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STRUCTURE AND FABRI CATI ON OF SELF- ALI GNED
HI GH PERFORMANCE ORGANI C FETS BACKGROUND OF THE
WORNJABIISON Rel at ed Applicati on The present appCTaaRi06/60969
claims priority of U S. Application Serial No.
11/ 380,517 filed 27 April 2006, which is incorporated
herein in its entirety by this reference Field of
I nvention The present invention relates to organic
transi stors and, nore particularly, to a structure and
met hod of fabricating high perform ng organic FETs
utilizing an efficient high volune self-aligned
patterni ng techni que to produce | ow channel |ength
organi ¢ FET devi c¥RRUOCETRHE aANTD FABR R AICGad Art
Or gani cOFiSHIF-fIfIENED FHGH-BERFOR AT E RE@APEEIFETS
proposed for a nunber of applications including
di spl ays, e|eCtﬁng§anﬁﬁR§§ RASS .kOMICOSt
processes, |arges - tiTe entcal |y
active nature of organic materials are the chief
slated iAmplifairares t o nmake organic FETs inportant in
various applications. Many of these objectives depend
on arydEibad: g {g lﬁs?ﬂ*?i()h%%x'n‘%’ HU{;N LEing 11'3 Serial No 11/380,517
techni ques such a exog gravu , scre
fﬂaha7ﬁﬂkﬂé@OQwWhmhn@Han@&ﬁ¢ hﬁ&%&mm@h@ﬂsﬂaﬁsﬂhmeeﬁnmme
simlar to silicon netal -oxi de-sem conduct or
ridlEyrshal@os | n operation. The major difference in
construction is that the organic MOS transi stor

Ut ' |T1’¥eeg§fe&ntt enliay ed1a@h 1PuseRicGRRdedt Re Qﬁ&%rﬂaﬁ] cularly, to a
oly filmto act as the sem conductor of th

Stla@wec@d @@ﬁ@épﬁ&rxwﬂa high pesfmming eyzagie EEE%IUWH’HW an efficient
glw&umé%ﬁ% dnBd BhAERIHE z&m% oM Badevb fhagﬁéi%ﬁétﬂ Qrganic FET
how to T, "a cross-secti di agram of a top-T0

deb@#%on1contact organlc MOS tranS|stor 100 is shown.

Two condtlctor regions 101 and 1.02 are deposited and
oYz il eiRelatedi bt rat e 112. The gap betmeen conducti ve
reglons 101 and 102 is known as the "channel", and is
desi@raredidd-<iat ranspras (HETH hayaibeemepposrd foapeymiey of
ap?ﬁcﬁﬁﬂ? d€dng Bisﬁ)i}@s CARAmGEd ‘Xﬁ‘c&@&' DRSedOls. aﬂgwgf%gt nprécesses
hin filmof eétric material 1061s dep03|te

largegrasf ciuapp @éﬁ dhreehsmipalpeactiyo satuae eberpanici vetefinlsmrd 08 chiel

Ia I 5 1{% 123 4
drlxﬁxﬁdﬁp&g lﬁc?%r Q)g%zﬂi? ?ﬁ“@ ﬁg?ﬁzgaﬂt?ﬁ) VQIfloz_?J gncéns Many of these

orm gate, such'th
obrohptedapicpd on a mothod of fabrication utilizing printmg techpniques such as

flexography, gravure, silk screen and inkjet printing.

Organic MOS transistors are similar to silicon metal-oxide-semiconductor
transistors in operation. The major difference in construction is that the organic MOS
transistor utilizes a thin layer of a semiconducting organic polymer film to act as the
semiconductor of the device, as opposed to a silicon layer as used in the more typical in-
organic silicon MOS device.

Referring now to FIG. 1, a cross-sectional diagram of a top-gate bottom contact
organic MOS transistor 100 is shown. T'wo conductor regions 101 and 102 are deposited
and patterned on substrate 112. The gap between conductive regions 101 and 102 is
known as the “‘channel”, and is designated as 103 in FIG. 1. A semiconductor layer 104

is deposited on the conductive regions 101 and 102. A thin film of dielectric material 106
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over| aps the channel region 103. Through an el ectrica

field effect, a voltage is applied between gate
woaoeiucsxss 108 and source 101 nodifies the respPerase®6/060969

of the organic sem conductor in the channel region 103

in the vicinity of the interface between the

sem conduct or region 104 and the dielectric 106. Wen

anot her voltage is applied bet ween source 101 and

.drain 102 a current and, t h .

B LR o SRS g B e P A cbBinctiB Mt s Mopusived anc

pdﬂtaheﬂ () t@mﬂ(ﬂgamc strageadudbghit © e thopgatucdueh the gate completely
erlli'ilsh ofte O%Iassified as polyneric, |ow

°ﬁ31 GRS RBE G898 hybri d. Pent acene, hexi t hi phene,

TPD, m&lgﬁﬁﬁi eﬂéc&né@ﬂ:’ﬂ&ﬂi eﬂ‘ecﬂf a b@l\t\ac}&ﬁb gbﬁhdﬂﬂb@ﬁ@&ﬁgate conductor 108
ene,

SBRFe Y1 BRALIANAYT ERGAIG SL M EER GEGBRHET  the channel region

198 M gRRAUEHRP 6§theFia+ey1valcwkm€e@ﬁ @aazwnﬁcm&d@fbr%@ieﬁhm %d fhe
dil%brld mat erial. These materials are not classifi

i O s WGten GHREGE Voltaie ippgRlifdcbetwRT T HEEC OF and drain 102, a

chebaWR v bRwBBNMIRIdrhiRaind 4B s L SRS E8IREHs bR bhBI B gate-to-source
ous to the band theory in inorganic

anakﬂg
8@ phecBAdderorece Y#e¥er, the actual mechanics giving

ri se 31825036 ARBANABE fhatddialy H8BEEH SRILIELAHY ﬁgﬁgﬁﬂ‘ﬁr fow molecular
substantlall¥)d|fferent frominorganic sem co
&

Weight sy RRide Psatrcermdatilypiencs dER. g8d 8B @r@mxam&qs.cé“ﬂ@w weight
18 RN P8 pRYnd, Phf ARUGAAY 3 8%: Qhd gbfﬁfgﬁéﬁnéne ethyle%]e are

val encies 1nto a host crystal lattice,
eWHPEISs PEPRI¥EEFFIseRIGRIppiars) Feberingf caskazolecis smtemampbw‘a hybrid

maldr8at ededeth Retile &@H&%@Mbﬁﬂ:dbﬁ@qu@ﬁgrbtd}%oﬂ{?&étgﬂg %rgdmc

whi ch can be described by a wave vector
sypifadwders hehave ipdy mpenes that sag b épmr@@d nmtamstaamgous to the band

tﬁ%ﬁfﬂ lﬁbﬁﬁgmé deBfic 'b’fo‘ilé Zﬂ&ﬂ@@e lcaggg? qu%ﬁiu? %@?ng fse to charge

whi'ch weakly bonde ectrons,
CHECHE Qdedie &ﬁfﬁllz?éﬂdmi@ilswfavéisiamewéy mi&lrgmﬂfong inorganic
st fpo r ave.rise to
“The e c(t%; on. tHo Eg& % c\'A)lﬁéli&clilor8 u%%:lu ar ?é g’n 5SS e generated by
Wﬁi@l%ﬂl@@ﬁ@dﬁ%m@ V@bﬂ}«l@g atted host raguhhlsutme ﬂarqzenmy of which is

dE%cﬁ@e@E cﬁ%g%g%? th%fé %%Egjgg%&egg € concﬂictlgn% pand the

e pctro%s can
modigtwd tihash mﬁtﬁ de‘Ehnbedﬁex: havivs vegbwks In D@ntccsemlbmwiuctors;

@fsga@e pérgi'e&m‘a @er%g%&gtgm(%§ §§ %1}?%&’%9@?%0 og%grbvc\)'intrgolecules in

ese carrrers can nove
V\él@f}h wcﬁkdwbomﬁed eleguens] erdleil m cdecarms, Emabm)e debwalizelaidenivel

r&&?&regf fo%[*'ﬁ{tér?c%s ?Ifon? F&aﬂé)ﬁ% m‘cfhur:rl:';] gﬁg?%ﬁtg %&gﬁegi:ed%)sthg electron. This

organi ¢ sem CoO
effcm,e:r pﬂbbﬂillaﬁyyiotﬁdha mpdtysals sompriciag cbeiggiedendeiwes or benzene ring

stgtim\fﬁr%s.r Eggautsg Q?Q%t&%calization, these 7 electrons can be loosely described as
being ina conduction band. This mechanism gives rise to a low charge mobility, a
measure describing the speed with which these carriers can move through the
semiconductor, resulting in dramatically lower current characteristics of organic
semiconductors in comparison to inorganic semiconductors.

Besides a lower mobility, the physics of carrier generation gives rise to another
key difference between the operation of an organic MOS transistor and inorganic

semiconductor. In the typical operation of an inorganic semiconductor, the resistance of
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key di fference between the operation of an organic MOS

transi stor and inorganic sem conductor. In the typica
woper7atssa of an i norgani ¢ sem conductor the reeTAS206060969

of t he channel region is nodified by an "inversion

| ayer consisting of the charge carriers made up of the

type of charge that exists as a mnority in the

sem conductor, The silicon bulk is doped with the

QGRS ol P05 TR I o Al o
nﬁamup @f chuectyps of shavpe that w'ci&hlaala m‘mlblyigginﬁthfismﬁdudmwn. The silicon
t. yses, p- e carriers, .alsp calle e to .. .
il apecich B omRr e B S-S 6 e SORR R o Rt pssl fop gonduction.
Fby pidle. QS tAel itk cahi caBrdd@RlNt ©r SEMiik ovthiad Btype semiconductor, but
however, the rFsi sb%ﬂﬁe of the_ channel re‘gi on is .
USRS - PYPE §ABIF T ALSe £ B PSR 18 S OPARRL curTeRf ReTWpsT e spurce and drain.

IEDRAYS cBidd et 108 JTREH @ rbdhi @FerhREnAVRS:, REwWERA! @R rkdldthnce of the
exi sts as a rra:.:glirflty I'n the sem conductor.  For

chanpgpregiongs BaRR ceerEndatiandaysys 68Nty §fsdarge carriers made
up SO FL 6 Hard haPeGERE 8. mAbrilydheBe sdificORAREA & drRRample, a

current in typical operation. Though organic,
PM@h orgwsy Saiaie weth Frane PeIEéPﬂ‘é'i“gﬂ% R-RAECT R 6F alep.do gencrate
tHe’ @RRInS ok Dical HiRr@ILr i al s and processing techni ques

to producé organic transistors cost significantly |ess

t hos &' hayek oteanisTISISEOTF ABY YR Iawsimsriorgpace than inorganic
iSO i mREHAR G bERRSdRE ehhREB0R) R89¥udBS ganic transistors cost

application where | ow cost”is desired and | ow ]
sigatficontintrse those aeeddiornaplece ivprgapisrtrassisiniee Therefore, organic

' L. N 'l - | .

whh@fst &l olo%}ﬁg%n%pgi@%&l %’ﬂgrg 19Q5 tﬂ)gﬂs esi ﬁﬂﬁ%w ;Fbrformance is

part on the I engt efi1 ned as the space

agrepiebén Brrdpasbumeacamice Heredivior, bhh erasnimant finegamiacdepshds in part
oRRE alhfd legeth ncye%fr%s'aw gReL blngh 2h@ sHiige B B0 OThe maximum
. Ther able to

thi s channel” ["engt ore, It is desir
feadkhrey of lepsratipa delnderselyahopstipoalsp thesquatan b st channcl length.
THEICR LD i BRRNG O Rkl dE BB b nloh T BB, B RO Wting
teichnig{gg&earalgeyemﬂl’ lipggesli tblaeniriiz_nutrhengﬂ o025 1ar Printing at resolutions finer
tﬁgmﬂﬁ'“s%?r%!:{?@{%Oqﬁgg{%ﬁ’% wherein the source and drain

re ver of her have been proposed. This
t y pe lofthegiriaretrt renhigiorst sivichaesawhagsn thhatume sndldraigap vertical to
t . i.n achi.eved w.t hout
<RIBS AU A0 L LR S0 PG MBSl o
betinlegs theatopiscet dnd dyagi cendieragbieved withioet fidvisd toceirde twrh high

- SO d conductar et al -drain 6 -
By SSRGS A BESRN0 6Tl R AL Dy e 205
ahdyeond 08ndibhe radtahdiain 2H6 ddeeleppsitesliat ther siddefiarfask diylectric

B2 R AHUERR 05 e PR o8 2R o o
nizyaltahé thdieckmbsstad totdietdns | htrebly eleBntnpithe charsetizadth by the
th(::tjcizlg‘ﬁlegg E)f tihg ﬁ%&%légéjm% tAhgerccojng 81ne?euc }18 50% ga'aéld g rt}?ird conductor 214 are
then deposited on that surface to complete the transistor. A high performance short-
channel length transistor has thereby been produced without the need to print the short
gap between the source and drain.

A key 1o successful implementation of this structure is the alignment of metal-

drain 206 and the beginning of the siope 211 of first dielectric 208.
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then deposited on that surface to conplete the

transistor. A high performance shortchannel |ength
woOnReTsi3sser has thereby been produced w t hout PO®/USe®d 060969

to print the short gap between the source and drain. A

key to successful inplenentation of this structure is

the alignnment of netaldrain 206 and the begi nning of

the slope 211 of first dielectric 208 Figure 3

Iblelt u égr[,'uart tlg}xsr%xazlt Eg gg%slegﬁ%;ecse% ef Btp Jﬁ,y g%%?n metal-drain 306
almli ﬂieeﬂidbﬂylnlgd"y‘eﬁdl%&nc\l‘&]ﬁr 308y é?dhemhageralar@ai@u,edi thereeis always an
al wa an aH nment. t ol er ance qg_%g Q duced
‘F‘&éé‘s FRPCGA AT SRFSifies Jhs AUy &Y V8 aR €8¢ W? ﬁan © produce
wWiBspakt ot hefer balper iLbef thwcotductdr it beined mﬂmﬂmrskby&, the ink
nk. will flowto s

o oL R 8o AP g P LR ORI RetOnil. Therefore,

1itN9AEdHRGry e allow Eh@reﬁtn@é €son thelcBlgh O€ BRSASHE Joahal ik o Be guau anteed
tol erance fromthe of the slope so that it can

that Siednt 8l noh RNt ot Eﬁ RE 307 Hoteleriine O8n CoReeRrEBhe the metal-
4309186 doehRel Bd Frodlshd a@ﬁﬂﬁﬁ?ﬁ%ﬁb |o)i,1:hé E\ﬂfaréetoaldwwtﬁc 308 to ensure

| ayer 306 nust be produced all ow ng
thgf 17 HeVOTES BREITBIEE egr@ws@g he Grestdivg 3t0t§ ﬁyq‘lﬁfa%@l Reyall at the

cSRSEF Wi IAEFAEBRbe 3DheHRIALr, @{aaénanﬁéaﬁeﬂagu oF tt{eafllclzﬁlrﬁpdevwe is
poi nt_ 311 at the edge of the dielectric slope 3

HPB\/@@@@P by e @rﬁa\ﬁiﬁéfpncrs&@atfwndﬁe@hér%%%wd @éw-é@uw 304, which

nHAvk ﬁsi‘vl A& ghoFy 304 91@%@5@13 & @qm% RetWe 8RR Al %s’ﬂ @mce the
306 and netal -source now i s now t he sl

ahgygngptisleranse galpkedy & b ae“g?ecwerra%@ e thickpese of |d€31@@380 308, the

a&hﬁ@ﬁaltéaﬁ 33k 'ugﬁﬁ(ﬁﬂtto boLerane s inscdn'lﬁ(a?isxﬂt ?‘h@ ﬁdteﬁﬁ%s ot the short
conpared to the thickness of dielectric

claqava!r:{ lepath thatganrtertiglly pr ebiainest theoughi ‘teétlftﬂéﬁl‘gESlﬁﬁf-?TS is consequently
1(559 P& ih0RasohN8n B8VARLAReS0trah &o %Biregg‘ Reks 1h§991§xﬁlnates this
hat can potential [y be obtai ne gh v rtica
d%@an@ﬂé?%ﬁ%kﬁs consequently lost. For this reason,
1 f Bt BldkhdPindi:AIASHS blbr LAMILIE i &ﬁ@ﬂ@{;ﬂ g&emce is

elimnates this al I gnnent ol erance. e suc
daeohad P Natdiepyiuismannt Richand mehtded Henging|Sighmghatse in Science on

Mabieb Andali AGRRAL bigthde bR MR anf LGS fer Field-
Friend, and Hennl ng Sirring aus Cl ence on rt
EﬁfLQCT Deosistors. aRigara § dllustrates Ithﬁt El@'thbge]@y/ﬁ}’l wimiell this is done. Referring
i£aky C nsistors. " .
g(t réfé@ 9@?&8% ol Fﬂ%é%gﬁlée E i(f Lgva'eﬁfeé 8% %*i}g}{ ﬁeghoutsﬁri (ieplogltcd layers
C@@ﬁﬁéngéffmﬁrmﬁgl fgtal-s@ucd 404, fits’s&labe‘dlq 48, es& 'smndixmetai 408.

WR the 1&%13%%59 fi%eng lébuig Ii‘if@Fi,e%%@q? Ll’)éldg ?}E}%ﬁh e 113}/ S fonnmo a sloped

consi sti C meta source 4
diglastrec 406 while eutting dhsecond metd! 08 40 e theif t}tdkﬂaeiectnc slope.

H'o%(l?%§%%§alﬂ§s%e€’ iana.kl: ?hl% k‘gbtrig;ggcl)% P H%Ordl im placgmwg h‘{&gsegous problem
wmtbtthxbngethh@ lsstb@tdhd Hlmleﬂl()&l@ﬁﬁ amethsevhoppofsiidhthe impression die
ﬂ’gé)l?éhei%tﬁ r}éferi lﬂ?quby shorting second conductor 408 and first conductor 404.
Another problem with this method is that the die impression forms a point at the bottom
of the device, which is very difficult to deposit layers of controlled thickness in this
region. One further problem with this method is that pressure controls the impression die
depth of penetration. If the impression die pressure is too light, the impression will not

penetrate to the first metal layer 404, If the impression die pressure is too heavy, the
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However, several issues nmake this fabrication nethod
inpractical. A serious problemwth this nmethod is

woOhed7/3x3 et al 408 | ayer snmears when pressi ngPClAIS2006/060969

i mpression die through the layers, thereby shorting
second conductor 408 and first conductor 404. Another
problemw th this nethod is that the die inpression
forns a point at the bottom of the device, which is

di ff f tr.ol l.ed .
bl T b Lo BB e WL RHe P B Bk b hrmanceorne
u’ahslstomet'hmdrange bhpxtessweeissthmefc&e definddsbi e thitknesif die first

di t t [ ' [
c§h Bele, S BENE LA g o) Sal B ES R tow-cos
nﬁﬁﬂﬁkﬁﬁk@rhahbhﬁ first metal |ayer 404. If the

i npressi qn di.e pressure.is toQ heav |npressl
die WhEt 15 gt the b IS Hpracue stfaé%r g@ P 058 %ﬂ‘c?ﬁ?%éhat brings

abhi@ KN PEmACE e fith i zineabsi ctkOpSntinEeckaRes, of
pressure is therefore defined by the thickness of the

first conductor 4géghgﬂgégzgggfﬂﬁggbgééiggﬁgat is too
narrOM/for hi gh-v g met hods.

What Si re t her fore is a practic tru

Toct détarbieitesr e vhtion e duBb0r Moo itiaion i
disenged thit chn gsrolalgcé 1)\ Cl@ﬁﬁaeh]ﬁhgtﬂﬁ degidee @hnigﬁmum&ﬂwi@ﬂhfw cost.

THE | NV | ON Accor e i nvention,, a
TR DN ey Aetefied PRuRhEE FfbelqbioRi ftuduBior layer
aCidd w@@bwee te&mﬁnmt diekngidlagey a@eﬁorsdrbohag&toy%uxnmmo asa
and at W COS} . g for tructure i.ncl.udes successi

B aSming) BT AU PIgEHs® SeoR I iISTNE At g genductor

186G highgdSs the FOUIMERANTNEY. MhARs straciutd, She GhiBliR6 & li@nﬂl@l&’(ﬁ{ the edge of
actin as a rain termna

ec uctor | aye
f%esﬁfS& 81&2%&% etpiggR fhe S%%%J&Hawg fereeerd I sFegRet congﬁatoa?ayer
t hi r driosResed &fndu@ﬂ)@liay@fl 1d digosited hiethgahiBed @Ir&ﬂd@.a hmn!ea by the
is . stru istor i.s forned on

t hi t
gt syily bt e %5??5[@3 %‘@%&ﬁeﬁ@%ﬁiﬂv@wwaa éteé?cmc raised

sy @k, 3 en hBoaREGN &f RNEWST RN, HAY B accdMBliIRUMkoating a flat or
conductor |ayer is de?05|ted on the raised surfaces

iaphRIntRfate Peitit &prcichive inksiend EpRIY InEHBe ARRECRBRS BRgsEure to deposit

thd SteliRlsLiRen khoMRIRBIMNRRN rithealdi LLRC hithis rrﬁérr%%g the second
surfaces. In an enbodi nent of the invention, this is

nﬁé@dﬁrﬁvﬁomal@y aligneditp ghedayerdrensathyibt Brg tgtismtelipplignament and the

sWbik BhAhrePRAHRHIBYaNE Mk B8 o ARR 1Yd18@ it RexaRA! #RIghAlformance FET
pressure to deposit _the materials only on the raised

ixpiodaessswihoytibe masiremens of highrreselwiomlithegraphy eqwpment
netal is automatically aligned to the | ayer beneath

it. Due to thi graeFfpE$CRIMENN GIirHBeORAGINGRannel
formed by the thickness of the dielectric material, a

hi gh-Tiergregome isenfl is ilugraeliee dawiof Eﬁaﬂapie%d not by limitation in the
accoql%arn%rﬁrxfgn{’l g:?rfes ﬂl %ﬂfc%%ﬁg%lrg erence lnlugnré? IPJ] date § m1Par epements and in
which:

Figure 1 is a cross-sectional view of an organic FET transistor including an

insulating substrate, organic polymer film, dieleciric layer, and conductive gate according

to the prior art;
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BRI EF DESCRI PTI ON OF THE DRAW NGS The present
invention is illustrated by way of exanple and not by
wOi20071138386Nn i n t he acconpanyi ng figures in whi eQT/USE®6/060969
reference nunerals indicate simlar elenents and in
which; Figure 1 is a cross-sectional view of an
organi ¢ FET transistor including an insul ating
substrate, organic polyner film dielectric |layer, and
cond [ qat ccor-ding. he. pr.i.gr = Fl.qure .S
a cr o%gé@r;é?cltg ?xoc%gfs-%?ég\}}ag% “éxgofltér% Y%{:lé Fr—%ﬁ'&??%{%g f E}Cﬁ}dlmg an
insuidtingi substaate, orgahiatpohgneslist, dadeiriotayaniaad pohdweive gate according
tfilllr%{ggiel_ectric | ayer, and conductive gate according
P& for art; Figure 3 is a cross-sectional view
of arFigertd val crbdsTscbtiams ividvoof aceatidhlKET eahdiSoPhéddiding to the

ot S Sy orRR A o) Gt papRcbey g e Taeiplang dictecti
leyepgS- sectional viewillustrating the "V-grove" nethod
f i evi n | f-ali. . t t al d
i of QU Secopi g O e RRBRO e N-gare” giethod of achieving
selflalighmahESet@ten Glotdl @nll AiddREtI SR oYERE k6 Ble @{@aR;, C FET
tran }stors,according.to one enpbodi nent of the present
1,1

i nvertBWR;> HUgEREs & SEReth P R ticy Vettical prgreit i biaatisters
aedrtlingab oAk gaitogirh&l JriidSleSdr@ ifreibhy, Sseparate gate,
source and drain term nals accordi ng_ to anot her
1

embodi AL BSEHES pFEYEHEe PRTRHICE JRTtice] glgeals FET gransistors with
skpdriS Igaf orlrBe al@blAk SerRiREEARoRiBP R AyREQIMGRIIMBE: of the present
.Sstructure according to one enbodi nent of the present
IPWV@ﬁ?ion; and Figures 14-15 illustrates the method by

whi clrigael acts inekesie Had v M hrRREEGENNG JIBLA. tk}@)ﬁ@{%éure according
are |n%§%rated into the process accounti'ng to anot her

‘@ RBOEFRedcst of He pewsbhventivsatdon. DETAI LED

DESCR; Rk Oy Ref i1 54165 ﬁe%ét&ﬂﬁwhﬁh%t&?h%k BN helonnecting
this invention is illustrated. "The structure Is formed
mpfaldayses i) inty ssaied &da theeprpeass erqmauttipg e prothér embodiment of the
pPQeguetQltigret al - source 502, a first insulator

dielectric 504, a conductor netal -drain 506, a

sem conduct or 508, a _second insulator dielectric 510,

a conductor net al - dr &BIAILED DEEGRIEJIGNt or

neta&i

_!:.!A' 2

e?c—*:arg'i%g now to FIG. 5, one embodiment of this invention is illustrated. The
structure is formed by depositing successive patterned layers of a conductor metal-source
502, a first insulator dielectric 504, a conductor metal-drain 506, a semiconductor 508, a
second insulator dielectric 510, a conductor metal-drain 512 and a conductor metal-gate
514 on substrate 550.

Referring to FIG. 5, region 520 signifies a transistor formed by this structure. The
source of this device is formed by metal-source 302, and the drain is formed by metal-
drain 506. The vertical space between metal-drain 506 and metal-source 502 forms the
channel region 530 of the device in region 520. The channel region 530 is overlapped by
successive layers of a semiconductor 508, dielectric 2 510, and metal gate 514. The gate
terminal of the transistor in region 520 is metal-gate 514.

Referring to FIG. 5, region 522 signifies a second transistor formed by the same

structure. The gap 540 is the channel of this transistor. In this implementation, the
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514 on substrate 550. Referring to FIG 5, region 520

signifies a transistor forned by this structure. The
weaw7e3f3t his device is forned by netal - sour cecd@®R2006/060969

and the drain is fornmed by netal drain 506. The

vertical space between netal -drain 506 and

nmet al - source 502 fornms the channel region 530 of the

device in region 520. The channel region 530 is

overl a d uccessi ve em sonduct.o
egggoo R SRt 72 558 5 Yy el BB, R S Regmina. he
dbAh terfvhal @hd tHees o @B Binal atereldotgiably ib@fbendentetdlingal e

514. Referr.,j to FI 5 re n. 52 nifies.a
S ecomiett ailigeas® dsfhesaopl o 1 i eSS 18 ypich the metal-
g%ﬂaﬁé@nu $hd MetaCbanbelayet atehtics cbruamsjus befweehRediBh$620 and 622,
and 522 share t he

nmpl enent at i on, thetrans%ﬁfqré
T RSP H e i S G Y B e e &OW PRI ANd gqigderminals.
dr ai 1pigge M iNadtraadidnt BegHAHCE the Ffﬁc@@' todben ihe structure described
el ectrically |ndegendent term na

alqujsr%rcar%t%rﬁa%tﬁ POYTRR ¥ ErisriteRO Pt farsr%ﬁrr%te infertieriicular

i PleWhtinedioh e 1181 18ls8atien kRWA! a andiduldes BEA LS 01¢ E‘:@'er 1s typically
| ayer are not continuous between regions 620 an

pafifaed iq fosmipdercpAetapyrcs prangls det $ach apgisiong é” e Wéﬁ&red method

o? b!t”cé'rﬁmg% alHievadns), Arfigvd ﬁ@iﬂoﬁ@kéch 45l G Be Mflexography, ink jet
| ustrates the begi nning of the process to form ﬁ

pawiiE: Uil g BUOERERY aBALatiala ek ke merisogH: rceue be any
sgﬁ%oh%amﬂﬁ@cgr Qﬂcﬁg&gﬂﬁk%ﬁz&nk Tﬁ%e%ﬂ& kBUh&ko-particle silver

|np enentation in lustration shows a coénti nuous

inkayanro-ppiiicla gild nrl‘aﬁ’&l)@? pyipihéentepe.padinolyrodlons. #diemmatively, this
phRdERENIE Yy a%ﬁﬂa%@ tﬁr@ﬁ?it. naliSidcPive ‘f;?é—‘é%sé ﬁzﬁ&%bgtu?é s(beH}Ere is first

preferred nmet hod erning i s achieved tive
cpetedh ot sneleds sash gy aderfer-biad@m delipmsd by alpajteming step via etching,

lx?gér)@,: Iﬁ% 'abfélrloﬁf&s(ﬁflexj\ahgéq o@@%wawretd%ét@h% ;’éég)ttl%g i% methodology

met al - sour ce can e any sol ution
cemaldobe gsed fonchbudlivter thitakeusiid var-piinkblefdepksitigoiebhpitjues such as

“PRAGHRA, oy efind R B BT P2 e, “APCer nat i vel v,
t hi s Spidlt reéarningitp Tl Ty mtthimed elikledirioliyler 204 iddapasitéd/ elhe
pﬁ%f?r%géﬁxemgro? ﬁ&&%ﬁ%%ﬁh{g%@ b#f] ﬁe{x# 1?4%&9 9@5@911—%&56:(1 dielectric using

ods such tor-bl ad
agiditive mmithngls sueipas gravetes ﬁrem@taphyf tinlofet paEIHH.BgIOI‘a:ﬁfSat lidwography.

Aq{e a&%@ ywﬁﬁ? gﬁi@e@\ﬁ caf ‘4!% n@h’ﬁou 611 a s %’!rac%we grocce‘; whercby the

an al be~used for con
suﬁssrtnagp ﬂ@HStplpﬂWﬁabbl reettieposichi asrevapm"hm:q lseettamgj galslimation, or

SFYPRSIBH R P 65 bRy SO TBLE T ) b g o
oﬂswsrspm@nbeedunmrref:cpneﬁaraﬂed met hod of pat t er n| ng 'S
achi eﬂl%g CP%\é oq'gll? 3%5 of ol f’l rs!t 8161 ﬁ-? el%y:fexi ’g%xff %fﬁgﬁwoﬁant

USIng a five ne Suc
comsidgretiorpai the fargation offtifis emd:tlrt&ﬂgdfeaqﬂbyequent layers will form the

active transistors on this surface. When using an additive deposition method, this slope
can be controlled by appropriately adjusting the surface tension of the dielectric solution
and the surface energy of the underlying deposition surface. The surface tension of the
ink can be modified by methods such as adding surfactants and by adjusting the weight-

to-solid ration of the solution. The surtace energy of the surface to be deposited can be
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Alternatively, this patterning can by achi eved through

a subtractive process whereby the substrate is first
woaai7ad31sy net hods such as evaporation, sputtePCmgS2006/060969

sublimati on, or doctor-blading, followed by a

patterning step via etching lift-off, |aser ablation,

or otherw se renove unwanted material. The sl ope of

the edges 705 of the first dielectric Iayer 754 is an

[ rtant consi deration | the formati
it BF B oGt Ao Pedeal S Pptspin e Vintet grposure, and

obbie¢sinens. on this surface. When using an additive

depo t|o nmet hod, i s sl can be controll ed I
apbr SHFHECA s o o SR inu Helite I5h 1% Reled with like
ndin®kese tIhlp@rtmltaﬂ 4 GRtadRPuich dayiy IS?ﬁCaﬁd aml?dfl@r}tneﬁa}teh 804 is deposited on
e Ssurrtac

nder | sition surface. si on of
ralten{%% gﬁhaoge eF 15 PBW%%%‘%G%W‘H@‘ 3 @dpdipt print plate or a
r@tufyf PGB Svinebridvctad m&! TG dohGuMRieGhk t:@uld%é'sbﬂximmbabed flake
ration of the solution. The surface ener of the

cqpgychRrdnk oEiogahnsed parp-pamiclensal fike FHSYO FrePolyaraliensy

pBBtRBhRAR, bf %ﬁé@t‘ﬂbr s&%ﬂ&ﬁﬁaé&h%ﬁ@uct%tﬂtﬁd virgé Ehm pressure of the
osure, and ozone treatnents. Figure 8 has the sanme

Prlagﬁlﬂée a1l hp@atirls olghichgbe aring wlk@b ﬁ@;i@r@eqi afsetrpgopriately

éjufs{%cﬂ sk 12 EH&%E will BraB8¥et baidBE raisedRiBLe %}H{eeeoy A% Hrst
a dielectric | ayer 804 is deposited on

diglersrip 3% tes guchrthat Hhashl noajansipringeibe siovgls bytvwisomthaugised surface
férrﬂr?etﬁ&y fh@@.f?el@cfmé‘ F&ﬂtéﬁl %ﬁ%e&{zﬁ’ﬁs@n Qfinl FeuRliA yseﬂ'r ]‘%fngd metal

conducti ve I nk he conductive i nk cou
cg@mg *Prtfﬁ i&mﬁ@tjdiﬁ legltie, él‘eﬁifafaml@rnnaﬁng theoglagtlito aligmtwe layers by other

d@ﬁgs@msldat@am&ahwh@k PEDOT, pol yanal yene,
poi yt hi ophéne, or sone other solution-based conductive

f1 ui digame ifrstratesihe datandeddiehaior pf thetmgikhing thaicboated transfer
dewRLeohal § hQFnlé’\tdﬁé%uE thé %%éed%u@fa@% ]‘%[‘Iﬁﬁcfi V\}r %Fe‘i?&ﬁ@ 9104 sticks to the

appropri ately adj ust suc at the'in
SHHRE ftfﬁbater«?ls@dcs Uhe droagh domme !ta}weehethﬁ irpised dietdotid surfaces are

SR T AT ) et i
949 & laled: itlee paduetive inKI910§ cverehamidémg withé rﬂmud df thataughs remains

ot %lleftr sjf&%gzcgeetirﬁf do%g%tolt ¥ {gntg hl?e surytE ace o? el eCt ¢ ' ¢

thereby elimnating the nee
ot heFigran§ skoreh tl'@sremitmg airuﬁabregrftm Itﬁe. selF- gigmd Qnetal deposition is

r h f t i nk
RIS o5 OSSR R ook RLBL i 006 are now
deprsitedios sdbmm‘ Htﬁ@s T@met;tl-kiyaﬂﬂ il 00@ it seifealRDEd stiitcths etige of
d%ﬂ%m%yié e of that dielectric. The trough forned

e rai sed dielectric surfaces are
suf f Feguwatll ylixd:eepﬂtthranexﬂ;eoctdsinng oRp indiis pafetd, aiedeposition of the

Eltrﬁ%bg%%] (Lj ffgroll’lgg T@hbggigg%r;craa% o gﬁéofseas%ﬁgw% é)@ ltlla)e;él%g%l i, but
cqiid atsod:gh@t‘cbma‘dl e functional reqmrement is that the semiconductor is
deposited on the vertical surface 1130 and 1140 on first dielectric 1104, between metal-
drain 1106 and metal-source 1102. This area will become the channel region of the
transistor. Semiconductor materials include low molecular materials such as pentacene,
hexithiphene, TPD, and PBD and polymer materials such as polythiophene,
parathenylene vinylene, and polyphenylene ethylene. Hybrid materials such polyvinyl

carbazole are also good candidates for the semiconductor materials, Deposition methods
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on the transfer device, and does not transfer onto the

surface of the circuit. Figure 10 shows the resulting
webkowressase after the self-aligned netal deposi PCOAUSR®6/060969

conpl ete. Metal -soxirce 1002, first dielectric |ayer

1004, and netal -drain 1006 are now deposited on

substrate 1050. The netal -drain 1006 is self-aligned

with the edge of dielectric 1004. Figure 11

strates the next processi this proces
incthile R EO0T Stched CERPE BRI TORTP ks B T Lot
lithgeiphg D R sitRAtrhdthedssalasinshdvRubiiadiive nidikedsklhcbut coating
caoul (5) al so be patterned. Thg functional requirenment is

metfgdsy %Vépgmoeomf@flw and syRIIBEIPRd on the vertical

sur f a¢8nrd 13Q1adtehteb kA debsttionsdt tHe elRal idleckdD4210. This layer must
between netaldrain 1106 and netal -source 1102. Thi s

englese Wie sPmiroRgREoT Relteem ARHE | Thedielngtris mptsial 15 prgfetabby a material

thaed So0due! QlchTRiteRAIR IRl died HEod WL RRLREH! Rikh as bpm~0n~glass or
material s such as pentacene, hexithiphene, TPD, and

pmmcmm%dxyl?éfﬂwh 2 sToss-Sinkerd aelypanintspebFad; ‘Polypropylene,
Z;%Mﬁpﬁleahey Ip%g@sob@meﬂeo bmnsgog%ﬁéd%ﬁﬂﬁmame (PET),

materi als such yvi nyl carbazdl e "are al
t@‘é

pgmw—eﬁhfmr@a@@kcﬁ@@& ﬁﬁl‘ceéndb@ tisteokng epyldbg 2 Tmaterial that is
?ﬁﬁ?g’t’e& ' %ﬂtt@?%ﬁrb@%%\ﬂ& hﬂgﬁ%( AihhVEaERERedS recaléﬁgn§§nd subsequently

(0] gravur e Screenit ng, Or of
phtrtqrngg ba g@lnw@rtﬁb@ﬁommgqgngm gmﬂpqﬁﬂiafd@de ad(h tive methods such

a§ﬁ@x5c¥r§% t‘éé,‘r??dr%é @ﬁﬁ H@F{fg fe‘PgthQ% %éﬁg’g%ﬂhﬁg\f&ﬁﬁz’ Peposition

mdtlllcuktaﬂ@t laslutdh eubkeep*@s# m%hmbfsuclh es setivgdnetbedse eveogation,
%-?tﬂegm TQ'B Hdgust encl ose the sem conduct or
P 4 e dielectric material is preferably
mat erﬁlahretiﬁatlusstsattwthn tepisgionsefohetahizaeildll 4. iThel laghirmgust be
pat@%ﬁg(?m %sﬁé‘é&%é ?1% c%%%QheasS cggél Hle?&tr% ?ISI?](L gfél order to be electrically

yner - pase rIC SUC as Cross-
ﬁpu:ltlpunln;&hph'@mna}(epvm)st cpak Viprepyhddelec@¥T@Per 1310 along the channel

A n [ p ene
of Bty ARy Pat T30 E060 1t B 1 Rt hop s o g
ta@&rﬁml rd tthe/ednsistoih eowti@ling thei ramdsu lod cbaga caﬁim ihat floWwahrough the
8. SX AR O{nagoed e SPULLer ed or grown through thermal and
ehemceal C(%I ons, "and subsequently patterned by
et chiThg abbvdc ds@ripabh dhisontes Deplosintition ofrﬂteh@dsmtd@rszl Iidaacomplete
tive ure

cggx%lég%l%qgesr% antsm%'(l)%sh ?{{%Isuﬁ%mg)){(lg%ft?cg E%{ CP}%{‘ Gg gBmeaie metal-gate
TS mwﬂMrmtmg:@ss aing en dtaledcudke: 1eghns alebuyke opaithgdis: the first

GBI R R R TLRLS YORALELL T 4" R Py L o
dieddoatie gal(baﬁcBéeﬂmcd'ﬂidmtdraw 1404 forbes anaiﬁrﬁbﬁ@dbétﬁveen metal-gate
I%ﬁlf %gjrepati tégg%%gﬁég P tl%;trzf:vha%tosre OCI;]S% c Iax?rll 5.ef£ negi%y 1440. These
holes can be formed by leaving the hole when the dielectric and semiconductor is printed,
or producing them through a subtractive process including laser ablation, etching or lift-
off. If the holes are of appropriate size and the conductive ink is sufficiently low in
viscosity, the dielectric ink will flow into these holes. It should be noted that when this
technique is used to make contact through the contact holes, a contact hole from metal-

drain layer 1406 to metal-source layer 1402 is not permitted. ‘T'he metal-drain laycr 1406

is formed in a self~aligned manner to the raised surfaces, and will therefore not flow into
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functional, this netal l|ayer nust cover the second
dielectric layer 1310 al ong the channel of the

woneTsizsser s defined by edges 1330 and 1340 i nPETMBS2008/060969

This layer acts as a gate term nal of the transistor,
controlling the nunber of charge carriers that flow
through the transistor fromsource to drain. The above
description iIIustrates the formation of the

, des
C%”E“an é% 8@‘“59 3 n%ﬁé%er X nﬁé I{lé%ec‘éi}"tuél eﬁ&%’t *?‘Wét C"afswew this does not

capgiivopra lahBatiet shegatericagioats: sifed eleetdical dontRg beReen metal-drain

sourc i ons hro 0, enl s inthe firs
125@ F‘ﬁﬂﬁa&ﬂgﬁ@eﬁﬁ%ﬁ%% SR b L@&Yr W%‘fomréuce that
c&:ﬁmc@pﬁn mgllﬁﬂﬂatéld inF n(ha4$@mmg I1416‘2| ﬁﬁhhl% !a%o&%é&loﬁmétween metal-
SRR AU R LS TR BBEEH Rt on e ume
rof@ftetLigre momi :@k@ﬁﬁl@@m‘cb s4a0iefharesy Rymifdd On ciIERBRE] contact
holes cagkbe f or med | eavi ng_t he hol e en the

bEPEeBRT RS oree 404 gat-grait §49%-i nted, or produci ng

t hem Alhsraseh]f tBetdoatict H&e@ée@ﬁ@esﬁluﬁﬂ&i wﬁh%@ lhﬁ%&ﬁg conductive
apl ati on, etChlghr or lift off. If the holes are of

sqliipp palp dheheles Mirgneh msthods AeRhcas ipliet proYiRg. Vector-based inkjet

intihy QAN Lok RBbdify nBaOSIe! Mk :
pf$I olwgl r:t 0 tohese hc;PeS |t shouI\%ngg%ﬁgégﬁéﬂ%gﬁfé%g\gﬂ& the walls

apong the epmpgilssswitkemtaip hesgandpetieaBuids ilegsing earealso be achieved
b?@l@c%biaﬁﬁ% QfhcedeLiohd %Ereriﬁicﬁeﬂ‘ ﬁn@ﬁl fgeﬂcﬁldggx%c{‘is cg¥§%% by dielectric

to netal -source Iayer i s not

rRfderial. Geieby Irefpeting hose prgay 3@%6 pehscgoggnﬁg agﬁ:rgn &dectroless plating
HRARE be luled BRIIFAI 280LSHHLE AE EFlinAMRd cWh{alct hdles @,ﬁ r Son &E ive

flow i ntocontact holes forned on th layer.
reqierials-t Whssicgntagbheles e pivgard with 8 cqmmocommm@m@n metal-

daihi1B1 1 Qﬁd AR 3sB6R 0588 bid ﬁ&lnitg&ﬂtae ﬁus%ﬂa (n§h8cys. cal

contact between netal -drain -source 1402
can dthe|lpyasdhiglseiss oy theofinyt diglectuts Jepent ?aﬁﬂsdelt@rrpn@dbc ehannel Jength

otfﬂétué?"xoﬂﬂ:ﬁcﬂsq{ln A8 shdrd U%ﬁﬁm@it lgﬂgt]hrbtffaélcg‘ (%f]téfi Zf%ﬁs%}oggﬂe appropriately

1412 Frns a con ectl on e
mpaegtd @degen talaoble dayeo ge cifm:gseﬁ 43 thinfag b‘ﬁamaomnn ¢lghh@rare possible.

Rghueen ﬁd?i%ﬁﬁ?@u&qgﬁa 5%%?&10 X ?a?‘ré%hgcqge ;%oas%tmsx’}oxﬁézgn% of metal-

1402, ther ormng n-e contac
drean 461 hé@ﬂcr}beq 4l cain ovellptrabgil pagine 4@ 6ot W inedwatentle dyposit metal

i Hx% z%t QW&%‘H ?E}Q HeS1i&1d I‘th Y{Rwﬁ ggm%\n%%/egrgg% rl{gé{sfﬁg&gp\gchm first

con IVE SO tion |n

dml@wlgbyﬁmm@megﬁes nfinrthe oNec exrerhbashel thmlmeei; opthierfirstndjelectric
tive

Igﬁa(? ?clng% lbg\ref'l\ﬂlg‘ ??ﬁ%%? {/eglg g? ﬁlgcem{l?] ell‘pmllg 1 tll 1 i ila hlatotr ﬁ}gwce produced in

tigpmeantr ‘h@ﬂé gesil] in lownt @i~ nmtrdfre due nol tiot mv&eaﬁécbct}ﬂnnel jength, the

| b electro i nce.
JELARBIAR00 00D AEYES, Y ELSELCRR! ShLTRSLSE o o
Abiypdabﬁet telestmatherkinabs istih drealaygpodl Saitnd. NGnbihesthickneasScritical to

d@\ylg%ér?&m%hgg Esr oy ls@éonﬁ%zgg«%mc W cie'xcig gnolheesi‘gnéae (?it llﬁ%%m to 500nm
thick, but could be thicker depending on the transistor performance target, or could be
thinner provided the layer can be reproducibly deposited without pinholes. The thickness
of other layers have only secondary effects on the transistor behavior, and therefore have
very large ranges associated with them. Typical thicknesses of the semiconductor 1508,

metal-drain 1511, metal gate 1514 ranges from 50nm to 1um, but could be thicker or

10
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15

can al so be used utilized as a nmethod of filling the

contact holes with conductive materials. \Wen contact
wbab@gizase pl ugged with a conductor, contact heCeaskeens0969

nmet al drain 1511 and netal -source 1502 are permtted,

as illustrated in FIG 15. The layer thickness of the

first dielectric |ayer 1504 determ nes the channe

Iength of the transistor. As long as short channe

IR e C i U

“@QMSOnn or even thinner are possible. It should be

not ed_that such thin depositions, r re that the

depost il ikefRymiiogh f’%r 8?11% cf@f%qadtw gegipggsiription and
inebhieNeHBbiaRaE 1ERTIEBe BBirediflcl MR AMEStRIIIddindBPRS that many
metal in the trough formed by the dielectyric, which

vRaREnmS nayeie mafa MiGRrbera g ﬁnml ihg $Rigt ang wope Of the invention.
r'hay &f m'é? bEkNBSSRDA, 7 khBpRL NRF RXLERRes U0 eBLKASS e self-
of the Tirst dielectric 1g30 could be on the order of
apsemdlast manelprfs (S ARG giPrerreiredtaasl 8F othereyiace trabaenta i obtain
dedle NP BRONREy ¥RY l:@lmaasdﬂgtes B Aﬁm&e@ Bmﬁuma%eﬁiéﬁ%s { @he
e I ncreased channel [ength, the deposition nethod
cqdictbriaterh ey cp@tamaxgghwmdgﬁmede@réwdm@ﬁ firpfeconductor, second
05{11 ey b?thhﬁ%%ngﬁﬁ&f 1a§ezts¥i? b&ﬁ:lr td bfo?ﬁotg'e &b hhesion, or to increase
ckness 1s in the ran er thickness
ot dtqrp@alwett@ngj@f/ih@@rwéﬁ fi“Wa rM@tai @Wﬁ én@ebmmated with gold immersion
og Hﬁlﬂaﬁgg sgm F&ﬂﬁg dx c{?atg&g ?ng%g%n ? fre]gfle%o r ﬂzoi}@ﬁé@{?&%f the metal,
amf ansiae dp81;ﬂ@1raflmnmé: ef thgrsgaicondncteppblynise and icrysalline structures.
]ﬂé!g%tlng ?de%%%g géﬁglﬁl% g)@ ﬂ?? ness&g?fsg%l%é{ljqug g@gﬁ adhesion, reduce
lanithge the@tgh\dm ylieéffq‘néc,teéteoﬂaetdaeamaaﬂ@ p%ﬁ:@rdld;ieﬁamll@rers a:m@lo enhance
her ' i th L .
H ycga ?[{71?{3? c%(?}ré)‘glzl{ the%fc?p% Jngt[el?h gg%e%g)zgﬁéo ?}e%gzgg’ \thol&? Iﬂcn.mng steps
eitbérait eathadapodiSbn blapatradt thyadnsl dflid entangescdss omyS0nnbd melnded.
1mm but could be thicker orthinner depending on the
preci sion of the deposition neans and the transistor
performance target. While the invention has been
described in detail in the foregoing description and
illustrative enbodinent, it will be appreciated by
those skilled in the art that nmany variations may be
made wi thout departing fromthe spirit and scope of
the invention. Thus, it may be understood, for
exanpl e, that the structures above coul d incl ude
sel fassenbl ed nonol ayers (SAMs), corona treatnent, or
ot her surface treatnments to obtain desired surface
energy and contact angles for optimzed print
characteristics. The conductor |ayers may contain
anot her conductive |ayer under the first conductor,
second conductor, or third conductor |ayers in order
to pronote enhanced adhesion, or to increase

11
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or decrease wetting of the print surface. Metal |ayers
may be treated with gold i mersion or thiol processing

woOaoo7adsnse oxi dati on, increase the effective weCk/US2006/060969

function of the netal, and pronote desired alignnment
of the sem conductor polyner and crystalline
structures. Dielectric |layers may consists of two or
nore | ayers in order to pronote adhesion, reduce
“yeé{éﬁlgg through the dielectric, alter the capacitance
dt "dielectric layers, or to enhance the capability
of controlling the slope on the edges of the
1di el eat origenic Viatd-effsct denbingr sbwpsisiogt her at each
deposi tion ste . . f tire process
may &P exﬁlgé RS c?cglréce%&ﬁéﬁ%lgg rgnrgipfc{ %&ﬁfagg’g ani ¢
fi el d-sefifce ot dtaimnendicorr leyarpandsi ng: a patterned

ansi s

d_sﬁdsétea s selg&hﬁgxﬂédﬂaycfr?o slbe_uaﬁc&rb/:ingjdialentrindﬁﬁudd}gapﬁllﬁyig the
i s depgsited as a self-aligne r to.the underlying
cﬂ‘?‘@%g'g?ﬁ' < of‘g'y‘é?rlg“bW%\eblp’l'@#ag@o{jﬂ‘gadg%ﬁﬁ%tl@?ﬂ'I ayer only
to the raised surface of the dielectric layer. 2. An
20r gaircolfghek diedd-BHedt tanangirsboprisgpri si ng: a

substra%et ,Itg eL;. a metal source |ayer forned on the
substr*XPEFAYEr a first dielectric | ayer forned on

t he suhsibr suecd layerfohavd ng tie sibepad ladge, the sl oped

edge form.ng the channel ,length,of the transistor: .a

cel't 2R o Rl dpdrer PEPE P Srrie i sh g Fi-flpd daee, te
sidiped edge foemimyte chause kngdndisbt amntisper formed on the

sl oped edge of the fi.rst dielectric layer; and,a netal

gat & A e EpE RS dreip S et Be P e B i

or gani senfit@iddetef faget fdrmad inshoklopéd ed@ ofi the Fiustididectric layer; and
conprising openings in the sem conduct.or and second

di of ACRFRESTaFL B aPdhr SHRISEETY FFE. et al sour ce

| ayer. 4. The organic field-effect transistor of claim

31 f urtheergaderfridsefiigt opesistogst ¢latune fsehtroondusing opamihgs in the
sSp R e b SBIEHR ot RHaF RRGRE oufy i B ayer
field-effect transistor conprising: formng a )
4substhtatozgdray Eeld-$iGromiragsistonef elking d dhker| capmrising oppmings in the

s%ﬁ%%éﬂ%é?x} %rt%gs%'::anc{ S N l@yézjs 2? %lég\g%ég%é{ fotcth.!é AEh o layer.
5

dielectric,|ayer, having a raised surface; SQUYI C r. .
i i fEEALEERT Py i@ =YE e e BF syl EPRERor s s

ayer having a

A method of fabricating an organic field-effect transistor comprising:

forming a substrate layer;

forming a metal source layer on the substrate layer;

forming a first dielectric layer on the substrate layer having a sloped edge, the
sloped edge forming the channel lenyth of the trangisior;

forming a self-aligned metal drain layer on the first dielectric tayer;

forming a semiconductor layer formed on the sloped edge of the first dislectric
layer; and

forming a metal gate layer formed on the semiconductor layer.
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sl oped edge form ng the channel |ength of the

transistor; formng a self-aligned netal drain |ayer
wonod/he3®ssr st diel ectric layer: form ng a sem eamaiset06/060969

| ayer fornmed on the sloped edge of the first

dielectric layer; and form ng a netal gate |ayer

formed on the sem conductor |ayer.6. The nethod of

claimb5 further conprising form ng openings in the

sem conduct or and  second dielectric layers to allow

6cont dde mefhod el platm b fegheompiipag foymingepapitasdyg thy semiconductor

afidl 8d¥na didlEdthe laySNBIAlBIWE A 6 D@ RRENINES lafert he
sem conduct or and second dielectric layers to allow

contact to the_netal drain layer. 8 The nethod of .
Tcl ai nhhs HFBPEPhCAER ﬁi‘ﬂﬁﬁ‘?‘%@@érsﬂ% P HEORRBATE 1014 femiconductor
ah@¥&Jond GHBIELLHE TayeEORAIBG ddiact b RGRetaf ddideiel pl ate

with ink conprising a solution-based conductor; and

n
appl yi,ng the print plate to.transfer .ink to .

S oy & e BF e Re S p ity ST ara e eI g8 mefl i aver
cbmprAséerring the ink to troughs in the first

he t ho, cl ai m 8. er.e

dielectric_ layer. 9. T 0
The. FPekag s rats & PR PTHr IR P i fgation Based
cORdicZend Nk transfer only to a raised surface of the
first dielectric |ayer, the optim zed pressuyre bejn . .
evi d@REBAHIPePTEY Lot s ot ARR O R o o etqfahfg}gfgst dielectric
ldyRr [HWR nbi fir8dsfetigb @kd fkGo idyiBhs inl@le fiFRQIiEBIAOGRE. Cl ai m

, Wherein the material of the print plate is chosen

to optimze in ransfer onlLy to a rajised .surface qf

9% b okt BEhptl Of iR SobTrRT L BiRsstes GPEPTiEl Plgh i gusted to
o@HlinGley ; e f drdﬁyfe’goﬁllyhsfaaﬁisbclabuﬂfzﬁﬁ%[‘@fxc ﬁlg&ﬁ didiledli]il‘ﬂcelaty;éﬂ lﬂ?ﬁh&p’timizcd
in t irst _dielectri ayer. .11, The _met hod of ,cl aim. i
R st et Sigiogt B 8 sybstr R fack ik i 16 Honghs Mg Ciclectic
igentrol l ed by adjusting the surface tension of the ink

used to formthe first dielectric layer and the
source

f f.t t al I .12, Th
ot naGR PS5 Pl 3ol R R SR B el S rhossa o
obﬁiél_izfﬁiegl ttbaﬂsifeg gi_‘ihytthe rhised fwxﬂétcﬁlcﬁ’ Ghe}‘) ieldcaiekhd @timized plate material
DAl T L a | N U a Nes. o UST | ) .
et EPseL by R P! EE BT e GouBR tha Bkt ffectric ayer.

nmet hod of claim 11 wherein the surface energy of the
liret alThsonetbed blyleim i8s whdjeirs thedlageradfifght dioleomi layer edge is

Jreat . , I reat pent. . ul tra-violet o
cér)l(tgogew addg%%%etﬂe Qur?aSC.Qergsxon E)Pf%e ink Hied 13 Folm the first diclectric layer
and the surface energy of the metal source layer.

12, The method of claim 11, wherein the surface tension of the ink used to form the
first dielectric layer is modified by adding surfactants or by adjusting the weight-to-solid

ratio of the ink solution.

13. The method of claim 11 wherein the surface energy of the metal source layer is
adjusted through corona treatment, oxygen plasma treatment, ultra-violet exposure, ozone

treatments, or application of a material designed to modify the surface energy.
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20

treatnments, or application of a material designed to

nodi fy the surface energy. 14 The nethod of claim5
wouendznes2ssonpri sing formng a first organic PCT/US2006/060969

field-effect transistor, a second organic field-effect

transi stor, and a netal gate |layer comon to the first

and second organic field-effect transistors. 15, The

met hod of claimb5 wherein the metal source Iayer i's

formed usin u onbased con - ' offac
145 | ak@lestpp@xgs Oi?ﬁiau’pl * haxbf%npxm(mg gog%ngﬁgparf{} géuﬂg Iﬁeld effect
trdnS#iorFRRRBAY bkg‘én@c Aeldc ffeakiramDEIT anghe ydthl gapﬁhbryer cogmgion to the

pol yanal ene. b";& thod f claim8, wherein the
ﬁl‘pfr%‘iltseﬁ‘l”&% %Tgiagwcf Gl tﬁ’?sg Ednductive ink conprising

a sol ution-based flake conductor ink, solution- based ]
130anoripambitdefreRdial 5,iwilereiREROT et sbyran dypeisdormed using a solution-

pol yt hi ophene, .or pther. sol utjon-b e conduct.i : : B
baseq fepdugtor, f‘f*hxéldh%@t :83: sdlfzexélln ﬁgl alé gpid ik n%pgg)%hhc\ﬂ?sﬂvermk, nano
pRGEL GOROIAG! PEDKﬂY@foiytﬁmfaMmdndJﬁ@}mgnﬂm mol ecul ar
material s conpri si ng pent acene, hexithiphene, TPD, and

PBD. hod [ tive ink
Seni ’g%ch a’ﬁ& &E c %1;% r‘%%% gﬁngy\ﬁg{e% Qoét@c? w&%a aec;clmdlug wve i
&ﬂﬁ?ﬁbﬁﬂ@h @@utiﬁhﬁbbbﬁthﬁﬂemﬁdwamame sgltte«mebamll ra@ne-pagide metal ink,
henyl ene eth T
Pﬁﬂ@y[p PH{% yg%(?npé%;ﬁg:@ e Ia otggr gcrﬁﬁ{f%? ﬁg%dQOﬂhﬂEtﬁ"e ﬂmd
mat eri al s conpri si ng ponV|nyI car bazol e. 20. T e
17et hote afeticddoinisionbewbimintthe setrondudpelayet nsufeﬂm%ﬁvé?ng low

rme in r | s
“’Q&CH%B H“’S‘F‘%é %‘Ppngmﬁl ygrrtg%eqb )gmé@lﬁn%gtﬂ??c cé]ogrr%ﬂ si ng
cross-|inked pol yvi nyI henol (PVP) poI ypr opyl ene,
1EYTOPhp obsthod/ bidlaioh 6] wheretnths é%t%‘i’lﬂ pgof EWS formed using polymer

n%ﬁeé%%%ﬁg&%é %o%ﬂﬂfo%ﬁé@, ﬁa&ﬁéﬁ%en@ Qfﬁ%{)ﬁe&, %Md YbEBBenylene

ethylene.

19. The method of claim 5, wherein the semiconductor layer is formed using hybrid

materials comprising polyvinyl carbazole.

20. The method of ¢claim 5, wherein the second dielectric layer is formed using a
printable material comprising spin-on-glass or a polymer-based dielectric comprising
cross-linked polyvinylphenol (PVP), polypropylene, CYT OP, polyvinylalcohol,
ployisobutylene, PMMA, polyethylene terephthalate (PET), poply-p-xylylene, and
CYMM.
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