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Sputtering Targets and Devices Including Mo, Nb, and Ta, and Methods

Claim of Prignty

{001]  The present application claims the benefit of prionly of US Provisional Patent Application
Number 62/102 333 filed ony January 12, 2015 and US Patent Application Number 14/952,266
January 11, 2016, the contents of which are incomorated herain by reference in ils enfirety.

Field

{0021 The present teachings are directed at spultering targets including malvbdenum, niohium,
and tantalum. The present teachings are also directad at devices, such as touch screen devices,
including a metal laver and a molybdenum alloy layer, where the molybdenum alfoy tayer includes
mohybdenuny, tentalum, and picbiun, Preferred devices inglude an oxide layer comprising
molybdenum, niobiurm, and tantalum, generally at the same concentrations as the molybdenum
alloy iayer.

Background

{0031 Spulter targels mads from & metal such as molvbdenum, methods for preparing them, and
their use in flal panel displays are descibed in US. Palent Application Publications
2005/0078264A1 by Yoo et al (published Aprif 15, 2005) and  2005/0189401A1 by Butzer et al.
{pubdished on September 1, 2008}, each of which is incorporated herein by reference in #s
entirety. Sputter targets containing molvbdenum and titanium, methods for prepaning them, and
their use in Hat panel displays are described in U8 Patent Application Publications
2008/0314737A1 by Gaydos et al. (published on December 25, 2008}, 2007/00839984A1 hy
Gaydos et al. {published on April 28, 2007), and 2007/0251820A1 by Nitla ef al. {published on
November 1, 20073, sach of which is incorporated herein by reference in ifs entirsty. Sputter
fargets containing molvbdenum and a-seoond metal are described in U.S. Patent Application
Publication No. 2004/02830585A1 by Chao et sl published on December 30, 2004,
2007/0122645A1 by Lee ef al. published on May 31, 2007, and 2005/0230244A1 by Inoue st al.
priblished on Qclober 20, 2005, 2008/0073674A1 by Cho et gl published on March 27, 2008, and
2005/0191202A1 by hvasaki of al. published on September 1, 2005, each of which s incorporated
hersin by reference in s entirety, Sputiering targets including Mo, Nb, and Ta are described for
example in US Patent Application 2012/0003486 by Rozak et al. {(published on January 5, 2012},
ncorporated herein by reference in its entirety.

{004]  Touch sensor device ingluding an cuipid component for genersting images and an input
component for generating signals related to the location{s} on a suface of the device that is
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touched are described for example in US Patent Application 201 121838341 A1 by Reinfried et al.
{published on August 18, 2011), incorporated herein by reference in s entirely. Reindried ef al.
teaches the use of a layer consisting only of 81-87 atomic percent molybdenum and 3-8 atomic
percent tantelum. However, such layers may have unacceplable corrosion resistance, for
example afier exposure 1o an efchant, resulting in ow reliability {e.g. Tallure) of the device.

{005} There continues o exist a need for new touch screen devices and matenals for producing
touch screen devices having one or any combination of the following: good reliability, improved
ease of manufacture, Improved performance, increased manufactunng processing window, and
increased design flexibiity.

Summary

{006] The sputlter targets, methods, and devices according {o the teachings hereiny provide one
or more benafifs related fo the performance, reliahility, ease of manufacture, large processing
window, or high design flexibility needed in devices such as touch screen devices using an
molybdenum containing alloy Including molybdenum, nicbium, and fantelum. For exampls,
undercutting during etching of muitiple layers including a Bret layer and a second layer over the
first layer may be avoiding so that the first laver is not carved ouf from under the second layer. As
another exarmple, a molybdenum containing alloy layer according fo the teachings herein
preferably is corrosion resistance andfor the results in a touch screen device having high
refiahility, even when eiched using 8 variely of differer! etchants. The molybdenum containing
alloy tayer preferably has good adhesion 1o glass, to siicon, or both. The molybdenum containing
alloy layer preferably has low optical reflectivity. The molybdenum containing alloy layer preferably
has high uniformify of elecirical conductivity over the surface of the layer. The molybdenum
containing layer preferably has an electrical conductivity desirable for 8 touch screen device. The
molybdenum containing alioy layer preferably can be efched simultanecusly with one or miare
additiohal layers, The fouch screan device preferably includes an alloy laver and a oxide laver
hoth prepared using the same sputtering target.

{007} A spullering targel atcording to the teachings herein may comprise about 88 atomic
percent {o about 97 atomic percent molvbdenum; abiout 2 1o about 8 atomic percent riobium; and
abowt 0.5 to 5 atomic percent tantalum; whereln the spultering target is adapted to be employed
for forming a thin film layer.

[00B] An electronic device according to the teachings hereln may comprise a substrate, a first
layer including a first metal deposited above the subsirate, and 3 second layer deposited above
the substrate, wherein the second laver is an alloy prepared from the sputienng of a targst,
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preferably 8 targel according fo the teachings heren, including molybdenum, nicbium, and
tartalum.

{0081 An slectonic device according to the teachings herein may comprise a substrate; a first
layer including a first metal deposited above the subsirate; and a second layer deposited ahove
the substrate, whersin the second laver is an albby indluding about 88 atomic percent o ahout 87
atomic percent molvbdenum, gbout 2 o about 8 gtomic percent nivbium, and about 05 o &
atomig percent fantalum.

{00107 An electronic device according to the teachings herein may comprise a glass substrale; &
first fayer including 50 alomic percent or more of a first metal deposited above the subsirate; and
a second layer deposited above the substrate, wherein the second layer is an alloy including 50
atomic parcent or more of an aloving metal, wherein the alloying metal is diferent from the first
metal; wherein the first laver and the second laver are adiacent lavers {a.g., in contact with sach
other on a long surface perpendicular 1o the thickness of the lavers); wherein the first laver has a
first eich rate, 11 {(expressed in nmdming, in @ PAN sichant at 25°C and the second metal layer has
a second elch rale, 12 {expressed in nm/miny, it a PAN etchant at 25°C, wherein the ratic rif2 s
fromy about 0.67 to abowt 1.5

{00111 A method for manufactunng an electronic device according fo the teachings herein may
comprise the steps of depositing & first layer over a substrate; sputiering an alioy layer over the
sithstrate, and at least partiaily etching the first layer and the slioy layer {o form an eiched
component, wherein the fist layer and the alloy layer are adjacent layers (8.9, in contact with
each other on a long surface perpendicular to the thickness of the layers). The alloy layer
preferably incudes an alloy including molybdenum, nichium and tantalum {e.g., an alloy having
about 88 to 87 atomic percent roclybdenum, about 2 to 8 stomic percent niobium, and about 0.5
to § atomic percent tantalum) over the first layer; wherein the first layer and the alioy layer have
different conductivities, and wherein the eiched component is substanlially free of an undercut of
the first layer relative o the alloy layer.

{0012} A method for manufactuning an electronic device according fo the teachings herein may
gomprise the steps of depositing a first laver over a substrate; depositing a second layver {e.g., an
glfoy layer} over the substrate by spudtering a sputiering target including molybdenum, niokdum
and antalum according o the teachings herelry; and at least partially siching the ficst laver and the
alloy layer o form an efched component. The first layer and the second layer preferably are
adjacent fayers {e.q., in contact with each other on & long surface perpendicular fo the thickness
ofthe layers). The second layer and the first laver preferably have different conductivities.

Brief Description of drawings
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f0013] FIG. 1 is a side view drawing showing Hlustrative fealures of a substrate having a
deposited laver.

{00141 FIG. 2 is a side view drawing showing illustralive features of a shuclure including a
substrate, a first layer, and a second layer.

{0018] FIG. 3A is g side view drawing showing Hlustrative features of a struciure inclutling 8
substrate, a first layer, a second layer, and a third layer.

{0018} FIG. 3B is a side view drawing showing Hllustrative features of another structure including a
substrate, a first laver, 8 second layer, and a third layer.

{0017} FIG. 4 is g cross-sectional view llustrating festures of an electronic device during the
manufacture of the device including a pattern iy a photoresist.

[0018] FIG. § is a cross-sectional view illustrating features of an electronic device during the
manufacture of the device including etching of a plurality of deposited layers:

10019] FIG. B is a side view drawing llustrating afirst etched layer and a second eiched layer.
{0020] FIG. 7 is another side view drawing illustraling a first elched fayer and a second eiched
fayer.

[0021] FIG. 8 is another side view drawing llustrating a first efched layer and a second etched
tayer.

{00221 FIG. 8 is a side view drawing Hustrating an undercut that may occur during afching.
[0023] FH3. 10 & 8 cross-sectional drawing of showing Mlustrative festures of a fouch screen
device. Two or more adiacent components may be in contact with each other or may include one
of more addiional layers or other structures belween the adjacent components.

{0024} FIG. 1A is a micrograph of an illustrative mulfidayer structure after efching in a first
efchant solution. The structure includes g substrate, an aluminum layer and an alioy layer.

[0025] FIG. 11B is a micrograph of an illusirative multi-layer structure after siching in a different
eichand solltion. The structure includes a substrate, an aluminum layer and an alloy laver.

{00287 FIG. 12 18 a micrograph of ancther lustrative multi-layer structure after eiching. The
structura includes a substrate, an aluminum layer and a molybdenum layer.

{00271 FIG. 13A & an tllushiative side view of a multi-ayered structure after etching.

{00281 FiG. 138 is an Bustrative side view of a multi-layered structure after elching.

[0028] FIG. 14 is a perspactive view showing the side of a multi-lavered structure withr a Mo (83
weight parcent) —~ Niobium {5 weight percent) ~ Tantalum (2 weight percent) alloy layer of 20 nm
deposited over a 250 nm thek aluminum layer, after elching in & mixture of phosphoric acid,
acatic acid, nitric acid, and de-fonized water,
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f0030] FIG. 151s a perspective view showing the side of & multi-layvered structure with a Mo (82
weight percent) — Niobiuns (8 weight percent} — Tantalum {2 weight percent) aloy layer of 20 nm
deposited over a 250 nm thick aluminum laver, affer efching in a mixture of phosphoric acid,
aceto acid, nitrio acid, and de-lonized water.

{0031] FIG. 18 is g perspective view showing the side of & mulli-lavered structure with a Mo {92
wedght percent} ~ Niobiurm (6 weight percent} ~ Tantalum {2 weight percent) alfoy layer of 20 nm
deposited over a 250 nm thick aluminum layer, after etching in a mixture of phosphoric acid,
acetic ackd, niltic acid, and de-ipnized water.

{0032] FIG. 17 illustrates the appearance and fealures of deposited films after exposure to 80%
refative humidity / 80 °C for 21 days. The molybdenum film shows the highest level of corrosion,
The film of the melybdenum ~ niobium ~ {antalum alloy shows the lowest level of corrosion.
Detailed Description

{0033] The explanations and iHlustrations presented herein are intended to acquaint others skilled
it the artwith the invention, ifs principles, and its practical application. Those skilled in the art may
adapt and apply the invention in s numerous forms, as may be best suited 1o the requirements of
a particular use. Accordingly, the specific embodiments of the present invention as set forth are
not intended as being exhaustive or imiting of the teachings. The scope of the teachings should,
therefore, be determined not with reference to the above description, but should instead be
determined with reference to the appended claims, along with the full scope of sguivalents {o
which such dalms are entitled. The disclosures of gl articles and references, inciuding palent
applications and publications, are incorporated by reference for all purposes. Other combinations
are giso possible as will be gleaned from the following claims, which are also hereby incorporated
by reference info this written description. As used herein, Mo-Nb-Ta and MoNbTa refer to targets
or deposited layers that include molvbdenur, nicbium, and tantalum slements, and does not
indicate a relalive ratic of the three slements {e.g., does not indicate a ratic of 1:1:1)

{00341 An alloy layer accarding 1o the teachings hersin, including, consisting essentially of, or
consisting entirely of molybdenum, nioblum, and fantalum, provide one or more benefits related to
the performance, reliability, ease of manufacture, large processing window, or high design
fiexdbility needed o devices such as touch soreen devices, Such alloy layeris) may be present as
one or more film layers in a touch soreen device. An alloy faver may be deposited using a
sputtering process, such a3 a sputiering process gccording 1o the teachings herain. An alloy may
he deposited using a spuftering targe! according o the feachings herain including, consisting
gssentially of, or vonsisting entirsly of molybdenum, niobium, and tantalum.
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f0G35] The sputtering target {8.9.. @ swiace of the spultering targel) and/or an alloy layer of an
electronic device praferably includes, consist substantially of, or consists entirely of molybdenum,
miobium, and tantalum. The tofal concentration of molvbdenum, niobium, and tantalum sloms
preferably is about 9& gtomic peroent or mare, mors preferably about 87 alomic percent or more,
gven more preferghly about 98 alomic pergernt or more, aven more preferably about 88.5 alomic
parcent or more, and most preferably abowg 92.8 atomic percent or more, based on the fotal
number of metallic aloms in the spuitering target andior the alloy layer. The tolal concentration of
molybdenum, nicbium, and tantalum sloms may be about 100 percend or less, about 3589
parcent of less, about 88.895 percent or lese, or about 89.80 percent or less, based on the folel
number of metallic aloms in the spultening target andfor the alioy fayer. By way of example, the
sputtering target, the alioy fayer, or both may have a purity {e.g., lotal concentration of Mo, Nb,
and Ta) of about 98.8 alomic percent or mote, about 92.99 atomic percent or more, about 98.88
atomic percent ar more, or about 89.999 alomic percent or more, based on the total number of
metallic atoms.

{G038] A sputtering targe! according to the teachings herein may be employed for preparing an
alloy, for preparing an oxide layer or both. For example, the sputtering target may be employed for
preparing an oxide laver including, consisting substantially of, or consisting enfirely of
molybdenum, niobium, fantalum, and oxygen. The fotal concentration of molybdenum, nicbium,
tantalum, and oxygen atoms preferably is about 85 atomic percent or more, more preferably about
87 atomic percent or more, even more preferably about 89 atomic percent or more, aven more
preferably about 99.5 atomic percent or more, and most preferably about 88.8 atomic percent or
more, based on the fotal number of atoms in the oxide layver. The fotal concentration of
molybdenum, niobium, tanialum, and oxygen aloms may be about 100 percent or less, about
98.99 percent or less; aboul 88.85 percent or less, o about 88.80 percent or less, based on the
fotal number of atomis in the pxide laver. By way of example, the axide layer may have a punly
{e.4., total concentration of metal atoms and oxvgen astoms, and/or total concentration of Mo, Nb,
Ta, and O atoms) of about 98.9 atomic percent or more, about 898.99 atomic percent or more,
about 89,92 gtomic percent or miore, or about 89,988 atomic pereent or more.

{00371 A sputtering target {e.q.. the region of 8 spuitering surface of a sputtering target), an alloy
fayer, or an oide layer may oplionally include one or more additional metal elements (e.g., 3
matal element other than Mo, Ta, and Nb). The total concentration of the one or more additional
metal elements preferably is about § atomic percent or less, more preferably about 3 atomic
peroent or less, everymore preferably about 0.9 atomic or less, sven more preferghly gbout 0.4
atomic percent or less, even more preferably about 0.08 atomic percent or less, and most

8
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preferably about .04 atomic percent or less, based on the total number of aloms in the spultering
target or the {aver.
{0038] The spuftering target preferably resulls in & deposiied mwlybdenum containing layer
having an stch rate similar 10 the elch rate of aluminum, For example, the ratio of the eich rate of
the melvbdenum containing layer 10 the eich rate of aluminum is about 0.5 or more, preferably
about 273 or more, more preferably about 8.78 or more, even more preferably about 0.86 or more,
aven more preferably about 0.85 or more, and most preferably about 0.80 or more. The ratio of
the eich rate of the molybdenum containing layer {o the eich rate of an aluminum layer may be
about 2.0 or less, preferably abowt 1.75 or less, more preferably about 1.5 or less, sven more
preferably about 1.3 or less, even more preferably about 1.25 or less, even more preferably about
2 or less, even more prefarably abowt 1.10 or less and most preferaldly about 1.05 oriess {e.g.,
about 1.00 or less). The elch rate ratio may be fromy gbout 0.5 to about 2, from about 2/3 to about
1.5, from abiout 0.75 to sbout 1.10, or from aboul 0.80 to about 1.00. The eich rate ralic s
measured using the same etchant at the same lemperatwre. Preferably the eich rale ratio is
measured using a PAN eichant. More preferably, the efch rate ratio i measwed using a PAN
etchant having & folal concentration of phosphoric acid, acetic acid and nilric acid from ghout 74
weight percent to about B2.5 weight percent. For example, the etch rate ratic may be measured
with a PAN stchant having about 85 weight percent phosphoric acid, about 10 weight percent
acetic acid, about 5 weight percent nifric acid, and about 20 weight percent deionized waler. As
another example, the etch rate ratio may be measured with a PAN stchant having about 72.8
weight percent phosphoric acid, about 4.7 weight percent acetic acid, about 1.4 weight percent
nifric acid, and sbout 21 weight percent deionized water. As another example, the elch rate ratio
may be measured with a PAN etchant having about 70 weight percent phosphoric acid, about 10
waight percent acetic acid, about 2.5 weight percent nilric acid, and abcut 17.5 weight percent
teionized water. The eich rate ralio may be measured gt an elch temperature fron abowt 200G 1
about 80 °C. For example, the atch rale ratio may be measured at 20°C, at 40°C, at 42°C, or at
50 °C. Preferably, the etoh rate ratio is measured at a temperature of about 42 °C.
{30391 The concentration of molybdenum in the spultering target, the alloy layer or the oxide layer
preferably is about 88 atomic percent or more, more preferably about 89 atomic pereent or more,
gven more preferably abowt 830 atomic percent or move, and most preferably about 81 atomic
percant or more, based on the fotal number of atoms in the sputtering targst or alloy layer or
based on the total number of metal atoms in the oxide layer. The concentration of molybdenum in
the sputtering target, the glioy layer or the oxide laver preferably is about 87 stomic percent or
less, more preferably about 96 atomic percent or less, even more preferably about 95.5 atomic
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percent or more, even more preferably about 95.0 alomic percent or less, and muost preferably
about 4.5 atomic percent or less, based on the fotal number of atoms in the spultening farget or
afloy layer or basad on the folal number of metal atoms in the oxide layer.

{0040] The concentration of niobium in the sputiedng target, the alloy laver or the oxide layer
preferably is about 2 atomig percent or more, more preferably about 2.8 atomic percent or miore,
even more preferably about 3.0 atomic percent o morg, even more preferably about 3.2 atomic
percent or more, and most preferably sbout 34 atomic percent or more, based on the {otal
number of atoms in the sputterng target or alloy layer or based on the total number of metal
atoms in the oxide layer. The concentration of niobium in the sputtering target, the alioy layer or
the oxide layer preferably is about 8 atomic percent or fess, more prefecably about 7.6 alomic
percent or less, even more preferably about 7.2 atomic percent or more, even mure preferably
about 6.8 atomic percent o less, and most preferabdy about 6.4 atomic percent or {ess, basad on
the total number of atoms in the sputtering farget or alloy fayer or based on the total number of
metal gtoms in the oxide layer.

{G041] The concentration of tantalum in the spultering targel, the alloy layer or the oxide layer
preferably is about 0.5 atomic percent or more, more preferably about 0.7 atomic percent of morg,
aven more preferably about 0.9 atomic percent or more, even more preferably about 1.1 atomic
percent or more, and most preferably about 1.2 atomic percent or more, based on the fotal
rmber of aloms in the spultering target or alioy layer or based on the tolal number of metsl
atoms in the oxide laver. The concentration of tantalum in the spultering target, the alloy layer or
the oxide layer proferably is about § atomic percent or less, more preferably about 4 atomic
percent or less, even more preferably about 3.7 atomic percent or more, even more preferably
about 3.3 gtomic percent or less, even more preferably about 2.9 atomic percent or less, and most
preferably about 2.8 atomic percent or less, hased on the olal number of atoms in the sputtering
farget or afloy faver or-based on the total number of metal stoms in the oxide layer.

{00427 The slloy laver preferably is substantially free of oxygen or entirely free of oxygen. For
example, the concentration of oxygen in the alboy layer may be about 4 atomic percent or less,
about 1 atomic percent or iess, ahout 0.01 atomic percent or less, or about 0.001 atomic percent
or less.

{00431 twill be appreciated that a spultering targset may have ane oF more surfaces ntended for
sputtering. Qptionally, a sputtering target may have one o more surfaces that are not intended for
spultering which may be made of the same or a different material as the portions or swfaces of
sputtering target intended for spuliering. By way of example, a spuliering targst according o the
teachings may include one or more backing fayers, one or more adhesion layers, or both. Unless
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ctherwise staled, the descriptions of the coimpostiion of the spultering target fwhether a mixture,
afloy, or otherwise) refers to the surfaces / regions that are intended o be sputlered {ie., the
sputtening region(s) andior sputtering surface(s) of a spultering targst).

{0044] The total concentration of the niobium and tantalum in the sputiering target or the alloy
fayer may beabouwt 3 alomic percent of more, about 4 atomic percent or more, sbout 5§ atomic
percent or more, or about 5.5 atomic percent or more, based on the otal number of atoms in the
sputtering target or the alloy layer. The folal concentration of the niohium and fantalum in the
sputtenng target or the alloy layer may be about 13 slomic percent or less, about 11 alomic
percent or less, about 10 atomic percent or less, about 8 atomic percent or less, or about 8 atomic
percent or lass, based on the total number of atoms in the spultering target or the alloy layer.
{00451 The total concentration of the niohium and tantalum in the oxide laver may be about 3
atomic parcent of more, about 4 atomic percent or more, about & atomic percent or more, or about
5.5 stomic percent or more, based on the fotal number of metal aloms in the oxide faver. The fotal
concentration of the niobium and tantalum in the spullering farget or the alloy layer may be abowt
13 atomic percent or less, about 11 atomic percent or less, about 10 atomic percent or less, about
g glomic percent or less, or about 8 atomic percent or less, based on the total number of metal
atoms in the oxide layer.

{00461 The electronic device may include an alloy layer including Mo, Nb, and Ta {e.g., an alloy
layer according to the teachings herein) and an oxide laver including Mo, Nb, Ta, and O {8.g.. an
oxide laver according to the teachings herein}. The alioy layer and the oxide layer preferably have
the same atomic ratio of MoNb. The alloy laver and the oxide layer preferably have the same
atomic ratio of Mo:Ta. The alloy layer and the oxide layer preferably have the same atomic ratio of
Nb:Ta. The alloy layer and the oxide laver may be adjacent layers in contact with each other or
ray be spaced apart by ohe or more addional lavers. For sxample, the alloy laver and the oxide
fayer may be spaced apan by 8 melal layer, such as a metsl ayer according o the teachings
herein.

{0047} The oxide layer may be a capping layer, such as a capping layer direclly over a metal
layer ora capping layer directly-over an alioy layer

[0048] The device preferably includes & first layer amanged over the substrate. The first laver
preferably has a sufficlently high electical conductivity so that £ can be used as & conduciar. The
first fayer preferably is a metal layer including one or more metal slements. Preferably the first
layer is a layer including or consisting of one or more melal elements selected from the group
congisting of Al, Cu, Ay, Ag. W, Zn, Ni, Fe. P, and 3n. For example, the matal layer may includs
SG atomic percent or more, about 60 atomic percent or more, about 70 atomic percent or more,
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about 80 atomic perpent or mare, o about 90 atomic percent or more of Al G, Ay, Ag, W, 4n 8
Fe, Pt, or Sn. The first layer may include or consist essentially of 3 single metal element. For
gxample, the first metal layer may include a first metal slement at a concentration of about 70
atomic percent or more, preferably about 80 atomic percent or more, sven more preferably about
80% or more, and most preferably about 95 atomic percent or more. The first metal element
preferably is aluminum, copper, gold, silver, fungsten zine, nickel, platinum, or tin.

[0048] Appheations

{00507 The alioy laver (eg., the alloy layer including molybdenum, nicbium and taniahum)
according io the teachings herein may be emploved in & touch sensor device inciuding an output
component for generating images and an input component for generating signals related to the
jocation{s} on a surface of the device that is touched. The output component may include an
optical display, such as 3 liguid-crystal display. The liquid crystal display may be an aclive-matrix
fiquid-crystal display, such as a thin flm transistor figuid crystal display. The input component is
generally arranged over the oulput component. Such an arrangsment allows a user of the device
to touch a position on the surface of the device coresponding to & feature displayed by the cutput
componeant.

{0051} The input component preferably & capable of measuring or otherwise defermining the
focation that the surface is being touched. The input component may sense the location of the
touch via resistance sensing, capacitive sensing, optical sensing, electromagnetic induction,
acoustic sensing, or any combination thereol. Preferred input components employ resistance
sensing andfor capacitive sensing. Preferably the device includes-an input compoenent having 8
plurality of fayers including one or more Mo-Nb-Ta alloy layers, such as a Mo-Nb-Ta alloy layer
according fo the feachings herein. The input component may inclide ons or any combination of
the features described in U.S. Palent 8,405,628 B2 (see for example, column 1, line 15 to column
3, fine 37, column &, line 7 o column 7, line 20, and colurn 7, line 36 fo column 8, ling §,
incorporated herein by reference). For example the input component may include an indium tin
oxide layer, an aluminurm zinc oxide layer, an indium zinc oxide layer, or an anfimiony tin oxide
fayer. The input device may include a plurality of touch sensor elements (.., aranged i a grid
or other pattern).

{0052] The alloy layer may have a composition that is the same or different fram the composition
of the spultering targst according to the teachings herein. Preferably the alioy laver has a
composition that is substantially the same as the composition of the sputiering target substantially
the same as the composition as the spultering target {e.g.. varying by about 0.5% or less, or abowt
.1 or less, in absolute conceniration for aachy of the molvbdenum, anialum, and niohium
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concentrations). The alloy aver may have aiwy of the concentrations described herein with
respect fo the composition of the sputtering target.

{00531 The oxide laver {e.3., the capping laver) may have a reflectivily of about 40% or less,
about 30% or less, about 25% or Jess, aboul 20% or less, or about 18% or less. The oxide layer
{8.g.. the capping laver) may have a reflectivity of about 0% or more, sbout 2% or more, about 4%
ar more, or about 8% o more. For example, the concentration of the Nb, Ta, and oxygen may be
sufficiently high so that the oxide layer has a reflectivity of about 25% or less, about 20% or less,
or about 18% or less.

[0054] The first laver may be sufficiently thick so that #t can carry an electric current. Preferably,
the first layer has a thickness of about 10 nm or more, more preferably about 28 nm of more, even
maore preferably about 70 om or more, even more preferably about 110 nm or more, and most
preferably: about 150 nm-or more. The first layer mgy be sufficiently thin- so that that lightt
transmiftance through the first layer is generally high {e.g., about 80% or more, about 90% or
more, about 95% or more. or about 89% or more).

{G055] Methad for preparing spultering targets

{0056] The method for producing the device may include a step of spuliering a molybdenum alloy
over a substrate using a molybdenum containing target including molybdenum, niobium, and
fardalum {(such as a molybdenum containing target having a composition according o the
teachings hereind for forming an alloy laver. Thie method for producing the device may include a
step of sputlering an oxide layey over a substrate using a target and introducing oxygen into the
sputtering chamber during the deposition of the oxide layer. The alloy layer and the oxide layer
may be prepared from the same spultering target. For example, the alloy layer may be deposited
by sputtering a Mo-Nb-Ta containing sputtering target in the absence of oxygen and the oxide
laver may be deposited by sputtering the same Mo-Nb-Ta confgining spullering target in the
presence of oxygen.

{00571 The process may include one or more steps of efching two or more layers {(8.g., two or
more adjacent layers) at substantially the same rate. For example, the miethod may include a step
of atching a first layer at a first elch rate, 1, and elching a second laver (2.g., an adjacent layer
under the first laver), al a second eich rale, r2, using a common elchant process (including a
common sfchant and common temperature conditions), wherein the ratio of the first sich rate t©
the second eich rate, r1/r2 is 1} about 8.40 or mors, about 0.50 or mors, about 213 or more, about
0.75 or more, about 0.80 or more, about 0.88 ar more, about 0.80 or more, or about 0.95 or more;
ancifor i) about 2.50 or less, about 2.00 orlass, about 1.7 or less, about 1.5 or less, abaut 14 or
less, about 443 or less, about 1.25 or less; about 1.20 or less, about 1.15 or less, about 1.10 or
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fess, about 1.05 or less, of about 1.00 or less. The second laver may be slched simullansously
with the first layer for at least a portion of the elching process.

{0058] Preferably, the process includes a step of depositing the first mstal layer, and a step of
depositing the second metsl layer.

{0059] The efchant may include one of more acids. Forexample, the etchant mgy be g PAN
etchant including, consisting sssentially of, or consisting entirely of phosphoric acid, acetic acid,
nifric acid, and water. The concentration of phosphoric acid in the sichant may be about 30 weight
% or more, aboul 40 weight % or more or about 50 weight % or more {e.g., about 60 weight %);
and/or about 84 weight % or less, about 78 weight % or less, or ghout 70 weight % or less, based
on the total weight of the eichant. The concentration of acetic acid in the etchant may be about 3
weight % or more, about B weight % or more or about 11 weight % or more {e.g., about 15 weight
Y%} andfor about 27 weight % or less, about:22 weight % or less, or about 18 weight % or less,
based on the {otal weight of the elchant. The concentration of nilvic acid in the stchant may be
abouwl 1 weight % or more, about 3 weight % of more or about & weight % or more {8.g., abouwt 7
weight 9%); andfor about 27 weight % or less, about 15 weight % or less, or about 8 weight % or
less, based on the tofal weight of the efchant. A parficularly preferred efchant is 8 PAN eichant
including, consisting essentially, or consisting of 1} about 80 weight % phosphoric acid, it} sbout 15
weight % acetic acid, #) about 7 weight % nifvic acid, and v) water, all based on the tolal weight of
the eichant. Ancther patliculady preferred elchant is @ PAN esichant including, consisting
essentially, or consisting of i} about 85 to about 77 weight % {preferably about 70 to about 73
weight %} phosphoric acid, i) about 8 to about 12 weight % {preferably about 8.5 {0 about 8.5
weight %) scelic ackd, #i) about 1.0 fo about 4.0 weight % (preferably about 1.8 fo abouf 2.5
weight %) nitric acid, and ) water, all based on the tolal weight of the efchant. Preferably the
water is deionized waler. The concentration of water {e.g., added water, such as delonized waten
in. the PAN eichant preferably i gboutl 10 weight percent or more, more preferably ahout 15
weight percent ‘or more, even mote preferably about 17 weight percent or more, and most
preferably about 17.5 weight percent or more, based on the tolal weight of the PAN eichant The
goncantration of water {a.g.. added water, such as delonized water} in the PAN sichamt preferably
15 about 40 weight percent or less, more preferably about 30 weight percent or less, even more
preferably about 28 weight percent or less, and most preferably aboul 25 weight percent or less,
based on the tofal weight of the PAN stchant. The otal concentration of the phosphoric acid, niftic
acid, and acefic acid in the PAN eichant preferably is about 60 weight percent or more, more
preferably about 85 weight percent or more, even more preferably aboul 7O weight percent or
more, and most preferably about 74 weight percent or more. The total concentration of the
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phosphaoric acid, nitrle acid, and acstic acid i the PAN etchant preferably i about 80 weight
percent or less, more preferably about 88 weight percent or less, even more preferably about 85
weight percent or less, even maore preferably about 82.5 weight percent or less, and most
preferably about 82 weight percent or less.

{0080 Although stchants including ong or mors eyanides {(fer example an sichant including or
consist gssentially of fernicyanide may be seniploved I efching & molybdenum containing layer,
preferably the etchant is substantially free of or entirely free of cyanides. .

{00817 The method may include a step of simultanecusly elching a structure including a layer
containing molybdenum, niobiom and fantalum, and one or more addiional layers. Prior {o
siching, a pattem may be gpplied to the surface using a photoresist so that only specific features
are efched. As discussed hergin, the Mo-Nb-Ta may be part of a structure including one or more
additional layers above the Mo-Nb-Ta layer, one or more additional lavers below the Mo-Nb-Ta
tayer, or both. When efching the structure, the etchant may intially etch an uppermost layer (e, a
surface faysr) and then elch one or more additional layers while continuing 1o sich the uppemmost
fayer. For example, when eiching a structure including a Mo-Nb-Ta surface layer, the etchant may
first ramove a region of the surface layer so that g portion of the layver below the Mo-Nb-Ta
surface layer is exposed. Elching of the exposed regions may then proceed.

{00682 After efching a plurality of layers including an alloy layer andfor an oxide layer, the
structire of the pluralily of siched lavers preferably is free of an undercut.

{00831 The alloy layer preferably has one or more of the following properties: adhesion to glass s
about 4B or more {e.g., about 4B {o about 5B); adhesion to siticon is about 4B or more {e.q., about
4B 1o about 5B}, corrosion resistance as characterized by less than about 10%, less than about
5%, or less than about 1% increase in electrical resistivity of the film  after exposure to high
teraperatre and  humidity (eg. 80°C, 80% humidily, 4 wesks), corrosion resistance as
characterized by a slope of slecirical conductivity versus day of about 0010 Vsyiday or less,
about 0.0003 Ysgiday or less, about 0.00025 Ofsgiday or less, about 0.00020 (Yeglday or less,
ar about 0.00015 (Ysgiday or less after exposure at 80°C/80% humidity for 38 days {with
measurements take at least once every 7 days); an sich rate compatible with the elch rate of
aluminum {e.g., 50 thal undercutling andi/or other efch defects are evented); a reflectivity of
aboul B0 o aboul 20% over the rangs of wavelengths from 400 10 880nm,; an slectrical
conductivity less than 30 uQ.om {preferably less than 20 uQd.cm, and more preferably less than 15
pllom): an electrical resistivity greater than about § pQ.om (preferably greater than about 10
uClom: or a uniformity of slectrical conductivity loss than about 10% (preferably less than about
§%;).
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f0064] The alloy layer preferably has an eich rate ratio (e.g., relative 10 the sich rale of aluminum)
at 42 °C, with an PAN etchant {e.g., 70 wt.% phosphoric acid, 10 wi. % acetic acid, 2.5 wt.% nitnic
acid, and 17.5 wi. % deionized water) of 0.7 or more {preferably 0.8 or more) and 2 or less
{preferably 1.6 or less).

{0085] The device aeeording o the teachings herein may include a subsirate laver 14 and a first
laver 2 over the subsinate layer 14, such as iftusirated in FIG. 1 showing Hustrative features of @
multi-layered device 10. The first layer 2 preferably is a deposited layer. The first laver 2 may be
an alloy layer 18 including or consisting ‘of molybdenum, tantalum, and niobium. Preferably the
alloy laver 16 is a layer including or consisting of a Mo-Ta-Nb alloy having a compasition
according to the teachings herein. For example, the ficst laver 2 may be 8 layer deposited from a
sputiering target including molybdenum, tantaluny, and nicbium.

{00881 i will be appreciated that the mulidavered device according o the teachings herein may
include additional laysrs, such as ong, two, or more layers bebween the substrate layer and the
firs{ layer, and/or one, two, or more lavers over the first layer, such as Hlustrated in FIG. 2. FIG. 2
is @ side view showing Hustrative features of a multi-layered device 20 including a substrate layer
14, a first layer 2 over the substrate layer 14 and a second layer 4 over the first layer 2. The first
layer 2 and the second layer 4 preferably are deposited layers. The first layer 2 may be an alloy
tayer 18 including or consisting of molybdenum, tantalum, and niobium. Preferably the alloy layer
is 3 Mo-Ta-Nb laver having a composition aceonding {o the teachings herein. Forexample, the first
fayer may be a layer deposited from a spulering target including molybdenum, lantalum, and
robium. Praferably the second layer s g metal layer 18, such as s-metal layer according o the
teachings herein. For example, the metal layer may be a layer including, consisting primanily of
{e.9., about 51 atomic percent or more, or about 80 weight percent or more), or consisting entirely
of a metal selecled from the group consisting of Al, Fe, Cu, Ag. Au, W, Zn, Pt and Bn. The alioy
fayer 16 may be interposed between the metal laver 18 and the substrate layer 14. 11 will be
appreciated according to the teachings herein that the alloy 16 may be deposited over the meial
layer 18. For example, the metal layer 18 may be interposed befween the substrate layer 14 and
the siloy layer 16, With reference to FIG. 2, the plloy layer 18 may contact some or all of a large
surface of the metal layer 18,

{00871 The multidaver device according to the teachings hersin may include an oxide layer, such
as flustrated in FIG. 3A and Fia. 3B, FIG. 3A is a side view showing Hlustrative features of a
multidayered device 30 including a substrate layer 14, a first layer 2 over the substrate layer 14, a
second laver 4 pver the first layer 2, and a third laver § over the second layer 4. The first layer 2
and the sscond laver 4 preferably are deposited lavers. The third layer 8 may be an oxide fayer 17
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including, consisting essentially of, or consisting entively of molybdenum, tantalum, niobium, and
oxygen. Preferably the oxide layer is a Mo-Ta-Nb-Q layer having a composition according to the
feachings herein. For example, the third layer may be a laver deposited from a sputtering {arget
inchuding molybdenum, {antalum, and niohium {8.g., by spultering in the presence of oxygen).
Preferably the oxide laver 17 is deposited front the same sputiering target smploved in depositing
the alloy layer 2. it will be appreciated according 10 the teachings herain, that the order of
depositing the alloy layer 16, the metal layer 18, and the oxide layer 17 may be changed (ssee for
example the muiti-layersd device 307 of FIG. 3B). Indeed, as the etch rates of two layers may be
more closely malched, thera may be increased design flexibility in selecting the order of layers {o
be deposited.

[0068] The multi-laver device may be prepared using a photoresist layer, such as #lustrated in
FiGs. 4 and 5. For example, a photoresist layer 42 may be deposiied over an entire swiface and
then preferentially removed at one or more alch locations 44, as shown in FIG. 4 to create
openings thal exposs regions of the layer under the photorssist layer. The pholoresist may be
deposited over an alloy layer, a metal layer, or an oxide laver. After etching the multi-dayered
structure of FIG. 4, one or more of the layers below the phoforesist layer may be removed in the
regions below the openings in the photoresist layer, such as flustrated in FIG. & For example a
portion of the alloy layer, or a portion of the metal layer, or a portion of the oxide layer may be
removed by anetchant, A step of etching may remigve portions of one or more layers, two of more
fayers, or three or more layers.

{0068] The etching of a multi-ayered structure may be characterized by one or more etch angles,
such as illustrated in FiGs. 6, 7, and 8. For example, the eichant may remove porbions of a
second laver 4 and portions of a first layer 2 helow and in contact with the second fayer 4. The
atching may be characterized by an overall etch fine 34 which is angled at an overall eich angle
38, The eiching of the first laver may be characierized by an sich edge 35 having an etch angle
38. The atching of the second laver may be characterized by an etch edge 36 and an stch angle
37. The efch angles generally is the acute angle of an etoh lineledge with the plane of the fop
surface of the substrate layver 14. The elch angle of the second laver may be gregter than the
etch angle of the first layver, such as Hlustrated in FIG. 8. A second layer having an etch angle
greater than the etch angle of a fust laver may be observad when the sich rate of the second layer
4 is greater than the etch rate of the first layer 2. The etch angle of the first layer 2 may be greater
than the sich angle of the second layer 4, such as lustrated in FIG. 7. A first layer having an gtch
angle greater than the elch angle of a second layer may be observed when the efch rate of the
first layer 2 is greater than the etch rate of the second layer 4. The eich angle of the first layer 2
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and the sich angle of the second laver 4 may be about the same, such as Hustrated it FIG. B, A
first layer having an eich angle about equatl {o the efch angle of a second layver may be observed
when the efch rate of the first laver 2 s equal fo the eich rate of the second layer 4.

{0070} The differences in the sich rates of the first layer and the second laver may result in an
undercut region, such as lllustrated in FIG. 8.

{0071] The multi-dayered devices according to the teachings herein may be employed in a touch
screen device. With reference lo FIG. 10, the touch screen device 100 may include a substrale
102. Over the substrate 102, the touch screen device 100 may have an oulpul component 104
{e.g.. a display} and an input component 108 {eq., including fouch or position sensors). The
oufpul compaoneant may be over the input component. Preferably the input component is over the
output component. The fouch screen device preferably includes a cover component 108 (g, &
glass cover, or transparent polymenic cover), preferably over the input component. The substrate
may contact directly with the input component or the output component, or may be separated by
one or more gdditional layers or components, The input component may direclly contact the
oufput component, or the two components may be separated by one or more additional layers or
components. The ¢cover component may directly contact the input component of the ouput
component, or may be separaled by one or more additional layers or components.

{0072] The eiching of a shucture including an alurninum layer between a subsirate layer and a
Mo-Nb-Ta aliov laver is shown in FiGs. 11A and 11B. The aluminum layer s deposited on the
substrate. The Mo-Ta-Nb includes about 6 weight percent {antalum, about § weight percent
mobiun, and the remainder 5 molvbdenum {punty of about 85.908 wi.% or more). FIG. 11A
shows the structure after siching at room temperature in a PAN elchant having 70 weight %
phosphoric acid, 10 weight % acete acid, and 5 weight percent nitric acid. FIG. 11 B. B a
micrograph showing the edge surface after siching at room temperature in a PAN sichant having
70 weight % phosphoric acid, 10 weight % agelic acid, and 7 weight percent nilric acid.

{00731 The overall efch angle may be less than 80 °, such ag llustrated in FIG. 12, FiG. 12
Hustrates a multidayered structure including a layer of aluminum deposied on a substrate and a
faver of molybdenum deposited pver the aluminum. Aller elching, an sich angle of about 87 “is
abserved.

{0074] After eiching, a first layer and g second layer may have aboul the same eich angle {e.g..
about 80 °, such as Hlustrated in FIG. 13 A, After siching, an undercut siching of the first layer
may occur so that a portion of the second layerhangs the first layer or extends bevond the first
fayer, such as flustrated in FIG. 138,
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f0G75] After etching a Mo-Nb-Ta alloy layer an Aluminum layer, the striciure may be generally
free of an undercud, such as Hlustrated in FIG. 14, 15, and 18,

[0076] Test Methods

{0077} Film deposifion. The substrale is a glass substrate or a silicon substrate (100} The
substrate is gleanaed ysing 96% suifunic acid (4% waler} and 30% hydiogen peroxide (70% waten)
at a ratio of 2:1. The silicon substrate is spun-dried with a rinse in defonized water for 150 seconds
and a dry in nilrogen for 300 seconds. The glass substrate is blown dried. A film is deposifed on
the substrate using & spultening deposition chamber and a spultering target selecled to produce
the desired film. Unless otherwise specified, the spullering is performed using DO mode at 400 W,
with a pressure of 2 mTor, & mTorr, or 10 mTor. The sputtering fime is selected to resull in a
deposited film having a thickness of about 500 nm. For a sputiering target including Mo, Ta, and
Nb, the sputtering time i sboul 4 minutes: The resulting specimen consists of the substrate and
the deposited layer. The thickness of the deposited laver is measured.

{0078} Eich Rate Measurement Etching rate is measured on a film deposited on a substrate. The
specimen 5 etched i an efchant solution at 20 to 50 °C, with the eichant being slired. The
phosphoric acid / acelic acid / nittic acid (PAN) eichant solutions used in efching the films are
listed in Table 1.

Table 1. Composilions of PAN Efchanis
Etchant Phosphoric Acid, | Acetic Acid, Mitric Acid, De-~jonized Water,
Composition | weaight percant | weight percent | weight percent | weight percent
PAN-1 85 10.0 1.0 24
PaN2 L LT S L2 R N 30 b 22
PAN-3 55 10.0 50 =0
PAN-4 728 4.7 1.4 21.0
PAN-§ 70 10 258 17.5

{00761 Method 1 - Single film siching test. A single film is deposited on the substrate. The film is
submerged in the etchant while agifating the solution with a stir bar or other stiming implement.
The time for removal of the deposited fayer is measured and the elching rate in units of nmis is
calculated.

{0080} Method 2 -1 Multilayer film efching test. A Multilayer etching performance is measured
using specimens including two or more deposifed layers to be eiched at the same tme. The
specimens are prepared as described above by depositing (8.g.. by sputtering) a first layer on a
substrate having a gensrally uniform thickness with an exposed surface perpendicular to the
thickness. Then a second layer having is deposited having a generally uniforn thickness and
covering the entire exposed surface of the first layer. The specimen is Yreated using

17



WO 2016/115026 PCT/US2016/012824

photolithography {e.49.; using a photoresist, such as 1813 Shipley photoresist) to cover the surface
of the second layver except for features having a diameter andlor width of about 100 prm. The
specimen is elched using an sichant such as a solution described herein {e.g., with respect to
measurement of the eiching rale). Initially the eichant solution removes only matenial of the
secong laver in the regions of the: featurs, Afler 8 sufficient amount of the second layer is
removed, the sichant solution begins 1o remove the first layer in the regions of the feature, while
simultaneously laterally removing additional material of the second layer. The siching is continued
for a sufficient time so thet the subsirale is exposed in the region of the features. Afler eiching, the
photoresist layer may be removed. The fime for removal of the deposited layer may be
determined by changes in the color of the specimen whean the layers and substrates have different
colors as in examples described herein.

{0081] Adhesion. Adhesion is measured using an adhesion tape test according to ASTM BS05-
00, with fape designation D3I358-08. Unless otherwise described, the measurements are
performed on fiims depositad on both sides of the substrate, with a film thickness of about 200
nm. A rating of 8B indicates good adhesion and that the deposited layer is not ramoved by the
tape.

{0082 Deposition rate. Deposition rate is determined by measuring the thickness of the deposited
tayer (in units of nm} and dividing by the deposition time {in units of minutes). The thickness of the
deposited layers is measured using 5 profilometer, such as 8 Zygoe profilometer or g KLA-Tencor
P-15 profilometer.

[0083] Layers are deposited using & magnetron sputter deposition system. A Perkin Elmer 2400
having a DC power supply 18 used. Unless otherwise specified, the sificon substrates are wafers
having {100} orientation. The subsirate (s positioned about 3.25 inches from the sputtering farget
and a power of 400 W is srployed.

{0084] Eleclrical Resistivity, The sheet resistance of the deposited films is measured using a four-
point probe. Two samples are measured for each deposition condition. The resistivity is then
catculated by the geometry of the test sarple. For resistivity caloudations, average thickness and
average sheet resistance values {using the inner 1.5 inch ares) are used. The sheet resisiance is
measured using a Jandel Eng. Serial 74378 four point probe,

{0085] The uniformily of the slectical resiiivity 5 determined from 10 shest resistance
measureaments taken within the central 1.5 inch diameter of a 3 inch diameter specimen. Each
measurement is {aken at a location at least abowt 0.5 inches from the cther measurement
focations. The wvfornily is the ratio of the standard deviation of the sleclrical resistivily to the
average electrical rasistivity and is expressed in units of percent.
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{0086] Corrosion Resistanice. Corosion resistances s measured on films deposited on a glass
stide. The film thickness is at least about 300 nm. The shest resistance is measured as described
above after depositing the film. Then the film is exposed o a 80% or 80% relalive humidity at 80
G for an sxtended peniod of ime. In one measwre of corrosion resistance, the shee! resistance s
maasured after 4 weeks at 30% relative humidity / 80 °C, and the percent increase i the sheet
resistance s caloulated. Films having improved corosion resistance generally have lower percent
increase in sheet resistance.  In a setond measure of corrosion resisiance, the film is exposed o
80% relative humidity / 80 *C for 38 days and the sheetl resisiance is measured at least once
gvery 7 days. The sheet resistance is plotied against the number of days-exposure and a best it
fine is determined. The slope of the line, In unils of Qisqfday s the measure of corrosion
resistance. Films having improved corrosion resistance generally have lower slopes.

{00871 The lovel of cotrosion resistance can also be delermined by visual observation of the film
surface after exposure to emperature and humidity. The corroded regions of the film appear dark,
i contrast with the shiny mirar and/or melallic appearance of the film as deposited. Image
analysis technigues may be used to guantify the area that has been cormoded.

{0088] Microstructure of deposited films. The microshucture of the deposied films is oblainable
that can measure backscatlered slectrons and secondary electrons is used in the examples.
{0083] Microstructure of the sputler fargets. The micostructure of the sputter targels is oblainable
using scanning elechron microscopy. An ASPEX Personal Scanning Electron Micrsoscope is
smploved. The working dislance i3 about 20mm and the acceleration voltage 1s about 20keV. The
secondary electron detector i8 Everhart-Thomley type. The images are also obtained of the
backscattered electrons. The slectron microscope i alse employed for charactenzing the
specimens after elching. Prior ta observing the elched gpecimen any pholoresist is removed using
acetone. A magnification of about 58,000 1o 150,000 is employed.

{00801 X-ray Diffraction Measurements. X-ray diffraction studies are performied using a Phillips
X'Pert Pro X-ray diffractometer.

{3091 Optical reflectance. The optical reflectance is calculaled as the average refleciance in the
wavelength range of 400 nm o 800 nm. A Varian Cary 100 Bio reflectometer is used for
measuring the optival reflectance.

{00827 Any numernical values recited herein include all values from the lower valus fo the upper
vahge i increments of one onif provided that there is @ separation of at feast 2 units between any
lower value and any higher valug. As an example, i # s stated that the amournt of @ component or
avalue of @ process variable such as, for example, temperature, pressure, time and the like is, Tor
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example, from 1 {0 80, prefarably from 20:to 80, more preferably from 30 10 70, it is intended that
values such as 1510 85, 22 to 68, 43 to §1, 30 to 32 etc. are expressly enumerated in this
specification: Forvalues which are less than-one, one unit is considerad to be §.0001, 0.004, 0.01
ar 0.1 as appropriate. These are only examples of what is specifically infended and all possible
cormbinations of numerical values belivean the lowest value and the highest value enumerated
are 10 be considered to be expressly stated in this application in a similar manner. As can be
sean, the teaching of amounts expressed as "parls by weight” herein also contemplates the same
ranges expressed in terms of percent by weight. Thus, an expression in the Detaded Descriphion
of the invention of a rangs In terms of at " x paris by weight of the resulting polymeric blend
composition” also contemplates 8 teaching of ranges of same recited amaount of ™" in percent by
weight of the resulting polymeric blend composition.”

{0083] Unless otherwise stated, all ranges include both endpoints and all numbers between the
endpoints. The use of "aboul” or "approximately™ in connection with a range applies o both ends
of the range. Thus, “about 20 to 30" is intended fo cover "about 20 o about 30", inclusive of at
{east the specified endpoints.

{0084] The disclosures of all articles and references, including patent applications and
publications, are incorporated by reference for all purposes. The term “consisting essentially of" to
describe g combingtion shall include the slements, ingredients, companents or steps identified,
and such other elements ingredients, components orsteps that do not materially affect the basic
and novel characteristics of the combination. The use of the terms "comprising” or "including” to
describe combinations of elements, ingredients, cormponents or steps herein also contemplates
embodiments that consist essentially of the elements, ingredients, components or steps.

{0085] The disclosure of "a" or “one" 1o describe an element, ingredient, component or step is not
intended {o foreclose additional elements, ingredisnts, componenis or steps. Plural elerments,
ingredients, components orsieps can be provided by @ single integrated element, ingredient,
componeant of step. Altematively, a single integrated element, ingradient, component or step might
be divided into separate plural elements, ingredients, components or steps.

{0008] i is understood that the above descoription is intended to be Hiustrative and not restrictive,
Many embodiments as well as many applications besides the examples provided will be apparent
o those of skill in the art upon reading the sbove desoription. The scope of the inverttion should,
therefore, be determined not with reference to the sbove description, but should instead be
determined with reference to the appended olaims, along with the full scope of equivalents to
which such claims are sntitled. The disclosures of all articles and references, including patent
applications and publications, are incorporated by reference for all purposes. The omission in the
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following claims of any aspect of subject matier that is disclosed hersin is not & disclaimer of such

subject matter, nor should it be regarded that the inventors did not consider such subject matter to
be part of the disclosed inventive subject matter.

{0097} Examples

{0098] Example 1 s an aluminum sputterning farget having an aluminum concentration of 98.99
wedght percent or more. The aluminum targst s commercially avallable from Plasmaterials.

{0088} Examples 2 through 8 are molybdenum containing sputiering fargets. The molybdenum
containing {argets are prepared by powder melallurgy using blends of molybdenum powder and
powders of any other metal in the targel. The targels are prepared by cold isostactic pressing the
powder blend to form a compacted mass and then hot iscstatic pressing the compacied mass to
forny a densified target plate. The sputtering target is formed from the densified target plate and
optictially includes one or more steps of rolling, one or more steps of annealing, one of more
steps of cutling, or any combinations thereof. The composiions of the spultering targsts are
shown in Table 2 below. Each sputiering larget has a densily of aboul 97 percent or more of
theoretical density.

{00100] For each sputtering target, {examples 1~ ©}, elchant test specimen are prepared
by spultering a single layer of film onto one surface of about 25 mm x 78 mm glass slide. The
sputtering time is selected so that the deposited film has a thickness of 300 nm +/- 10%. The
thickness of the film is measured using KLA-Tencor P-15 profilometer. Prior 1o depositing the fikn,
the glass slide is transparent. Afler depositing the fikm, the swiface becomes a silver colored
mirror. The glass slide is then divided into 3 test specimean, each having a dimension of about 25
mm x 25 mm. Each deposied layer has ahout the same composition as the spulterning target rom
which it is deposited.

Table 1. Compositions of sputtering targets

Target Example | Example | Example | Example | Example | Example | Example | Example
2 3 4 5 8 7 8 3
Deascription Mo Mo Mo Mo Mo Mo Mo Mo

10Nb 12Ta (8NDb/GTal ©6Nb | 5ND/2Ta | 8Nb2Ta | 8Nb2Ta

M@i‘yﬁ:&de‘num 100 | 903 | 882 | 9 94 g3 g2 80
Nighiwm L o L 9.7 i 18 8 LBl L L S
Tantalum - - - 3 - 2 2 2
00104 The. elching fime i determined by siching the 25 mm x 28 own glass slide

specimen with the deposited film in efchant solution. The efchant solutions were prepared by

{ acelic acid / nitric acid (PAN] etchants were prepared with the compositions listed in Table 1 as
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PAN-1, PAN-2, PAN-3, PAN-, and PAN-5. These efchants have lofal concentration of
phosphoric acid + acetic acid + nitric acid from 74 weight percent to 82.5 weight percent. Elching
is performed at one of the following test temperatures: 20 °C, 42 °C, or 50 °C as indicated in Table
3. Abaut 110150 mi of eichant solution is placed in a beaker and heated o the test femperature
while stiring the solution. The 28 mm x 25 glass slide specimen is submerged in the sichant
solution. The time for the glass slide specimen o become transparent is measured as the elch
time. The stiring and heating of the soluion is maintained throughouwt the eiching. The efchrate s
calculated as follows: efch rate {(misec) = film thickness {nm} / etch time (se¢). For each elchant
solution, the elch rate of an aluminum film is also measured at the same test temperature. The
etch rate ratic is calcudated as follows:

ERR = sich rate of molybdenun containing film / etch rate of aluminum film;
where the molybdenum containing Bim and aluminum films are eiched at the same temperature
and in the same efchant solution. An elch rate ratio of 1 indicates that the molybdenum containing
film and the aluminum film eich at the same rate. An etch rate ratio of greater than 1 indicates that
the molybdenum containing filtm stches faster than the gluminum film. An eich rate ratio of lass
than 1 indicates that the molybdenum containing fila etches slower than the aluminum film,
{00102} The eich rate ratios for the deposited films of molvbdenum confaining targets
Examples 2 through 8 {relative to the eich rate of aluminum) is Bisted in Table 3. The left column in
Table 3 identifies the PAN eichant and the test temperaturs.
{60103} Qther properties of deposited films from molybdenum containing targels are shown
in Table 4.

Table 3. BElch rate ratios in different elchants and at different tomperatures

Target Example | Example | Example | Example | Exampls | Example | Example | Example
.......................................... 2 4.3 1.4 .5 . & 4 T L. B8 1.8
Description Mo Mo Ma Mo Mo Mo Mo Mo

10ND | 12Ta (BND/ATal BNb | SND/2Ta|6Nb/2Ta | 8Nb/ZTa

Eiching results: Eich rate ratio = Eich rate of example / eich rate of aluminum {in same etchant)

Etchant/

Temparature

(LS} TR BUUUURNN SUNUUR NUUU NSRS N NS NS —
PAN-1/42 1.35%

PAN-2 /42 1.40

PAN-3 /42 505 0.45 0.81 8.82

PAN-4 {42 0.88 Q.60 0.67 0.9

PAN-5/42 0.69 1.04 1.685 1.58 1.28 0.74
PAN-§/7 20 087 £.88 1.33 1.48 1.10 .72
PAN-G {50 Q.85 1.18 148 1.22 1.23 0.87
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Table 4. Properties of deposited films

MoBNDETa | ModNbETa | MolONb MotiTa | Mo3NDOTa
Electrical resistivity, pQem 17 20 16 20 14
{filrn thickness = 200 nmy) ‘
Adhesion on glass 4B 58 5B | 4B 2B 4B | 2B 58 5B | 5B, 28, &8 | 3B, 48, 58
Adhesion on silicon 5B BB, 5B | 58 5B 5B { 5B 6B, 5B | 38,08, 28 | 5B, 5B, 5B
Uniformity, % 4.4 58 4 5 4
Reflectivity at 400-800 nm, % | 81 B2 &1 85 67
Grain size, nm 27,34 32 1 23.32,46 | 22 27 29 121,22 201 24 28 38

{00104}
malvbdenum, about 8 weight percent niobium, and about € weight percent tantalum is prepared

Example 10 A sputtering target (MoBNb8Ta) having about 88 weight percent

by powder metallurgy methods as described hersin. Multi-layered specimens are prepansd by
depositing 2 250 nm layer of aluminum onto a glass substrate and then depositing a 50 nm Mo-
Nb-Ta layer over the aluminum layer by sputtering the MoONDETa target. Photolithography is
used to prepare an etch pattem for selsctively efching the mulli-lavered specimen with a PAN
etchant. In Example 10A, the PAN etchant includes 70 weight percent phosphoric acid, 10 weight
percent acetic acid, 5 weight percent nitric acid, and 15 weight percent de-ionized water. The
resulting structure after remaoving the photoresist layer is shown in FIG. 11A. In Example 10B, the
PAN etchant includes 70 weight percent phosphoric acid, 10 weight percent acetlic acid, 7 weight
percent ritric agid, and 13 weight percent deionized water. The resulting structire after removing
the photoresist layer is shown in FIG. 11B.

{00108]
of sluminum onfo 3 glass subsirate and then deposifing a 20 nm Mo-Nb-Ta layer over the

Example 11, Mullilayered specimens are prepared by depositing a 250 nm layer

aluminum layer by spulterng the MoSNb2Ta target of Example 7. Photoliihography is used ©
prepare an sich pattem for selactively siching the nulti-laversd specimen with 3 PAN sichant.
The PAN stchant includss 70 weight percent phosphoric acid, 10 weight percent acetic acid, 2
weight percent nitric acid, and 18 weight percent de-tonized water. The resulting structure affer
removing the photoresist laver is shownin FIG. 14.

{00 106]
of sluminum onto a glass substrate and then depositing 8 20 nm Mo-Nb-Ta laver over the

Example 12, MultiHayered specimens are prepared by depositing 8 250 nm {ayer

atuminum laver by sputtering the MoBnb2Ta targetl of Example 8. Photolithography is used to
prepare an efch pattern for selectively etching the mudti-layered specimen with a PAN etchant.
The PAN efchant includes 70 weight percent phosphoric acid, 10 weight percent acetic acid, 2
weight percent milric acid, and 18 weight percent de-ionized water. The resulling structure after
removing the photoresist laver is shown in FiG. 15,

100107]
of aluminum onto a glass substrale and then depositing a 20 nm Mo-Nb-Ta layer over the

Example 13. Multi-layered specimens are prepared by deposifing & 250 nm layer
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aluminum layer by sputlering the MoShND3Ta target of Example 5. Phololithography s used o
prepare an etch pattern for selectively efching the multidayered specimen with a PAN eslchant.
The PAN etchant includes 70 weight percent phosphoric acid, 10 weight percent acetic acid, 2
waight percent nitric acid, and 18 weight percent de-ionized waler. The resulling struciure after
remaoving the photoresist laver is shown in FiG, 16,

{00108} Example 14. The corrosion resistance of the various deposited lavers is measured
by first depositing a fayer onfo a glass slide and then exposing the glass shde fo 80 °C ! 50%
refative humidity.  The surface resistance is measured prior (o exposure {0 the hurmdity, and then
at least once every 7 days. The last measurement is after 38 days. in general, the surface
resistance increases with exposwre time. The molvbdenum fliy had an initigl thickness of about
500 nm and the alipy films each had an initial thickness of about 300 nm. The slope of the best fit
fine for the surface resistance v. days {of exposure fo the humidity) is showry in Table 5. The
surface resistanics after 28 days s also shown in Table 5. Photographs of BExample 2, Example 8,
and Example 3 affer 21 days exposure al 80 °C / 90 % relative humidity is shown in FIG. 17, The
filmy from Example 2 {Mo) has the highest level of corrosion, and the film from Example 5
{MotNDb3Ta) has the lowest level of corrosion,

Table 5. Corrosion Resistance Measurement

Target Example] Example | Example {[ExampleiExample; Example | Example
i2 a 5 g8 7 8 8
Description Mo Mo Mo Mo Mo Mo Mo

10Nb  16Nb/3Ta] GNb  (GNb/ETal 6N/2Ta | 8Nb/2Ta

Slope of surface resistance | 111 Q.28 Q.14 Q.34 0.28 0.20 015
v. gxposure days

{m{isg/day)

iniial  surface  resistancel Q.280 0.615 0.535 0488 1 0488 0.500 0.532
{{Ysq)

Percent increase in surfacei 8.1 1.5 0.8 1.2 1.8 1.4 0.8
resistance after 28 days

(%)
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CLAIMS
What is claimed s
1. A sputiering targef compnising:
i. about 38 atomic percent o about 87 atomio percent malybdenum;
i, about 2 to about 8 alomic percent niokium; and
i, about 0.5 o 5 atomic percent tantalum {preferably about 0.7 to about 4 atomic percent
tantalumy,
wherein the sputtering target is adapted o be employed for forming a thin filrn layer.
2. The sputiering target of claim 1, wherein the molybdenum is present at a conceniration of abotd
89 atomic percent or mare {more preferably about 80 atomic percent or more, aboul 91 atomic
percent or more, or about 82 atomic percent or more).

3. The spultering farget of claim 1 or 2, wherein the molybdenum is present at a concentration of
about 98 atomic percent or less {more preferably about 95.5 atomic percent or less, about 85.0
atomic percent or less, or about 84.5 gtomie pervent or less),

4. The sputtering target of any of daims 1 through 3, wherein the niobium is present at a
conceniration of about 2.8 atomic percent or more {more preferably about 3.0 atomic percent or
more, about 3.2 atomic percent or more, or about 3.4 atornic percent or more}).

8. The sputtering target of any of claims 1 through 4, wherein the niobium s present at a
concentration of about 7.6 atomic percent or less {more preferably about 7.2 atomic percent or
less, about 6.8 atomic percent or less, or about 8.4 atomic percent or less).

8. The spultering targel of any of claims 1 through 5, wherein the {antalum s present at a
concentration of about 8.7 atomic percent or more {mors preferably about 0.9 gtomic parcent or
more, about 1.1 atomic percent or more, orabout 1.2 atomic percent of mora).

7. The sputtering target of any of claims 1 through 8, wherein the fantalum is present at a
concendration of about 3.7 atomic pergent or less {more prefersbly about 3.3 alomic percent or
fess, or about 2.8 glomic percent or less, or about 2.6 atomic percent or less).

8. The spultering targel of any of claims 1 through 7, wherein the total amount of the
molybdenum, the niobium, and {antalum i3 about 88 alomic percent of more (preferably about B9
atomic percent or more, even more preferably about 88.5 atomic percent or more, aven more
preferably about 89.8 atomic percent or more, and most preferably about 100 atomic percent,

8. A device comprising:
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i: & subsirate;

i, & first laver including a first metal deposited above the substrate; and

iit. & second layer deposited above the substrale, wherein the second layer is an alloy including
about 88 atomic percent o gbout 87 atomic percent molybdenum, abowt 2 fo about 8 atomic
percant nisbium, and about 6.5 to 5 atonmic percent tantalum.

10. A device comprising:

i. a substrate;

ii. a first layer including a first metal deposited above the substrate; and

iit. a second layer deposited above the subsirate, whersin the second layer is an alioy prepared
from the sputtering of the target of any of claims 1 through 8.

11: The device of claim 9 or 10, wherain the first {ayer is deposited-above the second layer.
12. The device of claim 9 or 10, wherein the second layer is deposited above the first laver.
13, The device of any of claims 8 through 12, wherein the first metal s sluminum.

14. The device of any of claims 2 through 13, wherein the first layer direclly contacts the second
fayer.

186, The device of any of claims 8 through 14, wherein the first layer s formed of an alloy having
an etch rate ratio of about £.87 or more {preferably about 8.8 or more, more preferably about 0.85
or more, and most preferably about 1.0 or more) wherein the efch rate ratio is the ratio of the elch
rate of the Mo, Nb, Ta alloy of the first layer fo the elch rate of aluminum, wherein the efch rale is
in a PAN sichant af 42°C, wherein the stchant consists of 70 weight percent phosphoric acid, 10
weight percent acetic acid, 2.5 weight percent nitric acid, and 17.5 weight percent deionized
water. (Preferably, the etoh rate ralio is about 2.0 or less, more preferably about 1.5 orlesg, ‘even
more preferably, about 1.3 or less,

18, The device of any of claims 9 through 15, whersin the second layer has a thickness of about
18 nm or more {preferably abowt 20 nm or more, more preferably abowl 30 nm or more, even
migre preferably about 40 rmvar more, and most preferably about 60 na or more),

17. The device of any of claims 9 through 18, wherein the second layer hag a thickness of abowt
1400 nm or less (preferably about 700 nim or less, preferably about 400 nm or less, even more
preferably about 300 nm or less, and most preferably about 240 nm or less.

18. The device of any of claims 9 through 17 wherein the first layer has a thickness from about 10
nny to about 2000 nm {e.g., from about 150 nm 1o about 350 nmj.
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18, The device of any of daims 8 through 18, wherein the first layer is substantially devoid of any
undercut refative to the second laver.

20. The device of any of claims 9 through 19, wherein the device is a fouch sensitive screen for an
slecironic device,

21. The device of claim 11, wherain the device includes a third layer deposited over the first layer,
wherein the third layer includes MoNbTa or an oxide thereof.

22. The device of claim 12, wherain {he device includes a third fayer interposed between the
substrate and the first layer, wherein the third fayer is an oxide layer.

23. The device of claim 22, wherein the oxide layer is an oxide of MoNbTa.

24, A process comprising the steps of;

i. depositing a first layer on a substrate;

il sputtering an alloy layer over the first layer, wherein the alioy layer incudes an alloy having
about 88 to 987 atomic percent rolybdenum, about 2 1o 8 atomic percent niobium, and about 0.8
to 5 gtomic percent lantalum oveyr the first laver; wherein the first layer and the alioy laver have
different conductivities; and

it. at least partisfly efching the first layer and the alloy layer to form an efched component, wherein
the etched component 18 substantially free of an undercut of the first layer relative to the alloy
layer.

25, & process compyising the steps of;

i. depositing a first layer on a substirats;

il depostling a second laver over the first laver by spultenng a sputtering target of any of claims 1
fhrough 8, wherein the second layer s an alloy layer comprising molybdenum, niobiom, and
tantalum, wherein the first layer and the alloy layer have different conductiviies; and

il at least partially eiching the first layer and the alloy layer fo form an efched component.

26. The process of claim 28, wherein the step of etching includes etching with an etchant, whersin
the etchant and the sputtering target are ssiected so that the elohed component is substantially
free of an undercut of the first layer relative to the alloy laver.
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7. A device comprising:

i. 8 glass substrate;

i & first fayer including 50 atomic percent or more of g first metal deposited above the subsirate;
and

iit. & second layer deposited above the substrate, whersin the second layeris an alloy including 50
atomic percert or more of an alloying metal, wherein the alloying metal is different from the first
metal; wherein the first layer is deposiied above the second layer or the second layer s dJeposited
abave the first layer,

wherein {he first laver has a first efch rate, v {expressed in n/ming, i a PAN etchant at 25°C
and the second metal layer has a second eich rate, 12 {(expressed in nmimin), in a PAN etchant at
25°C, whergin the rabic rifr2 is from about 0.67 1o about 1.5.

28. The device of claim 27, wherein the alloy of the second layer has less corrosion than a metal
fayer consisting of the alioying metal, wherein the corrosion is measured at 80°C, 80% humidity, 4
weeks.

28,  The device of claim 11 or 12, wherain the device includes a capping layer, wherein the first
laver is interposed between the capping layver and the second layer, ang the capping layer is
directly adjacent {o the first layer;

whereirt alloy of the second laver is a Mo-Nb-Ta alloy, and the capping layer includes an oxide of
the Mo-Nb-Ta alloy, wherein 1} the ratio of Mo o Nb in the second layer and in the capping layer
are substantially the same,; and i) the ratio of Mo o Ta in the second layer and the capping laysr
are substantially the sams.

30, The device of any of claims 9 through 23, wherein the substrate layer is glass, the second

tayer includes a Mo-Nb-Ta alloy, and the device includes an interface between the Mo-Nb-Ta alloy
arwd the glass having adhesion of 4B ormore.
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