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(57) ABSTRACT 

Ti and TiN layers are formed on an integrated circuit 
substrate using a titanium target in non-nitrided mode in a 
holloW cathode magnetron apparatus. Neither a collimator 
nor a shield is used. Ti and TiN layers are deposited in vias 
and trenches having aspect ratios up to 5:1. 
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PVD DEPOSITION OF TITANIUM AND TITANIUM 
NITRIDE LAYERS IN THE SAME CHAMBER 
WITHOUT USE OF A COLLIMATOR OR A 

SHUTTER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention relates to a method of manufacturing 
semiconductor devices Whereby a Ti layer and a TiN layer 
are deposited on integrated circuit substrates in a single PVD 
deposition chamber Without using either a collimator or a 
shutter. 

[0003] 2. Statement of the Problem 

[0004] In modern integrated circuit (“IC”) technology, a 
metalliZation comprising a Ti layer, a TiN layer and a top 
conductive layer is often provided on a surface of a semi 
conductor body. The Ti layer serves to obtain a good 
adhesion and a loW contact resistance betWeen the metalli 
Zation and the semiconductor body. When a layer of Al or Al 
alloyed With a feW percent of Si or Cu is used as the 
conductive top layer, the TiN layer serves as a barrier to 
prevent chemical reactions of the A1 with the Ti layer and the 
semiconductor material situated underneath the barrier layer. 
When W is used as a conductive top layer, deposited by 
means of a usual chemical vapor deposition (“CVD”) pro 
cess for Which WF6 is used, the TiN serves as a barrier to 
prevent chemical reactions betWeen Ti and F Which is 
formed during such a CVD process. Thus, a typical IC 
fabrication process includes forming a stack of layers rep 
resented by Al/TiN/Ti/SiOX/Si or W/TiN/Ti/SiOX)/Si. 

[0005] In addition, anti-re?ective coatings are frequently 
used in semiconductor processing to reduce light re?ectance 
on the surface of metallic layers. Aluminum is Widely used 
as a metalliZation layer material due to its loW melting point, 
high conductivity and loW cost. HoWever, one draWback of 
Al is that the surface of Al is highly re?ective. This high 
surface re?ectivity greatly hampers the imaging process 
necessary for lithography. During a lithographic process, a 
photoresist layer must be deposited on the Al surface based 
on a photographical pattern previously formed in a photo 
imaging mask. The high re?ectivity from the surface of Al 
renders this photographic transfer process extremely diffi 
cult. To reduce the high re?ectivity of Al, an anti-re?ective 
coating (“ARC”) layer of TiN can be deposited on the 
surface of Al. The TiN layer appears as a broWn or golden 
tint Which signi?cantly reduces the re?ectivity of Al from 
near 100% to approximately 20% at the Wavelengths of 
visible light. This ARC deposition process is a very impor 
tant step in semiconductor processes Whenever aluminum or 
other highly re?ective metal layer is used. 

[0006] Thus, a typical stack arrangement on an IC semi 
conductor substrate may include a Ti contact layer on the 
semiconductor surface, a TiN barrier layer, an Al intercon 
nect layer, and a TiN ARC layer for the purpose of reducing 
optical re?ection. Such a stack may be represented by 
TiN/Al/TiN/Ti/SiOX/Si. 
[0007] Various plasma vapor deposition (“PVD”) sputter 
ing techniques knoWn in the art for depositing TiN/Ti stacks 
may be categoriZed as either nitrided mode (“NM”) or 
non-nitrided mode (“NNM”) techniques. In the NM 
(nitrided mode), typically a titanium target is placed in a 
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sputter chamber, and the TiN layers are deposited by sput 
tering titanium With a sputter gas in the presence of nitrogen. 
For eXample, in a typical PVD technique, argon (“Ar”) gas 
supports a plasma used in plasma sputtering While the 
N2-gas reacts With the sputtered Ti to form TiN. In a NM 
technique, the titanium target is inundated With nitrogen 
atoms, becoming “nitrided”, such that a coating of TiN 
forms on the surface of the titanium target. This decreases 
the overall deposition rate of the desired layer of TiN onto 
the IC substrate because the nitrogen in the titanium target 
interferes With the sputtering of titanium. Another disadvan 
tage is that the titanium target used to deposit TiN cannot 
then be used to deposit Ti. As a result, separate deposition 
chambers are required for each stage involving deposition of 
Ti and TiN. For eXample, in a conventional process to make 
a TiN/Al/TiN/Ti/SiOX stack, a PVD four-chamber cluster 
system includes Ti targets in three chambers and an Al target 
in one chamber. The Ti contact layer is deposited by 
maintaining a partial pressure of Ar gas in the respective 
chamber, While the TiN layers are deposited by maintaining 
a partial pressure of Ar and N2 gases in the respective 
process chambers. 

[0008] It is knoWn in the art to use a shutter that alloWs 
deposition of Ti and TiN in the same deposition chamber. A 
Ti layer is ?rst deposited using a Ti target. Then, a TiN layer 
is deposited on the Ti layer using the same Ti target in a NM. 
During TiN deposition in NM, the Ti target becomes 
nitrided. Before depositing the Ti layer on the neXt Wafer, the 
shutter is inserted betWeen the target and the Wafer, and the 
target is sputtered in the absence of nitrogen gas to sputter 
aWay the nitrided parts. The target is thereby returned to its 
clean, metallic state and is ready for the sputtering of pure 
Ti. 

[0009] To reduce the inef?ciency of using a shutter or 
separate chambers for Ti and TiN deposition, modi?cations 
in the sputtering sequence have been suggested in the prior 
art. US. Pat. No. 5,858,183, issued Jan. 12, 1999, to Wolters 
et al., and US. Pat. No. 5,738,917, issued Apr. 14, 1998, to 
Besser et al, disclose NM techniques in Which an eXtra Ti 
layer is deposited on a TiN layer before deposition of the 
aluminum layer, resulting in a Al/Ti/TiN/Ti/substrate stack. 
During the deposition of a TiN layer in the nitrided mode 
(NM), a plasma is generated in a gas miXture comprising Ar 
and N2 near the Ti target. A nitrided layer comprising 
nitrogen is created thereby on the Ti target during this 
deposition step. During an eXtra process step, the titanium 
target is sputtered in the absence N2 gas, resulting in depo 
sition of an eXtra Ti layer containing nitrogen atoms. The 
eXtra sputtering step is intended to sputter aWay the nitrogen 
in the nitrided titanium target, returning it to a pure Ti, or 
metallic, state. If suf?ciently cleaned, the Ti target is ready 
to deposit only Ti atoms on the surface of the neXt Wafer 
being processed. This approach reduces the number of 
chambers being used. This knoWn method has the disad 
vantage, hoWever, that the eXtra layer comprising free Ti is 
deposited on top of the TiN layer. If a conductive top layer 
of Al or Al alloyed With a feW percents of Si or Cu is 
provided thereon, the Al and free Ti atoms react With one 
another, forming compounds With a comparatively high 
electrical resistance. As a result, the conductive Al layer 
must then be provided to a comparatively large thickness in 
order to ensure that conductor tracks having a comparatively 
loW resistance can be formed in the layer structure thus 
created. If a W layer is deposited on the eXtra Ti layer 



US 2001/0030125 A1 

comprising free Ti by means of a usual CVD process in 
Which WF6 is used, then the free Ti reacts With F formed 
during such a CVD process. This leads to the formation of 
TiF3, to Which W has a bad adhesion. 

[0010] A similar approach is disclosed in US. Pat. No. 
5,607,776, issued Mar. 4, 1997 to Mueller et al., Which 
teaches deposition of an eXtra Ti layer onto a TiN-ARC 
layer, resulting in a Ti/TiN/Al/TiN/Ti/substrate stack. Even 
though Mueller et al. teach a thin layer of Ti, the eXtra Ti 
layer is very re?ective and reduces the effect of the TiN 
ARC layer. Furthermore, these conventional methods have 
the disadvantage of adding a process step to an already sloW 
NM technique. 

[0011] As IC structures have become more compact, the 
need for loW resistance metal interconnects betWeen these 
structures has increased. Tungsten deposited by CVD and 
aluminum doped With Cu or Si have been used recently in 
the industry to provide these interconnections. In the up-to 
date semiconductor device, interconnection holes (contact 
holes or vias), Which are provided in the interlayer dielectric 
(“ILD”) layer betWeen the circuit elements and the Wiring, 
have become narroWer and relatively deeper, and it is 
dif?cult to form tungsten or Al alloy in contact holes by a 
sputtering process. As a result, loW pressure chemical vapor 
deposition (“LPCVD”) techniques having good step cover 
age have been adopted for ?lling contact holes With a 
tungsten plug. AW layer, hoWever, tends to peel off a 
substrate because of its loW adhesive strength to ILDs. 
Further, if W is directly groWn on Si, then precursor WF6 gas 
and Si, the typical semiconductor substrate, often react With 
each other to destroy the circuit elements. Therefore, as With 
Al metalliZation layers, instead of forming a W ?lm or plug 
on the substrate directly, a Ti liner layer is formed at the 
bottom of a via, a TiN barrier layer is formed on the Ti, and 
then W is groWn thereon to ?ll the via. In this case, in order 
to completely prevent destruction of the IC elements, at least 
10 nm of the TiN ?lm is typically necessary on the bottom 
of a via or contact hole. 

[0012] Conventional sputtering of Ti and TiN provides 
satisfactory results When used on a planar surface or When 
used to coat the sidewalks and bottom of an aperture (or via), 
Where the ratio of the height of the aperture to its Width, 
hereinafter the “aspect ratio” (“AR”) of the via, is less than 
1:1. HoWever, as the aspect ratio of the via increases, 
conventional sputtering does not provide acceptable results. 
Speci?cally, far less material is deposited at the bottom 
portions of the via or hole than at the top, since the Walls 
“shadoW” the loWer eXposed surface. The deposited material 
at the upper surfaces increasingly accentuates the shadoWing 
effect, thereby prematurely closing the upper section of the 
via and preventing effective ?ll of the loWer section. For 
eXample, With a conventional sputter method, bottom cov 
erage is only about 5% in a via having an AR of 5:1. 

[0013] Accordingly, it has been a goal of manufacturers of 
sputtering systems to provide means for imparting greater 
directionality to the ejected target atoms that reach the Wafer. 
Ideally, for ?lling vias and grooves, sputtered atoms should 
arrive at an angle Which is normal to the plane of the Wafer. 

[0014] Therefore, in order to improve the deposition of Ti 
and TiN into vias, apertures and contact holes (hereinafter 
“vias”), collimation sputtering techniques have been devel 
oped in the art. A knoWn method of imparting greater 
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directionality to the atoms reaching the Wafer surface is to 
install a collimating ?lter betWeen the source and the sub 
strate. Such a ?lter might comprise a netWork of elongate 
cell-like structures, each cell having an aXis perpendicular to 
the surface of the substrate. Atoms traveling approximately 
perpendicular to the substrate surface travel through the cells 
unimpeded. Atoms traveling at an acute angle are inter 
cepted by a Wall of one of the cells and captured. The use of 
a collimator alloWs deposition of Ti and TiN in vias With 
aspect ratios up to about 2 or 3. This approach, While 
providing good directionality, is also inef?cient since much 
of the target material is Wasted and builds up on the cell 
Walls. The buildup of material can lead to an undesired 
increase in the number of particulates in the system, making 
it necessary to replace or clean the collimator frequently. 
Since most of the sputtered material does not pass through 
the collimator and is Wasted, the deposition rate is sloW and 
the rate of consumption of targets is high. By gradually 
increasing the sputter poWer, a practical groWth rate can be 
obtained in forming the TiN ?lm. HoWever, When increasing 
the sputter poWer, it is also necessary to increase the How 
rate of nitrogen. When TiN is formed on the surface of the 
target, the groWth rate of the TiN ?lm is reduced to less than 
one-third under the same sputter poWer as compared With 
the case in Which Ti ?lm is formed by the sputtering process. 

[0015] On the other hand, a collimator can be used in a 
NNM process, in Which N2 gas enters the deposition cham 
ber toWards the Wafer substrate and is prevented from 
passing through the collimator towards the target by the ?ow 
of Ti atoms. HoWever, in such a process, it is necessary to 
eXactly balance and control the sputter poWer and the How 
rates of inert Ar and N2 gases. Such control is dif?cult, and 
the Ti targets often become nitrided. In any case, When used 
in either a NM or a NNM mode, a collimator eventually 
becomes covered With deposits of Ti and TiN material. The 
deposited material tends to ?ake off the collimator, resulting 
in contamination of the IC substrate. 

[0016] Conventional PVD sputtering is accomplished by 
creating at a relatively loW pressure a plasma comprising, 
typically, an inert gas, such as argon (Ar), in the vicinity of 
a target cathode Which is made of the material to be 
deposited. Positively charged plasma atoms, knoWn as ions, 
then strike the target cathode, causing atoms of the target 
cathode to be ejected into the plasma. These target atoms 
then travel through the sputtering vacuum and are deposited 
onto the semiconductor substrate. Conventional diode PVD 
sputtering is inef?cient and, in some instances, incapable of 
providing required directionality to thin ?lms When fabri 
cating VLSI and ULSI circuits. The plasma that is created 
With a standard PVD sputtering device lacks a suf?cient 
amount of ioniZed target material atoms. The degree of 
ioniZation of a plasma is referred to in the art as the plasma 
intensity. The more intense the plasma, the greater the ability 
to steer and focus the plasma and, thus, impart an adequate 
amount of directionality to the ions in the plasma. Thus, 
another approach to improving the ability of a sputter source 
to ?ll grooves and vias has been to apply additional RF 
poWer to the sputtered species. This is done by applying RF 
poWer to a band of material that is the same as the target. 
This RF poWer capacitively couples into the neutral plasma, 
and increases the ioniZation of the neutral atoms. The 
disadvantages With this method is that the band also gets 
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sputtered, and becomes a consumable. Additionally, the 
sputtering of the band can increase the amount of particles 
created. 

[0017] To overcome the limitations of conventional PVD 
sputtering, the use of magnetic ?elds in magnetron sputter 
ing devices has been introduced in the art. As With standard 
sputtering devices, a magnetron sputtering apparatus gener 
ally comprises a vacuum chamber Which con?nes a plasma 
forming gas, typically an inert gas, such as argon (Ar), at a 
relatively loW pressure, typically 3 to 5 millitorr. An elec 
trical ?eld is then created Within the vacuum chamber by 
applying a negative potential at the target cathode and 
creating an anode, typically, by means of grounding the 
overall sputter chamber. A magnetic ?eld (B) is introduced 
into the vacuum chamber, typically in an orientation such 
that the ?eld lines loop through the target cathode for the 
purpose of creating and con?ning a plasma near the target. 
As positive ions from the plasma strike the target, atoms are 
ejected from the surface of the target. The magnetic ?eld 
serves to attract an electron-rich portion of the plasma in the 
vicinity of the target. In addition, electrons trapped about the 
target alloW for an increase in the collisions betWeen the 
neutral atoms ejected from the surface of the target and the 
rapidly moving electrons. By increasing the quantity of 
collisions, the likelihood increases that a neutral ejected 
target atom Will be struck by a suf?ciently energetic particle 
Within the plasma, thus causing the ejected target atom to 
lose one or more electrons and result in an ioniZed atom. By 
increasing the quantity of ioniZed target atoms Within the 
plasma, the plasma density, or intensity, increases. As the 
plasma intensity increases, so does the probability that 
further ioniZation of ejected target atoms Will occur. 

[0018] Conventional magnetron and rf-iPVD sputtering 
techniques are limited in their ef?ciency due in part to the 
fact that the vast majority of metal atoms ejected from the 
target remain neutral. Even With the use of a magnetic ?eld 
to trap plasmas about the target cathode, the intensity of the 
plasma remains insuf?cient and upWards of 98% or greater 
of the target material atoms remain un-ioniZed as they travel 
through the sputter chamber to the substrate. As With other 
PVD techniques, Ti-atoms are ejected from the surface of 
the sputter target at a random angle and the mean-free path 
of travel betWeen the target cathode and the substrate for 
these neutral metal atoms is reduced by random collisions 
With other target atoms or inert gas ions. When the predomi 
nantly neutral atoms in these plasmas do come in contact 
With the substrate, they characteristically do so over a Wide 
range of angles, generally conforming to a cosine distribu 
tion. In particular, When atoms are disposed on substrate 
surfaces at angles less than normal, it poses signi?cant 
dif?culty in uniformly ?lling trenches and interconnect vias. 
US. Pat. No. 5,744,016, issued Apr. 28, 1998, to Yamada et 
al., discloses a knoWn planar magnetron sputtering apparatus 
having a titanium sputter target, a collimator plate, and 
shield plates. The collimator is supposed to impart the 
requisite directionality to the sputtered material, and the 
shield plates are supposed to prevent formation of TiN on the 
collimator. The overall ef?ciency of such a system is very 
loW, hoWever, because most of the sputtered material 
remains unioniZed or is trapped by the shield plates. 

SOLUTION 

[0019] The present invention provides a novel method in 
Which Ti and TiN can be formed on an integrated circuit 
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substrate in the same PVD chamber Without use of either a 
shutter or a collimator. A method in accordance With the 
invention includes use of a holloW-cathode sputtering target 
containing titanium. The titanium-containing target is sput 
tered in a non-nitrided mode (“NNM”) in the deposition 
chamber of a holloW-cathode magnetron (“HCM”) appara 
tus to deposit a TiN layer on an integrated circuit substrate. 
Since both a Ti layer and TiN layer can be deposited on the 
substrate in the same deposition chamber, processing cham 
bers in fabrication equipment are more ef?ciently used, and 
fabrication steps are simpli?ed compared to prior art pro 
cesses conducted in a plurality of chambers or done in a 
nitrided mode (“NM”). Sputtering of a HCM Ti target 
Without use of a collimator or a shutter results in less target 
material being Wasted than in prior art methods. The chances 
of ?aking of material onto the IC substrate is reduced. The 
deposition rates of the Ti and TiN layers is faster than in 
apparati and methods of the prior art. For eXample, NNM 
operation in accordance With the invention provides depo 
sition rates of 70 nm/min or more and bottom coverage 
greater than 30 percent While fabricating a TiN layer in a via 
having an aspect ratio (“AR”) of 5:1. Also, an apparatus and 
a method in accordance With the present invention provide 
formation of high quality layers of Ti and TiN for metalli 
Zations and local interconnects having high aspect ratios. 
For example, a TiN ?lm fabricated in accordance With the 
invention With a thickness of 100 nm has a resistivity of only 
about 30 pohm-cm. 

[0020] A method in accordance With the invention for 
depositing Ti and TiN on an integrated circuit substrate 
comprises steps of: providing a holloW cathode target having 
a cavity region and containing titanium; sputtering titanium 
from the target to form a layer containing Ti on the substrate; 
and sputtering titanium from the target and simultaneously 
?oWing a nitrogen-containing gas into a deposition chamber 
to form a layer containing TiN on the substrate. A magnetic 
?eld is created that has a magnetic null region located 
betWeen the cavity region and the substrate and Which 
imparts directionality to Ti-ions traveling toWards the sub 
strate. 

[0021] A method may further comprise: heating the sub 
strate, preferably to a temperature in a range of from 250° C. 
to 350° C.; applying an amount of poWer in a range of from 
20 to 36 kiloWatts to the target, thereby creating a negative 
voltage in a range of from —400 to —500 volts at the holloW 
cathode target; and applying a current not exceeding 1.0 
amps to an electromagnetic coil to modify the magnetic 
?eld. In certain embodiments of the invention, the holloW 
target cathode and the substrate may be separated by a 
distance of from 215 to 240 mm. A method in accordance 
With the invention may be used to deposit layers of Ti and 
TiN having thicknesses up to several microns, the ?nal 
thickness being limited by the amount of Ti target material. 
In typical integrated circuit fabrication, hoWever, the thick 
ness of a Ti layer formed is typically in a range of from 10 
to 70 nm, and the thickness of a TiN layer formed is typically 
in a range of from 10 to 100 nm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a schematic cross-sectional vieW of a 
portion of a high-intensity magnetron sputter apparatus 
having a holloW-cathode magnetron (“HCM”) assembly 
useful in practicing the present invention; 
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[0023] FIG. 2 depicts a magnetic ?eld having ?eld lines 
that loop through the side Walls of the hollow target cathode 
of FIG. 1, and Which also form a magnetic null-?eld region; 

[0024] FIG. 3 depicts an integrated circuit portion con 
taining a layered stack having Ti and TiN layers fabricated 
using a method in accordance With the invention; 

[0025] FIG. 4 depicts an integrated circuit portion com 
prising a via With a Ti liner layer and a TiN barrier layer 
fabricated using a method in accordance With the invention; 

[0026] FIG. 5 shoWs a process How sheet of a generaliZed 
method in accordance With the invention for forming a Ti 
layer and a TiN layer in the same deposition chamber using 
the same Ti target in a NNM, Without use of either a 
collimator or a shutter. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0027] FIG. 1 is a schematic cross-sectional vieW of a 
portion of high-intensity magnetron sputter apparatus 100 
having a holloW-cathode magnetron (“HCM”) assembly 
101, of a type Which is useful in practicing the present 
invention. A general HCM apparatus is described in US. 
Pat. No. 5,482,611, issued Jan. 9, 1996, to Helmer et al., 
Which is hereby incorporated by reference as if fully con 
tained herein. Improved embodiments of HCM apparati and 
methods are described in copending and co-oWned United 
States patent applications: Ser. No. 09/375,667, ?led Aug. 
16, 1999; Ser. No. 09/345,466, ?led Jun. 30, 1999; Ser. No. 
09/088,420, ?led Jun. 1, 1998; and Ser. No. 09/073,358, 
?led May 6, 1998, Which are hereby incorporated by refer 
ence as if fully contained herein. TiN/Ti deposition in 
accordance With the present invention is a result of a novel 
application of an HCM and a novel method of operation in 
this mode. 

[0028] HCM assembly 101 includes a holloW target cath 
ode 110 having a holloW, generally cup-like cavity region 
114 comprising a planar bottom 116 of diameter W, a 
cylindrical Wall 117 of height L from planar bottom 116 to 
cylindrical end 118, and an opening 119. HolloW target 
cathode 110 serves as the sputter target for depositing Ti and 
TiN in NNM and is, therefore, made of titanium. As Will be 
described in further detail beloW, the plasma formed in HCM 
sputter apparatus 100 is concentrated Within the holloW 
cavity region 114 of holloW target cathode 110. As a 
consequence, sputtering occurs from Within cavity region 
114. Width W is preferably less than 2.5 cm and less than L. 
Inert gas inlet 120 is located Within cavity region 114 to 
alloW introduction of an inert gas, such as argon, Which is 
used to form a plasma. The HCM assembly con?nes sput 
tered atoms to make an intense plasma. 

[0029] A ?oating anode ring 124 is used to create a 
potential difference With respect to holloW target cathode 
110, Which may be held at several hundred volts negative. At 
the gas pressures typically used, and in vieW of the geometry 
shoWn, a voltage betWeen —400 V and —500 V may be used. 
Cylindrical ceramic insulator 126 electrically isolates anode 
124 from holloW target cathode 110. 

[0030] HCM assembly 101 further includes adapter ring 
130, grounded anode shield 132, and ceramic insulator 128. 
While spatially and electrically isolated from the cathode, 
anode shield 132 is typically placed in close proXimity to the 
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holloW cathode, as depicted in FIG. 1. Anode shield 132 
functions as a sputtering shield. It is positioned betWeen the 
HCM assembly 101 and the substrate surface 153. It collects 
errant Ti atoms that are not deposited on substrate surface 
153. Without a shield in place, the errant Ti atoms Would 
deposit on other components of the HCM sputtering appa 
ratus. If errant Ti atoms Were to deposit on structures other 
than the shield, they Would form brittle deposits that are 
prone to ?aking off and potentially causing damaging par 
ticulate matter to enter into the TiN/Ti stack being deposited. 
In addition, Ti atom build-up on structures other than anode 
shield 132 Would pose the threat of damaging more costly 
components of the sputtering apparatus. Anode shield 132 is 
typically constructed from stainless steel or aluminum; it is 
also advantageous to construct the shield from titanium to 
avoid a thermal mismatch betWeen the shield and the 
Ti-containing plasma. 
[0031] HCM assembly 101 also includes a cooling Water 
inlet 140, Water cooling jacket 142 and cooling Water outlet 
144. Cooling provided by cooling Water jacket 142 prevents 
overheating of holloW target cathode 110. A substrate holder 
150 serves to support an integrated circuit substrate 152. 
During NNM operation, nitrogen-containing gas, typically 
N2-gas, enters the deposition chamber, but outside of cavity 
region 114. Nitrogen gas inlet 154 is typically located aWay 
from holloW target cathode 110 to prevent nitrogen from 
reaching the titanium target. HCM assembly 101 further 
includes stacked annular magnets 170, electromagnetic coil 
172, and rotating magnet 174. 

[0032] HCM assembly 101 is designed to be operated 
Within a vacuum deposition chamber, not shoWn. It is 
apparent to those skilled in the art that an HCM assembly, 
like that shoWn in FIG. 1, can readily be constructed such 
that only the front portion, i.e., the portion facing Wafer 152, 
is Within the vacuum deposition chamber. With proper 
sealing, the backside of the apparatus can be held at atmo 
spheric pressure. 

[0033] As depicted in FIG. 2, stacked annular magnets 
170 create a magnetic ?eld having ?eld lines 210 that loop 
through the side Walls 117 of holloW target cathode 110, but 
Which also form a magnetic null-?eld region 212 immedi 
ately outside opening 119 of cavity region 114 of holloW 
target cathode 110. Preferably, magnets 170 are permanent 
magnets, creating a permanent magnetic ?eld, Which is 
modi?ed by electromagnetic coil 172 during a deposition 
method in accordance With the invention in order to improve 
magnetic ?eld lines 210 and magnetic null region 212. 
Magnetic null region 212 traps and retains ions and electrons 
inside the holloW target cathode eXcept for those particles 
Which have entered into the null region 212 at the upper edge 
214 of the region 212 With aXial velocity and very little 
radial velocity. The term “axis” herein refers to the aXis 
located at the center of cylindrical holloW target cathode 110 
and Which is normal to the plane of substrate 152 in FIG. 1. 
The term “axial” and related terms herein refer to the 
direction of the center aXis of holloW target cathode toWards 
substrate 152. Ions and electrons Which have primarily aXial 
velocity are able to leave the holloW target cathode along the 
aXis at upper edge 214 of null region 212 in FIG. 2 and 
travel to substrate surface 153. Other particles are re?ected 
back and retained in the holloW target cathode. 

[0034] In addition, the arrangement of magnets 170 pro 
vides magnetic ?eld lines inside of holloW target cathode 
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110 Which loop around so that the magnetic ?eld lines are 
parallel to the surfaces 218 of Walls 117 and cause trapping 
of the electrons and ions in the plasma in the vicinity of the 
holloW target cathode Walls 117, as in standard sputter 
magnetron fashion. 

[0035] Width W and depth L of holloW target cathode 110 
are on the same order dimensionally. This con?guration 
provides a high probability that sputtered neutral target 
atoms that leave surface 218 of Walls 117 of holloW target 
cathode 110, Which is the Ti sputter target, are either ioniZed 
by the highly intense plasma or redeposited on an opposite 
Wall and then resputtered back. 

[0036] Generally, the vacuum deposition chamber (not 
shoWn) is evacuated to a suf?ciently loW pressure, Which 
may be, for example, 10'5 torr or less. A small quantity of 
an inert gas, such as argon, is introduced into the vacuum 
chamber raising the pressure in the chamber to 1 - 5 
millitorr, for example. In a preferred embodiment, argon is 
introduced directly into the cathode cavity region 114 via 
inlet 120 so that it is present in greatest concentration Where 
the plasma discharge is to be initiated. By introducing the 
plasma gas directly into the cavity region, it is possible to 
loWer the overall system operating pressure. A plasma 
discharge is then created, in a knoWn manner, by applying a 
high negative voltage on holloW target cathode 110. The 
plasma is concentrated by the magnetic ?eld lines 210 
primarily into an area adjacent to surface 218 of target 
cathode 110. Gas ions are formed in the plasma and strike 
the surface of the sputter target cathode, causing neutral 
Ti-atoms to be ejected from the surface of the target. 
Generally speaking, the direction of travel of an ejected 
atom may be in any random direction. As the magnetic ?eld 
moves outWard toWard opening 119 of cavity region 114, the 
magnetic ?eld gradually declines until it reaches a point 
Where the magnetic ?eld has completely dissipated; that is, 
the magnetic null. The magnetic null, Which is unique to the 
geometry of the magnetic ?eld source and target cathode 
Within an apparatus, exists outside of the holloW cavity 
region 114 of the target cathode 110, a short distance from 
opening 119 in holloW cathode target 110. It is at this 
magnetic null region Where the plasma that exists in the 
holloW cathode target is separated from the plasma beam 
Which ?oWs toWard the substrate surface 153. Beyond the 
distance Where the magnetic null exists, a remnant reversing 
magnetic ?eld, Brev, exists. The remnant reversing magnetic 
?eld typically reaches a maximum of about 50 gauss a short 
distance from the magnetic null, and then decays asymp 
totically toWards Zero as it approaches the surface requiring 
thin ?lm layering. If this remnant reversing magnetic ?eld is 
not counteracted, a small, but potentially damaging, mag 
netic ?eld may contact the substrate and threaten charging 
damage. Electromagnetic coil 172 is connected to a poWer 
supply (not shoWn in FIG. 1) and is positioned Within the 
holloW cathode magnetron deposition chamber so that the 
opposing or bucking magnetic ?eld that electromagnetic coil 
172 generates interacts almost exclusively With the remnant 
reversing magnetic ?eld. This is achieved by positioning the 
electromagnetic coil 172 at a distance just beyond the 
magnetic null region. By varying the electrical current 
supplied to the electromagnetic coil, the magnetic ?eld 
generated by the coil can be increased or decreased, accord 
ingly. By adjusting the strength of the electromagnetic coil’s 
bucking magnetic ?eld, the remnant reversing magnetic ?eld 
is harnessed. For example, the coil current can be tuned to 
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almost fully negate the remnant reversing magnetic ?eld, 
thus alloWing a large, almost magnetic-?eld-free region to 
exist beyond the magnetic null. In effect, the magnetic null 
region has been expanded, alloWing the plasma beam to 
diffuse freely in the ?eld free region and achieve superior ion 
uniformity throughout the diffused plasma beam. The use of 
a current variable electromagnetic coil is particularly useful 
When optimiZation of plasma uniformity is essential. Thus, 
this is useful for the deposition of Ti and TiN layers because 
it alloWs instantaneously adjusting the spread of the plasma 
beam, and thus the ion uniformity, While forming a TiN/T i 
stack. In addition, by greatly reducing the strength of the 
remnant magnetic ?eld, it lessens the likelihood that the 
devices on the substrate Will be subjected to charging 
damage. 

[0037] The plasma of the present invention is suf?ciently 
intense to cause ioniZation of not only the gas atoms, but also 
of a large number of the sputtered Ti-atoms. The high 
intensity plasma of the present invention typically has a 
density of 1013 particles/cc. This high intensity is brought 
about in part by the ability of the holloW cathode magnetron 
to increase the Ti-ion count Well beyond previous magnetron 
sputtering devices used for TiN/Ti deposition. The sputter 
ing Which ensues in the holloW cathode magnetron is 
predominantly of Ti-ions, rather than neutral particles. These 
ioniZed particles are far more susceptible to being steered 
and/or focused to the substrate surface. By imparting direc 
tionality to the Ti-ions in the plasma, an overall improve 
ment in sputtering operations is seen in the ability to impart 
required step coverage in high AR vias and trenches. When 
the Ti-ions in the plasma are directed toWards the substrate 
in a more perpendicular fashion, as opposed to the random 
impingement of prior art sputtering mechanisms dominated 
by neutral particles, proper step coverage and trench-?lling 
can be realiZed. 

[0038] While Ti-ions deposited in accordance With the 
invention are much more energetic than neutral atoms 
deposited using prior art sputtering techniques, they are not 
so energetic as to cause damage to the substrate. In particu 
lar, ions having an energy of less than approximately 100 ev 
do not cause damage to the Wafer substrate. This damage 
causing level is Well above the energy of the ions deposited 
using the present invention. 

[0039] FIG. 3 depicts an integrated circuit portion 300 
containing a layered stack 302 having Ti and TiN layers that 
may be fabricated on a Wafer 304 using a method in 
accordance With the invention. IC portion 300 comprises 
Wafer substrate 310, typically comprising single crystalline 
silicon, but Which may comprise other semiconductor or 
conductive materials. Insulator layer 312 typically com 
prises an oxide layer, such as SiOX, but it may also comprise 
other insulator material, such as in an ILD. Insulator layer 
312 has contact hole 314 extending doWn to Wafer substrate 
310. Ti contact layer 316 is disposed in contact hole 314 in 
contact With Wafer substrate 310. TiN barrier layer 318 is 
located on Ti layer 316. Conducting layer 320, typically an 
Al alloy metalliZation layer, is disposed on TiN barrier layer 
318. Finally, a TiN anti-re?ective coating (“ARC”) layer 322 
covers conducting layer 320. 

[0040] FIG. 4 depicts an IC portion 400 comprising a via 
having a Ti liner layer and a TiN barrier layer fabricated 
using a method in accordance With the invention. IC portion 
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400 comprises a conductive or semiconductive substrate 410 
on Which insulating layer 412 is disposed. Avia 414 contains 
Ti liner layer 416, TiN barrier layer 418 and tungsten plug 
420. Tungsten plug 420 provides electrical connection 
through via 414 betWeen substrate 410 and conductive layer 
422. 

[0041] FIG. 5 shoWs a process How sheet of a generaliZed 
method in accordance With the invention for forming a Ti 
layer and a TiN layer in the same deposition chamber using 
the same Ti target in a NNM, Without use of either a 
collimator or a shutter. The method of ?oWsheet 500 is 
described here With reference to FIGS. 1, 2 and 4, although 
it is understood that methods in accordance With the inven 
tion may be applied to a large variety of structures using a 
variety of HCM assemblies Without departing from the 
inventive concepts. Also, the order of some of the process 
steps as outlined in FIG. 5 may be changed. 

[0042] In step 510 of generaliZed method 500, the depo 
sition chamber is evacuated doWn to a suf?ciently loW 
pressure, for example, 10-5 torr or less. In step 512, substrate 
holder 150 is heated to a “stage” temperature, typically in a 
range of from 250° to 350° C., preferably about 300° C. In 
step 514, the substrate Wafer to be processed is placed on 
substrate holder 150 so that it is heated up to or near the 
stage temperature. The source-to-substrate spacing, that is, 
the distance betWeen end 118 of holloW target cathode 110 
and substrate 152 is in a range of from 215 to 240 mm, 
preferably about 237 mm. In step 516, a negative DC 
voltage, typically in a range of from —400 V to —500 V, is 
applied to holloW target cathode 110. The poWer applied to 
the HCM apparatus is typically in a range of from 20 to 36 
kW, and preferably about 30 kW. In step 518, cooling Water 
is ?oWed at suf?cient temperature and ?oWrate to maintain 
the temperature of the target cathode during the deposition 
process in a range of 95° to 285° C. In step 520, a DC current 
in a typical range of from 0.05 to 1.0 amps, preferably about 
0.2 to 0.25 A, at about 80 - 120 volts is ?oWed through 
electromagnetic coil 172 to in?uence magnetic ?eld lines 
210 and magnetic null region 212, as described above. In 
step 522, inert plasma-forming gas, such as argon, is intro 
duced into the evacuated deposition chamber at a ?oWrate in 
a range of from 45 to 140 sccm, and preferably about 90 
sccm, raising the pressure in the chamber to 1 - 5 millitorr, 
for eXample. The argon gas is introduced directly into cavity 
region 114 through inlet 120 so that it is present in greatest 
concentration Where the plasma discharge is to be initiated. 
Aplasma discharge is created as a result of the high negative 
voltage on holloW target cathode 110. The plasma is con 
centrated by the magnetic ?eld lines 210 primarily into an 
area adjacent to a surface of target cathode 120. Gas ions are 
formed in the plasma and strike the surface of the sputter 
target cathode, causing neutral Ti-atoms to be ejected from 
the surface of the target. Neutral Ti-atoms are converted to 
Ti-ions through electron-removing collisions With other gas 
atoms in the plasma. Generally speaking, the direction of 
travel of an ejected atom may be in any random direction. 
Ti-ions having a velocity substantially normal to the plane of 
substrate 152 eXit the cavity region 114 through magnetic 
null region 212 and impinge on substrate surface 153, 
forming a Ti layer. The deposition rate is typically greater 
than 80 nm/min. As a result, deposition of a Ti liner layer 
416 With a typical thickness of 25 nm in step 524 is 
completed in about 17 seconds. During deposition step 524, 
the DC current ?oWed through electromagnetic coil 172 is 
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preferably about 0.25 A at about 80 - 120 volts. To begin 
deposition of TiN, N2 is ?oWed into the deposition chamber 
near the substrate through nitrogen gas inlet 154 at a ?oWrate 
typically in a range of from 24 to 36 sccm, preferably about 
28 sccm. Inert gas ?oW into cavity region 114 is typically 
increased during TiN deposition from its value during Ti 
deposition steps 522 and 524. When argon gas is used, its 
?oWrate is in a range of from 45 to 140 sccm, preferably 
about 135 sccm. In step 530, nitrogen atoms combine With 
Ti-ions at the substrate, forming a TiN layer. The deposition 
rate of TiN is typically greater than 70 nm/min. As a result, 
deposition of a TiN barrier layer 418 With a typical thickness 
of 50 nm in step 526 is completed in about 43 seconds. 
During deposition step 530, the DC current ?oWed through 
electromagnetic coil 172 is preferably about 0.19 A at about 
80 - 120 volts. 

EXAMPLE 1 

[0043] A TiN/T i stack Was deposited on a series of planar 
integrated circuit Wafers, each having a SiOX/Si substrate, 
forming TiN/Ti/SiOX/Si stacks. The TiN/T i stacks Were 
formed in the same HCM deposition chamber using the 
same titanium holloW target cathode in accordance With the 
invention Without using a collimator or a shutter. The 
preferred operating conditions as discussed With reference to 
FIG. 5 Were used. RBS measurements Were conducted on an 

intermediate Wafer; namely, the 23rd Wafer processed. The 
atom-percent of elements measured in several depth ranges 
are presented in Table 1. 

TABLE 1 

Depth (nm) N O Si Ti N/T i 

<24 50.0 — — 50.0 1.00 

24-41 47.5 — — 52.5 0.90 

41-65 — — 2.0 98.0 — 

65—545 — 66.7 33.3 — — 

>545 — — 100 — — 

[0044] The data in Table 1 at depth of 41-65 nm and 
65-545 nm shoW that there is no residual N2 at the Ti/SiOX 
interface, and therefore, no nitriding of the titanium target. 
The ratio N/Ti at depths <24 nm and 24 - 41 nm is 
approximately 1, indicating that the deposited TiN layer is 
suf?ciently nitrided. The data for the TiN/Ti interface at 
depths 24-41 nm and 41-65 nm shoW that the Ti and TiN 
depositions are clearly separate. 

[0045] There has been described a novel method for 
depositing Ti and TiN layers on an integrated circuit sub 
strate in the same PVD chamber using the same titanium 
target in NNM, Without use of either a shutter or a collima 
tor. A method in accordance With the invention is particu 
larly useful for ?lling vias and contact holes having high 
aspect ratios. The novel method uses a holloW-cathode 
magnetron technique. It should be understood that the par 
ticular embodiments shoWn in the draWings and described 
Within this speci?cation are for purposes of eXample and 
should not be construed to limit the invention, Which Will be 
described in the claims beloW. It is also evident that the steps 
recited may, in some instances, be performed in a different 
order; or equivalent structures and processes may be sub 
stituted for the structures and processes described. Conse 
quently, the invention is to be construed as embracing each 
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and every novel feature and novel combination of features 
present in and/or possessed by the fabrication methods and 
compositions described. 

1. A method of forming a Ti layer and a TiN layer on an 
integrated circuit substrate in a single PVD deposition 
chamber Without using either a collimator or a shutter, 
comprising steps of: 

providing a holloW cathode target containing titanium, 
said holloW cathode target having a cavity region; 

sputtering titanium from said target to form a layer 
containing Ti on said substrate; 

sputtering titanium from said target and simultaneously 
?oWing a nitrogen-containing gas into said deposition 
chamber to form a layer containing TiN on said sub 
strate. 

2. Amethod as in claim 1, characteriZed in that said single 
deposition chamber does not contain either a collimator or a 
shutter. 

33. A method as in claim 1, further comprising creating a 
magnetic ?eld, said magnetic ?eld having a magnetic null 
region located betWeen said cavity region and said substrate. 
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4. Amethod as in claim 1, further comprising heating said 
substrate to a temperature in a range of from 250° C. to 350° 
C. 

5. A method as in claim 1, further comprising applying a 
negative voltage in a range of from —400 to —500 volts to 
said holloW cathode target. 

6. Amethod as in claim 1, further comprising applying an 
amount of poWer in a range of from 20 to 36 kiloWatts to said 

holloW target cathode. 

7. A method as in claim 1, further comprising applying a 
current not exceeding 1.0 amps to an electromagnetic coil. 

8. A method as in claim 1, Wherein said holloW target 
cathode and said substrate are separated by a distance of 
from 215 to 240 mm. 

9. A method as in claim 1, Wherein said Ti layer has a 
thickness in a range of from 10 to 70 nm. 

10. A method as in claim 1, Wherein said TiN layer has a 
thickness in a range of from 10 to 100 nm. 


