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AfNETH(I) OF REDUCI NG GENERATI ON OF PARTI CULATE MATTER IN A SPUTTERI NG
CHAMBER FI ELD OF THE | NVENTI ON The present ‘i nvention relates to plasma
generators, and nore particularly, to a nﬁtﬂmdsamilanpalzatm f¢y generati ng
a plasna to sputter deposit a layer of material in the fabrication of
sem conductor devices. 5 BACKGROUND COF THE | NVENTI ON Low pressure radio

frequency (RF) generated plasmas have become convenient s
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sem conduct or device fabrication processes including surface treatnents,

depositions, and etchi sses. For exampl e o deposit naterials onto
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PARTICULATE MATTER IN A SPUTTERING CHAMBER

lnvenfor: Kenny K. Ngan

FIELD OF THE INVENTION

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

5 BACKGROUND OF THE INVENTION
Low pressure radio frequency (RF) generated plasmas have become convenient
sources of energetic ions and activated atoms svhich 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 semico_hductor wafer

10 using a sputter deposition process, a plasma is produced in the vicinity of a sputter

" target material which is neéatively biased. lons created adjacent the target impact the
surface of the target to dislodge, i.e., “sputter” material from the target. The sputtered
materials are then transported and deposited on the surface of the semiconductor
wafer.

16 Sputtered material has a tendency to travel in straight line paths, from the target
to the substrate being deposited, at angles which are oblique to the surface of the
substrate. As a consequence, materials deposited in etched trenches and holes of
semiconductor devices having trenches or holes with a high depth to width aspect ratio,
can bridge over causing undesirable cavities in the deposition layer. To prevent such

20 cavities, the sputtered material can be redirected into substantially vertié:al paths
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1d - sing a sputter deposition process, a plasma is produced in the

Vi cini'ty of a sputter target material which is negati\ﬁel y biased. lons
created adj acent the-target inpact the surface of the-target to disl odge,
i.e., "sputter” material fromthe target. The sputtered materials are then
transported and deposited on the surface of the sem conductor wafer. 15

Sputtered material has a tendency to travel in straight |iaA\#R8g :
the target to the substrate being deposited, at angl es which argagab\{[%dl}?to

the surface of the substrate. As a consequence, materials deposited in
o oS BoRsl e et e ST NS YAA PR YOI "' o
undesi rpdsitioning apprapriate Vetticdily ofibhiedreletyie fieldEtadjacuttt the BUBStraA8 if the
cavities, .the sputtered material can be redirected into substantially
vert i caiPuttered material is sufficiently ionized by the plasma. However, material sputtered by
a low density plasma often has an ionization degree of less than 1% which is usually
5 insufﬁcie.nt to avoid the formation of an excessive number of cavities. Accordingly, it is
desirable to increase the density of the plasma to increase the ionization rate of the
. .Sputtered material in order to decrease the formation of unwanted cavities in_the
deposition layer. As used herein, the term “dense plasma” is intended to refer to one
that has a high electron and ion density. '

10 There are several known techniques for exciting a plasma with RF fields
including capacitive coupling, inductive coupling and wave heating. In a standard
inductively coupled plasma (ICP) generator, RF current passing through a coil
surrounding the plasma induces electromagnetic currents in the plasma. These
currents heat the conducting plasma by ochmic heating, so that it is sustained in steady

15 state. As shown in U.S. Pat. No. 4,362,632, for example, current through a coil is
supplied by an RF generator coupled to the coil through an impedance matching
network; such that the coil acts as the first windings of a transformer. The plasma acts
as a single turn second winding of a transformer.

In order to maximize the energy being coupled from the coil to the plasma, it is

20 desirable to position the coil as close as possible to the plasma itself. At the same time,
however, it is also desirable to minimize the generation of particles being shed from
interior surfaces. These particles shed from interior surfaces can fall on the wafer itself
and contaminate the product. Accordingly, many sputtering chambers have a generally
annular-shaped shield enclosing the plasma generation area between the target and

25 the pedestal supporting the wafer. The shield provides a smboth gentl‘y curved surface
which is relatively easy to clean and protects the interior of the vacuum chamber from
being deposited with the sputtering material. In contrast, it is believed that a coil and
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2 between the target and the substrate by negatively biasing the substrate
and positioning appropriate vertically oriented electric fields adjacent
the substrate if the sputtered material is sufficiently ionized by the

pl asma. However, material sputtered by a | ow density plasma often has an

i oni zation degree of less than 1% which is usually 5 insufficient to
avoid the formation of an excessive nunber of cavities. AgQagdisapvDIDY! S
desirable to increase the density of the plasna to increase the ionization
rate of the sputtered material in order to decrease the formation of

unwant egny¢ a\hpérting 'structifre for the coil generally have relatively sharply curved surfaces
from which it would be more difficuit to clean away materials deposited from the coil and
its supporting structures. In addition..it is believed that the smooth gently curved
surface of the shield would tend to shed fewer particles than the sharply curved
5 surfaces of the coil and its supporting structure.
Thus, on the one hand, it would be desirable to place the coil outside the shield
(as described in copending application Serial No. 08/559,345, filed November 15, 1995
for “Method and Apparatus for Launching a Helicon Wave in a Plasma” which is
assigned to the assignee of the present application and is incorporated herein by
10 reference) so that the coil is shielded from the material being deposited. Such an
' .'arrangement would minimize generation of particles by the coil and its supporting
structure and would facilitate cleaning of the chamber. On the other hand, it is
desirable to place the coil as close as possible to the plasma generation area inside the
shield, to avoid any attenuation by the spacing from the plasma or by the shield itself,
15 and thereby to maximize energy transfer from the coil to the plasma. Accordingly, it has
been difficult to increase energy transfer from the coil to the plasma while at the same
time minimizing particle generation.
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deposition |layer. As used herein, the tern1"dense‘p|asna Is intended to
refer 'to one that has a high electron and ion density There
are several known techniques for exciting a plasna mﬁt% RF fields including
capaci tive coupling, inductive coupling and wave heating. In a standard

I nductively coupled plasma (1 CP) generator, RF current passing through a

coil surrounding the plasma induces el ectromagnetic curreg&ﬁgﬁ%ﬁ/ﬂ{sﬁnﬁ
0

These currents heat the conducting plasma by ohnic heatin
sustai ned in steady 15 state. As shown in U S. Pat. No. 4,362,632, for

the. cor PUAREY, OF TRRERERERREDTARSMENTE, “cuch That ator coupled to
the first wi pgs aﬁ%wéct%f&ﬁépﬁééérn'ﬁﬁ{venfﬁﬁ t& brovide 8f impfoved mbfiddtard'" "
second wi ndi ng of a“transfo
apparatus for generating a plasma within a chamber and for sputter depositing a Iayer
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 inductively couples
electromagnetic energy from a coil which is treated to remove contaminants prior to
commencement of any substantial sputter deposition from the target. Such a treatment
has been found to minimize shedding of particles of deposition material from the coil

10 which has been deposited on the coil from the target. As a consequence, '
contamination of the workpiece by particulate matter shed by the coil may be reduced.

In a preferred embodiment, an apparatus for energizing a plasma within a

semiconductor fabrication system to sputter material onto a workpiece may include a
semiconductor fabrication chamber having a plasma generation area within the

15 chamber, and a coil carried by the chémber and positioned to couple energy into the
plasma generation area, in which the coil is first sputtered-with little or no sputtering
from the target. This initial sputtering of the coil is believed to remove oxides and other
contaminants which can interfere with strong bonding between the surface of the coil
and material which is subsequently deposited onto the coil as material is sputtered frdm

20 the target onto the workpiece.

T



In order to maxim ze the energy being coupled fromthe coil to the plasnma,
it 1s°20 desirable to pasition the coil as close as, possible to the

pl asma i-tself. At the same tine, however, it is also desirable to mnimze
t he generation of particles being shed frominterior surfaces. These
particles shed frominterior surfaces can fall on the wafer itself and
contam nate the product. Accordingly, many sputtering chaqﬂg

general | y annul ar-shaped shi el d encl osing the plasma genera #§§B§F§4%DV
bet ween the target and 25 t he pedestal supporting the wafer. The shield

i d )i whi ch i | ati | t |
P br oBBlEE BHRCRAFHIAN OF THE RRAWRIES chanber "1 om bei ng deposi ¢ od w th
the sputteripg, 84 @'petbpedtiveC paitiafelossidectionDRid bF 9 pidéthaYendiatiry'd

chamber.in accordance with an embodiment of the present invention.

Fig. 2 is a partial cross-sectional view of the plasma generating chamber of
5 Fig. 1 shown installed in a vacuum chamber.
Fig. 3 is a schematic diagram of the electrical interconnections to the plasma
generating chambers of Figs. 1-2.
Fig. 4 is a chart depicting a process for conditioning the coil of the chamber -of
Fig. 1.
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3.any supporting structure for the coil generally have relatively sharply
surved surfaces fromwhich-it would be nore difficultjﬁo cl ean away

mat eri al's deposited fromthe coil and its supporting structures. In
addition, it is believed that the snooth gently curved surface of the
shield would tend to shed fewer particles than the sharply curved 5

surfaces of the coil and its supporting structure. Thus, ,
EISRBROR

it would be desirable to place the coil outside the shiel
copendi ng application Serial No. 08/559,345, filed Novenber 15, 1995 for

assi gnoREr BB BESERIB ON YR THE BeMWIMGE oot T on and i s i neor porated
herein by  Referring first to Figs. 1-3, a plasma generator in accordance with an
embodiment of the present invention comprises a substantially cylindrical plasma
chamber 100 which is received in a vacuum chamber 102 (Fig. 2). The plasma
5 chamber 100 of this embodiment has a single helical coil 104 which is carried internally
of the vacuum chamber walls 108 (Fig. 2) by a chamber shield 106. The chamber
shigld 106 protects the interior walls 108 (Fig. 2) of the vacuum chamber 102 from the
material being deposited within the interior of the plasma chamber 100.
Radio frequency (RF) energy from an RF generator 300 (Fig. 3) is radiated from
10 the coil 104 into the interior of the plasma charﬁber 100, which energizes a plasma
within the plasmé chamber 100. An ion flux strikes a negatively biased target 110
positioned above the plasma chamber 100. The plasma ions eject material from the
target 110 onto a substrate 112 which may be a wafer or other workpiece supported by
a pedestal 114 at the bottom of the plasma chamber 100. A rotating magnet assembly
15 116 provided ébove the target 110 produces magnetic fields which sweep over the face
of the target 110 to promote uniform erosion by sputtering of the target 110.

As will be explained in greater detail below, in accordance with one aspect of the
present invention, the coil 104 is preferably conditioned prior to any sputtering of target
material onto the substrate 112 by first sputtering the coil 104 itself to remove any

20 oxides or other contaminants from the coil 104. Such contaminants have been found to
promote the shedding of particulate matter from the coils. By removing these
contaminants prior to sputtering the target 110, any material which subsequently is
deposited onto the coil 104 from the target 110 tends to bond sufficiently well to the coil
104 so as to substantially reduce or eliminate the shedding of particles from the coil

25. 104. As a consequence, contamination of the substrate 112 by particulate matter shed

by the coil 104 may be reduced during each subsequent sputtering of the target.
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10  reference) so that the coil is shielded fromthe materi al bei ng
deposi'ted. Such an arrangerment woul d minimze generatign of particles by
the coil-and its supporting structure and would facilitate cleaning of the
chanber. On the other hand, it is desirable to place the coil as close as
possible to the plasnma generation area inside the shield, to avoid any

attenuation by the spacing fromthe plasma or by the shiel gyg :
and thereby to maxi m ze energy transfer fromthe coil to t%l\ed#:)@sokgvé%v

Accordingly, it has been difficult to increase energy transfer fromthe

coil to the Plga§r'i§ é’@&ﬂe?ngﬁc }erﬁ)?eéséanqgtiéril of thrg erlciagriczzélnc%n?lga lci)r‘fsi gf t %npelésar;-nlaon'
generating apparatus of this illustrated embodiment. To sputter target material onto the
substrate 112 after the coil 104 has been properly conditioned, the target 110 is
preferably negatively biased by a variable DC power source 302 to attract the ions

5 generated by the plasma. In the same manner, the pedestal 114 may be negatively
biased by a variable DC power source 304 to bias the substrate 112 negatively to
" . attract the ionized deposition material to the substrate 112. In an alternative

embodiment, the pedestal 114 may be biased by a high frequency RF power source to
bias the substréte 112 so as to attract the ionized deposition materiél more uniformly to

10 the substrate 112. In yet another alternative embodiment, as set forth in copending .
application Serial No. 08/677,588, entitled “A Method For Providing Full-face High
Density Plasma Physical Vapor Deposition,” filed July 8, 1996 (Attorney Docket #
1402/PVD/DV) and assigned to the assignee of the present application, which
application is incorporated herein by reference in its entirety, an external biasing of the

15 substrate 112 may be omitted.

One end of the coil 104 is coupled to an RF source such as the output of an
amplifier and matching network 306, the input of which is coupled to the RF generator
300. The other end of the coil 104 is coupled to ground, preferably through a capacitor
308, which may be a variable capacitor. '

20 Fig. 2 shows the plasma chamber 100 installed in the vacuum chamber 102 of a
ph-ysi'cal vapor deposition-.(PVD) system. Although the plasma generator of the present
invention is described in connection with a PVD system for illustration purposes, it
should be apprecfated that a plasma generator in accordance with the present invention
is suitable for use with other semiconductor fabrication processes utilizing a plasma,

25 including plasma etch, chemical vapor deposition (CVD) and various surface treatment

processes.
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4 -SUMMARY OF THE PREFERRED EMBODI MENTS It is an Object of the present
nvention to provide an i Mroved nmethod and apparatus for generating a
pl asma 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 plasnma generating apparatus mAWiMﬁVWBW
coupl es el ectromagnetic energy froma coil which is treated to renove

contami nants prior to commencenent of any substantial sputter deposition

1o Lne ol ool SR R Sk 08 % B SF o8 gffhofe

deposi 1120 (Fiy.teviich eldotisallyisulatedtit colts 02 fistA 386l S6PSEting chamber shield
106. In addition, the insulating coil standoffs 120 have an internal labyrinth structure
which permits repeated deposition of conductive materials from the target 110 onto.the

5 coil standoffs 120 while preventing the formation of a complete conducting path of
deposited material from the coil 104 to the chamber shield 106. Such a completed
conducting path is undesirable because it could short the coil 104 to the chamber shield
106 (which is typically grounded). '
RF power is applied to the coil 104 by feedthrough bolts 122 (Fig. 2) which are

10 supported by insulating feedthrough standoffs 124. An example of suitable standoffs is
described more fully in copending application Serial No. 08/647,182, entitled “Recessed
Coil For Generating a Plasma,” filed May 9, 1996 (Attorney Docket # 1186/PVD/DV)
and-assignhed to the assignee of the present application, which application is -
incorporated herein by reference in its entirety. As described therein, the feedthrough

16 standoffs 124, like the coil support standoffs 120, permit repeated depdsition of
conductive material from the target onto the feedthrough standoff 124 without the
formation of a conducting path which could short the coil 104 to the chamber shield
106. As shown in Fig. 2, the coil feedthrough standoff 124, like the coil support standoff
120, has an internal labyrinth structure to prevent the formation of a short betwéen the

20 coil 104 and the wall 126 of the shield. The feedthrough 122is coupled to the RF '
generator 300 (shown schematically in Fig. 3) through the matching network 306 (also
shown schematically in Fig. 3).

As set forth above, th_e RF power radiated by the coil 104 energizes the plasma

in the chamber to ionize the target material being sputtered from the target 110. The

25 ionized sputtered target material is in turn attracted to the substrate 112 whichisata -
negative (DC or RF) potential to attract the ionized deposition material to the substrate
112. Unfortunately, the target material has a tendency to deposit not only on the
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contani nati on of the workpiece by particulate matter shed by the coil may
be reduced. In: a preferred:enbodi ment, an apparatus for energizi ng a
plasma within a sem conductor fabrication systemto sputter material onto a
wor kpi ece may include a sem conductor fabrication chamber having a plasna
generation area within the 15 chanmber, and a coil carried by the chanber

and positioned to couple energy into the plasm generatiomm#qzs,goyp\,% h
the coil is first sputtered with little or no sputtering fromthe target.
This initial sputtering of the coil is believed to renove oxi des and ot her

Fhe. col T or ey o extosed S0 AR, T cbiBerd oo™
mat er i aparticulsp proierfof matedisl depositing=sroRF ovils WHikE bueaksé of the Elatively t he
replac eéWanrtplySguereéd surfaces, have a tendency to shed particies of the material deposited

onto the surface of the substrate 112 which can contaminate the substrate.

5 In accordance with one aspect of the present invention, it has been found that by
conditioning the coil 104 prior to sputtering the target 110, the problem of particulate
matter being shed by the coil 104 can be substantially reduced or eliminated even
though substantial amounts of target material are subsequently deposited on the coil
104 during normal deposition of target material onto the substrate. More spéciﬁcally, it

10 has been found that by applying RF power to the coil 104 (but little or no DC power to
the target 110) when a new (or recycled) coil 104 is first installed into the chamber, the
coil 104 can itself be sputtered to eliminate oxides and other contaminants from the
surface of the coil. It is believed that subsequent depositions of target material onto the
coil 104 during normal depositions tend to bond more effectively to the coil 104 than if

15 such conditioning of the coil 104 is not performed prior to the commencement of
sputtering of the target, As a consequende, it has been found that the shedding of
particulate matter by the coil 104 can be substantially reduced or eliminated.

| Figure 4 charts the steps of a typical conditioning process following the .
installation of a new coil 104. Itis believéd that this conditioning of the coil 104 may be

20 needed only once just prior to its initial use to energize a plasma to ionize deposition
material sputtered from a target. However, in some applications, subsequent

| reconditioning of the coil 104 may be necessary, depe'nding upon the process
conditions. For example, if the coil 104 is not used for a significant length of time or is
exposed to ambient air, permitting oxides to regrow on the surface of the coil 104, a

25 repeat of the conditioning process may be appropriate. Also, after the coil 104 has
been removed 'for cleaning and recycling, it should be conditioned again as described
herein prior to the initial use for'ionization of deposition material.
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Dai:é: . 6 FEB 1998 5 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
perspective, partial cross-sectional view of a plasnma generating chanber in
accordance with an enbodi nent of the present invention. Fig. 2 is a partial

cross-sectional view of the plasma generating chanber of 5 Fig. 1 shown
installed in a vacuum chanber. Fig. 3 is a schematic diagram of the
el ectrical interconnections to the plasm AM# 1590/PVD/DV

The first step (indicated as step 1 in Fig. 4) is to introduce the flow of the plasma
precursor gas (preferably argon) into the chamber which is initially at a high vacuum. In
the illustrated embodiment, argon is directed into the chamber at a rate of 62 scc/min.
(standard cubic centimeters per minute). At the same time, a cryogenic pump coupled

5 to the chamber by a gate valve is active so as to pump gas from the chamber through
the gate valve which is placed at the “mid” position. Once the pressure stabilizes, the
process is ready to proceed to step “2.” In a typical chamber, it is anticipated that a
maximum of 18 seconds will be necessary for the pressure to stabilize. .

Once the 18 second period has expired, the process prdceeds to step 2 in which

10 RF power is applied to the coil 104 to a level of 1500 watts. To reduce strain on the
components, the RF power is preferably inc'réased gradually over a one second period
so as to ramp up from the zero level to the full 1500 watt level. The RF power applied
to the coil 104 is radiated by the coil into the chamber which ionizes the argon gas to

~ produce a plasma of ionized argon and free electrons. The positively charged argon

15 ions are attracted to the coil 104 and therefore are caused to impact the coil which
sputters the surface of the coil. As a result, contaminants such as oxide on the surface
of the coil 104 are sputtered off of the coil until the coil surface is substantially free of
contaniinants. In the illustrated embodiment, the RF power is applied to the coil for a
period of 30 seconds. It is anticipated that the coil 104 can be sputtered free or

20 substantially free of contaminants within this period. Since the sputtered contaminants
can in turn contaminate a substrate, it is preferred to place a dummy substrate in the
chamber to cover the pedestal so that a valuable workpiece is not spoiled by the
conditioning process.

During step 2, it is preferred that little or no DC power be applied to the target

25 110 so as to avoid or minimize sputtering of the target 110. In the illustrated
embodihent, a relatively small amount (approximately 100 watts) of DC power is
applied to the target 110 to facilitate stabilization of the plasma in the chamber.

10
I —

heet Has Been Replaced

T



generating chanbers of Figs. 1-2. Fig. 4 is a chart depicting a process for
conditioning the coil of the chanber of Fig. 1. This is the replacenent
sheet - 6 DETAI LED DESCRI PTI ON OF THE DRAW NGS Referbing first to Figs.

1- 3, a plasma generator in accordance with an enbodi ment of the present

I nvention conprises a substantially cylindrical plasma

AM## 1590/PVD/DV

Sputtering of the target 110 while the coil 104 is being sputtered for conditioning is
undesirable because target material sputtered from the target can deposit on the coil
1.04 and thereby interfere with the sputtering of contaminants from the coil 104.
However, 100 watts of DC power applied to the target 110 is believed to proddce a

5 relatively small amount (if any) of sputtering of the target 110 such that any target
material deposited onto the coil 104 is quickly resputtered off the coil 104. As a
cdr)Sequence, the net effect is that the surface of the coil 104 is sputtered free of
contaminants notwithstanding any deposition material being sputtered onto the coil 104
from the.target 110. Thus, the DC power to the target preferably should not exceed

10 500 watts during coil conditioning.

After 30 seconds, the conditioning of the coil 104 is complete and the RF power
to the coil 104 and the DC power to the target 110 may be ramped down to zero as '
indicated in step 3A. In addi.tion, the gate valve may be opened to its fully open position
and the inflow of argon gas cut off so as to permit pumping out of the chamber. A

16 cleaning cycle may then be initiated to ready the chamber for the first sputter deposition
of target material onto an actual substrate. Alternatively, in some applications, the first
actual substrate may be inserted into the chamber (step 3B) immediately following the
completion of the coil condition step (step 2) for deposition of sputtefed target material.

As best seen in Fig. 2, the plasma chamber 100 of this embodiment has a dark

20 space shield ring 130 which provides a ground plane with respect to the target 110
above, which is negatively biased. An example of a suitable shield ring is explained in
greater detail in the aforementioned copending application Serial No. 08'1647,18_2. As
set forth therein, the shield ring 130 shields the outer edges of the target from the
plasma to reduce sputtering of the target outer edges. The dark space-shield 130

25 ' performs yet another function in that it is positioned to shield the coil 104 (and the coil
support standoffs 120 and feedthrough standoffs 124) from the material being sputtered
from the target 110.
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chamber 100 which is received in a vacuum chanber 102 (Fig. 2). The plasma
5 - -chanber 100 of this enbodinent has a single helical coil 104 which is
carriedinternally of the vacuum chanber walls 108 (Fig. 2) by a chanber
shield 106. The chanber shield 106 protects the interior walls 108 (Fig. 2)
of the vacuum chanber 102 fromthe material being deposited within the

I nterior of the plasma chanber 100. Radi o frequency (RF) AM&1SBo0iPvOVRY RF
generator 300 (Fig. 3) is radiated from 10 the coil 104 into the interior
of the plasma chanmber 100, which energizes a plasma within the plasna

chanber 100y fys inegtréﬂe%.ﬁséa.hﬁﬁ qnaed&k isp8Le shieRf £30 |94 eRJsed %nﬁﬁébﬁé oned

above the plasma chanber plasma’ 1ons eject material fromt
t ar get ridd of (diamagnetitstitaniuen ot thorkfertomagnetie) stainléss steel ot (mn-maghptlece

f‘:,[’ Qf ,r ﬁ@ﬂﬁ%ﬁ&np edgéh%}%uyjiﬁve%eé r&stgfjéotn?crglg at heTRe%sérrrI?spgge shleld1 extends
inward toward the center of plasma chamber 100 so as to overlap the coil 104 by a
5 distance d of 1/4 inch. It is recognized, of course, that the amount of overlap can be
varied depending upon the relative size and placement of the coil 104 and other factors.
' . For example, the overlap may be increased to increase the shielding of the coil 104
from the sputtered material, but increasing the overiap could also further shield the
target 110 from the plasma which may be undesirable in some applications.

10 . The chamber shield 106 is generally bowi-shaped and includes a generally
cylindrically shaped, vertically oriented wall 140 to which the standoffs 120 and 124 are
attached to insulatively support the coil 104. The shield further has a generally annular-
shaped floor wall 142 which surrounds the chuck or pedestal 114 which supports the
substrate 112 which has an 8" diameter in the illustrated embodiment. A clamp ring

15 154 clamps the wafer to the chuck 114 and covers the gap between the floor wall 142
of the chamber shield 106 and the cﬁuck 114. Thus, it is apparent from Fig. 2 that the
chamber shield 106 together with the clamp ring 154 protects the interior of the vacuum
chamber 102 from the deposition materials being deposited on the substrate 112 in the
plasma chamber 100. As described more'fully in the aforementioned copending

20 application, Serial No. 08/677,588, entitled “A Method For Providing Full-face High
Density Plasma Physical Vapor Deposition,” filed July 9, 1996 (Attorney Docket #
1402/PVD/DV), the clamp ring may be eliminated. The chamber shield 106 also is
preferably formed of (diamagnetic) titanium or (non-ferromagnetic) staintess steel or
(non-magnetic nickel), like the dark space shield 130.

25 The vacuum chamber wall 108 has an upper annul.ar flange. 150. The plasma
chamber 100 is supported by an adapter l:ing assembly 152 yvhich engages the vacuum
chamber wall flange 150. The chamber shield 106 has a horizontally extending outer
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1 5 116 provi ded above the target 110 produces magnetic fiel ds which

sweep over the face of théstarget 110 to pronote uni f'o)rm er osi on by
sputteri'ng of the target 110. As will be explained in greater detail bel ow,
i n accordance with one aspect of the present invention, the coil 104 is
preferably conditioned prior to any sputtering of target material onto the
substrate 112 by first sputtering the coil 104 itself to rANSBOIRPVRIDV
oxi des or other contam nants fromthe coil 104. Such contam nants have been
found to pronote the shedding of particulate matter fromthe coils. By

r enovi nfange sembert 60 whidhsis fastened bysplurality bofasther 3caais gﬁ&,shé%) to a
mat er i ab whi ch subseguent ly is deposited-onto the coil 104 fromthe target

110 t enBQMEQNBYEXiending-Hange mefier 162 ofifae adnpterdingassembiy 162bJhent i al | y
(ecuce ShabbFUELF108 % hfedtatlo BRbHTYBRY B ToS Bibeld e 0 o1
» assembly 152.
5 The dark space shield 130 also has an upper flange 170 which is fastened to the
horizontal flange 162 of the adapter ring assembly 152. The dark space shield 130, like
the chamber shield 1086, is grounded through the adapter ring aésembly 152.
The target 110 is generally disk;shaped and is also supported by the adapter
ring assembly 152. However, the target 110 is negatively biased and therefore should
10 be insulated from the adapter ring assembly 152 which is grounded. Accordingly,
'seated in a channel 176 formed in the underside of the target 110 is a céramic
insulation ring assembly 172 which is alsb seated in a corresponding channel 174 in the
upper side of the adapter ring assembly 152. The insulation ring assembly 172, which
may be made of a variety of insulative materials including ceramics, spaces the target
15 110 from the adapter ring assembly 152 so that the target 110 may be adequately
negatively biased. The target, adapter and ceramic ring assemblies are provided with
O-ring sealing surfaces 178 to p_rovide a vacuum tight assembly from the vacuum
chamber flange 150 to the target 110.
Although the iliustrated embodiment of the present invention has been described
20 primarily in connection with the deposition of titanium and titanium-nitrogen compounds
such as titanium nitride, it should be ‘appreciated that the deposition of any thin film
material having a tendency to flake off of deposited surfaces would benefit from the use
of coils or other surfaces conditioned in accordance with the present invention.
. The coil 104 of the illustrated embadiment is made of 2 inch by 1/8 inch heavy
25 duty bead blasted solid high-purity (preferébly 99.995% pure) titanium or copper ribbon
formed into a three turn helical coil having a diameter of 12-14 inches. However, other
highly conductive materials and shapes may be utilized depending upon the material
®
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by the coil 104 may be reduced during each subsequent sputtering of the
ttarget. . 7 Fig. 3 is a schematic representation of the electrical
connections of the plasna generating apparatus of this illustrated

enbodi ment. To sputter target material onto the substrate 112 after the
coil 104 has been properly conditioned, the target 110 is preferabl
negatively biased by a variable DC power source 302 to at 3599/@\}/@@/5
generated by the plasnma. In the sane manner, the pedestal 114 may be
negatively biased by a variable DC power source 304 to bias the substrate
112 nedeing/spyttered and other factors. For example, the ribbon may be as thin as 1/16 inch

and made of stainless steel. Also, if the material to be sputtered is aluminum, both the
. target and the coil should be made of high purity aluminum. Material éan be sputtered
from the coil 104 at the same time that the same type of material is sputtered from the
5 target 110 to improve deposition uniformity as described in copending application serial
No. 08/680,335, entitled “Coils for Generating a Plasma and for Sputtering,” filed July
10, 1996 (Atty. Docket # 1390CIP/PVD/DV). In addition to the ribbon shape illustrated,
hollow tubing may be utilized, particularly if water cooling is desired.

In.some applications electromagnets may be provided-adjacent to the coil 104

10 but behind the shield 106 to perform a function similar to that of the dark space shield
130 of the embodiment of Fig. 2. Mo!'e specifically, as described in copending

- application serial No. , entitled “A Method to Eliminate Coil Sputtering in

ICP Source,” filed October 17, 1996 (Atty. Docket # 1457/PVD/DV), magnetic field lines
from the magnets activated during target sputtering can magnetically shield the coil 104

15 to a limited extent from deposition material being ejected from the target 110. Still
further, as mentioned above, the magnétic field lines can deflect the energized .
electrons from the high. density plasma away from the coil 104 and around the coil 104
to the grounded chamber shield 106. This prevents the energized electrons from
lingering in the immediate vicinity of the coil 104 and ionizing precursor gas atoms and

20 molecules that could sputter material from the coil 104 that could subsequently
contaminate the substrate 112. _

In the embodiment discussed above, a multiple turn coil 104 is depicted, put, of
course, a single turn coil may be used instead. Still further, instead of the ribbon shape
coil 104 illustrated, each turn of the coil 104 may be implemented with a flat, open- |

25 ended annular ring as described in cope‘nding application Serial No. 08/680,335,
entitled “Coils for Generating a Plasma and for Sputtering,” filed July 10, 1996 (Attorney

14
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attraet the ionized deposffion material to the substrate 112. In an

al ternative enbodi nent, thapedestal 114 may be biased oy a high frequency
RF. power source to bias the substrate 112 so as to attract the ionized
deposition material nore uniformy to 10 the substrate 112. In yet

anot her altemative enbodi nent, as set forth in copending application Seri al
No. 08/677,588, entitled "A Method For Providing Full-faceAM#IEIRRYDIDV

Pl asma Physi cal Vapor Deposition,” filed July 9, 1996 (Attorney Docket #
1402PVD/ DV) and assigned to the assignee of the present application, which

appl i caboeRet # 1890CIR/PYD7OV) ahdids Hetb e BSSighde bf thepriese i
external biasing of the 15 v substspgtee 112 maygggeom'tted. %f%p%l% tlg?' t he

coi | 10which appijaatigntis ingerpgrated hewein by nefesendedndtstentiretyf an anplifier and

mat ching net ik 6tiRe ehitfodifiBits dbcidted anove HPEES difgle sRil i S oL
chamber. It should be recognized that the present invention is applicable to plasma

5 chambers having more than one RF powered coil or RF powered shields. For example,

the present invention may be épplied to multiple coil chambers for launching helicon
waves of the type described in aforementioned copending application serial
No.08/559,345, filed November 15, 1995 and entitled “Method and Apparatus for :
Launching a Helicon Wave in a Plasma.” '

10 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
match with the matching circuit and antenna is suitable. The frequency of the
generator for generating the RF power to the coil 104 is preferably 2 MHz but it is

15 . anticipated that the range can vary from, for example, 1 MHz to 4 MHz. An RF power
setting of 1.5 kW is preferred but a range of 1.5-5 kW is satisfactory. In addition, a DC
power setting for biasing the target 110 of 5§ kW is preferred but a range of 2-10 kW and
a pedéstal 114 bias voltage of -30 volts DC is satisfactory. During conditioning of the
coil, a ratio of coil RF power to target DC power in excess of 10 is preferred.

20 In the illustrated embodiments above, the chamber shield 106 has a diameter of
16", but it is anticipated that satisfactory resuilts can be obtained with a diameter in the
range of 6"-25". The shields may be fabricated from a variety of materials including
insulative materials such as ceramics or quartz. However, the shield and all metal
surfaces likely to be coated with the target material are preferably made of a material

25 such as stainless steel or copper, unless made of the same material as the sputtered
target rﬁaterial. The material of the struéture which will be coated should have a
coefficient of thermal expansion which closely matches that of the material being

15
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300. The other end of the coil 104 is coupl ed to-ground, preferably through
a capacitor 308, which may, be a variable capacitor. 20Q Fig. 2
shows. t he pl asma chanber 100 installed in the vacuum chanber 102 of a

physi cal vapor deposition (PVD) system Although the plasma generator of

t he present invention is described in connection with a PVD system for

iI'lustration purposes, it should be appreciated that a pl enerator in
accordance with the present invention is suitable for useﬁﬁdﬁ‘i@ﬁw@v

sem conductor fabrication processes utilizing a plasma, 25 - including
pl asma etch, chem cal vapor deposition (CVD) and various surface treatnent
proces 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, brackets and other structures likely to be coated is bead blasted
5 titanium. Any surfaces which are more likely to sputter, such as the end caps of the coil

and feedthrough standoffs, 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, for example. Adherence can also be improved by coating the

10 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 wofkpiece if sputtered from the
coil.

The wafer to target space is preferably about 140 mm (about 5.5"), but can

16 range from about 1.5" to 8". For this wafer to target spacing, satisfactory stepped wafer
bottom coverage has been achieved With a coil diameter of 11.4 inches spaced from
the target by a distance of 1.9 inches. It has been found that increasing the diameter of
the coil which moves the coil away from the workpiece edge has an advérse effect on
bottom coverage. On the other hand, d_ecreas'ing the coil diameter to move the coil

20 closer to the wafer edge can adversely effect layer uniformity.

Depoéition uniformity also appears to be a function of coil spacing from the
target. As previously mentioned, a spacing of 1.9 inches between the coil and target
has been found satisfactory for a target to wafer spacing of 140 mm. Moving the coil |
vertically either toward or away from the target (or wafer) can adversely effect

25 deposition layer uniformity.

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

H,, O, or reactive gases such as NF,, CF, and many others. Various precursor gas

16
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8 .The coil 104 is carried on the chanber shield 1206 by a plurality of coi
standoffs 120 (Fig. 1) whigh electrically insulate the coil 104 fromthe
supporti-ng chanber shield 106. In addition, the insula ing coil standoffs
120 have an internal |abyrinth structure mhich permts repeated deposition
of conductive materials fromthe target 110 onto the 5 coil standoffs

120 whil e preventing the formati on of a conpl ete conducti f
deposited material fromthe coil 104 to the chanber shi el }%4@3%8@&@@\,
conpl eted conducti ng path i s undesirabl e because it could short the coil

104 to th d 106 (which is t 1y ded). RF '
apol | ccPrE§SiRE B iable igialaRmeeuisn oS8T s SEmTer for ionided ENChee.

pressure between 10 and 100 mTorr is preferred for best ionization of sputtered
material. ' .
It will, of course, be understood that modifications of the present invenﬁon, inits
5 various aspects, will be apparent to those skilled in the art, some being apparent only
after study, others being matters of routine rhechanic_:al and electronic design. Other
- -embodiments are also possible, their specific designs depending upon the particular
application. A; 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
10 equivalents thereof.

17
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10 supported by insulating feedthrough standoffs 124. An exanpl e of
sui-tabl e standoffs is descrl bed nore fully in copendr‘r}g application Serial
No. 08/647,182, entitled ' Recessed_Coil For Generating a Plasma," filed May
9, 1996 (Attor ney Docket # 1186/ PVD/ DV) and assigned to the assignee of the
present application, which appli 'ﬁﬂﬂasBeeﬁR 1ed at ed herein by reference

inits entirety. As described ther hr ough 1 1%9%@;9 124,
| i ke the coil support standoffs 1 at ed dep05|¥‘| on blﬁv

conductive material fromthe target onto t dt hr ough standoff 124

W t ho ' f a conducting path V\:hl ch could short the coil 104
to thm&'IMﬁ '%E)G As shown in Fig. 2, the coil feedthrough
standof f- 124, |ike the coil support standoff 120, has an internal |abyrinth

structure to prevent the formation of a short between the 20 coil 104
and the wal1. 126Aqfrotéss sheariditioning afeniidohenergizing’a plasmawithidat o t he RF

semiconductor fabrication system to sputter material from a target onto a workpiece, the
_process comprising: _
applying RF power to said coil to ionize a precursor gas; and
5 sputtering said coil to remove contaminants from said coil.

2. A process of conditioning a coil for energizing a plasma within a
semiconductor fabrication system to sputter material from a target onto a workpiece, the
process comprising:

providing a precursor gas; and

5 " applying RF power to said coil to ionize said precursor gas to provide a net

sputtering of said coil to remove contaminants from said coil.

3. The process of claim 2 further comprising applying biasing power to said
target at a level which is low enough to ensure that any material sputtered from said
target and deposited on said coil is resputtered from said coil during said RF power

applying step.

4. The process of claim 3 wherein the ratio of coil RF power to target biasing

power is greater than 10.

5. The process of claim 3 wherein said coil RF power is in the range of 0.1-
10 kilowatts and said target biasing power is in the range of 0 to 500 watts.

18
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g.ene'rator 300 (shown schematically in Fig. 3) through the matchi ng network
306 (al so shown schematicallyy in Fig. 3). As set forth pbove, the RF power
radi ated by the coil 104 ener giThisShdet¥as B L»@mf\ the chanber to ionize the

target material being sputtered t 110. The 25 i oni zed

Ssputtered target material is in to Lhe substrate 112 which
Is at a negative (DC or RF) poten| ct the ioniz l_on
material to the substrate 112. Unfortunatel y, the target éWf@fﬂS’hi@@v

tendency to deposit not only on the This is the replacenent sheet
6. The process of claim 5 wherein said coil RF power is approximately 1500
watts and said target biasing power is approximately 100 watts.

7. A process for sputtering material from a target onto a workpiece, said -
process compnslng

applylng a first RF power to a coul to ionize a precursor gas to form a plasma;

sputtering said coil to remove contaminants from said coil;
5 sbuttering said target to sputter target material toward a workpiece after said

contaminants are spuﬁered from said coil; and |

applying a second RF power to said coil to energize a plasma to ionize said
sputtered target material before it is deposited onto said workpiece.

8. The process of claim 7 further comprising applying biasing power to said
target during said coil sputtering step at a level which is low enough to ensure that ary
material sputtered from said target and deposited on said coil is resputtered from said
coil during said coil sputtering step.

9. The process of claim 8 wherein the ratio of said first coil RF power to
target biasing power is greater than 10.

10.  The process of claim 8 wherein said first coil RF power is in the range of
0.1-10 kilowatts and said target biasing power is in the range of 0 to 500 watts. .

11.  The process of claim 8 wherein said first coil RF power is approximately
1500 watts and said target biasing power is approximately 100 watts.

19
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9 supstrate 112 but on every ot her exposed surface in the chanber. This can
be a particul ar problem for | ng eri-al—depositing on RFycoils which, because

of the relatively sharply curved surfaCﬁ.i gﬁeg endency to shed

particles of the material deposit ace of the substrate 112
whi ch can contam nate the substrat \ n accordance with one
It

aspect of the present invention, d that bunPRIBHPVD t he
coil 104 prior to sputtering t he target 110, the problem of part?cul a@/

matter being shed by the coil 104 can be substantlally reduced or

el i m nat ed nt nt|

subsequent |y OAW ?ggafﬁi&%m 4"@@%’8@% ﬁ@P%ﬂ#eIﬂ@%géP%Bﬂébgwlgpget

nateri & stérh@ofsbattéﬂhetérﬁl ent&/arvﬂ:rkpieeefﬂheeﬂﬁmratué cofhprisiiggs been found

t hat by apply| ng RF power to the coll 104 (but little or no DC power to

a semiconductor fabrication chamber having a plasma generation area
within said chamber; and
5 a coil carried by said chamber and positioned to couple energy into said

plasma generation area, said coil having a sputtered surface substantially free of

contaminants.

13. The apparatus of claim 12 including a target including titanium, wherein

said coil includes titanium..

14. The apparatus of claim 12 including a target including aluminum, wherein

said coil includes aluminum.

20
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t.he target 110) when a new (or recycled) coil 104 |s_f): rst installed iifo
t-he chanber, the coil 104 ¢an itself be sputtered to elimnate oxides and*,
other contaminants fromthe surface of the coil. It .is believed that
subsequent depositions of target material onto the coil 104 during nornal
depositions tend to bond nore effectively to the coil 104 than if 15

such conditioning of the coil 104 is not perforned prior tAM#HE90/PVD/DV
commencenent of sputtering of the target. As a consequence, it has been
found that the shedding of particulate matter by the coil 104 can be
substantially reduced or elim natedA\BSTRA®GT4 charts the steps of a typical
condi tioning process followng the installation of a new coil 104. It is '
bel i eved t haAn{RH goittond plaamar@ammrne acsamncmoductayfahacamon systeavlisd only

depos! (qonidii fitetlie shebfo ol Bty Todtcodo e Wiiagon " cat ons.

subseqLitrated embodiment, the coil is sputtered prior to sputtering the targetso as to

5 remove oxides and other contaminants from the surface of the coil. As a resuilt,
sheddmg of particulate matter from target material subsequently deposnted onto the coil
is reduced '

R
“”\‘\T i
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reconditioning of the coil 104 may be necessary, "dependi ng upon the process
condi tions. For ‘exanple, .ifythe coil 104 is not usednyr a significant

| ength 6f tinme or is exposed to anbient air, permtting oxides to regrow on
the surface of the coil 104, a 25 repeat of the conditioning process may
be appropriate. Also, after the coil 104 has been renoved for cleaning and
recycling, it should be conditioned again as described herein prior 'to the
~initial use for ionization of deposition material. 10 The first step
~(indicated as step | in Fig. 4) is to introduce the flow of the plasma
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Erecursor gas (preferably argon) into the chambér which is initially at a

igh vacuum In the il Ius‘f‘)r ated enbodi ment, argon is directed into the
"chanber at a rate of 62 scc/nmin. (standard cubic centineters per mnute).
At the sane time, a cryogenic punp coupled 5 to the chanber by a gate

valve is active so as to punp gas fromthe chanber through the gate val ve
which is placed at the "md" position Once the pressure stabﬂezes t he
process is ready to proceed to step "2." In. a typical géanb ) S

for th

anticipated that a maxi numof 18 seconds will be e gssur
to stabilize. Once the _ 2
to step 2 in which 10 %(; r‘i\ qpplledtsthe c0|I 164 to Ieve

a

1500 watts. To reduce é e go nent , thes Rli‘\g wer e Wabl y
i ncreased gradually o r "a One segcovnd\pe ou. so as. to: rorq}?e

zero level to the full \1500.watt Yevel ~\Th /power/a/4 ed -V
174

_ ' ' 178
130 ’7° 2
— \, 152
| 160 | 122 <

A — e

150
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%6,fﬁe coil 104 is radiat by the coil into the'chanb@r whi ch ionizes the
argon gas to produce a plagdma of ionized argon and freé electrons. The

positively charged argon 15 ions are attracted to the coil ‘104 and
therefore are caused to inpact the coil which sputters the surface of the
coil. As a result, contam nants such as oxide on the surface of the coi
104 are sputtered off of the coil until the coil surface is substantially
free of contam nants. In the illustrated enbodi nent, the RF power is
applied to the coil for a period of 30 seconds. It is anticipated that the
coil 104 can be sputtered free or 20 substantially free of contam nants

within this period. Since the sputtered contanlnants can in turn
contam nate a substrate, it is pref substrféé in the
iece is no poi | ed

chanmber to cover the pedestal s ’/////

by the conditioning process.

302

104 |
7 D . 306

Ve 112

304

~ 102.
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of the plasma in the chanber.

coil
mat er i
interf
100 wa

‘Duri'ng step 2,

starget. 25 110 so as to’avoid or

In the illustrated enbodinment, a relatively small
watts) of DC power

it is preTérred that little or no Eﬁfﬁpmer be applied to the
mnimze sputtering of the target 110.
anount (approxi mately 100
is applied to the target 110 to facilitate stabilization
Sputtering of the target 110 while the

104 is being sputtered for conditioning is undesirable because target

re with the Lntsmw of cont&ﬁpﬂants f r oStephiA coi Il 108tep-iBwevel,
MsaxOStep- irgg ' ? éj 8 seconds 30 ?éc%gds 1|5 0 secorlm(lasve © 3Br0 sec
Gate Valve Pos. Mid Mid Full Mid
DC Target 0 watts 100 watts 0 watts 5000 watts
Power'

| RF Coil Power 0 watts 1500 watts 0 watts 1500 watts
Gas Flow Rate 62 scc/min. 62 scc/min. _Pump out 62 scc/min.

Fig. 4
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S . relatively small amount (if any) of sputtering of the target 1167 such
that any target material deposited onto the coil 104 is quickly resputtered
off the .cojl, 104 As a consequence, the net effect is that the surface of
the coil 104 i's 'sputtered:¥rgé:pf:tontaninants notw t hstandi ng any
deposition material being sputtered onto-the coil 104 -fromthe target 110.
Thus, the DC power to the target preferably should not exceed 10 500
watts during coil conditioning. After 30 seconds t he conditioni ng of the

coil 104 is conplete and the RmRe¥WR éﬁé%% DC power to
0 OF et cate

the target 110 may be rarrped dovvnto zero as |n [ In step 3A. In
addi tion, the gate val ve nBARE WRﬂUNGPUWEﬂHG%AMBEm and t he
infl ow of argon gas cut off so as to permt punping out of the chanber. A
15 cleaning cycle may then be initiated to ready the chanber for the
first sputter deposition

FIELD OF THE INVENTION

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

5 BACKGROUND OF THE INVENTION
Low pressure radio frequency (RF) generated plasmas have become convenient
sources of energetic ions and acf_ivated atoms which can be employed in a variety of
semiconductor device fabrication processes including surface treatments, depositions,
and etching processes. For example, to deposit materials onto a semiconductor wafer
10 using a sputter deposition process, a plasma is produced in the vicinity of a sputter
target material which is negatively biased. lons created adjacent 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 shrfaoe of the semiconductor
wafer. ' | .
18 Sputtered material has a tendency to travel in straight line paths, from the target
~ to the substrate being deposited, at angles which are oblique to the surfacé 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,
o can bridge over causing undesirable cavities in the deposition layer. To prevent such
20 cavities, the sputtered material can be redirected mto substantially vertlwal paths
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of target material onto an actual substrate. Altematively, in sonme
appllcatlons the first actual substrate may be inserted into the chanber
(step 3B) - |nned|a1ely follownng the conpletion of the coil condition step
(step 2) for deposition .ef spu#tered target material. As best seen in Fig.
2, the plasma chanber 100 of this enbodi #ent has a dark 20 space shield
ring 130 which provides a ground plane with respect to the target 110 '
above, which is negatively biased. An exanple of a suitable shield ring is

expl ai ned in gr epdtageritiedarget dhd the satistafHy/ tidg ﬂiz@ﬁ&w}ﬁ JGbstaR 4@l 1 ON
Serial No. 081647, 182, As'get forth therein, hield ring 130 shields

‘the outer edges B?s'tpﬁﬁ‘gtaQP@GPatPrVSWWéfﬁnﬁéﬂ?% ﬁP@Iéélécg}Sdﬁ%ibPﬁ@edfﬂhQ he
target outer edgswteFEhenﬂaﬁés iSSRAMcRant} idhlzdd by thedtasma. H4dweef TnatéHal ?ﬂ%fk@rby

,fUI’ICtIOI’lInthatI I s positioned to shield the coil 104(andthe col

support st andof f  'PMARPNSRYPIRSMEA LTeR IR AN IPRiR#oNdearee #f less than 1Rk whish isrysuplly

bei ng sputt& ed insufficient to avoid the formation of an excessive number of cavities. Accordingly, it is
desirable to increase the density of the plasma to increase the ionization rate of the
- sputtered material in order to decrease the formation of unwanted cavities in the
deposition layer. As used herein, the term “dense plasina" is intended to refer to one
that has a high electron and ion density. -
10 There are several known techniques for exciting a plasma with RF fields
including capacitive coupling, inductive coupling and wave heating. In a standard
inductive!y coupled plasma (ICP) generator, RF current passing through a coil
surrounding the plasma induces electromagnetic currents in the plasma. These
currents heat the conducting plasma by dhmic heating, so that it is sustained in steady
15 state. As shown in U.S. Pat. No. 4,362,632, for example, current through a coil is
supplied by an RF generator coupled to the coil through an impedance matching
network, such that the coil acts as the first windings of a transformer. The plasma acts
as a single turn second winding of a transformer. . |
In order to maximize the énergy being coupled from the coil to the plasma, itis
20 desirable to position the coil as close as possible to the plasma itself. At the same time,
however, it is also desirable to minimize the generation of particles being shed from
interior surfaces. These particles shed from interior surfaces can fall on the wafer itself
and contaminate the product. Accordingly, many sputtering chambers have a generally
annular-shaped shield enclosing the plasma generation area between the target and
25 the pedestal supporting the wafer. The shleid provides a smooth gently curved surface
which is relatively easy to clean and protects the interior of the vacuum chamber from
being deposited with the sputtering material. In contrast, itis belie\':ed that a coil and
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fromthe target 110. This is the repl acenent sheet 12 In this .
|IIustrated enpodi.ment ; the dar k. space shield 130 is a cl osed conti nuous
ring of (di amagne{ EC)ti tanl,um ot ‘¢ non- ferrorragnet ic) stainless steel or
(non-magnetic nickel) having & genetal l yd'nverted frusto-conical shape. The
dark space shield extends inward toward “ttre center of -plasma chanber 100 so-
as to overlap the coil 104 by a 5 di*stance _d of 1/4 inch. It is
recogni zed, of course, that the anount of ovet ap can be

any supporting structure for the coil generally have relatively sharply curved surfaces

from which it would be more difficult to clean away materials deposited from the coil and
its supporting structures. In addition, it is believed that the smooth gently curved
surface of the shield would tend to shed fewer particles than the sharply curved
5 surfaces of the coil and its supporting structure. _
Thus, on the one hand, it would be desirable to place the coil outside the shield

(as described in copending application Serial No. 08/559,345, filed November 15, 1995
for “Method and Apparatus for Launc_:hing a Helicon Wave in a Plasma” which is
assigned to the assignee of the present application and is incorporated herein by

10 reference) so that the coil is shielded from the material being deposited. Such an
arrangement would minimize generation of particles by the coil and its supporting
structure.and would facilitate cleaning of the chamber. On the other hand, it is
desirable_ to place the coil as close as possible to the plasma generation area inside the |
shjeld. to avoid any attenuation by the spacing from the plasmé or by the shield itself,

15 and theréby to maximize energy transfer from the coil to the plasma. Accordingly, it has
been difficuit to increase energy Itransfer from the cail to the plasma while at the same
time minimizing particle generation..
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maried:depending upon the relative size and placenent of the coil 104 and
ot her :f-actors, For exanple the overlap may be increased to increase the
shi el di'ng " of the . €oi k- 1@4 $r0p1the sputtered material, but ‘increasing the
overlap coul d al so further 'shifet!d:t he target 110 fromthe pl asma whi ch may
be undesirable in sone appllcatlons 10 — The chanber shield 106 is
general |y bow -shaped and includes a generally cylindrically shaped,
vertically oriented wall 140 to which the standoffs 120 and 124 are

attached to lnSSUﬂMAWEFmEFEﬁﬁEQ‘EMV% d8meNTy shield further has a
general |y annul ar- shaped f| oor wal I ch surrounds the chuck or

pedest al ~ 114 whi ch sliipaf pieetns the presentinsentiop to\afovide aa impraver methed mad |n.

the illustrated aisPenefa 36 e
chuck 114 and coé\?eﬁras t he g:;"gp b%ﬂ%gﬁﬂglﬁéggpaﬂa%ﬁh uame%ﬁﬁﬁrﬁ) %yg'h
il

shl el d 106 and tWich-phyiate faﬂ?abpumqseseﬂ'aabaveerﬁent\omﬂ'mitajwna t hat the

5 These and other objects and advantages are achieved by, in accordance with
one aspect of the invention, a plasma generating apparatus which inductively couples
electromagnetic energy from a coil which is treated to remove contaminants prior to
commencement of any substantial sputter deposition from the target. Such a treatment
has been found to minimize shedding of particles of deposition material from the coil

10 which has been deposited on the coil from the target. As a consequence,
contamination of the workpiece by particulate matter shed by the coil may be reduced.

In-a preferred embodiment, an apparatus for energizing a plasmé within a

semiconductor fabrication system to sputter material onto a workpiece may include a
semiconductor fabrication chamber having a plasma generation area within the

15 chamber, and a coil carried by the cﬁamber and positioned to couple energy into the
plasma generation area, in which the coil is first sputtered with little or no sputtering
from the target. This initial sputtering of the coil is believed to remove oxides and other
contaminants which can interfere with strong bonding between the surface of the coil
and material which is subsequently deposited onto the coil as material is sputtered fr&m

20 the target onto the workpiece. |
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chanmher shield 106 together with the clanp ring 154 protects the interior
of the vacuum chanber, 102 from.the deposition materials being deposited on
t he.substrate 112:in.the pkasga ‘chanber 100. As described nore fully in the
af orementi oned copending 20 = applicatign, Serial No. 08/677,588, entitled
"A Method For Providing Full-face Hi gh BDensity Plasma: Physi cal Vapor
Deposition," filed July 9, 1996 (Attoney Docket # 1402/ PVD/DV), the clanp
ring may be elimnated. The chanber shield 106 also is preferably fornmed of

(di amagnetic) ti BRIER/IDESCR{PTION OF TREASFORAVINGS St ai nl ess steel or
(non-magnetic nickel), Like the dark space shield 1

. ) 30. 25 The
vacuum chanber wal | T 1H5.2 PRFEPSREYe, P ?hﬂ'%s‘sFF"&'?va.'e"i?)é Pig$[pa genaratng
chanber 100 is schpiter @tladeyrdance dith b embbdithentsraiidpresdrit thvehtiohh engages t he
vacuum chanber wal | flJ' ange 150, , The chanbeir . shi ?I d 106 has a. hori zont %I |y
ext endi ng out er ig. 271s a partial cross-sectional view of the plasma generating chamber o

5 Fig. 1 shown installed in a vacuum chamber.
Fig. 3 is a schematic diagram of the electrical interconnections to the plasma
generating chambers of Figs. 1-2. _
Fig. 4 is a chart depicting a process for conditioning the coil of the chamber of

Fig. 1.
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This is the replace nent sheet .= 13 flange nenber 160 which is fastened by
a plurality of. fastener cnems;&not shown) to a horizontal ly extending
flange .nmenber 162 of ‘the adapter Ying assembly 152. The chanber shield 106
is grounded to the system ground through ¢ he adapter ring assenbly 152. 5
The dark space shield 130 al so has an upper flange 170 which is fastened to
the horizontal flange 162 of the adapter ring assenbly 152. The dark space
shield 130, like

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 plasma
chamber 100 which is received in a vacudm chamber 102 (Fig. 2). The plasma

5 chamber 100 of this embodiment has a single helical coil 104 which is carried internally
of the vacuum chamber walls 108 (Fig. 2)bya chamber shield 106. The chamber
shield 106 protects the interior walls 108 (Fig. 2) of the vacuum chamber 102 from the
material being deposited within the interior of the plasma chamber 100. '

Radio frequency (RF) energy from an RF generator 300 (Fig. 3) is radiated from

10 the coil 104 into the interior of the p_Iasma chamber 100, which energizes a plasma
' within the plasma chamber 100. An ion flux strikes a negatively biased target 110
positionqd above the plasma chamber 100. The plasma ions eject material from the
target 110 onto a substrate 112 which méy be a wafer or other workpiece supported by
a pedestal 114 at the bottom of the plasma chamber 100. A rotatihg magnet assembly
15 116 provided above the target 110 produces magnetic fields which sweep over the face
of the target 110 to promote uniform erosion by sputtering of the target 110.

As will be explained in greater detail below, in accordance with one aspect of the
present invention, the coil 104 is preferably conditioned prior to any sputtering of target
material onto the substrate 112 by first sputtering the coil 104 itself to remove any

20 oxides or other contaminants from the coil 104. Such contaminants have been found to
promote the shedding of particulate matter from the coils. By removing these
contaminants prior to sputtering the target 110, any material which subsequently is
deposited onto the coil 104 from the target 110 tends to bond sufficiently well to the coil
104 so as to substantially reduce or eliminate the shedding of particles from the coil

25 104. As a consequence, contamination of the substrate 112 by particulate matter shed
by the coil 104 may be reduced during each subsequent sputtering of the target.
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t he chanber shield 106, is grounded through the adapter ring assenbly 152.
The target 110.is general.ly-disk-shaped and is al so supported by the
adapter . ring aSsenbly .152:+;Hpwever, the target 110 is negatively biased and
therefore should 10 < be-insufl at ed fromg he adapter ring assenmbly 152

- which'is grounded. Accordingly, seated if#-a channel 176 forned in the
underside of the target 110 is a ceramc insulation ring assenbly 172 which
is al so seated in a correspondi ng channel 174 in the upper side of the
adapter ring assenbl y Fig2.is Fischématicl repriesentationdf teseddnical dohdectihi ofithERiash

irger 15 " 130/l i b ded Aind 556l v iramonase

may be adequat el ysubstatei Malaftebthasoiti 104Thas beengroperigdanditined e &RgaN6id | NG

\6/12 i ﬁ L”r)n| It Iez o ?r SS g;@%fesﬁ?l/r Pé@f#%&ﬁ%? \[';igg%duﬁg{e g\hishis B&fp%&g? so%:ZcSe 303 48 rat(%rvalctdt?vs.- ?ons

5 . generated by the plasma. In the same manner, the pedestal 114 may be negatively
biased by a variable DC power source 304 to bias the substrate 112 negatively to
-attract the ionized deposition material to the substrate 112. in an alternative
embodiment, the pedestal 114 may be biased by a high frequency RF power source to
bias the substrate 112 so as to attract the ionized deposition material more uniformly to

10 the substrate 112. In yet another alternative embodiment, as set forth in copending
application Serial No. 08/677,588, entitled “A Method For Providing Full-face High
Density Plasma Physical Vapor Deposition,” filed July 9, 1996 (Attorney Docket #
1402/P_\'/DIDV) and assigned to the assignee of the present applii:ation, which
application is incorporated herein by reference in its entirety, an external biasing of the

15 subst_rate 112 may be omitted. _

One end of the coil 104 is coupled to an RF source such as the output of an
amplifier and matching network 3086, the input of which is coupled to the RF generator
~ 300. The other end of the coil 104 is coupled to ground, preferably through a capacitor
308, which may be a variable capacitor.

20 | Fig. 2 shows the plasma chamber 100 installed in the vacuum chamber 102 of a
pﬁysical vapor deposition (PVD) system. Although the plasma generator of the present
invention is described in connection with a PVD system for illustration purposes, it
should be appreciated that a plasma generator in accordance with the present invention
is suitable for use with other semiconductor fabrication processes utilizing a piasma,

25 including plasma etch, chemical vapor deposition (CVD) and various surface treatment
processes. '
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chanber flange 150 to the target 110. Although the illustrated enbodi nent -
of - the/ present .invention has been described 20 primarily in connection
“witH:the deposi ti on of-ititani um and titani um nitrogen conpounds such as
titaniumnitride, it should be appreci atgd that the deposition of any thin
filmmaterial having a tendency to flake off of deposited surfaces would
benefit fromthe use of coils or other surfaces conditioned in accordance
with the present invention. The coil 104 of the illustrated enbodi nent is

made of 2 inch by 1/+hd aaholderdatriedon the%HLMba%mn&ioﬁﬁipmhﬁy%fBé.géiarmrsty |
(preferably 99.995% pure) titaniumor cozg !il bon forned into a three
@ goi

turn helical coilBO (g Nyhichplegtically ingylate et theisRRRAEING cHaMbET shigd| v
conductive materp@l m MAtioR e RsulBig 85I srdofis 920 RRRYUMIAtBMalBEYHAHSrUBRIreT | 2l

which permits repeated deposition of conductive materials from the target 110 onto the
5 coil standoffs 120 while preventing the formation of a complete conducting path of
deposited material from the cail 164 to'the chamber shield 106. Such a completed
conducting path is undesirable because it could short the coil 104 to the chamber shield
106 (which is typically grounded).
RF power is applied to the coil 104 by feedthrough bolts 122 (Fig. 2) which are
10 supported by insulating feedthrough standoffs 124. An example of suitable standoffs is
described more fully in copending application Serial No. 08/647,182, entitled “Recessed
Coil For Generating a Plasma,” filed May 9, 1996 (Attorney Docket # 1186/PVD/DV)
and assigned to the assignee of the present application, which application is -
incorporated herein by reference in its entirety. As described therein, the feedthrough
15 standoffs 124, like the coil support sténdoffs 120, permit repeated deposition of
conductive material from the target onto the feedthrough standoff 124 without the
formation of a conducting path which could short the coil 104 to the chamber shield
106. As shown in Fig. 2, the coil feedthrough standoff 124, like the coil support standoff .
120, has an internal labyrinth structure to prevent the formation of a short between the
-20° coil 104 and the wall 126 of the shield. The feedthrough 122 is coupled to the RF
generator 300 (shown schematically in Fig. 3) through the matching network 306 (aiso
shown schematically in Fig. 3). _ _
As set forth above, the RF power radiated by the coil 104 energizes the plasma
in the chamber to ionize the E@et material being sputtered from the target 110. The
25 ionized sputtered target material is in turn attracted to the substrate 112 which is ata
negative (DC or RF) potential to attract the ionized deposition material to the substrate |
112. Unfortunately, the target material has a tendency to deposit not only on the
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14 being sputtered and other ‘factors. For exanple, the ribbon may be as
.:¥hin as 2/ 16 inch and made of .stainless steel. Also, if the nmaterial to be -
"sputter;ed i s-al umnim; bothThq target and the coil should be made of high
purity al um num Material can be sputtergd fromthe coil 104 at the same
time that the same type of material is sputtered fromthe 5 target 110
to inprove deposition uniformty as described in copending application
serial No. 081680, 335, entitled "Coils for Generating a Plasna and for
Sputtering," filsabstdatd y12but oi:%@ry(oﬁiér)exp&éﬂl@ﬁifadé]in GQ(BEthE\V[TﬁlsD&én bd &

Sg?![ It l:lcjln aﬁ |Oyt Ih]? é'ﬁl’?@gp %%Eﬁﬁ]efgll' ‘ngyegggertpgghnghgn i}suwmicr?\g because ftlf!I relatnveﬂy
sharply curved surfaces, have a tendency to shed particles of the material deposited
onto the surface of the substrate 112 which can contaminate the substrate.

5 In accordance with one aspect of the present invention, it has been found that by
conditioning the coil 104 prior to sputtering the target 110, the problem of particulate
matter being shed by the coil 104 can be substantially reduced or eliminated even
though substantial amounts of target material are subsequently deposited on the coail
104 during normal depos'rtipn-df target material onto the substrate. More spéciﬁcally, it

10 has been found that by applying RF power to the coil 104 (but little or no DC power to
the target 110) when a new (or recycled) coil 104 is first installed into the chamber, the
coil 104 can itself be sputtered to eliminate oxides and other contaminants from the
surface c_:f the coil. Itis believed that subsequent depositions of target material onto the
coil 104 during normal depositions tend to bond more effectively to the coil 104 than if

1§ such coﬁditioning of the cail 104 is not performed prior to the commencement of
sputtering of the target, As a éonsequence. it has been found that the shedding of
particulate matter by the coil 104 can be substantially reduced or eliminated.

thure 4 charts the steps of a typical conditioning process following the
installation of a new coil 104. It is believed that this conditioning of the coil 104 may be

20 needed only once just prior to its initial use to energize a plasma to ionize deposition
material sputtered from a target. However, in some applications, subsequent
reconditioning of the coil 104 may be necessary, depending upon the process
conditions. For example, if the coil 104 is not used for a significant length of time or is
exposed to ambient air, permitting oxides to regrow on the surface of the coil 104, a

25 repeat of the conditioning proceés may be appropriate. Also, after the coil 104 has
been removed for cleaning and recycling, it should be conditioned again as described
herein prior to the initial use for.ionization of deposition material.
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I n some applications electronagnets may be provided adjacent to the coi
104 10.. but behi nd, t he, shleld 106 to performa function simlar to that
of ‘'t he. dark: space- ‘shi el ¢ 230 Dﬁrﬂﬁ “enbodi nent of Fig. 2. Mire
specifically, as described in copending ggplication serial No. :
entitled "A Method to Elimnate Coil Sputtering in I CP Source," filed
Cctober 17, 1 996 (Atty. Docket # 1457/ PVD/DV), magnetic field l'ines from
t he magnets activated during target sputtering can magnetically shield the

coil 104 15 to a |ivHelmet ?éﬁt(ﬁﬂfcafeﬁ%sg%ofﬂﬁ Hrﬁ.folda.}1 e thE1ABQ oﬂh%cppaesm

fromthe target 110. Still further ove e magnetic
lines can def | ecPreCHEORIAS (grefarably pegon) iptecthe Fb@ﬂ“??féﬂ"l'ﬂhgwﬂd@msﬂ%/hlpﬂ! ammivlay

fromthe coil 10ﬂ1ean£§trafee%oaiﬂ%n?%éonlu%uré&e&iﬂ%tﬁé@hﬁ?ﬁi?éi‘a??@él?%fefgé

106. This prevents the energized el ectrons fromlingering in e I mredi af e

vicinity of the SANGIKCHBIGENIBAIER PRY MYRktel rAfdhe $AmS tne Ascrygenic pump coupled

5 to the chamber by a gate valve is active so as to pump gas from the chamber through
the gate valve which is placed at the “mid” position. Once the pressure stabilizes, the
process is ready to proceed to step ;‘2.” in a typical chamber, it is anticipafed that a
maximum of 18 seconds will be necessary for the pressure to stabiize.

Once the 18 second period has expired, the process proceeds to step 2 in which
10 RF power is applied to the cail 104 to a level of 1500 watts. To reduce strain on the
components, the RF power is preferably incréased gradually over a one second period
$o as to:ramp up from the zero level to the full 1500 watt level. The Rl';' power applied
to the coil 104 is radiated by the coil into the chamber which ionizes the argon gas to
produc'e'_ a plasma of ionized argon and free electrons. The positively charged argon
15 ions are attracted to the coil 104 énd therefore are caused to impact thé coil which
sputters the surface of the coil. As a result, contaminants such as oxide on the surface
of the coil 104 are sputtered off of the coil until the coil surface is substantially free of
contaminants. [n the illustrated embodiment the RF power is applied to the coil for a
period of 30 seconds. It is anticipated that the coil 104 can be sputtered free or
20 substantially free of contaminants within this pericd. Since the sputtered contaminants
can in turn contaminate a substrate, it is preferred to place a dummy substréte in the
chamber to cover the pedestal so that a valuable workpiece is not spoiled by the
conditioning pfocess.
| During step 2, it is preferred that little or no DC power be applied to the target
25 110 s0 as to avoid or minimize sputtering of the target 110. In the illustrated
embodii'nent. a relatively small amount (approximately 100 watts) of DC power is
applied to the target 110 to facilitate stabilization of the plasma in the chamber.
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20 . nolecules that could sputter material fromthe coil 104 that could
subsequently contanmi nate the, substrate 112. In the enbodi nent discussed
above, a ' nmuftiplé: {itn coi Q4 depi cted, but,. of course, a single turn
coil may be used instead. Still furtheriégpstead of the ribbon shape coi
104 illustrated, each turn of the coil may be inplemented with a flat,
open- 25 ended annul ar ring as described in copending application Seri al
No. 08/680, 335, entitled "Coils for CGenerating a Plasna and for

Sputtering, " fil gguﬂ?é'Hn& O}Q'E t;r%gp 1 {GA%i%rtnee Xoil 104]i§ Eeing sputtered for conditioning is
' undesirable because target material sputtered from the target can deposit on the coil

104 and thereby interfere with the sputtering of contaminants from the coil 104.
However, 100 watts of DC power applied to the target 110 is believed to produce a

5 relatively small amount (if any) of sputtering of the target 110 such that any target
material deposited onto the coil 104 is quickly resputtered off the coil 104. As a
consequence, the net effect is that the surface of the coil 104 is sputtered free of
contaminants notwithstanding any deposition material being sputtered onto the coil 104
from the target 110. Thus, the DC power to the target preferably should not exceed

10 500 watts during coil conditioning.

After 30 seconds, the conditioning of the coil 104 is complete and the RF power
to the coil 104 and the DC power to the target 110 may be ramped down to zero as '
indicated in step 3A. In addition, the gate valve may be opened to its fully open position
and the inflow of argon gas cut off so as to permit pumping out of the chamber. A

15 cleaning cycle may then be initiated to ready the chamber for the first sputter deposition
of target material onto an actual substrate. Alternatively, in some applications, the first
actual substrate may be insefted into the chamber (step 3B) immediately following the
completion of the coil condition step (step 2) for deposition of sputtered target material.

As best seen in Fig. 2, the plasmé chamber 100 of this embodiment has a dark

20 space shield ring 130 which provides a ground plane with respect to the target 110
above, which is negatively biased. An example of a suitable shield ring is explained in
greater detail in the aforementioned copending application Serial No. 08/647,182. As
set forth therein, the shield ring 130 shields the outer edges of the target from the
plasma to reduce sputtering of the target outer edges. The dark space-shield 130

25 performs yet another function in that it is positioned to shield the coil 104 (and the coil
support standoffs 120 and feedthrough standoffs 124) from the material being sputtered
from the target 110. ' o
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L.

Docket #1 390-Cl P/ PVD/ DV) and 'assﬁi’_gned to the assi gnee of the present
-application, which application.ig,incorporated herein by reference in its

entirety,: Each of the.éniddi mentdvdi scussed above utilized a single coil in
the plasma chanber. It should be recogniigd that the present invention is
applicable to plasma 5 chanmber s havi ng—ore than one RF powered coil or

RF powered shields. For exanple, the present invention may be applied to
multiple coil chanbers for |aunching helicon waves of the type described in

af orenenti oned copenmithig ilkusiated ainbodineht, it dde sPableShRIMTHED is hicloadd RoMRATRES

15, 1995 and ent.ltlg%. Met hog Wparat us for Launching a Helicon Wave In
a Plasma." 10 Mng of{diamagnelic) | 9F (Ropytersapagnetic) stainiess siea! oF(naR-Ragnetic ¢
are conponents izkel) kavngagendramsiverted! thatb-¢édhidal$hape! ThéQark8padEdrfeld akteis

generator such ‘fflnswa;[ré1 FOWEaII\’Itlﬁ the center of plasma chamber 100 so as to overlap the coil 104 by a
5 distance d of 1/4 inch. Itis recognized,' of course, that the amount of overlap can be
varied depending upon the relative size and placement of the coil 104 and other factors.
For example, the overiap may be increased to increase the shielding 6f the coil 104 |
from the sputte'red material, but increasing the overiap could also further shield the
~target 110 from the plasma which may be undesirable in some applications.

10 The chamber shield 106 is generally bowl-shaped and includes a generally
cylindrically shaped, vertically oriented wall 140 to which the standoffs 120 and 124 are
attached to insulatively support the coil 104. The shield further has a generally annular-
shaped ﬂ_éor wall 142 which surrounds the chuck or pedestal 114 which supports the
substrate 112 which has an 8" diameter in ihe illustrated embodiment. A clamp ring

'15 1564 clambs the wafer to the chuck 114 and covers the gap between the floor wall 142
of the chamber shield 106 and the chuck 114. Thus, it is apparent from Fig. 2 that the
chamber shield 106 together with the clamp ring 154 protects the interior of the vacuum
chamber 102 from the deposition materials being deposited on the substrate 112 in the
plasma cr;ambér 100. As described more fully in the aforementioned copending

20 épplication. Serial No. 08/677,588, entitied “A Method For Providing Full-face High
Density Piasma Physical Vapor Deposition,” filed July 9, 1996 (Attorney Docket #
1402/PVD/DV), the clamp ring may be eliminated. The chamber shield 106 aiso is
preferably formed of (diamagnetic) titanium or (non-ferromagnetic) stainless steel or
(non-magnetic nickel), like the dark space shield 130. |

25 The vacuum chamber wall 108 has an upper annul'ar flange. 150. The plasma
chamber 100 is supported by an adapter l:ing assembly 152 yvhit_:h engages the vacuum
chamber wall flange 150. The chamber shield 106 has a horizontaliy extending outer
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Genesis series which-has the capability to "frequency hunt" for the best
frequency nmatch with the matchigng.circuit and antenna is suitable. The
frequency of the generator for ‘géherating the RF power to the coil 104 is
preferably 2 Mz but it is 15 ‘ahticipgated that the range can vary from
for exanple, 1 Mz to 4 MEz. An RF powetr—setting of 1.5 kWis preferred but
a range of 1.5-5 kWis satisfactory. In addition, a DC power setting for

pedost al | 114 bi dengs memther 150 Wheh iTastanesty 3 Uty of BERORLSorER (Tabanown) to 2
condi tioning of Hongortly extéhding!flafydmefiblet 183 ofiee\&dapte? rihg BERIMONCI FTOVIRYe | N
excess of 10 i; referred. 8 ) In the iIIustratec{_}jl nbodiments above,
t he chanber shi '“PSBS"H%Q 1§ i Hanrided tojthe systemground;through, he;adRRter @Ag t hat
satisfactory resdgsémbgas2be obtained with a dianeter in the range of _
6"-25". Thegshields HRY 2% dhaoe sricli 990 hlso hacan Ghper fiingd 170%Hich i Fastanad to the 2

horizontal flange 162 of the adapter ring 'assembly 152. The dark space shield 130, like

the chamber shield 106, is grounded through the adapter ring assembly 152.

The target 110 is generally disk-shaped and is also supported by the adapter
ring assembly 152. However, the target 110 is negatively biased and therefore should
10 be insulated from the adapter ring assembly 152 which is gmunded. Accordingly,
~ seated in a 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 insulation ring assembly 172, which
may be made of a variety of insulative materials including ceramics, spaces the target

15 110 from the adapter ﬁng assembly 152 so that the target 110 may be ag!equafely
negatively biased. The target, adapter and ceramic ring assemblies are provided with
O-ring sealing surfaces 178 to provide a vacuum tight assembly from the vacuum
chamber flange 150 to the target 110. '.

Although the illustrated embadiment of the present invention has been described

20 primarily in connection with the deposition of titanium and titanium-nitrogen compounds
such as titanium nitride, it should be appreciated that the deposition of any thin film
material having a tendency to flake off of deposited surfaces would benefit from the use
of coils or other surfaces conditioned in accordance with the present invention.

_ The coil 104 of the illustrated embodiment is made of 2 inch by 1/8_ inch heavy

25  duty bead blasted solid high-purity (preferably 99.985% pure) titanium or copper ribbon
formed into a three turn helical coil having a diameter of 12-14 inches. However, other
highly conductive materials and shapes may be utilized depending-'upon the material
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insulative materials such as ceranics or quartz. However, the shield and
all netal-.surfaces Ilkely to, be coated wi th the target naterlal are

pref erabl'y ‘made of ‘a mateifial 25 “* such as stainless steel or copper,

unl ess made of the same material as the gputtered target material. The
material of the structure which will - be-eeated shoul d-have a coefficient of
t hermal expansi on which closely mat ches that of the material being 16

sputtered to reduce fl| k|n ttered material fromthe shield or other
sf ructure onto gﬁ'@ \ﬁﬁﬁ"{g %ﬂ‘? H‘GF . Fafexample, the ribhen My by as tip anbaé inch

have good adhesandiniadetdfistainiess steel. Also, if the material to be sputtered is aluminum, both the
' target and the coil should be made of high purity aluminum. Material can be sputtered
from the coil 104 at the same time that the same type of material is sputtere'd from the
5 target 110 to improve depositiori uniformity as described in copending application serial
No. 08/680,335, entitled “Coils for Generating a Plasma and for Sputtering,” filed July
10, 1996 (Atty. Docket # 1390CIP/PVD/DV). In addition to the ribbon shape illustrated,
hollow tubing may be utilized, particularly if water cooling is desired.

In some applications electromagnets may be provided adjacent to the coil 104

10 but behind the shield 106 to perform a function similar to that of the dark space shield
130 of the embodiment of Fig. 2. More specifically, as described in copending
application serial No. __, entitled “A Method to Eliminate Coil Sputtering in
ICP Souri:'e." filed October 17, 1996 (Atty. Docket # 1457/PVD/DV), magnetic field lines
from the magnets activated during target sputtering can magnetically shield the coil 104

15 to a limited extent from deposition material bein'g ejected from the target 110. Still
further, as mentioned above, the magnetic field lines can deflect the energized
electrons from the high. density plasma away from the coil 104 and around the coil 104
to the grounded chamber Shield 106. This prevents the energized electrons from
lingering in the immediate vicinity of the coil 104 and ionizing precursor gas atoms and

20  molecules that could sputter material from the coil 104 that could subsequently
contaminate the substrate 112. _

In the embodiment discussed above, a multiple turn coil 104 is depicted, but, of
course, a single tum coil may be used instead. Still further, instead of the ribbon shape
coil 104 illustrated, each tum of the coil 104 may be implemented with a flat, open-

25 ended annular ring as described in cope;'lding application Serial No. 08/680,335,

~ entitled “Coils for Generating a Plasma and for Sputtering,” filed July 10, 1996 (Attorney
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sputtered material. Thus for exanple if the deposited material is titanium
‘t he preferred et al of..the shr eI s, brackets and other ‘structures likely to
be coated i's bead bl'astedf 5° ' ti‘tani um Any surfaces which are nore |ikely
~to sputter, such as the end caps of theygoil and feedthrough standoffs,
woul d preferably be made of the same type-of material as the target, such
as high purity titanium for exanple. O course, if the material to be
deposited is a material other than titanium the preferred nmetal is the
deposi t ed nmat er i Bocket# 4390-CEVPDEM) and assugnedrtp the. assighes ofthe presantpplication,

| nproved by coatwm&,gmc;&msm% &M@ewbﬁl fggb ﬂetglémﬂg or to

sputtering the target. However, at the c |I (or any ot her
surface likely to sp&ﬁ@%ﬁﬁthﬁémbwmﬁtmuwmm ytifidedasingle agil ircthe plasenal al s

?;:Z)PICG the ol ybdgRmiber aif skdtitf 54TeR8] fzdd thatthé pris&ftSnvehtioRs bhilcablets Bk e
5 chambers having more than one RF powered coil or RF powered shields. For exampie,
the present invention may be appiied to multiple coil chambers for launching heiicon
waves of the type described in aforementioned copending appliwatidn serial
No.08/559,345, filed November 15, 1995 and entitied "Method and Apparatus for
Launching a Helicon Wave in a Plasma.” _

10 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
Genesrs series which has the capability to “frequency hunt" for the best frequency
match wrth the matching circuit and antenna is suitable. The frequency of the
generator for generating the RF power to the coil 104 is preferably 2 MHz but it is

15 - anticipated that the range can vary from, for example, 1 MHz to 4 MHz. An RF power
setting of 1.5 kW is preferred but a range of 1.5-5 kW is satisfactory. In addition, a DC
power setting for biasing the target 110 of § kW is preferred but a range of 2-10 kW and
a pedest_al 114 bias voitage of -30 voits DC is satisfactory. During conditioning of the
coil, a ratio of t_:oil RF power to target DG power in excess of 10 is preferred.

20 In the illustrated embodiments above, the chamber shield 106 has a diameter of
16", but it is anticipated that satisfactory results can be obtained with a diameter in the
range of 6"-25". The shields may be fabricated from a variety of materials including
insulative materials such as ceramics or quartz. However, the shield and all metal
surfaces likely to be coated with the target material are preferably made of a material

25 such as stainless steel or copper, uniess made of the same material as the sputtered
target rﬁaterial. The material of the structure which will be coated should have a
coefficient of thermal expansion which closely matches that of the rruaterial being
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The wafer-to target space is preferably about 140 nmm(about 5.5"), but can
15 -, range fromabout 1.5" to 8!, For this wafer to target spacing,

sati sfactory ‘st'epped "waf éf Pott om coverage has been achieved with a coil
diameter of 11.4 inches spaced fromthe jgrget by a distance of 1.9 inches.
It has been found that increasing the diameter of the-coil which noves the
coil away fromthe workpi ece edge has an adverse effect on bottom coverage.
-On the other hand, decreasing the coil dianeter to nove the coil 20

e ey e Sl e EpA 0 ARG S ot S i PR bt R "
As previously nteiwafeedn additiomthematerialito beicoated shindd havergdot adbesion tartie
Noving tne cor 1 baiare Rl 8 ok e 1P deboshs HRleFuS PRRLAP R el dl)
can adversel y efretal bf the shields, brackets and other structures likely to be coated is bead blasted
.5 titanium. Any surfaces which are more likely to sputter, such as the end caps of the coil
and feedthrough standoffs, 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 metai is the deposited
material, stainless steel, for example. Adherence can aiso be improved by coating the
10 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 workpi'ece if sputtered from the
coil. _ | _

The wafer to target space is preferably about 140 mm (about 5.5"), but can

15 range from about 1.5" to 8". For this wafer to target spacing, satisfactory stepped wafer
bottom coverage has been achievéd Wim a coil diameter of 11.4 inches spaced from
the target by a distance of 1.9 inches. It has been found that increasing the diameter of
the coil which moves the coil away from the workpiece edge has an adverse effect on
bottom coverage. On the other hand, decreasing the coil diameter to move the coil

20 closer to the wafer edge can adversely effect layer uniformity. _

Deposition uniformity also appears to be a function of coil spacing from the
target. As previously mentioned, a spacing of 1.9 inches between the coil and target
has been found satisfactory for a target to wafer spacing of 140 mm. Moving the coil
vertically either toward or away from the target (or wafer) can adversely effect

25 deposition layer uniformity.

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

H,, O, or reactive gases such as NF;, CF, and many others. Various precursor gas
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25 . deposition layer uniformty. A variety of precursor gases nmay be
utilized to generate the plasma including Ar, H2, 02 or reactive gases such
as NF3;" CF4. and .many::ot heks.. Mari pus precursor gas This is the repl acenent
sheet 17 pressures are suitable inclyding pressures of 0.1 - 50 mlorr.
For ionized PVD, a pressure between 10 efg¢ 100m Torr is preferred for best:
I oni zation of sputtered nmaterial. -

pressures are suitable including pressures of 0.1 - 50 mTorr. For ionized PVD, a
pressure between 10 and 100 miTorr is preferred for best ionization of sputtered
material. | - _
it v_vill. of course, be understood that modifications of the present invention, in its
5  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
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
10 equivalents thereof. '
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It will, of course, be understood that nodifications of the present
invention, inits 5 vari ous .aspects, w Il be-apparent to those skilled
in the art’ -sone belng apparent oml ¥ after study, others being matters of
routine nechanlcal and el ectronic desig O her enbodi nents are al so
possi bl e, their specific designs dependi-fg upon the particul ar application.
As such, the scope of the invention should not be |imted by the particular
embodi ment s herein described but should be defined only by the appended

clains and 10 WHE‘F%Y:%AWEB lgper eof . ) 18

1. A process of conditioning a coil for energizing a plasma within a
semiconductor fabrication system to sputter material from a target onto a workpiece, the
process comprising: _

applying RF power to séid coil to ionize a precursor gas; and '

5 sputtering said coil to remove contéminants from.said coil.

2. A process of conditioning a cbil for energizing a plasma within a
semiconductor fabrication system to sputter material from a target onto a workpiece, the
process comprising: '

_ provxdmg a precursor gas; and
5 ' ‘applying RF power to said coil to ionize said precursor gas to provide a net
sputtering _of said coil to remove contaminants from said coil.

3. The process of claim 2 further comprising applying biasing power to said
target at a level which is low enough to ensure that any material sputtered from said
target and deposited on said cail is resputtered from said coil dunng said RF power

applying step

4, The process of claim 3 wherein fhe ratio of coil RF power to target biasing

power is greater than 10.

5. The process of claim 3 wherein said coil RF power is in the range of 0.1-
10 kilowatts and said target biasing power is in the range of 0 to 590 watts.
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WHAT IS CLAIMED | S 1. A process of tfonditioni ng a coil for energizing a.

pl asrm wi t hi ns-a-sem conductor frabrication systemto.sputter

material froma

target onto a workpi ece, ‘the 'Br'écess conprising: applying RF power to said
coil to ionize a precursor gas; and 5 44 sputtering said coil to
remove contaminants fromsaid coil. 2. —# process of-conditioning a coil
for energizing a plasma within a sem conductor fabrication systemto
sputter material froma target onto a workpiece, the process conprising:

providing a precurr g¥fe %Hés§ofclatm5whel%ﬁpié{daﬂl ﬁp&ﬂ&ﬁéab&oﬁ?ﬁéﬂeﬁqsmto

|l oni ze said precursor gas to provi de a net
watts and said target biasing power ls approximately 100 watts.

7 A process for sputtering material from a target onto a workpiece, said

process comprising:

applying a first RF powér_to a oo'il to ionize a precursor gas to form a plasma;

sputtering said coil to remove contaminants from said coil;

5 sputtering said target to sputter target rhaterial_toward a workpiece after said

contaminants are sputtered from said coil; and

~ applying a second RF power to said coil to energize a plasma to ionize said

sputtered target material before it is deposited onto said workpiece.

8. - The process of claim 7 further comprising applying biasing power to said
target during said coil sputtering step at a level which is low eno_ugh to ensure that any
material sputtered from said target and deposited on said coil is resputtered from said

~ coil during said coil sputtering step.

9. - The process of claifn 8 wherein the ratio of said first coil RF power to

' target biasing power is greater than 10. |

10. The process of claim 8 wherein said first coil RF power is in the range of

0.1-10 kilowatts and said target biasing power is in the range of 0 to 500 watts.

11. The process of claim 8 wherein said first coil RF power is approximately

1500 watts and said target biasing power is approximately 100 watts.

* [ L M s *
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sputtering of said coil to renove cortani nants fromsaid coil. 3. The
process of -clai m2 further, conprising applying biasing power to said target
at alevel which'is |ow enbu*gh ‘t'o ensure that any material sputtered from

said target and deposited on said coil iggresputtered fromsaid coil during
said RF power applying step. 4. The protess of claim3 wherein the ratio
of coil RF power to target biasing power is greater than 10. 5. The

process of claim3 wherein said coil RF power is in the range of 0.1- 10
kilowatts and sai d1par g&h aBparatusFoPenigizing o plasniEwittan a%eﬁﬁc&dhaoﬁﬁanwtohs

This is the repl acenent sheet
system to sputter material onto a workpiece, the apparatus comprising:
a semiconductor fabrication chamber having a plasma generation area
within said chamber; and _ _
5 a doil carried by said chamber and positioned to coupie' energy into said
plasma generation area, said coil having a sputtered surface substantially free of

contaminants.

13. The apparatus of claim 12 including a target including titanium, wherein
said coil includes titanium..

14. . The apparatus of claim 12 including a target mcludmg aluminum, whereln :

satd coil mcludes aluminum.

* C L M S *
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19 6. : The process of claim5 wherein said coil RF power is approxinately
1500 watts ‘and «sai & target hlasvng power: is. apprOX|nater 100 watts. 7 A
process for sputtering mat eri‘al "from a ‘target ‘onto a wor kpi ece, said
process conprising: applying a first RF pomeﬁlto a coil to ionize a
precursor gas to forma plasm; sputtering sa+d coill to renove contam nants
fromsaid coil; 5 sputtering said target to sputter target

material toward a workpi ece after said contam nants are sputtered from said
coil; and -

A METHOD OF REDUCING GENERATION OF

PARTlCULA'I:E MATTER IN A SPUTTERING CHAMBER

ABSTRACT
An RF coil for a plasma chamber in a semiconductor fabrication system is
conditioned to reduce shedding of particulate matter onto the workpiece. In the
ilfustrated embodiment, the coil is sputtered prior to sputtering the target so as to
5 remove oxides and other contaminants from the surface of the coil. As a result,
shedding of particulate matter from target material subsequently deposlted onto the coil
s reduced

Figure_ 1
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applying a second RF power to said coil to ehergize a plasma to ionize said
sput.ter ed target "fmterial befqgre it.is deposited onto said workpiece. 8.
The process of claim7 furfher conpr|5|ng applyi ng bi asi ng power to said
target during said coil sputtering step at a | evel which is | ow enough to
ensure that any material sputtered fromsaid target and deposited on said
coil 1s resputtered fromsaid coil during said coil sputtering step. 9. -
The process of claim8 wherein the ratidof said first coil RF power to

© target biasing power is greater than 10. 10. The process of claim8

- wherein said first coil RF power is in the range of 0.1-10 kilowatts and
said target biasing power is in the range of 0 to 500 watts. 11. The
process of claim8 wherein said first coil RF power is approxi mately
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1500 watts and said target biasing poWer I's approxi mately 100 watts. Thi s
ris.the repl acenent sheet: :20.12. An apparatus for energizing a plasm
‘Wit hin a sem conductor’ fabrlcatlon systemto sputter material onto a

wor kpi ece, the apparatus conprising: a sem conductor fabrication chanber
having a plasma generation area within said chanber, -and 5
coil carried by said chanber and positi@ned to couple energy into said
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pl asne, generation area, ald COI| having a sputtered surface substantially
frée:of -cont ami.nants: :i:3.: .iThéfapparatus of claim 12 including a target
‘including titanium mhereln said coil includes titanium 14. The apparatus
of claim12 including a'target including alumnum wherein said coi
includes alum num 1 1111111 111111 11111 11121 11 1111 This s the

repl acenent sheet 3
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Max Step Time 18.0 seconds 30 0 seconds 15.0 seconds 30.0 sec

|| Gate Valve Pos. Mid Mid Full Mid
DC Target 0 watts 100 watts 0 watts - 5000 watts
Power
RF Coil Power 0 watts 1500 watts 0 watts 1500 watts
Gas Flow Rate 62 scc/min. _62 scc/min. _Pump out 62 scc/min.
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