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REPLACEMVENT SHEET MODI FI ED PHYSI CAL VAPOR DEPOSI Tl ON CH%M?FR
AND .. ~ METHOD OF DEPOCSI TI NG MATERI ALS AT LOW PRESSURE Thi s
invention relates to apparatus and method for sputter deposition. Mre
particularly, this invention relates to a nodified physical vapor
deposition apparatus which pernits deposiki oPagketolqyr &3k J4d$,
BACKGROUND OF THE | NVENTI ON

JMODIFIED PHYSICAL VAPOR DEPOSITION CHAMBER AND
METHOD OF DEPOSITING MATERIALS AT LOW PRESSURE

This invention relates to apparatus and method for
sputter deposition. More particularly, this invention
relates to a modified physical vapor deposition apparatus
which permits deposition at low pressures.

BACKGROUND OF THE INVENTION

Sputter deposition of materials such as titanium,
titanium tungsten, titanium nitride, aluminum, aluminum
alloys, tungsten, tungsten silicide, molybdenum silicide,
silicon and copper and copper alloys, is conventional. A
typical physical vapor deposition chamber {PVD) is shown
schematically in Fig. 1.

Referring to Fig. 1, a chamber 10, having a top wall
11 and a sidewall 23, includes a target made of the material
to be sputtered, or a precursor thereof. The target 13 is
mounted on a target support 14 which is connected to a
source of power 15. A susceptor 16 for supporting a
substrate 20 to be sputtered is mounted so that its top
surface 17 is parallel to and spaced from the target 13. The
susceptor 16 is also connected to a power source 18. A gas
inlet port 19 permits a reactive and/or inert gas, such as
argon, to be added to the chamber 10.

A magnet pair 21 is mounted behind the target 13. This
magnet pair 21 creates a magnetic field about the outer
circumference of the taréet 13 that helps to confine the
ﬁlasma'above the susceptor 16. The magnetic pair 21 forms an

orthogonal electromagnetic figld 22, shown in dashed lines,
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Sputtér deposition of materials such as titanium titaniumtungsten,
titaniumnitride, alumnum alumnum alloys, tungsten, tungsten silicide,
nol ybdenum silicide, silicon and copper and copper alloys, is
conventional. A typical physical vapor deposition chanber (PVD) is shown
schematically in Fig. 1. Referri n@@ t o Pogketl Noo @¥artddié 10, having a
top wall 11 and a sidewall 23, includes a target nade of the nmaterial to
be sputtered, or a precursor thereof. The target 13 is nounted on a target
support 14 Wetweensthentargel.1d and the susceptor support 16, thereby

eénhancing the plasma density and improving sputtering

efficiency by increasing the deposition rate without

adversely affecting the quality of the sputtered films.

When a gas flow is started in the chamber 10, the
inert gas molecules in the region between the target 13 and
the susceptor 16 become ionized and strike the surface of
the target 13, displacing molecules of the material of the
target 13 which deposit onto the substrate 20.

However, since sputtered material scatters in random
directions, the sputtered material deposits not only on the
substrate 20, but also on the walls 11, 12 and fixtures

. inside the chamber 10. Thus it is also conventional to mount
a shield 24 about the periphery of the target 13 that
extends toward the substrate 20. Scattered sputtered
material deposits on the shields 24, 24, rather than on the
walls 11, 12 of the chamber 10, reducing the need to clean
the chamber walls. Various methods are known to clean the
shield 24, 24’ periodically to remove these deposits, or the
shields 24, 24’ can be replaced at intervals.

" With the advent of micron and submicron design rules,
openings in the substrate into which contact materialg, such
as aluminum, are to be sputtered are becoming smaller, and
the aspect ratio of these openings, i.e., the ratio of the
diameter to the depth of the opening, is becoming higher.
Sputtefed material in a PVD chamber scatters in. random

directions from the target, and it is.difficult to £ill such

small openings because very few sputtered particles impact
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source of power 15. A susceptor 16 for supporting a substrate 20 to be
sputtered is nmounted so that its top surface 17 is parallel to and spaced
fromthe target 13. The susceptor 16 is also connected to a power source
18. A gas inlet port 19 permits a reactive and/or inert gas, such as
argon, to be added to the chanber 10. - 3 AocketN@paiAM 2476 nount ed
behind the target 13. This nagnet pair 21 creates a magnetic field about
the outer circunference of the target 13 that helps to confine the plasm
‘above the suddepsybstratendnnagNerticaldi divections Thus most of the

sputtered material deposits on the top and sidewall surfaces
of the openings in a substrate, rather than on the bottom of
the openings. This causes the top of the deposits to bridge
over the opening, leaving a void as shown in Fig. 2. In Fig.
2 an aluminum layer 40 is shown deposited into a high aspect
ratio openiné 41 in a silicon substrate 42, leaving a void
43. ‘

It is also known that more bottom filling can be
achieved at lower pressurés than at higher pressures.
However, it is very difficult to maintain a plasma at
pressures much below about 3 millitorr. Referring again.to
Fig. 1, the magnetic field 22 at the periphery of thé target
13 is superimposed on the shield 24, 247. Electrons in the
plasma that escape from the plasma impact the shield 24,
24’7, where they are lost. If a high percentaée'of electrons
are lost under low pressure, thin plasma operating |
‘conditions result and the plasma becomes extiﬁguished.

Thus it would be highly desirable to provide a
sputtering chamber in which a plasma can be maintgined at
low pressures so that high aspect ratio openings can be
filled without the formation of voids.

SUMMARY OF THE INVENTION

In accordance with the present invention, a PVD
chamber is modified to extend the cathode (the térget),
thefeby changing the electrical field near the plasma region
to enhance confinement of electrons within the plasma

region. This in turn reduces the amount of gas pressure
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ort hogonal el ectromagnetic field 22, shown in dashed I|ines,
between the target 13 and the susceptor. support 16, thereby enhancing the
plasma density and inproving sputtering efficiency by increasing the
deposition rate without adversely affecting the quality of the sputtered
filns. When a gas flow is started i4n tiDocketniier. AN 1476
needed to sustain the plasma; thereby reducing.scattering of
sputtered species and improving filling of high aspect ratio
openings.
BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 is a schematic view of a physical vapor
deposition chamber of the'prior art having a shield therein.
Fig. 2 is a cross sectional vieﬁ of a partially filled
cpening in a substrate using a physical vapor deposition
chamber of the prior art. |
Fig.IB is a schematic view of a region of a physical
vapor deposition chamber illustrating the present invention.
DETAILED DESCRI?TION OF THE INVENTION |
Applicants’ inventipn will be further described
referring to Fig. 3. Fig. 3 illustrates a portioh of a
physical vapor deposition chamber 100 having'é tarQet 101
having extensions 102. The chamber 100 also includes magnets
103 and 104 mounted behind the target 101, a susceptor 106
for supporting a substrate 108, and a shield or anode 124,
The cathode 101 is extended to change the electrical field
near the plasma region 110 with respect to the anode 124.
The target extension 102 is at the same potential ‘as the
target 101, and thus increases the electrical field in this
region. This increased electrical field has a high negative
potential, which in turn drives elections, which have a
negative charge, that have escaped from the plaéma back into
the plasma region 110. Thus the confinement of the electrons

in the plasma is increased. The result is that a plasma can

be maintained in the chamber 100 at low chamber pressures
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inert‘gas_nnlecules in the region between the target 13 and the susceptor
16 becone ionized and strike the surface of the target 13, displacing

mol ecul es of the material of the target 13 which deposit onto the
substrate 20. However, since sputtered material scatters in random
directions, the sputtered material deposi 6s ndocketyNom AMel4Z6bstrate 20,
but also on the walls 11, 12 and fixtures inside the chanber 10. Thus it
is al so conventional to mount a shield 24 about the periphery of the
target 13 tmithmtemlsngoemmqmesmgrate 20. Scattered sputtered

The target extension 102 will be coated by the
material sputtered from the target loi, and in turn the
target material may be sputtered off-the target extension
102. However, the rate of sputtering off the target
extension 102 will be lower than the sputtering raﬁe at the
target face 101 below the magnets 102, 104. Purther, the
deposition rate onto the extension 102 is highér than the
sputtering rate of the material used to make the extension
102. Thus a net deposition of target material will be
deposited on the target extensioen 102. Therefore, during the
sputtering process, any material sputtered onto the
substrate 108 from the target extension 102 will be target
material, rather than material sputtered from ﬁhe target
extension 102 itself. Thus the target extension 102 will not
contaminate the substrate 108. ‘

The target extension 102 may be part of fhe target
101, or mhy be a separate piece 120 whéée bi;s may be
independently controlled if desired. the positioh of the
shield or anode 124 in the PVD chambeér 100 can also be
changed, and the shape can be changed, as.is known to - those
skilled in the art..However, a strong-electficgl field is
still-generated at the target extension 102, with the
results as explained hereinabove.

Thus although the invention has been disclosed in terms
of specific embodiments, various changes to the equipment
can be made and are meant to be inclﬁded herein. The

.~

invention is oniy meant to be limited'ﬁy the -appended
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material deposits on the shields 24, 24', rather than on the walls 11, 12
of the chanber 10, reducing the need to clean the chanber walls. Various
nmet hods are known to clean the shield 24, 24" periodically to renove these
deposits, or the shields 24, 24' can be replaced at intervals. Wth
t he advent of micron and submi cron desi gn 6 ul eBockepais NngM iTy2de substrate
into which contact materials, such as alumnum are to be sputtered are

becomi'ng smaller, and the aspect ratio of these openings, i.e., the ratio
of the diam®d&imso the depth of the opening, is becomni ng higher.
-
This Sheet Has Been Replaced

AR I

THIS StIET HAS BEEN
REPLACED




Sputtéred material in a PVD chanber scatters in random directions fromthe
target, -and—t—Ts difficult to fill such small openings because very few

sputtered k?%wi' 3 the
substrat e m&‘ ‘{ ;
dep05|ts

RRIERE Irection. Thus nost of the sputtered materi al
opt and &idewal | surfaces? ofDe¢ketodea A 34V6@ substrate,
rat her than on the bottom of :

We Claim:

1. In a physical vapor deposition chamber comprising a
cathode target, an anode shield, a substrate support and a
pair of magnets mounted behind the target, the improvement
comprising a target exténsion that confines electrons to the

plasma region.

2. A chamber according to claim 1 wherein the target

extension is negatively chardéd.

3. A method for reducing the pressure fequired for
maintaining a plasma in a physical vapor deposition chamber
comprising extending the target about the plaéma region to

confine electrons to the plasma.

4. A method according to claim 3 wherein the target

extension is negatively chafged.

5. A method of improving the fi}ling of high aspect ratio
openings in a substrate by sputtering comprising extending a
sputtering target about the plasma region to confine
electrons to the plasma, thereby reducing the pressure
needed to maintain the plasma and reducing the scattering of
sputtered species, thereby iAcreasing the number o:

sputtered particles that impact the substrate vertically.

6. A method according to claim 5 wherein the target

extension is negatively charged.
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t he openings. This causes the top of the deposits to bridge over the
opening, leaving a void as showmn in Fig. 2. In Fig. 2 an alumnum | ayer 40
is shown deposited into a high aspect ratio opening 41 in a silicon
substrate 42, leaving a void 43. It is also known that nore bottom

filling can be achieved at | ower pressur@s tipcket NoghaM pREssures.
However, it is very difficult to nmaintain a plasnma at pressures nuch bel ow
about 3 mllitorr. Referring again to Fig. 1,.the magnetic field 22 at the
peri phery of the target ABSTRACT OF THE DISCLOSURE

A conventional sputtering chamber is modified by
providing a target extension that surrounds the plasma
region and confines electrons to the plasma. This
enhancement of confinement of the plasma reduces the

pressure needed to maintain the piasma. At low pressures,
reduced scattering of sputtered species takes place and more
sputtered particles arrive vertically at the sﬁbstrate,

improving the filling of high aspect ratio openings.
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13 is superinposed on the shield 24, 24'. Electrons in the plasnma that
escape fromthe plasnma inpact the shield 24, 24', where they are lost. If
a high percentage of electrons are |ost under |ow pressure;- thin plasm
operating conditions result "and the plasma becones extingui shed.

Thus it would be highly desirable to provide a sputtering chanber in which
a plasma can be nmaintained at | ow pressures so that high aspect ratio
openings ¢an be filled without the formation of vgjds.

SUMMARY OF THE | NVENTI ON 1 1/4
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I n accordance with the present invention,| & PVIEMIMENREFET o rmdﬁfied to
extend t he cathode-f(the target), thereby chang+ﬂg—%he~e4ectr|cal field

near fthe: plasna reglon to enhance confineng L %?®I§§gr0n< within the
plasma region. This in turn reduces t;e anp ﬁ fegsure

—
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MODIFIED PHYSICAL VAPOR DEPUSITION THAMBER AND
METHOD OF DEPOSITING MATERIALS AT LOW PRESSURE

This invention relates to apparatus and method for
sputter deposition. More particularly, this invention
relates to a modified physical vapor deposition apparatus
which permits deposition at low pressures.

BACKGROUND OF THE INVENTION

Sputter deposition of materials such as titanium,
titanium tungsten, titanium nitride, aluminum, aluminum
alloys, tungsten, tungsten silicide, molybdenum silicide,
silicon and copper and copper alloys, is conventional. A
typical physical vapor deposition chamber (PVD) is shown
schematically in Fig. 1.

Referring to Fig. 1, a chamber 10, having a top wall
11 and a sidewall 23, includes a target made of the material
to be sputtered, or a precursor thereof. The target 13 is
mounted on a target support 14 which is connected to a
source of power 15. A susceptor 16 for supporting a
substrate 20 to be sputtered is mounted so that its top
surface 17 is parallel to and spaced from the target 13. The
susceptor 16 is also connected to a power source 18. A gas
inlet port 19 permits a reactive and/or inert gas, such as
argon, to be add?d to the chamber 10. _

A magnet p;ir 21 ié mounted behind the target 13. This
magnet pair 21 creates a magnetic field about the outer
circumference of the target 13 that helps to confine the
plasma above the susceptor 16. The magnetic pair 21 forms an

orthogonal electromagnetic field 22, shown in dashed lines,



needed to sustain the plasma, thereby reducin
speci és and inproving filling of high aspect
BRI EF- DESCRI'PTI ON. OF THE DRAW NG Fig.
physi cal vapor deposition chanber of the pri
t her éi n. Fig. 2 is a cross sectd onal vi
opening in a substrate using a physical vapor gdeposition

prior art.petveen €48 tarddt 25 UH S HPUtor sLeTot ﬂi; 3:RO¥ELE!

enhancing the plasma density and improving sputtering
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efficiency by increasing the deposition rate without
adversely affecting the gquality of the sputtered films.

When a gas flow is started in the chamber 10, the
inert gas molecules in the region between the target 13 and
the susceptor 16 become ionized and strike the surface of
the target 13, displacing molecules of the material of the
target 13 which deposit onto the substrate 20.

However, since sputtered material scatters in random
directions, the sputtered material deposits not only on the
substrate 20, but also on the walls 11, 12 and fixtures
inside the chamber 10. Thus it is also conventional to mount
a sh;eld 24 abéut the periphery of the target 13 that
extends toward the substrate 20. Scattered sputtered
material deposits on the shields 24, 24/, rather tﬁan on the
walls 11, 12 of the chamber 10, reducing the need to clean
the chamber walls. Various methods are known to clean the
shield 24, 24’ periodically to remove these deposits, or the
shields 24, 24’ can be replaced at intervals. |

" With the'advent of micron and submicron deéign rules,
openings in the substrate into which contact materials, such
as aluminum, are to.be sputtered are becoming smaller, and
the aspect ratio of these openings, i.e., the ratio of the
diameter to the depth of the opening, is becoming higher.
Sputtered material in a PVD chamber scatters in. random
directions from the target, and it is difficult to fill such

small openings because very few sputtered particles impact



'vépak deposi tion chanber illustrating the_presgﬁgLﬁgﬁwgmﬁ BHEET |
'DETAI LED DESCRI PTI'ON OF THE | NVENTI ON

: ['Tcants —TTHvention wll be
f urtihéy. descri‘bed” referring to Fig. 3. Fig. {3 jil{@stirat®8aipertion of a
a

physi cal

vapor deposition chanber 100 having{a ftarget 101 haviing

- extensions 102. The chanber 100 al so Bncl udeg magnets 103 and}104 nount ed
behind the target 101, a susceptor 106 for du upporting a substfate 108, and

a shield og anegss%%éte Eﬁeac%{‘e?@all%féc@%“%@st ﬁogleawet hae

el ectri cal |eI

near e plasma region 110 respect to the anode 124.
sputtered material deposits on the top and sidewall surfaces

of the openings in a substrate, rather than on thé bottom of
the openings. This causes the top of the deposits to bridge
over the opening, leaving a void as shown in Fig. 2. In Fig.
2 an aluminum layer 40 is shown deposited into a high aspect
ratio opening 41 in a silicon substrate 42, leaving a void
43. ‘

It is also known that more bottom f£illing can be
achieved at lower pressures than at higher pressures.
However, it is very difficult to maintain a plasma at
pressures much below about 3 millitorr. Referring again'to
Fig. 1, the magnetic field 22 at the periphery of thé target
13 is superimposed on the shield 24, 24’. Electrons in the
plasma that escape from the plasma impact the shield 24,
24/, where they are lost. If a high percentaée'of electrons
are lost under low pressure, thin plasma operating |
conditions result and the plasma becomes extiﬁguished.

Thus it would be highly desirable to provide a
sputtering chamber in which a plasma can be maintained at
low pressures so that high aspect ratio openings can be
filled without the formation of voids.

SUMMARY OF THE INVENTION

In accordance with the present invention, a PVD
chamber is modified to extend the cathode (the térget),
thefeby changing the electrical field near the plasma region
to enhance confinement of electrons within the plasma

region. This in turn reduces the amount of gas pressure



The target extension 102 is at the sane potenti al FEPEACHSENIEEHEDL,, and
thus ihcreases the. electrical field in this region Jhis.

el ectrical.fi'el.d has 'a high negative potential, whjch iq,kggpﬁgg
el ectrons, which have a negative charge, that have esc&pé'-'ronrt e ipl asma
back into the plasma region 110. Thus®the confinengn | : rgns in
the plasma'is increased. The result is that a plasng can be nmaintained in

the chanmber, JOQ Aty d YU VP HI3EMASS thereby reauEing Ecattering o

sputtered species and improving f£illing of high aspect ratio

(S

openings.
BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is a schematic view of a physical vapor
deposition chamber of the-prior art having a shield therein.

Fig. 2 is a cross sectional view of a partially filled
opening in a substrate using a physical vapor deposition
chamber of the prior art.

Fig..a is a schematic view of a region of a physical
vapor deposition chamber illpstrating the present invention.

DETAILED DESCRIéTION OF THE INVENTION |

Applicants’ invention will be further described
referring to Fig. 3. Fig. 3 illustrates a portion of a
physical vapor deposition chamber 100 having a target 101
having extensions 102. The chamber 100 alsoc includes magnets
103 and 104 mounted behind the target 101, a susceptor 106
for supporting a substrate 108, and a shield or anocde 124.
The cathode 101 is extended to change the electrical field
near the plasma region 110 with respect to the anode 124.
The target extension 102 is at the same potential -as the
target 101, and thus increases the electrical field in this
region. This increased electrical field has a high negative
potential, which in turn drives elecpions, which have a
negative charge, that have escaped from the plasma back into
the plasma region 110. Thus the confinement of the electrons
in the plasma is increased. The result is that a plasma can

be maintained in the chamber 100 at low chamber pressures
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by they, material

material may be sputtered-off the target extension 02-

sputtered fromthe target 101, and iinRERIACEMERT Siaprgel

of sputtering off the target extension 102 will be ljove th
sputtering rate at the target face 1® bel ow the magngts' 102
the deposition rate onto the extension 102{i S-hi

Furt her,

ﬁgm%
104.

without being extinguished.
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The target extension 102 will be coated by the
material sputtered from the target 1oi, and in turn the
target material may be sputtered off -the target extension
102. However, the rate of sputtering off the target
extension 102 will be lower than the sputtering rafe at the
target face 101 below the magnets 102, 104. Further, the
deposition rate onto the extension 102 is highér than the
sputtering rate of the material used to make the extensiqn
102. Thus a net deposition of target material will be
deposited on the target extension 102. Therefore, during the
sputtering process, any material sputtered onto the
substrate 108 from the target extension 102 wili be target
material, rather than material sputtered from ﬁhe target
extension 102 itself. Thus the target extension 102 will not
contaninate the substrate 108.

The target extension 102 may be part of ﬁhe térget
101, or méy be a separate piece 120 whose bi;s may be
independently controlled if desired. the positioh of the
shield or anode 124 in the PVD chambér 100 can also be |
changed, and the shape can be changed, as is kndwn to ‘those
skilled in the art. ﬁowever, a stroné'electfical field is
still generated at the target extension 102, with the
results as explained hereinébove;

Thus although the invention has been disclosed in terms
of specific embodiments, various changes to the equipment
can be made and are meant to be included herein. The

invention is only meant to be limitediﬁy the - appended
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sputtering rate of .the material -used to nake the extension

deposition of target material will be deposited on the f
102. Therefore, during the sputtering process, any natel

the substrate 108 fromthe target extension 102 will be

rather than material sputtered fromthe $arget extensiol
the target extension 102 will not contam nate the subst{

The target ex¢d¥ddm®n 102 nay be part of the target
separate piece 120 whose bias may be
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-ihdebendently controlled if desired. the position of thé 3 e
124 im"the .PVD.chaitber 100 can al so be changed, and th&fgﬁgééé@gﬁéégﬁg?

changed, as is known to those skilled in the art. Howe , a strong
: electrical fieldis still generated at the target exte1S|od‘1d§$?ﬁF%h t hie
-results as expl ai ned herei nabove. 2 Thus al though thelinvention has

been disclosed in terms of specific enbodinents, variops changes to the
equi prent wearldgpyade and are neant to be i ncl uded her ¢in. The i nventi oh
is only meant to be limted by the appended

1. In a physical vapor deposition chamber comprising a

cathode target, an anode shield, a substrate support and a
pair of magnets mounted behind the target, the improvement
comprising a target extension that confines electrons to the

plasma region.

2. A chamber according to claim 1 wherein the target

extension is negatively charged.

3. A method for reducing the pressure required for
maintaining a plasma in a physical vapor deposition chamber

comprising extending the target about the plaéma region to

T

4. A method according to claim 3 wherein the target

confine electrons to the plasma.

extension is negatively chafged.

5. A method of improving the filling of high aspect ratio
openings in a substrate by sputtering comprising extending a
sputtering target about the plasma region to confine
electrons to the plasma, thereby reducing the pressure
needed to maintain the plasma and reducing the scattering of
sputtered species, thereby iﬁcreasing the number of

sputtered particles that impact the substrate vertically.

6. A method according to claim 5 wherein the target

extension is negatively charged.
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MODIFIED PHYSICAL VAPOR DEFOSITION CHAMBER AND
METHOD OF DEPOSITING MATERTALS AT LOW PRESSURE

ABSTRACT OF THE DISCLOSURE

A conventional sputtering chamber is modified by
providing a target extension that surrounds the plasma
region and confines electrons to the plasma. This
enhancement of confinement of the plasma reduces the
pressure needed to maintain the piasma. At low pressures,
reduced scattering of sputtered species takes place and more
sputtered particles arrive vertically at the sﬁbstrate,
improving the filling of high aspect ratio openings.

Figure 3
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mai ntai king a plasma in a physical vapor deposition chamber %3“%%??(&@
providing a target ‘extension contacted to the target and an anode about the
target extension that creates a plasnma region adjacent to the target
surface and confines electrons to the plasma region. 4. A et hod
according to claim3 wherein the target extension is negatively charged.

5. A method of inproving the filling of high aspect ratio openings in a

substrate by sputtering conprising providing a sputtering trarget extension
contacted to the target and inside an anode shield that creates a

pl asma
regi on adjacent to the target surface thaﬂlﬂlﬁﬂl";ﬂﬂ”ﬂgﬂﬂ“ ons to the pl asma
regi on, theﬁkbyﬂmaduC|ng t he: pressure inge he plasma and
reduci ng the scattering of sputtered speci es, and I ncreasi ng the nunber of
sputtered particles that inpact the substrate vertically.

1. In a physical vapor deposition chamber comprising a
cathode target, an anode shield, a substrate support and a
pair of magnets mounted behind the target, the improvement
comprising a target extension inside the anode shield that
maintains a plasma region adjacent to the target surface and
confines electrons to the plasma region.

2. A chamber according to claim 1 wherein the target
extension is negatively charged.

3. A method for reducing the 'pressure required for
maintaining a plasma in a physical vapor deposition chamber
comprising providing a target extension contacted to the
target and an anode about the target extension that creates
a plasma region adjacent to the target surface and confines
electrons to the plasma region.

4. A method according to claim 3 wherein the target
extension is negatively charged.

5. A method of improving the filling of high aspect ratio
openings in a substrate by sputtering comprising providing a
gsputtering trarget extension contacted to the target and
inside an anode shield that creates a plasma region adjacent
to the target surface that confines electrons to the plasma
region, thereby reducing the pressure needed to maintain the
plasma and reducing the scattering of sputtered species, and
increasing the number of sputtered particles that impact the
substrate vertically.
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8 6. Anethod according to claimb5 wherein the target extension is
negati vel y char-ged. '

6. A method according to claim 5 wherein the target
extension is negatively charged.
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