ETCH NG LAYERS DEPOSI TED ON TRANSPARENT SUBSTRATES UBSTRATE
TYPE The invention relates to a process for etching | osited on
transparent substrates of the glass substrate type and nonsisprarticul arly

| 'ayers whi chWar 82407p288t slightly el ectlri-cal |y condu®RGTFRGR/QKEOQur pose
of obtaining el ectrodes, conducting el enents. 10 The invention is

especi al | y adv&ERO&FSHHU FOF ETCRING REROHETERD QY i TRANSPARRENT
fluorine-doped Sn02 tgpesrhavhsacs gRRCGRAhEE BEB8gTAATEl egbrodes for

em ssive screens of the flat screen type, for exanple plasma screens. 15
Patent US-3 837 944 discloses a technique for chemcally etching | ayers of
conducti ng nehal iexiethe isuc hredsa e P o canpirsiciesg fidrstetodhiahd laydepositing
on the | ayer .to he ch a i.n resifn- | a cal
"photoregystdeRﬁ?%ﬁgﬁt ?%1ne%%%i%ﬁ%gégkirgggﬁg?éggﬁroégi §9H%9a9?%8?
devel op t hensubaszase ayne apdamora meeskthawiamgly héagesesr edhipdt t era. Next,
dried zinc p ek LS +de i n W ov'gﬁg] i th S nd t he
regi ons of tﬁ\eé\/dl g?érgtv\h%g%ggl%gy% énl%fc 14cr(a;lvcgailel?i; byét e érl\&ejfélfibn arﬁ%P?hgﬁé
chemical | y ePEKRESBYCdi pPLAGRLiRE S4BSTracesi nCoONdUsaiRdor leMemt§ -aci d of
the HC1 type. Etching by chemcal neans is well suited to I TO but 30 proves
to be n%%)ve&é effective for, Sn02 or .even fl uorine-doped gncz F: SnOz)

whi ch are mofBer eSFEERRt O Frthc PSR Bpp AVARTGTSeR S 398 083Y8FScl oses
anot her prockasedbyrelecteogcheoktde wfarnhe ThisoBdmendopa@sSn0, type

o ect oL Yoty B A oLt O VR PR DG

;e3e$ I T(#*>$6t$TSY_1 WO 02/070792 - 1 - PCT/ FRO2/ 00706 PEWE@%S FOR

substrate provided W e layer to e a copper
a bath of a hAgdeenhl o7f c the dfbatsiHduadre sppé. sofer | example spbssmat e and
the el ectrodg.bgipg connected to an - 2 electrical power supply in

order to formthe cathode and the anode, respectively, of the system The
el ectrode has hei ght and wi dth di mensions equivalent to that [sic] of the

substrate whipgbehs slupMy i@BErseghat Ficenssart speededhdvigeanpkerat
about 1 cmmip for | aye hi ckness of O. errJm_.The principle.qf
et chi ng by ngs?F88ﬁ&¥ic§£c%%%ﬁs %y%ﬁ%aﬁyggggﬁé%qF e&?tﬁﬁe BFb@%ss
descri bed abeuehwatsh SnO,, consisting first of all in depositing on
the layer to be etched a continuous resin-based layer
20 called a '"photoresist" which it 1s necessary to
irradiate through a negative, develop then rinse so as
to obtain a mask having the desired pattern. Next,
dried zinc powder is deposited on the layer provided
with the mask and the regions of the layer which are
25 not covered by the resin are then chemically etched by
dipping the substrate into a bath of strong acid of the
HC1l type.

Etching by chemical means is well suited to ITO but
30 proves to be not very effective for Sn0O, or even
fluorine-doped Sn0O, (F:Sn0;) which are more resistant.

French patent application FR 2 325 084 discloses
another process, by electrochemical means. This
35 involves electrolytically reducing the metal oxide
layer SnO; by dipping the substrate provided with the
layer to be etched and a copper electrode into a bath
of a hydrochloric acid or sulfuric acid solution, the

substrate and the electrode being connected to
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10 an electrode of this type, may lead to a problem of overetching. Figure
2 illustrates the phenonenon of overetching. The substrate is i mersed at

constant speed, the etching 15 therefore takes place progressively with the
advance of the substrate. Since the subs}rate remai ns i nrersed, the regions

al ready etched remain in contact with the electrolytic solution and facing
the el ectrod : t t chi cont i (o] h reglion ing 20
under the nagl%.%g%gllrgggaré&g?ft %telbgg er .unggragfhgténagé?mmq%%% ?gtpﬁérgef ore
renoved, is ead edhsveraneteng WABRACtively. i s ofonuHid orpyst@en nikes the

substrate !J”!éié@t%o%ﬂe”‘?l%st h‘ﬁai@l—&i HKYE M&’}?e@iﬁ&@s%ﬁﬁ é@Q§§a9EnE heoet ched
substrate is po | onger caonstant. 25 The aim of the jnvention is therefore

to propose athél tlypEloPiridtee SUPIIHGP efeth otheft CHLY et BRERGEIWRIECH
consi der abl y cbheitbhat agseed£n freverbsplehetOvabeuthi Ngecpheieian. a30
According to.the inIAeni(i on, tge pPr-ocess for electrochemcally etching a
layer with t h8YEFelPFCERESEoRGUCki oﬁ‘"broperti es, of the doped netal oxide
type, on a transparent subsftra]te of the glass type, the 35 substrajteh
compr | 1 g, SRROSLLSH A 2%k | BYEKy 1 g (1D BEABRS S8 RS LN

bei ng capabl edyEnegrguse ninpa Vet erthd orroresandesgrellpedcaebeveonwstst i ng
in: - B - abridmingrsde | 8astepne £68E0N fB, becghiched gf dhgiayepsi nto
contact with an electrically conducting solution, - imersing an el ectrode
in the sol ut Pf_‘fﬁ_r&ﬁ&hilﬁgis p![ aci nlg itlIaCi ng ?nd attﬁ di ista?ced(d) gr?hm t he
region, - applying an electrical voltage between the el ectrode an e

| ayer to be etched, .is.,characterized in that it usges at | t_one_gel ectrode
10 and the eFSSLFEU8 RALURY LEHEJ Ehd SO Thats { RESETERHOYT S a8 11 ed
oEt on tsevter _alubiegiaanzs o$ tineeraper avercomswiadith SpeA?,é)_tﬂMQfEEbhctngoﬂel
shape, ]_3'11_5: 9_35% ‘ﬁéﬁ%l ch | ess
than its enlt'?lﬁ, %éfr%l)?él gs%%té%g\ﬁsllr%%se? at eé:{o ace hvg{]te e%t%g%?%ﬁ?% g\E}er a
linited areatlind feesevateit Siame r Ehsursuketaree t Fansiare tBEPAgefegi ons
al ready etcheg@e %ﬂdrﬁéﬁ@ir@&&%eb@&h@@ iferidiel AN Wit tad. 20 In

order to conpletely_eliminate this risk, the process of the invention

i ntends that etlﬁé’té)f/’&é’f:rl(?desfﬁuf:?@nsu‘?ﬁ%ra%aecHgg nﬁg\fd EHEEORS e§B8gt to

. the other sothhat tihe etetiingdecostiosesi eredrhaseesHoieins fapapgirb

regi ons b h Si angousl d_that, i i

crbodi ey, CRGSF oot oo St BREG BG Shys eay ata: Bt Fih ne

el ectri cal | ywddgtuctiisng td@nafare orzengeat di ngs t ocal sedondvenbodhanat, the

etch rate beyglgecheased as tHie hegdh,aRso2he baldly phkhed @nd 30psergiR in
contact with the el ectrjcall ghconductl ng sol ution. According to the first

embodi ment, URYSEPEE: rHE S sThel FiN8EFS PeHESRRn It i P SOTHFONOhhi ch i s

the etched substrate is no longer constant.

25
The aim of the invention is therefore to propose a new
type of process, using electrochemical etching, which
considerably limits, and even prevents, the overetching
phenomenon.

30
According to the invention, the process for

electrochemically etching a layer with the electrical
conduction properties, of the doped metal oxide type,
on a transparent substrate of the glass type, the
35 substrate comprising, deposited on said layer prior to
the process, a mask with patterns delimiting a
plurality of bared regions on the layer, the mask being
capable of being removed after etching, and the process

consisting in:



35.tenporarily brought into contact only with the regions to be etched
simul taneously, for the tine of the etching. To this end, as a first
variant, the conducting solution is in a fixed position while the substrate
IS aned at constant speed with respect o - 4 the solution, or else the
substrate is in a fixed position while the solution is noved at a constant

speed with respeg 15815695§gb§E5§Ee éGJSPeg§8ﬁOEQJ t%t ReC ghgrlstlc

t he conducting solutron~i contained in a tank adjust to t I mensi ons
of the el ect F@¥eTrandnsPacEantAGEr Whéhsu5§trﬁﬂ@CtﬁsCalé¥coﬁén¢H¢ﬁaﬁ9 of the
first enbodi geAt,+ibhe substrate is imersed in the conducting solution for

10 the etching and dip after _etching, into nonconducting second
sol ution over mhF@WeFﬁéngonBBctFﬁ@c§6P§%|oﬁnst£ § sHSpBhdes. %Béorapng to a
third vari anplatihbe fitr staeihgdi aedt atl5 4 helistesidat qd)s ceapl etkky
imrersed in a flxed manner in the solutlon the face endowed with the | ayer
bei ng paraII5F 9¢8"and facing the surface of the solution, and the el ectrode
is noved at a coaspayungpeednfacehgcthecaéglonsltagbe ebehedeand the

conbi ned mntglgg@gb@g gﬂgn%hgol t%p%kh%Q% %%pctrode and the regions to

be etched in order to 1solate t fromthe etched regions. According to
t he second eﬁﬁo@h@ﬁ@@t@ﬁlﬂﬁﬂIhﬂﬂﬁhQQNitt¢ﬁ?%ﬂ@%tl@@%tl@nﬁl%é@cﬁﬁoﬁﬁe

conduct i ng Sﬁh@tlﬁﬁlew@l'e%t%%d%h%éé'b%hr aéslbﬁgprs@&rﬁssﬁehy dHgersgd in the
solution as the etchi,ng is takij g%E ace, the etch rate belngggeﬁreased by
S

decreasi ng t RECH3BEd 36 GRFERsht PRe SEYFLE att€I /R g §YCthe
speed of noverett aofvitde® Jubstrate is a decreasing exponential function. 30
When all the regions to be etched constitute a plurality of strips
substantially parallel to each other, the electrode is placed transversely
to the stripdn 3plemef erlertyrodeeshayer phatedsorrat s ubise rheeing aetallic

tin Oxi des or SBLAl et ddjprd neadpoedi LhD eI ss GharfNEcE! ehpore IS

prefera tanﬁ]&n as a Cross section et ween and 5

nm . Accor di ﬁ@abéeénﬁbﬁersua%rr@&eem%tﬁ%cetw serbREFEP@e| nbY pP¥erdad with
an electric qantiael | Bareadeantio apRl yotBe ekeetrkaryebt agarftabe cgagact

bei ng arrang at .one end pof the substrate nd th i s carried out
fromthe end%@@@f(?ffean et FEE OO a?:ir%% Yo §Yf 663:1 éﬂge ’%]tfa‘e Bfovi ded
wi th the el eoveretchrithactis Thenelcettsiiderably limited.
20
In order to completely eliminate this risk, the process
of the invention intends that the electrode or the
substrate be moved one with respect to the other so
that the electrode is positioned successively facing
25 regions to be etched simultaneously and that, according
to a first embodiment, the regions already etched be
physically isolated from the electrically conducting
solution or, according to a second embodiment, the etch
rate be decreased as the regions are being etched and
30 remain 1in contact with the electrically conducting

solution.

According to the first embodiment, the electrode is
held fixed in the conducting solution which is
35 temporarily brought into contact only with the regions
to be etched simultaneously, for the time of the
etching. To this end, as a first wvariant, the
conducting solution is in a fixed position while the

substrate is moved at constant speed with respect to



10 voltage is at least equal to the reduction potential of the conducting
material constituting the layer. As a variant, the voltage between the

el ectrode and the layer is applied by nmeans of an electric contact obtained
by i mersing an el ectrode in an eIectrjc&lly 15 conducting sol uti on brought
into contact with at | east one unetched tTegion. Advantageously, neans are
provi ded for t achi ng.Qxygen_a dr.egen whi ¢ch pear rilang

et chi ng closgggo %gig% ?éf oﬁrt%%j%¥e€ rodggggpggiethggiﬁ@gngﬁoﬁqgggally
deal s wi th appsatdpar ewhisabsthet sdorpdsi A§ anPugér ad t 1f eFeastaat

conduct i on pgg@%_at WAL Y d& Y 0685 £XBL al A6, aba¥BordPnbNto
particular, it wll_b ossi.ble to use this type of substrate in display

ep P
screens of tRESpl aSRATECLEEH SEyFe. THhEBSSUbSPPEMELARY adFRAtEEEBuUsI ¥Sconsi st
of a gl ass 3Qondapoekl i HaveAl adiusdied podnthel Qigderssingal i 0f the

tenperature) greater, than 540C,_ the contraction value of the substrate
bei ng | ess tﬁgﬁcgﬁogﬁhﬁnghgﬁﬁf§dtH&qﬁﬁ 5 SO DT being greater than
130C. 35 Ot her advantageous and characteristics of the invention wll

become appar gt gn E%\%ﬁhﬁg_ the;Lak! O‘Aﬁfngtﬂgs‘:%%ko”e}@d&ﬁ'Fn%%r,d ket e
appended drawi ngs in I'ch: - %lgures la and show a suﬁstrate
respecti vel y substgatigef b¢ e iamerseder inhdhe chppguprssgssolutiqur o

ilTustrai@s the OverehehdNg RRENCAEHPB:, - fdaue 3e'l:éh§¥,\1%9p Virgws of gt he
substrate provided with the mask art of the |layer of ich is 5 etched; -
figures 4 toRPREPEYYCheRSt iSeSA PR i OFeHf Y EF R ahPe 6PRAHEPPEcess of
enbodyi ng t hgollowadh e@tays fsu@wetrddd.s a profile view of the el ectrode 10
associated with a support as for the variant of figure 4. The figures are
not produced to scale in order to sinplify their understanding. 15 It is
appropri at e foccakiéngy wayaofthéxanpltariant hefr edte ofitdie dmbodipencn a
t ranspargnt std 8 A0 Of 5 Il 55t ¥PE1 WhighelSald Iiysts akedognpbihgures la
and 1b respe?#?Vé{y efore and é@?er %a%?ﬁg Sn SFgéhe %he 2% epbh?ng
process of t B8 itheers9brtion, the face endowed with the layer being

parallel to and facing the surface of the solution, and

the electrode is moved at a constant speed facing the

regions to be etched and is combined with coating means

20 which coat the electrode and the regions to be etched

in order to isclate them from the etched regions.

According to the second embodiment of the invention,
the electrode is fixed in the conducting solution while
25 the substrate is progressively immersed in the solution
as the etching is taking place, the etch rate being
decreased by decreasing the speed of movement of the
substrate. Advantageously, the speed of movement of the
substrate is a decreasing exponential function.

30
When all the regions to be etched constitute a
plurality of strips substantially parallel to each
other, the electrode 1is placed transversely to the
strips.

35

Preferably, the 1layer placed on the substrate is
metallic tin oxide or metallic fluorine-doped tin

oxide.



The substrate 10 is nmade of float glass wth a thickness of about 2.8 mm
and, in this case, by way of exanple, with dinensions of 60 cmx 100 cny it
is 25 designed to forma front or rear face of an em ssive screen of the
pl asma screen type. The substrate 10 conprises a |layer 11 of fluorine-doped
tin oxide (F:Sn02) with a thickness of 300 nm for 30 exanple deposited in

a prior ste i I S bfeg re | erai Ly sk it 4 (o) to a
person skil PE%Qi %Efkgrgratg qei I&#er yg}g}feﬂé%%?q%g %tlat% gﬁc ea:Ir]ldc:ﬁA%;a%gr
deposi ti on tgpessdisectignand berveAanolskPyandt § mhe. fl oat gl ass ribbon or in

a 35 subsequent step, onto the cut glass, or by a vacuumtechnique
generally in a subsequent step, onto the cut, gl.ass. The aimis to obtain a
hi gh resol ut?PeROEEERY N of 2RAkReT  cparachedi St Gr deRet SURStHaFE et ®ct rodes
11' in thke fprovofepawathebnstliepsrill comtaaty,im cid@nsi ® eIy espondi ng
to the length,of, the sugﬁtrate anocl 250 %u%ewi de.__These d;t rti ps mag ?e
grouped in "%%1??%“&"’8 89e3p§£18d OH& 35 P th & THE® ya40?)nefe ¥, with
a di stance befwehe tsvbstrdtps, oindhéhsare-qiuing ofs 86afernell Autesfnetased
mask 12, cal ap resi st., ; hi:(‘clf.ﬂ: r r 60 Vim
covers the e#\ft?lgrgnﬁogfg,%ger&?l%hyore t%%ﬁtﬁr po.see“acs):;‘.ct @h?ﬁg%%h(gﬁ%r%%g%s of
deposi ting tB8ggaProwisiad nbvh thea e skipneactn e aeleartian

embodi mant 0@0!‘495?@ 8, abton eB%aMRa1desrrdhed-ddudinide bt atesapasent 15
US 3 837 944, will not be expl ai ned_hereinbel ow. The mask 12 has a pattern

whi ch forns Hhe SOIPEHde BREEREAL] KIMTISH TN { 5hFe YAYSF nedS Afso, the
| ayer 11 i s ehaebedtontithé herdlarpske r egitresenl 3 thiet helikcarsdek, ag@ whheh
overall al so,consti fute ﬁial el strigs The. et chi ng brin ci:ngc$11;|

. e a
conducti ng Z%a}é?]éct%ode %ﬁgh ]%gi%na%%t V\%fen The 3 %?%Eess Siaan

i nvention coebtaisedn bryegn}rmnsrs_iang oabe egliertterbdent ir;np@nnt aelemri_:\czsblna_ti on,
or el ectyrs0l y&SnthtifIH‘*%%‘,lﬁQi%ﬁ tﬂ%@i@ SOty EBQtabE e Nk | ie%léé' ng 13
e t el ecC e

and in applying an el éctric voltage trode and the layer 11. T
el ectrode i sSOBf BREBARESShBPELPAR-order preferably to 30 extend over the

entire wwdth of the substrate and
Advantageously, means are provided for detaching oxygen
and hydrogen bubbles which appear during etching close

20 to and/or on the electrode.

Also, the invention equally deals with a transparent
substrate comprising a layer with electric conduction
properties etched by the process explained above.

25
In particular, it will be possible to use this type of
substrate in display screens of the plasma screen type.

The substrate may advantageously consist of a glass

30 composition having a strain point (lower annealing
temperature) greater than 540°C, the contraction value
of the substrate being 1less than 60 ppm, and its
thermal performance DT being greater than 130°C.

35 Other advantageous and characteristics of the invention
will  Dbecome apparent on reading the following
description with regard to the appended drawings in
which:

- figures la and 1lb show a substrate respectively



transversely to the strips to be etched, which nmakes it possible to cover
several regions 13 which will thus be able to be etched sinultaneously
(figure 3). The etching is carried out over a surface of width 1, of 35
about 1 cmfor exanple, and perpendicqjﬁg_go the axis of the electrode. The
etching operation is reiterated by noving either the el ectrode, or the

substrate, transver t ri over the entire
l'engt h of the subgf?g%é.ggé Qg?%g|Fﬂgikﬁéﬁﬁég}ggggf%¥§ for the electrode to
be as |arge as thé&ighgeh2ofliksteassr &he omex edcdting Ripaamarsemi s carri ed

out over a lengthgggrresgond ng ot e dengkh tofe thao&l Lotd ogecondetine.
operation nust then 5 repeated in order to etch the substrate over its

be
entire length. Al VWéfhat FRel yash oRfet t @fsatBeonl dreuds ohiShe, 18t is
possi bl e 4 0 envi se@ahegdi:ng several el ectrodes, each of which etches a
portion of the wdth of the substrate. %@ The.etching i.S produced bé an
el ectrocheni cal r&AEHESR: 1 heCi dnd St THEUBTHY i SASHPandhotTC T he ePéct rons
whi ch etch the Sn@2arhiapes i nobrdethéo nechrossst taf t hemivedalinioc sthee (Sn)
and to generate o§¥g%9t§§g,hydrogen 15 whi ch appear as bubbl es 51 around
the region 13 ( figures 4 to 7 ) . Means 50 for detaching these bubbles
(figure 4), such &sgurer 8sodrsd, araprfidsed Y¥ewr def t Bher e@eARELHOBEDDI e

attachingyitsel f tasbbeakEedNOfidRyar Jl}5&RY REeVENM | RYeOrvAR il ZbRg the
etching which 20 ot herwi se woul d cause a short circuit. The process of the
i nvention theref ofé9€&R/sists in di spl acing the electrode or the substrate
one with respect to the other so that the electrode is 25 positioned

successi vel y_f aci the regions to be etched simultaneous|ly and that,

accor di ng toT& fi?g?uﬁﬁﬁo an"ihErPgﬁfﬁ S gPre%%€f%téﬂ%d°§%%rbh§8icalIy
i sol at ed fr omitipd idlye cheiicalngersdmetinegg sol uti on) or according to a
second odi nent, the etch rate is 30 decreased as the regions are being
etched and remain in contact with the electrically conducting sol ution.

Fi gures 4 tolfaign@reroprigde &% g & fYRY | ol @RePl fgiPhehpr 56€68s 35

first enmbodi gentsnaMiidSodi 9t &h 7al FRLEBBAKBLORRILAHIEE BECOE dyNEss _
enbodi nent. Conmon Leqfnts are indIC ref.erences., varlantf of the ggcordlng
to the iIIusFV&Fbs“ﬁHé: o the SLLPBREFREEEd B | dFHYER 1@ g@ndth

conducti ng sealespieart 12@ lgondiesoseof aadbatlftwi chawaygor undygrgoneconhai n all

t he subsirat . le regi : t ched having to be in contact
W th theSal %ﬁ%ﬁ?gﬁ%gtxe%%pf’?? t%y%dﬁglch%ct):rqioghaci d (HC1) whose

The substrate 10 is made of float glass with a
thickness of about 2.8 mm and, in this case, by way of
example, with dimensions of 60 cm x 100 cm; it is
25 designed to form a front or rear face of an emissive

screen of the plasma screen type.

The substrate 10 comprises a layer 11 of fluorine-doped
tin oxide (F:Sn0;) with a thickness of 300 nm, for
30 example deposited in a prior step which 1is not
described here in detail, since it is known to a person
skilled in the art, either by a technique of the
chemical vapor deposition type directly and
continuously onto the flcocat glass ribbon or in a
35 subsequent step, onto the cut glass, or by a vacuum
technique generally in a subsequent step, onto the cut

glass.

The aim is to obtain a high resolution etching of the



5 concentration is fromO0.1 to 5M preferably about 1M is chosen. The

el ectrode is therefore of oblong shape, that is to say that its cross
section, whatever its shape, is 10 smaller in dinmensions than its |ength.
The el ectrode may, for exanple, be an elyectrl cally conducting wire,

advant ageously made of plati num whose aneter corresponds to the cross
section s pl fagi e re i 3. V. t, at 15
paralleleplpgégg cgﬁdggg%% |%§%?d%§ue¢§é§?%§%% gﬁd né%a She fﬁﬁéése

t hi ckness copatapbdads Ssmb@tsarﬂtqchlcrw longhe acrdigrersdicini oposrgsperdifngci ng

the regions {3. ke 1@:%’9?{ &£ Oofnd hEuBEE:?ﬁtéeC%th” 2'=‘5c9fm¥ h,?l&é ectrede 20 is,
for exanple, equal to nm but coul d be arger or smaller. The size is to

be adapt ed aEEBFHFn&@M)?ﬁegF?HQQQ ¥red PP&H@(ﬂﬂﬁeﬁanﬂﬁrﬁﬁéﬁﬁﬂeoPﬁr a
wire, it sdependm ehet hecHengbp @Ot g, Wiwicrand aasichiceBtRitwderd Nnteoder to
provi de a degéee of %5 section will advantageously be

Ligidit The.cro
bet ween 0.2 4+ gs 9# %Wgtgﬁee 8§mﬁ|chSeparates the el ectrode from
the | ayer to be etched i s defined as being the snall est distance separating

the el ectrodg %ecgg& rb%é«f&'eﬁxaskhait 30c'a§.l 91 sgy ..?tﬂo%%eeg Qe.ndl“c,#gjgé to the
pl ane of the substrate vary from or t'h e of
substrate takbhchéﬁésa@QM1Vﬁ@ﬂnﬁt@thWEvErﬁ@tMms e@ye@smqucwntared by

t he desiyed mhggp @mdfgepgﬂeogugggsgegfo@tgglgg etched and by the cross
section s of 35 the electrode. An electric confact 14 is provided connected
to the layer 11 and in a fixed manner at one of the ends of the substrate,
it is connectrd tprddwsdegat idspdLirtimal the- mdsk of wel\lolltx@@eng&merator 40
while the elec}rgdeéﬁgff onnec; Efd to t he p05|t|¥§ ernlp v aﬁ been
seen, the etBRFRGY £ dariied But Fr sisveras 8°parar & s‘f"?f‘%s of the
| ayer 11 to be, et tdred,exammadei t idascritbesl adv:anUageedsl gtstest spatenhe end
of the substyats B5gechhom,any fbeChel exealiach harkifbalogl the end
intended for the contact 14 so as to provide a constant electrlcal
connection of the regions remaining to be etched, only one novenent of the
el ectrode wi fher Q@@&Ctlzlohéé) Eheasuksty afie & §@£\M§r ey POMesSshapbe
necessary. AsF ¥%h ordfi to avoid fIXln%? | ectric contact of

in
this type on° ?%ﬁ%?d?ﬁ p&Ssi PP ER SR cditcta¥ate
action wth iheisortutiadngrilto stcﬂeltbamediyregmbhbarm acittanut as weskyi bed

bel ow it r%ﬂﬁ".‘éﬂ BQF%%E 188 ¢ flﬁt?\: gL F%g‘éﬁggﬁggggtlﬁr ovi ded by the

generator 40 and applie meen ect € layer 11 nust 20
be, at a mninmm equal to the reduction potential of the metal or of the

netal oxide @het hett:axe@ b%cs_egz otfhe ‘dHé“ MYl {@0€ dSnidks! tihS
possi ble to enyision a?% é{fﬁ& a volta few hundred volts, The

current suppPFeRIbH9t i Fénerat ? yethﬁdzéqﬁ&uﬁﬁQFa%% whth
Finally, t heaet:olmdjmgttm@e sblrithigpmhi eh eheceketirede i30 isireyiss iy pasi tion

facing t ta be ched an urikn Whl he. vol t.age plied,
may vary rom anBQ; 8w secon %ag“ea ge\gvuﬁ‘n nﬁt est o}?i?ﬁ 9ypat a%u%gt rate
t aken here asagh exeqpde 13|—|eae.dag'ann anmky ingre adependstonct heoVaageus

parameters igupl.¥ed tAet BecPLeEESS R cARNILGAGd qbove, and especially on
the distance d and on the thickness of the region to be etched, that is to
The electrode is of oblong shape in order preferably to
30 extend over the entire width of the substrate and
transversely to the strips to be etched, which makes it
possible to cover several regions 13 which will thus be
able to Dbe etched simultaneously (figure 3). The
etching is carried out over a surface of width 1, of
35 about 1 cm for example, and perpendicular to the axis
of the electrode. The etching operation is reiterated
by moving either the electrode, or the substrate,
transversely to the strips to be etched and over the

entire length of the substrate.



35 say on the thickness of the layer 11. Thus, the various paraneters

i nvol ved in the process for etching a region of given width and thickness,
whi ch are the concentration of the solution, the - 11 current, the

di stance d, the cross section s of the ¢ ectrode, and the etching tine
depend on each ot her and nust, conseque |y, be adjusted with respect to
each other. ? £t NG fr!JtStpA’saéi r!Phef 'eﬁ%%t?gla%d'ﬂga%e v '95 g
figure 4 and |I ustrating a sec ona View in I"'ane parall

passi ng t hr oaghtheswidshoPoft Héres mdrstatat an ttrreﬁjtetr@sknan@p@ne‘remr &sto be
etched, the 1Q,subgt rR{te é&beaCQHﬁkﬁﬁﬁ|doff@@ééﬁélﬂﬁrhéoﬂhﬁi|Yeh jchhe

solutron 20 and hel d fixed, the face provided with the |ayer 11 and the
mask 12 bei n§ft uFREd EAREETORe SR add®f IMRFATIQR | JFUSThetBERNi RF i s

carried aut bépéﬁ’dédglhhérﬂle@(ltt@dﬁcﬁp tHe asdkﬁs'lﬂ&l@él@\l?@i‘ oyegrbirE 15 at
const ant spengHT nnect ed one of the ends

e |s co he
substrate Vi k ehﬁlﬁ%ﬁ?qxﬁﬁ%%%'lﬁntS neYatrve 63}ep5?8¥ﬁé188nerator
40 whil e thetpmsitiveE pole oposlséb2e | dtd er ensiednnectsdini t heverattrode

30. The el ectigde 3RCONSEAH 0g Qhs Pl AIMINAILS | oAl sANGRD L gpaVer Sely

to the strips to be et ¢h he wre iI's positioned to the vertical of
the region 18f25heosybséraked. The el ectrode is kept in a fixed position
during eteching by virtue of support means 31 which are not visible in

figure 2 but jllustrated. in figure 8. This 30 involves, a U shaped frane,

whi ch is isof8fi R§CRABGCdFam*e %@ﬁﬁrl%l%?m?%%?ﬁltﬁ%a BheUEt i ng

sol ution 20) ther mnarrpd& ttaslesof uPVén arcana@o\ﬂriﬂl ahd hel ¢t et drigIMvMAER | S
trghtened Thg # S 3%9(9 ghe U—shaped % bear n t he Su strgﬁ and
the wire 30 3 k8Pt W% he®dPst ahbe A FY c;tratle by i t
engagenent imetadlnot ehegeSJ(lSnpl m:eijtfoacgeenerafta&:eomemeaméahtsdsaaenf t he

U shaped «¢! 'ﬁhl&ﬂe bepght hag! whepidohes copreaponding teefis, di sgance d.

Several notc |fferent be provi ded,

SO as
to provide dilfignsrse 6ostsq bi e- drle%eacgg gox @%ﬂa&é}l% ‘élb?rfiﬁe]P’é‘P]E? a%oi d
over et chi ng t(hegﬁeel ans @Iueaadaé ehiehedoudre rn%@i%éhﬁsécﬂ\enﬁ)r@ﬁ@éﬁ eb

etching is 5 srcally ol ated by. surroundi the electr and the
T onow ¢ h BEOLRPEG Araebhe eheRtiny (e DY torithe kG v
desi gned to sherebgpd phevehe¢hgoder30m1n1m1sengronhe32etbhnng fwvhshhwi t h
t he Iayer 11 ghgpwg g % &ghr |t a?ﬂo&@'%&%@ el each side of the 10

e

regi ons 13 berng e |na an using uItrasound as a neans
of detachi ng the hydrogen and oxygen bubbl es, a nore "gentle" etching of

the Iayer IsTaewgfeeerbyoéS dist gl |v'e'i‘19:1@9rpl Q?l%:dce(f'orr%m ebhemsefs the
conducti ng sglut virtue of a lift-and-force

or exanpl e
whi ch sucks FﬁBhGCFP m FRe st et Foriey ne B0 & SEF@EFS PPebyW%EE ot her
end above theespgcen k3 i nthée praeess saf behag ethked sledsrdde drige out

the 20 Qﬂpblggsitioned successively facing the regions to be etched
simultaneously and that, according to a first

embodiment, the regions already etched are physically

isolated from the electrically conducting solution, or

according to a second embodiment, the etch rate is

30 decreased as the regions are being etched and remain in

contact with the electrically conducting solution.

Figures 4 to 6a and 6b illustrate wvariants of the
device for implementing the process according to the
35 first embodiment, while figure 7 illustrates the
implementational device according to the second
embodiment. Common elements are indicated by identical

references.



In the second variant of the first enbodinment illustrated in figure 5, the
el ectrode 30 stays in a fixed position in the electrically conducting
solution 25 20 while the substrate 10 is imersed vertically along the

di spl acenent F and at constant speed intp the solution by displacenent
means 53 such as a cl anp mani pul ated by "a nechanical arm 30 The

el ectri cal | yrg@nduahlags gl Woholi20 sl slishandsd bvsieg PRICANAG [ ng
sol ution 23. e herght of the solution 20 corresponds at | east to the
width 1 of tRE &wahi AQL(fronkein [alk] rhef auBFEFPLe3 taf bded@sSthelhand the

h?i ght of t h?eg%ﬁo&@l%é ngreakut i1 i3 | 803DeSUbst aBhkakky Wl the the
size of the su

strate. A tank 52 _acco dates the solutions .20 and 23 so as
to receive tRABLBEEPRI o VF tel’fé‘m?&leutigﬁgﬁﬁcai??ﬁﬁ i‘?ﬁ]’rﬁ& si(gﬁlsf ‘?’]ﬂ‘ése
substrate conddntfausonafiterfidie substycat®haprpdssalintabdute 3@l ution
20 for etching, jt is introduced into the solution 23, which is
nonconductinb, F 8Fately stopping the etching. Any risk of overetching is
renoved. 5 In the third enbodi nent (figures 6a and 6b), the electrode 30 is

held fixed | fnbhe caRdugll NG SAlAld Al 20 8Nbehohs LAERAANE brought | nto
contact with only the regions 13 to be etched sifultaneously, for the 10
time of the 8R¥hiHRAL | At dEXOSE aBhfEient hivhatgeen| ddts oééaB’@frehﬁi ns

di pped i1 a tanRk1d: W chimeRtabAs theasolivkl ONerdr@nd Tine adaptedosdst to
the size of the el ectrode. The #% regi ons to.be gtched of the substrate are
e

then brought ™#¥t o fOnt SRt € h | BLFERTBGAL AN 199D T e
el ectrode fastingnthgeeustgi onsaddhe ggi pnattiouhe et ehedear edsammeessi vel y

brought into_20_caon ith by movi ng the substrate wt .espe to the
Cank 21 ronaf BT RESPREGS (St EheoIGHins | FethEply R irerd e EhBstr at e
to pass by aregoassantlIpeedsabave vhrisatk 21itpy swaiyt abbe de vi hgaheans

54, or hy ”PﬁiaPQl%E@ebéEEdgi Wd i EORNE 1 i SUDSLERT €325 of eP?!;i‘JTing ina
fixed position, the tank 21 passing by at constant speed by nmeans.o
sui t abl e dri BPRGLneHIRCE5WERGCh O FIRS S UFSLESSROREISd FROPBATEI 3Rl Y

suspensi on meanghe30rSest Battiba soblhed ZAchiagakwaysegiosentiact with the
substrate, one of the two el enents continuously noving, overpressure neans

(not illustrated) are provided in order to obtain a m nibubbling or
. permanent ov&hél clestester 0bft hesotbs®Ns2OLidh Thusef tHiee cehdottodg

SOl it 1 0 20 0Nt b8! 00ahiBe o1 BEaa0E 30 185 e AN AGL AU {1gsLpObons 13
to be etched sinultaneously onl’y for the etching, and once the regrons are
etched, theys@prélas-| diyer siRecom asP be pdapiech apecsdingi &9, the
necessarily aypkdidyy &hecevsget chHr@mhenroreRQBmple for a wire, it
depends on the length of the wire and on its material
in order to provide a degree of rigidity. The cross

25 section will advantageously be between 0.2 and 5 mm°.

The distance d which separates the electrode from the
layer to be etched is defined as being the smallest
distance separating the electrode from the layer, that
30 is to say at the perpendicular to the plane of the
substrate. It may vary from 0.1 mm to 3 cm for the type
of substrate taken here as an example, however it is
especially dictated by the desired width and depth of
the region to be etched and by the cross section s of
35 the electrode.

An electric contact 14 is provided connected to the
layer 11 and in a fixed manner at one of the ends of

the substrate, it is connected to the negative terminal



Optional ly, any residues of the conducting solution may 5 then be rinsed
fromthe etched surface of the substrate by bringing the etched regi ons of
the substrate into contact with another tank 22 filled with water. This
tank is fixed if the substrate noves or.j,s nobile if the substrate remains
fixed. 10 In this device, it is quite p0Ssible to use as a type of

el ectrode, n 1 t I i S h upport
8k ﬁ%&@taB&é J%{?%@é@hgofaﬁﬁi% ;t%% fHPQBE£odE Spup

bei ng structurally Integrate nto t . ornlnq?a channel in
whi ch metal pPBBEELET ftari Heet ReSIGBYEr A MNHousRE. PRs fPeRR eS68N . t he

el ectric contaet eténisgf el i@ Rt tﬂl%r%‘&@r@élﬁﬁ heo sehst patal1khe

et ching operation being carried out, as Ireaq¥ expl ai ned. above, fromthe

20 free end 8F*tRE sthet ¥ ERard t A8 SRR s 18 @dTitEaTty 1t

connecteds | adireguagebhslgn salagdls it coné aehdl4 fwhiteh ssbptysteakige

i ndependent of the substrate, is preferred,, 25 . which consists_of an

el ectrode 33%598p§8yiﬁﬁgcgﬁlglgﬁﬁﬁﬁﬁﬂI%?(ﬁﬁﬁﬁﬁgi%ﬁ %ﬁu?? nlageggﬁgained

in a tank 25forhethel uiootazs bdidng S owght ot coronidet &ithoastheast one

as yet unetcPed ;e9cal Uorddib-SHhSt L3t el %%gi‘ogl% t?%]ﬁ Zéihg_ sepapat ed by
f 1 an %y a di

a constant distance 30_fromthe equival ent tank a _ stance
proportional eE6hge | 8rdY ORe FoVEHREE Kpdrhr | keIt GRrdl tlel TSERPEPE of the

layer 1.0 | ntbhendesipetiatel Bpl @mab&@alghgr@ﬂ;%e% PfeC NG are, 35 the
second enbodi nent (figure 7), the electrode 30 remains in a fixed position
while the substrate 10 is dipped, vertically or obliquely, progressively
into the sol aki an 2@ rdeear,di by tardet r aws| arbodal £fivomenean Felacorder to

etch the regi ) -.15. The el ectr.ode_3 nsisti.ng o h i num
wireis secu?gg%f%g_a qu o%%‘%f%?cﬁnl s&g%l g 3&2 ?’%lé iy alggu#agsgéiél lel to
t he transl at cong&nvisiarem obnthetsoissia aretidhewitbatthrmkesnducpongi ble to

keep the $ eE%@hEQ@ﬁ/%gbsééﬁiflgk§t%Q%%o%,CQﬂ§té@%c%%béer§£L&N0&ith
i ncreasing the level of .the solution with the progressive introduction of

the substrat 8924 7 fAMRRs®Pase, the float is a neans taken by way of
exanple to keep the el ectrode/substrate di stance d fixed. 10 Moreover, it

i s possible provi de.a coll ecti t ank on.account of the overfl ow.of the
sol btion by BRSGPaSSread: HARSAGE thrmrvid Hboin: dendtic oo 888 10
keeps a fi xedppdsetl tetdwenngheheellécetade Nng0t and, thiee raggmonsl 18usb be

et ched | ngypl a k e W 3 The_s rate | : ans of
novi ng ﬁppo?’?’n&ﬁsﬁt \?\ﬁ?‘@%mgltraé \#(()115%\;1 gﬁ)l gﬁ?nt‘!{%ﬁ‘télc?itl%&r chﬂ?%rg@;[% edges of
t he substrat EhPafetall ©F e Hig ifrtalb Peide chbdtheelewabi né@rwiSt®:21 he

support nmeangnhd0 miiiehima e 18Rl tos spide IR dW ddaidie | ¥b naniDst BR
direction of trgnslatlon of. the substrate. The el ectyic. contact 14 of the

substrate i s®PBLYEBY af tHTAFRr BhdE8f Rhet RUbIFEW VN S8 mer GBE from
t he 25 sol ut comr2@tsosupatliede &yectttiical ssomnecdersratsopermayent £duri ng

the etcf’ﬂg‘ng. example, be 3A.

Finally, the etching time during which the electrode 30
stays in position facing the region 13 to be etched and
during which the voltage is applied, may vary from a
30 few seconds to a few minutes for the type of substrate
taken here as an example. Here again, the time depends
on the various parameters involved in the process and
mentioned above, and especially on the distance d and
on the thickness of the region to be etched, that is to
35 say on the thickness of the layer 11.

Thus, the various parameters involved in the process
for etching a region of given width and thickness,

which are the concentration of the solution, the



In order to ensure that the overetching phenonenon does not occur in spite
of linmiting the regions placed 30 facing the electrode, the etch rate is
increased during imrersion. In order to do this, the inmrersion speed of the
substrate i s decreased, preferably acgo%gigg to a function of the
decreasi ng exponential type. 35 After t | ayer 11 has been etched over all

of the regi 0n3, 13, acoadli ngotgnany one.gl the,erbadiients andevarjant s

expl ai ned above, e mask I'S renove a step we known person skilled

in the art, eleﬁéro@9 clead chhemarehimg drssel WaRend Pﬂ 2o t abher

sol vent, -an@ sty adedqidmRaliente aadpisedd khide Q@'s%@ac@ owp over
t he nask or the substrate being passed t hrough a furnace. he etching

process descPRBBAEBBYe is particularly suitable for etching Sn02, but of
course, ig can be applled to all types of nmetals or netal oxides such as

| TO, which duc ct WO 02/ 07079 17 -
PCT/ FRO2/ 00768 ERI eX%ﬁ&@i?s?e‘? r}g]ﬁsr%\é?{e%]?ﬁ%ﬁﬁt eYJc%Jr]P.ge a‘fayer 5
(11) with el étyure éormhabtiblummiexmgea sefc ttilmeadopedewetial oxptaneype, on
a transpar eni.) sggs%iat & of 1%1%) pé g’ISS L¥BE ht hg Slétﬁ_l gt eofo Lsing,

deposited on” sal ayer Or 0 t e pr cess W th
patterns del Fubstrgta mllt;tht yastk rpddthegesnse( £9) bﬁ) %t?fﬂ%% | 8her (11),

the rmtskldoel Eﬁbgé‘PéEEel@f 1Qelc:a&1§1£em@1 &d i3fnfefs et qultqu%ﬁwlli elzﬁlerEtéﬁS
consisting in:_- bringin east _one_re 0 be e o e

| ayer into c%ﬁ%%E%oﬁngﬂ %#aﬂﬁﬁ§$ Eared 'cghﬁué CﬁgHﬁﬂWhQ%#1Y%£%

| mgerSI ngdanleyeet rotle &rﬁ@) iHe t e =30l 11t2| obeli2@) andned ptawapg IthéaCI ng
and at a distan d) n1th 3) L n .el ctrlc

vol tage (U 8?&38% ﬁet (ﬁﬁ? q?§0)$%%déFﬁ lﬁgyé ?TT3 6fbe et%%ed 20
char act eri zetovainghathe telsesrade | 88stirone erevsiedecand tiwevestastt rBde has

an obl ong shgpe a etching is carried out on several regions of
t he Iaye% ovgg Séaﬁg ﬁglgp%EEQ. The process as clained in claiml

characterized in that the substrate (10) or the electrode (30) is noved one
with respectThe tlhﬁ/éiﬂ hert ard esendeted biyxeshsueh tdtad thaselsftehde is

t d f i to be etched :
Cimul t ancousFybS35°KRd Eife Tog: BHEEFF EadyPitied Ar EopHyH cAFPREHES! at ed
. from the el eppiecalfl yheowenetratgrsdilutwhoi g 2h)e Posiiteverpekssohstibeai ned
:2 claimdl. ¢haLagt ¢&! 26AnkRebA2t ot RReSUREHEILRL(3Q), or the electrode (30)

The electrode 30 consisting of a platinum wire 1is

arranged transversely to the strips to be etched and

the wire is positioned to the vertical of the region 13
25 to be etched.

The electrode 1is kept in a fixed position during
etching by wvirtue of support means 31 which are not
visible in figure 2 but illustrated in figure 8. This
30 involves a U-shaped frame, which is isolating and
capable of chemically withstanding the conducting
solution 20, for example made of PVC, around which the
platinum wire is tightened. The leads 3la of the
U-shaped frame bear on the substrate, and the wire 30
35 1is kept at the distance d from the substrate by its
engagement in two notches 31b placed face to face on
the leads 3la of the U~shaped clip, the height h of the
notches corresponding to the distance d. Several

notches 31b, of different heights, may be provided, so



35.noved one with respect to the other and one being fixed such that the
el ectrode is positioned successively the facing regions to be etched
simul taneously, and the etch rate is increased as the regions are being
etched and remain in contact with the_eé?cgrically conducti ng - 18
solution. 4. The process as clained in aim 2, characterized in that the

el ectrode (3 | X i ti j (20) which is
tenporarily %%'ohghPglbgtlgecggtfgcfrtegﬁzl ?O\%\n%{l%li&gq%e%%%ég ?Q'S) to be etched
simul taneously, for the tinme of the etching. 5. The process as clained in

claim4, chagactsfdeedtd0 ddmphéteipe acRNAUCH8PcE8hihiONH20rehSohB a
fixed position while th% substrate 1.s moved .at a constang EFeed W th
respect to t R&¥EBAYt REFIeS FEEEEs s IR PESCERS cPhi RE9RINg 1S

char act erg zegh¥sicalthatisbeasedsiviat eurgoundanti xelte pediddtaodshi badt he
sol ution (20% s _nov.ed at.g const ant_ speed MLEE resggct to tgi substrate.
7. The proce geasrecgjaqrfre‘dllﬁ We&‘?‘é’lgofm%?%? 4 T6°20%6, thargttertzed in
t hat the conduédtricng Thal Whkiont (29€) desigoetlaitmedsunrauridankhe¢ 2¢) eatliradeed to

the dimensi 0?%., of; te cethtorr%de3%Qd pL Aged rﬁ%g'f. &Qﬁﬁsuﬁ%”’lta‘ifer& 11he
process as claimed in claim4, characterized in"that the substrate is
i mersed i n vheéhevsdFmatFigiaut $ onapdo)ffldinchecrt 8AFRg St dPhpele after

et ching,1d nt eegiBaBCARdYRt AT et@GRAd Ssol ution (23) over which the
conducting solution (20) stays suspended. 30 9. The process as clained in
claim1 or 2, characterized in that the substrate (10) is conpletely

i mrersed in @ihkaiag, maruneher n tihae sabihgonul(tXYsourhe Baceaemdamxd wift h t he

| ayer (11) bein aral l to,.and facin he ce solut | and
t he electrod§e§gcgéﬁg ighﬁnvggag?gggcogg an?§§gégd Pg%nggfhegregggﬁs (13)
to be etched"grdtilie"comigteihan t hfcodtieng haves (328) wnicisiwmdt hby

el ectrodes [ | agunah 1t g r%gi @%%éé_ﬁ]becieé&ff&:ﬂéh order tRei spbahGctham from

t he etched regions. - . e process as clainmed in claims3,
charact eri ze§OLHtERBL BYie VEILEMS 088 ix LikEdarA-ERE C€onele®Ri i 'sofBEi on
(ﬁO) Wnih! e tb&a&@%&t,rageiclﬁlo)sub&ﬁprpig@ﬁmi \f@bzg !ﬂﬁ@r%@duhﬂog}hgaﬁgbhbi on as
the etching is .takin ace, the etch rate ng increase ecreasi ng
%(ﬁéﬁ Fg tk éb Yon 85

the speed of SHEVERENCIRC The SuBgt FAFeOther en ove the reg

in the process of being etched so as to drive out the
20 bubbles.

In the second wvariant of the first embodiment
illustrated in figure 5, the electrode 30 stays in a
fixed position in the electrically conducting solution
25 20 while the substrate 10 is immersed vertically along
the displacement F and at constant speed into the
solution by displacement means 53 such as a clamp

manipulated by a mechanical arm.

30 The electrically conducting solution 20 stays suspended
over a nonconducting solution 23. The height of the
solution 20 corresponds at least to the width 1 of the
etching (figure 2 [sic]) of a strip 13 to be etched and
the height of the nonconducting solution 23 1is

35 substantially equal to the size of the substrate. A
tank 52 accommodates the solutions 20 and 23 so as to
receive the overflow of the solution 20 during

immersion of the substrate.



11. The process as clainmed in claim 10, characterized in that the speed of
novenment of the substrate is a 10 decreasi ng exponential function. 12. The
process as clainmed in any one of the preceding clains, characterized in
that the electrode (30) is nmade of plathgugl 15 13. The process as clained
i'n any one of the preceding clains, characterized in that the el ectrode
(30) has a cgpss section of bet n J1154 4, Th process
as clainmed |%Rany o%é of1¥ﬁ% 6?%%%rm§§ % slﬁégg %arac eﬁg¥%ds?% Eha? t he

di stance (d)Z28eferaritrdiag.egitoni¢18nptiednrefe ialtectitmles¢BOj1¢s Béi ween
0.1 and 30 ;2R 15 ThRCREBAASSARLC! 2l mgeafa@@ ¥0n%t%fpptlfag pr egedi ng

clainms, characterized in that all thé regions 0 be etched constitute
a plurality 8FCBiRgpsABYbELEKL PAI PYSparabiae ﬂé §§EHV@@her 30 16. The
process & clainmed in claim15, characterized in that the el ectrode (30) is
pl aced transyerse to th r 17 Th rocess_as cl ai in one of
the precedi ng™35°® %gal 1r§h a%gg%WQEB ﬁ?fﬁﬁfe?he6Fayﬁ?g ggg)of ?ﬂé
substrate (18}eb8rpdew3ﬂthnhblanﬁﬂxydrim chet acindulhiricn soterivn apply
t he electric ont ar. g t t he
substrat e, h té%? tér CCEN T dbngagFo%ﬁgﬁe%%ﬁl C$Q§Nl€9 8£1

el ectric conthet ngoiens hé3opip©3|hee etghegr cvirekcaneds e elfoat rlﬂ@econt act
(14). 18.9 The;peosessnhasechkfipgd in claim4, characterized 5 in that the
vol t age between the el ectrodeg? 3 0) and the layer (11) is applied by
means of an electric contact obtained by imrersing an el ectrode (31) into
an el ectrihcgkhy @@cﬂ@ﬂiéﬂd’lgi&ﬁﬁkébie_?nthzé) bil%lgfﬁlédﬂrfbd‘é)nB@Ctréﬁnéth]E Iﬁast
one unet ched .regign, : e _process.as ai ned in any,one t he
precedi ng CIQFHE? cﬁ§r5%ﬁ§¥33é%1i H%ﬁgtcPH 2&P8ct Ei%%ﬁﬁ?(%§ 8

| east equal te tadapeedctjust patcenthel sizeheoﬁomﬂlwct ehgcirabdei. al The

Constl Luld 0. LBechay et (kler difedlor TBRPLARENT AR Sl Hkd NodBX AR Of

t he precedi ng 878, characterized in that ( are provi 2d for

det achi ng oxygéﬁ &ﬁﬂtﬁyérwgéﬁ mMﬁMSQi%%HWIéppé@@*%ﬂ%mwlﬁgté@%hlﬁ@eclose
to and/or ongtBec28ael esthadechdie ABgaBRLI.cation of the process as clained
in any one of the preceding clains to a |ayer (11) of nmetallic tin oxide or
of netallic fluorine-doped tin oxide, or 25 of ITO 22. A transparent
substrate comhéi&b@go&sl@ﬁybé1é¢chéﬂhaebe@mddesyﬂvhmyibmbmgmmeihtes

etched by, the REOCEsS ;3469 i Qnév1 eRL ¢L3sTate Uitk respect to

the tank 21 remaining in a fixed position, it being

possible for the substrate to pass by at constant speed
above the tank 21 by suitable driving means 54, or by
moving the tank 21 with regard to the substrate
25 remaining in a fixed position, the tank 21 passing by
at constant speed by means of suitable driving means 55
and below the substrate held in position by suspension

mearns.

30 So that the solution 20 is always in contact with the
substrate, one of the two elements continuously moving,
overpressure means (not illustrated) are provided in
order to obtain a minibubbling or permanent overflow
state of the solution 20.

35
Thus, the conducting solution 20 containing the
electrode 30 is in contact with the regions 13 to be
etched simultaneously only for the etching, and once

the regions are etched, they are no longer in contact



30, 23. The substrate as clainmed in claim?22, this substrate consisting of a
gl ass conposition having a strain point greater than 540C, the contraction
val ue of the substrate being | ess than 60 ppm and its 35 thernal

performance DT being greater than 130C. .24. A display screen, of the plasna
screen type, incor porati ng a substrate 48 Clainmed in claim22 or 23. - 21
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of a transpapbnnomabgnrate (10) coated with a layer (11) having electric
conduction properties, conprising at |east one electrode (30), an
electrically conductlng solution (20) in which the e|lectrode is inmersed,
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consist of a tank (21) containing the solution (20) and adjusted to the

di mensi ons of the electrode. 25 28. The device as clainmed in claim25,
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FL$10%&£Q L%hBO# k%hg§%tslowﬁ (énl}electrode 33 dipped into an
electrically conducting soclution 24 contained in a tank

25, the solution 24 being brought into contact with at

least one as yet unetched region of the substrate.

Also, the tank 25 is separated by a constant distance

30 from the equivalent tank 21 and by a distance
proportional to at least one distance separating two

parallel strips of the layer 11.

In the device for implementing the process according to
35 the second embodiment (figure 7), the electrode 30
remains in a fixed position while the substrate 10 is
dipped, vertically or obliquely, progressively into the
solution 20 according to a translational movement F in

order to etch the regions 13.
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€lectr88é0¥EBbErrate distance d constant as a result of
(hobe8idd” &d) - 1eve OB U @HRHIon 10 e the
progressive introduction of the substrate. Again, in
this case, the float is a means taken by way of example
to keep the electrode/substrate distance d £fixed.
Moreover, it is possible to provide a collection tank
on account of the overflow of the solution by

progressive introduction of the substrate.

The substrate 10 keeps a fixed position during the
etching time, the regions 13 to be etched being placed
facing the wire 30. The substrate is moved by means of
moving support means which are not visible in the
figure. The two edges of the substrate lateral to the
strips to be etched are combined with the support means
which are able to slide in guide rails lying in the

direction of translation of the substrate.

The electric contact 14 of the substrate is located at
the upper end of the substrate which emerges from the
solution 20 so that the electrical connection 1is

permanent during the etching.

In order to ensure that the overetching phenomenon does
not occur in spite of limiting the regions placed
facing the electrode, the etch rate is increased during
immersion. In order to do this, the immersion speed of
the substrate is decreased, preferably according to a
function of the decreasing exponential type.

After the layer 11 has been etched over all of the
regions 13, according to any one of the embodiments and
variants explained above, the mask is removed, a step
well known to a person skilled in the art, either by

chemical means by dissolving it in a suitable solvent,

10k"k"
()-
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5 The etching process described above is particularly

suitable for etching Sn0O;, but of course, it can be
applied to all types of metals or metal oxides such as

ITO, which are conductive or not very conductive.
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1. A process for electrochemically etching a layer

5 (11) with electric conduction properties, of the doped
metal oxide type, on a transparent substrate (10) of
the glass type, the substrate comprising, deposited on
said layer (1ll) prior to the process, a mask (12) with
patterns delimiting a plurality of bared regions (13)

10 on the layer (11), the mask being capable of being
removed after etching, and the process consisting in:

- bringing at least one region (13) to be etched of
the layer into contact with an electrically conducting
solution (20),

15 - immersing an electrode (30) in the solution (20)
and in placing it facing and at a distance (d) from the
region (13),

- applying an electrical voltage (U) between the
electrode (30) and the layer (11l) to be etched,

20 characterized in that it uses at least one electrode
and the electrode has an oblong shape such that the
etching is carried out on several regions of the layer
over a width 1.

25 2. The process as claimed in claim 1, characterized
in that the substrate (10) or the electrode (30) is
moved one with respect to the other and one being fixed
such that the electrode is positioned successively
facing or [sic] regions to be etched simultaneously,

30 and the regions already etched are physically isolated

from the electrically conducting solution (20).

3. The process as claimed in claim 1, characterized
in that the substrate (10) or the electrode (30) is
35 moved one with respect to the other and one being fixed
such that the electrode is positioned successively the
facing regions to be etched simultaneously, and the
etch rate is increased as the regions are being etched
and remain in contact with the electrically conducting
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5. The process as claimed in claim 4, characterized
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in that the conducting solution (20) is in a fixed
position while the substrate is moved at a constant

speed with respect to the solution.

6. The process as claimed in claim 4, characterized
in that the substrate is in a fixed position while the
solution (20) is moved at a constant speed with respect
to the substrate.

7. The process as claimed in any one of claims 4 to
6, characterized in that the conducting solution (20)
is contained in a tank (21) adjusted to the dimensions

of the electrode and placed under the substrate.

8. The process as claimed in claim 4, characterized
in that the substrate is immersed in the conducting
solution (20) for the etching and dipped, after
etching, into a nonconducting second solution (23) over

which the conducting solution (20) stays suspended.

9. The process as claimed in claim 1 or 2,
characterized in that the substrate (10) is completely
immersed in a fixed manner in the solution (20), the
face endowed with the layer (11) being parallel to and
facing the surface of the solution, and the electrode
(30) is moved at a constant speed facing the regions
(13) to be etched and is combined with coating means
(32) which coat the electrode [lacuna] the regions to
be etched in order to isolate them from the etched

regions.
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5 place, the etch rate being increased by decreasing the

speed of movement of the substrate.

11. The process as claimed in claim 10, characterized

in that the speed of movement of the substrate is a

10 decreasing exponential function.

12. The process as claimed in any one of the preceding

claims, characterized in that the electrode (30) 1is

made of platinum.

15
13. The process as claimed in any one of the preceding
claims, characterized in that the electrode (30) has a
cross section (s) of between 0.2 and 5 mm®.

20 14. The process as claimed in any one of the preceding
claims, characterized in that the distance (d)

separating a region (13) from the electrode (30) is

between 0.1 and 30 mm.

25 15. The process as claimed in any one of the preceding

claims, characterized in that all the regions (13) to

be etched constitute a plurality
substantially parallel to each other.

of strips

30 16. The process as claimed in claim 15, characterized

in that the electrode (30) is placed transversely to

the strips.

17. The process as claimed in any one of the preceding

35 claims, characterized in that the layer (11) of the

substrate (10) is provided with an electric contact

(1l4) in order to apply the electric voltage

(U), the

contact being arranged at one end of the substrate, and

the etching is carried out from the end free of any
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19. The process as claimed in any one of the preceding
claims, characterized in that the electric voltage (U)
is at least equal to the reduction potential of the
conducting material constituting the layer (11).
15
20. The process as claimed in any one of the preceding
claims, characterized in that means (50) are provided
for detaching oxygen and hydrogen bubbles (51)
appearing during etching c¢lose to and/or on the
20 electrode.

21. An application of the process as claimed in any

one of the preceding claims to a layer (1l1l) of metallic

tin oxide or of metallic fluorine-doped tin oxide, or
25 of ITO.

22. A transparent substrate comprising a layer (11)
with electric conduction properties etched by the
process according to one of claims 1 to 20.
30
23. The substrate as claimed in claim 22, this
substrate consisting of a glass composition having a
strain point greater than 540°C, the contraction value
of the substrate being 1less than 60 ppm, and 1its
35 thermal performance DT being greater than 130°C.

24. A display screen, of the plasma screen type,

incorporating a substrate as claimed in claim 22 or 23.
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5 25. A device for etching regions (13) of a transparent
substrate (10) coated with a layer (11) having electric
conduction properties, comprising at least one
electrode (30), an electrically conducting solution
(20) in which the electrode is immersed, characterized

10 in that the electrode is of oblong shape.

26. The device as claimed in claim 25, characterized
in that it comprises means (53, 54, 55) of moving the
substrate or the electrode, one remaining fixed with

15 respect to the other, said means being capable of
immobilizing the substrate or the electrode so that the
electrode is facing the regions to be etched, and means
(21, 23, 327? [sic]) for isolating the already etched
regions of the solution (20).

20
27. The device as claimed in claim 26, characterized
in that the means for isoclating the already etched
regions consist of a tank (21) containing the solution
(20) and adjusted to the dimensions of the electrode.

25

28. The device as claimed in claim 25, characterized
in that the means for isolating the already etched
regions consist of a nonconducting solution (23) over
which the conducting solution (20) stays suspended.



