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METHOD AND APPARATUS FOR SELECTIVELY ATTRACTING OR REPELLING
IONIZED MATERIALS FROM A TARGET SURFACE IN PHYSICAL VAPOR
DEPOSITION .

BACKGROUND OF THE INVENTION
Field of the Invention

This invention relates generally to physical vapor deposition (PVD) of thin films of materials
from a target source onto a wafer or substrate such as in the manufacture of integrated electronic
circuits. More particularly, the invention relates to methods for improving the uniformity of target
erosion and efficient utilization of target material in PVD processes while reducing redeposition of

particles on the target.

Background of the Related Art

Physical vapor deposition (PVD) or sputtering is a known technique used in'the manufacture-

* of integrated circuits. In PVD, a target of a desired coating material is bombarded by ions

accelerated thereto to-dislodge and eject target material from the target which are then deposited onto
a substrate or wafer. The target and the wafer to be coated are generally placed ina vacuum :
chamber which is evacuated to and maintained at 2 pressure of less than 10 milliTorr. Typically, a
heavy inert gas, such as argon, is supplied to the vacunm chamber and a pumping system mamtams
the desired gas pressure in thé chamber. A glow discharge plasma is created in the low pressure
argon, at least partially jonizing the gz;s, by supplying a high negative DC, AC or RF potential to a
cathode (typically the target) and grounding the chamber walls and an anode (typically the substrate).
The glow discharge plasma is created in the space between the cathode and the anode, and is
generally separated from the electrodes by a dark space or plasma sheath. Since the plasma itself
is a good conductor, the plasma remains at essentially a constant positive potential with respect to

the negatively biased cathode. This produces an electric field at the target that, is substantially
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BACKGROUND OF. THE | NVENTION Fi el d of the Invention This invention
relates generally to physical vapor deposition (PVD) ofthin filas of
materials-froma target source onto a wafer or substrate such as in the
manuf acture of integrated electronic circuits. Mre particularly, the

I nvention relates to methods for inproving the uniformty of target erosion
and efficient utilization of target material in PVD processes while PpATENT
reduci ng redeposition of particles on the target. Ba R&q‘g;‘:“
Rel ated Art Physi cal vapor deposition (PVD) or sputterl ng S A KnonR
techni que used in the manufacture of integrated circuits. In PVD, a target
of a desired coating material is bonbarded by I ons accelerated thereto to

- di sl odgerpendictlstcio ther @posedh sarfact of BRTtdrger. tposttiveiofs Srdrh @he Phizffl Add

onto a substrate or wafer The target and the L%er to be coated are
generarww&ééarqsrrtb& snage enterthe exnased surfae of the targetion frajastpriesisvhstantially
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the desired Iﬁ%ﬂaﬂr&ﬁﬁgﬁd&dnrbﬂuh%ﬁ £20K8 ensify of RN BombhAHEAt Bt aferrﬁrge% stfedd f&d

in the | ow pressure argon, | east partially ionizing the gas,

suppl yienbansed by produging mawuc/ﬁ@ld)m tﬁ?pbémars ¢ath adjacent the target that helps trap and
deflect electrons near the target. Permanent magnets or electromagnets are located behind the target,
or on the backing plate onto which the target is mounted, to produce a magnetic field parallel to the
surface of the target. Plasma electrons spiral along these magnetic field lines and increase the
electron density in these regions. The increased electron density contributes to additional gas’

10 ionization in these regions which leads to increased target bombardment and sputtering of the target

between the poles of the magnets creating a patteni of target erosion. Physically rotating an off-axis
magnet arrangement on the backing of the target may be used to control and alter the pattern of target
erosion.

Typically, a racetrack pattern is formed in the target between the poles of the magnets where

15  the target erodes ‘more rapidly. The other areas of the target are eroded more slowly, and may not- - - -

be eroded at all, thereby -allowing redepositi_bn or back sputtering of particles onto the target.
Backsputtered particles tend to loosely adhere to the surface on which they are deposited and tend
to flake off over time. In addition, this leaves a substantial portion of the target unused when the
areas between the poles have been eroded. |

20 It is important that replacement of the target occur before the target is eroded down to the
backing plate on which the target is ‘attached. Particles sputtered from the backiI;g plate material
which reach the workpiece would seriously contaminate or destroy the werkpiece. Consequently,
a target is typically replaced before the target has been fully utilized leaving expensive target
material unused. Since expensive target materials would thereby be wasted, it would be desirable

25 if other means to assure uniform target erosion across the surface could be employed.

U.S. Patent Nos. 5,320,728 and 5,242,566, which are assigned to the assignee of the present
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cathode (typically the target) and grounding the chanber walls and an anode™ ™
(typically the substrate)} The glow discharge plasma.is created in the

space between the cathode and the anode, and is generdlly separated from

the el ectrodes by a dark space or plasnma sheath. Since the plasnma itself is

a good conductor, the plasma remains at essentially a constant positive
potential with respect to the negatively biased cathode. This producearesr

. . . . AM.lsso
_eIZeE:t ric field at the target that, is substantially EXPRESS MAIL NO. EMOS19695020S

invention, teach the design of magnetron arrays to enhance target erosion uniformity. Other
techniques such as the use of masks or blocking media placed over the target have been used to
prevent redeposition of material onto the térget.. All magnetron targets, however, generally have
areas of re-deposition on the target surface caused by target material becoming ionized either during
5 or after sputtering and being deposited onto the target surface between the sputtering grooves formed.
by the high negative potential. applied thereto. Masking surfaces do not prevent deposition of
backsputtered particles on the masking surface and are ill prepared to receive sputtered target
material. Accordingly, when backsputtered material is deposited on the target or mask, the material
tends to loosely adbere to the surface and can flake off and contaminate the chamber.
10 Therefore, there remains a need for a target source and sputtering system which enables
efficient use of target material and which reduces the likelihood that back sputtered material will
deposit on the target and become a particle source. |

Summary of the Invention
The present invention provides an apparatus and method for enhancing target face erosion
15 uniformity and for preventing redeposition of material on the target surface. According to one . -
embodiment of the present invention, a target is provided having an annulus laid down over a
backing plate in a concentric,. toroidally shaped section with an electrically conductive shield
disposed within thie annulus.” The shield is grounded or biased to repel backsputtered material from
the shield or to resputter backsputtered material which may deposit on the shield. A magnet
20 - assembly or source is preferably locat‘ed behind the target to trap electrons near the target surface and
enhance sputtering of the target. Two different electrical potentials, Vp, and Vy,, are applied to the
target and the shield, respectively, to cause sputtering of the target and to repel backsputtered
material from the shield. The voltage V5, applied to the shield is from about 200 to about 800 volts
less than V,,, the voltage applied to the target toroid. Thus, the shield is less attractive, hence
25 repulsive, to ions from the plasma or material re-sputtered from the target surface or other chamber
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perpendi cul ar to the exposed surface of the target. Thus, positive ions
fromthe plasma are accel-erated across the dark space .onto the exposed
surface of the target on trajectories substantially petpendicular to the
exposed front surface of the target resulting in sputtering of the target.
I n planar magnetron sputtering, the density of ion bonbardnent at'the
target surface is enhanced by producing a magnetic field in the pl asnearenr

sheat h adjacent the target that helps trap and deflectﬁ&ﬁ% ﬁﬁg
target. Permanent magnets or el ectromagnets are |ocate ind the arg
or on the backing plate onto which the target is nounted, to produce a
~magnetic field parallel to the surface of the target. Plasma el ectrons

spiral sukfabss. tBg fife! voltage AifferendeBerwdih VRGNS ovee tR 1afigd 6falsttib 200 Yo

in these regi ons. The |ncreased el ectron density contributes to additional

gas i orabeut806rvolts negasive, the grasion ratel astthe tanght smﬁaqemn be controlled pnd cpuﬁmﬁfarth«nt

and spuytte e,t the the nets Crea
patterﬁa’igf’é tﬁﬁ&, b}%?f‘%ﬁg Mp\éfﬂq % LR SpU ere
arrange;fqgétap%tt he backi ng of the target may be used to control and alter
the pattern of target erosion. - Typiccal ly, a racetrack pattern is

fa¥med in tHa a secmid ¢émbodiment,he singlee targdt/cathodeds) pedvided baving multiple) ahits or -
ZLSdﬁ; ot e @%H‘c g,. Ot;]negq ar eas of, M% e[oﬂae%hmre Slcgégocylé
Sput t enjfihafl havtiitd dvink ffgittich &&f‘onttﬂﬁﬂﬁéd adjacent thereto and is preferably separately biased
at different electrical potentials Vp; Vp, . . . Vp, The magnetic field, the target diameter and the
potential applied to the units or sections can be determined based on the desired deposition profile
10 on the substrate and the re-deposition on the target face. For example, V5, can be varied to be more
or less negé,tive than V;, to thereby selectively attract or repel ions to different portions of the target
face, thereby controlling the sputtering rate across the target face and thus affecting the deposition
profile on the substrate. The space between the units is defined by the dark space requirements at
the selected operating pressure to prevent plasma genereti'on in the region, between the target units
15 or sections. |

ief Descriptio the /

So that the manner in which the above recited features, advantages and objects of the present
invention are attained and can be understood in detail, a more particular description of the invention,
briefly summarized above, may be had by reference to the embodiments thereof which are illustrated

20 inthe appended drawings. ‘ '
| It is to be noted, however, that the appended drawings illustrate only typical embodiments
of this invention and are therefore not to be considered limiting of its scope, for the invention may
admit to other equally effective embodiments.
Figure 1A is a top schematic cross section view taken along line 1A-1A of Figure 1B of a
25 magnetron lid assembly;
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Backsputtered particles tend to | oosely adhere to the surface on which they
afe deposited and tend to-flake off over tine. In addition, this |eaves a
substantial portion of the target unused when the ar eas betweeh the pol es

- have been eroded. It is inportant that replacenent of the target
occur before the target is eroded down to the backing plate on which the
target is attached. Particles sputtered fromthe backing plate nnterllairm
whi ch reach the workpi ece woul d seriously contam natencgrp%gf 9‘;:‘9;,‘23’“
wor kpi ece. Consequently, a target is typically replace ore the targe 't's
has been fully utilized | eaving expensive target material unused. Since
expensi ve target materials would thereby be wasted, it would he desirable

i f other ne@igré 0B4S aside sehethatieeioss gRtiondlatdve tiken alvhg lined B-IBfcfRgwreuladopre
enpl oyed. U S. Patent Nos. 5,320,728 and 5, 242,566, which are

assi gnthe magnetren lidasserablysf KigurediAss ent |
Figure 2 is a sputtering system using the magnetron assembly of Figures 1A and 1B wherein
the magnetron lid assembly of Figures 1A and 1B forms the lid of the vacuum system of Figure 2;
s Figure 3 is a schematic drawing shdwing th.e target/shield and bias layout according to one
embodiment of the present invention; and
Figure 4 is a schematic drawing showing a second embodiment of a target showing the target
units or sections and bias layout according to another embodiment of the present i‘r_lvention.

etailed Description of the Preferred Embodiment _

10 The present invention generally provides a target structure which reduces the likelihood that
backsputtered particles will deposit on the target and which provides uniform erosion and efficient
utilization of target material. The target structure includes separate units or sections which are
preferably separately biased to attract or répel ions from the different sections of the target structure
to promote sputtering of target material and to prevent deposition of backsputtered particles on the

15 target where forward sputtering is minimal. A method of the present invention provides separate.
bias potentials applied to the different sections or units of the target stmcture to control both
sputtering and deposition of backsputtered particles on the target.

Referring to Figures 1A, 1B and 2, a schematic dr"_twmg shows a magnetron sputtering
system in accordance with the present invention. Figures 1A and 1B show schematic top and side

20 views of a magnetron assembly and ta‘rget structure shown generally at 90. Ferromagnets 93, shown
as simple horseshoe magnets, and pole pieces 91.and 92 are located behind the target to enhance
sputtering of the target and enable the production of PVD coatings having uniform thickness and
excellent step coverage on a substrate. A sputtering system includes a vacuum chamber 21, as
shown in Figure 2, which has sidewalls 22 formed of a metal such as stainless steel or aluminum.

25 The magnetron assembly and target structure 90 also functions as the lid 91A for the chamber 21
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- 3- I nvention, teach the design of magnetron arrays to enhdnce
target erosion unlforn1L¥ O her techni ques such as the use of masks or
bl ocki ng nedi a pl aced over the target have been used to prevent
redeposition of material onto the target. Al nagnetron targets, however,
general ly have areas of re-deposition on the target surface-caused by
target material becom ng ionized either during or after sputtering apgenr
bei ng deposited onto the target surface between the sputterin r 00V 8M-1350
formed by the high negative potential applied theretog“WE§WPﬂg MpsigsUy o
not prevent deposition of backsputtered particles on the nmasking surface

and are ill prepared to receive sputtered target material. Accordi ngly,
when b@ﬁﬁﬁ &' QTW PR gat
mat er i tengisc t% oosefbr%o tzlrdejﬁ hg&g%%ﬂggu%% ﬁ anofo the

cont anumiztrsidé bﬁtheﬂﬂfﬂm!rmll be discussédinrhorealetdilivslow r\aﬂﬁrdf&eﬁcdndﬁgﬁm 3and 4.
t ar get source and sputter%egm}/stem which enables efficient use of target

mat er i Barget Al isformed,of @ des srial whighds depasied pn the sbstrate 32¢ mtsetbﬁmte R0

is supported by a substrate support member 23 for processing. A voltage source 24, which may .
5 comprise an RF, DC, AC or pulsed DC source, is applied to the target 41 to produce a potential
<ﬁﬁbmmcebdmmmntheﬁngpt4landtheskkmmﬂs22'wh&ﬂlmztypkmuygnnnnkﬂ,k:mmdbnﬁe
ions onto the target 41 to sputter target material onto the substrate 32.
TheuqnofﬂmsnkmmﬂsZZnnmxhsagnxweannmdihepmmncumnnovﬂnch1suumﬂndan'
elastomeric o-ring 26. The o-ring 26 forms a vacuum seal between the lid assembly and the
10 sidewalls 22. An non-conductive annular ring 27 which is formed of a material such as Teflon or
a ceramic is typically disposed on the top of the sidewalls to enable a voltage difference to be
produced between the sidewalls 22 and the lid 90. Because of heat generated during processing, a
cooling plate or chamber 94, which also serves as a mount for motor 95, is thermally connected by
conduction to the target 41. To enhance cooling of target 41, the lid 90 may be formed of a heat
15 conductive material such as copper.
The magnetron assembly 90 includes pole p1eces 91 and 92, magnets 93, lid 91A, target 41 .
and water cooled motor mount 94, which couples the magnet assembly to the electric motor 95. All
of the magnets 93 have the same polarity poles overlying pole piece 91 and also polé piece 92.
Motor 95 rotates the magnets 93 and their pole pieces 91 and 92 about an axis A centered over the
20 pedestal 23. This produces a time averaged magnetic field and sputtering pattern on target 41 which
is typically circularly symmetric. E‘rosion grooves 96 and 97 are etched into the target face 41
during the sputtering process as electrons are trapped in the magnetic field adjacent the target
surface. As can be seen, however, considerable target material still remains on the face of target 41
between grooves 96 and 97 when grooves 96 and 97 become deep enough to threaten erosion
25 completely through target 41. Such material would, prior to the methods of the present invention,
be wasted as target 41 would be replaced before the target is completely eroded in grooves 96 and
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deposit on the target and becone a particle source. Summary of the
I'nventi on - The present invention provides an apparatus and net hod for
enhancing target face erosion uniformty and for preventing redeposition of
material on the target surface. According to one enbodi ment of the present
invention, a target is provided having an annulus |aid down over a backing
plate in a concentric,. toroidally shaped section with an electricall TENr
conductive shield di sposed within the annulus. The shi glfleisiaar Q6! BHd&

bi ased to repel backsputtered material fromthe shield or to resputter
backsputtered material which nmay deposit on the shield. A magnet assenbly
or source is preferably |ocated behind the target to trap el ectrons near
the targpet surface and enhance sputtering of the target Two different

el ectrical potentials, Verr] and V[err], .are applied to the target and the
shiel d, respRefersing pow tp Figuses 3 audi4rthe pigsing mﬁmaﬂgeep thedpresent dpysntion are

oo o PEe Rkl ARE IS ot ool afBodiRie, WEphe RIS wfouddn

appl i edFigtird 3)a tafegS1 is providéd Witk is Bilsed st atloltages V), Ak biké power stPply 551 Bias

repul sive, to ions fromthe plasnma or mat'erial re-sputtered fromthe target

suPf ac epqwer@pﬁy 586 pxonides a negative bias on target 51 to attract ions from the argon plasma onto it
to cause sputtering. Magnets 52 trap plasma electrons near the target surface as previously described
and cause circularly .symmetric erosion grooves analogous to grooves 96 and 97 to be formed
primarily in the region between the pole pieces. An annulus 56 in the area central to the target and -
between magnets 52 is provided with a shield 53 disposed therein which is biased at a different

10 voltage Vp,. Vp, is about 200 to about 800 volts less negative than voltage Vp, v.vhich biases the

target material so that the shield 53 is less negative with respect to the plasma than the target 51 and
thereby tends to repel target ions sputtered from the target surface.

Referring now to Figure 4, a second embodiment of the invention is shown in a schematic
view where a single target/cathode is formed of separate units 61, 62, and 65. While only three such

15  units are shown here, it should be understood that four or more units could be used, if desired. -Each
target unit/cathode can have its own magﬁetron and its own bias voltage supply 63 and 64. Here,
bias voltage supply 63 biases target section 65 at a bias voltage Vp,. A second bias supply 64 biases.
target/cathode sections 61 and 62 at a bias Vy;. Again, V 5, is about 200, to about 800 volts less
mqaﬁveﬁnn\ﬁqamdﬁwnoe&mdsk)nqmlknsspuﬁmzdﬁnn1hugptﬂmﬁons61and62amdpmannﬁ

20  backsputtered material from depositing onto target section 65.

In Figures 3 and 4, a small d‘ista.nce D separates the target umts or sections 51, 61 and 62
from the separate differently biased section 65 or shield 53. This distance D is chosen to be small
enough to prevent plasma ignition in its space. Thus, fora given operating pressure and operating
voltage, a maximum value of D can be determined. It will also be appreciated that if, in the

25 embodiment shown in Figure 4, four or more target/cathode sections are used, that each target
section could have a different bias voltage V,,, as desired. The bias voltages V,, could be tailored

'8
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-4 - surfaces. By varying the voltage difference between V[err] and
V[err] over the range of -about 200 to about 800 volts negative, the erosion
rate on the target surface can be controlled and confined to the target
material, while backsputtered material is repelled fromthe areas between

the sputtered areas of the target. In a second enbodi nent, a single
target/cathode is provided having multiple units or iﬂrfm
-1350

EXPRESS MAIL NO. EM0S1969902US

to selectively attract or repel sputtered ions from the target surface to prevent re-deposition and to
improve and make more uniform the target erosion profile.
It will be appreciated by those of skill in the art that power supplies used for biasing purposes
in these techniques could be DC, pulsed DC, AC or RF supplies as desired.
5 While the foregoing is directed to the preferred embodiment of the present invention, other
and further embodiments of the invention may be devised without departing from the basic scope
thereof, and the scope thereof is determined by the claims which follow.
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sections, preferably including an outer toroid unit antumll‘"mtmummmr
unit. Each separate cathede unit can have its own magne# iliSlehall i 1l 1Y
di sposed adj acent thereto‘and is preferably separately biased at different
el ectrical potentials V[err]V[err] ... V[err].. The magnetic field, the
target dianeter and the potential applied to the units or sections can be
determ ned based on the desired deposition profile on the substrate BaxENThe
re-deposition on the target face. For exanple, V[err] zca@ssMan/Ré.efibk: ”
nore or | ess negative than V[err] to thereby selectively attract or repe
ions to different portions of the target face, thereby controlling the
sputtering rate across the target face and thus affecting the deposition
profi | €lafmss he substrate. The space between the units is defined by the
dfrk space requirenents at the sel ected operating pressure to prevent

P

asma genekat i oft target FE“%fShPhMWPQWﬂH?’Q@PW%nﬁor secti ons.

| ef Descri pti op,of 0Q%i0n: So that the manner in which the
g%ove recited fe ureétﬁg%%%agegnand obj ects of the present invention are
adtained and can(@e uadecsrdatket Sectiohfi |, a nore particul ar description of
the invention, briefly summarized_ above, 'may be _had by reference to the

ehbodi nents t her&f wAifirst tirspotentialiconnasted fo the Brst passetseetion; anfings .
1§ is to be not h t.hat the: ' i | Lusttate onl
301 cal “enbodt meiis o SR Hineorbfs BRARIRE eI drasrsblddn,C " Y

considered limting of its scope, for the invention may

1 2. The target structure of claim 1, further comprising a magnet assembly disposed
2 behind the first target section.

3. The target structure of claim 2, further comprising a second n;agnet éssembly
2 disposed behind the second target section. '

4. ' The target structure of claim 3, further comprising a backing member on which the
target sections are attached on a first side and the magnet assemblies are disposed on the opposite .

3 side.

1 5.  Thetarget structure of claim 1, wherein the second target section is a shield member.

1 6. The target structure ot: claim 5, wherein the shield member 1s an annular member.

1 7. The target structure of claim 5, wherein the first target section is comprised of the

2 target material. . : ‘

T 8. The target structure of claim 7, wherem the shield is comprised of the taréet material.
10
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admt to other equally effective enbodi nments. Iml ﬂ‘l s" "tlm)
schematic-cross section.ad ew taken along [ine | A-1A of :
magnetron ‘1 id assenbly; _

L

-5-
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1 9. The target structure of claim 1, wherein the second bias potential is less than the first
2 bias potential.

10.  The target structure of claim 9, wherein the second bias potential is from about 200V
2 to about 800V less than the first bias potential.
1 11.  The target structure of claim 3, wherein the target Sections are made of a target
2 material.

12.  The target structure of claim 10, wherein the target sections are mounted on a backing

plate.

1 13. A method for improving the erosion profile of a target material in a glow discharge
2 plasma physical vapor deposition system comprising the steps of: ' _
3 (@  providing a vacuum chamber having an extremely low pressure inert gas
4 atmosphere therein;
5 (b) providing in said chamber a workpiece to be coated with a thin-film of
6 material as an anode; . '

7 (¢)  providing in said chamber a cathode of a target material separated into plural
8 sections, each said section of target material being biased at a separate predetermined voltage with
9 respect to ground potential; and |

10 (d) maintaining a glow discharge in said low pressure inert gas atmosphere in said
11 chamber, whereby positive ions of said inert gas are accelerated to said target cathode and sputter
12 material therefrom onto said workpiece and ions sputtered from said target are repelled by said
13 predetermined voltage biases from re-depositing onto said target in selected sections thereof.
11
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Fi giJ_re IBis a side schematic c._r_oss sectional view takimmjtﬂﬂ# II“(I:H&MIQILB

of Figure 1A of the magtt€tron |lid assenbly of Figure 1A«
a sputtering systemusing the magnetron assenbly of Figures 1A and 1B
wherein the magnetron |id assenbly of Figures 1A and 1B forns the |id of

t he vacuum system of Figure 2; Figure 3 is a schematic draw n?

showi ng the target/shield and bias | ayout according to one enbodi nen AN o

t he present invention; and Figure 4 is a schenekirEssMAauNOEMSHISWONG a
second enbodi nent of a target showing the target units or sections and bias .
| ayout according to another enbodi nent of the present invention. Det ai | ed
Description of the Preferred Enbodi nent - The present jinvention

géner al |y ptbvi ddbe alemdng{c ajmy 1 and further ineludina the-step aEproviding selegied pags of

i 1o i B B or et ngee B Wit ity oo Rl bR bR i

sgruct&eﬁogncl udes separate units or sections which are preferably
separately biased to attract or repel ions fromthe different sections of
t he target structure to pronote sputtering of target material and to

Shut tering 15 m ABnaReRoR R AR THESH e Rhnbdk bh e brlos stonplet e

bhas p@cﬁ%ﬁv&?&ﬁis&ﬂe?b&%eﬂb&éﬂ%e&%ﬁt'ons or units of the target

structure to con

16.  The method of claim 3 wherein said tai'get sections form annular discs of target
2 material each pair of which is separated by a distance D.

17.  Themethod of claim 16 wherein pairs of annular discs of target material are separated
2 by shield material which is also biased by a predetermined voltage to repel ions of sputtered target
material from depositing thereon.

1 ' 18.  Themethods of claims 15, 16 and 17 wherein the distance D is chosen to be too small
to allow a glow discharge to form in the space between said target sections or said shield and said
target sections. |

19. A method of more efficiently eroding the surface of a target material used in a glow
- discharge physical vapor deposition process for depositing thin films of target material onto a wafer
or substrate workpiece, comprising the steps of:

(a) providing a glow discharge vacuum system operating at a low inert gas
pressure of less than 10 milliTorr and having a wafer or substrate anode and a target material cathode
divided into separate sections electrically isolated form each other and selected ones of which have
associated therewith a magnetron to enhance ionization near the surface thereof and at least two

00 ~ N W L W N -

separate bias power supplies for applying at least two separate electrical biases to said separate

12
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sputtering and deposition of backsputtered particles on thmlﬂlﬁwull Im””lll :
Referring.to Figures 1A,~4B and 2, a schematic draw rg sho
sputtering-systemin accordance with the present invention. Figures IA and”
1B show schematic top and side views of a magnetron assenbly and target
structure shown generally at 90. Ferromagnets 93, shown as sinple horseshoe
magnets, and pol e pieces 91 and 92 are |ocated behind the target to &AFEMNIce
sputtering of the target and enabl e the production of Rfas€nat NeSmi

uni form thi ckness and excellent step coverage on a substrate. A sputtering
system i ncl udes a vacuum chanber 21, as shown in Figure 2, which has
sidewal I s 22 fornmed of a netal such as stainless steel or alumnum The
mdgnet septions eftargep matetialpamglet structure 90 al so functions as the lid 91A

f h h . es . . s .. o

N 9 the chanber %&) maintaining a glow discharge in an inert gas atmosphere in said system whlle6
3 rotating said magnetrons to generate sputtered atoms and ions of said target material which are
4 uniformly deposited on said substrate anode, wlule arranging said at least two separate electrical -

5 biases to repel sputtered ions of target material ﬁ'om being re-deposited onto said target material.

20. Themethod of claim 19 wherein sald separate target sections are separated from each
2 other by a shield, said shield being electrically biased to repel sputtered ions of target material from
being re-deposited onto thereon. '

21.  Themethod of claim 19 wherein said separate sections of target material are separated
2 by a distance D too small to support a glow discharge therein.
2'2. The method of claim 19 wherein the rotation of said magnetrons produces erosion
2 grooves in said target material associated with said magnetrons and wherein said biases are arranged -
to enhance target material erosion in the target areas between said erosion grooves. ...

 23. Themethod of claim 7 wherein said target material is separated into sections forming
2 annular discs with respect to the axis of rotation of said magnetrons. .

13
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within which a vacuum of about 10 milliTorr can be produced. A target 41 is
attached t-o the underside~pf the lid and will be discussed in nore detai
below with reference to Figures 3 and 4. Target 41 is - -formed of a desired
materi al which is deposited on the substrate 32. The substrate 32 is
supported by a substrate support nenber 23 for processing. A voltage source
24, which may conprise an RF, DC, AC or pulsed DC source, is applied

target 41 to produce a potential difference between thxpkess@grir NdIE gémg
sidewal I s 22, which are typically grounded, to accelerate ions onto the
target 41 to sputter target material onto the substrate 32. The top
of the sidewalls 22 includes a groove around the perineter into which is

i nserted an el astoneric o-ri ng Abstrattef the Disglosard or ns a vacuum seal
between the |lid assenbly and the S|demalls 22 ~ An non-conductive annul ar
ring 27 which is formed of a material such as Teflon or a ceramc is

typically di Eﬁgimp agﬂﬁ@ HUBlih
di fference t'lo!He e produceg()ﬁgpomﬁg%é?ﬁ gkglgaanﬁke?#gmpﬁgé% E?eogatgsate
of heatba@e:pmtaecbmmawglbsdqmsﬁed‘@thataxgethvmlgalsbanhancmgihﬂgammsxéumnfbmty

al so ser e as a unt tor S t'her connect.ed by ducti
to the . Atgreet rarEbBLg arevy plenits A SaetigueRPPRRY eI Dase A

ofs a h %erent bias potentials to provxde sputtering of units compnsed of target matenal and preventing
backsputtered material from depositing on the ta.fget units which are minimally sputtered and
preferably biased at a lower potential. A method is provided for separafely !;fasing multiple units

of a target structure to provide sputtering of units biased at a higher potential and preventing
deposition of backsputtered material on units biased at a lower potential.
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conductive material such as copper. The magnetron assenbly 90 -

i-ncl udes pol e pi eces 91®E§p 92, magnets 93, lid 91A; rget 41 and water
cool ed notor nmeunt 94 ch couples t he magnet asse ly to the electric :
nmotor 95. All of the magnets 93 have the same polarity poles overlying pole
pi ece 91 and al so pole piece 92. Mdtor 95 rotates the magnets 93 and their

pol e pieces 91 $8 about an axis A centered over the pedestal 23. This
produces a tinejaveraged magnetic fi ing pattern on target 41
‘which is typically circularly sypwetric.—E~eston_gro s 96 and 97 are
etched into the target face 4 ﬁg,pro ss as el ectrons
are trapped in the magnetic t he Suuf e. As a0
seen, however, considerabl mat gt Wl £ emsl S\Qn he”t ace. of
target 41 between groove 97 e \es hﬁc me deep
enough to threaten eros;j el rough t : teria
woul d, prior to the neyh $h r nVagd.l ad §s target
41 woul d be repl aced HefArf/t r N 0 iNa\grpoves 96
and ! z T\ \
\ .
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-7 - 97. Referring now to Figures 3 and 4, the biasing

techni ques of the present—~invention are illustrated hematically with
respect to two-different enbodi nents. I'n one enbodi nent, shown in Figure 3,
a target 51 is provided which is biased at a voltage V[err] by a bias power
supply 55. Bias power supply 55 provides a negative bias on target 51 to
attract ions fromthe argon plasma onto it to cause sputtering. Magnets 52
trap plasma el ec&rons near the target surface as previ ouslé descrm@elliBnd
cause circul arIy mretric erosion grooves anal ogou. oves 96 gnd 97

to be formed pri L0_the region bhetween the egﬁ dces. An antul us 56
In the area it he target and bet ween nagnets 5% 2Bvided with a
shield 53 dispos E bi N whi is biased at a differep ]
Vlerr] is about H{ifbout volts | ess negative thg A
whi ch bi ases the |t Hill material so tR3P the shield 53 if2 /e

\rm

Wth respect to t 1;mathanthetq|'get 51 and

' _ : % 24

LTI 777 77777177777

FIG. 2
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thereby tends to repel target ions sputtered fromthe target surface.
Referring now to Figure 4, a second enbodi nent of the invention is shown in
a schematic view where a single target/cathode is fornmed of separate units
61, 62, and 65. Wile only three such units are shown here, it should be

understood that four or more units coulfl be USEUREPLACEMINGE SHERTH tasget
uni t/ cat hode can ‘have its own magnet r-eh—and HE S PI0-1RA - Q'é@get&lﬁggé(y .....
and 64. Here, bias voltage supply 63 biases tlar sﬁt'o a Cflt t@ b&ﬁa.
~voltage V[err]. A second bias supply 64 biasgs %glh ES t '
and 62 at a bias V[err]. Again, V[err] is abdu y éd es,
negative than V[err] and hence tends to repel ttelpé |’0|§n % get™
sections 61 and 62 and prevent backsputtered jmateri aI from de ;{'q@_onto
target section 65. In Figures 3 and 4, DAERHOF RECE see-a-r at es

the target units or sections 51, 61 and 62 fromthe Separate dlfferently
bi ased section 65 or shield 53. This distance Dis chosen to be smal |

enough Lo MES ﬁ:r%grbs%wm ﬂﬁg &!in

pressure an

w Il also be appreml\li"i[il gﬁjlhmeEEL hown I'n |guréﬁ§ four
ea

or nore target/cathode sections are ch target section could
have a different bias voltage V[err] as desired. The bias vol tages V[err]
could be tailored '

BACKGROUND OF THE INVENTION
Field of the Invghﬁgg'

This invention relates generally to physical vapor deposition (PVD) of thini films of materials
from a target source onto a wafer or substrate such as in the manufacture of integrated electronic
circuits. More particularly, the invention relates to methods for improving the uniformity of target
erosion and efficient utilization of target material in PVD processes while reducing redeposition of
particles on the target.

kground e Relate
Physical vapor deposition (PVD) or sputtering is a known technique used in the manufacture
of integrated circuits. In PVD, a target of a desired coating material is bombarded by ions
accelerated thereto to-dislodge and eject target material from the target which are then deposited onto
a ;ubstrate or wafer. The target and the wafer to be coated are generally placed in a vacuum :
chamber which is evacuated to and maintained at a pressure of less than 10 milliTorr. Typically, a
heavy inert gas, such as argon, is supplied to the vacuum chamber and a pumping system maintains
the desired gas pressure in the chamber. A glow discharge plasma is created in the low pressure
_ 31'3011; at least partially ionizing the gas, by supplying a high negative DC, AC or RF potential to a
cathode (typically the target) and grounding the chamber walls and an anode (typically the substrate).
The glow discharge plasma is created in the space between the cathode and the anode, and is
generally separated from the electrodes by a dark space or plasma sheath. Since the plasma itself
< is a2 good conductor, the plasma remams at essennally a constant positive potential with respect to

. ,L.a,

the negatively bnased cathode. This produces an electric field at the target that is substantially



-8 - to selectively attract or repel sputtered ions fromthe target
surface to prevent re-deposition and to i nprove and nake nore uniformthe

target erosion profile. It will be appreciated by those of skill in
the art that power supplies used for biasing purposes in these techniques
could be DC, pulsed DC, AC or RF suppligs as desired. Wil e the

foregoing is directed to the preferred” &fbodi nent of the present invention,
ot her and further enbodi ments of the |nvent|on may be deV| sed wit hout
departing fromthe basic scope

perpendicular to the exposed surface of the target. Thus, positive ions from the plasma are
accelerated across the dark space onto the expésed surface of the target on trajectories substantially
perpendicular to the exposed front surface of the target resulting in sputtering of the target.

In planar magnetron spﬁttering, the density of ion bombardment at the target surface is
enhanced by producing a magnetic field in the plasma sheath adjacent the target that helps trap and
deflect electrons near the target. Permanent magnets or electromagnets are located behind the target,
or on the backing plate onto which the target is mounted, to produce a magnetic field parallel to the
surface of the target. Plasma electrons spiral along these magnetic field lines and increase the
electron density in these regions. The increased electron density contributes to additional gas
ionization in these regions which leads to increased target bombardment and sputtering of the targef
between the poles of the magnets creating a patter of target erosion. Physically rotating an off-axis
magnet arrangement on the baclang of the target may be used to control and alter the pattemn of target
erosion.

Typically, a racetrack pattern is formed in the target between the poles of the magnets where
the target erodes more rapidly. The other areas of the target are eroded more slowly, and may not
be eroded at all, thereby allowing redeposition or back sputtering of particles onto the target.
Backsputtered particles tend to loosely adhere to the surface on which they are deposited and tend
to flake off over time. In addition, this leaves a substantial portion of the target unused when the
areas between the poles have been eroded.

- It is important that feplacement of the target occur before the target is eroded down to the
backing plate on which the target is attached. Particles sputtered from the backing plate material
which reach the workpiece would seriously contaminate or destroy the workpiece. Consequently,
a target is typically replaced before the target has been fully utilized leaving expensive target
material unused. Since expensive target materials would thereby be wasted, it would be desirable
if other means to assure uniform target erosion across the surface could be employed.

U.S. Patent Nos. 5,320,728 and 5,242,566, which are assign;d to the aséignee of the present
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t hereof, and the scope thereof is determned by the clains which fol | ow.

invention, teach the design of magnetron arrays to enhance target erosion uniformity. Other
techniques such as the use of masks or blocking media placed over the target have been used to
prevent redeposition of material onto the target. All magnetron targets, however, generally have
 areas of re-deposition on the target surface caused by target material becoming ionized either during
or after sputtering and being deposited onto the targét surface between the sputtering grooves formed
by the high negative potential' applied thereto. Masking surfaces do not prevent deposition of
backsputtered particles on the masking surface and are ill prepared to receive sputtered target
material. Accordingly, when backsputtered material is deposited on the target or mask, the material
tends to loosely adhere to the surface and can flake off and contaminate the chamber.
Therefore, there remains a need for a target source and sputtering system which enables
efficient use of target material and which reduces the likelihood that back sputtered material will
deposit on the target and become a particle source.

umma v

The present invention provides an apparatus and method for enhancing target face erosion
uniformity and for preventing redeposition of material on the target surface. According to one
embodiment of the present invention, a target is provided having- an annulus laid down over a
baéldng plate in a concentric,. toroidally shaped section with an electrically conductive shield
disposed within the annulus. The shield is grounded or biased to repel backsputtered material from
the shield or to resputter Backsputtered material which may deposit on the shield. A magnet
assembly or source is preferably located behind the target to trap electrons near the target surface and
enhance sputtering of the target. Two different electrical potentials, Vp, and Vp,, are applied to the
target and the shield, respectively, to cause sputtering of the target and to fepel backsputtered
material from the shield. The voltage Vy, applied to the shield is from about 200 to about 800 volts
less than Vy,, the voltage applied to the target toroid. Thus, the shield is less attractive, hence .
repulsive, to ions from the plasma or material re-sputtered from the target surface or other chamber
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surfaces. By varying the voltage difference between Vp, and V5, over the range of about 200 to
about 800 volts negative, the erosion rate on the target surface can be controlled and confined to the
target material, while backsputtered material is repelled from the areas between the sputtered areas
of the target.

In a second embodiment, a single target/cathode is provided having multiple units or .
sections, preferably including an outer toroid unit and an inner annular unit. Each separate cathode
unit can have its own magnetron section disposed adjacent thereto and is preferably separately biased
at different electrical potentials Vi, Vp, . . . Vp, The magnetic field, the target diameter and the
potential applied to the units or sections can be determined based on the desired deposition profile
on the substrate and the re-deposition on the target face. For examp_le, V', can be varied to be more
or less negative than Vy, to thereby selectively attract or repel jons to different portions of the target
face, thereby controlling the sputtering rate across the target face and thus affecting the deposition
profile on the substrate. The space between the units is defined by the dark space requirements at
the selected operating pressure to prevent plasma generation in the region, between the target units

or sections.

ief Description of t ings _
* So that the manner in which the above recited features, advantages and objects of the present
. invention are attained and can be understood in detail, 2 more particular description of the invention,
briefly summarized above, may be had by reference to the embodiments thereof which are illustrated
in the appended drawings.

It is to be noted, however, that the appended drawings illustrate only typical embodiments-
of this invention and are therefore not to be considered limiting of its scope, for the invention mﬁy
admit to other equally effective embodiments.

Figure 1A is a top schematic cross section view taken along line 1A-1A of Figurc 1B ofa
rhagnetl_'on lid assembly; | |
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-9 - C ai ns: 1. A target structure for physical vapor
«deposi tion, conprising: . (&) a first target section;

(b) a second target section; (c) a first bias potenti al
connected to the first target section; and (d) a second

bi as potential connected to the s-econo_lstgrget section.

Figure 1B is a side schematic dross sectional view taken along line 1B-1B of Figure 1A of
the magnetron lid assembly of Figure 1A; | |

Figure 2 is a sputtering system using the magnetron assembly of Figures 1A and 1B wherein
the magnetron lid assembly of Figures 1A and 1B forms the lid of the vacuum system of Figure 2;

Figure 3 is a schematic drawing showing the target/shield and bias layout accordmg to one
embodiment of the present invention; and

Figure 4 is a schematic drawing showing a second embodiment of a target showing the target
units or sections and bias layout according to another embodiment of the present invention.

Detailed Description of the Preferred Embgdimegg
The present invention generally provides a target structure which reduces the likelihood that

backsputtered particles will deposit on the target and which provides uniform erosion and efficient
utilization of target material. The target structure includes separate units or sections which are
preferably separately biased to attract or repel ions from the different sections of the target structure
to promote sputtering of target material and to prevent deposition of backsputtered particles on the
target where forward sputtering is minimal. A method of the present _invention provides separate
bias potentials applied to the different sections or units of the target structure to control both
sputtering and deposition of backsputtered particles on the target.

Referring to Figu:"&s 1A, 1B and 2, a schematic drawing shows a magnetron sputtering
system in accordance with the present invention. Figures 1A and 1B show schematic top and side
views of a magnetron assembly and target structure shown generally at 90. Ferromagnets 93, shown
as simple horseshoe magnets, and pole pieces 91.and 92 are located behind the target to enhance:
sputtering of the target and enable the prodtiction of PVD coatings having uniform thickness and
excellent step coverage on a substrate. A sputtering system includes a vacuum chamber 21, as
shown in Figure 2, which has sidewalls 22 formed of a metal such as stainless steel or aluminum.
The magnetron assembly and target structure 90 also functions as the lid 91A for the chamber 21
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2. The target structure of claim11, further conprising a magnet assenbly

di sposed behind the first target section. 3. The target
structure of claim?2, further conprising a second magnet assenbly di sposed
behi nd the second target section. 4. The target structure of

claim3, further conprising a backing mgrgo_er on which the target sections
are attached on a first side and the neghet-—assenblies are disposed on the
opposi te side. ' 5.  The target structure of claim1l, wherein the
second target section is a shield nenber : 6. The target
structure of claim5, wherein the shield nenber is an annul ar nmenber.

within which a vacuum of about 10 milliTorr can be produced. A target 41 is attached to the
underside of the lid and will be discussed in more detail below with reference to Figures 3 and 4.
Target 41 is formed of a desired material which is deposited on the substrate 32. The substrate 32
is supported by a substrate support member 23 for processing. A voltage source 24, which may
comprise an RF, DC, AC or pulsed DC source, is applied to the target 41 to produce a potential
difference between the target 41 and the sidewalls 22, which are typically grounded, to accelerate
ions onto the target 41 to sputter target material onto the substrate 32.
The top of the sidewalls 22 includes a groove around the perimeter into which is inserted an-
- elastomeric o-ring 26. The o-ring 26 forms a vacuum seal between the lid assembly and the
sidewalls 22. An non-conductive annular ring 27 which is formed of a material such as Teflon or
a ceramic is typically disposed on the top of the sidewalls to enable a voltage difference to be
produced between the sidewalls 22 and the lid 90. Because of heat generated during processing, a
cooling plate or chamber 94, which also serves as a mount for motor 95, is thermally connected by
conduction to the target 41. To enhance cooling of target 41, the lid 90 may be formed of a heat
conductive material such as copper.

' The magnetron assembly 90 includes pole pieces 91 and 92, magnets 93, 1id 914, target 41
and water cooled motor mount 94, which couples the magnet assembly to the electric motor 95. All
of the magnets 93 have the same polarity poles overlying pole piece 91 and also pole piece 52.
Motor 95 rotates the magnets 93 and their'pole pieces 91 and 92 about an axis A centered over the
pedestal 23. This produces a time averaged magnetic field and sputtering pattern on target 41 which
is typically circularly symmetric. Erosion grooves 96 and 97 are etched into the target face 41
during the sputtering process as electrons are trapped in the magnetic field adjacent the target
surface. As can be seen, however, considerable target material still remains on the face of target 41
between grooves 96 and 97 when grooves 96 and 97 become deep enough_ to threaten erosion
completely through target 41. Such material would, prior to the methods of the present invention,
be wasted as target 41 would be replaced before the target is completely eroded in grooves 96 and
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7.
conprised of the target material . 8. The target structure of

10 -

The target structure of claim5, wherein the first target section is

claim7, wherein the shield is conprised of the target material.

-7-

97.

Referring now to Figures 3 and 4, the biasing techniques of the present invention are
illustrated schematically with respect to two different embodiments. In one embodiment, shown in
Figure 3, a target 51 is provided which is biased at a voltage Vy, by a bias power supply 55. Bias
power supply 55 provides a negative bias on target 51 to attract ions from the argon plasma onto it
to cause sputtering. Magnets 52 trap plasma electrons near the target surface as previously described
and cause circularly symmetric erosion grooves .analogous to grooves 96 and 97 to be formed
primarily in the region between the pole pieces. An annulus 56 in the area central to the target and -
between magnets 52 is provided with a shield 53 disposed therein which is biased at a different
voltage Vp,. Vp, is about 200 to about 800 volts less negative than voltage Ve, which biases the
target material so that the shield 53 is less negative with respect to the plasma than the target 51 and
thereby tends to repel target ions sputtered from the target surface.

Referﬁng now to Figure 4, a second embodiment of the invention is shown in a schematic
view where a single target/cathode is formed of separate units 61, 62, and 65. While only three such
units are shown here, it should be understood that four or more units could be used, if desired. Each
target unit/cathode can have its own magnetron and its own bias voltage supply 63 and 64. Here,
bias voltage supply 63 biases target section 65 at a bias voltage Vp,. A second bias supply 64 biases
target/cathode sections 61 and 62 at a bias V,. Again, V p,is about 200 to about 300 volts less
negative than Vp, and hence tends to repel ions sputtered from target sections 61 and 62 and prevent
bmﬁspuﬁered material from depositing onto target section 65.

In Figures 3 and 4, a small distance D separates the target units or sections 51, 61 and 62
from the separate differently biased section 65 or shield 53. This distance D is chosen to be small
enough to prevent plasma ignition in its space. Thus, for a given operating pressure and operating
voltage, a maximum value of D can be determined. It will also be appreclated that if, in the
embodiment shown in Figure 4, four or more target/cathode sections are used, that each target

section could have a different bias voltage Vp, as desired. The bias voltages Vp, could be tailored
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9. The target structure of claim1, wherein the second bias potential is
Iess than the first bias potential. ' 10.  The target structure of
claim9, wherein the second bias potential is fromabout 200V to about 800V
| ess than the first bias potential. 11. The target structure of
claim3, wherein the target sections arg made of a target material

12. The target structure of claim 10—herein the target sections are
nount ed on a backi ng '

to selectively attract or repel sputtered ions from the target surface to prevent re-deposition and to
improve and make more uniform the target erosion profile.

It will be appreciated by those of skill in the art that power supplies used for biasing purposes
in these techniques could be DC, pulsed DC, AC or RF supplies as desired.

While the foregoing is directed to the preferred embodiment of the present invention, other
and further embodiments of the invention may be devised without departing from the basic scope
thereof, and the scope thereof is determined by the claims which follow. |
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pl ate. 13. A nmethod for inproving the erosion prql ll Iﬂu “J UII urllll i
target material in a glow discharge plasma physical vapor de : ol

conprising the steps of (a) provi di ng a vacuum chanber
having an extrenely | ow pressure inert gas atnosphere therein;

(b) providing in said chanber a morkpbece to be coated with a thin film
of material as an anode; (c) providing in said chanber a
cathode of a target material separated into plural sections, each said
section of target material being biased at a separate predeterm ned voltage
wi th respect to ground potential; and (d) mai nt ai ni ng

agl ow di scharge insai dl owpressure inert gas atnosphere in said chanber
whereby positive ions of said inert gas are accelerated to said target

cat hode and sputter material therefromonto said workpiece and ions
sputtered fromsaid target are repelled by said predeterm ned voltage

bi ases f Claimse- depositing onto said.target in sel ected sections thereof.

1. A target structure for physical vapor deposition, comprising:
(a) a first target section;
®) a second taiget section; _
() a first bias potential connected to the first target section; and
(d)  asecond bias potential connected to the second target section..

2. The target structure of claim 1, further comprising a magnet assembly disposed
behind the first target section.

3. The target structure of claim 2, further comprising a second magnet assémbly
disposed behind the second target section.

4, The target structure of claim 3, fm'thse: comprising a backing member on which the
target sections are attached on a first side and the magnet assemblies are disposed on the opposite

side.
- S. The target structure of claim 1, whefein the second target section is a shield member.
6. The target structure of claim 5, whereiﬁ the shield member is an annular member.
7. The target structure of claim 5, wherein the ﬁrst target section is comprised of the
target material. '

8.  The target structure of claim 7, wherein the shield is comprised of the target material.
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material wi th nagnetrons to enhance ion generation near the -surface thereof

-10 -

9. The target structure of claim 1, wherein the second bias potential is less than the first
bias potential. '

10.  The target structure of claim 9, wherein the second bias potential is from about 200V
to about 800V less than the first bias potential. .

11.  The target structure of claim 3, wherein the target sections are made of a target
material.

12.  The target structure of claim 10, wherein the target sections are mounted on a backing
plate.

13. A method for improving the erosion pr;oﬁle of a target material in a glow discharge
plasma physical vapor deposition system comprising the steps of:
(@ providing a vacuum chamber having an extremely low pressure inert gas

atmosphere therein; '
_ (b) providing in said chamber a workpiece to be coated with a thin film of
. material as an anode;

()  providing in said chamber a cathode of a target material separated into plural |
sections, each said Secﬁon of target material being biased at a separate predetermined voltage with
respect to ground potential; and

(d  maintaining a glow discharge in said low pressure inert gas atmosphere in said
chamber, whereby positive ions of said inert gas are accelerated to said target cathode and sputter
material therefrom onto said workpiece and jons sputtered from said target are repelled by said
predetermined voltage biases from re-depositing onto said target in selected sections thereof.
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16. The nethod of claim 3 wherein said target sections form annular discs-
of target material each pair of which is separated by a distance D. .
17. The nethod of claim 16 wherein pairs of annular discs of target

material are separated by shield mat erildl- which is al so bi ased by a
predeterm ned voltage to repel ions OT Sputtered target material from
depositing thereon. 18. Themet hods of clains 15,16 and 17
wher ei nt he di stanceD is chosento be too small to allow a gl ow discharge to
formin the space between said target sections or said shield and said
target sections.

14.  The method of claim 13 and further including the step of providing selected ones of
said plural sections of target material with magnetrons to enhance ion generation near the surface
thereof.

15.  The method of claim 14 wherein said cathode of target material is s;:parated into
sections having a distance D between each pair thereof,

16.  The method of claim 3 wherein said target sections form annular discs of target
material each pair of which is separated by a distance D.

17.  Themethod of claim 16 wherein pairs of annular discs of target material are separated
by shield material which is also biased by a predetermined voltage to repel ions of sputtered target
material from depositing thereon. |

18.  Themethods of claims 15, 16 and 17 wherein the distance D is chosen to be too small
to allow a glow discharge to form in the space between said target sections or said shield and said
target sections.

19. A method of more efficiently eroding the surface of a target material used in a glow
discharge physical vapor deposition process for depositing thin films of target material onto a wafer
or substrate workpiece, comprising the steps of:

(a) providing a glow discharge vacuum system operating at a low inert gas
pr&suredflass than 10 milliTorr and having a wafer or substrate anode and a target matenal cathode
divided into separate sections electrically isolated form each other and selected ones of which have
associated therewith a magnetron to enhance ionization near the surface thereof and at least two

separate bias power supplies for applying at least two separate electrical biases to said separate
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19.; A nmethod of nore efficiently eroding the surface of a EH“H ﬂlwilwilllllllllll /
used in a gl ow di scharge physical vapor deposition process faory i s %

thin filns of target nmaterial onto a wafer or substrate workpiece,

conprising the steps of: (a) provi ding a gl ow di scharge
vacuum system operating at a low inert gas pressure of |less than 10
mlliTorr and having a wafer or substldife anode and a target material

cat hode divided into separate sections electrically isolated form each

ot her and sel ected ones of which have associated therewith a nmagnetron to
enhance ionization near the surface thereof and at |east two separate bias
power supplies for applying at least two separate electrical biases to said
separate : - 12 - :

sections of target material; and
(b)  maintaining a glow discharge in an inert gas atmosphere in said system while
rotating said magnetrons to generate sputtered afoms and ions of said target material which are
uniformly deposited on said substrate anode, while arranging said at least two separate electrical
- biases to repel sputtered ions of target material from being re-deposited onto said target material.

20. . The method of claim 19 wherein said separate target sections are separated from each
other by a shield, said shield being electrically biased to repel sputtered ions of target material from

being re-deposited onto thereon.

21,  Themethod of claim 19 wherein said separate sections of target material are separated
by a distance D too small to support a glow discharge therein. '

22. The method of claim 19 wherein the rotation of said magnetrons produces erosion
grooves in said target material associated with said magnetrons and wherein said biases are arranged
" to enhance ﬁrget material erosion in the target areas between said erosion grooves.

23. Themethod of claim 7 wherein said target material is separated into sections forming
annular discs with respect to the axis of rotation of said magnetrons.
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sectlons of target material; and o, (b) - maintaining a glow
di scharge in an inert gas at m)sphere |n “sai d gystem while rotating said
magnetrons to generate sputtered atons ‘and ions of said target material
which are uniformy deposited on said substrate anode, while arranging said
at least two separate electrical biases to repel sputtered ions of target
material frombeing re-deposited onto said target materi al. 20.
The nmethod of claim 19 wherein said separate target sections are separated
fromeach other by a shield, said shield being electrically biased to repel
sputtered ions of target materlal from

METHOD AND APPARATUS FOR SELECTIVELY ATTRACTING OR REPELLING IONIZED

.

MATERIALS FROM A TARGET SURFACE IN PHYSICAL VAPOR

DEPOSITION

ct te_'

The present invention provides an apparatus and method for reducing the likelihood that
backsputtered mateﬁﬁ will be deposited on the target while also enhancing target erosion uniformity
and efficiency. A target assembly is provided having multiple units or sections separately biased at
different bias potentials to provide sputtering of units comprised of target material and preventing
backsputtered material from deposmng on the target units which are minimally sputtered and
preferably biased at a lower potential. A method is provided for separately biasing multiple units

of a target structure to provide sputtenng of units biased at a higher potential and preventing
deposition of backsputtered material on units biased at a lower potential.

Figure 3
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bei ng re-deposited onto thereon. . Lo21, The net hod of cl aim 19
wherein said separate sections oftarget. materital are separated by a
di stance D too small to support a gl ow di scharge therein. 22.

The nethod of claim 19 wherein the rotation of said nagnetrons produces
erosion grooves in said target material yassociated with said nmagnetrons and
wherei n said biases are arranged to enhance target material erosion in the
target areas between said erosion grooves. . 23. The net hod of
claim7 wherein said target material is separated into sections forming
annul ar discs with respect to the axis of rotation of said magnetrons.
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