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SUBSTRATE ELECTRODES W TH AUXI LI ARY s METAL LAYERS FOR ENHANCED

. CONDUCTI VI TWOM98P@40f the |Invention This invention rel ates tBCHUSHI06S
substrates having transparent conductivée el ectrodes with auxiliary netal

| ayers to increase their conductivity and to a nethod of WAy se
auxiliary nmetal |ayers w thout high precision alignnent s%@ﬂ‘“ Wﬁﬁ l Eund
of the Invention t 5 Transparent conductive oxide (TCO fi are used in

many di spl ay device applications where electric fields nust bé*8fplied to

Y o ep &Y I ! ! !
essential | For Sxmﬁmﬁﬁh@e{%&&%ﬂmﬁﬁwﬁ@%@léﬂﬁznﬁoy
paral l el st¥ips of TCMEEAdy LAYERS KQR CER GONDUGCTIVET X uch

substrates are conbined in a display with their opposing TCO 20 el ectrode
strips oriented to forma matrix, the area of the display through which any

pair of TCO strips cross defines a pixel. By applying an electric field

bet ween a pai rf_@&_@fahsk&rmmo strips, the liquid crystal disposed

t her ebet ween may befeoriented, This.reorientatipn.affects how light is
transmtted through-l-{"lsié%v@ngg? fei}%ffseé’ da{srpg ss?u%lg%?%%sﬁ?f% ﬁ?mﬁ’Sﬁe&fF%’& ‘l’eght
travel i ng f§dr oglgéirsdel wWithiatixtiayisielal Ryeits Rlcroas¥ttelr ddfdbdtvigEnlited t hrough
activated pixel areas with a polarization perpendicular to that transmtted
out si de of t hemathodwdperviding tiesaauxiliary Pudtalrlayars witheyt Highe prebisicargligoment so
that the display appears dark in the activated pixel areas while light is
transnitted thfoRgh the di spl ay el sewhere. The speed at which pixels can be
activated and deactivated depends 30 critically on the conductivity of the
TCO el ectrodes. A shorter "refresh rate,” corresponding to the speed at

whi ch pi xel s cBackpeoundrafetet imwemtioh of f, nmay be required in many applications

I ncl udi ng those enploying | arge ar high ol_ution displays. Shorter,
.refresh rat®s may b rﬁ“@%’?@éﬁ“‘ﬁ%“i"ﬁ@?‘@ééf&é)fms a%sriged in magy, display devicg s E

P 2002 WO 9915 9;9&&1!?&&'%&%9&9@8@5 fields must be applied to activate picture elements

(pixels) and where optical transparency is essential. For example, liquid crystal
display substrates often employ parallel strips of TCO material as electrodes.
When a pair of such substrates are combined in a display with their opposing TCO

20 electrode strips oriented to form a matrix, the area of the display through which any
pair of TCO strips cross defines a pixel. By applying an electric field between a
pair of crossed TCO strips, the liquid crystal disposed therebetween may be
reoriented. This reorientation affects how light is transmitted through these
activated areas. For example, polarized light traveling through a liquid crystal

25  display will be transmitted through activated pixel areas with a polarization
perpendicular to that transmitted outside of the activated pixel areas. Polarizers
may then be employed so that the display appears dark in the activated pixel areas
while light is transmitted through the display elsewhere.

The speed at which pixels can be activated and deactivated depends

30  critically on the conductivity of the TCO electrodes. A shorter “refresh rate,”
corresponding to the speed at which pixels can be turned on and off, may be
required in many applications including those employing large or high resolution

displays. Shorter refresh rates may be realized by increasing the conductivity of
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the TCO el ectrodes, especially in displays having a high pixel density .

Increasing the conductivity of TCO el ectrodes al so enhances the di spBajEP 2002
. appearance wWo®S#s¥MRéevi ng uniformty. One way in which to i ncrRCEHUYSWINE065
conductivity of a TCOlayer is to annealp it 5 at high tenperatures (above
about 250C). When glass is used as the substrate material, this nmethod is

vi abl e. Howeve i pld i : : i.aui al
di spl ays, gl as"rshe gi uc‘b% tgrré g%‘ %%QaéégE%}%féfﬁggw?ﬁaﬁﬂgi %gﬁl g%‘g??%:dsggbgtc?%%@g are
preferred. Pol theebndutiefty of TCOUeleatddes also shitmicesthe displagrappéaranda blyi qui d

crystal displays often have glass transition tenperatures and nelting
t enper at ur es waproyisg apifemeithi gh t enperatures required for annealing to

i ncrease the conductivity.of . TCO l.ayers., As such... hi erature .
annealing i s not anba?/é{‘ia?é‘bi“’é’“gg? it ?\i‘eﬁ&e %ppﬁg?ﬁsﬁyr?é%&)é(ﬁﬂ%ﬁégstg a.[qx'eéal i
conduct i vity ofs fitierehiperahres 4hede S 2507 YWEEH glagk i0sdetalk ¥e AbSrAST! Oyed.
Anot her neans of Tncreasing the conductivity of @ TCO |ayer is to provide
15 an auxi | i ar maweakkhis meeodiis viable ddowever,hin niagy ApNdidatigns suchppiargd arga t he
metal |ayer takes.,the rm of narrow strip, ,or line, of netallic materi al
oposi i on alaudrBria oBliss s SHP SRS are B ear. 854 o 50 rta sustais
conductivity o TeON ] . i LShd Mty ing to
the foll ow ng srrgligﬁl Onﬁhﬁﬁﬁ%g%a%%ﬁ@w@baﬁéghﬁﬁ§ l&(ﬁ%@%% is the
resistivity of displaysdfest Kave glass transiion mperanges arkl rbiting esthpdratvies Yvelif t he
TCO |l ayer, and RMis the resistivity of the netal strip. Wen Rmis nuch

| ess than RTC-belowitemhigh emparetirasyequiesddasanesting:p praseasn e maduetivity of

lting i |.ect havi esistivit h | . th f
bar e TO0 el act T6GUE R oRE s LR EmbERREY, aieblind B i ¥ gkl igh Bhef
netal |ayer i Sarfeiptin3ie Wscredse i dongudtbiRgidT tief TCORIetRo8esAWherO S lymdrid S 1S

significant because high density displays having small pixels and thereby
smal | el ect r odsbsrratgeianeempleied. auxi | i ary netal layers that may be anmenabl e

to cracks or fractures that disrupt electrical .conductiwvity. .Becaus,
transparency of the”PPIRsH m&%’%f’l@é"'“s’asé% é’ﬁ °8%‘§§H¥‘i%?fla ihg) lﬂgecrdﬁ?ep’ &l

| ayers thi e idr) Sl i : treey LY hi nfetf erally
30 optically o%g%{g@,&?t |sqi£$£(l)¢t9§‘r§§9gg{$tehe ngg’gl?q??ﬁagy’d%gs notlig%i:I
substanti al | y mkesthe féren of 2n8rSERTD) 621ivDof HrealiPmateadINEposied@azm BCOCO

el ectrode. Moreover, when.independent]ly addressable TCO el ectrode strips
are arranged i BeElFQsise WW&WS@FWG%F?‘&%%F canqustiay of 81 COelectrpde o

strip with eac I B b Ll o Y W -Lhe nmetal strips
may Cross overQ¥é_&g%?%g{getﬁ%h%'gﬁg?g%%d?%lgég&{aggl?%@bhgﬂg@%gpén el ectrical
short across adjacent 5pggleerjodes. Alignnent is especially critical on

| arge area and hi gh freSgur] «di spl ays, where the el ectrode strips may be
| onger or closer togethéf® thfs | eaving |l ess roomfor error. Typically, one
of three ngghogdgeledt, igtheatditivigbitheERAtddedt 8 withd RO, if AR sty [Fthe

el ectrodes having auxiliary nmetal strips. First, thie netal stri ps may be 1
o directly depd®€lager, amdRgis the nesssiti viay tod thermeetali setip. 'WhefLR, 46 much tedethanr i ps.
This requires @reci j on al gq%ﬁmnt of the deposition mask wi.th the patterned

el ectrodes. Se&madVhicBARIYPWRHY the G285 JraPpragenss Raethyn resulting in aa elesiodsy a TCO
| ayer that has . t | ti e TCO
| ayer and any ﬂ%%gg%léﬁ?glﬁgbégﬁﬁgﬁdﬁ %3@%6%%%%eﬁeé@§ﬁcg%gé Iﬂ‘vm th
auxi | i ary met akorsductipity restiltsSastofg acthieinits 1yee 8 ndhiudisialitigathé leppthast thd ch
mask or a laser scribe with the patterned netal strips. Lastly, netal

strips my2be 8lepwede: cEhigiissignificany hecause kigh density dispiays baring syall sixsls andon of

TCO strips dirgct on.. of, the al nstri.ps.. Again his reguire
precision ali gﬁ}%‘lr%' s&allaecfgc&?ggsl ’?’ﬂ%‘%gﬁﬁ‘éﬁ a%lll%ytrﬂeégggxqr%ﬁtﬁm@? &peg@? ps.

I n each of thes@c@ggmqﬁmkmhgm%b@ge%@gicgﬁmtiaild,_gnrrent step reduces the
20 efficiency of the process and risks introduction of defects. A nethod
for providing auxi| Becgusetianspasncy of thedfineDdrvatecis often essential handtbesayse eci si on

alignnent step is described in U S  Pat. 5,342,477 to Cathey. Thjs

et B0 | nvol v e IRPREROHE i SaBntEAyt LG CoEIoH b oRdpRa Y s isparaing

el ect r odes 5geaghy; ; Y trl : Sih |

i oxi de. 5t aokedPSe G geRE R TEBbRAR IS i bl Sho MO AR RhA LR e
entire surface is then coated with a highly conductive material. The highly
conductive material is then vertically etched until the material on top of
the el ectrodes is renoved and an area between the el ectrodes i s exposed.
What remains is a "runner” of conductive nmaterial along each side of the
transparent el ectrode stack. 30 Wile the nmethod di scl osed by Cat hey does
not require a high precision alignnment step, it has major deficiencies
affecting its viability. First, the nethod 2 3 SFP 7002 WD 99159074
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t o delam nation occurs, the conductive runners have no effect. Another
method for providing auxiliary netal strips to the edges of TCO el egrSEPeg?
. Wi thout a pwec®#pP@d al i gnnent step is discussed in Japanese RGRHF9OISNt
Application No. 4-360124. In the nethod 3 here di scl osed, TCO el ectrodes are
formed on a substrate by conventional photolithography. The photoresist is

left on 15 t herFe BB Ge! m&g;ﬁ,e @Bﬁgfxﬁbpénﬁeﬁb?ﬁdi’%%tﬂ& ?@cpag@%dal%ggivsgoged

si de edges of the electrodes. toresist is then renove

series of TCO efeagiangetbin dicseipnoxinetyadn ssubstate adlignmenthefi sacke dopea striphwitie t hi s
met hod addresses sone of the deficjiencies of the Cathey nethod, the

rel i ance on meeash rQsiminisesennalg Witheyt alignmgertethsimetal AR MAY,Flogs QST Bt ween

el ectrodes that ,woul r{-o i . 20 € . S, | .display. This
risk i s especi 5?JFV%§S§I @ﬁ%m?dé%’ tﬁ%ﬁcgﬁ}%ﬂéay é&? cg%{agg@mv\%%?ées%%ﬁaéc'&i st ance
bet ween el egt r gggodBBY Algmfiehi 18 eSpaidlly cRtieEETY ake arddCand Mg fdsoitidine present
i nventi on addresses these shortcom ngs by providing a nethod 25 of

pat t erni ng auxdisphayy, wherathelelagtrode strips may dgdengener closat tegeithears thupleaving

i ndependent |y addr ess?bl e TCO el ectrodes without the need for precision

al i gnnent in r&ASAGH IS Oe- patt erned el ectrodes. I n one enbodi ment, the
met hod of the prese"fgpkﬁl‘{\f,%b%ﬂfrbé&Eﬁo@@r‘é%ﬁﬁ@d’ﬂﬂié&@ die BLEAD Tbricate! Y
transparent substrat aving a transparent conductive 30 |ayer thereon.
Next, parall el T elpstrafes hawdhg buxitiaryrmethl snps. fKirstehinonetahstrips mag par ent
conductive |l ayer, thereby |eaving areas of the,transp?rent conductive | ayer
7 3 S F P 2002dvgstysieposited thropgksggnask opte RisedstineclCO\PlecHeds @5ipst Thigt eri al .

A collimated ' . [ ' e
fr ansparent  colusEr SRUPIohARERCHERnG BeisGbBishack ViR @ pB0RRIAcORALD,
beam i s inci degkcaiid, et si@ips aidglbe depodiedlon sibstiat@hdvindd TCKEdyénthiths not
parallel strips of resist material. This |eaves portions of the uncovered

transpar ent coietiheen patteraedintegisezades. Pogioax pbthed G layevand sty unywanted

oottt er i e ars B RSB AR IR RS e Wb Ao RRERERE TR 1 or
a pluralitysof réquiled prdRivn dligafidhestait¥téh BhaCs Oides sbribd With ek, each

having an auxiliary metal strip. In another enbodi ment, the method of the
present i nvent mgtalisiripst Liastiomesal sgrpsunay brydepositgskdizastly antoja subsmaipar ent

substrate. Nex aral lel st.ri resi st terial .are farned on the
transparent s ug@‘&’aﬁd&y %Dﬂ@‘-ﬁlg{l 8?@[%%%@&?@? toé’g}OP) ﬂf&‘ﬁé’.‘%ﬂ&??saﬁg%q
resist strips, _tﬁ?kéci}'_xg‘e§ HieBistonalighReal qﬂﬂeﬁbéiﬁbn Iridsil GRAShe Sattetedi&asi des of
the resist strips. The hetal coating is then etched to renove it fromthe
tops of the resirps. 1 eaghoftmde frethnds/the sequired precistorsalignmeat stefy ednessithe he

resist strips, t not ~5 fromthe si.des,of. the resist strips. The netal
coating th réatlj"l‘?ﬁcyfoéﬂﬁspr{?ﬁ?wﬂ BE}?‘HE?%"“PPﬁggeéftﬁ'ng the edges of the

resist strips. Next,a thelfodSPRrob ting ABGEY | fstrigfd TCdrnestdded wiflout a

substantially cover the resist strips, nmetal |ines, and exposed substrate.
Finally, the r qsecidiorsalignmsenastep issdasordbkd iBJ.S. PaaNesS, péd,477 ol Caheyi. (Thiof t he
transparent conductjve filmon, the substrate, each _of the parallel strips

of 20 transpar &fthedinyalves providing:? FuRsTAl having s plwalign{deangearent egsiodes,
. t ; . | ; $ . Y -
o ter od- by Tt el 1B6iRgde BlriRRE Y oy oPddrsPaitin SEAMIBLEL LabRAM doffof || T

el ectrode @3 t hansparémeendictivdmasariahit The entire swrifacefis thas cedted withddfigidgpar at ed
by a distance that corresponds to the width of the initially fornmed resist

strips. 25 | n sonductiyamaierial.c khe Bighbreonduetiveraataaal i then yertisally etshed ynidnt i on

{ranspar ent _conBEIRTE PhyE o e bt RO SR Bt P e e Bl efesgores
formed adj acentis bghdsB® WhathzRRIRE a CARRECTINBndRYIQk ma%ﬁahﬁlbn@@aéh'ﬁ‘de%ff face
opposi ng the substrate or between the transparent conductive |ayer and the

substrate. The thomansparenselsestadelstackcoating is 30 characterized by a
periodic array of h , .such. as .,a hexagonal array of circylar hales or a
regul ar arr3y of di %ﬁa%ﬁé&gﬂﬁf@&ﬂ%}]@a‘h deesnot rrauire ﬁi’t‘é’(?@c‘smn

alignment step, it has major deficiencies affecting its viability. First, the method




"7 Z ~ F P 2002 WD 99/5907. 4 PCTNS99107065 9 contrast of the di spl ay. Wen
two or nore adjacent pixels are activated. thus appearing dark, the Lbsehl?
. of a dark WwOBs¥590M | ows |ight to be transmtted through thePCRAISOIVGW6Er eas
bet ween the activated pixels. This nakeg the activated pixels appear gray
rat her than black, thus reducing contrast. The presence of a dark 5 matrix
al l evi ates thi_g: / hde ks i Qéll? process
shown in Fig. r?[].lég%\‘ﬁtsgaﬂyﬂgq@iaégﬁ%?bar%emw Egﬁ%)g&ed;ug%se h{f%g alyer (shown in
Fig. 1 (d)), actenularrsturiddges ofthe elecnddesdurihg deposhiondadesmaindhery afiet he
surface. Thus, when the resist strips are renoved, the resulting substrate
el ement wil| Bbe etshinasten. While ge stack is)subptantiallydransparemidit 5 well krowmthapaque

| ayer between .the el ectrpdes.treat ser.es as dark matri.. Lt .is inportant
that the opangcrﬁﬁf’&&éf%ﬁﬁoﬂeowlc ?Fauvgpi%gmg%%ﬁg?g}&ﬂf%@éﬁle %Fpé@f‘r odes
remai n el egt rigabldy the CHHRBEAARM unnexs? ¥Bh@ctdnly the sfich OF WERFAYPRER €NE
substrate, avallable under the trade designation Zeonex sold by N ppon Zeon
Co., Ltd., Tokyaduciixpportionasf teateettods. t Becansd thOtlansparenheandugtiee pdriiohness of

80 nm (0.08 Vim. The surface of the ITO | ayer was_ then spin coated at 1500
revol uti ons pdRusiPhtiie ?EﬂﬁlaF‘??r°f(§Bff§‘i§diﬂ‘?&P§¥bﬁfWﬁefhmﬁHBP ¥ Synnegs apdpy

Shi pl ey Co., L Lhe o] Lﬁ-ﬁ}ﬂﬁi i.pl ey Resi st
827. The coat ﬁ%ﬁ%@&#ﬁ%ﬁnﬁtﬁ%ﬁp?ggﬁ{%ﬁﬁggﬁrﬁéshgﬁes- lgop St oresi st was
then exposed teondilctiva viriless fror dhetrdr@paraiit condadtive etiipislis likel$.6 Whem and

intensity of 9.8 nWcn2 for 30 seconds through a mask having 75 um w de
paral | el " |lone dgfparingtiancoccytseths gordiictive Binngpshaveapeffedier sed for 70 seconds

i devel opi | hi pl .und he. desi '
Shi pl ey 25 bevel opethogie mesila B pfividtng Buyias e b 3R SRR A AECET,
poi nt, the sargdcgod@swithisit @gpatssiérPalightient iepil discukied in Jagahidse Kb Patchace

was then shadow coat ed usi ng a collimted beamof C netal at an angle of
i nci dence of 7Appiicatialy NookB60lZ4wds tizgoethod (teredisclogeds FCOkelectodesampl e was

then i d 10% HO_sol ution for 70 seconds t th d
1O | ayer . TheOBAEUa pubslra By conyednignal phaipTipesrby e e mPowmRN 5 166 o an
t | ' iall ' | t
acet one Ulr astﬂé“reobﬁ%ﬂgs-x?l,ﬁﬁdﬁﬁﬁwl i< dleeropbidd &h@}k%geg(gg&% gwgfedggég%ﬂgé’us 0

that shown in Fig. 1 2 3 S EP 2002 W 99
Enbodi nent PCeN3&94€s/ Obte phowdresist isthen cimaevet toleavée senidsiod @ GO eletreodes esent

invention is shown in Figs. 2(a)-(g). First, a substantially trapsparent
di spl ay subst r%@gﬂe@'&%wW9%§%gd@Ssmﬁhﬁ metgod addressessims et 32 may
be of any mat ef.ralanSild i . r.OnJ i . trate
ol enent o di SEheEnsl bASk Caly iffod. S Sh RN RIR RS °
on the subst r aixeesaive sisaairbuild-up tgtwédhalectrblies tharw@sd ahidrt-bor adpatehty

conventional i thogra,pr{g/ t echni %u_es,. Typically, the entire substrate is
covered widh teeUPgdes Withe,display o Thisyisk aq,espe¢ialiy,apparasy fordugh depsity displays
material in a |4 qui . j I S tterned by selective
exposure to Ii‘!é%etqyg% Jé%’lm\?é;r%mv\?ae\;}gﬁéﬁéé%@dﬁﬁaéﬁl{eenss| (ﬁy, foll oned by renoval
of the activated material as discussed above in part A The resist strips
34 of Fig. 2(ag may be conpared to the resist strips 24 of Fig. 1 (b).
Whereas in Fi gdu of; of the resist strips was chosen to

correspond to the dlel‘xseI grgs%nmn%te&io%fadwe%se%ltﬁgsgrs gr?csomqggst l:t]yeproviding a method

25  of patterning auxiliary metal layers to increase the conductivity of independently
addressable TCO electrodes without the need for precision alignment in relation to
pre-patterned electrodes.

In one embodiment, the method of the present invention first involves
providing a substantially transparent substrate having a transparent conductive

30 layer thereon. Next, parallel strips of resist material are formed on the transparent

conductive layer, thereby leaving areas of the transparent conductive layer



15 finished display substrate el enent, conversely the wdth of resi s%
Sstrips 34 in Fig. 2(a) correspond to the desired width of the gap bké weBA002
. el ectrodes wo9%4sm24 i ni shed di splay substrate el enent. Next, PCTVES99H07085 i S
deposited over the substrate and resistgstrips as shown in Fig. 2(b). The
metal may be deposited by any suitable techni que such as vapor 20

d ition, tt i L i .pl_ati Lectropl at i . oth
et hods. known iEoYdred B e i a4 BBl iftl s R ARk} Blocrllic 81 V'
cover the surfagg Qhaih§6n edsdnspirentididadive1B%t Bid Sitips BEresi¥e XéherebySBeond

resist material 38 is coated over the metal coating as shown in Fig. 2(c).
Preferably, thellgsatedbeans s incident at sacheah anglesas| o bapdrtimdly thheckedibythei scus 25

forms on the net coat i in the ner area forned by resist strips 34.
For exanpl e PaEiliel SIHPS Of Tesist matenal o This iaakes DAMioRs, P the WPROVERSA eRsRgr

Shi pl ey Co.,, d fles a'L’lc’-@E’ i . 1818. The
Meni scus 0T5 t%ﬁ%ﬁ?%@gﬁsuﬁaﬁ?%ﬁﬁsgi urgs thtg%1 a |te|§gzr:1ad%¥%‘i§| st
material s buaydr atépthemrénfievedo Fireally, the strips ofedsist matsial ag. rerhoved, aldagn t he

second resist nmaterial is etched back to 30 expose the metal coating on top
of the resist Withapsmgiahicoptingdhereqns do fory aplurlify ofindependentlyaddrssabiesi st

U0 50159024 PRt S GSR Ser il e B el 057 The
second resi st mat erfhahother GhBddimehl, thefethod BEGe prdsest ifGehtRAfiraAvolv@act i ve

ion etching or plasma etching techniques. Next, the nmetal coating is etched
with the r@maimovidingecubstantiallysransparentj substeate. | Neytoparaliel etripls off sasist er .

Et ching renoves the entire,metal coatin xcept .t hose oytiqQng caovered by
the remaining @%‘E’Gﬁgf"“r é&'ﬁ“&@ Ofdhctranspare sqaégv‘éé“ﬁaldégtﬁ%ﬁ{?mte tof‘i"l&‘? or
line, of met alsuﬁﬁ%é&ﬁh@kﬁ%ﬁgl@%ﬁ@ﬁﬂt ﬁgﬁ?mg{e ﬁcfeﬁééiﬁh abftelsRfes The

remai ni ng second resi st nmater hen strippe romthe substrate

el ement to | eafahesrebist stape By membcartingtis thes e®ied mrdmoeeniti from thexbps @S  of
metal 36 adjacent to the edges of the resist strips ag shown in Fig. 2(e).
o Next , . ¢ i Essit SHPS B HOR G EreRaf 01 Sebotat purbae the rrut S it
substrate ale . rt?eln{e's.' d : trate
as shown iﬁ F{%&Bgﬁ%l&%ﬁa y@%‘é?ﬁ?@?&%&%ﬁﬂgﬁgﬂ@ﬁnﬁﬁf r$ tgﬁqﬁéﬁ%st}%rate
32, al ong wi t hmewallines 2ichgahe tdges 9 dreamsistemipiu Nexy,a traisparent conéuctive figm

thereon, to | eave substrate 32 15 havi ng i ndependent|y addressabl e
el ectrodes madé deppsied substaptiallyt Goves theresist sipsapetat linesnandexpesednat er i al

Shown 11 Fi o "SPRYR T Bl hEfals R Ry oikhBioq i RRTR AL ARpt b 0RO ™

described in tidnspdraiticondtttsBdiMn dnthEis@isstraid( @ach (oF thels@Micl egipdiost i NCt
advant ages. First, because two 20 auxiliary metal strips are formed for
each el ect?detranspasert| copducsiye Silmaying it sidrsbordsraduat the icpptinuens metal linese
auxiliary netaf_strip,.,thu |l owing fo thinner. transparent,..conductive
| ayer in the e#:aeci’tpr 0 53 &g_ﬁéfﬁen 3 ﬁnrg}ﬁ?’bc{/ufﬁ\_ée @%ﬁ%r%ers?g ;’i‘)gf]tﬁ? W%Bﬂest he
substrate el enRpfesedtdardiidepdndbntly ARIréREHIE bletirddé dif the BE TRl AT HORBSrdtS
tunabl e by controlling the amount of etch back of the second resist

mat eri al - noreacksf theslieckradés sepanatedrhyradistencel thateatresppnds trothe avidhiof theveans
nore netal coatin ifs r enoved ulg)on etching, resulting in higher resistivity
auxi | i ary net aMu&Yi wedggﬁlﬁﬁ‘ﬁﬁ? Yhe auxiliary netal strips are forned off
of pre-patjerned 1 e il lofeP SmBOSinuRt, o inehbd BF fehidohf Bethiondfndgeent
conductive el ectrodes. This allows the netal strips to be patterne

i ndependent | y providingesitbsantally eaisparentsubbtrate hating & tradgparent conductive

layer thereon. A contiguous metallic coating is formed adjacent to the transparent

conductive layer, either on the surface opposing the substrate or between the

transparent conductive layer and the substrate. The contiguous metallic coating is
30  characterized by a periodic array of holes, such as a hexagonal array of circular

holes or a regular array of diamond-shaped holes. The holes ensure that the



30 material, therefore allow ng fabrication of thinner electrodes. J’ﬂk'{:ﬁqggz
because the final step of this enbodinent of the nmethod of the present
. invention i WOP%584¥dval 2 3 S EP 2002 WD 9915907. 4 PCTNSOOPUI/UE®/0T®SSst ep
rather than a netal addition step, ther@is no risk of adding excess netal
that may short out adjacent el ectrodes. Exanple Bl 5 This exanpl e describes
the process sh L h&& ,a L G i Waat r wher e
the resist st r%@%ﬂbfg?géls%rgél m}fﬁ)ﬁ@g%éz”ﬁg?’ggf’gb%’%? eaggg‘[smv%%dhﬁ{uﬁe
substrate. Theappeering darkcthe absence of 2darginmstix allewbEghtad és transrhitgditidroagty st al
di splay devices is explained in U S. Patent No,_ 5,268,782 to Wnz. Briefly,
a |iquid cryst &e ipackiye atras beywesmthe aqtyatedpixalsq Thisqnalies theactivated pixsls

m croreplicate i Qgﬁ iL.Qg ight in a
range of appr o%‘%%[@%g%h{rrr ;aﬂ‘aegﬁ%*ér’om %den%lsatg}ff@gé’s‘%?m{s%e & iétrate

dependi ng o0, afrixciRVke thikleenderpe of liquid crystal used. As explained in
co-pending U S. patent application USSN 08/ 999287, these ridges may be used

to further pattern Dak matbistmait be appiiad duringithepseatsoshoiar inffag. hredferthe gnnent
steps. ~ 5 A sanplg of a mcroreplicated plastic Liqui,d crystal, di.splay
substrate was i‘ggf”g?%"f”_rg ﬁeéwg%kmagéf&s mJ%‘_g( tjfjdg’?/i“ ~CORIUKVE opper
filmvia Sput,t@;saqqﬁaﬁféﬂau Ay bRRiposited blerthe BaRE S Thid, wikkiGhe HAR: &Aipt &d over
t he copper using the 180R khurl troll on a Yasui-Sel ki m crogravure coater
CAG 150. The ptrenioveésthe tessltingtsibstrateslempemtpritlde adsgholwh irt Figg 1@ mpthethe 1818

resist in nethyl ethyl ketone to 20 obtain a 20% solids sol ytion. The
phot or esi st0 cogdditen ofan epagusgilayer bedyeen tﬁe 5‘?"‘5?‘%5 ithAd SERYEH TR g‘ﬁ&é‘i’ﬁm’ﬁd ter

phot or esi 510 colfti% . . genEih o
However .t he. cr PR e GhaEP AT bPhchJoddlprye s Wl it R ARE! U0C

much hi gher dugniain eldéthioaldy indesendentef f ect s during application. The
phot oresi st coating was then etched in an RF oxygen plasma to renpove the 25

resist coating fromthe center of the channels. The etching tinme was

adj ust ed such that R olt oresi st remai ned along the edges of the ridges after
etching. The o g%—%—asm& was generated at 100 mflorr pressure, 100 sccm
flow rate, jand 120 W4idigméhyipEnteAy§ibstrdte Savailstle REddrithetrattciisighbtdh
conditions was 3 m nutes. F)(; | owi ng the etching of the photoresist, the
exposed copper ZeensxsokshhydNippon Zgon 696, LGOI olgie, dapant wasraatedawishian 50X f or 2

mnutes in a sga%g%/qa%st%&%g%)%q@ %@@?g&) ng.hé esi Sé%o S @@aggre%si ng a
4% NaOH sol uti ng. 2 WO
99/ 590z4 PCT! UgRQ/sHifQBated &t rme%mgomm(ﬁa@ (A f6PEPSdcohddRih @l ong the

ridge edges in a nmanner anal ogous to Fig. 2(e). Next, the sanple was coated
with |1 TO f ol | opedotegisasaddby Shipleyf CEhMarlbyrobgh.8Mphaider theitsile desigmptione
Yasui - Sei ki cogter to obtain resi st thickpess gbproximately 2.5 to 3.0
pmin the _E‘hangéﬂp!‘.y @%@té%rée FRESING YA qtﬁ&%gﬁoérgggwgwem fra under
the conditionsoRs5tkispas: MBRYEodsel 1cPulffidlet Fadiatiénty b Sbiefigth!dt 3686t eMOVEl
of the resist fromonly the tops of the ridges, [eaving resSist material in
t he channel s betdunesnsity dfi2.8 thW/gmbfoe30 sédoads iiedughemeasiiowig 75TGmowmide he t ops
of the ridges was_then etched with a 10% H-S04 sol ution at about 45 C for 1
mi nute. Fi nal | paraligldineapegtores, g Thephateresigiowas themramensed fay 78 sgogndsd® 2 sol ut i on
at about 50C. - ' : ' 9. 2(9),
E&%@@gge nP£oCi§ gg %gkéapgfgg}mel i Grahil 3L @gﬁ% §rbgblg§a

except that the m I ca rirdges exrs ps are
shown in Fog. Dlegdlop&tisae The kemplevatithérpansetbandatied. BAt s gdihe ﬂﬁm@lee
descri bes the fabrication of copper bus |ines on flat substrates. The
process steps Wgsandlegqustie thatshawn imrFigukb).i Fesssusface was thenishadoay eastedr e very

simlar to those in ample B 1 r mcroreplicated.ribbed, subsirates.

First, a negat V8% B0t BPeLt lgetant ?ée{:@fnkga@ %GL?)O%I\Rﬁng'ﬁﬁloﬁgt'egﬁ? gr 021158 hm

PET film and pajken0ash o @m) Qe T faghpid FRCMEA i&h@&@@%@?@ﬂ"/ﬂqepmﬁﬁr The

result was as shown 20 in Fig. 2(a). After patterning the photoresist, the

substrate was doaatlestcondsho opperthasxpased-1TO ifeb) TheNexcess r&kistphasyrehd &l

phot or esi st vva% coated on the substrate us t he Yasrléiﬁ- Sej ki n m crogravure
[

. ng !
coater to dBtai® sﬁb%caHfi}‘é‘“%’%‘HbW“iar‘ic‘PP@.“f"?é ic bathe ThA repubiing WBStEALe as
then plasma et I it e substrate except at the
edge of the st(r\elikg%ng?’a%%g@{é#%l%g{é‘?s:ﬂgﬁnsﬁﬁgsﬂ( hown in Fig. 2(d). The 25
exposed copper |layer was then etched in a 10% H, S04 sol ution at about 50C
for 2 mnutes. The Shipley resist was subsequently renoved in an oxygen
pl asma to obtain a sanple as shown in Fig. 2(e). The substrate containing
copper lines was then coated with ITOas in Fig. 2(f). Stripping of the
Hercul es resist in a 4% NaOH sol ution at about 45C for 2 mnutes resulted
in patterned 1TOlines on the 30 substrate, as in Fig. 2(9).

%




2 3 S EP 2002 W 99/59024 14 C. Third Enmbodi ment PCTNS99/ 07065 St |2Ij ?EPZUUZ
.anot her enbodi ment of the present invention is shown in Figs.

First a subWQ99s802d| enent is provi ded conprising a substanti HCWL’599/°7°65
transparent substrate 40, a TCO | ayer 420 and a conti guous netal |ayer 44
having a periodic array of holes. Although the netal |layer in Figs. 3(a~(f)
I s positioned on top of the TCO | ayer, the netallic |layer could al so be

di sposed between the substrate and the TCO | ayer. For each step in the
process shown Bn Second Eddbedident a top view and a cross-sectional view are
shown. The cross-sectiognal views are_ taken al ong their respective |ines 3b,
3d, and 3 As seen i Anpther empodiment of thempshodxfihe prgsent yventioR isfhown in ayer 44

R TS E R RN T A S
deposition or Siid AFPD(aP Sudsirste 37BHAF bOGS dng rhdletikl SORIMIE fotusé Beanet al

| ayer and exposed to |Ight through a mask having the desired pattern. The
acti vat ed resi skectreni¢ Hisplaysubstrdte elémentcas chscusdﬂdprdvimlslyenal ni ng phot or esi st

coating fornms an array qQf holes that 0 tal, er. The
exposed metal is théﬂ'}/@géﬁ’g&"ﬁﬂﬂ Tﬁ@“éﬁgﬁ g’f’%?@f‘ "\&’Q\ﬁ/ﬁﬁgﬂs °1'ﬁb‘“r 8&ul ting
nmetal | ayer C cause
the i ndependengﬁ)/ a %?@g g%lfte)ﬁ?{ %%@%x&%%ﬁyo%ﬁ%% ecu d'l;}gJ ﬁﬁl\}/’eﬁsﬁot

yet been for neentirt stbstratesis ageered ithahe resispmareeid! byolanlingiontdrdyrbadmy thei st 20

mask in any particular orient atlon The shape of the_ individual holes and
their arrah@enBiteriahing higuid Serm: T r&ylsmteﬂaklé PARarped by salectiys expeuis9ed

be ow.  The hapg gl o N \PhERR Bk AL AR bR @ elerleley o1 fect

both the condu I VI Iayer sparency 0

substrate el empfateriaFey diséuskdd amow in Pari/BL afhelresmrsulp@\aurmmg 23a)iRxagonal
array of circular holes is shown in Figs. 3(a=(f). Next, strips ‘46 of

resi st materi akompareptathe desist swips2éwf Figy 1)y SWVhereas)indig! I((U)ththéthwf(!hEh of
t he resi st StI‘I%S 46. correﬁ%(énds to the

f
i spl 2y The. r ESTLF0iE el ERONEH & eorprsbpniing gesdsd Srfly e deftrodeBoniiey o
resi st mat ki alghned dis l'a?@ulbﬁa{ecblérﬁéﬂf‘ é’orﬁ@ﬁ&l‘y'lﬂe widiE of R3isp Etrlg?g& %rﬂglgmiy

then be 30 exposed to 1ight of a certain wavél ength to activ

phot o-i ni ti at o2@) correspend esths desifddewiddsoSthe gambetwgen eleetrquies ed theofimibleed| | ght
t hrough a mask so th onlé/ certain areas 2 3 S EP 2002 WD 99159074
PCT/ US99/ 07065 d{ﬁBla}’S strate €lement.

Next, a metal 36 is deposited over the substrate and resist strips as shown in
Fig. 2(b). The metal may be deposited by any suitable technique such as vapor
20  deposition, sputter deposition, chemical plating, electroplating, or other methods
known in the art. The metal is preferably coated to substantially cover the surface
of the substrate and the resist strips.
Next, a second resist material 38 is coated over the metal coating as shown
in Fig. 2(c). Preferably, the second resist is coated as a liquid so that a meniscus
25  forms on the metal coating in the corner area formed by resist strips 34. For
example, a suitable liquid resist material may be the one sold by Shipley Co.,
Marlborough, MA under the trade designation Shipley 1818. The meniscus of the
liquid resist material ensures that additional resist material is built up in the corners
on the metal coating. Thus, when the second resist material is etched back to
30  expose the metal coating on top of the resist strips and between the resist strips,

excess second resist material 38 remains at the corners on the metal coating as



are activated. Depending on whether the resist is a positive resi stgq,rg[a? 1002
_negative resist, the activated or non-activated areas nay be renoved by
rinsing i n WO¥f5882fon. The resulting resist coating is a pl uPal/P3p/agpes
resist strips separated by a distance g¢brresponding to the inactive area of
t he di splay between pixels. This result is 5 shown in Figs. 3(c) and (d).
The resist mat gidvl inFiy. HE). aThe dretsback dTahesdcahd fakt rRtkrahRipréferabpnpat i bl e
with the electrode material. There are many commercially available
fornul ati ons openfersiegtusingtconventionalasactiviadoipetobing or plasma etdhizig techuuquesg,
drying, activation, _and renmoval will b nown .to the, user en, a particular
resist material is E‘%h&?mﬂéﬁ‘i‘@“{’&é‘s "ég’éésw'm]ﬂ?ﬁ%mﬁ@f% SeCOnf reels ’i"gﬂ‘?E?ls not
covered by the i st IS ar tohi The .+ esi i ng may
t hen be rermvea&frl ? a%rag E‘%’e hég' ;Ettﬁ)st %@?%ﬁ&%&&#ﬂ%ﬁ@?ﬁ#‘%& and
(f). As mayst hgb:@idi@c@ﬁedﬂ byt the rérhdifingakcordl resistthaten4lp Mhieieaves aloatimumus al | y

transparent substrate 40, and independently addressabl e el ectrodes_ each
havi ng a TCO | ayigr omiines afimatat enating dispesadealong ¢ash edgeraf the sesisysiipst dbe zed by

a periodic array_of. holes ,50. The conti S al layers of . .the

i ndependent |y & %@géﬁ‘f"é’dé?séséﬂag%ag % g{i‘/g&gﬁﬁl S’I“e"L? éﬁbcs?rf“&ﬁ%e.“_lﬁt t, the
netal |ayers 'MG@m&ﬁ%%&m@%pw&mafmﬁﬂﬁh%sﬁ@ﬁsrdFiﬁé‘talr}‘ﬂ aHjdcéflt loqhdar e
TCO el ectrodes. Second, the periodic array of holes allows electrical
continuity in edgesofthe resistysempsasishewnimFigal(e). af f ecting the 20 transparency

of the substrate elepent. Third, begause a ne .layer. covers the entire
wi dth of afel ectro&@&*%”f%ﬂ?"?”éc ‘-}‘?H&ﬁmlalﬁ“aﬁ%}sé@%ﬁ‘ ayer A subrals: ep.

Rather, the metpl,eanf GGG covaihe EATRMELOGRRD Sibstalend shé\en etch
mask so that atelgke“ﬁa{r]feg’ts-é1 rras%!’l?(grvthec rrg{ggf'{ %gyer tﬁg‘gb vvouelr% S?equ?‘?gﬁé
precision aligament step need not be used. Finally, the structure of the
netal |ayers provides 25 nechanical stabili t%. I n many_applications, |arge

di spl ays having pol fﬁf@i“b’cfe%l_é"(ﬁ‘fil?sa}"e%"eﬁﬁ?ow islﬁ"éiﬂf.at?ﬁ?eé ngl}ﬁ_g’c%‘lé[t es are
gf ten flexibl ereskcﬁﬁgt:&gsp&r@n{ &%ﬁﬁ(&fv@?ﬂﬁtex‘?ﬁ%@b&ﬂg 1ot '(J‘ﬁaveoiubgirft& ghting
uring processing. SUCA SLress nay cause ePectrodes or single auxiliary

metal strips tGadh@iddeptidenteaddrédssblaeleatrotayrideipvifiaraleparipodf ¢ array of
hol es provides multiple conductive paths, thus 30 decreasing the
possi bi | ity of raspaans cordugiiveanaierialothe eachestiip hayipg R lary factplsidpoio

el ectrical conductivity. . 7 15902A PCT/ US99107065 16
Exanpl es of di SEP%eﬁltat]%}?I'gegﬁgspés%ﬁgﬁ'gqéﬂgg? onfigurations that may be used
in the netal |ayers The@mbbaient 6f the afethdt @thé Blesent ieveRabs AecABEd Bf thisi ght

transmtted through these configurations is determned by the areal density

of hol es. 5 Anpanang shdwnlindrign d(a{gpprovidss distinet advamagdsn Fiitisy bechusg twolhe

pattern is _defined by holes have four. sides,o gual .distance a,..a

Per pendi cullr ARCHERCROE SapE o LB ol dn He iRy B e

transm ssi on PRbEARtAHE thhnTbr driti atx AR Higthl 8iipOthuk Sllowind foh fidghef (asi n6+d)

1 o Thus, T approaches” 100% as d gets smaller. A square away of square

hol es i s shown tiansparent cafdurtivedaper 18 dheaelecthasiecaridchense thaprovingtangmissiap and

t he di stance between . the holeg is b, Thus, the transm ssiop of this pattern

i s given by: _ trough thesubstzie clamenty In ﬁ‘,i&l‘ggn’ G ESITHYLY Qﬁé‘Fle roggsds

transm ssi on of [ AP AREERET efdROY [ ( a

array of ci rcu|“é'?£?§?’2§6“f“?[ gﬁown. q’ﬁg rgdi us&%#ptggg ogf&rrg%?grrlﬁﬁg?eq??er and

t he cent er -250- eedhitack theahsunor: hethlVearing expaskd whitdl sanis Sndte medl comixigiier n has

a transmssion of: , T _ nr' ~~/ 2£,d' zo_ The maxi mum transm ssion of this
mg

pattern i s 90. Fooyedwnop sighing, msubting in highgrresistyity ayxibary segial| SERs: al

triangul ar hol ' i ' | istance ;a i.s the distance
bet ween adj aceﬁﬁegﬁcl{’z%eg é{ﬁa ng?sﬁgmdﬂf]%?‘)‘aﬁ%gﬁg’fﬂtﬁ ?%{e}“lﬁdéfsé%éé’%e?f' \‘/jveen
adj acent tri anglo offaF@se-patitehed tianspdient/condiidtive ledrsdede This alloWsitidGielalr

hol e. The transm ssion of this patternis: 2s T ='d "~ (d + 2a)~~d + 2b~

Thus, reducti orst@ms teibeipererned independently Spmishe wensparent epriduepivsrelectrade ni ssi on.

30  material, therefore allowing fabrication of thinner electrodes. Third, because the

final step of this embodiment of the method of the present invention is a removal



2 3 SEP 2002 WD 99/ 5907A 17 PCT/ US99/ 07065 Finally, a hexagonal arr?)g §EP 0
.hexagonal holes is shown in Fig. 4(e). The length of each side of a

. hexagonal hw@99/%90% and the di stance between holes is b. Th®Crusa¥emossi on
of this patter is given by: T _ 3a 2 ~ .12(~a+ b) 5 Wien b is decreased, T
approaches 100% Exanple C 1 A dianond grid mask was used as shown in Fig.

Ha) Wiha = JepRhefingn § Gl Badd shoruidr: is hofisk'of 33dthe 8k s milal BT L U7 ©

ratio, of this e a patterne coating, first
copper was evapgdyashoft ounadjacenPElecoodest rate to a thickness of 100 nm{0.1
Vim. The sheet resistance of the copper coating was neasured to be 0.74
S2/ square. The copper surface was then spin coated wth Shipley photoresi st
818 at 2000 rpm.for seconds and dried at 105C for 30 m nutes. The

phot or esi st wa posed through the dianmond grid mask t5 to

ul traviol et slight atrigs dawEHIEaEALEY the Broctdd sRBWn 3 Figdt RaR(d)ondf 12.9 mNcm
For 15 seco%ds. The activated areas of St he photoresigéa'tﬁvxgée) rinsed away to

expose di anond-mibmpepdicped sibstrateowhérh ¢heoregiptestrips 34 are paraliblridgep twat drecopper
was etched with a diluted solutiop of Fed 3 to ake the di anond-shaped
hol es. Due to dyesal wihthe subsigats; a’hﬁ%ﬁoftm@r%ﬂtfe?edwiﬁlePﬁ?snafesmbqwd

approxi matel y i i . e r k&8 :
phot or esi st V\/agrﬁ%n Pie d\?g g%%? e ge{ﬁpwg ?/\%%ﬁ@gé?’ggkagfho lﬁ%BE”?ﬁ;éh?
resul tant sheeta liquid &ysiacdisplag subzaaemsy beoiniparied with/ assgrias 6f mivisteplicataapt i cal

transm ssion was neasured to be 70%in the visible spectrum including two
surface refiPectramie] ndgssseachmidee sisingie thesame height int 2 tnge of approymatein was

T A e e
o T 112 TSRl gk PSS, o g Sk
08/999287, these ridges may be used to further pattern the substrate without the
used of further mask alignment steps.

15 A sample of a microreplicated plastic liquid crystal display substrate was
coated with an approximately 2000 A (0.2 um) thick copper film via sputter
deposition. Next, a thin photoresist layer was coated over the copper using the
180R knurl roll on a Yasui-Seiki microgravure coater CAG-150. The photoresist
solution was prepared by diluting Shipley 1818 resist in methyl ethyl ketone to

20  obtain a 20% solids solution. The photoresist coating was dried at 100°C in an air
impingement oven. After drying, a photoresist coating approximately 1 to 1.5 um
thick was obtained. However, the coating thickness along the edges of the
substrate ridges was much higher due to surface tension effects during application.
The photoresist coating was then etched in an RF oxygen plasma to remove the

25  resist coating from the center of the channels. The etching time was adjusted such
that photoresist remained along the edges of the ridges after etciling. The oxygen
plasma was generated at 100 mTorr pressure, 100 sccm flow rate, and 120 Watts of
RF power. The etching time under such conditions was 3 minutes. Following the
etching of the photoresist, the exposed copper was etched with a 10% H,SO,

30  solution at about 50°C for 2 minutes in a spray system. Next, the remaining resist

was stripped using a 4% NaOH solution at about 45°C also by spraying. The



wo ~i s9oia 18 PCT/ LI S99/ 07065 Exanpl e C3 The same procedure was fol Igg\%gﬁm
in Exanple Cl, except that the mask used had the foll ow ng di nensions: =
190 Vim d woi®/5884 and 9 = 45. Also, the netal used was al uRFRURIIAIBSSwas
coated to a thickness of 100 nm (0.1 ~cnj3. The resulting sheet resistance
after patterning and I TO coating was 10 S2/square with an optical

transm ssi on Oteshfiif subsirate id co%@@leincs_alon the ridge &dgld 5P Mhhfnér Anmogous YOSt US
~ P~4F~T~hl ~R M NNESOTA M NI NG $~ I\/ANUFAC%URI NG CO™ ~" ATEN ~" Af ~I %L' E CQur
Ref.: D 25B$ PEig.2¢e)~Next, Bhe-sanipiit\was codttd\witbITO-followedviey h ocatingrof Shipdeyci ng
the conductivity of transparent conductjve el ectrodes conprising_the steps
of Vim provi dilgbg ah%%?ﬁ‘a‘ﬁtm&a'ihlef)' #Phﬁ@%w@m to;ppjain ayesis gps /f
trasnparent r~> L : r /i St [ si st
material on thé& ?gﬁ%g%‘#g%t%%%ﬁ{c{hﬁ&g :aygfrg) ﬂ?ﬁgarxg@%%%gi\]ﬁnnéééﬂae?z%?of t he
t ranspar ent s co@flyigen plésniadytider theconditiods Besciibedl dbove for 2mirtitésa | This reqlted 0
depositing a~~etal coating~on the transparent conducti~=~ yer~and
strip:s(vf resisthegemeyal a?ﬁwgpﬁgt frors onlyi tha tans of therridges.jeavang resisy matespl al |

wh b h L1 d i i NCi ~ b
et a1y o coibtieEhatne taihech ndkes B Plord} RdTO. Fhelpxphodd 1O drihe by 28
| eaving portiopg r‘iHngeE s HARQY @8 Wit a 162H,805 BRALESH atCdREHE3°C@r | RYnute.

x~e2: posed; renoving the exposed portions ‘of the transparent condulLti z~e
Iay;:_~: (~t ﬁnd (‘F&;all%lﬁ@ remﬁn'?nigrrgslid_;theass]}nipmd(whg?e@?iNaOiﬂggcduiim abtfahdut?nyt mséI al
coating(thercon t~ forma plurali 0 ndependent | y. ressabl e el ectrodes
500t t ¢ he 18,b301Gt Ehe sampiE prackeest VRS Fgh ﬁ&ﬁg@?@wn%&& FXGepyt giihe
transparent co | Y: PRl S fi g ldi ng a
subst ant i al 1y EHEarestEall BlOiRies ORR st Ll R WA in g Blp el 19
patterxting st thedJ(étripsi st material an the smooth major surface of (~) the

substrate(to thereby | eave areas of the substrate exposed, each said
striplof resist material hawing a bottom edge adjacent to the substrate, a

top edge opposiEngS neBPottottz edge) and two opposing side edges:

15 This example describes the fabrication of copper bus lines on flat

substrates. The process steps for the fabrication of bus lines on flat substrates are
very similar to those in Example B1 for microreplicated ribbed substrates. First, a
negative photoresist (Hercules SF 206) was laminated to a 100 um PET film and
patterned into lines using standard lithography processes. The result was as shown
20 in Fig. 2(a). After patterning the photoresist, the substrate was coated with copper
as in Fig. 2(b). Next, Shipley 1818 photoresist was coated on the substrate using
the Yasui-Seikin microgravure coater to obtain a sample as shown in Fig. 2(c).
The Shipley resist was then plasma etched to remove the resist from the substrate
except at the edge of the strips of the Hercules resist, as shown in Fig. 2(d). The
25  exposed copper layer was then etched in a 10% H,SO, solution at about 50°C for 2
minutes. The Shipley resist was subsequently removed in an oxygen plasma to
obtain a sample as shown in Fig. 2(e). The substrate containing copper lines was
then coated with ITO as in Fig. 2(f). Stripping of the Hercules resist in a 4%
NaOH solution at about 45°C for 2 minutes resulted in patterned ITO lines on the
30  substrate, as in Fig. 2(g).



2 3 SEP 2D02 2~ ~~y depositing a netalf to cover at )east a portic?n%?tpg@ﬁ
resist stnps(and (st) the exposed areas of the substrate Form ng contrnuous
‘metal stri PB4t he side edges o the resist (~) stri ps~byP§'E’FJg%5t’q7%5l y
renovi ng por aons of the netal. whereinl4ditzsstep conprises the steps of:
{a) coating a liquid material ever the netal so That excess liquid materi al

resides ort the TRIFEMBSAMehne Si de edges of the r~~~t strips: (b)
hardening ' the liquid material to forma second resists (c) back etching

t he second resi st | $Stilltanathenehodimentofthe present émveatiom ssshownedn Figie3@ighs of

the resist strips(r¢gmains; {d) r~ti.7UVI nr~. the exposed nete bly etching;
and (e) renpoviFHsts S%ﬁaiemeﬂglssvge‘b‘ﬁad FIRPRISINg; 2 SRSIANH éﬁ\ébar ent

conducti ve 'a&gﬁﬁzua&%&%g@{i Rlyb/a £ Q8 chitflofS hittal 34yet 44 nhifie TpkAbaig! | S~ d

t he exposed areas ox t Tr~zt removi ng the resist str~

Sl ~a~zzd apy peayoPhsien| AliRiugh the thetal fayespinrRigs. 3¢a)RY) is positichddven top of the
| ayezl| adj acent to the top edges of said strips to thereby form
i ndependent | y T&Qilayes ghsi ractallis dayes gaald atsoths<isngsed batween the spbstiteand|thast a
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R A RN LA AR U
stri characterized by a periodic array of holes 50. The metal layer is formed by
depositing a uniform metal layer by known techniques such as vapor deposition or
sputtering. A resist material is then coated on the metal layer and exposed to light
through a mask having the desired pattern. The activated resist is then washed
15  away so that the remaining photoresist coating forms an array of holes that expose
the underlying metal layer. The exposed metal is then etched and the photoresist is
removed. The resulting metal layer is a contiguous layer having a periodic array of
holes. Because the independently addressable transparent conductive electrodes
have not yet been formed at this stage, there is no need to align the photoresist
20  mask in any particular orientation.

The shape of the individual holes and their arrangement in a periodic array
may take many forms, as discussed below. The shape of the holes and the
arrangement of the array will affect both the conductivity of the metal layer and the
transparency of the substrate element. For simplicity, a metal layer having a

25  hexagonal array of circular holes is shown in Figs. 3(a)-(f).

Next. strips 46 of resist material are provided as shown in Figs. 3(c) and
(d). The width of the resist strips 46 corresponds to the width of a pixel ina
finished display. The resist strips 46 are provided by coating the surface with a
resist material and drying it to form a coating. The resist coating may then be

30  exposed to light of a certain wavelength to activate the photo-initiators in the resist.

The resist coating is exposed to the light through a mask so that only certain areas
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15 characterized by a periodic array of holes 50.

The contiguous metal layers of the independently addressable electrodes
serve multiple functions. First, the metal layers increase the conductivity of the
electrodes relative to bare TCO electrodes. Second, the periodic array of holes
allows electrical continuity in the metal layer while minimally affecting the

20  transparency of the substrate element. Third, because a metal layer covers the
entire width of an electrodes, there is no need for a precision alignment step.
Rather, the metal and TCO layers are removed together using the same etch mask
so that a separate mask for the metal layer that would require a precision alignment
step need not be used. Finally, the structure of the metal layers provides

25  mechanical stability. In many applications, large displays having polymeric
substrates may be desired. These substrates are often flexible, leading to
inadvertent bending, twisting, or distorting during processing. Such stress may
cause TCO electrodes or single auxiliary metal strips to crack. However, the metal
layer having a periodic array of holes provides multiple conductive paths, thus

30  decreasing the possibility of failure of an electrode due to cracking and loss of

electrical conductivity.
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20  The maximum transmission of this pattern is 90.7%, namely when d = 2r.
A regular array of equilateral triangular hole pairs is shown in Fig. 4(d).
The distance a is the distance between adjacent triangle apexes, the distance 4 is
the distance between adjacent triangle bases, and 4 is the length of a side of a
triangular hole. The transmission of this pattern is:
J3d?
" (d+2a)(v3d+2b)

25

Thus. reduction of either or both of a or b results in higher transmission.
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o1 1096 () - oNEL @ ¢ 1045 SEmpRd grid mask was used as shown jn Fig. 4(2) pitha =81 wm.d 5 o

10! #) ! 10%& () - 3B¢nl,alvi b!=199%7Rie(tyansmission, or aperture ratio, of this mask was 61%.

10 To make a patterned metal coating, first copper was evaporated onto a PET
substrate to a thickness of 100 nm (0.1 um). The sheet resistance of the copper
coating was measured to be 0.74 C/square. The copper surface was then spin
coated with Shipley photoresist 818 at 2000 rpm for 40 seconds and dried at 105°C
for 30 minutes. The photoresist was then exposed through the diamond grid mask

15 to ultraviolet light at a wavelength of 365 nm and an intensity of 12.9 mW/cm® for
15 seconds. The activated areas of the photoresist were rinsed away to expose
diamond-shaped portions of the copper surface. The exposed copper was etched
with a diluted solution of FeCl, to make the diamond-shaped holes. Due to over-
etching. the width of the copper pattern, d, was approximately 5 um in this

20  example rather than the ideal 10 pm. The photoresist was then removed and the
sample was coated with ITO. The resultant sheet resistance was measured to be 25
C)/square, and the optical transmission was measured to be 70% in the visible

spectrum, including two surface reflection losses, whereas the aperture ratio of the

pattern was 78%.

Example C2
The same procedure was followed as in Example C1, except that the copper
coating thickness was 200 nm (0.2 pm) and the over-etching was minimized. The

resulting sheet resistance was 4.3 {/square, and the optical transmission was 65%.

30



P1T109%: x: & () - P.2002

S 10968 ()-!#S110% ) & ()- " $10%3?& () -z!# $10% nj m& () - zZt z| ~P=! ? 3081
. 10! @0 | 109 Q99/5W4s0° 1 10% | & ()-M 10%3?& () - !;!10%008 ()- BCTASYVUIBESP=!Y
WO & ()-@,Y %O ()-@ Y0% ()- @#8Y %0 ()- @ (60Y %0%& ()-@ Y
YLOYR' () - @ H##SF YR&XVT7-=10Y+ 1 109%&' ()-y! SY+ 110% & ()-y! Y+ 1 10%& ()-y
DY+ 1 10% & () - gkhhple P& () - M DF: | 109& () - M&
8&&) &7& ()oPllU‘E,‘I%'%K'_()- 10948 () - 109%& () - SHL109%& ()- 109%& ()-s' 109%& ()-101
0) R) *+K, , - aBoP110L, Thé§arieifiocgduré ks flloWed at OvBx4mple T 1] @%&pf Jhat the mask
10%&' ()-!112109&' ()--.J//[/[//]xmpClOL, 10n' viQ9@Z& ()- 10 10 10&910%& ()-17
109%&' () - 010%& Bsedihad thpfelipwinedimensions:\27]89 stmgd = 19 ¢gn, @pd 6 = 45°. Also,

I +M10% j & () - bk %G GR ()i %R (), :

A0t (0 8 e s b R e 8 ks o 100mm 0.3
0! 10%+& ()s ! The ae@ﬁrﬁ&hg)sheet fesistffi€éafigr pa@niddadd KDO Loatih ek 10)/squdte
10%&' ()- 88888888gHC 10++! ;

0! 1#109%& () - , Vitba&piyal Taos@igsion o T8W7&' ()-9' | 109&Z& ()- 10++
10++81999: c: : dEHC



__10++! ;" 1097& ()__w_/z& ()-109%& ()-E 3109%& ()- 109%&& ()- MLOYZ& (13 SEPO0L

$11092Z8&' () - 109%&Z& () - 4g0fy<z& ()-f S IUS & PARTNER
& Q"@‘é‘é T EHC 10++! ; +GLO%&Z&
(¢ @W }?U%TN%% W& () -, #109%2& () - 1999A5Am LTE

1oz To7 %ggé'gglo%z& ()-Y7 109%Z& ()- 0Z109%&Z& ()- 81675 MUNCHEN
109Z& () -9- 10%2&(% CDVEZ X6 YNCO++! #fs110% gj g& ()-!3fs! 10% & ()-!fs!
10%ee& ()-!'M 109" A(WM 1098 ()-' 310938 ()- WE=FFGHBI | WX9YNCO++!

SO10%G&' ()-'t! 109%GE& ()-! ('t!10%0& ()-!fs! 10%kGk& ()-!6fs!10%}& ()-!fs!'1
OUGRGRE () -1J. K/ KOKLK@" KKr S10! , 9° 1 109%& ()-, 9 1 10%4| & ()-' 10%4| & ()- 10
10 10! 1#2 10%& (.) - ! 642ndf164 fo¥ eﬁmaﬂ@ﬁh‘@%ﬂc&ﬁclwf@m&aﬁd nd 89dubtie () -
10%| & ()-fL! 10%T& (l)-l#lelo%/\f'V\t' ()-1,%110% || & () -

llow & () -j PPQS- TERPuBiEs ¢oprigng the steps of:

" 10% 104$104$1 ! 10% ! 100/ 6F(!.10% ()- I'M 10%
& ()= 1] TUAAY - R g R gty Pebep st 1k g‘Eﬂ(aﬂzﬁd tansbhth

|1 10%e& ()-M 10U ()-ICM@@@/&]@ 3968 () - YY' [{I\\\\\}0aS40! &10%: () -
10GG 10GG 10GG (°0 10%GG& () - OtaaR ()~ (' 110%: 0; & () - Vs! 10%G& () -
\\\]]j]9_dEaS40! &0 formizg r(a)rallmmgtao( yesist 108G&Ia] pn tHey R OBBATENL

10% () - 10%&: Nabb caRaS40

10%&’ 8 38&&1(()2’/& 0- slow&c?“%“%“ildw%s W&@IWM wyas of the gragsparent

conductive layerlunc;)vered by the resist material:
(26
10 depositing a m)e(al coatingfon the transparent conductive(l)ayer(and
37 2

stripsfof resist material using a collimated beam|of metallic
material. whereby the collimated beam is incident at such an
anglé?ap: to be partially blocked by the parallel strips of resist
material, thereby leaving portions of the uncovered
15 transparent conductive laye(rzlzexposed;

removing the exposed portions of the transparent conductive laycé

and
@) (26)

removing the stripsfof resist material and any metal coating(thercon

to form a plurality of independently addressable electrodes

20 on the substrate.

2. A method for enhancing the conductivity of transparent conductive

electrodes comprising the steps of:

(32)
providing a substantially trapsparent substrate/having a first major
25 surface;
()

patterning strips{of resist material on the smooth major surface of
the substrat(c]to thereby leave areas of the substrate exposed,
each said smf:;yc;f resist material having a bottom edge
adjacent to the substrate, a top edge opposing the bottom

30 edge, and two opposing side edges:
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liquid material cver the metal so that excess liquid material resides

on the metal near the side edges of the resist strips: (b) hardening

the liquid material to form a second resigz)(c) back etching the

sccond resistis(c;‘ Shat only the excess material near the si(dxe)cdgcs of
10 the resist stripsfremains; (d) removing the exposed metallby ctching;

(an
and (e) removing the remaining second resist

. @* .
depositing a transparent cunductwel:’ayeﬂ to substantially cover the
( (
resist st:igsl, the metal strips} and the exposed areas of the
(
substrate; and

T ()
15 removing the resist stﬁ}:s(and any portions of metal and transparent
R) |

conductive layeradjacent to the top edges of said strips to
thereby form independently addressable electrodes on the
substrate, wherein at least a portion of the electrodes

(37)
comprise strips of the transparent conductive layereach

20 Laving side edges bordered by the remaining continuous

meta) sirips(-“]-

I
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substrate; and
removing the resist strips g¢fd anygortions of metal and transparent
conductive g#fer adjacent to th®Qp edges of said strips to

10 thereyAorm independently addressadig electrodes on the

2

sebstrate, wherein at least a portion of the Shtrodes
comprise strips of the transparent conductive layeNach
having side edgcs bordered by the remaining continuou

I3

3. A method for enhancing the conductivity of transparent conductive
electrodes comprising the steps of: )
providing a substantially transparent substratc{having a first major
surface: (llz)
20 providing a transparent conductive layer{adjacent the first major
surface of the substrat(a?
forming a contiguous metallic coating‘?adjacent the transparent

("
condu;:tiJvc layer) wherein at least a portioz gf the metallic
“ -
coatinglhas a periodic array of holes thereirs a::)d
8.
25 removing portions of t?e)transparcnt conductive layerfand any
w

metatlic coatinglthereon to thereby form a plurality of

independently addressable electrodes on the substrate.

30

- ( Such that the size of the holes is smaller
than the size of the electrodes and that multiple hcles appear for each electrode)
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M Jeast one contiguous metallic coating adjacent to and #Ssociated

with a single transparent conductive clectrpde, wherein at

a portion of the contiguous meta}#C coating contains a

periodic Wgay of holes.

5. The method of claim 2, whiwgif the step of forming continuous

liquid mater;

on the mejs

15
z’. The method of claims 1. 2, or 3, wherein the fransparent conductive
layer is a transparent conductive oxide.
20 3
7. The method of claims 1, 2, or 3, or the substrate element of claim 4,
wherein the metallic material is Cr, Cu, Ag, Au, Ni, W, AL Pt, T,
Fe, Sn, or combinations and alloys thereof.
6
25 A The method of claim 3, wherein the step of forming a contiguous
metallic coating having a periodic array of holes comprises
depositing a metallic film, coating the film with a photoresist
material, exposing the resist material to light having an appropriate
wavelength and at an appropriate intensity to activate those areas of
30 the photoresist adjacent to the areas of the metallic coating to be

removed, removing the activated areas of the photoresist to exposc
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comprises forming strips of photoresist material adjacent to the

transparent conductive layer and metallic coating, selectively

etching substantially patallel strip-like areas of the transparent

conductive layer and any metallic coating thereon through the
10 photoresist strips to thereby form independently addressable

electrodes on the substrate, and removing the photoresist material.

The method of claim 3 or the substrate element of claim 4, wherein

5%

the periodic array of holes is selected from the group consisting of:
(5 (g) a two-dimensional array of diamond-shaped holes,

(b) a hexagonal array of circular holes,

(c) asquare array of square holes,

(d) atwo-dimensional array of triangular hole pairs, and

(¢) ahexagonal array of hexagonal holes,

20 and combinations thereof.



