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FIELD OF THE INVENTION

The present invéntion 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 become convenient .
sources of energetic ions and activated atoms which can be employed in a variety of
semiconductor device fabrication processes inciuding surface treatments, depositions, '
_and etching processes. For example, to deposit materials onto a semiconductor wafer

10 using a sputter deposition process, a plasma is produced in the vicinity of a sputter
target material which is negatively biased. lons created adjacent to 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 fo the surface of the
substrate. As a consequence, materials deposited in etched trenches and holes of
semiconductor devices having trenches or holes with a high depth to width aspect ratio,
can bridge over causing undesirable cavities in the deposition layer. To prevent such

20 cavities, the sputtered material can be redirected into substantially vertical paths
between the target and the substrate by negatively charging the substrate to position
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10  using a sputter deposition process, a plasma is produced in the
vicinity of a sputter target material which is negatively biased.. Ions
created adjacent to the target inpact the surface of the target to

dislodge, i.e., "sputter” material fromthe target. The sputtered materials
are then transported and deposited on the surface of the seni conduct Batent
waf er. 15 Sputtered material has a tendency to travel 1207RVBIQMt

line paths fromthe target to the substrate being deposited, at angles
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substantd al Ly ver L) ebe & Rumber of cavities. Accordingly, it is desirable to increase
5 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 “dense plasma” is 'inte'nded to refer to one that has a high electron and
ion density. -
There are several known technigues for exciting a plasma with RF fields
10 including capacitive coupling, inductive obupling and wave heating. In a standard .
inductively coupled plasma (ICP) generator, RF current passing through a coil
surrounding the plasma induces eleétromagnetic currents in the plasma. These
currents heat thé 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
16  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 plasma acts
as a single tum second winding of a transformer. |
In a number of deposition chambers such as a physical vapor deposition
chamber, the chamber walls are often formed of a conductive metal such as stainless
20 - steel. Because of the conductivity of the chamber walls, it is often necessary to place
the antenna coils or electrodes within the chamber itself because the conducting
chamber walls would block or substantially attenuate the electromagnetic energy
radiating from the antenna. As a result, the coil and its supporting structures are
directly exposed to the deposition flux and energetic plasma particles. Thisis a

25 potential source of contamination of the film deposited on the wafer, and is undesiréble.
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between the target and the substrate by negatively charging the substrate
to position 2 vertically oriented electric fields adjacent the substrate
if the sputtered material is sufficiently ionized by the plasna. However,
material sputtered in a |low density plasma often has an ionization degree
of less than 1% which is usually insufficient to avoid the fornationPateMn
excessive nunber of cavities. Accordingly, it is desirable to 1207MRB/DV
the density of the pllasma to increase the ionization rate of the sputtered
material in Ofgigrotéct tHe colsshiélis niadefrbimaortondnvting Athtemals! s@ch 48 t he

deposition | ayer. As used
ceramics, can be placed in front of the coil. However, many deposition processes

involve deposition of conductive materials such as aluminum on the electronic device
being fabricated. Because the conductive material will coat the ceramic shield, it will

5 soon become conducting, thus again substantially attenuating penetration of
electromagnetic radiation into the piasma.
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herein, the term"dense plasma" is intended to refer to one that has a high
el ectron and ion density. There are several known techniques for exciting a
plasma with RF fields 10 i ncl udi ng capacitive coupling, inductive
coupling and wave heating. In a standard inductively coupl ed pl asrraél CcP
generator, RF current passing through a coil surrounding the plasma RatgOtes
el ectromagnetic currents in the plasma. These currents heat tht2@0RMR/DVW(g
pl asma by ohm c heating, so that it is sustained in steady state. As shown
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the above-mentioned limitations.

5 These and other objects and advantages are achieved by, in accordance with
one aspect of the invention,'a plasma generating apparatds which comprises a
conductive shield which forms a hulti-tum coil. The conductive coil-shield is coupled to
an RF source such that the coil-shield inductively couples electromagnetic energy to a
plasma. Such an arrangement is believed to avoid attenuation of the RF power while at

10 the same time substantially reducing the generation of contaminating particles from the
coil-shield. Furthermore, because the coil-shield has a plurality of tumns, the current
required to radiate the RF power is reduced 'as compared to that required of single turn

coils.

~ BRIEF DESCRIPTION OF THE DRAWINGS
- 156 Fig. 1 is a perspective, partial cross-sectional view of a plasma generating
chamber in accordance with one embodiment of the present invention.
Fig. 2 is a schematic diagram of the electrical interconnections to the plasma
generating chamber of Fig. 1.
Fig. 3 is a schematic partial cross-sectional view of the plasma generating
20 chamber of Fig. 1 shown ihstalled in a vacuum cha.mber. |
Fig. 4 is a schematic cross-sectional view of a plasma generating chamber in

accordance with an alternative embodiment of the present invention.

-
This Sheet Has Been RTlaced

LT



In a nunber of deposition chanbers such as a physical vapor deposition
chanber, the chanber walls are often formed of a conductive nmetal such as
stai nl ess 20 steel . Because-of the conductivity of the chanber walls, it
is-often necessary to place the antenna coils or electrodes within the
chamber itself because the conducting chanber walls woul d bl ock or Patent
substantially attenuate the el ectronagnetic energy radi ating f1207AAVD/DV
antenna. As a result, the coil and its supporting structures are directly

exposedpETAILEDBESTCRIPTION OF THE DRAWINGS plasma particles. This is a 25
potential source of contam nation of the fil mdeposited on the wafer, and
i s undesi r abReferring first to Figs. 1 and 2, a plasma generator in accordance with an
embodiment of the present invention comprises a substantially cylindrical plasma
chamber 100 which is received in a vacuum chamber 102 (shown schematically in Fig.
-5 2).. The plasma chamber 100 of this embodiment has an inner shield 104 which is
formed into a multi-turn coil and is insulatively carried internally by an outer shield 108.
The shields 104 and 106 protect the interior walls 107 (Fig. 3) 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 108 is radiated from the coil-
10 shield 104 into the interior of the deposition' system 100, which energizes a plasma
within the deposition system 100. An ion flux strikes a negatively biased target 110
positioned at the top of the chamber 102. The target 110 is negatively biased by a DC
power source 111. The ions eject material from the target 110 onto a substrate 112
* which may be a wafer or other workpiece which is supported by a pedestal 114 at the
15 _bottom of the deposition system '100. A rotating magnetron magnet assembly 116
provided above the target 110 produces magnetic fields which sweep over the face of
the target 110 to promote uniform erosion of the target.
The atoms of material ejected from the target 110 are in turn ionized by the
plasma being energized by the coil-shield 104 which is inductively coupled to the
20 plasma. The RF generator 108 is preferably coupled to the coil-shield 104 through an
amplifier and impedance matching network 118. The other end of the coil-shield 104 is
coupled to ground, preferably through a capacitor 120 which may be a variable
capacitor. The ionized deposition material is attracted to the substrate 112 and forms a
deposition layer thereon. The pedestal 114 may be negatively biased by an AC (or DC
25 or RF) source 121 so as to externally bias the substrate 112. As set forth in greater
detail in copending application Serial No. 08/677,588, filed July 9, 1996 (Attorney
Docket No. 1402/PVD/DV), entitled “Method for Providing Full-Face High Density

5
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3 To protect the coils, shields nmade from nonconducting nmaterials, such as
ceram cs, can be placed in front of the coil. However, many deposition
processes invol ve deposition of conductive materials such as al um num on
the el ectronic device being fabricated. Because the conductive nmaterjal
will coat the ceramc shield, it will 5 soon becone conducti ng,

again substantially attenuating penetration of el ectromagneti c1287MPélE)/@V
into the plasna. 4

Plasma Deposition” by Ken Ngan, Simon Hui and Gongda Yao, which is assigned to
the assignee of the present application and is incorporated herein by reference in its
entirety, external biasing of the substrate 112 may optionally be eliminated.
' The coil-shield 104, like the coil-shield described in copending applicatibn Serial
-5 No. 08/559,345, filed November 15, 1995 (Attorney Docket No. 938/PVD/DV),entitied
~ “Method and Apparatus for Generating a Plasma” by ivo Raaijmakers, Bradley Stimson
and John Forster, which is assigned to the assignee of the present application and is
incorporated herein by reference in its entirety), protects the vacuum chamber walls 107
from the material being deposited. However, as will be explained in greater detail
10  below, in accordance with 6ne aspect of the present invention, the coil-shield 104 has a
" helix-shaped design which permits the coil-shield 104 to function as a multi-turn coil.
As a result, the amount of current necessary to couple RF energy into the plasma is
reduced as compared to that required by a single turn coil. By reducing the current
carrying requirements of the chamber components, the design can be simplified and
15 costs reduced. ' ‘

In the illustrated embodiment, the coil-shield 104 is made of a conductive
material such as heavy duty bead blasted solid high-purity (preferably 99.995% pure)
titanium formed into a generally cylindrical shape having a diameter of 10-12 inches.
However, other highly conductive materials may be utilized depending upon the

20 material being sputtered and other factors. For example if the material to be sputtered
is aluminum, both the target and the coil-shield 104 may be made of high purity
aluminum. |

To enable the coil-shield 104 to function as a multi-tumn coil, a thin channel 122 |
(preferably 1/4 to 1/8 inches in width) cut éompletely through the wall of the shield 104

25 is formed in a helix shape so that the resultant coil-shield 104 comprises a continuous -
strip of conductive material wound in a helix. Each turn or winding 123 of the coil-shield
104 is separated from the adjacent turn by a gap 125 (Fig. 3) provided by the

6
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SUMVARY OF THE PREFERRED EMBODI MENTS It is an object of the preéent

i nvent i

on to provide an inproved nethod and apparatus for generating

plasmas within a chanber, obviating, for practical purposes, the
above-nentioned Iimtations. 5 These and ot her objects and
advant ages are achieved by, in accordance with one aspect of the i nvEatendn,

a pl asma generating apparatus which conprises a conductive shi 8R87/RVROV

forms a nulti-tumcoil. The conductive coil-shield is coupled to an RF

source
to.a pl

pover wehbodimenbis gereraliycylindrical butiothenshapesmay becysed

cont am
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10

%Hﬁth&é%ﬁ&c %ﬁé}mqhh: STecbvkrall €Hapé of the coilshield t04 of theniligsteated ener gy

asma. an arrangenent is believed to avoid attenuation of the

nating particles fromthe coil-shield. Furthernore, because the
lﬁﬂw-a plurality of turns, the current

In the illustrated embodiment, the channel 122 is cut through the shield 104 by
use of a laser. Alternatively other cutting methods may be used such as EDM which
uses a hot thin wire to cut metal. Although a helix shape for the channel 122 is
preferred to simplify laser cutting methods, it is anticipated that the channel may be cut
in other shapes including a rectilinear shape as represented by the channel 122a (Fig.
4). The channel 122a comprises straight parallel segments 400 and 402 to facilitate
cutting by rotary blades and other cutting implements. In yet another embodiment, the

- coil-shield may be formed from a flat strip of material which is rolled into a generally

15

20

25

cylindrical, multi-turn shape.
The channel 122 encircles the cylinder-shaped coil-shield 104 approximately

three times in the illustrated embodiment to define approximately three windings or

. turns of the coil. It should be appreciated that the particular number of windings may

vary, depending upon the particular application. increasing the number of windings will
generally reduce the necessary current levels to couple a given amount of power into
the plasma but the costs of fabricating the coil-shield may be increased by cutting
additional windings into the shield.

The coil-shield 104 is carried on thé outer shield 106 by a plurality of coil
standoffs 124 (Fig. 3) which electrically ihsulate the coil-shield 104 from the supporting
shield 106. As set forth in greater detail in copending application Serial No.
08/647,182, entitled Recessed Coil for Generating a Plasma, filed May 9, 1996
(Attorney Docket # 1186/PVD/DV) and assigned to the assignee of the present

| applidation, which application is incorporated herein by reference in its entirety, the

insulating coil standoffs 124 have an internal labyrinth structure which permits repeated

deposition of conductive materials from the target 110 onto the coil standoff 124 while

7
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required to radiate the RF power is reduced as conpared to that required of
single turn coils. BRI EF DESCRI PTI ON OF THE DRAW NGS 15 ' Fig. 1is
a perspective, partial cross-sectional view of a plasma generating chanber
i n accordance with one enbodi nent of the present invention. Fig. 2 is.a
schematic di agram of the electrical interconnections to the plasna Patent
generating chanber of Fig. 1. Fig. 3 is a schematic partial cri2/B¥&/D¥nal
view of the plasma generating 20 chanber of Fig. 1 shown installed in a

vacuum glaaehfing the formatibh of asedmplete comduttingysath iob depositedmaterial fiom thee
generating chanber in accordance with an alternative enbodi nment ?If t he
pr esentinnercoil-sbield 104 to the outer shield 106 which could short the coil 104 to the shield

106 (which is typically at ground).
RF power is applied to the coil 104 by feedthroughs 126 which are supported by
5 insulating feedthrough standoffs 128. As represented in Fig. 2, the feedthroughs 126
are preferably positioned at the ends 127 of the coil-shield 104. The feedthrough
standoffs 128, like the coil support standoffs 124, permit repeated deposition of
conductive material from the target onto the feedthrough standoff 128 without the
formation of a conducting path which could short the coil 104 to the shield 106. Thus,
10 the coil feedthrough standoff_ 128 has an internal labyrinth structure somewhat similar to
that of the coil standoff 124 to prevent the formation of a short between the coil 104 and
the wall 140 of the outer shield 106.
Another advantage of the illustrated embodirhent, is that the inner coil-shield 104
protects the outer shield 106 from the material being deposited. As best seen in Fig. 3,
15. the inner coil-shield 104 is positioned to substantially block material from reaching the
. 6uter shield 106 except for that material which passes through the channel 122
between adjacent turns of the inner coil-shield 106. Since the width of the channel 122
is relatively small as represented by the gap 125, the channel preferably occupies less
than 10% of the overall interior surface area of the coil-shield 104. Thus, the coil-shield
20 104 encloses over 50% (preferably over 90%) of the lateral face of the plasma
generation area between the target 110 and the substrate 112 and clamp 154.
Consequently, only a relatively small amount of deposition material reaches the outer
shield 106.. Thus, conductive deposition material being deposited on the standoffs 124,
128 between the inner and outer shieldé can be substantially reduced. Because less
_25 material is deposited on the standoffs, it is anticipated that the design of the standoffs
might be substantially simplified over the relatively complex labyrinth designs depicted

in Fig. 3. For example, the labyrinth structure may have fewer channels.
8
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DETAI LED DESCRI PTI ON OF THE DRAW NGS Referring first to Figs. 1 and 2, a
pl asma generator in accordance with an enbodi nent of the present invention
conprises a substantially cylindrical plasma chanber 100 which is received
in a vacuum chanber 102 (shown schematically in Fig. 5 2). The plasm
chanber 100 of this enbodiment has an inner shield 104 which is fornRatemt o
a nulti-turn coil and is insulatively carried internally by an 120%PVBEIDW d
106. The shields 104 and 106 protect the interior walls 107 (Fig. 3) of the

Yﬁguglmag fr}grftgﬁg n%g?shffﬁ%rﬁﬁ BRerRti?e debighahWhisl BRS slandoffs have teeh évErefurtier Of
simplified. As shown therein, the coil support standoffs 124a are simple posts made of
an insulative material such as ceramic. The feedthrough standoffs 128a (represented
in phantom) similarly comprise a hollow ceramic post through which the RF feedthrough

5 passes. In some applications, the amount of conductive deposition material passing
through the channel 122a of the inner coil-shield 104a may be so reduced as to
substantially eliminate the chance of a conductive path being deposited on the
standoffs 124a or 128a which could short the inner coil-shield 104 to the outer shield
106. _

10 In addition to reducing the amount of deposition material reaching the support
and feedthrough standoffs, the inner coil-shield 104 conversely reduces or eliminates
particulate deposition matter shed from the standoffs from reaching the substrate 112.
Because of their relative sharp curves, the standoffs are believed to inherently shed
more particulate matter than relatively flat surfaces such as the shields 104 and 106.

15 However, because the standoffs are placed between the inner coil-shieid 104 and the
outer shield 106, and because the width of the channel 122 of the coil-shield 104 is
small, it is believed that the coil-shieid 104 substantially blocks any such particulate
matter from the standoffs from reaching the interior of the plasma chamber and the
substrate.

20 As best seen in Figs. 1 and 3, the plasma chamber 100 has a dark space shield
ring 130 which provides a ground plane with respect to the target 110 above which is
negatively biased. In addition, as explained in greater detail in the aforementioned
copending application Serial No. 08/647,182, the shield ring 130 shields the outer
edges of the target from the plasma to reduce sputtering of the target outer edges. The

25 dark space shield 130 performs yet another function in that it is positioned to shield the
coil-shield 104 from the material being sputtered from the target 110. The dark space
shield 130 does not completely shield the coil-shield 104 from all of the material being

9
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Radi o frequency (RF) energy froman RF generator 108 is radiated fromthe
coil- 10  shield 104 into the interior of the deposition system 100,

whi ch energizes a plasma within the deposition system 100. An ion flux
strikes a negatively biased target 110 positioned at the top of the chanber
102. The target 110 is negatively biased by a DC power source 111. Patentons
eject material fromthe target 110 onto a substrate 112 whi ch 1RG7/BYDIDV
waf er or other workpiece which is supported by a pedestal 114 at the 15

bot t om %u&feégéd dRRPBS4drhe Bf B s5iRter8 material Ravelg ataprobiinae angimwithaespedt! y

116 pro above the target 110 produces magnetic fields which sweep over
the fack the ventical axisoof theplasma chamber 100 dowevers beeause mushiaftRt . The

O e e bCis g iy kbR SO b 4 o i idmbAC OB MR
to the small oblique angles relative to the vertical axis, the dark space shield 130 which is
5 positioned in an overlapping fashion above the coil-shield 104, prevents a substantial
amount of sputtered material from being deposited on the coil-shield 104. By reducing
the amount of material that would otherwise be deposited on the coil-shield 104, the
géneration of particles by the material which is deposited on the coil-shield 104 can be
substantially reduced. '

10 in the illustrated embodiment, the dark space shield 130 is a generally
continuous ring of titanium (where titanium deposition is occurring in the chamber 100)
or stainless steel having a generally inverted frusto-conical shape; The dark space
shield extends inward toward the center of plasma chamber 100 so as to overlap the
coil-shield 104 by a distance of 1/4 inch. It is recognized, of course, that the amount of

15 overlap can be varied depending upon the relative size and placement of the coil and
other factors. For example, the overiap may be increased to increase the shielding of
the coil-shield 104 from the sputtered material but increasing the overlap could also
further shield the target from the plasma which may be undesirable in some
applications. Also, the dark space shield ring may have a slot to reduce eddy currents

20 induced in the ring by the overlapping coil-shield 104.

' The chamber shield 106 is generally bowl-shaped (Fig. 3) and includes a
generally cylindrically shaped, vertically oriented wall 140 to which the standoffs 124
and 128 are attached to insulatively support the coil-shield 104. The shield further has
a generally annular-shaped floor wall 142 which surrounds the chuck or pedestal 114

25 which supports the workpiece 112 which has an 8" diameter in the illustrated
emb_odimént. A clamp ring 154 may be used to clamp the wafer to the chuck 114 and
cover the gap between the floor wall of the shield 106 and the chuck 114.

10
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20 pl asma. The RF generator 108 is preferably coupled to the coil-shield
104 through an anplifier and i npedance matching network 118. The ot her end
of the coil-shield 104 is coupled to ground, preferably through a capacitor
120 which may be a variable capacitor. The ionized deposition material is
attracted to the substrate 112 and forns a deposition |ayer t her eonPa
pedestal 114 may be negatively biased by an AC (or DC 25 or1207/PYBVe
121 so as to externally bias the substrate 112. As set forth in greater

o] | CoTMAE 00 S smr G lpadfp e o2 s
H gh Desrggdges the vacuum chamber. The chamber shield 106 is grounded 9“\)/ Iﬂ?é ggstzuml |- Face
ground through the adapter ring assembly 152. The dark space shield 130, like the
chamber shield 106, is grounded thi'ough the adapter ring assembly 152.
5 The target 110 is generally disk-shaped and is also supported by the adapter
ring assembly 152. However, the target 110 is negatively biased and therefore should
be insulated from the adapter ring assembly 152 which is at ground. Accordingly,
seated in a circular channel formed in the underside of the target 110 is a ceramic
insulation ring assembly 172 which is also seated in a corresponding channel 174 in the
10 _upper side of the adapter ring assembly 152. The insulator ring assembly 172 which
may be made of a variety of insulative materials including ceramics spaces th_é target
110 from the adapter ring assembly 152 so that the target 110 rhay be adequately
negatively biased. The target, adapter and ceramic ring assembly are provided with O-
ring sealing surfaces (not shown) to provide a vacuum tight assembly from the vacuum
15 chamber to the target 110.
| To promote uniform erosion of the target 110, a magnetron 116 (Fig. 2) may be
provided above the target 110. However, the magnetron may be omitted by increasing
the RF ionization of the plasma. _
in order to accommodate the coil-shield 104 to facilitate ionization of the plasma,
20 it has been found beneficial to space the target 110 from the surface of the workpiece
112. However, this increased spacing between the target and the workpiece can
adversely impact the uniformity of the material being deposited from the target. Such
nonuniformity typically exhibits itself as a thickening of the deposited material toward
the center of the workpiece with a consequent thinning of the deposited material toward
25 the edges of the workpiece. As set forth in copending application Serial No. _
08/680,335, filed July 10, 1996 (Atty. Docket 1390CIP/PVD/DV) incorporated herein by
reference, this nonuniformity may be effectively compensated by sputtering deposifion

1
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6 Pl asma Deposition” by Ken Ngan, Sinon Hui and Gongda Yao, which is
assigned to the assignee of the present application and is incorporated
herein by reference in its entirety, external biasing of the substrate 112
may optionally be elimnated. The coil-shield 104, |ike the coil-shield
described in copending application Serial 5 No. 08/559, 345, file atent
Novermber 15,1995 (Attorney Docket No. 938/ PVD/DV),entitled " Ne#2GHPMRIDV
Apparatus for Generating a Plasma" by Ivo. Raaijnakers, Bradley Stinmson and

John Fopshietial it iohly frémAhe! spiftér targeh¢10:abbee e wbrltﬁl@cepbatsalsb fropp lai agik éron

and is 1ncorporated herein by reference inits entiret 8rotects t he
vacuum otirerisecondarysangit encisoinghtheradges of theavarkpiesgo é‘i/Q"Gd S
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_ any material sputtered from the coul-shleld 104 may tend to deposit more thickly toward
-5 the edges of the workpiece than the center. This is generally the reverse of the

deposition pattern of material from the target 110. By appropriately adjusting the ratio
of RF power level app\ied to the coil-shield 104 to the DC power level of the bias
applied to the target, the deposition level of the material being sputtered from the coil-
shield 104 may be selected in such a manner as to compensate substantially for the
10  nonuniformity of the deposition profile of the material from the target such that the
overall deposition profile of the layer from both sources of sputtered can be
substantially more uniform than that which has often been obtained from the overhead
target alone. '
It is presently believed that the amount of sputtering which will originate from the
15 _coil-shleld 104 as compared to the sputtering which originates from the target 110 may
| be a function of the RF power applied to the coil-shield 104 relative to the DC power
applied to the target 110. By adjusting the ratio of the coil RF power to the target DC
power, the relative amounts of material sputtered from the coil-shield 104 and the target
110 may be varied so as to achieve the desired uniformity. It is believed that a
20 particular ratio of the coil RF power to the target DC power will achieve the smallest
degree of non-uniformity of the layer of material deposited from both the coil and the
target. As the RF power to the coil is increésed relative to the DC power applied to the
target, the deposited layer tends to be more edge thick. Conversely, by decreasing the
ratio of the RF power to the coil relative to the DC power applied to the target, the
25 center of the deposited layer tends to grow increasingly thicker relative to the edges.
Thus, by adjusting the ratio of the RF power to the coil relative tb the DC power biasing
the target, the material being sputtered from the coil can be increased or decreased as

12
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hel i x- shaped desi gn which pernmits the coil-shield 104 to function as a

multi-turn coil. As a result, the anount of current necessary to couple RF
energy into the plasma is reduced as conpared to that required by a single
turn coil. By reducing the current carrying requirenents of the cha eir
conponents, the design can be sinplified and 15 costs reduced. F

illustrated enbodi ment, the coil-shield 104 is nade of a condu‘tﬂQK/E’ D/DV
mat eri al such as heavy duty bead bl asted solid high-purity (preferably

99. 995%, ﬁb’n‘?ﬁhgﬁé foPeTre VR doPApénsate foravorauniforymnityof the materiabbeing d&posutgda
di amret er 12 1| nches However, ot her hlligﬁgégconduct ive materi ﬁ

uti | i zehlomethertaiged taipohieva@ more unifee depes eEeompEsiag materiay

Lar gt natarars a0 theiaml ot 1oa Tl o delkaeR 4, B 6l R?ﬁ”ta“%ew@ e

power ratio of approximately .7 may provide satisfactory results on an 8 inch diameter
-5 - wafer.

It is further believed that the relative amounts of sputtering between the coil and
the target may also be a function of the DC biasing of the coil-shield 104 relative to that
of the target 110. This DC biasing of the coil-shield- 104 may be adjusted in a variety of
methods. For example, the matching network 302 typically includes inductors and

10 capacitors. By varying the capacitance of one or more capacitors of the matching
network, the DC biasing of the coil-shield 104 might be adjusted to achieve the desired
level of uniformity. In one embodiment, the RF power to the coil and the DC biasing of
the coil-shield 104 may have separate adjustmerit inputs to achieve the desired results.
An alternative power arrangement could include two RF generators operated at slightly

16 different frequencies. The output of one generator would be coupled to the coil in the
conventional manner but the other generator at the slightly different frequency would be
capacitively coupled to the coil such that a change in the power level of the second

- generator would change the DC bias of the coil. Such an arrangement could provide
independent control of the RF power and DC bias applied to the coil. Atpresent, itis

20 believed that relatively large changes in DC bias to the coil fora given RF power level
would be necessary to have a substantial effect on the amount of material sputtered
from the coil.

Each of the embodiments discussed above utilized a single coil in the plasma
chamber. It should be recognized that the present invention is applicable to plasma

25 chambers having more than one RF powered coil. For example, the present invention
may be applied to multiple coil chambers for launching helicon waves of the type
described in copending application serial No.08/5659,345.

13
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alum num To enable the coil-shield 104 .to function as a nulti-turn coil, a
thin channel 122 (preferably 1/4 to 1/8 inches in width) cut conpletely
t-hrough the wall of the shield 104 25 is fornmed in a helix shape so that
the resultant coil-shield 104 conprises a continuous strip of condugtiyve
material wound in a helix. Each turn or wi nding 123 of the CO|I-sh| %%f efh 4
Is separated fromthe adjacent turn by a gap 125 (Fig. 3) provﬂ%@

7 continuous channel 122. The overall shape of the coil-shield 104 of the :

II'1ustrated 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 capablhty to “frequency hunt” for the best frequency
match with the matching circuit and antenna is suitable. The frequency of the

5 generator for generating the RF power to the coil-shield 104 is preferably 2 MHz but it is
.anticipated that the range can vary from, for example, 1 MHz to 100 MHz. An RF
power setting of 4.5 kW is preferred but a range of 1.5-5 kWis believed to be
satisfactory. In some applications, energy may also be transferred to the plasma by

_ applying AC or DC power to coils and other energy transfer members. A DC power

10 setting for biasing the target 110 of 3 kW is preferred but a range of 2-5 kW and a
pedestal bias voltage of -30 volts DC is believéd to be satisfactory for many
applications.

In the illustrated embodiment, the shield 106 has a diameter of 13 1/2" but itis
anficipated that good results can be obtained so long as the shield has a diameter

16 sufficient to extend beyond the outer diameter of the target, the substrate support and

”substrate, to shield the chamber from the plasma. The shield 106 may be fabricated
from a variety of materials including insulative materials such as ceramics or quartz.
However, the shield and all metal surfaces likely to be coated with the target material
are preferably made of the same material as the sputtered target material but may be

20 made of a material such as stainless steel or copper. The material of the structure
which will be coated should have a coefficient of thermal expansion which closély
matches that of the material being sputtered to reduce flaking of sputtered material from
the shield .or other structure onto the wafer. In addition, the material to be coated
should have good adhesioh to the sputtered material. Thus for example if the

25 = deposited material is titanium, the preferred metal of the shields, brackets and other
structures likely to be coated is bead blasted titanium. Any surfaces which are Iikély to
sputter would preferably be made of the same type of material as the target such as

14
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enbodi ment is generally cylindrical but other shapes may be used dependi ng
upon the application. In the illustrated enbodi nent, the channel 122 is cut
through the shield 104 by 5 use of a laser. Alternatively other cutting
nmet hods may be used such as EDM which uses a-hot thin wire to cut netal.

Al t hough a helix shape for the channel 122 is preferred to sinplifyPRaieaf
cutting nethods, it is anticipated that the channel nay be cut1207/PVD/DV
shapes including a rectilinear shape as represented by the channel 122a

(Fig. 4ighPuritetiniieh, fb?é&aﬁ@l@rmeam%br fitBd mdtafial tote a60ERIdSIs Hfhateifhl 402

to faC|I|tate 10 cutting by rotary bl ades and ot her cutting inplenents.
I n yet ethet than titabisum,thetprefemedovetal ishthe! wepqs;tedenatemb@tamlassssteelar strip

of mat el sper dhereice San 8o BE fnftoded By Hoating the Subfifes Wi mbiybdeRum"2Pe:
_ prior to sputtering the target. However, it is preferred that the coil (or any other surface
5 likely to sputter) not be coated with molybdenum or other materials since the
molybdenum can contaminate the workpiece if sputtered from the coil.
The wafer to target space is preferably about 140 mm but can range from about
1.5" to 8". For this wafer to target spacing, a coil diameter of about 11 1/2 inches is
preferred. Increasing the diameter of the coil which moves the coil away from the
10 | workpiece edge can have an adverse effect on bottom coverage. On the other hand,
decreasing the coil diameter to move the coil closer to the wafer edge can adversely
affect layer uniformity. It is believed that decreasing the coil diameter will cause the coil
to be more closely aligned with the target resulting in substantial deposition of material
from the target onto the coil which in turn can adversely affect the uniformity of material
15 being sputtered from the coil.

As set forth above, the relative amounts of material sputtered from the target 110
and the coil-shield 104 are a function of the ratio of the RF power apblied to the coil and
the DC power applied to the target. However, it is recognized that in some applications,
an RF power level which is optimum for improving the uniformity of the deposited layer

20 of materials from the coil and the target may not be optimum for generating a plasma
density for ionization. An alternative embodiment of a plasma chamber may have a
second target which, although generally shaped like a coil, is not coupled to an RF
generator. Instead, the second target may be formed of a flat closed ring coupled
through feedthrough standoffs to a variable negative DC bias source. As a

25 consequence, the chamber may have three “targets,” the first target 110, the second
ring target, and the RF coil-shield 104. |

15
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The channel 122 encircles the cylinder-shaped coil-shield 104 approxi mately
three times in the illustrated enbodi nent to define approximately three

wi ndi ngs or 15 turns of the coil. It should be appreciated that the
particul ar nunber of w ndings may vary, dependi ng upon the particul ar
application. Increasing the number of windings will generally reducePatgat
necessary current levels to couple a given anount of power i nt$20HWPVID/EA B
but the costs of fabricating the coil-shield nmay be increased by cutting

addi ti onal wimgarigty ofigrecurser gases mhaydie utilized to geheeatethe pldsma dndldings
carried on the outer shield 106 by a plurality of cojl standoffs 124 (Fig.
3) whi cArdiisenreastive gases such as Nfa, 65 andimany others. Varpus PrecHrser 8as g

20l Bpouh B8 ol it Bhsioyfls B0 ISERENE P BRBKRVDTR ST
9, 1996pressure between 10 and 100 mTor is preferred for best ionization of sputtered
5 material. _ _

It will, of course, be understood that modifications 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 mechanical and electronic design. Other
embodiments are also possible, their specific designs depending upon the particular

10 application. As such, the scope of the invention should not be limited by the particular
embodiments herein déscribed but should be defined only by the appended claims and
equivalents thereof.
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(AttorWVD/ DV) and assigned to the assignee of the present
25 whi ch™application is incorporated herein by reference in
i'ts entfi m ’m ting coil standoffs 124 have an internal |abyrinth
struct ure whi repeat ed deposition of conductive materials from
the target 110 onto tHe coil standoff 124 while 8 preventing the Patent

formation of a conpl ete conducting path of deposited nmaterial 120F/PMDYDV
i nner coil-shield 104 to the outer shield 106 which could short the coil

104 to WA?Wé%EAMED(Iy?i ch is typically at ground).

1. An apparatus for coupling energy from a source into a plasma, the
apparatus comprising: |

a target;

a substrate holder;

5 | a plasma generation area between said target and said substrate holder;

a conductive first shield wall deﬁhing a channel so that said first shield wall -
further defines a plurality of spaced coil windings, said conductive first shield coil
windings being coupled to said source to radiate energy from said conductive first
shield coil windings into said plasma generation area.

2. The apparatus of claim 1 wherein said channel occupies less than 10% of

thé surface area of said conductive first shield wall.

3. The apparatus of claim 1 wherein said channel is less than 1/4 inch in
width so that said conductive first shield windings are spaced less than 1/4 inch apart.

4. The apparatus of claim 1 wherein said conductive first shield wall is

generally cylindrical in shape.

5. The apparatus of claim 4 wherein said conductive first shield wall channel
encircles said conductive first shield wall a plurality of times to define said conductive

first shield wall windings.
6. The apparatus of claim 4 wherein said conductive first shield wall -cha_nnel
is helix-shaped.

17
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pomPr Is applied to the coil 104 by feedthroughs 126 which are supported
I nsul ating feedthrough standoffs 128. As represented in Fig. 2, the
feedt jﬂ"ﬂ'ﬂﬂﬂﬂlﬂ”’m eferably positioned at the ends 127 of the
coil - mmaedt hrough standoffs 128, |ike the coil support
standoffs ‘124, Berfr t* repeated deposition of conductive material froffaten
target. onto t he f eedt hrough standoff 128 without the formation 12074PVD/DV
conducting path which could short the coil 104 to the shield 106. Thus, 10

the coil feedthroufhe appavatis oflc8inh d wheteln$aid piasrha generitionsdreadiay &
somewhat simlar to that of the coil standoff 124 to prevent the formation

of a shdaterajdaoe andisaid disst shield walbhas,a susface area sufficient to eaclosaiatileastos.

cor | - <nitBith Of ARCh Bprprderiareti, AR EHTA B0e0 1 olmst he material  bei ng

dep05|ted As best seen in Fig. 3,

8. The apparatus of claim 1 further comprising a second shield wall
positioned outside said conductive first shield wall.

9. The apparatus of claim 8 further comprising insulating standoffs between
said first and second shield walls. |

10.  An apparatus for coupling electromagnetic energy from an RF source into
a plasma, the apparatus comprising:
a chamber having a chamber wall;
a cbnductive first shield wall positioned within the chamber to protect at least a
5  portion of the chamber wall from deposition materials, wherein said shield wall
comprises a continuous strip of conductive material which forms a multi-turn coil having
two ends, one end of which is coypled to said first RF source and the other end is

coupled to ground.

11.  The apparatus of claim 10 further comprising a second shield wall
positioned between said conductive first shield wall and said chamber wall to protect at
least a portion of the chamber wall from debosition materials.

12.  The apparatus of claim 11 further oompnsmg insulating standoffs between
said first and second shield walls.
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15 t he M4 is positioned to substantially bl ock
material fr “lmr“mmﬂgter shield 106 except for that material which
passes throi&\“ﬁﬂ 522 between adjacent turns of the inner
coil-shield 6.¢ Stnc® the Wi dth of the. channel 122 is relativel y small as
represented by the gap 125, the channel preferably occupies |ess t hdtatents

of the overall interior surface area of the coil-shield 104. THh2G7/PMYDV
coil-shield 20 104 encl oses over 50% (preferably over 90% of the

lateral faceq9f tEherhpmpdratugeofaiaim 90 conrisig achanhéksdpargting &ath i dfhe
-substrate 112 and cl anp 154. Conse%uentl , only a rel ativeli smal | anmount

of deposaidifirst conductive shieldwall multi-te coil, saidchanneb ocquring an;19% of

deposi tj on terial heing deposit on.the andoffs 124,- 128 between t he
i nner a"l\? aé’le%’ﬁ?&qéé"gﬁﬂn‘ﬁ@'é’ﬁggﬁtasﬁv?@M%f'reduced. Because | ess 25 .
material is deposited on the standoffs, it is anticipated that the design

of the standoffs
14. The apparatus of claim 13 wherein said channel is less than 1/4 inch in

width so that said conductive first shield turms are spat_:ed less than 1/4 inch apart.

15. The apparatus of claim 10 wherein said conductive first shield wall is

generally cylindrical in shape.

16. The apparatus of claim 15 further comprising a channel separating each
turn of said first conductive shield wall multi-turn coil wherein said conductive first shield
wall channel encircles said conductive first shield wall a plurality of times to define said

conductive first shield wall turns.

17. The apparatus of claim 16 wherein said conductive first shield wall

channel is helix-shaped.

18. The apparatus of claim 10 wherein said plasma generation area has a
lateral face and said first shield wall has a surface area sufficient to enclose at least

50% of said plasma generation area lateral face.
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m ght be substantially sinplified over the relatively conplex |abyrinth

desi gns For exanple, the labyrinth structure may have

f ewer chgmmltmnmdlmmnrshows an alternative design in which the

st andof f s *ha¥e beet everr further sinplified. As shown therein, the coil
support standoffs 124a are sinple posts nmade of an insulative nateriBéatenlich
as ceramic. The feedthrough standoffs 128a (represented in phan20@PVD/DV
simlarly conprise a hollow ceram c post through which the RF feedthrough 5

passes. |In sqge apphietiféd aﬂﬁ:mﬁﬁyaanmmahtehhaqoﬂdwésmsdépa@ﬁibhlchamﬁﬁrerl al
passing through the channel 122a of the i nner coil-shield 104a may be so

r educed camprising: -
cutting a channel into a shield wall of conductive material so that said shield wall

forms a multi-turn coil;
5 installing said shield wall between a target and a substrate holder; and
coupling a source of RF energy to said shield wall.

20. The method of claim 19 wherein said cutting is performed using a laser.

21.  The method of claim 19 wherein said cutting is performed using a hot

wire.

22. The method of claim 19 wherein said conductive first shield wall is
generally cylindrical in shape.

23. The method of claim 22 wherein said channel encircles said conductive
first shield wall a plurality of times to define said conductive first shield wall turns of said
coll. |

24. The method of claim 19 wherein said channel is cut into a helix shape.

25. The method of claim 19 wherein said channel is less than 1/4 inéh wide.

26. The method of claim 19 further comprising blocking deposition material
using a second shield wall positioned behind said first shield wall.
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substantially elimnate the chance of @ conductive path being deposited on
the standoffs 124a or short the inner coil-shield 104 to
the outer shield 106. ”mmmmnm,mnmdltlon to reduci ng the anount of
deposition material reachtng the support and.feedt hrough standoffs, the

i nner coil-shield 104 conversely reduces or elinminates particulate Patent

deposition matter shed fromthe standoffs fromreaching the submo’mpvmmv.
Because of their relative sharp curves, the standoffs are believed to

inherently s DA PnétRbl 'o?%kl)ﬁﬁér d?i%dﬂné B@égb&hﬁh ni&lerial bito & Yubsrate, such

as the shiel 104 and 106 wever cause the standoffs are placed
bet ween cdmpmsmg:r coil-shield 104 and the outer shield 106, and because the

wi dth of the channel_ 122 of t |I- i el d 4|ss bel i
that the cor 1GLMIBE (RA eyl PlasTS o8 fEst sapduttive ﬁla'P—H wall fpned Inis
a coil having a plurality of windings; and
5 ionizing deposition material passing through said plasma.

28. The method of claim 27 wherein said 'i:ondu'é'ti've' first shield wall is
generally cylindrical in shape.

29.  The method of claim 28 wherein said conductive first shield wall has a
channel which encircles said conductive ﬁ_rst shield wall a plurality of times to define
said conductive first shield wall turns of said coil.

30. The method of claim 29 wherein said channel is cut into a helix shape.

31. The method of claim 29 wherein said channel is less than 1/4 inch wide.

32. The method of claim 27 further comprising blocking deposition material
using a second shield wall positioned behind said first shield wall.
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matter fromthe standoffs fromreaching the interior of the plasma chanber
and the substrate. 20 ‘As best seen in Figs. 1 and 3, the plasm
chanber 100 has a dark space shield ring 130 which provides a ground pl ane
wWith respect to the target 110 above which is negatively biased. In
addition, as explained in greater detail in the aforenentioned copentatent
application Serial No. 08/647,182, the shield ring 130 shi el ds 1208/PVD/DV
edges of the target fromthe plasma to reduce sputtering of the target
outer edges. The 25 dark space sABSTRA®TPerforns yet another function
inthat it is positioned to shield the coil-shield 104 fromthe materi al
bei ng sput t erA dombinationecailzangbshieldofor arplasmalchamber in @i semicesductoes not

conpl .et E%lagrigamo%l sdys grre\ ig grclniiéehé.elrﬁe 1c(c):i -s'fhfqu]hglsla glLrathft]f oF%trre\é 'tt‘)a1 Icmt.?gl'enecl'\ergy
efficiently into a plasma and also substantially blocks deposition material from reaching
a second shield positioned behind the first shield.
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10 sputtered since sone of the sputtered material travels at an oblique
angle with respect to the vertical axis of the plasm chanber 100. However,
because nuch of the sputtered material does travel parallel to the vertica
axis of the chanber or at relatively small oblique angles relative to the
vertical axis, the dark space shield 130 which is 5 positioned in an
over | appi ng fashion above the coil-shield 104, prevents a substanti al

amount of sputtered material from being deposited on the coil-shield 104.
By reducing the anmbunt of material that woul d otherw se be deposited on the
coil-shield 104, the generation of particles by the material which is
deposited on the coil-shield 104 can be
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substantially reduced. 10 In the illustrated enbodi nent, the dark
space shield 130 is a generally continuous ring of titanium (where titanium
deposition is occurring in the chanber 100) or stainless steel having a
generally inverted frusto-coni cal shape. The dark space shield extends

I nward toward the center of plasnma chanber 100 so as to overlap the
coil-shield 104 by a distance of 1/4 inch. It is recognized, of course,

t hat the anount of 15 over | ap et ar et~k 6g upon 109 relative
si ze and pl acenent of the coi/=8 . R~Qr exanple, Ahe overlap
may be increased to increase|the e—Fdi | - shi el ¢~104 fromthe
sputtered material but incre%;' [ al so fufther shield the
target fromthe plasnma whichNg@y | -abte iijSome applications. Al so,
the dark space shield ring nmay Mav ‘it o—educe eddy currents
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20 I nduced in the ring by the overl apping coil-shield 104. The chanber
shield 106 is generally bow -shaped (Fig. 3) and includes a generally
eylindrically shaped, vertically oriented wall- 140 to which the standoffs
124 and 128 are attached to insulatively support the coil-shield 104. The
shield further has a generally annul ar-shaped floor wall 142 which
surrounds the chuck or pedestal 114 25 whi ch supggrts the workphece 112
~which has an 8" dianeter in the |IIustrated e dinment. A clanp bgézg4

may be used to cla erNt o\t h c a d sov tQ\
.the floor wall of hi & d\LO06\ang t hu
/ o

152

150
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The plasma chanber 100 is supported by an adapter ring assenbly 152 which
gngages the vacuum chanber. The chanber shield 106 is grounded to the
system ground through the adapter ring assenbly 152. The dark space shield
130, like the chanmber shield 106, is grounded through the adapter ring
assenbly 152. 5 The target 110 is generally disk-shaped and is al so
supported by the adapter ring assenbly 2. However, the target 110 is
negatively biased and therefore shoul d §§ i nsul ated fromthe adapter ring
assenbly 152 which is at ground_ Accordmmgly, seated in a circular channel
formed in the underside of the Harfet 110 is a ceramic jnsul ation ring
assenbly 172 which is al so seatfd AEESFetTRE @l 174 in the 10
upper side of the adapter ring Rssembty—{4p—TFhe—tnsut=atotpjri ng assenbly
172 which nmay be made of a vari [ I ncl udi ng
ceram cs spaces the target
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130 fromthe_ adapter ring assenbly 152 so that the target 1 10 maenﬁgéa’)"
adequat el y...negati'vel y biased. The target, adapter and ceramc ring |y
are provided with O ring sealing surfaces (not shown) to provide ar jum
tight assenbly fromthe vacuum 15 chanber to the target 110. To pronote
uni foerm erosion of the target 110, a naghetron 116 (Fig. 2) may be provided
above the target 110. However, the magnetron nay be omitted by increasing
the RF ionization of the plasma. In order to accommobdate the coil-shield

104 to facilitate ionization CACTIVE SHIELDFROR GENERATING Aeen found
beneficial to space the target 110 from the sur f the workpiece 112.
However, this increased spacing bELASMA EﬂB§Pé41gL)%ﬁﬂ§d t he workpi ece can
~adversely inpact the uniformty of the material being deposited fromthe
target. Such

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) generéted plasmas have become convenient
sources of energetic ions and activated atoms which can be employed in -a variety of
semiconductor device fabrication processes including surface treatments, depositions, '
and etching processes. For example, to deposit materials onto a semiconductor wafer

10 using a sputter deposition process, a plasma is produced in the vicinity of a sputter
target material which is negatively biased. lons created adjacent to 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 trenches and holes of
semiconductor devices having trenches or holes with a high depth to width aspect ratio,
can bridge over causing undesirable cavities in the deposition layer. To prevent such -

20 cavities, the sputtered material can be redirected into substantially vertical paths
between the target and the substraie_-b'y negatively charging the substrate to position
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nenuni formty typically exhibits itself as a thickening of the deposited
material toward the center of the workpiece with a consequent thinning of

t he dep05|ted ‘material toward 25 t he edges of the workpiece. As set
forth in copending application Serial No. 08/ 680,335, filed July 10, 1996
(Atty. Docket 1390CI P/ PVD/ DV) incorporated herein by reference, this

nonuni formty may be effectively conpensated by sputtering deposition 12
material not only fromthe sputter target 110 above the workpi ece but al so
froma coil Orveﬂrcaﬂyommeasmc ficldgadjacun tHecdubsgate ifthe spstterad mateeial is

wor kpi ece. Hers%ff cient \? H)?laed by the 8asma However, material sputtered in a low den3|ty plasma
often has an ionization degree of less than 1% which is usually insufficient to avoid the
formation of an excessive number of cavities. Accordingly, it is desirable to increase
5 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 “dense plasma” is intended to refer to one that has a high electron and
ion density.
There are several known techniques for exciting a plasma with RF fields
10 including capacitive coupling, inductive coupling and wave heating. In a standard
inductively coupled plasma (ICP) generator, RF current passing through a coil
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
15 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 plasma acts
as a single turn second winding of a transformer.
In a2 number of deposition chambers such as a physical vapor deposition
chamber, the chamber walls are often formed of a conductive metal such as stainless
20 steel. Because of the conductivity of the chamber walls, it is often necessary to place
the antenna coils or electrodes within the chamber itself because the conducting
chamber walls would block or substantially attenuate the electromagnetic energy
radiating from the antenna. As a result, the coil and its supporting structures are
directly exposed to the deposition flux and energetic plasma particles. This is a
25 potential source of contamination of the film deposited on the wafer, and is undesirable.
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of- the workpi ece are closer to the coil-shield 104 than is the center of

t he wor kpi ece, any material sputtered fromthe coil-shield 104 may tend to
deposit nore thickly-toward 5 t he edges of the workpiece than the
center. This is generally the reverse of the deposition pattern of materi al
fromthe target 110. By appropriately addusting the ratio of RF power |evel
applied to the coil-shield 104 to the DC power |evel of the bias applied to
the target, the deposition level of the material being sputtered fromthe
coil- shield 104 rrwdaaeaeh@ccbilsdsﬁmdw\ebe &ommeonmmtmg)mWMsmms
substantially for the 1% ng org%eo%)é&‘the depo SIdtIO rofile of the
material from3ERMICSGBPeRIRGE t"?l pntiqf r alVeYRp Y AGROTY &qrpgesgfesthe
l'ayer from botihychrRideiRsitioh obsaHduetivetndterald Suchidsdlaninua érythﬁmebtruﬁlcfdém&bt han
t hat which has often been obtai ned fromthe overhead

r
being fabricated. Because the conductive material wi Ican t% g%:eramtc sRueId it will
5 soon become conducting, thus again substantially attenuating penetration of

electromagnetic radiation into the plasma.




It- is presently believed that the anount of sputtering which will originate
fromthe 15 - coil-shield 104 as conpared to the sputtering which
originates fromthe target 110 nay be a function of the RF power applied to
the coil-shield 104 relative to the DC power applied to the target 110. By
adjusting the ratio of the coil RF power4to the target DC power, the

rel ative amounts of material sputtered fromthe coil-shield 104 and the
target 110 may be varied so as to achieve the desired uniformty. It is

bel i eved that SUMMARY ORHEPREFERREDEMBODMENTYS! RF power to the target
DC power will achieve the small est degree of non-uniform tﬁ of the |l ayer of

material deposi t ed i BRPBISELPT HhPrEseNt Inyeatiomie Rrayidp.an imgroy ribogdRer to
the coil is ingraas6eiorgbmdrhtiiy mgsnmqm@ﬁ; ARNEhbED BbVidfhg! for bRtitapafjoset Ne

deposited | ayer 'tends to be nore edge thick. Conversely, by decreasing the
rati o of the Rhegboxs-megtiqned lipwationse| ative to the DC power applied to the

target, the These and other objects and advantages are achieved by, in accordance with
one aspect of the invention, a plasma generating apparatus which comprises a
conductive shield which forms a rﬁulti-tum coil. The conductive coil-shield is coupled to
an RF source such that the coil-shield inductively couples electromagnetic energy to a
plasma. Such an arrangement is believed to avoid attenuation of the RF power while at

10 the same time substantially reducing the generation of contaminating particles from the

coil-shield. Furthermore, because the coil-shield has a plurality of turns, the current
required to radiate the RF power is reduced as compared to that required of single turn

coils.

BRIEF DESCRIPTION OF THE DRAWINGS
16 Fig. 1 is a perspective, partial cross-sectional view of a plasma generating
chamber in accordance with one embodiment of the present invention.
Fig. 2 is a schematic diagram of the electrical interconnections to the plasma
generating chamber of Fig. 1. |
Fig. 3 is a schematic partial cross-sectional view of the plasma generating
20 chamber of Fig. 1 shown installed in a vacuum chamber.
Fig. 4 is a schematic cross-sectional view of a plasma generating chamber in

accordance with an alternative embodiment of the present invention.
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26 - center of the deposited |layer tends to grow increasingly thicker

rel ative to the edges. Thus, by adjusting the ratio of tthe RF power to the
coil relative to the DC power biasing the target, the material being
sputtered fromthe coil can be increased or decreased as 13 appropriate
to effectively conpensate for non-uniforgrity of the material being
deposited fromthe target to achieve a nore uniformdeposited | ayer

conprising material fromboth the target and the coil. For the mul ti-turn
coil-shield 1Qgdr é@'dES'@ﬁlpﬂﬁN oi:org@bmtmﬁgg)omer ratio of approxinmately
.7 may provide sgtls actory results on an I nch di anet er

Referring fi rst toFigs.1and 2, a plasma generator in accordance with an
embodiment of the present invention comprises a substantially cylindrical plasma
chamber 100 which is received in a vacuum chamber 102 (shown schematically in Fig.

5 2).. The plasma chamber 100 of this embodiment has an inner shield 104 which is
formed into a multi-turn coil and is insulatively carried internally by an outer shield 106.
The shields 104 and 106 protect the interior walls 107 (Fig. 3) 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 108 is radiated from the coil-

10 shield 104 into the interior of the deposition system 100, which energizes a plasma
within the deposition system 100. An ion flux strikes a negatively biased target 110
positioned at the top of the chamber 102. The target 110 is negatively biased by a DC
power source 111. The ions eject material from the target 110 onto a substrate 112
which may be a wafer or other workpiece which is supported by a pedestal 114 at the

15 bottom of the deposition system 100. A rotating magnetron magnet assembly 116
provided above the target 110 produces magnetic fields which sweep over the face of
the target 110 to promote uniform erosion of the target.

The atoms of material ejected from the target 110 are in turn ionized by the

. plasma being energized by the coil-shield 104 which is inductively coupled to the

20 plasma. The RF generator 108 is preferably coupled to the coil-shield 104 through an
amplifier and impedance matching network 118. The other end of the coil-shield 104 is
coupled to ground, preferably through a capacitor 120 which may be a variable
capacitor. The ionized deposition material is attracted to the substrate 112 and forms a
deposition layer thereon. The pedestal 114 may be negatively biased by an AC (or DC

25 or RF) source 121 so as to externally bias the substrate 112. As set forth in greater
detail in copending application Serial No. 08/677,588, filed July 9, 1996 (Attorney
Docket No. 1402/PVD/DV), entitled “Method for Providing Full-Face High Density




5--  wafer. It is further believed that the relative amunts of sputtering
between the coil and the target may al so be a function of the DC biasing of
the coil-shield 104 relative to that of the target 110. Thi s DC bi asi ng of
the coil-shield 104 may be adjusted in a variety of methods. For exanple,
.the matchi ng network 302 typically inclueles i nductors and 10 capacitors.
By varying the capacitance of one or nore capacitors of the matching
network, the DC biasing of the coil-shield 104 m ght be adjusted to achi eve

the desired | W%mé’belﬂ@é@&i"ﬁxt}%n N%%noglﬁ'loﬁrmﬁahmbhgdé Yrao, Rhiginieeissigned tee
coil and the DC biasin e coil-shield 104 may have seg ge?te adhé%[ ment

inputs to achltb%ésﬁlw@?%@’éh? @@sela;aeph@tlomﬁn%wm@ﬂ?e NSERIRPY HHIPTEAGR
coul d include ﬁ]e t t 8 Op@sﬁigsof%%%%ﬁ&e%2%dy9ckﬁnbua1%eelmﬁhafté@rent

frequenci es. enerator would coupled to the coil in
t he The coil-shield 104, hke the coil-shield described in copending application Serial

5 No. 08/559,345, filed November 15, 1995 (Attorney Docket No. 838/PVD/DV),entitled
“Method and Apparatus for Generating a Plasma” by lvo Raaijmakers, Bradley Stimson
and John Forster, which is assigned to the assignee of the present application and is
incorporated herein by reference in its entirety), protects the vacuum chamber walls 107
from the material being deposited. However, as will be explained in greater detail

10 below, in accordance with 6ne aspect of the present invention, the coil-shield 104 has a
helix-shaped design which permits the coil-shield 104 to function as a multi-tumn coil.
As a result, the amount of current necessary to couple RF energy into the plasma is
reduced as compared to that required by a single turn coil. By reducing the current
carrying requirements of the chamber components, the design can be simplified and

15 costs reduced. ‘

In the illustrated embodiment, the coil-shield 104 is made of a conductive
material such as heavy duty bead blasted solid high-purity (preferably 99.995% pure)
titanium formed into a generally cylindrical shape having a diameter of 10-12 inches.
However, other highly conductive materials may be utilized depending upon the

20 material being sputtered and other factors. For example, if the material to be sputtered
is aluminum, both the target and the coil-shield 104 may be made of high purity
aluminum.

To enable the coil-shield 104 to function as a multi-turn coil, a thin channel 122
(preferably 1/4 to 1/8 inches in width) cut completely through the wall of the shield 104

25 is formed in a helix shape so that the resultant coil-shield 104 comprises a continuous
strip of conductive material wound in a helix. Each turn or winding 123 of the coil-shield -
104 is separated from the adjacent turn by a gap 125 (Fig. 3) provided by the
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conventional manner but the other generator at the slightly different
frequency. woul d be -capacitively coupled to the coil such that a change in

t he power |evel of the second generator would change the DC bias of the
coil. Such an arrangenment coul d provi de i ndependent control of the RF power
and DC bias applied to the coil. At pres®nt, it is 20 bel i eved t hat
relatively large changes in DC bias to the coil for a given RF power |eve
woul d be necessary to have a substantial effect on the amount of nmateri al

sputter ed fr Ogonlifudii chanfiglaR20fhé beeram‘aﬁuberamﬁécav—msedowhemmsuaueul zed a
single coil in the plasma chanmber. |t should be recogni zed t hat the E &'_eent

i nvention is @E@Q%ﬁ'l‘tés genssallygylindrigal but ofher shanes Y bR, UsHst PRSAIIRY HRaN

power ed coil. %:p%q,cﬁmnpl e, the present invention nmay be applied to multiple

coi | chanbers | 'aunchi ng helicon waves of the type
In the illustrated embodiment, the channel 122 is cut through the shield 104 by

5 use of a laser. Alternatively other cutting methods may be used such as EDM which
uses a hot thin wire to cut metal. Although a helix shape for the channel 122 is
preferred to simplify laser cutting methods, it is anticipated that the channel may be cut
in other shapes including a rectilinear shape as represented by the channel 122a (Fig.
4). The channel 122a comprises straight paraliel segments 400 and 402 to facilitate

10 cutting by rotary blades and other cutting implements. In yet another embodiment, the
coil-shield may be formed from a flat strip of material which is rolled into a generally
cylindrical, multi-turn shape.

The channel 122 encircles the cylinder-shaped coil-shield 104 approximately
three times in the illustrated embodiment to define approximately three windings or

15 . turns of the coil. It should be appreciated that the particular number of windings may
vary, depending upon the particular application. Increasing the number of windings will
generally reduce the necessary current levels to couple a given amount of power into
the plasma but the costs of fabricating the coil-shield may be increased by cutting
additional windings into the shield.

20 The coil-shield 104 is carried on the outer shield 106 by a plurality of coil
standoffs 124 (Fig. 3) which electrically insulate the coil-shield 104 from the supporting
shield 106. As set forth in greater detail in copending application Serial No.
08/647,182, entitled Recessed Coil for Generating a Plasma, filed May 9, 1996
(Attorney Docket # 1186/PVD/DV) and assigned to the assignee of the present

25 application, which application is incorporated herein by reference in its entirety, the
insulating coil standoffs 124 have an internal labyrinth structure which permits repeated -
deposition of conductive materials from the target 110 onto the coil standoff 124 while

LY,
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described in copending application serial No.08/ 559, 345. 14 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 EN
Genesi s series which has the capability to "frequency hunt” for the best .
frequency match with the matching circui® and antenna is suitable. The
frequency of the 5 generator for genérating the RF power to the
coil-shield 104 is preferably 2 MHz but it is anticipated that the range
can vary frompré@ntify &iefofmatibndiia compe®cdvidctingpaitrof deposited material from the

inner coil-shield 104 to the outer shield 106 which could short the coil 104 to the shield
106 (which is typically at ground).
RF power is applied to the coil 104 by feedthroughs 126 which are supported by
5 insulating feedthrough standoffs 128. As represented in Fig. 2, the feedthroughs 126
are preferably positioned at the ends 127 of the coil-shield 104. The feedthrough
standoffs 128, like the coil support standoffs 124, permit repeated deposition of
conductive material from the target onto the feedthrough standoff 128 without the
formation of a conducting path which could short the coil 104 to the shield 106. Thus,
10 the coil feedthrough standoff 128 has an internal labyrinth structure somewhat similar to
that of the coil standoff 124 to prevent the formation of a short between the coil 104 and
the wall 140 of the outer shield 106.
Another advantage of the illustrated embodiment, is that the inner coil-shield 104
protects the outer shield 106 from the material being deposited. As best seen in Fig. 3,
15 the inner coil-shield 104 is positioned tb substantially block material from reaching the
outer shield 106 except for that material which passes through the channel 122

between adjacent turns of the inner coil-shield 106. Since the width of the channel 122

is relatively small as represented by the gap 125, the channel preferably occupies less
than 10% of the overall interior surface area of the coil-shield 104. Thus, the coil-shield

20 104 encloses over 50% (preferably over 90%) of the lateral face of the plasma
generation area between the target 110 and the substrate 112 and clamp 154.
Consequently, only a relatively smali amount of deposition material reaches the outer
shield 106. Thus, conductive deposition material being deposited on the standoffs 124,
128 between the inner and outer shieldé can be substantially reduced. Because less

25 material is deposited on the standoffs, it is anticipated that the design of the standoffs
might be substantially simplified over the relatively complex labyrinth designs depicted
in Fig. 3. For example, the labyrinth structure may have fewer channels.
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power setting of 4.5 kWis preferred but a range of 1.5-5 kWis believed to
be satisfactory. I'n sone applications, energy nmay al so be transferred to
the plasnma by applying AC or DC power to coils and other energy transfer
menbers. A DC power 10 setting for biasing the target 110 of 3 kWis .
preferred but a range of 2-5 kWand a pedestal bias voltage of -30 volts DC
I's believed to be satisfactory for many applications. In the illustrated
enbodi ment, the shield 106 has a dianeter of 13 1/2" but it is anticipated

that good results CRAIG. HShcw 41 aiRnAtNe design aﬁwﬁlbﬁtmmtﬁdmﬁbaav@b@bmemmnﬁé
sufficient to extend be%/ond t he outer d| anet er q,qf%shhe tar t he substr

support and suBi§wlified As ghawy Beeein. the collsuprert stapdefisnie4gax ﬁ‘ﬁiplel'ﬂ%s §FﬂaQF(?
106 may be fabpj GRuRMvE FaBrial difth MldrathicMTrhe tdedititolghcdtaktions 1288 Wepidskhted

material s such as ceram_cs or quartz.
in phantom) similarly comprise a hollow ceramic post through which the RF feedthrough
5 passes. In some applications, the amount of conductive deposition material passing
through the channel 122a of the inner coil-shield 104a may be so reduced as to
substantially eliminate the chance of a conductive path being deposited on the
standoffs 124a or 128a which could short the inner coil-shield 104 to the outer shield
106. '

10 In addition to reducing the amount of deposition material reaching the support
and feedthrough standoffs, the inner coil-shield 104 conversely reduces or eliminates
particulate deposition matter shed from the standoffs from reaching the substrate 112.
Because of their relative sharp curves, the standoffs are believed to inherently shed
more particulate matter than relatively flat surfaces such as the shields 104 and 106.

15 However, because the standoffs are placed between the inner coil-shield 104 and the
outer shield 106, and because the width of the channel 122 of the coil-shield 104 is
small, it is believed that the coil-shield 104 substantially blocks any such particulate
matter from the standoffs from reaching the interior of the plasma chamber and the
substrate.

20 As best seen in Figs. 1 and 3, the plasma chamber 100 has a dark space shield
ring 130 which provides a ground plane with respect to the target 110 above which is
negatively biased. In addition, as explained in greater detail in the aforementioned
copending application Serial No. 08/647,182, the shield ring 130 shields the outer
edges of the target from the plasma to reduce sputtering of the target outer edges. The

25 dark space shield 130 performs yet another function in that it is positioned to shield the
coil-shield 104 from the material being sputtered from the target 110. The dark space
shield 130 does not completely shield the coil-shield- 104 from all of the material being
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Hewever, the shield and all nmetal surfaces likely to be coated with the

t ar get naterlal are preferably made of the sane material as the sputtered
target material but may be 20 made of a material such as stainless steel
or copper. The material of the structure which will be coated should have a
coefficient of thermal expansion which c{gsely matches that of the material
being sputtered to reduce flaking of spattered material fromthe shield or
ot her structure onto the wafer. In addition, the material to be coated

Should have 905 e AT s e SBUl 5 PRl Gl A tlal i R rl
shi el ds, bracked theaertical dds ofthe plasmaeharmbérel0p. tHoweves Oataﬂelmud)ﬁ@fdhéil asted
E):‘ t ? Eleu;na rré n%/y%é rt&? Cﬁgﬁﬁﬁ’?\aﬁ hoegrstr%tvlﬁlleo%kéb@tothé E%rhcégms ol# he cma?r}cbee; %P L\ly reB%verEide
small oblique angles relative to the vertical axis, the dark space shield 130 which is
5 positioned in an overlapping fashion above the coil-shield 104, prevents a substantial
amount of sputtered material from being deposited on the coil-shield 104. By reducing
the amount of material that would otherwise be deposited on the coil-shield 104, the
generation of particles by the material which is deposited on the coil-shield 104 can be
substantially reduced.
10 In the illustrated embodiment, the dark space shield 130 is a generally '
continuous ring of titanium (where titanium deposition is occurring in the chamt;er 100)
or stainless steel having a generally inverted frusto-conical shape. The dark space
shield extends inward toward the center of plasma chamber 100 so as to overlap the
coil-shield 104 by a distance of 1/4 inch. Itis recognized, of course, that the amount of
15 overlap can be varied depending upon the relative size and placement of the coil and
other factors. For example, the overlap méy be increased to increase the shielding of
the coil-shield 104 from the sputtei'ed material but increasing the overlap could also
further shield the target from the plasma which may be undesirable in some
applications. Also, the dark space shield ring may have a slot to reduce eddy currents
20 induced in the ring by the overlapping coil-shield 104.
The chamber shield 106 is generally bowl-shaped (Fig. 3) and includes a
generally cylindrically shaped, vertically oriented wall 140 to which the standoffs 124
and 128 are attached to insulatively support the coil-shield 104. The shield further has
- a generally annular-shaped floor wall 142 which surrounds the chuck or pedestal 114
25 which supports the workpiece 112 which has an 8" diameter in the illustrated
embodiment. A clamp ring 154 may be used to clamp the wafer to the chuck 114 and
cover the gap between the floor wall of the shield 106 and the chuck 114.




15 high purity titanium for exanple. O course, if the material to be
~depoesited i*s-'a material other than titanium the preferred netal is the
deposited material, stainless steel or copper. Adherence can al so be

i nproved by coating the structures with nol ybdenum prior to sputtering the
target. However, it is preferred that thejgoil (or any other surface 5
likely to sputter) not be coated with nolybeenum or other materials since
t he nol ybdenum can contam nate the workpiece if sputtered fromthe coil.

The wafer to targel #pageskhs cﬁéﬁ{,&éﬁ?éﬁ@&%ﬁ%@?%%B&& rif G dHIP 155 R

about 1.5" to 8". For

'S wWa , a Ccol | amet’er o

about 11 1/2 i nehgsgessthe vacuum chamber. The chamber shield 106 is grounded to the system

10

15

20

25

ground through the adapter ring assembly 152. The dark space shield 130, like the
chamber shield 108, is grounded through the adapter ring assembly 152.

The target 110 is generally disk-shaped and is also supported by the adapter
ring assembly 152. However, the target 110 is negatively biased and therefore should
be insulated from the adapter ring assembly 152 which is at ground. Accordingly,
seated in a circular channel formed in the underside of the target 110 is a ceramic

insulation ring assembly 172 which is also seated in a corresponding channel 174 in the

-upper side of the adapter ring assembly 152. The insulator ring assembly 172 which

may be made of a variety of insulative materials including ceramics spaces the target
110 from the adapter ring assembly 152 so that the target 110 may be adequately
negatively biased. The target, adapter and ceramic ring assembly are provided with O-
ring sealing surfaces (not shown) to provide a vacuum tight assembly from the vacuum
chamber to the target 110.

To promote uniform erosion of the target 110, a magnetron 116 (Fig. 2) may be
provided above the target 110. However, the magnetron may be omitted by increasing
the RF ionization of the plasma.

In order to accommodate the coil-shield 104 to facilitate ionization of the plasma,
it has been found beneficial to space the target 110 from the surface of the workpiece
112. However, this increased spacing between the target and the workpiece can
adversely impact the uniformity of the material being deposited from the target. Such
nonuniformity typically exhibits itself as a thickening of the deposited material toward
the center of the workpiece with a consequent thinning of the deposited material toward
the edges of the workpiece. As set forth in copending application Serial No.
08/680,335, filed July 10, 1996 (Atty. Docket 1390CIP/PVD/DV) incorporated herein by"
reference, this nonuniformity may be effectively compensated b’y sputtering deposition
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preferred. Increasing the dianmeter of the coil which noves the coil away
fromthe 10. ..-.workpi ece edge can have an adverse effect on bottom
coverage. On the other hand, decreasing the coil dianeter to nove the coi
closer to the wafer edge can adversely affect layer uniformty. It is _
bel i eved that decreasing the coil dianet3® will cause the coil to be nore
closely aligned with the target resulting in substantial deposition of
material fromthe target onto the coil which in turn can adversely affect

the uniform ty nitefEhel drit) frdm the spitteN@rgat v 10 ab&ik the Warkpiezedut hiso front£toil or
forth above, the relative anounts of nmateri al mguttered ro the ta%et 110

and the coi | - sBther geaqndagy target F'Eﬁ‘f&‘d'?gotﬁeﬁﬂg?%%f WeEkpigee BP9sSed

to the coil an@fmla%?k“p@% et foftle b&il-4Hidld 104 BRin.is h‘kéV@myroftHe Wcﬁ'kplece
recogni zed that in some applications, Fggaower | evel, whi.ch is optimnmu

an. R
for inproving @AY MaETEhERY WWH@QP@I?B@Q gy tgnd to dep°s't more thickly toward

5 the edges of the workpiece than the center. This is generally the reverse of the
deposition pattern of material from the target 110. By appropriately adjusting the ratio
of RF power level applied to the coil-shield 104 to the DC power level of the bias
applied to the target, the deposition level of the material being sputtered from the coil-
shield 104 may be selected in such a manner as to compensate substantially for the

10 nonuniformity of the deposition profile of the material from the target such that the
overall deposition profile of the layer from both sources of sputtered can be
substantially more uniform than that which has often been obtained from the overhead
target alone.

It is presently believed that the amount of sputtering which will originate from the

16 coil-shield 104 as compared to the sputtéring which originates from the target 110 may
be a function of the RF power applied to the coil-shield 104 relative to the DC power
applied to the target 110. By adjusting the ratio of the coil RF power to the target DC
power, the relative amounts of material sputtered from the coil-shield 104 and the target
110 may be varied so as to achieve the desired uniformity. It is believed that a

20 particular ratio of the coil RF power to the target DC power will achieve the smallest -
degree of non-uniformity of the layer of material deposited from both the coil and the
target. As the RF power to the coil is increased relative to the DC power applied to the
target, the deposited layer tends to be more edge thick. Conversely, by decreasing the
ratio of the RF power to the coil relative to the DC power applied to the target, the

25 center of the deposited layer tends to grow increasingly thicker relative to the edges.
Thus, by adjusting the ratio of the RF power to the coil relative tb the DC power biasing -
the target, the material being sputtered from the coil can be increased or decreased as

14 JAN 1998
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20 of naterials fromthe coil and the target may not be optinmum for
generating a plasma:density for ionization. An alternative enbodi ment of a
pl asma chanmber may have a second target which, although generally shaped

|ike a coil, is not coupled to an RF generator. Instead, the second target
may be formed of a flat closed ring coupl®d through feedthrough standoffs
to a variable negative DC bias source. AsS a 25 consequence, the chanber

may have three "targets,"” the first target 110, the second ring target, and

the RF coil-s haiipeplrgpnja?éto effecﬂ\pely compensate for non-uniformity of the material being deposited
from the target to achieve a more uniform deposited layer comprising material from both
the target and the coil. For the muilti-turn coil-shield 104, a coil RF power to target DC
powér ratio of approximately .7 may provide satisfactory results on an 8 inch diameter

5 wafer. |
It is further believed thét the relative amounts of sputtering between the coil and

the target may also be a function of the DC biasing of the coil-shield 104 relative to that
of the target 110. This DC biasing of the coil-shield 104 may be adjusted in a variety of
methods. For example, the matching network 302 typically includes inductors and

10 capacitors. By varying the capacitance of one or more capacitors of the matching
network, the DC biasing of the coil-shield 104 might be adjusted to achieve the desired
level of uniformity. In one embodiment, the RF power to the coil and the DC biasing of
the coil-shield .1 04 may have separate adjustment inputs to achieve the desired resuilts.
An alternative power arrangement could include two RF generators operated at slightly

15 different frequencies. The output of one generator would be coupled to the coil in the
conventional manner but the other generator at the slightly different frequency would be
capacitively coupled to the coil such that a change in the power level of the second
generator would change the DC bias of the coil. Such an arrangement could provide
independent control of the RF power and DC bias applied to the coil. At present, it is

20 believed that relatively large changes in DC bias to the coil for a given RF power level
would be necessary to have a substantial effect on the amount of material sputtered
from the coil.

Each of the embodiments discussed above utilized a single coil in the plasma

chamber. It should be recognized that the present invention is applicable to plasma

25 chambers having more than one RF powered coil. For example, the present invention
may be applied to multiple coil chambers for launching helicon waves of the type
described in copending application serial No.08/559,345. .
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A-variety of precursor gases may be utilized to generate the plasma

i ncl uding Ar, H2 or. reactive gases such as NF3, CF4 and many ot hers.

Various precursor gas pressures are suitable including pressures of 0.1 -
50 nmTorr. For ionized PVD, a pressure between 10 and 100 mTorr is preferred

for best ionization of sputtered 5 magderial . It will, of course, be
understood that nodifications of the présent invention, in its various
aspects, will be apparent to those skilled in the art, some bei ng apparent

only after study ot hefrfeéwdwamiﬁiénsra@érsa@alhb&ﬂmgemmslafe%on@meﬂg%nrom c
design. Ot her enbodi nents are al so possi bl e, the'&g ecific em&)éf%
f the

dependi ng upon t BOWRTOteSA hilled 5 the a%pﬁ?neéaw'snan IRRRIAIT $YF asd
i nvention should Géhbsnbeeﬁésmmﬁmab}hd&h@aﬁﬂﬁtd whmcyzmwommshw@my

described but s h?rlljaltgh vla: tﬂg fma? %g%ﬂc&l t abrPé anteenngl1 Pspsquﬁe II:heailrergsue‘;jllgy of the
5 generator for generating the RF power to the coil-shield 104 is preferably 2 MHz but it is
anticipated that the range can vary from, for example, 1 MHz to 100 MHz. An RF
power setting of 4.5 kW is preferred but a range of 1.5-5 kW is believed to be
satisfactory. In some épplications, energy may also be transferred to the plasma by
applying AC or DC power to coils and other energy transfer members. A DC power
10 setting for biasing the target 110 of 3 kW is preferred but a range of 2-5 kW and a
pedestal bias voltage of -30 volts DC is believed to be satisfactory for many
applications.
In the illustrated embodiment, the shield 106 has a diameter of 13 1/2" but it is
anticipated that good results can be obtained so long as the shield has a diameter
15 sufficient to extend beyond the outer diameter of the target, the substrate support and
substrate, to shield the chamber from the plasma. The shield 106 may be fabricated
from a variety of materials including insulative materials such as ceramics or quartz.
However, the shield and all metal surfaces likely to be coated with the target material
are preferably made of the same material as the sputtered target material but may be
20 made of a material such as stainless steel or copper. The material of the structure
which will be coated should have a coefficient of thermal expansion which closely
matches that of the material being sputtered to reduce flaking of sputtered material from
the shield or other structure onto the wafer. In addition, the material to be coated
should have good adhesion to the sputtered material. Thus for example if the
25 deposited material is titanium, the preferred metal of the shields, brackets and other
structures likely to be coated is bead blasted titanium. Any surfaces which are likely to
sputter would preferably be made of the same type of material as the target such as
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equi val ents thereof. VWHAT IS CLAIMED | S: 1. An apparatus for coupling
energy.froma source into a plasm, the apparatus conprising: a target; a
substrate hol der; 5 a plasma generation area between said target
and sai d substrate holder; a conductive first shield wall defining a
channel so that said first shield wall 15

——

high purity titanium, for example. Of course, if the material to be deposited is a material
other than titanium, the preferred metal is the deposited material, stainless steel or
copper. Adherence can also be improved by coating the structures with molybdenum
prior to sputtering the target. However, it is preferred that the coil (or any other surface
5 likely to sputter) not be coated with molybdenum or other materials since the
molybdenum can contaminate the workpiece if sputtered from the coil.
The wafer to target space is preferably about 140 mm but can range from about

1.5" to 8". For this wafer to target spacing, a coil diameter of about 11 1/2 inches is
preferred. Increasing the diameter of the coil which moves the coil away from the

10 workpiece edge can have an adverse effect on bottom coverage. On the other hand,
decreasing the coil diaméter to move the coil closer to the wafer edge can adversely
affect layer uniformity. It is believed that decreasing the coil diameter will cause the coil
to be more closely aligned with the target resulting in substantial deposition of material
from the target onto the coil which in turn can adversely affect the uniformity of material

16 being sputtered from the coil.

. As set forth above, the relative amounts of material sputtered from the target 110
and the coil-shield 104 are a function of the ratio of the RF power applied to the coil and
the DC power applied to the target. However, it is recognized that in some applications,

) an RF power level which is optimum for improving the uniformity of the deposited layer

20 of materials from the coil and the target may not be optimum for generating a plasma
density for ionization. An alternative embodiment of a plasma chamber may have a
second target Which, although generally shaped like a cail, is not coupled to an RF
generator. Instead, the second target may be formed of a flat closed ring coupled
through feedthrough standoffs to a variable negative DC bias source. As a

25 | consequence, the chamber may have three “targets,” the first target 110, the second
ring target, and the RF coil-shield 104.
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further defines a plurality of spaced coil w ndings, said conductive first
shield coil w ndings being coupled to said source to radi ate energy from
sai d conductive first shield coil windings into said plasma generation
area. 2. The apparatus of claim1 wherein said channel occupies |ess than
10% of the surface area of said conductid® first shield wall. 3. The
apparatus of claim1l wherein said chann€l—1is less than 1/4 inch in width so
that said conductive first shield windings are spaced |ess than 1/4 inch
apart. 4. The apparatus of claim 1l wherein said conductive first shield
wal | is general |y céVeAelicf arecursos gases may be utitized ipgeneieiedhe plasmaiingiuding

1L Dl VARGl e S RENIIC SRR RS, S P RORE
pressures are suitable including pressures of 0.1 - 50 mTorr. For ionized PVD, a
pressure between 10 and 100 mTorr is preferred for best ionization of sputtered
5  material.

It will, of course, be understood that modifications 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 mechanical and electronic design. Other
embodiments are also possible, their specific designs depending upon the particular

10 application. As such, the scope of the invention should not be limited by the particular
embodiments herein described but should be defined only by the appended claims and

equivalents thereof.
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fwst%hl—euuw\w'nlqiﬁr%: 6. The apparatus of claim4 wherein said
conductive first shie Il channel is helix-shaped. 18 7. The
appara‘ Hﬂnﬂ'ﬂ”mﬂ ere| n said plasna generation area has a |lateral face
and s | has a surface area sufficient to enclose at .

| east 50%°of ‘sal'd pl afsma generatlon areda7l ateral face. 8. The appar at us
of claim1 further conprising a second Shield wall

WHAT IS CLAIMED IS:

1. An apparatus for coupling energy from a source into a plasma, the
apparatus comprising: '

a target;

a substrate holder; _

5 a plasma generation area between said target and said substrate holder;

a conductive first shield wall defining a channel so that said first shield wall
further defines a plurality of spaced coil windings, said conductive first shield coil
windings being coupled to said source to radiate energy from said conductive first

shield coil windings into said plasma generation area.

2. The apparatué of claim 1 wherein said channel occupies less than 10% of

the surface area of said conductive first shield wall.

3. The apparatus of claim 1 wherein said channel is less than 1/4 inch in

width so that said conductive first shield windings are spaced less than-1/4 inch apart.

4, The apparatus of claim 1 wherein said conductive first shield wall is
generally cylindrical in shape.

5. The apparatus of claim 4 wherein said conductive first shield wall channel
encircles said conductive first shield wall a plurality of times to define said conductive
first shield wall windings. '

6. The apparatus of claim 4 wherein said conductive first shield wall channel
is helix-shaped.
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posi ti 'de said conductive first shield wall. 9. The appar atus of

claim8 ng i nsul ating standoffs between said first and
second H m/HiH)MIHnI An apparatus for coupling el ectromagnetic energy
I'r8

from an SOW Cén oxa plasmm, the apparatus conprising: a chanber havijng
a chanber wall; a conductive first shielltd wall positioned within the f
chanber to protect at least a 5 portion of the chanmber wall from

deposition material s, mherein said shield wall conprises a continuous %trlp

of conductive mat r|aI "FEIF‘!He Edid ;gs}ngggﬁemloh\we@ﬁg one
end of which is c upI ed 0 saltgggﬂrﬂglt sg)%fgjce g’nd t he ot her end |sa
coupl ed to griateral face and said first shield wall has a surface area sufficient to enclose at least

50% of said plasma generation area lateral face.

8. The apparatus of claim 1 further comprising a second shield wall

positioned outside said conductive first shield wall.

9. The apparatus of claim 8 further comprising insulating standoffs between

said first and second shield walls.

10.  An apparatus for coupling electromagnetic energy _from an RF source into
a plasma, the apparatus comprising:
a chamber having a chamber wall;
a conductive first shield wall positioned within the chamber to protect at least a
5 portion of the chamber wall from deposition materials, wherein said shield wall
comprises a continuous strip of conductive material which forms a multi-turn coil having
two ends, one end of which is coupled to said first RF source and the other end is

coupled to ground.

11. . The apparatus of claim 10 further comprising a second shield wall
positioned between said conductive first shield wall and said chamber wall to protect at
least a portion of the chamber wall from deposition materials.

12. The apparatus of claim 11 further comprising insulating standoffs between

said first and second shield walls.
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11. The apparatus of claim 10 further conprising a second shield wall
positi oned between said conductive first shield wall and said chanber wall

to prﬁmm"mu"nemu portion of the chanmber wall from deposition
mat er IMpar atus of claim 11 further conprising insulating .
ar

st andof f s° bét wden ss first and secondishield walls. 13. - The
apparatus of claim 10 conprising a chanfiel” separating each turn of said
first conductive shield wall multi-turn coil, said channel occupying |ess

than 10%of the sujf acord Sibardtus 8t daifPF Sirhpriging & Eifdnrieé&parati dach tumn of
said first conductive shield wall multi-tumn coil, said channel occupying less than 10% of

the surface area of said conductive first shield wall.

14.  The apparatus of claim 13 wherein said channel is less than 1/4 inch in

width so that said conductive first shield turns are spaced less than 1/4 inch apart.

15.  The apparatus of claim 10 wherein said conductive first shield wall is

generally cylindrical in shape.

16. The apparatus of ciaim 15 further comprising a channel separating each
turn of said first conductive shield wall muiti-turn coil wherein said conductive first shield
wall channel encircles said conductive first shield wall a plurality of times to define said

conductive first shield wall turns.

17. The apparatus of claim 16 wherein said conductive first shield wall
channel is helix-shaped.

18. The apparatus of claim 10 wherein said plasma generation area has a
lateral face and said first shield wall has a surface area sufficient to enclose at least

50% of said plasma generation area lateral face.
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Ihe_a,pparpal—usr—ef——el—ai m 13 wherein said channel is less than 1/4 inch

so that sai d onductive first shield turns are spaced | ess than
Vi n mumﬁug/!l !ﬂll!" appar atus of claim 10 wherein said conductive
first erally cylindrical in shape. 16. The apparatus of
claim 15 fur conprising a channel sepgpating each turn of said first-
conductive shield wall nulti-turn coil whrerein said conductive first shield
wal | channel encircles said conductive first shield wall a plurality of
times to define said conductive first shield wall turns. 17. The apparatus
of cl.aim 16 wher ei n1%ai d* Bwtedaf farming ars RF sintanng fora plagma digeesitian chamber,

hel | x- shaped. (]:§mpns;|m§': apparatus of claim 10 wherein said plasm generation

area has a
cutting a channel into a shield wall of conductive material so that said shield wall

forms a multi-turn coil;
5 installing said shield wall between a target and a substrate holder; and

coupling a source of RF energy to said shield wall.
20. The method of claim 19 wherein said cutting is performed using a laser.

21.  The method of claim 19 wherein said cutting is performed using a hot

wire.

22. The method of claim 19 wherein said conductive first shield wall is

generally cylindrical in shape.

23. The method of claim 22 wherein said channel encircles said conductive
first shield wall a plurality of times to define said conductive first shield wall turns of said

coil.
24. The method of claim 19 wherein said channel is cut into a helix shape.
25. The method of claim 19 wherein said channel is less than 1/4 inch wide.

26. The method of claim 19 further comprising blocking deposition material
using a second shield wall positioned behind said first shield wall.
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| at er i irst shield wall has a surface area sufficient to

encl ose 50% of said plasnma generation area |ateral face. 20 19.
A net h4<m1 lum,jr' F antenna for a plasna deposition chanber,
conpri si#1g.¢ Cyt annel into a shield wall of conductive material so

that said shield wall forns a multi-turmxoil; 5 installing said
shield wall between a target and a subsfrtate hol der; and

27. A method of sputter depositing a deposition material onto a substrate,
comprising:
coupling RF energy into a plasma from a first conductive shield wall formed into
a coil having a plurality of windings; and
5 ionizing deposition material passing through said plasma.

28. The method of claim 27 wherein said conductive first shield wall is

generally cylindrical in shape.

29. The method of claim 28 wherein said conductive first shield wall has a
channel which encircles said conductive first shield wall a plurality of times to define
said conductive first shield wall turns of said coil.

30. The method of claim 29 wherein said channel is cut into a helix shape.

31.  The method of claim 29 wherein said channel is less than 1/4 inch wide.

32. The method of claim 27 further comprising blocking deposition material
using a second shield wall positioned behind said first shield wall.
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coupling a source of RF energy to said shield wall. 20. The nethod of
claim19 wherei.n-&aid cutting is perforned using a laser. 21. The nethod
of. claim 19 wherein said cutting is‘perfornmed using a hot wire. 22. The
met hod of claim 19 wherein said conductive first shield wall is general ly
cylindrical in shape. 23. The nethod of22lai m 22 wherein said channel
encircles said conductive first shield wall a plurality of tines to define
sai d conductive first shield wall turns of said coil. 24. The method of

claim 19 wherein said chanpgiTive iHiEUﬁ‘E@F@GENERﬁﬁh@% 25. The net hod of
claim 19 wherein said chantet— 1 e

PLASMA FOR SPUTTERING

ABSTRACT
A combination coil and shield for a plasma chamber in 2 semiconductor
fabrication system is provided. The coil-shield has a plurality of turns to couple energy
efficiently into a plasma and also substantially blocks deposition material from reaching

a second shield positioned behind the first shield.

Figure 1
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26. The method of claim 19 further conprising bl ocking deposition nmateri al
using a second shield wall positioped befri:nd.said first shield wall. 27.
A net hod of sputter:depositing a deposition material onto a substrate,
conprising: coupling RF energy into a plasma froma first conductive shield
wall formed into a coil having a plurality of w ndings; and 5 -

I oni zing deposition material passing thrbugh said plasma. 28. The net hod
of claim 27 wherein said conductive firSt shield wall is
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generally cylindrical in shape. 29. The nethod of claim 28 wherein said

- conductive first shield wall has a channel which encircles said conductive
first shieldwall a plurality of times to-define said conductive first
shield wall turns of said coil. 30. The nethod of claim29 wherein said
channel is cut into a helix shape. 31. The nethod of claim?29 wherein said.
channel is less than 114 inch wide. 32. 2The nethod 'of claim 27 further
conpri sing bl ocking deposition material "0Si ng a second shield wall

positi oned behind said first shield wall.
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