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Electr'ically Floating Shield

~ in-a Plasma RéaCt_or

FIELD OF THE INVENTION

The invention generally plasma reactors In partlcular the mvenuon relates toa shreld
for protecting the walls of the reactor chamber.

BACKGROUND ART .

In modern fabrication of semroonductor mtegrated crrcurts, metals are typlcally
deposited by physrcal vapor deposition (PVD) utxlrzmg a plasma reactor. - This deposition
process is performed in a plasma reactor 10 illustrated in schematic cross section in FIG. 1
This reactor 10 is similar to that disclosed by Somekh et al. in U.S. Patent 5,294,320. 1t
includes a PVD target 12, which in conjunction with a ehamber wall 14 and other seahng _
members, forms a vacuum chamber. The PVD target 12 is composed, for at least the portion
facing the central portion of the vacuum chamber, of the material to be sputtered, for -
example, aluminum. A substrate 16 whose surface is to be sputter deposited is supported on a
pedestal 18 positioned in opposition to the target 12. A gas supply system 20 supplies a
controlled flow of various gases into the vacuum chamber while a vacuum pump 21
maintains a vacuum level at a fixed gas flow. The vacuum chamber is filled with non-reactive
argon to a reduced pressure. Note however that in some appheatlons a reactive gas is

additionally filled into the chamber to effect reactive sputtering. The conductive chamber

wall 14, usually made of aluminum or stainless steel, is generally grounded while a DC power e
supply 24 applies a negative voltage of about -500V to the target 12. An insulating ring 26
between the target 12 and the chamber wall 14 allow their differential blasmg The electrical
bias causes the argon to discharge and form a plasma of positively cliarged argon jons and
negatively charged electrons in the space between the target 12 and the substrate 16. The e
argon ions are electrically attracted to the negatively charged target 12 and strike'it_at high -~ = ..o
enough energy to sputter target particles from the target 12. The sputteredmatenal travels | A
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'FIELD'OF THE | NVENTI ON - The invention generally pl aarrmg ACTOHAS BBEN
particular, the invention relates to a shield for protect p\Q@bEg of
the reactor chanber. BACKGROUND ART ° I n nodern fa rlmf oo

sem conductor integrated circuits, netals are typically depQgjirgficddio. 1248
physi cal vapor deposition (PVD) utilizing a plasma reactor. This deposition

process is performed in a pl asma reector 10 illustrated in schematic cross
section 'Fhlﬂtféal fif dfrectidhally, dhidSome Fraclon hit the SubstrA2s £6 tdbe Sormekh
et al. in atent 5 294 320. It includes a PVD target 12, which in

conj unct i. deposnte&thereohasmehmmu Thé padestad 18 and ﬂnnlthmsybsmlbdﬁss uSmﬂyrﬁefh
faci ng fﬂ%e”%%&auyaq : P@;yﬁa%pst v BEiben Amaites BRI BRRE o1 ol o bo
283% t g; egep]oglr S upp%rﬂes‘%&a?h{l%ﬁﬂégpos?fémé ﬁgmds?t P%n to
t he §ar geghahiber »Ovaﬂ§514 so/ dePogit ayhiheﬁim%e:eumpmﬁlm tlnchtess)pﬂogrtséweiwnmﬁeases apus
gases into the vacuum chanber while vacuum
- more substrates 16 are processed until it becomes thic enough that it tends to flake off
creating particles in a chamber that needs to be ultra-elean. Although the chamber wall 14
can be periodically cleaned, the cleanmg is time consuming, thus costmg both system |
downtime and operator time. .
10 The favored solution, mstead, places a generally cylmdncal shield 22 within the
plasma reactor 10 to intersect any direct path between the target 12 and the chamber wall 14.
The shield 22 is generally electrically grounded, usually by physical attaehment to the-
chamber wall 14. Thereby, sputter particles travelling toward the chamber wall 14 are
intercepted by the shield 22 and deposit thereupon. The shield 22 eventually builds up a thick
15 layer of the sputtered material. However, the shield 22 is not cleaned in situ but instead is
designed to be easily and quickly removed and replaced by a fresh shield 22. The shields may
be discarded, or they may be cleaned off line, perhaps by immersion in a cleaning solution,
and thereafter reused. In any case, the use of shields significantly reduces the expense of
reconditioning the reactor 10 to reduce the particle count. |
20 One of the more challenging applications of PVD is to fill narrow holes formed in the -
substrate, for example, an inter-level via or a contact through a dielectric layer to the
underlying silicon. The width of these apertures is being pushed below 0.25um, and their
.aspect ratio, that is, the ratio of their depth to their height, is heing pushed to above 5. With
such a high aspect ratio, it is difficult to fill the hole before non-perpendicular particle flux ;
25 collecting on the rim of the hole closes off the hole and leaves a void within the hole. That is, o
bottom coverage become difficult with high aspect-ratio holes. It is now known thaI gas
_ collisions reduce bottom coverage, presumably because the mean free path of target atoms is L
approximately equal to the chamber dimensions at typical operating pressures and at o
somewhat higher pressures the resultant collisions randomize the sputter partlcles h‘ajectones

30 or lessen their energy.
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mai ntains a vacuum | evel at a fixed gas flow The vacuum chdhbeSHEET $15) BREN
wi.th non-reactive argon to a reduced pressure. Note.howevel that RiFALE

applications a reactive_gas is additionally filled into the chanber to

ef fect reactive sputtering. The conductive chanber wal | 14, AMATIotkyt Nopide8 Of
al um num or stainless steel, is generally grounded while a DC power supply
24 applies a negative vol tage of about -500V to the target 12. An
insulating ri ngsaﬁeémwsmem&ng&tespﬂﬁwmgmﬂmshmldmdu@tamdme

~their differential, biasing. The el ectri s cayu r.gon
dlhscha(rjgeﬂ'larﬁes eeflisions. pHawever the gerventio ’éﬂi?ei‘ s@&‘n“‘é‘ﬂ tgﬁ rﬁ?ﬁ‘ﬁﬁf‘? vel y
charged e b 6.
The argon{’?gl?f’s %f’gt' Xjr '%t?llysl m&fﬁrr%g@'ﬁe%ﬁ[ﬁsﬁ&’ é’élv I gsf?gr gvgédﬁétlgyéet
12 and st fljaskfheleffeat is dudto &B@Mnﬁ&ﬂl@ﬁeldﬁﬁﬁﬂdﬂ)eeoﬂeeﬁ@ﬂemﬁslﬁdmﬂw‘ romt he
target 12. The sputtered material travels.

vicinity of the target 12.

A plasma dlscharge is mamtamedby achmnreacuonbetweenelectrons and neutral

argon of the form

e  +Ar > Art ve +e .

The positively charged argon is attracted to the target, but the additionally generated electron -
is enough to sustain the discharge if the electron loss via several mechanisms is not too large.
10 At lower pressures, the electtons are more likely to diﬁ’use_dr-be attracted to the shield 22 or K
other chamber components before they strike another neutral argon to sustain the reaction. -
Thus, if the electrons are excessively grounded through the shield 22, the reaction is not self- .
sustaining, and the plasma collapses.
Somekh et al. in the previously cited patent selectively apply dlfferent voltages to the
15 shield, but this is done during a shield cleaning operation. Clarke in U.S. Patent 5,135,634
discusses a shield, but it appears to serve a different purposeina signiﬁcant-ly different
geometry than the shield of the present invention. Nohetheless, he discusses positively
biasing his shield to attract electrons and to funnel positive ions towards the wafer.
Gegenwart in U.S. Patent 5,334,298 discloses an electrically ﬂoattng dark-space
20 shield. A dark-space shield is disposed generally even with and in back of the targetto |
prevent components other than the target from being sputtered by the ionized argon atoms. It |
does not act as a protective shield interposed between the front of the target and the chamber
walls. | ' -
Accordingly, 1t is desired to operate a plasma reactor, particularly a PVD reactor, at
25  lower pressures. It is thus desired to improve the design of the protectlve shield so as to"
reduce its groundmg effect of electrons. Nonetheless, the design must be simple.
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-2- ~ ballistically, generally omi-directionally, and $qpes CacT i3 BEEN
t he substrate 16 to be deposited thereon as a thin film The peﬁl;_qs_tf@tgw
and thus the substrate 16 is usually left electrically el detrieatd

floating, although in sonme situations it is RF .biased. AMAIrImum ;1248N
the structure described to this point, a sizable fraction also would hit
the chanber walls 14 to deposit a thin filmthereon. The filmthickness
progresmSlﬂl@vIARer@Hél&!;Emombstrat es 16 are processed until it

beconmes thick enough that it tends, flake qf f, .creating partlcl s.ina
chanber t hat ansvmqyecamhsrsammag mm&s&r«eﬁm@lﬂeﬁa °r1 n be
perlodlc both
system dg%m‘%&%eﬁ'?%ﬁnﬁe ?&Lﬁqﬂé glﬁelh%olle&?s%@a% eq Hl%tfﬁ I on, | nst ead,
pl aces a kharged sufliciemby nepaiivd thatit begindiorepélanp ladditional @ftrons, 1Thd O
|ntersect an Irect path between the target 12 and the chanmber wall 14. -

shield can be formed in two parts, the part closer to the target being elect‘xcally floating while
the part more distant from the target is.grounded. '

BRIEF DESCRIPTION OF THE DRAWINGS _ : _
FIG. 1 is a schematical cross sectional view of a plasma reactor including a
conventional shield. S | U
10 FIG. 2 is a schematical cross sectional view of a plasma reactor mcludmg a shield of
the invention. _ _ - '
FIG. 3 is a detailed cross sectional view of a portion of a plasma reactor and an |
embodlment of the inventive shield. o _
FIG. 4 is a graph showing minimum gas flows at which a plasma could be maintained .
15 with the shxeld grounded or floating.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A PVD plasma reactor 10, illustrated in FIG. 2 incorporates one embodiment of the
protective shield of the invention. A shield 30 adjacent to the target 12 is left electrically
floating. Optionally, a second shield 32 closer to the substrate 16 is electrically gromlded in

20 the conventional fashion. The floating shield 30 either alone or in conjunction with the _

| grounded shield 32 is interposed between the target 12 aﬁd most if not all of the chambel' wall
14 so as to protect it from being sputter deposited. -Preferably, the lower, grounded shield. 32
| has a larger diameter than the upper, floating shield 30, and the two shields 30, 32 axlally
overlap so as to produce a baffle structure.

25 During operation of the plasma reactor 10, the floating shxeld 30is mmally atzero
potential and thus collects some electrons from the plasma. These electrons have no current | o
path to flow away from the floating shield 30. Asa result the electrons collect on the ﬂoatmg :_ :
shield 30, and it begins to develop a negative potential. As the negative potential i mcreeses n
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The shield 22 is generally electri cal |y grounded, ‘usual | y{BI$BYEITHKS BEEN
attachment to the chanber wall 14. Thereby, sputter partules tﬁme,t;ﬂ)ng

toward the chanber wall 14 are intercepted by the shield 22—and—depostt

t hereupon. The shield 22 eventual ly builds up a thick |ayer spfatiDd&et No.:1248
sputtered naterial. However, the shield 22 is not cleaned in situ but
instead is designed to be easily and quickly renoved and repl aced by a

fresh shi ghghitille, thedloatihgsideld fm}bePﬁxsdtb progredsiVely Rort epel thivieldetrons.cADSSe f

| ine, perhaps by imersion in ac anlng solutlon and thereafter”reused.

In any capaint, cq@n@msrﬂ&@mmemmmmmmm

b mor o RefHksRAA 36 a&{a%ae’g?%ﬁstﬁstﬁﬁ g 14 20 plgr ¥ Bopan e volpen

t he Substaﬁeenaﬁaﬁ S0P 20v e it Slﬂoﬁ?%&ﬂam s .t through a

dielectric layer to the underl th of these apertures
i's b&i ng pus heﬂlhbﬁbatmg}hiﬂo} sm@snhe smie pinpose asdheeanventionab grounded shield tilne

rati o of the|r dept the he| ein ushed .t bove 5. Wt
such a_hi Btestipg e fromfeppition. Oics the Rpstnstigld Bas becre coted

2191? fﬁ;pﬁ@ﬂg Lﬁa@é eavglgﬁgl?vgkﬂa(fvmpﬁ%#r% the" d?&&]‘?ﬁat IS, a@h‘@?(@merage

becone di flbating shielit Théteplacermpmtcit fucilitiied by itieslack of électrical/ csmuotions) Alike the

collisions reduce bottom coveraq presumabl y because the nean free path of -
target at Sipunded shield, the floating shi dcanbecleanedandreused,or1tcanbecons1d

10 consumable. .

A detailed cross sectional view of a poruon of the PVD reactor 10 mcorporatmg the
inventive floating shield 30 is shown in FIG. 3. The PVD target 12 is fixed to a target _
backing plate 40, behind which are located unillustrated scanning magnets and the chamber |
cover. A first O-ring 42 establishes a vacuum seal between the target backing plate 40 and an

15 insulator 26 while a second O-ring 48 maintains the vacuum seal between the insulator 26 and

.~ an adapter 50 forming part of the chamber wall 14. An annular ledge 52 extends radially
inwardly into the vacuum chamber. The grounded shield 32 is usualiy formed of a metal such
as aluminum or stainless steel and at its upper end has an outwardly extending rim 56 and a |
downwardly extending skirt 54. The rim 56 is supported on the ledge 52 of the wall adapter
20 50 and is electrically connected to it by unillustrated screws so as to be electrically grounded.

The groundéd shield 32 thus protects the wall adapter 50 and other parts of the lower chamber
wall 14 from the PVD flux. _ |

An annular insulating ceramic spacer 60 rests on top of the rim 56 of the grounded
shield 32 and in turn supports the annular floating shield 30 formed of stainless steel. The

25 floating shield 30 is sized so that no contact with the chamber msulaxor 26 is intended. _
However, the floating shield 30 has both an upper end 62 and a lower knob 64 resting on the .

ceramic spacer 60 which are sized so that, even if the upper end 62 comes into contact with ' - : »
the chamber insulator 26, the knob 64 still does not contact the wall adapter 50. The floating -

shield 30 and the ceramic spacer 60 do not establish a current path so that they can be o e
30 gravitationally held rather than rigidly attached, but insulating affixing means can be used fo | S
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pressures and at sonmewhat higher pressures the resultant

approxi matel y equal to the chanber dinensions at typical o_EimgslaggT HAS BEEN
random ze the sputter particles trajectories or |essen th
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As a result, the pressure within the sputteriRAriRaaNg 12640

shoul d be reduced to reduce the gas collisions. However, the conventional
design shown in FIG 1 limts the pressure to

10

15

20

25

30

rigidly establish the position of the floating shield 30 The upper end 62 of the ﬂoatmg shield
extends upwardly to behind the front of the target 12 so as to protect the chamber insulator 26 | '
from being sputter coated. A gap 66 1s mamtamed between the ﬂeating shield 30 and the

target 12 and its backing plate-40, and another gap 68 is maintained between the floating and
grounded shields 30, 30. Thereby, the ﬂoatmg shield 30 is leﬁ eleetncally ﬂoatmg with no
electrical conductlon path to ground. o T

The floating shield 30 is shaped as a solid body w1th chamfered corners 70 in areas _
potentially exposed to the plasma so as to reduce the cha.nce of arcmg It also includes a
downwardly extending lip 72 that slightly axmlly ovetlaps the sklrt 58 of the grounded shield
30soasto protect the ceramic insulator 60. '_ o ' :

_ Expenment _ _

An experiment was performed to determme whether the ﬂoatlng shield is effective in
reducing the minimum chamber pressure for which a pl_asma can be maintained. The target |
was aluminum alloyed with 1% silicon and 0.5%.copper. 'The spacing between the target and |
the substrate was fixed at 160mm, DC bias of -640V was applied to the target, and the
resulting target current was 16A. At an argon flow into the chamber of 11sccm and using the
inventive floating shield, an argon ~p1astna was maintained. When the argon flow was reduced
to 10sccm, the plasma was extinguished. Pressure was measured at about 0.4milliTorr for
both flows on a baratron pressure guage, which provides poor resolution in this pressure
range since it has a full scale of 100milliTorr. For comparison, a metal spacer was substituted
for the insulating ceramic spacer 60 so that the metal floating shield 30 of FIG. 3 was instead -
grounded to the adapter wall 50. In this comparison test, the argon plasma was maintained at _

- an argon flow of 17sccm but was extinguished at 16sccm. The measured chamber pressure

was between 0.5 and 0.6milliTorr. Thus, the floating of the shield allowed the minimum
chamber pressure supporting a plasma to be reduced by about 27% as measured by the
insensitive pressure gauge or by 35% as measured indirectly by the niere sensitive mass flow
controller. . o ; | -
A wider charactenzatlon is presented in FIG. 4. With the metal ﬂoatmg shield 30 | o
either grounded or left electrically floating, the minimum gas flow was determined for wlnch

a plasma was maintained at a number of values of the sputtering power. Trace 80 shows the " '

- _
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be above approximately 1.5nmilliTorr. Bel ow t-his pressure, |tTHS SHEEFHAS BEEN
col l apses. W believe that the effect is due to the COﬂVGFtIOﬂ&RF:S’,__m%Dd 22

readi | y collecting el ectrons fromthe vicinity of the target—te:

pl asma di scharge is naintained by a chain reaction between gjmq-tdo&gmoa@gg
neutral argon of the form [err]  The positively charged argon 1Is
attracted to the target, but the additionally generated electron is enough

to sustai Wgﬁ%ﬂﬁdéﬁ@d%ﬁﬁ,hﬁ@ﬁ%%%&ﬂ@&@hb@ﬁb@ﬂém s not

too large. At |ower pressures, the electrons are nore kely to dlffuse or

be attr acshieldt &ot aiésmnteahe pawers; a plasma could boanaintaingd ntaml@vdn gasflowiwitha

o1 cot ronsHapRsHAR Ep i g Bt el olir re@éiha@ﬂwac’é%‘ﬁﬁm” i}ﬁe%tvmsp.s

not self- pl%Béftﬁhﬂt!engntﬁ'ﬁie éag?low asma coI I apses
5 A further set of experiment was done to detetmme the effect of pressure upon bottom
' coverage in a 0.5pm-wide hole having.an aspect ratio of 2.5. As the chamber pressure was
reduced from 1.7milliTorr to 0. SmllhTorr, the bottom covetage 1mproved from 15% to 23%
when the spacing between the target and substrate was - about 220mm The numencal value
refers to the amount of material sputtered mto the bottom of the hole compared to that '
10 deposited on a planar surface. | T '

Thus, it is seen that the mvention is effective at reducing the mlmmum pressure in a
plasma reactor at which a plasma is maintained. Asa result, the bottom coverage can be
improved.

Although the invention is partlcularly apphcable to PVD a ﬂoatmg shield can be

15 advantageously applied to other types of plasma reactors, including those used for etching and
for chemical vapor deposition (CVD). In these other cases, the generation of the plasma can _
occur somewhat differently, for example, the bias of the electrodes may be reversed.
Alternatively, the RF energy is inductively coupled into the plasma, or microwave energy is
supplied from a remote microwave source, or the plasma is supplied from a remote plasma _

20 source. | |

The physical structure of the floating shield can be modiﬁed_ in several ways varying
from that presented. Its lip can be extended into a skirt extending downwardly to the
pedestal. That is, the grounded shield can be replaced by an extended floating shield. The

floating shield can be made of other metals than stainless steel or of a ceramic having ametal |

25 coating on the surface facing the plasma. Indeed, the floating shield could be made entlrely of |
an insulating ceramic since no conduction path to ground is required. However, a fully
ceramlc shield will collect different amounts of negative charge on its different portions so |
that a voltage dlstnbutlon will develop. -

Similar effects can be obtained by active biasing of the shield, speclﬁcally blasmg the

30 shield negative by a predetermined amount relative to the chamber wall and other parts '

-8-

This Sheet Has Been Rei

(I lIIIIl I




Somekh et al. in the previ ously cited patent sel ectlvely VS {
voltages to the shield, but this is done during a shield PWILS Rﬂiféfﬁtm

~operation. Clarke in U'S. Patent 5,135,634 discusses a shi

appears to serve a different purpose in a significantly di fmgmkgﬁgmry
than the shield of the present invention. Nonethel ess, .he di scusses
positivel y bi asing his shi eI d to attract electrons and to funnel positive
| ons 1 oweyy, uifEOA WRlitonal'pdwe? supily @l addificral eRtrical

di scl oses an #ectrl c g()lc’;letql ng dark- space Shl e d A dark-space shield
is di Spomneahms&idludlm/m mmmmwmchmumemmﬂsqém
conponents ot her than _the targe m bei ut t.er.ed the iopni,z rgon
atons. | tnegative higsing of theflogtipg é‘?‘é@t M‘gh"dio asHiXsly g @ﬂWé%‘ﬂ lFﬁE‘ ront .
of the taé t he chanber wal | s. o Accordingly, it is desired to
operate a%\% Teactor, particularly a PVD reactor, at |ower pressures.

It i§ thus deSArmﬁuhgslnemrmmstahendnpen@veafped:bntmrredmnstheaﬂhwedms to

reduce its groundi ng. effect of el ectrons, Nonethel ess, the dﬁisgh n nust, be
si npl e.  pressure, and thus in the case of PVDtoprowdebetterbottom coverage for pect ratio

holes.
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4 .- SUNMARY OF THE INVENTION  The invention cdmihg SHEENHAS BEEN

protective shield in a plasma reactor that is electricglly fhgp]t_A(rm
Thereby, the shield collects sone electrons from-the pl

- charges sufficiently negati ve—%—ha{——kt——begn—ﬁs*—t—o repel any aeldlAt'DednaNo :1248

el ectrons. The shield can be forne the part closer to the
target being electrically fl oH“‘“H“M"Hmi ﬁmart nore di stant from t he
t ar get i SWhats olddmled is: L _

1. A PVD reactor, compnsmg _

a reactor chamber having at least .one generally rnwardly concave side wall;

atarget having a generally planar surface compnsmg a target matena] drsposed in said
5 chamber; ' '

said target along a chamber axis, said at least one side wall of said chamber extending
generally between said target and said support; | _ . | |
a DC electrical power source for electrically bi'asing sa1d "target'at_ :é pegﬁtive biasing
10 voltage to create a plasma in said chamber; )
an electrically floating shield installed in sard chamber and having a portlon extendmg
along said chamber axis between said plasma and said at least one wall to protect said wall
from sputter deposition; and
a second shield held at a predetcnrrined poterxtial higher than said negative biasing
15 voltage and installed in said chamber between said electrically floating shield and said
support to act as an anode with respect to said target. ' |

2. The reactor of Claim 1, wherein said electrically floating shield comprises a

metallic member.

.

a support drsposed in said chamber capable of supportmg a substrate in opposition to

3. The reactor of Claim 1, wherein said shield comprises a ceramic memiber havinga

20 metallic coating.

4. The reactor of Claim 1, wherein said system additionally comprises a second shleld | _' 2

held at a predetermined potential.

5. The reactor of Claim 6, wherein said predetermined potential is ground.

6. The PVD reactor of Claim 4, further comprising: -

0.

|||||I\l i lIH
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BRIEFDESCRIPTIO\ICFTHEDRA FIG l1is a sc
sectional view of a plasma rea i’i’, I ncl udi ng a conventi gqnal sRERLAY

FIG- 2 is a schemat i cal. cross M’m a pl asme-te ot 1 ncl udi ng
”ﬂ etail ed crosaMATUoikaNaki2i ew

a shield of the invention.
of a portion of a plasm readtor and ‘an emﬁodrrrent of the inventive shield.
FIG 4 is a graph show ng m nim as flows-at which a plasma coul d be

mai nt ai ned w thﬁmmmdsm:swwagdﬂdewaﬂawhe@msmmh@sﬂstﬁnsﬁdﬁlﬁ@
THE PREFERRED ENMBODI MENTS A PVD plasma reactor 10, illustrated in

FIG 2 in Wat es one enbodi nent of the protective shield of the . -

1 oati ng. ot | SREPPY ioelrifoed o jif ol ol whéceirsalCinbuliof Bl dibid

el ectri casdid seond ibathtérd t he conventional fashion. The floating shield 30
either alone or in conjunction with the -

5 7. The reactor of Claim 4 _ _ _
wherein both said electrically ﬂoatmg and saxd second shlelds have. pomons extendmg
along said chamber axis; . S o .
wherein said second shield has a top portxon and sa1d electncally ﬂoatmg shleld hasa -
bottom portion overlapping said top portion of said second shleld, and _
10 wherein said top and bottom portions are separatedby a gap in a direction
perpendicular to said chamber axis. '

8. The reactor of Claim 7, further comprising..an insulating member interposéd

between said electrically floating and said second shields that is shielded from said plasma by |
said bottom portion of said electrical floating shield.

“ﬁﬁ'iim‘ii'imﬂi"m riu




grounded shield 32 is interposed between the target 12 and nost if not al

of " the chanber wall. 14 so as to protect it from being sputter deposited.
Preferably, the | ower | ‘grounded shield 32 has a |arger di.aneter than the
upper, floating shleld 30, and the two shields 30, 32 axially overlap so as
to produce a baffle structure. : [1ﬁ1ﬂa operation of the plasm
reactor 10, the floating shield 30 isinitially at zero. potential and thus
col l ects some electrons fromthe plasma. These1gsectrons have no current
path to fl ow away fron1the floatlng shiel d ; _the electrons
collect on the fl oatd 3

potential. As the nggs

5 _
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magni t ude, the Tloating shield 30 begins to progressively nore repel the
~electrons. At sone point, equilibrium.is reached, and no nore electrons are
éxtracted fromthe plasna to the floating shield 30. W& have found that the
floating shield 30 attains a steady state tage of between about -20V to
- 120V dependent upon gas flow and target age. ' The floating
shiel d serves the sane purpose as the conventional grounded shield in
protecting the chanber walls from depositi on. 30he floating shield has
becone coated wi t heardangase hsﬁer zg'sputtered material ,-it can
a

S g k .

be renoved and regl®ced N oathéng syii el d. The repl acdent is
facilitated by thdla nf & dal cohnections. Like the frounded
shield, the floatiin\ s A LZN/HDE/C/capes 0/t 2 S 70/ o o
considered to be 4 .JW'_‘?’ W};ﬁlﬂ#ﬁ{;";ﬁ
~portion of the lk"‘{, O/ \ A48 /4 N Ll L E LB LNELN
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LYo~
cover. A first Ori ng 42 establishes a vacuum seal between the targetipos
batking plate 40 and an insulator 26 while a ' 48 mai nt ai ns the
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BACKGROUND ART

In modern fabrication of semiconductor integrated circuits, metals are typically
deposited by physical vapor deposition (PVD) utilizing a plasma reactor. This deposition
process is performed in a plasma reactor 10 illustrated in schematic cross section in FIG. 1.
This reactor 10 is similar to that disclosed by Somekh et al. in U.S. Patent 5,294,320. It
includes a PVD target 12, which in conjunction with a chamber wall 14 and other sealmg
members, forms a vacuum chamber. The PVD target 12 is composed, for at least the portion
facing the central portion of the vacuum chamber, of the material to be sputtered, for
example, aluminum. A substrate 16 whose surface is to be sputter deposited is supported on a
pedestal 18 positioned in oﬁp’osition to the target 12. A gas supply system 20 supplies a
controlled flow of various gases into the vacuum chamber while a vacuum pump 21
maintains a vacuum level at a fixed gas flow. The vacuum chamber is filled with non-reactive
argon to a reduced pressure. Note however that in some applications a reactive gas is
additionally filled into the chamber to effect reactive sputtering. The conductive chamber
wall 14, usually made of aluminum or stainless steel, is generally grounded while a DC power
supply 24 applies a negative voltage of about -500V to the target 12. An insulating ring 26
between the target 12 and the chamber wall 14 allow their differential biasing. The electrical -

bias causes the argon to discharge and form a plasma of positively charged argon ions afjit. -

negatively charged electrons in the space between the target 12 and the substrate 16. The";
argon ions are electrically attracted to the negatively charged target 12 and strike it at high

enough energy to sputter target particles from the target 12. The sputtered material travels



graVItatlonaIIy hel d rat her than rigidly attached, but insulating affixing
means can be used to

rigidly ‘establish the position of t he. faoating shield 30. The upper end 62
of the floating shield extends upwardl y—to behind the front of the target

12 so as to protect the chanber insulator 26 from being sputter coated. A
gap 66 is naintained between the floating shield 30 and the target 12 and

itzI backi ng plate 40, and another gap 68 is nmintai ned between the floating
an

ballistically, generally omni-directionally, and some fraction hit the substrate 16 to be
deposited thereon as a thin film. The pedestal 18 and thus the substrate 16 is usually left
electrically electrically floating, although in some situations it is RF biased.

However, in the structure described to this point, a sizable fraction also would hit the
chamber walls 14 to deposit a thin film thereon. The film thickness progressively increases as
more substrates 16 are processed until it becomes thick énough that it tends to flake off,
creating particles in a chamber that needs to be ultra-clean. Although the chamber wall 14
can be periodically cleaned, the cleaning is time consuming, thus costing both system
downtime and operator time.

The favored solution, instead, places a generally cylindrical shield 22 within the
plasma reactor 10 to intersect any direct path between the target 12 and the chamber wall 14.
The shield 22 is generally electrically grounded, usually by physical attachment to the
chamber wall 14. Thereby, sputter particles travelling toward the chamber wall 14 are
intercepted by the shield 22 and deposit thereupon. The shield 22 eventually builds up a thick
layer of the sputtered material. However, the shield 22 is not cleaned in situ but instead is
designed to be easily and quickly removed and replaced by a fresh shield 22. The shields may
be discarded, or they may be cleaned off line, perhaps by immersion in a cleaning solution,
and thereafter reused. In any case, the use of shields significantly reduces the expense of
reconditioning the reactor 10 to reduce the particle count.

One of the more challenging apphcatlons of PVD is to fill narrow holes formed in the
substrate, for example, an inter-level via or a contact through a dielectric layer to the
underlying silicon. The width of these apertures is being pushed below 0.25um, and their
aspect ratio, that is, the ratio of their depth to their height, is being pushed to above 5. With
such a high aspect ratio, it is difficult to fill the hole before non-perpendicular particle flux
collecting on the rim of the hole closes off the hole and leaves a void within the hole. That is,
bottom coverage become difficult with high aspect-ratio holes. It is now known that gas
collisions reduce bottom coverage, presumably because the mean free path of target atoms is
approi{imately equal to the chamber dimensions at typical operating pressures and at

somewhat higher pressures the resultant collisions randomize the sputter particles trajectories

or lessen their energy. rr AGEMENT SHEET
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grounded shields 30, 30. Thereby, the floating shield 30 is left
electrically floating with no electrical conduction path to ground.

The floating shield 30 is shaped as a_sgILd body with chanfered corners 70
in areas potentially exposed to the plasta so as to reduce the chance of
arcing. It also includes a downwardly extending lip 72 that slightly
axially overlaps the skirt 58 of the grounded shield 30 so as to protect
the ceram c insul ator 60. '

Experi ment An experinment was performed to determ ne whether the
floating shi el s agesults detprassure withinlthei spyttering neagipmifhshonldhsaedyred da gadace or
whi ch a plasna n be i nt ai ped. The tar,get s._al umin al |l ' 1%
5111 con JHAZE: SOREORD o eiTE Bp SoPBUmAT SEER PR B LIRS e Bt R o
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11sccm andlatthe effedtliedueatocthe corevehtiorsl sinigld<2¥ rehdily eolleatingreleqitons fmmthe

mai nt ai ned., Wen the arain fl ow was reduced to 10sccm the plasma was

ext i ngui sYe@ty of hestarest hs neasured at about 0.4milliTorr for both flows on
a baratron pre e P&mj ' : | bfods ind sure
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spacer Wagrgn! bfthetfoingd

e+ Ar - Ar* +e” +e".

The positively charged argon is attracted to the target, but the additionally generated electron
is enough to sustain the discharge if the electron loss via several mechanisms is not too large.
At lower pressures, the electrons .are more likely to diffuse or be attracted to the shield 22 or
other chamber components before they strike another neutral argon to sustain the reaction.
Thus, if the electrons are excessively grounded through the shield 22, the reaction is not seif-
sustaining, and the plasma collapses.

Somekh et al. in the previously cited patent selectively apply different voltages to the
shield, but this is done during a shield cleaning operation. Clarke in U.S. Patent 5,135,634
discusses a shield, but it appears to serve a different purpose in a significantly different
geometry than the shield of the present invention. Nonetheless, he discusses positively
biasing his shield to attract electrons and to funnel positive ions towards the wafer.

Gegenwart in U.S. Patent 5,334,298 discloses an electrically floating dark-space
shield. A dark-space shield is disposed generally even with and in back of the target to
prevent components other than the target from being sputtered by the ionized argon atoms. It
does not act as a protective shield interposed between the front of the target and the chamber
walis.

Accordingly, it is desired to operate a plasma reactor, particularly a PVD reactor, at
lower pressures. _It is thus desired to improve the design of the protective shield so as to

reduce its grounding effect of electrons. Nonetheless, the design must be simple.
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for the insulating ceram c spacer 60 so that the netal floating shield 30
of FIG 3 was instead grounded to the adapter wall .
test, the argon plasnma was naintained_aj an argon fly

extingui shed at 16sccm The neasured chanber pressurge’
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pressure supporting a plasma to be reduced by about

sensitive mass flow controller. A wi der chgracterization i S
presente floating shield 30 ertmeruro
| eft el egtl-hﬂh’@f‘@ Qfaﬁfﬁ%@ﬁf@ﬁfm mum gas fl ow was determ ned for which

a plasma was eﬁfé@édﬁ%q c2h b8 iR Phs ot RvOLnitiitn & Psha reREbRRASS -

Trace 80 shows
electrically floating. Thereby, the shield collects some electrons from the plasma, but

eventually charges sufficiently negative that it begins to repel any additional electrons. The
shield can be formed in two parts, the part closer to the target being electrically floating while
the part more distant from the target is grounded.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematical cross sectional view of a plasma reactor including a
conventional shield.

FIG. 2 is a schematical cross sectional view of a plasma reactor including a shield of
the invention.

FIG. 3 is a detailed cross sectional view of a portion of a plasma reactor and an
embodiment of the inventive shield.

FIG. 4 is a graph showing minimum gas flows at which a plasma could be maintained

with the shield grounded or floating.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

APVD plasma reactor 10, illustrated in FIG. 2 incorporates one embodiment of the
protective shield of the invention. A shield 30 adjacent to the target 12 is left electrically
floating. Optionally, a second shield 32 closer to the substrate 16 is electrically grounded in
the conventional fashion. The floating shield 30 either alone or in conjunction with the
grounded shield 32 is interposed between the target 12 and most if not all of the chamber wall
14 so as to protect it from being sputter deposited. Preferably, the lower, grounded shield 32
has a larger diameter than the upper, floating shield 30, and the two shields 30, 32 axially
overlap so as to produce a baffle structure. |

During operation of the plasma reactor 10,. the floating shield 30 is initially at zero
potential and thus. colleéts some electrons from the plasma. These electrons have no current
path to flow away from the floating shield 30. Asa result, the electrons collect on the floating

shield 30. and it begins to develop a negative potential. As the negative potential increases in
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between about -20V to -120V dependent upon gas flow and target voltage.

The floating shield serves the same purpose as the conventional grounded shield in
protecting the chamber walls from deposition. Once the floating shield has become coated
with a dangerously thick layer of sputtered material, it can be removed and replaced by a fresh
floating shield. The replacement is facilitated by the lack of electrical connections. Like the
grounded shield, the floating shield can be cleaned and reused, or it can be considered to be a -
consumable.

A detailed cross sectional view of a portion of the PVD reactor 10 incorporating the
inventive floating shield 30 is shown in FIG. 3. The PVD target 12 is fixed to a target
backing plate 40, behind which are located unillustrated scanning magnets and the chamber
cover. A first O-ring 42 establishes a vacuum seal between the target backing plate 40 and an
insulator 26 while a second O-ring 48 maintains the vacuum seal between the insulator 26 and
an adapter 50 forming part of the chamber wall 14. An annular ledge 52 extends radially
inwardly into the vacuum chamber. The grounded shield 32 is usually formed of a metal such
as aluminum or stainless steel and at its upper end has an outwardly extending rim 56 and a
downwardly extending skirt 54. The rim 56 is supported on the ledge 52 of the wall adapter
50 and is electrically connected to it by unillustrated screws so as to be electrically grounded.
The grounded shield 32 thus protects the wall adapter 50 and other parts of the lower chamber
wall 14 from the PVD flux.

An annular insulating ceramic spacer 60 rests on top of the rim 56 of the grounded
shield 32 and in turn supports the annular floating shield 30 formed of stainless steel. The
floating shield 30 is sized so that no contact with the chamber insulator 26 is intended.
However, the floating shield 30 has both an uppér end 62 and a lower knob 64 resting on the
ceramic spacer 60 which are sized so that, even if the upper end 62 comes into contact with
the chamber insulator 26, the knob 64 still does not contact the wall adapter 50. The floating
shield 30 and the ceramic spacer 60 do not establish a current path so that they can be

gravitationally held rather than rigidly attached, but insulating affixing ineans can be used to
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The floating shield 30 is shaped as a solid body with chamfered corners 70 in areas

potentially exposed to the plasma so as to reduce the chance of arcing. It also includes a
downwardly extending lip 72 that slightly axially overlaps the skirt 58 of the grounded shield
30 so as to protect the ceramic insulator 60.
Experiment

An experiment was performed to determine whether the floating shield is effective in
reducing the minimum chamber pressure for which a plasma can be maintained. The target
was aluminum alloyed with 1% silicon and 0.5% copper. The spacing between the target and
the substrate was fixed at 160mm, DC bias of -640V was applied to the target, and the
resulting target current was 16A. At an argon flow into the chamber of 11sccm and using the
inventive floating shield, an argon plasma was maintained. When the argon flow was reduced
to 10sccm, the plasma was extinguished. Pressure was measured at about 0.4milliTorr for
both flows on a baratron pressure guage, which provides poor resolution in this pressure
range since it has a full scale of 100milliTorr. For comparison, a metal spacer was substituted
for the insulating ceramic spacer 60 so that the metal floating shield 30 of FIG. 3 was instead
grounded to the adapter wall 50. In this comparison test, the argon plasma was maintained at
an argon flow of 17sccm but was extinguished at 16sccm. The rheasured chamber pressure
was between 0.5 and 0.6milliTorr. Thus, the floating of the shield allowed the minimum
chamber pressure supporting a plasma to be reduced by about 27% as measured by the
insensitive pressure gauge or by 35% as measured indirectly by the more sensitive mass flow
controller. ' a

A wider characterization is presented in FIG. 4. With the metal floating shield 30
either grounded o.r left electrically floating, the minimum gas flow was determined for which

a plasma was maintained at a number of values of the sputtering power. Trace 80 shows the
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minimum gas flow for a grounded shield, and trace 82 shows it for an electrically floating
shield. For all sputtering powers, a plasma could be maintained at a lower gas flow with a
floating shield than with a grounded shield. It is assumed that the chamber pressures varied
proportionately with the gas flow.

A further set of experiment was done to determine the effect of pressure upon bottom
coverage in a 0.5pum-wide hole having an aspect ratio of 2.5. As the chamber pressuré was
reduced from 1.7milliTorr to 0.5milliTorr, the bottom coverage improved from 15% to 23%
when the spacing between the target and substrate was about 220mm. The numerical value
refers to the amount of material sputtered into the bottom of the hole compared to that
deposited on a planar surface.

Thus, it is seen that the invention is effective at reducing the minimum pressure in a
plasma reactor at which a plasma is maintained. As a result, the bottom coverage can be
improved.

Although the invention is particularly applicable to PVD, a floating shield can be
advantageously applied to other types of plasma reactors, including those used for etching and
for chemical vapor deposition (CVD). In these other cases, the generation of the plasma can
occur somewhat differently, for example, the bias of the electrodes may be reversed.
Alternatively, the RF energy is inductively coupled into the plasma, or microwave energy is
supplied from a remote microwave source, or the.plasma is supplied from a remote plasma
source.

The physical structure of the floating shield can be modified in several ways varying
from that presented. Its lip can be extended into a skirt extending downwardly to the
pedestal. That is, the grounded shield can be replaced by an extended floating shield. The
floating shield can be made of other metals than stainless steel or of a ceramic having a metal
coating on the surface facing the plasma. Indeed, the floating shield could be made entirely of
an insulating ceramic since no conduction path to ground is required. However, a fully
ceramic shield will collect different amounts of negative charge on its different portions so
that a voltage distribution will develop.

Similar efi‘ects can be obtained by active biasing of the shield, specifically biasing the

shield negative by a predetermined amount relative to the chamber wall and other parts.



connections including one penetrating the vacuum chanber. In contrast, the
effective negative biasing of the floating shield is acconplished passively
with no required el ectrical connections. A floating shield thus is
an inexpensive expedient in reducing the-allowed chanber pressure, and thus

in the case of PVD to provide better bottom coverage for high aspect ratio
hol es. -9-

However, such active biasing requifes an additional power supply and additional electrical
connections. including one penetrating the vacuum chamber. In contrast, the effective
negative biasing of the floating shield is accomplished passively with no required electrical
connections.

A floating shield thus is an inexpensive expedient in reducing the allowed chamber

pressure, and thus in the case of PVD to provide better bottom coverage for high aspect ratio

holes.




What is clainmed is: 1. A PVD reactor, conpti
reactor chanmber having at | east one generally inwar
a target having a generally planar surface conprisi
di sposed i n said chanber; a support di sposed/i [ cppabl e

axis, said at least one side wall of sai-chanber ektgnding ge
bet ween said target and said support; a DC gl sdqur ce
for el ectrl cally biasing said target at a negati ve | ng voltage

create a plasma'in sai d charber: M

What is claimed is: _ Hos  »

1. A PVD reactor, comprising:

a reactor chamber having at least one generally inwardly concave side wall;

a target having a generally planar surface comprising a target material disposed in said
chamber; .

a support disposed in said chamber capable of supporting a substrate in opposition to
said target along a chamber axis, said at least one side wall of said chamber extending
generally between said target and said support;

a DC electrical power source for electrically biasing said target at a negative biasing
voltage to create a plasfna in said chamber;

an electrically floating shield installed in said chamber and having 2 portion exteﬁding
along said chamber axis between said plasma and said at least one wall to protect said wall
from sputter deposition; and ..

a second shield held at a predetermine& potential higher than said negative biasing

* voltage and installed in said chamber between said electrically floating shield and said

. support to act as an anode with respect to said target.

2. The reactor of Claim 1, wherein said electrically ﬂoanng shield comprises a

metallic member

3. The reactor of Claim 1, wherein said shield comprises a.ceramic member having a :

metallic coating.
4. The reactor of Claim 1, wherein said predetermined potential is ground.

5. The PVD reactor of Claim 1, further comprising:
" a first insulator disposed on said side wall, wherein said target is disposed on said ﬁrsf

insulator;

a second insulator disposed on said side wall, wherein said insulator is disposed on



an electrically floating shield installed in said chanber and having a
portion extendi ng al ong said chanber axis between said plasma and said at
| east one wall to protect said wall from sputter deposition; and a
secqnd shield held at a predeterm ned potential higher than said negative
bi asing voltage and installed in said chanber between said electrically
floating 'shiel d and said support to act.gg-an anode with respect to said

target. 2. The reactor of CainI, vvherel n sai

floating shi el d conprises a netallic menber. _ 3. The r

Claim1, wherein said shield conprises a ceramc m\“\\“‘“\“miﬁ“w allic
coati ng.

said second insulator.

6. The reactor of Claim 1:

wherein both said electrically floating and said second shields have portions extending
along said chamber axis;

wherein said second shield has a top portion and said electrically floating shield has a
bottom portion overlapping said top portion of said second shield; and

wherein said top and bottom portions are separated by a gap in a direction

perpendicular to said chamber axis.

7. The reactor of Claim 6, further comprising an insulating member interposed
betWween said electrically floating and said second shields that is shielded from said plasma by
said bottom portion of said electrical floating shield.
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4. The reactor of Claim1l, wherein said predeterm ned potential is ground.

5. The PVD reactor of Claim1l, further conprising: a first insulator
di sposed on said side wall, wherein sagd target is disposed on said first
i nsul at or; a second insul ator disposed on said side wall, wherein

said insulator is disposed on

ABSTRACT OF THE DISCLOSURE

Electrically Floating Shield

in a Plasma Reactor

by

Peijun Ding
Zheng Xu

Jianming Fu

In a plasma reactor, especially one intended for physical vapor deposition (PVD) onto
semiconductor substrates, a shield disposed in front of the chamber walls between the PVD
target and the substrates to protect the chamber walls. According to the invention, the shield
is left electrically floating so that electrically charged ions and electrons emanating from the
plasma or target and impinging upon the shield charge it to the point that the electrical flux is
repelled.

Figure 2
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~10- ~° said second insul ator. 6. S #0aror of THISISHEET HAS BEEN
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In a plasma reactor, especially one intended for bhysfcal vapor deposition (PVD) onto
~ semiconductor substrates, a shield disposed in front of the chamber walls between the PVD
10 target and the substrates to protect the chamber walls. According to the i mventlon, the shield
is left electrically ﬂoatmg so that electncally charged ions and electrons emanatmg from the

plasma or target and i unpmgmg upon the shield charge it to the point that thg electrical flux is
repelled.
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7. The reactor of Claim6, further conprREELAGF dn insul at!i.ng nmenber (¥OFf
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What is claimed is: This Sheet K,
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a reactor chamber having at least one generally inwardly concave side wall;

1. A PVD reactor, comprising:

a target having a generally planar surface comprising a target material disposed in said
chamiber;

a support disposed in said chamber capable of supporting a substrate in opposition to
said target along a chamber axis, said at least one side wall of said chamber extending
generally between said target and said support; |

a DC electrical power source for electrically biasing said target at a negative biasing
voltage to create a plasma in said chamber;

an electrically floating shield installed in said chamber and having a portion exteriding
along said chamber axis between said plasma and said at least one wall to protect said wall
from sputter deposition; and

| a second shield held at a predetermined potential higher than said negative biasing
* voltage and installed in said chamber between said electrically floating shield and said

. support 10 act as an anode with respect to said target.

2. The reactor of Claim 1, wherein said el'ectricéllfk floating shield comprises a

metallic member.

." 3. The reactor of Claim 1, wherein said shield comprises a ceramic member having a

-metallic coating.
4. The reactor of Claim 1, wherein said predetermined potential is ground.

5. The PVD reactor of Claim 1, furthér comprising:
a first insulator disposed on said side wall, wherein said target is disposed on said first
insulator;

a second insulator disposed on said side wall, wherein said insulator is disposed on
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wherein both said electrically floating and said second shields have portions extending

said second insulator.
6. The reactor of Claim 1:

along said chamber axis;

wherein said second shield has a top portion and said electrically floating shield has a
bottom portion overlapping said top portion of said second shield; and

wherein said top and bottom portions are separated by a gap in a direction

perpendicular to said chamber axis.

7. The reactor of Claim 6, further comprising an insulating member interposed
betWween said electrically floating and said second shields that is shielded from said plasma by
said bottom portion of said electrical floating shield.
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