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(57) ABSTRACT 

A magnetron sputter reactor for sputtering deposition mate 
rials such as tantalum, tantalum nitride and copper, for 
example, and its method of use, in Which self-ionized 
plasma (SIP) sputtering and inductively coupled plasma 
(ICP) sputtering are promoted, either together or alternately, 
in the same or different chambers. Also, bottom coverage 
may be thinned or eliminated by ICP resputtering in one 
chamber and SIP in another. SIP is promoted by a small 
magnetron having poles of unequal magnetic strength and a 
high poWer applied to the target during sputtering. ICP is 
provided by one or more RF coils Which inductively couple 
RF energy into a plasma. The combined SIP-ICP layers can 
act as a liner or barrier or seed or nucleation layer for hole. 

In addition, an RF coil may be sputtered to provide protec 
tive material during ICP resputtering. In another chamber an 
array of auxiliary magnets positioned along sideWalls of a 
magnetron sputter reactor on a side toWards the Wafer from 
the target. The magnetron preferably is a small, strong one 
having a stronger outer pole of a ?rst magnetic polarity 
surrounding a Weaker outer pole of a second magnetic 
polarity and rotates about the central axis of the chamber. 
The auxiliary magnets preferably have the ?rst magnetic 
polarity to draW the unbalanced magnetic ?eld component 
toWard the Wafer. The auxiliary magnets may be either 
permanent magnets or electromagnets. 
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SELF-IONIZED AND INDUCTIVELY-COUPLED 
PLASMA FOR SPUTTERING AND 

RESPUTTERING 

RELATED APPLICATIONS 

[0001] This application is a continuation in part applica 
tion of pending application Ser. No. 09/685,978 ?led Oct. 
10, 2000, a divisional application of application Ser. No. 
09/414,614 ?led Oct. 8, 1.999 (issued as US. Pat. No. 
6,398,929); and is a continuation in part of pending appli 
cation Ser. No. 10/202,778, ?led Jul. 25, 2002 (Which claims 
priority to provisional application 60/316,137 ?led Aug. 30, 
2001, and 60/342,608 ?led Dec. 21, 2001); and is a con 
tinuation in part application of pending application Ser. No. 
09/993,543, ?led Nov. 14, 2001, Which are incorporated by 
reference in their entireties. 

FIELD OF THE INVENTION 

[0002] The invention relates generally to sputtering and 
resputtering. In particular, the invention relates to the sputter 
deposition of material and resputtering of deposited material 
in the formation of semiconductor integrated circuits. 

BACKGROUND ART 

[0003] Semiconductor integrated circuits typically include 
multiple levels of metalliZation to provide electrical con 
nections betWeen large numbers of active semiconductor 
devices. Advanced integrated circuits, particularly those for 
microprocessors, may include ?ve or more metalliZation 
levels. In the past, aluminum has been the favored metalli 
Zation, but copper has been developed as a metalliZation for 
advanced integrated circuits. 

[0004] A typical metalliZation level is illustrated in the 
cross-sectional vieW of FIG. 1. A loWer-level layer 110 
includes a conductive feature 112. If the loWer-level layer 
110 is a loWer-level dielectric layer, such as silica or other 
insulating material, the conductive feature 112 may be a 
loWer-level copper metalliZation, and the vertical portion of 
the upper-level metalliZation is referred to as a via since it 
interconnects tWo levels of metalliZation. If the loWer-level 
layer 110 is a silicon layer, the conductive feature 112 may 
a doped silicon region, and the vertical portion of the 
upper-level metalliZation formed in a hole is referred to as 
a contact because it electrically contacts silicon. An upper 
level dielectric layer 114 is deposited over the loWer-level 
dielectric layer 110 and the loWer-level metalliZation 112. 
There are yet other shapes for the holes including lines and 
trenches. Also, in dual damascene and similar interconnect 
structures, as described beloW, the holes have a compleX 
shape. In some applications, the hole may not eXtend 
through the dielectric layer. The folloWing discussion Will 
refer to only via holes, but in most circumstances the 
discussion applies equally Well to other types of holes With 
only a feW modi?cations Well knoWn in the art. 

[0005] Conventionally, the dielectric is silicon oXide 
formed by plasma-enhanced chemical vapor deposition 
(PECVD) using tetraethylorthosilicate (TEOS) as the pre 
cursor. HoWever, loW-k materials of other compositions and 
deposition techniques are being considered. Some of the 
loW-k dielectrics being developed can be characteriZed as 
silicates, such as ?uorinated silicate glasses. Hereafter, only 
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silicate (oxide) dielectrics Will be directly described, but it is 
contemplated that other dielectric compositions may be 
used. 

[0006] Avia hole is etched into the upper-level dielectric 
layer 114 typically using, in the case of silicate dielectrics, 
a ?uorine-based plasma etching process. In advanced inte 
grated circuits, the via holes may have Widths as loW as 0.18 
pm or even less. The thickness of the dielectric layer 114 is 
usually at least 0.7 pm, and sometimes tWice this, so that the 
aspect ratio of the hole may be 4:1 or greater. Aspect ratios 
of 6:1 and greater are being proposed. Furthermore, in most 
circumstances, the via hole should have a vertical pro?le. 

[0007] Aliner layer 116 may be deposited onto the bottom 
and sides of the hole and above the dielectric layer 114. The 
liner 116 can perform several functions. It can act as an 
adhesion layer betWeen the dielectric and the metal since 
metal ?lms tend to peel from oXides. It can also act as a 
barrier against inter-diffusion betWeen the oXide-based 
dielectric and the metal. It may also act as a seed and 
nucleation layer to promote the uniform adhesion and 
groWth and possibly loW-temperature re?oW for the depo 
sition of metal ?lling the hole and to nucleate the even 
groWth of a separate seed layer. One or more liner layers 
may be deposited, in Which one layer may function primarily 
as a barrier layer and others may function primarily as 
adhesion, seed or nucleation layers. 

[0008] An interconnect layer 118 of a conductive metal 
such as copper, for eXample, is then deposited over the liner 
layer 116 to ?ll the hole and to cover the top of the dielectric 
layer 114. Conventional aluminum metalliZations are pat 
terned into horiZontal interconnects by selective etching of 
the planar portion of the metal layer 118. HoWever, a 
technique for copper metalliZation, called dual damascene, 
forms the hole in the dielectric layer 114 into tWo connected 
portions, the ?rst being narroW vias through the bottom 
portion of the dielectric and the second being Wider trenches 
in the surface portion Which interconnect the vias. After the 
metal deposition, chemical mechanical polishing (CMP) is 
performed Which removes the relatively soft copper eXposed 
above the dielectric oXide but Which stops on the harder 
oxide. As a result, multiple copper-?lled trenches of the 
upper level, similar to the conductive feature 112 of the neXt 
loWer level, are isolated from each other. The copper ?lled 
trenches act as horiZontal interconnects betWeen the copper 
?lled vias. The combination of dual damascene and CMP 
eliminates the need to etch copper. Several layer structures 
and etching sequences have been developed for dual dama 
scene, and other metalliZation structures have similar fabri 
cation requirements. 

[0009] Lining and ?lling via holes and similar high aspect 
ratio structures, such as occur in dual damascene, have 
presented a continuing challenge as their aspect ratios con 
tinue to increase. Aspect ratios of 4:1 are common and the 
value Will further increase. An aspect ratio as used herein is 
de?ned as the ratio of the depth of the hole to narroWest 
Width of the hole, usually near its top surface. Via Widths of 
0.18 pm are also common and the value Will further 
decrease. For advanced copper interconnects formed in 
oXide dielectrics, the formation of the barrier layer tends to 
be distinctly separate from the nucleation and seed layer. 
The diffusion barrier may be formed from a bilayer of 
Ta/TaN, W/WN, or Ti/TiN, or of other structures. Barrier 
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thicknesses of 10 to 50 nm are typical. For copper intercon 
nects, it has been found useful to deposit one or more copper 
layers to ful?ll the nucleation and seed functions. 

[0010] The deposition of the liner layer or the metalliZa 
tion by conventional physical vapor deposition (PVD), also 
called sputtering, is relatively fast. A DC magnetron sput 
tering reactor has a target Which is composed of the metal to 
be sputter deposited and Which is poWered by a DC electrical 
source. The magnetron is scanned about the back of the 
target and projects its magnetic ?eld into the portion of the 
reactor adjacent the target to increase the plasma density 
there to thereby increase the sputtering rate. HoWever, 
conventional DC sputtering (Which Will be referred to as 
PVD in contrast to other types of sputtering to be intro 
duced) predominantly sputters neutral atoms. The typical 
ion densities in PVD are often less than 109 cm_3. PVD also 
tends to sputter atoms into a Wide angular distribution, 
typically having a cosine dependence about the target nor 
mal. Such a Wide distribution can be disadvantageous for 
?lling a deep and narroW via hole 122 such as that illustrated 
in FIG. 2, in Which a barrier layer 124 has already been 
deposited. The large number of off-angle sputter particles 
can cause a layer 126 to preferentially deposit around the 
upper corners of the hole 122 and form overhangs 128. 
Large overhangs can further restrict entry into the hole 122 
and cause inadequate coverage of the sideWalls 130 and 
bottom 132 of the hole 122. Also, the overhangs 128 can 
bridge the hole 122 before it is ?lled and create a void 134 
in the metalliZation Within the hole 122. Once a void 134 has 
formed, it is often dif?cult to re?oW it out by heating the 
metalliZation to near its melting point. Even a small void can 
introduce reliability problems. If a second metalliZation 
deposition step is planned, such as by electroplating, the 
bridged overhang make subsequent deposition more dif? 
cult. 

[0011] One approach to ameliorate the overhang problem 
is long-throW sputtering in Which the sputtering target is 
spaced relatively far from the Wafer or other substrate being 
sputter coated. For example, the target-to-Wafer spacing can 
be at least 50% of Wafer diameter, preferably more than 
90%, and more preferably more than 140%. As a result, the 
off-angle portion of the sputtering distribution is preferen 
tially directed to the chamber Walls, but the central-angle 
portion remains directed substantially to the Wafer. The 
truncated angular distribution can cause a higher fraction of 
the sputter particles to be directed deeply into the hole 122 
and reduce the extent of the overhangs 128. A similar effect 
can be accomplished by positioning a collimator betWeen 
the target and Wafer. Because the collimator has a large 
number of holes of high aspect ratio, the off-angle sputter 
particles tend to strike the sideWalls of the collimator, and 
the central-angle particles tend to pass through. Both long 
throW targets and collimators typically reduce the ?ux of 
sputter particles reaching the Wafer and thus tend to reduce 
the sputter deposition rate. The reduction can become more 
pronounced as throWs are lengthened or as collimation is 
tightened to accommodate via holes of increasing aspect 
ratios. 

[0012] Also, the length that long throW sputtering may be 
increased may be limited. At the feW milliTorr of argon 
pressure often used in PVD sputtering, there is a greater 
possibility of the argon scattering the sputtered particles as 
the target to Wafer spacing increases. Hence, the geometric 
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selection of the forWard particles may be decreased. A yet 
further problem With both long throW and collimation is that 
the reduced metal ?ux can result in a longer deposition 
period Which can not only reduce throughput, but also tends 
to increase the maximum temperature the Wafer experiences 
during sputtering. Still further, long throW sputtering can 
reduce over hangs and provide good coverage in the middle 
and upper portions of the sideWalls, but the loWer sideWall 
and bottom coverage can be less than satisfactory. 

[0013] Another technique for deep hole lining and ?lling 
is sputtering using a high-density plasma (HDP) in a sput 
tering process called ioniZed metal plating (IMP). A typical 
high-density plasma is one having an average plasma den 
sity across the plasma, exclusive of the plasma sheaths, of at 
least 1011 cm_3, and preferably at least 1012 cm_3. In IMP 
deposition, a separate plasma source region is formed in a 
region aWay from the Wafer, for example, by inductively 
coupling RF poWer into a plasma from an electrical coil 
Wrapped around a plasma source region betWeen the target 
and the Wafer. The plasma generated in this fashion is 
referred to as an inductively coupled plasma (ICP). An HDP 
chamber having this con?guration is commercially available 
from Applied Materials of Santa Clara, Calif. as the HDP 
PVD Reactor. Other HDP sputter reactors are available. The 
higher poWer ioniZes not only the argon Working gas, but 
also signi?cantly increases the ioniZation fraction of the 
sputtered atoms, that is, produces metal ions. The Wafer 
either self-charges to a negative potential or is RF biased to 
control its DC potential. The metal ions are accelerated 
across the plasma sheath as they approach the negatively 
biased Wafer. As a result, their angular distribution becomes 
strongly peaked in the forWard direction so that they are 
draWn deeply into the via hole. Overhangs become much 
less of a problem in IMP sputtering, and bottom coverage 
and bottom sideWall coverage are relatively high. 

[0014] IMP sputtering using a remote plasma source is 
usually performed at a higher pressure such as 30 milliTorr 
or higher. The higher pressures and a high-density plasma 
can produce a very large number of argon ions, Which are 
also accelerated across the plasma sheath to the surface 
being sputter deposited. The argon ion energy is often 
dissipated as heat directly into the ?lm being formed. 
Copper can deWet from tantalum nitride and other barrier 
materials at elevated temperatures experienced in IMP, even 
at temperatures as loW at 50 to 75 C. Further, the argon tends 
to become embedded in the developing ?lm. IMP can 
deposit a copper ?lm as illustrated at 136 in the cross 
sectional vieW of FIG. 3, having a surface morphology that 
is rough or discontinuous. If so, such a ?lm may not promote 
hole ?lling, particularly When the liner is being used as the 
electrode for electroplating. 

[0015] Another technique for depositing metals is sus 
tained self-sputtering (SSS), as is described by Fu et al. in 
US. patent application Ser. No. 08/854,008, ?led May 8, 
1997 and by Fu in US. Pat. No. 6,183,614 B1, Ser. No. 
09/373,097, ?led Aug. 12, 1999, incorporated by reference 
in their entireties. For example, at a suf?ciently high plasma 
density adjacent a copper target, a suf?ciently high density 
of copper ions develops that the copper ions Will resputter 
the copper target With yield over unity. The supply of argon 
Working gas can then be eliminated or at least reduced to a 
very loW pressure While the copper plasma persists. Alumi 










































