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(57) ABSTRACT 

A multi-step sputtering process in plasma sputter reactor 
having target and magnetron operable in tWo modes, for 
example, in a substrate sputter etch and a substrate sputter 
deposition. The target has an annular vault facing the Wafer 
to be sputter coated. Various types of magnetic means 
positioned around the vault create a magnetic ?eld support 
ing a plasma extending over a large volume of the vault. An 
integrated copper via ?lling process With the inventive 
reactor or other reactor includes a ?rst step of highly ioniZed 
sputter deposition of copper, Which can optionally be used to 
remove the barrier layer at the bottom of the via, a second 
step of more neutral, loWer-energy sputter deposition of 
copper to complete the seed layer, and a third step of 
electroplating copper into the hole to complete the metalli 
Zation. The ?rst tWo steps can be also used With barrier 
metals. 
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CONTROLLED MULTI-STEP MAGNETRON 
SPUTTERING PROCESS 

RELATED APPLICATIONS 

[0001] This application is a division of Ser. No. 10/934, 
231, ?led Sep. 3, 2004, Which is a division of Ser. No. 
10/197,680, ?led Jul. 16, 2002, noW issued as US. Pat. No. 
6,787,006, Which is a division of Ser. No. 09/703,601, ?led 
Nov. 1, 2000, noW issued as US. Pat. No. 6,451,177, Which 
is a continuation in part of Ser. No. 09/518,180, ?led Mar. 
2, 2000, noW issued as US. Pat. No. 6,277,249, Which is a 
continuation in part of Ser. No. 09/490,026, ?led Jan. 21, 
2000, noW issued as US. Pat. No. 6,251,242. The applica 
tion is also related to Ser. No. 09/703,738, ?led Nov. 1, 2000, 
noW issued as US. Pat. No. 6,406,599. 

FIELD OF THE INVENTION 

[0002] The invention relates generally to plasma sputter 
ing. In particular, the invention relates to the sputter target 
and associated magnetron used in a sputter reactor and to an 
integrated via ?lling process using sputtering. 

BACKGROUND ART 

[0003] A semiconductor integrated circuit contains many 
layers of different materials usually classi?ed according to 
Whether the layer is a semiconductor, a dielectric (electrical 
insulator) or metal. HoWever, some materials such as barrier 
materials, for example, TiN, are not so easily classi?ed. The 
tWo principal current means of depositing metals and barrier 
materials are sputtering, also referred to as physical vapor 
deposition (PVD), and chemical vapor deposition (CVD). 
Of the tWo, sputtering has the inherent advantages of loW 
cost source material and high deposition rates. HoWever, 
sputtering has an inherent disadvantage When a material 
needs to be ?lled into a deep narroW hole, that is, one having 
a high aspect ratio. The same disadvantage obtains When a 
thin layer of the material needs to be coated onto the sides 
of the hole, Which is often required for barrier materials. 
Aspect ratios of 3:1 present challenges, 5:1 becomes dif? 
cult, 8:1 is becoming a requirement, and 10:1 and greater are 
expected in the future. Sputtering itself is fundamentally a 
nearly isotropic process producing ballistic sputter particles 
Which do not easily reach the bottom of deep narroW holes. 
On the other hand, CVD tends to be a conformal process 
equally effective at the bottom of holes and on exposed top 
planar surfaces. 

[0004] Up until the recent past, aluminum has been the 
metal of choice for the metalliZation used in horiZontal 
interconnects and in the vias connecting tWo levels of 
metalliZation. In more recent technology, copper vias extend 
betWeen tWo levels of horiZontal copper interconnects. Con 
tacts to the underlying silicon present a larger problem, but 
may still be accomplished With either aluminum or copper. 
Copper interconnects are used to reduce signal delay in 
advanced ULSI circuits. It is understood that copper may be 
pure copper or a copper alloy containing up to 10% alloying 
With other elements such as magnesium and aluminum. Due 
to continued doWnWard scaling of the critical dimensions of 
microcircuits, critical electrical parameters of integrated 
circuits, such as contact and via resistances, have become 
more dif?cult to achieve. In addition, due to the smaller 
dimensions, the aspect ratios of inter-metal features such as 
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contacts and vias are also increasing. An advantage of 
copper is that it may be quickly and inexpensively deposited 
by electrochemical processes, such as electroplating. HoW 
ever, sputtering or possibly CVD of thin copper layers onto 
the Walls of via holes is still considered necessary to act as 
an electrode for electroplating or as a seed layer for the 
electroplated copper. The discussion of copper processes 
Will be delayed until later. 

[0005] The conventional sputter reactor has a planar target 
in parallel opposition to the Wafer being sputter deposited. A 
negative DC voltage is applied to the target of magnitude 
suf?cient to ioniZe the argon Working gas into a plasma. The 
positive argon ions are attracted to the negatively charged 
target With suf?cient energy to sputter atoms of the target 
material. Some of the sputtered atoms strike the Wafer and 
form a sputter coating thereon. Most usually, a magnetron is 
positioned in back of the target to create a larger magnetic 
?eld adjacent to the target. The magnetic ?eld traps elec 
trons, and, to maintain charge neutrality in the plasma, the 
ion density also increases. As a result, the plasma density 
and sputter rate are increased. The conventional magnetron 
generates a magnetic ?eld lying principally parallel to the 
target. 

[0006] Much effort has been expended to alloW sputtering 
to effectively coat metals and barrier materials deep into 
narroW holes. High-density plasma (HDP) sputtering has 
been developed in Which the argon Working gas is excited 
into a high-density plasma, Which is de?ned as a plasma 
having an ioniZation density of at least 1011 cm'3 across the 
entire space the plasma ?lls except the plasma sheath. 
Typically, an HDP sputter reactor uses an RF poWer source 
connected to an inductive coil adjacent to the plasma region 
to generate the high-density plasma. The high argon ion 
density causes a signi?cant fraction of sputtered atoms to be 
ioniZed. If the pedestal electrode supporting the Wafer being 
sputter coated is negatively electrically biased, the ioniZed 
sputter particles (metal ions) are accelerated toWard the 
Wafer to form a directional column that reaches deeply into 
narroW holes. 

[0007] HDP sputter reactors, hoWever, have disadvan 
tages. They involve a someWhat neW technology and are 
relatively expensive. Furthermore, the quality of the sput 
tered ?lms they produce is often not the best, typically 
having an undulatory surface. Also, high-energy ions, par 
ticularly the argon ions Which are also attracted to the Wafer, 
tend to damage the material already deposited. 

[0008] Another sputtering technology, referred to as self 
ioniZed plasma (SIP) sputtering, has been developed to ?ll 
deep holes. See, for example, US. patent application Ser. 
No. 09/373,097 ?led Aug. 12, 1999 by Fu, noW issued as 
US. Pat. No. 6,183,614, and US. patent application Ser. No. 
09/414,614 ?led Oct. 8, 1999 by Chiang et al, noW issued as 
US. Pat. No. 6,398,929. Both of these patent applications 
are incorporated by reference in their entireties. In its 
original implementations, SIP relies upon a someWhat stan 
dard capacitively coupled plasma sputter reactor having a 
planar target in parallel opposition to the Wafer being sputter 
coated and a magnetron positioned in back of the target to 
increase the plasma density and hence the sputtering rate. 
The SIP technology, hoWever, is characteriZed by a high 
target poWer density, a small magnetron, and a magnetron 
having an outer magnetic pole piece enclosing an inner 
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magnetic pole piece With the outer pole piece having a 
signi?cantly higher total magnetic ?ux than the inner pole 
piece. In some implementations, the target is separated from 
the Wafer by a large distance to effect long-throW sputtering, 
Which enhances collimated sputtering. The asymmetric 
magnetic pole pieces causes the magnetic ?eld to have a 
signi?cant vertical component extending far toWards the 
Wafer, thus enhancing and extending the high-density 
plasma volume and promoting transport of ioniZed sputter 
particles. 
[0009] The SIP technology Was originally developed for 
sustained self-sputtering (SSS) in Which a suf?ciently high 
number of sputter particles are ioniZed that they may be used 
to further sputter the target and no argon Working gas is 
required. Of the metals commonly used in semiconductor 
fabrication, only copper has a suf?ciently high self-sputter 
ing yield to alloW sustained self-sputtering. 

[0010] The extremely loW pressures and relatively high 
ioniZation fractions associated With SSS are advantageous 
for ?lling deep holes With copper. HoWever, it Was quickly 
realiZed that the SIP technology could be advantageously 
applied to the sputtering of aluminum and other metals and 
even to copper sputtering at moderate pressures. SIP sput 
tering produces high quality ?lms exhibiting high hole 
?lling factors regardless of the material being sputtered. 

[0011] Nonetheless, SIP has some disadvantages. The 
small area of the magnetron may require circumferential 
scanning of the magnetron in a rotary motion at the back of 
the target to achieve even a minimal level of uniformity, and 
even With rotary scanning, radial uniformity is dif?cult to 
achieve. Furthermore, very high target poWers have been 
required in the previously knoWn versions of SIP. High 
capacity poWer supplies are expensive and necessitate com 
plicated target cooling. Lastly, knoWn versions of SIP tend 
to produce a relatively loW ioniZation fraction of sputter 
particles, for example, 20%. The remaining non-ioniZed 
fraction of sputtered particles has a relatively isotropic 
distribution rather than forming a forWard directed column 
Which results from metal ions being accelerated toWard a 
biased Wafer. Also, the target diameter in a typical commer 
cial sputter reactor is only slightly greater than the Wafer 
diameter. As a result, those holes being coated located at the 
edge of the Wafer have radially outer sideWalls Which see a 
larger fraction of the target and are more heavily coated than 
the radially inner sideWalls. Therefore, the sideWalls of the 
edge holes are asymmetrically coated. 

[0012] Other sputter geometries have been developed 
Which increase the ioniZation density. One example is a 
multi-pole holloW cathode target, several variants of Which 
are disclosed by Barnes et al. in US. Pat. No. 5,178,739. Its 
target has a holloW cylindrical shape, usually closed With a 
circular back Wall, and is electrically biased. Typically, a 
series of magnets, positioned on the sides of the cylindrical 
cathode of alternating magnetic polariZation, create a mag 
netic ?eld extending generally parallel to the cylindrical 
sideWall. 

[0013] Another approach uses a pair of facing targets 
facing the lateral sides of the plasma space above the Wafer. 
Such systems are described, for example, by Kitamoto et al. 
in “Compact sputtering apparatus for depositing Co—Cr 
alloy thin ?lms in magnetic disks,”Proceea'ings: The Fourth 
International Symposium on Sputtering & Plasma Pro 
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cesses, KanaZaWa, Japan, Jun. 4-6, 1997, pp. 519-522, by 
YamaZato et al. in “Preparation of TiN thin ?lms by facing 
targets magnetron sputtering, ibid., pp. 635-638, and by 
Musil et al. in “Unbalanced magnetrons and neW sputtering 
systems With enhanced plasma ioniZation,”Journal of 
Vacuum Science and TechnologyA, vol. 9, no. 3, May 1991, 
pp. 1171-1177. The facing pair geometry has the disadvan 
tage that the magnets are stationary and create a horiZontally 
extending ?eld that is inherently non-uniform With respect to 
the Wafer. 

[0014] Musil et al., ibid., pp. 1174, 1175 describe a coil 
driven magnetic mirror magnetron having a central post of 
one magnetic polariZation and surrounding rim of another 
polariZation. An annular vault-shaped target is placed 
betWeen the post and rim. This structure has the disadvan 
tage that the soft magnetic material forming the tWo poles, 
particularly the central spindle, are exposed to the plasma 
during sputtering and inevitably contaminate the sputtered 
layer. Furthermore, the coil drive provides a substantially 
cylindrical geometry, Which may not be desired in some 
situations. Also, the disclosure illustrates a relatively shal 
loW geometry for the target vault, Which does not take 
advantage of some possible bene?cial effects for a con 
cavely shaped target. 

[0015] Helmer et al. in US. Pat. No. 5,482,611 describe a 
target having a groove or vault facing the substrate. Station 
ary magnets are arranged on the outside of the vault side 
Walls With parallel magnetic polarities so as to create a 
magnetic ?eld generally parallel to the vault Walls Within the 
vault and having a magnetic cusp or null spot near the 
opening of the vault. The magnetic cusp directs the metal 
sputter ions in a beam toWards the Wafer. HoWever, Helmer 
et al. admit that uniformity of deposition With this magnetic 
con?guration is not good. Lantsman in US. Pat. No. 5,589, 
041 discloses an plasma etch chamber having a dielectric 
roof that is formed With a vault so as to shape the plasma. 

[0016] It is thus desired to combine many of the good 
bene?ts of the different plasma sputter reactors described 
above While avoiding their separate disadvantages. 

[0017] Returning noW to copper processing and the struc 
tures that need to be formed for copper vias, as is Well 
knoWn to those in the art, in a typical copper interconnect 
process ?oW, a thin barrier layer is ?rst deposited onto the 
Walls of the via hole prior to the copper deposition. The 
barrier layer prevents copper from diffusing into the insu 
lating dielectric layer separating the tWo copper levels and 
also to prevent intra metal and inter metal electrical shorts. 
Atypical barrier for copper over silicon oxide includes Ta or 
TaN or a combination thereof, but other materials have been 
proposed, such as W/WN and Ti/TiN among others. In a 
typical barrier deposition process, the barrier layer is depos 
ited using PVD or other method to form a continuous layer 
betWeen the underlying and overlying copper layers includ 
ing the contact area at the bottom of the via hole. Thin layers 
of these barrier materials have a small but ?nite transverse 
resistance. A structure resulting from this copper intercon 
nect process produces a contact having a ?nite characteristic 
resistance (knoWn in the art as a contact or via resistance) 
that depends on the geometry. Conventionally, the barrier 
layer at the bottom of the contact or via hole contributes 
about 30% of the total contact or via resistance. Geffken et 
al. disclose in US. Pat. No. 5,985,762 a separate directional 
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etching step to remove the barrier layer from the bottom of 
the via hole over an underlying copper feature but not from 
the via sidewalls so that, during the sputter removal of the 
copper oxide at the via bottom, the dielectric is not poisoned 
by the sputtered copper. This process requires presumably a 
separate etching chamber. Furthermore, the process delete 
riously also removes the barrier at the bottom of the trench 
in a dual-damascene structure. They accordingly deposit 
another conformal barrier layer, Which remains under the 
metalliZed via. 

[0018] As a result, there is a need in the art for a method 
and apparatus to form a loW-resistance contact betWeen 
underlying and overlying copper layers and having a loW 
contact resistance Without unduly complicating the process. 

[0019] A copper layer used to form an interconnect is 
conveniently deposited by electrochemical deposition, for 
eXample, electroplating. As is Well knoWn, an adhesion or 
seed layer of copper is usually required to nucleate an 
ensuing electrochemical deposition on the dielectric side 
Walls as Well as to provide a current path for the electro 
plating. In a typical deposition process, the copper seed layer 
is deposited using PVD or CVD methods, and the seed layer 
is typically deposited on top of the barrier layer. A typical 
barrier/seed layer deposition sequence also requires a pre 
clean step to remove native oXide and other contaminants 
that reside on the underlying metal that has been previously 
eXposed in etching the via hole. The pre-clean step, for 
eXample, a sputter etch clean step using an argon plasma, is 
typically performed in a process chamber that is separate 
from the PVD chamber used to deposit the barrier and seed 
layers. With shrinking dimension of the integrated circuits, 
the ef?cacy of the pre-clean step, as Well as sideWall 
coverage of the seed layer Within the contact/via feature, 
become more problematical. 

[0020] As a result, the art needs a method and apparatus 
that improves the pre-clean and deposition of the seed layer. 
Further, the seed layer needs to be conformally deposited in 
all portions of the via hole even if the barrier layer is 
removed in portions of the hole. 

SUMMARY OF THE INVENTION 

[0021] The invention includes a magnetron producing a 
large volume or thickness of a plasma, preferably a high 
density plasma. The long travel path through the plasma 
volume alloWs a large fraction of the sputtered atoms to be 
ioniZed so that their energy and directionality can be con 
trolled by substrate biasing. 

[0022] In one embodiment of the invention, the target 
includes at least one annular vault on the front side of the 
target. The backside of the target includes a central Well 
enclosed by the vault and accommodating an inner magnetic 
pole of one polarity. The backside of the target also includes 
an outer annular space surrounding the vault and accommo 
dating an outer magnetic pole of a second polarity. The outer 
magnetic pole may be annular or be a circular segment 
Which is rotated about the inner magnetic pole. 

[0023] In one embodiment, the magnetiZation of the tWo 
poles may be accomplished With soft pole pieces projecting 
into the central Well and the outer annular space and mag 
netically coupled to magnets disposed generally behind the 
Well and outer annular space. In a second embodiment, the 
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tWo poles may be radially directed magnetic directions. In a 
third embodiment, a magnetic coil drives a yoke having a 
spindle and rim shape. 

[0024] In one advantageous aspect of the invention, the 
target covers both the spindle and the rim of the yoke as Well 
as forming the vault, thereby eliminating any yoke sputter 
ing. 

[0025] According to another aspect of the invention, the 
relative amount of sputtering of the top Wall of the inverted 
vault relative to the sideWalls may be controlled by increas 
ing the magnetic ?uX in the area of the top Wall. An increase 
of magnetic ?uX at the sideWalls may result in a predomi 
nantly radial distribution of magnetic ?eld betWeen the tWo 
sideWalls, resulting in large sputtering of the sideWalls. 

[0026] One approach for increasing the sputtering of the 
top Wall places additional magnets above the top Wall With 
magnetic polarities aligned With the magnets just outside of 
the vault sideWalls. Another approach uses only the top Wall 
magnets to the exclusion of the sideWall magnets. In this 
approach, the back of the target can be planar With no 
indentations for the central Well or the eXterior of the vault 
sideWalls. In yet another approach, vertical magnets are 
positioned near the bottom of the vault sideWalls With 
vertical magnetic polarities opposed to those the correspond 
ing magnets near the top of the vault sideWalls, thereby 
creating semi-toroidal ?elds near the bottom sideWalls. Such 
?elds can be adjusted either for sputtering or for primarily 
extending the top Wall plasma toWard the bottom of the vault 
and repelling its electrons from the sideWalls. A yet further 
approach scans over a top Wall a small, closed magnetron 
having a central magnetic pole of one polarity and a sur 
rounding magnetic pole of the other polarity. 

[0027] The target may be formed With more than one 
annular vault on the side facing the substrate. Each vault 
should have a Width of at least 2.5 cm, preferably at least 5 
cm, and more preferably at least 7 cm. The Width is thus at 
least 10 times and preferably at least 25 times the dark space, 
thereby alloWing the plasma sheath to conform to the vault 
outline. 

[0028] Various magnetron con?gurations are possible for 
use With the vaulted target. A particularly advantageous 
design includes an annular inner sideWall magnet of one 
polarity, an outer sideWall magnet of the other polarity, and 
a roof magnet that rotates about the central aXis. The roof 
magnet may be composed of an annular outer magnet of the 
second polarity surrounding an inner magnet of the ?rst 
polarity. The inner sideWall magnet is preferably divided 
into tWo aXial portions separated by a non-magnetic spacer, 
thereby smoothing the erosion pattern on the inner target 
sideWall because the magnetic ?eld is curved toWards the 
non-magnetic; hoWever, although the non-magnetic spacer 
is not required for all aspects of the invention. 

[0029] The invention also includes a tWo-step sputtering 
process, the ?rst producing high-energy ioniZed copper 
sputter ions, the second producing a more neutral, loWer 
energy sputter ?uX. The tWo-step process can be combined 
With an integrated copper ?ll process in Which the ?rst step 
provides high sideWall coverage and may break through the 
bottom barrier layer and clean the copper. The second step 
completes the seed layer. Thereafter, copper is electrochemi 
cally deposited in the hole. For sputtering into a dual 
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damascene structure, the conditions are preferably set so that 
the ?rst step sputters the barrier from the bottom of the via 
hole but not from the more accessible trench ?oor. 

[0030] After forming a ?rst level of metal on a Wafer and 
pattern etching a single or dual damascene structure for a 
second level of metal on the Wafer, the Wafer is processed in 
a PVD cluster tool to deposit a barrier layer and a seed layer 
for the second metal level. 

[0031] Instead of using a pre-clean step (for example, a 
sputter etch clean step), in accordance With one aspect of the 
present invention, a simultaneous clean-deposition step (i.e., 
a self-clean deposition step) is carried out. The inventive self 
clean deposition is carried out using a PVD deposition 
chamber that is capable of producing high-energy ioniZed 
target material. In accordance With one embodiment of the 
present invention, the high-energy ions physically remove 
material on ?at areas of a Wafer. In addition, the high-energy 
ions can dislodge material from a barrier layer disposed at 
the bottom of a contact/via feature. Further, in accordance 
With one embodiment of the present invention, Wherein an 
initial thickness of the barrier layer is small, the high-energy 
ions can remove enough material from the barrier layer to 
provide direct contact betWeen a seed layer and the under 
lying metal (for eXample, betWeen a copper underlying layer 
and a copper seed layer). In addition to providing direct 
contact betWeen the tWo copper layers, the inventive sput 
tering process also causes redeposition of copper over 
sideWalls of the contact/via to reinforce the thickness of the 
copper seed layer on the sideWall. This provides an 
improved path for current conduction, and advantageously 
improves the conformality of a layer subsequently deposited 
by electroplating. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] FIG. 1 is a schematic cross-sectional vieW of a ?rst 
embodiment of a magnetron sputter reactor of the invention 
using a stationary, circularly symmetric magnetron. 
[0033] FIG. 2 is a schematic cross-sectional diagram 
illustrating the collimating function of the target of the 
invention. 

[0034] FIG. 3 is a schematic cross-sectional vieW of a 
second embodiment of a magnetron sputter reactor of the 
invention using a rotating, segmented magnetron With ver 
tically magnetiZed magnets. 
[0035] FIG. 4 is a schematic cross-sectional vieW of a 
third embodiment of a magnetron sputter reactor of the 
invention using a rotating, segmented magnetron With radi 
ally magnetiZed magnets. 
[0036] FIG. 5 is a schematic cross-sectional vieW of a 
fourth embodiment of a magnetron sputter reactor of the 
invention using an electromagnetic coil. 

[0037] FIG. 6 is a cross-sectional vieW of a ?fth embodi 
ment of a magnetron of the invention using additional 
magnets at the roof of the vault to increase the roof sput 
tering. 
[0038] FIG. 7 is a cross-sectional vieW of a siXth embodi 
ment of a magnetron of the invention using only the vault 
magnets. 
[0039] FIG. 8 is a cross-sectional vieW of a seventh 
embodiment of a magnetron of the invention using addi 
tional con?nement magnets at the bottom sideWall of the 
vault. 
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[0040] FIG. 9 is a cross-sectional vieW of an eighth 
embodiment of a magnetron of the invention using a closed 
magnetron over the vault roof and separate magnets for the 
vault sideWalls. 

[0041] FIGS. 10-12 are cross-sectional vieWs of ninth 
through eleventh embodiments of magnetrons of the inven 
tion. 

[0042] FIGS. 13 and 14 are respectively a cross-sectional 
vieW and a schematic plan vieW of a tWelfth embodiment of 
the invention using stationary outer sideWall magnets and 
rotating inner sideWall magnets. 

[0043] FIG. 15 is a schematic plan vieW of a variant of the 
tWelfth embodiment. 

[0044] FIG. 16 is a cross-sectional vieW of the target and 
magnetron of the tWelfth embodiment illustrating the result 
ant magnetic ?eld. 

[0045] FIG. 17 is a graph of sputtering yield as a function 
of copper ion energy. 

[0046] FIGS. 18 and 19 are cross-sectional vieWs illus 
trating the effects of high-energy ioniZed sputter deposition, 
particularly the effect of a high-energy copper PVD depo 
sition removing the barrier layer at the bottom of the via. 

[0047] FIG. 20 is a cross-sectional vieW illustrating hoW 
one copper PVD reactor can be used to both remove the 
barrier at the via bottom and to deposit a copper layer in its 
place. 
[0048] FIG. 21 is a sectioned orthographic vieW of a 
desired barrier layer in a dual-damascene interconnect. 

[0049] FIGS. 22 and 23 are cross-sectional vieWs of a 
desirable structure for a barrier layer and copper seed layer 
in a dual-damascene interconnect. 

[0050] FIG. 24 is a How diagram of a process usable for 
achieving the desired interconnects of FIGS. 20 and 23 
including a electroplating via ?ll. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0051] The invention uses a compleXly shaped sputter 
target and a specially shaped magnetron Which have the 
combined effect of impressing a magnetic ?eld producing a 
thick region of relatively high plasma density. As a result, a 
large fraction of the metal atoms sputtered from the target 
can be ioniZed as they pass through the plasma region. 
Sputtered metal ions can be advantageously controlled by 
substrate biasing to coat the Walls of a deep, narroW hole and 
to selectively interact With the already deposited barrier 
layer dependent upon the local geometry. 

[0052] The inventive apparatus has been used to achieve 
several novel processes involving selective removal of lay 
ers at the bottom of high aspect-ratio holes and the selective 
sputter deposition on areas dependent upon their geometries. 
Multi-step processes involving both removal and deposition 
can be performed in the same sputter reactor, for eXample, 
the inventive reactor With a novel target and associated 
magnetron. 

Apparatus 
[0053] A magnetron sputter reactor 10 of a ?rst embodi 
ment of the invention is illustrated in the schematic cross 




















