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METHOD FOR FORM NG GATE STRUCTURES Fi el d The present

di scl osure relates to processes for formng a
w@bkwpabiooy of gate structures, and for form ngPEI/US2008/064181

plurality of electronic devices. Background Conductive

materials can be used as gate electrodes in electronic

devices as well as in other a i cations. For exanple,

t hese nmat eMBTHORY %F@&HWE@A&%SBBUKBHARW

patterned on a substrate prior to coating or

deposition of a dielectric material to form an

el ectroni c device. Many el eEfeldoni ¢ devices include a

conductive gate el ectrode adjacent to a gate

di eTéeprasent dslasursirelagsstte progesses foadonnisg p atuseldly ioh gate

r.oni | s can be coated

Str%t?r%g’fgg férl fgﬁqn%c (%lrlrggﬁfdﬁc égP {)CF ?n ng a gate

di el ectric adjacent to a gate electrode Anodi zabl e

nmetal s may be oxidi zed béﬁtradltl onal routes to

devel op porous or nonpor &askgrodpdctric | ayers.

r &l

pr o 9o oyl ot SpEES L ol YIS PHEBREA ook as well
in ether appliadtions] Fom@mmﬂer Oisy enatcoiaby tlay h@dm@ﬁw:etnd\@nonally

metal upon which the dielectric layer is grown. H g

Patgiiagd @12 shsiraletirios tq eaptipg og@wlslélpwf adicleciiematerial &borm an

and have | ow | eakage current, high
elegirrée}gggéﬁgefl el d, and resistance to charge trapping.

Bar Maary otticabonictdehizef inchme gepnrdtivy g@lfeelelct’rbﬁ@aid]hdeﬁt to a gate
t hi ckness. Anodi zati on of conductive material s,

dictsetifp| %ats@%%qtraqssact onseptaisdn slestronic deyigste r%or@aﬁtlwmteﬂals
carftfh& 965'9401 @Rﬁlg d dLenec i@t &%gﬁ%&’ ‘Pcﬁrsfﬁréﬁn-ﬁg q lg% Qﬂ&géthl\f Qdjacent to a gate

materi a mrersed 1 nh an yte solution
cleatrod. tmmwiztabtmaetal‘sun@ beAsxidipgd bettaditbiadgeutesatn deeclop porous or

applie to the el ectrolyte solution for a period of
nmill?%ust ef:%tFan aé’eEﬁ el ectric layer on the conductive

fﬁ% o bt r (H@lgctrlfc %ye%agggkﬁeraﬂfptgd&ed gﬁg)@%llm

626 et al.) or mati on of ectric
eleb‘a&yl@teSsohmoasLo;dnzlahx]e&elmi'tzeﬁly nah@rivaiye bevard elte ¢amductive metal upon

IR T BRELLELLone, W eckropte, deyces ncludiig.
et Hh S e BSOS o o
tramasg.r Bheer grebwesselnsf genefatly arengniforplinttatkeys. of gat e

Anodization of conductive materials, for example as metals, to form dielectric
layers can be accomplished in a batch process. The conductive material may be immersed
in an electrolyte solution at a certain temperature. An applied voltage can be applied to
the electrolyte solution for a period of time to form a dielectric layer on the conductive
material as described, for example, in U.S. Patent No. 6,267,861 (Kinard et al.).

The formation of diclectric layers on anodizable materials may be used for

numerous applications in electronic devices including electrolytic capacitors, rectifiers,

transistors, diodes, light emitting devices, resistors, and combinations thereof.
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structures by anodizing a plurality of conductive

el ements on a substrate of a noving web. Anodization
W@R009/0992 i on of the surface of the plurality BET/US2008/064181

conductive elenents results in a plurality of gate

structures that contain a plurality of gate

dielectrics adjacent to a plurallty of gate

el ectrodes. A process for F@Wﬁﬁﬁﬁg el ectroni c devices

IS fur I

sort T ATaer el nediher 'R pERTRG) BRSOV P0G of ewe

strait@lee by bh@dzinga @mamylotﬂlca@id@ﬁb&elanﬁ@t@ e e s&b@ﬁﬂtd‘ otemanidg web.
a drain electrode adjacent to a surface of the

Angdizptimef iR Bﬁlj@ @gréaqemf tlpﬂ RipEality 9 (‘@'nd@cét@ elements results in a
U5 S OB LTSI D 0B EPLARE i

of gatrel cRctloddsn Aeprecdss ﬁﬁiefoﬁdjn@(e&mtroﬁl@ detiecgis ldlli@ldséd/tlﬂf further
gate dielectrics, and further prOV|d|ng

COBBRfSE GFRIIGINS A SeRcRRERRion asliagcrl ip eI B ITHRS itq dislesiss cmd
OQchﬁﬁ%F)&ﬂ% S%P e eﬁb%trg{ié‘ér{h e él?&r%d%?ﬁﬁé%&t % L%face of the

plurality of gate structures. aspec

serﬁfc@ﬁcﬁ&ﬁorlo@pmlm\thdpldraﬂmy of gaterktAgt@ey| Aln@thertptom‘ss @tferrmng
structures. A web is rOV|ded that conprise

clegiipnie dgyiges Ca?nmraﬁ?Sawrpwntﬁ oA JEES eléctécrd&?@ﬁtasdraw&&gr@@e

ad@ﬁsntt Reth élﬂﬁrﬁlli to?ﬁo%'?ﬁjelé'ctﬁ&n g#d;fdlr‘esﬁgr O kéﬁﬁc&#ﬁmtotr adjacent

conducti v i zation ace to a
to esigéacobof bbih thaiasirccatl ectrofle fand gie drﬁlncdziﬂctrm’l@olqioeﬂeﬁie plundlity of
at | east one second conductive el enent are
gatg|SEUEtHIal | y connected to the conductive anodi zati on

bus In-rztI ﬁrs‘fv@% ?d*{i‘f dtfﬂﬁforﬁlﬂ% %’:ﬁk&ha!h%y gp%dté’ &FRehres.

a web y ro receive
A welo: BI iprovided thit conTp"re;em bulmq’atena:l plufarln)ymf ton duetiv cckdémanes gisposed

roll . to the web receivin t he web passe
on theombtiaiciae aganiuyg ap %atkoa bluﬁe a%wqd@e%Y I’HSIZF‘B‘PI} bus is

adjlB& WED FRRES ofttﬁé QHBRN A2 ARLLAR SLAL: gﬁd atTltégst one second

anodi zat1 on Station conprises a anodi zati on
coﬂthwtlv@elamemmre ylettoically clmnactdd tmthe xomddcmaamadlrzahon btiheThe web
an el ectrochem cal s ﬁé aalne ithin the

W
is la%ag ZHeh BRt Bgered lvme#l\eﬁr la%twgﬂ%l e%ﬂs reggived Wéth a web
rec@ﬁﬁ‘n?roﬁu rﬁh%%b &tndl ABHEME %@ta%gvé/i’ytr&'l B hB%cb r?celvmg roll, and

el ectrochem cal solution where the plurality o
thecweldpessésvieone termeett éehvsrypzoﬁlto thervech eetivmgnmoll h&he web passes

substrate. and the cathode;,. an anode; and wey .
et Ao AR s 1 e B ol e sl M Reton beth
ha@RE A8 R RIch§SiSarkd B GANGYURTh Y& BERLLZ8H 410G RHSMIBIBution

at | east” a portion of the conductive anodi zati on bus
retaigegosthin the enbdatdive bathe wharctrathe clttrottenatad soluoembad cairface; a

e P O P B PR YR BT her e e
cleBlcBIBODSsiBERdMRE! dch IRECHHR@AOWhd the cathode; an anode; and a power
supply attached to the anode and the cathode. The anode comprises the conductive
anodization bus where at least a portion of the conductive anodization bus is positioned
above the surface of the electrochemical solution; a plurality of conductive elements
where at least a portion of the plurality of the conductive elements are positioned below
the surface of the electrochemical solution; and a plurality of clamps, where at least one

clamp is in electrical contact with the conductive anodization bus. At least a portion of the
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the surface of the electrochem cal solution; and a
plurality of clanps, where at |east one clanp is in
we@k@eneioenl contact with the conductive anodi zBE€T/082008/064181
bus. At least a portion of thesurface of the plurality
of conductive elenments exposed to the el ectrochem cal
solution is anodized to forma plurality of gate
C

surgace of they uralitshef gendwcive elemsntsgapesosite e dewdrochymsnl solgion is

‘ . ‘ i o : ‘
oL 214 pREFE gL SSLEL“THEPPREh b9 By comories
a phlrglitylod des dide@Osd 4djanectobailwaiy dffiatdudiestalded. yTiaf plgatie of

dielectrics and the substrate. In_a second aspect, a
gatgclpeligdesiis ppyincddytyesn thoplyrahigy af giteidiglactries ghd the substrate.

el e ' Vi ' rOVi '

subdt b itefid L Epody Y EBrdTabl Y Rffhd L SAVRE (SR
devdtest rewsblxssprogided ttan dorapiiendyabdtiae:, aphdili@tolf oondwddve elements

. The conductive anodi zation bus is adjacent to a first_ .
dispergd opfthe sibstssinda onductiveragpdiggipnfusi be sprdrste gipglization
I Y

buls sfiB8 o e 3AR00 BAUPNERIEL A BLE BERhol Colemontand at east one
sedoud cordduetiweblemsntapy elegtricsilie borinbettd tdhe welducsivel ehddiaitied bus.

with a web deljvery roll and received with a web i
The gehilyMAyngotuch thayghasep isebrirsd Pty ohdslispdalliopd Feeeived

vifont Retugs T HERs rSrr o (b WRLE R et

rectivingell, pabthe svebhpasugg froanthametlideltérg mols teathie ereb rddeéving roll.
anodi zatign station conprises an anodj zation bath .

The, 3¢P Rgsssh thapghyan agedizaien stpiptant ‘@ﬂnp Tzgfon staiprr qomnrises an

anc‘kﬁ?aéioﬁ%aﬁl' &9&&%%\%%&&%9 LHE LR Bt RIcAiIER: WM P ah he
anodi zat 1 on th, erein the electrochem cal solution
clebtaschansenl faloton setaaddwdkinltbe atoeizavibh hath, Wherein the electrochemical

SOIEJB‘S{% ?Er;g? %C e aéig:;gllt«f@S o gi (igcce)lggvg\){}lﬁ}rig Htgge?%%hiic%lﬁs@ﬁ{tion where the
phﬁ‘émgto? @&ﬁiu@ﬁ'ﬁe él@ﬁeﬁ@is&%ﬁion@@b@t%g@ihe%ﬂgﬁﬁité)&ﬁ’aetﬁe cathode; an
'y C ode. The

sup attached to the anode and the cat .
anateoeied € poper sspplytatectedrid tict dnede ambidie zathbdn Barsansde cemprises

at least a portiaqn of the conductjve anodi zatj on bus .
the @nmw@iaaﬂ@aatwﬁw wheee & leash porgion of @eeqoa WGtye ﬁ@ﬂﬁﬂé%ﬂon bus

is RRIHIE@Toova tRL ULrBlcE bY tHefel CABEERiEM {0 RHBABIS Bralfdes e dbiuctive

| east a portion of the plurality of the conduct’ive
cleelcatventicse airleasp @ pottionrd thds ity disths nofducavoélembuts are positioned

el ectrochem.cal solution; and a plurality of cla ,
belgpafe ST S50t Sroeneamseh SRt bty Bhpiimay gt last
ond PEMBAVAUEIMEx1 RBADE 2k @R cBH@uctift ah KBS0 bROT At RBstAf portion

the surface of the plurality of conductive el enents

of thepoded: dafdh¢ pleraite of comdhemicaddmantd ertpiosed foshaelediaddmiaal
forma plurali of gat.e structures. e plurality o
sola‘a?télsgpgglg?(g{oe{gxg 3%1%@@‘%@%&31& sftﬂlgiuretsy -Ehgp pglg%fléty of gXte s[ructures
coﬂFﬁé& Gl Rtyaftig@kanélcéificRadthddhtlol £ Muiingef &ite clectrodes. The
el ectrodes. "The plurality of gate electrodes is
plypdgy of gate dlchrodwsenposieonsd et den yhayflugdityeoitiiagd dickecirics and the
subas?rgtet. h[%e process further comprises providing a semiconductor adjacent to the
plurality of gate dielectrics. A source electrode and a drain electrode are both provided

adjacent to the surface of the semiconductor opposite the plurality of gate structures, such

that the source electrode is not in contact with the drain electrode.
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substrate. The process further conprises providing a

sem conduct or adjacent to the plurality of gate
wele@bmeeni cs. A source el ectrode and a drain ePEDUSHIL064181

are both provided adjacent to the surface of the

sem conductor opposite the plurality of gate

structures, such that the source electrode is not in

contme thivd asheatepigeess is powided didoming athyrpkityzof glastronig devices.
A BPERGE BRCrERel Rk BALBRLUF St loments digposed
on $hsibEt@dte,and abbdwtive ﬁn@tﬁze&@ﬁdﬂ@t The c@ldoEvy shodiza o5 B is

on the substrate, and a conductive anodization bus.

adiperat (oh A eigceo iAo B Rt 0 A Bisscandugiiyelunentead at least ope second

cor?cﬁlgﬁvé) élefn@&t are! Ql%&t??!ll@? @neété& fo t%? Qgﬁ'cﬁ{c'tﬁg ar%d?iy? Bh b dThe web
a St one secon on enen ar e

is mbeiag fducattay theonsbeis delivdral Witk acabdietiveryeohand iccaivedwith a web
bus. The web is noving, such that the web is_delivered

recgjving tollndie qeabi axgsngs frgm the mgb dsbivsry sefl {9 tha webegsiving roll, and

b
thel \Sﬁ%a}ék&%ﬁ&ﬂ ke W%g(geeh?@g%nrgﬁtrtg Pféswé Mﬂ%m&ﬁ nggdgté Phdbes
thrbuginart dmediMatiotl ehtiore r fher anlodizhtiort ;hmcwedmmlﬁcses ¥ amghzamloh bath

The web passes through an anodi zati on stati on.
hayjpg gy E%R’Y Bsanandsn Egrpration orthe Mshi 3¢ P%WCB%}?}‘Fal solution
ret!ﬂiﬂ%d @Jgthﬂlnt 15 Qlti({(MZJﬁl%ﬁ %taf éll%ﬂl @l efe)é{rl)cﬂeﬁﬁ l'sglﬂ'hlgﬁ) flasaahﬁlrface a
an e ectroc emca ution retal ne
cathodxioz@td athbathb plemﬂmcmenmcaﬂ bauebreoheechepiucdity shdomdicive
has a surface; a cat I ocat clﬁthhi n the
clegieatstis BesiaPRCd Detvagsn ff stipe pRd theeaphods:am; angdgand a power
IS4l [ : :
P R R e BRI TR SO ARt conductive
an(&hmioyl bat tvhcteed [dast 4 patiamofithe anadichec eaddindien bihe positioned
ano npr i t he conductjve anodi atl wh
aboye thg sufach Oﬁ%ql%ﬁostﬁe@ﬁ S@E\tﬂaac% Py ﬁ?%y?tbw alfgeents
wh'efe RSkt 4 1961%9n %Pﬂl%%lﬁxg Pﬁd{ HAGH dﬁétlxie"é?erﬁérﬁ%& %ﬁﬁﬁﬁﬁ&%elow
solution; a plurality of conductive el enents where at
thel spafate af tpo ekecioochomidah eolptiom; ahd by lhoblitylod chompduehéereat least one

el enment s ar positi oned bel ow t he urfaeof
clagingt i HEHBRT CAMASiGH iR ﬁl?r?on%‘fﬁﬁwﬁ aﬁ?(ﬁ%ﬁﬁﬂ Softt iqaatr?p@omon of the

sul’ME% o tid Cpﬂu%ﬁ%I o%ﬁd&dt@%le‘n?én’tsrbx%b&‘attﬁ &Mle&fb@ﬁﬁﬁfcaﬂoﬁﬁlon is

t he conductive anodi zati on bus. At |east a portion of
andcheedsufémc e pbfralithef pate sahcttuyes oTh@ plrudajxty pi/gate bteutures comprises

X Ose to e el ectrochenm tlon is . an i zed
a spy &Y sh @ dile St orifsato muat Gl Redy o sl of
gatg %ie%trﬁ&é’sbl@ bHé’lﬁ'&le@l%ée%Ql%e ﬁ‘lupil’t'* &t éa&é’ di‘%fecgﬁfs @nd the substrate.
dielectrics adjacent to a plurality of gate

Thepartssddgber chwristapraliding lm"th ga@mceblecitcrd@cmé aidgain electrode

pos ned between th l.ural it at eﬂ% ctr
s {0 B S 4% Gt PGB B S b oG 1ot in contact
Wlﬂ’lrtﬁé/ i 8caRIdR. a &%HE&%u@ﬂo? &l Jreei8e @i a@nficAh8 surface of both the

el ectrode adjacent to the plurality of gate
sowtetledradecsd thrudhint dietrotlh eppwite the Phebity ddrtd grugbires. n

cont act

Brief Description of the Drawings
FIG. 1 is a schematic representation of an exemplary web comprising a substrate,

a plurality of conductive elements disposed on the substrate, and an anodization bus

disposed on the substrate.
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with the drain electrode. A sem conductor is provided

adj acent to the surface of both the source el ectrode
w@e@nb®or ai n el ectrode opposite the pluralitRCDUS2908/664181

structures. Brief Description of the Drawings FIG 1

is a schematic representation of an exenplary web

conE%ising a substrate, a plurality of conductive

el edGt 3 ich ghewatic trespraliebak & wp&lcvaatiamercaibIY 2aeqigHion
smBHE di sposed on the substrate.FIG 2 is a schenmatic

representation of a top view of an exenpl ary

ano@llgaR Adfa séirtia€io représentalén bfarBe:@aiptdrRtahede.

representation of an exenplary anode. FIG 3 is a o

sch&ket 3 és ¢ ehe@gbatoptiseradn of syidevigvef apfexgmplary anodization

X i 1 on.station X | ary
staflSF B A1 ARy BB PR RO RR s I A EERP' 5V ¢
schem@t it 6 4 &heesedicptdsomaidn efancdid Wivewf &f exdnplary horizontal
exenpl ary horizontal conveyor for noving a web through
conyeyaneainoatneonwel Hrpush anpngdizatignsstatiofc hemat i ¢
cro SECT | . al | n Lar o]
oGRS inaliE PloRS S 2 Slen Ao R SE R P AR st

cofptiSin@a SEHEARIWiEh & coshrctectlcmoad. representation of an

exegglary gate structure on a web with the gate

st r {d8Gup és TelpmpLs prgsasqgtioral dprspsatatipe ofd) excamlany gage structure
l.egtrode. F 71.S. [ C.C -Sect | I

on $353 ST ey PR OR3P B Qoo

el ePIGOUEs @fthematls aiols-SdcEiohd] @€lecRdiatior OF FIQ. @ figtice comprising a
dielectric, and a sem conductor adjacent to the
sowge ¢lagteodsrang grdsain istecad etiacsnblota g diglegtrichandyg sgnyconductor

adjg%??‘gt}ﬁ; %ur%ceacﬁ b%{het?\E rs&ﬂrlfsg elggt%cfé%'nfi '%l%eq‘iraﬁl elflec‘c'g]%&e ogan electronic

I'C cross-sectronal representation o
defidg.t her conprising a sem conductor adjacent to a gate
dielectric, and a source electrode and a drain o
el edlodds hefhamate cross-pasiona repteentstion REFiend gy eqmaprising a

ol SRR 15 0L .S PESFELTAL B P W

adjapit kethe stifh@so the dinfit@idacior d&dd eledtiadic ds/igl. ven in the
clainms or elsewhere in the specification. The term"a
plurality of refers to at |east two or nore of an

obj ect, device, or coqﬁﬁﬁgﬁ1hgghpaﬁgnple, a plurality
of conductive elenents refers to at |east two or nore

For the following defined terms, these definitions shall be applied, unless a
different definition is given in the claims or elsewhere in the specification.

The term “a plurality of” refers to at least two or more of an object, device, or
compound. For example, a plurality of conductive elements refers to at least two or more
conductive elements.

The term “conductive element” refers to a structure that is capable of transmitting
or conducting electrical current. For example, the conductive element may be a metal
disposed on a substrate prior to anodization.

The term “gate structure” refers to a gate dielectric adjacent to a gate electrode.

The gate diclectric may be formed by anodizing the surface of a conductive element.



10

15

20

25

30

conductive elements. The term "conductive el enent”

refers to a structure that is capable of transmtting
W@er00goord0rt i ng el ectrical current. For exanpl ePCT/Hig2008/064181

conductive el enent may be a netal disposed on a

substrate prior to anodization. The term"gate

structure" refers to a gate dielectric adjacent to a

gat & hefeser igstgeslectiode geefas i eraduetive pragobef 4 gxtprsigugsyre, and
d . The.
cofl BGHAK Pohd AGBNEFAF %o&i v RAE! i, BbEIBRE T R HE

ers 0 a con
an@it@ioftprewetdir e, and corresponds to the portion of the

conductive elenent that is not oxidized during_ the

anod g SrMoajsrbeleasic” s feihmnogeanduelie Rostion @fa gate rusture,
and 901%@ 38 9%%‘;‘{3] Y&t E&ﬁ(ﬁl@?&% %lgrngﬁttt atsi% bigt zléFi gfor @)gagnple

corre pon e portion o € con rve €
anddiadd) derioxihdianediz{ticarprec@npl e, anodi zed) during the
anodi zati on process. The term "web" refers to an

ar t i 8F & areh efersde an grtislpbet inclidesa pibsiratr; 4 plugity of
cotfdlid U&{;ﬂe?ﬁ@nt@ g gﬁ&tdsond[hg‘ E@o@ﬁrgt oﬁhdtah nAHARL B 8iza t"imptglﬁ disposed
trate.

con I've anodi zat 1 on spose on the su
on THeesubstpate@Yhd@eb hexibblfexibds) dndrenayide moweddrohnt @med dektery roll to
(;Ilvery roll to a web receiving roll. The term
ABeHYBE fgdh station' refers to an anodi zati on bath,

an %9 ?étﬁlo%ﬁgg)rk&ﬁln o4 oldt’ 'r&@rs% taﬁ‘ hﬁ]ocfé‘a?loﬁ rl])gﬁll] )E/ﬁglggt?n%chemical

bat h, a cat an anode, and a power supp
solaumrrmth'rnytha mawtii zaioh bathb atithodgapanste, and a pewer supply. Some

col l ection tank, a central_tub, and a second
exqrppl P@&npgﬁa&l%{hlkathwms adirsigoppetaasank. asapi iyt gnd a second

col gk | G e BHSde &)nﬂjrﬁ@@é béﬂdu@ﬁv&?{&q%{lbﬁ Fu Eﬁf[ﬁ?ﬂﬂ? ‘of

e anodi zation station provid or a portro
comdmﬁm:eleménts h@&hp bnrdatation staﬁon prcdzmﬁs iforea pdraoe nf metsorﬂn@ of the

odi and luraljt s.. The di ze )
plgelihug P‘PWC%Y%%%‘%?@S f%‘?‘# 5 %R}e&aﬂrye&n ¥ g? hggngdized
co&ﬁltcﬁvgél@fn@ﬁtts b & ht@%&ﬁ&tultecboﬂl : ef g S BRELEREGC o Jrh Rerlt®6 Ngate

anodi zation curr density" rs to the cur
clepeodauni t area f|OMAng t hrough t he surface of an

e e e LaB e S gt e fovin
thro%l?tﬁ% KAFRRIrGR IR RbAL 4 BThe dnBliBhSod B 1Afits BAMBAYSs/square
ution conpr|S|ng electrolytes or ionic cohpounds

centgadterl (Afom’)i nduci ng a cheni cal change of a materia

The term “electrochemical solution” refers to an aqueous solution comprising
electrolytes or ionic compounds useful for inducing a chemical change of a material
accompanying the passage of an electrical current in the presence of two electrodes. For
example, the surface of a metal immersed in an electrochemical solution having an
electrical current passing through it may be anodized or oxidized.

The term “conductive anodization bus” refers to a conductive material disposed on
a substrate that may be positioned parallel to a first edge of a substrate. For example, the
conductive anodization bus may be a narrow band or strip of conductive material for
providing an electrical connection between the individual conductive elements of a
plurality of conductive elements. The conductive anodization bus remains conductive

during the anodization process, and at least a portion of the conductive anodization bus

-6-
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acconpanyi ng the passage of an electrical current in

the presence of two el ectrodes. For exanple, the
waebaewonf a netal imrersed in an el ectrochenPCHIUS2008/064181

solution having an electrical current passing through

it may be anodi zed or oxidized. The term "conductive

anodi zation bus" refers to a conductive nateri al

mayibgkepleRit oh the denerhepisalisplittiopay hpeonshustivg gindézation bus often
[ f a substrate. For exanple,
pnﬁ%%%g&%&n%?ﬁ%g&&%%@p%ﬁ?ﬁn bus may be a narrow band or

st r Mpe edcita@trdloiCiunveicabtaag sty efn@f)oﬂﬂfsQMd:lddéSglllaﬁlmbers subsumed
el ectri cal connectlon bet ween the individ

withghthattenge(fer ewamle 1de Sdngpdgsadl. il tdy203- 7%0%&1&:61 and 5).
el eﬁ%%(ﬁudeﬁgﬁ 1159 da 1 glmc?ﬁlte gﬁén(ﬂ@d Qfﬁ’m§ %ﬁf@g R3ylar forms “a”
conducti ve urin e ano Za

process,

“arleasd “the’p@chido plu@zﬂ refeeentoundess thev@nadho diczay dmmtézmhmwlse.
be kept out of the electrochem cal solution. The
Thuy ARt eeMple. s5feignexiol ao“r?ﬂmlt@fltcéﬁtaﬁlﬂ%&/ iaRosnoUnE e lughs 2

m&tﬂfe @fttv&Joeo?%OéQ @Sm? Qutids C ge({ ﬁct*n{s %h#ﬁ canfon Qggﬁ% glaéd claims,

ranges by endpoi n ers su
thewmtdnr m”hbgénefaﬂly@enﬁléﬁ’fd 1ﬁxtama{se including Saridn@!’ udiess the content
, 2.75, .3, 3.8, 4, and 5). As included in this
Ck@ﬁ%éﬁ*@%ﬁﬁh%ﬁmﬁnd t he appended claims, the singular

for iles thervglge 1nd?cré?ﬁd EIIP urnb&% | gﬂgs 1ﬂ1|nt1{1§sf &t'i ﬁ%%&lents

unl €ss 't Re cont ent ¢ éar y dict ermnse
nuﬁmnmﬁmamﬁmanmn&ﬁanés@ﬁnﬂnwmdmoﬁmmgunﬁmnmnmnﬂahnnmgetabe
i ncl ydes .a xture of two or nore conpounds

unigstagéas baing modifiegdi pi insineeybyathia tappekawd Acapdiely. paless
1ncﬁ&rtegi toe cd e%ﬁ @l’f‘erlﬂlﬂle)ﬁc%n]ﬁir% IS s@t fo'i’ﬁi iR ASBrdgBfle Wt QB cation

s the content clea di ctates
andmﬂmhwl slelrnwnb @poriniwtions that camxraa:ﬁtiq&ndmglupnm tieatesired

Pt Bl ot e PR FOPY oy ORI ool pUEEPE LiR e A the
pre%éﬁ'd%lc%ﬁl% tl@otﬁ/ﬁhéig&ﬁﬁgc‘{h‘apgle Eﬁﬁrﬂ%ﬁbzﬂgaﬁg%g bhd ﬁgafn@te?é Aettlng

I nst ances e term™about."” Accord unl ess
fortmidiic dnaia(elckcbpr aftthe dxscibswrp yire etpmemmummcmscmb npaleanzﬂtvehss set forth

et forth in the foregoing specification and attached
m%ﬁépﬁﬁ%ﬁ%?@%%%ir%ﬁ%ﬁ%gﬁeﬁé?lyeaﬁové% ée;sawalﬁﬂfﬁ VpBR
hobBerGBRLERE, RSRARY LGS nééélégal?fl¥ tQuitGg W{H@%ﬂanexrﬁtdmﬁons

skilled inthe art utilizing the tedchings of
fowdesdrﬂrr@smtlwt@BMgmbaswdntmtsandl ng that the nuneri cal

ranges and p net e tin th the br sc

t ne 167 s ol eRe LTt ritieonbr MRt RGBS P! B
strif@hies Aselh L 9fd iaddnddies ar@,ﬁsgufatec a PXARRY ©F oA Richi RPAEREALs

as precisely as possib nuneri cal val ue,
dlsmwémrthe putlseratedridya @mdutalmanedl_mtrq.n bmcﬂ&tssadlsmsed on the
substrate. tIlhe%on(liuoc[crl]vg gr?o léa%%g%{lg isda }/alcgltltl {02 First edge of the substrate. A
first conductive element and at least one second conductive element are electrically
connected to the conductive anodization bus. The web passes from a web delivery roll to
a web receiving roll, and moves through an anodization station to anodize at least a
portion of the surface of the plurality of conductive elements. The anodization station
includes an anodization bath, an clectrochemical solution within the anodization bath, a

cathode, an anode, and a power supply. The anodization bath has an entry location and an

exit location for the web. The cathode is located below a surface of the electrochemical
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found in their respective testing neasurenents. The

present disclosure describes a process for formng a
Wpkwsadiony of gate structures. A web is provi dedr/ubzns/064181

has a substrate, a plurality of conductive el enents

di sposed on the substrate, and a conductive

anodi zation bus that is disposed on the substrate. The
solytior uEhg anodg se@pLisesitisheandyctivg aagfligation b‘tsothﬁ plyrpkity of ggeductive

eleﬁren{s gn(fsé"glﬁ}arhgagf cl@fné Véo%eiqlﬂﬁﬁeﬂly? c%n'ﬁ atﬂg ﬁ"f‘#de and the

one" sec con are r| ca

catbodv et 1eght b ottivd of @llitdzuﬁfalc@’ of tho pUlirzlatyiod I@oﬂillifétlvér Blem‘éﬁﬂs are
passes froma web delivery roll to a web receiving

exwpqi to tha glegodsmicnl selyHomandanedized o 81§ veebapasen ﬂ@r@ugh the

an%ﬁ%agfaoﬁs a;f;ltog ? torn Cﬁa,l%lgll%(illtg; %% st ?ur r'ﬁ?e 1‘2; J}%%lte structures

coimpasds apliralityudeateaticlasteidd Zcﬁideﬁﬂtobﬁ;ﬂhrahﬁynof gate electrodes.
el ectrochem cal  solution within the anodi zatj on bat h,
a camageplamwaholes ilantaigd ﬁbﬁé@ L yppijses gbstrate 40, a plurality

of ?(511 1.?\2%1 él?@etﬁ?%ﬁ] d\%@%eﬁ?ﬁ%ﬂé gl%{)h %8 lesﬁ{aoa?aglggab\%)ﬁnbdlzanon bus

30 ﬁwpﬁ%ﬁbnctfle bitstretceiot rhe Rebsuaad 40y b@vide Bapp@n tehe plurality of
ri ses the conductive anodi zati on bus, the

corm “Bw ¢legeris 10 9nd fitthe anasizatien bys 3(&n15|hf‘acqs1du¢ta\fe| qlgmeyts 10 may
v TR SO SRUE SRR, S RAIRSH! S 980 e 1

arghotvalak biseds afpaciliel ins, Bk eomhicEvatlenenieesete patdri®l in any
el ect rocheni cal sol ution and anodi zed as the web
suifpdlasmaniory Bugher: the subrgaicAk qa@rb@ﬁ@&fﬂt‘@HY finpufagipgtgprevent

shifE B e REb T oEh SRS R LY 1P 1F b rguciive

an@difaioa s BO can pd pdralldl tty a Girst @dbes Bf tetsubdfse 40AMThe plurality of
exenplary web 50 as illustrated in FIG 1 conprises a

cordlys ¥ ele@cnty lﬂarwlmtepqlwoeﬂe%%@db@ quéﬂlwe?ﬂgau@l bus 30.
rofl SRR B0 SRR GHRSI GRS SCRUPHE e om0

aresalmltldsaa@&oﬂﬁbdf@iytomlﬁ@wndactmm@dfczatﬁ@fbdsm. plurality of
conductive elements 10 and for the anodi zati on bus 30.

The Acebaitiie #0 of vk #8may beoispdip pepait raaiﬁg@élted Ar pigagbedmaterial
the substrat e

4 fhough the conductive el e
rnrl]g P—Jla&l aiturln%, tg Qm&’nstorag ai%se or any c 1na 1?1} th‘ereloge f‘ﬁe s#bﬁtrate 40

SErl es para

ma§ORGPEhaneat, sbaNB&h&ne@Nolempaille ﬁﬁﬁﬂthb elean:yltswstraahes that it

manner. Further, the substrate 40 can be electrically
suppestal Ahe pepstratephlansnte Berablei H gr wmm thghadistrate #O magfcomprise
polt II'}le d1@C at§r|1a|1§ Xif g& gasrﬁl%%%tﬂlatgr %SC' égxw? Eg ya 1des

ano ion'b ara

polfybéﬁ@bneﬂékg 901§1rﬁfde§ ﬁb@ly&tﬂé&hﬁ@ésep&@keta_ﬁ@ Rduid atyistay p@lfyrners
conductive elenents 10 are electrically connected to

polryﬁebefhwbewlwoaﬁdd\ -phanyterceeomyty 1. e ngleamPEE
pol&r)l 13)%1‘[%68 %8{3!8 m%n%g%%s %gly(gﬂ)qe&t nép%%%ﬁen%d1%§r%8§ﬁate) (PEN),

poly(ethylene terephthalate) (PET), poly(phenylene sulfide) (PPS), and fiber-reinforced
plastics (FRP). In some embodiments, a substrate 40, which is flexible, may comprise
poly(ethylene terephthalate) (PET), poly(ethylene naphthalenedicarboxylate) (PEN),
poly(ether ether ketone), or combinations thereof.

Generally, a plurality of conductive elements 10 and a conductive anodization bus

30 may be components of a web 50 formed by depositing and patterning an electrically
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are electrically connected to the conductive
anodi zation bus 30. A substrate 40 of web 50 may be
W s@d/oewosupport a deposited or attached mat er PEI/US2008/064181
during manufacturing, testing, storage, use, or any
conbi nation thereof. The substrate 40 may be
per manent, sem -pernmanent, or renovable fromthe

conduginlayerp puchtas @dtlf@}alelqurhat a ﬁubssaﬁsﬁ@rqrsubsmae yeegely e
adheglonqx%e? %1%/: X rr@? i& to e L s RT ﬁ% 4? nrio (ta &1% %%éms%on oZthen@é/nductive

erla

layﬁﬁt Blid ﬁih&smﬁlfdyﬂ @ coﬁpﬂS@ e&ﬁmoﬂ@@hﬁé@ﬁldé?ﬁar example, SiOy. The
ol carbonates pol yi m des, pol yet heri ni des,

corpch kelayerggay e dﬁpoglt@i{%qgaqnywptg,b}g KBOWR me}l(qgl)sych as thermal

eva]i[j Z}atfz)ﬂg%}}%:agﬁ g?ﬁi}\(égéé% S&Etgﬁ%qﬂ]gxg R}a%‘%sls casting, plasma deposition

or i} pthtedepbsitienKictRd, thp@hay( t&tdeyirﬁﬂe in an application. The conductive
napht hal enedi car boxyl at e) 9% pol y(ethyl ene
13Y?é?leﬁﬁtsﬁb$tﬁ‘ttee§0 l(an’Py patianed e peyice 96 Sepy f i de) (PPS),
and A dlIBIEIedﬁl%}; (?1} n?e%&t%ﬁf‘alégi J@ndué zatlon bus 30 can be

e
asu stra e

forﬁQmﬂ‘dn& e p@@érﬁédi‘&d”mylhetﬁ% lh i€ bk alf ﬂteq)ro&e?ﬁﬂfﬁ steps used to form the
pol y ethylene naphthalened|carboxylate)
pat&smgﬁ( endaetivet per niestipelaye lagrnatiggisir ﬁa%tiWWﬁssflayer (not
| i f i yeaghe 0 a
N A SR R SR

phowekesBOlafor, edobiudRp dsict ag bamthsRat #&h ah Aper@ite mask, and
el ectricall yconductive |ayer, such as a netal Iayer

subsaauengly s3pesae & mleﬁd&ﬂosma@w aFer gramplg, dhe magerialrpasedrio
X TG SREL O GSHASHI Gy Bl Bl Hifuna

mafaial Canpy eg®vad ThmplgﬁMeasﬂxyaienaythdeexlapm €or esiaﬁ)ple
The conductive | ayer % be deposited using any

selggfivehbieaorsbwielivpicA &y © ¢fcthe P@fd#ﬁtl“’eel@ﬁ?fd’i‘lg’t "i‘ gH1stic or acidic
solfi&e aﬂ@m&%ﬁsﬂ lg%rg ggasrﬁeg ¥ 1%#%8 frdnh ﬁf@%oﬁéﬁgﬁl{ele Ya%z'els and the

cast’i ng, asnma any other deposition

subivatiteord. tMtwemﬂ) ey teshgedling cleanahinapyeticcaf dtes.to 15ftez1de the
conductlve | ayer on the substrate 40 may he patterned
patgyned eqndpesiycesgnépeor oxaginlg. alyrelty of ceralies flgwents 10) and the

co du%H%‘&@d}z%'&‘ng (?81@@%‘5%& ot %Qﬂrftghbon bus 30 can be

ormed froma pa ern con |ve ayer. Some of the
p r oaelslaramgy sft @maumaecéldnﬁenfmrmw be pay tnatenialithaois duiedbl vvef being
er may include |amnating or coating hot or esi st
at | eaﬁ} @?“@HES@H%MHPO@WBOW ©] 3@&1?qt1@ﬁh?f910%10%‘?g4§’@9|t‘?/ rm a gate

R{DH Ing‘ r{%a cf‘élte@t'f]]cg )ﬁ%&iﬁg@ h ggte%iaes Lljag Pﬂi‘%ﬁé&? 5
corﬁﬁﬁflwélemeﬂts KO aad dleswlﬁaeaue nhbdizeiopdss 30tod FAGL adhabé ﬁxry

squrce. For exanp he materi al exposed to_ radjati
anqcizabjgymetal. [ap a&ay eaawmélz@hls ik & OTRRINAHGROT 4n§d%lfle metals,

rlnutlt:ﬂ%réi@MD YndetaB R mégﬁ, AW htions thereof. In some embodiments, the

plurality of conductive element 10 and the conductive anodization bus 30 may be
aluminum, tantalum, niobium, titanium, tungsten, zirconium, hafnium, or combinations
thereof. In one embodiment, the plurality of conductive elements 10 and the conductive

anodization bus 30 are composed of the same conductive material.
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mat eri al can be renoved. The photoresist |ayer may be

devel oped (for exanple, selectively renoved), foll owed
whgooeneing of the conductive |ayer with a cauBCT/USI08/064181

acidic solution. The photoresist |ayer may be stri pped

fromthe conductive |layer and the substrate 40. The

web 50 may be rinsed and cleaned in a series of steps

to grRviadey efrenguttiveckaernsoHtiersthodspesehiitiic] tg gpe another ona
suthafn Jﬂewh&!eutflg Is I t8f40qgﬁg>y1§%l, & eillﬁ'st?aqg 1InSFItg)1 £3f! grotvpcﬁng a web
COﬂC?UCfI ve anoalll Za%l on DUus dsl sposed on the

50 S WbRitst @nduéiBic oferidrd N8 InhdyybeQfard RN eUCEdcyRd edrRiietiieSeldient 20.
may be any nmaterial that is capable of being at |east

The irticandugtiseg elgmeaidl Lpsint dsaploengrsscang! eondegtive chapedne A9 ekl
lution to forma te rugture.c risi .
ot Pt e Tp AP Eh B2t R o FhbIcN gy ity
codiRtiGOpLiH GEtween el st &ive Q@leanshtd 1 TINSHUEGLVE conductive
anodi zation bus 30 of FIG 1 can be any anodi zabl e

clements| 10 eptiondllyolpriber eomyprisapive edsitact fredsal2 logatebbtipwahe on

0 nodi zabl.e tal s, multilayers. o nedi zabl e o
coffuefPeS PR EHIL A Frond by B 5 TR0 BB magigtion of
thet fl@raRtyusfaloh8ctioh cRAtAtCLO, Y& ogﬁ(ﬁﬁﬁﬁﬁodlﬂti@ﬂ ¢habREor example, a

conducti ve anodi zati on bus 30 may be al um num

phetaresist $mmayi isbinphed ta thamichH0 te pragent dlie, roxi qontast pads 72 and a

rol R PG RERGACIE LSS Bt g R4 TR s o

prévadidisitdcy ® tae edlkALicRRtrbhiS d3Picay, SerffiRESARIIOf diMe; hane
conductive material.A plurality of conductive el enents

anddizagign peccsli pbiegl prodgcidd with ths aptiena mbeteessiss §0.aPlating tape is

an S‘[Hblrs’et Ll feoéoa}n \ﬁm&%r etit he s?(u[ S’ttcrarall g 46% tioS ftle XicboI
TP USEPRIEY M ETRTE D PO B o O A A CREY “Bd

froaPabdehtive RlrEentodfcidyliReIRakahlial oitBogoraeORe row contact
conductive elenment 20. The first conductive el enent 15

padi? and theeeytduetnes anedator burddfs maydcalsedrioncp@@teghe@conductive

an %5 5 P S B e sl v R e
diseeinéBEsh EREICRARFYE b caIbsfIng, dBhing NBscRkdbhlqubs, off

conductive el enents 10 opfionaliy further conprises
combinagemstthercoipalds af kapigugrtseehndetondnative cteoreaud canebe electrically

oA S A A

an&lig®itbes 10, an optional anodi zati on mask, for
exanpl e, a photoresist 80, nmay be applied to the web

50 to protect the row contact. pads 72 and a portion of
t he bsigaeligwRis e R ULHY qfw&egvngeﬁf?@qn&f Uiyt shstrate 30
ma?%@se YRionWli BY: Ehfh }é?gﬁihc;l%hﬁfl@.’ h 4Ry GQRk acd ﬁl&li‘ighgf conductive
esuPtlng el ectronic devl es, remain condueti v uring

clehteatsdifqaittzakd anppubddses,bie bmidogtiyr dtreaite il vart imviehey shape and

optional photoresist 80. Plating tape is
can De arranged in other configurations.

81?(?1%% trnaterial

FIG. 1 further illustrates a web 50, having a generally vertical orientation, in
which a portion of the surface of the plurality of conductive elements 10 on a substrate 40
may not be anodized. In one embodiment, the row contact pads 72 and the conductive
anodization bus 30 may be above a surface of an electrochemical solution 120 present in
an anodization bath 110 of an anodization station 100 illustrated in FIG. 2. In another

embodiment, an optional photoresist 80 or plating tape may be used to prevent anodization
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anot her exanpl e of an anodi zati on mask that can be
used to protect a conductive material from

w@ewdiogsvi on. A bus di sconnection |ine 90, extRCHUSZP08/064181
orthogonal to the row contact pads 72 and the
conductive anodi zation bus 30, may be used to separate
the conductive anodi zati on bus 30 fromthe web 50

of & peidion ph A yhdesenf dhoplugditieoksonde¢tivieedementiel Gghpve and below the
i scennegtion, lLine 9 > r.enoyved C '
S“rg%% r?u? ﬁrhge, eqi(’%t\‘g’élrler?lé g’hsr??“qtg’g?,za EI} {hceg‘% ?1% %’?‘?/no?uagﬁ ti #1@ ?Feoorf cxample, the

optldiRil hotbRaiSt SOHEYI S0P EAHUIIE iR Ve BEREN cdfta€iafadD@2 during
el ectrically connected to a third conductive el ement

angiizatigpough contact with the conductive anodi zation

bus her i4gur.ation f th I [ f -

conBibtikCRe Rt e ot Rebud bl Pl AL Wachhppd wit a wed
del@veyy 8IPTEAnd Rkived 3l eweptdcbiQu@hoff 76 The iwdbBtdaatbepulled

the plurality of conductive elenents 10 patterned as

froguthg Webldeliveragoll 7 extcaodiag éa theavebirepriying ralb7% ahhhwole SO passes
any shapg..and e arranged .in r—~configuratinns,
o Y SERRE R S P RSPl BOOE g r8h ) LR BB ¥y

pradediescdhdty VEEdal Cald RidEningdver Flat AMalsihigdd AMstrhes Phe web 50
the surface of the plurality of conductive el enents 10

carpbe Brosghermtinpeushoogiy bsgltermeativgip diored and held gea stationary
gpbodiment he row cont act s 7.2.and the duct i
pofTR LA S8 o5 M B G Pk §pS BRFASS ofPro. ane

wr@é;ﬁ@é é@ﬁﬁkﬁfﬂe%ﬂbuﬁf&réﬂde Qffa 120 rBEceARY toli ’VS_,EWhe%‘ﬂh@ ivz&tdeﬁﬂery roll
bath 110 of an anodi zation station 100 illustrated in

70 ppdthepveh igceirioeiell 78 mstspenvently cambaygtai dbanagteplion exeawics tnner
. 80.0 | ati fa y.be_ us to eyvent
aiefi G oRTrrerh oo saT p 18 T ey uB LY FR, wtosh e 9,2 om. or

up @ 1 eanclidedut \dﬁtcﬁ{iﬁg_ﬁﬁﬁr‘éaﬁﬂ%a’ﬂmﬁ)r@@@e_@% Avapt e webl(foreample, a
of the el ectrochem cal solution 120 in the anodi zati on

fleykicwalF0 arpmddhamsh eccetvivee wht 1Sonay bplest, srasisdy @@swited hand,

l.ating tape .can .b | aced over.the row contact ds
for5 Ay HAPRHBT J4T il FrlPEIR, o Piguliss it Ik fsg eb S0
mafBy rBRe whoRntsalfl & bnAdmbdditsntdtkivi®rapdnyy bhsidiveRtly flexible to
delivery roll 70, and received with a web receiving

be frigttied 7162 rofhie-tdltpra@st bavitgatdedst et Welodelivery wbls70 and at least one
o eleci ve]réé/ r@,]/.% 70 extending to the web receiving roll
Ve ﬁg 0 passes fromthe web delivery roll 70 to

t he Faeb2 HQGEehes BE ck@hplardRop TR SOMED50VBAsHE tﬂi@)ll?h an
provi de econony of scal e and manufacturing over flat
exemyjplAvyranpilighdonssiitann Hi0efor amkidezing it 1665t & partiva ofhesplurality of

oY 150 S S A TR O o o
theCaBaRh®orPbathl 110 NThOFcb 5O PRMNBPhEIRIonEE rdn@ te Wb dediRery roll 70 to
the web receiving roll 75 having a vertical orientation in a web direction 105. Web 50
enters the anodization bath 110 at an entry location 113 and exits at an exit location 116
on an opposite side of the anodization bath 110.

FIG. 2 and FIG. 3 illustrate an exemplary anodization bath 110 comprising a
central tub 102, a first collection tank 104, and a second collection tank 106. The central
tub 102 comprises an entrance wall 112 having an entrance slot 117 opening into the first

collection tank 104, and an egress wall 114 comprising an egress slot 115 opening into the
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wr appi ng around the circunference of a web receiving
roll 75, where the web delivery roll 70 and the web
WO 2@eeddny roll 75 independently can have a diRCEUS2008/064181
(for exanple, inner dianmeter) of up to 50 cm up to 25
cm up to 10 cm upto5cm upto3 cm upto 2 cm
or up to 1 cmw thout distorting or breaking. The
seqopfl @@11%193 t%né; Mpagdhe rﬁ“léstwelieqﬂparta@xﬁh'moalpr@es resyty lacation 113.

Thwg (%qné 90 ga&q%6w‘§gwrl éc:isealnfeerOca?lon IZé KP \¥ bbg(% p%srsles through

unaSS|ste

theadnddﬁﬁtldrﬁbmh 310 5B&hANYASzatibY Staaod 160, Plﬁfm; (hbt%hbbvh? canlht€located
web 50 Tg%:be rolled upon itself. In one enbodi nent,

on_tthﬁequm catgl thle l%fth¢ firsé ﬁ@lleytlom tapk 04, and thesacpadelipction
tan%ryﬂg £4¢ Ig/umé)ﬁg rlgﬁle%tﬁ%c%%% aé% SPtlonIglfht S fﬁ‘g éﬁt t8 man\ll%gl?l na d[epth 127

rver recei ving

in déntraFu6 102 ab illusahieati€FIGQN3. eXRMInatYubAP2 ‘ébfh}ﬁhsbfs tHe web
50 passing throhg§ an exenpl ary anodi zati on station

elem@chreancaéﬁ@lmuzn r anedization oy @ miyraktyef copducpieelgmenty 10. The
elegtroc erm Solﬁe%l Cflfrﬁg fa]t:{tQh ﬁu& Seue% r%u:llcaet S tdigﬂzag : 2eﬁedgress slot

1198f the Lé&ral Hie10me brikQ:| somoeBerhieal séﬁfﬂfoﬁ'lhﬂ flofAafp 5@ the sntrance
delivery roll 70 to the web receiving roll 75 having a

sloy &}7 anhthe ggicensleft § 1<5n:an tpe golgsiteddinrtee fifsp policgBon taak 194 and the

nt.er a i.zat | i on ath 110 at ent Ioc ti.o
so 3 2o ek R BP0 St pB B0 B coREBLinp oz
furfied @eRtibtd i @SOHAZAINOB, 0BLAT0LEbatlkd &2al.8 and FIG 3
illustrate an exenpl ary anodi zati on bath 110

COW@W%@W@ 130 geaythaxe Ialt U eﬂ@@ 18%arfd g Hrst @@Eﬂl@cls(b nl hefprit
T
locis L8eT bR af P Slsttie 130 om B e SR Az SRR

cerftta@ tublilpd &QE@M&daﬂbl@b&thq 101 %%top@lehil%fﬂ&mﬁrﬁ%kbel%ated
and an egress wall 114 conprising an egress slot 115

adJ@p@m itm@lelcntﬁlodfc h eBlomeptiootl badll¢ 4 manke k@ated Phieveen thyt cathode

13&- @ b)lﬁ‘glltg{a :égli' 1}%8%8 ¢ gﬁl{gﬁe og&ﬁfg !%t%cé:l t Ié[ilire]to%tl onial baffle
400 ﬁﬁgte'x&ﬁd b a ﬁ«@@@%&f&s&aa&ﬁ& IbbiHAB0! hehapREdIZRLF &hductive
110 of an anodi zation station 100. Punps (not

elegt@nWri)ﬂ arbe becataddatweetnghe substriiotdand diic edrmdedB0t Abweb 50 may
t he .f | | t 0 t d .
be {5t f Gl se PR g 4oL Roe PUEHER P apnductive

cleaRhtitioth the Quisthici 401 ene %lﬁraﬂ'i%l' Ot @nfu@ivdeRinent2¥0 iy be located
central tub 102 as illustrated in FIG 3. The centra

at 4 morld)letaoanl4%&smwlfgseﬂl@:1Mhmcmﬂal Bibl ldﬂtll die 129 stdor165
odi z luraljty of c ctive elepents 1
mhg rafdll Pobmenfedn 05w bive s58 e G DL So e can
be BRIVIRRAGEItISA Eéwérls Illﬁl@/djSh h&a82H8s BothltRE catdRicO30tA8 an anode 135
central tub é el ectrochem cal solution 120
that Iscatilgagt ]gﬁarmﬂy( \hehlemher @epgchemical solution 120 to produce an electrical
current. FIG. 2A illustrates an exemplary anode 135 comprising a conductive anodization
bus 30 disposed on a substrate 40, a plurality of conductive elements 10, and an anode
clamp 302 in contact with the conductive anodization bus 30.
FIG. 3 illustrates a side view of an exemplary anodization station 100.

Anodization station 100 comprises an anodization bath 110, an electrochemical solution

120 within the anodization bath 110, a cathode 130, an anode 135, and a power supply
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slot 117 and the egress slot 115 can be collected in
the first collection tank 104 and the second
W@ iveewdon tank 106, respectively, and punpedP@BEUK2008/064181
into the central tub 102 as further described in U S
Patent No. 3,643,670 (Sabatka et al). A cathode 130
have a first edge 185 and a first |ocation 180.

35&%@‘ anrogiizafige hathdr 0 Psmpﬁﬁ%ﬁ apfarst Qﬂé]ﬁﬁ'f@ﬂl fatlk 504 h@@@g an entry

loc, J[ltgﬁ ng% c]@nt?%lglrl‘tgno i za | %cno%g ?hW? Bta a,Vln a]% ex&trlgcatlon

118 &rfal eetAlPtorRYs theodghGatheetbaliicatent0s. orﬁeh@nﬁaltth@dez &Bhhe
The optional baffle 400 may be | ocated between the

an@(hzaﬁl@aé)aﬂlsu Oig sefifisiopl vielamite rasgin é@ﬂ@@@tqcb@n@ﬁbﬁ?@ﬁt@ 120.
The I‘RI‘ Clltn%l%el(ﬁ%bﬁberq{ a%g%th-r]%gggfﬁcwnt o] an 1ﬁe a% leag Qf%%n of

roma fr1iIrs I TSt ocatlo

coﬁrcﬁﬁtl% sleabhts M 00h tEoabYGAtE M0 Oeﬂ%rfﬁ@\tlﬁ% b GaN [Dehid &R BMent,
bet ween the substrate 40 and the cathode 130. A web 50

therregh Hbis|opicated degically foil pmesﬁhm%hdée ancgliZatioprbathd 10 in a

horlzontt%ghrg%}g f(%t 61%' #lﬁ ath F Oo%géjr%stg%\?ﬁrga ftr?r;g?lemlca} Solution
126 vetigeeth St [k@stiBYoriach éﬁﬁ@?ﬁ@alﬂ? oﬁccﬁﬁi@@tﬁ% Adbr5émn e cdftie exposed
froma first side 165 of the central tub 102. The

to thic reéqctrgﬁw@nqaé Esolmtayn 50 pea eeigical extandingerera throuerangowall 112 to the

su ntral t 102. n be .
cePoUThEEe o bk il B sapatdfo APeatit b fefpcdSmicat
s01GB&M PR ABO canehl am ﬂﬂQﬁQhelé?tﬁ)dlzﬁﬁbn b&hato! &a&te embodiment, a

partially within the el ectrochem cal solution 120 to

porsiop @i e caphodk d 39 mawme@d repeytt the purace AA2off thesal¢ctogkenaigal

solgﬁ%nexlitgij%/ tB i}%]&ll é%)S I > Itlgogi 33@ gglg #? L& gteg[at a grst distance 140

ext@h&iﬁ@'ﬁ'ohyth@fen@é}{&@ Wl MQ t6 |aQH§tflbéatﬂaQ 180:3¢ 1Rt aB0a8€30. The first
clanp 302 in contact with the conductive anodization

distanse 340 may Ge SQfﬁcwnt@t pravens arping al¢hagnsianod walh 1€k byrproaiding a

nodj.zati o on di zation,statio Q
su@B5h7 Bk e Rl Brog SRR o SR Pt ldhg pance watl
112 OJAlﬂﬂr@ BiskedOc Y60 H‘ét@rtﬁlﬁ@s B8 efsZalch WMda i 5@ comprising a
cat hode 130, an anode 135, and a power suppl y350. The

pluawlgstiof eeridontibatlbmarte 16 bﬁrlpw the surdackil2g tof gl dlettockamicalrslution
04 . havin nentry location 113, a central tub 102,
lziﬁldthg %I&Eagﬁ@? @I |l ection tank 106 having an exit

| ocaty @&btbéRerhiRll BLMRR 120 chRbPAKS th RAAHS At 1BasBla YERion of the
direction 105. The central tub 102 of the anodi zation

suttireciciof & pOurhlaty of ebfductientlcemontart® of @ wabt i axposed to the
el ectrocheni cal lptign 120. The entr 102
ciepriarenaa gonbil n et Rereia o Rna S oty
ref@rr&PfotdsQiﬁ e@ctr@@@&&ﬁﬁdﬁe ﬁie%%@h&ﬂcﬁ%ofﬁ%nQQ@%aﬁr%&?st as an
of the noving web . I'n this enbodi nent, the web
aqlﬁf@bus solotioremf a@@ﬂsvbastas (salltsl pr mextintes fassds lotsron @g:htrt)lytﬁs of the
ele%t?gc erzn?ct:all Onlut?glg T201 conduct e?ectrlcr[y in the aqueous solution. An electrical
current within the electrochemical solution 120 may result when the individual
components of an acid, base or salt dissociate as electrolytes due to the thermodynamic
interaction between the solvent (for example, water, alcohols, and combinations thereof)
and the solute molecules with the application of a voltage supplied by power supply 350.

Gases may also act as electrolytes under conditions of high temperature or low pressure.
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hori zontal direction 105. The anodi zation bath 110
conprises an el ectrochem cal solution 120, wherein at
WO 2@svomoportion of the plurality of conducti VRCT/US2008/064181
el enents 10 can be exposed to the el ectrochem ca
solution 120 in a region extending fromthe entrance
wall 112 to the egress wall 114 of the central tub.
In qreecrabadipaet. aeletsocheminabepluiarl 29 mpecanpréscroerery bgpcid, a
u f t
solf G h o hEReS o MR R eor L8 SAERf e fORRLARA B ion
120803y wBnpexd erdriabaden e fsartdrizeridl 32a efixtultethercof.
el ectrochem cal solution within the central tub 102.
The Aceithnsigd 39 3an bae ditfereaepnéiguentions fuchgs a plase. arfed amesh, a
n fro h n&Lan
5 %%g’ .9% Aot tﬁ?rge il BleCt‘?‘iﬁorftﬁ? %tﬁo %é’rﬁ%ae‘/ be

ess@ﬂt@alWyQ@ec&’dﬁlfcloﬁh@qmtoﬁtﬁatﬁﬁ exseimtialigrmirdagtiad (foheample, inert) in
entrance wall 112 bg providing a sufficientyg | ow o

theeql@éltc)ﬁh@,raucalgf@héwnila cpptaingg vethat the senfeatitenl 0% the pensization

at.. the t 1 Athird

b tézltqgr ;hﬁ é:%th ei%ﬂp Day waatkt)ac% &Z Eqna ?W?fﬁgp%%%@gor prov181ng a voltage

to &DABEtHGEhBgical okl 120y Sk cCoxanhiy s io¥ ena@drRIERE thekdthdet 030 may
the surface 122 of the electrochem cal solution 120 in

comn@secf@ﬁlmaleatiuucliqb,zstalmb%Seﬂt@é,ml@m@mtwm@mnﬂon&maﬂzes thereof.
can be used to ang rtion of ..the ... .

tn §35% AR BFCu PRt BBt DR LhERpab ipnigm. o

com@bmﬁ&m&xaaaﬁd to the electrochen1cal sol ution 120.

The el ectrochem cal solution 120 may be commonly
r ef & pegjernbpdimerina eatheda B0ymey Swthgr ¢asmpristiga baffle 400 extending

frognloeﬁ%s[[ g%] el;gsctal Cfl":irst cht:altlgn 1%@ gif F%yca d?.nt13€1 u?@es ﬁ{asﬂeér%eul%S of the

cath@dSis Aeareth@chtkAlcy el 13D of iR RhesittipTdENTESbarHOU08 | mag} redirect
120 conduct electricity in the aqueous sol ution.

voltggsdiam gl cathede dAD tanihe lneda 1S as thecantigaerevvild 412. sBlnmbafﬂﬁ 400
magccloalpr%e a noncongl\gci‘ﬁve éxtlal% ema'l n élll duaquc RO h%% e d‘{?é’ ornprlses

ase of gEci a o ytes
polyBpopiyh@enodynami ¢ i nteraction between the sol vent (for
exanpl e, water, alcohols, and conbi nati ons thereo

and Anttioptl el lnd) dmay be swrmgftdw@ﬂalp;ﬁh@ da«ttm@hemfcahgolutlon 120
of Mlgtcegt%ﬁ tstg’li)@r, Ig?y tpé%o%o re ocpotg)ﬁ a%ti%‘zlﬂ m?}t? ﬁngc}lve%ile surface 122

S un

of HRIRLEBE KT A s0luedh RLES ﬁ%& dnfib ANBerR DHGHIBE BE the@dtional baffle
el ectrochem cal solution 120 may conprise a carboxylic

408 enda partlgaqu tl@fcaﬁmdarlmwmb@ ape digtanoe abvetthg sgface 122 of the

f.. I I 120
ek &l Pu SR FEp RhimbF e B MO2E Tar 51 ¢ o

or a Hithddernsotingiant.in ArGat bpde1d39nkgne m@dé%dddt faffﬁ§tQ!1§tance
configurations such as a plate, a rod, a nesh

148 foweths cotranse mtalllrﬂeltluqf e achiakiob 102 bea et cation é&l efcthedathode
136.0%hé Plrst 815 atr]lged f4(l1 may ggguf%cwnt to prevent arcing at the entrance wall 112 of

a central tub 102 by providing a sufficiently low electrical potential in the electrochemical
solution 120 at the entrance location 112. Shorting or arcing of electrical current may
cause damage to the web and electrodes on the web, may pose harm to humans, and may
cause potential damage to equipment and surrounding areas. It is desirable to have an

anodization process which provides a low voltage where the web 50 enters at an entrance
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essentially any electronic conductor that is

essentially unreactive (for exanple, inert) in the
web@evewehem cal sol ution 120 contai ned wi t hi nPETES2008/064181

central tub 102 of the anodi zation bath 110. The

cat hode 130 may be attached to a power supply 350 for

providing a voltage to an el ectrochem cal sol ution

slog b7, ang ﬁ%ltse%@a%ﬁﬁg@zsls PPt i @frd eenyyalityp 10heAbsat thedesistiydy of the
ele@?g%he%qpal S élﬁli%?n ma lrbg gg Ieﬁ%cr I%lodﬁ% e?ngte%& caF%noor(ri%zatlon

culeﬂb @l@hdi’@'mvﬁlle E;lhﬁllt@ﬁéd’h@%piagﬂngmﬁﬁkirﬁﬁﬁ vBltaerth @$8gion prox1rnate
steel, platinum titanium _ or conbinations thereof.

to whercdhweb ﬁ%mﬂts ) Qi%ﬁtmh@mf@l@owgﬂnfl@ﬂt Bértalééﬁ‘ﬁd‘f?@éagﬁ @f the

res, sgl(\:flat Sf ﬁl%o ?het%]e S a %gzqéhé gpﬂggg{fatél g?mégofa[hi (fl%atlon

baﬂhhﬂﬂCt&lE b@t@l@dd B30"&@pe bﬁtﬁ;f;l@éﬁnlie’m 1GBe Wahll dehdi®y @ffthé ARtal or a
central tub 102. The baffle 400 may redirect voltage

plurglgpof pendysti vrodlemaerge 10.0ndrbe sneed éf ’i@BW&?t 50; meweathramthe
anddt %atlon]brlth ]llrbea SUT [afb rﬁ)%rag fr)?eon tc¥1rrta% f ﬁlnd V?Pg”gé’ Qagn Ct&eveloped

conmpri ses

pol $@v&&yﬂaeaﬁetex/s\mmomw BRmabakfchisid0d ROl bo8eathode
within the el ectrochem cal solution 120 of the central

139 atr ﬁtszdlstamfal‘ﬂbﬁ@mdhe @ftramh@b@mmbh@ offgegenirel tn@02rtgyreduce
posssgﬁliI flrcbnrg ofgﬁe éc’lu%rlgglecurér%%t \glfﬂh% hlr%e afy bzg{l?n Ig[%tl Uk ﬂi% Generally, the

thigigickPthe Baddid 6xidO@raRd dariR@khddtioh (thBeis Cit RRElgcds38F the gate
may be at a di stance above the surface 122 of the

diedgcare osmpe fieng anodizatipnis apromintatgly prapertiaaat foghe apmied

angefiist PR efpeariul bt Gt SR ey FSHRR LA beescribed
byaﬁbqanalenmbhcnhﬁee ¢f, whge central tub 102 to a first

| ocation 180 of the cathode 130. The first distance

140 Grathetsanosint ef haegerper ok pesent areg Gniygmax naehed to reach a given
ano %aftl%ﬂ%%lt){{?e; l IP(]g%ig %fbo P}G@Q}tﬁeaé%uté%?ﬁnéggqa?}{% crg ?811 aﬁullﬁglu%l (Al) s

@bgﬁmﬁayneﬂmﬁﬁf solution 120 at the entrance |ocation

112. Shorting or arc of electrical current may

caud&e gaemigion SutpRe, hee(g\)a‘??dl ke defiped e Eogrule hevhgsd, may

pose harmto humans, and may cause potential damage to

equi pnent and surrounding areas. It is desirable to

have an anodi zati on progesgmgiich provides a | ow (D

vol tage where the web 50 enters at an entrancesl ot

117, and exits at an egress slot 115 of a central tub

e el ectrochem cal

SOé%%ﬁpé%ﬁﬁfé%ﬁﬁn&gg §Eg%@P%é?%Jkﬁn order to limt the

| oca = ﬁﬁ@tﬁbrﬂ@ﬂth@ﬁlreﬁ of thentebcRnsirfaye (fohédagnple, submerged in the

eles‘;rgguge%ggai (s)gli‘llgn IE(B tf\ll Itrégm%rlgeasxal pr{grrgll}[/yoéft cao?lceiuc!tlrlieaelermee%ltsolnﬂ ora
metal to be anodized,
W = width (cm) 160 of the web 50 submerged in the electrochemical solution 120,
S = web 50 speed (cm/s), and
V = anodization voltage (volts) for a power supply 350.
The anodization current density, that is, the current per unit area, running into the

oxide (for example, gate dielectric) formed on the surface of the plurality of conductive

elements 10 at a given point, increases approximately exponentially as the first distance
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to where the web 50 exits an el ectrochem cal solution

120. By taking advantage of the resistivity of the
web@enovehem cal sol ution 120, the appropri at ePUBEEEYNS/064181

of the anodi zation bath 110, the cathode 130 shape and

pl acenent, the areal density of the netal or a
14€Iurallt of conductive el enments 10, and the speed of

fremibp g lorstipm 489 A B grthpde1 herspmas ﬁl@ﬁll%atTﬁe fength sgale (cm)
t n ol tage can be
of Bt e SuPl BblPr Rl Y UEPUP LR ol T o) e
consi dered for the placenent of a cathode 130 at a
first distance 140 fromthe entrance |ocation 112 of a
central tub 102 to redude BodoRbl e arcing of the
el ectrical current within the anodi zation station 100.
Cenerally, the thickness of the anodic oxide forned

The phian@teanediFeratulon ifdide: i s, the thickness of the gate
dielectric fornmed during anodlzatlon) IS apprOX|nateI

pr oot tastsHaElty {hn-Re) aﬁmeue@&trahfé%@fzta@ Pleatrochicmagsé solyien {20, and
amwgﬁ&n}% &2@%4539&&1{ %tlh%@;f 9 &IH 'a%raék&%m%aof{fﬂ% central tub

descri equl va capac ance

102 beaxamman@ﬁ bathan gethp €iist ¥let1 69 @kteding paraial o1 Qurfike of the
needed to reach a given anodi zation voltage. In one

wep P ogbmeiged withen by @W&}l &t 109 4kg plardisy p%@ﬂé}l@tﬁﬁ@rﬂlﬁments 10 on
a s&lf)agtl)at Afl) (?fptﬁg ?ét) ZHt @e}{%&lg’: l’{) ?%g%segﬁ %Eatﬂ? és%tof ceorngucitlkg

can ornmu

Vol-ﬁﬁ(iéﬁ)\f(ﬂle €1k gtroobemical solitenotAd06h a e atigt I&Frﬁnano tE@ kwidca of the web
i nclude: A = fraction of the area of the web 50

505urface (for exanple, submerged in the el ectrochen ca

Ol ﬁflft 4 rst é ‘Qlllcet ﬂﬁf be{%w{e@t% tlhé %ﬁtrglce 8P0t ?H ngfcet?tgatl gllfbcidl% and the

catﬂl@@e IIfO ﬁ; @@fﬂ&ﬁlﬂt 5@6 iRl gﬁtﬂlele[bcfrbﬁleﬂh&ﬁtsbmﬁbﬁ 2@ & the entrance
solution 120, S = web 50 speed (cm's), and V =

slog hbH#hbe snall enqual éo presertgyCipger %qugmne?f wagsspiabbsogh
an%({‘ zatll?n c%u’r‘%?t;daenmtyuaﬁ:‘%ﬁigr{tra%?e S ?{]YIV (ggneir?l’ theqﬁrgt nggi;tance 140

sh@lad Be Ete@ieﬁﬁiahlk(ﬂenfgﬂf Jrerd (em)), BeatH ﬂfaﬁQek of gidafer than 3 ).
plurality of conductive elenments 10 at a given point,

| ncMs @sn%@ibr dha mﬁﬁtwa@%bmghﬁheaﬁlwmahemﬁél olytion 120
bet%v%%rtl gegc(eajl ge légfl]ilcgﬁl o} Sﬁte S g;‘lay elc%lgl)trﬁftu‘tt) P@% ogﬂf)be greater
thaam@ﬁg Nrbabr thehaw] @frgr@aaer then 3PP I ipast @d beYerdpdtidiud 8y
1ncreasmg the first distance 140 or including non-conductive baffles, for example, an
optional baffle located between the first location 180 of cathode 130 and the entrance wall
112 of a central tub 102.

The rate of growth or thickening of the oxide layer (for example, gate dielectric)
may be proportional to the anodization current density. The electrical field within the
oxide layer may not change with the oxide thickness, and may have only a small
dependence on current density and temperature. In one embodiment, as the oxide layer
grows, the voltage across the oxide layer increases proportionally. In one embodiment,
the thickness of the oxide layer/voltage ratio at room temperature may be in a range of 1.2

to 1.5 nanometers per volt (nm/volt). The oxide layer thickness can be generally uniform

across the surface of a plurality of conductive elements 10, since the applied voltage drop
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=D IASRC. (I1) The paraneters of Forrmula Il include: R

= resistivity (ohmcnm) of the electrolyte of the
web@evewehem cal solution 120, and D = di st ancRCT/U#3008/064181

145 (as shown in FIG 2)froma first side 165 of the

central tub 102 of an anodization bath 110, the first

side 165 extending parallel to the surface of the web
carspe esspiist i edifarme Hi aragin ofdawaapdiggipniquprepbdangigy near the egress

' f ductive elenents 10 on a substrate 40

Sbgkfgﬁ%k&égﬂghﬁﬁgbneralIy, D represents the thickness

of tFhe. 8 dinetiee illusgratédhnl BRod¥iatibh 8taGibR €00 BEHARERE Ahodization bath
solution 120 in a direction normal to the surface of

119 nédiichapaysbe usefl ima rol-&a-rodl pypegss for passimmethyeish awieb 50. A
t | 17 h tral .. 2 th
o BT 670 Bl P el FEPlARnubl R 1§ oot and help

moek €ied W b@ hire@dh 50 hhtdifmion 2Rtiah 10eTROiNRINGE0S kt@tion 100 can be
will be small enough to prevent arcing or a region of

desigrzed depengdiamgi borizongdiyZaevias vetreby podbersidiweball. t he
entrance slot 117...1.nNn general he first .dista 140 ..
Shodr e gfbatat VRIS Brar3ebibS 1R hRT5S bfeion

tankN®A, #hd an it 19ERdH AN 6 bh@RB sdcdnd YRERioE MK B6, Whidhh@n be vertical
shortest path through the el ectrochem cal solution 120

slopearygpeninghet apaesitsdmdy 8hthg paodipaioatathahide ToE ateb P rapbe fed into

tral .t 102 shqul d t t I
» ftagigiop ik A g2 B0 PuBP uRSHRSET SRR ord M updo2
comBAgh arRededmpchdicasiuionting. The steb 0 9ha88ealda tRfough the
i ncl udi ng non-conductive baffles, for exanple, an

cergpstl fnHI2 dpdmpdvedityouglethelsarareelnt 1 Heofithe sentrabidt §0gnntoggsecond
f..cath 130 .and. the entr e I1,112 a.centra

coffioR 3R e A BB O ST AFSrlitbant R 30 e Wil

podiBNRId dnfl PoriSHAAMP} Saweldldet dicBldeEidrl edll MA¥ndPRken up at web
proportional to the anodization current density. The

recgiveieg 1ol Fheenddawlampn39hepamandeldsayath aglymeem IMargethe

ith th i de thick d _onl 1]

aniile il sotoast h SISH 20 e R TR 0 hgpizontal

mc@AT R BIBNhe adstlclci@nI0dQohRYEhe l8V\Eam 308 VIR 1&EF cam 305
across the oxide |layer increases proportionally. In

opondheaiyold ictasts, 300 separiiingkthe secood cotfect@80 dewm the first contact 370

os pERYGRed BG oPo EionlfRPl SPREBOeE TRt el 30,
an®HicdBcdrANBhtab N FHKAIBER tsGRO s Rtr B A8 A cn)th M B Jde I IAn@ I Sittach to

the surface of a plurality of conductive el enents 10,
thesweic®0 ndue thppeh ddiveni 1ol d@ ndroo peaniciveg s seedizationybath 100 at the

ent&. J gtlg({.}nlei ng‘?aféég g{rs? gol?efctilor? %&I’Rgl fna goincl)en er% or({ir%gltlts,d tﬁg %1Irstt %ontact
370 and the second contact 380 may both contact an anodization bus 30 located on both
sides of a web 50, such that the web 50 comprises a plurality of conductive elements 10 on
both sides of the web 50. The anode clamps 300 make contact with the conductive
anodization bus 30 to complete the electrical circuit for the movement of electrical current
sufficient for anodizing at least a portion of the surface of the plurality of conductive
elements 10. The plurality of conductive elements 10 may be exposed at a third distance
160 within the electrochemical solution 120 having a surface 122 and a depth 127 as
illustrated in FIG. 3 and FIG. 4. A portion of the surface of the plurality of conductive
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sl ot 115 of central tub 102. FIG 3 further

illustrates an anodi zati on station 100 havi ng an
W@rwdioegwo: on bath 110 which nmay be used in a PCT/US2008/064181

roll-to-roll process for passing through a web 50. A

hori zontal conveyer 605 | ocated above the anodi zation

station 100 can support and hel p nove the web 50

eleﬁﬁﬂt&d@ﬁn@m@t%ée‘b@aﬁgﬁé i e glaceachpoucal Felatiam &30 withinghe
an S({li%tlog F&ﬁq ¢ %{]fteq ?nov%\%@ln ed f rthr%ng I Ze cneg‘ggl V;[él% lg%),.thel_%neode

Fi cal I T1one

claﬁl’p@ 605 281608 tﬁba\%b 5(1 &ﬂwﬁiﬂ%ﬁh@ aﬁbkilgz[lidhyoaﬂﬂplﬂl dt@ie dxdBlocation
at the first collection tank 104, and an exit | ocation

114 gz%thatsectqﬁlé ch@Céwa tenk 106c tA T thanwrd 3@ Bavetihe recoas cgléection tank
108 §he w%@ i){lﬁne?ﬂ%pt?m N3 R {)ougﬁg%%sé aff QI E %ur km , a drying

dnodlza |on can

stafibfi, W c6@blRG6AORcaf) @n&% Rassad tﬁ&@@&ﬂaiaelaﬁlg roll 75. Before
entrance slot 117 of a centrai tub 102 conprising the

a fléait@éétmm@ﬁmtéwn@de danps IWns 1eleased fremibp Wsb Sftey sdsen aleswds
central tub nd. moved, t hrou
endsib8. 8 g oSG e el 8 W50y TR0 g o
cox@cﬁﬂctle@ﬁﬂdmahaﬂlsuslﬂﬁ A plurality of clanps 300
contacts the web 50 being vertically positioned and

hor Ammx@@mlayy berivesuted canvoyeho tfedf Ki&y. 3 qosiprisqoa Blﬂl!?}’t@ﬁélﬁwng a

claifp i JBRRo iR QLIRS pmd S RPRES P Ryt 1B e
deRPBEOACH.SAPRGHI Ry, OB FQREbAtREED TR pM%ﬁ%Qﬁévgez he anode

on a horizontal netal belt 310, the anode cla
clagypa 380 talqnﬁé lwlrlamt@lapmnga)@wemaldiearﬁdﬂc difre 3052@1@@ mactalhelt 310

TP B S GRS B e
314, r!ﬁsg?éaﬁ@ﬁ 2990 Elfsﬁt‘f f &@&aﬂﬁﬁ?&? QMt-@Chntatt 370t B a second contact 380

anodi zati on and t he second contact 380
forgetpetung end t@éeasms stvieetically orighied wieh $0aAdd éirgglcantpst B ontacts the

an G0 o AR 2l St 280 P ciSing SShOi oo s0. e
fir&Rbhtdct I703hdyont Adid, £ld thbgecbhd 88nt&Q 386 6l g% dapdtfc 3%1ng moved

I'n some enbodi nents, the first contact 370 and t he
or displopall doiNganeVCABO! Pfthe buide Cdampsaiilﬂ aer elawgiczen 305n Thegulley

295 apirag s ot aal e R o SRR PR betEihnk Sret bel

31@n both sides of the web 50. The anode cl anps 300 nmake
contact with the conductive anodization bus 30 to '
conplsehewth 80 gloacs thrawgh the atmsdilzatlbm bathHd Opopleraiy obfonductive

el ectri cal curt ufflc for anoglz n h
cIeGsF R BB e RRTETE A beor eyt oty ughabEEr e S
loc8l&H 1Y, $heldhodd RRnYs limﬁlrél&}ée ol GO biRc &l &R thelPeb

may be ‘exposed at a third di stance
receiving roll 75. With the attachment of at least one clamp of a plurality of anode clamps
300 being attached to the web 50 at a conductive anodization bus 30, a maximum
dispersion of electrical current can be obtained throughout the moving web 50, where the
current density throughout any one anode clamp 300 may be minimized. In one
embodiment, the moving web 50 may have a plurality of conductive elements 10 disposed

on a substrate 40, where the plurality of conductive elements 10 may be optionally

patterned.
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160 within the el ectrochem cal solution 120 having a

surface 122 and a depth 127 as illustrated in FIG 3
W@rwIBs32 4. A portion of the surface of the pPCF¥/EBID§064181

of conductiveel enents 10 may not be subnerged in the

el ectrochem cal solution 120 within the anodi zati on

bath 110. After noving the web 50 through the centra
t ub Avotage pen %mméleé MEAB S PDET PEIPbaddy Qqﬂee%bw%cﬁyfms*ﬁ 130 and

h h, 1
an PR S5 BREEMP Qi PR PG LSt 472 4G 3" Upon
apﬁ(bah@taﬁﬁﬁoltalge tS e @ns@trwal tiegit R deaklyldf thddcszhblical

na iﬁlonally be passed through a rinse station, an
solyfion k) preduee 4y sleqicad cuirein A mga@mrﬁlaﬁ%ﬁ previsled e ﬂ@dfower

o i n 0 e
ol 350 R0 AT LB 5y o

thef @tiRas 890 im@etstd &ithabths GlecBodrRane s6luasP 126 EROSeQEbchemical
so that at any tine, at |east one clanp of the anode

sol@ti@rrb%ﬂ goouinss ele¢tedl dpm terchdodo hdleng @éeca)rmd@h@atqabwaction
occurs at%ge anodeel).‘ag npmyrlé@g%h)lo ?orr]lto th&EQL a%gef t glgaliltg':olf com?uctive

nprises aving a clanp ca

eleﬁ&ﬁﬁl 1mgaeargdex@bw t6@hd él@ctﬁi&ﬁ@iﬁlcﬁl MR HNA0. ;r&tum &t®L which
is further described in U S. Patent No. 643,670

car Batskerkap by thelanpde THe zb@pgeéyfezcgggﬁ@lp@é deheloptriodee

hori za ive .metal belt
el Ry gD frErORld B4R Bop€ T6 e PG TIE fhaglftluc
devedbpsardA thé hitsde135€ d'ht orisloBthdelectideytamadieh Bk argeodhical
conprise a lifter 315, a spreader 290, a spring

solperh 4H) m@meuérahmtb@secxbmga& 80 gapthe aimtlans@@cmdtmue and the
3 at.t achi rel eas a ve
61683?%%? Yt ig%eléﬁmﬁlﬁémlc?tr t“eré‘ SHicaRg esﬁ‘f n‘}xé‘iai“gn ©h %X"dlza“on
of BRQMiHZAL dfARe PlusaliFPof @dutthe S@saNd1E Oﬂtp@ﬁtonﬁqhe surface of the
contacts the substrate 40 of web 50. The first contact

pledgy nﬁyorbiewhvegfﬁldme@tﬁ do meb@a@@@tndl outgrdtgm #b@8hertgyechef the
ctef e EE oD L SO SR et My iR poRtuctive

cled2ats"MI HA BN S beRE ARGt tHe 4108iaReBatk 1P E1e3@0chemical solution
connected to the horizontal netal belt 310. As the web

126 qagbesgclhicd @gth rephenished dsingtreasieulssioh pumps asngsided tol ipiptain an
an be anodi zed. As the web

f d
DR i T R el ne s e et t | meaton

116 FIEhS IARAERs & lcAItBScoHal BER AT 8 firiRoMBR D0 cletheRE15 on a
received with the web rece|V|ng roll 75. Wth the

sulzastm@dﬁ'rmiw tofnagizations Tho fiest corrvgtivd clamphtukSaiy he dlustrative of

de cl 0 being attached to 50 at. a
on B PEBE o R G ls FEBT 2 ah R PbleBhvep .
Thekieg bhdrtive BlchR Rt 1§@%a‘&@n@@hﬂiy%%rfehfe@ wahoet totdhRcond

nmovi ng web 50, where the

conductive element 20, which may be oriented parallel to a third conductive element 25 as
illustrated in FIG. 1. Anodization of the conductive element 15 of FIG. 5 results in the
formation of a gate structure 85 as shown in FIG. 6.

A gate dielectric 55 may be provided adjacent to a gate electrode 45 as illustrated
in FIG. 6 by a solution anodization process. The gate dielectric 55 may result from

anodization of a conductive element 15, where the conductive element 15 is an inorganic

material or an anodizable material. The gate dielectric 55 electrically insulates the gate
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current density throughout any one anode clanp 300 nay

be m nimzed. In one enbodi nent, the noving web 50 nay
whawe/oesopt ural ity of conductive el enments 10 di BEDES2008/064181

a substrate 40, where the plurality of conductive

elenents 10 nay be optionally patterned. A voltage can

appl i ed using a power supply 350 connected to a
eleé%i@dﬁo‘&eu@soﬂ@me@ﬁna ﬁ@‘é{iétl(’l@s)fta@ e&é‘@ffgmétdéwﬁﬁ fromethe pplange of the

deV1|cer C'i’lhe aatléc' dlel ]pHr $5a ca%qlave a ect gtan ?C% at %eastq), P le@ﬁc 5, at least
|ono tage to ee rrcal cCircul

10 Qit %atsf 2)3 wi eslegdt 40h&he H&@dcﬁﬂﬁdftﬁ@“ﬂaﬁﬁdf tBObatt ld(HlbcixQ@SS may be up to
15(Sroduce an electrical current. A negative charge

VP déd upyiotINe, patee 7Sudpeylicdtriesnnstast mry bagha ranee of 2 to
158%*&99& elo%% toME" %Ja'an%gg o' h$s 16fem cal reaction
St ath mrersed within the

eI e(DhE: Giedd emldmhvé Ollethicho1s Botfly ddjasit&@l Al fagcihedios alsubstrate 40 of
sol ution 120 consunes el ectrons fromthe cat hode 130,

Flgnd can bepswel GRarhealanpdizeidnointiad@do frm Hecxsnmisy 235
r par n. o rf Lt

oIRGB SO S B9 P PR meca
ma§ltRPassed figdlgathe 2abdiLath stafdn00ds Eirfige flurdity oNSatdvtielures

can be taken up by the anode 135. A negative charge
85¢l oud devel ops in the el ectrochenical solution 120

aro h

oo SR e R S SRR L U P4 W

adjab@e td Oyt eledirbdy 45 sMe siels@aler40C MRRIga Rl clslodt 48Rarl BOpositioned
nove to neutralize these charges so that the reactions

betpean dergatqdielectaidStand te wbsirynd0f Tooeatriicledtee 3 pLRIG. 6 may
be %Enr E&te AR nl%wal‘é%elhagg Mok %Tc’yur% h‘ich 81)1(fl 1?1%%11[ nGhsulator for an

dirzation Surtace orcthe ol ora

clecondltatvive Ehegmativlctic 95 @Oy bé @crm@fedualy%nsairzitmeto @koduce a
the plurality of conductive elenents 10 can be | ocated

copfgrmaalgeatyine. above t he | evel of the eIectrochewnca

;loLlFAtt Ile:atst ag' %(?ﬂlg% ro]g%% tslﬁl{/fgc%r tf4 4] P]]t condgalve ?efmetntc]se }jﬂ may be

imiesBll th éth@e@f&ﬁbrﬁ&hl oluthat ﬂﬂldhemg Eh %ﬁl)dl@&fdﬂrﬁr&&lss for a period of
solution 120 nmay be circul ated and repl eni shed using

timeesgffraaent o1 Qm:u]@uﬁ@ gn@ggltﬂélgg of thee legiioghemigalgalution 120. During
the#g%.r 2 r | a% Concﬁlnvvlt enanof 1zta Eatﬁ(itlﬁoth tII%OCdIZ nggﬁmon 120

at es a cr 0SS- Vi'ew O

ma@QB&W‘ahti\ﬁ%t ﬁ{eesrma&e 3&he pluaalﬁyl bﬁ&d@h@mﬁeoel&ﬁmg 10 @Ven in areas
anodi zation. The first conductive el enent 15

whicrd the Wlamcvée demerfel Sonapbpayicrld; yy fafexawnlue slin@li particle. Such
on a sub of an np
pefiaURT b e B Bin o 2R B g orm
an&iz210h & oRRIEAOA 6f tht PliRalfi§©0 BshdueeIgEmYRs @0 @U@ aflhs where
whi ch may be oriented parallel to a third conductive

thegjuefreef the cerrluctive element 15 may be covered by a small foreign object such as
a small particle.

Consequently, subsequent removal of a particle from the surface of the conductive
element 15 may not result in a pinhole in the anodized layer or gate dielectric 55 exposing
the conductive element 15. As a result, an advantage of using a liquid anodization process

for oxidizing a conductive element 15 may result in a gate dielectric 55, where the gate

dielectric 55 conforms to the surface profile of the conductive element 15 being anodized
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illustrated in FIG 1. Anodi zation of the conductive

el ement 15 of FIG 5 results in the formation of a
w@aa0e/083992ct ure 85 as shown in FIG 6. A gate PCT/US2008/064181

di el ectric 55 nmay be provided adjacent to a gate

el ectrode 45 as illustrated in FIG 6 by a solution

anodi zation process. The gate dielectric 55 may result
CVEIY IS &mﬁjhoz%rtqnérﬁheowr%cwr?@wpdwhe@éﬁéﬁppl%sm pariiclen fprming

a c&?f%ng doylﬁn n%ﬂ{rﬁs]t? Hige'e tgll%EC 5 | p?ia%géi %nh ga%’] dielectric

ano erlia

layet ghat isifeahddybyl, fsWkahpk, {Idflﬁ)r @315(%&{1@@ dioldetrid naigrite bnlohie
HA% rating conditions of an electronic device fromthe
consaictire element ke ag giep of themeadypdive clamang 3 povergbbicasmplapeticle

) 8L B S SRS Bfos HonHrod SR Ripeh 1SR BiveHement 15

beiagRspERY iDthetaha gat thePattiteisireodsl, faexb@plepdirtnglfabher
up to 125, up to 100, or up to 75. The dielectric
pProceysitant may be in a range of 2 to 150, in a range of

R A RO N AT
mad bsubgtahadi2atitd c@h résuin & sﬁ@faﬁallp asseEh Inbﬁl@ti@hoﬂﬂhe gate

anodi zation station 100 to form an exenplary gate
clegtrodecdgsallpgiraggd i REG. §. Far prample.i ctuyméfthec@wéuétlmﬁrocess more

ele ﬁ?gﬁ%&s&{lﬁ% asf']tlgg?bzv&gﬁll %r{ghge{ Za??alotﬁlatrfgéglt N %%MIZQ(? aﬁasl.’l‘?e?gfore not as

inleaﬂhQJ dsttye ediglgatRgstdiom Urnesddbionkl darreht intdnkigics eeemodization
ate structure 85 conpr|5|n€ a gate, dlelectrlc 55
raﬁ%admésé flx%‘élﬁfe edizeq sesdonbesemcs yaifamly msylatigst r at e

e
¢ e "TEFwASE By EDAER ARAR i ARG RAP L ARG R B achicved
by dslﬁg aglomice s@ﬁ»lyaépeﬂt(ﬁg i0 arreyrrée@ sauroeNmboot. eInfthsenodeQWe voltage
eakage, snooth surface which is sufficient as

applﬁ:gdqe qﬂn thepathedeaand dhg @ﬁ‘ga&tod@vqn@élzed-ﬁ@yé)gtc@ntrolled to provide a
) ¢

oo LA RIS P BRSPS Lt s i

grm ﬂ&(requlfedtvlwag)é gtradlhallyylnﬁ‘éases,ndmd: theypewel suppiy seadites I?ﬂibésned

be i Mmersed in an el ectrochem solution 120 durin
maxHNyR 6 LA laﬂces VeHREs “%chcaﬁy FF‘BI&letS‘fVOllt?&@‘elsé%ﬁfnfheé‘il étrfhls

valu@nt he Hﬁ&%ﬁa@é& %ﬂﬂaﬁq{ﬁﬁsatro' a%fﬁéleﬁtﬂﬁsfn%tlﬁ\%tlﬁeo chem cal

solu tion e I nMmersion-o web 50

| .
sol E‘{L [ onﬁe%fg&%g azp?é%egﬂlsang&lbjegi q?#gﬂgﬁl f g@h&g& &I}éecmmc
de\abwiafth&Mnaﬁdmg lbdthcgoum ebdcaoBe $1d daif \eRidtrb desawlp@snt to a
where the conductive el enent 15 nay be covered by,

plustiipf gatc 4ICdepls. JACHTRIcss INSYERS HETRIEPHIICIHR 2By Cath e Sufaces of
boffl tﬁg % “f: P%tfo%lle aﬁ{l’ ket 42 heftofBy result in a
substanti a orm

y uni

FIG. 7 illustrates a cross-section of an embodiment of an exemplary electronic
device 510. A gate clectrode 45 is provided on a substrate 40. A gate structure 85 can
result from anodization of a conductive element 15 (FIG. 5) to form a gate dielectric 55
adjacent to a gate clectrode 45. A source electrode 72 and a drain electrode 74 are both
provided adjacent to a gate dielectric 55. The source electrode 72 and the drain electrode
74 are both opposite the gate structure 85. A semiconductor 65 is provided adjacent to a

surface of both the source electrode 72 and the drain electrode 74.
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anodi zation or oxidation of the plurality of

conductive el enents 10 even in areas where the surface
w@Rooviesdednduct i ve el enent 15 may be covered bRCHUS2088/064181

foreign object such as a snmall particle. Consequently,

subsequent renoval of a particle fromthe surface of

the conductive elenent 15 may not result in a pinhole

i n {mECtaRodcyecstay Brocess ipdessribgdios farpiieg &plusalpp ef plgetronic
de\§1P§s fﬁﬁﬂ&qﬁél}léﬁggg gtgﬁc%hld%cg? d%iac%trltg tg%;ﬂsl’ﬁr? 67'%1%%% 51@&9105 The

prdb@ﬁsqjiﬁ'&ld&’ﬁbcﬂh erBice ¢octidic efnﬁfattirﬁlnleﬂbcﬁrog@hdj aaane{oacwrfaee of the
55, where the gate dielectric 55 conforns to the

serwpma@@rp)pmsﬂe hopluralisy ebgrit siryaiece| Ehetpurceslgsdiofgis not in

cothQdi;zese v ?ﬂne cidysSone locations the surface is
covered w ? exanple smal |l particles formng a
conformal coating. In contrast, if the gate dielectric
55 FIGk &pllhacre@s wictass-acqanef di @k@nplﬂryceltcagﬂ@rc davie 509, for

f d.b | ect

exisBREr B G B rTlST R D UraReR o oproRjdey Phg Sypiiate 40.

A §hestERRe 85 icYe r L. TRnt ar;b'alz%aaﬁbfs&ic&wuaumbﬁlemrst(mc%) to
may not be coated during the deposition process,

formes gate dm@eqtmp ¥hedjemntivot garecletteodertS. J?Ssetmcmgiuem @S edn be
n th aft ticle is.r

pray et To Aot PRuP RS, WorebuerhiTHRY 7Aapd Sainslectopde 74

ma! fbe‘fﬁd)\rigedi é@d@ﬁﬁﬂoza%kﬁ& o e @@fﬁlcbﬁdlfcﬁfr@s%pgé‘&% the gate structure
dielectric be that anodi zation can result 'n a

85siibs sa@med db¢t§od@r7|2fd®|e$mq>tr®utaat thodrapf clcpteodyatde el ect r ode
45 as illustrated in FIG 6. For exanple, during the
anoﬂﬂ@avhm@FpGo&éthMmm&mabksbfﬁgabsnmnm@nﬁinendkcnmﬁc
flow.through an rea hat is not as ano |zed and
detifior Biopee Hotcus 35 sanbapiariedds aphaa i isBs i rHgfures 85 which

coﬂhﬁﬂé luraTlf‘;ﬁofaga‘#%Hlefé@ﬁ‘lcs GHf fi@ént Bk gﬁﬁ‘éﬁt& ©F g&t@ €lectrodes 45.

i zat 1 on e area until the entire” anodi zed
The ggicatrulters 88 snayrcf formécyfrbmsauplmtaht)gof dondwawivt rchesidents 1) @ a
a |l ow current densit

bat ch, _anodi zat i Qn y can .
g di? 39 dGh § Tacpesnly G?%F%?nbi)%'ﬂéfﬁﬁ%@% flfctepnic devices
510%&; dgﬁéggkgﬁ, nDde In this node, the voltage

I e t

t wee he cat hode and the netal to be
ano@lm zredeoreonidéeviom bivolthgedcan be ppphidddetacahethe petd clectrode /

anodi ion current den |ty Initially this voltage
SO%%‘,&?@%WP ling fhe qurrend Ozmaj@tw%\@e SpHee %hﬁfrmnef‘gectmdes
Coﬁﬁﬁ&t@&@ctﬂﬁlﬁd&l@ue}( indigde ?%boréj B4yl éxafngfe ﬁ@l\ﬁeerffe%ytﬁ’ﬂ{s}étors arrays
reaches a desired maxi mum (or co nce) voltage.
of Frypiitads) gapaditoes, appedded capidiage dlosled; Hight d:mittnhgdlevud@s,sstacked
val ue unti | the anodj zati on cu rent. fal to a .
clogtipaif APty AdRurip L gk Ui @ gy pléléft,rorac prYgesRay
indl®1ed82GE bP&FbUE O Fhat BEMRDarPel P fuh¥tid. BlBff1€Q afrays or

integrated circuits include amplifiers, receivers, transmitters, inverters and oscillators.
Applications of these devices and arrays include radio frequency identification devices
(RFIDs), smart cards, lamps, displays, and the like. Connections may be made between
two or more devices adjacent to each other on the web to form an electrical circuit. In one
embodiment, the electronic device is a thin film transistor. In another embodiment, the

electronic device is an active matrix display backplane.
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devi ces further including both source el ectrodes and

drain el ectrodes adjacent to a plurality of gate
waele@been: cs. The process includes a sem conduR€DDS2008/064181

adj acent to surfaces of both the source el ectrode and

the drain electrode. FIG 7 illustrates a

cross-section of an enbodi nent of an exenpl a

el edt KHHFAdyeior tler smpla sgatcendycden lﬁwblszpamtgnﬁr\folmsg glgctrical

{ e

cof sy B P Y8 OB o RO SHOHE it ARG ST pahlc B, The
serhi@bfid i t@adyRr tialcefipris€ indbuanllj RELIUnduGtoAMgRERIsE rtgeﬁﬂ @@deganic

45. A source electrode 72 and a drain el ectrode 74 are
sergisepdysFR AR i hde ﬁfrméloas giHeen. gpdinag sylfd %QaanWén selenide,

c I r 7

el B G oL PR BB b ol B ERM QB f it RiC
serﬁﬁon@cm’r@maglGﬁﬂrﬂwﬂjcaﬁ@ﬂﬁe geomanisiut, igakienodrsdnidd) itdiém phosphide,

source electrode 72 and the draln el ectrode 74.1n yet
siligpppratanygp @éltmmampﬁ%leé% arsprides cpmbugtionsy theigpfi lgng

dj

em@é%%l% i C%E)nrlgdaglﬁg{?g n?‘e‘t o%};b% F%Péﬁ%%? &%nc Q&ﬁdé 1nd8inf zinc oxide,
zinditial sdéder, irebum “g'hkhupr anessidg rowodleﬁlabomd’thareeb u r ce

el ectrode and a drain el ectrode adjacent to a surface

of thensesridacaekiay ot peppdsal ddpacthteo pl plialitytof gafe ddtarics of a

structures. The source electrode is not in contact
plugalithi of plectarmis Acdpascs sbersn IFFES:. § Tnjong smbagiseeng the semiconductor

I L e

serfticetducadtendShd mttprned iadadem o a seutbsticat®lc4d aAlrgatetctrode as
structure 85 can result from anodi zati on of a

shoyghBuEkG-vie (&3editapany Bor@pplagatigy of @ef%mmoadgfé@recompﬂse vapor
de]gdsﬁlo%cw b ng(?epggjtlcan L (5091’[1 %gfn?n %ﬁﬁlreclﬁ?se taf}(li3 Corﬁblpatlons

en1cbn uc e pro
thetidoff] ectri c 55. A source el ectrode 72 and drain
el ectrode 74 may be provided adjacent to a surface of

t he Sseitt eROAHEIQhd ABai® PREBOE nidyebedRp&akll Mided 4lb&te 8Rctrode by a
The source el ectrode 72 does not contact the drain

gatg|dedeqtipeles shownpp E1G7 7 hyonm @bcshmlemuﬂﬂtersaw@e émédwlne@le@fode
ma b%aste argtte(ri gCta%Er%l %du raaQi ‘rftto raggra]llt Cdlgl% %%s S own ?ﬁ?ﬁ; 8.
tructure can e ex ura

The b6wed biEgradhoel ¥dtiodbs mrmra @@dactmeuﬁaabmdly UBéfugﬂia%nals may
di el ectrics 55 adjacent to a plurality of gate

inclydsdhossdesilyby deFﬁIéngiafPéﬂ]@tCPG@tC@Wé sleggnigg Jop exdngi prsgurce
elec{rtgd'fe] aandp(iryl ecf._r?ggfosfn}g g u;é%: é’ %gﬁ r%r@alillu%l ](291[ ﬁlrlln %hrormurn

strate i ndependen

cofRBI D& @tlva mlcldé’lalballayhuﬂf pelt@ain amnmn@lemw@smﬂﬂﬁy@@ chnd
500, res ectlvel In an el ectronic device, a volta?
cmhmaﬁ@l%ggm% dn @@@ gEdadimeat, ghe wugtcedectioge and the drain clectrode

both comprise aluminum, gold, copper, silver, titanium, chromium, metal oxides, doped
semiconductors, or combinations thereof. Useful means for application of the source
electrodes and drain electrodes may comprise vapor deposition, solution deposition, spin

coating, printing techniques, and combinations thereof.

In one aspect, a process is provided for forming a plurality of gate structures. A
web is provided that comprises a substrate, a plurality of conductive elements disposed on

the substrate, and a conductive anodization bus. The conductive anodization bus is
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source (body) controlling the current flow ng between

the source and drain el ectrodes. Common el ectronic
waelewpoe0i ncl ude transistors, for exanple, fiePcI/Es5008064181

transi stors, arrays of transistors, capacitors,

enbedded capacitors, diodes, light emtting devices,

stacked el ectronic devices and resistors that are used

adingerf it #rfiet edan afghe mbstvicon Brstendueidvarpigmemend deleast one second
co urcﬁ*%fec‘elgﬁle% Egeu%lécﬁﬁéﬁl@tcoﬁﬁécqeq{ t@tﬁ‘@%o%ldﬁgtﬁxyeo 'oﬁizatior% bus. The
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and oscillators. Applications of these devices and
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nnecti ons nmay be mnade feen two of nore devi ces

thraglleaediodizatieasthtiat. Ele aodizagomebtidrocdngirive@im anodization bath

electrical circuit. In one enbodi nent, the el ectronic,.
hayjag p gntry logatioqy #ndran) grittlpeation deighe Weh: ahgediachemical solution

- -I oni . . ‘ . . ‘

rorBO MR The phRfr BB RErSEE Shock BetRi MBS d Sirface: o
cathedd looatadiotithin thayktirodhendcaiadletibmivhedeabeplataicy of @alductive

conductivity can be controlled qver a w de range,

clegiepitet PRRtioREASRtYSPNohe WpnEHF aad My cathrde serinees glae@@(ower
sul{@\é it P (SHOBAORand WS it %@‘c%ﬂ@&ﬁw be Wq%ta%g' a®h Histance

I norgani ¢ sem conductor materials”inclu
froantbe phioy $ocatibi, edrere thadivtance ssduffident te peivenmarsieg enthd entry
tellurium .zinc oxjd bl ends, all oys and conbi nati ons

locatien By provedingpp et gy e@ﬁfala?:ltweﬁ%v thg piepigpchemical solution
at t‘ﬁ@%ﬁ%%?oggg@r{. W&%ﬁhe Q%}i&@kﬁé &ERLARe ainegiiz ion bus positioned

pho , Si germani um alum num g I um
abawesba budéyce of theaiduitroalidnaingl soheioepd plutaiityp ofcoabadicnaderhgnts

t he sem conduct qr. | ayer. y. be conprised of zinc .
wheg @deast hppriipn 2? e piwﬁf@%%@né}lﬁwm?%?ntﬁ HaiPapfioned below
thegs%kﬂabé"mdtﬁé @f%cf?&‘ncglsﬁrti)ca@ Eolﬁﬁ&p'aﬂé‘tag)%h heefps, ﬁ“aere at least one

sem conduct or e provided adjacent to a plurality
claofp igat eediiedl@ontacositiofheacoplluntiak iahydiedtionlbast Ao fdast a portion of the
evi in FIG | n_one enbodi nent

es as sho 8. the o
SuId g&‘ﬁdﬁl&f@g?y %ﬂﬁ@ﬂﬁﬁﬁ%@é}%@oﬁ@aﬁég e gleptiogRemical solution is
andi2Hd@b b ¥n Rb1881tE oL AL 8&hdthies - ThOpRRANEF ¢ LOBRHIRI Lomprises
the sem conductor may be patterned adjacent to a
a phoualityef ghtecti¢lodecsaatighcanitto ai phureligodfrgp thesl asrod bovibhe plurality of
Fl 7., Usef ul. ns for, application of the
st e lBiEhIR Per B S AR B BL LS Gilcclbpded g substrate
dep@shidtRitasiet, B (0@t NbroRbsdr RénlifS MBLAMES of BlREtronic
conbi nations thereof. Source el ectrodes and drain
deetectA pdbss prayidoé thee pempitised afsnbymate, g @lwality of condietiby claments
Gsfals Sl estric a5 shoun in FLG 7o 0 qfe enbodimenty oy
bus is adjacent to a first edge of the substrate. A first conductive element and at least one
second conductive elements are electrically connected to the conductive anodization bus.
The web is moving, where the web is delivered with a web delivery roll and received with
a web receiving roll. The web extends from the web delivery roll to the web receiving
roll, and the web passes from the web delivery roll to the web receiving roll. The web
passes through an anodization station. The anodization station comprises an anodization

bath having an entry location and an exit location for the web; an electrochemical solution
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may be separated by a sem conductor adjacent to a gate

dielectric as shown in FIG 8. The source and drain
Wek@enewodrs can be a conductive material. UsefRET/US2008/064181

materials may include those simlarly described for

the conductive el enments. For exanple, source el ectrode

and drain el ectrodes may include al um num barium

retginpd Wit th pregdization bapahereyothg clesirpehsmicaljseludipn has a surface; a
catﬁg%é l%g%‘rgl " é Ingthg Qtég%?(%lg&?&ll E&g%&;}l lévﬂ R éh{:ﬁllu{'ahtfﬁpgo%ductwe

ele&&ﬂfsqep@sue@temﬁsw@ﬁdhd hidseitaiand deaathodeieink@blc;cadprposer
al um nu copper silver, titanium chrom um

SURRY aﬂtacag%l abtéle amﬂﬁeaal ]éfiﬁ?’é]éﬂ?&u dihgcathods maw he ﬂmtqd@ﬁg distance
fro L8Ry 1ad8Rb Jm:" c@?so i ALLQD gpefveﬁtrh?mﬁg Yl e entry
ectrodes and raln e es may C rrse vapor

lood&@tDBy proeiding o bufificizntl ¢l &ﬁ@ S]letﬂn@ﬁ]l posgitial mahe elegrochemical solution
printing techni ques, and conbi nations thereof. In one
at %@ g8y locatioy. o@@s@ond@ COMBR} e e ‘foélfiu‘ftt}ierﬁnﬂﬁlzétl%l Rusgopitigned
abc?sfe tﬁ?glﬁrfa%te T'ﬁfe%@c%roch%ﬂ%? s'oﬁltl floay 1%‘?19? H%onﬁﬁ&ﬂ’é’ ctéitie
substrate, a plurality o con enments di spose
whort dt hexssapatioabethegitakityd ml@hndnduan&rwdnaﬁt aropokitisned below

The cond ctlve anodlzatlon bus i acent to a first
coet the glegiipiepugad solutign: aad ap alldatq ¢ RMScYREE 2hlsast one

claﬂ'fp 1L ﬁiaec‘lgctpp%ﬁ cﬁﬁﬁg{\gltﬁ g{%?clgﬁalhc\fﬁze %11@ Hod BIEE At Jeast a %ortlon of the

ectrically connecte e conducti ve anodi zat
suriface .of Tivepluwebityi &f conshictiye clinemes dxpescded thescletetockaniedl solution is
%gth a meb dellyer roll and recelve ith a web
anq

e 0iforg ¢ BluralityRb et prusiiend he Py finat §p SERATprgRFgMprises
a p?tghlhtytoﬁ g‘é %bé’l@égll ¥ éc%hﬂg arﬂ:l’utlahm% ccioRe aﬁ?&‘eﬁﬁahty of

rontt y rol receiving ro
gattliecwedespapsesoradrbotigivnahe plnodity af goadsteatricsand Heesubstrate.

anodlz%; ﬁn statjon conprises .a anodi zati on b%
Tha {ACRY AN ROMPIISE LY W Lt MH PR T Adiecaf il gfurglify of gate

ditRBicsan &edd él@@a%%@"aﬁ@h dRR) BlebPsH S L ﬁbt‘ﬂ chédgacteﬁf_ato the

anodi zati on bath, wherein the el ectroch n1ca§ [ utl on
sutfias odtlaﬂeﬁﬂm,duaonepﬂm@detﬂeqﬁla'ah@ ofigatei struttnecs, where the source

el ectrochem cal ti ere.the plurality of
Clegi PPLE O BrEnS ek %Wﬁ‘ "8fied bet ween t he
subgy ét?étﬁer%g%& rﬂﬁ)rGé’etsp RqRoviadd BN @G{ﬁlmggghﬁalﬁQ@?Elchomc

supply attac to the anode and the taf hode
dedatshode chreyproeided dat eoinpmsea adisttate; e pluralmy tolfi eomhtcnye elernents

dlsg?iegﬁ)él tg? sﬂggtgnai ﬁ(?t}nvgﬁnb 2 u%{}:!fug: ﬁ'glte atorgd c¥1$é’ anodlzatlon
bu§f§fati{a%1ﬁ% hﬁrﬁt%Wg@B%E rsh&@tlatep% Bk b&hduchvd B8ment a‘?ﬁ at least one

el ectrochem cal Solution at the entry | ocation.
secand denct;mrrm tlsmsnts hee @ eaideadlyi opsnentiatiiozb¢ cawubtire anodlzatlon bus.

ti oned abpve the sur troch
ThE G 8RS g BRI Vb BiecBiane e ERRLroaR decgived with
a v&e%%éelﬁng 111 PR Qb @ﬁ@nd&lﬂﬁrﬂ'tﬁet\yetpdelitv@@ e @61 et dtereceiving
el ements are positioned bel ow

roll, and the web passes from the web delivery roll to the web receiving roll. The web
passes through an anodization station. The anodization station comprises a anodization
bath having an entry location and an exit location for the web; an electrochemical solution
retained within the anodization bath, wherein the electrochemical solution has a surface; a
cathode located within the electrochemical solution where the plurality of conductive

elements is positioned between the substrate and the cathode; an anode; and a power
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the surface of the el ectrochem cal solution; and a

plurality of clanps, where at |east one clanp is in
we@k@enoisenl contact with the conducti ve anodi zZBET/082008/064181

bus. At least a portion of the surface of the

plurality of conductive el enments exposed to the

el ectrochemi cal solution is anodized to forma

suplyiptégohed toothe gaede apdtheeathads. Thasaihpde mey by lapptedat @ distance
frogi%ﬂlg %éé& ?%aﬁgmﬂg?eaﬁw %w?elnfugg ﬁJ utfﬂmgtit t? ?%egglgtl. a%ﬂﬁé L g %ntry
loolah@t[ By piowidifig @ @ﬁfﬁcﬁ:hﬂy? lcrv(a elesmlcsl oesitial ke cloedyebermidahgolution
plurality of gate dielectrics and the substrate. In
at té‘ﬁ s0He focgdpib cthe aoge semBEsTs hqrasdpeby angfizatimiusgositioned
I r
ab(w U[ﬁ@kﬁr@ére |%f£ t6h§ egé:ctglggmsltn?lg &Y% u‘i?l%ﬁ @ W&bg?&gg%tgﬁc% en\n/ents
WhefeeelTﬁet’htsSa porsipo e the@hurilitg ctflﬂlb:SctcrnatlawewMin@mm positionel below
anodi zat i on bus. The conductive anodi zation bus is
theswyfagceni the slegtrehenticad apution: anpa piyipltyohclampa, ‘f"hﬁ“@ @t least one
claﬁﬁﬂg %%l&/‘[ﬁcﬁlcg Bt w i EHG%HHI?C@I%E afl zaﬁ%‘ﬁ%ﬂg ae éo\fﬁon of the
e s are e ctrlc Iy connect e conduct
surdavedif ziget plonlibust. combective Rlansentnskipoged tofier dedtioehsveival slution is
del i vered w b delivery roll and ‘raﬁeceived with a

th
anqggedyta dRnny ﬁblf%lgb’m?gﬁfﬁ trygpregx f Bhakrality

£H e Stijgagures comprises
o BRSO HR D RRGSARNNG AR dec B LR BRI, of

gateeldctroddses peditipasdesvdcnrtbeipluraity ahgude ditccoivs &hdithecmbstrate.
The anodi zation station. conprises an anodi zati on bath
The ATACRYy &ﬁﬁ@frﬁompnsmrwwgdmh aRows eleptirdeang g drgp etaqtode
e P D RO A H OB FLRE WA el aflens o the
sutfiece odi bethrthas@ircacledtdioded ttmodbiaclsitrotie nppds&e the plurality of gate
el ectrochem cal so utl(?n where the pluralj t% ?f
StrecswgtcT v e sewshesciradyis apt 1%?@@%%&&513@ ¢lectrode.
su b%é alseloahd v@}ln%ecfﬁttﬁB?@ﬁvrlﬁ%a b ﬁ’éjﬁ)llo &aﬁﬁb‘f@ h1ch are
supply attached to the anode a t he cathode.
exa@aplhydadmay indended tcabimd thd scapd Dﬁthardmldsumm t he ent ry
| ocation, where the distance is sufficient to prevent
arcing at the entry location by providing a
sufficiently low electri C]'_illxaﬂl%ie%m' al in the
el ectrochem cal solution at the entry |ocation. The
anodmlase nfheigiss nothe, adlgradiscpdreentapes dind attiocsmefpusd in the following
&Wltl oned ahove the sdurlf ace of t€ tzll ect rochem COZ) d.
Bt #1610 2V g RiRap 18P dGH | TERRAtCFY & BF SRERR'SS Whks Ptajped, or
ard a‘%@ﬁﬁbl@ R teUheRHical E\ﬁ)gﬂkl"ér(ﬁkdrﬁiéd ‘%lo()&h Br ﬁﬁ9 Py %%ﬁtﬂ@slzed by
el ement’s are positione |l ow the surface of
coplcgtionad tdvbmqoed. sol ution; and a plurality of clanps,

V\,hefg at least one clanp is in electrical contact with
nducti ve anodi zati on bus. At |east a portion of

t heA&Mﬁfrﬁﬁﬁ‘(t 5wfabﬁrp&deferdaa!nutpm&%e&@n?yl%ﬂhy%n@zm&late

exposed to the el ectrochem cal solution is anodi zed
((PEd)M &) plcwera(iintly DepogaliegisFitme tlapaeg) askraibprate.db iferyn oplurality
of & atd%ct?\tier eligr%gr{tse SACvgerg)crolrEpnses the substrate, conductive elements disposed on
the substrate, and a conductive anodization bus parallel to a first edge of the substrate.
The plurality of conductive elements was anodized by moving the web through an
anodization station. The patterned aluminum conductive elements were anodized as the

web was moved through an anodization station.

06-



10

15

20

25

30

a plurality of gate dielectrics adjacent to a
plurality of gate electrodes. The plurality of gate
We@L@enewors i s positioned between the pluralitRCDUSIHE%/64181
dielectrics and the substrate. The process further
conprises providing a sem conductor adjacent to the
plurality of gate dielectrics. A source electrode and
a dPapntogdepesifionel he Al hesvbaty we dreawed pithianenfrared
h
AR S b d P R SHEP I RO BRRR L) By QuBidhEsy oo

naEdtaqhmMSi O, tvbteradfoaﬂrmueh@c(tmq dputtdrﬁi @ﬂﬂiefs&bstﬁﬁdo@ﬁh 213.7 cm
process is provided for formng a plurality of

X 3§+1e@11 pkaﬁ%ma@wr@ésgﬂwmsﬂn&taﬁgeéwaw%%@e@@ﬁrd?u%@ea%) at
a pgwefgf f‘k&‘ eﬁt g{vgj ﬁld' 56011}1e %}@%&Z dﬁggﬁegﬁ% po%eﬁ)s

m/fﬁlne tlwﬂmtbletlbaoagﬂﬁimz @‘r’dsaﬁe lms 10 $nifldprac¢@morry bavdng i bk sitzon (Ar)
ge of the substrate. A first conductive el enent. and
gaSaﬂow @A8P0 Yardasd eeie cesimeriert (vreme pedrhpxyesp02) gas flow of 7.5
Sa%&ectrlcally connected to the conductive anodi zati on
us. The web is noving, where the web is delivered
Wi t Bubsegeéintiye 0/ ey fabintin@ndndtgioeiswpdttottd bn ehewabstrate at a web
rece|V|ng ral extends fromthe web _delive

spgegiof 1¢24° tni#anv\e‘ﬁhg 2@ @eﬁ? HGs Iaﬂttereda\mh f A& MEhX 3ad <& platiar
ma%h@[mn %ﬁttéﬁ% ?Qt H’&ﬁ%ﬁ%ﬁﬂ émén% ‘(Y@&er F&fh&%ﬁggarﬁgﬂlﬂy 0f 99.999

an anod |zat on station
% atrm]dszWeo of $ k. iThie badpoursiechambanadssned wans bdiolr, with an argon

ao e SR AOEEE AbET (e Do isn o O oyl Al meta
AR5 IR NucnOES ] BE o ERLERCORITLGR colh b

a’surface;
va@luaecpumg ewncal sol uti on where the plurality of
[ [ ned between t

|
S babF v’ T Rt FryBon &NTRHBaer oS AREC R pOBrSEHpIc Y
ﬁhﬂtép'he R&E Q@Flﬁlbfu télﬁﬁ?é Gﬁ;%ﬁ&ﬂﬂ@@@ AThe nfabheMS) BRYfiIm

[ ocated at a distance the entry | ocation,
phothessst ((EHd) 72t Ande Kaseisldphn cwanbmimitqk @vibn tahmmnumgam coated

Ontékpe i ri‘?é %Eﬁ@%gﬂ?ﬁ?@ﬁ o%é%ﬁ%&%‘%ﬁéhﬁcg% "ga?lL%Hesﬁ 0of0.914

m/Riin. t’['?l% fRML% éxBG@H'a@ M0 He;ARQLRIE AR s%é%sanhl'}@peat exposure unit
conduct i ve anodi zati on bus” positioned above t

to s olirbac®nafuatth phetbmesk dofuen Calphee)] Minnemolia, MIN.)r Sltdptand repeat

of conductive el.enent at | east a ortion
e RS TAe G GBI o S e Bng P B b ke as the
Prdt6HR W5 O(R a%yﬂiafb@&ﬁoﬁfnm Qm%}gﬁgfd 9,19&%19&* c@%%ﬂ@&w and A

a plurality of clanps, where at ast one clanp is'in
singlag stepiand rep@@trftxaowrwmh wahesalo nlde dFRReredevod iayat wasremoved and

rtion of the f fth . .
tne R e S oReQafil vaein Srohie SN0 Siepts e, St. Louis,
M@* SAHRCHRAT) §1§lla¥ pRsylirk 827 8 kﬁa@gbz@ @kfta@ J@ﬁﬁ;bﬁmre of 21 °Cata

plurality of e structures. The plurality of
webtspmdtqfrle"s’mcrmﬁmm ‘BlesDFPR was baked at 35 °C having a web speed of 1.829
m/min. The aluminum metal was etched with 45 wt. % KOH (Sigma Aldrich, St. Louis,
MO) at 27.6 °C. The DFPR was removed with 4.61 wt. % monoethanolamine ((MEA),
Sigma Aldrich, St. Louis, MO) at 40 °C, and the substrate was rinsed with deionized (DI)
water at 32 °C. The Al metal etch, DFPR removal and rinse steps were all done inline at a

web speed of 2.234 m/min. The web was then cleaned with a liquinox (2 weight (wt.) %,
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a plurality of gate dielectrics adjacent to a

plurality of gate electrodes. The plurality of gate
We@L@enewors i s positioned between the pluralitRCDUSIHE%/64181

di el ectrics and the substrate. The process further

conprises providing both a source el ectrode and a

drain el ectrode adjacent to the plurallty of gate.
Sigmapldeich; %%LOWSGMd)éGﬁHQ adig (2 W& or Digmaetdeiel), a$%-elmu1&, &10)

s B ot 4, SRS T PhEE (2 e Slructures,

whe Mée phgersalisaddueiecdémes werendbdized modt aotizatidhsthdieh. The
drain el ectrode. The disclosure will be further
stafipm FPMPIAYS By chiFd teoha g hinesheah Ue mrd ghinigpesicel cathode, and a

d C:
ro PR KR TSRS Gl 858 ORREIR, e
ab@ABE Tm Paegen bagﬁsl to aldweat TiasbarBpont &daicd atijaeent to the front
f ol Iomnng exanpl es _are on a_wei ght, basis, and al

cdgeefdbaeahedeed herbafﬂf‘ewweh%t 3 Sdhemdn bpieh. akept 0gt0 Cém & thickness,
an%éﬁ?du't QQ lcﬁl 1an£ ) j} Eb% fGo%k Eggﬂhbgg éncfjtﬁg %Ffff%ee(}tended about 5
e s esli ze y

ow, oOr conventi ona
cmt ee;ohnnhq lsms?ace Bf&lmélectﬁbcl%rﬂmmmt(oﬁl JThe@s:bspdstHett @ch ‘éﬁmiical
yet hyl ene- 2, 6- napt hal ate

d I
co o %{Prllléehﬁ%cin %&‘quﬁmpq—@ﬁcpwglip rcl}%conglécﬁlalﬁ)a)lgégatg)n bus for the
an&dé%%ﬁfaf@em b tlgé)\;vgge A HRI3ER bt Waslet %ofsd\lqu{sl(\gﬁ vﬁﬂh%rfﬁ&zlﬁmm

COTTprI ses t substrate, conductive enent s
allcdwﬁﬂesmdem settihg of ]Ji:()sﬂnﬂﬁhrﬁps @ndl) andctho dvtftbtspmel was 0.076 m/min. The

anodi zat i on bus _ parall to.a first e of the
meagiieq FHTRT Wip E {hE GRnge; 0?;7 ofll{%%@?@iei@ arhamiftlsolysign for

an@d??aqfoﬁ%gnﬁ%ﬁe&@f’ 4 hg (By%v E? ﬁl&'ﬁ?fg 9fe leﬂ@ gg&éf@ n%ﬂa Aldrich; St.

station e patter ned a m num con Ctl
Louwisr ¥l (yraad |3Z\Jeuj’A>ama:rf®elcv&1b(kS1gm$AﬂIbMdSt lhooisghCAnn a deionized water

o BBBSIERL R O L whBSoBS SPuShe b, s
AI%IIIC@ st ilaﬁlshﬁ/ﬁﬁd)e MTHalkaf o‘f‘%?1d§ ti8h fér the gﬁ%%ﬁéﬂ%ﬂlywﬁom
r (n SI Ox

hesion layer o? 3 nanonet
temmatmadm&s ‘tfet\emnelnz:y S(RR)V . s$ambiley @ebdiomed ahaavslwkgs of @b & produced

with a m x 38. m pl a gnetron Si O
apRIBmadsly ﬁég fRgsgams (@&i agﬁme@éﬁg Duguesne, PA) at
a paye 'Ehl@linegs 1d QUL oﬁtﬁwnd'ﬂ%dﬁzéﬁ%ﬂ@ gﬁtb%’fr{czadg dERDto the gate
having a web speed of 0.30 e chanb
eleb@edegfiioo tmrthiny @ gstastustars Vi3 tedtéd byt measufing orer l):altagv bftheanpacitor
andard cu bi c ce

str%cggrgﬁ,) &A[gz]t gﬁo%t%}g Ofr@%%gl&éi;ep?ql@gvoaft &paiterne B:ﬁa‘[ge etlectrode and
gate dielectric in a vacuum evaporator (CVC Products) through shadow-masks. The top
contacts were 6nm gold circles having diameters of 1 mm, 2mm, and 5 mm. The
current/voltage characteristics were measured with an electrometer (Keithley 2400,
Keithley Instruments, Inc., Cleveland, OH) in a constant voltage mode. The measured
capacitance was 750 picofarads/square millimeter (pF/mm?), and the calculated thickness
of the anodized gate dielectric was approximately 100 nm.
Example 2

Thin film transistors were fabricated using the gate structures made using an
anodization process of Example 1. The substrate was degassed with an IR tube heater and

3 nm of SiOy and 200 nm of Al was sputtered under the same conditions and using the
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Subsequently, 200 nm of al umi num netal was sputtered

on the substrate at a web speed of 1.219 mimn. The A
wWOoreaoaloines sputtered with a 12.7 cmx 38.1 cm PUHOS2008/064181

magnetron sputtering target (Angstrom Sciences,

Duquesne, PA) having a purity of 99.999 % at a DC

power of 9 kW The background chanber pressure was 5
sarpgrequwpmettan thacondugiyededialidepositen. obloe spaegn and|draip ﬁk@@odes were
po L GERR: bt SRR R FRRRRY O g

KaBd| Jaipapu ThO Sehdvagtitabatepaticiednsingacahioforpasimlidesrand exposed
The continuous al um num | ayer on a substrate was

at P mbrePRER Felereg &t}fﬁwaﬂmogfmi AR Rs IS vas dgygfpryl with a
7
sodf IS AL CRAL 3 BB RAES:, 1643 DA0TSG R w54

prdsarfi: DAL EE7 GPa,tahemptratiraioN2 1. 8y€ at £ 0@b epleefdmftlli% AREMiAt The DFPR
206. 8 ki | oPascal ng )), at a ten]ferature'of 110 0OC at

wag bpld)at d R e abr Wb snerdiaf i §2 m/mia. The sAnduativexpefalemasgtched with
45 %QOOA,’Eo'telskﬂuRﬂlﬁo;& (K\(‘ﬂﬁ)f &pnﬁat L& RirA s ﬁB@QtMﬁg RPSHFCC. The

tto uar tomask (
DFBRap iy emovdd wntﬁalp@ll W6 Yo MN)loetﬁtrﬁﬂ)armmel ((MEA;a,tslgn@ ;A$drtce1 St.
units are known in the art. ep and rep

Lo 40 n- ok Hisactayay H%SGFLWY}%‘F%‘?IB%@GN%“%T %t\}&r% é“mTéle Al
mekdl %{Uhtﬁﬁ kq@&b@g agﬂ) LRS! ﬂ&ﬂsqpergfallgoﬁé/ in®ihe LPAWRE rs%eed%ﬁ? 29

sinilar step and repeat’ exposure unit was use
m/DEPRhe et dbase thaydeansd svitteariyatosa(dwt Pe SDERRANMESCh, St. Louis,

devel oped th sodiu opat e )., Sigma_
MG\ /o(‘rltr@rﬁ01dsf¥m Wtu{mségmmfdargcg» ot Lawsv&m% sgludipp 35/9%? eSgp gpeed of
0.4‘3“711%%111@ kil opascals (kPa), a tenperature of 2 1 0OC at
speed of 1.524 mmin. The DFPR was baked at 35
0C Haviwel veaswepassqabledpabing 1B 28ntdfrandR tibehaltarfounttimes at 2.438

netal. was etched with 45 wt. 9% KOH g, Al drich, St
m/ g pEor tRdje 082*710%0&Zln<méld9p€§&5§\§‘§3 %9{331\3@6 neppxidegyas
splﬁferecf@rgfﬁ%oﬁwmeﬁ ? %ron%&@@ce’sb‘lﬁﬁ U.%Ehe Ph; &usm% three

Lours, MO at 40 O substrate was rinse
pagdes ol Hescn/(niDh Jat wBJFeprovair 082 kO'C. Th'Ervhambenm’eahreet/asrﬁ mDBRRnd the

renmoval and nse steps wer.e e inline at a web
O 28285 6#0%153% S%%lﬁévwe% Cﬁéﬁ cleaned with a
lI\/IDq ‘1‘/118 Q&n{cgnd‘cﬁc‘t&h&ye@ ‘Mas bat%r%cgﬂﬁh@kagﬁé fabhiorhs th'e%h&uctwe

citric acid (2 % Sigma Aldrich, St. Louis,
cleMontssaoH tlvd murc&tanﬁzmamsle@tr&@salsmg NeIR Q@@Hem&f A@aMEWasel Japan),

mn. The patterne uctive elerrets wer e .anodi.ze

and iR o035 v-6h & SPaBREAL SHest GRBE e ity FLgEagoIE: MIN).
ThE PHPRAad 4 okh%sn% h (')ﬁ@%éb Aid rgpe%ﬂ-éxﬁ&u@ uRiDRICRFaging

steel cathode a pol ypropyl ene baffle. The cat hode
Cowasataymp Cayiofrbndaistyy, m)sultllamg erighdidgbials fanaignmeanded developed
with sodium carbonate ((Na,COs), Sigma Aldrich, St. Louis, MO) Zinc oxide (ZnO) was
etched with a CAN (Cyantek CR-4S, Syntec, Inc., San Jose, CA) etch (Cyantek CR-4S
was diluted to 40 % volume/volume, resulting in a Ce(IV) concentration = 0.064 N and a
HNO; concentration = 58g/L.) at room temperature having a web speed of 0.437m /min.
The DPFR was left on the devices and not removed.

Devices on samples implementing three different ZnO deposition conditions (4

sccm O, 6 scem O, and 8 sccm O,) were examined after roll-to-roll patterning. The thin

film transistors on the 4 sccm O, samples were baked for 10 minutes at 115 °C. Some of

9.



about 65 cmin length parallel to the web. The baffle

was | ocated adjacent to the front edge of the cathode.
wab@opefodl e was about 30.54 cmin hei ght, abouPCOUSDOLM4181

in thickness, and about 20 cmin Iength. A portion of

both the cathode and the baffle extended about 5 cm

about the surface of the electrocheni cal §o|ution. The

thogsniogaBade mabilky af vE&rkGredl -s bnfii twrgnt) onl 0w Eveltagrodrsay) ~ 2
V/@%gﬂﬁ'?%ngkﬁ g% g& ”iﬁe "1*9 t't'ﬁ %M%rﬁ&%%@; é O{EF %%%CIL‘HZ

e ano cm on
sariflts did nbbraqalrt 8 bald and Hidd c&vflﬁkhﬁ‘ﬂaﬁﬂeﬁbt[c@\ﬂ&b lvxe:r@siﬁﬁlaﬂto the 4
setting of 150 mllianps (md) and the web speed was

scqm 07 6P gt nTheth eccies éﬁ%@le&:@!ﬁirﬂ@hTGQM§ aibpke, Rat yVeliggeorgresistive
1
in ;ﬁeéﬁl&aﬁﬂé)?egfggsghag{ngéé g?ﬁgﬁg{] %ﬁ 6@)‘?}91\%%? Bﬁr{}) 09 .haii a rnobllfty of
~0®0hyéhesgl ycol (Slgna Aldrich; St. Louis, M) and 3
w %tartaric acid gna Aldrlch St. Louis, M)
dei Uﬁrlﬁléfdﬂmltﬁé?tl%laﬁ}fi irBerationg ofihis disclosaicay i aapﬁﬁpfotp Those

sklgte(:'i_’lqv_\ﬂcl)l% :alét,qx'ﬁ ot &'éﬁ?%%f glfe P%%&Dglrﬁta@tf?féﬁg d cﬂ)rs{l%hand it

sh@ad be dhdraocdd 1hat this dls:;ﬂxmuteamef Rinited tonds ilhstragenclements set forth

1,2-1.5 nm V. Sanpl es anodi zed at a voltage of 75 V
hetsiioduced approxi mately 980 angstroms (A) of anodi zed
Al 2C3. The thickness and quality of the anodized Al 2Q3
gate dielectric adjacent to the gate el ectrode for
formng a gate structure was tested by neasuring the

| eakage of the capacitor structures. Gold top contacts
(60 nm were deposited on the patterned gate el ectrode
and gate dielectric in a vacuum evaporator (CVC
Products) through shadow masks. The top contacts were
6nm gold circles having dianeters of 1 mm 2mm and 5
mm The current/vol tage characteristics were nmeasured
with an el ectroneter (Keithley 2400, Keithley
Instrunents, Inc., Ceveland, OH) in a constant

vol tage node. The neasured capacitance was 750

pi cof arads/square mllinmeter (pF/mm 2), and the

cal cul ated thickness of the anodi zed gate dielectric
was approxi mately 100 nm Exanple 2 Thin film
transistors were fabricated using the gate structures
made using an anodi zati on process of Exanple 1. The
substrate was degassed with an IR tube heater and 3 nm
of SiOx and 200 nm of Al was sputtered under the sane
condi tions and using thesane equi pnent as the
conductive netal deposition. The source and drain

el ectrodes were patterned in the sanme nanner as the
conductive netal using DFPR (UGH 072, Asah
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Kasei, Japan). The conductive netal was patterned
usi ng a photomask aligner and exposed at 100 mJ. The

WOERRM®IEase | ayer was renoved and t he DPFR WeGTI/US2008/064181

devel oped with a sodi um carbonate ((Na COs), Sigma
Aldrich, St. Louis, M) solution with a spray pressure
of 27.57 kPa, a tenperature of 21.1 0C at a web speed

Whett isidgimedig:mi n. The DFEPR was baked at 100 OC at a web

speed of 1.82 nmmn. The conductive netal was etched
with 45 wt. % potassi um hydroxi de ((KOH),

. Si greplBbets ifetfornting alpdutiakity Iighteattru2fares, he.prddess dInkiRisiwas

renoved with 4.61 wt. % m)noet hanol an ne MVEA) , . Slfgma )
Al drich, pswld%a|S§bst1m9)coatprwgd® aah%fkme(h(aénﬂmbty of conductive
ri n%ﬁ%\é‘ﬁ@s %gécp ﬁg% anag(%)aazco%dg&"lvegpﬁdia ot}]cgia&glparallel to

ermv

i nl afiestatigaofithb bagaeg vﬂferéln Bgiritfcﬁhdinctﬁh elewrint yvakattidwenone
cleaned with a liquinox (2 w. % Sigma Al drich, St.
Loupecongiepnductiyg ?lie%leafcé}r@ el(egtrwaﬂy %nnssct@@rép the @ppdipatiogrbus;

Loui s, _'}% vagotﬂévisa@& drgfge Rerdi Otg’e UpstaRAE Sglsgrecpwﬂflsg s%l‘t}]strate

nl m n. asse passing I'n fron
| R delberneadl a1d eodived Witk s salistrdteA3&ivihgirll, phid S'lfosttrale bknEnds
depg@l tion of a zinc oxjde (ZnO sem conductor.

oxi HEMWAS Y @Eeéieélderfylrrew%thzwsgm CEFIV g 1P é’raé‘étthe substrate
An
e BRSEERAIhE ARy UAHED DA ol SRR iR RAR S ES

pr essur e paamgihaiuistrata mhiohgle aifDgaiszanas sthtiseahs aodsadon station
and 8 seemvvlth 600 seem of Ar. The seni conduct or

| ay PR &) 28 RRRYZ3HON 1aeh COIpRYIHNEHY BryA8catiqn and an exit
con @d’b‘ﬁ{lb %r%@%%a’%e gﬂgaﬁ Q@ctﬁ%ﬂélﬁ%aﬁ%‘@d’n@e&med w1tt$1n the

el ectrodes usi ng UGH 072, Asa Kasei, Japan
and ascpzsed bath, i&(h@relrn]th‘wletdatrackmlnmaj melskiomhagnarnface, (c) a cathode

I t hi M IS, Th P
et SR kPR ER bt AR comen
o§1ﬂ&%dﬂ%ﬁ%&ﬁ% Qédk‘ﬁ{b arld tfl%’ f&gflode $h ra}iodec‘c@m I‘lSl § d(1) the

I zing edge fiducitals for nnme and
WI t hnabzhtm»mbuar\ﬂmnanehe( a(ﬂtldﬁ@ﬁm) busSs @natlé\dletdlrdbohe th':'e‘tsurface of the

(O sfibancHeper ol it i mur i af SEGE Ve pmBuighvherein ac feas
(Cyany Bﬁi‘on%?’tﬂﬁspl‘ﬁ@ﬁlt)el))f dbtnﬁﬁicﬁv‘% iy gt gﬁﬁﬁ&?éd%w the surface

resulting In a concentration = and a

HI\I(Ef thertenbclamionl scluﬁﬁg/ dn)i (at) arpimla‘htymf[:@dﬁnaltsuwheﬂem/étri@st one
d .of .0. DPFR I th

devF B S Rl RticH SRBPEC Bl DEL 2 st e) o Bower Supply

'(Zplaﬁé@l@&'tcﬂ@letaﬁé&eaxﬂ'tﬁé eLtRode; P deposition conditions

anodizing at least a portion of the surface of the plurality of conductive
elements exposed to the electrochemical solution to form a plurality of gate
structures comprising a plurality of gate dielectrics adjacent to a plurality of gate
electrodes, the plurality of gate electrodes positioned between the plurality of gate

dielectrics and the backing.

The process of claim 1, wherein the backing comprises a metal, metal alloy,
polyester, polyimide, polyetherimide, liquid crystal polymer, polycarbonate, or

combinations thereof.
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seem 2, 6 seem 2, and 8 seem O2) were exanm ned after
roll-to-roll patterning. The thin filmtransistors on

w0 b@soerm O2 sanpl es were baked for 10 m nut PGT/HS2008/664181
0C. Sone ofthe devices had a nobility of- 0.4 cnR/V-s
lon/off (current)- 106, S (voltage decay) - 2
V/ decade, and Vt (voltage)- 8 V. The TFTs (thin film
transi stors) on the 6 seem O sanples did not require a
bak e Fagteri StiC r

3. %ﬁgg%cggsgor# 1!%1;1 m@%&l@ﬁ:ﬁj}l@ﬁ%@eo%c (ﬁICtl% Fl%m%hwgoﬂl Pses
r equluhﬁmanptaktalunln iiobA@h Eziredh RNk Q@ﬂgﬁitdny&tahﬁng hefmairh odt-
The devij ces having a denonstrated transistor behavior
had cemhiBiionstthersef. - 0. 001 cn/ V-s. Vari ous
nodi fications and alterations of this disclosure wll
be apparent to those skilled in the art w thout

4. depaht prgefs odividimel , Sordee camprisipg b ihbrigdntdlRbBveyor to support and
di scl osure, and it should be understood that this
di s E1096 theesubsiraip passing throy gk Sreramadizptiesistian, {he horigpmsak s
set CBI?J Elgr Ilﬁﬁ{uﬁb l%/g‘%tt?é !r@t% gﬁ&l rﬂo%mg]m a aﬂlreg)r FaR1 {ooa{ substrate

formngapura estructur oces

conptitistedgi a pasmval cﬂxla’m@ pasﬁmgamw@hehe: arylidagom gat(la\)Jhéreln the
backi n Iurallty of conductive el enents

di s ﬁb%%&y 82 Cllaﬁ’@s BEaReWHCd togoyecYyith thedwgigertal gonveyor.
anodi zation bus parallel to a first edge of the
backi ng, wherein a first conductive el enment and at

5. | eadhe priecssad@idmch mdwcdin the phlreligndf chngsaelredignied atithythe
connected to the anodization bus; noving the
substhshee; thyrk P‘%?tﬁnﬁ Sl 3 pitaghins '@ Uarenogizatien et of the
SubgliaLe Iﬁiﬁ)}r 1/ B Xonfr 'uL cafde! (Bﬁasmag ghé"% bt ﬁ#@égm& e

receiving roll, the strate exte rom-t
subahesdizatiod dlathy end/(o) adlbasing théeulstrbstaftat thereet dvoatiog, wherein the
rol

and the substrate pa ses from. S trate
del :h%ﬂﬁtar |SPPVRYET EHBPREEHELC Pec%goé WF 6“4%6‘?1}’ OPEHRE fHpclosing
the ysub$dLedfe ddHpugh an anodi zation station, the

anodi zat1on station conprising (a) an anodlzatlon bat h
conpri si ng an entry location and an exit |ocation for
t he substr ectrochem cal . sol ution

te b) an e
6. ¢ ot &) PEEC Pﬂ‘glﬁléé‘ Lﬁyzoite SHORS IR Vichih didiTACSh gomprising:
el ectroc Bﬁdvuﬁﬁé aé%s%te%n{mn@ @ b &g, (ts)a Iﬁuaﬁtym%ndume

| ocated wthin the el ectrochem cal sol ut
pl uekhicnis dafposahatuibt ibaeking, end i¢)s2 cpmslucttlv@meddlbmomm parallel to

t he ?ackl n {]ﬁ cat hode, (d) an anod

(1 *hs ol DEbhanG QR & s rob e TR Al Pt e one

s BashikonsdiabOYRchNBe SHEFRGEy Blurkhed B #ELhOGhATINAL:

solution, (11) the plurality of” conductive el enents,

wher ei n atovlt@bt substrate, wherein the substrate is delivered with a substrate
delivery roll and received with a substrate receiving roll, the substrate extends
from the substrate delivery roll to the substrate receiving roll, and the substrate
passes from the substrate delivery roll to the substrate receiving roll;

passing the substrate through an anodization station, the anodization station

comprising (a) an anodization bath comprising an entry location and an exit
location for the substrate, (b) an electrochemical solution retained within the

anodization bath, wherein the electrochemical solution has a surface, (c¢) a cathode

located within the electrochemical solution, the plurality of conductive elements
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a portion of the plurality of conductive elenents are
positi oned bel ow the surface of the el ectrochem ca

waoloandem and (iii) a plurality of clanps, wWheCEUS208%/064181

7.

8.

10.

11.

| east one clanp is in electrical contact with the
anodi zation bus, and (e) a power supply attached to
the anode and the cathode; and anodi zi ng at | east a

por pPuonsid bepecenithe haskingandriae gatmd@L (d)yn gnodeosramsinge(i) the
el € gﬁ@({lzc‘a]t ?ig)?ﬁ' %ghetr?m"ﬂpet an%ldfz%{lgf b selg]pgg 101‘?691' al’&vg ﬁle sfrface of the

pl u e&btr@c}heﬁﬁcag @dslan@h Qh)?ﬂab Fpmshty@fa@mwwelan@ht@ rxaher&m at least
of gate electrodes, the urality of gate el ectrodes

posAPPBIvaP ke pewhity ﬁ@oaﬁwtwe.eﬂ%m@fts yapesigprddelqw ghe surface
and Eg%l??e%%}&%lc‘ﬁ sol-{llﬁgn parnt(a?ﬁﬁ% rpe{lraﬁ yac*flrg(l)a;nps\é%ﬁ&%i{at least one

p oI ylafipde in ae&tyieztlh;emam wligh tHel apdidatéaryisisahndo@) ¥ pewer Supply
pol ycar bonate, or conbi nations thereof.3. The process

of @ftaghd 10 tharmaeds fdithecgheteal ity of conductive

el ement s I

Zirconi u n%f&{mﬁg ﬁfl%asq gBrfileruf r‘hfléaﬂ[‘r?a!cg g tHd é)%ﬂt@ﬂ of conductive
conmbienhiseRrpodcdas &Qfeleo‘ﬂmcﬁ'éiﬁcﬂrsoﬁﬁﬁﬁ t@forﬁi @plirality of gate

further conprising a horizgntal conveyor to sudﬁort
and SHeRFEes RRMBIHAE p Rtusalpy 9§ p3g dtq%wrﬁdﬁ%ntatﬁ ddlurakity o gate

sta r Vv .
b a0 Bl SRR o b POV Rty of
subﬂkﬂaMﬁmamddnﬂ&dkmg,a vertical plane passing through

t he anodi zation bath, wherein the plurality of cl

are mounPEY1¢iBe ﬁé%l%p@wqrwéwﬁ%m to QPﬁI&PTaEB’er% dlelsctﬂcs and
The proc

ol amps. arifine Bl MofrecRELEA Pl A RIHERI oacens o2

one swif@aRf (fe) seﬁtutcmdhd':tngoppmsitdﬂ&leqﬂmdhwatf igate shustueds, therein the
substrate prior. to the entry | ocatio (b) moving the
SubSYaE elettFrdsUyROHIA SOBAG AV U RSB s[éﬁt,m%ad (c)

rel easing the substrate after the exit |ocation,

wherein the horizontal conveyor conprises a clanp cam

f or Thogepessderidiy o pdriangthariccobosidagict ivea thin fikagtnwsier.
clanp. 6. A process for formng a plurality of

el ectroni c devices, the process conprising: providing

a sis BF&E% cﬁ‘%’[ﬂ%‘ 6 WrdiRine R RBGKIcvick B arfadiivl Er?a'tﬂ;l Yisplay

conductive el eménts di sposed on the backing, and
(c)baﬂqmnmuctlve anodi zation bus parallel to

The process of claim 6, wherein the semiconductor is inorganic.

The process of claim 6, further comprising patterning the semiconductor adjacent

to the plurality of gate dielectrics.

The process of claim 6, wherein the semiconductor comprises zinc oxide, indium

zinc oxide, zinc tin oxide, indium gallium zinc oxide, or combinations thereof.
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a first edge of the backing, wherein a first

conductive el enent and at | east one second conductive
we@k@awotoonre el ectrically connected to the anoRCHEHS10081064181

bus; noving the substrate, wherein the substrate is

delivered with a substrate delivery roll and received

Wth a substrate receivinayroll the substrate extends

12§ r orhhe Reocspnichadme, andierojiepgth thy soures alesérogdepad thardgain clectrode
recej vi t a t
bR Aol 3010 PRt Sk B RS SR LRE R gides. doped
r ol hemi@aﬁ@ic&gs,tdﬂeoﬁlubﬁtw@tﬁeﬂebf.ough an anodi zation
station, the anodi zation station conprising (a) an
anodi zation bath conprising an entry | ocation and an

3EXI érgg E'fmo{'nq%gl Bﬁut%ﬁ&rfcﬁ{e?etcﬁm%(:@eyhgs tl%ehprocess comprising:

en1ca etai ne
a n 0 d i zat pvidiag hl sulvslttfat‘eejomﬁriﬂﬁlge(h)exbicﬂmfge () agdluabtyusficonductive
has a surface, a cathode | ocated within the

el e@kﬂ@eﬁ&ﬁp@md %Ib‘lhetba@ﬂng,taﬁé (pragoapnetivegnodigpfimnctus parallel to
el egﬁg&%ﬁg@?fﬂhg %Q&l@%%?&ﬂ%%stbﬁfg&%&gﬁ thehighd gtleast one
ode, t

cat ano conprising e anodi zat
bus secohé cenductiheclament aaticouichllls commepod td the Iaﬁddlafhmﬂ&)us,
the surface of the electrochem cal solution, (i]

th
pl ur al i t PWiNeiBaaiRstiriFe VEPESHERE SUDSHRS IR Fi?\hVéfedl wigls Slét?strate
por tdé]?%r? gbl eilrﬁl Ig&éf egﬂ \!vftlé{ gﬁbsﬁgﬁ%ﬁ&blﬁg r&i SHEQ LS rAL gxtends

positi one sur ace o ect’rochem cal
sol tibohothe salmﬂra(ei deih)ferar rpll tis thlcistiystafe ekanipng, rol\MmdehenSL@Btrate
| east on is in electrical contact with t

ano8pYst Tefalﬁ t@% ubstrpfg deltyery rofbindhe sihsHrls rei iR 9t 0
the anOdg?s%n‘% th@?u ﬁgﬂgqg‘?u?]ﬁgﬁ%ﬁlﬁﬁoﬂgt&l Scﬁe odization station

portion sur ace urality o ‘conductive
el enempssiex f)sednddizition ‘tmﬂe«:nrnpmhtgmmaitmdotaﬁoh(and o exit

f .pl lit f t t
or utosnif s hebeiie dPLn Sutohi et %ta?ﬂe&r%’iﬂ}“tl ghe
of Q%cﬁzﬁigﬁ%tafho %%relﬁ fig e[@cHBf“e’nhé’al?Bluﬂeﬁ fia dse fdé'?ac@ d€Fa cathode

positioned between the plurality of gate ctrics
and ladaedbadion tg; elepntm)vlnainm@i salwgion] uhe ptuditpof a@i}dmcevﬁ cltments

the plurality of gate dlelec r|c n rov bot h
a s Bvienc bebysedRe hanking W& oathodey ?ﬂga aaaﬁ&ea@ér?aﬂw (@) the
sur EaGE-Rfon S, IRTEiA ANIHHRSPPASI E)@Sl’él@l?edpibﬁ(@{ﬂetsﬁrfgée of the

gate structures, wherein the source electrode i s not
| n clentracdtemagal Iaoluhm dn pihn pairady rod dendugtivel Hempnts,cxelsﬁsremfat least

Cr agpeiogrol T Dyl SEp roBBuceGe ey &€ rinepicbefu th Surfuce
el egf flﬁ%ﬂ&t@ﬁ\’énﬁ@al'sﬁluﬁﬁn,%ﬂi MBS 2Pty SHBRRY wherein at least one
clamp is in electrical contact with the anodization bus, and (¢) a power supply

attached to the anode and the cathode;

anodizing at least a portion of the surface of the plurality of conductive
elements exposed to the electrochemical solution to form a plurality of gate
structures comprising a plurality of gate dielectrics adjacent to a plurality of gate
electrodes, the plurality of gate electrodes positioned between the plurality of gate

dielectrics and the backing;
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backpl ane. 9. The process of claim®6, wherein the
sem conductor is inorganic. 10. The process of claim

W@ 2000003902r conpri sing patterning the sen condRCT/v82008/064181
adjacent to the plurality of gate dielectrics. 11. The
process of claim®6, wherein the sem conductor
conpri ses zinc oxide, indiumzinc oxide, zinc tin

oxi de, | ﬁmvadﬁl@ hothiasenscereecrilciand piragoiestipde iadigsent to the
the ﬁt?&htgf ate LS ﬁ/hglJc 1nct!hg| gq}rge l\éﬂ dgd%l 15'ngt 15'30&1.191& with the
sou ce e rode an e-drain “et'eet rode conp
aluﬂhnmakm@nd@hn¢opper silver, titanium chronlum
net al oxi des,. doped. sentconductors or_conbi nati ons
t her eof . P1oyidipg Bﬁ%@% dycinr afdiscatrig aéurpfwwﬁbptlytheﬁource
el e r r
a s %{?E?Qdaet an‘aet}{é 81%?‘11 el&pﬁ%(d@ l?ogﬁ ‘Elgecs%ﬁfgg e'le?tr?@e aer Y dF?J I{f'glectrode
of oppmueﬂkmﬁm&hqmmgm%chsposed on the backlng, and
(c) a conductive anodi zation bus parallel to a first
edge of the backing, wherein a first conductive
el e t : be

143 e PR A B B R L K SRR bl o
t he substrate wherein the substrate is dellvered mnth

a subpstrate delivery roll and received with a
155ubdte at%ei’sétfélla&mn]g" paerein thy glegtrpaic dgyise Banastye magiy display

theys rate delivery roll to the substrate receiving
roII “the substrate passes fromthe substrate
dellvery roll to the substrate receiving roll; passing

the ipbstrate hrough_ an anodlzatlgn station, .the
6anodins RIQCEH kol dhisH) BF Agmicandugtordn B9TERS on bat h
conprising an entry location and an exit |ocation for
the substrate, (b) an el ectrochem cal sol ution

17r et dhaecbonsstdfictriihld, Anthdt zahprwindpdtierning dreasiemidonductor adjacent
el ectrochem c Iut|on has a surface, (c) a cathode
| oc it B8 SQITRHE Ctrwﬁe Piddit AgEhLRTtEde- sol ution, the
plurality of conductive el enents positioned between
t he backing and the cathode, (d) an anode conpri sing

18( i) Thheransdifzddimal3, bhsicinthe senivohdet@rodipziats mc dide, indium
is osithpned above th surf?ce of the el ectrochemn ca
sol Ge@ideFipg tip pidg; wdum galliwm Zingexids oy gorabiapigpsghercof.
wherein at least a portion of the plurality of
conductive el enents are positioned bel ow the surface

190f {The padcesstafettuantic aheisol brth dhre, soarmd efdciroile andothadedin thectrode
of cla wherein at | east.one .cla s i.n electrica
ContBPHSH AW 2ABroRfeT. &HVﬂuetanaeﬁg %@mlampmﬁe%ﬁ oxides, doped

SUPRdiconductors, or combinations thereof.
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attached to the anode and the cathode; anodi zing at
| east a portion of the surface of the plurality of

W@ ovdieire el ements exposed to the el ect rochePr@TEB2008/064181

solution to forma plurality of gate structures
conprising a plurality of gate dielectrics adjacent to
a plurality of gate electrodes, the plurality of gate

20e] edy Proass Tgderming r@eﬂu@b?yvaf@atet sﬁ@cfplr%r BRIPFYCCHT CoyarEsing:

diel ectr an@ﬁg gﬁ't?strg% 1’s éjba[&u% El{j a%lﬁt%ﬂ{yco% conductive

electrod rain e e ‘ad] ace

pl ueRhichis didposat én thic %haﬁhg Iaﬁ& (c)vmziheuawfe h@odiaatichebus parallel to
electrode is not in contact with the drajin el ectrode;

and 2prhedas agthe b§@ﬂ% othetin 8 irsfepadussive elsment i ag deasbene
bOt Eectoﬁg 0819&{{0896 1%% { a%j gle@@% I{l)ﬂgongleéte& to {h% %Pé@ e10n bus;

e source rode an rarn e

o p posi t e nidvéngpthel Slajstl”tlt)é, wheight the sibbtrafthe dgliveceibsitioh substrate
claim 13, wherein the electronic device is a thin film
t r aflgiarproll ansl reqrigedov il 8 subsiptcaresiving soll. wpreyubstsate gatends

el eg&ﬁgﬁgﬁuﬁs@‘é{q@hbp argll@&{ﬂe;’sﬁté% efﬁ‘eé%}gf %ﬁbﬁlyand the substrate

bac ocess 0

senmpasogficinahc subsiriwo dgavirg rolli. thd bebspaeaessviog rdll; a| m

13, further conprising patterning. the sem copduct©

adj acent PRBINHEC s¥huirets tgqogsl% Ao digadon setign.dhe, anodization station

2! ebhBiiing A an FNEAPLRE Qi s@‘\g%l&gryvl’g@itﬁh%na 08 exit

sem co conprises zinc I ndrum zi nc oxi
zi néochtion foritidesubbtinge L(b) gaélbctttmhzmmal @tutthe, retuined within the

conbi nati ons t hereof The pr.ocess .of claim13,
whe ABHZAS19R ety @fh%m@é echgeffl}eaa%al Anbytion Basyy sprfice, (c) a cathode

el e%cﬁ%ﬁ%vl ﬁrﬁ{e' S3E&tRLMFHD M%h%lghddle %&HQ@J locstbd Y& distance from

titani um cromtm]rmta OXI
semiwomthydod@ition, the drsmmbe banhg smﬁicteheroqnéveﬁhﬂ arcihgpat deessry

or oSt St BTt RBich St Shesliphugenypon e
(@) pae éﬁimﬁ Aidda (@ awa%aé {orﬂﬁrls‘?@ﬁ%% M SdiSHRNBIN Swherein

di sposed on t backi C) a conductive
ano dlezaa)bdlzmtldﬂu@spapailll(ﬁhdtaboae thie sstfaceddehoéledthrehemical solution,

a first conductive elenment a .
" ea i) B e teg Aokt 1 G8oh othiskn & Boarer sl thg plurality
congeedRilcti@ dbBeanad p%@lttﬂoﬁ&i BUSw tﬁ@éﬂrﬁge bhéie electrochermcal
substrate, wherein the substrate is delivered w't
substlnboe adé I(ml\) epluralatly lof aladhps sekéromcht Wdastone cﬂaﬂqstsnabbctrlcal
' eC%'or\lltlacnc%n h the anoélgatlsolfll St ' atd%e)ea{( It)oevger supply attached to the anode and
the cathode; and
anodizing at least a portion of the surface of the plurality of conductive
elements exposed to the electrochemical solution to form a plurality of gate
structures comprising a plurality of gate dielectrics adjacent to a plurality of gate
electrodes, the plurality of gate electrodes positioned between the plurality of gate

dielectrics and the backing.
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2lexi A proeess f@rfommgtaiiéurghw reéﬁCEOIUG

fromthe substrate delivery roll to the substrate
receiving roll, and the substrate passes fromthe

wWewe0ex02 delivery roll to the substrate receP@i/HfR008/064181

roll; passing the substrate through an anodi zation
station, the anodi zation station conprising (a) an

anodi zation bath conpri si n an entry | ocation and an
E%Vl&ﬁs, the process comprising:

anoai zat P 0t S Al Qe FRBEIRES M UG uraly gfcgpaueriv

has cRnufsfdgpdsed 6 tha baekihgdad (Oratoadusivichinddizfteon bus parallel to
el ectrochem cal saqlution, the cathode |ocated at a
di sedigedses ehibe acking, rvxher% atfirgrondurdive clement andyilengt one

f
\?\EeeréeC%hg ?én&u% i g?éll%{éflt i Sfe@tg Qﬁ E&h%egnﬁlé Fr%trl]lte gﬁ?&slkﬁlbn bus;

cond
posi ti onﬁmvbgtmeembstrhe b’héﬂéinﬁge autshtrhfeds delivieestewitf dyularate
anode conpr|S|n (i) the anodi zation bus, wherein the

anodebvery sl %misre?f‘éve;ﬁiowl@ P SWarateeaving solb he sbstrae extads
el eg, d%ﬁpfﬁg @ﬁ% %{e cise(ﬁlvé’tgrv\gf] to {He S)l]t)gt{é?e 1@:&{(791' 'rBl¥ Al the% subfs]trate

conductiva el ement s erelrn a st a ort ion

pl upadsed f;‘tomfth@: aidtiate ideBverl estett the auistrpRtddidng cblbel ow

the surface of the el ectrochenm cal sol ution, and 1)

a pI ur al PRypingrthe susalc thiouel pmanpdifadig slagaR 'thy érmsh%aéwn station

( e) %gﬁgﬁ&hg eig &pppéﬂg%t%o\gﬂcm Jthgpr?sﬁ%dénz Bc f&ﬁ'an& QH exit

cat hedeon fovdhesubstirate,(§) at elleetamhelalqabsdlutm mfalﬂddemthm the

surface of the plurality of conduct ive el enent
exp8R¥tZ tion A BihgtetT Berissiregieonienl soREan s 1 Birfacs, () a cathode

pl ujg {eHXm‘EHCm %teer’ecg[%%’&ﬁl%les%hﬁﬁﬁpﬂlb %iltﬁgdealo?ét% A d Ei¥taREe from
d fy of gate

gate dielectrics adjacent to a plura
el edicrantigdocatibe, the drsainlcd: bemg sgfficenelogutvandesing at the entry
p05|1t| oned bet.ween th raI [ t%&e gate dielectrics

and QRO AT Y T pﬂuraf\typ? goadyct GFI%ﬁnFﬁ ingoRtipnedrbehtqap the
of %Llcq{fﬁgr £ e ga@c}{b&ee atnrh%oﬁé ?&n‘gﬁ?sa) h'e %h@&zatlon bus awhereln

provi di ng a subst rat corrprl S backi ng,
pl uthed dnbgizefiorclusds positiencelabmenths soifsqearelat dncttdmhermcal solutlon

bac a conductive anodi.zatj on bus.par

o hinth gfﬁrajaé &t eqndﬁlﬁféveo%@p?% Wi af (7o sopaothe Pluraity
ConGF%ﬂd‘{l@tl@é G8RAts %%o@fhoh&?ﬁélo@@ﬁe SEEeRdr GRREhENEical
el enent are electrically connected to the anodi zati on
bus solnben,ragd (g a plivstity af elamplsewbérnintah éeastubstalaeisiis electrical
del i vered ubstrate livery roll and ej.ved
w t hoedth hdeBofEnn ng i gp) o Pavia o p Rastst 45 fdgde and
fropdfgoabstrate delivery rol | to the substrate
receiving roll, and the substrate

anodlzlng at least a portion of the surface of the plurality of conductive

elements exposed to the electrochemical solution to form a plurality of gate
structures comprising a plurality of gate dielectrics adjacent to a plurality of gate
electrodes, the plurality of gate electrodes positioned between the plurality of gate
dielectrics and the backing;

providing a semiconductor adjacent to the plurality of gate dielectrics; and
providing both a source electrode and a drain electrode adjacent to a surface of the
semiconductor opposite the plurality of gate structures, wherein the source

electrode 1s not in contact with the drain electrode.
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passes fromthe substrate delivery roll to the
substrate receiving roll; passing the substrate
WO k00oeR0nn anodi zati on station, the anodi zat i BEI/US2008/064181
station conprising (a) an anodi zati on bath conprising
an entry location and an exit location for the
substrate, (b) an el ectrochem cal solution retained
wi thin the anodi zati on bath, wherein the
el eqgt ' sol Ut r f
221 oc%érﬁ&%@%rﬁﬁl—?%g a&lﬁrg ﬂ%‘;ééer%ntr?g d%s%e Ql%e) nprgfe‘%gggﬁ%gﬁsmg

cat hode bagadiggaatbstrath @hﬁiﬂ@ﬁlgf(ﬁpﬂbddkﬁlge (tt) rayplin@tigt df%nductlve
the di stance bejng sufficient to prevent arcing at th
ent Eigmegtsatisnoncd e ereKindhanp (wriagondyctyre apedautan Rre parallel to

slate Egigget’sed% dyptglg 'bgénl%g% %{%‘?&H’S ?ﬂst cggdts)c?l% ef%gneﬁpgncf ?east one

conpr anodil za
bus secohé cenductieclament amfaleomcb)lm;s commepod td 1he raﬁddlaattmn&)us,
the surface of the electrochem cal solution, (i]

t he
pl ur al i t Yroyfechnsukstirige VBESIHERE SubsiiREre Fi?’\hV&Eeq Wilg p sgbstrate
por
Pos pARrOlptf 3 BL4H A Al p Sin AR 1Bl BIE IR AE Bxtends
sol diohothe salystrald ddh)fe@ pll ts dleistiystate ebaning, rouddehasubbtrate
| east one clanp.is in electrical contact with the

ano@iat frem tbfa gubstypfg delyery rofbipehe §1EH§HPS¢ rggidRBEdLt o
the _anodg?&n% th@?u ﬂ%qg‘?u?ﬁ%% oﬁ”staltl Stfle odlzatlon station

portion sur ace a Ity o ‘conducti ve
el enempssiey (H)&lﬁdnbdlzztthm ‘t&ﬂeatmpmln@amaitrﬂod:aﬂonmnd o exit
forma plyrallt te struc ures rrprlsm

pl utegetion fasthe ét“&P )s%‘t plegteoc aljnacehm utiqy ratamqqrwhm the

of g%d?zaq A%hL O %%reuﬁ?l@ ePﬁchB?{e'rﬁlé’alggluﬂaﬁ fia dsleeflggacg Ct@)c‘a cathode

p03|t|one between the plurality of gate trics
and ldcaeedbyadin rig; clqtovhaniog salsien) thenatiodoiocatdd aicedistahar from

the plurality of te di Iect and providi ng both
as éP@éW&&%ﬂ F?aw% eipas ﬁé}@@t@d&%@ﬂéaﬁ%@eﬁm ity

SUr QG 8oRfwitchén ﬁ%&%ﬂ%c‘%d&%@ %leh?en%sh? P9§1H61?e|d' He%xzééfn the

gate structures erel’n the source electrode i's not
i n backimcandiht hathbde, dhanmnedecimpaen?@) théapodizess Husywherein

comBs SPAGEIGY B tbegiaaaBerT B su e & HE e el slution
b ac e pfuli’e)llt%l oplsd%fdﬁl:ﬂn;eyel%etﬁg W&h YEIcE4tBRMich of the plurality

di sposed on t backi ng, and (c) a conductive
anodf eatduotivdxlemes atel p@lsltlbnechbeflowsthe eufpec of the hhcctrochermcal

" eastgie “BEgna rBuiar cHEme: Chitn G ame i bin glectrical
conpgah&dvittPtht RRoARAIZAL] A0 (Q)uﬁpower supply attached to the anode and
the cathode;
anodizing at least a portion of the surface of the plurality of conductive
elements exposed to the electrochemical solution to form a plurality of gate
structures comprising a plurality of gate dielectrics adjacent to a plurality of gate
electrodes, the plurality of gate electrodes positioned between the plurality of gate
dielectrics and the backing;
providing both a source electrode and a drain electrode adjacent to the
plurality of gate dielectrics, wherein the source electrode is not in contact with the

drain electrode; and
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novi ng the substrate, wherein the substrate is
delivered with a substrate delivery roll and received

wowRaok/oes9subst rate receiving roll, the substrat BCEKSMN$1664181
fromthe substrate delivery roll to the substrate
receiving roll, and the substrate passes fromthe

substrate delivery roll to the substrate receiving

rol | ; pafsividing AecraigpBduciradiaseniigh seifacerid dotathp seurce
sta egﬁl?det eﬂﬁ tﬁ? g&&&&%&%’o‘r&e%&ﬂ ltl%nso?lpc%ﬁécﬁjo@g at(c?l)ne ?Pam electrode
anodi za oca

exi bppexitathcplufality csfrgeltesubst rate, ( b) an

el ectrochem cal solution retained within the

anodi zation bath, wherein the el ectrochem cal sol ution
has a surface, (c) a cathode |ocated within the

el ectrochem cal solution, the cathode |ocated at a

di stance fromthe entry | ocation, the distance being
sufficient to prevent arcing at the entry | ocation,
wherein the plurality of conductive elenments is
posi ti oned between the backing and the cathode, (d) an
anode conprising (i) the anodi zati on bus, wherein the
anodi zation bus is positioned above the surface of the
el ectrochem cal solution, (ii) the plurality of
conductive elenents, wherein at |east a portion of the
plurality of conductive el enents are positioned bel ow
the surface of the el ectrochem cal solution, and (iii)
a plurality of clanps, wherein at |east one clanp is
in electrical contact with the anodi zati on bus, and
(e) a power supply attached to the anode and the

cat hode; anodizing at |east a portion of the surface
of the plurality of conductive el enents exposed to the
el ectrochem cal solution to forma plurality of gate
structures conprising a plurality of gate dielectrics
adjacent to a plurality of gate el ectrodes, the
plurality of gate el ectrodes positioned between the
plurality of gate dielectrics and the backing;
provi di ng both a source electrode and a drain

el ectrode adjacent to the plurality of gate

di el ectrics, wherein the source electrode is not in
contact with the drain el ectrode; andproviding a

sem conduct or adjacent to a surface of both the source
el ectrode and the drain el ectrode, both the source

el ectrode and the drain el ectrode opposite the
plurality of gate.
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