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Sleck Background of the invention 5 This invention rel ates
generally to the art of depositing filns onto substrates by vacuum
sputtering, and, nore specifically, to the deposition of

electrically conducting films by such magnetrons using two targets. 10
There are many applications where filns are deposited onto substrates by
sputtering techniques. Once such application is in the coating of |arge
substrates, such as glass for building windows, vehicle w ndshields, and
the Iike. Several thin filmlayers are 15 stacked one on top of each other
in order to control the reflection and/or transm ssion of -various |ight
wavel engt h bands. Each of these layers is forned by sputtering, according
to a cormon commercial technique, in a vacuum chamnber. In such
applications, it is 20 desirable to formthe filntmtth a carefully

control |l ed thickness overq#xi nnst cases, it
is desirable that the thicC ness gﬁ% qgﬁugﬂﬂi g€n |re substrate but

in other cases, some controlled varla Ion 1nt ness across the substrate
25 surface is desired. Such a magnetron |ncludes a target conposed of an

el ement to be sputtered, fRVENPORACEPEtbReanugiegkc structure that defines
an erosion zone on the surface of the target. That is, the magnetic

structure confines 30 and directs the ions of a plasma, fornmed adjacent

to 2 target packaroundiof bheghImeentiopm against the target in its
erosion zone in order to dislodge atons of the elenent desired to be
sputtered a%ay. An el ectr¥his invention relates generally to the art of

depositing films onto substrates by vacuum sputtering,
and, more specifically, to the deposition of
electrically conducting films by such magnetrons using
two targets. '

10 There are many applications where films are
deposited onto substrates by sputtering technigques.
Once such application is in the coating of large
substrates, such as glass for building windows, vehicle
windshields, and the like. Several thin film layers are

15 stacked one on top of each other in order to control the
reflection and/or transmission of various 1light
wavelength bands. Each of these layers is formed by
‘sputtering, according to a common commercial technique,
in a vacuum chamber. In such applications, it is

20 desirable to form the film with a carefully controlled
thickness over the surface of the substrate. In most
cases, it is desirable that the thickness be uniform
over the entire substrate but, in other cases, some
controlled variation in thickness across the substrate

25 surface is desired. |

Such a magnetron includes a target composed of
an element to be sputtered, held adjacent the magnetic
structure that defines an erosion zorie on the surface of
the target. That is, the magnetic structure confines

30 and directs the ions of a plasma, formed adjacent to
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magnetic containment as they travel around the race
track, and are then collected by the anode. It is known
that the size and position of the anode can affect the
profile of the deposition rate across a substrate, among
other factors. ' '

The target can be a static form, often with a
planar surface. It is generally preferred, however, to
form the target on an outside surface of a cylinder.that
is rotated about its elongated axis. The target surface
is thus constantly being moved through the stationary
magnetic field. The target surface is then more

uniformly eroded and thus better utilized. Two sets of
rotating magnetron assemblies are often positioned side

by side within a single vacuum chamber.

It is a primary object of the present
invention to provide a duval target magnetron, and
technique for using such a system, which has a uniform
rate of deposition across a substrate when moving past
the targets.

It is another object of the present invention
to provide an improved anode structure for a dual target
magnetron.

mmar h n

It has been found that an elongated anode
extending along a side of a target structure is
principally effective in a relatively small area of the



track along a side into which the travelling electrons drifting around the
r'ace track are directed upon making a turn at an end of the race track. For
an elongated 5 target and narrow, |long race track, i.t has been found that
about 90 percent of the total anode current is gathered by these relatively
smal | portions of the anode surface. This results in a very uneven rate
of deposition onto a substrate, the deposition being very 10 heavy at the
end of the target with the active anode area, and trailing off very rapidly
to only a small fraction of that rate at a_position at an opposite end of
the target. Wien two such target structured are used 15 t oget her, each
with its own el ongated anode positioned adj acent an outside edge of the
target farthest 8hofAgvedThatnarer i8 Rdjacentcone-ged efidthe targetrxage
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area, and trailing off very rapidly to only a small
fraction of that rate at a position at an opposite end
of the target.
When two such target structures are used
15 together, each with its own elongated anode positioned
adjacent an outside edge of the target farthest removed
from the other target, each end of the target produces
a ﬁeavy deposition but a lower deposition rate exists in
the middle. It has been discovered that the positioning
20 of an elongated anode in between the two targets makes
the rate of distribution substantially uniform in a .
direction along the length of the targets. It would
seem that such a middle anode would simply increase
further the rate of deposition at the ends of the
25 targets without making that distribution more uniform.
As with the outside anodes, only a small area adjacent
the ends of the middle anode are active in gathering
most of the current drawn by the anode. However, an
unexpected result of such a middle anode is that it
30 makes the rate of deposition substantially uniform
across the substrate. This is a very desirable result
‘for many applications, particularly for depositing films
on large, flat substrates, windows for commercial
buildings being an example.



The foregoing has only briefly summarized the principal aspect of the
present.invention. Additional features, objects and advantages of the

vari ous aspects of the present invention are included in the followng 5
description of its preferred enbodinents, which description should be
taken in conjunction wth the acconpanying drawi ngs. Brief Description of
the Draw ngs Figure 1 shows the nmain conponents of a dual- 20 target

.-magnetron., in a schematic representation; Figure 2A is a cross-sectional
view of a nmagnetron of the type iIIustrateg in Figure 1 but with a single
target and different anode configuration; igure ZB is a bottom vi ew of the

single 15 target nmagnetron _of Figure in the direction

as
of the arrows 2B-2B; Fi gur@‘?é%@e@@ﬁapf‘éﬁrbE%eS?'YdEB%P{-'ﬁ-GﬁdrEPG

profiles with digfiticipal adpect  ofsthé pﬁéd@ﬁtlﬂntréﬂtsbﬁgl eadidit€bnal
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cross-sectional %% Q’g’l?&%"‘st gPSe?"Ka‘dh%‘i?ﬁ gf{"ﬁﬁ ?§§3u§l PEREFLPed in
Figure 1 with adf rshe epxwmveﬁtimdase i:nglméeﬂBinsthe bfoldawingw of

the dual target d@%ﬂeggb&f EEQU%& . pRorueuad | oG5! | O @kn25

the arrows SB- Fi gure several depositlon rate curves
for different afRRCEHREIQR Shoyld | tﬁ-é kefs tddm BP“W@GF&?“3N% the
Figure 4A is a qmuﬁmpanyiﬁgmaraufﬂggf a dual 30 target magnetron of the
type illustratedq ,ure 2, SHEaN arrangenment of anodes;

Figure 4B is a o t<i%netron of Figure 4A, as
vi ewed |n t he dlrectlon(ﬁTigureﬂﬁwnhowthhB mainecomponents of a dual-

10 target magnetron, in a schematic representation;

Figure 2A is a cross-sectional view of a
magnetron of the type illustrated in Figure 1 but with
a single target and different anode configuration;

Figure 2B is a bottom view of the single

15 target magnetron of Figqure 2A, as viewed in the
direction of the arrows 2B-2B;

Figure 2C shows several curves of deposition
rate profiles with different combinations of anodes in
the single target magnetron of Figures 2A and 2B;

20 - Pigure 3A is a cross-sectional view of a dual
target magnetron of the type illustrated in Figure 1.
with a first arrangement of anodes;

Figure 3B is a bottom view of the dual target
magnetron of Figure 3A, as viewed in the direction of

25 the arrows 3B-3B thereof;

Figure 3C shows several deposition rate curves
for different anode configurations in the system of
Figures 3A and 3B;

Figure 42 is a cross-sectional view of a dual

30 target magnetron of the type illustrated in Figure 1 but
with a second arrangement of anodes;

Figure 4B is a bottom view of the dual target
magnetron of Figure 4A, as viewed in the direction of
the arrows 4B-4B thereof;



ki gure 4C shows a deposition rate profile curve of the systemof Figures 4A
atid, 4B; Figure 5A is a cross-sectional view of a dual target magnetron of
the type illustrated in Figure 1 but 5 with a third arrangenent of anodes;
and Figure 5B is a bottomview of the dual target magnetron of Figure 5A as
viewed in the direction of .the arrows 5B-SB thereof. Description of the
Pref erred Enbodi nents 10 As background, Figure 1
Jillustrates the essential conmponents formng a dual target magnetron. A
substrate 11 is noved in the direction of the arrow through a vacuum
chanber that is shown with walls 13 in dasBed outline. A first cylindrical
target 15 is held 15 by end blocks 17 and 19 in a manner to be rotated -
about an axi's 21 of the t ®Ripgure dy ishowsala sdepasbtiﬁimfrlaaﬂd ypraf $keond

target 23 is ca % ;% % .10 be rotatable
about an axis 25‘{% rg S c;?ﬁfln caﬁ surface e targets 15 20

and 23 are rotated mnth r Figirie 54 dsedr cragshseckional viewsefine dpadd.
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el ectrical poweressential components forming a dual target magnetron.

A substrate 11 is moved in the direction of the arrow
through a vacuum chamber that is shown with walls 13 in
dashed outline. A first cylindrical target 15 is held

15 Dby end blocks 17 and 19 in a manner to be rotated about
an axis 21 of the target's cylindrical surface.
Similarly, a second target 23 is carried by end blocks
25 and 27 in a manner to be rotatable about an axis 29
of that target's cylindrical surface. The targets 15

20 and 23 are rotated with respect to their end blocks at
a constant speed. A mechanism for so driving the
targets and providing cooling fluid internal of the
targets, both through their end blocks 17 and 25, is-
indicated generally by a block 31. A vacuum is

25 maintained within the chamber by a vacuum system
indicated at 33. _

Gas necessary for depositing a film on the top
surface of the substrate 11 is supplied to the chamber
through a gas supply system indicated at 35. This gas

30 is either inert or one that reacts with the element
sputtered off of the target surfaces, or both. A number
of substrate supporting rollers 37 are rotated by a
drive motor 39 in order to move the substrate 11 through
the chamber in a direction orthogonal to the axes of
35 rotation 21 and 29 of the targets. An electrical power




6 supply 41 has its negative terminals connected through the blocks 19 and
27.to the respective target surfaces 15 and 23, thereby to formthe cathode
of the magnetron. The positive term nal of the power supply 41 is 5
connected to an anode 43 that is generally shown - in Figure 1. It is the
position in shape of such an anode that is the subject matter of the
present invention, as described bel ow. The outer walls 13 which formthe
. vacuum chanber are nade of a nmetal and held at ground 10 potential. The
deposition of filns can be acconplished with the.power supply 41 provides
an alternating current output, either a | ow frequency or up to a radio
frequency range, but the higher deposition rates are obtained when a direct
current supply isupplyi4kdhadbits negative tarininalsheohnegtéd threugh23
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erosion zone Is éﬁéﬁ%é? %fither a 1low frequency or up to a radio
frequency range, but the higher deposition rates are
obtained when a direct current supply is utilized.

15 Bach of the targets 15 and 23 contains an
elongated permanent magnet structure extending along the
length of the target. Such a structure is illustrated
generally in Figure 2A, where a sectional view of a
target similar to the target 15 reveals such a structure

20 45 carried by a liquid coolant tube 47. The magnetic
structure 45 extends substantially the entire length of -
the target 15. Three magnetic poles are utilized, a
north pole positioned in between two south poles. The
magnetic structure 45 is held fixed and does not rotate

25 with the cylindrical target 15. The magnetic fields
form narrow zones 49 and 51 extending along the length

' of the target surface in between the north and south
magnetic poles. These are zones which confine ions
within the plasma formed in the chamber. The ions

30 within these 2zones are caused to strike the target

- surface at a high velocity, thereby to dislodge atoms of
the element or elements of which the target surface is
formed. '

As can be seen from the bottom view of the
35 target 15 in Figure 2B, an erosion zone is created on



7 the' surface of the target 15 by the magnetic zones 49 and 51, this

erQsi on zone being a continuous path which joins the elongated parall el
portions 49 and 51 by portions 53 and 55 adj acent ends of the nagnetic 5
structure 45.

The erosion zone portiodns 49, 51, 53 and 55 together fo

continuous "race track" around which electrons travel in a single dire
I ndi cated by the arrows. This direction depends upon the relative
;position of the magnetic poles of the magnetic 10 structure. The

rma
ction

direction would be opposite if the magnetic structure 45 had a south pole
in the mddle and a north pole on either sitJde of it. Before describing
| nproved anode structure in a dual target nagnetron, it is instructive
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aasgnetic structure 45 had a south pole in the middle and
a north pole on either side of it.

Before describing the improved anode structure
in a duval target magnetron, it is instructive to first
describe some discoveries that have been made with
respect to anodes used with a single target. Figures
2hA, 2B and 2C illustrate the use of a single target
structure within a vacuum chamber of the system of
Figure 1, for discussion purposes. On either side of
the target are positioned anodes 57 and 59. These

+ 8d
pends oupeachtbe tnetativiedes

by a
nts

anodes are electrically connected together and to the -

positive terminal of the power supply 41 (Figure 1), in
place of the anode 43 there shown. Each of the anodes
57 and 59 extend substantially the full length of the
racetrack formed on the surface of the target 15. They
may be made of a continuous piece of metallic material
that is either strong enough to support itself or is
supported with the aid of other rigid elements. The
surface of each of these anodes need not be continuous,
but rather can be formed of two or more sections of
metallic sheets that are separated along the anode
lengths by a small gap in order to allow for thermal
expansion. Any such segments of an anode are
electrically connected together by wire braid or the
like. Each of the anodes is shown to be positioned with



el-ectrically connected todgether by wire braid or the 35 i ke. Each of
the anodes is shown to be positioned with their lengths extending in a
direction parallel with the axis 21 of rotation of the target 15 and
substantially perpendicular to the substrate 11 on which a filmis being
deposited but these geonetric constraints are not 5 essential to the
operation being described. It has been found that only a small portion of
.the el ongated anodes 57 and 59 receive a large nmajority of the electron
current carried by the anodes. Referring to Figure 2B the shaded area 61
extending a 10 short length of the anode &7 has been found to receive
about 90 percent of the electrons fromthe adjacent plasma that the entire

anode 57 recei vethely niengths extending iphaddirectioms parallied wishetbe
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curve 67 is obtadbeut &fcepercent difschareliechuonsnifyorhcthendtdjacentol
and 63 of - plasma that the entire anode 57 receives. Similarly,
the small shaded area 63 of the anode 59 receives about
90 percent of the electrons received by the entire anode
15 59. This has been found to be the case whether one or
both of the anodes 57 or 59 are utilized. The active
anode areas appear to be in a path of the drift
electrons travelling around the racetrack of the target
but exit that race track.at the sharp turns at the
20 racetrack ends 53 and 55. This drastic uneven current
distribution was ascertained by experiments that broke -
the elongated anodes into separate sections and measured
the current received by each such section.
The results of using either one of the anodes
25 57 or 59 alone, as well as both of them together, are
shown in Figure 2C. If only the anode 57 is positioned
and connected to the power supply, the rate of
deposition across the substrate in a direction of the
length of the target 15 follows the profile of a curve
30 65. Similarly, 4if only the anode 59 is used, a
deposition rate profile of a curve 67 is obtained. Once
it was discovered that only the small area 61 and 63 of
the anodes 57 and 59 carry most of the electron current,
these very non-uniform deposition rate profile curves 65
35 and 67 can be explained on the basis that an anode



the ahodées 57 and 59 carry nost of the electron currént, these very

non-uni f orm deposition rate proflle curves 65 35 and 67 can be expl ai ned
on the basis that an anode 9 plasma exist which is positioned adjacent
active anode areas, ‘and that the rate of deposition of nmaterial onto a
substrate is the highest where such plasma exists. It is thus expected that
when both anodes 57 5 and 59 are utilized, that a profile of the
rdeposition rate across the substrate would follow that of curve 69. The
deposition rate woul d be expected to be higher at the ends of the target
15, where the active anode areas 61 and 637exist, and |ower in the mddle.
The profile 10 69 should be, it is expected, roughly a sumof the two
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of Figure 3C. Auaer@ssiuondi §'ékehbamgdtrha &ge opft lpnly one of the
anodes 57 and 59 at a time. However, it has been found
that a uniform distribution rate is obtained across the
substrate along the length of the target 15, as shown by
15 a curve 71 of Figure 2C. Operation of the single target
magnetron system of Figure 2A and 2B is thus different
from what one might expect from the above observations
of its operation with each of the two anodes separately.
Figures 3A, 3B and 3C show the structure and
20 operation of the magnetron system of Figure 1 with both
of the target assemblies being utilized. Elongated -
anodes 71 and .73 are respectively positioned along |
outside surfaces of each of the targets 15 and 23
furthest removed from the other. Active areas 75 and 77
25 were found to exist in the anode along the anode
surfaces 71 and 73, respectively, as previously
described with respect to Figure 2B. When only the
anode 71 is wutilized, the profile of the rate of
deposition across the substrate is shown by a curve 79
30 of Figure 3C. A deposition is skewed to the end of the
" targets where the active anode region 75 exists.
Similarly, 4if only the anode 73 is utilized, a
. deposition rate profile shown by curve Bl is obtain.
When both anodes are utilized, a deposition rate profile
35 83 is obtained, roughly being the sum of the curve 79



targets where the active anode region 75 exists. Simlarly, if only the
ailgde 73 is utilized, a deposition rate profile shown by curve 81 is
obtai n. Wen both anodes are utilized,  a deposition rate profile 35 83 is.
obt ai ned, roughly being the sum of the curve 79 10 and 81. Each of the
targets 15 and 23, with its respective anode 71 and 73, appears to be
operating i ndependently of the other. Such independent operation is what
one woul d expect. 5 Referring to Figures 4A, 4B and 4C, the
effect of adding a third anode 85 in between the targets in the
configuration of Figures 3A and 3B, is expl@red. This middle target has
active current regions at both ends, the region 87 receiving about 90
percent of the andemsl.l0 Eadf!atotfhetmmlaraétsecﬁvandf radn tiedtty i 4¢ts

current in ther tpd 1 e}

89 receives abo#&é%‘g?%%n ntop‘ét h?é{ cgbgeir?ts't h%‘g%% ﬁgdtebrl'%ggg{é Figg from
the drift currerindependentlyapfr the othex. adfucknindependentcoperatien

target 15  23. jAlyhd dde Wse; 1_73 and 85 are preferably

et 1 Loa! g cOmet e RRFadiing 3 E1GareB Fho dh Asd By khe bskigt o
to the target 1mof aﬂﬂﬁdgeaoumrdhanodéssmenatbemvdar theakargetscinnthéed to
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curve 91 of
race track of the target 15. Similarly, the small
region 89 receives about 90 percent of the current that
the anode BS5 receives from the drift current in a
similar race track adjacent the surface of the target
15 23. All of the anodes 71, 73 and 85 are preferably
electrically connected <together to the positive
terminals of two power supplies. One of the powér
supplies has its negative terminal connected to the
- target 15, and the other has its negative terminal
20 connected to the target 23.
One would expect that the addition of active
anode areas 87 and 89 adjacent ends of the targets 15
and 23 would simply accentuate the uneven rate of
deposition illustrated by the curve 83 of Figure 3C.
25 However, consistent with the discovery described with
respect to Fiqures 2A, 2B and 2C, the distribution rate
'becomes uniform instead, as shown by a curve 91 of
Figure 4C.
The second target 23 also includes a magnetic
30 structure 93 (Figures 3A and 4A) that is carried by a
cooling conduit 95 to extend substantially the entire
length of the target. A race track 97 along the surface
of the target is formed by the magnetic structure,
similar to that described for the target 15. It can
35 thus be seen that the active anode areas 77 and 89 that



The second target 23 also includes a magnetic 30 structure 93 (Figures 3A
~and- 4A) that is carried by a cooling conduit 95 to extend substantially the
entire length of the target. A race track 97 along the surface of the
target is formed by the magnetic structure, simlar to that described for
the target 15. It can 35 thus be seen that the active anode areas 77 and
89 t hat receive electron current fromthe plasm associated with the
target 23 are |ocated at opposite ends .of the racetrack 97, on opposite
sides thereof in the path of electrons that_ drift away at the sharp turn at
the race 5 track end. The arrangenent of tHe north and south pol es of the
magneti c assenblies 45 and 93 control the direction of this drift _current,

that directi on b&PREI¥RoRACELIPRLUFFORE fHon-ithe Plaspaagsepiated grithf 10
t hose hrragnlet i C agheTbtase ebaads t arEﬁlm?a@@ob&F]i opp6siter wgot? thie@vi de
a south pole in e ort es t out Si t,he drif.t

current around i P‘E%P?&&% aﬁlvﬁ& (?ppﬂéc)?getéed ﬁoﬂje(f &lﬁé‘t&qgﬁi% iRAER % hat
shown. The resul elegtrhpscthatii deift dway At dshel/Shaxp tirn 4% ithe Imaceot h
of the areasg87 %EQC&QéHHQ'd be forned at the same end of the m ddl e anode

85, instead of at opposite _ends. This is undesirable for_a nunber of
reasons, a prinmary one bei & RErangement of \the, noxtde and |§outh PAAES ent

capabi | i t-yt 011: thefanﬁlﬂet shagaétie. é’é)semblie_s” 4-5t Anar'e_ésrrF@hafWEthed
arrangement for a. Lar neLr i S i r i i qures an
5B. Instead of agg'g‘%%lté’oﬁl %%a{iggs a‘hﬁggti ﬁ“ﬁﬁ?&gén%ﬁ'ﬁg t’%’&g&g% 93,
two adj acent el oshomnd byotlhe 8frowd o0F1 Figunes 138 cand TABse Afodme of
provi de, respecti i gh i efh@n 8¢ \ sy
correspondi ?1‘3 tolt}&?géié on'gé%%eggh‘g %gg%)é‘sﬁg%rgthit‘th e&é&&?’fa’p?p]lanff es

i ncl udes two sepZe@FEFanged feRePraVipgei 8s spyihyRPhesin the middle and

north poles on the outside, the drift current around its
racetrack would proceed in a direction opposite to that
' shown. The result in the embodiment of Figures 4A and -
15 4B is that both of the areas 87 and B9 would be formed
at the same end of the middle anode 85, instead of at
opposite ends. This is undesirable for a number of
reasons, a primary one being that it is likely to exceed
'a limited current capability of the anode structure.
20 A preferred anode arrangement for a dual
target magnetron is illustrated in Figures 5A and 5B.
Instead of a single elongated anode in between the
targets 15 and 23, two adjacent elongated anodes 99 and
101 are utilized. These anodes provide, respectively,
25 high current regions 87' and 89' corresponding to
regions 87 and 89 of Figure 4B. The power supply 41
includes two separate D.C. power supplies 103 and 105.
The supply 103 has its positive terminal connected with
both of the anodes 71 and 99, and its negative supply
30 connected with the target's surface 15. Similarly, the
supply 105 has its positive terminal connected to both
of the anodes 73 and 101, with its negative terminal
connected to the target surface 23. This arrangement
provides the same deposition rate profile 91 as the
35 system of Figures 4A and 4B. . With separate middle



The supply 103 has its positive term nal connected with both of the anodes
71 and 99, and its negative supply 30 connected with the target's surface
15. Simlarly, the supply 105 has its positive term nal connected to both
of the anodes 73 and 101, with its negative term nal connected to the
target surface 23. This arrangenent provides the sane deposition rate
profile 91 as the 35 systemof Figures 4A and 4B. . Wth separate m ddl e
12 anodes 99 and 101, the relative nagnetic polarity of the magnet
structures 45 and 93 can be made different since the separate anodes w |
carry the current fromtheir respective tarkfets. 5 The
foregoing description has been vith respect to a dual rotating
cylindrical targénodesu88uandbl0l; Hethe arelatdive: magoetipppolarityoof|theat ed

stationary tar gehﬁ%ftaﬁﬁuﬁf:ﬂré'éefb &id *‘ﬁ ddh P /mHiE FLFFe BHAIG HEST

ot herwi se. magnet ron arrangenents
descri bed here| nthen 8RPAKALL f%‘?"‘gﬂbo‘gii n§aRT¥i e, gurgent, deheir
films on variousreispectivé targetsaf substrates. The deposition of

dielectric figd ns by reactl &SP ver. t he

15 anode surfaces becone c L*\tﬂ&t%c{}%‘é dl%gécﬂti&%éidé} 2‘:& o&f %gf‘ferbd of

~operation and t h¥espectntoi nednebtrcmatinq leyiskndstigaly tArget mllmr@ower

supply is used. m%refﬁf@ mﬁée geﬂﬁ.kﬂﬁiaéloa wki Situd’ gifgipated'd
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films being depotionddguwration ©r otherwigehat is | ess than ten thousand
Do’ absert s e Toud o, GhRY A ChabhEPbR " Urddhfildfih "ve
described herein can’ be used for depositing a wide
variety of types of films on various sizes and shapes of
substrates. The deposition of dielectric films by
reactive sputtering is difficult, however, because the
15 anode surfaces become coated with the dielectric after
a short period of operation and thus become ineffective,
at least when a direct current power supply is used.
Therefore, these configurations work best for depositing
electrically conductive films. PoPulér examples are
20 titanium nitride (TiN) and tin oxide (Sn0;). For long
term deposition, it is best that the f£films being
deposited have a resistivity that is less than ten
thousand ohm-centimeters.

Although the various aspects of the present
invention have been described with respect to their
preferred embodiments, it will be understood that the
invention is entitled to protection within the £full
scope of the appended claims.




pref eFred enbodinments, it will be understood that the anenLLon_u;JauiLLed
to, protection within the full scope of the appended cl ai ns.

CLAIMED:- 1. In a magnetron having at |east first and secﬂmmﬂﬂmmﬂug Hm‘
which nmaterial is sputtered in order to deposit a filmo ch
of said first and second targets being symetrically shaped about an axis,

5 said targets being held with their said axes oriented parallel to each
other and with a space between the targets in a direction orthogonal to
sai d ‘axes, an inproved anode arrangenment, conprising: first and second

el ongat ed anodes with lengths 10 thereoflBositioned parallel to said
axes, said first and second anodes being spaced apart fromsaid targets

al ong sides therEhilI8 cCRAEMEPOM sai d space, and at |east a third el ongated
anode positioned parallel to said axes and in the space between said 15

first and second targets. 2. The magnetron of claim 1l wherein said first,
second and third el ongat ed anolBsahmagnessgnhbavingnatnleasbsEinstaangd t he

add t1 onal 1y, cormgand FargEtdnEroat URREh gateflel 0 Mputhrea intoruce

bet ween sai ZI fi FE ‘iﬁ&f?ssj&c &r"‘&‘ﬂ g8t ggs“ﬁgpgﬁe aé)ﬁF%l rﬂf? g gcéggsal d
first target andsasanﬂftangdtsSbeiagoégmhetntcak&ylahapnﬂjabmmgehn ands,
conprising farstgang SS?Q Fp@é‘ihgs {f ré SHPQ&XtB&' ng

connect ed bet ween sai sa| ano and

sai d second powdPasaphed #& @%nﬁ&h@ﬁd%vﬁ%ﬁsﬁl G@@@orkﬁt‘%ﬁ%ﬁet thed
sai d second and ¢frgetsuriih anefidfection orthogonal to said axes, an

improved anode arrangement, comprising:
first and second elongated anodes with lengths
10 thereof positioned parallel to said axes, said first and
second anodes being spaced apart from said targets along
sides thereof remote from said space, and
at least a third elongated anode positioned
parallel to said axes and in the space between said
15 first and second targets.

2. The magnetron of claim 1 wherein said
first, second and third elongated anodes have lengths
extending substantlally the lengths of the first and
second targets.

3. The magnetron of claim 1, additionally
comprising a fourth elongated anode positioned in the
‘space between said first and second targets, wherein
said third anode faces said first target and said fourth

5 anode faces said second target, and comprising first and
second power supplies, said first power supply being
connected between said first target and said first and
third anodes, and said second power supply being
connected between said second target and said second and

10 . fourth anodes.



14 '4.- " ‘Apparatus for depositing a film of naterl 0 a substrate
wi,t hin a vacuum chanber which includes first and seco ,I@w Mﬂ”ﬂmat ed
si de

target surfaces and anode surfaces, an electrical powe
of said vacuum chanber being connected with said target and anode® sutf aces,
sai d apparatus further conprising: first. and second magnet

structures respectively associated with each of said first and |l o second
target surfaces, each of said nagnet structures defining an el ongated

cl osed | oop sputtering zone on its associated target surface that is
symetrical about a central axis that extedds along a Il ength of the target
surface, whereby electrons drift in a defined direction 15 around t he
sputtering zone adj acent té&e tarAppasatbacefor halepoeitingxes dhilwni off i rst

and second aonohaCeS i1 WEbAL AR WILATH Babghth, WhElneachadie

and sai d anode surfaces inc second ace areas

adj acent opposi tingiudesorfinsty PPF’stSQ%ﬁﬂyét agjiacens anQn%%m&I tprgesosed
corners thereof ghrffsed igith driddedBurtacesi, fhnebqébt:ea&auh bwea‘rceﬂ pllge

wh
SR N s rouERsee ot T Sl £h ﬁbregiﬁs {hy Gommcrad i, 20
second target sutérnget anddiamodeal surfarssed eaittr apparatus | fuprdheli ons
to capture drift?gééf gﬂafthat escape the sputtering zone when turning a

corner at respec her eof . Apparatus according to claim4
wherein each of said f|rstfigétondan¢nrdsaﬁendowwnﬁQQQkkesEtfﬂG&uiﬁcas

are provided as %éﬁe@iiﬁéi?eﬁéé&ﬁﬁwaﬁféhf idatth 6£C@Rdd tHiFsh aﬁﬁd
Fourth anodg,S o etiNg ¥igget "BhEPaclE® e2ch®DE®Ha1Bhdghet stPuctires
defining an elongated closed loop sputtering zone on its
associated target surface that is symmetrical about a
central axis that extends along a length of the target
surface, whereby electrons drift in a defined direction
15 around the sputtering zone adjacent the target surface,
the central axes of said first and second magnetic
structures being maintained parallel with each other,
and
said anode surfaces including first and second
20 surface areas adjacent opposite sides of said first
target surface at diagonally opposed corners thereof in
positions to capture drift electrons that escape the
sputtering zone when turning a corner at a respective
end thereof, and third and fourth surface areas adjacent
25 opposite sides of said second target surfaces at
diagonally opposed corners thereof in positions to
capture drift electrons that escape the sputtering zone
when turning a corner at respective ends thereof.

5. Apparatus according to claim 4 wherein
each of said first, second, third and fourth anode
surface areas are provided as part of respective
elongated first, second, third and fourth anode

5 structures which are oriented parallel to said
sputtering zone central axes and extend substantially an



sputtering zone central axes and extend substantially an 15 entire

| ength of said sputtering zones. 6. Appar at us accordi ng tﬂ“ﬂlﬂ"Mlm
said drift current defined direction is the same around e I ﬂlﬁm
and second .target surfaces. 7. Apparatus for depositing*a fil'mdf * *
material onto a substrate within a vacuum chanber, conprising: at |east
first and second cylindrically shaped 5 target surfaces posi tioned adj acent
each other and rotatable about respective cylindrical axes thereof which
are mai ntained parallel to each other, an el ongated magnetic structure
non-rotatably held within each of the firstl5and second targets, 10

thereby to define a sputtering zone in a region of the magnetic structure

t hrough whi ch it engizeclengtht ofgsriduspatsegingegonesans for noving the
substrate in a direction that is orthogonal to the target surface axes, 15

first and second el ongated_anodes with |en ths ri ented I rection
parallel to the target axe8+andAPBRFRFUS A F@§6‘3‘Pﬁ Lﬂ:‘ﬂgq [3&5"5

Si dgs of t Eel fir saidndr$ft oonirtent defindd adiredtiiond i[m(ttfa)l#aﬁ: dmgfd ed
anodes wt eng 2 Lisepted,i LI t t he target
axes and positioﬁgghigfbgg1 e%gggg ?P?sgeg s%@gﬁ gbggﬁggsthe third
anode facing the first target and the fourth anode faC|ng the second

%arget a first power supphy mnth aggq3§|v§opola§¢??1% (?f)the
irst target and a positive polari connect ed | rSt an
anodes, and a seB8&&Y sﬁkﬁggﬁplﬂl ﬁl‘f’ﬁ £aﬁSg£*W‘boParY¥?“%nmq'o t he
second target angompgdsihg¢e polarity
at least first and second cylindrically shaped
5 target surfaces positioned adjacent each other and
rotatable about respective c¢ylindrical axes thereof
which are maintained parallel to each other,
an elongated magnetic structure non-rotatably
held within each of the first and second targets,

10 thereby to define a sputtering zone in a region of the
magnetic structure through which its associated target
surface passes,

means for moving the substrate in a direction
that is'orthogonal to the target surface axes,

15 first and second elongated anodes with lengths
oriented in a direction parallel to the target axes and
positioned respectively along opposite sides of the
first and second target surfaces, _

third and fourth elongated anodes with lengths

20 oriented in a direction parallel to the target axes and
positioned in between the first and second targets, the
third anode facing the first target and the fourth anode

- facing the second target,
a first power supply with a negative polarity

25 connected to the first target and a positive polarity
connected to the first and third anodes, and

a second power supply with a negative polarity
connected to the second target and a positive polarity
connected to the second and fourth anodes.



. connettéd to the second and fourth anodes. 16 8. rod—of
depositing electrically conductive filns on substrates W

chanmber including at least first and second targets incl u [mmmmlmﬂﬂmnm
conductive material and provided with 5 magnetic structures ¢otf omm s
respective first and second el ongated cl osed | oop sputtering zones across
surfaces of the targets, thereby to formzones of electron drift around the
Sputtering zones, conprising utilizing four anode surface areas adjacent
the first and second 10 targets with one_of said four anode surface areas
posi tioned at each end of said first and s&fond el ongated sputtering zones

with an orientation that captures electrons that |eave the sputtering zones
at the ends thereof. 9. The nethod according to claim8 wherein each of

sai d four anode surface argas i sapmetistsdl &€ pdeposiiting! elgetedcaloge |
extending SUbSt%&3ﬁéué¥i$@efifﬂgtBnogugggrgggkt3ﬁiﬂgnzgn3§cuum chamber
includzng at least first and second targets including
electrically conductive material and provided with
5 magnetic structures to form respective first and second
elongated closed loop sputtering zones across surfaces
of the targets, thereby to form 2ones of electron drift
around the sputtering zones, comprising utilizing four
anode surface areas adjacent the first and second
10 targets with one of said four anode surface areas
positioned at each end of said first and second
elongated sputtering zones with an orientation that
captures electrons that leave the sputtering zones at
the ends thereof.

9. The method according to claim 8 wherein
each of said four anode surface areas is provided as
part of an elongated anode extending substantially the
length of the sputtering zones.



