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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 o o

In modern fabrication of semiconductor integrated circuits, metals are typically
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

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 A
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 sputteredmatenal travels |
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ballistically, enerally omm-dlrectlonally, and some ﬁ'actlon hit the substrate 16 to be

deposited thereon as a thin film. The pedestal 18 and thus the substrate 16is usually left
electrically electrically floating, although in some situations it is RF biased.

However, in the structure descri_bed_ to this point, a sizable fraction also would hit the

- chamber walls 14 to deposit a thin film ther'eOn.' The film thickness progressively increases as

more substrates 16 are processed until it becomes thlck 'enou_gl:l 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 cleanmg is time consuming, thus costmg both system |
downtime and operator time. .

The favored solution, mstead, places a generally cylmdneal 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
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 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 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 Ll

approximately equal to the chamber dimensions at typical operating pressures and at

somewhat higher pressures the resultant collisions randomize the sputter partlcles h‘ajectones '.5

or lessen their energy.
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Asa result, the pressure within the sputtering reactor 10 should be reduced to reduce
the gas collisions. However, the. converrtional design shown in FIG. 1 limits the preesure to
be above approximately 1.5milliTorr. Below this pressure, the plasma collapses. We beheve
that the effect is due to the conventional shield 22 readrly collectmg electrons from the
vicinity of the target 12. .

A plasma drscharge is mamtamed by a cha:n reacuon between electrons 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.

At lower pressures, the electrons are more likely to diﬁ’use_or'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 drfferent 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 purposeina signiﬁcant-ly different
geometry than the shield of the present invention. Norretheless, 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 ﬂoatrng dark-space

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, | ' R

Accordingly, 1t is desired to operate a plasma reactor, particularly a PVD reactor, at
lower pressures. It is thus desired to improve the design of the protectrve shield so as to"
reduce its groundmg effect of electrons. Nonetheless, the design must be simple.
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SUMMARY OF THE INVENTION

The invention can be summanzed asa protectlve shield in a plasma reactor that is

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

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

BRIEF DESCRIPTION OF THE DRAWINGS :
FIG. 1 is a schematical cross sectional view of a plasma reactor mcludmg a '_

conventional shield.

| FIG. 2 is a schematical cross sectional vie_w ofa 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 |
embodlment of the inventive shield. |

FIG. 4 is a graph showing minimum gas flows at which a plasma could be maintained .
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
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 axlally
overlap so as to produce a baffle structure.

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 N | 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 mcreases n
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magnitude, the floating shield 30 begins to progressively more repel the electrons. At some
point, equilibrium is reached, and no more electrons are extracted from the plasme to :the'
fioating shield 30. We have found that the floating shield 30 attains a steady state voltage of
between ebout -20V to -120V. dependent upon ge_s flow and target voltage. |

‘The floating shield serves the same purpose as t'he' 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 bya fresh _
floating shield. The replacement is faclhtated by the lack of electncal connections. Like the
grounded shield, the floating shield can be cleaned and reused, orit can be considered to be a-
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
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 electncally connected to it by unillustrated screws so as to be electncally 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 msulaxor 26 is intended. _
However, the floating shield 30 has both an upper end 62 and a lower knob 64 resting on the R
ceramic spacer 60 which are sized so that, even if the upper end 62 comes into contact with | - ' L
the chamber insulator 26, the knob 64 still does not contact the wall adapter 50. The ﬂoating_. . :'-';;_f
shield 30 and the ceramic spacer 60 do not establish a current path so that they canbe - - .-?-.-::'-_- ._
gravitationally held rather than rigidly attached, but msulatmg affixing means can be used to o
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rigidly establish the position of the floating shie_ld 30. The upper end 62 of the ﬂoeting shield
extends upwardly to behind the front of the target 12 so as to protect the chamber msulator 26 '
from being sputter coated. A gap 66 1s mamtamed between the ﬂdating 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 o

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 o protect the ceramic insulator 60. c ' |

_ | Expenment o _

An experiment was performed to deten_nme whether the floating shield is effective in
reducing the minimum chamber pressure for which dplasnia can be maintained. The target
was aluminum alloyed with 1% silicon and 0.5%.copper. 'Tl.1e 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 ~p1asina 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 o

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 grouitded 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 witha
floating shield than with a grounded shield. It is assumed that the chamber pressures varied
proportionately with the gas flow. N |

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 '
deposited on a planar surface. _ I B '

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

Although the invention is partlcularly apphcable to PVD a ﬂoatmg 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 ametal |

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

-8-
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However, such active biasing fequires an additional power supply and additional electrical
connections including one peneirating-ihe vacuum chamber In contrast, the eﬁ'eetive
negative biasing of the floating shield is acconiplished passively with no required electrical
connections.

A floating shield thus is an mexpenswe expedxent in reducing the allowed chamber
pressure, and thus in the case of PVD to prov1de better bottom coverage for hlgh aspect ratio

holes.
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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
chamber; . S ' _ _
a support drsposed in said chamber capable of supportmg a substrate in opposition to |
said target along a chamber axis, said at least one side wall of said chamber extendm_g_ |
generally between said target and said support; | _ . |

a DC electrical power source for electneally brasmg sa1d target at a negatlve brasmg
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 ata predeterrrrined poterxtial 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 floating shield comprises a

metallic member.

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

4. The reactor of Claim 1, wherein said system additionally comprises a second shield - e
held at a predetermined potential. : L e

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

6. The PVD reactor of Claim 4, further comprising: -
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a ﬁrst msulator dlsposed on sald s1de wa.ll, wherem said target is dlsposed on sald first
insulator;
~ asecond insulator disposed on sald s1de wall, wherem said insulator is dlsposed on-

said second insulator.

7. The reactor of Claim 4 _ _
wherein both said electrically ﬂoatmg and saxd second shlelds have. pomons extendmg
along said chamber axis; ' o ' o .
wherein said second shield has a top portxon and sa1d electncally ﬂoatmg shleld hasa - o
bottom portion overlapping said top portion of said second shleld, and _
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.
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