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FABRI CATI ON OF SELF- ALI GNED VI A HOLES I N PCLYMER THI N
FILMS FIELD OF | NVENTI ON The present invention

relates to organic transistors used in printed

circuits and, nore particularly to a nethod of
fabricating via holes in polynmer dielectrics to

connect one conductive |ayer wth another.

DESCRI PTI ON OF RELATED ART qgganlc field-effect

transi stors (oFETs) have been proposed for a nunber of
appllcatlons i ncl udi ng di spl ays, electronic barcodes
and M#ﬂmﬁhmmﬁ%msq&mm BIINCHLMS

and t en1ca active nature of organic materials
are the chlef dr|V|ng forces to make oFETs i nportant

in various applications. Many of these objectives
depend on a nethod of fabrication utilizing printing
FIEChOFJNEBNEION as fl exography, gravure, silk screen

and inkjet printing. Printed top gate and bottom gate

st r uckhameseent FANEPTs FebHeS taRtEHY FESFPTS URdvia PHBl circuits and, more
ﬁﬁﬁﬂzﬁ@tt& athRlod biMfalrRRinPaftholed S UBlynyt, diddd@ibs @ cBnsdt @A conductive
lconS|sts of printed sem conductor, dielectric and gate
OShYUESIE on flexible substrates. Referring now to
FIG 1, a cross-sectional diagramof a top-gate bottom
contact organic MS transistor 100 is shown, Two
conductor regions 101 and 102 for the transistor
BINORGETIOND IR B ATEY £RT deposi t ed and patterned on

i nsul ating substrate 112. The gap between conducti ve
regi (msanfbﬁibldaff@bt trir@BtoisgofToMmveasent freposed Herrmmintber of prplifagons
igc%ln e &ro%g%aljc&ief AnPsendors. AoR &0k ﬁx‘a&gslé§ﬁa9g’e a¥e@¥§crultsl&é the

ge 0sSi t on the conductive re I Qns
e R i Lt TG G %&rf@ﬁéo EHARdF rorant i
\&ﬂﬁsqbu@ummyMawcﬁﬂymnmka@mugmmdm1@mhmmoaﬁEasmmmnmhgpnmmg

tgclr’nﬁ h a ﬂe){jg’ HJ: # %rava‘re sIllbs%reﬁaea% fﬁ%@tq:H](ﬁIngr has not been

m of dielectric matérial 106 is
dep03|ted on top of sem conductor |ayer 104 and
sour ¢aNgPHPP éar‘i"danél Pafiop epgatructprrd asisioRs é‘f‘dr §irguith e pesp dgiponstrated
{RY pROUskdy, dep @Sy stettbohsibts@f frénted agne@sduasr, Welkdtric antHgameapedugtors
o§kmge$$£%£J|C 106 may not exist in any areas where
the rce or drainis to connect to conductive
traces on top of the dielectric. A conductive film 108

i s déBEing B WA pAtTETIHENIS A BhoGfoPHRE PRIMPYHAC ggn 1S
tfa@istr 1006s gake Do coﬁkiubtblaxﬁﬁd')rstl())lr and i forhtha1eeadist@ Gonpleahddryin are

d n%m{ed alp opagir?e\%hrz? pn@kgéﬁlfg %L%Iét% | 3%3"1"}8 1@ §et\9 \gg%g ltlyeereéla'x &1 and

102 is known as the “channel”, and is designated as 103 in FIG I. A semlconductor layer 104 is
deposited on the conductive regions 101 and 102. This semiconductor layer must overlap the channel

103, but may or may not exist in other areas of the transistor. In FIG. 1, the semiconductor has not

been removed.

A thin film of dielectric material 106 is deposited on top of semiconductor layer 104 and
source 101 and drain 102. The dielectric 106 may or may not be deposited in other areas as well.

However, the dielectric 106 may not exist in any areas where the source or drain is to connect to

conductive traces on top of the dielectric.

A conductive film 108 is deposited and patterned on top of dielectric 106 to form the gate of
a transistor, which must completely overlap the channel region 103. This conductive layer may also
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2 be patterned in other areas, which serve as
appropri ate connecti ons between transistors. This
conductive layer 108 nust make contact to the
source/drain | ayer 101/102 as specified by the
associated circuit design. Referring to the exanple in
FIG 1, source 101 nmakes contact to conductive |ayer
110 and drain 102 nakes contact to conductive | ayer

| 11. Depending on circuit configuration, it is also
possi bl e that electrical connections are nmade between

ﬁeh&tt&&:‘drxﬁ QUrEr kA, wfﬁ&ﬂge%t ds a§prl>;§1¥t@ rcoﬁn@ctl%ﬁebe%érﬁtrllr@ﬁ’t% This
where the netal t he source/drain

SEhEige e lBoar P F8a e o STpe Pa IAP LB pecies by the
dssoaimsd skait dedignt ReferHgy toathe ierdn@leciorni@ct,. sodrtre 1Fiomess tdnBict to
(I%Hcglctilv%[}aggr 8}5 ar% &T‘&]i Ed2§-§4kl:sycofr‘t9y lﬂ)e&)kdugtﬂg 119@ 1§1. CB%Mg' o\ﬁ%lrcmt

e source-draln conductive l'ayer are calle
coyfiggeation, fitnis fal§e pbﬁslp]s rthaé,e{ectnqah ERPCHYP @& rﬁﬁiﬁ bﬁté/eeerté%f%xa:e/dram
dbydua% 1@aptesmet ga&ga}tehﬁ)S wherl R bthiConi the olroS@aiR10&S10DY02 is not

neceb%arllg u%ed as a s%ce or dram mh aatrans1 n%lsltkratpleAI{m 1F (ﬂ)thécy ely,

processes - such ’as pho ography
fol | oned by etch| chem cal, physical, or reactive
i on rf’glaﬁglesr]lé?g,@dﬂédetgat e]égré‘allyf c‘@pnee}élfel gpiE ﬁn@dqﬂlﬁéayer to the source-drain

Radubtee HydGrelcaB i \HEQS Iﬁﬁl&@)h&&irt&hésgm fia$ bS@eateh 8§ ndt Bositing the
cil %ecgla 1%058 rareeagl:s bsye &0 eﬁtagn\rﬁ]), arja s d (r)]wt & Af%errﬂﬁ\%%/t QLF()trﬁQQe Op?ocesses

SCt i e and’b "ect r'i ¢
sathens phrofotitiberapbn follested by pichingdy Phe@wal phpigieel. ofrpacdYe mntngﬁalisrbave been
&@ﬁmdkﬁh%&&glc Wil result in unreliable isolation of
t he conductive | ayers above and beIOM/the dlelectrlc

Egzgls}; th\xﬁnegnrneﬁlﬁ'frre]? ]eDYSéIClgeeqlonmen st [ tgeﬁl c}he Olgsnz?r tpreslﬁe ali s‘gnedS 9!?1'? the

avi ng eren
qordugipreatiove [thy sleelettee @déﬁo‘etfh érelecft‘mfe malr gopd @edtrig! é@l’t?ﬁhy‘n addition,

PE-BMRRYS TR &Eww il @am iRenOitabie fsolh @A MEcdn@ucAR 1488 MR and
dlstrlb ti.on rom sing uniformty.

kBt RS R e SR AR EieR o bt bd i ¢ h i he

increasing conplexity of the circuits that require
pr i ntlh sege odsesawhea feg@res ryimb ero differegirphdpkerre rigtad dese®. cadliptipr, one

p'r1§te(fi &ed &%dsca%%rr%&lﬁleﬂorﬂ fhe dthBY Rk GRbn LA BuIIOF @Riferial
utilizin t echni ques

BPPBURUNEIERE doLes PHBIPT APTATToE G HE! prhope e
cooplpritp v tikeriralite thbtréquiad privingtodc kbrgerlpemive efiymelivefegate net al
| ayer and the source/drain nmetal layer in a printed

or ganjg fd glsekaettekte, it 5%%1'10%; Qﬁla@é Ifoblsd utilPHYNNRY 0 printing
THE | NVENTI ON Accordln%ﬁg? & sent |nvent4 i) contact
tCRRIAUEHEF AP EER LRt ﬁngﬂlongo fh5 ByiSr @t £ Ripyide slettrical contac
beliwsal s ede trhial lageannd the duce/dsdl etall lygnéda piims! ¢rgpnic field-effect
il egiic polymer filnms that provides electrical

SUMMARY OF THE INVENTION

According to the present invention, a low-cost and efficient method of fabrication is
disclosed that can produce self-aligned vias in dielectric polymer films that provides electrical

connection between a top conductor and a bottom conductor.
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connection between a top conductor and a bottom
conductor. \gpE - 02175i/0000I I 367047vl1 3 The
process i s achieved by printing conductive posts on
the first patterned conductive |ayer, followed by the
deposition of an unpattened |ayer dielectric, foll owed
by the deposition of a second patterned conductive

| ayer. In one enbodinent, the via is formed during the
flash annealing of the post after the dielectric is
deposited, but before the second conductive layer is

deposiye %Q)ces;l. Q a@hh:'ve?i Y E@Iﬁﬁg SonducthR pP@&Sdh thel TR S'Jttbrﬁéd cofluctive layer,
anneal ed {Ias nare

igHoverhBY d‘“xRPﬁ“l?H o %W&%ﬂeﬁ ﬁaefgroﬁleéﬁ“él&fff?"ewfeﬁgﬁhetdﬁ@“fl%‘p"?Sf“‘md
pah@neg ostluctivenay@not her enbodi nent, the post material is
chosen so that a volatile reaction causes the
di tel ethOFlé %rlni;onQ% enRVE %rglls’cr Hlﬂgg tt}l'éeﬂa@fn Bﬁ@dlméﬁ)f t‘hfb BosP ek the
mat eri a n thjs
LB ISPy PUp BT gf fe§7°“8 ﬁ?“égct% Lf’yéf E dipﬁﬁte‘&u Ié |ﬂgscqr fepsg the post
dkepiolss inhaied witha fleb ofdigt hehtinginb odkasefitnergy aisteremoves the dielectric
osts are chosen to include materials which
(%gﬁq tfEl\éﬁ(g?electrlc material. In this enbodlnent the
post material may be cured, Partlall cured, N
cur ed™ BeASF entorigiensi Br aest PrRial Srbosp okt @ Ry S, Bauses te
dideciririzte réteed @ped the mgeapsiolpgiottinesriof Fntthecased the !p@(;tm{ter(al is not
J[Q%B grron lpat%:ﬁly cmgdl% ﬁetthe'@le%]{plcéé osxt%ﬁt erials particularly
appropriate’as a choice o st mat erial are
nano- particl e conductive nks The dielectric
mat erlf 3t apgher gpodigiepty thesp SOMPEE B PSS P ﬁ%f‘“de materials which
b hfpedialtdiicanagfialt rethia anedipant the bt handcial majive cuvel peotchiipfured, or
no!1 Surddr t%?o?en he Idﬁ:Ye@tBE I tRQpr%@& ngseg %1 915)9411!2 tﬂésr%gllitlé) Ero%erties of the

creating v
@@Q@RWWW@Q“@POSTHE@BPAW NGS The pr esent i nvention is
illustrated by way of exanple and not by limtation in

t he IW&@@EpaﬁMhﬂgmbkgumeﬁakﬁthf@htth& srehap-@mgde conductive

i%lél,n%{e%%efectirip étgr?¥ & P/E Hglar%%ale%l a?ﬂ?&?&g t%ﬁ;fl O\M?lie ft!?)'o-particle ink.

Cross-sectio Vi ew o
organi ¢ FET transistor including an insulating
substThatrethodefgheniresens G1venvet canibe gynedietset ©oF FrEa“P%\y‘é poles in most
pelyabr tamdingonduct i ve gate according to the prior art;
Figures 2-4 and 9-11 are sequential process steps f or
formng vias in a printed organic FET

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and not by limitation in the

accompanying figures in which like reference numerals indicate similar elements and in which:

Figure 1 illustrates a cross-sectional view of an organic FET transistor including an
insulating substrate, organic polymer film, dielectric layer, vias and conductive gate according to the
prior art;

Figures 2-4 and 9-11 are sequential process steps for forming vias in a printed organic FET

circuit according to the present invention wherein:
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circuit according to the present invention wherein:
\\NE - 02175&000011 - 367047 ,1 4 Figure 2
illustrates a cross-sectional view of a process step
wherei n the source drain conductor is deposited on a
substrate with defined source drain electrodes to give
a partially processed substrate; Figure 3 illustrates
a cross-sectional view of a next process step wherein
t he sem conductor is deposited and anneal ed; Figure 4
illustrates a cross-sectional view of a next process

wher efihid DenRRRQ-Pabdisslidal Nky |0§a p@%&@%ﬂeﬁ Qléreifr |tl@U§o@rce5 drain
illustrates. posts atter‘gfg Vi a

P Far el Bobe ol PRI B4t 1BRoTraRRy > SH haray
pfocedsédussistad; es posts patterned via gravure; Figure 8
illustrates posts patterned via screen printi n%; _
Fi gurféguee 3 flpsraey s @5 seationd 358 05w Bprals Sy wlhgreT thasemisgductor

Pipeasndimpucaherein the dielectric ink is deposited,

Figure 10 illustrates a cross-sectional view of a next

pr oc eBgirest il stravker @ishiscbtiveal sanf ndxsproces pdeeid the oanaparticle ink is
ng;tegal flash; Figure 11 illustrates a cross-sectional
ew of a next process step wherein the gate conductor

IS demsd & ifdiratkipgdd Rernkd vid Bijed hediit r at es a cross
sectional view of sequential steps to fabricate a

bot t atiguggadt iBustritésabsd tedied gie 6awgliphg t 0 t he present

i nvention, wherein: Figure 12 illustrates the initial
st epgigus 7ibsimtes PodtrEGIMeg ¥t awreansi st or wherein the
gate layer and the via post is deposited; Figure 13

i || uSHEdusiHe PRRSPETEI B2 17} BitHiEng a bot t om gat e
A L T T
Gtehened; a openings are fornmed in a bottom gate device;

Figure 10 illustrates a cross-sectional view of a next process step wherein the sample is

exposed to an optical flash;

Figure 11 illustrates a cross-sectional view of a next process step wherein the gate conductor

is deposited;

Figures 12-18 illustrates a cross sectional view of sequential steps to fabricate a bottom gate

transistor according to the present invention, wherein:

Figure 12 illustrates the initial steps to form a bottom gate transistor wherein the gate layer

and the via post is deposited;

Figure 13 illustrates the next step in forming a bottom gate transistor wherein the dielectric

is deposited;

Figure 14 illustrates a cross sectional view whereby the via openings are formed in a bottom

gate device;

Figure 15 illustrates a cross sectional view whereby the semiconductor is deposited in the

formation of a top contact bottom gate device;

Figure 16 illustrates a cross sectional view whereby the via opening is formed through the

semiconductor on a top contact bottom gate device;
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Figure 15 illustrates a cross sectional view whereby
the sem conductor is deposited in the formation of a
top contact bottom gate device; Figure 16 illustrates
a cross sectional view whereby the via opening is
formed through the sem conductor on a top contact
bott om gate device; ODE - 021758/ 000011 - 367047 vl 5

Figure 17 illustrates a cross sectional view whereby
the source and drain are deposited on a top gate
bottom gate device; and Figure 18 illustrates a cross

sectig 17\{1|1u§t\‘¥te\§"{3 %Jo?s@yctlt)ﬁew@v@m&e@? B 6JuRE ar@Nhin are deposited on a
source/drain layers are deposited to forma bottom

t@b%?feé’@‘i“’“b%ield%‘?ﬁegaéf{e devi ce. DETAI LED DESCRI PTI ON The
via fPor pc;,afS 19 ﬁ%gscz? cr:rgssrggcttlgna i[]le v‘@ go?'%w: se%nm{l%(} droagd 'sO%rce/dram

descriPed Wit ication o
lgprts@regengsitail © f‘trf“&rl?gfl“m ptaqt pottep g depicd and 9. 11 and WI th
respect to the fabrication of a bottom gate organic
transistor in FIGS. 12-18. Referring nowto Figure 2,
a source and drain conductor, 201 and 202,

PEBYEEP DESCRIPTI@AN patterned on insul ati ng substrate

203. ThB&iSRM68! Beating ¢Omd l-ﬂ)%éﬂf m@éilﬂonbﬁ défcn@dd)’wﬂiaﬁeﬁédt ad the
tlahﬁ%laré %foaﬁcg)%g% gsg%cﬁga%srlsgcgl nr%%% 2- ({J élj 1Cl| agd \Ierll?tkrespxﬁt] to the fabrication of
ghoedregareackanidepagotie DESMEdAs depends on the nmateri al

i ncludi ng sublinmation and evaporation of a solid

E) our Q& ferrE nol e@@@h&lzoa s@h‘cemﬁ@&%m(ﬁ)ndﬁct&rl Q{lall £d 202, respectlvely, is

at t rning can ado

TBAOT Y HBROUTTRAVE he pRUEEPT Y CIRE QPG o B gl
ansiaets elediricity, deqhogis trhetats, f:@ldlllcmwl@ sprsy enmvabartisfe i V\ﬁ’m weferred

c@%flsﬂ R dep;lén(ﬁ oR H@%fe@e{l anmeﬁ% su@@ma%l)r?efﬂg E\}aﬁcﬂtiohf of a solid source, or
i nsul ati ng, consisting of he | exi bl e

i B Tob gy be FSUBSEr B U TATEY | ABULETBEY, drecy
dhlting@p baaarn ofjtteadst, oabdmpapef a ddRbsgion fultet @l hyaresoviahd] widated

rf?aiten!ilF O} g\dbgtgteshjxulsﬂ e %fgctgdagyxlhgﬁmngs &Hﬁs@ih% & ’e1tl%F ﬂe%blfb%rr rigid material.

|nsua|n mat eri al s. errln now gure
%Wﬁééﬁdﬁ%wwaﬁo@q% P@E ﬁégh %@@nﬁ@tlwﬁ pfﬂ% Rigi %@rlﬁ%ﬁclude

stlical With siAEh dioRiQe sappidre] dlethguk@ithameer203. The
sem conductor nmay also be applied in other areas of

t he e eglﬂ%'imw 12 bll-g%ur{ry Ss%m@dndl?cto%w g‘d%]osg?éd §ettwe!e£] thte Iggurcehand drain

channe I on t ween source drain
@bﬁv%@ﬁala@t graterPis- e?hearmlmwwa@%v asaye tpatiert %%Per areas of the circuit,

vaX Rdpial h Tﬁ@mﬁ@ﬁneﬁl@tnﬂ Usd efanier Rpier biresn sbuael 2odi dﬁ@] delingZi CThe
sFngJ%lgucp)r rsnatgr%fmclgcﬁef gn?/ n%%elﬁélognhbe nnlg senp c%gdu]%tore &g e?{% including organic

as Si
compounds such as polythiophene, pentacene and inorganic materials such as sdlcon In another
embodiment, the semiconductor overlaps the top of the source and the drain, partially or entirely. In
yet another embodiment, the semiconductor is not patterned at all, but rather deposited as a layer over

the entirety of the circuit.

Referring now to Figure 4, conductive posts 205 and 206 are deposited on the source 201
and the drain 202. Posts 205 and 206 are placed on the source and drain where an electrical
connection is required by circuit design to subsequent conductive layers. It is not necessary that
every source and drain require such a connection. Such connections can also be made on conductive

traces which are not necessarily used as the source or drain of a transistor.
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enbodi nent, the sem conductor overlaps the top of the
source and the drain, partially or entirely. In yet
anot her enbodi nent, the sem conductor is not patterned
at all, but rather deposited as a | ayer over the
entirety of the circuit. Referring now to Figure 4,
conductive posts 205 and 206 are deposited on the

source 201 and the drain 202. Posts 205 and 206 are

pl aced on the source and drain where an electrica
connection is required by circuit design to subsequent
condugh Ly d@e)’p%£t§205 b 308 cHOde nﬂ@&cﬁ%@ﬁﬁ&enﬁlhﬁ{t is ?eve%‘b}ﬂ/ chosen to

source an raln require such a connecti on. h
inteyps @RFAPHHYY ¢ tha peerapatiydaesehiid R dekride In o 56‘8%‘“““6“‘ the
pmlrrﬁiarlzil s€hdd@iso MAOLSS afldsh yhness’eeheady ddndicaoenege isoricaghd diring the

agnea].l;héecresggn dﬁ}téc{gt:‘r{}aete\{l\al\rg)a? be %é‘éallg %ecﬁ%gnq R:(l)f']lllot cur a?glfw"fglﬁ;f/inal
m%@hmn%ﬁwC@U®W®§ﬁ%ﬂ@ﬁ§k§6¢Wﬁéﬁ@§@ﬁﬁ%b i nt eract
appropriately with the subsequently deposited

di e| Qﬁblﬂei ebbEb &Y, it lpostd dle QPR itIHY adtjen@ter astiMBtratqids Figure 5. One

ore dﬁops ofI 1r§k 503? (Psseeerc]te(§ %rotu%]w%ozéle 53%# Ehg Ead?%ﬁnlp?enﬂ%a%e chamber 534

ere nt en
t@nugéamec@p@gseglgludmgq@gtra}g@gta fea‘peéqcﬁrlmsurﬁgey ﬁléerrﬁgyelly, §]e|19k can be
&phh@d ifithe LRINSerSELPr ¢ n&@l% 5@%;&%@51 ndhils, PTd’I)a“uésl dfd@le ink, such a

I
Vbsg(gewaﬂlg gtgtg?ceet%lgaon ?rﬁ (c:}g)ﬁ g Eﬁbm eal aﬁ%rclgﬁrlate I#ﬁlcture on i%e Iiegosmolﬁ] aﬁface

deposited by inkjet printer as |Ilustrated in Figure
5. Ofe ancher profodimitofhs pests arnkepSdied by epewhisdneep ugtrated in

F‘%?ezé eA B3 ﬂabfenpmfyp%é@ @2' lé/ foth:HEﬁ € 8&dof Ebhichh@tcchranhrraifed 4urfaces

¥ 6og/f:r&c]ge ﬁ‘l @(ﬂég g?d aléep alig er ng‘%odqt rolfait%gt w%q%the areek where thE%osts are
texquaindé cheieby ttahderdtedhdoialy 633 340 de squlve arﬁ@*zam 281 5‘31230%yThe print plate

cgmrﬂaﬁjr ATBRPSced B LBE: th&8n Pfontitiusifddk of sS4EHRe @ rolled underneath the
viscosity and surface tension, are chosen to form an

rQBHPSﬁWP§¥%°§¥PU@F@?@“@HCWﬁ@”%epOS|t|on surface. In

anot her enbodi nent, the posts are deposited by

f | ex dgarafhbr eobodaans tla$0étd draudsbasitdedyl giaynre iFagrLas éllugtrated in Figure 7.
(fa@ihéeﬁsof%%e& @JHE] 7ﬁfan@ Qﬁto'c%e @%d'oﬁ gfan}JTﬁQe ‘7)3‘@ @he plate 1s submerged in

exog late 63 The are i
u&%rs lefnwrfrﬁdf . thoshy Ieaipe ’éi’fél Ca s 7@%@& 7a‘hd“]8|pé?£@éat rpyplaced in
coatt atH tthazteh off heiclame asstawine préntetl urpoIM sndidrein 20D Bl ink is then

tl%nsferr%e g’the cg pfythet s{gf’i\@esfog gd %Qn& e Tlhg] gra\ﬁn?e%laf?é’léag bl hﬁ otr) can be

Source and drain print plate ca

nfougfed Qe rellshWiSES N RBIEGOYS rﬁee%Oerb‘?SF*é? is %ﬁ‘%‘% tepeathghedplfet Orf?mu‘é oll-
t§-Redra0fre Subsékat e i s rolled underneath the roller to
forma roll-to-roll print flexographic platform In

anot t] et %ﬁ%ﬂnﬁﬁ%ﬁh&:rgt fe p(Egsa deﬁ‘o%fed ‘%&‘H@éck@ﬂjm%s BYHE& in

as ustrate ties, also
Fegatewe dhe lepatians pBore ARl axrsabe %nn@d PREPPESY e BYia reshed
sHea(B30.The spatiepldcsd i Wb Wiedhd sirface to be printed, such that the openings 832
and 834 are aligned with the prospective print locations, source 201 and drain 202. The ink is then
placed on the top surface of the screen, and pressed through the openings by means of a squeegee on
the top surface of the screen plate 830. The screen can also be mounted on a roller, utilizing rotorary

screen printing. With rotorary screen printing, a continuous feed of substrate can be printed to form a

roll-to-roll screen printing process.
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ink and is then scraped clean, thereby |leaving ink in
cells 732 and 734. The plate is then placed in

contact with the area on which the posts are printed,
source 201 and drain 202. The ink is then transferred
to the surface of the source 201 and drain 202, The
gravure plate can be flat, or can be nounted on a
roller wherein a continuous feed of substrate is

roll ed beneath the roller to forma roll- to-rol

gravure print process. In yet another enbodi nent, the
pOSt sin @ﬁo@nefjﬁﬂﬁ&in%rﬁ dhe@éstSﬂa{eKal $LCIh@MNsoRAN il ABact in a volatile fashion

(Ei::ul%gu %gr%t%a l}eﬁ)f)sé 818.%1?11 rna)h g Vpeg](% r}/ecr%lre%t tgxs step orengtecuxp 8 aﬁ. This is
avhibod bnesxn@e a thinealy V88U pdlhreer g the st m@tem a@é@ndsﬁo volatilize at

EARtAeds h}é’he;r lhat B &veﬁl&r &&6retr0 ThE te&ﬁérﬁ&r@g ach®WeRutif3ate i @nneal
E are aligned with the prospective

eni
%$$ﬁ€&$8%§?f%wgms%ﬁu#8§“§01 and drain 202. The ink is
then placed on the top surface of the screen, and
pr es sledettanoton ghbddivento he mpsh gstetiny isnabesars soothat d Vol irpelgbedigestric
hAGiat QP hRUhE qg&o@tﬁnaﬁeﬁ@l ey e @lﬂedpclt @ﬁs%te? %QT}alEQ@re@ &Jf n%?zﬁ all. The
can al so be nounted on a rol utili zi

r
WRPRER BIPHItS AYSOW THYFGE d?ea’iﬁvl e PEBATS r‘ir*]g}t "de"t“é G ¥ the post
wsadbi nuous feed of substrate can be prlnted to forma
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POl Yy NBferring ndvEBYEM-10, the surface of the dielectric is exposed to light which causes the
post material to cure via “flash anneal”. In this embodiment, the process releases energy which
causes remaining dielectric 208 and 209 on top of the post 205 and 206 to be removed, thereby
exposing the top of the posts. Alternatively, this flash anneal is made through the bottom of the

substrate in cases where the flash radiation can pass through the substrate material.

In another embodiment, the post material is annealed thermally or by rapid thermal anneal,

whereby the dielectric material is removed from the top of the post through a volatile reaction.

\DE - 021758/000011 - 367047 v



Referring now to Figure 9, the dielectric ink 207 is
deposited. The dielectric will overlap sem conductor
204, source 201 and drain 202 regions, as well as post
205 and 206. This can be acconplished by depositing a
patterned dielectric or by coating the entire surface
wWth the dielectric wthout patterning. In one

embodi ment, the dielectric govers the top of the posts
205 and 206. In another enbodi nent, the height of the
dielectric is |ower than the height of the posts 205
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serves 0O anne
treev Theygirihg piiraary qurpopthed t@a@t@e@mwwe 23 CURSEE dﬁ@@@%f@@adram

oPatdngkhedd th@&@na@ﬁﬁ@@ke&ﬂ the @ate enRlial @erﬁh% d@iﬁrfe@ﬂélgﬁte layer, either
fabrication a

lae/%r ﬁzarhpcaft?r(l/ getfilafjg)/r eapy %t%_r) p% uohoz{/p éhrelc%anoF oP a ca}r)]ac}tor rF51s][0r ér%udtor or
apetigemngbur ce 201 and drain 202. Cbnductlve | ayer 210
may al so be patterned to correspond to the gate of

anot RBE sank 3NStosladn, méHod ABRYrdRE (MIHE Preaft idveidA ABCAHIOMR used in a
blot%tmega?eocgrrl]s?rggtlon as illustrated in Figure 12. A patterned conductive layer including gate
conductor 1202 and conductive regions 1204 and 1206 are formed on substrate 1201. This pattern
can be obtained by depositing a fluid conductor directly on substrate 1201, by evaporating a
conductive solid through a shadow mask, or by first covering the entire substrate with the conductive
layer followed by selective removal. The conductive gate material can include any conductive

substance including metal, conductive polymer, or nano-particle metal ink solution.
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or to provide the conductive neans on that |ayer for

any purpose. The gate conductor includes any

conducting material, including nmetal, conducting nano-
particles, or conducting polynmer. Patterning is

achi eved either by depositing a solution or ink in the
patterned fashion using print technol ogy such as
gravure, inkjet, flexography or silk screening.
Alternatively, the gate netal can be patterned using a
shadow mask during deposition, or subsequently

r enoviua gosttrhvramnerdpoar&tr 8 ihaburfddea1284 HAQL® sBS hiStof PE AGR SSthods
dsar%.<we m?ﬂgugg 39ﬁve posts 205 and 206 have no
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dHOAUE L bost OF as an interconnect. The sanme via
formati on nethod according to the present I nvention
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T udt FRrel Fenled w8 I R nE Bttt et 2 ag e
I pedthed emigpdgatte the cemiderdtcor 148012 1@ pah @oﬁdmxdtmvretorfelgiirtmse via
O%%%S aReind2Q8 @ &miBhdrBs 1@[15 M%Er[a?%l@argag Qe ma-lzp LiPthe gate of the

pattern can be obtai ned depositing a

"RH®ct or directly on substrate 1201, by evaporatlng a
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coveﬂmﬂquhememtMt@msubsmvameemh@hhmhesmbmdumﬂkseeammmmr

ulrcﬁMﬁé o$e9 ltl'le Q/\ﬁelgglg% SI%E @&ﬁléo}{(ﬁ;ct&emy ﬁ'rlay cal:/grethg anﬁjeuﬁxtfac\é Qrea. As
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The posts are then deposited on the surfaces 1204 and

1206 Iﬂj%hJ]gml?oGMnthf tna) %&tﬁ& prbhads sGRass kb Abgv gpiting
to formvia 1210 a 1212. Referring now to Figure

senpgondycier &dp IbFferefZCfﬁduthl ° QUGS o\ PPrm foREe i@iodr%t‘h &i224 and
cdididcZive réfiens 1020edne C226] £ ihRdxAed GOBibde COVE@Indiche regidns 220 and 1226

%Fe coﬁrﬁwﬁﬂg %ﬁq 4oin£]ect’: tjh%g;r%utgusto ot%‘Lr a?gapgttthé/ 51' py for Epgr%ﬂrlate electrical

ectric be deposited in
CqifRel it trasat PaioniohigHT Rl P2 @@ﬁ@@d@zww@*mm gtﬁrﬂ%)’he ofjigit tea form

altr@d4Rior. At area between source 1222 and 1224 is the channel region of the transistor, which

must be entirely overlapped by the gate.

In another embodiment illustrated in Figure 18, a “bottom contact top gate” structure is
formed by depositing the semiconductor after the patterned gate layer is defined. In this structure, the
space between the source 1222 and the drain 1224 establishes the channel region. The channel region
must be completely overlapped by the gate 1202, The semiconductor 1216, at a minimum must cover
the entire channel region. Alternatively, the semiconductor may cover the source 1222 and drain

1224, and may cover any other areas. The semiconductor layer 1216 can even be applied without
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covered. The areas between conductive regions can al so
be covered, but can be left uncovered if so desired.
As illustrated in Figure 14, the via netal openings
are now forned by flash light anneal, or therm
anneal by nmethods as descri bed above, the energy

rel ease of which renove the dielectric above the via
post. In Figure 15, a sem cgpductor |ayer 1216 is
fornmed over the dielectric layer 1214, as shown. In
anot her enbodi ment, the sem conductor |ayer 1216 can

Reerkifd RO P ihRrcadeOthé Ok l'deod’ﬁg\g tidaghigdbsadescER@ MbAG Swill bidak an opening
LA RRRG: b 1 SRMLcONdHEROr 1216 must overlap al |
aréas t hat naﬁe up e gate of the transistor. The

sem conductor 1216 may or may not be placed in areas
ot her Whilsdlis invewsiop Asdecadpgiked dirdetail jndhelferepoing dggrdtion s ilyyirative
Jnfb@cinﬁﬁﬁ it iilee s@pﬁcma %y @lto@er skill2dL 6 tReRytt ﬂiﬂ\h&hy VhRt@RA tday B made
vgiHlout %epbmrég fg mothee sp%rlt and scoHe of; gg‘gvillﬁl%b Fllhgsulrt %ﬁy_l_lf unders&qg((i) %r exaaxple,
thay thgplswsturdy @bovel |C@116émtllade@ any sfetiﬁfmh@m@-pmc eOVIDPY ey @nd various
MnBmethdol0& QIO AR ichice msolrasuﬁonlthaqo;ocapmapmsgamde surface

structure is forne uct or

PGP A Bl R0 S LA ST P G eGP AP
gh®@ 2@p-elehtraden tdh221, bogpra-elegoded Lottdny gate eqpreatagodd,2 P@tomnghte bottom
AR2fe afdSerlidal St rated in Figure 17. Conductive regions
1220 and 1226 represent conductive interconnect that
is routed to other areas of the chip for appropriate
electrical contact. At |least a portion of source 1222
and drain 1224 nmust overlap the gate 1202 in order to
form a transistor. The area between source 1222 and
1224 is the channel region of the transistor, which
must be entirely overl apped by the gate. |In another
enbodi ment illustrated in Figure 18, a "bottom contact
top gate" structure is formed by depositing the

sem conductor after the patterned gate |ayer is
defined. In this structure, the space between the
source 1222 and the drain 1224 establishes the channe
region. The channel region nust be conpletely
over | apped by the gate 1202. The sem conductor 1216,

at a mnimum nust cover the entire channel region,

Al ternatively, the sem conductor may cover the source
1222 and drain 1224, and nmay cover any other areas.
The sem conductor |ayer 1216 can even be applied

wi t hout 1Al DE- 02175R/ 00001 1 -367047 0 10
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patterning at all. In this case, the via opening

t echni ques descri bed above will break an opening
through the dielectric and sem conductor sandw ch.
VWil e the invention has been described in detail in
the foregoing description and illustrative

enbodi nent, it wll be appreciated by those skilled in
the all that many variationsg, may be made without
departing fromthe spirit and scope of the invention.
Thus, it may be understood, for exanple, that the
StAmit ures above could include a variety of different
nano- particles, pol ymers and vari ous print

o ook 8 ot o8 R AT vy SRR Pk B G2 tpViting e
opatadt beisees P casluaied layeasbayp thefdiegedri¢ tagan gidse epcond conductive layer

&rotv%tdmeeﬁe lay PGy B0 pod LG U SRcSlGh as top- gate
t op- el ectrode top-gate bottom el ectrode, botton1gate
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ichhs6d BG LA & le@YRlsiofOMPr i sing providing el ectrical
contact between a first conductlve Iayer above the

? Ihgl g3lc tlir; Iégett F {Ilgand f\%&l)esrfecgrg?rﬁ:siwg (t)a r1c6t6r§ta bg{toné%aéehor%aimc tran51stor
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ugéaqpﬁlé&h,fagdr&@@ﬁh&%m a top gate organic transistor,
wher e first conductive Iayer is used as the

source/draln of the trans , ‘
conddctieyiEhpgfé&fam f.dn ﬁ’%&o‘h a“*té clegirig Ei/ € ‘ngp"flﬁg WERORRETI S
3. The method of Caim1, further conprising
fabrﬁd&mhmgmaﬁﬁb@n@nmg@ﬂemnmgankedﬁw@n@pbﬁﬁbymﬁMh$m®M-
the first conductive layer is used as the gate of the

tr ansi stc0feiRRdr Ehs BEecameh l@@ﬁ(gu&&ér?\éﬁxs b @@ Mplab byUS@H pding,
e source/drain of the transistor. 4. The nethod of

h
%“’&Tamyigravu‘ﬁ WATERPYHES di el ectric |ayer is deposi t ed
wi thout patterning. 5. The nethod of daim1l, in
whi cH. Thaeethedbsef Ciie &rint wiltichi the déglektrig paderpthaiop of tWOEiri nting
means. 6. The nethod of Caim1, in which the post

mat e Ble nle®oPoriClaih € iPhiBGaRk dt¥ecthibkdigt is Rivkrikan A@ post height.
erxography, gravure, or screen pr|nt|ng 7. The

h
{rgtp gd'l' etgocff:l of r(?lan%l fulrﬁlel com?rﬁma remipvuaﬁ ae e(?ec{rli materlz}{ t%g hfqge post

bvﬂ@hdmeme@m¢wenhem@ﬁrﬁwﬁwwemmhmmhewkwwewbe§ﬁﬂhe|ght.

10. The method of Claim 1, further comprising removing the dielectric material on top of the

post by thermally annealing the post material before the second conductor layer is deposited.

11. The method of Claim 1, further comprising removing a hydrophobic dielectric material

on top of the post by using hydrophilic post materials.

12. The method of Claim 1, further comprising removing a hydrophilic dielectric material on

top of the post by using hydrophobic post materials.

13. The method of Claim 1, further comprising covering each post with a sacrificial polymer.
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9. The method of Caim1l, further conprising renoving
dielectric material on top of the post by flash
anneal i ng the post material before the second
conductor |ayer is deposited. 10. The nethod of C aim
1, further conprising renoving the dielectric materia
on top of the post by thermally annealing the post
materi al before the second gonductor layer is
deposited. 11. The nmethod of Claim1, further
conprising renoving a hydrophobic dielectric materia

on tof ofe ntel':h@d Qﬂﬁﬁlmb)/w}{é?eiinnﬁb ﬁ}MQ&@QJﬂW l.byfér &)Qt%ﬁses a first metal layer,
he net

t I
tgaﬁag%lfl g?rg!&ctly Iﬁ%e\rl Ic?{xéorlées ﬁﬁfécpxbdl)rﬂ?tzil ?aé/er ?aélr %ogft cromgrlsFrsaz%n ink polst and
mpwldu[gcqlpctotal pdm@ctp@@@enwﬁlugpngctlhykgyeg pih@ebqh@ dxpiggtc layer and a second
OBE Ve By & beldvwthe IQI@ctmﬁy@% £8FninEh Bdst dach §ikpihddBént, comprises:

conpr|3|ng erln eac ost Wth a sacrificia

pol ynispositing/ iﬁ{r me‘ Yyey 2 ROBHH11 - 367047 v1 12 14,
The nfetntiec pbfali@ ofithenink posthoe the fint hdé lafdry st conducti ve

| ayer foﬁrﬁx@%ﬁel d$e?e§tr1@la§/ér Ev?& thgﬁﬁﬂlllty !)Wosts the second

conduct i ve er conprises a second nmetal |ayer, each
post WBAHHE ‘35? legffic aprk tosRope tonsiefaces it B9 ing Pl @ ect ri cal
cont &Iébosb&g theetona mktall15/kr @aﬂwmdldcme lak @ yoafrovide @ vendiichie path from
?ﬁlhs%clzog ft!élg ?rlq%/ %% fgrate retaglayef the anrl?egllé& %xf( g%t \Jéagz ﬁ r Vi bZl ow
pl acenent, conpri ses: dep05|t|ng the first netal |ayer
on a substrate; formng a plurality of the ink posts
on the first netal layer; formng the dielectric

| ayer over the plurality of ink posts; annealing the
dielectric layer to expose top surfaces of the ink
posts; and depositing the second netal |ayer over the
dielectric layer to provide a conductive path from
the second netal |ayer to the first nmetal |ayer

t hrough the anneal ed i nk post vias. \PDG -
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