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lO s The present invention relates to the etching of an indiun'i tin oxide (ITO) I'ayer in a plasma
teactor. More particularly, the present invention relates to an 1mproved method for dry etching ..
“portions of an ITO layer in a low pressure, high density plasma reactor, such as a transformer

i lfcoupled plasma (TCP™) reactor.

The popularity of mdmm 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™
lectric conductivity and good optical transmittance. Early on, I'_I‘O films were commonly
_;émployed in transparent electric heaters for aircraft windows é_nd_ antistatic coatings on instrument
?p_anels. Its use has expanded since and now includes antireflection coatings, heat reflecting
--';rrrirrors,"transparent electromagnetic shield coatings, transparent electrodes, and optoelectronic and
20 pfnotovoltaic devices such as heterojunction solar cells, transparent electrodes for various electrical
L :'-é‘;'d_e_viccs 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'_.-‘itemperature 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 heréx'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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‘5. and some or all may be substituted by other different layers. The'layers of the devices shown and
.+ -discussed herein are readily recognizable to those skilled in the art and may be formed using any
o of a number of suitable and known de‘position processes, including chemical vapor deposition
" {(CVD), plasma-etched chemical vapor deposmon (PECVD), and a physical vapor deposition

- (PVD), such as sputtering.

10 During a typical ITO etching process, the photoresist layer is first patterned using an

A appropnate photoresist processing technique. By way of example, one such photoresist
'ocessmg techmque involves the pattemmg of photores:st Iayer 102 by exposing the photoresist
aterial in a contact or stepper lithography system, and the development of the photoresist material
to form a mask to facilitate subsequent etching. Using an appropriate etchant, the areas of ITO
layer 104 that are unprotected by the mask are then etched away.

o Dunng etchmg. pomons of photorcsxst layer 102 ITO layer 104. and portions of substrate

1'06 (by way of the etched through regions of ITO layer 104) may.all be exposed to the etchant

ai_sma that is used to etch the ITO layer 104. Unless a high selectivity between ITO and glass

and/or photoresist is achicved by the ITO etch process, undue portions of the protective
--photoresist 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 disposed on a glass substrate 202.
. Above first electrode layer 204, there may be disposed a gate dxelecmc 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*)
'3 f-:z'ifnorphous silicon. Ohmic contact layer 208, in turn, may be disposed under a second electrode
35 loyer 210. A passivation layer 212, which may include silicon nitride (SiN,), may be disposed
 above second electrode layer 210. ' |

" Acontacthole 214 through passivation layer 21 2 permits a plxel electrode 21 8 to make
electncal contact with underlymg second electrode layer 210. Pixel electrode 218 may include
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ITO, and may be formed by a blanket deposition of the ITO x_ﬁ}aten'al. followed by an etch back

step to create pixel electrode 218.

During the etching of the blanket-deposited ITO layer to create pixel electrode 218,

- pb:tions’ of the ITO are removed. Since portions of the ITO layer and passivation layer 212 may
. be exposed to the etchant plasma during the pixel electrode contact etch, however, some removal

10

of passivation layer 212 may result. Because of the posszblhty of unwanted silicon nitride
removal, a high ITO to silicon nitride selectivity is generally desuable

- In conventional ITO etching processes, dry etching is g@perally not favored because ITO

- etch products do not volatilize easily. The dry etch, when empi_(_)yed, is typically conducted in a

~ v high pressure (>100 milliTorr), low flux density plasma reacto;s, €8, those employing paraliel
plates wherc an etchant gas is introduced for etching. Further, pnor art high pressure, low .

N T:_'_;:'%'de:nsny, dry etching processes involve several known d;sadvantagcs Prior art high pressure, low

- density etching processes using organic gases such as methane, acetone, ethanol, and methanol,

207

- for example, suffer from polymer formation due to a high cqnéé_mration of hydrocarbon radicals

within the discharge. During prior art ITO etching processes, these processes form volatile

'organometallic compounds, which adhere to the reactor interior and tend to be difficult to remove

~_ during chamber cleaning. In fact, their removal is generally an arduous and time consuming
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| _process, which lowers the throughput of the etch reactor.

On the other hand, etching processes that use halogens, such as chlorine, iodine and
bromine, under the high pressure, low flux conditions of the prior art tend to yield very low
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
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 art I’I‘O processes to generally favor
a wet etch approach. As is known, however, the wet etch approach also suffers from several
drawbacks. For example, the wet etch rates are low and may be: hlghly dependent on the ITO
sheet resistance. 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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5 _desued is an improved method and apparatus for efficiently etchmg the ITO layer in a plasma
- processing chamber. " -

MAR VENTION

10.. - ' To achieve the foregomg, the present mvennon prov;des a method for dry etching ITO
o -:'lusmg a low pressure plasma reactor.

The prescnt invention relatcs, in one embodlment toa method ina !ow pressure,

'T:mductwely coupled plasma reactor, for dry etching an indium tm oxxde (ITO) layer disposed.
above a substrate. The mcthod mcludee a step of placmg the subslrate having the ITO layer into

o ;reactor. a step of striking a plasma from the etchant gas in the low. pressurc plasma reactor, and a

I etep of etching the ITO layer with the plasma

The present invention relates, in another embodiment, to a method, in a low pressure,
" inductively coupled plasma reactor for dry etchirig a substrate ha\_iing an indium tin oxide (ITO)
20 - ""_I'z_iyt;'r and a sili.con nitride layer below the ITO layer. The method includes a step of placmg the
éhb_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 fow 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 descnbcd in more detail below in
' lhe detailed description of the invention and in conjunction with the followmg 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, representing another device employing a layer of mdlum tin oxide (ITo).

" Figure 2 is a cross-sectional view of a transformer coupled i)lésma (TCP™) reactor
itable for use in etchmg ITO or tin oxide in accordance with one embodlment of the present
35 mvennon B

the low pressure plasma reactor, a step of introducing an etchant g.xs mto the low prcssure plasma R
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Figure 3 is a table showing, in accordance with one embodiment of the present invention,

various reactor operation parameters that may be employed in 'I’CPTM reactors to etch substrates

containing indium tin oxide (ITO) or tin oxide.

Figure 4 is a table showing, in accordance with one é"_rr'_'_r__lif,t')_ﬂiment of the present invention,
some of the results obtained by the present inventive etch prOér'_:’Ss"." -

An invention is descnbed for etching an indium tin oxrde (ITO) layer in a low pressure

. plasma reactor. In the following description, numerous specrﬁc detarls are set forth in order to
- .provide a thorough understanding of the present mvermon It
.skilled in the art, that the present invention may be pracuced wrth_ ut some or all of these specific -

'z_]l;be apparent however, 1o one

-+ - details. In other instances, well known process steps have not been de\cnbed in detail in order to
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- there is disposed a dielectric window 306 and a coil 304. Dielectric
“of any suitable dielectric material. In one embodiment, .howeve:r;_j
. 304, which may be planar or shaped appropriately according to re

not unnecessarily obscure the present invention.

The etching of an indium tin oxide ( ITO) layer accordmglo the present invention, as

- described hereinafter, may be carried out on any variety of substrates that include a layer of
20

ITO. By way of example, the etching may be employed to etchi"_I_?-.__-l. mm thick and 320 X 340

-mm? rectangular glass substrates, which have at least one ITO layer As a further example,
_ the inventive technique may be employed to etch a layer of ITO layer disposed on a circular

stlicon wafer.

Figure 2 is a representation of a transformer coupled plasma (TCP™) system,

_representing a low pressure, high density plasma processing system. that may be employed 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 should be borne in mind, however,
that the invention is not limited to this particular TCP™ system conﬁguratlon By way of

__ example, 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 chamberSOO Above chamber 300,
indow 306 can be made
made of quartz. Coil

r configuration, may be
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. energized by a RF generator 302, e.g., at 13.56 MHz or other snitabie frequencies, typically

.. via a matching network (not shown to simplify the illustration),

Inside reaction chamber 300, there is a plasma processing region 340, which is located

"< ‘between dielectric window 306 and substrate 310. A clamp 342 may be provided to securc
- substrate 310 on a chuck 312. - Clamp 342 represents a mechanical clamp and may be omitted

1o,

if electrostatic clamping is emplbyed In some instances, howev'e'r', clamping may not be

- ,I necessary. Chuck 312 is typically an aluminum work piece and preferably biased (also

o typically via a matching network) by a radio frequency generator 308 In one embodiment,
e RF generator 308 operates at a frequency of 13.56 MHz to produce a DC bias on substrate

'10 which helps in directing the ions toward the substrate.

Chuck 3)2 may be eqmpped wnth a port 326 that extends from underneath chuck 312

;h_eh_um or some other gas to the .substrd!c/chuck interface region to maintain the temperature of
< substrate 310 at a desired level during plasma processing.

"~ Reaction chamber 300 has a gas inlet port 324 that may be connected to a gas dispenser
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

- d_i'spenser 320 may assume any suitable configuration, e.g., a shower head. Further, both gas

- linlet port 324 and gas dispenser 320 may be disposed at any suitable Jocation relative to the
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%:chamber.

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 mlet 316 and an outlet 318,

-evacuates the gas in plasma processing region 340 and maintains a desired reactor pressure.

" Turbomolecutar pump 314 is capable of evacuanng a system such as Contmuum“" typically down
toa pressure of 0.1-100 milliTorr while still supplying about 200 to about 5000 sccm of reactant

- gas. '

In one embodiment of the present invention, chuck 312 may be equipped with a

g -temperatnre 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 sggphed at an appropriate
temperature to chuck 312 to maintain chuck 312 at a desired temperature.
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A typical etch process in TCP system 298 begins when substrate 310 is secured, e.g., by
mechanical or electrostatic clamp 342, on chuck 312 inside reaction chamber 340. A source
etchant gas is introduced into reaction chamber 300 via gas i_nfet port 324, which travels throngh
gas ring 320 and is released through openings 330 and 332.

At least RF generator 302 may be turned on to energize coil 304, which acts as an
electrode. In addition, RF generator 308 may be turned on to energize chuck 312 to act as a

. second electrode. The RF energy from coil 304 is transmi;led through the dielectric window

316 and enters the plasma processing region 340 where it converts the gas in reaction chamber
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~--300 to a plasma state and thereby ignites a plasma. If chuck 312is energized, then the energy

from this chuck/electrode further imparts additional momentum to ions in the plasma towards

_the substrate.

" Asis apparent chuck 312 and substmte 310 together with the plasma act as a type of

"diode. When chuck 312 is energized by RF generator 308, lt 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 ions toward the substrate surface where they bombard the substrate surface

' 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
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,
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.

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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optiinal pressure, therefore, represents one that provides the best éombination of a high ITO etch

" rate and high selectivity of ITO to neighboring layers. In general however, the invention employs

significantly lower pressure than employed in the prior art. In one embodiment, the pressure of
the source etchant gas ranges from about 0.1 milliTorr to about 100 milliTorr, preferably ranges
from about 3 to about 15 milliTorr, and more preferably is at about 5 mlIhTorr

Plasma density refers to the density of the positive ions within plasma processing region -
340. Plasma density is a function of the power output of the RF generator 302 (i.e., the TCP™

- power). A higher TCP power tends to generate a higher density of plasma which, dependmg on _' _
"other parameters, may increase the etch rate of ITO by producmg a large flux ofionstothe

substrate surface. In one embodiment, howevcr the invention opg_r_ates with significantly higher

‘plasma density than the prior art. In accordance with one aspect of the present invention, the

plasma density generally ranges from about 1E10 to about 1E12 Crﬁ"" preferably_- ranges from - oo

- about 5E10 to about SE11 cm™, and more preferably is at about lEI] cm . In contrast, priorart =~ |

ITO dry etches typically employ plasma density of less than lElOcm .

The RF bias power is defined as the power output by the RF generator 308. In Table 3,

- the RF bias power is shown in units of Watts and Watts per square centimeter of substrate. The.

RF bias power determines the energy at which positive ion flux impinges the substrate surface.
An appropriate level of RF bias power allows for enough ion energy to remove the ITO from the

-substrate without degrading selectivity to other layers. The RF bias power, scaled for etching 320

X 340 mm” substrates, generally ranges from about 100 to 4000 Watts, preferably ranges from
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/cm®. If a larger substrate is employed, the RF bias_fjmwer may be scaled
accordingly to provide satisfactory etch results. '

In the aforementioned Continuum™ plasma processing reactor, the plasma density may be
controlled by the TCP power, and the bias on the substrate is conuojicd 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
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 d' imentally affect the etch
characteristics. 3
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The frequency of RF generator 308 may range from between about 100 KHz to abont 40
MHz to produce the desired level of ion bombardment energies, which may be typically in the

" range of about 100 to about 400 Volts. Inone embodiment,;afsementioned earlier, the frequency of

RF generator 308 is generally at 13.56 MHz. This unique feature of being able to independently
control ion bombardxr{éﬁi '\;vithout affecting other reaction pai‘zime’t’ere that might detrimentally
affect the etch characteristics, e.g., pressure or flux density, prowdes the prcsent invention with a
distinct advantage over the traditional methods. Lo S

Flow rate refers to the flow rate of the source etchant gases into reaction chamber 300 and
may be adjusted. For etchmg 320 X 340 mm® substrates, the flow rate ‘generally ranges  between

-about 40 to about 2000 sccm, preferably ranges between about’ lOO to about 1000 sccm and more

preferably is at about 200 sccm. In terms of scem per square centimeter of substrate, the flow rate
generally ranges from about 0.04 to about .84 scem/em™. :'nq__fc-"-prethmbly 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
additive may account for ab_out 5% to about 10% of the total ﬂqW 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
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

. below about 150 °C, particularly below 80 °C, unexpectedly and gurpnsmgly, 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 344 _ from about 40°C to about 80 °C,
which causes to the substrate’s temperature to be within this same range. In another embodiment,
the chuck’s temperature may be maintained at about 40°C, thereby' ausing the substrate’s
temperature to be at about 40°C as well. The present invention uses a high ion flux to remove ITO
byproduct from the surface of the panel without requiring heatin of the entire panel. High ion
flux liberates the ITO etch product from the surface and low pre ure high conductance operation
allows the product to be pumped out of the chamber wnhout redéposmng on the substrate
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Under the low pressure, high density conditions of the present invention, it has been
found that it is possible to achieve ITO etch rates in the range of between about 1,500 to about
4,000 Angstroms/minute. Advantageously, these ITO etch rates are approximately an order of

~ magnitude higher than those achievable by prior art ITO_el_ching__- methods More significantly,

unlike the prior art methods of ITO etching, the high etch rates obtained by the inventive etching
technique does not come at the expense of a low ITO to glass aridlo‘r silicon nitride and/or
photoresist sclectivity. _ S *

~ The mventwe ITO etch technique further provides supenor etch umformxty over pnor art

e ITO techmques due to the use of a uniform ion fiux and control of substrate temperature (via

control of the chuck’s temperature). In one embodlment etch umformuy ranges from about 5% to
about 10% of the mean etch rate. Etch uniformity is defined as (Max-Mm)/(Max+Mm) X 100%,

.- where Max represents the maximum etch rate and' Min represents the minimurm etch rate across the

| _- . .etched surface. Since a highly uniform etch is generalty demmble the above result further
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) | hlghhghts an additional advantage of the Jow pressure high densnly etch technique of the present

~invention.

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
'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
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. Furcher 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
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

10
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power may be advantageously varied to optimize etch results and are not intended to limit the
scope of the invention in anyway.

In Table 1, the ITO etch behavior of a 145X145 mm’ éample for Cl, and HBr processes
were studied as a function of RF generator 302 power, also known as “TCP power,” and RF

~ generator 308 power, also known as RF bias power. The following ﬁarameters were kept

constant: pressure of the source etchant gas (at about 5 milliTorr); flow rate of source etchant gas

->.(at about 100 sccm); and chuck’s temperature (at about 40 °C). ‘Selectivity was also monitored for

these processes.

. As mentioned, the etch of Table 1 is performed on a 145mm X 145 mm substrate sample
using the Lam Research TCP™ 9400 plasma etching machine, which has about 20% in chamber

parameters may be scaled to the reactor’s volume and/or substrate size to facilitate etching on
different reactors and different substrates. By way of example, the TCP power shown in Table |
may be scaled, linearly in one embodiment, with the reactor volume to maintain substantial ly the
same ion density value across different reactors. ' '

In Table 1, although the ITO etch rates are essentially the same for both chemistries, the
ITO to photoresist selectivity is almost an order of magnitude greater for processes employing

" 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/cmz,_ of substrate 0.24, 0.48, 0.95,
and 1.43 may be scaled, in one embodiment linearly, to accommbdatc 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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HBr CHEMISTRY Cl,CHEMISTRY
TCP Power
(Watts)/RF | Indium | Photoresist | Indium Tin | Indium Tin | _.:Photoresisl Indium Tin
Bias Power Tin Oxide Etr::h Rate Oxide: Oxide .._ Etch Rate .oxlde:
(Watts) Etch Rate | (A/min) | Photoresist | Etch Rale_ (A/min) | Photoresist
' (A/min) Selectivity | (A/min) s Selectivity
200/50 360 200 1.8:1 390 | .2500_ -} . 021"
300/100 900 500 1.8:1 . 750 '- 5000 021,
400/200 1600 2065 0.8:1 1500 6000 0.3:1
600/300 2570 2832 09:1 2400 6740 0.4:1
Table 1
Example 2

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 's_ource etchant gas = 8 milliTorr;
TCP power = 3000 Watts; RF bias power 1000 Watts (0.92 Watts/cm®); flow rate of HBr = 200
sccrh; flow rate of Cl, = 200 sccm; tcmperature 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 ‘23-30
A/min; etch uniformity within about 6.1% of the mean; etch profile at about 70° taper angle; and
selectivity of ITO to glass of about 2.5:1. '

12
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It was observed that near this range of operating parameters, the selectivity to glass
appears to increase when RF bias power is reduced. For example, the selectivity of ITO to glass
can be increased from about 2.5:1 to about 3.6:1 while still maintaining an ITO etch rate of about
1300 A/min by decreasing the RF bias power from about lOOO Watts to 300 Watts. ‘
Consequently, decreasing the RF bias power appears to be onc advantageous techmque of
improving the ITO to glass selectivity without unduly.low_enng the ITO etch rate.

The selectivity of ITO to glass may further increase by adding or increasing the amount of
oxygen, as an additive, to the source etchant gas. For example the selectivity of ITO to glass may N

increase to about 4:1 while still maintaining an ITO étch raté of aboiit 1710 A/min by the addition ™~

of 10 sccm of oxygen as an additive to the source etchant gas., '

While this invention has been described in terms of several preferred embodtments there
are alterations, permutations, and cqmvalents which fall wuthm the scope of this invention, e.g. tin
oxide. instead of ITO, could be etched just as easily by the teachmgs of present invention. It
should also be noted that there are many alternative ways of 1mplememmg the methods and
apparatuses of the present invention. It is therefore intended that the following appended claims
be interpreted as including all such alterations, permutations, and equivalents as fall within the true
spirit and scope of the present invention. '

13
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1. A method for dry etchmg an 'ndtum tm oxlde (ITO) layer disposed above a
substrate, said method compnsmg

placing said substrate having said ITO layer mto aIOWpressure plasma reactor;

introducing an etchant gas into saifc'l,'low*'pw uire plasma réactor;
10- ° - Sstriking a plasma from said et'ohan'tf g ’re~plasma reactor;"and '

etching said ITO layer with said plasma wuh a pressure below aboul lOO mllhTorr within
sald low pressurc plasma reactor.

2. The method of Cldlm 1 wherem smd low pressure plasma reactor is a low
15 pressure high density plasma redctor E

o 3. The method of claim 2, wherem saxd low pressurc, hlgh density plasma reactor is a
transformer coupled plasma reactor.

20 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, wheremszud s_t’x_lj__st,r_;xtef;s_ t"efnperzmire is below about 150
Py C. G e . S N
25
6. The method of claim |, wherem sard substrate s tcmperature is between about 40
°C to about 80 °C.

7. The method of claim 1, wherem sazd substrate s temperature is about 40 °C.
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8. The method of claim |, wherein sard substrate compnses a layer of silicon nitride
under said ITO layer. - .

9.  _The method of claim I wherem sald substrate compnses a photoresist layer above

B satd ITO layer

g The method of clarm 9 wherein satd substrate further compnses a layer of
glass under said ITO Iayer ST

ML T The method of clanm | wherein sard etchmg step is conducted under a
chamber pressure of between about 0 1 and about 100 mtlltTorr

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

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 etchrng step is conducted under a
chamber pressure of about 5 mllerorr -

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

16. The method aim l5 wherem sald etchmg step is performed under a

plasma density between about 5E10 to about SE1l cm™.

c HIIIIIl llllll |||l| llIII ll il
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5 17. The method of claim | wherein said etchant gas includes one or more
selected from the group consisting of'HBr; :’HCI, HI, Br,, L and__ Ch.

PCT/US97/11337

18. The method of claim 1 wherein said etché_ﬁt gas further includes an oxygen
additive. ' ' )

10

19. A method for dry etching a glass substrate havmg an indium tin oxlde
(ITO) layer disposed thereon, the method compnsmg

placing said glass substrate with sald _ITO layer into a Jow pressure plasma reactor;
_introducing an etchant source gas into said low pressure plasma reactor;
15 . striking a plasma in said low pressure plasma reactor with said etchant source gas; and

etching said ITO layer with said pla.sma with a pressure below about {00 ml"lTOlT within
said low pressure plasma reactor.

20. The method of claim {9 wherein said etchmg step is conducted under a
20  chamber pressure of between about 3 and about 15 milliTorr.

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. A method for fabricating an electronic device from a substrate comprising a siticon
nitride layer disposed above said substrate, and a tin ox1de-contammg layer disposed above said
30 sxhcon nitride layer, the method compnsmg

I (T
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placmg said substrate with saxd tin oxide-containing electrode layer and said silicon nitride

PCT/US97/11337

layer into a low pressure, mductwely coupled plasma reactor,

introducing an etchant source.;.g_as._mto-sald low prcssm__'e, inductively coupled plasma

reactor;

striking a plasma in said low pressure. inductively coupled plasma reactor with said

etchant source gas; and

etching said tin oxide-containing trarj;pafent electrode layer with said plasma.

24.  The method of claim 23wherem sdid tin oxidc;containing layer further comprises

indium.

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

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™,

28.  The method of claim 23 wherem said substrate’s tcmperature is below about 80°C

during said etching step.
29.  The method of claim 23_'.wher'_ein said etchant source gas comprises HBr.

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

e IIIIIII\ \I\II\ I||I\ \\l\l I \|||
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31.  The method of clarmf23:':wherem said etchant source  gas comprises O, and an
etchant said etchant bemg one of Hi 'd_'_(,;'l-z-".f R '

32. A method for dry etchm ____-an mdmm tm oxlde (lTO) layer disposed above a
10 substrate, said method compnsmg o

placing saxd substrate havmg saxd [ _'0 layer mto a low pressure plasma reactor

introducing an etchant gas into s_a,_u__cl;\_l_ow__p_ressu__rc_ plasma reactor;

etching said ITO layer with saldplasmaunder a clx_amber pressurc of 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 clarm 32, wherem said low pressure plasma reactor is a low
pressure inductively coupled plasma reactor

35.  The method of clalm 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 g ' '

37. ' The method of clalm 36 i

| remsau:l sirbstre,te’s lemperature is about 40 °Cin
30 saidetching. o |
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38. . The method of claim 36 wherem sald ,substrate further comprises a layer of glass
under said ITO layer.

39.  The method of claim 36, wherem saxd etchm ep is performed under a plasma

density between about SE10 to about SEI 1 ém™

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™

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
above said ITO layer. '

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

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 cm

R 1T
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47. The method of claim 32 wherein said etchant gas mc[udes one or more selected
from the group consnstmg of HBr, HCI, HI, Br,, I; and Cl,.

48.. The methqd_ of claim 32, wherein said etchant gas -fu'rthcr includes an oxygen
additive. | ) |
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