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COILS FOR GENERATING A
PLASMA AND FOR SPUTTERING

Inventors:  Jaim Nulman; Sergio Edelstein; Mani Subramani; Zheng Xu; Howard
Grunes; Avi Tepman; John Forster

RELATED APPLICATIONS
. This application is a continuation-in-parl: application of copending application
Serial No. 08/644,096, entitled “Cails for Generating a Plasma and for Sputtering,” filed
May 10, 1996 (a'ttorney docket No. 1390/PVD/DV) which is a continuation-in-part of
5 copending application serial No. 08/647,184, entitled “Sputtering Coil for Generating a
Plasma,” filed May 9, 1996 (Attorney Docket 1383/PVD/DV).

FIELD OF THE INVENTION
The pfesent invention relates to plasma generators, and more particuiarly, to a
method and apparatus for generating a plasma to spufter depbsit a layer of materiél in
10 the fabrication of semiconductor devices. |

BACKGROUND OF THE INVENTION | |

Low pressure rédio frequency (RF) generated plasmas have become convenient -
sources of energetic ions and activated atoms which can be employed in a variety of
semiconductor device fabn‘;'m'tion processes including surface treatments, depositions,

15 and etching processes. For example, to deposit materials onto a semiconquctor wafer
using a sputter deposition proéess, a plasma is produced in the vicinity of a sputter
target material which is negatively biased. lons created within the plasma impact the
surface of the target to dislodge, i.e., “sputter” material from the target. The sputtered
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materials are then transported and deposited on the surface of the semiconductor
wafer. |

Sputtered material has a tendency to travel in straight line paths from the target
to the substrate being déposited at angles which are oblique to the surfage of the
substrate. As a consegquence, 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
cavities, the sputtarad material can be redirected into substaniially vertical paths
between the target and the substrate by negatively charging the substrate and
positionhing apprbpriate verticaily oriented electric fields adjacent the substrate if the
sputtered material is sufficiently iohized by the plasma. However, material sputtered by
a low density 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, itis
desirable to increase the density of the plasma to increase the ionization rate of the
sputtered material in order to decrease the formation of unwanted cavities in the

-deposition layer. As used herein, the term “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
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 electromagnetlc 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. 4,382,832, for example, current through a cail is
supplied by an RF gensrator coupled to the cail through an impedance matching
network, such that the coil acts as the first windings of a t:_'ansfom\er. The plasma acts
as a single tum seccnd winding of a transformer.
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In many high density ptasma applications, it is preferable for the chamber to be
operated at a relatively high pressure so that the frequency of collisions between the
plasma ions and the depbéition material atoms is increased to increase thereby the
resident time of the sputtered material in the high density plasma zone. However,
scattering of the deposition atoms is likewise increased. This scattering of thé
deposition atoms typically causes the thickness of the deposition layer on the substrate
to be thicker on that portion of the substrate alignéd with the ¢center of the target and
thinner i |n the outlying regions. It has been found that the deposition Iayer can be made
more umform by reducing the distance between the target and the substrate which
reduces the effect of the plasma scattering.

On the other hand, in order to increasa the ionization of the plasma to increase
the sputtering rate and the ionization of the spuftered atoms, it has been found
desirable to increase the distance between the target and the substrate. The ¢oil which
is used to couple energy into the plasma typically encircles the space between the
target and fhe substrate. If the target is positioned too closely to the substrate, the
ionization of the plasma can be adversely affected. Thus, in order to accommadate the
coil which is coupling RF energy into the plasma, it has often been found necessary ta
space the target from the substrate a certain minimum distance even though such a
minimum spacing can have an adverse affect on the uniformity of the deposition.
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SUMMARY OF THE PREFERRED EMBODIMENTS

tis an object of the present invention to pravide an improved method and _
apparatus for generating a plasma within a chamber and for sputter depositing a layer
which obviate, for practical purposes, the above-mentioned limitations.

These and other objects and advantages are achieved by, in accordance with
one aspect of the invention, a plasma generating apparatus which inductively couples
electromagnetic energy from a coil which is also adapted to sputter material from the
coil onto the workpiece to supplement the material being sputtered from a target onto
the worieplece. The coil is preferably made of the same type of matarial as the target so
that the atoms sputtered- from the coil combine with the atoms sputtered from the target -
to form a layer of the desired type of materiai. It has been found that the distribution of
material sputtered from a ¢oil in accordance with one embodiment of the present
invention tends to be thicker at the edges of the substrate and thinner toward the center
of the substrate. Such a distribution is very advantageous for compensating for the
distribution profile of material sputtered from a target in which the material from the
target tends to deposit more thickly in the center of the substrate as compared to the
edges. As a consequence, the materiais deposited ffom both the coil and the target
can combine to form a layer of relatively uniform thickness from the center of the
substrate to its edges. |

"In one embodimeﬁt: both the target and the coil are formed from relatively pure
titanium so that the material sputtered onto the substrate from both the target and the
coil is substantially the same material, that is, titanium. In other embodiments, other
types of materials may be é'ebosited such as aluminum. In which case, the c¢oil as well

~ as the target would be made from the same grade of aluminum, i.e., target grade

aluminum. If it is desired to deposit a mixture or combination of materials, the target
and the coil can be formed from the same mixture of materials or aiternatively from
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different materals such that the materials combine or mix when deposited on the
substrate. |
In yet another embodiment, a secand coil-like _structure in addition to the first cail,
provides a supplemental target for sputtering material. T_his second cail is preferably
not ¢coupled to an RF generator but is instead biased with DC power. Although material
may or may not continue to be sputtered from the first coil, sputtered material from the
| coils will originate primarily from the second coil because of its DC hiasing. Such an
arrangement permits the ratio of the OC bias of the primary target to the DC bias of the
segond'coil to be set to optimize compensation for non-uniformity in thickness of the
material being depdsited from the primary target. In addition, the RF power appiied to
the first ¢oil can be set independently of the biases applied to the target and the second
~ cail for optimization of the plasma density for ionization.
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BRIEF DESCRIPTION OF THE DRAWINGS

~ig. 1 is a perspective, partial cross-sectional view of a'plasma generating
chamber in accordance with one embodiment of the prasent invention, _

£ig. 2 is a schematic diagram of the electrical interconnections to the plasma
generating chamber of Fig. 1. )

Fig. 3 is a perspective view of a cail ring for a plasma generating apparatus in
accordance with another embodiment of the present invention.

_ Fl‘g 4 is a schematic partial cross-sectional view of a plasma generating

chamber in accordance with another embodiment of the present inventio_n utilizing a coil

ring as shown in Fig. 3.

=ig. 5 illustrates a plurality of ¢oil ring support standoffs for the plasma

generatmg chamber of Fig. 4.
| Fig. 6 illustrates a plurality of coil nng eedthrough standoffs for the plasma

generating chamber of Fig. 4.

Fig.7isa chart depicting the reépective deposition profiles for material deposited
from the coil and the target of the apparatus.of Fig. 1. | |

Fig. 8 is a graph depicting the effact on depasition uniformity of the ratio of the
RF power applied to the coil relative to the DC power dias of the target

.Fig.9isa schematic partiai cross-sectional view of a plasma generatmg
chamber in accordance with another embodiment of the present invention utilizing dual
coils, one of which is RF powered for plasma generat:on and the other of which is DC
biased to provide a supplemental target.

Fig.10isa schematic d:agram of the electrical interconnections to the plasma
generatlng chamber of Fig. 10

Fig. 11 illustrates a plurality of coil ring feedthrough standoffs for a plasma

generating chamber having two multiple ring coils in which the rings of the two coils are
_ S
interleaved. _' -
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Fig. 12 is a schematic diagram of the electrical interconnections to the piasma
generating chamber of Fig. 11. '
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DETAILED DESCRIPTION OF THE DRAWINGS

Referring first to Figs. 1 and 2, a piasma generator in accordance with a first
embodiment of the presefﬁ invention comprises a su'bstantially cylindrical plasma
chamber 100 which is received in a vacuum chamber 102 (shown schematically in Fig.
2). The plasma chamber 100 of this embadiment has a single turn coil 104 which is

-carried internally by a shield 108. The shield 106 protects the interior walls (not shown)
of the vacuum chamber 102 from the material being deposited within the interior of the
piasma chamber 100.

Radio frequency (RF) energy from ah RF generator 106 is radiated from the coil
104 into the interior of the deposition system 100, which energizes a plasma within the
deposition system 100. The energized plasma praduces a plasma ion flux which 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 plasma 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 bottorri of the deposition system 100. A
rotating magnet .assemb'Iy 118 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
plasrﬁa being energized by the coil 104 which is inductively coupled to the plasma.
The RF generator 106 is preferably coupled ta the cail 104 through an amplifier and
impedance matching network 118. The other end of the coil 104 is coupled to ground,
preferably mmugh a capacitor 120 which may be a variable capacitor. The ionized
deposition materfal is attracted to the substrate 112 and farms a deposition layer
thereon. The pedestal 114 may be negatively'biasd by an AC (or DC or RF) source
121 so as to externally bias the substrate 112. As set forth in greater detail in
copending application Serial No. , filed July 9, 1996 (Attorney Docket No.
1402/PVD/DV), Express Mail Certificate No. EM 129 431 588, entitied “Method for
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Providing Full-Face High Density Plasma Deposition” by Ken Ngan. Simon Hui and
Gongda Yao, which is assigned to the assignee of the present application and is
incorporated heré.in by referance in ité. entirety', extarnal biasing of the substrate 112
may optionally be eliminated. |

As will be explained in greater detail balow, in accordance with one aspect of the
present invention, material is also sputtered from the cail 104 onto the substrate 112 to
suppiement the material which is being sputtered from the target 110 anto ihe
workpieca. As a result, the layer deposited onto the substrate 112 is formed from
material‘from both the coil 104 and the target 110 which can substantially improve the
uniformity of the resultant layer.

The coil 104 is carried on the shieid 106 by a plurality of coil standoifs 122 (Fig.
1) which electrically insulate the coii 104 from the supporting shield 106. As set forth in
greater detail in copending application Serial No. 08/647,182, entitled Recessed Cail for
Generating a Plasma, filed May 9, 1996 (Attomey Docket # 1186/PVD/DV) and
assigned to the assignee of the present application, which appliéation i$ incorporated
herein by reference in its entirsty, the insulating ceil standoffs 122 have an internal
labyrinth structure which permits repeated deposition of conductive materials from the
target 110 onto the coil standoffs 122 while preventing the formation of a complete
conducting path of deposited material from the coil 104 to the shield 106 whtch could
shon the coil 104 to the shield 106 (which is typically at ground).

RF power is applied to the coil 104 by feedthroughs (not shown) which are
supported by insulating feedthrough standoffs 124. The feedthrough standoffs 124, like
the coil suppart standoffs 122, permit repeated deposition of conductive material from
the target onta the feedthrough standoff 124 without the formation of a conducting path
which could short the coil 104 ta the shield 106. Thus, the coil feedthrough standoff
124 has an intemal labyrinth structure samewhat similar ta that of the coil standoff 122
to prevent the formation of a shart between the coil 104 and the wall 140 of the shield.

8
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As best seen in Fig. 1, 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 :n 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
dark space shield 130 performs yet another function in that itis positioned to shield the
cail 104 (and the cail support standoffs 122 and feedthrough standoffs 124) from the
material being sputtered from the target 110. The dark spaca shield 130 does not

. completdly shield the coil 104 and its associated supporting structure from all of the

material being sputtered since some of the sputtered material travels at an oblique
angle with respect to the vertical axis of the plasma chamber 100. However, because
much of the sputtered matefial does trave! parallel to the vertical axis of the chamber or
at relatively smail oblique angles relative to the vertical axis, the dark space shield 130
which is positioned in an overlapping fashion above the coil 104, prevents a substantial
amount of sputtered material from being depusited on the coil 104. By reducing the
amount of material that would otherwise be deposited on the coil 104, the generation of
particles by the material which is deposited on the coil 104 (and its supporﬁhg
structures) can be substantially reduced. |

In the illustrated embodiment, the dark space shield 130 is a closed continucus
ring of titanium (where titanium depasition is accurring in the chamber 100) or stainless
steel having.a generally inverted frusto-conical shape. The dark space shield extends
inward toward the canter of plasma chamber 100 so as to overiap the coil 104 by a
distance of 1/4 inch. Itis l"éc'ognized. of course, that the amount of overlap can be
varied depending upen the relative size and placement of the coil and other factors.
For example, the overlap may be increased to increase the shielding of the coil 104
from the sputtered material but increasing the overiap could also further shield the
target from the plasma which may be undesirab_lé in some applications. In an
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alternative ambaodiment, the ¢oil 104 may be piaced in a recessed cail chamber (ﬁot
shown) te further protect the coil and recuce particle deposits on the workpieca,

The chamber shield 106 is generally bowl-shaped and includes a generally
cylindrically shaped, vertically oriented walt 140 to which the standoffs 122 and 124 are
attached to insulatively support the coil 104. The shield further has a generally annular-
shaped floor wall (not shown) which surrounds the chuck or pedestal 114 which
supports the warkpieca 112 which has an 8" diameter in the illustrated embadiment, A

clamp ring (not shown) 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. .

The plasma chamber 100 is supported by an adapter ring 'assembiy 152 which
engages the vacuum chamber. The chamber shield 106 is grounded to the system
ground through the adapter ring assembly 152. The dark space shield 130, like the
chamber shield 1086, is grounded through the adapter ring aséembly_ 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 shauld
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 target 152. The insulator ridg assembly 172 which may be made of a

variety of insulative materials including ceramics spacas the target 110 from the adapter '

nng 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. '
The coil 104 of the illustrated embodiment is made of 1/2 by 1/8 inch heavy duty
bead blasted solid high-purity (preferably 99.995% pure) titanium ribbon formed into a
single turn cail having a diameter of 10-12 inches. However, other highly conductive

.

apsicd #S‘BBBS&MBIIBBB CIJ. €612 282 ate 20 41 EPD'| aNg 3071 ad 6£:61 /_.Eu S8 A

laced

AL
(12 39ud Q3LNIdd) [2 d3ud . HG9DEES IV LG6I Lh:@T 98/S@ QIA1EIFE ]



10

1S

20

25

This Sheet Has Been RT

HIIIII v

Patent
1390-CIP/PVD/DV

-~ materials and shapes may be utilized depending upon the material being sputtered and

other factors. For example, the ribbon may be as thin as 1/18 inch and exceed 2
inches in height. Also, if the material to be sputtered is aluminum, both the target and
the coil may be made of high purity aluminum. In addition to the ribbon shape
ilustrated, hollow tubing may be utilized, paricularly if water cooling is desired.

Still further, instead of the ribbon shape illustrated, each turn of the coil, where
the coil has multipie turns, may be implemented with a flat, open-ended annular ﬁng
such as that illustrated at 200 in Fig. 3. Such an arrangemenf is particularly

. advanta‘geous for multiple turn coils. The advantage of a multiple turn coil is that the

required current levels can be substantially reduced for a given RF power lavel.

'However, muitiple turn coils tend to he more complicated and hence most castly and

difficuit to clean as compared to single turn coils. For example, a three turn helical coil
of titanium and its associated supporting structure could be quite expensive. The cost
of manufacture of a multiple turn coil can be substantially reduced by utilizing several
such flat rings 2005—2004: to form a muitiple turn coil 104’ as illustrated in Fig. 4. Each
ring is supported on ane side by a support standoff 204a-204¢ and a pair of RF
feedthrough standoffs 206a-206¢ and 2085-’208c (Fig. 8) on the other side. As best
seen in Fig. 5, the support standoffs 204a-204c are preferably positioned on the shield
wall 210ina staggered relationship. Each support standoff 204a-204c¢ is received by a
correéponding groove 212 (Fig. 3) formed in the underside of the corresponding coil
ring 200 to secure the coil ring in place,

The coil rings 2003-200c are electncally connected together in series by RF
feedthroughs which pass through the RF feedthrough standoffs 208a-208¢ and 208a-
208¢. In the same manner as the suppart standoffs 204a-204c, the feedthrough
standoffs 206a-206¢ and 208a-208¢ are each received in a correspanding groove 212
(Fig. 3) formed in the underside of each coil ring adjacent each end of the cail ring. As
schematically represented in Fig. 8, an RF waveguide 220a external to the shieid wali is

12
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coupled by {he RF feedthrough in feedthrough standoff 206a to one end of the lowest
coil ring 200a. The other end of thé coil ring 200a is coupled by the RF feedthrough in
feedthrough standoff 208a to another external RF waveguide 220b which is coupled by
the RF feedthrough in feedthrough standoff 206b to one end of the middle coil ring

~ 200b. The other end of the coil ring 200b is coupled by the RF feedthrough in

feedthrough standoff 208b to another external RF waveguide 220c¢ which is coupled by
the RF feedthrough in feedthrough standoff 208¢ to one end of the top cail ring 200c.
Finally, the other end of the top cail ring 200c is coupled by the RF feedthrough in

. feedthreugh standoff 208¢ to another external RF waveguide 220d. Caupled together

in this manner, it is seen that the currents through the cail rings 200a-200¢ will be
directed in the same direction such that the magnaeti¢ fields generated by the ¢oil rings
will constructively reinforce each other. Because the coil 104’ is a muitiple turn coil, the
current handling requirements of the feedthrough supports 206 and 208 can be
substantially reduced as compared to those of the feedthrough supports 124 of the
single turn coil 104 for a given RF power leval.

As previously mentioned, in order to accommodate the coil 104 to facilitate

_ionization of the plasma, it has been found beneficial to spéce the target 110 froi'n 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. As indicated at 250 in Fig. 7. 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 warkpiece. In
accordance with one featul:'e of the present invention, this nanuniformity can be
affectively compensated by sputtering deposition material not only from the sputter
target 110 above the workpiece but aisa from the coil 104 encircling the edges of the
workpiece. Because the edges of the workpieca are closer to the coil 104 than is the
center of the workpiace, it has been found that the material sputtered from the coil

13
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tends to deposit more thickly toward th'e'edges of the workpiece than the center, as
indicated at 252 in Fig. 3. This is of course the reverse of the depaosition pattern cf
material from the target 110. By appropriately adjusting the ratio of RF power level
applied to the coil 104 to the DC power level of the bias applied to the target, it has
been found that the deposition level of the material being sputtered from the coil 104
can be selgsted in such a manner as to compensata substantially for the nonuniformity
of the depcsiﬁon profile of the material from the target such that the overall deposition
profile of the layer from both sources af sputtered material as indicated by the
depositign pfoﬁle 254 in Fig. 7 can be substantially more unifarm than that which has
often been obtained.fram the target alone. It is preferred that the ¢ail supply sufficient
éputtered material such that the material sputtered from the coil be deposited at a rate,
of at least 50 A per minute as measured at the edge of the wafer in addition to that
material being sputtered from the target and deposited on the wafer,

It is presently believed that the amount of sputtering which ariginates from the
coil 104 as compared to the sputtering wnich originates from the tafget 110is a fhncticn
of the RF power applied to the ¢oil 104 relative to the DC power applied to the target
110. By adjusting the ratio of the coil RF power !0 the target DC power, the relative
amaunts of materiai sputtered from the cail 104 and the target 110 may be varied so as

- to achieve the desired uniformity. As shown in Fig. 8, it is believed that a particular ratio

of the coil RF pawer to the target OC power wiil achieve the smallest degree
(represented as 0%) of non-uniformity of the layer of material deposited from both the
coil and the target. As the RF powar to the cail is increased relative to the DC power

- applied to the target, the déposited layer tends to be more edge thick as represented by

the increasingly negative peréentage of nan-uniformity as shown in Fig. 8. (In the sign
convention of Fig. 8, an edge thick nqn-uniformity was chosen to be represented by a
negative percentage of non-uniformity and a center thick non-uniformity was cheosen to

be represented by a positive parcentage of non-uniformity. The larger the absolute -
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value of the percentage non-uniformity, the greater the degree of non-uniformity (either |
edge thick or center thick) represented by that percentage. Conversely, by decreasing
the ratio of the RF pawer to the coil relative to the DC power applied 1o the target, the
center of the deposited layer tends to grow increasingly thicker relative to the edges as
represented by the increasingly positive percentage of non-uniformity. Thus, by
adjusting the ratio of the RF power ta the coil relative to the DC power biasing the
target, the material being sputtered from the coil can be increased or decreased as
appropriate to effecti\)ely compensata 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 cail. For the single tum ¢oil 104, a coil RF power to target DG power
ratio of approximately 1.5 has been found to provide satisfactory. resuits on an 8 inch
diameter wafer. Fig. 8 depicts the results of varying coil RF power to target DC power
for a three tum coil in which a ratio of approximately 0.7 is indi_cated as being optimal.

It is further believed that the relative amounts of sputtering between the coil and
the target may aliso be a function of the DC biasing of the coil 104 relative to that of the
target 110.. This DC biasing of the coil 104 may be adjusted in a variety of methods.
For example, the matching network 302 typically includes inductors and c¢apacitors. By
varying the capacitance of one or more capacitors of the matching network, the DC
blasmg of the ¢oil 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 104 may have
separate adjustment inputs to achieve the desired results. An alternative power
arrangement could include two RF generators operated at slightly different frequencies.
The output of one gsneratd'r' 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 po{over 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 hias applied to the coil. At prasent, it is believed that relatively large
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changes in OC 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 ¢ail.

Each of the embodiments discussed above utilized a single coil in the plasma
chamber. it shouid be récognized that the present invention is applicable to plasma
chambers having more than one RF pewered coil. For example, the present invention
may be applied to mutltiple coil chambers for Iaunching helicon waves of the typa
described in ¢copending application serial No.08/559,345.

Tha appropriate RF generators and matching circuits are compeonents well
known (o those skilled in the art. Far exampie, an RF generator such as the ENI
Genesis serigs which has the capability to “frequancy hunt” for the best frequen'cy
match with the matching circuit and antenna is suitable. The frequency of the
generator for generating the RF power to the coil 104 is preferably 2 MHz but it is
anticipated that the range can vary from, for example, 1 MHz to 100 MHz. An RF

“power setting of 4.5 kW is preferred but a range of 1.5-5 kW is believed to bé

satisfactory. In some applications, energy may alsa be transferred ta the plasma by
applying AC or DC power to coils and other energy transfer members. A DC powef
setting for biasing the target 110 of 3 kW is preferred but a range of 2-5 kW and a
pedestal bias vaftage of -30 volts DC is believed to be satisfactory for many
applications, |

In the illustrated embodiment, the shieid 108 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
sufficient to extend beyond the outer diameter of the target, the substrate support and
substrate, to shield the chamber from the plasma. The shields 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
made of a material such as stainless steel or coppér. The material of the structure
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which will be coated should have-a caefficient of thermal expansion which closely
matches that of the materiai being sputtered to reduce flaking of sputtered material from
the shield or other structure onto the water. In addition, the material to be coated
should have good adhesion to the sputtered material. Thus for example if the
deposited material is titanium, the preferred metal of the shields, brackats and other
structures likely to be coatad is bead blasted titanium. Any surfaces which are more
likeiy to sputter such as the end caps of the coil support and feed through standoffs
would preferably be made of the same type of material as the target such as high purity
tntamum for example. Of course, if the material to be deposited is a material other than
titanium, the preferred metai is the depasited material, stainless steel or copper.
Adherence can also be improved by coating the structures with molybdenum prior to
sputtering the target. However, it is prefarred that the coil (or any other surface likely to
sputter) not be coated with molybdenum or cther materials since the molybdenum can
contaminate the workpiece if sputtered from the coil. |

The wafer fo target space is preferably about 140 mm but can range from about
1.5" to 8". For this wafer to target spacing, satisfactory coverage, i.e., the ratio of
aperture bottom depasition thickness to field deposition thickness, has been achieved
with a coil diameter of about 11 1/2 inches spaced from the target.by a distance of
about 2 8 inches. It has been found that increasing the diameter of the coil which
moves the coil away from the workpiece adge has an adverse effect on bottom

‘coverage, On the other hand, decreasing the coil diameter to move the coil closer to

ihe wafer edge can adversely effect layer uniformity, It is balieved that decreasing the
coil diameter causes the coil to be more closely aligned with the target resuiting in
substantial deposition of material from the target onto the coil which in turn can
adversely effect the uniformity of material being sputtered from the cail.

Deposition uniformity also appears to be a function of coil spacing from the
target. As previously mentioned, a épacing of about 2.9 inches between the coil and
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target has been found satisfactory for a target to wafer spacing of 140 mm. Maving the
coit vertically either toward or away from the target {or wafer) can ad\)ersely effect

deposition layer uniformity.

As set forth above, the relative amounts of materiai sputtered from the target 110
and the coil 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 aptimum for impraving the uniformity of the deposited layer of
materials from the coil and the target may not be optimum for generating a plasma
density‘for ionization. Fig. 9 illustrates an altzmative embodiment of a ptasma chamber
100" having a coil 104" formed of a singie open endad c¢oil ring 200d of the type
depicted in Fig. 3. As shown in Fig. 10, the coil 104" is coupled through the shield 308
by feedthrough standoffs 206 to a matching network 118 and an RF generator 106 in
the same manner as the coils 104 and 104' described above. However, the chamber
100" has a second target 310 which, although generally shaped like a coil, is not
coupled to an RF generator. lnstead,. the second target 310 formed of a flat closed ring
400 is coupled through feedthrough standoffs 206 to a variable negative DC bias
source 312 as shown fn Fig. 10. As a consequence, the chamber has three “targets,”
the first and sacond targets 110 and 310, respectively, as well as the RF coil 104",
However, most of the material sputtered from the ¢oil 104" and the second target 310
originéies from the DC biased target 310 rather than the RF powered coil 104".

Such an arrangement has a number of advantages. Because most of the
material sputtered from the coils originates from the second target 310 rather than the ,
coil 104", the relative amounts of material being sputtered from the cail 104" and the
first and second targets 110 and 310 are a function primarily of the relative DC power
biasing the target 310 and the target 110. Hence the variable DC power sources 111
and 312 biasing the first target 110 and the second target 310, respectively, can be set
to optimize the uniformity of the deposition of material more independently of the RF

-
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pawer setting for the RF generator 106 pov)erfng the coil 104", Cdnversely, the RF
power ta the coil 104” can be set more independently of the DC biases to the target
110 and the target 310 in order to optimize plasma density for ionizatioh purposes.

In addition, it is believed that the RF power levels for the coil 104" may be lower
as éompared to those for the coil 104, For example, a suitable power range for the coil
104" is 1.5 to 3.5 kW RF. The power ranges for the primary target 110 and the.
secondary target, i.e., the ¢oil 310, are 2-5 kW DC and 1-3 kW DC, respectively. Of
course, values will vary depending upon the particular application. |

ﬁigs. 11 and 12 show yet angther alternative emboediment, which includes a
multiple tum RF coil and a multiple ring secondary target in which the rings of the target
are interlea§6d with the turns of the RF coil. The RF cail of Fig. 12, like the coil 104’ of
Figs 4-8, is formed of flat rings 200a-200c which are electrically connected together in
series by RF feedthroughs which pass through the RF feedthrough standoffs 206a-
206¢ and 208a-208¢ and external wavegmdes 220a-220d to the RF source and RF
ground. _

Interleaved with the coil rings 2002-200¢ of the RF coil are the closed rings
400a-400c of the second target. As schematically represented in Figs. 11 and 12, the
negatively biasing OC power source 312 external to the shield wall is ¢coupled by an
external strap 330a to a DC feedthrough in feedthrough standoff 20€d to the lowest ring
400a of the second sputteting target. The target ring 400a is also coupled by the DC
feedthrough in feedthrough standoff 2084 to ancther external DC strap 330b which is
coupled by the DC feedthrough in feedthrough standoff 206e to the middle target ring
400b. The target ring 4006‘&5 also coupled by the DC feedthrough in feedthrough
standoff 206e to another external strap 330c which is coupled by the DC feedthrough in

feedthrough standoff 206f to the top target ring 400c of sputtering secondary target.

Coupled togsther in this manner, it-is seen that the target rings 400a-400¢ of the
target 310' will be negatively DC biased so that the majority of the material sputtered

.19
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from the RF coil and the secondary 400a-400c target will originate primarily from the
target rings 400a-400c of the secondary arget. Becausa the RF coilis a multiple. turn
coil, the current handling requiremenfs cf the feedthrough supports 206 and 208 can be
substantially reduced as compared to those of the feedthrough supports 124 of the
single turn coil 104 for a given RF power level as set forth above. In addition, it is
believed that the life of the sputtering rings ¢an be enhanced as a result of using
multiple rings. Although tha secoridary sputtering targets 310 and 400a-400¢ have
been described as being fabricated from flat rings 400, it should be appreciated that the
sputterify secondary targets may be fabricated from ribbon and tubular materials as
well as in a variety of other shapes and sizes including cylinders and segments of
cylinders. Mowever, it is preferred that the secondary targets be shaped so ag to be
symmetrical about the axis of the substrate and encir¢le the interior of the chamber at
the periphery of the plasma. The secondary target material should be a solid,
conductive material and may be of the same type or a different type of conductive
material than that of the primary target 110. Although the biasing of the primary and
secondary targets has been described as DC biasing, it should be appreciated that in
some applications, AC or RF biasing of ane or both of the primary and secondary

- targets may be appropriate.

A variety of precursor gases may be utilized to generate the plasma including

“Ar, H, or reactive gases such as NF,, CF, and many othars. Various precursor gas

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
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 deeigns depending upon the particular
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application. As such, the scope of the invention shouid 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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WHAT IS CLAIMED IS:

1. An apparatﬁs for sputter deposition of a film layer onto a substrate,
comprising:

a vacuum chambér having a substrate support membér maintainable therein;

a first biasable target disposed in said ¢chamber; and

a second biasable target disposed in said chamber adjacant to and extending
substantiaily around a space defined between said target and said substrate support.

&£
2. The sputter deposition apparatus of claim 1, further including a first power
- supply connected to said first target and a second power supply connectad to said

second target.

3. The sputter deposition apparatus of claim 2, wherein said second power
supply is an AC power supply.

4, The apparatus of claim 1, further including a third biasable sputter target
disposed about said space defined between said first sputter target and said substrate
support '

5. The apparatus of claim 4, wherein said third sputter targét is DC biased.

8. The apparatus of claim 1, wherein said second target inductively couples
into a gas maintainable in said chamber to create a plasma therefrom.

7. The apparatus of claim 8, wherein said third target is negatively biased to
provide sputtering thereof by said plasma,
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8. The apparatus of claim 7, wherein sach of said targets is of the same
material. '

9. The apparatus of claim 1, wherein said second target is a solid member.
10.  The apparatus of claim 7, wherein said third target is a solid member.

11.  An apparatus for energizing a piasma within a semiconductor fabrication
system {0 sputter material onto a workpiece, fhe apparatus comprising:

a semiconductor fabrication chamber having a plasma generation area within
said chamber: and

a metal material coil carried by said chamber and positioned ta couple anergy
into said plasma generation area and to sputter rmetal material from said coil onto said

workpiece.
12.  The apparatus of claim 11 further comprising a target made of titanium.

'13.  The apparatus of claim 11 further comprising a target made of a materiai
selected from Al, Cr, Te and SiO,.

o mmmwmm
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14.  An apparatus for energizing a plasma within a semiconductor fabrication
system to sputter material onto a workpiece, the apparatus comprising:
a semiconductor fabrication chamber having a plasma generation area within

“said chamber:

a sputtering target carried within said chamber and made of a first material, said
target being positioned to sputter said target material onto said workpiece; and

a coil carried within said chamber and formed of the same type of material as
said target, said coil heing positioned te coupie energy into said. plasma generation
area and to sputter said coil material onto said workpiece so that both said coil material
and said target material are deposited on said workpiece to form a layer thereon.

18.  The apparatus of claim 14 wherein said ¢oil material is deposited on at
least a portion of said workpieca at a rate of at least 50 A per minute,

16. The apparatus of claim 14 further comprising:

a source for applying a DC bias to said target;

a source for applying a DC bias to said workpiece; and

a generator for applying RF power to said coil;

wherein the power of said target-DC bias and said coil RF power have a
predetermined relationship so that said coil material deposited on said workpiece
compensates for nonuniformity in thickness of said target material deposited on said
workpieca. .

17.  The apparatus of claim 16 wherein the ratia of said coil RF power to said
target DC bias power is approximately 1.5.

R
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18. A method of depositing material on a workpiece in a sputter deposition
chamber, comprising
sputtering target material onto said workpieca from a {arget positioned in said
~ chamber;
sputtering coil material onto said workpiace from a coil positioned adjacent said
‘workpiece; and
wherein said coil is inductively coupled to a gas in the chamber.

1‘9. The method of claim 18 further comprising adjusting the ratio of RF power
apolied to said ¢oil relative to the DC power applied to said target to compensate for
nonuniformity in thickness of said target material being sputtered onto said workpiece
from said target. '

20.  The method of claim 19 wharein said ratio is approximately 1.5.

~21.  The methad of claim 18 wherein said target material and said coil material
are the same type of material.

22, " The method of claim 18 wherein said target material and said coil materiai
are different types of material.

23. = The method of claim 18 whersein said target material and said coil material
are sputtered in quantmes whuch compensate for nonuniformities in thickness of said

target material sputtered onto said workpiece.

24. The method of claim 18 wherein said target material and said coil material

‘are sputtered at different rates.
) DO I!II
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25. The method of claim 23 wherein said coil material is deposited on at least
a portion of said workpiece at a rate of at least 50 A per minute.

| 26.  An apparatus for energizing a plasma within a semiconductor fabrication
system to sputter material onto a workpiece, the apparatus comprising:
a semiconductor fabrication chamber having a plasma generation area within
said chamber; ' |
5 a first target carrie!d within said chamber and made of a first material, said first
target bging positioned to sputter said target material onto said warkpiece;
a coll positioned to couple energy into said plasma generation area; and
a second target carried by said chamber spaced from the first target and formed
of the same type of material as said first target, said second target being positioned to
10 sputter said second target material onte said workpiece so that both said second target
“material and said first target material are deposited on said workpiece to form a layer.

27. The apparatus of claim 26 wherein said second target material is |
deposited on at least a portion of said workpiece at a rate of at least 50 A per minute.

28. The apparatus of claim 26 wherein said coil is formed of the same type of
matertal as said first target, said coil being positioned to sputter said coil material onto
said workpiece so that said coll material together with said first and second target
materials are deposited on said workpiece to form a layer.

29. The apparatus of claim 26 wherein said second target is a closed ring.

30. ‘The apparatus of claim 26 wherein safd second target is a cylinder.

[T —
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- 31.  The apparatus of claim 26 further comprising:
| a source for applying a DC bias to said first target;
a source for applying a OC bias to said second target; and |
a generator for applying RF powaer to said cail;
whereain the nawer of said first target DC bias and said second target DC power
~ have a predetermined relationship so that said second target material deposited on said
‘workpiecg compensates for nonuniformity in thickness of said first target material
deposited on said workpiecs. '
r 3
32.  The apparatus of claim 26 wherein said coil and said second target each
have a plurality of rings mterieaved with nngs of the other.

33. A method of depositing material on a warkpiecs, comprising
energizing a plasma with RF energy from a first coil; '
sputtering target material onto said workpiece from a target positioned above
said workpiece; and |
" sputtering coil material onto said workpiece from a second coil pasitioned
adjacent said wo:kpiece.

"34. The method of claim 33 further compnsmg adjustlng the ratio of DC power
applied to said second coil relatxve to the DC power applied to said target to
compensate for nonunrforrmty In tmckness of said target material being sputtered onto

said workpiece from said tafget.

35.  The method of claim 33 wherein said target material and said second coi_l
material are the same type of material.
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36. The methad of claim 33 wherein said target material and said second coil
material are sputterad in quantities which coinpensate for nonuniformities in thickness
of said target material sputtered onto said workpiece.

37. The method of claim 36 wherein said sécond coil material is deposited on
at least a portion of said workpiece at a rate of at least 50 A per minute.

38. The method of claim 35 wherein said first ¢oil is formed of the same type
of material as said target, said first coil being positioned to sputter said first coil material
onto said workpiéce so that said first coil material together with said second coil |
material and said target material are deposited on said workpiecs to form a layer.

39.  The method of claim 36 wherein said first coit material and said second
coil material are deposited on at least a portion of said workpiece at a combined rate of
at least 50 A per minute.

40, The method of claim 33 wherein said first and second coils 8ach have a
plurafity of tumns interieaved with turns of the other coil.
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