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devi ces produced using the etching nethod Field of the invention 5The
invention relates to a nmethod for etching a microstructure ﬂmm"”mmmmmwl
sequential layers of Indiumtin oxide (1 TO, Silicon dioxid ch
may include a dopant material), and Indijumtin oxide (1TO, formggdsen a
transparent or sem -transparent substrate. 10 Background ‘of "t e inventionm
The mar ket for dgyices having touch- sen5|t|v- screens. i S increasing very
rapi dly. Many of @ meifod and deicesproduced e eichingmethod cans such
as, nobile conmmunications devices. O her such devices include nulti “touch
15d| splays (that is, display devices which are able to detect the
respectiveF ventiome screen of three or nore distinct contacts) and
conputers with touch-sensitive screens. Touch sensitive screens use-charge
coupl ed device image sensors. The 20.sensors often enploy a double ITO

st ruct us e. Thedhveéntitin refdtes ¢o baﬁethoﬁlfoﬁétchrr@r@ ﬁﬂér@@truc@@é\du irigfhgl TO

el ectrode separated froma second transparent, conductive | TO el’ectrode by

a thin i nsgpaveniipl2yess obindgim;tirpexide NiQleS d'ﬁosld@)@%(@@)\(\@@cbd’@@)ﬂ with a

conducti vefmt al 5 JHRGNE é Egd% f(!l |d% 8 e@¥n Pt nt
sequentlal ayers o K u n OXI roxi de (S , and
251 ndi um Tbnsemmiemébil@htsnbﬁrateansparent or sem -t ransparent substrat e,
and t hen

10 Background of the invention

The market for devices having touch-sensitive screens is increasing very
rapidly. Many of these devices are mobile devices with touch screens, such as,
mobile communications devices. Other such devices include multi-touch

15 displays (that is, display devices which are able to detect the respective
positions on the screen of three or more distinct contacts) and computers with

touch-sensitive screens.

Touch sensitive screens use charge coupled device image sensors. The

20  sensors often employ a double ITO structure. Such a structure has a first

| transparent, conductive ITO electrode separated from a second transparent,
conductive ITO electrode by a thin insulating layer of Silicon dioxide or Silicon
dioxide doped with a conductive metal. The double ITO structure is produced by
forming sequential layers of indium Tin oxide (ITO), Silicon dioxide (SiO;), and

25  Indium Tin oxide (ITO) on a transparent or semi-transparent substrate, and then
selectively etching the layers. The remaining portions of the double ITO

structure provide electrodes on the surface of the substrate.

The steps of etching the different layers are a crucial step in fabricating a
30  microelectronic component. One method widely employed for etching an article
carrying a layer to be etched is to overlay the layer with a suitable patterned

mask and then to immerse the layer and mask in a chemical solution that
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selectively etching the |layers. The remaining portions of the double ITO
structure provide el ectrodes on the surface of the substrate. The steps of
etching the different |layers are a crucial step in fabricating a 30
m croel ectroni c conponent. One nethod wi dely enpl oyed for etching an
article carrying a layer to be etched ig to overlay the layer with a
suitabl e patterned mask and then to i merse the layer and nmask in a
chem cal soqolution that 11111111117111111111111111111 *0Q002* 2 attacks
The | ayer " aHare he oo Wil b haimask dckand whls ey eghing o Beher
nmaterial s edatehglsaf the bRicledtoda Minintalextarite Mhis pRicesBli®e@Neritidnally o
conventionally applied to the etchiﬁgoof a double I TO structure ‘conpri sing

¢

sequent i al apaj be etghingraf | doubl (stragiure Sompisingisesyendial Biyees of and

4 . AR . ; . . it
i 11 or ent  FRIBECTInA e (1 98) SREPHRE (BI04 Pod IBER, "R BHEET T RV each 1 1o
llayer hsis besforrhingi muttipks etehing stepoforahe diifferant reispettivestagbrsas, hydroi dic or

nitric acid solutions, or a hydrochloric acid solution with a concentration
such as 2N. Such an acid etches the material '10i sotropically and may strip

away t he e Lak! (%a% [ e - ortions
of %/he Ia;F/)e tseeglgﬁyé? I&Ie ”@F@GS%’?%{%?; {}gg{gﬁ}gf rﬁ???’e%ﬁsbc}? @géé%? ne'?]use of
phosphor i c adwtachic sdution sudh g dtydraidicairatitricsdcitl solationisiwiria/kydraghiosic 15US
cone ot o2l WG eRaeloh AR A BN S oBls PR o

m nut el eféo&r@féﬁ:awtaharrﬁa¥ Mt a\ﬁégﬂ@?h@@%@%‘t,%&@ﬁtiél@ﬂeé&?@g46'e@éfﬁn@anno'[
etch Silicon dioxide. Instead, a 20Silicon dioxide |ayer is conventionally

et ched usi afjingarrectportigns ofrtissiayetnbenaath. dSR00D802120H 76 (Stocknmaet al)
unfriendly [fluorine-containing conpaynds, .such as, HF or, NHMF. The

mechani s PSPRERE (07 GAF 7 PBPSIRERGRTH Cater Ai11Ba PPSHocRoR IR of t he
Silicon di eshdéctiveqayersanpl e, US 5976988 (Konunma et al) describes a

fluori de based etching solution to etch silicon oxide, alumna and a
25silicon nitride film US 6254796 (Rath et al) describes selective etching

Sor vent £ B RESEAS of b S0, DR BRTR IS g oo
silicon oxcdetaireiye hydmitit abietarefemtethlondedbt AMEINO & formea hiyees with a

gaseous hydrogen fluoride-water m xture. US 7470628 (Ko) describes the use
of 30f | uor B8A90R RFMEER for etching silicon dioxide. '

Most etchant compositions for ITO acidic cannot etch Silicon dioxide. Instead, a
20 Silicon dioxide layer is conventionally etched using an etching composition
which contains environmentally unfriendly fluorine-containing compounds, such
as, HF or NH4F. The mechanism for the etching of the Silicon dioxide is
dissolution of the Silicon dioxide. For example, US 5976988 (Konuma et al)
describes a fluoride based etching solution to etch silicon oxi-d-e, alumina and a
25  silicon nitride film. US 6254796 (Rath et al) describes selective etching of
silicate glass using a fluoride-containing compound and certain organic
solvents. US 6936183 (Chinn et al) describes isotropically etching a silicon
oxide layer sandwiched between two silicon-containing layers with a gaseous
hydrogen fluoride-water mixture. US 7470628 (Ko) describes the use of

30 fluorocarbon gases for etching silicon dioxide.



"3 Etching a Silicon dioxide layer on an article is a particularly difficult
if the other portions of the article also include Silicon dioxide or its

al l oys, since the other portions of the article are al so exposed to the
etching conposition. 5 Note that these referenced docunents are concerned
with etching either ITO or Silicon dioxiyde, not both. Figs. 1A and 1B
illustrate two problens which may occur when a double I TO structure is

et ched usi td.erned. phpto-resi st k.. ldeal.l t he. unetched, 10porti on
of “the doubraindd SEFAEHGRI Buafsh 3h 4REE s piRtcdeny ARG Srer
structure yworths/fhe Bstick bR ihblRdetSilidditdiosiiewrdts @iy sasinaé tes Btherr Y
simlar to that of the patterned photo-resist mask. However, if the double
| TO st r uct BPHIGNS oftthe adticle are alsoi posedite the atchingieomppesitions of t he

phot o-resi st mask, the result is called '"over etching”". This is illustrated
in Fig 1A where the unetched portion 22 150f the double ITO structure is
narrowes t Nate thut théss refersicet! dorsinehts bre thecdraed with &bhiﬁgtéim@rﬁ@@ is,
in the direction parallel to the surface of the substrate 23). Over-etching
| eads to | SHigonidiexide. not kothseparation of the el ectrode fromthe substrate)
as the | eads becone too thin. Conversely, FIG 1B illustrates a problem
cal l ed "under-etching”, in which the unetched portion 22 of the double

201 TO st r u€igs: 4 AcandhBsllusitate avo prategosdvhibl npdnobceurasthiart andasible2iTO

Under - et chi results, in short cjrcuits since adjacent |eads are shorted.
Surmary. of ST FRSHENGH VPR 5 Pabermed sheliv PSRt Sesk. H8aY.d0s dBeichtel and
usef ul 1gret BepidnQsf the Houbl Fra aireERFe Rhatis! tHePpdifvh 1 tReayaRki b | ayers of
Indiumtin oxide (1TO, Silicon dioxide (5 02 whi ch nay I nclude a dopant

mat'eri al ), stiacturenwihich teinmaios iafter theTeichingy sbduldrhavet a pattear wary similar to

sem -transpar.ent, substrate. .4 et.chant c ositi.opns could patentjally do
this, such O%Qﬁ‘ B?ﬁ%r&epcorﬁ’é?'ﬂegﬁﬁ W?FB‘n%e@&rngEet&%l#ﬂ? 3'/-P§I %'th{s '%t chi ng
conposi ti oagcheduh Idcations Denswkies siet fiRienebEMRPhdtOFBSiSt a8k Stheawsupd been
used for this J)ur pose. Furthernore, hydrofluoric acid is toxic, and

strongly aFRigqd sveeetohing’. thispsdiusirates nobig1Aathese ithe neetohiedtpastien 22 it i s
PET. | | i L i d | o] T.O ,
that 1555 DFFE G MIETTOI R R TE haftBuBr A Iy Be Bk 21 8% b e

(whi ch nayldtedl ditectiord@haint, inethe direcliompéardileCio the sigfaetdf\eé yubswatect ed by
a patter neg ghot o-resist 10mask, and that the sequential |ayers are etched
in a singl €35{Q¥RRjcRIpgjeadsiorlepy liftisyeohl- en ger¥pEier &f throplertiade &iom He doubl e
| TO struct upBetrdib) Qé%hé)%%af&%ﬂ]é{a%tthm?'csodvar&@%%h@.%Bb.}iugpa}la%' ng as the
et chant conposition an acidic solution contarning a transition et al
chl ori de apobbigmdraatied SunderaeticHingHGh)which the unetched portion 22 of the double

20 ITO structure extends laterally beyond the photo-resist mask 21. Under-etching

results in short circuits since adjacent leads are shorted.

Summary of the invention

25

| The present invention aims to provide a new and useful method for etching a
layered structure having sequential layers of Indium tin oxide (ITO), Silicon
dioxide (SiO2) (which may include a dopant material), and Indium tin oxide (ITO)
formed on a transparent or semi-transparent substrate.

30

The invention is based on the novel concept of employing a single etchant

composition to etch both the Silicon dioxide and the ITO together. Some known



"15 The invention nmakes possible a cheaper and environnental friendly way of
patterning the double I TO structure, through a dry photo-resi st

phot ol i t hogr aphi c process and wet etching step. In particular, the double

| TO structure may be etched using a substantially fluoride-free etchant
conposition. 20lt is advantageous to selgect an etchant conposition which
etches ITO layers and the Silicon dioxide |layer at simlar etching rates.

Preferably, the.transition metal chloride,i.s ferric chloride ar, cupric
chi or 1 de.  iSans CpRRBGIRRS, BBl e Gl §E thE ity e BN FCACHay have a
concent r at igglutibA, bhsorhari®nglyCdikaline &RdhingcaBossEd, Biut td But knd\dedge
concentration of about 0.02 - 1.0 N. A value towards the | owerend of the

range (e. gthass eighantcappesitionehaye sat beemusedfordhisurposs Fufrthemmore,
trat | lLar de i idental Ly ri.sing t i.ah. . which m ght
Cend o ovbidifileistid GRokePandShonaD' M ditha dohddhs A, MLt o

range 05 01attaBhNtHessiiisteite iftiis RETE. concentrati on range used in conventi onal
techni ques for etching ITO which reduces the risk of the patterned
phot o-resi st mask being stripped before the double ITO structure has 5

been_et chegh qdhier h&ms?'é@in@anfiaﬁggmgﬁ\gg Bgﬁgf&gﬁ@ @trﬁgﬁ@ﬁgtpw% gloubl e

| TO structurg 1n the regi ons not atterne O-resi st
mask, wi t hstructdseragntaining seghenta! lasErs of TBDIoBiticom dioxides(vitsich naeainclidei con

di oxi de can pe etched. t roposed. et ching .c osition is surprising,
since Silié %“&:magﬁ”é)'i?ﬂaﬁgolﬁrjﬁ%"tlvﬁﬁkﬁﬁg‘gegg&;ﬁ)@ﬂt‘?rﬁﬁg %9550‘ st

ment i on@d ARAKehnd WNAAE iseRabnlifdiNEre iRé etedth@éiRgleRbtchm@rstdh AkkFDy €l Y
on dissolution. Wthout being bound by theory, it isS currently believed

t hat nechareédaving seleated phdionis| afdbe double IdO stsuctutshdichasbesr fqumektbat

10i nventi of..ma be.tlhg)t){ t he transi ionLPHEtfal chl 0{.i de causes @r.acks in the
surface of "t hePSSRIERY YNBLYIE as e eieRdht (RTHRQRNIQT apRCIHE SPIAN i oxi de
fall away. cdhianingalttarsition metal tiddrRId ahd WydidchsrRdcid (amexi sting

techni ques. As noted above the Silicon dioxide may include a dopant, such
as Alum num 15Silver or Zinc. In this docunent Silicon dioxide doped with

Al um n ' i .S of . i1 i i QXI will be
eorr b ¢ ohedg e BRes BOFbRY biedtorand G B MEbANRESE: "Si 1 Can
to Al um nupnttérring the doutie 1 TOMIrueturd| thrbugtinaairg phot-tdsisthotalithygraphlces s
than that of Silicon atons, and nmay be about 10% of the total nunber of

Al uni num aREPOSSSianshvet efRing siept IRdartipias the dovblerlZ Chaljucumumaydn of
Silicon at :10% T )| E!fﬁg?%qlcgﬁﬂ; : the i nvention

provi de bo?@%ﬁ%&@éf%%sgdgﬁp%gng d%ﬁ%ﬁe str cotcstljt?;er"on a transparent or
sem -transparent substrate, and devices produced by the nethod. In at |east
one e di ment of a device of the jnvention, the 25unetche ortion of the
doubl 620 TSR PeTeTBESPE fe Ak AR ElanaRt GPMPGRaR VgD CLAPATELRYBos. | The
devi ce may ahg tRe BAILOR diGXI8L TayER ot Sikifdh ctBhiRG 4kl Y @ capacitative-type
touch screen. The touch sensitive screen nmay be for use in a nobile phone,

di splay, or conputer. A few exanples of apparatus into which the screen

be i devj PDA . i , book
SN RS o M R A o

entertai nment apparatus (e.g. for novie on demand), financial apparatus

such '
The Hydrochloric acid in the etchant composition may have a concentration in

the range 0.01 — 1.0N. In one possibility it has a concentration of about 0.02 —
1.0 N. A value towards the lower'end of the range (e.g. below 0.5 N) is
preferred to minimize the risk of the concentration of Chloride ions accidentally
rising too high, which might lead to over-etching and/or release of Chlorine gas.

30 The con.centration range 0.01-1.0N is lower than the concentration range used
in conventional techniques for etching ITO, which reduces the risk of the

patterned photo-resist mask being stripped before the double ITO structure has



"6 as automatic transaction nmachines (ATMs), interactive signage apparatus,

- fitness equipnent, etc. The above summary of the present invention is not

i ntended to describe each 5 di scl osed enbodi nent or every inplenentation of
the present invention. The Figures and detail ed description that follow
bel ow nore particularly exenplify illustyative enbodi ments. Brief
description of the drawi ngs 10Enbodi nents of the invention wll now be

descri bed,  far e e of illustration pnl with.reference to th

ol | ow ng_ SPaniaigee s e steniib iRle 5 BY chosth hidteRhRS e s8ubR TR, 1o
whi ch respeglictued jh tHd regiort mot@oreret B tHpattsined ot edistaask, \ditsbugb! e

| TO structure usi n& a patterned photo-resist nmask; 15FI G 2 shows the steps

of an embodPmagingthe pRotprresieht i nvention; FIGS. 3Ato 3E illustrate
structures at corresponding tinmes in a nethod of FIG 2; FIGS. 4
and 5 are optical mcroscope imges of a structure produced 20 using the

met hod §f Nt thiatihe dictehateSilicem tivlxideossh bé efchethby thd prdpbsedetehigigr - et ch;
FIGS. 6 and 7 are optical mcroscope i mges of a structure produced using
t he net hod CBMPEsHionds sHERSising SénGeiiean diaxids tsinaisolhle in seeh 8o an

-etch; : S ; : I after
por f or mncSonPesion, ARAVES iRl dBRGE) npirByafteehRinull o BeARE 5T 104 oc
are opti calSilioeagtisxidé relyrarcdiasastipn.dfithedt beingdpound byethbory, dtfis EuGently

FI GS. 10A 10 X- t qel egt tr f, tively, a 30
PET subst r DPLeYRSL LRk DeRRISE By yeTeh s lepbaiande Restahed ™ e werbilibst r at e
after e sueptien Inf4y Bé ivstitHE randfioPaRBtal BARYiAE d2Vis8s ePidkS in tHe surface FI G

11A, 11B, 11C and 11D are optical microscope images produced by carrying
out* t he nmeohtie Silicen dioxide, wuch that pieces abthetSilicart diokidenfiall ey dihis ed out

oot car | nHr AT HBeh AR Bt e e e, 17 S

As noted above the Silicon dioxide may include a dopant, such as Aluminum,

15  Silver or Zinc. In this document Silicon dioxide doped with Aluminum, which is
often referred to as Silicon Aluminium dioxide, will be referred to as SiAlOx. This
term does not limit the atomic ratio of Silicon to Aluminum, but the proportion of
Aluminum atoms will typically be less than that of Silicon atoms, and may be
about 10% of the total number of Aluminum and Silicon atoms. In other words,

20 there may about 90% of Silicon atoms and 10% of Aluminum atoms.

Embodiments of the invention provide both methods for etching a double ITO
structure on a transparent or semi-transparent substrate, and devices produced
by the method. In at least one embodiment of a device of the invention, the
25  unetched portion of the double ITO structure includes a matrix of row and
column electrodes. The device may be a touch sensitive screen, preferably a
capacitative-type touch screen. The touch sensitive screen may be for use in a
mobile phone, display, or computer. A few examples of apparatus into which
“the screen can be incorporated are GPS devices, PDAs, Interactive TVs, e-
30 book readers, kiosks (e.g. for food and beverages), gamming machines,

entertainment apparatus (e.g. for movie on demand), financial apparatus such



"5method of FIG 2 under alternative experinental conditions. Detailed
Description of the enbodi nents - In the follow ng detail ed descripti.on
of the preferred enbodi nents, reference is 10 made to the acconpanyi ng
drawi ngs that forma part hereof. The accompanyi ng draw ngs show, by way of
illustration, specific enbodinents in which the invention nmay be practiced.
It is to be understood that other enbodinents may be utilized, and

of the. pr e oAt AoiRl AR AEnES A Mo i<t Bt TBBR0% BBpoiet R et of or .

is not to BmesakRuipment, ktdll ting sense, and the scope of the invention is
defined by the appended clains. FIG 2 shows the steps of an etching nethod
which is an enbodi ment of the invention, to etch a double ITO structure A

~suitable d I i il rat. in.Cr ct| n ew in

R SR e I S N L R R
t ranspas entjls&ldmtjrembodtmenTbeet/é@ri&nﬂém@htaluhfdﬂtﬁé prdgentiyveptiohomied from
any rraterl Wlthgé]ghtransmtta npre than 85% and with a | ow

haze val ue {gé"%s ap ?@W%‘B“G%t‘h@téa"%(?ﬁm Apre eartiiianit exemapifynal ASTM
D1003 st angpkfativ@¥nibedihEsts. 1% this val ue can be 25 neasured using a haze
nmeter, such as the "Haze-gard Il" manufactured by Toyo- Sei ki Sei saku-sho
Ltd. of Japan). The transparent substrate 14 ny be pol yet hyl ene

t er epht hal te PETr? AIt I n tlvelg, it may be any one of polyethyl ene
napht hal at r pol ycar bonate (PC), pol yethersulfone
(PES), 10l Eﬁ?dddlﬁbﬁts(m}te uﬁ\?&dﬁ%ﬂr\piﬂrn%@\f@e Geggﬂbe@(?&oﬂh)éeéﬁ%rcﬁtllhﬂtﬂéﬁt)ﬁne
(PEEK), polyetherim de (PElI), or glass. | e substrate, or

i nfl exi bl eonlygwithgefetienee tQagr@rfglIqwtnglctrawlrtgmrew@ndmmer | TO | ayer 13, a

lS?x(la(r) )12 gl;tdsialnkfj(gpgj ﬁ%l(%gg%?fg& %@%D{é §eﬂ%/Wh e&ﬁg]gt?v%l)fﬁl @?treucture has

a transm t baacetchfingadnd @ﬁéér-@tbﬁm? HFWdatbleayel Saghie 8 pHidediedt 75nm and .
a resistance of about 120 S2/sq 5(plus or mnus 20 0,/sqg). Conceivably thin

| ayers of 8hﬁ@rr6$ﬁt@?ﬁ'sé<l s (conductive netals or netal oxi des) may be

present bet vveenrid? Oanss%r gbs ggﬁ %]%cgdu Aépﬁgtjthtegﬁ ge{ﬁeh&gho%nd/or

betvveen pal rs o ayers 'S ’'not

consi dered furt FKBShBAeo 3Hllusteatbistsictrbe @t cbrrbb@oﬁmh@ﬁdwe(sﬁhwnbﬂf&d 6l G 2)
a dry phot{Q_§S| st layer 15 is lam nated onto the upper ITO |layer 11, to
give the s f@cdure shown in FIG 3B. Step 2 of the nethod is a
photol i t hography step of exposing sel ected areas of the photoresist |ayer
15 to W light to produce cross-linking, and devel oping the 15 photoresi st
| ayer 15 with athBSu#andcﬁJammptmal uticroscopé éimabys obastruoyreeraduned of t he

ggogﬁ(r) | Isﬁs ppéﬁe tthIO?Hlérfun%er 8{(8esr?mla}1t%ll<8gndltlghssm}% %dllé(c:ietg a% structure
under-etch;
FIGS. 6 and 7 are optical microscope images of a structure produced
using the method of Fig. 2 under experimental conditions which led to an over- .
etch;
25 FIG. 8 shows transmittance spectra before, during and after performance
of a method as illustrated in Fig. 2;
FIGS. 9A, 9B and 9C are optical images of structures produced using the
method of FIG. 2; , |
FIGS. 10A and 10B are X-ray photoelectron spectra of, respectively, a
30  PET substrate covered with a double ITO structure, and of the PET substrate

~ after the double ITO structure has been removed by etching;



"In step 3 of the method, the portions of the layers 11, 12, 13 not covered
by the 20remai ning portions of the photoresist 15 are etched with an
etching solution, to give the structure shown in FIG 3D. In step 4 of the
met hod, the remaining portions of the photoresist |ayer 15 are stri pped
away, to give the conpleted structure of; FIG 3E. 25 W now provide

exanpl es based on the process of FIG 2. In all these exanples, steps 1, 2

and 4 are carri o) i a ner, but step 3 is perforned in
differing ways. E%eyg’am’re@ (;?EEJI s@ﬁ ?%tgza}i m'%fOrQ'ﬁBP%mg%%s, pﬁ'&ﬁ_d&yf fer
inthe tr aaéﬂrmgmmfﬁ'i@inéﬂ%d)bf HES CBMWitH 88 @tdHing BRpedfahe MeethBaR@%idd On used
30in step 3. te that the exanples are illustrative only. The experi nental

par anet er sOubfed diffasepkiespectiver lepaths ofdime;aant anounts thereof recited in

construcd 1o unbky e SBL AR o2 UL RS B SRR R IBRGURE . oo

substraj e #vethes ofiFIGYZundér &lteknativelekgstiméntahcomdittsss.of 125 microns. Each
| ayer 11, 13 of 1 TO had a thickness of 20-25 microns. The Silicon dioxide
| ayer 12 had a thickness of 40-45 microns. If the thickness of the Silicon

di oxi de | apRiaikd DesFdiBhidf iR bmbitheh@e this range, for exanple above
about 50 m‘mﬂfﬁs_t‘?rl‘s@my—r—e‘a‘g—ro—rn‘é‘e'r‘\ or optical or electrical
properties. The layers 11, 12 and 13 were forned by sputtering. The Silicon
10 di oxide, |l ayer 12 is, for W th an um num dopant .. Wi th t ar get '

a1 um num albiRedoLaina s i fesrrtisfiasihe ReSRTRE S RN, cRreP i s

Sui tabj® PReider8%he bEchbMpafyingifaivihdt! BBt fordl & paRURREST. ARt or esi sts based
on pol ynmet hl y-net hacryl ates; Such as, those comercially available from

Kol on 15| ndaeamparying dsawings isbhowa byrvdey of ilestratitoe speagific isptisiimeatshior

i tabl e phot i.st UH3215 (al sp f. Kol on. I.nd ' d NI T2325
(from N chRDISERBYSRn mely degraS et ST bRt BEU L SBee i1 ab o
et chi ng pr@ﬁidoairﬁénfshﬁ?g@_@mmz@dj,@idgﬂ@ctvmopldykm%ﬁahgeéh?a thé pleiess of

t he photoresist |ayer is in the range of 15-50 m crons.: Specifically,

t he exanpl wihauet depasting fieat thessenpexef thRipsesend deverdions The Jgllaying sietaitegr ons.

oot o- Fosi SpceR Ehe By TS rBRNT LR o (Rl sordRTBhd i€Sidhs STRDTG o

m crons r egwention i gefiverbby thenapsendeabtlainisir fine pitch devel opnent such as
30/30 (i.e. leads of width 30 m crons spaced apart by 30 mcrons), but the
t hi cker photo-resist (such as KP2150 with a 50 m cron 25t hi ckness) was not

suitable f f4 i T AN IUAN: P : j for the
kP3215 v 55 55T o N US SRS R hing MBI URRIT O EmBBABRELTER. | %Ly ' 50
m crons). yentitn oetciphadable SiQ istrubturéi Alsuitabledelubiey | T stractuee duri ng step

2 is shorter and hence polynerizatio f .the expose to-resist is very

cni for i 1+ BHEFEFAE ST argianab F s AR, e i e o Rbsss L9Res 11nE24 op

| ayer of 3@3%@%@%@@&@@% #iraRSHArERE bdstrdté Iue ThEhRmshBRM eLbaakyr f ace

which is in contact wwth I TO | ayer 11. The unpol ynmerized area nay dissolve

in the devéftopaynbe doimed tamymny materjal vdtichigh tramsmittanizs Geng.nmaorethainr om t he

AR §C§5%) and with a low haze value (e.g. the haze value defined according to the
international ASTM D1003 standard, may be under 1%; this value can be

25 measured using a haze meter, such as the “Haze-gard II” manufactured by
Toyo-Seiki Seisaku-sho Ltd. of Japan). The transparent substrate 14 may be
polyethylene terephthalate (PET). Alternatively, it may be any one of
polyethylene naphthalate (PEN), polyimide (PI), polycarbonate (PC),
polyethersulfone (PES), polyacrylate (PA), polynorbornene (PNB),

30 polyetheretherketone (PEEK), polyetherimide (PEI), or glass. It may be a

flexible substrate, or inflexible.



" 10 This gives an undercut problem since the etching solution seeps into the
interface between the ITO |layer 11 and the photo-resist. Another known
phenonena is the capillary effect: for a thinner resist the etching
solution can easily reach the etching surface, whereas the etchant nay not
reach the etching 5surface when the phoko-resist is thicker and the spaC|ng
(parallel to the surface of ITO |ayer 11) between the bodi es of

P bstrare dheditpkid™li 12, d3A8EoRRs TR dRER 1 B Rue 2 BERURb " 1"
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best adhesi on_an ness, and made it possible to obtain ver flne
pi tch, but 1krDesiabiustherdauble O strogiuse besta transmittence obat leastabeuthni cal

data for a t he
substr at eNgﬁ %ng\éa%bgﬁ%eat e%l aﬁ@’”ﬁ%’%‘a?”" %‘Or &%r?cuér Qfd%fo@gigoa%q and
that the | glusat nﬂnu§20L(|2¢isd)eCDﬁcéloah5lI?dhwIéﬂ/’er@ df@ﬂmrméwrglsn(fcoiaaﬁctmo C at
a 15pressure of 0.2-0.4 MPa and at 1.0-2. with a hold tinme of nore

than 15 m M@a@s or metakpydaskmay berresent W@ﬁﬂ th@ tiapsparan gabstraet it anot her

hold tinme BEHVE h f i st should
use a sol utgf]%;lmv\%y%ﬁqgsa’%j/ép 1. 0/0":é \éedeII?é(i;%eg gjﬁ uﬁ12 p{@?gﬁoang@ at 27-30 C,

and a pr espassibitify i8.nbd-consiNPead i@ohheeharq)l e a solution which was 1.0% by
wei ght of 20 Sodi um carbonate, at 30 C and 0. 15 MPA takes 20-26 seconds.
The recommended stripping conditions are a solution which was 2-3% by

wei ght 1 @f ﬁparf.%flslwbmﬁe%etrﬁd (%tér?WF?GUQFa @y fRotRedistalfery Plsessur e of
0.15-0. 20 MPa. For exanple a sol ution which was 2. 5-3. 0% by wel ght of Sodi um

hydr oxi de, lamingtedonindhe uppes K daysr 10, lrsgwmtheatwstuve)swwsemﬁh@s3825 I n
step 2 the UV-light was projected on a desired portion of the photoresist
| ayer 15. The. portion of the photoresist |ayer 15 exposed to the UV |ight

under went seép/mw@merﬁﬁod an@@nﬂ%@rm{yst@a Alex b@in?%ﬂé&t@&bﬁéaé gyer 15
protected fromthe W lig remai ned unchanged exa sodi um

car bonat e HiEnphstorpsist Iggera1 5tei WY digkt ta @n@ﬂnsetcms%m@ tang @ﬁuﬁlweg the t hat

has noj: be i t oresi s
‘ayer 1 | EhoBtaREaeyert s ity Riuie H46eBFY I LAPH RO Bribuhd BoRRSS YIS Ty
i s inport atie pleotomssistdhydrhis Whichl arpinay croseciiked! ThROfrogueegactuctfbsis Si de
5 walls and a oogées&:st footprint imge. Exanples were carried out to
find out tﬁ'éo‘i"%ﬂfé {Go#Ct he devel oping sol ution on the double I TO structure,
and it was found that, using a devel oper which was a solution of 0.89% by.
wei ght sodi um carbonate at 25 C and with a pH of 10.6, the double ITO
struct ure hestepriof theanéethedetheaportion® ohthe layeksO1 M 20 d® notesestedeyptitd ment al

| t | at i to t.h tep.3._ Th to t
oot ool TRTRRINg FtpTs BY PR Gt ARt an o I B CHIOSEATHIAMdo ot chi ng

conposi ti OBive the structure shown in FIG. 3D.

In step 4 of the method, the remaining portions of the photoresisf layer 15 are
stripped away, to give the completed structure of FIG. 3E.
25 _
We now provide examples based on the process of FIG. 2. In all these
examples, steps 1, 2 and 4 are carried out in the same manner, but step 3 is
performed in differing ways. The examples are qlassified into two groups, which
differ in the transition metal chloride contained in the etching composition used
30 in step 3. Note that the examples are illustrative only. The experimental

parameters, and the particular materials and amounts thereof recited in these



' 151: Performing step 3 using an etching conposition including cupric
chloride In this case, the etching step 3 was perfornmed by exposing the
upper surface of the structure shown in FIG 3C to a conparative etching
solution having only cupric chloride (Exanple C) and to etching

conposi tions of the present 20i nventiong ncluding Hydrochloric acid and
Cupric chloride. Specifically, the structure was inserted into a beaker

containing the etchin o) sition.. Six different anples were epar ed
Gsing  he EERORTRS Ae drIESS BLs sPRRieEs soR daieictiaie BoLbR solRieRic hna

et ching ti gRauliliveintHiginleBbtienl. Exanple No CuCl2. 5SH20 (Cu2+ g/lit) HCL (N)
Tenperature (C) Etch tine (s) Remarks C 1 100 0 48 30 Under-etching. The
exposed areas al so exhibited cracks. 2 100 1 48

~ In the examples, the transparent substrate 14 was a layer of PET, and had
5  thickness of 125 microns. Each layer 11, 13 of ITO had a thickness of 20-25
microns. The Silicon dioxide layer 12 had a thickness of 40-45 microns. If the
thickness of the Silicon dioxide layer 12 is significantly outside this range, for
example above about 50 microns, this may lead to inferior optical or electrical
properties. The layers 11, 12 and 13 were formed by sputtering. The Silicon
10  dioxide layer 12 is formed with an Aluminum dopant, with a target aluminum-

atomic concentration of 10% of the number of Silicon atoms.

Suitable photoresists to be used in step 1 are aqueous photoresists based on
polymethly-methacrylates, such as, those commercially available from Kolon

15  Industries of South Korea under the trade name KP2150. Other suitable

| photorésists are UH3215 (also from Kolon Industries) and NIT2325 (from
Nichigo-Morton Co., Ltd of Japan). it was found that a suitable etching profile of
the sensor electrode was produced if the thickness of the photoresist layer 15 is
in the range of 15-50 microns. Specifically, the examples were pef‘formed using

20 thicknesses of 15, 25 and 50 microns. A thinner photo-resist layer gave a better
result. Specifically, thinner photo-resist, such as UH3215 and NIT2325 with a
thickness 15 microns and 25 microns respectively, was found suitable for fine
pitch development such as 30/30 (i.e. leads of width 30 microns spaced apart
by 30 microns), but the thicker photo-resist (such as KP2150 with a 50 micron

25  thickness) was not suitable for fine pitch development. The minimum pitch we
obtained for the KP3215 was 50/50 pitch (i.e. ieads of width 50 microns, spaced
apart by 50 microns). For thinner photo-resist the light traveling distance during
step 2 is shorter and hence polymerization of the exposed photo-reéist is very
uniform from top to bottom, whereas for the thicker photo-resist the top iayer of

30 exposed photo-resist polymerizes faster than the bottom surface which is in
contact with ITO layer 11. The unpolymerized area may dissolve in the

developing solution which may lead to resist delémination from the ITO surface.



" 10 tUnder etching 3 100 1 48 30 Normal etching 4 100 1 48 180 Over etching 5
100 1 48 300 Over etching 6 180

10

This gives an undercut problem siﬁce the etching solution seeps into the
| interface between the ITO layer 11 and the photo-resist. Another known
phenomena is the capillary effect: for a thinner resist the etching solution can
easily reach the etching surface, whereas the etchant may not reach the etching
5 surface when the photo-resist is thicker and the spacing (parallel to the surface

of ITO layer 11) between the bodies of photo-resist is narrower.

The adhesion between the photo-resist and the substrate also differs dependin'g
on the choice of photo-resist. Furthermore, each photo-resist had a different

10 cost. NIT2325 h'ad the best adhesion and thickness, and made it possible to
obtain very fine pitch, but KP2150 was preferred from a cost point of view. The
technical data for NIT2325 provided by Nichigo-Morton Co., Ltd indicates that
the substrate should be pre-heated to a surface temperature of 40-60 C, and
that the lamination should be performed with a temperature of 100-120 C, at a

15  pressure of 0.2-0.4 MPa and at 1.0-2.5 m/min, with a hold time of more than 15
minutes. An exposure of 110-150 mJ/cm? is recommended, with another hold
time of more t_hah 15 minutes. Developing of the photo-resist should use a
solution which as 0.7-1.0% by weight of Sodium Carbonate at 27-30 C, and a
pressure of 0.10-015MPa. For example a solution which was 1.0% by weight of

20  Sodium carbonate, at 30 C and 0.15 MPA takes 20-26 seconds. The
recommended stripping conditions are a solution which was 2-3% by weight of
Sodium hydroxide, at a temperature of 40-70 C and a pressure of 0.15-0.20
MPa.For example a solution which Was 2.5-3.0% by weight of Sodium

hydroxide, at 50 C and a pressure of 0.15 PMa takes 70-96 seconds.

25
In step 2 the UV-light was projected on a desired portion of the photoresist layer
15. The portion of the photoresist layer 15 exposed to the UV light underwent
polymerization, whereas the portion of the photoresist layer 15 protected from
the UV light remained unchanged.

30

The latter portion of the photoresist was removed using developing solution. A

suitable developing solution is a dilute base, which is water soluble. For



"0.04 48 30 Nornmal etching 12 Table 1 Exanple nunbers 2-6 corresponded to
an et chant conpositi.on which had an 5 oxidation-reduction potential (ORP)
in the range 580nV- 670 nV neasured at 27 degrees Cel sius. One suitable
specific value was 650 nV. ORP is a neasure of the ratio of Cu2+ to Cu+
ions in the solution. Specifically, LS measure of a potential defined
by the Nernst equation E = E-2. 303RT/nF Log (Cu2+/Cu+). If the ORP.is |ower
tend to resu because of the

bel h
ooy Guor Cebole SRHITE Rarknate SHn becsel SE R sutEp B Siana th TERBVErES | ¢

hi gher 670pHUter@ié?th'éFha??loﬂbééﬁ'éxB&séH’RfUVaI Eafhé‘ﬁérﬁﬁ‘iﬁlrﬁaédihloﬁ%@tﬁé‘us a
chl ori ne out-gasing problem The cupric chloride chemstry etched the

| TO-Si Al 0xph¢t9rea§bl|ayers eginsedns thewhmg mask éorsétabing the dayegsilig18iep 3

h t hout affect t he dr hto esi st.
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5H20 -15 1ds-andla gébdré’éistﬁ@@ﬁjrfhltﬁnﬁ@@"@)@rﬁﬁl&sfv%re%héwgui bl uknown i n

the literature. The Silicon dioxide etching reaction (applicable also to
t he doped &hq ineRACt O he develspmcszdutm er the dewRle dHOj sirurturehgad itaMasn  B.

2002, 106, 7 sh“?g?‘
Copper PhyI hla\(;\:i% %rd%gtg |RJ QFP% é&&t%r}z'of @%82’5 b?—&@ Qr‘(t%%gﬁ% 4Si -0
-- Cu -* Cnaﬂm”r@&é a2 C3and with aan QfeTtO @ethéEddmbte)lT\@latruemf@FémtathS results
i n dissolution of the SiAl O0x, or

intact even after 2 hours!

10
We now present experimental results relating to the etching.st_ep 3. These are
grbuped into two sections, which differ in the transition metal chloride used in

the etching composition.
15 1. Performing step 3 using an etching composition including cupric chloride

In this case, the etching step 3 was performed by exposing the upper surface of _
the structure shown in FIG. 3C to a comparative etching solution having only
cupric chloride (Example C1) and to etching compositions of the present

20  invention including Hydrochloric acid and Cupric chloride. Specifically, the
structure was inserted into a beaker containing the etching composition. Six
different eXampIes were prepared using the concentrations, temperatures of the

etching composition, and etching times given in Table 1.

Example | CuCl,.5H,0 HCI (N) Temperature | Etch Remarks
No | (Cu®™ glit) (C) time
- e
Cl 100 10 48 30 Under-etching.
: The exposed areas

also exhibited
cracks.

2 100 1 48 10 Under etching

13 100 1 48 30 Normal etching

4 100 1 48 180 Over etching

5 100 1 48 300 Over etching

6 180 0.04 48 30 Normal etching




"whether this dissolution results in the crack formation in the Si AlOx. 13
Thus, the etching reaction involves the transformation of Cud 2 (that is,
the cupric, or Copper (Il1), chloride) to 2CuCl (that is, the cupress, or
Copper (1), chloride). The regeneration action, perfornmed using the
Hydrochloric acid, is: 52CuCl +2CuC 2 The source of the Chlorine ions is
the Hydrochloric acid (HCI) which disassoci ates .as: 2HC 2H+ + 2Cl" 10 The
experinments expl ained above were performed many tinmes on different sanples
of PET substrates covered by a double ITO structure. Initially, the etchant
conposition was exactly as defined abgyge iowever, after a certain nunber
of sanpl es had been etched, it was found that the proportion of CuCl in
15t he etching conposition had risen. Accordingly, an oxidant (sodium

chl orate) t0 formso of the accunul at. kK into
onco A ¢ ERanfie Byt GAT Rt MaRIE 18 ar AfnaSEoTtRa e SRcn RaTAR "o <
pr ocesss wagxietibaraBdction porehtigiqORP) iRRAE irAhgR bBIM VAR &fV measured at

U traviol et-visible si)ect roscoggﬂ neasurement was used to determ ne the

rati o of C4didegrees(ielsiusfne suitablespecifio valusuwas 6606V JQRP isea added to

return thi @-udéefs‘u'ré’ of ef]llé‘?ofbg%tfﬁdt r?g???rhs |rﬁeth8)§oﬂﬂf6§1 Sfflcglﬂ? OB ﬁ o as

generate a I ona I"or e 1 0ns e regenera react’’ on,

fol | ows: Ham%suraucapuamazaeﬁh@daga the Ndﬁhmfauatoﬁca EPsz BBORPIrePLEg Was
per f or med tl‘lgpl ng the remaini n% photoresist with a stripper and 30

then dryin t it SRR isdgwra defavk AP Volhisay-tend s spsulin AderEA)  and
water. 14 1 @mﬁngﬁeéédée%ﬁnb 166t ©87 Lor@hfiatish SnlFiyREcCRUEsitraghh, L hese

experinments t stripper conposition was vol une
vol ume% of Hthe &®RRBtis h@k&@ 60 Miditberelaty deta Hek bf overl saturatipgehe bath asl

Sodi um hydr,0xi de ot assi um h oxi de solution would typically not be .
sui tabl e, b&t%%& |‘f‘e\)%ﬁ'|9@ SES [f'é“'l TO layers 11, 13 and attack the PET
substrate 14. 5 The resultant structures were then exam ned with an optical

m croscope_and a scanning el ectron m croscope (SEM.
The cupric chloride chemistry etched the ITO- SIA|OX ITO Iayers sequentially

15  within the single processing step 3 using a single etching composition, without

affecting the dry photoresist.

The ITO etching reaction was:

IN,03.SNO, + 10 HCI + Cuy2+ =% 2|n3*+ Sn%+ 5H,0 + 10 CI + Cu*
20 | |

Possible mechanisms for etching ITO are known in the literature.

The Silicon dioxide etching reaction (applicable also to the doped silicon
dioxide, SiAlO,) is as discussed in J. Phys. Chem. B. 2002, 106, 2277. Without
25 being bound by theory, it is believed to be Copper Phyllosilicate formation, as
follows:
Cu2+

SiOs+ Hy0 «—» Si(OH)4 -+ Si-O--Cu —» CU28i205(OH)2

30 Itis not yet certain to what extent this results in dissolution of the SiAlO,, or

whether this dissolution results in the crack formation in the SiAlO,.



"FIG 4 is an optical microscope picture for experinment 2. In this case,
there was under-etching, due to the etching being carried out for an
insufficient time (10 10seconds). FIG 5 is an optical mcroscope picture
for an etching experinent identical to experinent 2, except that the
etching tinme was 20 seconds. ConparativezExanple 1 also gave under-etching.
FIGS. 6 and 7 show optical mcroscope pictures for exanple 4 and exanple 5

15respectivel y. I n F her e s m.ld overetching, e, to the etching
bei ng carri\@('f%b r}e c?tgbﬁgr[%&téoe%g}vg elsiqbr%gr S&rﬁ\?&'%)o.q Cf’ﬁ;l%(th%ﬁpﬁbe failed to
provide a @dec,&irod)bmbrmI?{dekﬁid/d)ttB 2T UTI (et id, ARG E8PresBUEr CBPPEE(), et chi ng
the lead width becane smaller and the space between el ectrodes becane

wi der. | n rhloride).t Hhe eegeneralianeactiosy eerferrad ngingihetiydreghlgec @cids ig:t abl e
times for the etching depends upon the type and thickness of the sensor
conductors to be etched. However, fromtable 1 it can be seen that a
suitable tinme is typically fro@2Q@ut2€P sec@TILILo 2 m nutes. However, in
ot her enbodi nents step 3 will be carried out by spraying the 25et chant
conposition, and in this case the range of suitable tinmes will depend on

t he spray g L ! I E ti me depends
on & pumber 5y BhEPhnE oS WM RrpchiBHe S I WMIGHY 1 e

respect i ve disasseoiatest ésins of the conponents of the etching conposition,
etc. One skilled in the art would b Iee,éﬁx dggy-_rm ne a suitable etching
time for different double 30 ITO st WP bh on the teachings of this
docunenpy. 15 A suitable range for the concentration of Cupric chloride was
100-180 g/litre. At a concentration above 200 g/litre there may be

sol ubi | i t y Tiechiperisens éxplained/albevehaetepetformeaechotanyrtihés opcliffarest i n t he

b A i on bel AN i
The r equ r SaTBIenPHEET; BsFRREYeRad BY o daubte 7EO Yt i ufton "of Rt
was 0. 02- 1 efcHant sbhipodshionasis akadthnaedemast Ssdved Hovidvek; 8itdY a E8ainover end

of the range (e.g. below 0.05N) is preferred to avoid a risk of the

concent r at Ngmbst cbspamlerchad heencichashitway fassdahehthe rropartigm, ofdbu€hinni ght
ead t 1507 e Sic%ﬂ%lﬁ‘gomgggi{ihg hraﬂeri_lé'eﬂl. ﬁ%ﬁ&o‘?@l%?ﬁb&?bﬁﬁ%s%ﬁﬁjm épﬁg%n‘egb' ©

range of tenperat et ching conpo on T ne tep 3 is |

perfornmed wasdidded 16, tramsfotnnsortecdtithg aexxanulated CuCl Kackdn QuEhar ed at a
tenperature of 48 C. In fact, it iIs expected that the hi g_her t he
t enper at ur &\Niermativele hydrogen perpxidesouldBadised asn pxigant ddis prasesswast chi ng

(subject t ' : t ki I the 1] 1Si i j houl d
ot have aPeooRRSHBIREICI: SpRCREAL, ORE o LR B e e ostdny ot on
of the wat encasmnémehtedstused toaetermind depratiopgli QuCl e Cuelleand p)suitable
20 amount of oxidant was added to return this ratio to the desired range. The
oxidant reactions, which generate additional chloride ions for the regeneration

reaction, are as follows:

H,O, + 2HCI — 2CI +2H,0
25 ' _ ,
NaClO3; + 6HClI —» NaCl + 6CI" +3 H,0O

Step 4 was performed by stripping the remaining photoresist with a stripper and
30 then drying. The stripper used was mixture of mono-ethanol amine (MEA) and
water. A range of different ratios of water and MEA are suitable. In these

experiments the stripper composition was 40 volume % of MEA and 60



20 FIG 8 shows exanple neasurenents of the transmittance spectra. of the
sanple at three tines. Line 31 is the transmttance spectrum of -t he PET
before the double ITO structure is deposited onto it. Line 32 is the
transmttance spectrum of the PET and double I TO structure before

| ami nation of the photo-resist (i.e. thgstructure shown in FIG 3A). Line
33 corresponds to the 25 transmttance spectrum of one of the portions of

t he etched, st ructure er ble, | TO . structure. has _been ched away.
I race s vonpte i alBares-28.C N el ittt §EoRE sHELRs Setiani ny
the struct hyerdxfdd:blgPo%Es(LﬁThhg{dﬂo&id@S‘@lum-%@Id‘@@ﬁﬂll?%ﬂbesu‘t@bl@h we
performed using a PERKIN ELMER Lanbda 20 UVNi s spectroneter - had to be

per f or med &¢eauskit avasdd gtchdthe|lEgslayarsn byl Zandatiaclathe Balsubstratee®d.cont ai ns
both etched and un-etched areas if the etching is on the mcron scale;

t hus, one has to consider the respective contribution to transmttance from
both thg eflbkadsaltahtsirueturbs wene ¢haer) examiriddewith aa cplicabmicrd$copesamdd
produced as follows. Three PET supstrates covered on one surface with a
doubl e | TOS§ARNIRY GREtroNIFASPRAIEMho phot o-resi st had been | ami nat ed,
were etched over the whole of that surface using the etching conditions of
exanpl es 3-6 respectively. Line 33 was produced using the 5 sanple which
was et chedFiGi 4ds aheptcalmicoosoopei pictons farfexpedmant 26|n this caseyitpéresw8s 5 gave
a substanti al,l imlar line 33. .1t wll be seep_that. |ine 33.is very close
fo 1 ne 31 undrtiefihish fuiedhnte Sfining palngaartied cut fet 2gvisvBEienhtimesdb:
throughgut sacymis)! PrELRis A6t niéRisédpe PBtuR dr aRtEniRg YxpBFifigaiout a
wavel engt h range "of 450-800. 10 FIG 9A shows an el ectron m croscope inage
of the et cltanticaltocexpesinmesitiZgxagpidhapthe gichiag tinke was heegonds. FI G 3E)

per f or ned i [ L own in Table 1 as Exanple 6.
El ongat e a@gﬁ%nﬁ%ﬁgﬁ]@m%% QS?Q_%Q%E%}F with width 30 mcrons are

spaced apart by gaps of 30 microns. 15FIG 9B is a corresponding imge in

whi ch the el ongate areas of unetched double I TO structure have w dth 50

ni crons an&l@Ped Andceahawapticaymiggpscape piotuies foasiexammlesd ard examaplei i | ar

i mage i I : e t : o) : . have

wi dt h lgomﬁ]é%%’ghgaﬁhiﬁ’o'g% f%%@%%ﬁaéﬁé'r'#’Bﬁ%%%ﬂeg'o‘?{%oﬂh%%‘?@hé%wF| G 10A

i's an XPS cXrrietyoytifot arlexcéssive ipeoBrmittes)) Thisanianipie dhiledl fobprovidesd r at e
covered with a double I'TO structure prior to etching. FIG 10B is the XPS
spectrum f SPPQ\ﬂt%”Q Reofie (‘,“ﬂ'ihrﬁ}g “Ggp‘ﬁ'gtaBQ%I[@'esto gvergtehingdhe lead Wit no -

traces of §ili ' i [ ' m\Rideyr fter

ct ahi ng 25 F R e A S R e e R 3% P cupri
chl ori de céereavgs sevarg avenetahindgie | TO stack. Note that XPS probes only the
top 4%@ nm of a surface. This is why no peak corresponding to Si or Al is
observ in Fig. 10A: the Si and Al is beneath a layer of ITO The absence

of such a gagkahfe bf SuitdisIB RIS th bR @ pdiRisTipdH thd tybs apgesent on the
surface of the substrate exposed 30by etching. W also pérforned

exper i nent icknasspfitbe sgensemiansiuctars dh beteteled . Jleweerafromaiablai$ itstanges of
the procesg, danARLE 4 Shdhie thfe TERILRY AbATaB0G B0 &K ndsA8 Lminutes.
However, in other embodiments step 3 will be carried out by spraying the
25 etchant cofnposition, and.in this case the range of suitable times will depend on
the spray pressure and spraying technique. A suitable etching time depends on
a number of factors, including the thickness of the -Iayers, the respective
concentrations of the components of the etching composition, etc. One skilied in
the art would be able to determine a suitable etching time for different double

30 ITO structures based on the teachings of this document.
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A suitable range for the concentration of HCl was 0.02-1.0 N, with the actual
range used being 0.04-1.0 N. The lower end of the range (e.g. below 0.05N) is
preferred to avoid a risk of the concentration of Chloride ions accidentally
becoming too high, which might lead to over-etching, and to the release of

Chlorine gas.

A suitable range of temperature for the etching composition at the time that step
3 is performed is 45-65 C, but the etching examples 1 to 6 were prepared at a
temperature of 48 C. In fact, it is expected that the higher the temperature the
better in terms of reducing the required time for etching (subject to a preference
that, since it is an aqueous solution, it should not have a temperature above 100
degrees Celsius, or else the evaporation of the water would lead to a need to

keep topping the water up).

FIG. 8 shows example measurements of the transmittance spectra of the
sample at three times. Line 31 is the transmittance spectrum of the PET before
the double ITO structure is deposited onto it. Line 32 is the transmittance
spectrum of the PET and double ITO structure before lamination of the photo-
resist (i.e. the structure shown in FIG. 3A). Line 33 corresponds to the
transmittance spectrum of one of the portions of the etched structure where the
double ITO structure has been etched away. In fact, it is hard to generate such
a data line using an element having the structure of Fig. 3E (this is becaUse the -
measurement — which we performed using a PERKIN ELMER Lambda 20
UV/Vis spectrometer - had to be performed over an area of at least 1cm by
2cm, and such an area contains both etched and un-etched areas if the etching
is on the micron scale; thus, one has to consider the respective contribution to

transmittance from both the etched and un-etched areas), so the line 33 was



" Table 2 FIG 11A-11D are optical mcroscope i mages, showi ng respectively
sanpl es 20 whi ch have been processed using all the steps of the nethod of
Fig. 2, using different respective tinmes in the etching step 3. FIGS. 11A,
FIG 11C and 11D were produced under the experinental conditions of
Exanples 2, 3 and 5 18 respectively. Tjus, for the sanple of FIG 11A the
etching tinme was 10 seconds. FIG 11B was produced in the same way as FI G

11A, except that the etchi ti Wwas seconds. For the sanple of FIG
11C the olsinaypiadfiesias Bhods ShiE PRS, SERELS afBred OR A ifache

et chi ng ti Withwhg8oGblB1 MOt fFuctdieY and Dntd @ hidhni® pA6todlesisthgaebhA- 11D gives a
good i npression of how nuch of the double |ITO stack woul d be etched away at

di fferent tarmipatas;weig edehed eyeribe sthgle of that surfagaugingi the atehingentical to

Fig. 4) co Iy re \ch. ar - JT0., These are
the upper Foyiiong of BBl TR TS taly by Wb epleegRutibiang 5e 111
are thes pasampid whivh was eteheldiing thecétehimgrdonditionsr of exaviepled, but t he

patterned photo-resist during etching step 3. The areas 111 are separated

by el ongat EXameles 3-bgavan sHORaPTAL BIAE bheas: & wil bereendhsl e 3O
structure expaged RY(ibd\81PaNd f BEcBAP RS iR minaii i arehehingn gdogp 3. | n

areas 1511 I con di oxi de has not been renpve many cracks have
appear ed i throughéut@ wateeagtit sings af| HM9gal % nay, ead abb¥e 8&% diroaghoesaond t o
the areas 111. The doubl e4TO ¢ructure remains intact in areas 113. In
sone ar eas VEYglangthERNoSef ﬁpe'zﬁ eas 113 the PET substrate 14 is exposed. In
ot her ggeas 115 between the areas 113 sone silicon dioxide remains. At this
stage, the sanple is under-etched. FIG 11C contains elongate areas 116

whi ch corr E@gaﬂ shewstan elestign migrosthpe ipage gbthe etvbed structuie éollayving ns

intact in the areas. 116. ,Bet t areas 116 are, el ongate areas 117 where
e doubl e SRS LRt 9 snRRL B EDG" BE) BREDined Bfioting SRRAMERBIRET Supst ot
i s exposedcondiiions sRERA IPTADR 1 GExampla®. BesHyate srdd<£of indtbked ddbblehas

been conpl et elr%r renoved. 30FI G 11D (which is i1dentical to Fig. 7) contains

ar eas 118 WHasruchie ydtipyisth ﬁ@frailtcrqnﬁ AecSRAcREI ARSI Rinars BheAmicransas 119
han the. af s34 TEePritetBndibe Hegk RN tho ClBfo@ePhed BFUACEBA aVe been

partly et clhedblevid) strudtbrs have dizith S0haicednys amd aeaspaged dpars pagapslofibeen
the areas 118. Tth ésge sanmpl e has b,eerh,ov r-etched. 5 The se erc]ce of
i mages FI GMIGrPRSt G196 i asimigrjanaos:is v '%tir?e%'ﬁaﬁ?’@rﬁrﬁéﬁ Peﬁ% of the
Silicon diqxjde: %ﬁksc i j g,p(p | oX

removal of eglbg%elggo |tpfé(r:|g§nvéd\?lom>§!|"ggphﬁ‘ﬁgr{séequeﬁ%e%@n%%ﬂbg\lg%\gstﬂA to
11D furt henODInhicsdnsat es how a skill ed reader can deternm ne a suitable

et chi ng time for a given set of etching conditions. Specifically, since
FIc 14¢ presents correct

FIG. 10A is an XPS (X-ray photoelectron spectroscopy) spectrum of a PET
substrate covered with a double ITO structure prior to etching. FIG. 10B is the
XPS spectrum following the etching using example 6. It will be seen that nro
traces of Silicon, Aluminum, Indium or Tin remain on the surface after etching
25 the ITO from the PET surface. This demonstrates that the cupric chloride can
completely remove the ITO stack. Note that XPS probes only the top 4-10 nm of
a surface. This is why no peak corresponding to Si or Al is observed in Fig. 10A:
the Si and Al is beneath a layer of ITO. The absence of such a peak in FIG. 10B
demonstrates that no Si or Al is present on the surface of the substrate exposed
30 by etching. |
We also performed experimental tests to determine the sheet resistance at

various stages of the process. In particular, we measured the sheet resistance



" 10etching, the skilled reader can select an etching tinme of 30 seconds for
these etching conditions. 2. Performng step 3 using an etching conposition
including Ferric chloride 15 W now turn to a second set of exanples. Steps
1-2 and 4 were perfornmed in the sanme way as the exanpl es descri bed above,
but step 3 in these exanpl es was perforﬂfd usi ng an etchant conposition

whi ch was an aqueous sol ution of Hydrochloric acid and Ferric chloride.

That is, the,Fenri or.ide replaced,the Cupric . .chloride.of th Leyi ous
exanpl es. ﬂf&hecﬂ%ﬁgjfbrsé%‘f‘i"&n@ rﬁé‘r éAt%esei(Sﬁé‘é%'°§§ w*p]egedﬁ\ggs é{ﬁ@ﬁﬂe‘ibove
for the cups etceihleidulie FRO etrublifre Wwaly, BRG bbtARe@SUAECE Fesistanos vBRi®S | ons
replacing Cu. Table 3 shows the 12 sets of experinental conditions used.

These cor r ésfn@aget W6 and Hdd 73S gso Sitehing sigp B was peifermedHrsingdbet i on
pot enti al - ' - |si us.
One sui tabIQegé g%{rlnt?gt%s ng@'gg%ﬁ?gggmgxﬁegﬁp%wrﬁﬁﬁég ggtbe%ﬁggﬁ%ﬁ%?p% afg/ )
HC1 Consentiiedd logationd Wvad engssuréd agalnCandifolind tavbe UmniYastrably high using

the milliohm ohmmeter used to perform the measurement. It is believed to be in

the Giga-ohm range.

By contrast, Table 2 shows the sheet resistance at 5 locations of the double ITO
10  structure of FIG. 3A where it was not intended to etch the double ITO structure
away, and the sheet resistance of the corresponding location following the
etching step 3 and step 4. The resistance is very similar, showing that the
double ITO structure has been hardly damaged in these locations. All are in the
range 120 Q/sq plus or minus 20 Q/sq.
15

Shéet resistance

(Ohms/sq)
Before etching | After etching
113 110
117 117
118 119
123 123
114 113
Table 2

FIG. 11A-11D are optical microscope images, showing respectively samples
20  which have been processed using all the steps of the method of Fig. 2, using
different respective times in the etching step 3. FIGS. 11A, FIG. 11C and 11D

were produced under the experimental conditions of Examples 2, 3 and 5
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respectively. Thus, for the sample of FIG. 11A, the etching time was 10
seconds. FIG. 11B was produced in the same way as FIG. 11A, except that the
etching time was 20 seconds. For the sample of FIG. 11C, the etching time was
30 seconds. For the sample of FIG.11D, the etching time was 6 minutes. Thus,
the sequence of images 11A-11D gives a good impression of how much of the
double ITO stack would be etched away at different times during an etching

step 3.

FIG. 11A (which is identical to Fig. 4) contains elongate areas 111 which are
un-etched ITO. These are the upper layer 11 of the double ITO structure of Fig.
3E. The areas 111 are the parts of the double ITO structure which were covered
by the patterned photo-resist during etching step 3. The areas 111 are
separated by elongate areas 112, which correspond to parts of the double ITO
structure exposed by the patterned photo-resist during etching step 3. In areas
112, the Silicon dioxide has not been removed, but many cracks have appeared

in it.

FIG. 11B contains elongate areas 113, which correspond to the areas 111. The
double ITO structure remains intact in areas 113. In some areas 114 between
the areas 113 the PET substrate 14 is exposed. In other areas 115 between the
areas 113 some silicon dioxide remains. At this stage, the sample is under-
etched.

FIG. 11C contains elongate areas 116 which correspond to the areas 111. The
doublé ITO structure remains intact in the areas 116. Between the areas 116
are elongate areas 117 where the double ITO structure has been completely
removed, and the PET substrate is exposed. The cracked SiAlO, (which had

been visible in FIG. 11B) has been completely removed.

FIG. 11D (which is identical to Fig. 7) contains areas 118 where the double ITO
structure remains, and elongate areas 119 where the PET substrate 14 is fully

eprsed. The areas 118 are narrower than the areas 116 of FIG. 11C. In other
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words, the areas 118 have been partly etched away at their sides, thereby
increasing the spaces between the areas 118. Thus, the sample has been over-
etched.

The sequence of images FIG. 11A to 11D thus illustrates the mechanism for

~ etching of the Silicon dioxide: crack formation in the Silicon dioxide, followed by

removal of pieces of Silicon dioxide. The sequence of images FIG. 11A to 11D
further illustrates how a skilled reader can determine a suitable etching time for
a given set of etching conditions. Specifically, since FIG. 11C presents correct

etching, the skilled reader can select an etching time of 30 seconds for these

etching conditions.
2. Performing step 3 using an etching composition including Ferric chloride

We now turn to a second set of examples. Steps'1—2 and 4 were performed in
the same way as the exarhples described above, but step 3 in these examples
was performed using an etchant composition which was an aqueous solution of
Hydrochloric acid and Ferric chloride. That is, the Ferric chloride replaced the
Cupric chloride of the previous examples. The chemical reactions were the
same as the ones given above for the cupric chloride case, but with Fe3’_'
replacing Cu®*, and Fe?* ions replacing Cu®*. Table 3 shows the 12 sets of
experimental conditions used. These corresponded to an etchant composition
With an oxidation-reduction potential (ORP) in the range 500mV-620 mV

measured at 27 degrees Celsius. One suitable value was 590 mV.

Example Fe™* HC1 Temperature Etch
number Concentration Concentration (°C) time
(all) (all) (min)

7 30 10 50 2

8 40 10 50 2

9 70 10 50 2

10 30 1 50 2

11 40 1 50 2

12 70 1 50 2
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i.n Tabl e 3 good etching results,

the etching time was significantly shorter than as shown, there 5was

under - et chi ng.
there was over-etching. The correct etc

to avoid over- and under-etching results.

10

15
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25

provided the etching tinme was as shown.

13 30 25 .50 2

14 40 25 50 2

15 70 25 50 2

16 . 30 1 75 1

17 40 1 75 1

18 70 1 - 75 1
Table 3

All of the conditions in Table 3 good etching results, provided the etching time
was as shown. If the etching time was significantly shorter than as shown, there
was under-etching. If the etching time was significantly longer than as shown,

there was over-etching. The correct etching time was derived by experiment, to

avoid over- and under-etching results.

FIG. 12 is an optical microscopy image of a sample etched with the third of
these etchant compositions (70 g/l of Fe**, 10 g/l of HCI, a temperature of 50 C,
for a time of 2 minutes). Again, there are clearly defined leads and spacés. The
leads are the areas where the double ITO structure is not etched, and the
spaces are where the double ITO structure has been etched away. If the
etching had not been acceptable, we would not have observed such clearly

defined leads and spaces.
More generally, successful results were obtained for examples in which the
concentration of the Ferric ions was in the range 30-70 g/litre, the concentration

of the HCl was 1-25 g/litre, and the temperature was in the range 50-75 C.

Industrial applicability

As demonstrated above, the etching method of the present invention is capable
of simultaneously etching the three layers of a double ITO structure (an upper
transparent conductive electrode film, and intermediate layer of SiAlO,, and a
lower transparent film on. a PET substrate). It provides, in a single etching
operation, an etched structure with an edge having a normal-tapered shape.

“Normal-tapered” means that the lead has a narrow top surface and a broad

of the conditions

|

If the etching time was significantly |onger than as shown,
fdng tinme was derived by experinent,



"FIG 12 is an optical microscopy inmge of a sanple etched with the third of
10t hese etchant conpositions (70 g/1 of Fe3+, 10 g/l of HCl, a tenperature
of 50 C, for a time of 2 mnutes). Again, there are clearly defined |eads
and spaces. The | eads are the areas where the double I TO structure is not
etched, and the spaces are where the do?pl e | TO structure has been etched
away. |f the etching had not been acceptable, we would not have observed
such clearly.15 defined | eads_and spaces.. re,generally ccessf ul

Paoul § 5 aePbtal ST SR S BRI G s s HRMGR Forr i

ions was i imbh§es FRBEE9RA9COagMd hars véfifed-By ARIHsUARG Be Rfodshckibh oras 1- 25
g/litre, and the tenperature was in the range 50-75 C. 20 Industri al

appl i cabi | thesersamplesn¥ie diddiptahseee a fietepwisie shppest asapcisted mathghask ent

|70 st ruct St spBien3 sl BRERR Bl BhByaVE scabfion i BB ©

i nt er mesli alaydrayds etdhed fakstd tham theaSlliewr IdidXide EyF @Rtarld the sottom PED
substrate). It provides, in a single etching operation, an etched structure

with an eddyerdv: A5(A bath fep and beftem Hifvers fdr hdpre gishedfasige than theat t he
| ead has a a8l ace and a broad 21 bottom surface. Such a
structure isag%fﬁﬂﬁaﬂg&éﬁ?'t he sanpl es used to produce i mges FIGS. 9A -9C,
as we have verified by neasuring the cross section of these sanples. W did
not observ "st epwi se ape", assgciated with bad etching, and which can
be pr oducegyﬂhﬁﬁeﬂéﬁ%ﬁ?‘g\hﬁg serreRition.of ths present Blyeptien sa Iyee lavered et ched
fast er 1§ hawahGmisHivd-spR dlsmsy densaysattdrd i Brodutdieti A Jiddlaiss 13, or
(2) both top and bot%l% }/ayers % 131 gre et ched f?stae-r tﬁ%n the mddl e
silica | ayefficiency andBip amenvissnroéntahfriesdyhwag conpositi on of the present
invention, a three |layered 10transm ssive-type display sensor pattern is
produced wi th high production efficiency and in an environmental friendly
way. Al t howgRoGgk ebbtific emtsudimentsshiayBedie M strhlddsiniéescribed KaeR foped

herein for purposes of description of the Bref erred enbodinent, it will be
appr eci at e@umpses of description of the preferred embodiment, it will be appreciated by

15 those of ordinary skill in the art that a wide variety of alternate and/or equivalent
implementations may be' substituted for the specific embodiments shown and
described without departing from the scope of the present invention. This
application is intended to cover any adaptations or variations of the preferred
embodiments discussed herein. Therefore, it is manifestly intended that this

20  invention be limited only by the claims and the equivalents thereof.



" 15those of ordinary skill in the art that a wide variety of alternate

and/ or equivalent inplenentations nmay be. substituted for the specific
enbodi nents shown and descri bed w.thout departing fromthe scope of the
present invention. This application is intended to cover any adaptations or
variations of the preferred enbodi ments,4li scussed herein. Therefore, it is
mani festly intended that this 20invention be limted only by the clains and
t he equi val tI hereof. 22 CLAIMS 1. A nethod for etching a | ayered
structure quuenti-al | ayers of Indiumtin oxide (1 TO, Silicon
dioxide (Si02), and Indiumtin oxide (I TO fornmed 5on a transparent or

sem -transparent substrate, the nethod conprising: using a patterned nmask
to expose d-por ¥ Hethad ﬁolﬁ@tqmwﬁéﬁyf%f?d@é fuGtsEe r'@Ytl‘lg sequential layarsseft i ng t he

exposed poj ealnt t ai ni ng
o Fransi {1 D ] okl (RIE SHRoR dsbH Bt Shd hehidy offe s Pfad 2uch

| ayer of tba ®traosgtepbort $emi- ménsﬁEehﬁstﬂJMtétthBQﬁethed cohpribirgy: et hod
according to claim1l1, wherein the etching of the exposed portion of the

| ayered struct uM§ingsa B?ttﬁrﬂegrfﬁé‘?'&f%@éo%e apetionsef th@ l®sred shgctie; met hod
according tgqclaim1l, wherein the acidic solution is fluorine- free. 4.The
nmet hod accordl ng to cI aiml, wherein the acidic solution conprises

Hydr ochl ori ¢ acicdniaathy thﬁaexp@seﬂ pmhoarufrtlae layered s@bctute @itA2an-acidi@ N. 20

5. The net hoﬂaaccor ransition chl ori de

th
is cupric cfl PP&Q"?%' tra%sdl %\T eld:%%&éiyﬁéo‘f orig ﬁ?‘ﬁg'% DidRerein a
concentg at réové ebbR Iﬁé?rdf‘fhe?éﬁ;%ﬁd Bt GEHTD IdyeréPQirhctalk. 9/ L - 200 g/ L.

7. .The nethod according to claim1l, wherein the'transition metal chloride
is Ferric chloride (FeCl 3).

2. The method according to claim 1, wherein the etching of the exposed

portion of the layered structure is at a temperature of about 45 to 85°C.

15 3. The method according to claim 1, wherein the acidic solution is fluorine-

free.
4, The method according to claim 1, wherein the acidic solution comprises

Hydrochloric acid (HCI) having a concentration of about 0.02 — 1.0 N.

20 |
5. The method according to claim 1, wherein the transition metal chloride is
Cupric chloride (CuCly).

6. The method according to claim 5, wherein a concentration of the Cupric
25  chloride (CuCl,) is about 50 g/L — 200 g/L.

7. The method according to claim 1, Wherein the transition metal chioride is
Ferric chloride (FeCls).
30 8. The method according to claim 7, wherein a concentration of the Ferric

chloride (FeCls) is about 50 g/L — 200 g/L.



" 23 9. The method according to claim1, wherein the etching of the layered
structure is conducted for about 20 seconds to 2 mnutes. 10. The nethod
according to claiml1l, wherein the etching of the |ayered 5structure is
conducted for about 25-60 seconds. 11. The met hod according to claim1,
wherein the Silicon dioxide (Si02) is dgped with netal. 1012. The net hod
according to claiml1, wherein the Silicon dioxide (Si02) is an

1T 95 e ARl ik i, o R i 1 € o
sem - tr ansauéture Bibsridutted fdrkdoak P0sedon®s td 2miAlitdshe 15t ransparent or
sem -transparent substrate has a light transmttance that is greater than

85% t hroughout a wavel engt h range of 450-800 nm 14. The met hod

has a resi dPanca EmptEaSfEofl o BRE CaRae P8 b IR BB er eq
struct uf e. strlibturd iecoreiuctet fur cabiotit A§-600sedomids) 1, wherein the transparent or

sem transparent substrate is selected from pol yet hyl ene terephthal ate
(PET), polyethylene naphthalate (PEN), polyimde (Pl), polycarbonate (PC),

25pol yet hergul T qpg rﬁé’ﬁ%h,ageekagggwbﬁaﬁrﬁ«,P eer?@%@g&m@S%e(@'i@_)’ii\ ot hod

pol yet her et her ket one ( PEEK) , yet herim r gl ass.

for et chi ngoped ayitbrmetalt ruct ure having at | east one layer of Indiumtin
oxide (I TO and at |east one layer Silicon dioxide (Si02) formed on a 30
transparent or sem -transparent substrate, the nmethod conprising: using a

patterpgd ARSK TReHIEMRE acBRlihg 8 cRimNHXRItRE SifidoHdiBkiBe:(SiB4) is an
contacting the exposed portion of the |ayered structure with an acidic

sol uti on céHminkNMgoped SdinointdioxidadbilOghl ori de and Hydrochl oric acid (HC)
to renove each | ayer of the exposed portion of the |layered structure.
13.  The method according to claim 1, wherein the etching exposes a portion
of the transparent or semi-transparent substrate, the exposed portion of the
15 transparent or semi-transparent substrate has a light transmittance that is

greater than 85% throughout a wavelength range of 450-800 nm.

14.  The method according to claim 1, wherein an unetched portion of the
layered structure has a resistance that is less than 150 Q/sq after etching the

20 layered structure.

15.  The method according to claim 1, wherein the transparent or semi-
transparent substrate is selected from polyethylene terephthalate (PET),
polyethylene naphthalate (PEN), polyimide (PI), polycarbonate (PC),

25  polyethersulfone (PES), polyacrylate (PA), polynorbornene (PNB),
polyetheretherketone (PEEK), polyetherimide (PEI), or glass.

16. A method for etching a layered structure having at least one layer of
Indium tin oxide (ITO) and at least one layer Silicon dioxide (SiO,) formed on a
30 transparent or semi-transparent substrate, the method comprising:

using a patterned mask to expose a portion of the layered structure ;
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contacting the exposed portion of the layered structure with an acidic solution
containing a transition metal chloride and Hydrochloric acid (HCI) to remove

each layer of the exposed portion of the layered structure.



