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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 fébrication of semiconductor devices.

5 BACKGROUND OF THE INVENTION _

Low density 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 using a sputter deposition

10 process, a plasma is produced in the vicinity of a sputter térget material which is
negatively biased. lons created adjacent to the target impéct 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.

Sputtered material has a tendency to travel in straight line paths from the target

15 to the substrate being deposited, at angles which are oblique to the surface of the -
substrate. As a consequence, rhaterials 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 sputtered material can be redirected into substantially vertical paths

20 between the target and the substrate by negatively charging the substrate to position

1

Thls Sheet Has Been R laced

IIlIIl IIIIII L III




processes including surface treatnents, depositions, and etching processes.
+or exanple, to deposit materials onto a sem conductor wafer using a
sputter deposition 10 process, a plasma is produced in the vicinity of a
sputter target material which is negatively biased. lons created adjacent

to the target inpact the surface of the target to di sl odge utter"”
material fromthe target. The sputtered materials are thg\M#raﬁgﬁi{D&yand

deposited on the surface of the sem conductor wafer. Sputtered material has
a tendency to travel in straight line paths fromthe target 15 to the

subst vetticalig origntéebelectriedields adjagentsthelsubstrateeif the sputtered materialis’ ace of
the substrate. As a consee‘g;ence materi als deposited in etched trenches and

hol es sufficiantlydeniged by thaslasea. Flawewer: matﬁﬂaé§puttene9| ipa lgw density plasma@pt h
to W diBn 33554 idnidtidn 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 cbil
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
156 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.
It has been found that material sputtered from the edges of the target can
contribute to non-uniform depositions. In order to prométe uniform deposition, it is
20 often preferred to place what is referred to as a “darkspace” shield adjacent the edge of
the target. The darkspace shield reduces sputtering of the target edges by shielding
the target edges from the plasma. -
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
25 steel. Because of the conductivity of the chamber walls, it is often preferred to place
the antenna coils or electrodes within the chamber itself because the conducting

chamber walls would block or substantially attenuate the electromagnetic energy
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can bridge over causing undesirable cavities in the deposition layer. To
J$prevent such cavities, the sputtered material can be redirected into
substantially vertical paths 20 bet ween the target and the substrate by
negatively charging the substrate to position -2- vertically oriented
electric fields adjacent the substrate if the sputtered material s
sufficiently ionized by the plasma. However, nateri al sp@tM%ﬂé&glwla/D\éw
density plasna often has an ionization degree of less than 1% which is
usually insufficient to avoid the

radiating from the antenna. As a result, the coil and its supporting structures are

directly exposed to the deposition fiux and energetic plasma particles. This is a

potential source of contamination of the film deposited on the wafer, and is undesirable.
To protect the coils, shields made from nonconducting materials, such as

5 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

soon become conducting, thus again substantially attenuating penetration of

electromagnetic radiation into the plasma. Consequently, it is often preferred to place a

10 shield wall behind the coil to protect the interior of the deposition chamber from the
deposition material. However, the problem of particulate matter often remains for
sputtering chambers of this design.

In copendlng application Serial No. 08/559 345, entltled “Method and Apparatus
for Generating a Plasma” filed November 15, 1995 (Attomey Docket # 938/PVD/DV)

15 and application Serial No. 08/730,722, entitied “Active Shield for Generating a Plasma
for Sputtering,” filed October 8, 1996 (Attorney Docket # 1207/PVD/DV), incorporated -
by reference in their entireties, active shield designs have been disclosed in whicha -
modified conductive shield is coupled to an RF source such that the shield itself
functions as a coil to couple RF energy into the plasma. "The present invention is

20 directed to a further improvement of such active shield designs to increase the

efficiency of energy transmission.
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formati on of an excessive nunber of cavities. Accordingly, it is desirable
d0 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 plasm"

Is intended to refer to one that has a high electron and 4 ' her e
are several known techniques for exciting a plasma with Ag\ﬁﬁ@‘ﬁg@i%/oq

i ncl udi ng capacitive coupling, i nductive coupling and wave heating. In a

standard |nduct|ve cou asma ICP! 8enerator, RF current passing
throu@UMWVQErT é@ER ol el ectromagnetic currents in

the plasmi.y NG oehf .5n Sf.é#gggﬁt h0EnfisH'HGovidfd &Y ipFavBY Mbtiod diept | N9 SO
apparatus for generating a plasma within a chamber and for sputter-depositing a layer
which obviate, for practical purposes, 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 apparatus which comprises an active
shield which inductively couples electromagnetic energy into a plasma, and a
darkspace shield for shielding the target sidewalls, in which the darkspace shield has a
slot or other discontinuity to p'revent eddy currents from flowing in the darkspace shield.
10 Such an arrangement has been found to prevent or reduce RF power losses due to
eddy currents that would otherwise flow in an unslotted darkspace shield. By reducing
the RF power losses, the RF coupling efficiency can also be improved.
In a preferred embodiment, an apparatus for energizing a plasma within a
semiconductor fabrication system to sputter material onto a workpiece may include a
15 semiconductor fabrication chamber having a slotted darkspace shield and a plasma
generation region adjacent the slotted darkspace shield. A coil-shield carried by the
- chamber is positioned to couple energy into the plasma generation region, while the
slotted darkspace shield prevents eddy currents from flowing in the darkspace shield in
response to energy coupled into the plasma generation region. As a consequence, the
20 RF energy is more efficiently coupled into the plasma generation region by the coil-
shield. The target and coil-shield may both include titanium, aluminum or other suitable

materials. . . -
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state. As shown in U S. Pat. No. 4,362,632, for exanple, current through a
scoil is 15 supplied by an RF generator coupled to the coil through an

i mpedance mat chi ng network, such that the coil acts as the first w ndings
of a transfornmer. The plasma acts as a single turn second wi nding of a

transforner. It has been found that material sputtered fr e f
the target can contribute to non-uniformdepositions. | n%isgqlgq&’@ﬁgt e
uni form deposition, it is 20 often preferred to place what is referred
to as a "darkspace” shield adjacent the edge of the target. The darkspace
shi el BRIEFUDESCRIPTIGNI  OF THE DRAWINGS edges by shielding the target edges
fromthe plasma, In a nupgber of .deposition hanbe{s ?uch as aaq.h si cal
vapor depofig-ibi§ a perspective, pa ial cross-sectional view of a plasma generatin
chamber in accordance with one embodiment of the present invention.
Fig. 2 is a schematic diagram of the electrical interconnections to the plasma
5 generating chamber of Fig. 1.
| " Fig. 3 is a schematic partial cross-sectional view of the plasma generating
chamber of Fig. 1 shown installed in a vacuum chamber.
Fig. 4 is a schematic perspective view of an embodiment of a slotted darkspace
shield and a powered coil-shield. |

10 Fig. 5 is a schematic perspective view of another embodiment of a slotted

darkspace shield and a powered coil-shield.
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chanmber, the chanber walls are often fornmed of a conductive netal such as
sstai nl ess 25 steel. Because of the conductivity of the chanber walls, it
is often preferred to place the antenna coils or el ectrodes within the
chanber itself because the conducting chanber walls would bl ock or

the antenna. As & result. the coil and its supporting st AN IRB/PRRYEV

?L{gcggyaexposed to the deposition flux and energetic plasna particles.
DETAILED DESCRIPTION OF THE DRAWINGS

Referring first to Figs. 1-3, a plasma generator in accordance with an

embodiment of the present invention comprises a substantially cylindrical deposition
system 100 which is received in a vacuum chamber 102 (shown schematically in

5 Fig. 2). The deposition system 100 of this embodiment has an inner shield 104 which is
formed into a single 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 deposition system 100.

An ion flux strikes a negatively biased target 110 positioned at the top of the

10 vacuum 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 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

16 uniform erosion of the target. A generally annular shaped darkspace shield 130
positioned adjacent to the periphery of the target 110 is usually grounded and protects
the edge portion of the target 110 from the ion flux striking the target. It has been found
that by reducing sputtering from the edges of the target, uniformity of deposition on the
workpiece may be enhanced. '

20 Radio frequency (RF) energy from an RF generator 108 is radiated from the coil-
shield 104 into the interior of the deposition system 100, which energizes a plasma
within the deposition system 100. The atoms of material ejected from the target 110-
are in turn jonized by the plasma being energized by the coil-shield 104 which is
inductively coupled to the plasma. In one feature of the present invention, it has been

25 found that an axial slot 1300 in the darkspace shield 130 can reduce or prevent eddy
currents from flowing in the slotted darkspace shield 130 and thereby reduce RF power
losses due to eddy currents that would otherwise flow in an unslotted darkspace shield.
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potential source of contam nation of the filmdeposited on the wafer, and
Fs undesirable. To protect the coils, shields made from nonconducti ng
materials, such as 5 ceram cs, can be pl.aced in front of the coil.
However, many deposition processes involve deposition of conductive

materi al s such as al um num on the el ectronic device being fabricated.
Because the conductive material wll coat the ceramc sh%ﬁﬂﬁ?ﬁa@/Wp{D\ﬁoon
become conducting, thus again substantially attenuating penetration of

el ectromagnetic radiation into the plasma. Consequently, it is often
preferred tdheREgenerater 1084g |péef@rahlv icoupledita the sotbshield 404 tbrough amhe

e R AR AR AR oy RSt on B i e TS
this qeubEd to ground, preferably through a capacitor 120 which may be a variable
capacitor. The ionized deposition material is attracted fo the substrate 112 and forms a
5 deposition layer thereon. The pedestal 114 may be negatively biased 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. 08/677,588, filed July 9, 1996 (Attorney
- Docket # 1402/PVD/DV), entitied “Method for Providing Full-face High Density Plasma
Deposition,” by Ken Ngan, Simon Hui and Gongda Yao, which is assigned to the
10 assignee of the present application and is incorporated herein by reference in its
entirety, external biasing of the substrate 112 may optionally be eliminated.

As best seen in Figs. 1 and 3, the slofted darkspace shield 130 provides a
ground plane with respect to the target 110 above, the target 110 being negatively
biased. Fig. 4 shows the shield 130 grounded at a single ground point 1305 opposite

15 the slot 1300.

In addition, as explained in greater detail in copending application Serial No.
08/647,182, “Recessed Coil for Generating a Plasma,” the darkspace shield 130 also
shields the outer edges of the target 110 from the plasma to reduce sputtering of the
target 110 outer edges. The darkspace shield 130 performs yet another function in that

20 it is positioned to shield the coil-shield 104 from the material being sputtered from the
target 110. The darkspace shield 130 does not completely shield the coil-shield 104
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 material does travel parallel to the vertical axis of the

25 chamber or at relatively small oblique angles relative to the vertical axis, the darkspace
shield 130 which is positioned in an overlapping fashion above the coil-shield 104,
prevents a substantial amount of sputtered material from being deposited on the coil-
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I n copendi ng application Serial No. 08/559, 345, entitled "Method and
SApparatus for Generating a Plasma” filed Novenber 15, 1995 (Attorney Docket
# 938/ PVD/ DV) 15 and application Serial No. 08/ 730,722, entitled "Active
Shield for Generating a Plasma for Sputtering,” filed Cctober 8, 1996

(Attorney Docket # 1207/ PVD/ DV), incorporated by referen ' Ny
entireties, active shield designs have been discl osed i nm#gﬁkgﬁ%g{l?\’ed

conductive shield is coupled to an RF source such that the shield itself
functions as a coil to couple RF energy into the plasma. The present

i nventshisldi1942By redyging thejameunt ot maltrial thawanidothenyisa be depesiedonn ol d
desi gnR o Qi ShAIE 3R, 1 gEhdratibhi ¥ paficléd 6] He MRS WHIE? s deposited on the
coil-shield 104 can be substantially reduced.

In the illustrated embodiment, the darkspace shield 130 is a fenerally

5 discontinuous ring of titanium (where titanium deposition is occurring in the deposition
system 100), aluminum (for aluminum deposition) or stainless steel, having a generally
inverted frusto-conical shape. The slotted darkspace shield 130 extends inward toward
the center of plasma chamber 100 so as to overlap the coil-shield 104 by a distance of
approximately 1/4 inch (6 mm), with the bottom of the slotted darkspace shield 130

10 -spaced apart from the wall of the coil-shield 104 by about 1/4 inch (6 mm), as best seen
in Fig. 3. ltis recognized, of course, that the amount of overlap can be varied
depending upon the relative size and placement of the coil-shield 104 and other factors.
For example, the overlap may be increased to increase the shielding of the coil-shield
104 from the sputtered material but increasing the overlap could aliso further shield the
16 target 110 from the plasma which may be undesirable in some applications.

In accordance with one aspect of the present invention, the slot 1300 of the
darkspace shield 130 improves the RF coupling efficiency between the RF powered
coil-shield 104 and the plasma. It has been found that the overlap between an
unslotted darkspace shield and the RF powered coil-shield 104 can result in RF power

20 losses due to azimuthal eddy currents flowing in the unslotted darkspace shield. The
slot 1300 reduces or eliminates such azimuthal eddy currents from flowing in the slotted
darkspace shield 130. -

it has been found that the improvement of RF coupling efficiency may be
measured using a pick-up loop 1400, shown schematically in Fig. 2, inserted into the

25 plasrﬁa chamber 100 to detect RF electromagnetic fields therein. A network analyzer
1410 is used to detect the RF electromagnetic fields with the pick-up loop 1400
synchronously with the RF power applied to the coil-shield 104. The network analyzer

8
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-4- SUWWARY OF THE PREFERRED EMBODI MENTS It is an object of the present
Fnvention to provide an inproved nethod and apparatus for generating a
plasma within a chanber and for sputter-depositing a | ayer which obviate,
for practical purposes, the above-nentioned limtations. 5 These
and ot her objects and advantages are achieved by, in accordance with one
aspect of the invention, a plasma generating apparatus wWAM# 1389%PVBEEBVan
active shield which inductively couples el ectronmagnetic energy into a

pl asma, and a

1410 is connected both to the pick-up loop 1400 and to a matching network 1420,
which is connected to the coil-shield 104, as shown schematically in Fig. 2. The
transmission ratio S,, of the RF power detected by the pick-up loop 1400 to the RF
power input to the coil-shield 104 is given theoretically by:

272
S = W'k Lcolleick-up .Ranalyzer
21 2 2 R
+
analyzer pick-up coil

5 where o is the angular frequency of.the RF generator 404 (2m1 times the frequency v of
the RF generator 404), L, is the inductance of the coil-shield 104, L., is the
inductance of the pick-up loop 1400, k is the cbupling coefficient between the coil-shieid
104 and the pick-up loop 1400, R, is the resistance of the coil-shield 104, and R, ayzer
is the resistance of the network analyzer 1410 (for example, 50Q). It has been found

10 that an unslotted darkspace shield gives a transmission ratio S,, of -69.5dB (which
corresponds to a value of 1.12x107). By contrast, it has also been found that a slotted
darkspace shield 130 gives a transmission ratio S,, of -64.3dB (which corresponds to a
value of 3.72x10° 7), an increase in the RF couplmg efficiency by more than a factor of
three, a significant improvement in the RF coupling efficiency.

156 it has also been found that grounding the slotted (':Iarkspace shield 130 at two
points 1310 and 1315, as shown in Fig. 5, located substantially diametrically opposite
each other, with each of the two points 1310 and 1315 being about 90° from the siot
1300, results in a degradation of the transmission ratio S,, by about -0.5dB (which
corresponds to a reduction by a factor of only 0.9) refative to the grounding of the

20 ‘slotted darkspace shield 130 at one point 1305, as shown in Fig. 4, located
substantially diémetrically opposite the slot 1300. A slotted darkspace shield 130
grounded at two points 1310 and 1315, as shown in Fig. 5, may result in greater
mechanical stability of the slotted darkspace shiéld than a slotted darkspace shield 130

9
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darkspace shield for shielding the target sidewalls, in which the darkspace
shield has a slot or other discontinuity to prevent eddy currents from
flowing in the darkspace shield. 10 Such an arrangenent has been found
to prevent or reduce RF power |osses due to eddy currents that would
otherwise flowin an unslotted darkspace shield. By reducing the RF power

| osses, the RF coupling efficiency can al so be inproved. AMgé3§9@\é[P

enbodi ment, an apparatus for energizing a plasma within a sem conduct or
fabrication systemto sputter nmaterial onto a workpiece may include a 15
sem cgnelunded af ame point i1805casshewnlinFigot, Hydieing heldiat twcppaintsstatiérdthatd a

pl asme, gener at,i on regi on adjacent the

P or T BB PaIs AN aTey SR IARTRISSIATCrac % PhraABIE (MBI SOEPRHARNSacy (he
Pl as My RRIGH 5812907 i L sighifitdntifiBrovement in the RF coupling efficiency (bya
| factor of about 3) as compared to an unslotted darkspace shield. The slight

5 degradation of the transmission ratio S,, is believed to result from transient eddy

currents (indicated by arrow A in Fig. 5§) generated in the connected portion of the

slotted darkspace shield 130 between the two grounding points 1310 and 1315 by the

transient RF currents (indicated by arrow B in Fig. 5) generated in the RF powered

chamber shield 108. |

10 The coil-shield 104, like the coil-shield described in the aforementioned

. copending application Serial No. 08/559,345, filed November 15, 1995 (Attorney
Docket # 938/PVD/DV), entitled “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,

15 protects the vaduum chamber walls 107 (Fig. 3) from the material being deposited.
However, as described in the aforementioned application, the coil-shield 104 has a
slotted design which permits the coil-shield 104 to function as a single turn coil.

In the illustrated embodiment, the coil-shield 104 is made of a conductive
material which is preferably the same type of material as the material being deposited.

20 Thus, if the target 110 is made of titanium for deposition onto the substrate 112, the
coil-shield is preferably made of titanium also 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 (25-30 cm). However, other highly conductive
materials may be utilized depending upon the material being sputtered and other

25  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.
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sl otted darkspace shield prevents eddy currents fromflowing in the
«darkspace shield in response to energy coupled into the plasnma generation
region. As a consequence, the 20 RF energy is nore efficiently coupled
into the plasnma generation region by the coil- shield. The target and
coil-shield may both include titanium alum num or other sui tablf
materials. This is the repl acenent sheet -5- AM# 1389/PVD/DV

To enable the coil-shield 104 to function as a single turn coil, a thin channel 122
(preferably 1/4 to 1/8 inches, or 6 to 3 mm, in width) cut completely through the wall of
the shield 104 is formed in a vertical slotted shape. The overall shape of the coil-shield
104 of the illustrated embodiment is generally cylindrical but other shapes may be used

5 depending upon the application. '

The coil-shield 104 is carried on the outer shield 106 by a plurality of coil-shield
-standoffs 124 (Fig. 3) which electrically insulate the coil-shield 104 from the supporting
shield 106. As set forth in greater detail, with respect to coil staﬁdoffs, in copending
application Serial No. 08/647,182, entitied “Recessed Coil for Generating a Plasma,”

10 filed May 9, 1996 (Attorney Docket # 1186/PVD/DV) and assigned to the assignee of
the present application, which application is incorporated herein by reference in its
entirety, the insulating coil-shield standoffs 124 have an internal labyrinth structure
which permits repeated deposition of conductive materials from the target 110 onto the
coil-shield standoff 124 while preventing the formation of a complete conducting path of

15 deposited material from the inner coil-shield 104 to the outer shield 106 which could
short the coil-shield 104 to the shield 106 (which is typically at ground).

RF power is applied to the coil-shield 104 by feedthroughs 126 which are
supported by 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

20 feedthrough standoffs 128, like the coil-shield 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-shield 104 to the shield 106.
Thus, the coil-shield feedthrough standoff 128 has an internal labyrinth structure
somewhat similar to that of the coil-shield standoff 124 to prevent the formation of a

25 short between the coil-shield 104 and the wall 140 of the outer shield 106.

Since the width of the channel 122 is relatively small as represented by the gap
125, only a relatively small amount of deposition material reaches the outer shield 106.

11
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BRI'EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a perspective, partial
.cross-sectional view of a plasnma generating chanber in accordance with one
enbodi ment of the present invention. Fig. 2.is a schematic diagram of the
el ectrical interconnections to the plasm 5 generati ng chanmber of Fig.

1. Fig. 3 is a schematic partial cross-sectional view of e plasma
generating chanber of Fig. 1 shown installed in a vacuurﬁ&ﬂa@ﬁvﬂlg\/ 4 s’
a schematic perspective view of an enbodi mrent of a slotted darkspace shield

and a powered coil-shield. 10 Fig. 5 is a schematic perspective
vi ew Becausa less mateval isedapaosited onl thetstandoffs, 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.

5 If the support standoffs 124 are positioned away from the gap 122 so as to
reduce or eliminate the likelihood of deposition material from reaching the standoffs,
such remote standoffs could be even further simplified. For example, the standoffs
could be formed as a simple post made of an insulative material such as a ceramic.

Because the coil-shield 104 of the illustrated embodiment has only a single
10 vertical slot 122 and the darkspace shield 130 has only a single slot 1300, it is
' anticipated that the outer shield 106 could be substantially reduced in size. The shield
106 could be formed as segment walls with one segment behind the slot 122 and
another segment behind shield slot 1300 rather than encircling the entire coil-shield
104. However, if the coil-shield 104 is a multi-turn coil having a slot which
15-.  circumscribes the coil-shield as described in copending application serial No.
08/730,722, filed October 8, 1996 (Atty. Docket # 1207/PVD/DV), a full outer shield 106
may be used.
In an alternative embodiment, an insulating member may be attached to the
shield 130 at a position in or behind the shield slot 1300 ‘as described in greater detail in

0 copending application serial No. , entitled “Powered Shield Source for High
Density Plasma” (Atty. Docket # 1621/PVD/DV) incorporated by reference in its entirety.
In a similar fashion, an insulating member may be disposed in the slot 122 of the coil-
shield 104. The insulating member confines the plasma and sputtered material and

~ eliminates the need for a separate outer shield such as the shield 106.

'5 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. Thé shield further has

12
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dar kspace shield and a powered coil -shield. - 6- DETAI LED DESCRI PTI ON OF
.THE DRAW NGS Referring first to Figs. 1-3, a plasnma generator in accordance
wi th an enbodi nent of the present invention conprises a substantially
cylindrical deposition system 100 which is received in a vacuum chanber 102

(shown schematically in 5 Fig. 2). The deposition syst '
enbodi nrent has an inner shield 104 which is Am%%ggﬂ;mee

10

15

20

25

a generally ahnular—shaped floor wall 142 which surrounds the chuck or pedestal 114
which supports the workpiece 112 which has an 8" (20 cm) 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 ctiuck 114.

The deposition system 100 is supported by an adapter ring assembly 152 which
engages an upper annular flange 150 of the vacuum chamber wall 107. The outer
shield 106 is grounded to the system ground through the adapter ring assembly 152.
The slotted darkspace shield 130, like the outer shield 106, is grounded through the
adapter ring assembly 152.

The slotted darkspace shield 130 also has an upper flange 170 which is fastened
to the horizontal flange 162 of the adapter ring assembly 152. The slotted darkspace
shield 130, like the chamber shield 106, is grounded through the adapter ring assembly
152. Alternatively, the slotted darkspace shield 130 may be carried by an insulating

adapter ring assembly 152, which may be made of a variety of insulative materials

| including ceramics, and grounded at one point 1305 (Fig. 4) opposite the slot 1300, or

at two points 1310 and 1315 (Fig. 5) lozated substantially diametrically opposite each
other, with each of the two points 1310 and 1315 being about 90° from the slot 1300.
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 grounded. Accordingly,
seated in a circular chaﬁnel 176 formed in the underside of the target 110 is a ceramic
insulation ring assembly 172 which is also seated in a corresponding channel 174 inthe
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-
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formed into a single 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 chanber 102 fromthe material being deposited within
the interior of the deposition system 100. An ion flux strikes a negatively

bi ased target 110 positioned at the top of the 10 vac :
The target 110 is negatively biased by a DC power sourceLfdfl@?ﬂ%#?ﬂ’gg@6
eject material fromthe target 110 onto a substrate 112 which may be a

waf er or r i whi ch. i s su es 114 at the bottom
of ¢ ndtgeSHAliG: SRFERE R WRrEVidera, vARRIT) 1ot AbecTohY fian dhe ¥aGuADI y 110

provi %‘éniﬁé?\’ﬁ)zmhb%@ 1480 produces magnetic fields which sweep over the
face of the target 110 to pronote 15 uni formerosion of the target. A

gener al | y afmptamotehunifedmdenosimeafthe target 1160a magnetron 116 (Fig. 2) may be
provided above the target 110. However, the magnetron may be omitted by increasing
5 the RF ionization of the plasma.

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
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

10 described in copending application serial No. 08/559,345, “Method and Apparatus for
Generating a Plasma.” _

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

15 match with the matching circuit and antenna is suitable. The frequency of the
generator for generating the RF power to the coil-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 applications, energy may also be transferred to the plasma by

20 applying AC or DC power to coils and other energy transfer members. A DC power
-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 outer shield 106 has a diameter of 13 1/2"

25 (34 cm) but it is anticibated that good results can be obtained so long as the shield has
a diameter sufficient to extend beyond the outer diameter of thé target, the substrate
support and substrate, to shield the chamber from the plasma. The outer shield 106

14
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positioned adjacent to the periphery of the target 110 is usually grounded
.and protects the edge portion of the target 110 fromthe ion flux striking
the target. It has been found that by reducing sputtering fromthe edges of
the target, uniformty of deposition on the workpi ece nmay be enhanced. 20
Radi o frequency (RF) energy froman RF generator 108 is radiated fromthe
coil- shield 104 into the interior of the deposition systAM#I1S8/RMPEV
energi zes a plasnma within the deposition system1 00. The atonms of naterial
ejected from.the target 11 0 are in turn ionized by the plasma being

ener gi may bieyfabricatedifromla edriety 08 materidls irclididg insulative materialsisuch ase

Phat | SoraIcH OLEATtA sOloWaNer o8 SR Bad Bl anptal surfates lely Kofie coatecmBont

eddy  ihe 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 copper. The material

5 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 deposited material is titanium, the preferred metal of the shields,

10 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 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

15 structures with molybdenum prior to sputtering the target. However, it is preferred that
the coil (or any other surface 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 spacing is preferably about 140 mm but can range from

20 about 1.5" to 8" (4 cm to 20 cm). For this wafer-to-target spacing, a coil diameter of
about 11 1/2 inches (29 cm) is preferred. Increasing the diameter of the coil which
moves the coil away from the workpiece edge cén have an advérse effect on bottonr
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

25 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 being sputtered from the coil.

15
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currents fromflowing in the slotted darkspace shield 130 and thereby
.reduce RF power | osses due to eddy currents that would otherwise flow in an
unsl otted darkspace shi el d. The RF generator 108 is preferably coupl ed
to the coil-shield 104 through an anplifier and inpedance natching network
118. The other end of the coil-shield 104 is coupled to ground, preferably
t hrough a capacitor 120 which may be a vari abl e capaci t cAM#1h2389/6MD/BY
deposition material is attracted to the substrate 112 and fornms a 5
deposition |l ayer thereon. The pedestal 114 may be negatively biased by an

AC (or DC A variety of sputter gases may be utilized to generate the plasma including Ar
and various reactive géses such as H,, NF,, CF, and others may be used. Various
precursor gas pressures are suitable including pressures of 0.1 - 50 mTorr. For ionized
PVD, a pressure between 10 and 50 mTorr'provides suitable ionization of sputtered

5 material.

It will, of course, be understood that modifications of the present invention, in its
various aspects, will be apparent fo 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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or RF) source 121 so as to externally bias the substrate 112. As set forth
Fn greater detail in copending application Serial No. 081677,588, filed
July 9, 1996 (Attorney Docket # 1402/ PVD/ DV), entitled "Met hod for
Providing Full-face Hi gh Density Plasma Deposition,” by Ken Ngan, Sinon Hui.
and CGongda Yao, which is assigned to the 10 assi gnee of the éj%esent

application and is incorporated %}ﬁﬁ@t}m]a&gieren e in i tAM#t38a4PyD/DV

external biasing of the substrate ly be elimnat ed As best
seen in F|_|g 1 and 3, the slotte eId 130 provides a ground
pl ane WHAT IS SHAIMER IShe t arget 1 target 110 being negatively
bi ased. Fig. 4 shows the shield 130 grounded at a single ground point 1305
opposite 15 t he sl ot 1300.

1. An apparatus for energizing a plasma within a semiconductor fabrication

system to sputter material from a target onto a substrate, the apparatus comprising:

a semiconductor fabrication chamber having a slotted darkspace shield
_ and a plasma generation region adjacent to said target; and
5 a coil-shield posifioned to couple energy into said plasma generation

region, to produce ions to ionize sputtered material, wherein said slotted darkspace

shield has a discontinuity of sufficient size to substantially prevent eddy currents from

flowing in said darkspace shield in response to said energy coupled into said plasma

generation region.

2. An apparatus for enérgizing a plasma within a semiconductor fabrication

system to sputter material onto a substrate, .the apparatus comprising:

a semiconductor fabrication chamber having a target, a darkspace shield
positioned to shield a periphery of said target and a plasma generation region adjacent

5 to said target and to said darkspace shield; and

a coil-shield carried by said chamber and positioned adjacent said
darkspace shield to couple energy into said plasma genération region, to produce ions
to ionize sputtered material, wherein said darkspace shield defines a slot to
substantially prevent eddy currents from flowing in said slotted darkspace shield in

10 response to said energy coupled into said plasma generation region. -

3. The apparatus of claim 2 wherein said slotted darkspace shield is
grounded at a plurality of points spaced along said darkspace shield.

17
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In addition, as explained in greater detail in copending application Serial
No. 08/647, 182, "Recessed—€oi+—for—Cenerating a Plasma, " the darkspace
shield 130 al so shields_the outer edﬁs of the target 110 fromthe plasma

to reduce sputtering of s Rheet < But er edges. The darkspace shield
130 perforns yet another 1 I hat 20 it is positioned to shield
the coil-shield 104 froi bei ng sputtered fr V#3884V 10.
The darkspace shield 130 does not conpletely shield the coil-shield 104
fromall of the material being sputtered since sone of the sputtered
materi al trqvel sThd apparaitis aficlaim @ whereimthecdarkspadeoshibld isdrusto-gbnigally of
the plasnma chanber 100. However, because nuch of the sputtered materi al
does tsh@ped. parallel to the vertical axis of the 25 chanber or at

relatively small oblique angles relative to the vertical axis, the
dar kspace

5. A method of depositing material on a substrate, the method comprising
5 coupling RF energy from a coil-shield into a plasma to produce ions to
ionize material sputtered from a target; and
preventing eddy current RF energy losses by providing a slotted

darkspace shield adjacent said plasma.

6. The apparatus of claim 2, wherein said darkspace shield and said coil-
shield at least partially overlap in a spaced relationship.

7; The apparatus of claim 2, wherein said darkspace shield is a
discontinuous ring having two ends separated by said slot.

8. The apparatus of claim 7, wherein said ring defines a central axis and said

slot is oriented generally parallel to said central axis.‘

9. The apparatus of claim 2, wherein said coil-shield includes a generally
discontinuous cylindrical portion having two spaced ends which define a slot between

said ends.

10. The apparatus of claim 2, wherein said coil-shield is coupled to an RF

generator.

11. The apparatus of claim 9, wherein said coil-shield defines a central axis

and said coil-shield slot is oriented genei'ally parallel to said central axis.
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shfe{d 130 which is positioned in an overlapping fashion above the
.coi |l -shield 104, prevents a substantial—arount of sputtered material from

bei ng deposited on the CRidshed Bihek Sk L€ [ Pl acement sheet. -8- shield
104. By reducing the amugugémsﬂciniﬁeﬂirﬁhat woul d ot herwi se be deposited

on the coil-shield 104, t of particles by the majerjal I ch
I s deposited on the coil - be substantially Gé&&PﬁID)M]V

12.  The apparatus of claim 2 further comprising a second shield insulatively
spaced behind said slot.

13.  The apparatus of claim 2, wherein said darkspace shield is grounded at a
single point located substantially diametrically opposite said slot.

14. The apparatus of claim 2, wherein said darkspace shield is grounded at
two points located substantially diametrically opposite each other.

15. The- apparatus of claim 8.1 wherein said slot is located approximately 90
degrees around the circumference of the darkspace shield from said two grounding
points. '

16. The apparatus of claim 2, wherein the darkspace shield is at least partially
interposed between said target and said coil-shield.

17. The method of claim 5, further comprising grounding said darkspace
shield at a single point located substantially diametrically opposite a slot on said

darkspace shield.

18. The method of claim 5, further comprising grounding said darkspace
shield at a plurality of points spaced along said darkspace shield. -

19. The method of claim 5, further comprising shielding a periphery of said
target with said darkspace shield.

19
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In the illustrated enbodi ment T the—darkspace shield 130 is a generally 5
.di scontinuous ring of titani umﬂﬁﬁs )ere titani umdeposition is occurring in

t he deposition system 100), alu enReplideqiUm deposi ti on) or stainless
steel, having a generally invert Jﬁcal shape. The slotted
dar kspace shield 130 extends in center of pl r 100
so as to overlap the coil-shield 104 by a distance of apMﬁﬁgm@%
inch (6 ), with the bottom of the slotted darkspace shield 130 10

spaced apart fromthe wall of the coil-shield 104 by about 114 inch (6 ,
as best se@®.in Theynethod ef ¢laim §c wherein saidhdarkspace shielhand saideaibishielsf

overl ap,can be.varied dependi ng upeon. the. relative size and pl acenent of the
coil - ?ﬁ’qﬁsapf(é?\@rﬂi'egltaﬂéﬁaf%&ﬁ%ﬂs’%%”ﬁ?anpl e, the overlap may be
increased to increase the shielding of the coil-shield
21. The method of claim 5, wherein said darkspace shield is a discontinuous
ring having two ends separated by said slot.

22. The method of claim 21, wherein said ring defines a central axis and said
slot is oriented generally paralilel to said central axis.

23. The method of claim 5, wherein said coil-shield includes a generally
discontinuous cylindrical portion having two spaced ends which define a slot between
said ends.

24. The method of claim 5, wherein said coil-shield is coupled to an RF
generator.

25. The method of claim 23, wherein said coil-shield defines a central axis

and said coil-shield slot is oriented generally parallel to said central axis.

26. The method of claim 5 further comprising a second shield insulatively
spaced behind said slot.

27. The method of claim 5, wherein said darkspace shield is grounded at a

single point located substantially diametrically opposite said siot.

28. The method of claim 5, wherein said darkspace shield is grounded at two

points located substantially diametrically opposite each other.
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104 fromthe sputtered rratEr'r—a-I—btl{—i¥n4:—v'—easri—ng the overlap could al so
further shield the 15 target 110 fromthe plasma which may be undesirable

in some applications. In ac S vicp Re, aspect of the present

i nvention, the slot 1300 of f lﬂ hield 130 i nproves the RF
coupling efficiency between coil-shield 104 and the plasma.
It has been found that the overlap between an unslotted BVEYPM d
and the RF powered coil-shield 104 can result in RF power 20 | osses due

to azinuthal eddy currents flowing in the unslotted darkspace shield. The
sl ot 1300 R28ducdFheanethiodofrcidins14 whereinisaid sist isdddateduappraximdtely®0 | owi ng

in the slotted dark hi el d 0. .1t h b d.that the |
of RFd@g@%si qﬁ'@“ﬁ&&hé%@%@ﬁq@ﬁcgg% the darkspgge shield o said fao gron?néin rovement

points.

30. The method of claim 5, wherein the darkspace shield is at least partially

interposed between said target and said coil-shield.

31. A method of determining an RF coupling efficiency between an RF
powered coil disposed inside a semiconductor fabrication chamber and a plasma in
said chamber energized by said coil, comprising:

inserting a pick-up loop intc said chamber to detect the RF electromagnetic fields

5 therein,; _

providing a matching network connected to said RF coil;

coupling a network analyzer to said pick-up loop and to said matching network;

measuring an RF power with said pick-up loop;

determining the RF couple efficiency partially based on said measured RF

0 power.
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measured using a pick-up |loop 1400, shown schematically in Fig. 2, inserted
anto the 25 pl asma chanber 100 to detect RF el ectromagnetic fields
therein. A network analyzer 1410 is used to detect the RF el ectronagnetic
fields with the pick-up |l oop 1400 synchronously with the RF power applied

to the pick-up Loop 1400 and to a matchi ng network 1420, AN SBBENEINCC: e
to the coil-shield 104, as shown schematically in Fig. 2. The
ABSTRACT
A deposition system in a semiconductor fabrication system pfovides a slotted

grounded darkspace shield, which protects the target sidewalls. It has been found that

an axial slot in the grounded darkspace shield can prevent eddy currents from flowing
5 in the darkspace shield and thereby prevent RF power losses due to eddy currents that

would otherwise flow in an unslotted darkspace shield due to RF power applied to an

RF coil-shield. By preventing the RF power losses, the RF coupling efﬁciency of RF

power applied to the RF coil-shield can also be improved.

22
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transm ssion ratio S[err] of the RF power detected by the pick-up |oop 1400
to the RF power input to the coil-shield 104 is given theoretically by: 5
where [err] is the angul ar frequency of the RF generator 404 (2[err] tines
the frequency v of the RF generator 404), L[err] is the inductance of the
coil-shield 104, Lp[err] is the inductance of the pick-up |oop 1400, k is
the coupling coefficient between the coil-shield 104 and the pick-up |oop
1400, R err] is the resistance of the coil-shield 104, and R err] is the
resi stance of the network anal yzer 1410 (for exanple, 50[err]). It has been
found 10 that an unslotted darkspace shield gives a transm ssion ratio
S[err] of -69.5dB (which corresponds to a value of 1.12x10-7). By contrast,
it has al so been found that a slotted darkspace shield 130 gives a

transm ssion ratio S[err] of -64.3dB (which corresponds to a

104
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val ue of 3.72x10[err] ), an increase in the RF coupling efficiency by nore
than a factor of three, a significant inprovenent in the RF coupling
efficiency. .5 1t has al so been found that grounding the slotted
dar kspace shield 130 at two points 1310 and 1315, as shown in Fig. 5,

| ocated substantially dianmetrically opposite each other, with each of the
two points 1310 and 1315 being about 90[err] fromthe slot 1300, results in
a degradation of the transmssion ratio S[err] by about -0.5dB (which
corresponds to a reduction by a factor of only 0.9) relative to the
groundi ng of the 20 sl otted ds ' Gt one ppppt 1305, as

shown in Fig. 4, located susSEaNt | ¢ ]|l | y opposite the sl ot
1300. A slotted darkspace =4 WO p02235/%510 and 1315,
110

‘as shown in Fig. 5 may r¢
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mechani cal stabili ty of the sl otted darkspace shield than a slotted
.dar kspace Shl eld ounded at one point 1305, as shown in Fig.

4, by belng1ﬁ§g%@h f V0 0|nts rat her that at one point, and may give a
transm ssion ﬁﬁf“’ 64. 8dB (which corresponds to a value of 3.31

x10-7), still i nprovenent in the-RF coupling efficiency (by a
factor of abo red to an unslotted darkspace shield. The slight
5 degradatlon of thetransmssmn ratio S,2 is believed to result from

transi ent eddy 110
' f iy %9
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currents (indicated by arrow A in Fig. 5) generated in the connected
‘portion of the slotted darkspace shield 130 between the two groundi ng
points 1310 and 1315 by the transient RF currents (indicated by arrow B in
Fig. 5) generated in the RF powered chanber shield 106. 10 The
coil-shield 104, like the coil-shield described in the aforenentioned
copendi ng application Serial No. 08/559, 345, filed Novenber 15, 1995
(Attorney Docket # 938/ PVDIDV), entitled "Method and Apparatus for
Generating a Plasma,” by Ivo Raaijmkers, Bradley Stinson and John Forster,
which is assigned to the assignee of the present .application and is

I ncorporated herein by reference inits entirety, 15 protects the vacuum
chanber walls 107 (Fig. 3) fromthe naterial being deposited.
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However, as described in the aforenentioned application, the coil-shield
*104 has a slotted design which permts the coil-shield 104 to function as a
~single turn coil. In the illustrated enbodi ment, the coil-shield 104 is
made of a conductive material which is preferably the sane type of materi al
as the material being deposited. 20 Thus, if the target 110 is nmade of
titaniumfor deposition onto the substrate 112, the coil-shield is
preferably nmade of titanium also such as heavy-duty, bead-blasted solid:
hi gh-purity (preferably 99.995% pure) titaniumformed into a generally
cylindrical shape having a diameter of 10-12 inches (25-30 cn). However,
other highly conductive materials may be utilized dependi ng upon the
mat eri al being sputtered and ot her 25 factors. For exanple, if the
material to be sputtered is alum num both the target and
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the coil-shi eI d 104 may be made of hlgh purity aluminum This is %10567‘3 5
f&pl acement sheet - To enable the coil-shield 104 to function as a |[{0@ e
turn coil, a thin channel 122 (preferably 1/4 to 1/8 inches, or 6 to 3 nm

ig@ width) cut conpletely through the wall of t hield 104|sforrred|na

vertical__slotted shape. The overall shap‘élof tihe  REHLAUEMENT

i11ustrdted REPPAICH SHERTSENET dg Y cY! | ndri cql EBhBlesaription : .. 15%paféd .)

used 5 depengl ng u'ngit e appll cat fon. J& Claim(s) gsgf I to)gaged 34},
\‘%Descnptmn : paged ...=.. to paged .. T.... J& Drawing(s) : paged ..\.. to paged .3,

Claim(s)  :paged..! . to paged .21.... ' ,JZ/ Abstract paged 22to paged -
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IMPROVED DARKSPACE SHIELD FOR IMPROVED RF
TRANSMISSION IN INDUCTIVELY COUPLED PLASMA SOURCES
FOR SPUTTER DEPOSITION

FIELD OF THE INVENTION

The present invention relates to plasma genérators 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 density plasmas have become convenient sources of energetic ions and
activated atoms which can be einpl,oyed ina Variety of semiconductor device fabrication-
processes including surface treatments, depositions, and etching processes. For

. example, to debosit materials onto a semiconductor wafer using a sputter deposition
10 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.
Sputtered material has a tendency to travel in straight line paths from the target
15 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 bridgé over causing undesirable cavities in the deposition Iayef. . To prevent such
cavities, the sputtered material can be redirected into substantially vertical paths
20 between the target and the substrate by negatively charging the substrate to position
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The coil-shield 104 is carried on the outer shield 106 by a plurality of
¢oil-shield standoffs 124 (Fig. 3) which electrically insulate the
~coil-shield 104 fromthe supporting shield 106. As set forth in greater

detail, with respect to coil standoffs, in copending-application Serial No.
08/647 182, entitled "Recessed Coil for—zkneratlng a Plasm, " 10 filed
May 9, 1996 (Attoney Docket # 11 86/ PVD/ DV) .and assigned to the assignee of
the present application, which application is incorporated herein by
reference in its entirety, the insulating coil-shield standoffs 124 have an
i nternal |abyrinth structure which-permts repeated deposition of
conductive materials fromthe target 110 onto the coil-shield standoff 124
while preventing the formati on of a conplete conducting path of 15
deposited material fromthe inner coil-shield 104'to the outer shield 106
whi ch coul d

vertically oriented electric fields adjacent the substrate if the sputtered material is
sufficiently ionized by the plasma. However, material sputtered in 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. Aocordiﬁgly, 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 électromaghetic 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
netwbrk. such that the coil acts as the first windings of a transformer. The plasma acts
as a single turn second winding of a transformér.
it has been found that material sputtered from the edges of the target can
contribute to non-uniform depositions. In order to prométe uniform deposition, it is
20 often preferred to place what is referred to as a “darkspace” shield adjacent the edge of
the target. The darkspace shield réduoes sputtering of the target edges by shielding
the target edges from the plasma.
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
25 steel. Because of the conductivity of the chamber walls, it is often preferred to place
the antenna coils or electrodes within the chamber itself because the conducting
chamber walls would block or substantially attenuate the electromagnetic energy
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‘short the coil-shield 104 to the shield 106 (which is typically at ground).
RF power is applied to the coil-shield 104 by feedthroughs 126 which are
supported by insulating feedthrough standoffs 128. As represented in Fig.
2, the feedthroughs 126 are preferably pgsitioned at the ends 127 of the
coil-shield 104. The 20 f eedt hrough s#andoffs 128, |like the coil-shield
standoffs 124, permt repeated deposition of conductive material fromthe
target onto the feedthrough standoff 128 without the formation of a
conducting path which could short the coil-shield 104 to the shield 106.
Thus, the coil-shield feédthrough standoff 128 has an internal |abyrinth
structure sonewhat simlar to that of the coil-shield standoff 124 to
prevent the formation of a 25 short between the coil-shield 104 and the
wal | 140 of the outer shield 106.

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
potential source of contamination of the film deposited on the wafer, and is undesirable.
To protect the coils, shields made from nonconducting materials, such as
5 ceramics, can be placed in front of the coil. However, many deposition proéesses

involve deposition of conductive materials such as aluminum on the electronic device
being fabricated. Because the conduétive material will coat the ceramic shield_, if will
soon become conducting, thus again substantially attenuating penetration of
electromagnetic radiation into the plasma. Consequently, it is often preferred to place a

10 shield wall behind the coil to protect the interior of the deposition chamber from the
deposition material. However, the probl.em of particulate matter often remains for
sputtering chambers of this design.

in copending application Serial No. 08/559,345, entitled “Method and Apparatus

for Generating a Plasma” filed November 15, 1995 (Attorney Docket # 938/PVD/DV)

15 and application Serial No. 08/730,722, entitled “Active Shield for Generating a Plasma
for Sputtering,” filed October 8, 1996 (Attorney Docket # 1207/PVD/DV), incorporated '
by reference in their entireties, activé shield designs have been disclosed in which a
modified conductive shield is coupied to an RF source such that the shield itself
functions as a coil to couple RF energy into the plasma. "The present invention is

20 directed to a further improvement of such active shield desighs to increase the

efficiency of energy transmission.
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Since the width of the channel 122 is relatively small as represented by
fhe gap 125, only a relatively snmall amunt of deposition material reaches
the outer shield 106. This is |he repl acenent sheet -12- Because | ess
naterial is deposited on the standoffs, it is anticipated that the design
of the standoffs might be substantlaIIyJﬁunplified over the relatively
conpl ex | abyrinth designs depicted in Flg 3. For exanple, the |abyrinth
structure may have fewer -

SUMMARY OF THE PREFERRED EMBODIMENTS
It is an object of the present invention to provide an improved method and
apparatus for generating a plasma within a chamber and for sputter-depositing a layer
‘which obviate, for practical purposes, the above-mentioned limitations.
5 These and other objects and advantages are achieved by, in accordance with
one éspect of the invention, a plasma generating apparatus which comprises an active
shield which inductively couples electromagnetic energy into a plasn_'la, and a
darkspace shield for shielding the target sidewalls, in which the darkspabe shield has a
slot or other discontinuity to pfevent eddy currents from flowing in the darkspace shield.
10 Such an arrangement has been found to prevent or reduce RF power losses due to
eddy currents that would othérwise fiow in an unslotted darkspace shield. By reducing
the RF power losses, the RF coupling efficiency can also be improved.
In a preferred embodiment, an apparatus for energizing a plasma within a
semiconductor fabrication system to sputter material onto a workpiece may include a
15  semiconductor fabrication chamber having a slotted darkspace shield and a plasma
generation region adjacent the slotted darkspace shield. A coil-shield carried by the
chamber is positioned to couple energy into the plasma generation region, while the
slotted darkspace shield prevents eddy currents from flowing in the darkspace shield in
response to energy coupled into the plasma generation fegion. As a consequence, the
2.0 RF energy is more efficiently coupled into the plasma generation region by the coil-
shield. The target and coil-shield may both include titanium, aluminum or other suitable

materials.
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channels. 5° I f the support standoffs 124 are positioned away from
the gap 122 so as to reduce or elimnate the |ikelihood of deposition
material fromreaching the standoffs, such renote standoffs could be even
further sinplified. For exanple, the stagndoffs could be formed as a sinple
post nmade of an insulative material suchzas a ceramic. Because the
coil-shield 104 of the illustrated enbodi nent ‘has only a single 10

vertical slot 122 and the darkspace shield 130 has only a single slot 1300,
it is anticipated that the outer shield 106 could be substantially reduced
in size. The shield 106 could be fornmed as segnent walls wi'th one segnent
behind the slot 122 and anot her segnent behind shield slot 1300 rather than
encircling the entire coil-shield '

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1isa berspective, 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

5  generating chamber of Fig. 1.

Fig. 3 is a schematic partial cross-sectional view of the plasma generating
chamber of Fig. 1 shown installed in a vacuum chamber.

Fig. 4 is a schematic perspective view of an émbodinient ofa .slotted darkspace
shield and a powered coil-shield. | |

10 Fig. 5 is a schematic perspective .view of another embbdimenf of a slotted

darkspace shield and a powered ¢oil-shield.
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104. However, if the coil-shield 104 is a nulti-turn coil having a sl ot
whi-ch 15- circunscri bes the coil-shield as described in copendi ng
application serial No. 08/ 730,722, filed October 8, 1996 (Atty. Docket #
1207/ PVDIDV), a full outer shield 106 may be used. In an alternative

enbodi nent, an insul ating nenber may be= ached to the shield 130 at a
position in or behind the shield slot 1300 as described in greater detail
in 20 copendi ng application serial No. , entitled "Powered Shield

Source for High Density Plasma’ (Atty. Docket # 1621/ PVD/ DV) incorporated
by reference-in its entirety. In a simlar fashion, an insulating nenber
may be disposed in the slot 122 of the coil-. shiel d 104. The insulating
menber confines the plasna and sputtered material and

DETAILED DESCRIPTION OF THE DRAWINGS
Referring first to Figs. 1-3, a plasma generator in accordance with an
embodiment of the present invention comprises a substantially cylindrical deposition
system 100 which is received in a vacuum chamber 102 (shown schematically in
5 Fig. 2). The deposition system 100 of this embodiment has an inner shield 104 which is
formed into a single turn coil and is insulatively carried internally by an outer shieltli 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 deposition system 100.
; An ion flux strikes a negatively biased target 110 positioned at the top of the
10 vacuum 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 bottom of the deposition
system-100. A rofating magnetron magnet assembly 116 provided above the target
110 produces magnetic fields which sweep over the face of the target 1i 0 to promote
15 uniform erosion of the target. A generally annular shaped darkspace shield 130
positioned adjacent to the periphery of the target 110 is usually grounded and protects
the edge portion of the target 110 from the ion flux striking the target. It has been found
that by reducing sputtering from the edges of the target, unlforrnlty of deposition on the
workpiece may be enhanced
20 Radio frequency (RF) energy from an RF generator 108 is radiated from the coil-
shield 104 into the interior of the deposition system 100, which energizes a plasma
within the deposition system 100. 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 plasma. In one feature of the present invention, it has been
25 found that an axial slot 1300 in the darkspace shield 130 can reduce or prevent eddy
currents from flowing in the slotted darkspace shield 130 and thereby reduce RF power
losses due to eddy currents that would otherwise flow in an unslotted darkspace shield.
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elimnates the need for a separate outer shield such as the shield 106. 25
"The chanber shield.106 is generally bow -shaped (Fig. 3) and i ncl udes a
generally cylindrically shaped, vertically oriented wall 140 to which the
standoffs 124 and 128 are attached to ingulatively support the coil-shield
104. The shield further has -13- a gézbrally annul ar - shaped fl oor wall
142 whi ch surrounds the chuck or pedestal 114 which supports the workpiece
112 which has an 8" (20 cm dianeter in the illustrated

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

5 deposition layer thereon. The pedestal 114 may be negatively biased 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. 08/877,588, filed July 8, 1996 (Attorney

‘Docket # 1402/PVD/DV), entitled “Method for Providing Full-face High Density Plasma
Deposition,” by Ken Ngan, Simon Hui and Gongda Yao, which is assigned to the
10 =~ assignee of the present application and is incorporated herein by reference in its
entirety, external biasing of the substrate 112 may optionally be eliminated.

As best seen in Figs. 1 and 3, the slotted darkspace shield 130 provides a
ground plane with respect to the target 110 aBove, the target 110 being negatively
biased. Fig. 4 shows the shield 130 grounded at a single gfound point 1305 opposite

15 the slot 1300. |

n addition, as explained in greater detail in copending application Serial No.
08/647,182, “Recessed Coil for Generating a Plasma,” the darkspace shield 130 also
shields thé outer edges of the target 110 from the plasma to reduce sputtering of the
target 110 outer edges. The darkspace shield 130 performs yet another function in that

20 it is positioned to shield the coil-shield 104 from the material being sputtered from the
target-1 10. The darkspace shield 130 does not completely shield the coil-shield 104
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 material does travel paralle! to the vertical axis of the

25 chamber or at relatively small oblique angles relative to the vertical axis, the darkspace
shield 130 which is positioned in ah overlapping fashion above the coil-shield 104,
prevents a substantial amount of sputtered material from being deposited on the coil-
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enbodi ment. A clanp ring 154 may be used to clanp the wafer to the chuck
114 and cover the gap between the floor wall of the shield 106 and the
~chuck 114. 5 The deposition system 100 i s supported by an adapter

ring assenbly 152 which engages an upper, annul ar flange 150 of the vacuum
chanmber wall 107. The outer shield 106.ﬁ§_grounded to the system ground
through the adapter ring assenbly 152. The slotted darkspace shield 130,
like the outer shield 106, is grounded through the adapter ring assenbly
152. 10 The sl otted darkspace shield 130 al-so has an upper fl ange
170 which is fastened to the horizontal flange 162 of the adapter ring:
assenbly 152. The slotted darkspace shield 130, |ike the chanber shield
106, is grounded through the adapter ring assenbly

shield 104. By (educi_ng 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.
In the illustrated embodiment, the darkspace shield 130 is a generally
5 discontinuous ring of titanium (where titanium deposition is occurring in the deposition

systerh 100), aluminum (for aluminum deposition) or stainless steel, having a generally
inverted frusto-conical shape. The slotted darkspace shield 130 extends inward toward
the center of plasma chamber 100 so as to overiap the coil-shield 104 by a distance of

; approximately 1/4 inch (6 mm), with the bottom of the slotted darkspace shield 130

10 spaced apart from the wall of the coil-shield 104 by about 1/4 inch (6 mm), as best seen
in Fig. 3. Itis recdgnized, of course, that the amount of overlap can be varied
depending upon the relative size and placement of the coil-shield 104 and other factors.
For example, the overlap may be increased to increase the shielding of the coil-shield
104 from the sputtered material but increasing the overlap could also further shield t'he

15 target 110 from the plasma which may be undesirable in some applications. '

" In accordance with one aspect of the present invention, the slot 1300 of the

darkspace shield 130 improves the RF coupling efficiency between the RF powered
coil-shield 104 and the plasma. It has been found that the overlap between an
unslotted darkspace shield and the RF powered coil-shiéld 104 can result in RF power

20 losses due to azimuthal eddy currents flowing in the unsiotted darkspace shield. The
slot 1300 reduces or eliminates such azimuthal eddy currents from flowing in the slotted
darkspace shield 130. _ |

it has been found that the improvement of RF coupling efficiency may be
~ measured using a pick-up loop 1400, shown schematically in Fig. 2, inserted into the

25 plasma chamber 100 to detect RF elecfromagnetic fields therein. A network analyzer
1410 is used to detect the RF electromagnetic fields with the pick-up loop 1400
synchronously with the RF power applied to the coil-shield 104. The network analyzer
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152. Alternatively, the slotted darkspace shield 130 nay be carried by an
fnsul ating adapter ring assenbly 152, which may be nade of a variety of

insul ative materials 15 i ncludi ng ceram cs, and grounded: at one point
1305 (Fig. 4) opposite the slot 1300, orgat two points 1310 and 1315 (Fig.
5) located substantially dianetrically osite each other, with each of

the two points 1310 and 1315 being about 90[err] fromthe slot 1300. The
target 110 is generally disk-shaped and is al so supported by the adapter
ring assenbly 152. However, the target 110 is negatively biased and

t herefore sheuld 20 be insulated fromthe adapter ring assenbly 152

whi ch is grounded. Accordingly, seated in a circular channel 176 formed in
t he undersi de of the target 110 is a ceramc insulation ring assenbly 172
which is also seated in a correspondi ng channel 174 in the

1410 is connected both to the pick-up loop 1400 and to a matching network 1420,
which is connected to the coil-shield 104, as shown schematically in Fig. 2. The
transmission ratio S,, of the RF power detected by the pick-up loop 1400 to the RF
power input to the coil-shield 104 is given theoretically by:

2.2
S = W'k Lcolleick-up _Ranalyzcr
cel Rz & Rz

R
analyzer pick—up coil

5 where w is the angular frequency of the RF generator 404 (211 times the frequency v of
~ the RF generator 404), L, is the inductance of the coil-shield 104, L., is the
inductance of the pick-up loop 1400, k is the coupling coefficient between the coil-éhield
104 and the pick-up loop 1400, R ié the resistance of the coil-shield 104, and R,nayer
is the resistance of the network analyzer 1410 (for example, 50Q). It has been found.
10 that an unslotted darkspace shield gives a transmission ratio S,, of -69.5dB (which
corresponds to a value of 1.12x107). By contrast, it has also been found that a slotted
darkspace shield 130 gives a transmission ratio S,, of -64.BdB (which corresponds to a
value of 3.72x107), an increase in the RF coupling efficiency by more than a factor of
three a significant improvement in the RF coupling efﬁc:ency ' _
It has also been found that grounding the slotted darkspace shield 130 at two

o1

points 1310 and 1315, as shown in Fig. 5, located substantially diametrically opposite
each other, with each of the two points 1310 and 1315 being about 90° from the slot
1300, results in a degradation of the transmission _ratio S,, by about -0.5dB (which
corresponds to a reduction by a factor of only 0.9) relative to the grounding of the

20 slotted darkspace shield 130 at one point 1305, as shown in Fig. 4, located
substantially diametrically opposite the slot 1300. A slotted darkspace shield 130
grounded at two points 1310 and 1315, as shown in Fig. 5, may result in greater
mechanical stability of the slotted darkspace shield than a slotted darkspace shield 130
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“upper side of the adapter ring assenbly 152. The insulator ring assenbly
172 which may be nmade of a variety of insulative materials including
ceram cs spaces the target 25 110 fromthe adapter ring assenbly 152 so
t.hat the target 110 may be adequately negatively biased. The target,
adapter and ceramic ring assenbly are proetded with O- This is -the

repl acenent sheet -14- ring sealing surfaces 178 to provide a vacuum
tight assenbly fromthe vacuum

grounded at one point 1305, as shown in Fig. 4, by being held at two points rather that
at one point, and may give a transmission ratio S,, of -64.8dB (which corresponds to a
value of 3.31 x1077), still a significant improvement in the RF coupling efficiency (by a
factor of about 3) as compared to an unslotted darkspace shield. The slight
5 degradation of the transmission ratio S,, is believed to result from transient eddy

currents (indicated by arrow A in Fig. 5) generated in the connected portion of the
slotted darkspace shield 130 between the two grounding points 1310 and 1315 by the
transient RF currents (indicatéd by arrow B in Fig. 5) generated in the RF powered
chamber shield 106. '

10 - The coil-shield 104, like the coil-shield described in the aforementioned
copending application Serial No. 08/559,345, filed November 15, 1995 (Attorney
Docket # 938/PVD/DV), entitled “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,

15 protects the vacuum chamber walls 107 (Fig. 3) from the material being deposited.

| However, as described in the aforementioned application, the coil-shield 104 has a
slotted design which permits the coil-shield 104 to function as a single turn coil.
In the illustrated embodimenf, the coil-shield 104 is made of a conductive

material which is preferably the same type of material as the material being deposited.

20 Thus, if the target 110 is made of titanium for deposition onto the substrate 112, the
coil-shield is preferably made of titanium also such as heavy-duty, bead-blasted solid

. high-purity (preferably 998.995% pure) titanium formed into a generally cylindrical shape

having a diameter of 10-12 inches (25-30 cm). However, other highly co_nductive
materials may be utilized depending upon the material being sputtered and other

25 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.
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chanber 102 to the target 110. To pronote uniform erosion of the target
110, a magnetron 116 (Fig. 2) may be provi.ded. above the target 110.
However, the nmagnetron may be omtted by increasing 5  thé RF ionization
of the plasma. Each of the enbodi ments di cussed above utilized a single
coil in the plasma chanber. It shoul d b&3ecogni zed that the present

i nvention is applicable to plasma chanbers having nore than one RF powered
coil. For exanple, the present invention may be applied to rmultiple coi
chanmbers for | aunching helicon waves of the type 10  described in.
copendi ng application serial No. 08/559,345, "Method and Apparatus for
Cenerating a Plasma. " :

To enable the coil-shield 104 to function as a single turn coil, a thin channel 122
(preferably 1/4 to 1/8 inches, or 6 to 3 mm, in width) cut completely through the wall of
the shield 104 is formed in a vertical slotted shape. The overall shape of the coil-shield
104 of the illustrated embodiment is generally cylindrical but other shapes may be used

5 depending upon the application.

The coil-shield 104 is carried on the outer shield 106 by a plurality of coil-shield
standoffs 124 (Fig. 3) which electrically insulate the coil-shield 104 from the supporting
shield 108. As set forth in greater detail, with respect to coil standoffs, in copending
application Serial No. 08/647,182, entitied “Recessed Coil for Generating a Plasma,”

10 filed May 9, 1996 (Attorney Docket # 118_6IPVDIDV) and assigned to the assignee of
the present application, which application is incorporated herein by reference in its
entirety, the insulating coil-shield standoffs 124 have an internal labyrinth structure
which permits repeated deposition of conductive materials from the target 110 onto the
coil-shield standoff 124 while preventing the formation of a complete conducting path of

16 deposited material from the inner coil-shield 104 to the outer shield 108 which could
short the coil-shield 104 to the shield 106 (which is typically at ground).

RF power is applied to the coil-shield 104 by feedthroughs 126 which are
supported by 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

20 | feedthrough standoffs 128, like the coil-shield 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-shield 104 to the shield 106.
Thus, the coil-shield feedthrough standoff 128 has an internal fabyrinth structure
somewhat similar to that of the coil-shield standoff 124 to prevent the formation of a

25 short between the coil-shield 104 and the wall 140 of the outer shield 106.

Since the width of the channel 122 is relatively small as represented by the gap
125, only a relatively small amount of deposition material reaches the outer shield 106.
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The appropriate RF generators and nmatching circuits are conponents wel |
known to those skilled in the art. For exanple, an RF generator such as the
ENl Cenesis series which has the capability to frequency hunt" for the best
frequency 15 match with the matching g¢ircuit and antenna is suitable.

. The frequency of the generator for geneﬁgzlng the RF power to the
coil-shield 104 is preferably 2 MHz but it is anticipated that the range
can vary from for exanple, 1 Mz 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
sone applications, energy nay al so be transferred to the plasnma by 20

appl ying AC or DC power to coils and other energy transfer members. A DC
power setting for biasing the target 110 of 3 kWis preferred but a range
of 2-5 kWand a

Because less 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 irr Fig. 3. For example, the labyrinth structure may have fewer
channels. _

5 If the support standoffs 124 are positioned away from the gép 122 so as fo :
reduce or eliminate the likelihood of deposition material from reaching the standoffs,
such remote standoffs could be even further simplified. For example, the standoffs
could be formed as a simple post made of an insulative material such as a ceramic.

Because the coil-shield 104 of the illustrated embodiment has only a single
10 vertical slot 122 and the darkspace shield 130 has only a single slot 1300, it is
anticipated that the outer shield 106 could be substantially reduced in size. The shield
106 could be formed as segment walls with one segment behind the siot 122 and
another segment behind shield slot 1300 rather than encircling the entire coil-shield
104. However, if the coil-shield 104 is a multi-turn coil having a slot which
5. circumscribes the.coil-shield as described in copending application serial No.
08/730,722, filed October 8, 1996 (Atty. Docket # 1207/PVD/DV), a full outer shield 106
may be used. |
In an alternative embodiment, an insulating member may be attached to the
shield 130 at a position in or behind the shield slot 1300 as described in greater detail in
20 copending application serial No. , entitled “Powered Shield Source for High
Density Plasma” (Atty. Docket # 1621IPVDIDV) incorporated by reference in its entirety..
In a similar fashion, an insulating member r'na'y be disposed in the slot 122 of the coil-
shield 104. The insulating member confines the plasma and sputtered material and
eliminates the need for a separate outer shield such as the shield 106.
25 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
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pedestal bias voltage of -30 volts DCis believed to be satisfactory for
many applications. In the illustrated enbodi ment, the outer shield 106 has
a dianeter of 13 112" 25 (34 cm but it is anticipated that good results
can be obtained so long as the shield ha? a dianeter sufficient to extend
beyond the outer dianmeter of the target ',:—3-‘he substrate support and
‘substrate, to shield the chanber fromthe plasma. The outer shield 106

-15- ' B

a generally annular-shaped floor wall 142 which surrounds the chuck or pedestal 114
which supports the workpiece 112 which has an 8" (20 cm) 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 chiuck 114.

5 The deposition system 100 is supported by.an adapter ring assembly 152 which
engages an upper annular flange 150 of the vaé_uum chamber wall 107. The outer
shield 108 is grounded to the system ground through the adapter ring assembly 152.
The slotted darkspace shield 130, like the outer shield 106, is grounded through the
adapter ring assembly 152. o |

10 The slotted darkspace shield 130 also has an upper flange 170 which is fastened

to the horizontal flange 162 of the adapter ring assembly 152. The slotted darkspace
shield 130, like the chamber shield 108, is grounded through the adapter ring assembly
152. Alternatively, the slotted darkspace shield 130 may be carried by an insulating
adapter ring assembly 152, which may be made of a variety of insulative materials

15 including ceramics, and grounded' at one point 1305 (Fig. 4) opposite the slot 1300, or
_ at two points 1310 and 1315 (Fig. 5) lozated substantially diametrically opposite each

other, with each of the two points 1310 and 1315 being about 90° from the slot 1300.
The target 110 is generally disk—éhaped and is also supported by the adapter
ring assembly 152. However, the target 110 is negatively biased and therefore should

20 be insulated from the adapter ring assembly 152 which is grounded. Accordingly,

seate& in a circular channel 176 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 éeramics spaces the target

25 110 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-
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may be fabricated froma variety of materials including insulative
material s such as ceramics or quartz. However, the shield and all netal
.surfaces likely to be coated with the target -naterial are preferably nade
of the same material as the sputtered target material- but nmay be nade of a
materi al such as stainless steel or co ~— The material 5 of the
structure which will be coated should have a coefficient of thernal
expansi on whi ch closely matches that of the material being sputtered to
reduce flaking of sputtered material fromthe shield or other structure
onto the wafer. In addition, the material to be coated should have good
adhesion to the sputtered material. Thus for exanple if the deposited
material is titanium the preferred nmetal of the shields, 10 brackets
and other structures likely to be coated is bead-blasted titanium Any
surfaces ring sealing surfaces 178 to provide a vacuum tight assembly from the vacuum
chamber 102 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
5 the RF ionization of the plasma.

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

10 described in copending application serial No. 08/559,345, “Method and Apparatus for
Generating a Plasma.” |

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

15 match with the matching circuit and antenna is suitable. The frequency of the
generator for generating the RF power to the coil-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 applications, energy may also be transferred to the plasma by

20 applying AC or DC power to coils and other energy transfer members. A DC power
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 outer shield 106 has a diameter of 13 1/2"

25 (34 cm) but it is anticibated 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 outer shield 106
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which are likely to sputter would preferably be nmade of the sane type of
material as the target such as high purity titanium for exanple. O
course, if the.material to be deposited is a nmaterial other than titanium
the preferred netal is the deposited nat gial, stai nl ess steel or copper.
Adherence can al so be inproved by coatiﬁg—%he 15 structures with

.ol ybdenum prior to sputtering the target. However, it is preferred that
the coil (or any other surface likely to sputter) not be coated with

nol ybdenum or other naterials since the nol ybdenum can contam nate the
wor kpi ece if sputtered fromthe coil. The wafer-to-target spacing is
preferably about 140 mm but can range from 20 about 1.5" to 8" (4 cmto
20 cm. For this wafer-to-target spacing, a coil dianmeter of

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 copper. The material
5  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 fo the sputtered material. Thus for
example if the deposited material is titanium, the preférred metal of the shields,

10 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 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 alsb be improved by coating the

15 structures with molybdenum prior to sputtering the target. However, it is preferred that
the coil (or any other surface 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 spacing is preferably about 140 mm but can range from

20 about 1.5" to 8" (4 cm to 20 cm). For this wafer-to-target spécirig, a coil diameter of
about 11 1/2 inches (29 cm) is preferred. Increasing the diameter of the coil which
moves the coil away from the 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 uhifon'nity. It is believed that decreasing the

25 coil diameter will cause the coil to be more closely aligned with the target resulting in
substantial deposition of matérial from the target onto the coil which in turn can
adversely affect the uniformity of material being sputtered from the coil. '
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about 11 112 inches (29 cn) is preferred. Increasing the dianeter of the
<coil which noves the coil away fromthée workpi ece edge can have an adverse
effect on bottom coverage. On the other hand, decreasing the coil dianeter
to nove the coil closer to the wafer edge can adversely affect |ayer
uniformty. It is believed that decreasing—the 25 coil dianmeter wll
cause the coil to be nore closely aligned with the target resulting in
substantial deposition of material fromthe target onto the coil which in
tﬁrn car adversely affect the uniformty of material being sputtered from
the coil . S ‘ S -

A variety of sputter gases may be utilized to generate the plasma including Ar
and various reactive gases such as H,, NF;, CF, and others may be used. Various
precursor gas pressures are suitable including pressures of 0.1 - 50 mTorr. For ionized
PVD, a pressure between 10 and 50 mTorr provides suitable 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 i_nventioh should not be limited by the particular
embodiments herein described but should be defined only by the appended claims and

equivalenté thereof.
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-16- A variety of sputter gases may be utilized to generate the plasma
i'ncluding Ar and various reactive gases such as H2, NF3, CF4 and others my
be used. Various precursor gas pressures are suitable including pressures
of 0.1 - 50 nlorr. For ionized PVD, a pressure between 10 and 50 mTorr
provi des suitable ionization of sput ter ed?s mat er i al Thig ShemHaiBeeﬁ)Re laced
course, be understood that nodifications of the present i

vari ous aspects, will be apparent to those skilled in th

apparent only after study others being matters of routine mac ani

el ectroni c design. OQher enbodi ments -are-al so-possible, their speC|f|c
desi gns dependi ng upon the particul ar

WHAT IS CLAIMED IS:

1. An apparatus for energizing a plasma within a semiconductor fabrication

system to sputter material from a target onto a substrate, the apparatus comprising:
a semiconductor fabrication chamber having a slotted darkspace shield
and a plasma generation region adjacent to said target; and
5 a c’oiLshield positioned to couple energy into said plasma generation

region, to produce ions to ionize sputtered material, wherein said slotted darkspace
shield has a discontinuity of sufficient size to substantially prevent eddy currents from
flowing in said darkspace shield in response to said energy coupled into said plasma

generation region.

2. An apparatus for enefgizing a plasma within a semiconductor fabrication

system to sputter material onto a substrate, the apparatus comprising:

a semiconductor fabrication chamber having a target, a darkspace shield
positioned to shield a periphery of said target and a plasma generation region adjacent

5 to said target and to said darkspace shield; and

a coil-shield carried by said chamber and positioned adjacent said
darkspace shield to couple energy i_ntc said plasma generation region, to produce ions
to ionize sputtered material, wherein said darkspace shieid defines a slot to
substantially prevent eddy currents from flowing in said slotted darkspace shield in

10 response to said energy coupled into said plasma generation region.

3. - The apparatus of claim 2 wherein said slotted darkspace shield is
grounded at a plurality of points spa'ced along said darkspace shield.

s is the replacement sheet
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10 application. As such, the scope of the invention should not be
timted by the particul ar enbodi ments herei n descri bed but should be——
defined only by the appended cl ainms and equi val ents thereof. 17 1. An
apparatus for energizing a plasma wi thin a sem conductthis SheebHasdgen la@QStem
"to sputter material froma target onto al&ubstrate, the ﬂ“‘ﬁl“‘mﬁm“ |

conprising: an RF signal source;

4. The apparatus of claim 2 wherein the darkspace shield is frusto-conically
shaped. '

5. A method of depositing material on a substrate, the method comprising
5 coupling RF energy from a coil-shield into a plasma to produce ions to -
ionize material sputtered from a target; and
preventing eddy current RF energy losses by providing a slotted
darkspace shield adjacent said plasma. |

6. The apparatus of claim 2, wherein said darkspace shield and said coil-

shield at least partially overlap in a spaced relationship.

7. The apparatus of claim 2, wherein said darkspace shield is a

discontinuous ring having two ends separated by said slot.

8. The apparatus of claim 7, wherein said ring defines a central axis and said

slot is oriented generally parallel to said central axis.

9. The apparatus of claim 2, wherein said coil-shield includes a generally
discontinuous cylindrical portion having two spaced ends which define a slot between

said ends.

10. The apparatué of claim 2, wherein said coil-shield is coupléd foan RF |

generator.

11. The apparatus of claim'9. whérein said coil-shield defines a central axis
and said coil-shield slot is oriented generally parallel to said central axis.

This is the replacement sheet
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a sem conductor fabrication chanber having a wall, a conductive darkspace
Shiel d positioned adjacent said target to shield a periphery of said

target, apg_gp’la_s’wuimon regi on adj acent to said target; and a
coil -shie positioned w thin the chanber, to protect at | east a portion of

t he chanber g@h&fﬂ&@ﬁﬂd@ fiti on materi=ts; said coil-shield having a sl ot
whi ch deflne cond ends wherein one of said coil-shield ends is
electrlcally j d RF signal source and the other of said

- .coil-shield coup ed to ground, said coil- shield being positioned

to couple RF energy into said plasnma generation region, to produce ions to
ionize sputtered material, wherein said darkspace shield has a

di scontinuity of suff|C|ent size to-substantially reduce eddy currents from
flowing in said

12. The apparatus of claim 2 further comprising a second shield insulatively
spaced behind said slot. '

13.  The apparatus of claim 2, wherein said darkspace shield is grounded at a
single point located substantially diametrically opposite said slot.

14. The apparatus of claim 2, wherein said darkspace shield is grounded at

two points located substantially diametrically opposife each other.

15. The apparatus of claim 8.1 wherein said slot is located approximately 90 .
degrees around the circumference of the darkspace shield from said two grounding

points.

16. The apparatus of claim 2', wherein the darkspace shield is at least partially

interposed between said target and said coil-shield.

17. The method of claim 5, further comprising grounding said darkspace
shield at a single point located substantially diametrically opposite a slot on said
darkspace shield. ' '

18. The method of claim 5, further comprising grounding said darkspace

shield at a plurality of points spaced alo_ng said darkspace shield.

19. The method of claim 5, further comprising shielding a periphery of said

target with said darkspace shield.
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dar kspace shield in response to said RF energy coupled Into said plasna
generation region. 2. An apparat us. for use with an RF signal source, for
_energizing a plasma within a senm conductor fabrication systemto sputter
material onto a substrate, the apparatus,conprising: - a
fabricati on chanber havi ng a wall, a ta@-&, a conductlve dar kspace shi eI d

posi tioned adjacent said target to shield a periphery of ‘mﬁaﬁgﬁrﬁ‘q’
east

pl asma generation region adjacent to said target and to s
20. The method of claim 5, whérein said darkspace shield and said coil-shield

shield; and a coil-shield positioned within the- chanber t
a portion of - .

at least partially overlap in a spaced relationship.

21. The method of claim 5, wherein said darkspace shield is a discontinuous
ring having two ends separated by said siot.

22, The method of claim 21, wherein said.ring defines a central axis and said
slot is oriented generally parallel to said central axis.

23. The method of claim 5, wherein said coil-shield includes a generally
discontinuous cylindrical portion having two spaced ends which define a slot between

said ends.

24. The method of claim 5, wherein said coil-shield is coupled to an RF

generator.

25. The method of claim 23, wherein said coil-shield defines a central axis

and said coil-shield slot is oriented generally paralle! to said central axis.

26. The method of claim 5 further comprising a second shield insulatively

spaced behind said slot.

27. The method of claim 5, wherein said darkspace shield is grounded at a
single point located subétantially diametrically opposite said slot.

28. The method of claim 5, wherein said darkspace shield is grounded at two
points located substantially diametrically opposite each other.
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‘the chamber wall from deposition materials, said coil-shield having a slot
whi ch defines flrst and second ends mhereln one of said coil-shield ends is
el ectri callyeoeupted 1o Said RF signal source and the other of said

coi |l -shi el d ends 2 BEARRb f&dto ground, ﬁ d coil- shield being positioned
adj acent sdp energy into said plasm

|eI dto coupl
generation r m‘m uce 4ons to ionize sputtered material, wherein
sai d darkspa nes a slot to substantially reduce eddy currents
fromflowing in This is the replacement sheet

29. The method of claim 14 wherein said slot is located approximately 90
degrees around the circumference of the darkspace shield from said two grounding
points.

30. - The method of claim 5, wherein the darkspace shield is at least partially
interposed between said target and said coil-shield.

31. A method of determmmg an RF couplmg efficiency between an RF
powered coil disposed inside a semlconductor fabrication chamber and a plasma in
said chamber energized by sald coil, comprising:

inserting a pick-up loop into said chamber to detect the RF electromagnetic fi f elds

5 therein;

providing a matching network connected to said RF coil;

coupling a network analyzer to said pick-up loop and to said matching network;

measuring an RF power with said pick-up loop; |

determining the RF couple efficiency partially based on said measured RF

10 power.
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18 said slotted darkspace shield in response to said RF energy coupled Into-
'said plasma generation region. 3. The apparatus of claim2 wherein said -
sl otted darkspace shield I's grounded at a plurality of points spaced al ong
sai d darkspace shield. 4. The apparatus of claim2 wherein the darkspace
shield is frusto-conically shaped. 5.  _Agmethod of depositing naterial on

a substrate in a sem conductor processi ng—chanber having a wall, the nethod
conprising coupling RF energy froma coil-shield into a plasma to produce
Ions 10 yMPROVED DARKSPACE SHIELD FOR IMPROVED RF TRANSMISSION IN

" INDUCTIVELY COUPLED PLASMA SOURCES FOR SPUTTER DEPOSITION .

ABSTRACT .

A deposition system in a semiconductor fabrication system provides a slotted
grounded darkspace shield, which protects the target sidewalls. It has been found that
an axial slot in the grounded darkspace shield can prevent eddy currents from flowing

5 in the darkspace shield and thereby prevent RF power losses due to eddy currents that
would otherwise flow in an unslotted darksbace shield due to RF power applied to an
RF coil-shield. By preventing the RF power losses, the RF coupling efficiency of RF
power apblied to the RF coil-shield can also be improved.

Figure 1
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lonize material sputtered froma target, said coil-shield having first and
second term nals wherein one of said coil-shield termnals is electrically
coupled to an RF signal source and the other terminal of said coil-shield
i.s coupled to ground, and wherein said.coil- shield is positioned wthin
said chanber to protect at least a portion of said chanber wall from
deposition materials; and reduci ng eddy.-gurrent RF energy | osses by

provi ding a slotted darkspace shield positioned adjacent a target to shield
a periphery of said target adjacent said plasma. 6. The apparatus of
claim 2 wherein said darkspace shield is ring-shaped. 7. The appar atus of
claim2 wherein said darkspace shield slot defines two
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separated ends. 8. The apparatus of claim2 wherein said darkspace

shield is spaced from but overl aps said coil-shield. 9. The appar at us of

claim2 wherein said eddy currents are azimuthal. This is the replacenent

sheet 19 10. The apparatus of claim2 wherein said darkspace shield is

gr ounded. _
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11. The apparatus of claim10 wherein said darkspace shield provides a
ground plane for said target periphery. 12. The apparatus of claim10
wherei n said darkspace shield defines a dianeter._and |Is grounded at a point
on sai d darkspace shield dianetrically opposite said darkspace shield slot.
13. The apparatus of claim10 wherein said darkspace shield defines a
dianeter and is grounded at a pair of po}nts on sai d darkspace shield
dianetrically opposite each other. e apparfi s of claim wherein
- said darkspace shield grounded p0|nts a each osl oned appro!é?%eﬁiykgb
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15. The apparatus of claim2 wherein said chanber defines a vertical axis
bet ween said target and said substrate and said darkspace shield slot is
oriented axially with respect to said vertical axis. 16. The method of

" ¢laim5 wherein said darkspace shield is ring-shaped: 17. The net hod of
claim5 wherein said darkspace shield slot defines two separated ends. 18.
The nmethod of claim5 wherein said dar ace shield is spaced from but
overl aps said coil-shield. 19. The nethod of claimb5 wherein said eddy
currents are azinuthal.
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20 20. The nethod of claim5 wherein said darkspace shield is grounded. 21.
The nmethod of claim20 wherein said darkspace shield provides a ground

pl ane for said-target periphery. 22." The nethod of claim 20 wherein said
dar kspace shield defines a dianeter and is grounded at a point on said

dar kspace shield dianmetrically opposite said darkspace shield slot. 23.

The nmethod of claim20 wherein said dark&pace shield defines a

402

404
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f k hi el
di arreter and is grounded at a pair of points on sal d dar spacsos LEJ IF’D_S

dianetrically opposite each other. 24. The

degrees from sai d darkspace shield slot. 25.°
sai d chanber defines a vertical axis bet wen s

sai d darkspace shield grounded points are posi ;% WWEFSQO 3G
T

and sai d darkspace shield slot is oriented axijal P%i"’(“ﬂ@e@p&t T o pagel —.

vertical axis. CoBIMS:The et hod of claim5 wherle

pturality of w ndings between said first and econd term nal s.
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appar atus of claim2 wherein said coil-shield

hDAEE OF RECENPTO

1. An apparatus for energizing a plasma within a semiconductor fabrication
system to sputter material from a target onto a substrate, the apparatus comprising:

an RF signal source;

a semiconductor fabrication chamber having a wall, a conductive
darkspace shield positioned adjacent said target to shield a periphery of said target,
and a plasma generation region adjacent to said target; and

a coil-shield positioned within the chamber to protect at least a portion of
the chamber wall from deposition materials, said coll-shield having a slot which defines
first and second ends wherein one of said coll-shield ends is electrically coupled to said
RF signal source and the other of said coll-shield ends is coupled to ground, said coll-
shield being positioned to couple RF energy into said plasma generation region, to
produce ions to ionize sputtered material, wherein said darkspace shield has a
discontinuity of sufficient size to substantially reduce eddy currents from flowing in said
darkspace shield in response to said RF energy coupled into said plasma generation
. region.

2. An apparatus for use with an RF signal source, for energizing a plasma
within a semiconductor fabrication system to sputter material onto a substrate, the
apparatus comprising:

a semiconductor fabricatlon chamber having a wall, a target, a conductive
darkspace shield positioned adjacent said target to shield a periphery of said target,
and a plasma generation region adjacent to sald target and to said darkspace shield;
and |

a coil-shield positioned within the-chamber to protect at least a portion of
the chamber wall from deposition materlals, said coil-shield having a slot which defines
first and second ends wherein one of sald coil-shield ends is electrically coupled to said
RF signal source and the other of said coil-shield ends Is coupled to ground, said coil-
shield being positioned adjacent said darkspace shield to couple RF energy into said
plasma generation region, to produce Jons to ionize sputtered material, wherein said
darkspace shield defines a slot to substantially reduce eddy currents from flowing in

- This is the replacement sheet
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wi-ndi ngs between said first and second coil -shield ends. 28. An apparatus
for use with an RF signal source, for energizing a plasma within a
sem conductor fabrication systemto sputter material onto a substrate, the-.

apparatus conpri sing: 21 a semiconductor fabrication chanber having a
wal |, a target and a plasnma generation region adjacent to said target;
' 18

said slotted darkspace shield in response to said RF energy coupled into said plasma
generation region,

3. The apparatus of claim 2 wherein said slotted darkspace shield is
grounded at a plurality of points spaced along said darkspace shield.

4, The apparatus of claim 2 wherein the darkspace shield is frusto-conically
shaped.
5. A method of depositing material on a substrate in a semiconductor
processing chamber having a wall, the method comprising
coupling RF energy from a coll-shield into a plasma to produce ions to
fonize material sputtered from a target, said coil-shield having first and second terminals
wherein one of said coil-shield terminals is electrically coupled to an RF signal source
- and the other terminal of said coil-shield is coupled to ground, and wherein said coil-
shield is positioned within said chamber to protect at least a portion of said chamber

wall from deposition materials; and
reducing eddy current RF energy losses by providing a siotted darkspace

shield positioned adjacent & target to shield a periphery of said target adjacent said
plasma. '

6. The apparatus of daim 2 wherein said darkspace shield is ring-shapéd.

7. The apparatus of claim 2 wherein said darkspace shield slot defines two

separated ends.
8. The apparatus of claim 2 wherein said darkspace shield is spaced from
but overlaps sald coil-shield.

9.  The apparatus of claim 2 wherein said eddy currents are azimuthal.
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a, coit-shield carried by said chanber and positioned within thé chanber to
protect af |east a portion of the chanmber wall from deposition materials -
and to couple RF energy Into said plasnma generation region, to produce ions
to lonize sputtered material, said coil-shield having a slot which defines
first and .second ends wherein one of said coil-shield ends is electrically
coupled to said RF signal source and the other of said coil-shield ends is
coupl ed to ground; and a conductive. dar épace shiel d positioned between
said target and said coil- shield to shigld a periphery of said target,
sai d darkspace shield being positioned adjacent said coil-shield and havi ng

slot means fonor edtmer’ecpp%%tr:s@ﬂbhﬁﬁ?&vﬁéremédi&géﬁk@pé& stield islgiosnaaas shield

i'n response to said RF energy coupled into said plasm

11.  The apparatus of claim 10 wherein said darkspace shield provides a
ground plane for said target periphery.

12.  The apparatus of claim 10 wherein said darkspace shield defines a
diameter and is grounded at a point on said darkspace shield diametrically opposite
said darkspace shield slot. '

13. The apparatus of claim 10 wherein said darkspace shield deﬁnes a
diameter and is grounded at a pair of points on said darkspace shield diametrically
opposite each other.

14. The apparatus of claim 13 wherein said darkspace shield grounded
points are each positioned approximately 90 degrees from said darkspace shield slot.

16. The apparatus of claim 2 wherein said chamber defines a vertical axis
between said target and said substrate and said darkspace shield slot is oriented axially
with respect to said vertical axis.

16. The method of claim § wherein said darkspace shield is ring-shaped.

17. The method of claim 5 wherein said darkspace shield slot defines two
separated ends.

18. The method of claim 5§ wherein said darkspace shield is spaced from
but overlaps said coil-shield.

.19, The method of claim § wherein said eddy currents are azimuthal.

-
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generation region.

20

20.. The method of claim 5 wherein said darkspace shield is grounded.

21.  The method of claim 20 wherein said darkspace shield provides a ground
plane for said target periphery. -

22,  The method of claim 20 wherein sald darkspace shield defines a
diameter and is grounded at a point on said darkspace shield diametrically opposite
said darkspace shield slot.

23. The method of claim 20 wherein said darkspace shield defines a
diameter and is grounded at a pair of points on said darkspace shield diametrically
opposite each other. '

24, The method of claim 23 wherein said darkspace shield grounded points
are positioned approximately 90 degrees from said darkspace shield slot.

25. The method of claim 5 wherein said chamber defines a vertical axis
between said target and said substrate and said darkspace shield slot is oriented axially
with respect to said vertical axis.

26. The method of claim 5 wherein said coll-shield has a plurality of windings
between said first and second terminals.

27. The _gpparatuscof claim 2 wherein said coil-shield has a plurality of
windings between said first and second coll-shield ends. :

28. An apparatus for use with an RF signal source, for energizing a plasma
within a semiconductor fabrication system to sputter material onto a substrate, the
apparatus comprising: .

-
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21

a semiconductor fabrication chamber having a wall, a target and a plasma
generation region adjacent to said target;

a coil-shield carried by said chamber and positioned within the chamber to
protect at least a portion of the chamber wall from deposition materials and to couple
RF energy into said plasma generation region, to produce ions to ionize sputtered
material, sald coll-shield having a slot which defines first and second ends wherein one
of said coil-shield ends is electrically coupled to said RF signal source and the other of
said coil-shield ends is coupled to ground; and

a conductive darkspace shield positioned between said target and said colil-
shield to shield a periphery of said target, said darkspace shield being positioned
adjacent said coil-shield and having slot means for reducing eddy currents from flowing
in said darkspace shield in response to said RF energy coupled into said plasma
generation region.

-
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