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IMP TECHNOLOGY WITH HEAVY GAS SPUTTERING
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BACKGROUND OF THE INVENTION
Field of the Inventioxn . '
The present invention relates to an apparatus and method for processing substrates.
Specifically, the invention relates to a method for depositing conformal barrier layers and

seed layers in an ionized metal plasma process.

Backeround of the Related Art :
Sub-quarter micron multi-level metallization represents one of the key technologies
for the next generation of ullra large-scale integration (ULSI) for integrated circuits (IC).
In the fabrication of semiconductors and other electronic devices, directionality of particles
being deposited is important in filling small features. As circuit densities increase, the
widths of vias, contacts and other features have decreased to 0.25 pm or less, whereas the
thicknesses of the dielectric layers remain substantially constant. Thus, the aspect ratios

for the features, ie., the ratio of the depth to the minimum lateral dimension, increases,

thereby pushing the aspect ratios of the contacts and vias to 5:1 and sbove. As the .

dimensions of the features decrease, it becomes even more important to gel directionality
of the particles in order to achieve conformal coverage of the feature side walls and
bottom.

Copventional physical vapor deposition (PVD) are not suited for directional
deposition and, therefore, have difficulty penetrating and conformally lining the sidewalls
and bottoms of structures where the aspect ratio exceeds 4:1. Thus, the uniformity 'and
step coverage of the deposited layer will depend directly upon the structure architecture
with the layer becoming thinner on the structure bottom and sidewall near the bot:tOm.. The
uniformity and step coverage of the layer, and therefore the intcgtity of the layer, will be
compromised by overhangs, voids and other undesirable formations in the device features.

To obtain deposition in the high aspect ratio features, one method uscs a

. medium/high pressure physical vapor deposition (PVD) process known as an ionized
metal plasma (IMP) process or high density plasma physical vapor deposition (HDP-

PVD). The plasma depsity in IMP processes are typically between about 10''cm™ and
10%cm®. Generally, IMP processing offers the benefit of highly directional deposition

with good bottom coverage in high aspect ratio structures. Initially, a plaswma is generated
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by introducing a gas, such as helium or argon, into the chamber and then biasing a target to
produce an electric field in the charhbcr, thereby iouizing a portion of the gas. An
energized coil positioned proximate the processing region of the chamber couples
electromagnetic energy into the plasma to result in an inductively-coupled medium/high
density plasima between the terget and a susceptor on which a substrate is placed for
processing. The ions and elcotrons in the plasma are accelerated toward the target by the
bias applied to the target causing the spuitering of material from the target. Under the
influence of the plasma, the sputtered metal flux is iomzed. An electric field due to an
applicd or self-bias, develops in the boundary layer, or sheath, between the plasma and the
substrate that accelerates the metal ions towards the substrate in a direction substantially
parallel to the electric field and perpendicular to the substrate surface. The bias energy is
preferably controlied by the application of power, such as RF, to the susceptor to attract
the sputtered target ions in a highly directionalized manner to the surface of the substrate
to fill the features formed on the substrate.

The high density plasma of conventional HDP-PVD is typically achicved by
operating at pressures between about 5-100 mTorr. [t is belicved that such pressures
ensure thermalization and iomization of the sputtered metal particles. Thermalization
refers to the slowing of the metal particles passing through the plasma by collisions with
the plasma ions and must be sufficiently high to allow timc for the coil to ionize the metal
particles. Should the metal particles travel from the target to the substrate too quickly, the
metal particles may not be ionized resulting in poor deposition rates and uniformity.

In an attempt to increase thermalization and ionization of the sputtercd metal
particles, it has been suggested to increase the chamber pressure, thereby increasing the
plaéma density. The higher plasma density, in turn, reduces the mean free path between
particles, resulting in morc collisions and increased ionization. However, above a certain
pressure the deposiﬁoﬁ results are compromised. In particular, because of the greater
number of collisions, the metal particles lose their initial directionality from the target and,
in fact, may be back-scattered onto the target or other chamber components, thereby
decreasing the deposition rate. Even those particles which contioue toward the substrate
may strike the device features at an angle oblique to the surface, despite the bias applied to
the substrate, resulting in poor step coverage at the structure bottorn and the side walls at

the structure bottom.

Another problem related to higher operating pressures is the resuiting low plasma
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poteptial. In order to bias ions toward the substrate for deposition thereon, 2 voltage, or
potential, must be applied to the substrate. The voltage (V) is typically supplied by an RF
or DC power supply, as described above, and is related to power (P) and curent (I)
according to V = P/L. As the plasma becomes denser at higher pressures, the current
increases, thereby reducing the voltage applied to the substrate at a constant power level.
To increase the voltage to a desired level, the power to the substrate must be increased.
However, excessive power can damage the substrate by overheating, thercby preventing
the power level from exceeding a critical value. Thus, the plasma density must be low
enough to ensure a sufficiently high plasma potential and high bias on the substrate.

A different problem with conventional HDP-PVD is the emission profile, or
directionality, of the sputtered target material from the target which, in part, determines the
step coverage, Spuitering of the material from the target follows distribution patterns
ranging from under-cosine to cosine to over-cosine. Figures 1-3 are typical under-cosine
10! cosine 12 and over-cosine emission profiles 14, respectively, Each of the emissions
pn!)ﬁles 10, 12, 14 define the probability of a particle being sputtered from the target at a
pa;*_cicular anglc. Lines 16 emanating. from arbitrary ejection point 18 mndicate various
ejection angles and the probability of a particle being ejected at that angle. The probability
that an atom 15 will be sputtered from the target 17 at a specific angle is related to the
length of the lines 16 onginating at the ejection point 18. For example, in Figure 1, the
lenpth of A is 1.3 timnes that of B, indicating the probability of the ejected atom 15 having
trajectory 30 degrees relative to the plane of the target 17 (i.e., along the line B) is .77
times (1/1.3) that of the atom going out orthogonally (i.e., along line A). Thus, the over-
cosine emission profile 14 shown in Figure 3 provides the greatest bottom coverage in
high aspect ratios because of the greater normal or near-normal directionality from the
target. Accordingly, the over-cosine emission profile 14 is most desirable for high aspect
features. : ,

Currently, the preferred plasma gases for HDP-PVD processes are argon (Ar) and
helium (He) because of their low cost. While Ar and He have proven suitable for
sputtering some targct materials, such as Si, Ti/TiN and Al, Ar and He do not produce
dosirable omission profiles for other materials such tantalum (Ta), tungsten (W) and
copper (Cu). Under optimal conditions, sputtering W in an Ar or He plasma produces only
a cosiné emission profile. The resulting cosine emiésion profile negatively impacts the

coverage of device features. In particular the bottoms and lower sidewalls are mnot



conformally covered with deposition material.
Thercfore, there is a need for a method of depositing material on a substrate in an
inductively-coupled plasma environment wherein the resulting layers exhibit good

uniformity and step coverage.

SUMMARY OF THE INVENTION

The present invention generally provides a metallization method for depositing a
uniform barrier layer and seed layer in a plasma chamber. In one embodiment, a substrate
is positioned in a plasma chamber having a coil and a target comprising the material to be
sputtered. One or more plasma gases are then introduced into the chamber to form a
plasma having 2 density sufficient to ionize a portion of the sputtered material. The
plasma gases are selected to have high molar masses relative to the targef matenal and/or
low jonization energies relative to conventional plasma gas(es). Preferably, the plasma
gases are selected from xenon, krypton or a combination thereof. Where a barier Ia)}er 15
deposited, the target preferably comprises tantalum, tantalum nitride, tungsten, tungsten
nitride or titanium nitride. Where a seed layer is deposited, the target preferably comprises
copper. Preferably, the barricr layer is deposited on a dielectric material having features
formed therein and, subsequently, the seed layer is deposited on the barrier layer. The
features are then filled with a conductive material, such as copper.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above recited features, advantages and objects of
the present invention are attained and can be understood in detail, a more particular
description of the invention, brieﬂy summarized above, may be had by reference to the

embodiments thereof which are illustrated in the appended drawings.

| It is to be noted, however, that the appended drawings illustrate only typical
embodiments of this invention and are therefore not to be considered limiting of its scope,
for the invention may admit to other equally effective ecmbodiments. .

Figure 1 is a schematic representation of an under-cosine emission profile.

Figure 2 is a schematic representation of a cosine emission profile.

Figure 3 is a schomatic representation of an over-cosine emission protile.

Figure 4 is a diagram of a typical processing chamber using a coil.

Figure 5 is a schematic diagram of a semiconductor substrate via formed in a



dielectric material.

Figure 6 is a schematic diagram of the semiconductor substrate via of Figure 5 -
.having a barrier layer formed thereon.

Figure 7 is a schematic diagram of the semiconductor substrate via of Figure 6
having a seed layer formed thereon. _

Figure 8 is a schematic diagram of the semiconductor substrate via of Figure 7 A
having a conductive material deposited therein to fill the via.

Figure 9 is a schematic diagram of the semiconductor substrate via of Figure 8
- after planarization.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The embodiments described below use an ionized metal plasma (IMP) process that
can be carried out using process equiptaent, such as an Endura® platform, available from
Applied Materials, Inc., located in Santa Clara, California, The equipment preferably
includes an integrated platform having a preclean chamber, an IMP-PVD bartier layer
chan;bcr, a PVD chamnber, an IMP-PVD seed layer chamber and a CVD chamber. One ion
metal plasma (IMP) processing chamber, known as an IMP VECTRA™ chamber is
available from Applied Material Inc. of Santa Clara, California. Although the inveation is
preferably carried out in HDP-PVD processes, otber processes may be used to advantage,
when ionization of a material to be deposited is possible such as hollow cathode processes
and electron cyclotron resonance processes.

Figure 4 is a schematic cross-sectional view of an IMP chamber. 100 that can be
used to advantage with the present invention. The chamber 100 includes sidewalls 101, lid
102, and bottom 103. A target 104 comprising the material to be sputtered is disposed in
the chamber 100 on the lid 102. A substrate support member 112 is movably disposcd in
the chamber 100 and provides an upper support surface 105 for supporting a substrate 110.
-The support member 112 is mounted on a stem connected to a lift motor 114 that raises
and lowers the substrate support 112 between a lowered loading/unloading position. and a
raised processing position. An opening 108 in the chamber 100 provides access for 2
robot (not shown) to deliver and retrieve substrates 110 to and from the chamber while the
substrate support member 112 is in the lowered loading/unloading position. A lift plate
116 connected to a lift motor 118 is mounted in the chamber 100 and raises and lowers

pins 120 mouunted in the substrate support. The pins 120 raise and lower the substrate 110
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to and from the upper support surface 105 of the substrate support member 112. A shield
124 is dispdséd in the chamber to shield the chamber walls from the sputtered material. A
coil 122 is preferably mounted to the shield 124 via supports 126 between the substrate
support member 112 and the target 105 and provides inductive magnetic fields in the
chamber to assist in generating aud maintaining a plasma between the target 104 and
substrate 110. The supports 126 electrically insulate the coil 122 from the shield 124 and
the chamber 100. .A clamp ring 128 is mounted betwecn the coil 122 and the substrate i
support member 112 and shields an outer edge and backside of the substrate 110 from
sputtered materials when the substrate 110 is raised into a processing position to engage
the lower portion of the clamp ring 128.

Three power supplies are used in the chamber 100. A first power source 130
delivers either RF or DC power to the target 104 to cause the processing gas to form a
plasma. Magnets 106 disposed behind the lid 102 forrn magnetic field lines at the target
surface which trap electrons and increase the density of the plasma adjacent to the target
104 in order to increase the sputtering efficiency. A. second power source 132, preferably
a RF power source, supplies electrical power in the megahertz range to the coil 122 to
increasc the density of the plasma. A third power source 134, preferably a RF or a'DC
power source, biases the substrate support member 112 with respect to the plasma and
provides directional attraction of the ionized sputtered material toward the substrate 110.

.One or more plasma gases are supplied to the chamber 100 through a gas inlet 136
from gas sources 138, 140 as metered by respective mass flow controllers 142, 144, One
or more vacuum purnps 146 are connected to the chamber 100 at an exhaust port 148 to
exhaust the chamber 100 and maintain the desired pressure in the chamber 100. Preferably
the vacuum pump 146 is a cryopuinp or any pump capable of sustaining a low pressure of
about 10”* Torr. '

A controller 149 controls the functions of the power supplies, lift motors, mass
flow controllers for gas injection, vacuum pump, and other associated chamber
components-and functions. The controller 149 executes system control software stored in
a memory, which in the preferred embodiment is a hard disk drive, and can include analog
and digital input/output boards, interface boards and stepper motor controller hoards.
Optical and/or magnetic sensors are generally used to move and determine the position of

movable mechanical assemblies.

In operation, a robot delivers a substrate 110 to the chamber 100 through the



opening 108. The pins 120 are extended upward to lift the substrate 110 from the robot.

The robot then retracts from the chamber 100 and the opening 108 is sealed. The pins 120
lower the substrate 110 to the upper surface 105 of the substrate support member 112. The
substrate support member 112 raises the substrate 110 to engage the clamp ring 128. One
or more plasma gases are then introduced into the chamber 100 to stabilize the chamber

100 at a process pressure. A plasma is generated between the target 104 and the substrate

support member 112 with power from the first power source 130. The second power.

source 132 delivers power to the coil 122 to create a plasma sufficiently dense to ionize
the flux of sputtered target material from the target 104. The jons are accelerated toward
the substrate 110 which is biased by the third power source 134. After deposition; the
substrate support member 112 is lowered, the pins 120 are raised to lift the substrate 110,
the robot enters the chamber 100 to retricve the substrate 110, and if desired, delivers
another substrate for processing. _

The plasma gas, or gases, used to ionize the flux of sputtered target material is
selected to have a high molar mass relative to the target material and/or low -ionization
energies. “High molar mass” refers to the highest possible mass witliout necessarily being
greater than the molar mass of the target material. A “low ionization energy” plasma gas
refers to a gas which requires less energy to be ionized relative to conventional plasma
gases, in particular Ar and He. '

Preferably, the plasma gas is krypton (Kr), xenon (Xe) or a combination thereof,
While Kr (mdla:r mass = 83.80) and Xe (molar mass = 131.30) have molar masses less
than Ta (molar mass = 180.948) and W (molar mass = 183.85), Kr, Xe have molar masses
substantially greater than conventional plasma gases such as Ar (molar mass = 39.948) and
helium (molar mass = 4.0026).

The inventors of the present invention have observed that the directionality of the
cjected targci particles is determined, in part, by the ratio of the molar mass of the plasma
ions to the fafget material, with the emission profile approaching over-cosine (shown in
Figure 3) as the molar mass of the plasma ions increases relative to the target material.

Using Xe and Kr as plasma gases provides a mass ratio sufficiently high to result in an

over-cosine emission profile such as the profile 14 shown in Figure 3. The over-cosine

emission profile indicates the probability of target material being ejected from the target
104 at normal or near-normal angles is greater than with under-cosipe or cosine emtission

‘profiles, shown in Figures 1 and 2, respectively. Consequently, the target material



provides better coverage of the bottom of substrate features than is achieved with under-
cosine emission profiles.

Further, because of the higher molar masses. of Kr and Xe relative to the target
material, fewer collisions with thc target material are needed to thermalize and tonize the

target material. Thus, the chamber pressure may be lower than is possible with

conventional Ar or He IMP-PVD, thereby eliminating or minimizing the disadvantages

associated with high pressure PYD processes described above.

Additionally, Xe and Kr have lower ionization energies than conventional plasma
gases, in particular Ar and He. Ionization energy refers to the readiness of an atom or
molecule to ionize in the presence of an energy field. Particles having a high ionization
energy require relatively larger levels of emergy to cause ionization as compared to
particles having a low ionization energy. While argon, helium and other conventional
plasma gases are cumrently being used because of their low cost, such gases have high
ionization energies. The first ionization energiés for neutral atoms are as follows: Xe =
12.130eV, Kr = 13.99€V, Ar = 15.759eV and He = 24.587¢V. Thus, both X¢ and Kr
require relatively less energy to be ionized than Ar ot He, resulting in a greater percentage
of jonization of Xe and Kr at a given coil power setting. Because the plasma constituents
_ are the primary mechanism for ionization of the target matenal, more of the target material
is ionized in a plasma envitonment comprising Xec, Kr or a combination thereof.
Consequently, a higher proportion of target material can be influenced by bias applied to
the substrate, thereby allowing more material to bé deposited on the bottom of the features
formed in the substrate. _

The processes of the invention are preferably performed on a substmate having one
or more features such as contacts, vias, lines or other interconnect features formed thereon.
The intercounect features may be any size and have any aspect ratio, however, the trend
has been to decrease feature dimensions and increase aspect ratios. The invention has
particular application to high aspect ratio features, e.g., 4:1 or higher having widths of less
than about 0.25pm wherein conformal step coverage is increasingly more difficult to
obtain. '

Embodiments of the ;Srcsent invention are described with reference to Figures 5-9
which show the deposition of a barrier layer and a sced layer in a via as steps of a2 copper

metallization scheme. Subsequently, the via is filled by electroplating methods.

Preferably, the seed layer and the barrier layer are deposited using an IMP chamber such
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as the chamber 100 described above with reference to Figure 4. Thus, where necessary,
reference is made to the chamber components shown in Figare 4. The following examples

are merely illustrative and are not to be understood as limiting of the present invention.

Example

Figure S is a cross-sectional view of a substrate 160 comprising a silicon base 168,
a conducting layer 170, and a dielectric layer 172. A via 162 defined by a bottom 164 and
side walls 166 is formed in the dielectric layer 172. [Initially, the subsirate 160 is
preferably subjected to a cleaning process such as argon bombardment in a pre-cleaning
chamber wherein a portion of the material on the substrate surface is removed to climinate
native oxides or other contaminants from the surface. Subsequently, the substrate 160 is
moved into an IMP chamber where a barrier layer 174 is conformally deposited over the
bottorn 164 and side walls 166 of the substrate 160 as shown in Figure 6. The barrier layer
174 is used to prevent diffusion of a subsequently deposited material into the dielectric
layer 172 and preferably comprises tantalum, tantalum nitride, tungsten, tungsten nitride,
titanium nitride or combinations thereof. Thus, the target 104 comprises the desired
barrier layer material to be deposited' onto the substrate 160. The barrier layer 174 is
preferably deposited to a thickness of about 100A to about 450A. The substrate support
member 112 is heated to a temperature of between about 100°C and 150°C. A plasma gas
comprising one or more of Xe and Kr'is tﬁen introduced into the chamber 100 to stabilize
the chamber pressure at between about 20mTorr and 60mTorr. Additionally, 2
concentration of Ar may also be supplied to the chamber to facilitate striking of the
plasma. A target bias of about 1KW to about 5kW and a coil RF power of about 1kW to
about SkW are delivered to the target 5104 and coil 122, respectively. A 13.56MHz bias of
about 6‘450W is applied to the substré.te 160.

xample
A seed layer may be deposited in a via according to the present invention to
facilitate subsequent processes wherein the via is filled with a conducting material. Seed
layers are typically used to provide a conducting surface for a chemical vapor deposition
(CVD) process and/or au electroplating processes. Preferably, the barrier layer 174 is first
deposited on the via sidewalls and: floor to prevent the seed layer and subsequent fill

material from diffusing into the underlying dielectric layer. Figure 7 shows the substrate
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160 of Figures 5 and 6 having barrier layer 174 deposited in 2 via 162 according to the

process described above. The seed layer 176 then forms a conformal layer over the barrier

layer 174. Preferably, the barrier layer 174 and seed layer 176 are deposited in an
intégratcd system without moving the substrate 160 into an ambient environment between
- deposition steps, thereby providing good adhesion between the barrier layer 174 and the
seed layer 176. In addition, good film texture of the seed layer 176 resnlts. Thus, the

substrate 160 is preferably transferred under vacuum conditions to another IMP chamber

having a target 104 comprising the seed layer material. Preferably the seed layer 176
comprises copper. The seed layer 176 is deposited to a thickness of about 100A to about
450A. The substrate support member 112 is heated to a temperature of between about -
40°C and 25°C. A plasma gas is then introduced into the chamber 100 to stabilize the
chamber pressure at between about 20mTorr and 60mTorr. A target bias of about 1kW to
about SkW and a coil RF power of about 1kW to about 5kW are delivered to the target 104

and coil 122, respectively. A 13.56MHz bias of about 0-450W is applied to the substrate
160.

Example .

Subsequent to depositing a barrier layer and a seed layer according to the process
described above with reference to Figures 5-7, the via 162 is filled with a conductive
material 180 as shown in Figure 8. The conductive material 180 is preferably copper and
may be deposited according to methods known in the art such as electroplatiug and
chernical vapor deposition. In the case of electroplating the substrate is preferably placed
in a process cell and exposed 1o an electrolytic solution. A power source is coupled to the
‘conducting seed layer in order to attract ions from the solution. The ions arc caused .to
deposit on the sced layer and fill the via 162 as shown in Figure 8. After the via 162 is
filled, the substrate 160 is transferred to a polishing chamber, such as a chemical
mechanical polishing chamber, where the excess material is removed from the substrate
160 and the via 162 is planarized as shown in Figure 9.

While the foregoing is ‘directed to the preferred embodiment of the present
invention, other and fimther mﬁbdﬂiments of the invention may be devised without

departing from the basic scope thereof, and the scope thereof is determined by the claims

that follow.
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CLAIMS:

1. A method for depositing one or more layérs on a subsfrate, comprising:

(a) positioning the substrate on a support member in a chamber;

®) introducing one or more gases into the chamber selected from xenon,
krypton or a combination thereof; .

(c) supplying a first power to a coil positioned to inductively couple encrgy.‘
into the chamber; .

@ supplying a second power to the support member; and

(e spuitering a material from a target onto the substrate lo form a first layer

thereon.

2. The method of claim 1, wherein (€) is performed at a pressure between about
20mTorr and 60mTorr. '

3. The methad of claim 1, wherein the material is selected from copper, tantalum,
tantalum nitride, tungsten, tungsten nitride, titanium nitride and a combination thereof.

4. The mcthod of claum 1, wherein the fixst power is between about 1kW and SkW.

5. The method of claim 1, wherein the second power 1s between about OW and 450W.
6. The method of claim 1, wherein the second power is between about OW and 450W,
the first power is between about 1kW and 5kW, (e) is performed at a pressure between
about 20mTorr and 60mTorr, and the material is selected from copper, tantalum, tantalum .
miride, tungsten, tungsten nitride, titanjum nitride and a combination thereof.
7. The method of claim 1, wherein the first layer is seed layer.

8. The method of claim 1, wherein the first layer is a barrier layer.

9. The method of claim 8, wherein the barrier layer is deposited on a diclectric

material disposed on the substrate.

TS
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10. A method for depositing one or more layers on a substrate, comprising:

(8)  positioning the substrate on a first support member in a first chamber;

() introducing one or more plasma gases into the first chamber selected from
xenon, krypton or a combination thereof;

() supplying a first power to a first coil positioned to inductively coﬁple
energy into the first chamber; '

(d) supplying a second power to the first support member;

(e) sputtering a first material from a first target onio the substrate to form a
barrier layer thereon; and then

® depositing a seed layer on the barrier layer.

11.  The method of claim 10, wherein (e) and (f) are performed at a pressure between
about 20mTorr and 60mTorr. '

12. The method of claim 10, wherein the first material is selected from tantalwm,

tantalum witride, tungsten, tungsten nitride, titanium nitride and a combination thereof.

13. The method of claim 10, wherein the barmrier layer is deposited on a dielectric
material disposed on the substrate.

4.  The method of claim 10, wherein the first power is between about 1kW and SkW.

15.  The mcthod of claim 10, wherein (f) comprises:

() positioning the substrate on 2 second support member in a second chamber
having a second targst disposed therein, the second target comprising a second material;

(i)  introducing one or more plasma gases into the second chamber selected
from xcnon, krypton or a combination thereof;

(i) supplying a third power to a second coil positioned to inductively couple
energy into the second chamber;

(iv)  supplying a fourth power to the second support member; and

) sputtering the second material onto the substrate to form the seed layer

thereon.

I
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16.  The method of claim 15, wherein () and (f)(v) are performed at a pressure between
about 20mTorr and 60mTorr,

17. The method'of claim 15, wherein the thitd power is between about 1kW and SkW.

18.. The mcthbd of claim 15, wherein the fourth power is between about OW and
450W.

19. The method of claim 15, wherein the first and second materials are selected from
copper, tantalum, tantalum nitdde, tungsten, tungsten witride, titamium uitride and a

combination thereof.

20.  The method of claim 15, wherein the first and third powers are between about 1kW
and 5kW, the second and fourth powers are between about OW and 450W, and the first and
second materials are selected from copper, tantalum, tantalum nitrde, tungsten, tungsten

nitride, titaninm nitride and a combination thereof.
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