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Background of the Invention

This invention relates generally to magnetrons
of a type using rotating cylindrical sputtering targets,
and, more specifically, to structures and techniques for
minimizing arcing in such magnetrons.

Cylindrical magnetrons are becoming widely
used for depositing films on substrates. An example is
the deposition of a stack of dielectric and metal layers
on a surface of a glass substrate for the purpose of
filtering out a portion of solar energy from passing
through the glass. Such a substrate is positioned
within a vacuum chamber containing at least one, and
usually two, rotating cylindrical targets containing
sputtering material on an outer surface thereof. Both
inert and reactive gases are generally introduced into
the chamber. A voltage applied to the sputtering
target, with respect to either the vacuum chamber enclo-
sure or a separate anode, creates a plasma that is
localized along a sputtering zone of the target by
stationary magnets positioned within the target. Mate-
rial is sputtered off the target surface and onto the
substrate by bombarding the farget with electrons and
ions of the plasma as it passes through the stationary
sputtering zone.

The magnets are usually of a permanent magnet
type, arranged along a line within the rotating cylin-

'drical target and held against rotation with the target.




target, with respect to either the vacuum chanber encl o- sure or a
separate anode, creates a plasma that is 20 | ocal i zed al ong a sputtering
zone of the target by stationary magnets positioned within the target.
MVat e- rial is sputtered off the target surface and onto the

substrate by bonbarding the target wth el ectrons and i ons of the

pl asma as it passes through the stationary 25 sputtering zone.

The magnets are usually of a pernmanent nagnet type, arranged al ong a
line within the rotating cylin- dricag target and hel d agai nst
rotation with the target. 2
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Although deposition of the film is desired to

take place only on the substrate, it is also deposited
10 on other surfaces within the reactive chamber. This can
create a problem in many situations, especially when
certain dielectrics are being deposited as the film.
For example, if the target surface is silicon and the
reactive gas is oxygen, silicon or aluminum oxides are
15 deposited on the target surface, surfaces of target
supporting structures, and the like, as well as on the
substrate that is intended to be coated. After a
certain build-up of dielectric material on internal
vacuum chamber surfaces has occurred over time, arcing
20 to those surfaces can begin. Arcing is undesirable
since it generates particles that contaminate the £film
being depositéd on the substrate, and overloads the
power supply that creates the plasma through an electri-
cal connection with the sputtering target surface and
25 the vacuum chamber walls or some other anode.

An advantage of a rotating cylindrical sput-
tering target is that such a film deposited on the
target is subjected to being sputtered away as the
target surface passes through the sputtering zone, thus

30 counteracting the undesirable film build-up. Despite
this self-cleaning characteristic, however, undesirable
arcing still occurs in rotary magnetrons under certain
circumstances. '

' A cylindrical magnetron shield structure has

35 been developed to minimize this undesirable arcing that
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For exanple, if the target surface is silicon and the reactive gas is
exygen, -si-licon or alum num oxides are 15 deposited on the target surface,
surfaces of target supporting structures, and the like, as well as on

t he substrate that is intended to be coated. After a certain

buil d-up of dielectric material on internal vacuum chanber surfaces has
occurred over tinme, arcing 20 to those surfaces can begin. Arcing is
undesi rabl e since it generates particles that contam nate the film
bei ng deposited on the substrate, and overl|oads the power supply that
creates the plasma through an electri- 3cal connection with the
sputtering target surface and 25 the vacuum chanber walls or some ot her
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this undesirabl@uaﬁ&hﬁgdtﬁxtdark space shielding, which prevents plasma 3

formation in the dark space and thereby reduces film
deposition and subsequent arcing.
although the shield structure of Kirs et al.
10 greatly enhances the self-cleaning characteristic of
rotary cylindrical magnetrons, some deposition of con-
densate has been found to occur at the far ends of the
target cylinder. Unlike the deposition of dielectric
films that concerned Kirs et al., this deposition of
i5 condensate from the vapor present in the system occurs
regardless of the existence of plasma. Thus, the
problem of condensate deposition is not fully resolved
by the use of dark space shielding.
Recently, a cylindrical magnetron shield
20 structure has been developed to minimize the occurrence
of such condensation deposition and related arcing at
the ends of the target cylinder. See Sieck et al.,
“Cylindrical Magnetron Shield Structure,” U.S. Patent
Application Serial No. 08/308,828, a continuation of
25 U.S. Patent Application Serial No. 08/004,964
{hereinafter, Sieck et al.), which is incorporated
herein by this reference. Particularly, the shield
structure is shaped at its inner edges to conform
substantially to a pattern of condensation that results
30 when the magnetron is operated with the target held
stationary. The shaped shield structure is positioned
with respect to the target to shield regions where
condensation of vaporized material would otherwise occur
at a rate which exceeds the rate at which deposited
35 condensate is removed from the target by sputtering.



occurs in rotary cylindrical magnetrons. See Kirs et al., "Cylindrical
Magnetron Shield Structure,” U S Patent No. 5,108,574 (hereinafter,
Kirs et al.), which is incorporated herein by this reference. As shown
in 5 Kirs et al., the deposition of dielectric filmcan be m ni m zed
by dark space shiel ding, which prevents plasna formation in the dark
space and thereby reduces film deposi ti on and subsequent arcing.

Al t hough the shield structure of Kirs et al. 10 greatly enhances the

sel f-cleaning characteristic of rotary 4yl indrical magnetrons, sone
deposition of con- densate has been found to occur at the far ends of
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sputtering. or cathode potential. 1In these magnetrons, the shield
15 structure has proven to be a site of preferential arcing
from the cathode to the vacuum chamber wall or other
anode.
It is a principal object of the present
invention to provide a mechanism and technique for
20 minimizing such undesirable arcing activity.

Summary of the Invention
This and additional objects are accomplished

by the present invention, wherein, briefly and

generally, a cylindrical shield structure is provided

25 which has an annular structure extending around its

outside surface, wherein the annular structure is

dimensioned to interrupt movement of any arc which might

otherwise travel across its outside surface. In a

preferred form, the shield structure is electrically

30 isolated from ground, vacuum chamber or other anode
potential.

In a cylindrical rotatable magnetron system,

it is apparent that arcing occurs between the cathodic

target and an anode of the system. Particularly, it has
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4 . Use of the shaped shield structure of Sieck et al. greatly
reduces condensate deposition at the ends of the target and rel ated
arcing activity. However, even slight deposition of
dielectric 5 or insulating material at the ends of the target may

result in undesirable arcing activity. Generally, when t he condensate
bui | d-up approaches ground or vacuum chanber potential, arcs to the
condensat e surface appear to travel across the condensate surface
toward the 10 vacuum chanber wall or other5anode.

Additionally, prior to the present invention, rot at abl e magnetrons have
been configured decohmehappanent thatmicontensake thuikd-un afr ibel ends uodn

chanber potentialghe t#¥getdidEn P Q%Ef'éé@hesmrt ReBEhBRIGFIOUNS, dtuahi el d

25 structure has proven to be.a e of eferential arcin fromthe
cathode to the v&@&WPFEhSHb§P°9b?IPQﬁeQﬁ N§dePotentiates severq g
a princi pal ObJ ealrcel WHiclhr€sevwél acrossvalig cubxtde:mauwé deuafaeebanizm and
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acconpl i shed shigldhetpuetere suckerthat thehetsiald latzafdt)uxamcbecomes
an anode, arcs traveling across the shield structure are
particularly severe because of the close proximity of
the shield structure and the cathode.

10 The shield structure of the present invention
serves to suppress the movement of any such arcs that
might otherwise travel across the outside surface of the
shield structure toward the vacuum chamber walls or
other anode. Generally, the shield structure comprises

i5 at least one annular structure extending around its
outside surface. Preferably, a width of the annular
structure is greater than a width of an arc, so that the
arc is sufficiently disrupted and prevented from
circumventing the wider annular structure.

20 Additionally, the annular structure width is preferably
less than one-half of a mean free path of the gas within
the vacuum chémber, a dimension too small to permit N
collision of the gaseous molecules, so that the plasma
is sufficiently disrupted by the annular structure. 1In

25 this manner, the annular structure may act as a dark
space which traps the arc and thereby, interrupts its
otherwise natural movement across the shield structure.
Preferably, the annular structure extends radially with
respect to the outside surface of the shield structure.

30 The radial extent of the annular structure is preferably
greater than the annular structure width, so that an arc
traveling across the surface of the shield structure
encounters a sufficiently abrupt surface transition, or
a sufficient obstacle to arc movement. While the

35 annular structure may take a ‘“variety of forms,
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generally, a cylindrical shield structure is provided 25 which has an

annul ar structure extending around its out si de surface, wherein the
annul ar structure is di rensioned to interrupt novenent of any arc
whi ch m ght ot herwi se travel across its outside surface. In a
preferred form the shield structure is electrically 30 isolated from
ground, vacuum chanber or other anode potenti al . In a
cylindrical rotatable magnetron system it is apparent that arcing
occurs between the cathodic target ang an anode of the system
Particularly, it has 5
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wal |'s or electrically isolated from ground, vacuum chamber or
other anode potential. Particularly in situations where
10 the condensate build-up fills the shield structure or
contacts the target from the shield structure, the
electrically isolated, or floating, shield structure is
prevented from becoming an anode.
The present invention thus reduces arcing
15 activity by minimizing the size or extent of movement of
any arcs which might occur. The present invention
further reduces the severity of any such arcing activity
and the damage caused thereby.
Additional objects, features and advantages of
20 the present invention will become apparent from the
following description of a preferred embodiment thereof,
which description should be taken in conjunction with
the accompanying drawings.

Brief Description of the Drawings
25 Figure 1 schematically illustrates a

cylindrical sputtering target magnetron, including the
improvement of the present invention;

Figure 2 shows a cross-section of a portion of
a target assembly of Figure 1, including the improvement

30 of the present invention;

Figure 3 shows in isometric view a portion of
a target assembly of Figure 1, in disassembly, including
the improvement of the present invention;
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ot her anode. Cenerally, the shield structure conprises 15 at |east one

annul ar structure extending around its outside surface. Preferably, a
wi dth of the annular - structure is greater than a width of an arc, so
that the arc is sufficiently disrupted and prevented from
circunventing the wi der annul ar structure. 20 Additionally, the
annul ar structure width is preferably | ess than one-half of a nean
free path of the gas within t he vacuum chanber, a di nmension too small
to permt collision of the gaseous nol gcules, so that the plasm

Is sufficiently disrupted by the annular structure. In 25 this manner, the
annul ar structure nay act ace which traps the arc an
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|
extent of the annul a ucture 1s preéeferably greater than the annul ar
structure width, so that aFiguge 5 israveresg-seebian ok a porkionfofha
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6 preferably it is a @gigure baisng thessdsectitaswf kedportion of a
cylindrical shield structure, including another
alternative embodiment of the improvement of the present

10 inventiong;

Figure 7 is a cross-section of a portion of a
cylindrical shield structure, including yet another
alternative embodiment of the improvement of the present
invention; and

15 Figure 8 is an illustration of an arc pattern,
as observed on the support block and the target of a
previous cylindrical sputtering target magnetron,
showing an "arc-width" which is used to define, in part,
the improvement of the present invention.

20 Description of Preferred Embodiments

As a precursor to the description of the
various embodiments of the present invention, a general
description is provided of a cylindrical rotatable
magnetron system in which the present invention is used.

25 In Figure 1, a representative configuration of a
cylindrical rotatable magnetron system 10 is shown. A
box 12, shown in dotted outline, indicates metallic
walls of a vacuum chamber in which the sputtering
occurs. Within the vacuum chamber is a rotatable

30 cylindrical target structure 14 which is held by the
frame 12 via support blocks 16 and 18 in a manner to be
rotatable about its longitudinal axis 20.

' Although one target structure is illustrated
in Figure 1, in many applications two or more such
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di nensions, which is indented with respect to the out si de surface of
the .shield structure. As summari zed above, because of the
proximty 5 of the shield structure and the cathode, arcing is
particularly severe when the shield structure becones an anode. Thus,
preferably, the shield structure is electrically isolated from
ground, vacuum chanber or ot her anode potential. Particularly in
situations where 10 the condensate build-up fills the shield structure or
contacts the target fromthe shield structure, the electrically

i solated, or floating, shield structure is 8 prevented from becom ng an
anode. The present invention thus reduces arcing 15
activity by i ni taxgagstmay sbe exsad extRantisfulagdgvedit dfs commomtaruse
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chamber by some convenient delivery system, such as a
perforated tube (not shown) positioned across the vacuum
chamber. The particular gases utilized depend primarily
upon the film desired to be deposited on the substrate
15 22,

A cylindrical section 28 of sputtering mate-
rial is provided as part of the target structure 14.
The sputtering material is selected according to the
intended composition of the film to be deposited on the

20 substrate 22. An electric motor source (not shown),
positioned outside the vacuum chamber, rotates the
target structure 14. This target rotation may be
facilitated by rotating a spindle 32 or 34 (see spindle
34 of Fiqure 2, for example) which is in contact the

25 target 14, as is known in the art.

A plasma is created within the vacuum chamber
by applying a voltage from a power supply 36 to the
sputtering surface 28 which is negative with respect to
the vacuum chamber walls 12, the support blocks 16 and

30 18 or some other anode, which is usually connected to
ground potential. As schematically shown in Figure 1,
the power supply 36 is in electrical communication with
the target 14, being connected thereto through an anode
within the wvacuum chamber, such as support block 18,

35 The plasma is positioned adjacent a sputtering zone of



7 Figure 4 is a cross-section of a portion of a

cylindriccal shield structure, including the inprovenent of the present
i nvention; _ Figure 5 is a cross-section of a portion of a 5
cylindrical shield structure, including an alternative enbodi nent of
the inprovement of the present invention; Figure 6 is a
cross-section of a portion of a cylindrical shield structure
i ncl udi ng anot her alternative enbodi nent of the inprovenent of the
present 10 invention; Figurg 7 is a cross-section of a
portion of a cylindrical shield structure, including yet another
al ternative embqdideny fal{al EOVESEIAG Halgét PLepeas contkolaed by, and
éag) |s an | tratlon of an Saf ttern, as
observed on the eRyitioning Rf MrIReky (nY previous cylindrical
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coolant conduit (not shown). The coolant conduit is
provided as part of the target structure 14 in a manner
10 to be rotatable independently of the rotation of the
target structure, as is known in the art. Thus, the
position of the magnets in the target structure 14 and
the consequent position of the sputtering zone, is
controlled by rotation of the coolant conduit. In
15 operation, the magnets are non-rotatably held within the
target 14 to establish a stationary sputtering zone
extending along a length of the target. 1In Figure 1, an
oblong 30, shown in dotted outline, generally represents
the position of the magnets which defines the sputtering
20 zone.
A cooling ligquid supply and exhaust system
(not shown) outside the vacuum chamber provides coolant
into the conduit and exhausts the heated coolant from a
space between the outside of the conduit and an interior
25 surface of the spindle 32 or 34, as is known in the art.
An electrical and electronic control system (not shown)
operates to control the various parameters of the
magnetron system being described. The cylindrical
rotatable magnetron system in which the shield structure
30 of the present is used may be operated under various
operating conditions, including high current conditions,
upwards of 100 amps.
The improvemeht of the present invention is
implemented in the system of Figure 1 by providing at
35 least one cylindrically shaped shield structure {shown



cylindrical rotatable magnetron system 10 i s shown. A box 12, shown in

dotted outline, indicates netallic wal | s of a vacuum chanber in which
the sputtering occurs. Wthin the vacuum chanber is a rotatable 30
cylindrical target structure 14 which is held by the frame 12 via
support bl ocks 16 and 18 in a manner to be rotatabl e about its

| ongi t udi nal axis 20. Al t hough one target structure is
illustrated in Figure 1, in many applications two or nore such

targets nmay be used. Particularly, it is conmon to use two target
structures, as disclosed by Kirs et al. 10 The magnetron 10 of
Figure 1 is shown to have a substrate 22, which is typically supported
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chanber by sone *conveni en livery system such as a perforated tube
(not shown) ﬁoosi&ﬁwr&-r oss the vacuum chanber. The particul ar gases
utilized depend primarilyche cylindrical shield structure may take the

general form of the unified shield structure described
in Kirs et al. Preferably, the unified shield
embodiment of the present invention takes the form of
10 the shaped unified shield described in Sieck et al.
when the shield structure of the present invention is in
a unified shield form, the unified shield structure may
be carried by one of the support blocks 16 and 18 of
Figure 1, but preferably, is carried by both support
15 blocks.

This cylindrically shaped unified shield
extends around a portion of a circumference of the
target that is substantially outside of the sputtering
zone, so that this non-sputtering portion of the target

20 is shielded. Additionally, the unified shield structure
has an opening which is at least as large as the
sputtering zone. This opening, which does not extend to
the full length of the shield, extends around a portion
of the circumference of the target that is substantially

25 inside the sputtering 2zone, so that the sputtering
portion of the target is exposed.

Alternatively, the shield structure may take
the general form of two separate shield structures, as
described in Bartig et al., U.S. Patent 5,213,672,

30 entitled "Sputtering Apparatus With A Rotating Target,"”
which is incorporated herein by this reference.
Preferably, the dual shield structure embodiment of the
present invention takes the form of the two shaped
shield structures described in Sieck et al. When the

35 shield structure is in the dual shield form, as shown in



upon the filmdesired to be deposited on the substrate 15 22.

A cylindrical section 28 of sputtering nate- rial is provided as part
of the target structure 14. The sputtering material is selected
according to the I nt ended conposition of the filmto be deposited on
the 20 substrate 22. An electric notor source (not shown), posi ti oned
out si de the vacuum chanber, rotates the target structure 14. Thi s
target rotation my be facilitated by rotating a spindle 32 or 34 (see
spi ndl e 34 of Figure 2, for exanple) widildch is in contact the 25

target 14, as is known in the art. A plasma is created within

the vacuum chanmbgggure by, agpliirsd ashiéldgstiuotuaep@berisuppryied thy t he
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chanber walls 12“?98’-’?%@8?* B?bg'&nl% r?&%f%s%%ge&?)ss&r%‘ ot ﬁer anolicFe,
whi ch is usual | ycasried: by sapport dlogkdlBetential. As schematically shown

in Figure 1, t he powe u | r GEFMYREC th
the target 14, being connei:rth%dp?##fééré %ﬁ&gn gﬁgin Be. Qkf:lgrl.!m’télu

ereto t hrough
vacuum chanb8r, shdklss Qrppsit ﬂg’c’ﬁ?é" %m?ﬁ t&fslﬁ
adj acent a SpUttQEk%&t%Q@ezgfnow descrlbed. Partlcularly, the unified 9

‘the cylindrical litetIJI r})%énair ot thc%s % rétvrecg | el:q)eby sputtering 2zone
exposed, is shaped to conform substantially to a shape
of a pattern of condensation of vaporized material that

10 forms when the target is held stationary. The unified
shield thus shields regions where condensation of
vaporized material might otherwise occur at a rate at
which deposited condensate is removed from the target by
sputtering. In the dual shield embodiment, the first

15 and second shields are shaped as described above and
positioned to shield the above-described regions.

Thus, in the preferred, shaped form, the
shield structure exposes an operationally defined
effective sputtering zone, while shielding regions of

20 the target where condensation might otherwise occur. By
shielding these defined regions, the preferred shaped
shield structure minimizes the formation of undesirable y
condensation at the end portions of a cylindrical
sputteriné target assembly and thereby, reduces the

25 often catastrophic arcing that results therefrom.

whether the shield structure takes the unified
shield or dual shield form, at least one shield
structure extends over at least one end of the opposite
ends 42 and 44 of the target structure 14 that is

30 associated therewith. For example, as shown in Figure
1, shield 38 and opposite shield 40 respectively extend
over end 42 and opposite end 44 of the target.
Additionally, the shield structure may extend in length
beyond the end of the sputtering material in order to

35 cover exposed surfaces of an adjacent spindle and its




t he positioning of magnets (not shown). These magnets are
positioned along the |l ength of the cylindrical sputtering target 14,
while extending 5 a snall circunferenti al, or radi al , di st ance

t herearound. The magnets are nost conveniently held within the
sputtering target 14 by attachnent to a cool ant conduit (not shown).
The cool ant conduit is provided as part of the target structure 14 in a
manner 10 to be rotatable independently of the rotation of the t ar get
structure, as is known in the art. Thus, t position of the magnets
in the target structure 14 and t he consequent position of the

sputtering zone controll ed ation_of,the

15 operation, %‘é’t% aﬁ%r%%mf%t at(:)é\ ye’ﬁ%lp%lé\ﬂtﬂg &lf’%é}‘ fﬂnﬂ%g}, 8t 14
to establish a.sJZulshmamﬂ dpucoversgthenexposed esuefaic ey efoagzadlengah of
the target. In Figure 1, ar%t willPReORG ¢ %g ﬁ§aﬁwﬁ1 @ré’é’tie @u?ltﬂgt ﬁ%

general 'y represents posi tion o i nes 't
sputtering 20 zd@hhular space "80 exxa‘&éolheﬁg'eremqlﬂm %lﬁﬁ)‘i‘%ﬁ oFier Ea¢R u_f

_sytst e{nh ((jsm: ﬁ{uéwargétt iﬂdanﬁhﬁnv.tﬁﬁgﬂﬂé céwiéa:;e Wfothée&ﬂﬁﬁhﬁmégl%y
into the condui nd e eated coql.ant_fro ace ween
t he outside of trﬁ}a&ﬁfﬁu iﬁ Sr ﬁ?’é‘??ﬁr %h € hpfie §fithé’ pPREYE3%2 or
34, as is known ispddee S0tis seledted|totavoid phalsma eCorwationobéetween
system (not Sho"‘”%a e g{%ersfl{)ﬁ?ée% coniphal :tdgﬁa‘iaré% B"i“%‘?é %ﬁn{?iafhe

magnetron system escri ‘The“cyl i
nmagnet r on systemﬁH@QRn591%#mi!ﬂﬂ%ﬁ%ﬂ&t$%ﬂﬁ%ﬁ%§§ﬂﬁlbf1%ﬁ%'%P%%eﬂ?e|§nﬁged

nmay be operated HiEprefddly, leSPCtlRdn r@u&@f&utwmsy ¢mL#daﬁﬂehleh
current conditions, %pmards of, 100 a
t

i nprovenent of t KA Tt 2%, FXATRAL 4 sone-elq}}ﬁn SeALAMP 1 he syst em of
Figure 1 by providing at 33rhée epsésent dpvendipoalilsy mhvapieschiléd with

structure (ShOwn posnect to the dual shield embodiment shown in Figure 1-

3, wherein shields 38 and 40 are shown to have the

15 preferred, shaped portions 46 and 48, respectively, and

in terms of the particular features shown in Figures 4-

8. While the present invention is described in terms of

the preferred, shaped form of the dual shield

embodiment, aspects of the invention described herein

20 are equally applicable in the unified shield and other
embodiments described herein.

Accoiding to the improvement of the present
invention, the shields 38 and 40 have at least one
annular structure 52 extending around their outside

25 surfaces. The annular structure 52 is designed to
suppress or interrupt movement of any arc which might
otherwise travel across the outside surface of the
shield structure.

Particularly, 4in a cylindrical rotatable

30 magnetron system, it is apparent that arcing occurs
between the cathodic target and an anode of the system.
The present inventors have noted evidence of arcing
activity in such a system, in the form of an arc pattern
on the target ends and the support blocks. As

35 illustrated in Figure 8, the arc pattern may consist of



10 as 38 and 40 in Figure 1) around and spaced fromthe

cylindrical target surface. The details of the | nprovenent are
described followi ng a description of the general form of the
cylindrically shaped shield 5 structure. The cylindrica
shield structure may take the general formof the unified shield
structure descri bed in Kirs et al. Preferably, the wunified
shield enbodi ment of the present invention takes the formof 10 the
shaped unified shield described in Sieck etygl. When the shield
structure of the present invention s in a unified shield form the

and 18 of ur e of t
bl ocks. appearrhte ‘EKJWﬁHr-}EaPI §1shaaeagnhs>% cMaBRLE| acrOSSe%PBnds

ar?ung a Fo”]i on ﬂfrfadé el R enppoet ?Ee?kt.?gtawe&het hadrdet endséanbital ]Icy
outside o e spu rLn Z0Nn SQ g n o
the target 20 i &£ %ﬁe?dgg.steﬂddi 13; (?naﬁ%/qt’i%elwg]%dﬂg‘h%%gs‘fﬁggt Jﬁﬁ

has an openi i waxtsi stend| e&ot a;s:alvarlge amullesrly (mhteresngeqbnetﬂhi s
openi ng, which dofén?f{;u&fﬁéi.‘da%&?hzoe nIn‘d' 'tﬂe"s'&gtéhlﬁfaéé’se shpg

ext ends around a erence of t target t |s
substantially 25 ##ﬁ#ﬂﬂ?1§Hef§5Gﬁ9§thng§hé axgst hathave QpBF%@?FMgarC

portion of the tagget travddidffdin a certain direction, and multiple
branches, branching from the primary arc and traveling

10 in substantially the direction of the primary arc. For
convenience, the arc pattern will be described herein in
terms of the primary arc 56 and the arc-width D thereof,
as opposed to the arc tracings 54 and the branch-width
E thereof.

15 It 4is believed that the arcing activity
observed in previous cylindrical rotatable magnetron
systems results from condensate build-up at the ends of
the target. As the condensate build-up approaches or
reaches ground, vacuum chamber or anodic potential, arcs

20 to the condensate surface appear to travel across the
condensate surface toward the ground source, vacuum
chamber wall or other anode. Such arcing activity
causes significant damage to the target structure and
the support blocks, as illustrated in Figure 8, and

25 other system structures over which the arcs travel.

Shields 38 and 40 are used to minimize
condensate build-up and thus, to reduce the potential
for, and the extent of, any such arcing activity.
Further, these shields are designed with annular

30 structures 52 to suppress or interrupt movement of any
arc which might otherwise travel across the outside
surface of the shield structure. In this latter
respect, the shield structure of the present invention
is effective in the suppression of arcs which are

uni fi ed shi el d_SUEGLLES SRY trocBRgbosi) of gyeeagt% focpruapest hgeks 10



Alternatively, the shield structure may take the general formof two
separate shield structures, as described in Hartig et al., U S Patent
5,213,672, 30 entitled "Sputtering Apparatus Wth A Rotating Target,"
which is incorporated herein by this reference. Preferably, the dual
shield structure enbodi nent of the present invention takes the form of
the two shaped shield structures described in Sieck et al. Wen the 35
shield structure is in the dual shield form as shown in

Figure 1, a first shield structure 38 is cig;ied by support bl ock 16,
while a second shield structure 40 is ried by support block 18.

The preferred, shaped formof the unified 5 shield or dual shield

enbodi ments of t RETHHCHIAIlY savar@.reiYen nbhe dELeFPLBIOX ALY Rfarthe t he
@Jmflh ed | shi eFétW'ligﬂg:ar‘Q@tf*M' @ndethiehghdreuid e;ﬂmamae exposed,

i s shaped to conform substgntiall.y to,a s e of .a pattern o

condensati on of vaporized %&F@ﬁ&d’%gt h&° 18&'0% o%% &ﬁ'{av%rhtrlgoe'{' i strh%l d
stationary. Theannuflagdstructiwre|5R toflithehisdligddr 3§i ons40his egenexidhbyt i on
of vapor igzed [ ] t | 3 I |

deposi ted coﬁdengg?gg?sa%e%gg%a?r%#hﬁ%?;gts %&lmﬁléﬁg _u?%%??sn%. fnatl he
dual shield embod@ESPECt 4 Iongitudinal axis 20 and radially extended

with respect to the outside surface 62 of the shield 38
or 40. By way of example, as shown in Figqures 1-3,
shields 38 and 40 may have three annular structures 52,
10 one of which is a partial ring, accommodating the shaped
portion 46 and 48 of the respective shields, and the
remaining two of which are full rings.
The annular structure 52 may take a variety of
forms. For example, as shown in Figures 6 and 7, the
15 annular structure 52 may be substantially triangular in
shape, having a width B” or B” which forms the base of
a triangle and a radial extension C” or C" which forms
the altitude of the triangle. Preferably, the annular
structure 52 is substantially rectangular in shape, as
20 shown in Figures 4 and 5, having a width B or B’ and a
radial extension C or C’' which form adjacent sides of a
rectangle. .
As shown in Figures 5 and 7, the annular
structure 52 may take the form of a ridge, such that the
25 annular structure radial extension C' or C" is directed
outwardly with respect to the outside surface 62 of the
shield structure. Preferably, the annular structure 52
is in the form of a groove, as shown in Figures 4 and 6,
such that the annular structure radial extension C or C¢”
30 is directed inwardly with respect to the outside surface
62 of the shield structure. In the latter form, the
groove may actuvally trap an arc and thereby, prevent its
further travel across the outside surface 62 of the
shield structure.



1S and second shields are shaped as descri bed above and posi ti oned
descri bed regions. Thus, in the preferred,

shield the above-

shaped form the

shield structure exposes an operationally defined

to

effective sputtering zone, while shielding regions of 20 the target where
condensati on m ght otherw se occur. By shi el ding these defined
regions, the preferred shaped shield structure mnimzes the formation

of undesirabl e

condensation at the end portions of a cylindrical

sputtering target assenbly and thereby, reduses the 25 often catastrop

arcing that results therefrom

Whet her the shield structu
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obstructed in its travel path by the annular structure.
Thus, the annular structure 52 should be of sufficient
width and radial extension to interrupt or obstruct the
travel path of the arc. Preferably, however, the
annular structure 52 should not be wide enough to
support plasma formation in its vicinity.

More particularly, the annular structure 52
may be specifically dimensioned in terms of width and
radial extension, as shown in Figures 4-7 and defined in
terms of the arc-width D of Figure 8. An approach to,
or beginning of, the annular structure 52 has a width A,
A’, A" or a", which need not be, but typically is
greater than a width B, B', B” or B", respectively, of
the annular structure. The approach may be rounded,
sanded or filed to prevent injury in the handling of the
shield structure 52, Preferably, however, the approach
is not too smooth, but rather fairly abrupt, to ensure
that the arc is sufficiently interrupted.

In a preferred embodiment, the annular
structure 52 has a width B, B’, B” or B” that is less is
than one-~-half of a mean free path of the gas within the
vacuum chamber. Preferably, the annular structure width
B, B, B” or B” is also greater than a width D of an arc
which might otherwise travel across the outside surfaces
of the shields 38 and 40. As shown in Figure 8, an arc-
width D may be approximated by the width D of a burn
spot of a primary arc 56, observed in an arc tracing 54
on a surface within a cylindrical rotatable magnetron
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It will be noted fromFigures 1 and 2 that an annul ar space 50 exists
bet ween -an outside surface of 5 the target 14 and an inside surface of the

cylindrically shaped shield structure. The radial size of annul ar
space 50 is selected to avoid plasna formati on between t hese two

surf aces. The radi al size of the annul ar space 50 is typically
significantly less than one inch 10 and preferably, |ess than
substantially one-quarter of an inch, for exanple, one-eighth of an

i nch. The present invention js now described with respect
to the dual shield enbodi mrent shown in Figt 1- 3, wherein shields 38

and 40 are shown to have the 15 ef eryed, shaped |

respectively, adﬁYStem4r1AQQﬁﬁ§°8PR5Me té?t?@ﬁpgﬁrfEgggéggpéhégﬁfggaéigures
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preferred, shaped formo enyoed " aspects o e
ﬁnhgﬁirﬂégﬁegg esbig*ﬁyshg%Vicabbﬁeﬁ:

I nvention descri re equa le in the,unified ghield
and ot her enbodi ment s Tesctheedpreferfed grooved embadi®eREfg O the

i nproverment of the Dreseptand 6, N¥RA! hAflulbPesepbetdse382ans €Rubawddat

| east one annufar_ structure 52 extending Sroung %heéﬁ OHEEgdSngﬁgh
surfaces. The Zemengh torGaphpeesan; argeifghif PEoove Spres or

i nterrupt novenegy ofrapy €hé Wapturedghtarc. ot Bowsves,tr&hel aBPYISTt he
outside surface of th i gl d c P Pajddirukaglty, in
a cylindrical ro?ﬁf‘éﬁ?@rgo g#aéﬁet%%%\gs)%{fgrﬁcﬁﬁnﬁlg appar ent %‘Jiﬂdatip g?ci ng
occurs bet wepbatha cEmtmatiion adigettRmdgaRoNBoRNDf 1the EARMEY 25 The

present i nvggt of 3 NaNe, 491 ChdlidaN18919f, A5CLRS groovdtuidy B prowlh is
system in e formo

support bl ocks. 195%5”3%? gf;é‘[}'&%&;g&gq’ﬁ @ggﬂrtpg‘? é%rﬁgéfc tg’gjtsgéi‘rsﬁn%;t?he
consi st of annular groove 52 reduces the potential for, or number
of, collisions between gaseous molecules and thus,
minimizes or eliminates plasma formation in the groove
15 and its vicinity. '

Thus, when the annular structure 52 is in the
preferred form of a groove, it acts as a both an arc-
trap and a dark space. The groove is preferably flat-
bottomed, as shown in Figure 4, so that any trapped arc

20 rests in the groove. In this manner, the annular groove
traps the arc, interrupting its otherwise mnatural
movement across the shield structure, and further
inhibits its ability to escape the trap.

In addition to the dimensional aspects

25 described above, the annular structure 52 should have
dimensions that are conveniently machinable. The
annular structure width B, B’, B” or B” may be greater
than or equal to about 0.005 of an inch, which is the
approximate arc-width D of an arc 56 evidenced in a

30 cylindrical rotatable magnetron system. Alternatively,
the annular structure width B, B’, B" or B" may be
greater than or equal to about 0.01 of an inch, which is
the approximate arc-width D of another arc 56 evidenced
in a cylindrical rotatable magnetron system.
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13 several arc tracings 54, representative of arcs, which appear
to travel in a lightning-bolt manner across the surface of the support
bl ock 58 and the target end 60 of such a system The arc tracings 54
indicate that the 5 arcs tend to travel annularly (wth respect to

| ongi tudi nal axis 20) around these surfaces. The arc traci ngs 54
further show the arcs to have a primary arc 56, traveling in a certain
direction, and nmultiple branches, branching fromthe primary arc and
traveling 10 in substantially the directipp of the primary arc. For
conveni ence, the arc pattern will be described herein in ternms of the

primary arc 56 and the arcpydefdr Dtie@ular st2ficedpeseidtly Bhep'yr @”
tracings 54 and the hranch-w
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10 including pressure, temperature and the composition of

the gas.

The inventors have discovered that a shield
structure placed between the target and a ground source
or other anode can become anodic during the operation of

15 a cylindrical rotatable magnetron system. Because of
the close proximity of the shield structure and the
cathodic target, such anodic behavior results in severe
arcs which travel from the cathodic target, across the
anodic shield structure and toward a ground source oOr

20 other anode, such as the support block or vacuum
chamber. While some systems employ an insulator between
the shield strﬁcture and the support block, these severe
arcs travelling across the anodic shield surface often
jump across the insulator surface to the support block

25 or other anode.

Thus, in a preferred embodiment of the present
invention, the shield structure is electrically isolated
from ground, vacuum chamber or other anode potential.
This electrical isolation inhibits the ability of the

30 shield structure to approach or reach ground or anodic
potential. Rather, the shield structure is allowed to
float between cathodic and anodic potential.

In this manner, the electrically isolated
shield structure inhibits the formation of severe arcs

35 Dbetween it and the cathodic target 14. Further, with
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for, and the extent of, any such arcing activity. Further, these
shi el ds are designed with annular 30 structures 52 to suppress or

i nterrupt nmovenent of any arc which mght otherwi se travel across the
out si de surface of the shield structure. In this latter respect,
the shield structure of the present invention Is effective in the
suppression of arcs which are ' 14
particularly severe, given the close proximty of the cat hodi c target
14 and the shield structure. 1gAccording to the present

I nvention, the annul ar structure 52 of the shield 38 or 40 is generally

I5 a f;ﬂ 11 orI par ait%lzoéf@gsuygféléllsiﬁgatamga‘?lry shpaagek % \Asizht tthe [zﬁﬁp@m ,tg

ongl t ual na axl an r ext ende . WM respec (0] e OULSI ade
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Figures 1-3,  anshired achith anigyht0 otherwiee ttraehrautoss sitsicsurfacé?2, 10

one of which is,a.nardi cfgéﬁ‘;g%offcgmﬂ&th@gahﬁel%h%%¢a+cu\%x§°§]ﬁéx9@e 6 and
el ds, nd the I C

48 of the respectiVvé sh remaini Ng two o are Tul
rings. 5 12, The annular structure 52 may take a variety of
forms. For exanple, as shqye eleEtgiEE31f fEllated Ehild1d W MlGEuSé rist ure

52 may be substanti all tLLanguIar I n shape, havi.ng a wdth B" or B"'
whi ch forns thenﬁgée66¥crl ed” with reference to Figures 1-3. As

schematically shown in Figure 1, the electrical power
supply 36 controls the potential of the cathodic target

10 14 by way of its connection thereto through the anodic
or ground support block 18. The vacuum chamber 12 and
support block 16 are also shown at ground potential.
The shields 38 and 40 are shown to be free of any direct
voltage control.

15 As shown in the assembly of Figure 2, the
shield 40 is not physically connected to the cathodic
target 14. Additionally, the shield 40 is separated
from the ground or anodic support block 18 by an
insulator 64. The insulator 64 is typically about

20 three-eighths of an inch thick and thus, the separation
distance between the shield and the support block 18 may
also be about three-eighths of an inch. While
physically separated from support block 18, the shield
40 is indirectly supported thereby by a screw 66, bolt

25 or equivalent means which secures the shield and the
insulator to the support block 18.

A similar configuration is shown in
disassembly in Figure 3. In this confiquration, support
block 16, insulator 64 and shield 38 are equipped with

30 apertures 68 which accommodate a screw-type, bolt-type
or other eguivalent assembly. By way of example, screws
70 are used to affix insulator 64 to support block 16
through accommodating, corresponding screw-type
apertures 68’ in the insulator and the support block.

35 Similarly, screws 72 are used to affix the shield 38 to
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a triangle and a radial extension C' or C" which forns the altitude of
the triangle. Preferably, the annul ar structure 52 is substantially
rectangul ar in shape, as 20 shown in Figures 4 and 5, having a width B or
B' and a radi al extension C or C which form adjacent sides of a
rectangl e. As shown in Figures 5 and 7, the annul ar
structure 52 may take the formof a ridge, such that the 25 annul ar
structure radial extension C or C'' is directed outwardly with
respect to the outside surface 62 of the shield structure. Preferably,
t he annul ar structure 52 Is in the forﬁ?of a groove, as shown in

Fi 4 d 6, . t hat _th | t t di al t ' C

- 950°1 < Girectthe | HNARIREOR G4 /R Fue\ RUBBHFE; padck (£E. EREY Of
the shield struddctammodatinys carrespbndingtserew-typmy @per tunesadBlaliny
trap an arc and Jierdiie; 1 RKeNinkhSator ahllfbPoEnk! BYEpoRE’ Bibckle g4l side

surface 62 of the .
Accordi ng to t hheiprundenstioedethasnothas accommadating: LERGERISS BRCHe

particul arl ys di ngdsé Pe@Fed Oplace@ChiEWEeR €hEUPRIEIEI SBrubtieeaahy, thie
di rensi ons of the gnnpular structure 52 are Sngbiéﬁ?. any are, %p%p as 5
arc 56 of Fi guretas’fg%lqari’em%&nPcﬁgmﬁgﬂﬁFﬁt‘éﬁrW‘ﬁl ¥ or target tube
sizes, can be employed in the assembly of the
cylindrical rotatable magnetron system.
The shield structure of the present invention
10 reduces arcing activity in cylindrical rotatable
magnetron systems by inhibiting the propagation of any
arcs which might otherwise travel across the shield
structure toward a ground source or other anode.
Although the present invention has been
15 described with respect to a preferred embodiment
thereof, it will be understood that the invention is
entitled to protection within the full scope of the
appended claims.



vacuum chanber and thus, potentially encounter the annul ar structure,
bS suff|C|antLy di srupted and obstructed in its travel path by the
annul ar stfucture.  Thus, The annular structure 52 shoul d be of

sufficient 10 ”muﬂm,jm”"ﬂmelma extension to interrupt or obstruct the
travel path of rably, however, the annul ar structure
52 shoul d not be widé efloudh to support plasma formation in its

vicinity. _ - More particularly, @he annul ar structure 52 15 nmay
be specifically dinensioned in terns of mﬁé h and radi al extension, as

shown in Figure%E£-£§E£g$£§é%ped I n terms of the arc-width D of Figure
8. An approach t Fnning of, the annular structure 52 has a
wi dth A, A, A" or A', which need not be, but typically is 20 greater

than a wdth B, B, B" or 8", resp | h haStriuet @re.
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10 target, and said apparatus including at least one
cylindrically shaped shield structure carried by at

least one of said support blocks and extending over at

least one associated end of the target with a space

therebetween, an improvement wherein said shield

15 structure comprises at least one annular structure

extending around an outside surface thereof, said at

least one annular structure dimensioned to interrupt

movement of any arc which might otherwise travel across

said outside surface.

2. The apparatus of claim 1 in which said
annular structure is dimensioned to interrupt plasma
formation which might otherwise occur in a vicinity of
said annular structure.

3. The apparatus of claim 1 in which said at
least one annular structure has a width that is less
than one-half a mean free path of the gas within the
vacuum chamber and greater than a width of said arc,

5 said annular structure additionally being radially
extended with respect to said outside surface, such that
a radial extension thereof is greater than said annular
structure width.



system Additionally, the annular structure preferably has a radi al

extension C, C, C" or C'' that is greater than its respective wdth B,
B, B'" or B"'. . ——4n-the preferred grooved enbodi nents of 5
Flgures 4 anﬂ—G—_lhe annul tructure 52 is thus w de enough to
capture an ar mmm“‘ﬁl““ﬂ &l nd deep enough to trap the captured arc.
However , the cture 52 is also sufficiently narrow such

t hat pl asnd f &r it i On |n the groove and its vicinity is 10 mnim zed.
Particularly, as the groove width B or B" iy | ess than one-half of the
mean free path of the gas, the annular groove 52 reduces the potenti al
for, or nunber of , col I | Si o %t@%‘%f@iﬁ? g5 Wgﬁctth‘?aid

m ni mi zes or el i minates plasna orna IYon 1n the groove 15

vicinity. annular shrectuyenis fﬁélmltéﬁlziﬂr rectangular sin shape,

preferred form 0§a9;d95919‘t’ﬂar' Tst%‘ﬁfcﬁ:u%% mmmhaam asraqﬂ radidl axadih Forlar k
space. The groov as shown in Figure 4,

abl %
so that any trap%@Hm& g 2 JaFG ssﬂﬁeﬁhgngOEFE anﬁﬁerh|s nmanner, the

annul ar groove traps the arc, interrupting its otherw se natural

novenent across the shield stru&hgr ﬁﬁgﬁ}ﬁ:€;1 c%%e db“ﬁhbwh #ﬁf%é%ﬁ|lty

to escape the trap. T nensi onal aspects
25 descri bed abansulanestrmcture sis suhstartiaddouita iiangular inishapgons

that are conven gguky BRARLARD! feructidf® widtiBUHinY rECiHASEN LN B,
which is the Xr&ﬁﬁ%&ﬁl ARCGe 838 \ﬁagt‘ﬁ(iDed‘f% a@’é“b\ﬂ%é&é&?ﬁ‘?

cylindrical potabgbkaidagidahglesystem Alternatively,

6. The apparatus of claim 3 in which said
annular structure is a groove, said radial extension
being directed inwardly with respect to said outside
surface.

7. The apparatus of claim 3 in which said
annular structure is a ridge, said radial extension
being directed outwardly with respect to said outside
surface.

8. The apparatus of claim 3 in which said
annular structure has a width that is greater than or
equal to about 0.005 of an inch.

9. The apparatus of claim 8 in which said
annular structure width is greater than or equal to
about 0.01 of an inch.

10. The apparatus of claim 3 in which said
annular structure has a width that is less than or equal
to about one-eighth of an inch.



the annul ar structure width B, B, B" or B"" may be greater than or

.equal to about 0.01 of an inch, which is the approxinmate arc-width D
of another arc 56 evi denced in a cylindrical rotatable magnetron
system Tt 17 Furt her,
t he annul ar st 'ﬂ ﬂ B, B" or B'"" may be |ess than or equal
t o about one- ellrlﬂmnﬂmfml ﬂ zuall nch or, alternatively, |ess than or equal
t o about onk- si xtteeMt h®sof* an i nch. Each of these alternative 5
annul ar structure w dths represents one-hg#f of a typi cal nean free
pat h di stance operative in a cylindric rot at abl e magnetron system As

is k i th t, t f h L khin ¢
chamber 12 depends on vari bis oRes -EPERERERS, aherarin 10 1P kRTghngHLY
pressure, tenperasnulamrstnicturenpasi & width that tis lpes than or equal The
I nventors have d@ég&ﬂ@ﬁéqoﬁggéiftégﬁﬁﬁqof anSipegture placed between the

ot he

target and a ground source or r anode can becone anodi ¢ during the
operation of 15 a cylindrical rotatable magnetron system Because of

thehcl osg_ prgxihrri ty of thle%zh! etKe shppatHtfisapng qu_%im t1 cEn mgiéhttaﬁqat,

such anodi ¢ behavi pr_r.es s.in sever ar jC raye romthe

cat hodi c target,sgi?ﬁgsSEHBCturea&ﬁﬁéﬁ%ﬁﬁ&ﬂ%ﬁiﬁﬁLﬁﬁ%h%?%%dkfﬁﬂapﬁognaround

source or 20 otpetentihalepr sugpotentied ofpEaid Biockeast veaneusupport
block.

13. The apparatus of claim 1 in which said
space between said shield structure and said target is
less than about one-quarter of an inch,

14. The apparatus of claim 1 in which said at
least one <cylindrically shaped shield structure
comprises a cylindrically shaped unified shield carried
by each of said support blocks, said unified shield

5 extending around a portion of a circumference of said
target that is substantially outside said sputtering
zone and having an opening at least as large as said
sputtering zone, said opening extending around another
portion of said circumference that is substantially

10 inside said sputtering 2zone and having a length less
than a distance between said opposite ends of said
target.

15. The apparatus of claim 14 in which said
opening is shaped to conform substantially to a shape of
a pattern of condensation of vaporized material on said
target which forms when the target is held stationary,
S such that said unified shield shields regions where
condensation of vaporized material on said target might
otherwise occur at a rate at which deposited condensate

is removed from said target structure by sputtering.



chanber. Wiile sone systens enpl oy an insul ator between the shield
structure and the support bl oek, these severe arcs travelling across
t he anodi c shield—surface often junp across the insulator surface to

the support h| ‘n“l % 'anode. Thus, in a preferred
enmbodi nent O]E\\m“m e i nvention, the shield structure is
electrically ated ™ from ground, vacuum chanber or other anode
potential . This electrical isolation inhibits the ability of the 30
shield structure to approach or reach grou2d or anodic potential .

Rat her, the shield structure is allowed to fl oat between cat hodic and

anodi ¢ potential. 16. Thénapparatumiodr clalim Bl wtwhict Isaiid @tat ed
shield structureléggﬁgiE§¥;hqﬁéﬁiﬂ§%%gglﬂi sgng&gd@rqéhﬁg}?gegwgggth&eand

t he cathodic targe urt 1
ar c- suppr essi ng eemprisest r fingte 52andi heseeprdd cylindninak e shiefds

present inVent!Qﬂeéﬁﬁﬁiﬁ@éiynﬁﬁiPy@d 8y a £iP8taakd EB&dhdgiPpdtith ¥1Wcke
travel across its_surface t e support blocks 16 and 18 or vacuum

oward fh
chamber 5 1. ©f sai suPpoﬁﬁegiP%E?rically i solated shield structure is
now described with reference to Figures 1-3. As schematically shown

in Figure 1, the electricai7pow@£e apparatus of claim 16 in which said
first and second shields are shaped to conform
substantially to a shape of a pattern of condensation of
vaporized material on said target which forms when the
5 target is held stationary, said first and second shields
being positioned to shield regions where condensation of
vaporized material on said target might otherwise occur
at a rate at which deposited condensate is removed from
said target structure by sputtering.

18. In a method of depositing, in a gaseous
atmosphere within a vacuum chamber, a dielectric or an
insulating film onto a substrate by sputtering material
from a cylindrically shaped target that is rotatably

'5 carried at opposite ends thereof by respective support
blocks, said target containing magnets non-rotatably
held therein in order to establish a sputtering zone
extending along a length of the target, said apparatus
including an electrical power supply in electrical

10 communication with said target, and said apparatus
including at 1least one cylindrically shaped shield
structure carried by at least one of said support blocks
and extending over at least one associated end of the
target with a space therebetween, an improvement wherein

is the method comprises a step of interrupting movement of
any arc which might otherwise travel across said outside
surface by use of at least one annular structure, said
at 1least one annular structure extending around an



supply 36 controls the potential of the cathodic target 10 14 by way of
tts connection thereto through the anodic or ground support bl ock 18.
The vacuum chanber 12 and—— support block 16 are also shown at ground

potential .7~ " The shi e] 8-and 40 are shown to be free of any direct
vol t age con m\“\“ﬂm “l\ ﬁy
shield 40 ig '

| As shown in the assenbly of Figure 2, the
\ » connected to the cathodic target 14.

Addi tional ly,* ttfe shield 40 is separated 2 fromthe ground or anodic
support block 18 by an i nsul ator 64. %he insulator 64 is typically
about 20 three-eightls of inch thick and thus, the separation
di stance bet vveenmfﬂﬁlgﬁi élutfafnz?r?(?t E‘iﬁ)};oPP bl‘ﬁﬂgr’fg'qw to é’tpggrrggt
about thre20ei ggaid movememt.i nch. Wi | e physically separated from
support bl ock 18, the shield 40 is indirectly supported thereby by a
screw 66, bolt 25 or equivalent nmeans which secures the shield and the
insulator to the support bl%ek Te method of claim 16i in| whicbossidusstion
is shown in JeadtsSanscEngliat Hitictre |HasNaswidith AL | 9§, 188RPOrt
bl ock 16, insul at,or 64 a\rll\gla Eleld 38 are eqU|88ed Wkég 30 apertures_68
whi ch accomodat'&*3P sePER ; e MFaN ¢ patg, of; RS Wt BRin atbeny) v
By way of exanplvacwumevhamber’@na eynesarbyt otleddi & widthatof $S4idoaggpport
bl ock 16 thé%%gl I Ng. cQryr [ ew e
apertures 685 in e iansul.a{ or %}trlfl tueresu%gg?lﬁ%ﬁgcl@g BQESEFM %éafﬁ}lgcr ews
72 are used to &¥tendes: withergspgctoto said outside surface such that

a radial extension thereof is greater than said annular

structure width.

ect Has Been Reﬁaced

"R



19 °° the insulator 64 and/or the support block 16 through

accommodat i ng, correspondi ng screwtype apertures 68" in the shield,
the insul ator and/or the support block. It i s understood that other
accomodating structures, such 5 as sleeves placed between the shield
structure and the target tube to acconmpdate various shield or target

t ube si zes, can be enployed in the assenbly of the cylindrical
rot at abl e magnetron system Tgs shield structure of the
present invention 10 reduces arcing actiVfty in cylindrical rotatable
magnet ron systens by inhibiting the progggg%#gggof any arcs which m ght
ot herwi se travel across the shield S toward a ground source or
ot her anode. Al t hough the present invention has been 15
described wth respect f ' t eof, it will
be understood that the in EhndpIChe’ RAGRER e 62D sTRyciRE ithin the
full scope of the appended cl ai ns.

20 I'T IS CLAI MED: An improved shield structure for use in a

sputtering apparatus for depositing a £ilm on a
substrate is disclosed. The cylindrically shaped shield
structure, which extends over the ends of a cylindrical
5 sputtering target, has at least one annular structure
extending around an outside surface of the shield. The
annular structure is dimensioned to interrupt or
suppress movement of any arc which might otherwise
travel across its outside surface. In a preferred
10 embodiment, the annular structure is a groove capable of
trapping any such arc therein and preventing its escape
therefrom. In another preferred embodiment, the
improved shield structure is electrically isolated such
that it is prevented from becoming an anode. In this
15 manner, the electrically isolated shield structure
inhibits the formation of severe arcs between it and the
cathodic target. Further, with 4its arc-suppressing
annular structure, the electrically isolated shield
structure inhibits movement of any such severe arcs
20 which might otherwise travel across the shield surface
toward the support blocks, the vacuum chamber or other
anode.

Fig. 1



Ty

1. In an apparatus for depositing, in a gaseous atnosphere within a
vacuum chanber, a filmonto a substrate by sputtering material froma
cylindrically shaped target that is rotatably carried at opposite ends
5 thereof by respective support blocks, said target cont ai ni ng
magnets non-rotatably held therein in order to establish a sputtering
zone extending along a length of the target, said apparatus including
an el ectri cal power supply in electrigpl communication with said 10
target, and said apparatus including at |east one cylindrically
shaped shield structure carried by at | east on j d support bl ocks
and extendi ng over at | east one associated end pf thejtarget with a
space t her ebet ween, an i nprovenent wherein sai dfshiélH %é structure
conprises at |gast one annular structure ext end] ggaarpusd an out si de
surface thereofy said at | east one annul ar strufp&UE2 Hi nensioned to
i nterrupt Jﬁgpnent QN an hC whi ch m ght ot her ¥itavel across
sai d outside surface. 2. The apparatg3 of claiml in which
sai d annul ar structlee 4 HABAS-0R0E 10 =R ] t]—p b
formati on which mght o henﬁgse occur inga vicinity of Sjgid annul ar
structure. 3.
| east one annul ar struc ure\haq a wgtht
mean free path of the =R h t hef? r and'!greater than a
width of said arc, § lly bding radially
extended with respect i S — Such t hpt a radi a
ext ensi on thereof is jgreéater ‘whansEro—=ar @ stfucturg wi dth.
,‘\
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21 4. The apparatus of claim3 in which said annul ar

structure is substantially rectangul ar in shape, sai d annul ar structure
wi dt h and said radi al extension form ng adjacent sides of a rectangle.
5. The apparatus of claim3 in which said annul ar structure is
substantially triangular in shape, said annul ar structure width form ng
a base of a triangle and said radial extension formng an altitude 5 of
said triangle. 6. %fe appratus of claim3 in which said
annul ar structure is a groove, sai (0. gx% nsi on bei ng directed

Inwardly with respect to sai dgqut si de acel 7. The

apparatus of claim3 in which sad t ure is aridge, said
radi al extension bei ng & pspect to said outside
surface. i

66—

/34
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48
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8. The apparatus of claim3 in which said annul ar structure has a width

fhat is greater than or equal to about 0.005 of an inch.
9. The apparatus of claim8 in which said annul ar structure width is
greater than or equal to about -0.01 of an inch. 10. The
apparatus of claim3 in which said annul ar structure has a wdth that
is less than or equal to about one-e? th of an inch.
22 11. The apparatus of claim10 in igh said annul ar
structure has a width that is |ess an or equal 0 about one-sixteenth
of an inch. 12. Th arajus Qf clgim1l in which said
shield structure is electrically isolated ‘FﬁﬁgﬁTﬁﬁ%d potential or a
potential of said.at least opne _syupnort bl ocks
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i3. The apparatus of claim1l in which said space between said shield

Structure and said target is | ess than about one-quarter of an inch.
14.© The apparatus of claiml1l in which said at | east one cylindrically
shaped shield structure conprises a cylindrically shaped unified shield
carried by each of said support blocks, said unified shield 5
extendi ng around a portion of a circunference of said target that is
substantially outside said sputtering 4/%one and havi ng an openi ng at

| east as |l arge as said sputtering zone, said opening extendi ng around
anot her portion of said circunference that is subsyabdally 10 inside
said sputtering zone and having a length | ess than™a di stance between
sai d opposite ends of said target. e A” 5. The apparat us of
claim 14 in which said openi ng i62shaped' to conforth substantially to a
shape of a pattern of condensation vapb?sz terial on said

such that said
qvaporizpd materi al

1
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23 16. The apparatus of claim1 in which said at | east
one cylindrically shaped shield structure conprises first and

second cylindrical shields respectively carried by a first and
second support block 5 of said support bl ocks. 17. The
apparatus of claim16 in which said first and second shields are
shaped to conform substantially to a shape of a pattern of
condensati on of vaporized nmaterial gp said target which forms when the
5 target is held stationary, said first and second shi el ds bei ng
positioned to shield regi ons where condensati on of vaporized materi al
on said target mght otherw se occur at a rate at which deposited
condensate is renoved from said target structure by sputtering.

18. In a nethod of depositing, in a gaseous at nosphere within a vacuum
chanber, a dielectric or an insulating filmonto a substrate by
sputtering materi al froma cylindrically shaped target that is
rotatably 5 carried at opposite ends thereof by respective support

bl ocks, said target containing nagnets non-rotatably hel d therein in
order to establish a sputtering zone extending along a length of the
-target, said apparatus i ncluding an electrical power supply in

el ectrical 10 conmunication with said target, and said apparatus

including at |east one cylingdgicall ield structure carried by
at | east one of said support tendi ng over at |east one
associ ated end of the target wjt t ereQi ween, an i nprovenent
wherein 15 the net hod conprises a § i novenent of any
arc which m ght otherw se travel agq qE—GO

56—




surface by use of at .|least one annular structure, said at | east one
annular structure extending around an
outsi de surface thereof and di mensioned to interrupt 20 said

m)verrent llul“mmummmmmg The method of claim 18 in which said at
| east one has a width that is | ess than one-half a

mean free path of "t he gas "Within the vacuum chanber and greater than a
width of said arc, 5 said annular stru@@dure additionally being
radi al ly extended Wi th respect to said outside surface such that a

radial extensi oput§eBE0IsurY AMecatREr£HAN ah (i BfEHE Wned t6t Hykldd @y dt h.
20 said movement.

19. The method of claim i8 in which said at
least one annular structure has a width that is less
than one-half a mean free path of the gas within the
vacuum chamber and greater than a width of said arc,

5 said &annular structure additionally being radially
extended with respect to said outside surface such that
a radial extension thereof is greater than said annular
structure width,
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