WD 2010/ 056568PCT/ US2009/ 063099 OFF- CENTER DEPOSI TI ON OF ORGANI C

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—atenes. 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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di scl oses mtransi stor tdn}gaté geonet r s of
maki ng ani®36si ng sane. U.S. PrOV|S|onaI Pat. App. No. 61/057715,
flled May 30, 2008, the disclosure of which is incaorporated herein by

ref erl@nce, ger{étSaP‘I‘tyAHP NP JdET 530 T filed Qﬁmb%éﬁtzé@én disglosuid syhishoiss
contai ni ’lﬂcqﬁb&ﬁ{eﬁtb@’eﬁﬁ’ by Pe%&feﬁ‘&e g@ﬁ%-ral ﬂs&@§e§ a3 rfl*g& T SIAL w"f‘tﬂ%o’t’céﬂar-‘%te

silyl et hynyl " pent acenes; organi ¢ sem conductors.
PrOVISIOQ&me&panépmﬂmﬁbofﬁﬁkﬁ@@ﬁ@ﬁ&ngBMﬁd June 11, 2008, the disclosure of
whi ch is incorporated. herein by referencg$égeneral

I di scl oses the use of
i xed solventI§§S?EW§“F@/Pﬁeﬁﬁ@ﬁ@?dﬂﬂgw7 ﬁi@h§éﬁrggﬁﬁﬁ€ﬁ§¥§”uﬁﬂﬁ‘S
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whi ch is 1 ncorpora hereln y re nce, ‘genera ses nethods of
gr owlhdg aogrobsitioseqintonityctlykthyhalyenscems) naldactbddS afbmakigg amigusorggani ¢
senlconductP devi ces; and I%yers and devjces forned thereby.
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,
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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
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The present disclosure additionally provides a thin film semiconductor device pair
comprising: a) a substrate bearing 1) first and second conductive zones, wherein the first
20  and second conductive zones define a first channel therebetween; and ii) third and fourth
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.



WD 2010/ 056568PCT/ US2009/ 063099 Fig. 2 is a schematic draw ng of an
inkjet-printed thin filmtransistor according to the present disclosure
based on wbheomstssai cr ograph of Fig. 1. Fig. 3 i sPaTAs0e00063p0gr aph
of a conparative inkjet-printed thin filmtransistor, further described in
Conpar ative Exanple 2C. 5Fig. 4 is a photonicrograph of an al

i nkj et-printed backplane, further described in Exa Fig. 5is a
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Fig. 7 is a graph presenting sub-threshold voltage values for transistors
of Exanplfartheraieacrisayn Campoetim kvphale2€- Fig. 8 is a graph presenting
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15  Comparative Exarnple 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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gate 30 is appli to substrate ectric layer (which is
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conduct i ve | ayer p gtterned to formsource and drain 10 and 20, and finally
di scr et e OURTCORHGEIBSASEFOMHY. Wth reference to Fig. 2, the channel
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to the other conductive zon . Typica annel
disclosure comprises a channel 50 having length A and w1dth 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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seni d8ndUeysd0nnbdrieen 2 anh 54 Gmes éliif’él@@]i leegth d\. @@H@Wélmwt%tl%gﬂsctoflken to
be t hat e )
precedlngh%gﬁﬁgﬁ?%ﬁéangﬁm%ﬂﬁgéﬂgpl W%Eﬁén §%6?hc%Q§5£ﬁg(ﬁé?L%eh?gngﬁ in

Fig. 2, chajvaghens déﬂgﬂBcicﬁ“tﬁ@&gaeﬁe@e@&ohb@dtomyarhoqyBétw&em ghnd meuaﬁannel 50
neet s aII three conditions: overlaying gate el ectrode 30, having a

substantﬂ@ﬂmyikmﬁﬂtént channel Iength A and belng spanned by sem conduct or
material. In t hg ]\%ﬁ”%%%l en%s ee%%lgttme(ij ! %ken %) tbehtﬁerl]tnv%ldth 1irr\}vhlchttﬁé m nat es

at its upper en gre channe spanne M conduct o materia

and dbBannghnivl dada ﬁlb%ﬁntlﬂ[}f’@di@taﬁﬁclﬁhnéltléngthV\Bll’soﬁféd:rﬂlﬁﬁ[tﬁerﬁi]aliféﬁﬁianﬁél does
not have substantially constant channel |ength A In some

enbodi rrerw@th is ke d helthet width eveterikich the Célh%nﬂll averbyys ggdtecdeairode. Imwme
duct t I
conducti ve, Or Eﬁ%ﬁs}%&g@%ﬁ& WAhR S YRsh ?&‘@%} dﬂh %J}rwhla%% g r{ef‘ y

paraIIeI, € purpose o |sc osure, con Ive zones are
di sti nguisph@dftyaemvdoaguasr ﬁi@teﬁ'@lﬂdﬂ@bmvembb@m&ﬁts\]\/fﬂecbhaﬂ&}(wb@hed akéd focal |y

connected to the conductive zones. In sone 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



enbodi nents, the conductive zones may be defined to be only such parts of
source or WD 2010/ 056568PCT/ US2009/ 063099 drai n el ectrodes that overlay a
gate el ecWpadw/05438 channel does not border nore than 7BeaafS2edemeivey i net er
of either conductive zone. The channel of the device according to the
present disclosure does not forma concentric ring geonetry or Corbino
geonetry. In some enbodi ments, the channel does not border 60% or nore of

the peri ristiaclastrogestthetoverlagnm e clogEodpdle chinnsbdess arbbridarenets, thame%hannel

does ot ok 18t RO i I 1oL HHELEE A Bl ISTccGRBgHSEI B zone. I

sone enbo anne 0es not nore o erlneter

of ei t herpre®nddistlost@e ded3eot form a caficédirit @hgwesaetry or Eo@modeonfet@onﬁe
enbodi ments the device according to the present disclosure conprises a

di scr et e SSBRiEBIRGUBEGY: thleagi@rmfzt@loemﬁmogdeﬁéo%rpréwaﬁf theosigwie @halikdor . The
di SC\rM?te c%ﬁ&&c%&QQHI[?é.O%f ﬁ%gehl&%&dl AWG%hggnquhgﬁc M%r 960/0& Iﬁé}gofﬁl%””e'

ere a nmj ori ISCF € sem con a er I'i'es 10 one

5| de of grénedr oﬁmthdmoﬁdn&melzorﬁo Inéﬁmﬂ%ﬁﬂoﬂm{eﬁtmthe"cﬂlanMGoal e boreAns to a
single side of the channel and not directly over the channel. In the
embodi merft0”7ei@pmeresf th%pqrirgeterzof githeeodpeVe@ORCt hat a major axis nidline of

the oval shapeygf , c%_fgf'engé t%CI'El e %Hl Qﬁg&cﬁﬁggts %ﬁ(vtl %Qaclsé gotlxt%ﬁe n%rgsell)lé

15conducti ve zone and no aver ann ereror

concl udedlisdiasurecamgjrizes ﬁyllsﬁffetetsh:ﬁnﬁhrﬁlﬂctef Ryseto mqﬂisﬁtgwn drayec 40 lies to
one side of ~and not on the channel 50; that is, a majority of the lateral
area 18f tsR@iepndestert el heedisEein germicen ucavéayeadﬂus losated agiagens s onhier e t he

| ateral é&?nél 0 \0fer@h é@%tgjlg e(g§(}lf|9[e elcBf c?&rI?#eIrQb teQ t&f‘e s?&@‘)&ta%ﬁt e. In

sonme enbo S nore t Vo of |scre e se con l'ayer Tres to

one si de mik o2 fheashdnmA 500 Astuled kdrainnetb onk Bidet heanm‘mcnﬁuglemﬂs ofﬂhl‘eehhﬂ‘i&h 60%
in other enbodi ments nore than 65@% i n other enbodi nrents nore than 70% in

ot her entfddingedirecthpover thi ghannshy, Injthe emhedimemdspigiechind igoh ¢ GaRAR seauthat n
ot her enbaorgfh‘ﬂg?&@ 13 c%fqgaﬂox%é éﬂat g;&rfn (ﬁ% :{ﬁ,g%%gg?‘ﬂlcgﬁ cor' T & 4h hi%g' 09%% Not e

that, for € purpose o anne I's considered to

be urou ruzbﬁdudtiwe\mﬁﬁ 10 a2bhot oaer @lahed] 1581 shdehbetireitmiay e @insluided that a
sen conductor | ayer serves each of two back-to-back thin fil m sem conductor
devi ces. M#HOHELY, t%@p%ﬁwon@mo@pg@ﬁ@tl@s 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



sem conductor |ayer is |ocated between the channels of the two back-to-back
thin fil msem conductor devices. Wth regard to each of the two channels, a
maj ority WO 20tve0seiegcr et e sem conductor |ayer lies to on@C3iusecogfocwpyl not on
the channel. In sonme enbodi ments 30 nore than 55% of the discrete

sem conductor |ayer lies to one side of and not on each channel, in other
enbodi nents nore than 60% in_other enbodi nents nore than 65% in other

enbodi nerftkerpprbedinggags moong tham 7Grnarotharisabiodsrnss meredhahaivorimathqrn ot her
nbodi % nd, N ' h % i th
enbodi mortbofBhet (AR ARykotNind NG cniBARALIEALE. R fskORLAEY: 10 other

sen condugit@dithéytemor@tfiah 80%BI 1Heudepadniciintm] e dwWordiosdniontiucatiyeser vi ng
one device. The separation nay be 5 by any suitable nmeans, includin
cutting dra%leEY bagensrtrhintetwq pryEpns, gich s§B7ing Ree dgyicee HaiseRaratiRRay 8@)

renove Or - . . r . r :

sem cgndubé{agl&%ﬁg%ﬂggﬂleggg%%@egﬁt&%g{ Sgoge%{)%gﬁ ?jg%sgyb zg%lelr ﬁ%: it écsalan

or gani ¢ Se¢dns ectuaive lor pailder h@i-condnytivald ¢eabdr poaionafitiie disdreiecamiohdictomt er i al
may be used, including those described in 10U. S. Pat. No. 6,690,029, U S.
Pat. App.la¥g. 11/275366, filed Decenber 28, 2005, U.S. Pat. App. No.

11/ 275367, fil - - i Si - .
61/ 057715, file ﬂ[@%&%&flﬁﬁ%ﬁﬁqé’“ &Cgiﬁeg %@ﬁ%ﬁs“hﬁﬁ.ﬂlé}gﬁ%@ﬁg&aﬁlﬁ%60595,
filed JunenylditaBR@Bganihentt@ciuonu rescriaf mahibe isal, indluiing hosadsdribwiriai n by

Sk T U TR A PR SR T

sel ect ed £ o ang ShBs g At el 5 HOBERESUB|Yonal ParSRREQIS f rom

branched or ranc ) near or cyclic - | kanes, ched or 20
unbr anched /@77 CLFiled kaly 38l 2@l sS. hroasiohadaorApmdoat el fikdadunet 1,cycl i ¢

C2-C18 al kenes, C4-C8 aryls. or heteroaryls, C5-C32 al kyl aryl . or )
al kyl - hetzé)r()%at?‘? disclsyrgs p%wEwB [are igForRpRs! %%%Yé?éwn% The fervepdueidn | v
sel ected ]ﬁ&ﬁ{a ., branched or
unbr anc he%%t%lg%%%ﬁgﬁ(?@@g - é%eg{g{/ a g%ﬁéﬁrgﬁ%?o RORAES:

15

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.-



WO 2010/ 056568PCT/ US2009/ 063099 branched or unbranched C2-Cl10 al kenes.
Typically each RL is H Typically, each R2 is SiR33. Mre typically each R2
i s Si R33 wodowashkseR3 is i ndependently sel ected from brarChas22@/0630p% anched,
| inear or cyclic C-Cl0 al kanes or al kenes. Mst typically, the

conmpound is 6,13-bis(triisopropylsilylethynyl)pentacene (TIPS-pentacene),
shown in 5formula I'l: 2\ In sonme enbodi nents, each R2 is

i ndependdmaiched ot ediracthtd 6 C i #UxRSy RegicalyherchiRl: is H. Typically, caea®F R4

i ndependent|y conprises (i) a branghed or unpranched, substituted or
10unsubstSiRd.eMost ty@azaay eydh i BUFIR§ eng cachRubistindaptedendy senstad§oim ut ed
cycl oal kyl group, or (iii) a substituted or unsubstituted )

cycl oal k)hf%ﬂClby‘ﬂ emtﬁgargfrh@@»dmeéramypzsc C delfetirass plyallswgr Mass typicplly, the anched
or unbran d S i) a
substit ut' e Oun%iﬁé% u%j tns{tﬁ 08?/'1@81 H%er%gaﬁﬁg),ze @gp? peﬁt)aXeneguﬁg‘ﬁn I%Jt ed or
unsubstiﬂbhﬁ@achloalkylalkylene group each R6 conprises (i) hydrogen,
(ii) a branched or unbranched, 15sufstituted or unsubstituted C2-C8 al kynyl
group, (iii) a substituted or unsubs uted cycl oal kyl group, (iv) a
substituted or unsubstituted cyctsalk_lal | ene group, (v) a substituted

aryl group, (vi) a substituted or tuted aryl al kyl ene group, (vii)
an acetyl group, or (viii) a substituted or unsubstituted heterocyclic ring
conpr|S|ng at |least one of 0, N, S aq- Se inthering; x =1or 2;, vy =1 or
2; z Oor 1; and (x +y + z) = 3. The di screte sem conduct or

| ayer typlcally contains the conpound| of Fornula | or of Formula Il in an
anount of 0.1-99% by weig B AN thF qiscrete

sem conductor | ayer may i 1l

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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materials such as suitable polyners. In sone enbodi nents, a pol yner
additive has a 5dielectric constant at 1kHz of greater than 1.0, nore
typi cal | yworeswwssse8han 3.3, nore typically greater thanP8TAIS2&063089 €
typically greater than 4.0. The polymer typically has a MW of at |east
1,000 and nore typically at |east 5,000. Typical polyners include

pol y(4-cyanonet hyl styrene) and pol y(4-vinyl phenol). In sone _enbodi nents,
cyanopul 1 ul ansTheedjscagts serpisondusépr laeT (il coptayshecamraynt o Fameuls hes e
descri bed d . e i k . 12004/ 0222412 A, incorporated
herein bgﬂ?gFéﬁgéégaﬁﬁg%vﬁg$£b§§§%??%g§“?ﬁerein i nclude substantially
nonf | uori nat edn@o@arinbopidhnee e digyétd gerhiepedictotniyies nofy ihdiedd aidiidnas:
wherein: 15each R is jndependently H C, Br, |, an aryl group, or an
organi ¢ graeirls mgh 3 reltade Bolamerso 8 SomR sBbadigicaispa PelyalsT P@tgtlge ‘94@

H, anc:aryj: : %1 nde W ; ch RS is
indepgndé%§?§8§§0%¥I?FggggﬁgﬁggﬁﬁgﬁgagﬁjR@ngﬁﬁh%%gghﬁrgﬁhgéipﬁ)gpendently
an or ganitgpigilougreatonan Sisngndinote@picaldy grealNr graaup. anisk fuayinagypicaity kasul ar

wei ght of about 30 to about 200 per CN group; and n = 0-3; .
a M.W. of at least 1,000 and more typically at’least 5,000. Typical polymers include

poly(4-cyanomethyl styrene) and poly(4-vinylphenol). In some embodiments,
cyanopullulans may also be used.

10 Typical polymers also include those described in U.S. Patent Publication No.
2004/0222412 A1, incorporated herein by reference. Polymers described therein include

substantially nonfluorinated organic polymers having repeat units of the formulas:
3

1
~«C—CHyy-
1y
—C—Cy>— and
b e
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 -
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with the proviso that at |east one repeat unit in the polyner includes an
R4. Ot her polynmers which may be used may al so include polystyrene, poly (a-
25met hyl swonremna)sesepol y(a - vi nyl napht hal ene), pol y(vi nyl POTUES2@p/063099

pol yet hyl ene, cis- pol ybutadi ene, pol ypropyl ene, polyi soprene,

pol y(4- net hyl - 1- pent ene) , poly(4- met hyl styrene),

pol y(chorotrifluoroethyl ene), (2- neth%K-l 3- but adi ene)

pol y( pxy|yeterlstyrensy Wbéchoaoméluoroa qunéi PaM(Erarashyp= lxy?'tbgataéi#él)%) pebIR 1,

R L B e 0 e G A e e R o Y

ether), pokyyls odaubrydtqngoly@@bmhwynyﬂeﬂcam}mh)epa@eohlo@a@femé){ 'pBLyKZ;IGQnanat e),
pol y(4-vinyl bi henyl) ol y(1, 2-but adi ene), pol yphenyl ene, pol y(net hyl
met hacr yldamét)hy -t DR r%her)pﬁ@lmw ut@l?wgﬂlzé(wglygﬁyql%xarb‘ave material s may

I t
SEAR A e R T
Bot h ranq@ﬂmhﬁﬂﬁﬂﬁ&ﬁumg@ﬂﬁyamipdgamyQQmusbd Exenpl ary 1OCoponners

i nclude, but are not limted to, (et hyl ene/tetrafl uoroet hyl ene) ;
pol y( et hyl ene/canobmagts pf 1hﬁ&beveemﬁtyrlélﬁét}ay éfl&qﬁfrliSﬁ%tl e Hole Ik @Pé fene

copol yner tyr I | at e
copolyneﬁuwg&%%ﬁk%fﬁagﬂgﬁqgg%bgﬁgg%éﬁg && %%%y@gﬁéf%géé%ﬁﬁégiene); pol y
(StyreneﬂﬁumﬂmﬂlﬁEhthﬂbyBeﬂahhdﬂy©kbkmbbe@ﬂﬂmempﬁhyaﬁkﬁq§h@hm&ﬁythose
commercially avallable from Dow Ch gnlcal und hhe 15trad de5|gnat|on

TOPASO( al PR AWESCIUBF-divE A0 HMHEH 1% PalvcRia sraflpoeasdtenssk -
pol ybut a |
(pol yeth gﬂg"hp’fa%%%@{oy tlgﬂe Ikabel(?@iﬁne ﬁh)l/osrm)%eg nethylene/prop}’lene copolymer;

pol ystyr @wysltyramd(eqmﬂ A,thethﬁldiyem: éthpleke/ptthbryafryla&mepolpnieyqiow eneenc/10%
(et hyl ene- propyl en di bl ock- copol yners

Pol yner s Yt 8§1eq9l@0?mwg?%15%rkym lﬁaﬂypghydweélﬁ@ é?A TB%IP@ZF%)%E Cafﬁécaégry
(styrene oq&arrf&faa &L QRAY 'tﬁas@)comﬁ%mglﬂ&%ﬁg Fronf BbGAMAGEAunbANRE MY

contain the polyrer in an anmount o
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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0-99. 9% by weight, nore typically 10-90% by wei ght, nore typically 20-50%

by wei ght. In the nethod of the present disclosure, a discrete
al i quot oVoaowalseisBon conpri sing an organi ¢ sem conduct @CTIGS2@)e063902 ed
adj acent to or on the channel. In a typical enbodinment, each such aliquot

provi des organi c sem conductor to a single thin film25sem conduct or
devi ce. Any suitable organic sem conductor may be used, as discussed above.
In some enbodiMBhiutablerelvent mey bhusedywhighindydnarfig ketprdsugrematipol yner such

di . I . ] . wt h
ol ut on TP BIRHE gt MR oy BT R I BPL B OOy b Sy
61/ 07618Grgdnid.etyplediy tBY sol2€Q8s afrbec. 30diadld wHehs rdy wbiuds, bus aten@or por at ed

herein by reference. WD 2010/ 056568PCT/ US2009/ 063099 Any suitabl e sol vent
may be udbditedRi OHicRactivAbngere. Ratyditagencaspipbprzchg.dligdeobersnc. apolche

i ke, can i 1 f . i I . v I.S..0rganic.
Typi o8 1o RS RpAE e bR mi B B, A i otk BT D0 €
not | i m teasbodémeritgltheesdytiont doylpps ez neast Pih by besiglene a stlglosodiaanzene,

di chl orobenzene, ani sole, 5 tetrahydronaphthal ene, cycl ohexanone and

mi xt ures t her edfxef golyspiesystemg maydsiwehas dislogeddrdy S; Proysians! Bt AP Nopr i ses
t |east i f i ngl P t
be usod IVGyYs LGN B0, B Er UM yich is nodtb SR ARAERE 2V 1 oy ™

June 11, r228&cet he disclosure of which is incorporated herein by reference.

10Any suitabl e amount of organi c sem conductor may be deposited in, the
met hdd of the fb%%ﬁablewg%ﬁﬁrga%? SERISQRHICar MY dseositcd 1 theraehod ekent

di scl osurig, glggfgtd?srclo@ﬁ%l{)?}qges %n l@%&ferv?c%%f ttlfla' rﬁgfelht @i@%%e.@?&t&%@hﬁ&l ine

sen conduct yers int i nal device. sone e Iments, the vol une
of the dimgyrginerand thipket araf/orsdngtargetal Bongnisemige@n layeganitie Seahidedodulat or 1 s
bet ween ]'sgrn%Lern % inélle(gltsr] Iffle \lloqur?l(e) ro’ﬂfa‘ch% 1s%§rjeiten§1ri]({uso’t o% sho?ut\llo%l cuorrzl%ri%ngtarrlleorganic
semiconductor is between 15 pL and 40 nL. In some embodiments, the volume of the
15  discrete aliquot of solution 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
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15di screte aliquot of solution conprising an organi c sem conductor is at

| east 15 pL, nore typically at |least 25 pL, nore typically at |east 50 pL
nor e typiweal2bl/@sseBeast 250 pL, and in sonme enbodi ment s PEGQASR009/W06308Y €. | N
sonme enbodi nents, the volunme of the discrete aliquot of solution conprising
an organi c sem conductor is not nore than 40 nL, nore typically not nore
than 10 nL, nore typically not nore than 4 nL, nore typically not nore 20

t han 1 nlpiczoclectricjipkjehwysient ifyscdfinkheschi dg &kjct grigbing aigrtepicalhefren efcr et e

by any. sruPat bR SATRO Al 28 o1 AE foR Rl APO B RCIRY ghgcFARRS! t o

deposi t ed(@sinaimsdingl € drop or droplet. Such enbodi nents may i ncl ude inkj et
printing, mcropipetting, flexographic printing, and the 25like. In sone
embodi nent s, tIRéhqmsthpd ok thenrefght dipdosyep dlag disgCiepligpet of gsplupna plurality
of drqple : ' - i:ngl i.nkij i Rting,.. :
nicro%ipé%?&ﬁgﬁ%f gﬁ%ﬁﬁ%%ﬁggﬁgﬁ%% Fﬁ%%ogﬁﬁi#ﬁgahﬁﬁgs8?ﬁ%f%%h%%fﬁy}%g i's

wel | knowngjogtytpf,thd sulutpon deépbsigdgo apdkids of ihecharthich gndmutton-thotianngr aphi cs.

I nkj et printing enables precise positioning of very small drops of jnk. Any

30sui t ablwed ARF®: “torangsideg mepat o sigle pideditdds thechennst ads pyed hereip.rihe

present i nt i | i her i : N I i,nkj et
Cvat oms.  REEBh o] Bend S e n BRI TEMB Gy RRE e DU b i

i nkj et systwesmingouts &dsdmkembisdinghts iofi tHenk¢tadd pocording® the presyrpidisaldsyref r ee of
particul ates greater than 500 nmin size andeggre typically free of

part i10ul 40s thanedr’e pT theapludion isgRPPptedito ene pide ohtheraRpsY 2o 98 the esent

. ig'le. l{R&reQﬁan%O‘%),l thohf%P ﬁI%BQ eh’%irﬁ'&e. n%Sg/éa,rﬂlC
cha th a na

di scl Osurc%anﬁe'ﬁﬁn%'g%? LabEd . .
sem conductor is deposited adjacent to or on the nnel, w majority

of the saithudricatbodaposd et than D0Pe, i adiecr @mbblienaisamoel than@s % oin oolert he
channel . As used herein, "to one side" neans to singl e sjde, outside the
channel . SRPAGEBENtHEPES than B, INRiBgr; e&?boéfm?i’éb%ﬁti%% 8?% ’an?édl‘?rni tial location

OF  depos! iR GV LRASHANIN AiHRESAMTIAM It MR i 9N Qithe 11 sOMTe

enbodi nents o od according to the present disclosure, 10 nore than
55% db t hentedimitritonll ofthdeploton eddcposiedeo shededodf thhehaiehael ndd thot on t he
c hann-e' ’ cihgm?e hﬁlr enei\‘tr)robd?glielqtg r\}vthserertcgé Sis%rré?enahﬁ O(y?i idn Otith Ent Or?ril a{] ! ls ra 1tr e than
65% in quot is deposite ¢ form ot a plurality
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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ot her enbodi nents nore than 70% in other enbodinents nore than 75% in

ot her enbodi nents nore than 80% in other enbodi nents nore than 85% in

ot her enbwOi20BvSesefor e t han 90% i n ot her enbodi ments mPCE/USR@9/068%% | n
sone l1l5enbodi nents all of the solution is deposited to one side of the
channel and not on the channel. In enbodi nents where the discrete aliquot
is deposited in the formof a plurality of droplets, which may include

inkj et printi rig sOfg CBbP AR IGO0t be m@ﬂl@d@rawd@géo theererepodipelesre.dnkgtle si de of
t he chan than 55% in
ot her en‘gjgdlltrre &9%%0?12& SE“E %ﬁg%@/%q g‘%tfr%c %tre}a%[ g@%&%@“ﬁ%@e y%rs 5% in 20

ot her enljeihitsteMba iMpEs, typaally G&mphjbd(lifhamhﬁﬁimﬂmmtcﬁ“ iR V&thﬁtﬂln 75% in
ot her enbodi ments nore than 80% in other enbodi ments nore than 85% in

ot her errtf’@éﬁ%?ﬁt@e Aenasitderaionpiy theinkiehdspositasogions.sImome emadingys | n
SOmeE gnb 1%%&108' {> o?(fhn% I?oethgrp%)sl ﬁtltcﬁsc%s%red?tpolﬁ{ %gggf {h% d%?g 1tﬁ|ogﬁlo§‘ff01t {ﬂ%
channél not on annel. 5 n sone’e c? ment s St

accor di ng;otumoh lkemprisisg Miic aHysiit sahicenductoe hds 8 tangtlebeawequ@05 afid A tigek thd on
conprising an organi ¢ sem conductor has a en%th after deposition and

wet ting GUHeEnRsh 19@!331 Rlpgsgdete againdhatithe werlitlemeth designatrs thadimsasion drgish. 1 n
sone enb liengt h.
I some. cnpRare M ARALhe R EETu BRI R TR ih0E GORCRGesl

| engt h. llocasiones 30 seatiaddinendisy, ikchemaBaghin ihe ‘“bedtheemn sbnanamtidlirmémesf t he
channel | engt h In sonme enbodi ments of the methaod accordjng.to the present

di scll@surthe meﬂwpélfcqsfimﬁtt%&lq pasrspediseletirgdhe eaggof éhe dgpatiblogcstiqn for the
sour ce/ drg @oﬁf&g ?ﬁ gar ngarﬁa s éucﬁ{r a?ﬁﬁ%ﬂ%&ﬂ&@@@sﬁ tRAGke %ﬁea}ﬂgélcal ly

conpri sed rect trices o pi xe termne t eposi t

| ocat i ondeiigih. IhBemk rRigbetinth@posfithethethol uttarding td thegmesentedibdodune niisinagof t he
nmet hod accordlng to the present disclosure, the inage. of the deposit

| ocat i on Ffdhe dqpasis &Caftl%f? .[hitsoinr?@rrtpﬁélngr%eawgenlé SeicoRdusiardias ﬂi gh | engt h

bet ween QhQ§s Sinan bhaRsie {Iﬁechgﬁ\‘?e’i' %&tﬂ Qb Re G%Gﬁ%nwfqvé‘?\@{ Haqt hat the

word ' Iength esignates t i mensiron that is t par al to the length
of tHé chaoording tevienpreseandistiesdrerthe hna:ge dfhiee dapagieloohtidrhfor depodition] ocat i on

is the smaller. di nsi on, "
enbodi rrerFPglpélrsmﬂdgE%rgﬁ%lP ﬁ%@%&é‘&fﬁ%ﬁﬁ@ aﬂ?}l@hﬁ@%@k%&@ﬂé %sgctl“?}%ti‘é nE’t“H’él i mage

of the depgsht 1hQGat bﬁﬂoalﬁ{en{sr}ﬁ tl?éjtln%b&) Qc&?ﬂﬁ% 't(?fh@ rdsBf: cﬁ%cﬁ]@smrec the

sem conductor has a length that 1s | ess than annel length. 1n sone
enbodi mentepoof lobzttmnrfet ﬁmdohluompdmpgsmg)tltekmgepnemmbomdustdrdmm E,ngthhe i mge of

the d it | t I duct
A
enmbodipmenicsoAinglih e HELAL dLABGHE, rtﬁé B&hdsR 16ABoR ?&Stﬁ@%lgio%céo%ﬁh‘fsﬁlg th@e I mage

of the deposit Iocatl on for the solution conprising the organic
sem conduggornc mcmduetmgﬁlbas bEngthahatGs llesaﬁxan(megcltanM%Hgtte Imhvaneel length. In

Gepos 1 IERERBTY B F MY G g EoB A P STy b e BT gaR RS BIRGONBEL or has
gf | ?Egt %Fﬁ%%l@%h QorRis@khe obdalRSseiOnABABNR]s o 16Rgh hat i §AHE SADIRGE ment s
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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20according to the present disclosure, the deposit |ocation for the

sol ution conprising the organic sem conductor has a length that is |ess

t han t he wbanmdlséie8ngt h. I n sone enbodi nents of the net Rod/Use@oldiony to the
present disclosure, the deposit |ocation for the solution conprising the
organi c sem conductor has a length that is |ess than one half the channel

| ength. In sone enbodi nents of the nmethod according to the present

25di scl osur e, @hiectsanbadvaniages@fithis inventiom aredfartheriiBwsteaénddni the frjlovvieg or gani ¢
sem cond I . ' | engt h.

Tt 1 of | ows Rl it Sy tEARER i Aeob TREe W £ RRBly o
accor di ngvdlbad diRerfoadieibhs shdsddtaBusiduld M@ bs @biktiued t& amduly Hfitghisheycatigani ¢
sem conductor is deposited entirely outside of the channel and deposited in
a band having a length that is |l ess than the 30channel length. WO

2010/ @56568PCT/ US2009/ 063099 QRlaafdiss and advantages of this invention
are further illustrated by the followrﬁéiexanples, but the particul ar

mat eri al s and EGmiedsrdtiserivivemeadd, ik edapads iverd dtesigckxadipheslabRsrome |Alddch ot her
conditions and details, should not be construed to unduly limt this

i nvent i orf-hegpga o dyilwaukee, Wl praaey bt wafhgsized Rpkeern gicthadsagent s wer e
obtai ned or are available from Al drich Chem cal Co., MIwaukee, W, or nmay
be synthesized by known methods. Exanples 1 and 2C 10A sheet contai ni ng
two backpbhangtesvieandfBbri cated by inkjet printing every |ayer- gate,
dielectric, source/drain and sem conductar-onto_a flexible polyneric
substlfat e by thehsst srEaningdwe pelgdanss Mewlatticated hy dRE FEHEIRE SYEYNBFTS r ows
and 15 c frid K LSt r ISt i . 0mMm

; . 1 ! Sk 4 I \t

o a1 o arattis SRS ShRLA SRHREP e hlod Rt rdbrR S e nes.
15The fi rtb¢ pokedshiesdribed balokp| Bach dackptanrpoeatained iiapmwe aadtl &doluhms pf esent
di scl osure and the secaond, Conparative Exanple 2C, S conparative.

Each i nkjtEMsisiorntle traggister piglbat ad?@lhég Brinm. ExgyAdep ﬁfgétﬁhpl%‘agraph of one
sem condygto! 7 Was AhicRhsckdiLRM an i nage created in Adobe(r) Photoshop(r)
(Adobe Systen%%ﬁégn fose,l%ﬁﬁf Each i mage was created as a rectilinear
matril$ of pi xélle firstrofitbetwa badrkplad€? Edample27 Geppeserted the present disclosure and

the second, Comparative Example 2C, was comparative.

Each inkjet printed layer—gate, dielectric, source/drain and semiconductor—was
printed from an image created in Adobe® Photoshop® (Adobe Systems, San Jose, CA).
Each image was created as a rectilinear matrix of pixels for use with a 702 dpi (276 pixels

20 per cm) print system. Thus, each pixel had an initial width of 36.2 microns.

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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20 per cm print system Thus, each pixel had an initial wdth of 36.2

m crons. The source/drain | ayer imge included transistor channels
havi ng a wbanraseieengt h of 6 pixels, or 217 m crons. AsPpTius2@d/063ohe
source/drain layer material wetted out laterally, reducing the channel

| ength to approximately 128 nicrons in the printed backpl ane. Average
nmeasured channel |ength for les 1 and 2C were 120 m crons 25 and 136

nm crons, lashde hade yolumg ef é@)EL 5.8 teteldvadwanabi4Qwldt fis poptedxthisgnasx ef and 2C
wer e 780 ({H)elgsr \%}?e ad?lg la%érgllfl Cffg?rﬂ r{g‘?@ Poqﬁﬁlhif sI 051‘[ r?usghé?g al ?ﬂh%@gdum or
0SI

| ayer inmag e5| drscre or gani

seni condugkig aswidut @mprce@@btegfr mmdnlﬁg)n@@g@ailﬁlg&emxp@m@mm@ry 659 a single
transistor., Fig. 5 schenatlcallﬁgrepresents t he sem conduct or i nage used
for each MBICTfot healoppisrevasibisassransiusentiovils i hothod Fizspi #ed 3 2pdy | engt h

and i il ‘-fgfr%se]n‘?edlprf}{]:ﬂ %194115%?'4?; g%%%sﬁfﬂ}cﬁs Ea?s?dgﬁ%?i\}\g organic

sem cond osite ane

2010/ 056568PCﬁhlt1&2m9blaﬁéeﬂeorﬁpﬁ’anwEmﬁ;ﬂd2@ mlwdtm offtha&nfitonduetor a t ot al
vol une of 540 pL. As printed, this matrix of drops wetted out laterally to
forma s.Wg%we@ﬁ%qt%@)egerd%wth of the el oljig 3 iy RpApRICTOBMIRY ewi dt h of

appr oxi t roxi mtely 650 m crons. These
dep03|tgq%$%%$%§?@f égggéﬁg%ﬁﬁéﬁﬁﬂg§gfg$lﬁﬂgoth of Figs. 1 and 3 and
5represent ed hy t]lld’ﬂﬁkﬁkpllaﬂtﬂbéExaﬁtﬁblé n, thic gvidth,ofthd whicadbasethae was@ffsdt

I n the backpl ane of npar ati ve Exa |e 2C, the width of the sem conduct or
i magd OnadTeB Hicgieatsr e@t%lfe chpnchpyfine 8¥Xe¥5h‘éf 0egh b migrpny. Thejodfsgt was made

photonlcr t anpl e
o ¢ H AR o ARG md g PR RS M AR KAIGRATE! =

offset lahﬁmmnebﬁ&m@amkﬁndmﬂmﬁbhumhammekp@ymﬂuueannnehﬁcmmmdaboumeﬂBO

m crons. The of fset mgs made in thg desi g &f the Eonductor i mage

itself arbge el PRRCH MpHF BEG9ES WFEte ot Lt OTRhENYE t he
sem Cond%hﬂﬁuo%@g%d NWiNES e HERRILRES el Aex F tl'?seaﬁm&ﬂfcgt% awf‘;dnt ; Corm

printing. Instea e printed matrix of drops tted out
a singl e tcosisioniroths bdelpdaictof\xianipleekt ended across the channel. Fig. 1 is a
phot om crograph of .one_.15transi stor |n th backpl ane of a

le 1.
| nspecti on of IpsRgstionofligs.d andgyaeeests Ha @gee C%ﬁe@éﬁﬁxgigﬁ%%h
exhi bi te@Lu%n e C&%%lb%ﬁ%hﬂ?ﬂ@&h%%aﬁ"ﬁfnhﬁphbﬁ? PRI Bl JMRSt anor phous.

Thus, the of t sem ctor deposit In appears to position a
S ubst ant isahncmnfduaftbr dn‘posnt yBEainhplﬂé appdaey foglostivwer subgathdametnt dfnspect i on of
Figs. 1 ac%gsta hneu 1%%‘[%?121 over %16 c%annel 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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20 rectangul ar sem conductor |ayer imge, resulting in an oval deposit of
sem conductor material, exhibits nore parallelismof crystalline structure
down its wongleisewst han its short side. Thus, generati ng@Ca/userny/osiode and
positioning the |ong side over the channel as in Exanple 1 appears to
position nore parallel crystalline material over the channel in a

channel -crossing direction. Transistors of Exagple 1 denonstrated

dr amat i cdhtopghmitithgpracess Beth sidasyf dheefamphREN fidmsvase C@mﬂsiam@qrv@ tERnpl e
2C, as deger '%B%ﬁﬂué Bphdtg 11981%% @&ﬁcg%a}t?&é an‘?%ﬁﬂH @m}"@ e r&hgé)%gfggﬁ Process

descrlptlon roce nex

t hi ck PENuffatewitas coasie @elda&%eltg\yeesrftetrmelmmgcms chinpst dilmlvesshat eel . The
two pieces of stainless steel clanp around the perlneter of the PEN film
These cl dApEndarigh faup pEEYE e ErcSRY (dRRAET SYSICHEOIPEN EiNYrsicuum table.

20107 §3650%Exle HARBOPHRR AL B100s RUAL Qe NS BLLRA e RAE fink! P88 clndine

cl anpéd numer o ute ethanol 1n order

to reduce partA ShecteoDingdtixtX3-028 prigthtal mmheldmsamd eanthsyydtaneThet h a

constant surface ene%iglt After cleaning, the cl a%ed filmwas then fastened
3d 0

with fourSXtd &herinthe 2%¥ety b S ltqpbrdr%%@léme anriathged wandiledwith t abl e.
5 After taggﬂ%'uﬂgipfydzof dhMo b&'ﬁgﬂd%fbotéhe ngggafo%f@élv%r &o%d%l:t%f‘ﬁﬁd ﬂﬁfemﬂe

time with an pec mat 1 X printhead was t

i nsert ed rhattaltsbercd ystmrgateﬂbﬁersxﬁid&akpanmtmﬁwihh panth2d wed & the bystan 10pL
drop volune The printhead was fill ppr.oxi mately 20.0nL of Cabot
Ag- H1& 10b¢ éﬁilghtrﬁ@jdéﬁ'aﬁ@égl&we\y% Adjuh uE]B%Pmiltﬁ?ad herght was pdinstaf (S er ved as t he

gate |ay p ﬁh?t@l | 36 tif ?l Ffaéé”@ft%bﬁfﬂﬁﬁfj "ﬂ@efis hl% atngfé Wk ejcloaot he

hei ght an ngl e were adj usted e printhead hei ght was justedto
appr oxi n@e& g/délsn@dmsahm)ﬁ of ﬁ@2(ﬁﬂlr Uaoe cohplehien PHENe fafdrameftiomed abe sutatrgiece was

adj usted to give desired r ution of 702d i p onpl etion of the
af or ement Y& iE@stet ﬁ‘&%’fﬂ%?gﬁ\ﬁé@l} lgsgistackelanpp V"ﬂ%éls?fg? f SGFUNHROIY Ok n| ess
steel cl ymiyasused oﬁﬁ%nheﬁo%&r&ffs'agwgﬂemn @k n@% |18 % anf fpdﬁetcﬁsn offgin a 1.0

inch offset” was set in negative x ction. This 15was the
| ocatliSon wisehe ldchtorpwhert hiesystish@adtsedted pirintin g thetdoadwoivd udt orvettemied @ate
patterneq gate | ayer. Bef ore the application of the conductive ink
t he subst'f¥dfe was pre-shrunk. The purpose of pre-shrinking the substrate

was for inpr OVE(F‘ETQLOI%E{% iéﬂlﬁ%ﬁ&ﬂof ROEOAIELAE Bk, hBS ﬁs'txla{@\?@stﬁé@%ru'hﬁeﬁ@er mal

curing of each layer fects registration of subsequent Tayers. 20 The
pr e- shri rjirpaye pf pmeséminkimtglthnjﬁd)strhtemrmlfbrymtpeateldrrggl‘stkmohl IShrrifikiopnof He bot t om

and the t of thes bstrate. atl bel ow was do with an online
hot pl at é‘qge'fe%enfég %‘a“t“i“ﬁlélgg xf‘a@ CHif ECHLLIPR & é&kﬁ@e&bm% th a 500

bat ¢l SRS (ISR Rk BEEIRA RICIAOR LB AT
100% powerf thesubbtratdhHsatpreoites detosowaPdorweritnasosind hohplatﬂaset toulA5°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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25 tenmperature of the substrate reached 140C, which was recorded by an
infrared pyroneter. Upon conpletion of the pre-shrinking process, the
subst r at awvel2omvosessspl at en was cool ed to a tenperature ofPCEAS2009/0p30epar ati on
for deposition of the silver gate layer. Printing the silver ink while the
platen is at an el evated tenperature prevents the silver ink fromwetting
out excessweln%/ on the PEN fil msubstrate. Once the patterned ag;te | ayer is

30deposi t ed ortiertthesibighsatfor 20 minwigs, itvavsrtered with the enhing kag plafpprd a) | owed

depost 1 e g L g bl P ST PR BB DU IbED YR bR BV ET O

for 5.0 rpafteines nnage SAaﬁlemtr&\&rl@;dtyvanm nvec cinllian €00 thopkat Ehamnaposeforar ed

| anp. The hot plate was set to 125C and then the IR | anp scanned over the
pat t er nedepirgydic substigiestod@ 52 Deforcsiptpripg the sgveriyigle the IBriamatvvaimde%%ﬁﬁér The
purpose O[Be Ei‘ﬁf%hhg%n{ hg, &)HE%{;@%%&&& %%%Qcéﬁ‘a% 1 ﬁnt%lf {Ne‘%ﬁb% Ayl heSRIYSGH W th
the IR | anp was decr easé e Ssinterrn approxi nately 25

seconds toftaithd dtvel has sinteved, thd tefptdagird Rfﬂharhipt plafetvedts sehie 1$0P@eThyas
sintered, the tenperature of the hot plate was set to 150C. The substrate

r emai ned Sabstratg genta@rﬁ&e%t iy eaperture doind hipiraies. ke pﬁm%%gfeth&fst%w ©t ep was
f k, which
to veri yveﬁz% i etﬁ@%o 81'1t"1§’8§t f%hefﬁfve%a&og ﬁle{ ﬁiﬁr%ﬁf‘%e next AL 1c

is 20% Ag, ano and yene yco éyer in the
f abri cat ieotmnof atdw0%akityenkjgtcopri nt ed backpl ane was the dielectric layer.

After thermally curing the gate | ayer, the SX3-128 rlnthead was renoved
and rl€pl aced v@(bfeﬁleét lagerdn the %L%@ctiosa Oﬁ@qaihmg Gt ﬁflﬂ@a ackpiing vsithe head was

d f , | at
S ophor or HE Mg 1506 LAY YR by e R, D Yt s
set to appmox¢datdakyladedwith aSpb@meDtrimlxsile% ptiethast Tlhepﬁmthezﬁi waghsedwas

set to produce.a resolution of 70 The pl aten terrper ure s reduced
to 26C. PPTRAERHE ¢ {*ﬁéleéﬁcgtce@etﬁ%l ﬁvilrvv%ﬁa HeEenRiagH 1yF ithisp eheduces

wetting. (hRsi4f 283e dldvﬁj(%p'Lgcﬂloﬁrv eresrh%' t WAs 1% g;%ﬂ%ﬁﬁ{afél 'oﬁ)fﬁ‘f whi ch

can lead to un es e thin-fidmetransi stors. Before printing
t he disel ebbwé thelsab@raxe anditbs sabpe anytle was s@to p]toeldce‘ a)resolagmsbfa?mdgl t Hiee

ggg;oglr ggtp[ %C 2 H%réqllrlreé\lv&%slr\e/(?uceg tot 966 CD %[r}net}lrngef\lge (9 altegtrljce}g/ er at too?né estl a print was
temperature reduces wetting. Insufficient wetting produces holes in the dielectric layer,
which can lead to undesired shorts in the thin-film transistors.
Before printing the dielectric layer, a test print was printed for registering the

20  dielectric 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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test print that was printed with the gate |layer. The neasured difference
between the two test prints determ ned where printing of the dielectric

| ayer begwi0.2010/0565680Once regi stration is conpl eted a bl amk&USC@a0639H9
dielectric material was printed onto the gate |layer. Upon conpl etion of
printing, the material was inmedi ately dried, 25cured and dried again. The
first drying process or pre-bake was done with the online hot plate and IR
| anp. Ondg thenzoerss web atibzaddae reapving aypgematnifigesobfent saftende pRvEH¥RSs canned
over the 2} %&ﬁo&%@&'eﬁ%@i&h&@ﬁal% wik 3{1%(9 Gt éI‘XSSQﬁTﬂ%dg][ Qéﬁ?@% t@ljﬁge&{uré 0%
power. Theé PR ep Fh Cht s process was | ow tenperature because i ncreasing
the i nt engi45yC OfThishi S ast@ppled o/ithaSeninheavdl @k Vi @rhryd®i 1dng wikan over'
and trap the solvent. Therefore, npst of the drying 30 was done thermally
from bel dWiresss rugssior 40 bsecapdser Therf@nal diviing wep Pral?ﬂﬁt'g%k&ri%@ thesemetpreecsanyl e,

t he plat i C it ' Thi
A S g R A T U e
t he sol vaiheswB Q. Oiersoy et 4trl00%4¢ fevati el ectric material it was cured or

cross-linked at a platen tenperature of 45C.__This was acconplished with a
250nm wavel end?fpenusenydstiancafdhs dickaipiodrxss the 8Ft iSqeintisad ges rgrovedfideconds.

The finaly dry s Daks. i if he

or evi ousl My s BISRLd AR S 18 Blnle o AR BEAGPES BELERN B 0e 5
times at 12ydd Thé seacatdinlaydi008% g@wrinted with CabipiSilveanPhehdight odfthd he
dielectric | ayer, the SE-128 printhead was renpved fromthe system and

r epl dfed RENthFad pees assted g0 prnrptiawtaly f-Ogup akeveithnsudptrets @nd Sisrsebregmgledr ai n

| ayer. T / jo2 i i gﬁl%%pt;x,- il ver. The

hei ght 01[19 %Sﬁsgyﬁ?gg6%{0%%3&3&7%@4{23?%@%8&?%%% ?r\(l)%ﬁsrkrbét ely i‘“%Om*n above the
substrat e and Rodneriatibg ef thndire soasc/dedin fager, ther deminuii watcofwag @dolpd to The
source/drain | ayer. was printed, t:en For printing of the first

sour ce/ drii f andyREistratins was ¢an ﬁgag%l%ﬂla%@ a3 prAvEystygnamienge 1tk st rat i on
Go dre _ . . f Tegl St
was done {if.Lfg 1%0% tlngg,oﬁﬁaﬁe\fécﬂﬂ% ﬁiat@ﬁ%ﬁp%‘?ﬁgre Wis hi€d i &) g%f' C

| ayer. Once prin et e platen te rature was raised to 60C
for 1530 ¥eecondis. Thisissntsicd tler gldet dengthle\edpesdicdorg cotmglotdy simtdompdhee

conmpletely sintering the material, at_a higher tenperature. After 30 seconds
the plat éﬁathé%ﬁéP tE PRSP s gétef éo 150 %@F Pﬁ@é@ CRPEREITC 135 386 iecond
printed sg@s@ehdidhhutlyer. not every image or feature was printed twice.

The drainlines were only printed once, whereas the source pads were
printed 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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20 twice. The source pads were printed twice due to non-uniformty after
the sintering of the first layer. The platen was set to 150C for 10 m nutes
t o si nt erwOhe10856368r . Before the process of pri ntiPaE/USR@9/063099

sem conductor, the platen was cooled to 30C and a surface treatnent was
applied to the dielectric material and the source/drain contacts. Hi gh
purity toluene was deposited onto the surface of the entire sanple with a
25 pi pet @hen} dinis tepptmend C&ﬁ&ﬁﬁ gnfigpidye on Hierrgpacts and providad afarereblet he

t ol uene th an air can. Next, a solution of
1. Omol ﬁﬁ%uor Op hen Orlllguét{% &h&tl \l{jfl’l ty tol uene was dep05| ted on the

surface of theUgit ddh@)létﬁﬁﬂﬂf@he'iﬁﬂfalc@frbatﬁﬁht 1heQSXr3-rlﬂ$ grinfhb&l wad rehiovsd was
renoved by blowing it off with an air Erew ous step_was then

r epeat ed.frqm tho gystcpy apg|rerlpegd wigh gthSEdﬁﬁtpymff@a@fe Be prthepdywas filked with t he
entirg syp u%g)ﬁ i0h- b%ﬁ?b%%m%&&%t G}t%%ﬁ%tﬁ%@ﬁﬁ@%%%ﬁ}f%ﬁ%@ewseCO”dS the

t ol uene was e sarrp alr can at nrent cl eaned

any resi demienddter, sastiastsiseprdpylsionetided])perftavens abhehdplitfaadgalenangy for the
sem conduct or sol ution. Upon conpl etion of the surface treatnent, the

SX3- 128 m@rﬁ@%&@d%@erﬁa%ﬂ@awm Bﬁﬁvmﬁﬂyw@ﬁ%n&e%ﬁmé@ém th an SE- 128
printheady, &%dﬁétbﬂhp@qgasv@/ﬁg)ﬁétéd &gpr@%ﬂsléﬁ%%ﬁéa ok ﬁle%ﬂ%ﬂwepsenze“e of 1.0

W % pol ystyrene an anl ¢’ sem con
6, 13-bis(trii Wbmnsebsslilg’rebﬁthayér)upeﬁﬂmcr&raq)reﬂaaestbgewgmmmeh makde tangl e were
adjusted to the specifications previously nmenti oned. Registration of the

sem d@ndUemeye sV b dolughfy that Exmatacdprelie sustpteradicr thsmatfasoireatmentot her
layers. 19@%119&Qf%@'v&ds%m@e]téd‘@uﬁﬁ{@q%u HQ'ﬂﬁ?a‘Pi mﬁsraet"aﬁﬁk §§tf~‘(§in>@@§ bedg' tiated

in order t renmove any vent ene emai'ned ‘on t he strate
after thes0Supbwere Quoeabmpiuted, Mm;ﬂatpm@iaea;bolsdmpSOREs conpleted with the

online infrared |l a at 6 sses, /sec and 80% power. Once | et ed,
the pl aten vvasA%%g@%POcVS’ }fg%ops or 540p ﬁ%@@&n%éwo %@ndYaé&P%ﬁltegﬂg%L of
sem condygtof.s9lisit i on was deposited onto each transistor. 15 Results
Transistors were neasured with saturated |d-Vg curves. The gate voltage was
bi asdd from 10V to -40V and the drain voltage was set to -40V. The average

nmobility of transistors of Conparative Exanple 2C was 0.042cnm2N-s, whereas,
t he aver Wbbi lity 20of transistors of Exanple 1 was 0.11cn2N-s. Fig. 6

IS a graph pr eﬁﬁr’?ﬁ%t&@ v&E?thehMed’@itH%étmfa%d Ifg“@”%ﬁr%é’rfheo atézé&ﬁfs’égk Gal and

Conpar ati ve Exanpl e he transistors ac |ng to thé present disclosure

denonst r afigdd Glopat @&V tcnmlw drid¥the Bfath v&talgg was 9630 Moy esRNE Ve SHEYiRyesthol d
vol tage values for transistors of Exanple 1 and Conparative Exanple 2C. The

tr gns Ih st Qf}eﬁlﬁlgtb@mmdt@pdr@tl\tdi@xamlﬂé%twdﬂIOS)ZIQ@ﬁllaJ'\e-S JeRaest thateerape diobidy
sub-t hresho
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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25voltage. Fig. 8 is a graph presenting on/off current ratio values for
transistors of Exanple 1 and Conparative Exanple 2C. The transistors
accor di ngvbaotmseBesent di scl osure operated at great er POM/USRG09®GIPENT
rati o val ues. Various nodifications and alterations of this
invention wll beconme apparent to 30those skilled in the art w thout
departing fromthe scope and principles of this invention and it shoul d

be under sMgdiBhonidtberymidgrsiaegddbatitein inventen ismet incbauidulyylimited toghe tlistratéve
iIIustraQ%ﬁ%d ‘%ﬁ&ﬁ%ﬁﬁhé@%a@%%th her ei nabove. W claim 1. A method of
making a thin til'msem conductor device conprising 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 5 does not border nore than 75% of the perineter of

ei ther conductive zone; and b) depositing a discrete aliquot of a

sol ution conprising an organi c sem conductor adjacent to or on the channel,
where the aliquot provides organic seniconductor to a single thin film

sem conductor device, where a majority of the solution is deposited to one
side of the channel and not on the channel. 10 2. The method according to
claim1l wherein the channel does not border 50% or nore of the perineter of
ei ther conductive zone. 3. The nethod according to claim1l wherein the
boundari es between the channel and 15each of the conductive zones are
substantially |inear and substantially parallel. 4.The method according to
claim1 wherein the thin filmsem conductor device is a transistor, the
first conductive zone is a source and the second conductive zone is a
dr ai n.
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20 5. The nethod according to claim 1l wherein nore than 70% of the solution
is deposited to one side of the channel and not on the channel. 6. The

met hod acwordionge3sd cl aim 1 wherein nore than 90% of th@CIAISA00O6B00%
deposited to one side of the channel and not on the channel. 25 7. The

met hod according to claim1l wherein all of the solution is deposited to one
side of the channel and not on the channel. 8. The nethod according to
claim1 wWechim: t he discrete aliquot is deposited in the 30formof a

ol ural [ty of "ot a8, 20004 REPSARPGTL S0

- T t hod
according 'to claim8 wherei S are eﬁgggggamggﬂﬁﬁgﬁgg?printing.

10. The met hod)pesadidi Bgubsiratd igdarin find @n@bdtoad chtRstive e fwiidiein dicopl et s
are bdeposited to one side of and not on the channel. 11. The nethod

accor di nditindsarerdeoppstier Foags dedag p chomrbiicichegeppreracigiethgspssict ed to
one sisde of.¢ g@d%oggér éfr?d}e Eﬂ?g“s%‘&ﬂgg Be&&%%r If&tﬂé%aﬁﬁaé& ndi g to claim9

o
wherein all ople are 8sited’to one side of 'ahd not on the
channel .  13. bhhlepesitinpoddisaenratiquer dfa soludiomcdmphisingian otdagicchandwidutas a
channel |ength and wherein the discrete aliquot of a solution conprising an
or gani ¢ Sdiacedria Gk b the champql.grikege the aliquot provides organic semiconductor to a

single thin film semiconductor device, where a majority of the solution is deposited to one
side of the channel and not on the channel.

10
2. The method according to claim 1 wherein 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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15to0 wet out after deposition and thereupon has a length that is not nore
than 10 tinmes the channel |ength. 14. The method according to claim1l
wher ei n twe 20tv030%8 has a channel | ength and wherei n t h@Caliuseeoee30ad i quot
of a solution conprising an organic sem conductor is 20deposited in a band
having a length that is I ess than the channel length. 15. The net hod
according to claim1l wherein the channel has a channel |ength, wherein the
di scr et e ‘al i quidte re¢thed agpidingte dorpt MorisH ke domdeihpie @emlt@grbau@b@tr i's
depositegﬂh@m? band having a length that is |ess than the channel | ength,
and wheréin afl of 25the solution is deposited to one side of the channel
and not on the channel. 16. A thin film sem conductor device conprising:

a) a substrate beari&g first and second conductiwp zones, wherein the first
and second- conthscnsthed seredingiiorGlaim {wapgihallcash é’ewé theedapisidraher ei n t he

channgl nggﬁgg&ogg Qaggg&uﬂ&%gngﬁgﬁha§ﬁ%)of the perineter of either

. (& . ..
conductive  zone; d screte sem conductor |ayer conprising
an organi c sem conductor on and adjacent to the channel, where the discrete
sem conductor | ayer serves a single thin filmsem conductor device, where a

maj ority df t nehcanatbedpesording toorldoe simercaydrleast 4ood thrlopleerdf and not on
t he Chanqg%o%édtéég;gﬁgoﬁﬁﬁﬁﬁﬁoﬂﬂ%ﬂﬂﬂhﬂg.to claim 16 wherein the channe
rder 0

does not e or nore of the perineter of either conductive zone.
18. The device according to claim 16 wherein the boundaries between the
channel and 10each of the conductive zones gre substantially |inear and

substl&nt i@ 1 y Thermasthed accoqding tadaige? hgreltalbelha §rapdets pigidepaviedfRP™ n t he
thin filQ%ﬁﬁﬁ%&S%ﬂP&ﬁ@kcﬂ%Mk?e is a transistor, the first conductive zone
t

is a source an e second conductive zone is a drain. 1520. The device
according to claim19 additionally conprising a gate and a dielectric
lj?gg; et 511'3The T etrnhgtﬂojl g&g{;(ﬂl‘lg & gla(ljimci evlhre];ei]—nGth\é\QﬁgnenlephagD 5 c a;[nrllﬁ rl]enSg%lS/gu?df the
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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sem conductor |ayer lies to one side of and not on the channel. 20 22. The
met hod according to claim 16 wherein nore than 60% of the discrete

sem conduwOap1d/ey®8 | ies to one side of and not on the ®0anrsed09/063039 The
met hod according to claim 16 wherein nore than 70% of the discrete

25sem conductor |ayer lies to one side of and not on the channel. 24. The
nmet hod according to claim 16 wherein nore than 80% of the discrete

sem conduct or DayBycretp semicen@igeor 43 e CONPRATIEE b OTEgRICISHBIGORAWTHY on andD

2010/ 056568P ) 3 - i rcli al : erein
channel hagifacg t{:tkjglﬁe negll%ﬁqqgh\gﬁﬁe gl?ne I\Qﬁ?eet(rg g%&t% H@?Cgc?rsl %Fegtg ee&gse%nglg%ln@&%@ tﬁcl)ﬂr}l | ayer
has a | engiicdnbadtot devi@t witbreer rhijarityldr th¢ dBsretchemidvadn@br lagadidd to bne26. A

met hod of making a thin film sem conductor device pair conprising the steps
of : a) priAr fiang nat eutstchaitnelbearing i) first and second conductive zones,
whereiz:n the first and second conductive zones define a first channel

t her ebet ween; and ii) third and fourth conductive zones,
wherei n tive t Niledeaind ata@utding td Olatn dea etheven Aervbsnte Hodamoa bseleoftdoohannel

t her ebet ween; and b) depaositing a discrete aliquot of a solution conprising
an or ganitBors hithearainatsof sHhaconduatize gpnon the first and second channel s,
where the aliquot provides organic sem conductor to exactly two single thin
filmsem conductor devices, where a majority of the solution is deposited
to one silde ofThHehrevicerastordingnmelainand wheteiothetboanddfes bstwoeeh denglanndndd wher e

amjority of the solution is deposited to one side of the second channel
and Jr}Qt ! cﬁ%cl@ Akthe @e%(ﬁ@ggql;] é_@ﬂﬁ)‘é [re su starllttially l}near and sulbstantially parallel.

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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27.A thin filmsem conductor device pair conprising: a) a substrate bearing
20i) first and second conductive zones, wherein the first and second
conduct i WweOzorasew8f i ne a first channel therebetween; amdTitispooiesiodd and
fourth conductive zones, wherein the third and fourth conductive zones
define a second channel therebetween; and b) a discrete sem conductor |ayer
conprisiE% an organi ¢ sem conductor on and 25adjacent to the first and

second channelBhe dgfiseacedidingite eleisn 46 sdwren Atpnaeldas paharncs bngdisndxact |y t wo
cem conducharnt B EFREIRAERH AN TR: » SAFHRAR TROCRLIELI BRetka e
where a rehpoidl langdf. the discrete sem conductor |ayer lies to one side of
and not on the second channel.
5 26. A method of making a thin film semiconductor device pair comprising the steps of:
a) providing a substrate bearing
1) first and second conductive zones, wherein the first and second
conductive zones define a first channel therebetween; and
i1) third and fourth conductive zones, wherein the third and fourth
10 conductive zones define a second channel therebetween; and
b) depositing a discrete aliquot of a solution comprising an organic semiconductor
adjacent to or on the first and second channels, where the aliquot provides organic
semiconductor to exactly two single thin film semiconductor devices, where a
majority of the solution is deposited to one side of the first channel and not on the

15 first channel, and where a majority of the solution is deposited to one side of the

second channel and not on the second channel.

27. A thin film semiconductor device pair comprising:
a) a substrate bearing
20 1) first and second conductive zones, wherein the first and second
conductive zones define a first channel therebetween; and
ii) third and fourth 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
25  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
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.

- 26 -



