WD 2009/ 005902PCT/ US2008/ 064181 METHOD FOR FORM NG GATE STRUCTURES Fi el d
The present disclosure relates to processes for formng a plurality of gate
5struct urwe,20@vmsdoor formng a plurality of el ectronic @eviuseas/oBaskground
Conductive materials can be used as gate el ectrodes in electronic devices
as well as in other applications. For exanple, these materials may be
deposited and optionally 10patterned on a substrate prior to coating or
deposition of a diel éﬂﬁﬁ‘mﬁﬁ@im%%ﬁﬁmsm URES devi ce.

Many el ectronic devices include a conductive gate el ectrode adjacent to a
gate dielectric. Gate dielectrics act as insulators in electronic devices.
Conductive materials can be coated W ¥hel@ di el ectric or anodi zed for
formng a gate dielectric adjacent to a gate |Sel ectrode. Anodi zable netal s
may be oxi di zekhepyesentdipelporiarclateuoasoqessed deidoopingsrrdvglivrofrditpor ous

dielgctrigc | r . r [F] .dielectric layers are
genefalIf&B?%%%tégi%ﬁgﬁF%§$?§ﬂ?%Hng§?$%FV%%gg%§Utions, whi ch are

relatively noncorrosive toward the conductive netal upon which the
dielectric layer is grown. Hgh quality dielectric |ayers generally arc
free of 20pin-holes, and have | ow |Ragkgs@ngdyrrent, hi gh breakdown field,

and resi st a”C?‘ch(n%u J&?errﬂgteﬁ{n@g&’ﬂ Qeguseﬁ%rsr L&l S gSClE“I e\ Grbhik r&%vi@?é‘a%ﬂféﬂ & are
uni formin thickness. nodi Zati Of of conductive natert ars, tor

exanpl e ds otk apiicationst Fomedirgplecthedendtay s magdo doposited anpoptidnallyi n a bat ch
process. The conductive material may be imrersed in an el ectrolyte solution
at B cer tRaftprned op @sHbsiake P ta Spatingr vlepasiips efrdiplectsip pratainl fofopmtane

el ectrol ye sqlujiga for a period of tine to forma dielectric layer on the
conducti ve '

Many electronic devices include a conductive gate electrode adjacent to a gate

dielectric. Gate dielectrics act as insulators in electronic devices. Conductive materials
can be coated with a dielectric or anodized for forming a gate dielectric adjacent to a gate

15 electrode. Anodizable metals may be oxidized by traditional routes to develop porous or
nonporous dielectric layers.

Nonporous or barrier dielectric layers are generally produced anodically in
electrolyte solutions, which are relatively noncorrosive toward the conductive metal upon
which the dielectric layer is grown. High quality dielectric layers generally are free of

20 pin-holes, and have low leakage current, high breakdown field, and resistance to charge
trapping. Barrier dielectric films generally are uniform in thickness.

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

25 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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material as described, for exanple, in US. Patent No. 6,267,861 (Kinard et
al.). The formation of dielectric |ayers on anodi zable materials may
be used WO 2nuOs®as applications in el ectronic devi cesPCmaiSaeise181
electrolytic capacitors, rectifiers, transistors, diodes, light emtting
devices, resistors, and conbi nations thereof WO

2009/ 005902PCT/ US2008/ 064181 Sunmary The present disclosure describes
processes for formng a plurality ofSWjdnarstructures by anodizing a
plurality of Y . t f 4N .
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surface aoff galeelsedennapedcass fop emirdgeelbdi®nid dovidek isydioflo@atieat Fhirthegt ur es.

Anot her process for form ng 10el ectroni c devices conprises providing both a
source el@EIiSeRePadINgG aycaNsPnduetet pdjaecnh ) the ehwality of gate dialecatisss yndf gat e
dielectri . jdi i . O | surface of
pot h t he TAn¢ B bof b {Eer AL o Be Elep AN en A A 28, Ural ey o
gat e str uemivodductbinoppokite it phsplégtof gateBract@ss. iAsiofhicopioded fboforihoigm ng a
plurality of gate structures. 15A web is provided that conprises a

sub&q r at eleciropicidexices gorpprises REAYEAINY Botl| aerBisesltregoatdp diin ¢lecteadsst r at e,

and a co ' i 7zat | ot 1 ' - [ ' i

i acent FHCEHS RRGLER LAMOHSIfR AITE KR ARET R AR M Eon g
at | east toasusecofhodothd yeirncy elcefredveant the éra@l dedtrade abpysiteaimn@atadidy 0 t he
conductive & odization bus. The web is noving, such that the web is

del i ver ecBa{fi A8 @eb del i very roll and received with a web 20recei ving

roll. The web gxtends, erc?,h@eérggeg%&r%h&d’%&@@#%a?ﬁg&l\ﬁ}gg@g@ters&ﬁ&h%@s.”g roll,

and the web passes fro Ivery ro ecelving roll
Thelweb passbss pilorvaledthaanompoghs zaubarats hglurelity ofkendiradt: ziaticots didpasddon
conprises a anodizathgghbath havingﬁan entry | ocation and _ an exit.location

for the \RHNC SHPSERSCINGEHREMIEATC WEMERTIYhO et e kerduGiy ARRPHECRRYRISZat i on
bat h, Vmedrdjedcgntttgﬁ fﬁkteeggé BEMEMGRateS A Hildt QB NRBvARIHh AR at Feast one second

conductive element are electrically connected to the conductive anodization bus. The web
is moving, such that the web is delivered with a web delivery roll and received with a web

20 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 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

25 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
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

30 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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25cat hode | ocated within the el ectrochem cal solution where the plurality
of conductive elenents is positioned between the substrate and the cathode;
an anode;wearndosopmeer supply attached to the anode and Phe/usatlsoeas1 The
anode conprises the conductive anodi zati on bus where at |east a portion of
t he conductive anodi zation bus is positioned above the surface of the

el ectrochem cal solution; a plurality of conductive elenments 30 where at
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comprises a plurality of gate dielectrics adjacent to a plurality of gate electrodes. The
plurality of gate electrodes is positioned between the plurality of gate dielectrics and the
substrate. The process further comprises providing a semiconductor adjacent to the
plurality of gate dielectrics. A source electrode and a drain electrode are both provided
30 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.



30adj acent to the surface of the sem conductor opposite the plurality of
gate structures, such that the source electrode is not in contact wth the
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process is provided for formng a plurality of electronic devices. Aweb is
provi ded that conprises a substrate, a plurality of conductive el enents
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20 surface of the plurality of conductive elements exposed to the electrochemical solution is
anodized to form a plurality of gate structures. The plurality of gate structures comprises
a plurality of gate dielectrics adjacent to a plurality of gate electrodes. The plurality of
gate electrodes is positioned between the plurality of gate dielectrics and the substrate.
The process further comprises providing both a source electrode and a drain electrode

25 adjacent to the plurality of gate dielectrics, such that the source electrode is not in contact
with the drain electrode. A semiconductor is provided adjacent to the surface of both the

source electrode and the drain electrode opposite the plurality of gate structures.

Brief Description of the Drawings
30 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.



30FIG 1 is a schematic representation of an exenplary web conprising a
substrate, a plurality of conductive el enents di sposed on the substrate,
and an amnwOiza@rdosm2bus di sposed on the substrate. WO  PCT/US2008/064181

2009/ 005902PCT/ US2008/ 064181 FIG 2 is a schematic representation of a top
view of an exenplary anodi zation station FIG 2A is a schenatic

representation of an exenplary anode. ) FIG 3 is a schematic
repr esent at i orFI&H 2ds gisehenatisvicrsescatition ofp e Vicw b dn 2aemplarysaodizaéen and an
exenplar%tQOrizontal conveyor for noving a web. FIG 4 is a schematic

at 101, ? .
representation of an end view of an exenplary horizontal conveyor for

movi ng a web trwRneahisancaiesdiczapicdmtfioatdf@n exemplary dnoe. 5 is a schematic
cross-sectional representation of an exenplary web conprising a substrate
wi th a conductiMe 3db 8 sehirmaticgeresensition ofa sidherat Prancexssplae enediradion

represent gl on, 0, 0. SHEIPIALY, QLS. SEGUE! ooy 01 e i th the gate
structure conpriSing a gdte drelectrit adjacent ‘to a gate el ectrode.

FIG 7 is a saheratise sCicdssdic $esiticataibn bepi esEntatdfan eRémplafs hdrizokfat her
conprising a source electrode and a drain electrode adjacent to a gate

di el ect r ic©nveyed for mevine s mebdhionshan arasizatipn staen.sur f ace of both the source

el ectrode and gjse 5‘%5%isé‘hee'a‘%l%tcroos‘é-%ec‘%}‘on%”ree'egé%lttét?”iqial%%’(e‘”1%9- ¢b FIG 8
is a schematic cross:Settiona representgﬁlon of FPES BRI Her conpri si ng

a sem con@ughi@hgadjudsent with aaogaidivdicRine@t.ri c, and a source el ectrode and a
drain el ectrode adjacent to the surface of the sem conductor of an
el etdroni ¢ devilée 6 ivapehcadtis grayssestiopal igpresentationgraniciemplary ge fEUEeri ned

terms, t hot%ﬁaewgt?witﬂltﬁé e Ft%lbc\?\l}q‘le nglpag}lgk 'a%‘séte &f&%&?’é ta&‘jaQéJt teL 8L cflghbgl tion is
grven 1 n e Clalnbs Oor elsewniere rn e specitication.
FIG. 7 is a schematic cross-sectional representation of FIG. 6 further comprising a
source clectrode and a drain electrode adjacent to a gate dielectric, and a semiconductor
adjacent to the surface of both the source electrode and the drain electrode of an electronic
15 device.
FIG. 8 is a schematic cross-sectional representation of FIG. 6 further comprising a

semiconductor adjacent to a gate dielectric, and a source electrode and a drain electrode

adjacent to the surface of the semiconductor of an electronic device.

20 Detailed Description

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

25 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.

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



The term"a plurality of" refers to at |east two or nore of an object,

devi ce, or conpound. For exanple, a plurality of conductive elenents refers
to at | eaw0 2000008702n0r € 25conducti ve el enents. Thecrasmosovenduct i ve
el enent” refers to a structure that is capable of transmtting or
conducting electrical current. For exanple, the conductive el enent may be a
metal disposed on a substrate prior to anodization. The term
"gate struct urlr teig egade electrodgareferite psenductivanpiiionef a watetiyeites, enéct r ode.

30The gat el rj b o) I, Zl the surf a
conduct s Ve EHERaRl i nERea S OCPRIRE PR AL Bl SR BBl v e
portion ahodiz@@dreprdtdsyct ure, and corresponds to the portion of the

conductive elenent that is not oxidized duri ng t he anodi zati on process.

The term "gat elhfitempcgate drelocios rafersdo thranang Hu PoIvien pbp LRI HIBEIUEE, gat e
truct : ' ti t that i
oxt o zoa A BREERET BRERGTIOD BriGoRALENEhcRcol i ERNRHSE K GBI Ne (S

t er m " wehinodiebd®rduring tinarddizatibeptodads. i ncl udes a substrate, a plurality of
conductive el enents di sposed on the substrate, and a conductive anodi zation

bus di sposed orhettpiEn syplstiefreto anaticle thariielusiss psubstipicea Phidit®y be noved
T'rom a \A%nﬁlt?étftv\é%[e%lq'il%l cli ﬂogecg' I?th%gbgtted??'aﬁ(ltl 964 cti ¢ anodizai[igﬁ'%usF & Bsed
anodi zati On stati on' reters to an anodization ba rV1 an ‘el'ectrochem cal
sol uti on ot thbkubstrbe. aheaichahiyoe Madible, Mdaaihied@ovanfrenadesh duhiccs power
supply. Sone exenpl ary anodi zati on baths conprise a first collection tank,
ac trala‘f’%fecﬁlﬁﬂlgamﬁecond col l ection tank. The anode conprises a

conducti ve anogi We) - 5al : iV ﬁg?lﬁ:tlﬁ The
anodi zati on sl(:)fai%eiztglﬁlﬁ pérhg\gl{%tel%&tg{rl&ge%%ﬁlﬁog‘% ao? d%%ﬁ?%ﬂ’ﬁ@e&% e B?lur ality
of conduablutien etithie thicsnddizidonayaoidiazathodarna o, undhipoyeofupplyanfsne The

anodi zed conductive elenents forma gate structure conprising a gate

di el ect r iS&cRaj2ae ardizagon batas éOIEP’é%f’cargﬂé.COUGCUOH tank, ar¢ratraltul, &H%MP%CE i on

current Q?ﬂ@é‘t}&ﬁiltaﬂlg f BlcSanle E&ﬁpﬁé‘é‘é g%ﬂhd&%e Hﬂé&izaq{oﬁ%ug,l a . A8t hrough the
or a

surface n el ectrode during anodization in units o nper es/ squar e
cent3 met eondwiivoR)ements. TheHneditzation steloagiroddéefor e pbrtmalofthaosutfacedeths t o an

duci ng TRuEHBi RSN EHAR GBS0 PRI A Sk bRBEAYY RECEE pIUSHBH an
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electrode.

The term “anodization current density” refers to the current per unit area flowing

20 through the surface of an electrode during anodization in units of amperes/square
centimeter (A/cm?).

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

25 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

30 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
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el ectrical current passing through it may be anodi zed or oxidi zed.

The term "conductive anodi zati on bus" refers to a conductive materi al

di sposed w0 200%308®2r at e t hat may be positioned parall el PCo/us2008/064182dge of
a substrate. For exanple, the conductive & odization bus may be a narrow
band or strip of conductive material for 30providing an el ectrical
connection between the individual conductive elenents of a plurality of

conduct i veaebekanh put of theclegrehiemiopbsadutinn. zHci conduntiae paedizaiondwaaiien i ve
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anodi zat i‘on may he el ectrochem cal solution. The
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cl anp. The recitation of nunerical ranges by endpoints includes al

nunber s SYIBYD Hed ragige iios cxaapler hiogeinchuides bxlahph 8,7513:4308.8h prtfludes 1, 1.5, 2,
2.75 3, 3.8, 4,. . i i i ificati he.
v oo oSl RS MESA R bl eaRogh, AEHENPREER,

appended cl ai ns,

r ef er ent s‘abtmla@d Stheh éncbntetintl eff@aith Winldscthatestemtdiai i daated bthsrwikar exanpl e,
reference to a conposition containing "a conpound" includes a m xture of
two or sclonpeunile. refsgengs Ea FOMPONONSIIBEFIHINgG at FYRPARY Aispedsded cl ai ns,
the term'qr" i I ed. lnqtts: e |.ncl udi iy © unl ess
the cont dARuBel LB PihGie PrfBEhEY BE bR i REREME M PendlE e, 110 F o,
al | nunbeahsteempoesis igagerallpamhployedbindts dengyiadludinpSandregraini Seeit coafenpr operti es
and so forth used in the specification and clains are to be understood as
bei HY nodilsalydlistatenptheiwise.ances by the term "about." Accordingly, unless

i ndicated to t e&%ﬂér@z{s%gn&ip %{!;émigg)%{csl e%?féﬁgé gﬁéntﬁl%E of ﬁlg}éaién%,t he

f oregoi ng specification an approxi mations’t hat can
vary depanclisagmepoof properdesinded fprth perdiinelse setidiottidnoarde:|abisaraw@deby t hose
skilled in the art _utilizjpg the teachings of the present disclosure.

Not wi t hst@REisIRgd R aeng e difisreiniaclanstangsy 8% therfarmpattavet edCOsBRE ifl¢8rih the
broad SCQRﬁcQ[Ed EJ‘fB?QbEt‘PA ,%H% ﬁuﬁ%ﬁca@@%%’t&?&ét P8 inttﬁgfc{?yfémﬁg %%'cifié iyips set
e np as” po

forth in't specific ex es are reported as preclse ssi ble. Any
NuNEs i calandattached 20Hmsverceapproxiheticen tthat ceonirgideperlingunrtbe ésssadi | y
resulting fromthe standard.deviations. fqund in their respective. testing
measur emgHpRErties soughtyp Q%L@%’Ht yaheer bl n thegeyt ’églgé{l?ﬁeé&lé@%s FhSt or ng

a plural ify..of diﬁﬂ&&rétﬁb‘ﬁ&iﬂ{s%?gm@tﬂﬁ%é S RY] A6gesdMApalAtids SURsg rate, a

plurality of conductive denen
forth the broad scope of the disclosure are approximations, the numerical values set forth

in the specific examples are reported as precisely as possible. Any numerical value,
20 however, inherently contains errors necessarily resulting from the standard deviations
found in their respective testing measurements.

The present disclosure describes a process for forming a plurality of gate
structures. A web is provided that has a substrate, a plurality of conductive elements
disposed on the substrate, and a conductive anodization bus that is disposed on the

25 substrate. The conductive anodization bus is adjacent to a 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

30 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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di sposed on the substrate, and a conductive anodi zation bus that is

di sposed on the 25substrate. The conductive anodi zation bus is adjacent to
a first edgeodfoosdwe substrate. A first conductive el eneRCTArsdooge418ast one
second conductive elenent are electrically connected to the conductive
anodi zation bus. The web passes froma web delivery roll to a web receiving
roll, and noves through an anodi zation station to anodi ze at | east a
portion dblutiea. Jliepaeds comprises the gprductiye afodizsian bus. viee plaratift of copdective

anodi zat i tion Lacl n i i . ctrochem ca

Zor ut 1 on e pgE pRRe St BT TR BOLE PR 2B e B (LRGP ARAES,
supply. Tdathodaodi Fakt Oforiied bf thasudiveltiicyplladiat éfuonadidivarldidnts drocat i on for
the web. The cathode is |ocated bel ow a surface of the el ectrochem cal WO

2009/ 00590 Pt /todrothatoshasitalsgluiiongad anpdizedrsdee wehpriseedrqugd thonduct i ve

i zat i on ., | ' i | : ity of
e 7iBdBHTon hfooflb YRk bl BERAY S cireS, REPAPi P RERS: Rl LY ©
| east a pokipriees Oplutdiiey stigdtadrlcfrics Agjapdnt@h pluyaldl of gatdekbirvéesel ement's arc
exposed to the el ectrochem cal solution and anodized as the web passes
t hrough the S5atberPHtlagiveb 3 asdhuttataddn RIS prcamprisesy? sibstgre d0.st pluclitit es.
The pl ' , : ' Lural j te di tri
s avent 4 AR PRSAIS G R SORRLLEER ol Bibidhcle BREAHLELEE! | o

i I'Iustrat3disposéd éa thk sabytRkd 4R ST Sibhsdte a0 enadProvddPsuppattifbythoblieslitdwet i ve

el enents 10 di sposed on the substrate 40, and a conductive anodi zati on bus
30 HY sposeadusiive glemanstl apddonthe arpdizafipndius 30e Tho carducprodlicasnts dfpeat f or

the plurall . i n .he i.zat.| bus 30.

e Domndlatly BIERRIN A8 LSRN BIARS Lk E PR 1RH MIGEYS

Al t hough drhshosangbucicri¢eopeatinlifes] hd ddonfldtve bloadicitsShawe pagecd &f args  of
parallel lines, the conductive elenents can be patterned in any suitable
manner . Puteble mannere Fagthey, thersabstmnte 4h caebatlectiedllyansufatingstapavicny t o prevent

conduct 1 VEOTEEINAARIARLRR o o B chlilool oL VR BRI e

subs3 r at end@izatldicb Rl 30r@h bk parlcondust ddge Salfenedibstrdid 40r Fhebredlfty el |y
connected to the conductive anodi zati on bus 30. For exanple, a first
conduct i vengueiyesienents Hiafe glecirisally cennseled tithe saadictive anadieatientusdd.ar ¢
electricaglly connec o, t he n ive odi zation bu 0, /A trate 40
of “veb 50 THARRRERRT poRub it PRGN G, bE RIGRLE ScpPl eiictlss S e g
manuf act uiré Bigetric @S bdi@lectsd & B RondigEve SiodaAYiof BGHBMAt i on thereof. The

substrate 40
A substrate 40 of web 50 may be used to support a deposited or attached material

20 during manufacturing, testing, storage, use, or any combination thereof. The substrate 40
may be permanent, semi-permanent, or removable from the elements or structures that it
supports. The substrate 40 may be flexible. For example, the substrate 40 may comprise
polymeric materials, filled polymeric materials, acrylics, epoxies, polyamides,
polycarbonates, polyimides, polyetherimides, polyketones, liquid crystal polymers,

25 poly(oxy-1,4-phenylencoxy-1,4-phenylenecarbonyl-1,4-phenylene) (PEEK),
polynorbornenes, polyphenylencoxides, poly(ethylene naphthalenedicarboxylate) (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),

30 poly(ether ether ketone), or combinations thercof.

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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may be permanent, sem -pernmanent, or renovable fromthe el enents or
structures that it supports. The substrate 40 may be flexible. For exanple,
t he substwet2e094059ay conpri se polyneric materials, fill edTaskeos®s41681
materials, acrylics, epoxies, polyam des, polycarbonates, polyimdes,

pol yet heri m des, pol yketones, liquid crystal polyners,

25pol y(oxy- 1, 4- phenyl eneoxy- 1, 4- phenyl enecar bony1- 1, 4- phenyl ene) (PEEK),
pol ynor boorgdye lpst.yspelessd Baebldayee en aabslass 48/ Pleypbstrate material. An

napht hal enedi.cay boxyl ate) (P po t hyl ene terephthal a PET).
ol y( pheryengr GPTHAER ot eyl AV o WELERIHIG: BLE: chidilive v some
enbodi Merbger. Ths Wiisdsioat]@ycdGayWdhphisé &n foeenid exiddTayr ampld, SeOparhe( et hyl ene

terepht hal ate) (PET), poly(ethyl ene naphthal enedi carboxyl ate) (PEN)
30pol y( etdvaductivh étyck exay e Ylepasited osibg ARy swibletnemagnethod such agghpsmal |y, a

pLur el v o GRS, ShSIRAL o A0CaanE ROSERL PO BIARE B fitsh 30 ™

be conponents of ’a we or mg a nrng a

el ectri calrlayty ogieeugiositidnInastesd that@blly BS désirabledh ah ayiication dhsevdghcatee 40 or
substrate material. An adhesion |ayer nay be applied to the substrate 40

prior to leyes oadkosibsirgn 48maythe nagpage by wectiepadstepthe adhesi on | ayer may
conprise an inpr L.C OX] fo X i IThe con Y may be
deposi ted usiﬁgpgﬁ@hgg?ggbugu(H%%ﬁmﬁg?hggdgﬁc(hggv?ﬁ%}%%ﬁ8@g3§%%?%f$%n,

e- beam evigpédfrban, paspthlll eondi@tivd lagele Joysly &l tHs poceBaBlstdpd usdll @FHBN the
deposition or any other deposition nethod that nmay be desirable in an
appl® cat insHernpe sordysHvR ey Glempaipstudg farpinating prswoptn@a photaeyisbeyprdieer ned by a

series Ofshg&fﬁfg toa .electrﬁéasgl g@?&&ﬁ%{)@%&&ﬁ‘igﬁﬂr WhE la%@fcg{eign gip th@nd a

conducti ve anodi zati on bu can orne om a Fned conductive

| ayer. Sgmetdaésidthgcprineesmiubiy slhedsndisidnmbskel otk dnhpedeabdser firld conducti ve
| ayer may include | am nating or coating@a phot orcsi st | ayer (not shown)

onto an eUB¥AREEE Pporcdrieddadipion sppese. dfor prample, thaymaggriahyopedioi on of t he
hot or esi_st._ | Mg i . i a e

ok, - and SeG Sty GRRENEA! HE MAKSLIRDS ngERRAPEARCINEREEAH
mat &F i al expasiedn bo rémskicd! ITOB phetotasBt Ligbt ay be aekctdpel €for Bearmplsked mat eri al

is not typically cured. The uncured 15material can be renoved. The

phot or csisstectiygfeFerpriiedh dolipsyed ypriehipg ef thexanpgictive karevith gspysticowsgidiy) |

fol | 3 : . . . i

ol ut | on oI E B BbrdBF SO b Wb Y FEmh SuERELIE sBLARE, VL% ayer

and t he substdatai® BE: wihso wal beQindey arieci&dned étla adiits off s@ped provide grr i es of
steps to provide the patterned conductive el enents (for exanple, plurality
of condud®@itoiace éwqu_@ymaﬁg (fop gxample, plurality of conductive elements 10) and the

20 conductive anodization bus 30 disposed on the substrate 40.

A plurality of conductive elements 10 may be any material that is capable of being
at least partially anodized upon exposure to an electrochemical solution to form a gate
structure comprising a gate dielectric adjacent to a gate electrode. In general, the
conductive elements 10 and the conductive anodization bus 30 of FIG. 1 can be any

25 anodizable metal, an alloy of any anodizable metal, a combination of anodizable metals,
multilayers of anodizable metals, or combinations 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

30 anodization bus 30 are composed of the same conductive material.



20conducti ve anodi zation bus 30 di sposed on the substrate 40. A
plurality of conductive elenents 10 may be any material that is capable of
bei ng at weaswy/qsgei al | y anodi zed upon exposure to an elPettuseaisoniisnl
solution to forma gate structure conprising a gate dielectric adjacent to
a gate electrode. In general, the conductive elenents 10 and the conductive
anodi zation bus 30 of FIG 1 can be any 25anodi zable netal, an alloy of any
anodi zabl e netéblurdity efbonsaciioheleomenip ééicgrab? gispasca parallphip onp ayether ayfa

anodi zabl.g, g} . 0L GOTRLAAL ANS AL0S5EQL iy, SeTPEREDPALIENL Sy LA,

pIuraIitfuB conducti ve n I ve anodizati on bus 30

may be al3om 6Kt coRdiicBl¢femBhOk MAY bé paranéluen stdongTheductie eeaRrhtzo. haf ni um
or conbi nations thereof. In one enmbodinent, the plurality of conductive

denent s 1hedht conduatscdlammdng 85 3udpiddist ang smsond compcarecleppp@deade of the same

cond ctiv? mat 09/ 0 5902PCTLU§20 8/% 4181 egé%ﬂ%aﬂrality of
er

rial. g% 2 ..
conduct i Ve S @ FPANCE égghebceon PnSemgdigaion bus S0 Lo gdine da oh a

subst r at eoft@uctiVo pat Bchfecnuhs torfuetidlclbdeith @81 Phepluadity bf tsiduedvrd in FIG 1
for providing a web 50. A first conductive elenment 15 may be parallel to a

second cohdnents Loptianatinfurler cammpriges rew contaeiads V2 lashieddalowitheand at | east

one second conductiye clene arc.bel ectrical connected,to.th

conduct | JondROtEThed G sl 3B of MsieGictl BRcheE Reb 0 a R e R at

bet ween tihepkeniyet totRtuetiv@ahentd 00, ahhptibhalagbdibtiodf m&RNibdCkanilced ement s 10
optionally ?urther conprises row contact pads 72 | ocated bel ow the

contict i vehotomesdst 88t iney b applBd tethetwed Htotniretatt the o eonted padh7Bod Dur i ng

anodi zati on,. of e plurality of nduct.i ve el enents 10, .an.optional

Ao 7at IGRGRiR 1t aies TGO THE b B fouf Tahet iy TR B 4285 g0  ne
web 50 t qyrpviat e6dtadt A6 tHe@WsuddiY @sdtrad@dEevics dtham ¥RlhdtRe dafing iR conducti ve
el enments 10. That is, the row contact pads 72, which arc used to provide

cont act tasodizationepyatass hy being protestcd witbvheesionakephaiterce strfidu dtlating taparisng t he

anodi zati on_process by bei rotected w th the optiopal photoresist, 80.
Plating tABHeT SXams Aty editaar G ey kindie A6 shPaleek? bR e Mt ed ¢ o
protect ardiRBAbLdtes. MEbRSdisonA&hioR Mnad v dixzdidilorthdghhid t6tRGeRNRGtdcoN | i ne
90, extending orthogonal to the row contact pads 72 and the conductive

anodi zat ipeds Busnd@the coadudbee asetization dop3D.anay bhesed dmekpetats e conductive
anodization bus 30 from the web 50 after manufacture of gate structures. The bus
disconnection line 90 may be removed by cutting, etching, laser techniques, or
combinations thereof. The at least one second conductive element 20 can be electrically
20 connected to a third conductive element 25 through contact with the conductive

anodization bus.

Other configurations of the plurality of conductive elements 10 on a substrate 30
may be envisioned. For example, although FIG. 1 illustrates the plurality of conductive
elements 10 patterned as parallel lines, the conductive elements 10 can have any shape and

25 can be arranged in other configurations.

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
30 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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anodi zation bus 30 fromthe web 50 after manufacture of gate structures.
The bus di sconnection line 90 may be renoved by cutting, etching, |aser

t echni ques O 2009/8Ri nati ons thereof. The at | east one secCom$2@s/6416ti ve

el ement 20 can be electrically 20connected to a third conductive el enent 25
t hrough contact with the conductive anodi zati on bus. O her

configurations of the PluralitY of conductive elenents 10 on a substrate 30
may be erffiadiostifedof aprtagx ainthr elurdity 96 oeplusii clampnts 44 ebecerndtbistovpthgr al i ty
of conductiyve nts 10 patterned.ags. parallel .lines, .the conductive

ol eront s Hb e Hage s CuRab UG AR, Mo B 11boFRE ORI ot

conf i gur ajpkigfd-photoresist 80 Gr plhtihi kEdpB@Ein bt blaséd @c@ ShetroweddnbRt palmwiznmri@?
generally vertical orientation, in which a portion of the surface of the
pl uralitynedizeémducti ve el ements 10 on a substrate 40 may not be anodi zed.

I mbodi . th 72 and.the .conducti [ [
bus 50 may. be RoyBEdS EIET 4dVRrShaRERRu R T S BOMIK® 8% Slent "

30an anodichaéry@oll haldhdki&ield with aneliréiviadroil 7. I T 8050 édnust ualegd in FI G
2. In another enbodi nent, an optional photorcsist 80 oréﬁjatlg% t ape may be
used to pgrandmwenddivent iod70 onpndoady doswerreTivingzod §50d4¢ 8EbE0 rasyssrti on
of a surface. .of th | ur al.i f conductive el ts 10 above, and bel ow the
our face. o 8 bl Fabhalh e Re PO RER MGl BT ME By $n A8, 100,
For exanmyrévidé BenoRly (adlc BROIaAhERESFinSBvaTflahad/bEgit APSstean. e Rledzdd over
the row contact pads 72 during anodi zation. 5Referring to FIG 2, a web 50

mayl®egi rraphe anaveil cortsnuopsly or dat be/adtesrptivekyimeyodend dield parsfatiopply 70, and

received with a b eiving roll 75.. The weh.50.can be pulle om,t he
web et VERJOpoTE S5O SRRt Rb che b S BRI iR Rpaebse F T
passes f r\wag iR avRRd AR div@ifereRtd of AowEPrdeBiQinyaBI1 78 CRhME Mk w68 Helikery rbne
novi ng web may provi de econony of scale and manufacturing over fl at

and/ or i andshbweh saceyingniod Wahdgondatiieanbayay didmetention axamply, iorercan be

alternati yel ed. a hel d. ifL a stati.anar osition. The we Q0 _chosen
may b cabnreTor SRR i Dl e B S Sie 38 285 1P g BAG er oun
theigir Cuﬁﬂ‘t@rledh@ﬁzit%ut?di%@@inrfg%@ Biaking. MRk orédusdthv@rap R W‘&b(f&eéﬂam[e%{ arol |
70 and the web receiving roll 75 independently can have a dianeter (for
exanpl e, floxde wgbbMbarenyd B wab reeciGOg el 7Hipay de 2w cwwch apby wnasgisiethhanp to 5

MU0 {3 SR P I Bk ek MR Y HiG s ek o
may be rolled upon itself. In one embodiment, the web 50 may be sufficiently flexible to
be treated in a roll-to-roll process having at least one web delivery roll 70 and at least one

20 web receiving roll 75.

FIG. 2 illustrates an exemplary top view of a web 50 passing through an
exemplary anodization station 100 for anodizing at least a portion of the plurality of
conductive elements 10 on a substrate 40 exposed to an electrochemical solution 120 in
the anodization bath 110. The web 50 moves horizontally from the web delivery roll 70 to

25 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
30 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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fl exi ble web) 50 around the web receiving roll 75 may be | ow, such as by
unassi sted hand, for exanple, without the aid of |evers, machines,

hydr aul i c®0 2009bosdee | i ke. The web 50 may be rol |l ed uponPCcraskd§os/ob418bne
enbodi ment, the web 50 nay be sufficiently flexible to be treated in a
roll-to-roll process having at |east one web delivery roll 70 and at | east
one 20web receiving roll FIG 2 illustrates an exenplary top view

75.
of a web ssensxedleeipnttanlolfh Hie faxepdicatian tanlo df4 eampriscs paentonloratiorf bi3.
anodi zi ng~at_ | east ..a_porti,o f the plurality.of nductiye el epents 10 on
2 oubst 1 a8 P R BB BT Eror R EmtRALisHic L Of Wbt SR IOl

anodi zat itB@ aidiZatidd Bath NG ofah ahEHirMIbaStAen 180N PainbY (Hot B H)& B Idtatddver y
roll 70 to 25the web receiving roll 75 having a vertical orientation in a

web di r ecani tha baigsn ofeentmdtubnklar thehigt caHertiondaikoH4p andhthe secomd caledionr y

| ocation 113 exits at an.exit .lqcati.on 6 ©n. an._opposite,si f the
anodl zat 191 b or Bhigbheh Myl 5hasBR 124 S BN IEREH SR AT

anodi zat iigReckadl fublilf2 HAMNtasddig FGE8NtThalkehtkHd 02 @nigrissd theol | ection tank
104, and a second collection tank 106. The central 30tub 102 conpri ses an

ent r ance akgtiochenpicilzelutigndA0 éortangdizatien ofta plurligpeidonduétivieslantats 1¢. sthe
collection tank 104, and ress | | 4 conprisi a ress slot 115
cpent g ke SfaatietsoBlige An E8hS Ml ks oay oRiTR SEL R AR PR ERR Tt ank

106. The fisfoFithc@nt@Ciib Q02 t FAK clbOido BOARIal S8t M EWink Tt teRnfkdde The
second collection tank 106 conprises an exit |ocation 116. A web 50 passes

t hr fugh tshes 1dAadd thetdgors blat h13dan bf collnctadh odihe dirstealleationitank WFcindphgps ( not

h be, | t bot t f tral b 102 h i.rst
col 1 ott  oneqtdreTidien lafli i E--BBubRE Bbd FEBRe Dhvck Tl e Forb ol ng an

el ect r ochgih&ales@Meltin ONS. PRGNS NG 3 64BHY0 (AbAREBE &) @ depth 127 in central
tub 102 as illustrated in FIG 3. The central tub 102 conprises the

el ect rocheni cah cafbbda 13maypBavicor firshestgic A86 iand a irstdoqakian 480.t Yhofirstonduct i ve

el enents ,10.. The el ect rrochem c sol uti 0 flo out t t he

entr ance '81en 199 ifiche Rt edus SR Bogiory s Wity LY R0t "The

el e¢§ r ochemirgialb $02 bt the AnddShtion BtpL of roNbbthiRa P18 80¢ mh) beli@datcll 7 and the
egress slot 115 can be collected in the first collection tank 104 and the

second coldjasentitothe atiodeddl. The ppicanial bdfile 480 thay bepgechtdsbirskwean the catbodent r al
(ub 102 a8 et 531 B SR04 e R SER GTRRBLARE, ),
S0 o7 2yttt it shaprr Sk magecapigane vl
baf f| e 4CGtemengs bcdndzalpeated between the substrate 40 and the cathode 130. A web 50 may
20 be located at a fourth distance 210 from the cathode 130 to the plurality of conductive
clements 10 on the substrate 40. The plurality of conductive elements 10 may be located
at a second distance 145 from a first side 165 of the central tub 102. The first side 165
may be parallel to the cathode 130 submerged within the central tub 102. A voltage can
be provided with a power supply 350 attached to both the cathode 130 and an anode 135
25 that is at least partially within the electrochemical 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.

30 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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adj acent to the cathode 130. The optional baffle 400 may be | ocated between
the cathode 130 and the plurality of conductive denents 10 on the substrate
40. The owOi20losaffl e 400 may extend froma first edg®CIB52608/06418i r st

| ocation 180. The plurality of conductive elements 10 can be | ocated

bet ween the substrate 40 and the cathode 130. A web 50 may 20be | ocated at
a fourth distance 210 fromthe cathode 130 to then@Iurallty of conductive

el enent s 300. dhcrnpedigaipsthatt BlU@mprises fpﬁmt a@hlqcyoma didbevingangneyrent s 10

may be | qcated c st ance 1 rom si.de 165 f

Tor Do IERMEE S 15 FeREPRP B2 ShAREE oM habk 198 pififart 88t Rbalohs 5
submner ged 1¢ifbha Web BB t€ Bk Hidbudtiil alWeb dyeeeﬁ@ht1egeTﬁaaeM1 RiboMRAgE M th a
power supply 350 attached to both the cathode 130 and an anode 135 25t hat

i s at | ezspdigaiqn kath 9«1Q/\hwﬁuﬁﬁm¢m veluses togetaarnthe glectsethgmiesh salpor B2&r oduce an
el e§§ ri Cafh cur aelqtl? IE %‘gthgf&% %)phoﬂ‘ﬁsufﬁmgn glg?(fa%latq agoé ?rrprl sing a

conducti ve Seé urallty of

conducti Vc%n@lll&ﬂ;@ RlcSnches 1md1ﬂth@@u@,ﬁ@%mmdfaﬁpnﬁ0&gl%bcsmtlﬁ%ls ‘édn%Bdﬁﬂ&t
conductive anodi zation bus 30. FIG 3 illustrates a side view of an

exenpl ar yhawsbiS9at primtet eariienly 2o @ pas@Atuahgathic snogeationdnth Y venpri ses an

di | 120
anod zat IORBAERIELgon 205 T RS IOAAE0N B 3 bR SR 30y wo
2009/ 005908PEh 20 005 AdBdn 3Bfhe plileliBILLARIKOO cRAHhts 1D ak BERKPSHEES 2

first collection tank 104 havi ng an entry location 113, a central tub 102,
andl@ sedotiet fd@qtm@b@mml gohrion11@8 inavégion exterhing fromche Eafrante waildrIZao heb 50

to pass throu in,.a b djrecti 105. ., The .centr ub .10

on ot (b 43 Blif FRR TR B0 S PR it e afsBbr it ca
sol ution s$monifb%f%%ﬁ@m ths P02 ORhE Uhddi2dtionaattal e ph Bnd hibsdbdchgiaent to
anodi ze at |east a portion of conductive elenents 10 on the substrate 40 of

t he novi myrineboBbe cathodehli3d reabedéndeaboye th%suvf@be BU @fsth@ﬁlﬁetm@ém‘u@lt ically as

it passes throu ano at jan 1 ontal directi 105.
rhe" amoarolitoaihis e EHeHuiE £ 0 2R ko R b L R e i 0oy e
at |sast &tPpaig i e dldan®d WaRk12 ¥ @ﬁrsf:g@%tﬁltlsoeof%@é@m& 150, ag g
exposed 10to the el ectrochem cal solution 120 in a region extending from

the entr ahsimmdﬂﬂ niaybet scufﬁlm@lté@ pessntwadihg atlthe ofitrarise vadritl2dly prowdinghe
contral CHBIgAIP SR b i St s R R e Fe] ‘BHESRIBba HERDTRE= 3N i on
of the Cqgh°@@ﬂé%QhﬁB¥ﬁQ¥h%@Qnﬁﬁ@yﬁwkﬂﬁmstJéﬁﬁhé@%ﬁ%&b%h%oﬁk gchenica
solution within the central tub 102. The cathode 130 can be [oca ed at a
first di gtlamably d40nductive elements 10 below the surface 122 of the electrochemical solution
20 120 in the central tub 102.
An electrochemical solution 120 can be used to anodize at least a portion of the
surface of a plurality of conductive elements 10 of a web 50 exposed to the
electrochemical solution 120. The electrochemical solution 120 may be commonly
referred to as an electrolyte solution. The electrochemical solution 120 may exist as an
25 aqueous solution of acids, bases, salts, or mixtures thereof. Ions or electrolytes of the
electrochemical solution 120 conduct electricity 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)

30 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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15extending fromthe entrance wall 112 to a first |ocation 180 of the

cat hode 130. The first distance 140 may be sufficient to prevent arcing at
t he ent r anoeoavAloF90212 by providing a sufficiently | ow elPettuse@alosf8t ent i al
in the electrochem cal solution 120 at the entrance wall 112. A third

di stance 160 determ nes the cross-web width of the web 50 conprising a
plurality of conductive denents 10 bel ow the surface 122 of the

el ect r ocHewine gmbediment. gh clrgtrochantical kelugemd 2@ may gempyse a carboxyligrcid, a

el ectr OCh R"o%?car%gfﬂ I OCH](% (0)§ %1)%‘[%9652% sfeq?osr xa%q q tﬁ%sﬁ&tfoc%gﬁﬁcg?%(ggtrlotﬂ on of

the surface 0 con |ve e exposed to

the el ectlmqii@mmﬂsa@irta&ﬂcqmdla@alt a_ihlﬁl’t@ﬂl@gdld Qﬁiaemxaﬁé tieedofit i on 120 may be
commonly referred to as an el ectrol yte sol ution. The el ectrocheni cal
sol ution 120 n%yatb&qiesﬂﬂa@nélﬁwéﬁﬁ?wéa@nfwmqnéﬁu@fasmlas amaiségleslsaw ts, or

m xtures thereof NS ..0r r e e | ution 120
Tonatice S sbRSh i eobBiuBhy BEEHT L MM ERrRl el G SRR lnad Bar | it i
the el ectkasiieny ey} cls@tdtid @hdhedr ﬂﬁylsregév‘aﬂhﬁlly/\ﬁ!ﬁeadtlhe éfoﬂ dkathpia ahexmﬁponent S
of an acid, base or salt dissociate as electrolytes due to

t her nody HhaFlectroshemigel santiaret Hecontaines wighin e Ce@ffé]r tub)lazn@f the anaéléatlon

al cohol s n i nati,o thereo nd the so S with t

Sootont oaf By o ARlolR T30 bS e ko308 p G SRp RS BERRYIAR: Sl
as el ect righy RStroEHa ic Qoldtibh PPG Stfm@bﬂiﬂn | arafabile fRthd é&ﬁllcnfeqs&liﬁa@r VO
2009/ 005902PCT/ US2008/ 064181 I n one enbodi nent, an el ectrochem cal sol ution

12010ray comprise éaréO@éﬁeatﬁowkisle stamnlqﬁs Stﬁelsﬁllatln‘éﬁl, tetamanbgkwm@n@tmm thegeof.
m xt ures .t hereaf .For ectroch may conpri se

Tt ar e ThaE Hnobdim i TR GinghP TaE L FbASS WEMIAS iR R plihiaPR, e BR o e 50

can have @nithierieont the@ofi gurati ons such as a plate, a rod, a nesh, a
5screen, or conbinations thereof. The material selected for the cathode 130
may be essent ilalong cabgdigeat tarcgiiode ¢3hanar dwither kampiise askedfe 480 pxtendingact i ve
(for exa

the centr ?n?uga%%%g #gF%PF%F egégolonqhg ﬁnﬁ%%%%boghéioﬁgﬁnt 455 nggin

att gghed dathode ROVARF theWpRhice3RAl {1 o RAOYdrihaNEibA 020 Tha BeFlet0BMnay redirect
el ectrochem cal solution 120. Sone exaggles of materials for the cathode

130 may Mét@gq)frp@éh@ eatheste, 130dadhe anodk 883 aidhapriranse wallddR, Tpe deffleutdp
compr 1 sedn S st Bed Tep ERETRGFR s 1FRIE AT Dl BT ERTR cor
polypropylene.
An optional baffle 400 may be submerged within the electrochemical solution 120
20 of the central tub 102, or a portion of the optional baffle 400 may be above the surface 122
of the electrochemical solution 120. In one embodiment, a portion of the optional baffle
400 and a portion of the cathode 130 may be at a distance above the surface 122 of the
electrochemical solution 120 within the central tub 102.
A cathode 130 illustrated in FIG. 2 and FIG. 3 may be located at a first distance
25 140 from the entrance wall 112 of the central tub 102 to a first location 180 of the cathode
130. The first distance 140 may be sufficient 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
30 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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I n one enbodi nent, a cathode 130 may further conprise an baffle 400
extending froma first edge 185 to a first location 180 of the cathode 130.
The firstwoedg®/me®2of the 15 cathode is near the entran®eTwskéosndAsof the
central tub 102. The baffle 400 nmay redirect voltage fromthe cathode 130
to the anode 135 at the entrance wall 112. The baffle 400 may conprise a
nonconductive material. In one enbodi nent, the baffle 400 conprises

pol ypr opyladd7. ad eaps porederesasiot 41300 aenyrabaibshBnelefe dhamicsiniivitt ¢fehe
el ectrochem cal sol.ution 20qf the,central, tuh. 1 or . a rtion of the
opt 1 onar ERebRhoriey bl tp a3 s Y bR aGER I Sash i e 188 BnfiRbdieR: oL,

sol uti on cLZQnt ddsiey) evieRBadlERRBbusIRaRMihE @MmAXimtime odagd dnadegldalfiddmaR0 and a
portion of the cathode 130 may be at a di stance above the surface 122 of

t he el ecttp ddisenthe alcbS9loxits amcleomochicmigah salpiorc Bk rBy taking aflgantags efghtrode 130
illustrated in Fl nd, Fl G, 3 qQcat ed .at fir di st.ance 25140

fr ot he et ANed e pARTB o R, uTRE, 19, b 0gak Boigh bT berth 3R Ron 150

of the cajhotr, IkGkathbae 180 Eﬁdfe@hé?ﬁlﬂéﬁetﬁﬂﬁewl Bensiyiof ieirditl dra prevent
arcing at the entrance wall 112 of a central tub 102 by providing a

suf fi ci emluplityow cendustive elemeptst idnendatheispeadind tha web Pooeaimedhiougbrhst i on 120
il L LRI N e T e

an .
cause dana 0 on humans,

and may 30causvb@l pithmelerJRIRGRLID RHUbPETRBIdcRAFoSIHE HABEERGIar@tSde It 1S
desirabl e to have an anodi zati on process which provides a | ow vol tage where

t helweb F30ahe dirsf distangn 14 fioanibe catratce lacatiomd 42 eké centrat tudnl 03ge eslyice| ot 115
of a central..tub.102. Al so,.the resistivity of the el.ec chem cal sol ution
050"y HESUBlAPar S RTeairshl s bl iz sREGE 007 CRTERY. o
density, tWkh&s SF Helahadie s fdeYormdd dirg aRodBxi A @, HRURickfesd of BIcATk

proxi mate to where the web 50 exits an el ectrochem cal solution 120. By

t aki ng adlelpetagéorpredidyang peedization) tsyapproxithetclyl peepartiensd te thalappléddut i on 120,

t he appropriate desjagn t he anodj zation. bath 110Q,.the cat hode 130,shape
bnd o acaiPhEeRENEE Phe G ROPShARH KPRl b dnisid e Jo R BB Pve
el epent s pkan @ﬂ@aldﬂecgqﬁemcgjc,tmrmb 50 novi ng through the anodi zati on
bath 110, a suitable profile of current density and voltage can be

devel oped. Severdhe papunief ehasgs per veltnsh usio arpaymbéent p peddge teratlba giviga
pl acenent_ of. a.cat 0130._at fir .S ce 140 fromt he en nce
ocati on %%?Z%fonamg%%?r %]I onteuebrrﬁ)fggn?né, t?lé glggélgrrﬁ c%pacugmce 7 altumlnurnt(}’xﬁ 1§
approximately 2 mF/cm”.
The anodization current, 14 (A), can be defined by Formula I, where
20

Li=AWSVC. (I)

Some of the other parameters of Formula I include:
A = fraction of the area of the web 50 surface (for example, submerged in the
25 electrochemical solution 120) that comprises a plurality of conductive elements 10 or a
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.
30 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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possi ble arcing of the electrical current within the anodi zation station
100. Cenerally, the thickness of the anodic oxide formed during anodi zation
(that is,wohewdos®kness of the gate dielectric fornmed decrag2@socdilsat i on)

I s approxi mately proportional to the applied anodi zati on voltage. The
anount of charge required to grow this oxide can be described |ISbhy an

equi val ent capacitance, C, where = the anount of charge per volt

C
per unit l#0deom the/fasiplpcativad S8 of thereathode 434 boemaesnawlloat Therdenaih seade(cnn one

enbodi ment,, .t he l.val ent. ¢ i.tance f a ' (Al') is approximately 2
nF/ cnR. 'I%éhltgtﬁ’é%oﬁl%gttla}@ﬁﬁ%vﬁ?rr%ﬁt% % abﬁfof( watgi%bglgl@%m ned by Fornmula 1, where
20 A = AWSVC (I) Sonme of the other paraneters of Formula | include:

A = fraction of the area of the web 50 surface (for exanple, subnmerged in

t he 25el ectrochenical sol ution 12)=hadSkGonprises a plurality dfD
conductive elements 10 or a netal to be anodized, W= wdth (cn) 160 of the
web 50 subnerged in the electrochem cal solution 120, S = web 50 speed

(cm's), arud pdramaaeai Fain@n Ivatldage (volts) for a power supply 350. 30The
anodi zation current density, that is, the current per unit arca, running
into the oxi d&k Cfreyistexaphi-cnyafshajpletedyte o€ shefedqcreahemicalselusignl3Beandf t he
plurality of o ' t ' DL

Dopr oxi mat ol y Sl PO S Bl ofo PR ER e 16EARE EShural b

2009/ 005%D2RERA Wi 2B108GAUBIL 0, the first side 165 extending parallel to the surface of the

10 web 50 submerged within the central tub 102 to the plurality of conductive elements 10 on
a substrate 40 of the web 50. Generally, D represents the thickness of the conducting
volume of the electrochemical solution 120 in a direction normal to the surface of the web
50.

If a first distance 140 between the entrance slot 117 of the central tub 102 and the

15 cathode 130 is sufficient, the potential of the electrochemical solution 120 at the entrance
slot 117 will be small enough to prevent arcing or a region of unacceptably high
anodization current density at the entrance slot 117. In general, the first distance 140
should be greater than A (length scale (cm)), greater than 2 A, or greater than 3 A.

More generally, the shortest path through the electrochemical solution 120

20 between the cathode 130 and the entrance slot 117 of the central tub 102 should be greater
than A (cm), greater than 2 A, or greater than 3 A. The path can be lengthened by
increasing 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.

25 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,

30 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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140 fromthe first location 180 of the cathode 130 becones snaller. The

| ength scale (cn) of this exponential behavior can be approxi mated by
Formul a MO 2%09%00B0k ASRC. (1f) 5 The paraneters of FornulPaTiuS20080b4118e: R =
resistivity (ohmcn) of the electrolyte of the el ectrochem cal solution
120, and D = distance (cm 145 (as shown in FIG 2)froma first side
165 of the central tub 102 of an anodi zation bath 110, the first side 165
ext endi ngap&e gpdcatialtyounifpemgp efrggian of lophanodpiken sgTaEl Bersityagaiihe REHsE he

central t 2 rality of conductive elenments 10 on a substrate
40 of thgmﬁgéggﬁ?ggéﬁﬁﬁﬁﬁﬁ-, D represents the thickness of the conducting

vol ume of the ERGtuaESCMIGResS@lanbiigftichBation W0akBGtanARoMigLtIGH batld t he
surface of the web 50. If a first distance 140 between the entrance sl ot
117 of t HdO0cehieh miry baysalop agat-teiell poeatsHorasiiag thrgughut pick S&ndy, t he
potential, of the electr em cal solutio 20 at. t entrance sl ot
be. ohal 1 ofieabi v SRe R B ROt eh BhohBeEL 0ARRG i Bk
anodi zat ifévecHE WeB50dRBS i heahodiRi@NAtRMCIOS Bk adddizatlon seRIBAMBD cal B fir st
di stance 140 should be greater than k (length scale (cm), greater than 2
X., or grdsagaed fosanodizing alierigonjalhemgying, varheallymesitiesed yab R0t hr ough t he

el ectrochem c sol ution 120 bet ween t he cat hode an he, ent rance
Slot 137 of ¢ nErecDifiARh 5P 1 6O CEHITRG b Syl Bt vl R by R or *t han
2 X, or gh@al®f, ahdadeat Rcatidiel 1dt i CRBoRECJIRBESNRAR OV HifIE E LA Wegtidane
first distance 140 or including non-conductive baffles, for exanple, an

opt ibnal shs ot @pelnmgatdédpmétt@g@% of ifee gniodizatiorobaih il TiBovar Sk ed iI80 and

h [..112 b, 102..  25Th f
L chon oSy tekiid fuR 108 RFPISS] i af S fRE s8] B @ borf BBy
proporti eRdpristhgttheclonesthd@idaPibleidy B0 TRRSH 30 mdPBe pAs8Ed thriath thé el d

within the
central tub 102 and moved through the egress slot 115 of the central tub 102 into a second

117 wil |

collection tank 106. A plurality of clamps 300 contacts the web 50 being vertically
15 positioned and horizontally unwound at web delivery roll 70 and taken up at web
receiving roll 75. The anode clamps 300 open and close with a clam cam 305. As the
anode clamps 300 approach a pulley 295 above the web delivery roll 70 on a horizontal
metal belt 310, the anode clamps 300 contact the clam cam 305. The clamp cam 305
opens the anode clamps 300 separating the second contact 380 from the first contact 370
20 as illustrated in FIG. 4. The first contact 370 makes contact with the anodization bus 30,
and the second contact 380 contacts the substrate 40 when the anode clamps 300 attach to
the web 50 near the web delivery roll 70 prior to entering the anodization bath 100 at the
entry location 113 of the first collection tank 104. In some embodiments, the first contact
370 and the second contact 380 may both contact an anodization bus 30 located on both
25 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
30 160 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

-17-



oxi de layer may not change with the oxide thickness, and may have only a
smal | dependence on current density and tenperature. In one enbodi nent, as
t he oxi dewbay@voogrows, the voltage across the oxi de | ay@cTiuseoisasasl
proportionally. In one enbodi nent, 30 the thickness of the oxide

| ayer/voltage ratio at roomtenperature may be in a range of 1.2 to 1.5
nanoneters per volt (nnmholt). The oxide |ayer thickness can be generally
uni f or m sdereess 1heay aet bewbsiergedgn theatlpatipch¢micalelitiond@0etineiics 10, since
t he appli.ed, volt p 2009/ 005992 [ US2008/ 064 n.he essentially
ant tor m 104 R TTOP ARG, AR A R RO b e s 4l o

115 of ceyMm@ 300ublcdf2he web 50 upbfdexibing did diolizklibriBith A1 @8t tA8 cRif Rtad@t | on
station 100 having an anodi zation bath 110 which nay be used in a

rol | -t o- ridilof pthaxeearnd ¢adlectustani §06.hABeithe avolhdlg lees leskhentidaeoteetiondamveyer
605 | ocat hov he anqdi zation stakion,100 can,.suppor.t, apd hel.p nove the
ven 56 i, AR N SUR AN AD bEPadh Sl g BBt RS p 4iBs o0 can

be desi gnediohOér @nhaiond thrddP! friRid Béihy pARYd Rtthe Wb rb&alihy rIoH. tB&oRd Web
50. The anodi zation bath 110 conprises an ent ré | ocation 113 at the
first coldfast¢lampobtic anods clamgs 300 sxilcaseddean die websShe se¢padsbaamis

ends of & Eou Ot Biher eeT ofFE R il B adOf B 2 1€
col | ecti qRnli@tke hAddiabniassed through an entrance slot 117 of a central

tub 102 conprising the el ectrochem cal solution 120. The web 50 may be
past@d t hr oughn preeredanyrharizentbl cod2eyen 0ol EHGt hewpyiscs Aeuber 2¥shayingta 115 of

th tral tub i nt d. | | ect, t 106. A pl | j,ty of

1 ampe. soEb DS rhetos 68 BSngdns St Blriep ¥, dBiseruRindt i ©

hor i zont ajektineaRuns! ratenRid. 8643 Yoo ¥Sabelkh o A )aNthe Hraken29Pmates B afgieel Vi ng
roll 75. The anode cl anps 300 open and close with a clamcam 305. As the

anode cl anqpepsSHY gy obwrivoatap odridegtipometabbaled thelhedivridentalmetpl badt 31070 on a
hori zontal netal belt, 3 .£ he ano I s 300 conta t he cl am.cam 305.
The of anderanrdoa G S IR aRORe L oot SRto ib tBr S et oot set
38014 r om31&e, §presder 200 tapling AR cREMiSR 305 | Uit @nestt 370, Bh&a séeondR8ndabi 390

contact 370 makes contact wth the anodization bus 30, and the second
cont act JB0atwhingeind relbasingbstrtiedlly at@Eniwiderctt He Hredatst aingacp37Bomtants theh t o

th b 50 near th b [ i I, 7 i t teri th i zati
bat h 100 Bpdentortn A fustBe s £atre WheBiapl o Pt i baRaBIaR T "
some embaglii@atet 310'8af b il 8¢ Lo il Bhdct 3% rﬁ%cp@papﬁaetoaggbin 8Q,veay bot h

contact an anodi zation bus | ocated on both 25si'des of a we 0, such
t hat t he onelsph@cd duprg mescracnslofithel dnpge dimpeBdlicrirvkng emed®s Tk wrlcyot h

sid of e web.50. The anode cl anps 3 make contact with the conductive
Snotl 2ot 1 2R SpiE R o hiHan B anSe SRR et 3 (e BL AR heBrontar eI Rions  of
el ectricagygcurrent sufficient for anodizing at |east a portion of the

surface of the plurality of conductive elenments 10. The plurality of
conducti ve el ehetht svebF0magvdsehrenglogednadizaicnthatidl Hl, stpamelety of conductive

elements 10 can be anodized. As the web 50 exits the anodization bath 110 at the exit
location 116, the anode clamps 300 release the web 50 to be received with the web

25 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

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

patterned.
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30160 within the el ectrochem cal solution 120 having a surface 122 and a
depth 127 as illustrated in FIG 3 and FIG 4. A portion of the surface of
t he pl ur avotzgosafswenduct i ve WO 2009/ 005902PCT/ US2008/ 062C8Sedosmeni8s 10 nay
not be submerged in the electrochem cal solution 120 within the anodi zati on
bath 110. After noving the web 50 through the central tub 102, the anode

cl anps 300 rel ease the web 50 upon exiting the anodization bath 110 at the
exit |ocation Aveltage cenbe gprlinddistngl 4 Rtdr SAPRIEARD somectaf tep cathedabl) @0

| eaves the seco col | ect.ion nk 5106, tF b ,50.may, opf i |y be passed
through. Amaiae 4 GueBhio AR iRttt R tiRa 37 £ BRLERGSH  ¥edf s O
thereof, a@ﬁiiwtioh@fbsit@ tpARSAELtl CheuiveR: fleariyeaf thoklecifdcheBéHre a first
clamp of the anode clanps 300 is rel eased fromthe web 50, a second cl anp

i s engageglution 12f arodace amglegtrigel cusient. &b segasive chargerprayidedity thppensercl anps 300
i's tached t he, conductive anodi.zation. bus .. 10An_exenpl ary hori zont al
convbyer B0nY PO RREFBRIER i BIN ) rSfieBS aftor AgnteE SRR Ehshuloh' For
openi ng anécah&R 139 it raAGHenis HasctR0Remithll S EBRtIM The blctb@lndscr i bed
in US. Patent No. 3,643,670 (Sabatka et al.). The pulley 295 noves the

anode cl aap¥iosdd0 spesugnes clestpurofien theentlngetl3) eange sgfonsk¢henaah rearren

hori zont al _net bel rests upon..gli rolJ s O illustrated in FIG 4.
The. anoddeaus hagfods ecat e FiRdioh bF B b0 e b Sootaiuger o
nmechani srgigidénts B0 béihg bxSRBd BFthe 316Bro@Rhich] SEGANK 1 2PMLAGLInS8@cthéHs vHitRChi ng
and releasing a vertically oriented web 50. The first contact 370 contacts

t helGnodicaatk takebwp b3ahe anmpdetlRE. daragadvaedntzectloBBdevelons acths t he substrate

40 of web,50. The first.c act 370 b igid, and the second contact
380"y BATCREAEREMsPTbiaf 10 Avad 16 eds Al Al b i hitdor The anode
clanmps 3QRvemps ardanPthiealb&O35. ThR bt dfke REBS yi¥BlitHiR kNSl EdkRGhicW t h the
anode cl anps 300 connected to the horizontal metal belt 310. As the

web 50 noeegionH28mytvetihecuirabide fasé drargeatsh thatdhe rpagsions ghn eqntiofic,coddhct i ve
el enment s }Otcan be ﬁ%pdkggd. As the mqg 0 eXiﬁf'ng aquization.bath 110
at the exXi P8PV or Nt HECHRECHRSG &S ?‘ﬂ?%ansrﬁﬂl B RELEITHRE ReBOSFYY be
reces ved omithdisurhage Wethe HRIrgEIor cosucald clémentViDh Al histtiah bAGERBMcQff tld | east
one clanmp of a plurality of anode clanps 300 being attached to the web 50

at a conduetlityeofznodictiat clsmebissl 03@n bg lenaridmwtidt eppdose the lofel ef tet ri cal
Gur e, e, OB 0 6AUGRRUL e TRHLNG AR R Aok
s ekuhe A 0 0 Bt i Mol Sanhep oot 1
may be opt20amey boycirculated and replenished using recirculation pumps as needed to maintain an
20 appropriate concentration of the electrolytic species.
FIG. 5 illustrates a cross-sectional view of a first conductive element 15 on a
substrate 40 prior to anodization. The first conductive element 15 may be illustrative of
one of a plurality of conductive elements 10 on a substrate 40 of an exemplary web 50.
The first conductive element 15 as patterned may be oriented parallel to a second
25 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

30 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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patterned. WO 2009/ 005902PCT/ US2008/ 064181 A vol tage can be applied
using a power supply 350 connected to a cathode 130 and an anode 135 to
conpl et e W 2009902 cal circuit as illustrated in FIG 2pramaSEi&Gos481 Upon
application of voltage to the electrical circuit, the electrolytes of the
el ectrochem cal solution 120 produce an electrical current. A negative
charge provided by the power 5 supply 350 enters through the cathode 130.
Typi cal | yeleciroflg A8 undaidhg engratingonfisianselcay deeoniqdevicgtifua ghelzdrncernbthsed

wi thin the el egtrochem cal. lution 120. The el ectrochem,cal solution 120
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plurality of conductive elenents 10 bei ng exposed to the el ectrochem cal

sol uti on 1P90uptodife tmép HIleet ppirs7 Wwhl etdigloetsls cpestand ey hegnigyangeeofdiode 135.
A negati veg,char c v pS..] l.egt rochem cal solution 120 around
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The ions of t henheglrgicdonghative eWdnidnit 15 bbiag elepslite® ahepateahedsl 41§ubetatd 40 offove to
neutralize these charges so that the reactions can continue, and the
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el ectrochem solution 120, while a portion of the surface of the
pl ut@l i t y8%f conductive el enents 10 may be submerged within the anodization

bath 110. El e hem.cal sol ution 1 mayv .be cirgcul.ated repl eni shed
i ng. e rourd-an purge S8 ubdls’ 88 MPnEy § ek Yk S

concent r aidjaeBntab atdae REROUE a6 YhiaGubNREd #B. The gate clettadets dah B8 hHoatiesed
cross-sectional view of a first conductive elenent 15 on a substrate 40

prior to betedinghe pea dicitetrid $5 and thoadhstrioAd. elberpatn diglsctigpSteé FIGL G smayat i ve

of one of, a pluyrality,of,conductive denents .10 or.a substrate,4Q of an
oxenpl ary aubb i RS e DETE R FEhd® NRR) LPhE i e

ori ent ed ddavtdhicalevice. ahs %_@t@ ik &h6O RS HEk i ackk ardfdizaWbih & proBycele
oriented parallel to a third conductive elenment 25 as illustrated in FIG
1. Anodi zenfasmabgoating conductive el ement 15 of FIG 5 results in the
formation of a,gate structure 85.as shown in FLG 6. . te
dielectric 55 Neg ba PRREG e dap i efePmally o Soulstivs ggwetts e ve

i 11 'ustr atighdriedfh @ cfchychRnbed] YoluBon 2PPEZRL drodho 2686 frocdN Folddp&iod of
dielectric 55 may result from 30anodi zati on of a conductive el enent 15,

wher e t heirgosudlieeniier elradation apg aghation afibe ¢lactrachpmitcat santiay 120n Rinodi zabl e

matgg i al I HEmIRLR iRl $66 56 G R SESdikiRh her TRU LGS e LM ordRhion 120
may reach and wet the surface of the plurality of conductive elements 10 even in areas
where the conductive element 15 may be covered by, for example, a small particle. Such
penetration by the electrochemical solution 120 may result in a substantially uniform
anodization or oxidation of the plurality of conductive elements 10 even in arcas where

25 the surface of the conductive 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

30 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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WO 2009/ 005902PCT/ US2008/ 064181 el ectrode 45 under the operating conditions
of an electronic device fromthe bal ance of the device. The gate dielectric
55 can hawe 2a09diosdoectri ¢ constant of at |east 2, at |ea®CTAIS2@8/0b486t 10,
at least 25, or at least 40. The dielectric constant of the gate dielectric
55 may be up to 150, up to 125, up to 100, or up to 75. The dielectric
constant may be in a range of 2 to 5150, in a range of 5 to 125, or in a
range of cventfgn some lopgtons the surdass dueqviclad witls feinexanpleg snal pasistesiferatingnd
patterned on strate 40 of FE 3 S rough an .anodi. zation
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t he anodi zation station 100 to forma plurality of gate structures 1085.
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to produce a cpnf I t idg; Al.le rtion,of. the suyrface of
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el ect r ochem} athas@lodizafitn da2 el innGsudstadialdi dhafola ingal 008 % tHeQfata peri od of
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sol Qi on clatrodpdp phglusetpd in KierGsi lon capmplsedyiite tho appdizdtion reccandeiczat i on
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plurality of con ive ele VEen i n areas ere e con ive

el ement  libsul@ihghes 00 vieipaboring refidhs e Xl dtioral surednt imaisificstes ardldedation
penetration by the electrochemcal solution 120 may result in a

subst ant iHIthgargnpptgthe eHbeppedirefesion bgeames wifospltipglging al i ty of
conductive el grrnhs, 49, e¥aRy'oBLARH MEELE ABMIEHY {ACH Ol ifiEaROpguCt i ve
el ement 15 may be covere y a snma orei’gn object such as a snal

par1j cl e.by using a fONS8APIE RN bbyratisg hsetuerht Joarmey atodef Tathiambieltee Yalaget he
surface of the conductive el ement 15 naé%not result in a ﬁinhole in the

anodi zed aPajed baeghihe cathefleerd fhe mstal dx haanasizedrpaschiernéplledtodrangdpe 15, As
| t , 4 i id. i i f ar
a resu de@l?e@ﬂ%ﬁ%ﬁ%c@fcn‘ﬂ%&gt{a Iﬁlhglw ﬁ’usaYu %ﬁ&gg a2 sﬂ{agfgft%s A o%%e& ore

oxi di zi ng a conductive enment 15 may res a‘gate ectric
t he gat e grows, the required voltage gradually increases, until the power supply reaches a desired
maximum (or compliance) voltage. Typically, the applied voltage is then held at this

20 value until the anodization current falls to a sufficiently small value.

In another aspect, a process is described for forming a plurality of electronic
devices further including both source electrodes and drain electrodes adjacent to a
plurality of gate dielectrics. The process includes a semiconductor adjacent to surfaces of

both the source electrode and the drain electrode.

25 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 electrode 45. A source clectrode 72 and a drain electrode 74 are both
provided adjacent to a gate diclectric 55. The source electrode 72 and the drain electrode

30 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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dielectric 55 confornms to the surface profile of the conductive el enent 15
bei ng anodi zed WO 2009/ 005902PCT/ US2008/ 064181 even if in sone | ocations

t he surf awe 20®/ewered with, for exanple, snall particl @esTiuseonsoe1al
conformal coating. In contrast, if the gate dielectric 55 is replaced with
a gate dielectric layer that is formed by, for exanple, vapor depositing a
dielectric material onto the conductive el enment 15, an area of the

conduct i ve el dprwit anpthes gsockd pbgeess i asqribga fori ferraing gepjurably delestaried duri ng
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exposed in e arca a e Isre

further BProasspiotiles Bamtal‘@mo@d:v@ﬂba@@nd)é ditagi slgctBdcadpdiad b o fctess to
forma gate dielectric 55 nmay be that anodization can result in a
subst ant isamispndpeteioenpopitsiic Alurality of satsstryetuecs1 dbp seureelectasicds netipyst r at ed

in F G Confg{‘{]%ﬁg)drg%l e@l&%ﬁg the anodi zation process nore electrical

current tends an area that is not as anodi zed, and
therefore not as insulating, as the neighboring regions. The additional
current i nt endiiG.8sllusteatesrmonpssaterioon of antdxemptasyaclentroric téacel, fer anodi zed

regi on becorre my i.nsu i\ng. In contrast, in atch.a od| ation
br ocess. gl & i i enSRt [k HheerdeRrBvias rigyi iy BRE S upp y
operatingy gae@tm&Ufaman%%n%m ARG zatloR drRicendRUSe clehRnY B tIALE 5§RP| i ed
bet ween the cathode and the netal to be anodi zed nay be controlled to

pr ovi de douesigatdlidndgdi 2arilipnerd to » gt ctistiedd 45. Anemicahilyctoriscandict age may

amt Tt el Satnsnl ' €5 MoB et i SRR PG PR 1T g

Typi cal | ymay Beprapiicl ﬁ&ﬁa&’&llt tRg8urtRe bpaR s'@f?lllc‘d)naﬁctBNSSoﬁﬁgﬁé #e ddRtduhiclufe
anodi zation current falls to a sufficiently small value. In anot her aspect,

a processSi slhdesuirck bledtrodr 7% doasinngcent it dreadramwla@troéd: &troni c devices
further including both source electrodes and drain el ectrodes adjacent to a
plurality of ddiGe 7dindlHEL Biiﬁsstraﬂ'dm(aprpdnseﬁa gatecltrudimse 85 seam denebnat or

adj acent fo. sur aces of bot sour e el ectrode and the drajn ctrode.
25F1 G 7 JeVichs ThaLHS sirutp KSR G DK PC SCRkONpIchr y
el egg roni domprise a plurality of gate dlelectrlcs 55 adjacent to a plurality of gate electrodes 45.
The gate structures 85 may be formed from a plurality of conductive elements 10 on a
substrate 40. FIG. 7 and FIG. 8 independently represent a plurality of electronic devices
510 and 500, respectively.
In an electronic device, a voltage can be applied between the gate electrode /

20 source (body) controlling the current flowing between the source and drain electrodes.
Common electronic devices include transistors, for example, field effect transistors, arrays
of transistors, capacitors, embedded capacitors, diodes, light emitting devices, stacked
electronic devices and resistors that are used to form circuits. Electronic devices may
include arrays of circuits that perform an electronic function. Examples of arrays or

25 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

30 electronic device is an active matrix display backplane.
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device 510. A gate electrode 45 is provided on a substrate 40. A gate
structure 85 can result from anodi zati on of a conductive elenent 15 (FIG
5) to forwDaogansodi el ectric 55 adj acent to a gate el ecPCods2e08/06/A850uUr ce
el ectrode 72 and a drain electrode 74 arc both provided adjacent to a gate
dielectric 55. The source electrode 72 and the drain el ectrode 3074 arc
both opposite the gate structure 85. A sem conductor 65 is provided

adj acent to a Asemgeedustordbar igxempleswsureandarioe tayedss 7 matpiigl wﬁese(ﬂl%&mcal

el ectrode —_ S2 41 r pect,
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el ect r onisemil@vide@os0hay fuethereooaifplse ge@dniim, dallium trsamige, shdom(phodphidd gat e

el ectrode 45 is provided on a substrate 40. A gate structure 85 can result
f r om anodilicnigsHNYHUR. Haminen pylbiug asppite. ansconpiiegtiony thegeof o fhene gat e
dielectri - adj t ty 1 G tar - 65 G be
10pr ovi asip Ry BOHE BimE 8 R (5,oF B HeRBuhteg & ARTLAI NI Al
drai n el ediigddexidd indiymbhellpmo vind @didedpraweitiindtonatigwolface of the

sem conductor 65 opposite the gate structure 85. The source el ectrode 72
doesp not cont ag kerhikendlicirmmasl Roirovided ddjacent to a plutdhty df @iddiclcciricS of bl ustrate
exanples of a gate structure 85 in an electronic device. The gate structure
85 can belentiermfedectronig dsvigesads shpwafin Fate8 s i ona ambogigentyhe spmirsedigit se a
plurality of el i 5 |.a . . | i ect rodes
i The. o G REEHE G Ty W AHGRI Qe Rall i bty CapS@hRaBuE ve

el enent s sthicwndactstidsy bapstetsd ddjdeenttoandufck GlecBoddsierpendandléstrodeps esent a
plurality of electronic devices 510 and 50 respectively. In an electronic

. . 0
devi ce, #hownimiEGeinUpefubmpansdar snaligeien afibe sraigondugior eomprise 2ogbur ce
(bogy) ca ] . t I i h I . in
o1 o5t odaupo it LPE SBHIRR i PAUES, B IEEC IR A REnBIRe8AT T ¢
field ef fteekofl ransi stors, arrays of transistors, capacitors, enbedded
capacitors, diodes, light emtting devices, stacked el ectronic devices and

resi stors thatSar® dﬂ@&l@dépaﬁdqtraﬂnc‘eilécﬁu'tiéssmaﬁt_)@getfpafmdpfr&ﬁuiég&&lémqwdi: Bglaude
arrays of circuits that performan el ectronic function. anpl es of arrays

or 25i nt eggtcadielgcteicrag shawn imElGide lawpk cmbedignent, deeiopegesndidraip shectrods s,
I nverter Smaflfiy e soe%g}a{elda}i)tyoar Semiconductor adjacent to a gate diclectric as shown in FIG. 8.

20 The source and drain electrodes can be a conductive material. Useful materials may
include those similarly described for the conductive elements. For example, source
electrode and drain electrodes may include aluminum, barium, calcium, chromium,
copper, gold, silver, nickel, palladium, platinum, titanium, alloys, multilayers, and
combinations thercof. In one embodiment, the source clectrode and the drain electrode

25 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
30 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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Applications of these devices and arrays include radio frequency
identification devices (RFIDs), smart cards, |anps, displays, and the |ike.
Connect i oNe 2neyoob®2made bet ween two or nore devi ces adj aceEmnis2a08/0eas8h ot her
on the web to forman electrical circuit. In one enbodi nent, the electronic
device is a thin filmtransistor. In another enbodinent t he 30el ectronic
device is an active matrix display backpl ane.
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In another aspect, a process is provided for forming a plurality of electronic

devices. A web is provided that comprises a substrate, a plurality of conductive elements

25 disposed on the substrate, and a conductive anodization bus. The conductive anodization
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

30 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

4.



t he substrate, and a conductive anodi zati on bus. The conductive anodi zation
bus is WD 2009/ 005902PCT/ US2008/ 064181 adj acent to a first edge of the
subst r at evOARo0dY00s402conduct i ve el ement and at | east one ®etarsdoosondacti ve

el enents are electrically connected to the conductive anodi zati on bus. The
web is noving, where the web is delivered with a web delivery roll and
received with a web receiving roll. The web extends fromthe web delivery
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to forma plurality of gate structures. The plurality of gate structures
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di sposed 0 RrAgess F RUBDIISgH groy1 %aa@‘flw%(?%%&idﬁaﬁtdﬁﬂwﬁma wePf@3fduct i ve

anodi zat i QO.QHss | & Sglﬂ%j@gl? odcn@ of drhifitel RA98e Q’Ifeé%gﬁl%'dﬁ%fl éﬁité@ent‘eb fnler st

conductive el enent east one second con ve e nts are
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novi ng, where the web is delivered. with a web delivery roll and received
with a we%eclt@é%is\ﬂoﬁ&l?%Ht‘fc.t“‘ﬁli‘éﬁ?/\g‘ﬁub?é?% “fromthe web delivery roll to

theyyeb rece Wh%ﬁo@l@f%&)&}ﬁi Wg%s@‘?s HoRiREFSERhin@M JiliGINeST Hebbiery roll to

the web receiving roll.
devices. 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 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.
25 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 a anodization
bath having an entry location and an exit location for the web; an electrochemical solution
30 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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passes through an anodi zati on station. The anodi zati on station conprises an
anodi zation bath having an entry location and an exit |ocation for the web;
an el ect rvoheswomado2sol uti on WO 2009/ 005902PCT/ US2008/ 062C8wSe@sas418d wi t hi n
t he anodi zation bath, wherein the el ectrochem cal solution has a surface. a
cat hode | ocated within the el ectrochem cal solution where the plurality of

conductive elenents is positioned between the substrate and the cathode; an

anode; ariiPRlYparicdseipis apode encthe gathede hEhcaradhnec amy herecated ﬁc@dbstalme
cat hode %Pﬁe %n?@a}&g (?10 Wﬁlerg tfe (f}g{gl?c £ sﬁrfncwgﬁtoeﬂ% Fht llr%ﬁl t n\é\@rer et _he
eentry |on

di stance 15" Suf i'ent revent arcin provi di ng

a suffi cilestioy b!yq%b\ﬁﬂﬁgTa"shﬁ&heﬂ@@tlﬁwtdleﬂndaﬂpét@ﬁlaﬂhleﬂlfel’e%ﬁﬁﬁhdirﬁbal%ﬁluﬁbhOn at
the entry | ocation. The anode conprises the conductive anodi zati on bus
posi t i onel thesoiy lpgagiony r’fh@é@d@fcoméIS@ﬂ the coshigbivig enndizagprbpopesittongfural ity

of conduc Ly, el SR & (HISES Rheh BAFLIRROL LM rLARRLYL Aklbiof the

con UCtIVG enents arc posl |one e r ace (0]

el ect r ocheligre af lessd b pbitm; ofahrdplaramltwdsfahi: tyndakcticd elopents WhegmitRied Bastv one
clamp is in electrical contact with the conductive anodizati on bus. At

| east a pbe surbscof thewéecgephea@éalcwhtﬂﬁe, i Rlpradiy offclarapd deross lefsheiigt s
exposed t C%r{lj]??s 1ﬁ| Hcg c(t: %th%?é chr‘ftdﬂgtn'ie an% &gfl&?ﬁjust OAtTlQe{sml gomloﬂ ?Itﬂ y of

gate stru uraltyo struc ares conpri ses urallty of

gat e di elsagfhtd @Bhaﬁ]u@ﬂﬁjﬂbf t@ldaciﬁ)\l’dﬂlahbrttye}qfosﬂﬁtoethebl@cﬁrdidhdﬁﬁcal a'dlethsﬂ yrality
of 15gate el ectrodes is positjoned between the plurality of gate

di el®ct r idoedigadita ﬁqansfupé%r@htat@ gaW5wéeée§§emmrﬂlﬁépf &aisps mgtégeSﬁP@wia@Sng a
sem Cond%cﬁl&%hgﬂ &0die 9trfc5'§cggééﬁfi?d%%1¥lﬁa% gfa%agegle JaE“rﬁ 1@28%09

el ectrode an |n e ectro e are cent surface
of the segme:ejmiwdb@rs ropiposed ketivben thi tptuahlnttyy)f gategladlectﬁctsramdtthns a&strave.er e the
source electrode is not in_contact with the drain el ectrode. 20l n anot her

aspect, alIrR5RsS l}r%leb?%(}li’%ﬁéél p?%ﬂdlv%laﬂtilﬁgﬂoar%etﬁcgpiiq $do drafnecleGHEoE ¢
devi ces. ef%tj R th %hegélgfé'h lf@ghefé %%%m?co%ﬂ@&& d@';?ow@e c@hﬂ th¥nOf

conducti ve e enent on t strate con ve anodi zati on
busl15 The mrfachmﬁhoﬂetlmmodncz atemndebami ths dendhy eleﬁmdetoq)pmln‘mthspluefdgﬁof)gate he
substrate. A first conducti \(;ei denent and at Iea&}}‘st e.second conducti ve

el ement s SHMEUESeRPFTE AhY APIQs BeF R 1 FRNRLGS N @l%ﬁsﬁroziau on bus.
25The web is WE@,;, gﬁéﬁ; i,yery roll
and recei ved V”\;H;[\é'hd?&’lo glcl%aél@ftﬁglb(}%ﬁ tégﬁggoﬁﬂ; ‘ir)vgﬁﬁl ﬁeeeweb
delivery etxemblam)amdlmotwbndeelamhmm@erscﬂﬁe,ofahrﬁjdl‘schesm\eb passes fromthe web
delivery roll to the web receiving roll. The web passes through an

anodi zation station. The anodi zation station conprises a anodi zation bath
havh@ig an entry location and an exi tgly Q,Fc][ﬁg don for the web; an

el ectrochem cal solution 30retained wthin the anodi zati on bath, wherein

t he el ect r ochdmlesslotisariviseinotedhal$ parts pcrtaﬁegesaa@ahhmﬂmpbm@bmehle ﬁul]tolmlmg t he
el ectrochemni cal of . conductive el enents is

oS! 1] ondaeBaIAB P hoBHh el GhEFaEHE: et ARGt SHAHCE Bower

are available, from the chemical suppliers described below, or may be synthesized by
conventional techniques.

25 Example 1

Aluminum (Al) was sputtered and patterned on polyethylene-2,6-napthalate

((PEN), 100 micron (pum), Dupont Teijin Films, Japan)) as a substrate, to form a plurality
of conductive elements. A web comprises the substrate, conductive elements disposed on
the substrate, and a conductive anodization bus parallel to a first edge of the substrate.

30 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.
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WO 2009/ 005902PCT/ US2008/ 064181 supply attached to the anode and the

cat hode. The cathode may be | ocated at a distance fromthe entry | ocation,
wher e t hewoizsese®2i s sufficient to prevent arcing at tireTaseog/oba8ati on by
providing a sufficiently low electrical potential in the el ectrochem cal
solution at the entry location. The anode conprises the conductive

anodi zati on bus positioned 5above the surface of the el ectrochem cal

sol ution; a plRitcale ggpositionehdhschl metab thavabstsatomes degassddarish aminggradi on of
the plur la( Iﬁt%bé)heatté]r £ GongY {:éd}’oef £} E%Fe%/%ﬂrﬁltg IR)%? . Rﬁ]?ﬁle?l%nq e&%%surface

of the electroc emc sol ura re"at | east

one cl anmahémtter lng)csiOi Gk r&ﬁ@fr@?ﬁen‘d& (MF)t aﬁb@tt@&ﬂdﬁ@lﬁd msm@mltzlailmmus At
| east a portion of the surface of the plurality of conductive el enents
exposed tX039( hemdlgnar W@H@Fﬁl’c%l92§mttﬁﬁn5ﬁafg§t (Poghsrm 2egness. Poauasac. ANl i ty

of oato d el TR0 LR RWHARY 116 BloaPREE, GHINTLYES FaTRELRER0 2L, =11 1Y

plurali tyfmfﬁmgahe cledrﬁlﬁetr baclgsourtl Resuited \xmelcd) rbﬂhme(m]tdm habtgahiatgonqfArpat e
dielectrics and the substrate. The process further conprises providing both
a sour ce %8P HetrIfO0skadardguhicreptimgiersddentdind @ewryed (heep lavarf {1y of gate
dielectrigs, A sem conductor is provided adjacent to the 15surface of both
the source el ectrode and the drain el ectrode opposite the plurality of gate
structures, \Amjb@equlaﬂtlyaaoo e @ﬂeﬁ@rhfrﬁldﬁmbﬁl wed sputtedrinalié sustritctabe wdbai n

el ect r ode. e di scl osure will be further clarified by the foll ow ng

exahdl es SRRFLIf 1a%1e9 @%@ﬁm aeyhlapialiges sPHiteRéBdthieol 3.7 e IhbCBEHPET of t he
di scl osur,g, sgn%ggré !eﬁﬁé ta}r%%t (S g%f‘o?l?] S?EH&%VYI)?@‘GQI(% @Q) h@lq:n% Bebruh 0f 99.999 .

per cent age atl 0 ng exanpl s ar on a wei ght
basi s, artd aah DG paganif kws’eﬂha tack reusd alnphtes prasiae ok almfﬁﬁr V@lltharﬁgon
avai | abI e, fromthe chem cal suppljers descrl bed bel o

synt hesi 228 figy W0 srtm ohl fhreestan ((aess. %eﬁa?ﬁmrélazer deposﬂww%hmﬁsat Al)
was sput tﬁ@ﬁu&\g%&@ Bﬁé ﬁggﬂ{a WE% PAS! g rg%ﬁlﬁ Sp’m{’ 5sa3RL Rk %a‘%er(lﬁ BEY) . 100

m cron ont Teijl Japadn Substrat e, orma
pl utal i twaolﬁumq)nﬁhpcdbme el ements. A web conprises the subst rat e, conductive
el ements di sposed on the substr and conductive i zati.on bus

parallel to a FIGconlippys 2 _1PW@6}§X?B§PP<'§P AT REPHIeoA T ) Nt Bt i ve
denments v@g ﬂﬁ?&’eﬁ?ﬁQD@?RﬁMbQ gh&BﬁthWEQphp KU 2R 175 micron (um) dry film

photoresist (UGH-072, Asahi Kasei, Japan) was laminated on the aluminum layer coated
on the PEN at 206.8 kiloPascal (kPa)), at a temperature of 110 °C at a roll speed of 0.914
20 m/min. The film was exposed at 100 millijoules (mJ) with a step and repeat exposure unit
to a chrome on quartz photomask (Infinite Graphics, Minneapolis, MN). Step and repeat
exposure units are known in the art. An ORC step and repeat exposure unit known as the
Proform 3500 is available from DRC Imaging Corporation of City of Industry, CA. A
similar step and repeat exposure unit was used. The DFPR release layer was removed and
25 the DFPR was developed with sodium carbonate ((Na,COs3), Sigma Aldrich, St. Louis,
MO) solution with a spray pressure of 27.6 kilopascals (kPa), a temperature of 21 °C at a
web speed of 1.524 m/min. The DFPR 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),
30 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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anodi zation station. The patterned al um num conductive el enments were

anodi zed as the web was noved through an anodi zation station. WD

2009/ 005990ROK/M0SBHR08/ 064181 Prior to deposition eCTtuseoodlos4ret al , t he
substrate was degassed with an infrared (IR) tube heater at a web speed of
2.4 meters/mnute (mMmn) An adhesion |ayer of 3 nanonmeter (nm Si O was
radio frequency (RF) sputtered on the substrate with a 12.7 cmx 38.1 cm

pl anar neygas Addrict, 0p Lowis MO) /dtricaeye® takg Stansnp Biicendtebouipud(@esne, PA)

at 5a po { t. (k ' RS hertz (MHz) having a web speed
of O. 305%@%{8{6?{ @eh%ﬁ%ééw\t%éﬁ%ﬁooﬁd%gr essﬁ're was | O mlliton- (mlfon-)

havi ng an ar gorhe(pAtrrmgadsoiduuiv ©lcBOfks Stcangiaydizcd ub b akRitdtioR lsekisn. (BrCcM) and
an oxygen (02) gas flow of 7.5 sccm Subsequently, 200 nm of al um num net al
was sput tSEFO8 CORPHIRRS ey tab daving g lgpesh eDR P, aptamless gteg] ¢athiasle, agler Al

met wa | 7 : | Hla]gn r ring
tar Séet ( ﬁé’@t%@ﬁqé@%a\g%%?ﬁ ‘%ﬁ‘&?&ﬁéiﬁp%ﬁi‘#ﬂﬁ%%ﬁgﬁ%n ;llf%tf 8@9&%&#@0 at a
DC power dbbutbkiM inleagihaakgicDtontc alrbnras bpfflessdsrecataSadpaddilionithe fbith an
argon gas flow of 600 sccm Al three steps (degas,  Si adhesi on | ayer

( O, Si 0
deposi ti cHeaAtthacathedy Terblr viasahouep odgania @egiwbp}lfaw(}cmnn&n@lmgs,_e
ml ti- p“rﬁmﬁ%ﬁmﬁ%“é}mnﬁg i ;ﬁbrﬁgﬁoill?%\{ﬁl%ucg&%ld%n&jﬁl%afﬂe ex&end-gp.%})&ﬁ%t' nuous
al umi numTayer on a substrate was patterned wth negative dry film
phot or esiit af JUERR)sutfacangf thh olcofro dhbirad pdiytioret Tieoseb WadH8d i svafic{lpm dry
filmphotoresist (UGH+072, Asahi Kasei, Japan) was |am nated on the
al uh? numaoajsyraiehvath Biede glemperttaghinge the kendyptiscanodizriey bus faf the
t enper at I i . j s exposed
at 100 m'L!]IEn 9?%‘(1%%24 (g?riﬂa(%ﬂ t%e ?%Banze?@ggg%w?ség%i? ;g%lggs{}/r)e\%ﬁﬁ? %ﬂa%( g?uigﬁchr onme on
quartz phblooabilcufrtntsctiingef Gsaptillamps Mnan aap dicivecb did wat @07andmire That

exposure units arc known in the art. An ORC step and repeat exposure unit
known as HRSUISH SRR ves0D thesraageeh Bl H Ot BRECs RGP 2L iEOr on of Gity

of | ndust : i J14! S i . gfhe DFPR
rel ease Iag%/‘glrz %ﬁls&? gfrsr%\t}ggﬁéh%&%g?ﬁgh tgﬁ{%%ﬁf&cg%@ﬁeg%ﬁl 5\% lpﬁﬁspggﬁﬂlms-{
car bbnat d.duidNa2@Dihd Bivg atadhde acit (SiGa Aldtitls St. Louis, MO) in a deionized water

solution that was titrated to a pH of 5.5 with ammonium hydroxide (NH4OH), Sigma
Aldrich, St. Louis, MO). The rate of oxide formation for the gate diclectric at room
temperature was between 1.2-1.5 nm/V. Samples anodized at a voltage of 75 V produced
approximately 980 angstroms (A) of anodized Al,Os.

20 The thickness and quality of the anodized Al,Os gate diclectric adjacent to the gate
electrode for forming a gate structure was tested by measuring the leakage of the capacitor
structures. Gold top contacts (60 nm) were deposited on the patterned gate electrode 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

25 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

30 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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MD) solution with a spray pressure of 27.6 kilopascals (kPa), a tenperature
of 21 C at a web speed of 1.524 mimn The DFPR was baked at 35 C having a
web speedwof20®/@2®2mi mi n. The al um num netal was et ched Peirtus2eb8/064181 % KOH
(Sigma Aldrich, St. Louis, M) at 27.6 C. The DFPR was renoved with 4.61
wt. % nonoet hanol am ne ((MEA), 30 Sigma Aldrich, St. Louis, M) at 40 C
and the substrate was rinsed with deionized (D) water at 32 C. The Al

met al et chMCPAPRMCBHENES ceiiflicty hametak denesitipar dhabeureprd drain dectigdeaworsh

d of ht
speed of RuR3heT) BhbupSREB A SRR GRUE BPrR LB AR G oo
citric adldbel, dapah). e cOh@rotivAhdtdl s pSiternédilisg a Mdtomasiudligder aid ckpBscd8. 9 C
at a web speed of 0.457 m mn. The patterned conductive el enents were

anodi zed 4t Ao%ﬂaﬁ%DEB&r@lﬁaSsetlwqrmS rqra@vesitaafiutlamDBEPqus@ézelap@e\ﬁttb al tub

havi pg a | al | ypr opyl ene
baff?e. gﬁ%{aﬁg%l vagﬁé?a&%}l) natAtral{jﬁag(?&P ém'l rf |g%%ﬁ5%38%§tended
about 65 @essur dfengt7hkPpas &Inhﬁfauﬁre off Ize 1Welat a ngd dpatd bl SmsmllrﬁﬁlaITEdDzEGRacent
to the front edge of the cathode, The baffle was about 30.54 cmin heig

about 0. Poascrekehat 0k sgvebasngedpbolip2 pomimiihg cprdvgtive mAtabzmaﬁ Pf@hecbwﬂbot h
th t ho t th
el :cf ?oc h%ﬁ\lyﬁg/ig pétg?%utpﬁil%&rgﬁjﬁ&wﬁ%aﬁgﬁy ég')llér}lpgﬁ\?%ﬁsf M@ aigconfl gur atl gn

Wit h anOdBFRRWSerﬂd\teaG)hth’kgﬂth%en(ﬁmﬂﬂluﬁélammedOM@A@aSﬂgﬁm Aldﬁcﬁ@t the anode
ever&m14 cmon the web. The potential was set to 75 v (V)

maxi Grum drubndbP batdlr Cernd Bepeb s WS%WHWFIPW&%@’%@HN)32a%dctﬂ@ Web speed
was 0. 07%% n@t Dm Ty ?f ﬁlql rﬁﬂéls g% dbn%%n%%?%ve@}p%@d(% foldP M. The

el ectrochemcal 'solution Tor ano [ on Consi st e y wei ght)

m xt ure Qﬁ/nahhylhee\neb gh;yth@h c(eSngimltmhdhqumbx (:Bbvt % ShigtiasA1dNED), Sanicbuds, %
tartaric aC|d1§t in a & onized vvater so] ution
that was MO/ 8 ré%laCtl% (%I“ff)moé‘flg@as%lmhq Sér%ﬂslhs Mﬁ)hwmm s P epeednigm

Al drich, Sis7 LaHi,s, MJ). The rate of oxide formation for the gate
dielectric at roomtenperature was between 1.2-1.5 nnN. Sanpl es anodi zed at
a vbitage of T7hheWvglr wakudspdssa by pxssiraf ialfiond 8Daralysibe hosterl Bur tfncamdtid e d

Al 203. 20The thlckn s and. quality of t nodlze AI 201 gate dielectric
adj acent 6‘“{1?5’80@5)[ QPI&SF%‘&E az4ie 9"6‘?%{] %ée@é&o@ Ty AU %Xla%§’3§ ested by

measuring, h@@re&% En@hgﬁt i g%‘%‘éﬂ d(fA‘?{gst%rh‘S%{e‘dEé‘ssDug&’égﬁ 12%21%9%‘ ffks (60

nm vvere ep05|te on pat te electrode ectric in a
vacuum evapes at @B80% ﬁi&&iﬁnﬂttcadﬂ“cps\)/ertdfrld{w hThhadowenpsksire iliflaes nofprcant thet s

were 6nm gol d ci rcI es havi ngg({i anet erE ﬁé 1 m%AZmn and 5 mm The
25cur r entPVEIS G CABr A 8T8 %%CHW@F OHRSSM &AM th an el ectronet er
(Kepd hi ey 2400y KR dn@¥ctbMa b MR Pasternkd & the@hr%?alsﬁ{b% as thd) cdnu@iveonst ant
vol t age node. The measured capacitance was 750 picofarads/square mllineter
(pF/ M) ,clanehts el thabawtatetdi déoredss wiing DEPRI{DEH-032,gedabi Kael depan)c was
appr oxi mat Slexposeg at P&o mJ with a photomask aligner (Infinite Graphics, Minneapolis, MN).
The DFPR was exposed using an ORC step and repeat exposure unit (DRC Imaging
Corporation, City of Industry, CA) utilizing edge fiducials for alignment, and developed
25 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.
30 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.



Exanple 2 30Thin filmtransistors were fabricated using the gate
structures nmade using an anodi zati on process of Exanple |I. The substrate
was degaswedosvasooan | R tube heater and 3 nmof Si0,, amdTABRoosEs0B1 Al was
sputtered under the sane conditions and using the WO

2009/ 005902PCT/ US2008/ 064181 sanme equi pnent as the conductive netal
deposition. The source and drain electrodes were patterned in the sane

manner aghe Aevieasrad etnahalityet a1 0.41sMAY -BRART (OEFO721 0°A8 4raltaga desay) 3dpan) .

The condugtii. v tal it NG [ exposed at
100 . ThderRerrray (BB UAE iR R IS B s Sta i ¢
a 5sodi unampldlaitbad réduNeBhkE: anShagdraeAtddtHagdtteristics thetlv&re sidllars®thetd on wi t h
a spray pressure of 27.57 kPa, a tenperature of 21.1 C at a web speed of

152. 4 m rieem OptrempfsRTRAS seR &Y sampies gidndtcqigePakp e Were MOBXCHptNh The
S g a o pBR g e N il GRolteac BRI IR U o1 e

% nonoet hang) lasme-s( (MEA), Sigma Aldrich, St. 10Louis, M) at 40 C and the
web was rinsed with & onized water at 32.2 C.. The Al netal etch, DFPR
removal and riYaseousmsficadipes #d aligsyiions af thisedisglosarquad] bpangrest topthose g i n.
The web C i . I QU -0 k i,ch. St.
Loui s, Ngﬁ}&igtﬁp}ei Agﬁggﬁ tﬁﬁl&\{/}\}ﬂg %%g?ﬁop&%ﬁ%%lﬁ&%ﬁs o&?%lél?g’ l%ﬁ)?ltsol ution
at 48.9 Ghatilddbcspeedtoot tiht 457 distlobure ISddidimied g itegasisedichnpassiony i n
front of an IR tube heater four tines at 2.438 mmn prior to the

depb%iti ISP a zinc oxide (ZnO seni conductor Zinc oxide was sputtered
froma ZnO sputtering target (Angstrom Sci ences, Duquesne, PA) using three
passes at 0.305 mimn at a RE power of | kW The chanber pressure was 5
mrorr and the 02 gas was 4 sccm 6 sccmand 8 sccmwith 600 sccm of Ar.
20The sem conductor |ayer was patterned in the sane fashion as the
conductive el enents and the source and drain el ectrodes using DFPR

(UGH+ 072, Asahi Kasei, Japan), and exposed at 100 mJ] with a phot omask
aligner (Infinite Gaphics, Mnneapolis, MN). The DFPR was exposed using an
ORC step and repeat exposure unit (DRC Inmagi ng Corporation, Cty of

| ndustry, CA) utilizing edge fiducials for alignnent, and devel oped 25 with
sodi um car bonate ((Na2C33), Sigma Aldrich, St. Louis, M) Zi nc oxide (ZnO
was etched with a CAN (Cyantek CR-45, Syntec, Inc., San Jose, CA) etch
(Cyantek CR-45 was diluted to 40 % vol une/ volune, resulting in a Cc(lV)
concentration = 0.064 N and a HNOG3 concentration = 58g/L) at room
tenperature having a web speed of 0.437m/mn. The DPFR was | eft on the
devi ces and not renoved. 30Devices on sanples inplenmenting three different
ZnO deposition conditions (4
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sccm 02, 6 sccm 02, and 8 sccm 02) were exam ned after roll-to-roll
patterning. The thin filmtransistors on the 4 sccm 02 sanples were
baked for 10 mnutes at 115 C. Some of WD

2009/ 005902PCT/ US2008/ 064181 t he devices had a nobility of 0.4
cn2N-s; lonion (current) - 106, S (voltage decay) - 2 Wecade, and Vt
(voltage)- 8 V. The TFTs (thin filmtransistors) on the 6 sccm 02
sanpl es di d waiiif@ged &; a bake and had device characteristics that
were simlar to the 4 sccm 02 sanples. The 8 sccm 02 sanples did not
requi re a bake, but were nore resistive 5in operation. The devices

havi ng a denpnst 1aa4:86€bsd foRfoShinl QphPAAM dafe shashus, Mrédﬁs)boﬁxfpnmﬁ’g 001

cnN-s. Various nodjfications and alterations of th
di sclosure will be apPardRig 2eebsirpis sepising @d haﬁ(lﬁ%é")é’rﬂlur%‘?ﬁﬁi?ﬁ‘d“mve

departing fromt Qﬁnéﬂ@eﬁp&womb badiingf anki fem c%h@ﬁh%wzat@ﬂ@ug farafRpidl d
be understood that this disclosure 1S not limted to the illustrative

el enents set f or rHrsehsasihe backimwhersing fiayt verfupiive clemgniang ablsast pesy
formng a plural iy, 8. 9akS. é&&&&%}ge@&ng MPcRhY Sith%‘aﬂ?{ﬁagiin{‘ﬂgs,

providing a substrate conprisin cki ng
conductive 5el ement s wpvippthe dulishate.ivdietsicte ﬁg]?stfﬁﬂu levered veBirRybstiatee

anodi zat i ort bus AR JoRlnd Rodlyddfifls SE85 Lect A% BRI B WBIGLO 2

first conductive e | east one seco conducti ve e enent
are el détri cal | y fioorthestberhts delivérg ralto thezsabsteie rbagsing 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 (2) an anodization bath comprising an enfry location and an exit
lacation for the substrate, (b) an electrochemical solution retained within the
15 anodization bath, wherein the electrochemical solution has a surface, {c) a cathode
located within the electrochemical solution, the plurality of conductive elements
positioned between the backing and the cathode, (d) an anode comprising (i) the
anodization bus, wherein the anodization bus is positioned above the surface of the
electrochemical solution, (if) the plurality of conductive elements, wherein at least
20 a portion of the plurality of conductive elements are positioned below the surface
of the electrochemical solution, and (iii) a plurality of clamps, wherein at least one
clamp 1s in electrical contact with the anodization bus, and (e) a power supply
attached to the anode and the cathode; and
anodizing at least a portion of the surface of the plurality of conductive
25 elements exposed to the electrochemical solution to form a plurality of gate
structures corprising 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.

30 2, 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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novi ng the substrate, wherein the substrate is delivered with a
substrate delivery roll and received with a substrate receiving roll,
- the substrate extends 10fromthe substrate delivery roll to the
substrate receiving roll, and the substrate passes fromthe substrate
delivery roll to the substrate receiving roll; passi ng t he
substrate through an anodi zati on station, the anodi zation station
conprising (a) an anodi zation bath conprising an entry | ocation and

an exit location.for the bstrate,. (b),an.electrochenical sol ution
ot ned v oni n TRavtosIE Bttt PGl e REv e e e al
sol ution has a saluhhos, tag@urg nidbluQgeoheatnagkto, tiahibm! Rehium, or

el ectrochem cal solution, the plurality of conductive el enents

posi ti oned bet weBHHREBLZFHy and t he cat hode, (d) an anode
conprising (0 the anodization bus, wherein the anodization bus is
posi ti oned above_the surface of the electrochem cal solution, (il

the pluralify of Theghergesqhvlm | fiehr somppaes heriganta] senvey@dasypoert indn of
the plurality ofgRREbGHERe SGRERISERME RRalibP Q8RR DEL 9(¥¥izBFtQI surface
of the electrochemcal solution, and (iii) a plurality of clanps,
wherei n at | eastCoBFoEMawRied doynihe pubstrate el mevingtine plapt piralich a substrate

anodi zati on bus, apd46Ed v PP ls's‘?r&{ - t apode .and the
cat hode; and anodﬁzﬁng a};&?eaé‘t%eap%por t}{rgﬁé%@gtgﬁbgméﬁor %@éwggrgglﬁ@e
plural i@y of coriduektypéclabes srontsicdiopuye withdhe Hvezaitd convepdreni cal
sofution to forma plurality of gate structures conprising a

plurality of gate dielectrics adjacent to a plurality of gate
el ect r odes, 5t he Plewrakistof cloim gavteret the phodigsofpbsips nentighddetitvekan t he

plurality of gat el ectri ngd th ki ng., 302.The process of
claim1, wherei nS%P%él%bglg I%l{ 1%%’% 8%#}?)%@5@%5%0 glﬂ,le af?@fhﬁ%lwﬁ{%% ,tﬁe

pol yester, pol yisobsieie pot joehdetdyivaton, (B)auovihgalie/sibatatetloygethe

pol ycarbonat e, or conbi i0 t her eof . . Th ocess of claim],
wher ei fn§)t he pl uragP(i%%ag‘%Bﬁ g%o??@i@tf? eeégmglﬂéerfgé’ﬁit?te@gtﬁ&%i’ eatlocatigh, hsrrn e
tantal um ni obi iyizonitsl coMieclidn coingti@s b elamp tchrh &Y inti¥perlaadti dpBRinglind closing
combi nati ons t hetﬁeea(.)tfle'astSOne clamp.

6. A process for forming a plurality of electronic devices, the process comprising:
20 providing a substrate comprising (a) a backing, (b) a plurality of conductive
elements disposed on the backing, and (¢) a conductive anodization bus parallel to
( a first edge of the backing, wherein a first conductive element and at least one
‘ second conductive element are electrically connected to the anodization bus;
moving the substrate, wherein the substrate is delivered with a substrate
25 delivery roll and received with a substrate receiving roll, the subsirate 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
30 location for the substrate, (b) an electrochemical solution retained within the
anodization bath, wherein the electrochemical solution has a surface, (¢) a cathode

located within the electrochemical solution, the plurality of conductive elements
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4. The process of claim11, further conprising a horizontal conveyor
to support and nove the substrate passing through the anodization
- station, the horizontal conveyor nounted above the substrate and
noving in a plane parallel to a substrate oriented in a vertical

pl ane passing through the anodi zation bath, wherein the 10plurality
of clanps are nmounted to nove with the horizontal conveyor, 5. The

process of cl ai mpdsitiee heiweed mebmkmrgahawcaﬁodej ﬁﬁﬁan@&@co@rlp'r@ﬂﬂ@@)mbt h
the substrate, the at |east one clanp (a) Ez;\ttac

anodi zati on bus GPOFECR Hiss hSIER ﬂfﬁ%nef#mtﬁan s @ﬁwei @3?@5? i%eﬁurfa(&%yf the
noving the subst refbtcﬁocth%ﬁﬂ%lﬁlgﬁ (HPEhéy {l@ﬁhw ERRuAL BlerRM, Wifedein at least

rel easing the substrate after the exit |ocCation, wherein the

hori zont al convewﬁ@@wﬁmesvégaw ef cancH RlgraRats aFRﬁoé@ﬁH@rhelO}” ‘Bpantaay
and closing the afe@atkoRBRick s@ﬁﬂﬂn Gnd QP AGERS of QhmbOLAEDRY aBleast one

plurality of electronic devices pr ocess conpri si eg 20pr ovi di ng
a substrate corrprdampngm(%\f)ctra?ab&ewtwgth fb%f)ﬂOélZ?ilﬂmba%latl@'( # pewnculy ve

el enent s di sposeqﬁg({ﬁre%{&e[hg&%é%tﬁ%a §&) a conductive anodization

bus parallel to a edge o |ng, wherein a first
conducti ve el enment anehcdtzmg@abast@mertigsoﬁhdsmﬁamfdhe Merabiyedreontductive

electrically connected to fhe.an Eﬁ strate,
wherein the substT& e‘df’ép"ae 1'io\}heereee G mglsgg%g {rggvm%gfur ?Fyo ate roll

and recdi ved w t hiractsedsimpaiiag la@hmalw mfgatedidlqctrtcbnedgwhfstb a@twalﬁybmtﬁs

fromthe substrate de r ubst. recei ying roll nd
the substrate pasegé 4‘3 (S?ﬁ’%iW@Pté’L?Eg% 2[ g%slpo@‘é PSWGG’T XlePﬁ‘éal{% ofgal?
substrate recei viditlectrizh knd the backingassi ng t he substrate t hrough an
anodi zation station, the. anod| zation statiaon ri
anodi zati on bath conpPP¥iE 2SFTERTPAIor té‘?]ﬁlﬁng‘r%@' %%a'{ %%Tcgb"éﬁ“gn
fﬁr thedsubst ratg E} bbroﬁﬂ1r@|wﬁiﬁﬁﬁ?mkmﬂe ﬁtﬁﬂd&hlfﬂﬂleﬁteddal Ia@@ﬁbﬁv\totahl n
t ean0|zat|on at erein the el ectrqochem.cal  sol ution

P‘% e ONissihe

surface? (c) a c APiRsa et hg serpigondurtpTpRosiE e dlusplity plgrtssiugiores

the plurality of sgepnduedioNeisaberestts: ik Seldrangectat ween the backi ng
and the cathode, (d) an anode conprising (i) the anodi zat Mh bus,

wherein the anodi zati on bus is positioned above the surface of the

el ectrochem gal Bk BlokB of ki 6, WhEreR! tHE @bdubiic Abvi&ORa Uil fiMerrSlsRIBNt S,
wherein at | east a portion of the plurality of conductive el enents

are positioned below the surface 50f the el ectrochem cal solution,

and (iigdg) a @l urahl bbb oELFIPS whdRE! B aec@;%nll:a@«a&e @s!ﬁao%@ﬁ@trzx%p
el ectri cal contact with the anodi zation bus, and (e) a power supp?,y

attached to the am¥aknéind t he cat hode;

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

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

to the plurality of gate dielectrics.
11.  The process of claim 6, wherein the semiconductor comprises zinc oxide, indium

zing oxide, zinc tin oxide, indium gallium zinc oxide, or combinations thereof.
30
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~anodi zing at least a portion of the surface of the plurality of
conductive el enents exposed to the el ectrochem cal solution to forma
- plurality of gate 10structures conprising a plurality of gate .
dielectrics adjacent to a plurality of gate electrodes, the plurality
of gate el ectrodes positioned between the plurality of gate

di el ectrics and the backing; providing a sem conductor adjacent to

the pluralitip. of Toedrecddi 6f @itard, GBereiaBethMEGLSE BEcRAL BnPihs efé{nﬁﬁectmde
el ectrode and a drain e}[uectrode adj acent to a 15surface of the

semi conduct or opPURFE 2HERYE) 8Pl SopRerolv g ditaniym, deamipmsmetahuxidsh,dopéde

source el ect r odegdnsicdhhictbd, ot BRIt laBeb1e drain el ectrode. 7.The
process of claim®6, wherein the electronic device is a thin film

transi stor. 208. The process of claim®6, wherein the electronic device

Is an agtivgszmat ji ' ! i.m.6,
wher ei ngt hquém %&ﬁh?jcg%s?g# B@?%é%@ﬁf%fe%%%c %vgc%%?%cpgécs?go m@f‘%ﬁh 6,
further conprising pateeding agubshirie senirising da)etbackivg (Daghtralitp of dvaductive

ol ural ity of, 92 Bt ol SEAELES u 0T AR ESSSH LA D Sm M ciRIR L
oxi de, i ndi um gat fitstiergz ofithe brdkibe, whereis o filit natdhctive elehenient at 1381 one
second conductive slement are electrically connected to the anodization bus;
10 moving the substrate, wherein the substrate is delivered with a substrate
( | delivery roll and received with a substrate receiving roll, the substrate extends
{rom 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
15 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
positioned between the backing and the cathode, (d) an anode comprising (i) the
20 anodization bus, wherein the anodization bus is positioned above the surface of the
electrochemical solution, (ii) the plurality of conductive elements, wherein at least
( a portion of the plurality of conductive elements are positioned below the surface
| of the electrochemical solution, and (iii) a plurality of clamps, wherein at least one
clamp is in electrical contact with the anodization bus, and (€) a power supply
25 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
30 dielectrics and the backing;

-34-



12. The process of claim®6, wherein both the source electrode and the
drain el ectrode conprise alum num gold, copper, silver, titanium
- chrom um netal oxides, doped sem conductors, or conbinations
thereof. 513. A process for formng a plurality of el ectronic devices,
t he process conpri sing: provi ding a substrate conprising (a) a
backing, (b) a plurality of conductive el enents di sposed on the
backi ng, and (c) a co I I i b kst
edge of the backing, %&?@Fﬁ&g@? ?‘%g%a%dg%gcuﬁdﬁvcgﬁg?%@g%%&g%%ngt?ﬁlﬁeast
one second condugturalidy ef gafeetilecitics, viceain the gerr¢aelesopdrds peidn e@tachwith the
anodi zati on bus; ' e substrate, wherein the substrate is
delivered with ad;sagfbéslg%gg?% a{cjigl ivery roll and received with a
substrate receiving rpblidingheesintshictat st éndsirficorhbotighssduser at e
delivery roll to the subsirate receiVvi roll n
passes %r omthe § &B%qdrseaa %hl gf&lnb%‘?c;%fgcrl% 1r)1tgtt]:lc‘)a PHEe gﬁ%so ??%&@%@%@%ﬁ%&ds
roll; passing thepsishsthe aluealitshof@agh an anodi zati on station, the
anodi zation station 15conprising (a) an anodi zation bath conpri sing
an entry location and an exit location for the substrate, (b) an
el ectrochem pal 0k plocer of @dimi Meahorkih kictldchieni Gttt 20d thivsfilatahsistor.
wherein the el ectrochem cal solution has a surface, (c) a cathode
Located within the el ectrochem cal solution, the plurality of
conductiigve ejsenemnhs pResk bf Q880 3PRhMER helcdhetrBac fdvitg it ctiftamadt biogiey
(d) an anode con*%ri sing (i) the 20 anodi zati on bus, wherein the
anodi zati on bus PakB8Ft i oned above the surface of the
el ectrochem cal solution, (ii) the plurality of conductive el enents,
wherein at |least a portion of the plurality of conductive el enents
are positionéd bdhenoress okdimddevhfrein His serisetdusiehis MOEEMCsol uti on, and
(iii1) a plurality of clanps, wherein at |east one clanp is in
electrical contact with the anodization bus, and (e) a power supply
25at t adited t¥-t hdhapoerss ahdaimhg, fahersamprising patterging dhescmigonductos agjpcent
portion of the sy face QfcidcRadnlibalddiy el@dtogonducti ve el enents
exposed to the electrochemcal solution to forma plurality of gate
structures conprising a plurality of gate dielectrics adjacent to a
plurality of,.gat ’ : ) .y
posi ti oned blesgmgﬁgkﬁgésépﬁ(?% |1t3!;}§ }cl)%éﬂg{gltﬁgkrg%ﬁlfggtoﬁp?é&%ﬂg%gﬁg’ ndiumn
backi ng; pino vkide.mipchiotokide, isdium gellivheicosde, canembkinatioas thereof.
el ectr%e adjacent to the plurality of gate dielectrics, wherein the
source ‘el ectrode is not in contact wwth the drain el ectrode, and
provi di ng a ®eni Goagwctsenf ddpadewhertio bath shersharceeloftrode el thhdramalactrede
g(ralaie(r:]t ;Fggt ?gg et nggés%'aﬂmﬁéu%%tg51%9§opp§? stﬂ}eferE Et%mﬁlgy h%(%}iﬁ}n?ﬁlyap&?deg,%p&pe Cod

semiconductors, or combinations thereof.
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opposite the plurality of gate. 14.The process of claim 13, wherein
the electronic device is a thin filmtransistor. 1015. The process of
- claim13, wherein the electronic device is an active matrix display
backpl ane. 16. The process of claim 13, wherein the senm conductor is
i norgani c. 1517. The process of claim 13, further conprising
patterning the sem conductor adjacent to the source electrode and the
drain el ect mode. A pl&vessTBEfoPRRE SRty 64 e 1re¥"{ﬁ?cr]5§bd%s risin
sem conductor conprises zinc oxide, 1ndiumzinc OXi zI ng P
oxi de, indiumgalli urkT9YiRRE 3 guhstate semprisingi(Ratbaitne, m@rmiltyzﬁconmchw\e
process of cl ai mldentyigsRbdoPRt Backﬂg a%@%)%%mﬁtlu@ﬂer a gﬁzﬁﬁgbﬁgﬁrﬁr Abn

el ectrode conprise al um num pper ver, titani

chronmium netal ®fistedge Oﬁéﬁﬁéﬂd@éﬂ’l&@n@@éﬁ@p@lducﬁve@imtm’rmﬂmb}agt one
thereofs 20.Ap structures,

t he process corrp%e:agrﬁis&naﬁwé %%Iﬂgﬁacl&hﬁg@ dt)h% td égi}‘g%%?CEzaH%Ibb"(sa) a
backi ng, (b) a pl uraIm@‘yng)ﬂieeubﬂtdm;meeuﬁhemsﬂaﬁe didslhesadvith siibetrate
backi ng, and (c) h.zation bus. Q first
edge of the bac k?%vgr?'\/\ﬁl%&d r\égen% |wr1tstasgosn8t35?°e\y gé'f%‘lé’rtrﬁe"nstuFJ W% eéfen‘?seast
one 5second con dﬁrmn rttwssubﬂtetmhhvay ®llab detsubsaatk kaceiwtipnell bedtht ouishae
anodi zati on bus; ubst r erein the substrate is
delivered with aP%¥ SﬁiOF“a%%SLg’é‘imp?/geivﬂ? &t toéli‘FcFV\?%@Eﬁ L&Y% °H: a

substrél e receiving rebsing thabstdsihiageatabeRstonlstenm, tans GRS 8hon
deklvery roll to_ the su? trate.recejving roll, and the substrate

passes from t he SHREFPE(% ABERAASHOR padh pomppising an exipydlpsatipe apdeileii ng

rol|; 10passing IbEtﬁxoﬁlﬂrkt&hd’@bﬁrakch(@Hﬂ@le@fbc@é&ﬁéﬂlé@lﬁth&ﬁeﬁﬁ@& (Rfin fehe
anodi zation statio ri sing t]%Wan anodi zation bath conprising an

entry location AT, PsR s PecEP RS a Lo Bser, supfie, Gha cathode

el ectrochem cal Eﬁéﬂtéli\bi@fﬁn fiRleRc R M eMchinb Rtib) eheARREELBE 4 bt B sBnce dﬁom
wher ei Eﬁthe el ectrochem cal solution has a surface, (c) a cat Pl e

| ocat etf wi thin thecrivdessigebndizaice sengeufbsiont (et tode 2l teetwd at a
di stance from |ocation, wherein the plurality of conductive elements is positioned between the

backing and the cathode, (d) an anode comprising (i) the anodization bus, wherein
the anodization bus is positioned above the surface of the electrochernical solution,
(i1) the plurality of conductive elements, wherein at least a portion of the plurality
20 of conductive elements are positioned beJow the surface of the electrochemical
solution, and (ii1) a plurality of clamps, wherein at least one clamp is in electrical
¢ contact with the anodization bus, and (e) a power supply attached to the anode and
\ the cathode; and
anodizing at least a portion of the surface of the plurality of conductive
25 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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15t he entry location, the distance being sufficient to prevent arcing
at the entry location, wherein the plurality of conductive el enents
- is positioned between the backing and the cathode, (d) an anode
conprising (i) the anodi zati on bus, wherein the anodi zation bus is
posi ti oned above the surface of the electrochem cal solution, (ii)
the plurality of conductive el ements, wherein at |least a portion of

the plurality 20Qf,6QBNE kMBI ﬁﬁﬁiﬂ}@fe@écﬁorﬁ@&évﬁde@@l%r&%b@d@nﬁaﬁ@n
surface of the electrochemca sol ut’i on, (i) urality o

cl anps, wherein at | cE8YIdBaE Seashp C?%Pflsﬁ’géil)édlaﬁlﬁ%@ édﬁfr%lév obFonfictipe
anodi zation bus, .gapdnd eoslgc@ecp&me paupR! aﬁd%)ta%ﬁh%%mns&lgat@ﬂ%epama fhe

cat hode; and anodi zing at | east a EOI"[I on of the surface of
¥

plurality of con@@e‘i&tﬁ of Helbeviing, wheripeded consuetis e@@ét@é@h’é?ﬁt @%ﬂ
sol utiog to form Ahdil¥ e8hre drg%;eeele%&fcw $afichee O5TRE bR bus;
plurality of gate 8 ectrics adj] acent urality of gate

el ectrodes, the plur aIInoYlyg b S@atde,e?@m@dwstm%ﬁﬁrmm wttagubiiratehe
plurality Of gat ! lfjvleF lr@ﬁ% r%§e1&r&%1%x Qs%% ' %%ivm %&Il %@Jugﬁf‘aﬁseﬁe%s )
formng a plurall? of ectronic ess :
providi ng a subsﬁbmnhanbﬂpMa&ﬂngy@ﬂMndwhﬂmhahgmw@hmrdeh@ﬁamﬂmymef

conducti ve el enents S ducti ve
anodi zati on bus Bﬁsrs%fq'lf é‘F&F étgrzﬂiag{l{verga&]i Oqgéﬁuﬁﬁqu)“g%wm \i}merel n a
first aonductive el en@rssm@ﬁhel sﬁistrdte%dugh)ﬂﬁarﬁﬂﬂﬁ:ﬁ]ﬁdtaﬂomdhmmeatmhemm
are electrically connec he. apodi zati on i ving the
Slbstrate | vher SetRPRDe e Rditiot DO beu08 b erhy lacuigp ety o ot

deLi very roll ag@bc?mefbmﬁdsm%ﬂe,@b)&ub?eff@h@nﬂ:ﬂ@ellu?mmmmﬂ withinhige
substrate extends fromthe str elivery ro to t str
ooel vine Al S ey SpaR eB e s on ST e (D 8 Pr U

roll to the SUbsﬁdcﬁtta@witﬁiﬁ@hé/dlé&oé}ﬁhﬁcal shRpas, &hmmohelowaﬁatraaﬁs&uwﬁ@ﬂgh
an anodi zati on station t he anodi zati on st atl on conpri si

anodi zdfi on bat h tHeSHRY [oshtieg. the disiangepeing suffivign t%\ﬂ’iiv%a‘@ﬁ‘gtagﬁ gélgfy i on

for the substrat gcafdp) wﬁ&eﬁ't&cﬁlﬁrﬂ‘&?%md%ﬁﬁcﬁ@&%br@ﬁs @sglﬁdn@@det%émha
t he anodi zati on bath, wherein the el ectrochem cal solution has a

surface, (c) a chtdkagent %ﬁwwa AR FRodp eongrisieg (1 s enrdization BYs o sn

the cathode | ocalied,adizAich bdifPSRichtPLMBoterhb Surfidd Sﬂ/thcl, A6t RMicd Bution,
di stance being sufficient to prevent arcing at the entry |ocation,

wherei n the pl ur &bithsplesplity 9 enndustive elements vthereinsat jrastiamoninadt B mivediy
the baglging and § mﬁna@ém@ @mer(tgareg&m@ais%usﬁﬁ@hﬂceefﬁlb)aegmhemm

anodi zati on bus, erein e anodfi zat 1 on I's positioned above the
surface of the ebestionoutdii)ealuaiy of dlaws, Whergin pireaspingrelanipt iy ingfectrical

conductive el emef s, .. WAE e o @latibf B arftt (B JowdPsuBbiylaftEonlll #1RL ddode and

the cathode;

anodizing at least a portion of the surface of the plurality of conductive
25 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
30 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

elecirode is not in contact with the drain electrode.
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200f conductive elenents 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;
anodi zing at |east a portion of the surface of the plurality of
conductive 25el enments exposed to the el ectrochem cal solution to form
a plurality of gate structures corrprisi ng a plurality of gate
dielectrics adjacent to a pluralit ate electrodes, the plurality
of gate el eéirodégrqsessifer fomeing ppiv éwfte eﬁmmdﬁaicﬁs,ﬂle@froogatcempnsmg

dielectrics and the nt t
the plurality of gat ﬁg%%@lgtg%é S%BESOW %&‘é Hm aductive
el ectrode and a deragnis @$1@@etdrqudh;e @d}:iag‘,end (D @caldscm&an@imhoﬁhsparaﬂel to
sem congduct or op st.ructures erein the
sour cergl ectr odeepll%g éndg? 5?%6 g%#?ﬁt‘?ﬁ%\flfﬁﬁ%ﬁ%m&f’%ﬁvﬁ C e P‘E)ggeasmé’ﬁ. A
process for forniepmpdaopdustivd dlémenodre eleaeitaligrbinedied icchs anoclretiprngess

SO el 19y of connudi el Sniiee MRk sEoNb i n Sk i %%ﬁt'f-?ﬁ%e A
conducti ve anodidefitérgrolbais ratvad ivith a&ﬁbsﬁﬁe fdctiSing eslD Bre@fibstriie ceedsi Ng,
wherein a first o uctj | enent | east one second conducti ve

n
el enent are ele SEVS Etﬁﬁﬁlév@fyer&ﬂtt‘btg“? Frbstarie BeeRng sl pykthe substrate

movi ngld he substga@degfromhﬁdf@bi&aﬁé&h%ﬂ@ﬁcﬁl&@&% shisstdRhicdRigdol th a
u€strate delivery roll  and received with a _substrate receiving roll,
th

substrate extend®2$s1g e ybsteipibopsh a agedizajien ytaties, the@podization station
substrate recei Vdoﬂﬁné&% ta) a@%diz@&xﬁdﬁ%ﬁ@ﬁﬁné—ﬁpﬁﬁ@@&aﬁ(f%taﬁ Bxit

substrate delivery rol he substrate receivin
passing the subslf"i"’%if”éfocrWﬂwafﬁn(béﬁb@?cifaﬁhe@hc%ﬂéﬂoer!ietaltl‘tf@ﬁ'lafnmtllpzat| on

station conpri sidgdikfibn %E'thaﬁl%lélﬁ %'efé@&&ﬂ rﬂlcgl%gﬂﬁbr?%igq s@Ba BN Yeathode

| ocation and an exit location for the substrate
el ect rBcheni cal lawtedtwithin the elgptrrsbemical h@lhﬁqnhéleaﬁbqﬂeimatedmt bdisthnce from

wherein the el eGid QEheHH.6&, tlﬁ%#&n’c@ﬂelﬁmfﬁclﬁw fi&fent a@&ﬂg%tﬁeaetnt}? de

location, wherein the plurality of conductive elements is positioned between the
backing and the cathode, (d) an anode comprising (i) the anodization bus, wherein
the anodization bus is positioned above the surface of the electrochemical solution,

20 (ii) the plurality of conductive elements, wherein at least a portion of the plurality
of conductive elements are positioned below the surface of the electrochemical

( solution, and (iii) a plurality of clamps, wherein at least one clamp is in electrical
contact with the ancdization bus, and (e} a power supply attached to the anode and
the cathode;

25 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;

30 providing both a source electrode and a drain electrode adjacent to the
phurality of gate dielectrics, wherein the source electrode is niot in contact with the

drain electrode; and
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15l ocated within the el ectrochem cal solution, the cathode | ocated at
a distance fromthe entry location, the distance being sufficient to
prevent arcing at the entry |ocation, wherein the plurality of
conductive elenents is positioned between the backing and the

cat hode, (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 sol ut #ﬁgrdm%%(sbﬁﬂcoﬁﬁ@top%dﬁc@ﬁt‘t& ?(s&f'ac@@f% E¥firce

el enents, wherein at teast "a portion o he plurality of conductive
el enents are pos |etepm1bdn¢béiedwm Hectwde, batbahegoutch eleettode prdib b drrincdgetrode
solution, and (iil cl anps, wherein at |east one cla
isin electrlcglog%ﬁﬁ 8&%h§¥ﬁ§¥%%'anodrgatlon bus, and (e) a power ™
supply attached to the anode and t he cat hode; 25anodizing at least a
portion of the surface of the plurality of conductive el enents
exposed to the electrochem cal solution to forma plurality of gate
structures conprising a plurality of gate dielectrics adjacent to a
plurality of gate electrodes, the plurality of gate el ectrodes
positioned between the plurality of gate dielectrics and the backing;
30providing both a source electrode and a drain el ectrode adjacent to
the plurality of gate dielectrics, wherein the source electrode is
not in contact with the drain el ectrode; and provi ding a

sem conductor 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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