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SPUTTERI NG | N A CHAMBER HAVI NG AN | NDUCTI VELY COUPLED PLASMA Fl ELD Q(Q’DWE&'Z .
| N\VENTI ON The present invention relates to plasma generators, and nore
particularly, to a nethod and apparatus for generati ng a plasnma to sputter
deposit a layer of material in the fabrication of semc 7/MBYPVB§)V5
BACKGROUND OF THE | NVENTI ON Low pressure radi o frequency (RF) generate

pl asmas have becone

- A METHOD AND APPARATUS FOR IMPROVING SIDEWALL COVFRAGE
DURING SPUTTERING IN A CHAMBER HAVING AN INDUCTIVELY COUPLED
PLASMA |

Inventors:  Kenny K. Ngan; Simon Hui; and Seshadri Ramaswami

FIELD OF THE INVENTION _
The prese'nt invention felates to plasma generators, and more particularly, to
a method and apparatus for generating a plasma to sputter deposit a layer of
" material in the fabrication of semiconductor devices. '

5 BACKGROUND OF THE INVENTION
" - Low pressure radio frequency (RF) generated plasmas have become
convenient sources of energetic ions and activated atoms which can be employed in
a variety of semiconductor device fabricétion processes including surface
| treatments, depositions, and etching processes. For example, to deposit materials
10 onto a semiconductor wafer using a sputter deposition process, a plasma is
produced in the vicinity of a sputter target material which is negatively biased. lons
created adjacent the target impact the surface of the target to dislodge, i.e., “sputter”
material from the target. The sputtered materials are then transported and
deposited on the surface of the semiconductor wafer.

15 Sputtered material has a tendency to travel in straight line paths, from the
target to the substrate being deposited, at angles which are oblique to the surface of
the substrate. As a consequence, materials deposited in etched openings including
trenches and holes of semiconductor devices having openings with a high depth to
width aspect ratio, may not adequiately coat the Walls of the openings, particularly

20 the bottom walls. If a large amount of material is being deposited, the depositéd
material can bridge over causing undesirable cavities in the deposition layer. To
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conveni ent sources of energetic ions and activated atons which can be
eppl oyed in a variety of semconductor device fabrication processes

i ncl udi ng surface treatments, depositions, and.etching processes. For
exanpl e, to deposit naterlals 10  onto a sem conductor wafer using a

sputter deposition process, a plasma is produced in theAWIﬁ‘lGS‘?IgIIBfP\FDIDV
sputter target material which is negatively biased. |ons created adjacent

the target inpact the surface of the target to dislodge, i.e., "sputter"
e o TR e, BEENSFUL HBE T BB i bl BBHIAER. el
material haghdb 8 bbRVSEHE fafgétianEthe! éhtfstﬁ’a?é 69 hebbﬂ@elyéﬁiélﬁng ooself Bi%siriy)get
to the substrate being deposited, at ang whi'ch are oblique to the
sur f ace ofthe substrate and positioning appropnate vemcally oriented electnc fields adjacent
the substrate if the sputtered material is sufficiently ionized by the plasma.
5 However, material sputtered by a low density plasma often has an ionization degree
of less than 10% which is usually insufficient to avoid the formation of an excessive
number of cavities. Accordingly, it is desirable to increase the density of the plasma _ '
to increase the ionization rate of the sputtered maferial in order to decrease the
" formation of unwanted cavities in the deposition layer. As used herein, the term
10 “dense plasma” is intended to refer to one that has a high electron and ion density,
“in the range of 10"'-10" jonsfcm®.

There are several known techniques for exciting a plasma with RF fields
including capacitive coupling, inductive coupling and wave heating. In a standard
inductively coupled plasma (ICP) generator, RF current passing through a coil -

15 surroundihg the plasma induces electromagnetic currents in the plasma. These
currents heat the conducting plasma by ohmic heating, so that it is sustained in
steady state. As shown in U.S. Pat. No. 4,362,632, for example, current through a
coil is supplied by an RF generator coupled to the coil through an impedance
matching network, such that the coil acts as the first windings of a transformer. The
20  plasma acts as a single turn second winding of a transformer.
- Although such techniques can reduce the formation of voids, further
reduction of void formation is needed.

This Sheet Has Been Re{ilaced




the substrate. As a consequence, materials deposited in etched openings
including trenches and hol es of sem conduct or devi ces havi ng openings w-th
a high depth to width aspect ratio, may not . adequately coat the walls of

t he openings, particularly 20 'the bottomwal Is. If a |arge anmount of
material is being deposited, the deposited material canAwN#d687MBI/PVRADV NQ
undesirable cavities in the deposition layer. To -2- prevent such

cavities, sputtered material can be redirected into substantially vertical
SUMMARY OF THE PREFERRED EMBODIMENTS

It is an object of the present invention to provide an improved method and
apparatus for generating a plasma within a chamber and for spijttér depositing a
layer which enhances both sidewall and bottom coverage.

5 These and other objects and édvantages are achieved by, in' accordance with
one aspect of the invention, a plasma generating apparatus in which a layer of
titanium, a titanium compound or other suitable deposition material is deposited in
such a manner és to increase the coverage of sidewalls of channels, vias and other
high aspect ratio openings and structures having a sidewall in a substrate. It has

10 been found that by increasing the sidewall coverage of underlayers, the flow of
aluminum or other overlayer materials into the opening is enhanced so as'to
substantially reduce the formation of voids in the overlayer.

In one embodiment, increased sidewall coverage by an underiayer material is
achieved by generating an ionizing plasma in a relatively low pressure precursor or

16 sputtering gas. By reducing the pressure of the sputtering gas, it .is believed that
the ionization rate (or the directionality or both) of the underlayer deposition material
passing through the plasma is correspondingly reduced which in turn is believed to
increase the sidewall coverage by the underlayer. Although the ionization rate is
decreased, sufficient bottom coverage of the channels by the underlayer material is

20 maintained. Another advantage of reducing the sputtering gas pressure is that the
deposition rate of the underlayer material may be increased as well.

In an alternative embodiment, increased sidewall coverage by the underlayer
material may be achieved even in a high density plasma chamber by generating the
high density plasma only during an initial portion of the underlayer material

25 deposition. It has been found that good bottom coverage may be achieved by
ionizing the underiayer deposition material using a high density plasma during the
initial portion of the deposition. Once good bottom coverage has been achieved,
the RF power to the coil generating the hi'gh density plasma may be turned off
entirely and the remainder of the underlayer deposition conducted withdut the high

30 | de_nsity plasma. it has been found that good sidewall cbverage is then achieved in’

3
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pat hs between the target and the substrate by negatively biasing (or self
bi asing) the substrate and positioning appropriate vertically oriented
electric fields adjacent the substrate if the sputtered material is
sufficiently ionized by the plasma. 5 .However, material sputtered by a
|l ow density plasma often has an ionizati.on degree of |epps kpgggwmmi S
usual ly insufficient to avoid the formation of an excessive nunber of
cavities. Accordingly, it is desirable to increase the density of the

Po™ecr cadhB FHEA A B eRRpERieE  CRirBelebiie. SHRY SR R e the o “°
used her eigpenintfist &dhievéd combiMii thePbdtior coverdge 6Mpednitial paitioh dfehene t hat
has a high electron and ion density, in the range of 10[err]-10[err]

i ons/ cni erdeposition with the sidewall coverage obtained during the latter portion of the
underiayer deposition.
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There are several known techniques for exciting a plasma with RF fields
I ncl udi ng capacitive coupling, inductive coupling and wave heating. In a
standard i nductively coupled plasma (I CP) generator, RF current passing

through a coil 15 surroundi ng the plasnma i nduces el ectrorragnetic
currents in the plasma. These currents heat the conduct pRge [%,
heating, so that it is sustained in steady state. As shomn |n

4,362,632, for exanple, current through a coil is supplied by an RF
Phat the JORIEE BESCRIPION bF THEARMINGET S ans or mor | he 20 SFSQma
Fochn ques can MEdnioe FRESHECHVe bl Plos3. SiRORaPYIEW of dbleshiioreiling
chamber for improving sidewall coverage in a manner |n accordance with an
embodiment of the present invention.
5 Fig. 2 is a schematic diagram of the electrical interconnections to the plasma
generatlng chamber of Fig. 1.
Fig. 3 is a cross-sectional view of an opening having an underlayer of
deposition material deposited in a high density plasma.
| Fig. 4 is a cross-sectional view of the opening of Fig. 3 having an
10 interconnect layer deposited over the underlayér of Fig. 3.
Fig. 5(a) is-a cross-sectional view of an opening deposited with an underlayer
of deposition material in a low pressure plasma in accordance with the present
invention.
Fig. 5(b) is a cross-sectional view of the openihg of Fig. 5(a) having an
- 15 interconnect layer deposited over the uhdeflayer of Fig. 5(a).
FIG. 6 is a schematic top plan view of a staged-vacuum, multiple chamber
semiconductor wafer processing system incorporating the vacuum chamber of Figs.
1-2.

e
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reduction of void formation is needed. . SUWARY OF THE PREFERRED

EMBODI MENTS It is an object of the present invention to provide an inproved
met hod and apparatus for generating a plasma within a chanber and: for
sputter depositing a |ayer which enhances both sidewall and bottom
coverage. 5 These and ot her objects and advant agap 3657 MYPHSD\LY -
in accordance with one aspect of the invention, a plasnma generating
apparatus in which a |ayer of : '

DETA;I..ED DESCRIPTION OF THE DRAWINGS

Referring first to Figs. 1-2 an example of a plasma generator used in
accordance with an embodiment of the present invention comprises a substantially
cylindrical plasma chamber 100 which is received in a vacuum chamber 102 (Fig.

5 2). The plasma chamber 100 of this embodiment has a single helical coil 104 which
is carried internally of the vacuum chamber walls by a chamber shield 106. The
chamber shield 106 protects the interior walls of the vacuum chamber 102 from the
material being deposited within the interior of the plasma chamber 100.

Radio frequency (RF) energy from an RF generator 300 (Fig. 2) is radiated
10 - from the coil 104 into the interior of the plasma chamber 100, which energizes a
plasma within the plasma chamber 100. An jon flux strikes a negatively biased
target 110 positioned above the plasfna chafnber 100. The plasma ions eject
material from the target 110 onto a substrate 112 which may be a wafer or other
. workpiece supported by a pedestal 114 at the bottom of the plasma chamber 100.
16~ An optional rotating magnet assembly 116 may be provfded above the target 110 to
produce magnetic fields which sweep over the facé of the target 110 to promote
uniform erosion by sputtering of the target 110.
The deposition material sputtered from the target 110 passes through the
plasma energized by the coil 104 prior to being deposited on the substrate 112. A
20 portion of the deposition material passing though the plasma is ionized by the "
plasma. The ionized deposition material is then attracted to a negative potentiai on
the substrate 112. In this manner, the ionized deposition material is redirected to a
more vertical path which facilitates depositing more material into high aspect ratio -
openings in the substrate. |
25 As will be explained in greater detail below, in accordance with one aspect of
the present invention, the ionization of the depositioh material is controlled so as to
improve the sidewall coverage of openings or other structures having sidewalls
while maintaining good bottom 'coveragé as well. Such an arrangement is
particularly useful when depositing an underiayer for an interconnect layer of a
30 metal su'ch as aluminum. For example, the improved sidewall coverage of the

e
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titanium a titanium conpound or other suitable deposition material is
deposited in such a manner as to increase the coverage of sidewalls of
.Channel s, vias-and other high aspect ratio openings and structures having a
sidewall in a substrate. It has 10 been found that by increasing the
sidewal | coverage of underlayers, the flow of aIuninunyRNupTégyy P o
materials into the opening is enhanced so as to substantially reduce the
formati on of voids in the overlayer. In one enbodi nent, increased sidewall

cover aue bRyl G i Ao N T e BBV E AR fERE ™S,
reduci ng thanmeleeder wheh thBalariHun®is Ret iBAzed! 5o a8 1O SigrifiGihtlyretubs the
i oni zation rate (or the directionality or both) of the underlayer
‘deposi t i oinaidenae ef undesirable voids forming in the aluminum layer.
A deposition process in accordance with the present invention is useful for a
5 variety of underlayers including wetting layers, seed layers, nucleation layers and
barrier layers formed from a variety of deposition materials including aluminum,
copper, tungsten, tungsten fluoride, titanium, titanium nitride and tantalum nitride. In
addition, any structure having a sidewall can benefit this process including capacitor
electrodes formed of a number of electrode materials including titanium and
10 platinum. The process may be used to deposit ferroelectrics including BST (barium
 strontium titanate) and PZT (lead zirconium titanate) and conductors including
aluminum, copper and gold. |

Fig. 2 includes a schematic representation of the electrical connections of the
plasma generating apparatus of this illustrated embodiment. To sputter target

15 material onto the substrate 112, the target 110 is preferably negatively biased by a
variabie DC powef source 302 to attract the ions generated by the plasma. In the

- samé manner, the pedestal 114 may be negatively biased by a variable DC power

source 304 to bias the substrate 112 negatively to attract the ionized deposiﬁon
material to the substrate 112. In an alternative embodiment, the pedestal 114 may

20 be biased by a high frequency RF power source to bias the substrate 112 so as to
attract the ionized deposition material more uniformly to the substrate 112. In yet
another alternative embodiment, as set forth in copending application Serial No.
08/677,588, entitled “A Method for Pfoviding Full-face High Density Plasma Physical
Vapor Deposition,” filed July 9, 1996 (Attorney Docket # 1402/PVD/DV) and

25 assigned to the assignee of the present application, an external biasing of the
substrate 112 may be omitted. _

One end of the coil 104 is coupled to an RF source such as the output of an
amplifier and matching network 306, the input of which is coupled to the RF
generator 300. The other end of the coil 104 is coupled to ground, preferably

30 through a capacitor 308, which may be a variable capacitor. '
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passi ng through the plasma is cdrrespondingly'reduced which inturnis
believed to increase the sidewall coverage by the underlayer. Although the
i'oni zation rate is decreased, sufficient bottom coverage of the channels by

t he underl ayer material is 20 mai nt ai ned. Anot her advant age of reduci ng
the sputtering gas pressure is that the deposition rate Y
material. may be increased as well. In an alternative e |ment |ncreased

si dewal | coverage by the underlayer material nay be achleved even in a high
denst Ly Pl asme S OCRPok e SRR R el HhiSE T e BLTGHE PR 0 "
found t hatstgRRsirsPrid (iFIgCﬂV\ﬁh%ﬁ%Ié@McQHy ﬁ‘féﬂlélé@ﬁle Eﬁll Heﬂ'ﬂ?drﬁ thé Sapporting! ayer
deposition material using a high density plasma during t
chamber shield 106 In addition, the insulating coil standoffs 120 have an internal
labyrinth structure which permits repeated deposition of conducﬁve materials from
5 the target 110 onto the coil standoffs 120 while preventing the formation of a
' complete conducting path of deposited material from the coil 104 to the chamber
shield 106. Such a completed conducting path is undesirable because it could short
the coil 104 to the chamber shield 106 (which is typically grounded).
RF power is applied to the coil 104 by feedthrough bolts which are supported
-10 by insulating feedthrough standoffs 124. The feedthrough standoffs 124, like the
coil support standoffs 120; permit repeated deposition of conductive material from
the target onto the feedthrbugh standoff 124 without the formation of a conducting
path which could short the coil 104 to the chamber shield 106. The coil feedthrough
standoff 124, like the coil support standoff 120, has an internal labyrinth structure to
15 prevent the formation of a short between the coil 104 and the wall 126 of the shield.
The feedthrough is coupled to the RF generator 300 (shown schematically in Fig. 2)
through the matching network 306 (also shown schematically in Fig. 2).
- As set forth above, the RF power radiated by the coil 104 energizes the
plasma in the chamber to ionize the target materiai being sputtered from the target
20 110. The ionized sputtered target material is in turn attracted to the substrate 112
which is at a negative (DC or RF) potential to attract the ionized deposition material
to the substrate 112. | '
Fig. 3 shows in cross section an opening 400 in an oxide Iayer_402 ofa
substrate in which an underlayer 404 of titanium has been deposited. The opening
25 400 may be a via, channel or other structure having a sidewall or a narrow cross-
sectional width (1 micron or less, for example) and a high depth to width aspect
ratio. In the example of Fig. 4, the opening has a width of approximately .34 "'
microns and a depth to width aspect ratio of approximately 3. Absent ionization,
much of the titanium atoms arriving on the surface 406 of the substrate would be at
30 - angles too oblique to penetrate very deeply into the opening 400.. Consequently, to
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initial portion of the deposition. Once good bottom coverage has been
achieved; the RF power to the coil generating the high density plasma may
be turned off entirely and the remai nder of the underlayer deposition
conducted without the high 30 ~ density plasma. It has been found that

good sidewal |l coverage is then achieved in~ the IatteAMga{ésﬁI{nd,ﬁg DV
deposition. Consequently, good overall coverage of the ‘opening Is acFu)lJeved

conbi ning the bottom coverage of the initial portion of the deposition with
the si de_mﬁlclreacsoev ﬁ'lrea%ogrqtt gij t{]lg%r%? Ee'npe%ntght?rel oaptetn?rriQ BB{)t f;tSH;L% swﬁsred from
the target 110 is preferably ionized by the plasma in the chamber so that the path of
travel of at least some of the deposition material is more vertically aligned so as to
reach the bottom of the opening 400.

5 In the deposition of the titanium underlayer 404 of Fig. 4, the pressure of the
‘argon precursor or sputtering gas was approximately 30 mTorr, a typical value for
high density plasma sputtering. Although the ionization of the titanium at this
pressure permits very good bottom coverage as indicated by the bottom portion 408
of the underiayer 404, it has been found that the resultant sidewall coverage can be

10 very thin as indicated by the side wall portion 410 of the unde'rléyer 404, or even
discontinuous. It is believed that sidewall coverage this thin hinders the interaction
between the titanium underlayer 404 and the subsequently deposited aluminum
interconnect layer 412 (Fig. 4) such that voids 414 form in the aluminum layer at an
undesirable rate. _ | ,

16 It has been found that the sidewall coverage of the underlayer may be .
significantly improved by generating the ionizing plasma at a pressure substantially
below the pressures typically used in high density plasma sputterings. Figure 5(a)
shows an opening 500 in an oxide layer 502 of a substrate in which an underlayer
504 of titanium has been deposited in a plasma generated at an argon sputtering

20 gas pressure of 5 mTorr rather than 30 mTorr. As shown in Figure 5(a), very good
bottom coverage as indicated by the bottom portion 508 has been maintained yet
the sidewall coverage has been substantially thickened as indicated by the side wall
portion 510 of the underlayer 504. (The relative proportions of the underlayer 504
are not shown to scale in Fig. 5(a) but are exaggerated for purposes of clarity.) This

25 improved sidewall coverage is believed to result from a decrease in the ionization
rate of the titanium by the plasma. Because the plasma is generated in a lower
pressure argon sputtering gas, it is believed that fewer argon ions and electrons are
generated in the plasma such than fewe_r étoms of the titanium are ionized prior to
depositing on the substrate. As a consequence, the angle of incidence of the

30 fitanium atoms is, on average, more oblique such that an increased percentage of

9
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under | ayer deposition. -5- BRIEF DESCRIPTION OF THE DRAWNGS Fig. 1 is a
perspective, partial cross-sectional view of a plasma generating chanber
for inmproving sidewall coverage in a manner in accordance with an

enbodi nent of the present invention. 5 ~ Fig. 2 is a schematic

di agram of the electrical interconnections to the pl asNEM# 1657/MD/PVD/DV

the titarium is deposiied on the sidewall rather than the bottom of the opening 500.
Nonetheless, a sufficient amount of the titanium is ionized so as to Iensure adequate
bottom coverage of the opening 500 as well. It is believed that both good sidewall |
and good bottom coverages may be achieved at other sputtering gas pressures

5  below 30 mTorr including 20 and 10 mTorr. o '

| Fig. 5(b) shows an aluminum interconnect layer 512 deposited onto the

titanium underlayer 504. Because of the improved sidewéll coverage of the
underlayer 504, the aluminum interaction with the titanium underlayer 504 is
improved such that the opening more frequently fills completely without forming a

10 void. Resistances of aluminum interconnect layers deposited in vias of test wafers
in which the underlying titanium layers were deposited at pressures 'of 10 mTorr and
20 mTorr have shown remarkable décreases over those in which the underlying

titanium layers were deposited at 30 mTorr. It is believed that the substantial
improvement in resistance is a result of a substantial reduction in the number of

15 voids in the aluminum layer in the vias as a result of improved sidewéll coverage by
the titanium underlayer. _ .

Although the improved process of the |llustrated embodiment has been
described in connection with a titanium underlayer and an aluminum overlayer, it
should be appreciated that the present invention is applicable to enhanéing '

20 sidewall coverage of wetting layers, seed layers and nucleation layers of other types
of materials. For example, the process méy be applied to enhance the sidewall
coverage of under layers formed of titanium nitride, tantalum and tantalum nitride for
aluminum fill and copper barrier layers. Other applications include enhancing the
sidewalls of seed layers of aluminum or copper for subsequent depositions of

25 nonionized aluminum or copper, respectively. - Still other examples include
improving sidewall coverage of tungsten nucleation layers as part of a CvD _
(chemical vapor deposition) process. Further st_ructures which can benefit from the
process of the present invention include electrodes of devices such as capacitors '
and other conductors. ‘
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generating chanber of Fig. 1. Fig. 3 is a cross-sectional view of an

openi ng havi ng an under| ayer of deposition material deposited in a high -
density plasma. Fig. 4 is a cross-sectional view of the opening of Fig. 3
havi ng an 10 i nterconnect | ayer deposited over the underlayer of Fig.

3. Fig. 5(a) is a cross-sectional view of an openi ng degpgi 1&‘,17,'“3/[33@70\/
under | ayer of deposition material in a |low pressure plasm I n accordance

with the present invention. Fig. 5(b) is a cross-sectional view of the

openi ng of " F1 3 3 eluiVieriBodinent, 1 SASSHUYEF for Y BueltGibl Stofited "o

under | ayer of
layer may be formed in a two-step process in which, in the first step, an initial

portion of the underiayer is deposited in a high pressure (e.g. 30 mTorr) plasma with
RF power being applied to the coil 104 at a relatively high level such as 1500 watts,
5 for example. As a result, the initial portion of the underlayer will look substantially
like the underiayer depicted in Figure 3 in which good bottom coverage is achieved
but the sidewall coverage is relatively thin. However, before the deposition of the
underlayer is completed, in a second step, the RF power to the coil 104 may be
substantially reduced or even turned off so as to reduce or eliminate ionization of
10 the material being deposited. As a conseduence the amount of depositiori material
being deposited onto the substrate at oblique angles will be increased after the RF
power to the coil is turned off which will in tum enhance the sidewall coverage of the
openings in a manner similar to that depicted in Fig. 5(a). In this manher, the
bottoms of the openings are preferentially deposited in the first step and the
- 15 sidewalls are preferentially deposited in the second step.so as to achieve a good
overall coating of both the bottoms and sidewalls forming the underlayer. During
the second'step, the pressure may be maintained at the full 30 mTorr level or
alternatively, since ionization of the deposition material is reduced or eliminated, the
presshre may be reduced substantially so as to reduce scattering and increase the
20 deposition rate onto the substrate. _ |
Figure 6is a schematic plan view of a staged-vacuum semiconductor wafer -
processing system 620 of the type which is described in greater detail in U.S. Patent
no. 5,186,718. The system 620 includes é housing 622 which defines four
chambers: a robot buffer chamber 624 at one end, a transfer robot chamber 628 at
25 the opposite end, and a pair of intermediate processing or treatment chambers 626
and 627. Although one or more load lock chambers 621 may be used, preferably
two or three such chambers are mounted to the buffer chamber and in
communication with- the interior of the buffer robot chamber via access ports 636
and associated slit valves 638. A plurality of vacuum processing chambers 634
30 (including the chamber 100 described above) are mounted about the periphery of

11
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FIG 6 is a schematic top plan view of a staged-vacuum nultiple chanber
sem conduct or waf er processing systemincorporating the vacuum chanber of
Figs. 1-2. -6- DETAI LED DESCRI PTI ON OF THE DRAW NGS Referring first to
Figs. 1-2, an exanple of a plasma generator used in accordance with an
enbodi nent of the present invention conprises a substanhnvg 1657/ MD/PVD/DV

the transfer robot station. The chembers 634 may be adapted for various types of
processing including etching |
and/or deposition. Access is provided to and between each of the chambers by an
associated port 636 and gate valve 638.

5 The robot chambeérs 624 and 628 communicate with one another via the

| intermediate processing or treatment chambers 626 and 627 (aiso called "treatment"
chambers). Specifically, intermediate treatment chamber 626 is located along a
corridor or pathway 630 which connects the transfer robot chamber 628 to the buffer
robot chamber 624. Similarly, the second intermediate treatment chamber 627 is

10 located along a separate corridor or pathway 632 which connects the robots 628

- and 624. These separate paths between the two robot or transfer chambers permit

one path to be used for loading or unloading'while the system is being used for
Wafer processing treatment and, thus, provide increased throughput. The chambers
626 and 627 can be dedicated to pre-treating (e.g., plasma etch cleaning and/or

15 heating) of the wafers before processing in chambers 634 or post-freating (e.g.,
cool-down) of the wafers following treatment in chambers 634; alternatively, one or
both of the chambers 626 and 627 can be adapted for both pre-treatment and
post-treatment. ' |

Preferably, the housing 622 is a monolith, i.e., it is machined or otherwise

20 fabricated of one piece of material such as aluminum to form the four chamber
cavities 624, 626, 627 and 628 and the interconnecting corridors or pathways 630
and 632. The use of the monolith construction facilitates alignment of the individual
chambers for wafer transport and also eliminates difficulties in sealing the individual
chambers.

25 One typical operational cycle of wafer transport through the system 20 is as
follows. Initially, an R THETA buffer robot 640 in chamber 624 picks up a wafer
from a cassette load fock 621 and transports the wafer to chamber 626 which
‘illustratively etch cleans the surface of the wafer. R THETA transfer robot 642 in
chamber 628 picks up the wafer from the pre-cleaning chamber 626 and transfers

30 the wafer te a selected one of the preferably high vacuum processing chambers

1 -
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cylindrical plasma chanber 100 which is received in a vacuum chanber 102
(Fig. 5 2). The plasma chanber 100 of this enbodi ment has a single
Helical coil 104 which is carried internally of the vacuum chanber walls by
a chanber shield 106. The chanber shield. 106 protects the interior walls of

t he vacuum chanber 102 fromthe material being deposite L b VD/DV
interior of the plasma chanber 100. Radi o frequency ( energy froman RF
gener at or 300 (Fig 2) is radiated 10 fromthe coil 104 into the

T Biag G o e SR e MR Rer BRI g Suh R uib e
o LR o b TS 00 Y Tl s o
robot 642 can transfer the wafer selectively to one or more of the other chambers
634 for prdcessing. Included amongst these chambers is a deposition chamber
5 which deposits aluminum or other suitable interconnect material on the underiayer
previously deposited in the chamber 100. Because the underiayer has good
sidewall as well as boitom coverage, the chamber debositing the aluminum may be
a conventional magnetron sputtering chamber which does not have an RF coil to
produce a high density plasma to ionize the aluminum. Instead, the aluminum may
10 be deposited without being ionized yet can form an interconnect layer having a
- relatively low resistance with few or no voids in the openings. Upon completion of
-deposmons and etchings, the transfer robot 642 transfers the wafer to intermediate
processing chamber 627 which illustratively is a cool-down chamber. After the
cool-down cycle, buffer robot 640 retrieves the wafer from the chamber 627 and
15 returns it to the appropriate cassette load lock chamber 621.

The buffer robot 640 may be any suitable robot such as the dual four-bar link
robot disclosed in allowed Maydan et. al. patent application, entitied “Multi-Chamber
Integrated Process System", U.S. Application Serial No. 283,015, now abandoned,
which application is incorporated by reference. The transfer robot 642 likewise may

20 be any suitable robot such as the robot' described in the aforementioned U.S. Patent
No. 5,186,718. |
‘The control functlons described above for the system 600 including the
control of power to the RF coils, targets and substrates, robot control, chamber
venting and pumping control, and céssett_e indexing are preferably provided by a
25 workstation (not shown) programmed to control these system elements in
accordance with the above description. | '

In each of the embodiments discussed above, a muitiple turn coil 104 was
used, but, of course, a single turn coil may be used instead. Still further, instead of
the ribbon shape coil 104 illustrated, each turn of the coil 104 may be implemented

30 with a flat, open-ended annular ring as described in copending application Serial |
___—________~____~___
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wor kpi ece supported by a pedestal 114 at the bottom of the plasma chanber
100. 15 An optional rotating nagnet assenbly 116 nay be provi ded above
the target 110 to produce magnetic fields which sweep over the face of the
target 110 to pronote uniform erosion by sputtering of the target 110. The

cnorgi zed by the coi I 104 prior to being deposited on TREFISEANDIBEDRE"
20  portion of the deposition material passing though the plasma is
2 negati viiooBBERe SHE sntilay s for.Gaharaing 2 PRI EM AR SPVIRIG figed
a6 54 SO s e o
of the present apphcahon which appllcatlon is mcorporated herein by reference in
its entirety. |
5 Each of the embodiments discussed above utilized a single coil in the plasma
chamber. It should be recognlzed that the present invention is applicable to plasma
chambers having more than one RF powered coil or RF powered shields. For
example, the present invention may be applied to multiple coil chambers for
launching helicon waves of the type described in aforementioned copending
10 application serial No. 08/559,345, filed November 15, 1995 and entitied “Method
And Apparatus For Launching a Helicon Wave in a Plasma” (Atty Docket No. 938)
" The appropriate RF generators and matching circuits are components well
known to those skilled in the art. For example, an RF generator such as the _ENI
Genesis series which has the capability to “frequency hunt” for the best frequency
16 match with the matching circuit and antenna is suitable. The frequency of the |
generator for generating the RF power to the coil 104 is preferably 2 MHz but it is
anticipated that the range can vary from, for example, 1 MHz to 4 MHz. An RF
power setting of 1.5 kW is preferred but a range of 1.5-5 kW is satisfactory. In
addition, a DC power setting for biasing the target 110 of 5 kW is preferred but a
20 range of 2-10 kW and a pedestal 114 bias voltage of -30 volts DC is satisfactory.

A variety of sputtering gases may be utilized to generate the plasma including
Ar, H,, O, or reactive gases such as NF,, CF, and many others. Various sputtering
gas pressures are suitable including pressures of 0.1 - 50 mTorr. For ionized PVD,
a pressLlre between 10 and 100 mTorr is preferred for best ionization of sputtered

25 material. .

It will, of course, be understood that modifications of the present invention, in
its various aspects, will be apparent te those skilled in the art, some being apparent
only after study, others being matters of routine mechanical and electronic design.
Other embodiments are also possible, their specific designs depending upon the

30 particular application. As such, the scope of the invention should not be limited by

14
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openings in the substrate. 25 As will be explained in greater

detail below, in accordance with one aspect of the present invention, the
i‘oni zation of the deposition material is controlled so as to inprove the
si dewal | coverage of openings or other structures having sidewalls while

mai nt ai ni ng good bottom coverage as well. Such an arran 57'@‘[')",\, /DV
particul arly useful when depositing an underlayer for anin erconnectD Payer
of a 30 metal such as alum num For exanple, the inproved sidewall

f th _
cover age 913 tpaﬁicular embodiments herein described but should be defined only by the

appended claims and equivalents thereof.
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-7- underl| ayer has been found to signifi cant | y facilitate the flow of
alum numinto the channel, even when the alum numis not ionized, so as to-
S|gn|f|cantly reduce the |nC|deﬁee—e=f-—undes*rfabl—e—v0| ds formng in the

al um num | ayer. A deposition pr cess i r an e wth the present
invention is useful for a5 - ﬁﬁﬁﬁ yers i m VolBv
| ayers, seed |ayers, nucleation | er layers forne rom a
vari ety of deposition materials | num copper, tungsten,

tungstenw‘ slgr ':Nﬁ' tltanlumnltrlde and tantalumnitride. In
-addi ti on ﬂg‘? G EBn'g\ﬂ ng a sidewall can benefit this process

i ncl udi ng capacitor el ectrodes fornmed of a nunber of electrode materials
i ncluding titanium and

1. A process for sputter deposntmg a Iayer of material into a workpiece
structure having a sidewall, comprising:
providing a sputtering gas into a chamber at a pressure below 20 mTorr,
applying RF power fo a coil to ionize the sputtering gas to form a plasma;
5 sputtering a target to sputter target material toward a workpiece; and
ionizing a portion of said sphﬁered target material before it is deposited onto
said workpiece.

2. The process of claim 1 wherein said sputtering gas is at a pressure of
5-10 mTorr. |

3. - The process of claim 1 wherein 'said target material is selected from
the group of titanium, tantalum, aluminum, copper and tungsten. '

4. The process of claim 3 \M'\e_reiri said target material is a compound of
nitrogen and a material selected from the group of tantalum and titanium.

RO O
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10 pI ati num The process may be used to deposit ferroelectrics
I ncl udi ng BST (bariu 1 um ti tanat m-strontiumtitanate) and PZT (lead zirconiumtitanate)

and conductors incl udl,Irp1 ggeper and gold. Fig. 2 includes a
schematic representatio ri cal connections of the plasm
generating apparatus of l \“‘ t ed enbodi nent . ?\W"‘%‘WMWVE’W 5

material onto the subst target 110 is preferably negative
bi ased by a variabl e DC power source 302 to attract the ions gener at ed by

by o vari abl o BC poleloent Ff seylef aSRNg poduer FpaRBal T8 ARt ol y r o

attract tdfﬁbﬁr@?biéw'ﬂplé%b tompfiBingf i al to the substrate 112."In an
al ternative enbodi nent, the pedestal 114 may -
providing a sputterlng gas into a chamber;

applying RF power to a coil to ionize the sputtering gas to form a plasma
5 ~ sputtering a target to sputter target material toward a workpiece;
ionizing a portion of said sputteréd target material before it is deposited onto
said workpiece; ' |
reducing said RF power to said coil while continuing to sputter said target so
as to reduce ionization of said sputtered target material before it is deposited onto
10 said workpiece. | |

6. The process of claim 5 wherein said RF power reducing step reduces
said RF power to zero. ' |

7. A process for sputter depositing a layer of material into an opening of
a workpiece, said opening having a bottom and sidewalls, said process comprising:

sputtering a target to sputter target material toward a workpiecé;

ionizing a portion of said sputtered target material bef_ore it is deposited onto

5 said workpiece so that sputtered material which is deposited in said opening is

deposited primarily on the bottom of said opening; and

reducing said ionizing of sputtered material so that sputtered material
deposited in said opening is deposited primarily on the sidewalls of said opening.

8. The procéss of claim 7 wherein said ionizing reducing step reduces

jonization of sputtered material to zero.

_ 9. The process_'of claim 7 wherein said sputtering gas is at a pressure of
5-10 mTorr. | |

R



20 De birased by a high frequency' RF power source to bias the substrate
112 80, Set btk Bkt Repatedt he i oni-zed deposition material nore uniformy to the

3ubst t anot her alternative enbodi nent, as set forth in
copen [IlE“ lH n Serial No. 08/677,588, entitled "A Method for

Pr ovi H gh Density Plasma Physical Vapor Aqgq d
July 9, 1996 (Attorney Docket # 1402/ PVD/IDV) and 25 assi g?r?zy DlPV?ﬂﬁV
assi gnee of the present appl | cation, an external bi asi ng of the substrate
112 may be omted 0.l ou n e such
as the output i¢ Tgﬁ%rf ‘hﬂmmrﬁ% 5&%’9@5@3""@@*%&? ich -
i's coupl eghe ohb%fﬁalﬂﬁﬂﬁ'téﬁtﬁruﬁ@umﬂﬁnoédﬁfer% tﬁftgét%ﬁ coil 104 is :

coupled to ground preferably

11. A process for sputter depositing layers of materials into a workpiece
structure having a sidewall and' a bottom, comprising: |

sputtering a first target in a first chamber to sputter target material toward a
workptece ' '

5 ionizing a portion of said sputtered first target material before it is deposited
onto said workpiece so that sputtered material which is deposited on said structure
is deposited primarily on the bottom of said structure; and

reducing said ionizing of said sputtered first target matertal so that sputtered
first target material deposited on said structure is deposited primarily on the
10 sidewalls of said structure; '
transferring said workpiece to a second chamber;
sputtering a second target to sbutter a second target material onto said

structure of said workpiece to deposit on top of said first material deposited on said
structure.

" 12. The process of claim 11 wherein said sputtering gas is at a pressure of
5-10 mTorr.

13.  The process of claim 11 wherein said first target material is selected
from the group of titanium, tantalum, aluminum, copper and tungsten. '

14.  The process of claim 11 wherein said second target material is
selected from the group of aluminum and copper. '

16. A process for sputter depositing layers of materials into a via or
channel of a workpiece, comprising:

provrdmg a sputtering gas into a first chamber at a pressure below 20 mTorr;

18
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30 t hrough a capacitor. 308, which may be a variable capacitor. - 8-
The coil 104 is carried on the chanber shield 106 by a plurality of coi
standoffs 120 (Fig. 1) which electrically insulate the coil 104 fromthe
supporting chanber shield 106. In addition, the insulating coil standoffs
120 have an internal |abyrinth structure mhlch permts ?ﬁgg on
of conductive materials %lrom 5 the target 1 10 ontoﬁ'g qggl?fhs an ":N
120 whil e -preventing the formation of a

applying RF power to a coil i in said first. chamber to ionize said sputtering gas
to form a plasma;

sputtering a target to sputter a first target material toward a workpiece;

ionizing a portion of said sputtered target material before it is deposited onto

5 said workpiece; , '

transferring said workpiece to a second chamber; |

sputtering a second target to sputter a second target material toward said
workpiece. |

16.  The process of élaim 15 wherein said sputtering gas is at a pressure of
" 5-10 mTorr. ' '

17.  The process of claim 15 wherein said first target material is selected
from the group of titanium, tantalum, aluminum, copper and tungsten.

18. The process of claim 15 wherein said second target material is
selected from the group of aluminum and cppp'er.
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conpl ete conducting path of deposited-material fromthe coil 104 to the
chanmber shield 106. Such. a conpl eted conducting path is undesirable because

it could short the coil 104 to the céD6 (which is typically
grounded). RF power is applied to t
are supported 10 by insulating f

2

ﬁ f eedt hrough bol ts whi ch

ndof f ersmﬂwpvo/ov
ffs t

f eedt hrough standoffs 124, |ike the coil support stando 120, perm
repeat ed deposition of conductive material fromthe target onto the

coul d short ¢ hettor 1A AeSatytor cndafael ble¥the ithinrd BB ideE , olh
standof f ¥3¥ricatiofesystémaeisputtepiiérial iontd afworkpibcel e apparates G@fhpﬁﬁh?f i nth

structure to 15 prevent the formation of a short between the coil 104
and the wal | 1Zcsemiconducter fbrication chamber having a plasma generation area within

said chamber and containing a sputtering gas at a pressure less than 25 mTorr; ‘and
5 a coil carried by said chamber and positioned to couple energy into said
plasma generation area.

20. The apparatus of claim 19 including a target including is a target
material selected from the group of titanium, tantalum, aluminum, copper and
tungsten. | '

21. . A semiconductor fabrication system for sputtering multiple layers of
materials onto a workpiece, the system comprising:
a first semiconductor fabrication chamber having a plasma generation area
within séid chamber and containing a sputtering gas at a pressure less than 25
5 mTorr,; _ |
said first chamber having a target of a first target material which includes a
material selected from the group of titanium, tantalum, aluminum, copper and
tungsten; |
a coil carried by said first chamber and positioned to couple energy into said
10 plasma generation area to ionize said first target material to form an underlayer of
said first material on said workpiece;
" asecond semiconductor fabrication chamber; and
said second chamber having a second target of a second target matérial
which includes a material selected from the group of aluminum and copper, for
15 forming a layer on said underlayer. '

20
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The feedthrough-is coupled to the RF generator 300 (shown schematically in
Fig. 2) through the matching network 306 (al so shown schematically in Fig.
2). As set forth above, the RF power radiated by the coil 104 energizes the
plasma in the chamber to ionize the target material being sputtered from
the target 20 110. The ionized sputtered target matg '16 /PVDIDV

attracted to the substrate 112 which is at a negative ( potentlal
to attract the ionized deposition nmaterial to the substrate 1 12. Fig. 3

SO L oo e B a8 B AR R SRl ot
401?88 fsffiy b_Pab?ldéhén sySem e sﬁl.nttéﬁrhﬁferi%l bHES & Worksist8 dthe Sppirafis| comprising! r ow
a semiconductor fabrication chamber having a plasma generation area within
said chamber; _ | |
5 a coil carried by said chamber and positioned to couple energy into said
plasma generation area to ionize said material prior to deposition onto said
| workpiece; |
an RF generator coupled to said coil to provide RF power to said coil; and
control means for controlling said RF generator to provide power at a high
10 level during an initial portion of a sputter deposition and to provide power at a
reduced level including zero power in a subsequent portion of said spuﬁer
deposition.

23. = The apparatus of claim 22 including a target including a material
selected from the group of titanium, tantalum, aluminum, copper and tungsten.
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sectional width (1 mcron or less, for exanple) and a high depth to width
aspect ratio. In the exanple of Fig. 4, the opening has a wi dth of
approximately .34 mcrons and a depth to wi dth aspect ratio of
approximately 3. Absent ionization, nuch of the titaniumatons arriving on
the surface 406 of the substrate would be at 30 angl Am# IB579ND/PVD/DY
penetrate very deeply into the opening 400. Consequently, to -9-

i ncrease the amount of material entering t he openi ng 400, titanium

sputtered fromy, A semiconductor fabrication system for sputtering multiple layers of
materials onto a workpiece, the system comprising: _

a first semiconductor fabrication chamber having a plasma generation area
within said chamber and a target of a first target fnaterial which includes a material

5 selected from the group of titanium, tantaluin, aluminum, copper and tungsten;

a coil carried by said chamber and positioned to couple energy- into said
plasma generation area to ionize said first target material prior to deposition onto
saijd workpiece;

- an RF generator coupled to said coil to provide RF power to said coil; and
10 control means for controlling said RF generator to provide power at a high
level during an initial portion of a sputter deposition and to provide power at a
reduced level including zero power in a subsequent portion of said sputter
deposition;

a second semiconductor fabricatibn chamber; and

15 said second chamber having a second target of a second target material
_Which includes is a material selected from the group of aluminum and copper, for
forming a layer on said underlayer.
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the target 1 10 is preferably ionized by the plasma in the chanber so that
the path of travel of at |east sonme of the deposition material is nore
vertically aligned so as to reach the bottom of the opening 400. 5

In the deposition of the titaniumunderlayer 404 of Fig. 4, the pressure of

t he argon precursor or sputtering gas was apprOX|naterwmmg1ﬁgmwmnwmvbmgvcal
val ue for high density plasma sputtering. Al though the ionization of the

titaniumat this pressure permts very good bottom coverage as indicated by
the bottom portion 408 of the underlayer 404, it has been found that the
resul tant sidewall coverage can be 10 very thin as indicated by the
side wall portion 410 of the under| apA\BSTRMCTOr even di scontinuous. It is

believed that sidewall coverage this thin hinders the interaction
Increased sidewall coverage by a sputtered material is achieved by

generating an ionizing plasma in a relatively low pressure sputtering gas.. By
5 reducing the pressure of the sputtering gas, it is believed that the ionization rate of

the deposition material passing through the plasma is correspondingly reduced
which in turn is believed to increase the sidewall coverage by the underiayer.
Although the ionization rate is decreased, _sufﬁcient bottom coverage of the by the
material is maintained. in an alternative embodiment, increased sidewall coverage

10 by the material may be achieved evenina high density plasma chamber by |
generating the high density plasma only during an initial portion of the material
deposition. Once good bottom coverage has been achieved, the RF power to the
coil generating the high density plasma may be turned off éntirely and the remainder .
of the deposition conducted without the high density piasma Consequently, it has

~ 15 been found that good sidewall coverage is achieved in the latter part of the
- deposition.
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bet ween the titani umunderlayer 404 and the subsequently deposited al um num
I nterconnect |ayer 412 (Fig. -4) such that voids 414 formin the al um num
|'ayer at an undesirable rate. 15 It has been found that the

si dewal | coverage of the underlayer nmay be significantly inproved by
generating the ionizing plasma at a pressure substantially bel ow the
pressures typically used in high density plasma sputterings. Figure 5(a)
shows an opening 500 in an oxide |layer 502 of a substrate in which an
under | ayer 504-of titanium has been deposited in a plasna generated at an
argon sputtering 20. - gas pressure of 5 nTorr rather than 30 niorr. As
shown in Figure 5(a), very good bottom coverage as indicated by the bottom
portion 508 has been maintai ned yet

7/
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the sidewall coverage has been substantially thickened as indicated by the
side wall portion 510 of the underlayer 504. (The relative proportions of
t'he underl ayer -504 are .not shown to scale in Fig. 5(a) but are exaggerated
for purposes of clarity.) This 25. i mproved sidewal| coverage is believed
to result froma decrease in the ionization rate of the titaniumby the

pl asma. Because the plasma is generated in a | ower pressure argon
sputtering gas, it is believed that fewer argon ions and el ectrons are
generated in the plasma such than fewer atons of the titaniumare ionized
prior-to depositing on the substr 18 he angl $0Of

‘i nci dence of the 30 titani nor e iillgye such

that an increased percentage

302
306
_%\308 |
\102
304
N\ /
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-10- the titaniumis deposited on the sidewall rather than the bottom of

t he openi ng 500. Nbnethel ess; a sufficient anmount of the titaniumis

i‘oni zed so as to ensure adequate bottom coverage of the opening 500 as
well. It is believed that both good sidewall and good bottom coverages may
be achi eved at other sputtering gas pressures 5 bel ow 30 niforr i ncl udi ng
20 and 10 nTorr. Fig. 5( shows an al um num i nterconnect |ayer 512
deposited onto the titan 'T$derlayer 504408 cause of the inproved

si dewal | coverage.of the : ' :

R .

504

1 500 | |
IR /A

Yig. 51 '

is Sheet Has Been Reﬁaced

b



underl ayer 504, the alum numinteraction with the titani umunderlayer 504
I's inmproved such that the opening nore frequently fills conpletely wthout
fform ng a 10 voi d. Resistances of alum numinterconnect |ayers deposited
in vias of test wafers in which the underlying titaniumlayers were
deposited at pressures of 10 mTorr and 20 mlorr have shown renarkabl e
decreases over those in which the underlying titaniumlayers were deposited

at 30 mforr. It is believed that the substanti al inprg*eﬂjﬂ in resistance
is aresult of a substanti al ~~edigtdiithe niinher 15 VO| ds in the

al um num | ayer in theAﬁ&ﬂg -Q.&\re It ok i nphoved i de | ¢overage by the
titani um underl ayer. ugh e i mprAfed\ process of\the W\ | ustrated
enbodi nrent has been N ‘400 :

%

504

Pig. 58)
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described in connection with a titaniumunderlayer and an al um num
overlayer, it should be appreciated that the present invention is
dpplicable to enhanci ng 20 sidewal | coverage of wetting |ayers, seed _
| ayers and nucleation | ayers of other types of materials. For exanple, the
process may be applied to enhance the sidewall coverage of under |ayers
formed of titaniumnitride, tantalumand tantalumnitride for alum numfill
and copper barrier layers. Other applications include enhancing the
sidewal I s of seed |ayers of alum num oj—eoppet+-fon subsequent % ositions
of 25 nonioni zed al um num or coppery respectivdly. Stlh//ﬁf exanpl es
I ncl ude i nproving sidewall coverage ofltungsten nucl eati or¥ | ayers as part

of a CVD (chem cal vapor dﬁgpsition)-p%ocess. Furt(mweg ructupgs which can
7 . P
/ N | ' \

benefit fromthe
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-process of the present invention |nclude el ectrodes of ‘devi ces such ‘as
.capaci tors and other conductors.  In an alternative embodi nent, ﬂﬂ@%]ﬁ?-ﬁg
underl-ayer for the overlying interconnect |ayer may be formed in a two-step
process in which, in the first step, an initial portion of the underlayer
is deposited in a high pressure (e.g. 30_qiorr) plasma with RF power being
applied to the coil 104 at a relatively fitgh |l evel such as 1500 watts, 5
for exanple. As a result, the initial portion of the underlayer will | ook
substantially ’

A METHOD AND APPARATUS FOR IMPROVING SIDEWALL COVERAGE
DURING SPUTTERING IN A CHAMBER HAVING AN INDUCTIVELY COUPLED
'PLASMA

FIELD OF THE INVENTION

The present invention relates to plasma generators, and more particularly, to
a method and apparatus for generating a plasma to sputter deposit a layer of
material in the fabrication of semiconductor devices.

5 BACKGROUND OF THE INVENTION
Low pressure radio frequency (RF) generated plasmas have beconie
convenient sources of energetic ions and activated atoms which can be employed in
a variety of semiconducter device fabrication processes including surface
treatments, depositions, and etching processes. For example, to deposit materials

10 onto a semiconductor wafer using a sputter deposition process, a plasma is
produced in the vicinity of a sputter target material which is negatively biased. lons
created adjacent the target impact the surface of the target to dislodge, i.e., “sputter”
material from the target. The sputtered rhaterials are then transported and
deposited on the surface of the semiconductor wafer.

15 - Sputtered material has a tendency to travel in straight line paths, from the
target to the substrate being deposited, at angles which are oblique to the surface of
the substrate. As a consequence, materials deposited in etched openings including
trenches and holes of semiconductor devices having openings with a high depth to
width aspect ratio, may not _adequately coat the walls of the openings, particularly

20 the bottom walls. If a large amount of material is being deposited, the deposited

material can bridge over causing undesirable cavities in the deposition layer To

_ REPLACENE%H‘SHELTS 8G
fescnpﬂon : paged . {.. to paged ! 1%
Claim(s) :paged .o paged £
Drawing(s) : paged ..L. to paged ..
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Jike the underlayer depicted in Figure 3 in which good bottom coverage is
achi eved but the sidewall coverage is relatively thin. However, before the
deposition of the underlayer is conpleted, in a second step, the RF power
to the coil 104 nmay be substantially reduced or even turned off so as to
reduce or elimnate ionization of 10  _ghe material being deposited. As a
consequence the amount of deposition mat®rial being deposited onto the
substrate at oblique angles will be increased after the RF power ‘to the -
coil is turned off which will in turn enhance the sidewall coverage of the

open 1S e ARH i oo BbutiBR BT /B BIF hodot A dPieaE
and the 1%paths petlouen e RrgetirRf Bieeilibstiaty by PRQEtVEY bidsihg CosesiPPidskggP SO
as to achieve a good

the substrate and positioning appropriate vertically oriented electric fields adjacent

the substrate if the sputtered material is sufficiently ionized by the plasma.

5 However, material sputtered by a low density plasma often has an ionization degree
of less than 10% which is usually insufficient to avoid the formation of an excessive
number of cavities. Accordingly, it is desirable to increase the density of the plasma
to increase the ionization rate of the sputtered material in order to decrease the
formation of unwanted cavities in the deposition layer. As used herein, the term

10 “dense plasma’ is intended to refer to one that has a high electron and ion density,
in the range of 10''-10" ions/cm?®, _

There are several known techniques for exciting a plasma with RF ﬁeids
including capacitive coupling, inductive coupling and wave heating. In a standard
inductively coupled plasma (ICP) generator, RF current passing through a coil

15 surrounding the plasma induces electromagnetic currents in the plasma. These
currents heat the conducting plasma by ohmic heating, so that it is sustained in
steady state. As shown in U.S. Pat. No. 4,362,632, for example, current through a
coil is suhplied by an RF generator coupled to the coil through an impedance
matching network, such that the coil acts as the first windings of a transformer. The
20 plasma acts as a single turn second winding of a transformer.

Although such techniques can reduce the formation of voids, further

reduction of void formation is needed.
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overall coating of both the bottons and sidewal |s forning the underlayer.
During the second step, the pressure may be maintained at the full 30 niorr
| evel or alternatively, since ionization of the deposition material is
Feduced or elimnated, the pressure may be reduced substantially so as to
reduce scattering and increase the 20 _gleposition rate onto the
substrate: Figure 6 is a schematic plan view of a staged-vacuum

seni conduct or waf er proceSS|ng system 620 of the type which is described in.
greater detail in U . Patent no. 5,186,718. The syst.em 620 incl udes a

housi ng 62y Iﬁﬁé €5§ ; buf fer chanber 624 at one
end, a translwfa r obot anber EE%’EIZI?OEIMEQQ’?WOSI te end, and a pair of
i nter medi at e pripigesrsobjechof thegrésemtinedratidretcspravide an improved method and

apparatus for generating a plasma within a chamber and for sputter depositing a

layer which enhances both sidewall and bottom coverage.

5 These and other objects and advantages are achieved by, in accordance with
one aspect of the invention, a plasma generating apparatus in which a layer of
titanium, a titanium compound or other suitable deposition material is deposited in
such a manner as to increase the coverage of sidewalls of channels, vias and other
high aspect ratio openings and structures having a sidewall in a substrate. It has

10 been found that by increasing the sidewall coverage of underlayers, the flow-of
aluminum or other overlayer materials into the opening is enhanced so as fo
substantially reduce the formation of voids in the overlayer.

in one embodiment, increased sidewall coverage by an underlayer material is
achieved by generating an ionizing plasma in a relatively low pressure precursor or

15 sputtering gas. By reducing the pressure of the sputtering gas, it is believed that
the ionization rate (or the directionality or both) of the underlayer deposition material
passing through the plasma is correspondingly reduced which in turn is believed to
increase the sidewall coverage by the underlayer. Although the ionization rate is
decreased, sufficient bottom coverage of the channels by the underlayer material is

20 maintained. Another advantage of reducing the sputtering gas pressure is that the
deposition rate of the underlayer material may be increased as well.

In an alternative embodiment, increased sidewall coverage by the underlayer
material may be achieved even in a high density plasma chamber by generating the
high density plasma only during an initial portion of the underlayer material

25 deposition. It has been found that good bottom coverage may be achieved by
ionizing the underlayer deposition material using a high density plasma during the
initial portion of the deposition. Once good bottom coverage has been achieved,
the RF power to the coil generating the high density plasma may be turned off
entirely and the remainder of the underlayer deposition conducted without the high

30 density plasma. It has been found that good sidewall coverage is then achieved in
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and 627. Although one or nore |oad |ock chambérs 621 may be used _ :
preferably two or three such chanbers are nounted to the buffer chanber and
in communication with the interior of the buffer robot chanber-via access
ports 636 and associated slit valves 638. A plurality of vacuum processing
chanbers-634 30 (i ncluding the chanber.4100 descri bed above) are nounted
about the periphery of the transfer rdbot station.. The chanbers 634 may
be adapted for various types of processing including etchlng

the latter part of the deposition. C_dnsequently, good overall coverage of the
opening is achie\'/ed'combining the bottom coverage of the initial portion of the
deposition with the sidewall coverage obtained during the latter portion of the-
underlayer deposition. |
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.and/ or deposi-tion. Access is provided to and between each:of the chanbers
by an associ ated port 636 and.gate valve 638. 5 - .The robot chanbers
624 and 628 communi cate-with one another via the internedi ate processing or
treat nent chanbers 626 and 627 (also called "treatnment" chanbers).
Specifically, internediate treatnment chapher 626 is |ocated along a
corridor or pathway 630 which connects tfie transfer robot chanber 628 to.

t he buffer robot. chanber 624. Simlarly, the second internediate treatnent
chanmber 627 is.10 ‘I'ocated al ong a separate corridor or pathway 632 - -

whi ch con 5 4 e separate paths between the two
robot or t I%‘ b%@ﬁégégrﬁgg ﬁ@v‘ﬂ&%to be used for |oading or :
unl oading whil &ifhe i % HepspdivBehatial Effisi Kctional view of a plasma generating

chamber for improving sidewall coverage in a manner in accordance with an

embodirment of the present invention.”
5 Fig. 2 is a schematic diagram of the electrical interconnections to the plasma
generating chamber of Fig. 1. N

Fig. 3 is a cross-sectional view of an opening having an underlayer of
deposition material deposited in a high density plasma.

Fig. 4 is a cross-sectional view of the opening of Fig. 3 having an

10 interconnect layer deposited over the underiayer of Fig. 3.

Fig. 5(a) is a cross-sectional view of an opening deposited with an underlayer
of deposition material in a low pressure plasma in accordance with the present
invention.

Fig. 5(b) is a cross-sectional view of the opening of Fig. 5(a) having an

15 interconnect layer deposited over the underlayer of Fig. 5(a).
FIG. 6 is a schematic top plan view of a staged-vacuum, multiple chamber

semiconductor wafer processing system incorporating the vacuum chamber of Figs.
1-2.
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waf er processing treatnment and, thus, provide increased throughput. ‘The

" chanmbers 626 and 627 can be dedlcated to pre-treating (e.qg. plasna etch

- cleaning and/or 15 heating) of the wafers before proceSS|ng i n chanbers
634 or post-treating (e.g.,. cool-down) of the wafers follow ng treatnent in
chanbers 634; alternatively, one or both of the chanbers 626 and 627 can be
adapted for both pre-treatnent and post- atnent. Preferably, the housing
622 is a nonolith, i.e., it is machined or otherw se 20. fabricated of

one piece of naterLaI such as aluminumto form the four chamber cavities
624, 626, 627 and 628 and the interconnecting corridors or pathways 630 and
632. The BETALEDOESCRIRTION QFSTHECDRAWINGS! it ates al i gnnent of the

i ndi vi dual
Referring first to Fi igs. 1-2, an example of a plasma generator used in

accordance with an embodiment of the present invention comprises a substantially
cylindrical plasma chamber 100 which is received in a vacuum chamber 102 (Fig.

5 2). The plasma chamber 100 of this embodiment has a single helical coil 104 which
is carried internally of the vacuum chamber walls by a chamber shield 106. The
chamber shield 106 protects the interior walls of the vacuum chamber 102 from the
material being deposited within the interior of the plasma chamber 100.

Radio frequency (RF) energy from an RF generator 300 (Fig. 2) is radiated

1 from the coil 104 into the interior of the plasma chamber 100, which energizes a
plasma within the plasma chamber 100. An ion flux strikes a negatively biased
target 110 positioned above the plasma chamber 100. The plasma ions eject
material from the target 110 onto a substrate 112 which may be a wafer or other
workpiece supported by a pedestal 114 at the bottom of the plasm'a chamber 100.

15 An optional rotating magnet assembly 116 may be provided above the target 110 to
produce magnetic fields which sweep over the face of the target 110 to promote
uniform erosion by sputtering of the target 110.

The deposition material sputtered from the target 110 passes through the
plasma energized by the coil 104 prior to being deposited on the substrate 112. A

20 portion of the deposition material passing though the plasma is ionized by the
plasma. The ionized deposition material is then attracted to a negative potential on
the substrate 112. In this manner, the ionized deposition material is redirected to a
more vertical path which facilitates depositing more material into high aspect ratio
openings in the substrate.

25 As will be explained in greater detail below, in accordance with one aspect of
the present invention, the ionization of the deposition material is controlled so as to
improve the sidewall coverage of openings or other structures having sidewalls
while maintaining good bottom coverage as well. Such an arrangement is
particularly useful when depositing an underlayer for an interconnect layer of a

30 metal such as aluminum. For example, the improved sidewall coverage of the
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chanmbers for wafer transport and also elininates difficulties in sealing _
* the individual chanbers. 25 One typical operational cycle of wafer
transport through the system?20 is as follows. Initially, an R THETA buffer
=robot 640 in-chanmber 624 picks up a wafer froma cassette | oad | ock 621 and

transports the wafer to chamber 626 which_illustratively etch cleans the
surface of the wafer. R THETA transfer rdbst 642 in chanber 628 picks up.
the wafer fromthe pre-cleaning chanber 626 and transfers 30 - the wafer

to a selected one of the preferably high vacuum processing chanbers

underiayer has been found to significantly facilitate the flow of aluminum into the
channel, even when the aluminum is not ionized, so as to significantly reduce the
incidence of undesirable voids 'fbrming in the aluminum layer. |

A deposition process in accordance with the present invention is useful for a

5 variety of undertayers including wetting layers, seed layers, nucleation layers and
barrier layers formed from a variety of deposition materials including aluminum,
copper, tungsten, tungsten fluoride, titanium, titanium nitride and tantalum nitride. In
addition, any structure having a sidewall can benefit this process including capacitor
electrodes formed of a number of electrode materials including titanium and

10 platinum. The process may be used to deposit ferroelectrics including BST (barium
strontium titanate) and PZT (lead zirconium titanate) and conductors including
aluminum, copper and gold.

Fig. 2 includes a schematic representation of the electrical connections of the
plasma generating apparatus of this illustrated embodiment. To sputter target

15 material onto the substrate 112, the target 110 is preferably negatively biased by a
variable DC power source 302 to attract the ions generated by the plasma. In the
same manner, the pedestal 114 may be negatively biased by a variable DC power
source 304 to bias the substrate 112 negatively to attract the ionized deposition
material to the substrate 112. In an alternative embodiment, the pedestal 114 may

20 be biased by a high frequency RF power source .to bias the substrate 112 so as to
attract the ionized deposition material more uniformly to the substrate 112. 'ln yet
another alternative embodiment, as set forth in copending application Serial No.
08/677,588, entitled “A Method for Providing Full-face High Density Plasma Physical
Vapor Deposition,” filed July 9, 1996 (Attorney Docket # 1402/PVD/DV) and

25 assigned to the assignee of the present application, an external biasing of the
substrate 112 may be omitted.

One end of the coil 104 is coupled to an RF source such as the output of an
amplifier and matching network 308, the input of which is coupled to the RF
generator 300. The other end of the coil 104 is coupled to ground, preferably

30 through a capacitor 308, which may be a variable capacitor.
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-13- 634. One of these chanbers is the chanber 100 whi ch deposits an =

" under | ayer of titaniumor other suitable material as set forth above.

Fol | ow ng processing, transfer robot 642 can transfer the wafer selectively.
t0 one or nore of the other chanbers 634 for processing. |ncluded anbngst

t hese chanbers is a deposition chanber 5° whi ch deposits al um num or

ot her suitable interconnect material on t-&-e- under | ayer previously deposi ted
in the chamber 100. Because the underlayer has good sidewall as well as

bott om coverage, the chanber depositing the alum num may be a conventi onal
magnetron sputtering chamber which does not have an RF coil to

: The coil 104 is carried on the chamber shield 106 by a plurality of coil

standoffs 120 (Fig. 1) which electrically msulate the coil 104 from the supporting
chamber shield 108. In addition, the insulating coil standoffs 120 have an internal
| labyrinth structure which permits repeated deposition of conductive materials from
5 the target 110 onto the coil standoffs 120 while preventing the formation of a
complete conducting path of deposited material from the coil 104 to the chamber
shield 106. Such a completed conducting path is undesirable because it could short
the coil 104 to the chamber shieid 106 (which is typicaily grounded).
RF power is applied to the coil 104 by feedthrough boits which are supported
n by insulating feedthrough standoffs 124. The feedthrough standoffs 124, like the
cail support standoffs 120, permit repeated deposition of conductive material from
the target onto the feedthrough standoff 124 without the formation of a conducting
path which could short the coil 104 to the chamber shield 106. The coil feedthrough
standoff 124, like the coil support standoff 120, has an internal labyrinth structure to
15 prevent the formation of a short between the coil 104 and the wall 126 of the shield.
| The feedthrough is coupled to the RF generator 300 (shown schematically in Fig. 2)
through the matching network 306 (alsd shown schematically in Fig. 2).
As set forth above, the RF power radiated by the coil 104 energizes the
plasma in the chamber to ionize the target méterial being sputtered from the target
20 110. The ionized sputtered target material is in turn attracted to the substrate 112
which is at a negative (DC or RF) potential to attract the ionized deposition material
to the substrate 112. _
Fig. 3 shows in cross section an opening 400 in an oxide layer 402 of a
substrate in which an underiayer 404 of titanium has been deposited. The opening
25 400 may be a via, channel or other structure having a sidewall or a narrow cross-
sectional width (1 micron or less, for example) and a high depth to width aspect
ratio. In the example of Fig. 4, the opening has a width of approximately .34
microns and a depth to width aspect ratio of approximately 3. Absent ionization,
much of the titanium atoms arriving on the surface 406 of the substrate would be at
30 angles too oblique to penetrate very deeply into the opening 400. Consequently, to
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produce a high density plasma to ionize the aluminum Instead, the alum num
"may 10 be deposi.ted wi thout being ionized yet can form an interconnect

I ayer having a rélatively low resistance with few or no voids in the

:openi ngs. Upon .conpl etion-of depositions and etchings, the transfer robot
642 transfers the wafer to internedi ate processi ng chanber 627 which’
illustratively is a .cool -down chanber. AEPRr the cool - down cycle, buffer.
robot 640 retrieves.the wafer fromthe chanber 627 and 15 returns it to
the appropriate cassette |oad | ock chanber 621. The buffer robot 640 nmay be
any suitable robot such as the dual four-bar |ink robot disclosed in

al | oned Maipdezasettheamouyrittaf matepal erteting the epehingetDU, MtdrilimGpureesd from

| nt egr at edthlgrt(a)n9 ot 1 1%yi§t %Tffe’r é{ \ isé Aepé) Ibi Ctﬁé | (I)ansmsae & t%le cl}l'no 'meeSrS’oQt%'nSa’t hnOW

abandoned, g p ably ioniz y p in a S the path of
travel of at least some of the deposition material is more vertically aligned so as to
reach thé bottom of the opening 400.

5 In the deposition of the titanium underiayer 404 of Fig. 4, the pressure of the
argon precursor or sputtering gas was approximately 30 mTorr, a typical value for
high density plasma sputtering. Although the ionization of the titanium at this
pressure permits very good bottom coverage as indicated by the bottom portion 408
of the underlayer 404, it has been found that the resultant sidewall coverage can be

10 very thin as indicated by the side wall portion 410 of the underiayer 404, or even
discontinuous. It is believed that sidewall coverage this thin hinders the interaction
between the titanium underlayer 404 and the subsequently deposited aluminum
interconnect layer 412 (Fig. 4) such that voids 414 form in the aluminum layer at an
undesirable rate.

15 It has been found that the sidewall coverage of the underlayer may be
significantly improved by generating the ionizing plasma at a pressure substantiaily
below the pressures typically used in high density plasma sputterings. Figure 5(a)
shows an opening 500 in an oxide layer 502 of a substrate in which an underlayer
504 of titanium has been deposited in a plasma generated at an argon sputtering

20 gas pressure of S mTorr rather than 30 mTorr. As shown in Figure 5(a), very good
bottom coverage as indicated by the bottom portion 508 has been maintained yet
the sidewall coverage has been substantially thickened as indicated by the side wall
portion 510 of the underlayer 504. (The relative proportions of the underlayer 504
are not shown to scale in Fig. 5(a) but are exaggerated for purposes of clarity.') This

25 improved sidewall coverage is believed to result from a decrease in the ionization
rate of the titanium by the plasma. Because the plasma is generated in a lower
pressure argon sputtering gas, it is believed that fewer argon ions and electrons are
generated in the plasma such than fewer atoms of the titanium are ionized prior to
depositing on the substrate. As a consequence, the angle of incidence of the

30 titanium atoms is, on average, more oblique such that an increased percentage of
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whi ch application is incorporated by reference. The transfer robot 642

" |likew se may 20 be any suitable robot such as the robot described in the
aforementioned U S. Patent No. 5,186,718. The control  functions described
:above for the system 600 including the control of power to the RF coils,
targets and substrates, robot control, chanber venting and punping control,
and cassette indexing are preferably proyl®ed by a 25 wor kst ati on (not
shown) programred to control these systemelenents in accordance with the
above description. In each of the enbodi nents di scussed above, a nmultiple
turn coil 104 was used, but, of course, a single turn coil may be used

instead. $hé ttitarfiumt ibetepdsited eadhesidewall rather than the bottom of the opening 500.
Nonetheless, a sufficient amount of. the titanium is ionized so as to ensure adequate
bottom coverage of the opening 500 as well. It is believed that both good sidewall
'and good bottom coverages may' be achieved at other sputter.ing gas pressures

5 below 30 mTorr including 20 and 10 mTorr. _

Fig. 5(b) shows an aluminum interconnect layer 512 deposited onto the
titanium underlayer 504. Because of the improved sidewall coverage of the
underiayer 504, the aluminum interaction with the titanium underiayer 504 is
improved such that the opening more fréquently fills completely without forming a

10 void. Resistances of aluminum interconnect layers deposited in vias of test wafers
in which the underlying titanium layers were deposited at pressures of 10 mTorr and
20 mTorr have shown remarkable decreases over those in which the underlying
titanium layers were deposited at 30 mTorr. Itis believed that the substantial
improvement in resistance is a result of a substantial reduction in the number of

15 voids in the aluminum layer in the vias as a result of improved sidewall coverage by
the titanium underlayer.

Although the improved process of the illustrated embodiment has been
described in connection with a titanium underlayer and an aluminum overlayer, it
should be appreciated that the present invention is applicable to enhancing

20 sidewall coverage of wetting layers, seed layers and nucleation layers of other types
of materials. For example, the process may be applied to enhance the sidewall
coverage of under layers formed of titanium nitride, tantalum and tantalum nitride for
aluminum fill and copper barrier layers. Other applications include enhancing the
sidewalls of seed layers of aluminum or copper for subsequent depositions of

25 nonionized aluminum or copper, respectively. Still other examples include
improving sidewall coverage of tungsten nucleation layers as part of a CVD
(chemical vapor deposition) process. Further structures which can benefit from the
process of the present invention include electrodes of devices such as capacitors
and other conductors.
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“the ribbon shape coil 104 illustrated, each turn of the coil 104 may be
- “i mpl enent ed 30 with a flat, open-ended annular ring as described in
copendi ng -application Serial  No. 08/680,335, entitled "Coils for

-Generating a Plasma and for Sputtering," filed July 10, 1996 (Attorney
Docket # 1390-Cl P/ PVD/ DV) and assigned to the assignee of the present

application, which application is incorporéted herein-by reference inits
entirety. 5 Each of the enbodi ments di scussed above utilized a
single coil in the plasnma '

In an alternative embodiment, the underiayer for the overlying interconnect
layer may be formed in a two-step process in which, in the first step, an initial
portion of the underlayer is deposited in a high pressure (e.g. 30 mTorr) plasma with
RF power being applied to the coil 104 at a relatively high level such as 1500 watts,

5 for example. As a result, the initiai portion of the underiayer will look substantially
like the underlayer depicted in Figure 3 in which good bottom coverage is achieved
but the sidewall coverage is relatively thin. However, before the deposition of the
underlayer is completed, in a second step, the RF power to the coil 104 may be
substantially reduced or even turned off so as to reduce or eliminate ionization of

10 the material being deposited. As a consequence the amount of deposition material
being deposited onto the substrate at oblique angles will be increased after the RF
power to the coil is turned off which will in turn enhance the sidewall coverage of the
openings in a manner similar to that depicted in Fig. 5(a). In this manner, the
bottoms of the openings are preferentially deposited in the first step and the

15 sidewalls are preferentially deposited in the second step so as to achieve a good
overall coating of both the bottoms and sidewalis forming the underlayer. During
the second step, the pressure may be maintained at the full 30 mTorr level or
alternatively, since ionization of the deposition material is reduced or eliminated, the
pressure may be reduced substantially so as to reduce scattering and increase the

20 deposition rate onto the substrate.

Figure 6 is a schematic plan view of a staged-vacuum semiconductor wafer
processing system 620 of the type which is described in greater detail in U.S. Patent
no. 5,186,718. The system 620 includes a housing 622 which defines four
chambers: a robot buffer chamber 624 at one end, a transfer robot chamber 628 at

25 the opposite end, and a pair of intermediate processing or treatment chambers 626
and 627. Although one or more load lock chambers 621 may be used, preferably
two or three such chambers are mounted to the buffer chamber and in
communication with the interior of the buffer robot chamber via access ports 636
and associated slit valves 638. A plurality of vacuum processing chambers 634

30  (including the chamber 100 described above) are mounted about the periphery of
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chanber. 1t shoul d be recognlzed that the present |nvent|on S appllcable
“to plasma chanbers having nore than one RF powered coil.or- RF powered
shi el ds. For -exanple, the present invention may be applied to mul tiple coi
.chanbers for |aunching helicon waves of the type described in

af orenenti oned copendi ng 10 application serial No. 08/559, 345, filed
Novenber 15, 1995 and entitled "Method Aﬂﬁzﬁpparatus For Launching a
Hel i con Wave in a Plasma" (Atty Docket No. 938) The appropriate RF
generators .and matching circuits are conponents well known to those skilled
in the art. For exanple, an RF generator such as the ENI Genesis series

whi ch has thedransfertrobot station.” The ghamberd 1684 'mdyobe tliepteeisior vasous types s

match with the matching circuit and antenna is suitable. The frequency of
t he processing including etching _
and/or deposition. Access is provided to and between each of the chambers by an
associated port 636 and gate valve 638.

5 The robot chambers 624 and 628 communicate with one another via the
intermediate processing or treatment chambers 626 and 627 (also called "treatment"
chambers). Specifically, intermediate treatment chamber 626 is located along a
corridor or pathway 630 which connects the transfer robot chamber 628 to the buffer
robot chamber 624. Similarly, the second intermediate treatment chamber 627 is

1m0 located along a separate corridor or pathway 632 which connects the robots 628
and 624. These separate paths between the two robot or transfer chambers permit
one path to be used for loading or unloading while the system is being used for
wafer processing treatment and, thus, provide increased throughput. The chambers
626 and 627 can be dedicated to pre-treating (e.g., plasma etch cleaning and/or

15 heating) of the wafers before processing in chambers 634 or post-treating (e.g.,
cool-down) of the wafers following treatment in chambers 634; alternatively, one or
both of the chambers 626 and 627 can be adapted for both pre-treatment and
post-treatment. ‘

Preferably, the housing 622 is a monolith, i.e., it is machined or otherwise

20 fabricated of one piece of material such as aluminum to form the four chamber
cavities 624, 626, 627 and 628 and the interconnecting corridors or pathways 630
and 632. The use of the monolith construction facilitates alignment of the individual
chambers for wafer transport and also eliminates difficulties in sealing the individual
chambers.

25 One typical operational cycle of wafer transport through the system 20 is as
follows. Initially, an R THETA buffer robot 640 in chamber 624 picks up a wafer
from a cassette load lock 621 and transports the wafer to chamber 626 which
illustratively etch cleans the surface of the wafer. R THETA transfer robot 642 in
chamber 628 picks up the wafer from the pre-cleaning chamber 626 and transfers

30 the wafer to a selected one of the preferably high vacuum processing chambers
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generator for generating-the RF power to the coil 104 is preferably 2 MHz
“but it-is anticipated that the range can vary from for exanple, 1 MHz to 4
MHz. An RF power setting of 1.5 kWis preferred but a range of 1.5-5 kWis
;satisfactory. I'n addition, a DC power setting for biasing the target 110 of
5 kWis preferred but a 20 . range of 2-10 kWand a pedestal 114 bias
vol tage of -30 volts DCis satisfactory.:gkmariety of sputtering gases may -
be utilized to generate the plasma including Ar, Herr], Jerr] or reactive

" gases such as NF[err], CF[err] and many others. Various sputtering gas
pressures are suitable including pressures of 0.1 - 50 mforr. For ionized

PVD, a pre6sdr ©riedfpese thambers RaheTkpiamber 100akSichfbpolits BASindeprRiyéabf on
of sputtered 25 materi al . _ o -
titanium or other suitable material as set forth above. Following processing, transfer
robot 642 can transfer the wafer selectively to one or more of the other chambers
634 for processing. Included amongsf these chambers is a deposition chamber -

5 which deposits aluminum or other suitable interconnect material on the underlayer
previously deposited in the chamber 100. Because the underlayer has good
sidewall as well as bottom coverage, the chamber depositing the aluminum may be
a conventional magnetron sputtering chamber which does not have an RF coil to
produce a high density plasma to ionize the aluminum. Instead, the aluminum may

10 be deposited without being ionized yet can form an interconnect layer having a
relatively low resistance with few or no voids in the openings. Upon completion of
depositions and etchings, the transfer robot 642 transfers the wafer to intermediate
processing chamber 627 which illustratively is a cool-down chamber. After the
cool-down cycle, buffer robot 640 reirieves the wafer from the chamber 627 and

15 returns it to the appropriate cassette load lock chamber 621.

The buffer robot 640 may be any suitable robot such as the dual four-bar link
robot disclosed in allowed Maydan et. al. patent application, entitied "Multi-Chamber
Integrated Process System", U.S. Application Serial No. 283,015, now abandoned,
which application is incorporated by reference. The transfer robot 642 likewise may

20 be any suitable robot such as the robot described in the aforementioned U.S. Patent
No. 5,186,718. .

The control functions described above for the system 600 including the
control of power to the RF coils, targets and substré_te_s, robot control, chamber
venting and pumping control, and cassette indexing ére preferably provided by a

25 workstation (not shown) programmed to control these system elements in
accordance with the above description.

In each of the embodiments discussed above, a multiple turn _c.oil 104 was
used, but, of course, a single turn coil may be used instead. Still further, instead of
the ribbon shape coil 104 illustrated, each turn of the coil 104 may be implemented

30 with a flat, open-ended annular ring as described in copending application Serial
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It will, of course, be understood that nodifications-of the present .
"invention, in-its various aspects, will be apparent to those skilled in the
art, some being apparent only after study, others being matters of routine
:mechani cal and el ectronic design. O her enbodi ments are al'so possible,

their specific designs dependi ng upon thqlgg . particular application. As
such, the scope of the invention should elimted by -~ the particular
enbodlnents herei n descri bed but shoul d be defined only by t'he- appended

cl ai mrs and equi val ents thereof. _

No. 08/680,335, entitled “Cails for Generating a Plasma and for Sp'uttering,” filed
July 10, 1996 (Attorney Docket # 1390-CIP/PVD/DV) and assigned to the assignee
of the present application, which application is incorporated herein by reference in
its entirety. ' | '
5 Each of the embodiments discussed above utilized a single' coil in the plasma

. chamber. [t should be recognized that the present invention is applicable to plasma
chambers having more thén one RF powered coil or RF powered shields. For
example, the present invention may be applied to muitiple coil chambers for

| launching helicon waves of the type described in aforementioned copending

i application serial No. 08/559,345, filed November 15, 1995 and entitled “Method

And Apparatus For Launching a Helicon Wave in a Plasma” (Atty Docket No. 938)

The appropriate RF generators and matching circuits are components well
known to those skilled in the art. For example, an RF generator such as the ENI
Genesis series which has the capability to “frequency hunt” for the best frequency

15 match with the matching circuit and antenna is suitable. The frequency of the
generator for generating the RF power to the coil 104 is preferably 2 MHz but it is
anticipated that the range can vary from, for example, 1 MHz to 4 MHz. An RF
power setting of 1.5 kW is preferred but a range of 1.5-5 kW is satisfactory. In
addition, a DC power setting for biasing the target 110 of S kW is preferred but a

20 range of 2-10 kW and a pedestal 114 bias voltage of -30 volts DC is satisfactory.

A variety of sputtering gases may be utilized to generate the plasma including
Ar, H,, O, or reactive gases such as NF,, CF, and many others. Various sputtering
gas pressures are suitable including pressurés of 0.1 - 50 mTorr. Forionized PVD,
a pressure between 10 and 100 mTorr is preferred for best ionization of sputtered

25 material.

It will, of course, be understood that modifications of the present invention, in
its various aspects, will be apparent to thpse skilled in the art, some being apparent
only after study, others being matters of routine méchanical and electronic design.
Other embodiments are also possible, their specific designs depending upon the

30 particular application. As such, the scope of the invention should not be limited by
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- 16 - WHAT IS CLAIMED IS: 1. - A process for sputter depositing a | ayer of
material into a workpiece structure having-a sidewal |, conprising: :
providing a sputtering gas into a chanber; applying RF power to a coil to
ionize the sputtering gas to forma plasma; sputtering a target to direct .
sputtered target material toward a workpiece; - ' ' :

[T

the particular embodiments hgréin described but should be defined only by the
appended claims and equivalents thereof.
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ionizing a first portion, of said sputteredtarget material at a first
“ionization |level before it is deposited onto -said workpiece; and ionizing a
'second portion of said target material at a: second |on|matsh&ﬂﬂdswk laéeﬁre

@it is deposited onto said workpiece.. 2, The process of} mmj!“ m
ar get

said sputtering gas during said |on|2|ng of said second

pressure of 5-10 mforr. 3. The process 8- -H- claim1 V\/ner
material is selected fromthe group of tTtanium tantal um al umi num copper
and tungsten. 4. - The process of claim3 wherein said target material is a

conpound of nitrogen and a material selected fromthe group of tantal um and
titani um WHAT IS CLAIMED IS: |

. A process for sputter depositing a layer of material into a workpiece
structuré having a sidewall, comprising:
providing a sputtering gas into a chamber at a pressure below 20 mTorr;
applying RF power to a coil to ionize the sputtering gas to form a plasma;
5 sputtering a target to sputter target material toward a workpiece; and
ionizing a portion of said sputtered target material before it is deposited onto

said workpiece.
2.  The process of claim 1 wherein said sputtering gas is at a pressure of
5-10 mTorr.

3. The process of claim 1 wherein said target material is selected from
the group of titanium, tantalum, aluminum, copper and tungsten.

4. The process of claim 3 wherein said target maferial is a compound of
nitrogen and a material selected from the group of tantalum and titanium.
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5. A process for sputter dep05|t|ng a Iayer of material |nto a via or y
channel of a warkpiece, conprising: .- 17 - prOV|d|ng a sputterlng gas
into a chanber applylng RF pomer to a coil to ionize the sputtering gas to

forma plasm eplhggdt to direct sputtered target material
toward a workp| ec l portlon of said sputtered target material
before it is depo .17—_ _

5. A process for sputter depositing a layer of materiai into a via or

channel of a workpiece, comprising:
providing a sputtering gas'into a chamber;
applying RF power to a coil to ionize the slettering gas to form a plasma;
5 _ sputtering a target to éputter target material toward a workpiece;
ionizing a portion of said sputtered target material before it is deposited onto
said workpiece;
reducing said RF power to said coil while continuing to sputter said target so

as to reduce ionization of said sputtered target material before it is deposited onto
10 said workpiece.

6. The process of claim 5 wherein said RF power reducing step reduces
said RF power to zero.

7. | A process for sputter depositing a layer of material into an opening of
" a workpiece, said opening having a bottom and sidewalls, said process comprising:
sputtering a target to sputter target material toward a workpiece; |
ionizing a portion of said sputtered target material before it is deposited onto
5 said workpiece so that sputtered material which is deposited in said opening is

deposited primarily on the bottom of said opening; and

reducing said ionizing of sputtered material so that sputtered material
deposited in said opening is deposited primarily on the sidewalls of said opening.

8. The process of claim 7 wherein said ionizing reducing step reduces
ionization of sputtered material to zero.

9. The process of claim 7 wherein said sputtering gas is at a pressure of

5-10 mTorr. . ..
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sai d workpi ece; reducing said RF power to said coil while continuing -
" sputtering of said target so as to reduce ionization of.mred
target material before it is deposited onto sai d worKpi.eCfyis heet HasBeen Repiaced -
:process of cl-aim5 wherein said reducing of ‘said RF reduce

to zero. 7. A process for sputter deporgi%ing_a | ayer of m!mm n
openi ng of a workpi ece, said opening havr a bottom and si , sai
process conprising: sputtering a target to direct sputtered target material
toward a workpiece; ionizing a portion of said sputtered target materi al
before it is deposited onto ' _ - :

1 The process of claim 7 wherein said target material is selected from

the group of titanium, tantalum, aluminum, copper and tungsten.

11. A process for sputter depositing layers of materials into é workpiece
structure having a sidewall and a bottom, comprising:

sputtering a first target in a first chamber to sputter target maferial toward a
workpiece;

5 ionizing a portion of said sputtered first target material before _it is deposited
onto said workpiece so that éputtered material which is deposited oﬁ said structure
is deposited pﬁmarily on the bottom of said structure; and

reducing said ionizing of said sputtered first tafget material so that sputtered
first target material deposited on said structure is deposited primarily on the
10 sidewalls of said structure;
transferring said workpiece to a second chamber;
sputtering a second target to sputter a second target material onto said

structure of said workpiece to deposit on top of said first material deposited on said
structure. |

12. The process of claim 11 wherein said sputtering gas is at a pressure of
5-10 mTorr.

13. The process of claim 11 wherein said first target material is selected
from the group of titanium, tantalum, aluminum, copper and tungsten.

14. The process of claim 11 wherein said second target material is
selected from the group of aluminum and copper.

15. A process for sputter depositing layers of materials into a via or
channel of a workpiece, comprising:

providing a sputtering gas into a first chamber at a pressure below 20 mTorr;
I
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sai d wor kpi ece so t hat sputtered target material which is deposited' in said -

" openi ng is deposited primarily on fhe bottom of said opening; and r educi ng.
sai d ionizing of sald portlon of sald sputtered target material so t hat.

‘sputtered target i n said opem ng is deposited prinaril Y
on the sidewalls - 18 - 8. The process of claim?7.
wherein said redum g redu:.kﬂz ' : .

applying RF power to a cbil in said first chamber to ionize said sputtering gas
to form a plasma; |
sputtering a target to sputter a first target material towai'd a workpiece;
ionizing a portion of said sputtered target material before it is deposited onto
5 said workpiece; | ' '
| trénsferring said workpiece to a second chamber;

sputtering a second target to sputter a second target material toward said
workpiece.

16. The process of claim 15 wherein said sputtering gas is at a pressure of
5-10 mTorr.

17.  The process of claim 15 wherein said first target material is selected
from the group of titanium, tantalum, aluminum, copper and tungsten:

18. The process of claim 15 wherein said second target material is
selected from the group of aluminum and copper.

_—————_—’//
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~ionization of sputtered mat er i aI to zero. 9. The process of clai m 7

" wherein. a sputterlng gas is utilized at a pressure of 5-10: mrorr . The
process of claim7 wherein said target ‘material is sel ect ed thsm&hgmg l,,ced _
;of titanium tantalum aluninum copper and tungsten. -’

sputter depositing layers of materials into a workpiece strucmﬂ ﬂlm u
sidewal | and a bottom conprising: sputte2fmng a first target

chanmber to direct sputtered first target. material toward a workpi ece;

ionizing a portion of said sputtered first target material before it is
deposited onto '

19.  An apparatus for energizing a plasma within a semiconductor
fabrication system to sputter material onto a workpiece, the apparatus comprising:
~ a semiconductor fabrication chamber having a plasma generation area within
said chamber and containing a sputtering gas at a pressure less than 25 mTorr; and
5 _.acoil carried by said chamber and positioned to couple energy into said

plasma generation area,

20. The apparatus of claim 19 including a target including is a target
material selected from the group of titanium, tantalum, aluminum, copper and
tungsten.

21. A semiconductor fabrication system for sputtering multiple layers of
materials onto a workpiece, the system comprising:
a first semiconductor fabrication chamber having a plasma generation area
within said chamber and containing a sputtering gas at a pressure less than 25
5 mTorr;
said first chamber having a target of a first target material which includes a
material selected from the group of titanium, tantalum, aluminum, copper and
tungsten;
a coil carried by said first chamber and positioned to couple energy into said
1( plasma generation area to ionize said first target material to form an underiayer of
said first material on said workpiece;
.a second semiconductor fabrication chamber; and
said second chamber having a second target of a second target material
which includes a material selected from the group of aluminum and copper, for
18 forming a layer on said underlayer. |
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sai d workpi ece so that sputtered first target mat eri al V\/mch is dep05|ted
m o

and reduci ng said ionizing of said sputtered first. tar«gﬁ\stShgggh%rﬂ QJR tdhat
;sputtered first target nmaterial deposited on said strucl W
a

primarily on the sidewalls of said structyre; transferr ece
to a second chanber; sputtering a second= get to sput rget
material onto said structure of said wor kpi ece to dep05|t on top of said
first target mat eri al deposited on sald

22.  An apparatus for energlzxng a plasma within a semmonductor
fabrication system to sputter material onto a workpiece, the apparatus compnsmg

a semiconductor fabrication chamber having a plasma generation area within
said chamber; '

5 a coil carried by said chamber and positioned to couple energy into said
plasma generation area to ionize said material prior to deposition onto said
workpiece;

an RF generator coupled to said coil to provide RF power to said coil; and
control means for controlling said RF generator to provide power at a high
10 level during an initial portion of a sputter deposition and to provide power at a
reduced level including zero power in a subsequent portion of said sputter
deposition.

23. The apparatus of claim 22 including a target including a material -
selected from the group of titanium, tantalum, aluminum, copper and tungsten.

| ) D R
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structure. 12. The process of claim 11 \/\herel n a sputtertng gas is
"utilized at a pressure of 5-
said first t

gdantalum al um: g@heepmpeen

—mlorr. 13. The process of claim1l wherein
is selected fromthe group of titanium
ed ungsten 14. The process of claim 11

mat eri al

wherein said sec

'VI a or channel

Raip
erial is selected fromthe group of alum num
and copper. H ‘\ putter dep&i.ti ng layers of materials into a

10

15

24. A semiconductor fabrication system for sputtering multiple layers of
materials onto a workpiece, the system comprising:

a first semiconductor fabrication chamber haviﬁg a plasma generation area
within said chamber and a target of a first target material which includes a material
selected from the group of titanium, tantalum, aluminum, copper and tungsten;

a coil carried by said chamber and positioned to couple energy into said
plasma generation area to ioniie said first target material prior to deposition onto
said workpiece; -

an RF generator coupled to said coil to provide RF power to said coil; and

control means for controlling said RF generator to provide power at a high
level during an initial portion of a sputter deposition and to provide power at a
reduced level including zero power in a subsequent portion of said sputter
deposition; |

a second semiconductor fabrication chamber; and

said second chamber having a second target of a second target material
which includes is a material selected from the group of aluminum and copper, for
forming a layer on said underiayer.

I
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~of a workpi ece, conprising: prOVIdlng a sputtering -gas into a chanber,
“applying RF power to a coil to ionize the sputtering gas to forma plasna
sputtering a first target to direct sputtered first target material toward
a wor kpi ece; ionizing a first portion of said sputtered first target
‘material at a first level before it is dgpasited onto said workpiece;

I oni zing a second portion of said first T arget material at a second | eve
before it is deposited onto said workpiece; transferring said workpiece to
a second chanpeMET®HOD AND APPARATUS FOR IMPROVING SIDEWALL COVERAGE

DURING SPUTTERING IN A CHAMBER HAVING AN INDUCTIVELY

_COUPLED PLASMA

ABSTRACT
Increased sidewall coverage by a sputtered material is achieved by
generating an ionizing plasma in a relatively low pressure sputtering gas. By
5 reducing the pressure of the sputteﬁng ges, it is believed that the ionization rate of

the deposition material passing through the plasma is cbrrespondingly reduced
which in turn is believed to increase the sidewall coverage by the underlayer.
Although the ionization rate is decreased, sufficient bottom coverage of the by the
material is maintained. In an altemative embodiment, increased sidewall coverage

10 by the material may be achieved even in a high density plasma chamber by '
generating the high density plasma only during an initial portion of the material
deposition. Once good bottom coverage has been achieved, the RF power to the
coil generating the high density plasma may be turned off entirely and the remainder
of the deposition conducted without the high density plasma. Consequently, it has

15 been found that good sidewall coverage is achieved in the latter part of the
deposition.
Figure 1
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‘This is the replacement sheet

Date: 17 JAN 1998

THIS SHEET HAS BEEN
~ REPLACED :




20 - sputten ng a second t ar get to sputter a second target materl al S
tovvard sai d workpi ece. 16. The process of claim 15 wherein said sputteri ng
gas is at a pressure of 5- 10 niforr. 17. The process of claim 15 wherein
said first target material is sel ect ed fromthe group of ‘titanium
tantal um al umi num copper and tungsten.
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18. ‘The process of cIa|n115 wher ein sard second target naterral
sel ected fromthe group of alumi num and copper. 19. . An apparatus for
energi zing a plasma within a sem conduct or fabrication systemto direct
sputter material onto a workpiece, the apparatus conprising: a
sem conductor fabrication chanber having a plasnma generation area wthin
sai d chamber and containing a sputtering gas; a coil carried by said ,
chanber and positioned to couple energy—tnto said plasm generation area to:
i oni ze said sputtered material; and a controller for controlling -said

lonization to ionize a first portl sai d red rratf:ébal at a first
| evel before it is deposit nt o saidﬁ Nece and to/
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l.ani ze -a’ second portion of said sputtered naterial at a second |evel before
it is deposited onto said workpiece. ~ - 21 - 20. The apparatus of claim
19 including & target including a target nateri al sel ected fromthe group
of titanium tantalum alum num copper and tungsten. 21. A seni conductor
fabrication systemfor sputtering nultiple |ayers of materials onto a
wor kpi ece, the system conpri sing: =3-,

400
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a . first sem conductor fabrication chanber having a plasma generation area
wi t hin said chanber and containing a sputtering gas; said first chanber
having a first target of a first target material which includes a materi al
sel ected fromthe group of titanium tantalum alum num copper and
tungsten, said first target providing a source of sputtered first target
material; a coil carried by said first -ghamber and positioned to couple
energy into said plasma generation area to ionize s first target .
-material sputtered fromsaid target to forman un e er of said first

material on said workpi €sg; axcontrQl T erN or nur ™ said ionization to
lonize a first por 404 .ald PUA ered rst warge erial at a first
target |evel before it 03| t oNt 42

lv\
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war kpi ece and .to ioni.ze a second portion of said sputtered first target
material at a Second |evel before it is deposited onto said workpiece a _*
second sem conductor fabrication chanber; and said second chanber having a .
‘second target of a second target material which includes a nmateri al

sel ected fromthe group of alum num and copper, for forming a |ayer on said -
under | ayer . - 22 - ' K -5-

[
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22, An apparatus for energizing a plasma within a sem conduct oq;mqlocr/g
fabrication systemto sputter material onto a workpi ece, the appara us, \
conprising: a sem conductor fabrication chanber havi.ng a pl asra gen‘é’r“étéi @AY -
area within said chanber; a coil carried by said chanber and positioned to
coupl e energy into said plasnma generatign area to ionize said materi al

prior to deposition onto said workpi efc.é,_hn RF generator coupled to said

coil to muAviSecE¥IMpDVESy st 0 said coil; and control neans for controlling

said RF genergtor to_provide power at a.level durjng.,an.initial portion of
S putt er depdsi 1 EnPHcas 55t aHiel d3poRiond 4 tayer bl STl inleia weetRes®Ig 2 or o
power in a subsequent portion of said sputter deposition.
structure having a sidewall, comprising:

providing a sputtering gas into a chamber:

applying RF power to a coil to ionize the sputtering gas to form a plasma;

sputtering a target to direct sputtered target material toward a workpiece;

ionizing a first portion of said sputtered target material at a first ionization level

. before it is deposited onto said workpiece; and

ionizing a second portion of said target material at a second ionization level

before it is deposited onto said workpiece.

2. The process of claim 1 wherein said sputtering gas during said ionizing of

said second portion is at a pressure of 5-10 mTorr.

3. The process of claim 1 wherein said target material is selected from the

group of titanjum, tantalum, aluminum, copper and tungsten.

4. The process of claim 3 whersin said target material is a compound of

nitrogen and a material selected from the group of tantalum and titanium. .

- 8, A prboess for sputter depositing a iayer of material into a via or channel of

a workpiece, comprising:
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23, The apparatus of .claim 22 including-a target including a nateri al
selected fromthe group of titanium tantalum alum num copper and
tungsten. 24. A sem conductor fabrication systemfor sputtering nultiple

| ayers of materials onto a workpi ece, e systemconprising: a first
sem conduct or fabrication chanber hayi pl asma generation area within

said chanmber and.,a tarqget, of a fi.rst taraet material which includes a
mat eri al sel &P@'&'WEM"BQ%B'@PﬂFsﬂﬁEﬁﬁ tantal um al um num copper

and tungsten; a coil_carried by said chanber and positioned to couple
energy into SapplyipgRipowende atcailtolonize the spulteringgasitc forma plasya:
material prior to deposition onto said workpiece; ,
- sputtering a target to direct sputtered target material toward a workpiece;
ionizing a portion of said sputtered target material before it is deposited onto
said workpiece;
reducing said RF power to said coil while continuing sputtering of said target so
as to reduce ionization of said sputtered target material before it is deposited onto said

workpiece.

6. The process of claim 5 wherein said reducing of said RF reduces said RF

power to zero.

7. A process for sputter deposltihg_ a layer of material into an opéning ofa
~ workpiece, said opening having a bottom and sidewalls, said process comprising:
sputtering a target to direct sputtered target material towérd a workpiece;
ionizing a portion of said sputtered target material before it is deposited onto
said workpiece so that sputtered target material which is deposited in said opening is
-deposited primarily on the bottom of said opening; and | | |
reducing said ionizing of said _portion of said sputtered target material so that
sputtered target material deposited in said opening is deposited primarily on the

sidewalls of said opening.
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Date: ; - 23 - an.RF generator coupled to said coil to provide RF power to
said coil; and control neans for controlling said RF generator to provide
power at a level during an initial portion of a sputter deposition and to
provi de power at a reduced |evel including zero power in a subsequent
portion of said sputter deposition; a-48cond semi conductor fabrication

chanber; and g The process of claim 7 wherein said reducing said ionizing reduces

ionization of sputtered material to zero.

9. The process of claim 7 wherein a sputtering gas is utilized at a pressure

of 5-10 mTorr.

10.  The process of claim 7 wherein said target material is selected from the

group of titanium, tantalum, aluminum, copper and tungsten.

1. A proﬁess for sputter depositing layers of materials into a workpiece |
structure having a sidewall and a bottom, comprising:'

sputtering a first target in a first chamber to direct sputtered first target material
toward a workpiece; |

ionizing a portion of said sputtered first target material before it is deposited onto
said workpiece so that sputtered first target material which is deposited on said
structure is deposited primarily on the bottom.of said structﬁre; and |

reducing said ionizing of said sputtered first target material so that sp'uttered first
target material deposited on said structure is deposited primarily on the sidewalls of
said structure;

transférring said workpiecs to a second chamber;

sputtering a second target to sputter a second target material onto s_aid structure

of said workpiece to deposit on top of said first target material deposited on said

is is the replacement sheet
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sai d second chamber.. having a second target of a second target materi al

whi ch includes a material selected fromthe group of alunmi num and copper,
for formng a |ayer on said underlayer. 25. The process of claim1 wherein
said ionizings of said first and second portions of said target naterial
are in the sane chanber. 26. The protéds-of claim 1l wherein said second

Il oni zat i 'F"St"&é i oni zi ng said second portion includes zero ionization.
27. The 8 5 of claim1 wherein said ionization of said second portion

i ncl udes reducing said RF power to said coil. 28. The process of claim 27
wherein said ionization of said first portion

12. The process of claim 11 wherein a sputtering gas is utilized at a pressure '

of 5-10 mTorr.

13. The process of claim 11 wherein said first térget material is selected from

the group of titanium, tantalum, aluminum, copper and tungsten.

14. The process of claim 11 wherein said second target material is selected

from the group of aluminum and copper.

15. A process for sputter depositing layers of materials into a via or channel
of a workpiece, comprising:

praviding a sputtering gas into a chamber,

applying RF power 1o a coil to ionize the sputtering gas to form a plasma;

sputtering a first target to direct sputtered first target material toward a
workpiece; |

ionizing a first portion of said sputtered first target material at a first level before
it is deposited onto said workpiece;

ionizing a second pomon of sald first target material at a second level before it is
deposlted onto said workpiece;

transferring said workpiece to a second chamber; and

This is the replacement sheet
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precedes said ionizing of said second portion. - 24 - 29. The process
of claim 27 wherein said RF power reducing includes reducing said RF power
to said coil to zero. 30. The process of claim1l wherein said sputtering
gas during said ionization of said secggd-portion is at a pressure bel ow 20
mrorr. 31.. The process of claim 30 wherern said ionizing of said first

portion sputtering a second target to sputter a second targst material toward said
workpiece.
18. The process of claim 15 wherein said spunenng gas is at a pressure of 5-
10 mTorr.

17.  The process of claim 15 wherein said first target material is selected from

the group of titanium, tantalum, aluminum, copper and tungsten.

18.  The process of claim 15 wherein'said second target material is selected

from the group of aluminum and copper.

19. An apparatus for en#rgizing a plasma within a semiconductor fabrication
system o direct sputter material onto a wbrkpiece. the apparatus comprising:

a semiconductor fabrication chamber having a plasma generation aréa within
said chamber and containing a sputtering gas; '-

a coil carried by said chamber and positiongd to couple energy into said plasma
generation area to ionize said éputtered material; and

a controller for controlling said ionization to ionize a first portion of said
sputtered material at a first level before it is déposited onto said workpiece and to

ionize a second portion of said sputtered material at a second level before it is

deposited onto said workpiece.

_
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precedes said ionizing of said second portion. 32. The process of claiml
wherein said sputtering is continuous during said first and second

i oni zi ngs. 33. The process of claim 1l wherein said second portion

i oni zi ng includes reducing said RF powe2l +o0 said coil and reducing a
pressure of a precursor gas.

20. The apparatus of claim 19 including a target including a target material

- selected from the group of titanium, tantalum, éluminum, coppér and tungsten.

21. A semiconductor fabrication system for sputtering multiple Iayefs of
materials onto a workpiece, the system comprising:

a first semiconductor fabrication chamber having a plasma generation area
within said chamber and containing a #puttering gas;

said first chamber having a first target of a ﬁrét target material which includes a
material- selected from the grdup of titanium, tantalum, aluminum, copper and tungsten,
said first target providing a source of sputtered first target material;

- a coil carried by said first chamber and positioned to couple energy into said
plasma ganeration' area to ionize said first target materia_l sputtered from said target to
form an underiayer of sald first material on said workplece;

a controller for controlling said ionization to ionize la first portion of said
sputtered first target material ét a first target level before it is deposited onto said
workpiece and to ionize a second portion of said sputtered first target material at a

“second level before it is deposited onto said workpiece
a second semiconductor fabrication chamber; and
said second chamber having a secohd target of a second target material which

includes a material selected from the group of aluminum and copper, for forming a layer

on said underiayer.
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22. An apparatus for energizing a plasma within a semiconductor fabrication
system to sputter material onto a workpiecs, the abparatus comprising:

a semiconductor fabrication chamber having a plasma generation area within
said chamber;

a cdil carried by said chamber and positioned to couple éneréy into said plasma
generatipn area ta ionize said matéﬁal prior to deposition onto said workpiece;

an RF generator coupled to said cdil to provide RF power to said coil; and

control means for controliing said RF generator to provide power at a level
during an initial portion of a sputter deposition and.to provide power at a reduced level

including zero power in a subsequent portion of said sputter deposition.

23.  The apparatus of claim 22 including a target including a material selected

from the group of titanium, tantalum, aluminum, copper and tungsten,

24, A semiconductor fabrication system for sputtering muitiple layers of
materials onto a workpiece, the system comprising:

a first semiconductor fabrication chamber having a plasma generation area
within said chamber and a target of a first target material which includes a material
selécted from the group of titanium, tantalum, aiuminum. copper and tungsten;

a coil carried by said chamber and positioned to couple energy into said plasma

generation area to ionize said first target material prior to deposition onto said

workpiece;
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.an RF generator coupled to said coil to provide RF power to said coil; and

control means for controlling said RF generator to provide power at a level
during an initial portion of a sputter deposition and to provide power at a reduced level
including zero pbwer in a subsequent portion of said sputter deposition;

a second semiconductor fabrication cﬁamber; and

said seﬁond chamber having a second targét of a second target material which

includes a material selected from the group of aluminum and copper, for forming a layer

on said underiayer.

25. The process of claim 1 wherein said ionizings of said first and second

portions of said target material are in the same chamber.

26. The process of claim 1 wherein said second ionization level of ionizing

said second portion includes zero ionization.

27. The process of claim 1 wherein said ionization of said second portion

includes reducing said RF power to said cail.

2B. The process of claim 27 wherein said ionization of said first portion

precedes said.ionizing of said second portion.
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28. The process of claim 27 wherein said RF power reducing includes

reducing said RF power to said coil to zero.

30. The process of claim 1 wherein said sputtering gas during said ionization

of said second portion is at a pressure below 20 mTorr.

31. The process of claim 30 wherein said ionizing of said first portion

precedes said ionizing of said second portion.

32. The process of claim 1 wherein said sputtering is continuous during said

first and second ion'izings.

33. . The process of claim 1 wherein said second portion ioniiihg includes

reducing said RF poWer to said coil and r_educing a pressure of a precursor gés.
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A METHOD AND APPARATUS FOR IMPROVING SIDEWALL COVERAGE
DURING SPUTTERING IN A CHAMBER HAVING AN INDUCTIVELY

COUPLED PLASMA
ABSTRACT

Increased sidewall coverage by a sputtered material is achieved by
genefating an ionizing plasma in a relatively low pressure sputtering gas. By
reducing the pressure of the sputtering gas, it is believed that the ionization rate of
the deposition material passing through the plasma is correspondingly reduced
which in tumn is be'lieved to increase the sidewall coverage by the underiayer.
Although the ionization rate is decreased, sufficient bottom coverage of the by th_e
material is maintained. In an aiternative. embodiment, increased sidewall coverage
by the material may be achieved even in a high density plasma chamber by
generating the high density plasma only during an initial portion of the material
deposition. Once good bottom coverage has been achieved, the RF power to the
coil generating the high density plasma may be turned off entirely and the remainder
of the deposition conducted without the high density plasma. Consequently, it has
been found that good sidewall coverage is achieved in the latter part of the
deposition. o

Figure 1
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