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. The popularity of indium tin oxide (ITO), which comprlses tin oxide doped with indium,

.in the manufacture of optical devices and mtegmted circuits (ICs) may be attributed to its high™
-electric conductivity and good optical transmittance. Early on, I'_I‘O films were commonly
_;e'rnployed in transparent electric heaters for aircraft windows a_nd_ antistatic coatings on instrument
?p_anels. Its use has expanded since and now includes antireflection coatings, heat reflecting

--';titixrors,"transparent electromagnetic shield coatings, transparent electrodes, and optoelectronic and
20 photovoltaic devices such as heterojunction solar cells, transparent electrodes for various electrical
L :'-é‘;'d_e_vices such as photodetectors, and optical waveguides. For more information on the various

S a‘f)plications of ITO, see for example, S.A. Knickerbocker and A.K. Kulkarni “Calculation Of

. The Figure Of Merit For Indium Tin Oxide Films Based On Basic Theory” J. Vac. Sci.

'" Technology., Vol. 13, No. 3, pp.1048-1052 (1995).

25 - One of the more notable areas of applications has been in the manufacture of flat panel
. displays, e.g., for wall mount televisions or laptop computers, thin film transistor-liquid crystal
- displays such as high resolution monitors, viewfinders, fine-pixel projectors, and the like. For
;- -discussion purposes, a cross sectional diagram of a representative:panel portion 100 containing a
: ‘layer of ITO is shown in Figure 1A. Panel portion 100, which represents a portion of a flat panel
30  ..display may include a g!ass substrate 106. Glass substrate 106 may represent, for example, a 320
o "'X 340 mm? Dow Corning 7059® or 1739® glass substrate, available from Dow Corning Corp.
* of Michigan and is well known to one skilled i in the art. The glass substrate may include SiO,, low
L i'_.-‘ftemperature glass or high temperature quartz. "Above glass substrate 106, there is disposed a layer
’ :-..é__stack. a portion of which is shown in Figure 1A as a layer of indium tin oxide (ITO) layer 104.
35 .";.":'Above ITO layer 104, there is shown a photoresist layer 102.

. Itshould be noted that the devices of the figures shown here:n are depicted in a simplified -
= om_m for illustration purposes only. There may be present other additional layers above, below,
1 between the Iayers shown. Further, not all of the shown layers need necessarily be present
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hotoresist features and/or the underlying glass substrate may be madvertently etched away,

_'-'_;-:.-_.thereby adversely impacting the etch resolution of the ITO layer. Since the etch resolution of the
' ITO layer relates directly to the “quality” and/or operation of the resulting display device, a high
~ selectivity etch process is thus desirable.

; A high ITO to silicon nitride (SiN,) selectivity is also desired as well. For discussion
25 . purposes, Figure 1B shows a thin film array device 200, which may function as, for example, a
- light switch. In such a device, a portion of the ITO layer may be employed as a contact to the
pixel electrode. Referring now to Figure 1B, there is shown in device 200 a first electrode layer
- 204, which may include, for example, chromium and may be dispbsed on a glass substrate 202.
. Above first electrode layer 204, there may be disposed a gate dielégiﬁc layer 216, which may
30 .. comprise, for example, silicon nitride and/or silicon dioxide.

Above gate dielectric layer 216, there is disposed an active layer 206, which may
~ comprise, for example, amorphous silicon. An ohmic contact layer 208 may be disposed above
:gate dielectric layer 216. Ohmic contact layer 208 may include, for example, p-doped (n*)
f-:z'i?norphous silicon. Ohmic contact layer 208, in turn, may be disposed under a second electrode
35 ¢ lgyer 210. A passivation layer 212, which may include silicon nitride (SiN,), may be disposed
 above second electrode layer 210. ' |

o A contact hole 214 through passivation layer 21 2 permits a plxel electrode 21 8 to make
.electucal contact with underlymg second electrode layer 210. Pixel electrode 218 may include
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bromme under the hngh pressure, low flux conditions of the prior art tend to yield very low

25 etching rates and form solid etch by-products that are also difficult to remove. Etchant gases such
- as hydrogen bromide and hydrogen iodide may have been employed. but the high pressure, low
density conditions under which they were employed in the prior art necessitate an additional step
of pre-heating the substrate. Pre-heating the substrate, while makmg the ITO material more
volatile and easier to etch, introduces an additional step into the: etchmg process, which makes the
30 prior.art dry etching techniques less economically attractive. It xs_;f,unher discovered that
preheating may damage or reticulate the protective photoresist feaiﬁres.

Some of these disadvantages have prompted the prior artITO processes to generally favor
a wet etch approach. As is known, however, the wet etch approdéb‘ also suffers from several
drawbacks. For example, the wet etch rates are low and may be: hlghly dependent on the ITO
35  sheetresistance. Additionally, the conditions associated with wet etchmg are often hazardous,
with the disposal of the etching solutions posing a significant safety hazard,

' StlH farther, uniform etching of the ITO layer by wet etchmg is often difficult to achjeve.
Also, the etch selectivity to the overlying photoresist and/or the layers surrounding the ITO layer,
such as silicon nitride, may be poor with the wet etch technique. In the view of above, what is

3
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The present invention relates, in another embodiment, to a method, in a low préssme, '
"i: * inductively coupled plasma reactor for dry etchirig'a substrate havmg an mdxum tin ox:de aITo)
20 - "'Iayer and a silicon nitride layer below the ITO layer. The method includes a step of placmg the
sub_strate with the ITO layer and the silicon nitride layer into the Iow_ pressure plasma reactor, a
_siép of introducing an etchant source gas into said low pressure plzisma reactor, a step of striking a
. 'plasma in the low pressure plasma reactor with the etchant source gas, and a step of etching the
ITO layer with the plasma.

25 .. These and other features of the present invention will be describcd in more detail below in
- the detailed description of the invention and in conjunction with the following figures.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1A shows, for illustration purposes, a side sectional wcw of a panel portion of a

30 flat panel display that contains a layer of indium tin oxide (ITO). -

Figure 1B shows, for discussion purposes, a side-sectionalf yi‘_ew of a single thin film
- transistor array, reprcsenting another device employing a layer of iﬁdium tin oxide (ITo).

Figure 2isa cross-sectlonal view of a transformer coupled piasma (TCP™ reactor
B sultable for use in etchmg ITO or tin oxide in accordance with one embodlment of the present
35 i mvennon B
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The etching of an indium tin oxide ( ITO) layer accordmglo the present invention, as
: described_hereinéfter, may be carried out on any variety of substratcs that include a layer of
20.. ITO. By way of example, the etching may be employed to etchi"l_?-.__-l. mm thick and 320 X 340
* -mm? rectangular glass substrates, which have at least one ITO layéf As a further example,
1 the inventive technigue may be employed to etch a layer of ITO laycr disposed on a circular

stlicon wafer.

Figure 2 is a representation of a transformer coupled plasma (TCP™) system,
25  representing a low pressure, high density plasma processing system that may be empioyed to
“etch ITO in accordance with one aspect of the present invention. For ease of illustration, a
TCP™ system known as the Continuum™, available from Lam Research Corporation of
Fremont, California is employed and described herein. It shoulk be borne in mind, however,
that the invention is not limited to this particular TCP™ system conﬁguratlon By way of
30  examople, it is believed that the invention may be practice in any hlgh density, low pressure
. plasma reactors, including those employing a cyclotron resonance (ECR) system, a helicon, a
a helical resonator, or the like. ‘

In Figure 2, TCP™ system 298 has a reaction chamberlS'(:)ﬁ:% Above chamber 300,
- there is disposed a dielectric window 306 and a coil 304. Dielectric window 306 can be made
* 35 ~ofany suitable dielectric material. In one embodiment, .howevc_:-':r made of quartz. Coil
. 304, which may be pianar or shaped appropriately according to reactor configuration, may be
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" Reaction chamber 300 has a gas inlet port 324 that may be connected to a gas dispenser
0. _.,'320'surroundmg the base of chuck 312. Gas dispenser 320 may be a gas ring with openings 330

and 332 for venting source etchant gases into plasma processing region 340. Alternatively, gas
- diépenser 320 may assume any suitable configuration, e.g., a shower head. Further, both gas
- f_?ir'flet port 324 and gas dispenser 320 may be disposed at any suitable location relative to the
:chamber, '

25 In accordance with one aspect of the invention, the source eichant gases may include, for
- example HBr, HCI, HI, Bry, I, and/or Cly, or a mixture thereof.” An additive, such as oxygen
" may be introduced and is believed to enhance the selectivity of ITO to other layers such as glass,
- photoresist, or silicon nitride.

A turbomolecular pump 314, which is equipped with an inlet 316 and an outlet 318,
30 - -evacuates the gas in plasma processing region 340 and maintains a desired reactor pressure.
" Turbomolecutar pump 314 is capable of evacuanng a system suck 'as Continuum™ typically down
" to a pressure of 0.1-100 milliTorr while still supplying about 200 _t___c).f_gbout 5000 sccm of reactant
- gas. '

_ In one embodiment of the present invention, chuck 312 r‘_r'la_y}'.bjc equipped with a
35 - -g;emperatnre control unit (TCU) 344, which has a fluid inlet port' 346 and a fluid outlet port 348.
- Through these ports, a fluid such as glycol or deionized water, is supplied at an appropriate
“temperature to chuck 312 to maintain chuck 312 at a desired temperature.
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" As is apparent, chuck 312 and substrate 310 together with the plasma act as a type of
"diode. When chuck 312 is energized by' RF generator 308, it rectifies the RF to produce a sheath
- of negatively charged DC voltage at the top of the substrate. ‘The substrate surface is, thus, biased
'negatively to attract the jons toward the substrate surface where they bombard the substrate surface
20 - at an energy largely determined by the bias voltage. This action enhances the etchmg of ITOand
to some extent etches any other layer exposed to the etchant plasma.

Etching of the ITO layer may continue until a stop point is reached. In one embodiment, a
narrow band optical filter (or a monobﬁrometer) in conjunction with a photodiode sensitive to the
appropriate wavelength region may, for example, be employed to monitor the optical emission

25 - from the indium in the plasma. Completion of the ITO etch may be determined when a significant
decrease in the 410 nm emission is observed.

Figure 3 is a table that sets forth, in accordance with one embodiment of the present
invention, the approximate parameters employed to etch ITO films deposited on 320 X 340 mm’®
glass substrate. The parameters of the ITO etching process shown in Figure 3 include pressure,

30  plasma density, RF bias power (i.e., power to the chuck electrode). and flow rates. Figure 3 also
includes chuck temperature, representing the optional parameters that may be controlled to achieve
more favorable ITO etches. Approximate scaling of the parametpf;, e.g., bias/cm” and/or
ﬂow/cmz, may be performed, as can be appreciated by those skilled in the art, to accommodate
other substrate sizes and/or chamber volumes.

35 Pressure refers to the pressure measured inside plasma reactor 300 during etching. If the
pressure is too low, there might be an inadequate supply of reactants for etching the substrate,
thereby resulting in a Jow etch rate. In contrast, if the pressure is hxgh it is difficult to achieve the "

- required ion flux and ion energy and the result is often a lower selectivity among the layers, e.g.,
between the ITO 1ayer and its neighboring layers that may be exposed to the etchant plasma. The

7
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power) A higher TCP 'pg’détetcl?ds t8 @ne'i‘:ﬁ@aﬁfgﬁ&t&hkl%ﬁﬂlasﬁ\at\ﬁﬁ@ﬁ I &HJD
e Sl 5 L0y kg o b .mﬁoﬁg
accor darsubstritd surface. Bsgneembotlinidng hpweese the investin oplaratds?@v:t}ﬂﬁgﬁﬂafmly hlgher '

:al/lm I abﬁ;lés?rmodeﬁil av th-ggor{oﬁﬁri:olrns%é% §£ﬂc§ Qﬂmngﬁs;}egﬁe:of%) V‘#‘%&“@Lg £l h hg

enpl oyedlasmh dessity gmmlluemmehfromtabgmd@latcbabcbbtﬁ& ¢ rpmfdrablymfrom T

that t hewopVso tS'ﬁbbxﬁ et cm‘naﬂoerqokq,réfbaas APAbGH 111 TP O b Rkp 5Bk an S
confi gurg gf*‘e@%’h |eve that the 1 nvention

may be pr ‘RV(%: Fh‘yaﬁ?ﬁ)h?@ﬂl%éi‘l‘éﬁ“t‘ “SP‘QS\‘R} pl asma reactors,

i ncl udi ng those enpl oying a cyclotron resonance (ECR) system a helicon, a
hel i cal r esoriEtedF bias power ik défined as the power output byl the RFgenaradr 308°HncFable Fyst em

298 23S (e W&s ggsgg dnggxgts %g Axﬁ&'&ﬁﬁ?éﬂ%‘&gm centi et&n}lg"gﬁbétﬁmﬂ'ﬁﬂos ed

adlelectrlcvm a col ctric wn can
35 - of %‘F.ngawatﬂeeermwé&qnﬂsyﬁhwéwhapmmoaﬂex SRPIBERSHEG subsHagsYEace. it | s

nmade of &ua;ﬁ;irapna@lebel of RF bidGsbwey il sk fmaemong Pnahergy & rehlove @t MUDRGRARML el Y
accordi ngbgtloater wi oucl rdegcrg&'mg Qe c%tvh? 10 otﬂay!ayers The RF bias power, scaled for etching 320
X 340 mm” substrates, generally ranges from about 100 to 4000 Watts, preferably ranges from
25  about 500 to 2500 Watts, more preferably is at about 1250 Watts. In Watts per square centimeter

of substrate, the RF bias power generally ranges from about 0.09'to about 3.7 Watts/cm® of

substrate, preferably ranges from about 0.46 to about 2.30 Watts/c_m?. and more preferably is
about 1.15 Watis/em®. If a larger substrate is employed, the RF bias power may be scaled
accordingly to provide satisfactory etch results.

30 In the aforementioned Continuum™ plasma processing reactor, the plasma density may be
controlled by the TCP power, and the bias on the substrate is cont_roii_ed by the bottom power.
While the two power sources may affect each other, one may be left 't:bnstant while the other is
adjusted. In the present invention, the ion bombardment of substrate 3]0 may accordingly be
controlied by varying the power output of RF generator 308 and keepmg the power output of RF

35 generator 302 constant. In this mannef, the present invention is capable of etching the layer stack
mcludmg ITO on substrate 310 under conditions of controlled ion bombardment without affecting
other reaction parameters e.g., pressure or flux density that might dctnmentally affect the etch
characteristics. 5
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*PCT/ U897/ 11337 - energi zed by a RF generator 302, ‘e.g., at 13.56 Mz or

ot her sui t Wﬁquenm es, .typically via. a mat chi ng RRdpesden 159t

shown to t he |Ilustrat|on) - “fnside reaction chanber
300, there Is a plasma processing region 340, mhlch I's | ocated bet ween

.'dlelecrlc W n ,Sé%ﬁo

secur et5 Wﬁ% 0 f %“E%B%B%%yweQ% aéafﬁébggghﬂﬁgh%%am cal
clamp and Mﬁl}twoém@eée%d lqvel of 1ap porgbardment eewsw&.wtgd} may fp ety In the some
* i nst ances, rahgy/\61\aBbut 1®oaeﬁbm4wyongtxnlme enme@:a&aﬁaymeﬁumu eadlidr, it fraquessyl dfy
ot et no 11 ApledRgs BARrlva T4 SE M ARE Pl R ofring Bl tﬁhr'b%pm% fy
RF gener atoontrdidon bqnaba*dmsntamtlmuf af&qmmycroéachan paraikterstthat Inmghtldcmmexﬂﬂybl as

on subgfr aatffgei%the ctch%ﬂgract@%%ﬁg,kégiééssh& %’ﬂu‘i%m%éh%de?ﬂﬁ & 1§§%R%H with a

substrat e e equl p th a port
ext ends f rdistinghagivantage over Hhigdsadigiopal methods; nt o t he substrat e/ chuck’ |nterface
Port 326 is enployed to supply a heat transfer gas such as hel i um or

some ot her gas Rlowliriie réfdﬂ@% m&w&f thdﬁoﬁfd‘e%fb‘haﬁt@isdﬁ intb @ed&ﬁbmétﬁhibef BB0 and
pr o6esel ngney be adiusted. 12 3ichis 52 X a @i mad pSabaies oSy e e sEuD 58S briveehay
be connectabdut49 te abast 2008 peens pref@ably rar@2dbetweeroabodt 9 to Iabmhd@@ﬂ sdentindakore
312. @85 QiREBRAL aCABuIT0 REm3indErind drMbribld LqRRE Bl 3t substrate, the flow rate
generally ranges from about 0.04 to about .84 scem/em™. ian§3pmthrably ranges from about --- -
'0.092 to about 0.92 sccm/g:_rn2 and more preferably is about O;'i.8__sccn1/cm2. As mentioned earlier,
the etchant gases may include. for example. HBr, HCI, HI. Brs, I, and/or Cla. Inone
embodiment, where an 'add_i'tivc such as oxygen is added to the etchant gas, the flow rate of the
20  additive may account for about 5% to about 10% of the total ﬂow rate of the total ctchant flow

rate.

The traditional method of plasma (or dry) etching ITO requires preheating the substrate,
e.g., to 200 °C or above, bjl plasma or heaters to facilitate etéﬁ_irig as the byproducts (e.g., indium
hallide) of the ITO etch are not generally volatile at low temperz_;;u}es. Although the preheat step
25  may succeed in rendering etch products more volatilized, the photoresist, along with the ITO, also
undesirably undergoes degradation. Thus, a high etch rate for the ITO layer comes at the expense
of maintaining photoremt features.

In accordance with one aspect of the present invention. it is discovered that the etching of
an ITO layer in a low prcseure high density plasma processing chamber at a substrate temperature
30 _ below about 150 °C, particularly below 80 °C, unexpectedly an_'__ surpnsmgly, prevents excessive
photoresist degradation and while maintaining a high ITO etch rate. In one embodiment, the
chuck’s temperature may be maintained, e.g., via TCU unit 34 from about 40°C to about 80 °C,
which causes to the substrate’s temperature to be within this éar:nfe,f_range. In another embodiment,
the chuck’s temperature may be maintained at about 40°C, there
35  temperature to be at about 40°C as well. The present invem_io;h

ausing the substrate’s
es a high ion flux to remove ITO
the entire panel. High ion

byproduct from the surface of the panel without requiring heatingc
flux liberates the ITO etch product from the surface and low pressure high conductance operation
allows the product to be pumped out of the chamber wnhout redeposmng on the substrate



and 332 for venting source etchant gases into plasma processing region 340.
‘Alternatively “gas’” "~ di spenser 320 nay assune any suitable

conflguratl e.g., a shower head. Further, both gas t 324
and gas ﬂ@ﬂ?@ 320 may ‘be di sposed at any sui t'abl e Iocaﬁ¢iﬂﬁ§ﬂ5 ive to
t he chanber. 25 I n accordance with one aspect of the

I nvengion, th ch" { r : . HBr ,
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Con T S IR 8 SO0 R R R,
while stip ¢t0@a1§b$°}qchglt)about 200 to about 5000 sccm of ré&actant gas.

I n one enbodi ment of the present invention, chuck 312 may be equi pped with

a 35 tenperatme ﬁn/éﬁtWerIf!'b dicH tEcHnTcﬁé)fuﬂM roWtieS bugeasr dct M!fdi'mit? b®dr ppiof hrt 346
and- aﬂ]ﬁ'& Btle ort - Q&’P ese--parts; such as
gl ycol &5 qu‘ “s? g %Wﬂfﬂrﬁnéﬁ" %!Hj rsPl?ff'@‘e tempe.ratp%@r ature
t 0 chuck c8itil bﬁtheu:hutlés terrmhmnkeB 1@ omst embqﬂasemecich mrfmmnay wanges from about 5% to
P CT / U% 97 /xli \.g é(}%\/@ 00 rate. Etch uniformity is defined as (Max-Mm)/(Max+Mm) XlOO%,
- where Max represents the maximum etch rate and Min represents the minimuin etch rate across the
. :_etched surface. Since a highly uniform etch is generally demmble the above result further
__ hlghhghts an additional advantage of the Jow pressure. high densnly etch technique of the present
invention. ‘ -

20 . . The ability to more consistently obtain the desired etch profile for the [TO sidewall is
‘another advantage of the present invention. In one embodiment, the ITO etch profile may have a
taper angle from about 45° to about 90°. The taper angle is believed to be a function of the
photoresist, which may itself have a pre-etch taper angle of typically about 70°. More importantly,
it is observed that there is no undercutting of the ITO layer. The dbsence of ITO layer

25 'undercutting further shows the advantage of the present invention over prior art ITO etch
techniques, which is generally performed in a more isotropic manner under conditions of higher
pressures (prior art dry etching or wet chemistry).

Figure 4 illustrates some observed results, which are obtained by etching various ITO-
bearing substrate samples using the inventive low pressure. high cjerjsity etch technique. For
30 some samples, it is possible to achieve an ITO etch rate of, for examjfﬂe, about 4000
Angstroms/minute. The ITO to photoresist etch selectivity can be, in some samples, about 3:1,
and the ITO to glass layer may be, in some samples, about 10:1. Fiffther the ITO to silicon
nitride etch selectivity may also be, in some samples, 10:1, and the etch profile may range, in
some samples, from about 45° to about 90° with almost no observable undercutting of the ITO
35 layer. The etch rate uniformity may be, in some samples, about 5% ‘of the mean etch rate.

In the following examples, some etch results are obtaincd ﬁhén TCP™ power and RF bias
power (corresponding to power supplied to the top and bottom electrode respectively) are varied
while etch 2320 X 340 mm’ ITO-bearing substrate. The examples eerve only to illustrate how
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paranet ers

%Oh?g@htd%’q% Raftl Gerbssidifreroml I%B(Ettrq gl ass’ substrate. The

etching process shown in Figure 3 include pressure,

30, (PLasma dengii e FLuRLAR ROHRS obh s arP Sk mS PES0 4528 e

and flow rates.
ITO to photoresist selectivity is almost an order of magnitude greater for processes employing

30

HBr chemistry for some power settings. At the highest power condition, 600 Watts of TCP
power and 300 Watts of RF bias power, ITO etch rate in excess of 2500 Angstroms/minute
(A/min) is achieved with the HBr process, with an associated ITO to photoresist selectivity of
0.9:1. As is apparent from the foregoing, improved etch rates and/or selectivities may be achieved
by appropriately modifying the total amount of power as well as the ratio of top to bottom power.
By way of example, the following values for bottom power/cm’ of substrate 0.24, 0.48, 0.95,
and 1.43 may be scaled, in one embodiment linearly, to accommodate different substrate sizes
and/or chamber volumes. '

The etch profile for the processes employing HBr has a:taiaer angle of between about 55°
and about 60° (with a pre-etch photoresist angle of 70°).

11
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Example 2

Table 1

A substrate containing an ITO layer was etched in a low pressure etch reactor utilizing a
TCP™ source and designed for 320 mm X 340 mm substrate. HBr and Cl, etchant source gases
were employed under the following conditions: pressure of the 'source etchant gas = 8 milliTorr;
TCP power = 3000 Watts; RF bias power 1000 Watts (0.92 Watts/cm®); flow rate of HBr = 200
sccm; flow rate of Cl, = 200 sccm; temperature of chuck electrode = 40 °C; helium pressure in
helium port 326 = 6 Torr. The optical endpoint for this process was detected using the 410 nm
indium emission intensity. The following results were obtained: etch rate of ITO at about 2330
A/min; etch uniformity within about 6.1% of the mean; etch profilc at about 70° taper angle; and
selectivity of ITO to glass of about 2.5:1.
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rangeg - f'rom awitting a plasmdfrétH 2aill iR Es 9 sg% 15\9%5.% gfaﬁrlta fAEtoF ARG -

preferably is about 0 18 sccm cnferr] ment | oned earlier, t he

andlor o orr PORPE S ﬁﬁgqavefr%r‘t%@%m e o %obtf@aew‘togr Blger

i s addedsaid lawhpressuchplasmysactot.he fl ow rate.. of the.20 .additive may account
~f-or -about -5% to about ‘10%-of -t he-total-—fl'ow-r ate: of the total etchant flow
rate.- - - “The tradltlonal rret hod of---p-l--asrra (or-dry) etching I1TO
requires preheat| ng the substrate ‘t0-200[ err] C or above, by

pl asna- or heajers t chi n the b roducts I ndi um
hal | ide) of -the IT %F’E ta]ﬁlﬁ? gt‘?‘g ’%955 lﬁfm? E?\Wg‘f’%‘gﬂe?‘at ures.
Al t hblghprebsurg highodensisy ﬂlpsma redctor_ :

3. The method of claim 2, whercm saxd low pressure, high density plasma reactor is a
transformer coupled plasma reactor.

20 4. The method of claim 1. wherein said Iow pressure plasma reactor is a low pressure
inductively coupled plasma reactor.

5. The method of claim 1, wheremszud s_t‘i_bstr_;xtef;s_ t"t:fnperamre is below about 150
Py C. G N L N
25
6. The method of claim |, wherem smd substrate s tcmperature is between about 40
°C to about 80 °C. e :

7. The method of claim 1, whercm sazd substrate s temperature is about 40 °C.
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gqtlllzed t he

25 nay.succeed_tn renderi ng etch p dggtiinﬁre vol
H . eet Zi’
y under goes

photoresist; -atong-~wth-the 1TO -als
degradat i on. WW high etch rate f mmﬂl T comes atpdiifsosN x;lse

of mai nt ai ni ng phot or esi st ‘feat ures. It n accordance wit
aspect of the present invention. it is discovered that the etching of

an | TO lgyer in | o
- Slbst rat ) empar i uoe TR RIS chindl 6B d AR QHRASR b BE AT nile®
. 80[err]C, uM® sud Wa!@ﬁd surpri si ngly, prevents excessive
¢ photoresi st degradati on and while naintaining a hi gh ITO etch rate. In one
: enbodi nent, the chuck's tenperature may be mai: nt ained, e.g., via TCU
unit 344 from about 40[err]C to about 80[err]C, . “which causes to the
. Substrate's terrp ratu n_ano
subst o< gt oL e houka o, ko ST ORE P fvr sov
. 40[err]C, tf?éﬁi% 36’8’GS| ng the substrate s 35 tenperature to be at about

: 40[err]C as well. The present invention uses a high~ion flux to renove | TO
byprodutd fromthe surface of the panel without requiring heating of the
entire panel. H gh ion - flux liberates the ITO etch product fromthe

- surface. and. lLow.gLessure,. I8 al | ows the

~ product to be puﬁ‘fed out eﬂe?'ﬁ%tﬁ?:‘ﬂ%urfé %{‘W furthey comPpripes  layer of

" substrate. glassundersaid ITO layer. ' 9

© WD 98/00874 : . .

PCT/ US97/ 11337 5 - Under __t he low pressure, high density
condi ti ons-of--t he-present :i-nventiony it has-been . found t hat i t is

ossi bl e to achi --ve--l--'IZO----e-"t zh rate era e of - bet ween about 1,500 to
gbout ﬁ 'fh mé%lttodS ofJ clanmq wherélt said etchmg step is conducted under a

15 chamber pressure of between about 0 1 and about 100 mxlhTorr

12, The method of claxm l l wherem sald etchmg step is conducted under a
chamber pressure of between about 3 and about 15 milliTorr.

20 13. : The method of claim 12 wherein said etching step is performed under a
plasma density between about SE10 to about SE11 cm™.

14. The method of clmm } wherein said etchmg step is conducted under a
chamber pressure of about 5 mllllTorr '

25

15. The method of clatm 1 wherem said etchmg step is performed under a
plasma density between about E10 to about ElZ cm”

16. The method of claim l5 wherem sald etchmg step is performed under a
30  plasma density between about 5E10 to about SEllem™’

c HIIIIIl llllll |||l| llIII ll il



‘approxi mately an order of de hi gher than those achievable by

prior art hi ng metH““u m nificantly, upll : rior
art net ha’&élgp"%ﬁ'o etching, the high etch rates dbtai ned bgbﬁﬁgﬁ’ﬂsﬁnti ve
etching 10 technique does not cone at the expense -of a [ow ITO to gl ass
and/ og silicop,nitride apd/o .+ .. photoresist selectivity.

The ihventive {TO etch ?B%Wﬁ{h_aﬁ8%@(‘?“8’&‘“51”0‘91"(%@“9‘&%Hchﬁdx‘%?'fﬁ?rlﬁ‘?ﬂ'? ormty
over pri $flectgd from the groupcorsisting ¢f BBrglEl.td. BneLwod Gl a uniformion flux
and control of substrate tenperature (via control of the chuck's

tenperature). In one enbodi nent, etch uniformty ranges from about 5% to 15
about 10% of the nmean etch rate. Etch uniformty is defined as

(Max-M n)/ (Max+M n) X100% er X. represents-the naxj numetch rate
and M n repr ei%nts t he %{‘?ﬁ“ﬁﬁﬁﬁﬁl Qf‘\gﬁ#"% E?’ggrﬁlf‘rsé@se“{"ﬁé‘;gas urthepinclydes an pxygene.
Since a dddidey uniformetch is generally desirable, the above result

4, 000 Angstrons/ m nut e. TiisiSteetta B@mi]rwt hese I TO etch rates are
MRk

further hi ghli ghts an additi onal advantage of the |l ow pressure. high
densjgy etch techni que of the present invention. 20 The
ability to nore consistently obtain the desired etch profile for the ITO
.si.dewal.l-.i s anot her advantage of the. present--invention.. In one

enbodi nent, the 1TO et ch Pethad fordiysiching aglass substratehgyiag ap drgdiem tinoxidebout

45[err] geoxrheet diffitised thkreod tRe el campliging:S bel i eved to be a function of
t he photoresist, which may itselt have a pre-etch taper anglé of

typically about .70[err] . e i rt. A it is observed that there,
is no undercu‘%i %‘?‘ﬁ L%@ glaﬁse.l\@%tatﬁg@g?@aﬁé){.gﬁgxgho&lo&pn I‘S%CIPZ{VEV‘%EO"-" e
-.undercutting further shows the advantage of the present invention over
prior art | TANEPEYring an etchapbipyrcg gas integiidiow presguredlasimayeastary ormed in a nore
i sotropi ¢ manner under conditions of higher - pressures (prior art dry
et chisg.or wedtriking aipkistria)in said low pressure plasmaregbidravith dald dicHahBéodfce pAsTand
observed results, which are obtalned by etching various ITO beari ng
substrate sa _ S] i Ny Ve, pres. i i. efch.
Fechni que, . For-ige S BFo g Stk ik WARERSHE Beto b IBOT TR Eihiy
rate of ,saidlowhrasspieeplasmrorgactan 00 Angstronms/ mnute. The ITOto

phot oresi st etch selectivity can be, in sonme sanples, about 3: 1, and
the ITOto glass |ayer may be, in some sanples, about 10:1. Further. the

I TOto silicon nitride etch selectivity may al so be, in sone sanples,
10:1, and th tch profj i T ut
45[err] to agzo(gt 90[er-r)fll“i'\‘/evlmgﬁX<<1;1{)€r&1)%fi1 ’r?o‘o%%%fgf‘\‘/’%%ﬁgﬁﬁ%% chcﬁo?’fi ‘l’éﬁé&%qd’é?%e,l TO
35 30y eshambpepressyre ofhetwaeniabontdiand aheryi 18milliTerrsone sanpl es, about 5% of
the nean etch rate. '

21. The method of claim 19 wherein said etching step is performed under a
plasma density between about SE!0 to about 5E11 _cm'3 .

25 22. The method of claim 19, wherein said glas§ substrate’s temperature is
below about 150 °C during said etching step.

23.  Amethod for fabricating an electronic device from a substrate comprising a siticon
nitride layer disposed above said substrate, ancilé_l tin oxide-containihg layer disposed above said
30  silicon nitride layer, the method comprising: '

I (T



I n ihe fol | owi ng exanpl es, some et chyagil: bigs meSrORERAI ned when TCP[err]

‘power and RF bias power (corres r supplied to the top
and botto &fidospgle respectively) ar %Mﬂﬂ%l’ whil e etpormes$3¥ 340
merr] | TO bearing substrate. The ex ""hly to illustrate how

10 - WD 98/ 00874 '

-PCT/ US9%/ 11337  placing said substrate witR 9@ tin BRide REntaitit blE888 Rayat and ki@ Shliten nitride
optim ze etch results and are not .intended to limt the

'scope of t H&YSF IR AIGW RTEssiI, gpgiively coupled plasma reactor;, £y o) @ 1

1n Table 1, the 1 TO etch behavior of a 145X 145 mferr] sanple for CJ[err]
and HBr pr ocessadatroducing an etchant source gay igtossaiddowcpressura, inductivelycougfledplasma

gener at or %g «Jpover, al so known as "TCP power," and RF 10 _
gener at or power, al so known as RF-bias power. The follow ng paraneters
wer e kept . ‘ gona ant: pressure, of the ;ource et chant gas (at
about 5 nill i Tosfiking ¢ plgstainsaid lowpipsswrecingictively soupled plasmag (rpctopwith s,

and chugk' stdhefisehrt ghs afi@t about 40[err]C). Selectivity was al so nonitored
for t hese processes. - : ~AS :
a

mentioned, the etch of.Table.l is.perfor . d or 4 rrm-X'-l-4. substrate
sanpl e eEC%i'g sa[fstf%%&?%'% aélﬁﬁsﬁég'gg?fﬁt %f’é? 'eré’ﬁlsbs “%}Q‘s'g etching -
machi ne, which has about 20% i n chanber - vol une of typical
machi nes enpl oyed for etching 320 nm X 340 nm substrates. Certain
24.  The method of claim 23wherem _said tin oxidc;containing layer further comprises “ -
indium. SR S

i5

25.  The method of claim 23 wherein said tin oxide-containing layer represents a

transparent electrode layer.

26.  The method of claim 23 wherein said etching step'is conducted under a chamber
20  pressure of between about 3 and about 15 milliTorr.

27.  The method of claim 23 wherein said etching step is performed under a plasma
density between about SE10 to about SE11] em™,

25 28.  The method of claim Zér'i;yherein said substrate’s temperature is below about 80 °C
during said etching step. '

29.  The method of claim 23 wherein said etchant source gas comprises HBr.

30 30.  The method of claim 23:__.wh-efein said etchant soufce gas comprises Cl,.

T g



paranmeters may be scal ed to the reactor's volunme and/or substrate size to
facilitate etchl ng on -~ different reactors and different

substrat es. way of exarrpl erhisishet HisB aceghovvn in Tabl e
may be sc‘é.’pe’ 0087 near |y in ong "lm ii th t'he react o?’C\lfﬁfSa#é“PB

mai nt ai n substantially the: ion density val ue across
differ reactors. In Table 1, although the I1TO
etch rates are essentially the same for both cheni stries, the

| TO to photoresist sel ECtIVIt¥ s, dl most an’ or der ‘of magnltude greater for
processes enpldblyi ngThe method of claim'23 wheggin said atchant joures gas samppeRch asdani ngs.

At the hidghmst, sﬂﬁ‘éﬁ:haxﬁ%ﬁxlgtoh@BfHQQ%d/éﬁts of TCP power and
300 Watts of RF bias power, 1.TQ.etch.rate.i.n excess of 2500 _
Angstrons/ m nut e 25 . (A/._,.m:n) i's'achieved with the HBr process,

Wi th an associated ITOto photore5|st selectlwty of : 0.9:1.

As is apparent -fromthe foregoing; i rpr-oved etch rates and/ or sel ectivities
may be achi eved®. A method fordry etch;ngapprr_ tintosidg (TRD)ildyer-digposee abaveal anount

of poyer J‘ top to bottom power. - By
way of exsgﬁ%q%é Sa'ﬁ%#ﬁﬁ ow ng aI ues, for bottom power/cni err] of substrate
0.24, 0.48, 0.95, ::-.-‘.:.'-'_:n:d‘:I ‘43rvay.--be- scal ed, i n one-enbodi ment
linearly, to aﬂw&w&b&@ﬂmﬂ%w. _ _'Sklﬂyfét‘@°§|l%§'%b“fe plasmareggor and/ or

chanber vol unes. ‘The ‘etch profile for the
processes enplinyodigingth etbﬁﬁn@aiﬁﬁfa@hﬁ;ﬁa@ﬁrabﬁmﬁe&cwaout 55[err] *
and about 60[err] (with a pre-etch:.
gg{r? ?Jggéf 1 1 3 37str|kmg aplasma from sald etchq____:t gas"m sa:d owl%gsszﬁgigllﬂsg\fwcmr and

Cl[err] CHEM STRY - Watts)/ RE I ndi u
Phot of esi st |ﬁmwsquﬂqmmvﬁhﬁamlmwwm BPTESHIF §f between about 3 and

15 about 15 milliTorr.

33.  The method of claim 32, wherein said low pressure plasma reactor is a transformer
coupled plasma reactor. -

20 34.  The method of clatm 32, wherem said low pressure plasma reactor is a low
pressure inductively coupled plasma reactor

35.  The method of clanm 32 wherem szud substratc s temperature is below about 150
°C in said etchmg P

25

"36.  The method of claxm 35 wherem saxd substrate s temperature is between about 40
°C to about 80 °C in said etchmg e ' '

37. ' The method of c}a;m 36 G

érein said substrate’s temperature is about 40 °C in
30 saidetching. o

BT
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et

Bi as Power Tin Oxide Etch Réte “Oxi de: faced Etch Rate = Oxide:

¢Watts) - Etch Rate- (A-nin)-- - Phot oﬂes ﬁw (A nin)

Phot or esi st \ ‘ Sel J -V

([err]/mn) WO 98/00874 Sel ect|V|t La00r 50 FeTmSyphss?
00 1.8:1

390 2500 300/ 100
900 500 . 8:
400/ 200° 16038 ’l]hfdgg.hod of clauaojg Yheresn sa@sgastrat furth%rd‘@g)pnses a layer-of glass
600/ 300 undér7faid ITO lagér32 0.9:1 = 2 _ 6740 0.4:1
5. ' R Tabl e |
Exanpl e 2 39.  The method of claim 36, wherem saxd etchm ep is performed under a plasma

density between about SE10 to about SEI 1 ém™

10 40.  The method of claim 36, wherem sald etchm g step is conducted under a chamber

pressure of between about 0.1 and about 100 mxlhTon L

_ 41. The method of claim 40, wherem smd etchmg step is performed under a plasma
denSIty between about SE10 to about. SEl i'em™ '

15

. 42. The method of claim 32, wherem saxd substrate comprxses a layer of silicon nitride
under saxd ITO layer. '

43.  The method of claim 32, -Wherein said substrate comprises a photoresist layer
20  above said ITO layer. '

" 44.  The method of claim 32, wherein said etchmg step is conducted under a chamber
pressure of about 5 milliTorr.

25 45.  The method of claim 32, wherem said etchmg step is performed under a plasma
density between about E10 to about E12 em”

46.  The method of claim 45, wherem said etchmg step is performed under a plasma
density between about SE10 to about SEI 1 cri'f3

‘130
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A substrate containing an I TO | ayer was etched in a | ow pressure etch-

‘reactor utilizing a 10 TCP[err] source and designed for 320 mm X 340 mm =

substrate. HBr and C 2 etchant source gases .were enpl oyed under the
foIIomﬁnd"@éﬂ@ﬂ?Fons pressiure of the source etchant gas =PETHSYTRRY
TCP power 3000 watts; RF blas power 1000 . Vﬂtts (0 92 watts/cnR); flow
rate qf HBr = 200 flowrate of L@ =.200 sccm tenperature
of chdck el ectdede Themt@qdrqf@lmﬁgz, Wherpinsaid gicbant gas ‘“d“dF%‘l"letﬂW‘}%? selegted —
Torr. Theraptiecgbup cahsisting of HBr HCs Hif Beehanddd,.det ect ed using the 410 nm
15 indiun1en155|on intensity. The followi ng results were obtained: etch

15 Sy R S O

sel ecti viadgitiye. | TO t o gl ass of about -2.5: 1.

.12 WO 98/ 00874 : :
PCT/ US97/ 11337 5 It was observed that near this range of
operating paraneters, the selectivity to glass appears to increase
when RF bias power is reduced. For exanple, the selectivity of ITOto glass
can be increased from about 2.5:1 to about 3.6:1 while still maintaining an
I TO etch rate of about 1300 [err]/mn by decreasing the RF bias power
from about 1000 Watts to 300 \Mtts. Consequent |y, decreasing the RF

biras power appears to be one advantageous technique of 10 inproving the
| TOto glass selectivity without unduly lowering the I TO etch rate.*

The selectivity of 1TOto gtass may further _increase by adding or

i ncreasi ng the anount of : oxygen, as an additive, to the source

et chant. gas. .For exanple, the selectivity of ITOto glass may

This Sheet Has Been Reﬂlaced f

i llllll Mk




I ncrease to about 4:1 while still maintaining an I TO etch rate of about
1710 AAmin by the addition of 10 sccm of oxygen as an additive to the
source etch 15 Wil e this invention has be Lhed
in ternms Maéﬁma4pmﬁar: enbodi nents, there i weeﬂﬂﬁ&ﬁﬁ“ﬁp
permut ati ons, and equi val ents which fall within the scope of this
nvention, e.g. tin oxide. instead of ITO could be etched just as
easily by the teachings of present i nvent tOh. It " shoul d al so be noted
that there are many alternative ways of inplenenting the nethods and

dppar atuses of the present invention. It is therefore intended that the
fall ow ng appended cl ai ns 20 be interpreted as including all such
al'terations, pernutations, and equivalents as fall within the true

spirit and scope of the present invention.

100
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1. A netyheds 74dry etchlng an |nd|un1t|n OXIde (ITC» Iay gggp
above a substreéég sai d nmet hod conpri sing: &k i d
substrate having said I TO |layer into a Iom1pressure plasna reactor;
I ntroduci ng an etchant gas into said Iom/Eressure pl asma reactor

striking a plasma from said etchant gas i /%ai d | ow pressure plasna

reactor; and ‘etching said | TO |layer with said plasna
with a pressure bel ow about 100 10 mlliTorr within said | ow presgure
pl asma reactor  and a substrate's tenperatutre of - bel ow about
[err] C : o
m [ 3
N~ (0]
LL

202:

212

210
204

200
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2. The nethod of claim1, wherein said Iom1pressure plasna reactor is a
low pressure, high density plasma~reactor:
met hod of cy®) éBods7d4vherein said | ow pressure,

pressure inductively coupled plasma reactor.

15 -

3.

hi gh density p'?@ﬁﬁswms'l
reactor is a transfornmer -coupled plasnma reactor. .

The

The
met hod of claim1, wherein said | ow pressure plasna reactor is a 20 | ow
5. The
met hod of claim 1, wherein said substrat¥5s tenperature i s bel ow
25 6. The method of claim1l, wherein said

about 80[err]C.

Substrate's tenperature is - -

‘between about 40[err]C to about 80[err]C.

7. The nmethod of claim1l, wherein said substrate S tenperature I s about

40[err]C..

- 208

Fig. 2
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8.

The nmethod of claim 1, wherein said substrate conprises a |ayer of

si-lireon nitride under said I TO | ayer. 5 9. The net hod
of claiml1, dokyy Sai d substrate conprises a photoresist pcrusg7aYS?
above.sai d | ayer. . 10. _ The nethod of claim?9
wherein said substrate further conprises 10 a layer of glass under said
| TO | ayer. 11 4/e nmethod of claim 1l wherein ’
sai d etching step—ts—conductied —trretet chraistia: rssureof—bhetweer—
about 0.1 and pb W gt | 1|i Tor PREFERRELS REFE PREF EB
met hod of cl ai m% ergl n dai d etRANGE) step ispﬁ ed Et'}rll2 es’Aé'UE
chanber pressujeof—petweenfabout—8—amd—about—t5—m Tt TofT
13. The pRREBOREOf jcl @i m 12 whereinjsaid etchinyg step is perforned |
under a pl asmej denghifyoret Ween abel®o 19€10 tof abodto $E11 £nierr]. 20
14. The nethod of ;jclaim 1 wherein paid etching|step-is conducted
under a chanbefpressure of [apout 5 M1 Tory. -
PLASMA ' , N
DENSITY E10to E12 S5E10to 5E11 E11
RF BIAS POWER _
~ (Watts) 100 to 4000 500 to 2500 1250
(Watts/em? of 0.09 to .3.7 0.46 to?.30 1.15
substrate)
FLOW RATE
(scem) 40 to 2000 100 to 1000 200
S 0.04 10 1.84 0.082 t0 0.92 0.18
(sccm/cm” of
substrate)
OPTIONAL
TEMP?:::TURE -: Less than 80 40 to 80 40

RECTIFIED SHEET (RULE 91)
ISA/EP



15. The nethod of claim1 wherein said etching step is perforned
25 under a plasma density between about E10 to about E12 cnierr].

16. woldamesFat hod of claim 15 wherein said etching stepd¢rusanissrned
under a plasnma density between about 5E10 to about SE11 cnjerr].
17. The method of elaim 1 wherein said etchant_gas I ncl udes one or
smmore selected fromthe group consistingsyﬁ HBr , H, Br2, 12 and
Cllerr]. 5 :-18. he nethod of claim1 wherein said
et chant gas further i ncl udes an oxygen additi ve. - 19,
A method for dry etching a glass substrate having an indiumtin 10 oxide
(I'TO layer disposed thereon, the nethod conpri sing: pl aci ng
sai d gl ass substrate with said I TO layer into a | ow pressure plasnma -
reactor; introducing an etchant source gas into said |ow
pressure plagma reactor; _ - :

PARAMETERS POSSIBLE RANGES

ITO ETCH RATE (A/min) ' 4000

SELECTIVITY OF ITO TO PHOTORESIST 3:1

SELECTIVITY OF ITO TO SILICON

NITRIDE | 1o,
SELECTIVITY OF ITO TO GLASS 10:1
ETCH RATE UNIFORMITY 5% WITHIN THE MEAN ETCH RATE
ETCH PROFILE 45-90° TAPER ANGLE

FiG. 4
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'striking a plasma in said | ow pressure plasma. reactor with said etchant

~source 15 gas; and ~etching said I TO | ayer w tz f E@Zma
,V\nthapressure bel ow about 100 mlliTorr within said | \173*@5
plasma reactor and a substrate s tenfekAIMS e of bel ow about 150
[err] C 20 . The nethod of claim19 wherein said

~etching step is ]fondu.&trﬁéihodfordr;“&@ﬁhg%n?ﬁtﬁ{m%&ﬁ&éq?ml@ferbﬁb&@ﬁn about 3

~and about 15 m |

i Torr he nmet hod of claim 19

. wher ei n sauabow%mb‘tga@s %d@%@&%wg " under a pl asma density between

. about 5E10 to about SEI'l cnmferr]. 25 22. . The net hod

. of claim 19, anﬂ &g Said Sutiitra®haSingSaldITO Iayermtoémwop:em plabraa bel ow about
uring '

- [150] 89[erchtC

10

15

25

sai d etching step.

int_r_dducing an etchant gas into said low pressure plasma reactor;

striking a plasma from said etchant gas in said low pressure plasma reactor;

~ and

etching said ITO layer' with said plasma with a pressure below about 100
milliTorr within said low pressure plasma reactor and a substrate s temperatutre of
below about 150 °C.

2. The method of claim 1, wherein said low pressure plasma reactor is a
low pressure, high density plasma reactor.

3. The method of claim 2, wherein satd low pressure, high density plasma
reactoris a transformer coupled plasma reactor.

4. The method of claim 1, wherein said low pressure plasma reactor is a
low pressure inductively coupled plasma reactor.

| 5. The method of claim 1, wherein said substrate’s temperature is below
about 80 °C. '
6. The method of claim 1, wherein said substrate’s temperature is

between about 40 °C to about 80 °C.

14
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23, . A rret hod for fabricating an el ectroni c device froma

-substrate rising a sil.,i con n| t, r| d er di sposed aboyve said
substrate, and & t| n The meghod of claim SP gj@r“" aHre48 800t 5 ¢
siTicon niggeee |ayer, the nethod corrprl Si ng pl aci ng said

substrate with said tin oxide-containing electrode layer and said .5

Feactor: 8! ™ e et of AR Siheccin el SUEHIRE ol A IR T T o
.pressure, slﬁebxm;mdﬁqndensmﬂé'mlayer pl asma reactor,
st ki ng a plasna in said. |ow pressure, inductively coupled pl asma react or

M-t h s§ d etchant source gas; and 10 etchi.-ng said tin

oxi de-contai ning transparent electrode layer with said plasna at a
stbstrate's teg,per atutre of bel ow about 150[err]C. 24.
The nethod of c9.ai m The method;of claimd, wheredx sa;dsu%ﬁwam mmmlseayehomresxst
further cogphieve édid rPOayer1d : The net hod of
~claim 23 rern salrd tin OXI de-containing | ayer represents a
‘transparent el ectrode | ayer. 26. ; The net hod of

‘ctaim 23 wherein said etching step is conducted 20 under a chanber
:pressure of between about 3 and about 15 milliTorr.
L 10. The method of claim 9 wherein said substrate further comprises

10  alayer of glass under said ITO layer.

11. The method of claim 1 wherein said etching step is conducted
under a chamber pressure-of between about 0.1 and about 100 milliTorr.

15 12. The method of claim 11 wherein said etching step is conducted
under a chamber pressure of between about 3 and about 15 milliTorr.

13. The method of claim 12 wherein said etchmg step is performed
under a plasma density between about SE10 to about 5E11 cm™

.
< -

20

14. : The method of claim 1 wherein said etching step is conducted
under a chamber pressure of about 5 milliTorr. | '

. 15. | The method of claim 1 wherein said: etchmg step is performed
25  under a plasma density between about E10 to about E12 cm

s W
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27 : The net hod of claim 23 wherein said etch| ng step i s perforned

e P o hed or HenRadthails WEarie i SRp e b bore T 1 ¢

bel ow abouhntl&[aqﬂaﬂxﬂé deﬂsim@emeed abbuﬂﬁl:‘ﬂ@ teabqut SE11 em?
17 ‘ The net hod of cI aim 23 wherein said

etchant source Ogﬁéﬂ@ﬁf@ﬁé@{m é &Jl}erem §Zd Be:z hgnt gas‘l’x?cllrulless one g lerr The

met hod of claim gs wherei-n:-
3L - more selecteéﬁ'bntihggmllpeﬂomlam&mfeﬂ&,rﬂ@a chand Gour co gas

18. The method of claim 1 wherein said etchant gas further
includes an oxygen addmve

19. A method for dry etching a glass substrate having an indium tin
10 oxide (ITO): layer dlsposed thereon, the method compnsmg |

placmg said glass substrate wﬂh said ITO layer into a low pressure plasma

reactor;

. striking a_plas;n‘a_;tn _sa_l_d' low pressure pla_sma reactor with said etchant source
15 gas;and |

etchmg sard ITO 'layer thh said plasma with a pressure below about 100
milliTorr within sa1d lo _:pressure plasma reactor and a substrate’s temperatutre of

below about 150 °C

20 20. The method of claim 19 wherem said etching step is conducted
under a chamber pressure of between about 3 and about 15 milliTorr.

21. The method of claim 19 wherein said etchmg step is performed
under a plasma densxty between about 5E10 to about 5E11 cm™

25

22. ' The method of claim 19, wherein said glass substrate s
' temperature is below about [150] 80 °C during said etching step.

L I
" IPEAEP




%orrpri ses (Jerr] and an etchant, said etchant being one of HBr and C[err].

-10. 3 ' id
(1 TC)) | ayer %”3 di sposegﬁov@pgﬁﬁgﬁ?gaeﬁﬁgaﬂé%hgﬁlMb%#gfﬁgl: ©
pl aci ng s&buhpsisingtarsiticoniitridedaysaidisppsed abaye said substrate, and ‘pﬂé%ge pl asma
react or, taxmnglaivgrdxspdsgﬂEww@aﬂﬂsxﬁt’ibuex‘nﬁJ %&%ekﬂ&ﬁb@@nﬁb siyg: pr essur e

:pl asma reactor striking a Yromsaid etchant gas in
said | ow pressure pl asma reacto, et chi,ng..said | TO

layer with sai Plasingsaid substs MBP%%S@GW"%'@?M erand sdid,, ;¢ 3

.and abgut sﬂﬁomﬁduuéf warﬂndamwpmsmtmdmivemmeu |@nefreletbw about 150
‘ferr]C. The met hod of claim 32, wherein said

30 pressure o o 58 reaﬁ%@#ﬁ#éﬂz RN s a&?z‘ﬁdugﬁveit%ﬁ?@éi?ﬁ;‘”

‘reactor i plasxdaeeaqmessue i nductively coupled plasna reactor.

35. - (Amended) The nmethod of claim32, wherein said subst rate's
tenperature is s&ﬁéu?é"ﬁ RSk 1P Shid oW b&ss&e,%ﬁﬂ&tﬁ%w&ﬁed plasma reactor
with said etchant source gas, and
10 - -etching sa:d tin oxlde-contammg transparent electrode layer with said plasma

at a substrate’s temperamt_re_ of below about 150 °C.

.24, - The method of claim 23 wherem said tin oxlde-conlmmng layer
further comprises mdxum
15
- 25. . The method of claim 23 wherein said tin oxlde-contmmng layer -

represents a transparent electrode layer.

26. The: method of claim 23 wherein said etchmg step is conducted
20  under a chamber pressure of between about 3 and about 15 milliTorr.

i"' -

27. The method of claim 23 wherein said etchmg step is performed
under a plasma density between about SE10 to about SEll cm”

25 ‘_ B The method of clalm 23 ‘wherein said substrate s temperature is
below about 80 °C dunng said etchmg step :

: :*” ' c-_ LH s ey
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‘substrate's tenperature
[érr]Cin said &%hing.

wherein salcgnﬁﬁggstﬂg}e S terrper ature

et chi ng.

said substrate further

| ayer.

.said etching step is performnmed .

36. The net hod of claim 35, wherein said
I s between about, 40 [err]C to about 80
The method of claim 23 wherein said ef¢han
i s about 40 [err]Cin said

The net hod of claim36, wherein

conprises a layer of glass under said I TO
- The nethod of claim 36, wherein

under a plasma density between about

10 . 39.

a§f cl ai m 36,

5E10 to about 5Bl cni err]Themethod of claim 23 whifein said etchant sotitee gast hod of

claim 3§ ‘éﬁﬁiﬁk& éla.l d etching step is conducted

TR

10

15

20

25

~ and

31 | The method of claim 23 wherein said etchant source gas
comprises O, and an etchant, said etchant being one of HBr and Cl,.

32. ' Amethod for dry etching an indium tin oxide (ITO) layer

disposed aﬁove a substi‘at_e'_,'?féﬁid method comprising:

placing said substrate havmg said ITO layer into a low pressure plasma

reactor;

introducing an etchant gas into said low pressure plasma reactor;

striking a plasmaﬁ'om said etchant gas in said low pressure plasma reactor;

etchmg said ITO layer with said plasma under a chamber pressure of between
about 3 and about 15 m11hTorr and a substrate’s temperatutre of below about 150 °C.

33, The method of claim 32, wherein sa:d low pressure plasma

reactor is a transformer coupled plasma reactor.

34, The method of claim 32, wherein said low pressure plasma

reactor is a low pressm'e mductwely coupled plasma reactor.

35. (Amended) The method of claim 32, wherein said substrate’s

temperature is below about 80 °C in said etchmg

18
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:15 under a chanber pressure of between about 0.1 and about 100 milli Torr.

41. . The nethod of claim40, wherein said etching step is
per f or med under a pI asrra density between about 5E10 to about 5E11
cnerr]. 20 : The net hod of claim 32, wherein said
‘Substrate conpri Biith1380Wheteld ol subatigte’ SemPeratiiet | ayer .
43. The net ho of cI ai m?} ﬁ!\/\ﬁbﬁle‘fﬁ sa|3§ glletrat escorrprl seglﬁe
“phot or esi stis bay\eenamdoganqamaoa&—‘emsm 2935 g. - 44, The
~nmethod of claim32, wherein said- etching step is conduct ed under a
 chanmber pressure of about 5: mlliTorr.
19 . . 45, ' The met hod of claim 32, wherein
sai d etgh| ng St% 'S perfofhemethodofclarm% wheremsardsubstrate s temperature
is about 40 °C in said etchmg
8. Themethod of claim 36, wherein said. substrate further

- comprises a layer of glass under said ITO layer.

10

[
gt

39, |  The method of claim 36, wherein sard etchmg step is performed
under a plasma densrty between about SE10 to about 5E11 cm™ :

40. The method of claim 36, wherein satd etchmg step is conducted
15 under a chamber pressure of between about 0.1 and about 100 milliTorr.

41, The method of claim 40, wherein sard etchmg step is performed |
‘undera plasma densrty between about 5E10 to about SE11 cm

20 42, 'I'he method of claim 32, wherem said substrate comprises a
layer of srhcon mtnde under sard ITO layer '

43. The method of claun 32, wherein saxd substrate comprises a
photoresist layer above sard ITO layer.

4. The method of clatm 32, wherein sard etchmg step is conducted
under a chamber pressure of about 5 mrlleorr
- -,f l- : 19 o Y _-l_-_-: e Tare
- avenoeosuesr  (IIINUMINIAN
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_s._-under a pI asma density between about E10 to about E12 cnierr].

486, “The nethod of claim45, wherein said etching step is perforned
under a pl asrra density between about 5E10 to about 5E11 cnjerr].

47. . The nethod of claim 32, wherein said etchant gas includes one

-0r. nore sel ect ederomthem%&hm&lﬁmm%erdﬁﬁmdwm%ﬂtzpﬁ effofthed 2 and
Gl lerr]. i The net claim 32,

..v_vhere|_ n s_ o %’é?é’#&m“{f%‘!fbwabouw‘iﬁmaboqtggp Hbs an oxygen additive.

S 48, :'-? | ) : The method of claim 45, wherem said etchlng step is performed
__ under a plasma densxty between about 5E10 to about SE11 em?

sl 4l The ‘method of claim 32, wherem said etchant gas includes one
or more selected ﬁom the group consisting of HBr, HCI, HI, Br,, I and Ch,.

10

48. . ' The method of claim 32, wherein said etchanit gas further
'mcludes an oxygen addmve

L LT
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