch
fol | dw t hmsnh@mesﬁordwhﬁ'e ithot pramhdael stanted Priatieg the cAnd@&tx8 ' Inkporgeetenicd Rateont
Teonex(r%a&§5 4 ml| thick PEN fil mwas fastened

Before the application of the conductive ink, the substrate was pre-shrunk. The
purpose of pre-shrinking the substrate was for improved registration. Shrinking of the
film between the thermal curing of each layer affects registration of subsequent layers.

20 The pre-shrinking process included thermally heating the film from the bottom and the top
of the substrate. Heating from below was done with an online hot plate set to 125°C.
Heating from above the substrate was done with a 500 Watt/inch infrared lamp. Once the
hot plate reached 125°C, the IR lamp scanned over the substrate 5 times with a velocity of
2.0in./sec and at a 100% power level. This process took 25 seconds and the maximum

25  temperature of the substrate reached 140°C, which was recorded by an infrared pyrometer.

Upon completion of the pre-shrinking process, the substrate/aluminum platen was
cooled to a temperature of 45°C in preparation for deposition of the silver gate layer.
Printing the silver ink while the platen is at an elevated temperature prevents the silver ink
from wetting out excessively on the PEN film substrate. Once the patterned gate layer is

30  deposited onto the substrate it sat at 45°C for 5.0 minutes. This allowed the material to

settle, thus producing a more uniform layer for subsequent deposition processes.
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30bet ween two pieces of stainless steel. The two pieces of stainless steel
clanp around the perineter of the PEN film These danps help mnimze the
shri nkagew0Dreotose$8EN fi | m WO 2010/ 056568PCT/ US2009/ 06309ETiUuse@a@hznae t he
process. Both sides of the danped PEN fil mwere cl eaned nunerous tines with
absol ute ethanol in order to reduce particle contam nation and to provide a
clean surface with a constant surface energy. After cleaning, the clanped
filmwas then Afigttbhalvonsatior pmiseeewsWintycrcHavisthg epbeg hetehategad em on an

| um . £ i . .
750 canditG TR o e naBlAEhal B EH SR hREIR 1BRBSEINL ol AR SEEM !
pri nt hcadpanamcl v@ipd et eith volddtytdfe Binsskeemnd The0BKPowt2 STy purpbead has 128

jets with a | OpL drop volune. The printhead was filled with approxi mately
20. Ol ofheatipgpthe Aubsgats tod@> % pefopkginierng thegily gravith HisdBdemp Wagko dagease

mat er izal ved as. th . ] I ad was
B th sy B SR8 Rl e B8t hardl 2S1EIRC KPLARE TG FREURIKILAEAC 8
hei ght wasftadhaisitvet wao siappsd) iaaingbryitute O Aboplatctwis sstiof [$0eC ofTheé he PEN
film The sabre angl e was adj usted toogi ve a desired resolution of 702dpi.
Upon conplbsirashregrainadet finieamsmtus dedl 0 mpaitesy Jde painosqakthissttsyar®d. The

corner of eh@%lﬁ&ﬂh@!s%@nt% ?&Joofﬁfléa S%eo'tﬁﬁﬁgleaiﬁk}\pﬁcﬁﬁ dol, NG B@Y,Nt or

origin. Fro e origin a inc was set In the negative x and y
di r ect i orethahbl sndldhasthiyeaclgbeat.i on where the printhead started printing the
conductive ink or patterned gate |ayer. . .. Before the application of the
condd®ti ve i nklhersat eygrdn the %gmloapél@ﬁlhwﬂaet Wﬁétesﬁﬁfiai?éled’ra%h%- shri nki ng
t he substy: : Ok ¢l i i rd~hKi i | mbetween
t he ther rﬁ% E%ﬂl‘l ﬁéi'oéﬂ%‘ggw%@ecﬁﬁg? ee(r:%.g1 Eé 1?lgegrf' gﬂt%rsﬁ %%@%T?ﬁtgéég@géguent | ayers.
20The pr eesbvéddidngplpcaicesis aiSpedtrsdDthdtheSEral§ pritthadd. rithis hentheddwhs wedt he
bottom and the top of the substrate. Heating from bel ow was done with an
onl i ne hder pliniing tae fiefsstriomeieriple whichgvasazicapgwet He isispRd e ThesSkione

with a5 ' ' e , the 1R
| anp scag%gn}é%g%&% ﬁ:aeddgj (gjtir%to %%{gﬁﬂe&j‘sﬁ%ﬂ%{gﬁt g]g%/‘qéeﬁlé%%fp;&%?ﬁ g&gﬂ'ﬁaﬁec and
at a 1300%bpoxhie shiesteke anfiiths sqghro aeds who ok t@prosleconctsolation bHe0ddpx i Tiem

25t enperature of the substrate r d. |1 40C i ch. was recorded by an

i nf rar ed B3R REIRSFATOGH Fedite 38 dfrinhig e gg%‘ﬁﬁrscrmeﬁ@t tﬁPé’éﬁé& Fthe
subst r at Qéﬁk%ﬁlu@?f%dﬁ%@%éﬁﬁ%@slngﬁ%r%ﬁt &z@ttiﬁ%ﬁ;%&_@éﬂ{df{]sqn% diofect:d 1Rfgpar ation

for deposit gate | ayer. Inting the silver 1nk “while the

pl at en i swhith eam lehdtoatreldsiteghertatnuthe tipndibarttansistoes. si | ver i nk from wetti ng

out excessively on the PEN fil msybstrate. Once the tterned te layer is
30deposi t ed orftGOEHEMENR S ?ISCWPT%E’ HeSLpEE 1a% PTSI.“SR %rr’fﬁglé@mgﬁ%es al | owned

the mat erdi@kcthif layer relative to the patterned gate layer. The test print was compared to another
test print that was printed with the gate layer. The measured difference between the two
test prints determined where printing of the dielectric layer began.
Once registration is completed a blanket coat of dielectric material was printed
onto the gate layer. Upon completion of printing, the material was immediately dried,

25  cured and dried again. The first drying process or pre-bake was done with the online hot
plate and IR lamp. Once the hot plate reached a temperature of 75°C the IR lamp scanned
over the printed image two times at a velocity of 2.0in/sec and at 40% power. The IR step
in this process was low temperature because increasing the intensity of this step could
cause the dielectric layer to ‘skin over’ and trap the solvent. Therefore, most of the drying

30  was done thermally from below the substrate. After the infrared lamp scanned over the

sample, the platen temperature remained at 75°C for an additional 10 minutes. This step
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settle, thus producing a nore uniformlayer for subsequent deposition
processes. WD 2010/ 056568PCT/ US2009/ 063099 After the silver sat for 5.0

m nut es, WO 208056368t ered with the online hot plate and iPefrAse@d/obaap. The
hot plate was set to 125C and then the IR | anp scanned over the patterned
image 5 tinmes at a velocity of 2.0 in/sec. and at 100% power. The purpose
of heating the substrate to 125C before sintering the silver with the IR

| anp was iféhcdresesasas siihecddpnicagving iyrrsmaimning bien ppftesthaselsrst s seconds

o sint . . S L S : e
tenper at deogrPlint Hhe elutclfurtl AR, o R Fob PR S RS SHRLERES "
this tem#uatQr hisoraskdcathplishes withhe Soumpesel @bttt bvseghrpdaMasng withari fy al |

of the solvent is out of the silver nanoparticle ink, which is 20% Ag, 40%
et hanol dHEoLRORUEEHioy dRbsesrydsol Therfgmhdryirscten errast-prkeysed thesrmeRI9EHS of t he

Il -1 k] i di e 1 f I
curi ng. § rsriap oo AP hARGNRD BACLELRIE IS Ll Ehondl SRR R IBRETS i ¢
a Spect r airdsRi0n. Ske 1@Batpi00N e, Thi s printhcad was used for printing

the dielectric material, which was a zirconia acrylate in isophorone. The
SE- 128 has 128 pateommetion ofdha diglcsisicayetnBe SEh8iingtaad weg ramevaddrom

appr oxi | : t to

o oduce a0t Suit e BRBEYSN eSS A% bR AU BTRE Be20e s 8RRF, 2oc
Printing laye. dheb@atd/dail AyarwataldoogimediithiCabot Sieer ahahdglitedtiees wetti ng.

I nsufficient wetting. produces holes in the dielectric |ayer, which can | ead
to uﬂ@esim@&le@ﬁd‘fa@é‘gluﬁte@%aﬁﬂwﬁqulw Opum abaedhe subsgpts @@3{ Bici sabicrigetene

di 1 Ct 1 i\Gud QYRE u rioh it F700MpiVafic BEIOL S Qcr' P8 SHRL Qdcd e 20di el ectri c

| ayer relative to the pattern gate layer. print was conpared to
anot her test Harprintihgof thadirgromicedrain tayet, e dahemuhayleten wikheootedsar ed

di fference between the two tes%ﬁgri nts determ ned V\g’ere pri n%i ng of the

di el ect r i ¢ e reghygpaian was done myffe spragmanpes e greviasygnpntiongdfof tht anket coat

of di el eg{jk -g%r%fi ol t{QPHR 41 i letion of
printi ng,%% hgmma eri gfceﬁ?%ﬁ Ceﬁlﬁgﬁi%{)y&oé ?tg ?&ﬁé%éuﬁﬁeég)cagr{ (gj)(?tl;oe agfgil: n. The
firstlsdr yiOngcardsc das sinterod ehdoalkver alasg theredgen lichort kemphitdinsinteoingphat e and | R

|- Cnce LG el BLaLe Cesched @ LgTReral e o, ToC e LA, Lam scanmed
pover . ThgobRs§t RPminutes.
For the second printed source/drain layer, not every image or feature was printed
twice. The drain lines were only printed once, whereas the source pads were printed
20  twice. The source pads were printed twice due to non-uniformity after the sintering of the
first layer. The platen was set to 150°C for 10 minutes to sinter the silver.
Before the process of printing the semiconductor, the platen was cooled to 30°C
and a surface treatment was applied to the dielectric material and the source/drain
contacts. High purity toluene was deposited onto the surface of the entire sample with a
25  pipet and left on the sample for 1.0 minute. After 1.0 minute the toluene was removed by
blowing it off with an air can. Next, a solution of 1.0mmol perfluorothiolphenol in high
purity toluene was deposited on the surface of the entire sample and left for 1.0 minute.
The solution was removed by blowing it off with an air can. The previous step was then
repeated. For the final step, high purity toluene was deposited on the entire surface of the

30  substrate for 20 seconds. After 20 seconds the toluene was blown off the sample with an
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in this process was | ow tenperature because increasing the intensity of
this step could cause the dielectric layer to 'skin over' and trap the

sol vent. Whepefussss nost of the drying 30 was done ther rarigs26m006300€l ow t he
substrate. After the infrared | anp scanned over the sanple, the platen
tenperature remai ned at 75C for an additional 10 mnutes. This step in the
process was utilized for renoving any renai ning solvent. After the solvent
vwas renpvicanr i tatmeickened anyigsidhe an therconksts @ofl eepvideder fgserabienked at a
platen t onplished with a 250nm wavel ength W
gernicid%ﬂHﬁéé%&%é%é§1ﬁ% uﬁggﬁn&ﬁiggﬁﬁbr 401 seconds. The final drying

step or post - Hakem dosgdetionefSRNRirfco aesimehs tIRISX Bg 28 bﬁnﬁhéz&w’vmhjbvﬁ@nt i oned
pr e- bake except the 1R |l anp scanned over the |nage 5 tinmes at 0i ni sec and

at 100% gove the system andgeplacedripitioen OF- 138 prmghcad el be printhegdayes fill @(dh‘élﬂSE 128
t e SX3- 128 t ed
PLLndggggpﬁﬁ%ﬁ1%59Xﬁgb%%§$%gmg%g¥/Iﬁﬁkﬁﬂgnéggéiﬁgg%%ﬁ%ge} Fai n Iayerp&eg ©

al so pri nesdcondtittoCabatbiSitliivairopylhiey ciiginghpermicechie TAOhgghtrunt salste wagle adj ust ed
to approximately 1.0mm above the substrate and the sabre angle was set for

a resol utVoh aéwst?ém%lﬁ spaigcaiont By sy ingniigaed. v%%glﬁﬁtlﬁtl@éﬂm ce. For
printing sgfméolﬂau(%tblr RheriQH Cfg %@d Mﬂlsﬁsly LGB P HD R R fRas cool ed to

45C and regi stration’ was sanme’ manner as previou y ‘menti oned
for the diel eddfore depysdtion &the s@nicﬁﬁdung)remmieet ach whhmititad mrort@rtper at ur e
was ralsed to 60C for 1530 seconds., This sintered the silver along the
edged Opefl6MEVE ehpIdYELJoly FIFPo Hhat rgnaings orathe pibatratgafier hegweface fé?ﬁa@fnat ure.
After S0 BRCORAS B Rl AbEBIGEIRRA B rfinitdi &l BEF & 8 phoQE 4 Gfsd0afl nut €5,
For the seco printe sou aln |'ayer, not every i'mage or PeatUre was
printed t8ﬂ°/epowél'1heordueabmplatardeﬂle\qﬁaten onk yogled tat 3Conce, whereas the source
pads were printed 20tw ce, %he source pads were printed twice du 0
non- uni f or mi t yYAs#ted abave. 5 drops prftOpf of wemicopdyctorsoliionyas dg P%ﬁt“ég ofRs set
to 150C ﬁgﬁ h &dnddiut es to sinter the silver. Before the process of
printing the sem conductor, the platen was cooled to 30C and a surface
treatldent was applied to the dielectric material and the source/drain
contacts i gh purity toluene was deposited onto the surface of the entire
sanpl e mﬂﬁﬁﬂg§25 pipet and left on the sanple for 1.0 minute. After 1.0
mnute the to'ﬂ%ﬁ‘s‘?st %verrfﬁﬁgﬁﬁie itR kS &?il' tVszlfn'V@é tﬂl@%}dt@{’ [tagBRyas NEXt, @
0 fi'gh purity tol uéne was

solution of | . pertluorothniol phen

deposi t edhigad tﬁfa)el sov tpavofndtthe dan Vd1Res JPL& @bV ethe Rkagh- I{Qotml@lafe The
solution was renoved by blowing it off wth an air can. The previ ous step

was t hen trepeerest Coaparhthe Eiangle SCes 0M042BmBIV-st whéredsugreveage gopisyt ed on
the entire surface of the
20  of'transistors of Example 1 was 0.1 lem2/V-s. Fig. 6 is a graph presenting mobility values

for transistors of Example 1 and Comparative Example 2C. The transistors according to
the present disclosure demonstrated greater mobility. Fig. 7 is a graph presenting sub-
threshold voltage values for transistors of Example 1 and Comparative Example 2C. The
transistors according to the present disclosure demonstrated reduced sub-threshold

25  voltage. Fig. 8 is a graph presenting on/off current ratio values for transistors of Example
1 and Comparative Example 2C. The transistors according to the present disclosure

operated at greater on/off current ratio values.

Various modifications and alterations of this invention will become apparent to

30  those skilled in the art without departing from the scope and principles of this invention,
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30 substrate for 20 seconds. After 20 seconds the toluene was bl own off the
sanple with an air can. This treatnent cl eaned any residue on the contacts
and proviweaow/dises8r abl e surface energy for the sem con®aTtuse080b3isvd on.
Upon conpl etion of the surface treatnent, the SX3-128 printhead was renoved
fromthe systemand replaced with an SE-128 printhead. The printhead was

filled wth 5solution in n-butyl benzene of 1.0 wt % pol ystyrene and 2. Owt %
of an or g@diicsherldi keomdarstasd, thag thig inyies(ien isingbor kspyidyly ly@tt%{?ythq pbstratbene.
The heigg%ﬂgﬂgnaﬁpg@ﬁ%ﬂgﬂ ol &gwadjusted to the specifications previously
menti oned. Regirs Fation o e sem conductor |ayer was conpl eted as
previously nmentioned for the other |ayers. Before deposition of the

sem conductor a preheat step was initiated in order to 10 renove any
solvent, toluene, that remained on the substrate after the surface
treatnment. This preheat step was conpleted with the online infrared | anp at
6 passes, 2.0inisec and 80% power. Once conpleted, the platen was cooled to
30C. As noted above, 18 drops or 540pL of sem conductor solution was
deposited onto each transistor. 15 Results Transi stors were neasured
wi th saturated I1d-Vg curves. The gate voltage was biased from 10V to -40V
and the drain voltage was set to -40V. The average nobility of transistors
of Conparative Exanple 2C was 0. 042cn2N-s, whereas, the average nobility
20o0f transistors of Exanple 1 was 0.11cn2N-s. Fig. 6 is a graph presenting
mobi lity values for transistors of Exanple 1 and Conparative Exanple 2C
The transistors according to the present disclosure denonstrated greater
mobility. Fig. 7 is a graph presenting subthreshold voltage val ues for
transi stors of Exanple 1 and Conparative Exanple 2C. The transistors
according to the present disclosure denonstrated reduced sub-threshold
25voltage. Fig. 8 is a graph presenting oreoff current ratio values for
transi stors of Exanple 1 and Conparative Exanple 2C. The transistors
according to the present disclosure operated at greater onloff current
rati o val ues. Various nodifications and alterations of this
invention wll becone apparent to 30those skilled in the art w thout
departing fromthe scope and principles of this invention,
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and it should be understood that this invention is not to be unduly limted
to the illustrative enbodi nents set forth herei nabove. W claim [.A

nmet hod ofwoekiongess8t hin fil m sem conduct or devi ce conpr PSTAF200006FPEps of :
a) providing a substrate bearing first and second conductive zones, wherein
the first and second conductive zones define a channel therebetween and
wherei n the channel 5does not border nore than 75% of the perineter of
ei t her coWdgkimye zone., and b) depositing a discrete aliquot of a

sol ution Co”prAgxi ﬁ%dad}nga[k%?%é G Al SQRAYEARN ek oradgbl%g%&%pﬁﬁn% he%'f'eﬂ)g Qe channel,

where the aliqu provi rgani ¢ sem conductor nfilm

sem conduct or Jevividing Wfsenma& waafing ity and sdécbad seddikctionzdnss,depeshtied to one
side of the channel and not on the channel., 10 2. The nethod according to

clai m 1 viHeradmeend C@ﬁﬁ%@? zgfssichpe alsbmélfthsrw@t@feem%wmretm@e B3kt er  of
ei ther; cop ggﬁétjbo‘?de% a% 751/‘8ftﬂ§&3§§eacﬁ8f’§ ﬂﬁ%&&@&@%l ko afferein the

boundari es ween t anne e con Zones are

substantially H)|de§@sitneg“u1dls¢rb&taa1qtmtaifla>sohmroﬁchmbnsmgan]i@nmeg‘ehmd)naacmf di ng
to claiml1l wherein the thin filmsem conductor device is a transistor, the
first corfdiasentie orenthq Célaaneéo\ﬁli&f‘é@t@ﬁ@qﬂﬁ@rgﬂé%@rgé@ﬁa%@v@%ﬁ@a. s a

drai n. %ﬁlngé‘ﬁuﬂrﬁhRg%mi%Sﬁcﬂch’erfé \gﬂ&% ﬁeft Bnﬁi‘&’é};oé%{? font e

solution 1S deposit to one sid not on-t annel .

6. The neumndﬂamsdmdnﬂgnﬂQQCMaﬂﬁwhmwhereln nnre than 90% of the solution is
deposited to one side of the channel and not on the channel. 25 7. The

met hdd according to claiml wherein all of the solution is deposited to one

side of tne c hlar{y}ﬁéth@cpgccgﬁfiné)ﬂ) 483 FOABRS the channel does not border 50% or

more of the perimeter of either conductive zone.

3. The method according to claim 1 wherein the boundaries between the channel and

15  each of the conductive zones are substantially linear and substantially parallel.

4. The method according to claim 1 wherein the thin film semiconductor device is a

transistor, the first conductive zone is a source and the second conductive zone is a drain.

20 5. The method according to claim 1 wherein more than 70% of the solution is

deposited to one side of the channel and not on the channel.

6. The method according to claim 1 wherein more than 90% of the solution is
deposited to one side of the channel and not on the channel.

25
7. The method according to claim 1 wherein all of the solution is deposited to one

side of the channel and not on the channel.

8. The method according to claim 1 wherein the discrete aliquot is deposited in the

30  form of a plurality of droplets.
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8. The method according to claim1l wherein the discrete aliquot is
deposited in the 30formof a plurality of droplets. WO

2010/ 056586RCIVISE809/ 063099 9. The met hod accordi ng t ®CTILSRMIBoIMEr €i N
the droplets are deposited by inkjet printing. 10. The method according to
claim9 wherein at | east 70% of the droplets are 5deposited to one side of
and not on the channel. 11.The nethod according to claim9 wherein at | east
90% of tHe dr obicenethed eccgedins fo dem Hwhaeinsthgdremietaaw depesitsd byHekiehannel .
1012.Thedgﬁﬁ@gd according to claim9 wherein all of the droplets are
deposited to ©ne side of and not on the channel. 13. The net hod according
to claiml wherein the channel has a channel |ength and wherein the

di screte aliquot of a solution conprising an organic sem conductor is

al | oned 18k o wiic methodpgcardips fpodsip Yhgisin %tH@%ég%r?f Hresdraplesrige h that i s

not_ngreﬁﬁg&ﬂwaqgh%@@ﬁ%%ﬁﬁvﬁﬂggﬂgﬁe ﬁﬂﬁ%ﬂm 14. The method according to

claiml rern channel |ength and wherein the discrete
al i quot of a solution conprising an organic sem conductor is 20deposited in
a band having a Iength that is |l ess than the channel |ength. 15. The

met hod acldor di Ty ¥hed ageRdingitesiain? vhercihairenst “haot thechiapisiiarg engt h,
wher ei n QQ?%§&$25gﬁgga%?ﬁﬁﬁimﬂ%n@m§ﬂb(ﬁ&pn conprising an organic

sem conduc eposl n a ban aving a length that is less than the
channel |ength, and wherein all of 25the solution is deposited to one side
of the channel__and nqﬁ on the channel . | ,

10 12, The method according to claim 9 wherein all of the droplets are deposited to one

side of and not on the channel.

13.  The method according to claim 1 wherein the channel has a channel length and
wherein the discrete aliquot of a solution comprising an organic semiconductor is allowed
15  to wet out after deposition and thereupon has a length that is not more than 10 times the

channel length.

14.  The method according to claim 1 wherein the channel has a channel length and
wherein the discrete aliquot of a solution comprising an organic semiconductor is

20 deposited in a band having a length that is less than the channel length.

15.  The method according to claim 1 wherein the channel has a channel length,
wherein the discrete aliquot of a solution comprising an organic semiconductor is
deposited in a band having a length that is less than the channel length, and wherein all of

25  the solution is deposited to one side of the channel and not on the channel.

16. A thin film semiconductor device comprising:
a) a substrate bearing first and second conductive zones, wherein the first and
second conductive zones define a channel therebetween and wherein the channel does not

30  border more than 75% of the perimeter of either conductive zone; and
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16. Athin film sem conductor device conpri sing: a) a substrate
bearing first and second conductive zones, wherein the first and second
conduct i We0ozondsewef i ne a channel therebetween and wher @Ch/usk@oobzanel does
not 30 border nore than 75% of the perinmeter of either conductive zone, and
b) a discrete sem conductor |ayer conprising an organi c sem conductor on
and adj acent to the channel, where the discrete sem conductor |ayer serves
a singl e thin Wiadiscsaippapisanducey lahsy remprisipe pieorgapisjsemiqopdftor ofeandl scr et e
sem cond r | ol I npel.: 17. Thc
devi ce agﬁﬁﬁgwg§¥faﬂ%F§$ﬁ$§%9@ﬁg§%?%e?%gﬁ@ﬂgﬁﬁéﬂgﬁgég%ﬁ%?gﬁgﬁggwqggbbOr
more of tdamiqeadidret dvif watichahajoandifahé ¥8cizenemicohBuctdihRyeldiss égomecor di ng
to claim 16 wherein the boundaries between the channel and 10each of the
conduct i vdeSmad ngt en digibesli al |y 1inear and substantially parallel. 19.
Thc dgvice according to claim16 wherein the thin film sem conductor device
is a transistor, the first conductive zone is a source and the second
conduct i Vi§. zorkhe devRedt@irding 16 2RinT hé wihewie theahamiet dog Hod botdat 5% Dr
additionally conprising a gate and a dielectric layer. 21. Thc met hod
accor di ngnets of fhsi Hﬁrlﬁ@tmﬁghﬂ RBAECVBAANS5% of the di screte seni conduct or
| ayer lies to one side of and not on the channel. 20 22. The net hod
according to claim 16 wherein nore than 60% of the discrete sem conductor
| ayer |i €.t o0 Trelcsicdacairdiagdo tlaim 06 viheesie Herboahdarie? Betwklan theadhiangkl agd or di ng
to claim 16 wherein nore than 70% of .the di screte 25sem conductor | ayer
lies o oi3eh ef e condughye Aoes i fuRgtaptipdhyrimear a@zﬁpbﬁfﬁ‘é“arelr]é(tﬂ“}?f"éleéccor ding to
claim 16 wherein nore than 80% of the discrete sem conductor layer lies to
one side of and not on the channel.

19.  The device according to claim 16 wherein the thin film semiconductor device is a

transistor, the first conductive zone is a source and the second conductive zone is a drain.

15 20.  The device according to claim 19 additionally comprising a gate and a dielectric
layer.
21.  The method according to claim 16 wherein more than 55% of the discrete

semiconductor layer lies to one side of and not on the channel.
20
22.  The method according to claim 16 wherein more than 60% of the discrete

semiconductor layer lies to one side of and not on the channel.

23.  The method according to claim 16 wherein more than 70% of the discrete

25  semiconductor layer lies to one side of and not on the channel.

24.  The method according to claim 16 wherein more than 80% of the discrete

semiconductor layer lies to one side of and not on the channel.
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25. The device according to claim 16 wherein channel has a channel
| engt h and wherein the discrete sem conductor |ayer has a |l ength that
is not nore than 10 tines the channel |ength.

25.  The device according to claim 16 wherein channel has a channel length and
wherein the discrete semiconductor layer has a length that is not more than 10 times the

channel length.
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