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1 USE OF MULTI PLE ANCDES I N A MAGNETRON FOR | MPROVI NG THE UNI FORM TY OF | TS
PLASVA BACKGROUND OF THE I NVENTION This invention is related generally to 5

magnet r ons and ptasma processes,—and nore speC|f|ca n appl i cation of
‘such processes &Q DUt s er thin films of materi al g& ates. There are a
nunber of proces cglopl i cati ons t hat |n ol ve plasma generation.

An exanple 10 i l g process used in the fabrication of

sem conductor .ci# mhere. Anot her exanple is the deposition of

thin filnms onto substrates, also used in sem conductor circuit fabrication
and el sewhere. A connercially | nportant coating process uses a |arge 15
magnetron to deposit thin filnms on | arge substrates such as buil ding or
auto gl ass wherein several |ayers of material are deposited in order to
define certain optical characteristics of the substrate. In this and ot her
magnetron applications, it 20 Is highly desirable to be able to maintain
control of a distribution of ions wwthin the plasnma since the ultimte
product, whether froman etching, sputtering or other plasna process, is
affected by this distribution. In the sputtering of thin filns on | arge
substrat es,

USE OF MULTIPLE ANODES IN A MAGNETRON
FOR IMPROVING THE UNIFORMITY OF ITS PLASMA

BACKGROUND OF THE INVENTION
This invention is related generally to
5 magnetrons and plasma processes,'and more specifically
to an application of such processes to sputter thin
films of material on substrates.
There are a number of processes in various
applications that involve plasma generation. An example
10 is a dry etching process used in the fabrication of
semiconductor circuits and elsewhere. Another example
is the deposition of thin films onto substrates, also
used in semiconductor circuit fabrication and elsewhere.
A commercially important coating process uses a large
15 magnetron to deposit thin films on large substrates such
as building or auto glass wherein several layers of
material are deposited in order to define certain
optical characteristics of the substrate.
In this and other magnetron applications, it
20 is highly desirable to be able to maintain control of a
distribution of ions within the plasma since the
ultimate product, whether from an etching, sputtering or
other plasma process, is affected by this distribution.
- In the sputtering of thin films on large substrates,
25 *'varlatlons in the plasma density across the target cause
correspondlng varlatlons in. the rate of material
deposition onto the"substrate. Since most such
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25 :variations in the plasma density across the target cause correspondi ng
variations in the rate of mterial deposition’ onto the substrate.
Since nobst such 2 applications require the deposited filmto have the
‘sane thickness over the entire substrate, within a very small tolerance,
ot her neasures are taken to conpensate for sonme non-uniformty of the
-plasma density but they are 5 not al ways effective as desired. Further,
-the plasma density profile across the target often changes during a thin
.fil mdeposition or other plasma assisted pyocess. Therefore, it is a
specific object of the present invention to provide techniques for

controlling 10 applecat26AB *éndir@ i depoeited 5i1fcPOKhdve ke Igimedn
substrates in o ger to result Jn th deposLtﬁd ﬁi!ns.€€¥iqg uniform. .
thickness. It i ?aﬁ’é?ﬁ%? %‘fﬁre(ﬁheme"%lié?eﬁl‘ FHYBREY ot Br e FM ques
for controllingtéherphaeacthernpensures anw dizdean ©6 ceppeneateg for
O oLt ot 1Eamfiheh-nHHUBhL g coel p SpInBRACARRRTES uiY) Sy b
not always effective as desired. Further, the plasma:
density profile across the target often changes during
& thin £ilm deposition or other plasma assisted process.
Therefore, it is a specific object of the
present invention to provide techniques for controlling
10 the plasma in a magnetron used for depositing films on
substrates in order to result in the deposited films
having uniform thickness.
It is another object of present invention to
provide techniques for controlling the plasma during the
15 process of sputtering a dielectric film onto a
substrate. S
It is a more general object of the present
invention to provide techniques for improving the level
of control of various plasma processes.

20 Y NTION
These and additional objects are accomplished
by the present invention, wherein, briefly and
generally, one or more anodes are positioned and
electrically powered in a manner to control the density
25 profile across at least one direction of the magnetron
plasma. Heretofore, relatively 1little attention has
been paid to the role of a magnetron anode upon its
plasma distribution, particularly in an application of
sputtering dielectric material where that distribution
30 changes while the process is being carried out. To
implement the present invention, a single anode active
surface is mechanically moved relative to the magnetron
cathode during the plasma process, or multiple small
anodes are fixed at separate locations and connected to
35 independently controllable power suppiies. In either




of control of various plasma processes SUMVARY OF THE
LN\/EI\FI'I O\ These and additio &Be&mdgﬁcgaccorrpl I shed by the present

“invention, wherein, briefly one off-FsFre=anctes—are
= positi oned and el ectrical | y manner oTU@n‘trfﬁT the raelens],ty 25
0 he magn tron piasma‘ D ,

.profile across at |east one dlrectlon
. Heretofore, relatively little attention has been pala - to-the~ireleef a
magnetron anode upon its plasma distributipn, particularly in an
application of sputtering dielectric material where that distribution 30

changes while taggRl OERESahddEs BYeCRAAEREEoOBE ver}oshﬁﬁ'le%matt hegutesent
i nvention, a sing an ctive surface_i s nechanij npved, rel ative to
t he magnetron cﬁtﬁgﬁ%"ﬁg‘?‘i’ﬁd‘t‘ﬁ’é &%PBPSE‘ésgenﬁ?’tM¥?f)+%e sthito Afodes
are fixed at sepenttrelledat bats andchﬂaedt edot oba5 largdepeﬁhdmlgw y to
be very amall | SoepopB8Ly Banald fhe Wouns bf Vigcerlea ezl T | 0
is to be cofdtrothey Barryhey 'medpreseatl mwﬁmmlb@eqnat mlpsmndl e
the amount of ejeRkityapréeii€ntobéishaped and controlled in a manner
that allows adjustments to be made during an etching,
sputtering or other' process being performed by a
magnetron. The ability to control the profile during a
10 process is particularly advantageous when depositing
dielectric films since the anode surfaces, just as all
other surfaces within the magnetron chamber, become
coated with the dielectric as the process progresses.
In a preferred application of the present
15 invention, two or more such small anodes are positioned
with respect to the cathode in order to provide a plasma
density profile that is as close as possible to what is
desired. Electrical power to the anodes is controlled
separately for each anode or groups of anodes. In one
20 form, the relative amounts of electrical current carried
by each of the anodes is controlled. 1In another form,
two or more anodes are connected one at a time in

sequence to a power source at a rate that is high enough

for a given process that the substrate sees an average

25 plasma density profile over some time. Both of these

techniques permit adjusting the plasma profile in a

manner that the profile can be altered during a process

in order to compensate for changing conditions that

occur during the process. When sputtering thin film

30 dielectric materials, these techniques allow or provide

compensation for adverse effects of the progressive

coating of the anode surfaces with the dielectric
material being sputteread.

Additional objects, features and advantages of

35 the various aspects of the present invention will become

apparent from the following description of its preferred



5 _they carry. The present invention allows the plasma density profile to
be shaped and controlled in a manner that allows adjustnents to be nade
during an etching, sputtering or other process being perfornmed by a
.megnetron. The ability to control the profile during a 10 process is
particul arly advant ageous when depositing dielectric filns since the anode
‘surfaces, just as all other surfaces within the nagnetron chanber, becone
‘coated with the dielectric as the process progresses. In a preferred’
application of the present 15 i nvention, 4two or nore such small anodes

are positioned with respect to  the cathode .in order to. provide a plasna
dens!oty profi l eegq&;gpling cl‘"&‘t?lhs'dpﬁi%'ﬁ tdan, \ﬂ?%ﬁ“]i% RE| rféﬂ.‘e'El et®rical
power to the anedagunttdon wdithe thee protinpanying dxawingsde or groups of
anodes. In one 20 form the relative anbunts of electrical current
carried by each of the anodes is controlled. In another form tw or nore
anodes are connected one aBREEF| BESCRIBREBEONNOE 1 AWENGSource at a rate

that is high enough for apgigued RréKSsa T ACEALANE LT ag°
' tec

[
25 pl asma _density prqfil e over sone t]ne. %g?h of these ni ques
pernit adju$ti nQPF*&eﬁll&grr&PFPGﬁtﬁ’é and; Progess ofathenPrios dxtican be
altered during a process Figureck i® & Fgotiviial vdewCHENthe GEater imms
that occur duri gg LRGRsOCERSm "' $gure 19 Wiild ' A section 2-2
thereof; :

Figure 3 illustrates by several different

10 curves various profiles of rates of deposition across a
deposition zone of the equipment shown in Figure 1;

Figure 4 illustrates the use of a single small
anode, according to one aspect of the present invention;

Figure 5 shows the use of two or more small

15 anodes with variable gas supplies, according to another
aspect of the present invention;

Figure 6 shows a system having two or more
small anodes that each have their electrical power
independently controlled;

20 Figure 7 is a first embodiment of the anode
power control of Figure 6;

Figure 8 is a second embodiment of the power
control of Figure 6;

Figure 9 illustrates a preferred type and

25 placement of anodes to implement any of the aspect of
the present invention illustrated in Figures 3-8;

Figure 10 schematically shows a mechanical
technique that moves a single small anode during the

'deposition process;

30 Figure 11 shows an alternative technique of
scanning a mask with a small aperture across an
elongated anode during the deposition process;

Figure 12 shows the use of electrically
controlled mechanical shutters over the surfaces of two

35 or more small anodes;

ay,



30 . dielectric materials, these techniques allow or provide conpensation
for.adverse effects of the progressive coating of the anode surfaces with
the dielectric material being sputtered. 3a According to the
invention in a first aspect, there 1is provided apparatus within a
vacuum chanber for applying a thin filmof a material onto a substrate that
Is being noved in a path therethrough, conprising: a cylindrically shaped
*target that is rotatable about an el ongated axi s t her eof whi ch is .
- oriented to extend transversely acros® said substrate path; including
magnets therein facing said path, sgid target, having a_surface which is
maintained at a negati %Ilt:%fgg, a; heppiev R% %nPPrQnaS nagBeErePBn zone
belt yvegn_ t hle t angeill ianiche whelitiple ! s&g_tut hpbdestaecﬁmf cfiwgatwﬁtgsahtt he
cylindrical tar or adjusting a profile across sai

deposi tion zoné’qgfé’b%mdeposition of the material onto the substrate,
sai d deposition rate proffiguxelj dSB nisnemnsidec| viewg of [thest pdavaznode
di sposed a@ ac ddts-drit' St connected to a positive voltage
froma pow(eyr s?tﬁgce, a‘;nrgl1 %gvll’%uééogﬁrbnsi on in a direction of the target
surface elongated axis of eight '

Although the wvarious aspects of the present
invention have application to magnetrons and plasma
processes gerierall?, their implementation is described

10 with respect to the figures for depositing thin films on
large substrates by a sputtering process. Referring
initially to Figure 1, as a starting point, one example
of such a sputtering process as currently practiced, as
wvell as the equipment used to do so, is described. The

15 magnetron shown in Figure 1 is a type utilizing a
cathode 11 having an elongated cylindrical shape that is
rotated by an electrical motor drive source 13 at a
uniform speed about an axis 15. Carried on the
cylindrical outside surface of the cathode 11 is a layer

20 of target material 17 that is sputtered away during the
deposition process. A substrate 19 is moved along a
path that is perpendicular to the axis 15 of rotation of
the cathode 11. The substrate is moved in one direction
along that path by some convenient mechanism, such as

25 supporting rollers 21 which are driven by an electrical
drive motor 23. An elongated permanent magnet structure
25 is positioned within the cathode 11 and faces toward
the substrate 19 that is being coated. The magnet
structure 25 does not rotate with the target 11 but its

30 stationary position can often be rotatably adjusted
somewhat. The magnet structure 25 contains magnets
continuously along its length. This length determines
the width of a deposition zone. The width of the
substrate 19 is éflightly less, as a maximum, than the

35 length of the magnetic structure 25.



cent.inmetres or |ess. Accdrding to the invention in a second aspect,
ther'e is provided apparatus within a vacuum chanber for sputtering a thin

filmof a materi al

onto a substrate that is being noved in a path

~therethrough, conprising: a cylindrically shaped target that is rotatable

.about an el ongat ed

axi s t her eof whi.ch i's ori ented to ext end

.transversely across said substrate path, including magnets therein facing
said path, said target having a surface whgch is naintained at a

negative voltage,

thereby defining a deposition zone between the target

and substrate path that expRNUepdsitich | greédsof thkesCplatd iwidhimrget,
and neans for ad'usting?a rofile agéﬁﬁz faid gegpsitioggfone qi a rate of
deposi tion of t YASHShY I Formed By m§E8d41S HR+iRe PFofile

adj usti ng nmeans schematiicaldly indicated bhyotlke dagloddohendj7aofnFighreet by get

surface and conpec{2d um! S,L%Fofggtlm\égn\gig@etﬁéo?%m "ﬁl‘l’?ﬁgai

for physically noving sai

ast one anode 1 n -rection o

surface el oSgat hamber. akcaoctew Fevel congdstentewiththe precessibeing
aspect, there petrformed.lrPrbeess 1Y dalivieted aayaceHt €heb@Fgéer
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surface 17 by a tube 31, or other form of conduit, from
a supply 33. The tube 31, in one form, has holes along
its length adjacent the target 17 to deliver gas
directly into a deposition zone 35 (Figure 2) between
the target surface 17 and the substrate 19. A second
similar gas delivery tube can be provided on an opposite
side of the cathode 11. othet gas delivery techniques
are also alternatively utilized. |

The class of magnetron illustrated in Figures
1 and 2 is electrically powered by direct current (D.C.)
power supply 37. Another class of magnetrons utilize
various forms of alternating or pulsed current. The
various aspects of the present invention also have
applicability to that type of magnetron. But in the one
illustrated in 'Figures- 1 and 2, the cathode 11 is
connected to a negative voltage relative to that of the
chamber walls 27, which are generally maintained at
ground potential. Material used for the target 17 is
also made to be electrically conductive so that the
outside surface of the target material is also
maintained at a negative voltage.

Very often, the inside surfaces of the
metallic vacuum chamber walls 27 are used as the anode
for the sputtering apparatus. In this case, the walls
are still maintained at ground potential.
Alternatively, others utilize a separate anode 39
positioned on an opposite side of the cathode 11 from
the deposition zone 35. The anode 39 is then maintained
at a positive voltage by connection to the power supply
37.

neans

far get



thin filmof a material onto a substrate that is being noved in a path
therethraugh. conprising: a'cylindrically shaped target that is rotatable
about an el ongat ed axi s t her eof whi ch S oriented to ext end
_transversely across said substrate path, including nagnets therein facing
said path, said target having a surface which is mintained at a
negative voltage, thereby defining a deposition zone between the
‘target and substrate path that extends along a length of the cylindrical
target, and neans for adjusting a profile &cross said deposition zone of a

rate of deposition of the material onto the substrate, said deposition rate
profile adjusting nmeans i ADl Quday te beaable ko Arprsit shblre hayingn® t he

Large rt i Kot i A i,
s s i shi sali
means responsi v Foré%o gPﬁ&ﬁF 0551"3}&’} r@;c’é‘?lsﬁrrgb b ﬂtﬁnode
that is coverednegdsato bhuhhé.lforﬂccosdlchgat anilformitvyntisont I dustiated h
aspect, thege ig pﬁoiéb.d&ﬁ ggag‘!s ?’gpﬂr?h\.‘.acu H AR hé pi':fﬁg ring

athin filmof amaterla asu eln nove pat h

t her et hr ough, cé&phpPs&i m@taéne@ymmo#heasmyoséhapadprpaega itmahf. |leut

rotatabl e aboujpatRErea Qi%ﬁ’tmﬂ&‘a%e g‘rﬁ&fﬂ@c moréhifRe thet sKéUnSByd
to ext end transverselé acr oss sai strat((%al pat h,, i ncludin net’s
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therein faci ng SBfqdpahRd Surye 4s Q&W%ra ice
to modify the distribution along the 1length of the

10 cathode 11 by the use of trim shields 45 and 47 on
either side of the deposition zone 35. The trim shields
in effect define the deposition zone 35. The shields
are maintained electrically isolated from the system and
are shaped to have a narrower opening in the middle

15 portion of the length of the cathode 11, in order to
restrict the rate of deposition on to the substrate 19,
and to have a wider opening at either end. The use of
trim shields can modify a deposition rate profile of the
shape of curve 43 (Figure 3) into something approaching

20 the desired straight line function of the curve 41. A
disadvantage, however, is that material which could be
deposited on the substrate 19 is deposited on the
shields 45 and 47 instead, thus reducing the potential
rate in which the substrate 19 can be moved through the

25 vacuum chamber in order to receive the desired material
layer thickness. .

In operation, the presence of an appropriate
gas introduced through the tube 31 and negative and
positive voltages apply respectively to the target 17

30 and anode 39, creates a plasma in the deposition zone 35
that is largely define_d by the magnet structure 25
within the target 11. Another plasma is formed adjacent
the anode 39, the two plasmas being linked by yet
another plasma region therebetween. Free electrons and

35 ions within the plasma within the deposition zone 35
bombard the target surface 17 to dislodge atoms from



I's maintained at a negative voltage, thereby defining a deposition zo
between the target and substrate path that extends along a |l ength of the

cylindri cal
deposition zone of a rate of deposition of the materi al

target, and neans for adjusting a profile across said
onto the substrate,

sai d deposition rate profile adjusting neans including at | east one a
. disposed adjacent the target surface and connected to a positive vo
froma power source, a nask p05|t|oned over said at |east one anode,
mask havi ng an aperture thereln that is spgnlflcantly smaller in a
direction of s

anode
f or

in said
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target can also be used to adjust, to some extent, the
deposition profile across the substrate.

If the process gas introduced through the tube
31 to the deposition zone is an inert gas, then the
material that is deposited on the substrate 19 is that
of the target 17. It is common to deposit thin layers
of metals by this technique, such as aluminum, zinc,
titanium, and many others, either alone or together.
The target 17 is formed of the material to be deposited
plus possibly small amounts of other materials that are
required to give the target 17 required mechanical
characteristics.

The same general process is used to deposit
dielectric films on the substrate 19, such as silicon
dioxide,-silicon nitride, silicon oxynitrides, aluminum
oxide, titanium dioxide, and the 1like. In these
situations, the target 17 is made of the metal component
of the dielectric film and the process gas supplied
through the tube 31 provides the other component. 1In
such processes, the process gas will generally be pure
oxygen, when depositing oxide films, pure nitrogen, when
depositing nitride films, both oxygen and nitrogen, when
depositing oxynitride films, and so forth. The gas
atoms are reactively combined with metal atoms sputtered
off the target 17 to provide the dielectric film. A
noble gas, or combination of noble gases, may be mixed
with the reactive gases.

It is the deposition of dielectric materials

-that creates the greatest challenges in such a process.

That is because the dlelectric material is not only

ded

ed



transversely across said substrate path, including magnets therein facing
said path, said target having a surface which is maintained at a negative
vol tage, thereby defining a deposition zone between the target and
substrate path that extends along a |length of the cylindrical target, and
means for adjusting a profile . across said deposition zone of a rate of

. deposition of the material onto the substrate, said deposition rate profile
adj usting neans including two or nore separate anodes di sposed adj acent the
target surface, fixedly positioned'apart from each other in a direction of

From a pover s ARRAPLtaH ‘Rho to SunBErater o BEk aifo “of Hiely prdx! 20°
physi cal |y covmn@mo&it@ﬁr’t kbet mcoumrmmelsep&‘ha-tsega'ﬁeﬁtdy efifects

‘sequence so th nQdem s e ;
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any such dielectric to be spu tered off of that surface.
10 This is one reason why a rotating cylindrical cathode
type of magnetron is favored for such processes. A
planar magnetron also has dielectric material deposited
over its planner cathode/target surface but it is
sputtered off only in the "race track" area of the
15 target. Other areas of the target become coated with
the dielectric, eventually causing arcing which can
disrupt continuation of the process.
Although a great deal of attention has been
paid to overcoming this effect of dielectric material
20 deposited on the cathode/target surface, relatively
little attention has been paid to the effect of such
deposition on the anode surface, the second electrically
charged element of the system. The purpose of the anode
is to collect electrons. In a D.C. system, the coating
25 of the anode with dielectric material can make that very
difficult. What has been discovered, as part of the
present invention, is that the coating of the anode also
affects the profile of the disposition rate across the
width of the substrate. If the entire inside of the
30 metal walls 27 of the vacuum chamber (without the
separate anode 37 of Figure 1) is the anode of the
system, the effect is most pronounced. That large
surface area is unevenly coated with the dielectric
during the deposition process and this apparently
35 results in the effective anode surface moving around
within the chamber. The electrons are going to be



extends along a length of the cylindrical target, and neans for adjusting a
profile across said deposition zone of a rate of deposition of the materi al
onto the substrate, said 3d deposition rate profile adjusting nmeans
-including two or nore separate anodes disposed adjacent the target surface,
fixedly positioned apart fromeach other in a direction of said target
_surface elongated axis, and connected to a positive vol tage froma power
source, and neans for separately controlling power applied to the
i ndi vi dual anodes which interconnect saidlfnodes with said power source,

sai d separate power controlling neans including neans for sequentially
connect i ng i ndi¥tkAFteActoothepTeR, QY RALAAS: Of extendegor@edsour ce

so that only onsupfwee ikasingcotmectehinhestbsaseleetkycal | ahdmethis

Accordin to t n V, t i's provided
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having a surfaggithihthe deposition zone 35. An extreme effect on

that profile is illustrated by the dashed curve 49 of
Figure 3. A reshaping the trim shields 45 and 47 is not
10 effective to obtain the uniform profile of curve the 41
since the distribution of the curve 49 keeps changing
during the process. This is caused by the effective
anode surface moving around within the internal chamber
walls. Use of the séparate anode 39 shown in Figure 1
15 reduces these variations somewhat, since the area over
which the effective anode moves is much smaller, but
resulting profile changes in the course of a sputtering
process are still undesirable if films of uniform
thickness across the substrate are required. This
20 effect is exacerbated when the substrates are large,
such as encountered with building or vehicle glass which
can easily be one, two or more meters in width. The
width of the deposition zone 35 thus needs to be at
least as large. |
25 According to one aspect of the present
invention, this dynamic profile shift during deposition
of dielectric films is eliminated by reducing the size
of the effective anode surface. Referring to Figure 4,
a very small anode 51 is substituted for the larger
30 anode 39 in the system of Figure 1. The free electrons
then have a much reduced area over which to search for
the smallest dielectric film thickness. It is the
dimension "D" of the anode 51 that extends in a
direction parallel with the cathode axis of rotation 15
35 that is the most important. Since it is the deposition
rate profile in that direction that is desired to be



I's maintained at a negative voltage, thereby defining a deposition zone
_between the target and substrate path that extends along a length of the
cylindrical target, and neans for adjusting a profile across said
- deposition zone of a rate of deposition of the material onto the substrate,
~said deposition rate profile adjusting neans including two or nore separate
. anodes di sposed adj acent the target surface, fixedly positioned apart from
each other in a direction of said target imeface el ongated axi s, and
connected to a positive vol t age fron1a r source, and neans for

sard tvo br o SOBEEGIL8R, CLELE ARkt" nEERkahY THAR cHE Y fHihe IR
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I ntroduced into .
important when used in the system of Figure 1 but could "

be equally important if the plasma density is also

desired to be controlled in that orthogonal direction.

10 The size of the anode 51 must be large enough,

however, to handle the electrical current that it is

called upon to carry. If made too small for this level

of electrical current, the anode 51 will be damaged by

overheating. The maximum dimension "D" that is

15 desirable is eight centimeters, regardless of the length

of the cathode 11, and preferably less than three

centimeters.

Although the single small anode 51 does solve

the problem of the changing deposition profile during

20 the deposition of dielectric materials, it must

- necessarily be positioned about in the middle of the

length of the cathode 11 in order that it does not cause

the deposition profile 43 (Figure 3) to take on some

degree of asymmetry. This in turn causes the rate of

25 deposition in the metal section along the length of the

cathode 11 to increase further relative to the

deposition rate toward the ends. Although the trim

plates 45 and 47 can be reshaped so that the substrate

19 receives a uniform deposition rate across its width,

30 this would cause the throughput of the system to be even
further reduced. |

Therefore, according to another aspect of the

present invention, and as illustrated in Figure 5, two

such small anodes 53 and 55 are positioned adjacent

35 opposite ends of the cathode 11. The power supply 57

connects the same constant voltage level to each of



support a plasma therewi thin, and neans for operating said at |east two
~anedes sequentially in time. According to the invention in a ninth
aspect, there 1is provided a nethod of controlling a distribution of a
pl asma, generated adjacent a cathode, conprising: positioning at | east
two spaced apart anodes at different locations with respect to the

cat hode, said anodes having an effective dinension in at |east one
direction of eight centinmetres or |ess, and separately controlling

el ectrical power to individual ones of Baid at |east two anodes, thereby
to control the distribution of the plasma, said separately controlling
el ectrical pokbesenanefes. endihg zefifechdiofi this opesitdioning it tpeast

two anodes i nyhijgR Qﬂf&'%&ﬁosféf@ﬁdkaﬁé Fﬁf&ﬁﬂéw@ﬂtiﬁ& idhds tEP Bnaspect,
there is provided a nethod. of spyttering a dle|f§érlc film onto
substrate frofAEbogdeqdd ¥BAREcLEHerdng Abydh; bhe Bidale. sbhRecmaking

posi tioned w ki mogevanifiorahand cthus ireddu ity £he tadle thagathestrim

sUbstr at o ' ShaeaRe, o ahd e Heed 4 plady “ErERRERERCER chA gisR"
substrate in Wheder eiti obst rdesinedc iy aditeronthei rdeppeitiopharateeri zed
by ~ nmoving ppe#ihec! iefeROfhehOhétary aPelbeling @epbki¥ea.Vol ¢age back
and forth in a8 g gk oS kbl Ss Betnise "5 Ehe Shaperot tho vaddn®ecod
chamber and distribution of its components, effects that
10 require a one~time adjustment. The profile can also
change over time during'an extended deposition process
because of some parameters changing. When dielectrics
are being deposited, the use of two spaced apart anode
surfaces can cause significant changes in the deposition
15 rate profile along the length of the cathode 11. The
effective anode first becomes one of the two anodes 53
and 55, and then the other.
Therefore, a system shown in Figure 5 is
provided for individually controlling the 1level of
20 electrical current that each of the anodes 53 and 55 may
accept. This is accomplished by introducing the process
gas at these anode surfaces, rather than into the
deposition zone 35 as shown in Figures 1 and 2. Ceramic
nozzles 59 and 61 are respectively positioned adjacent
, 25 surfaces of the anodes 53 and 55. Gas from the source
33 is supplied to each of these nozzles through
respective electrically controlled flow regulators 63
and 65. An electronic system 67 operates these valves
and thus controls the relative amount of gas supplied to
30 each of the two anodes. These amounts can be set by the
user through an interface circuit 69 to maintain
predetermined currents through each of the anodes 53 and
57, as fed back from the power supply 57 by a control
circuit 71. If the gas flows are maintained to keep
35 each of the two anode currents the same and constant
over time, for example, the wuneven build up of



positions at least five times while a given |location of the substrate is
W thin a deposition zone adjacent said cathode. Additional objects,
features and advantages of the various aspects of the present invention

w |l beconme apparent fromthe follow ng description of its preferred 4
_enbodi ments whi ch description should be taken in conjunction with the

. acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1
schematically illustrates a thin filmb5 sputtering apparatus and process
"of the prior art; Figure 2 is a sectional3iew of the sputtering apparatus

SO 9 e d Ao ot Gl e aRoboFE% ok} LR oo, T N5R
across a deposideposittimn ofratiee priof phenttcshchange. Fi gline rigsponge e to
oo et A MR RSy ERe, B0 R Gy S L
with variabl e gebllppisesthe gas fhews ctanbenadiusped: tef rertopre e
I nvention; s current balance, in a closed loop feedback control-
system. This avoids undesirable deposition rate profile
changes over time. Further, the control circuit 67 can
be set to intentionally operate with uneven but fixed
currents through each of the two anodes 53 and 55 in

10 order to make an adjustment to the deposition rate
profile that is maintained throughout a long deposition
process.

As is well known, the magnetic fields
associated with the magnetron cause the electrons to

15 move in a predetermined flow pattern around the cathode
11. The system of Figure 5 works best if the gas
nozzles 59 and 61 are positioned adjacent an edge of
their respective small anodes 53 and 55 against which
this electron flow is directed.

20 Such an introduction of the process gas is
believed to control the anode currents because the gas
streams create local high pressure regions adjacent the
anodes. Since the anodes do not have magnets positioned
adjacent them, the creation of higher pressure than the

25 ambient pressure within the vacuum chamber is believed
to promote a more intense good anode plasma.

Referring to Figure 6, electrical techniques
for accomplishing the same results are described that do
not require the adjustable gas system of the Figure 5

30 embodiment. In the embodiment of Figure 6, processed
gas is introduced to the chamber in any ordinary manner
such as that shown in Figures 1 and 2. The same small
anodes 53 and 55 are now connected to a different
electrical power supply 73 which is controlled by a

35 control system 75 under the influence of user set
parameters supplied through a circuit 77. Two different



“Figure 6 shows a system having two or nore small anodes that each have
thei'r el ectrical power independently controlled; 20 Figure 7 is
a first enmbodi nent of the anode power control of Figure 6; Figure 8 is a

~ second enbodi nent of the power control of Figure 6; Figure 9 illustrates a
preferred type and 25 pl acenent of anodes to inplenent any of the aspect

. of the present invention illustrated in Figures 3-8; Figure 10
schematically shows a mechani cal techniqu4that noves a single small anode
during the deposition process 30 Figure 11 shows an

alternative te CARN Kk jgmg a an
el ongat ed anodgngtrln $§ ggpgggt 8§B§ro$%%h*a I gur.e ?gihﬁe§a%%ﬁg%§§e of
electrically C(ﬁ&m? aRd (B Referwing. £3rsteta Figume Joe 2oANAICBS
or nore snall m proviftégucariént o th® dhodes’ 53 MrdaBsTEHM r on

utilizing rrultiso peafant?eliya d&‘érgffgédl to thep%leisent 79 and 81,
5 respectively. Another separate power supply 83 is'
connected with the cathode 11. Each of these power
supplies is referenced to a common node 85 that is
connected to the ground potential of the chamber walls

through a resistor 87.

10 The desired control of the deposition profile
is obtained, in one specific example, by utilizing
separate constant current sources for each of the power
supplies 79 and 81, where the constant level of current
supplied by each is adjustable through the control unit

15. 75. This then allows the current levels to be set to
obtain a desired deposition rate profile characteristic
during the process, and can even be changed during the
process by adjusting the relative current levels of the
power supplies 79 and 81. The use of constant current

20 sources assures that this profile will not change during
the deposition of dielectric materials since any uneven
deposition on the anodes themselves is automatically
compensated by the constant current capability. -

Referring to Figure 8, operation of a

25 different type of power supply 73 (Figure 6) is
illustrated. In this embodiment, power is alternately
turned "on" and “"off" to each of the small anodes 53 and
55 in synchronism. The power supply is effectively
switched between the two anodes. This has the advantage

30 that, at any one instant, there is only one anode
surface connected to the power supply and thus only one
place for the free electrons to be collected.
Therefore, this sYstem has the advantage of the single
anode system of Figure 4 insofar as operation of the

35 system with dielectric materials being deposited is
concerned. But because two such anodes are used, this



i nvention; and Figure 13Bis a 5|de vi ew of the pl anar 5 magnetron of
Flgure 13A. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Al t hough the vari ous
aspects of the present invention have application to magnetrons and plasm
.precesses generally, their inplenmentation is described 10 wth respect to
“the figures for depositing thin filnms on large substrates by a sputtering
pr ocess. Referring initially to Figure 1, as a starting point, one
‘exanpl e of such a sputtering process as currently practiced, as well as the
equi pnent used to do so, is described. Thepg5 magnetron shown in Figure 1
Is a type utilizing a cathode 11 having an el ongated cylindrical shape that
is rotated by aren&knﬁtménial alsporhasi \&nsadivaathaeatoﬂ Uve ing mahiked tabout

an axis 15. (ﬁﬁF he cat hode 11
is a layer 20 (%ﬂtar ge ée%qialrg%] Ms spu{*{er %fa%jéyédurl n% t he
deposition process. A sulﬁﬁﬁ%ﬁ@@ agajnte Fighgea Sratwhehzepesitive

per pendi cul ar t edr*e gvid Sndp£of cyellad UF Powde €8l ke thiv IHSdébeTr"eate
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motor 23. An el drigmet 8d denrvimge whichgthie ahodet Bseha§ an Poffri tdme @3t.hin
the cathode 11 %%Je@%eeslf,ovﬂch next cycle, the anode 53 is connected .
to the power supply for a time 95 during which the anode
55 is turned "off" for a time 97. It will be noted that
10 the periods during which each of the anodes is turned
"on" overlaps a small amount. That is, both anodes are
connected to the power supply at the time of switching
from one to the other in order to assure that an anode
plasma is maintained. One switching cycle has a period
15 r. The overlap time is made to be less than one one-
hundredth (1/100) of 7. A typical overlap time is about
one hundred microseconds.
It will be recognized that the deposition rate
profile of the type shown in Figure 3 will be quite
20 different when one anode is energized than when the
other is energized. Therefore, the switching occurs
fast enough so that at least several cycles occur while
any one part of the substrate is within the deposition
zone. Referring to Figure 2, it will be noted that a
25 line across the width of the substrate, as it moves past
the cathode 11, will remain in the deposition zone 35
for some time. It is desired that five or more cycles
T occur during the time it takes that line of the
substrate 19 to travel through the deposition zone 35.
30 That line then sees an average of the oscillating
deposition rate profile over many cycles with the same
result as when the profile remains constant during the
line’s <traverse through the deposition zone. In
practice, the frequency of the switching cycle is chosen
35 so that 8-10 cycles 7, or more, occur while any one
portion of the substrate is within the deposition zone.



the .substrate 19 that is being coated. The magnet structure 25 does not
rotate with the target 11 but its 30 stationary position can often be
rotatably adjusted sonmewhat. The magnet structure 25 contai ns magnets

- continuously along its length. This length determ nes the width of a
deposition zone. The width of the substrate 19 is slightly less, as a

. maxi mum than the 35 | ength of the magnetic structure 25. 6 The
deposition process takes place within a vgguun1chanber general ly formed by
metallic walls, as schematically indicated by the dash line 27 of Figure 1.

A vacuum punp 29 naintmIE%érgaﬁge§§§§%k¥éé§né;t{ﬁESaﬁg&gpeéae - | &ﬂg | evel

consistent with the process being pe ocess gas Is vere
adj acent the tRupRlew daberentyywithypkhe deposittian 1 fm diedeatyic, from

ahSUppl y 33-17"'%%&1‘1%% inm%e ft@dhnifyfe hahes addpstjtweenﬂi-lafgﬂéacent
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simlar gas delbespernanenthn rixdif ted deyl adjwstimposhe erelativé Yon"-
cathode 11.  Oiifeddulfild WhYch®eRhIUES the anodes is connected to
the power supply 73. That is, rather than the "on"
times 91 and 95 (Figure 8) being the same, as
illustrated, one may be shorter than the other in order

10 to compensate for some inherent unevenness in the
deposition rate profile in regions adjacent to the two
anodes. Also, these relative "on" times can be adjusted
during the deposition process in order to compensate for
changes which occur during that process.

15 Although two anodes have been used as a basis
of the illustrations of various aspects of the present
invention with respect to Figures 5-8, additional anodes
may be utilized. 1In the case of the constant current
control power supply of Figure 7, an additional constant

20 current source is added for each of .the additional
anodes. In the case of the sequencing embodiment of
Figure 8, each anode is turned "on" in sequence while
all others are in an "off" state, except for a small -
overlap of the next anode in sequence turning "on" just

25 before the existing anode turns "off".

Furthermore, the anodes need not necessarily
be in a plate shaped with surfaces oriented
horizontally. Figure 9 shows the use of 4 anodes 101,
103, 105 and 107 extending along the length of the

30 cathode 11. These anodes are each formed of a large
number of wire segments extending outward from a
elongated core to which they are attached, these cores
being elongated in a direction perpendicular to the axis
15 of rotation of a cathode 11. The ends of these wires

35 form a cylindrically shape having its core positioned
‘along the axis of the cylinder. The structure and



~are also alternatively utilized. 15 The cl ass of nmagnetron
~ill'dstrated in Figures 1 and 2 is electrically powered by direct current
(D.C.) power supply 37. Another class of magnetrons utilize various forns
of. alternating or pulsed current. The various aspects of the present

I nvention al so have 20 applicability to that type of magnetron. But in
.the one illustrated in Figures 1 and 2, the cathode 11 is connected to a
negative voltage relative to that of the iRgnber wal I's 27, which are
general |y mai ntai ned at ground potential. terial used for the target 17

Is 25 al so ”ﬁéﬁ%ﬁ%?g eI tELS II on%yg%hvgg&%&agrgh 8P£5|@‘enyjrface

of the target a negative vol
often, the i n5|m0'$ia|¢¢@cfés aoFOPRQdﬁEQaVnite@eﬁiﬁ#ﬁ%mﬁﬁTt 03755&"9 used

as the fmlolde 300¢ té@éckhatswt erdéiﬁﬂpﬁﬁi atogy osd.s nlchéu sgeaéa, .mlry Il's
Qi lize  a sepaos. onaiagiontrs ohandih 37 dssenarasied narain bﬁytai‘ﬁéée
11 from t hesdeptisisi refevencas. The anode 39 is then maintained 35 at a
positive voltage by _conneﬁéég‘gsécié I].% Qogﬁm&‘l’w&(:ti}ing application,
the foregoing description has assumed that a uniform
deposition rate is to be maintained. Material is then
deposited onto a flat substrate surface in a layer
10 having a uniform thickness thereacross. However, there
are applications where some variation in the deposited
layer thickness 1is desired. The anode control
techniques of the present invention make it easier to
deposit layers having some predef ined thickness gradient
15 across the width of the substrate. The deposition rate
profile is controlled through adjustment of the separate
anode characteristics to have a non-uniform but
controlled deposition rate profile. There are also
applications where the substrate is not flat, an
20 automobile windshield being an example. Part of the
windshield surface being coated curls upward toward the
cathode and can even extend substantially straight up.
In this case, the deposition profile is intentionally
made non-uniform in order to obtain uniform thickness
25 layers over all of the substrate.

In each of the embodiments described above,
the anodes are positioned above the substrate being
coated. Any particles which are dislodged from the
anodes during the deposition process are blocked from

30 reaching the substrate by positiohing a basket or other
barrier under each anode. This is a widely used
technique, so such barriers have not been shown in the
drawings. Alternatively, the components of the

_ magnétron may be inverted; that is, the substrate can be
35 positioned above the cathode/target and the anodes below



7 In.order to be able to deposit filns having a uniformthickness across
the Wi dth' of the substrate 19, the rate of material deposition across the
substrate needs to be uniform Such a uniformty is illustrated 5 by a
~solid curve 41 of Figure 3. Such a straight line is not obtained by the
deposition process itself, but rather a deposition rate profile nore |ike
.that shown by the dashed curve 43 is obtained. It is conmon practice to
nodi fy the distribution along the length of the 10 cathode 11 by the use
of trimshields 45 and 47 on either side o¥®the deposition zone 35. The -

trimshields in fe fl | el Qpe T, hj S
mai nt ai ned el ectiﬁ'ca?hyqﬁg&l%%t Eelggtlgggmg?hgk%’/’s?g%%ﬁ dzei?e sﬁgpggi?oaﬁéage a
narrower openi ndnaw tthe gukgtrat®. portion of the length of the cathode

11, in order to restrict ¥ Hdligh ot eék&ﬂaaa?nth_a idunes Ubehepigidd, and
to have a wi der openi.ng at either. end. The use tr hi el ds can nodify a
deposi tion rateré)%aitl%ﬁ aﬁﬁcgﬁﬂﬁa gPove: Ray, F?bg]?i"?ﬁ Pt P¥%NBEhi ng
approachi ng 20 tseveted methmivaghtsystens Un®Referming o Eigured110A a
CLpaivarteoe: RN arihe U6, IBUER) BUNE RifP Gt CERHEABILAS
the potenti al of the target 17/ by a motor source 111 under control of
' appropriate electronic circuits 113. The use of the
single small anode has the advantages described above
10 with respect to the embodiment of Figure 4 insofar as
the deposition of a dielectric material is concerned.
The deposition rate profile of the type shown in Figure
3 is adjustable by var'ying the velocity profile of
movement of the anode 109 along this path. For example,
15 the anode 109 can remain for a longer proportion of time
at the ends of the target 17/ than in the middle. The
anode would be moved much faster through the central
portion of its traverse than at its ends. At least five
or more cycles, preferably 8-10 or more, occur during
20 the time it takes for any line across the width of the
substrate to pass through the deposition zone.

Figure 11 shows a similar system, except,
instead of moving a small anode back and forth, an
elongated anode 115 is pbsitionéd along the length of

25 the target 17 and a mask 117, having an aperture 119, is
moved back and forth along the length of the anode 11S5.
The dimension of the aperture 119 in the direction of
the length of the anode 115 is made to have the same
small dimension "D" as described for the single anode 51
30 in the embodiment of Figure 4.

In Figure 12, two small anodes 119 and 121 are
held fixed with respect to the length of the target 17’.
However, each is provided with an operable shutter
positioned between the anode and the target surface 17/,

35 shutters 123 and 125 being respectively shown.
Respective motor sources 127 and 129, under the control



rate in mhlch the substrate 19 can be noved through the 25
.in order to receive the desired nmaterial |ayer thickness. In operation,

vacuum chanber

t he

presence of an appropriate gas introduced through the tube 31 and negative

~and positive voltages apply respectively to the target 17 30

39, creates a plasma in the deposition zone 35 that is largely defined
.the magnet structure 25 within the target 11. Another plasma is forned

adj acent the anode 39, the two pl asmas bei

and anode

by

g linked by yet another plasm

regi on t herebetween. Free electrons and 339 ions within the plasma within

t he deposition

8 that surface.
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shutters 123 and 125 exposes a portion of its respective
anodes so that the currents of the two anodes are
maintained constant, the system of Figure 12 becomes a
mechanical analog of that described with respect to
Figures 6 and 7. On the other hand, if the shutters 123
and 125 are operated in sequence so that only one of the
anodes is exposed at a time (except for a small overlap
where one closes shortly after the other opens), a
mechanical analog of the system described with respect
to Figures 6 and 8 is the result.

Even though the various embodiments are
described above as being implemented in a system having
a single rotating cylindrical cathode and target
assembly, the invention can be applied to other
configurations. Some sputtering systems, for example,
use two or more cylindrical targets within a single
vacuum chamber, their axis of rotation being oriented
parallel to each other. 1In such a case, each of the
cylindrical cathodes may be provided with a duplicate of
the anode structure of one of the embodiments described,
the power supplies and control systems being common to
both cylindrical targets. Alternatively, two or more
rotating cylindrical cathodes can share a single anode
sYstem.

The present invention, further, is not limited
to cylindrical magnetrons. It can also be applied to a
planar magnetron, an example 'being schematically
illustrated in Figures 13A and 13B. A substrate 133 to
be coated is moved past a cathode 135 having a planar

-tafgeﬁ surface 137 parallel to that of the substrate

133. The.targgtf;37 is symmetrical about an axis 136

from
el ds

used



|f the process gas introduced through the tube 10 31 to the deposition
zoné is an inert gas, then the material that is deposited on the substrate
19 is that of the target 17. It is common to deposit thin |ayers of netals
- by. this technique, such as alum num zinc, titanium and many ot hers,
either alone or together. 15 The target 17 is fornmed of the material to
. be deposited plus possibly small anmobunts of other materials that are
required to give the target 17 required ngchanical characteristics. The
sanme general process is used to deposit 269 dielectric films on the

b 10 ail di oxide. s L trid b
oxyn 11 des, ' al ST HORIB%] AFOs RHE AR (2" SHe TRBREEER 13 o
situations, theSepaxate smakl mnsles 189 Melal 14drpuhddS eret prodiidedctric
filmand the pr&’&fééeﬂ@sﬁﬁé’po%fﬁgrg%f thEOUgEnbaE 195¢ 3$neEeYhHBaekhe

ot her conponent. “1In such processes,_the process gas w || enerill be pure
oxygen, when deGRRiRe RPSFALRA AqeRrding £ any 8% ofhtheqepbed Fﬁétﬁitride
filns, bothsoxydescritedi withchespbet topPigurag 5%l t Alderhatdwelgnd so

Sputtered of f (ALY i aRERek SrpoaFRY. g Fosiiclled abafagBhRTy. . |,
conbi nati on of oppdeitescernexy O£ theccathodethdSseacti ve gases. .
Although the various aspects of the invention
have been described with respect to their preferred
10 enmbodiments, it will be understood that the invention is
entitled to the full protection of the appended claims.



| t T§mfhe'déﬁ_§TT*Uh‘of dieIectFTC materi-al s~35—that creates the greatest

Cha|hﬁ@§ﬁ§”hg hc [ OCeSSs. the dleh terial is
not o fed on the s mﬂﬁ m ngery‘=;othe7“sur_-acﬁ'
=~ W 1 hi Hﬂﬂ’" anber. This grea era i on of.a: DC maghé'tron

udurin t he deposition occurs. |s t he Sfeposi-tian. of .
.dielectric 5 material on the electrically charged surfaces that is most”
significant. Dielectric nmaterial deposit g on the target surface 17 is
~generally not a problem however, since i? rotation through the deposition

zone 35 causes gg%1§;$ﬂ%iggkectrlc to be sputtered off of that surface. 10
This is one red ating cylindrical cathode type of nagnetron is
favored for such processes. A pl anar magnetron al so has dielectric

mat eri al ddeﬁ)s' tled over ig$ p'aﬂﬁai'aﬁﬁkhﬁiiﬂ{ﬂia{ g&t vaduar echiinbel ifor
areas of the t PEEFEBEBRCA SR AR £f RECAPLALEPFS, @ SHRREERTS SHAR ng
arci ng whi ch caiksdbeingt movedi finaai patbhf therephvough, Abmpwdgﬁng.great deal
of attention has been a cylindrically shaped target surface that is
5 rotatable about an elongated axis thereof which is
oriented to extend transversely across said substrate
path, including magnets therein facing said path, said
target surface being maintained at a negative voltage,
thereby defining a deposition zone between the target
10 and substrate path that extends along the length of the
cylindrical target, and
means including at least one anode adjacent
the target surface and connected to a positive voltage
from a power source for adjusting a profile across said
15 deposition zone of a rate of deposition of said material
onto the substrate.

2. Apparatus of claim 1 wherein said
deposition'rate profile adjusting means includes two or
more separate anodes that are held spaced apart in a
direction of said target surface elongated axis.

3. Apparatus of claim 1 wherein said at least
one anode of the deposition rate profile adjusting means
has a dimension in a direction of the target surface
elongated axis that is less than 8 centimeters.

4. Apparatus of claim 1 wherein said
deposition rate profile adjusting means includes means
for physically moving said at least one anode in a
direction of said target surface elongated axis.

$S.  Apparatus of claim 1 wherein said
dépoSipiqm?Egte_profileuadjusting means includes at




- paid to overcoang—thfs—effect of dielectric material 20 deposited on the

cat hode7target surface relatlvely little attention has been paid to the
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electro ystem t*hefcoatitg 25* of the.aﬁode,mkfh di.ellectric
.materi al ke that very difficult. What has been discovered, as part of
the present invention, is that the coati ng of the anode also affects the

profile of the disposition rate across the#%i dth of the substrate. If the

e i nsi d
the separate andaisrone giBteer ifbefeidndl (0BNATE BT neabl LA,
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in the effective aa Fguggr ace noving around within the chanber. . The

el ectrons are g8Ph €r. 10 attracted to the area or areas of thIS
ext ended anode surface having the thinnest dielectric, and this | ocation

can change as the process qontiwﬂfiratus _of claim 1 wherein said
deposition rate profile adjusting means includes a mask
positioned over said at least one anode, said mask
having an aperture therein that is significantly smaller
5 in a direction of said target surface elongated axis
than a dimension of said anode in said direction, and
means responsive to a control signal for physically
moving said mask and aperture across said at least one
‘anode in the direction of said target surface elongated
10 axis.

7. Apparatus of claim 1 wherein said
deposition rate profile adjusting means includes two or
more separate anodes fixedly positioned apart from each
other in a direction of said target surface elongated

5 axis, and means responsive to control signals for
physically covering each of the two or more separate
anodes in time sequence so that only one anode is
exposed at substantially all times.

8. Apparatus of claim 1 wherein said
deposition rate profile adjusting means includes two or
more separate anodes fixedly positioned apart from each
other in a direction of said target surface elongated

5 axis, including means interconnecting said anodes with
said power source for separately controlling the power
applied to the individual anodes.

9. Apparatus of claim 8 wherein said separate
power controlling means includes means for separately
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.curve the 41 S|nce the distribution of the curve 49 keeps changing during
the process. This is caused by the effectlve anode surface noving around
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the course of aogpﬁtatldrrtﬁ@ plrom anpdes. | undesirable if films of

uni form thi ckness across the substrate are required. This 20 effect is

exacer bated when the substrates are |arge, such as,encountered,with
bui | di ng or vehicle gl ass i ch b&l?%'&&‘?y g€ ofdaim, o8, Whereine 8aid

wi dth. The w dsepairatiec pewesi Tddﬂtrmndniﬁ ﬁbuﬁsnmm)esbemﬁaﬂsaast:ras

i on i s sagmentdSi iy Rnect ¥l SnfiYAa). Uneg "G SAETCHEP 07111 1

i s elimnated bporedanodest ke hec powerheiras tso chatodenlyiréneeanode
Referring tg Fi g4 go%connected at substantially all times.

- The resu’r’u n‘g r‘Tocann of th asma 5 around the |n5|de of the
chanber s ;agedeffeim wwt EIE — HTN. |
pI asna WI & ion z keT\f Betiid

11. Apparatus of claim 10 wherein said
separate power controlling means includes means for
adjusting the relative times that each of said two or
more anodes are connected to the power source.

12. Apparatus of claim 10 wherein said
separate power controlling means includes means for
alternately connecting each of said two or more anodes
to the power source at a rate sufficient for each of

5 said anodes to be so connected at least five times while
a given location of the substrate is paSsing through the
deposition zone.

13. Apparatus of claim 1 wherein said
deposition rate profile adjusting means includes two or
more separate anodes fixedly positioned apart from each
‘other in a direction of said target surface elongated

5 axis, and means for separately adjusting the electrical
current through individual ones of said two or more
anodes.

14. Apparatus of claim 13 wherein saiad
electrical current adjusting means includes an
adjustable shutter adjacent a surface of each of said
two or more anodes.



a vef?mEﬁEFT“éﬁede 5&—fs substituted for-the Larger 30 anode 39 in the

_,systenthfShgg{%ng free t hen havq “Freh. . [educed area over :
whi ch t smal f 'imi Eiﬁ mm 0t cknes. , |s t he

< di mns;ﬁmng; anode 5 a :dl rect:i:ong p &l iiwith the
~cat hod ion 15 35 that is the nost Fﬁpﬁ{taﬂi ;“Slncellt S

. the deposition rate profile in that direction that is desired t6“be
controlled, it is nost inportant that the dinmension of the anode 51 in that
direction be maintained very small. Mvendft of the anode plasma in that

direction is thus constrajped, thereby elin_nat] the effect jllustrated 5
by the curve 49 of Figureig Thé on of; ?#% node ¥herein 4 i on
orthogonal to tébeetricdb durrent adjuspdngameanteincheies @ separptiedy of

Figure 1 but c %‘ﬁﬂ; st:Eﬁ' A5 q:q.%% | |
desired to be 8%%ﬂu§§§ﬁg¥ %%#% or 5gﬁgl Fecti on. e é%d%'%&
size of the andefl ﬂ“ﬂ%S?rH@°¥%I§EP m A cPOWeD BewEFe.t he

el ectrical current that it is called upon to carry. If made too snall -for

this level of electrical c rren the anode 51 will be da
over heati ng. The ﬁBXI PPATALHS - Bf ?%%{ WaIin” saia
electrical current adjusting means includes means

introducing process gas into the chamber adjacent
surfaces of said two or more anodes for adjusting the
5 relative amount of gas delivered to each of the anodes.

17. Apparatus within a vacuum chamber,
comprising:
a cathode,

at least two anodes spaced apart from each
5 other and held fixed with respect to the cathode,
| a source of gas introduced into the chamber
sufficient to support a plasma therewithin, and
means for maintaining a substantially constant
electrical current over time through the individual ones
10 of said at least two anodes.

18. The apparatus of claim 17, wherein said
constant current maintaining means includes a separate
constant current power source for individual ones of
said at least two anodes.

19. The apparatus of claim 17, wherein said
constant current maintainiﬁg means includes means
adjustable by a user to alter the constant current level
"that is maintained through individual ones of said at

5 least two anodes.

20. The apparatus of claim 17, wherein said
constant current maintaining means includes means for



15 ._desirable is eight cent| rreterS ‘regardl ess of the |length of the
cathode 11, and EﬁaT“e‘abl y B['ee centineters. Although the single

smal I’Ihrasmdﬂ{a'éﬁe&lﬁa 9l ve t angl o) ,:qeposg,rig.gr\Lprofl | e

e

osi tion ofc ‘rrﬂ drisals

neces i oned about |n t he niddl ellof _the"Length of..thhe cat hode
11 in or does not cause the dep05|t|on profile 43 (Figure 3) to
" take on sone degree of asymretry. This in turn causes the rate of 25

" deposition in the netal section along the26ength of the cathode 11 to

i ncrease further relative to the deposition rate toward the ends.

Al though the trinsexting 43 ithd gas cdm beonsrpdded samomatst hadjaigentate 19

receives a uni fiH{dRRAASE okl '6F Cadfd O 1StV €hd ar@des! hi s woul d cause
t he throughput of the systemto be even further reduced. Therefore,

according to another aspect of the present invention, and as illustrated in
Figure 5, two such small 2zmpdes Apparatusd withiesi ai ovacuand achamber,

opposi te ends ode 11. The power supply 57 connects the sane
constant vol tagée "F‘n\'e):ieﬁcﬁf% each of
a cathode,

at least two anodes spaced apart from each .
S other and held fixed with respect to the cathode,
a source of gas introduced into the chamber
sufficient to support a plasma therewithin, and
means for operating said at least two anodes

durin

sequentially in time.

22. Apparatus of claim 21, wherein said
operating means includes means for ali:ering the relative
times of operation of individual ones of said at least
two anodes.

23. A method of controlling a distribution of
a plasma generated adjacent a cathode, comprising the
steps of:
positioning at least two spaced apart anodes
5 at different locations with respéct to the cathode, said
anodes having an effective dimension in at least one
- direction that is less than eight centimeters, and
| separately controlling the electrical power to
individual ones of said at least two anodes, thereby to
10 control the distribution of the plasma.

24. The method according to claim 23 wherein
the ©power controlling step includes separately
maintaining a substantially constant current flowing
through said at least two anodes.

25. The method according to claim 23 wherein
the power: controlling sté_p includes energizing



12 these anodes.  The effect-—of .this p05|t|on|ng Is to raise the
,dep03|t|on rate proflle at, the ends of the c hode=tt-whi-l.e.. Lowering it in
t HEhisrSihektl Has, Beérhusﬁlaémkl ng it Mﬂ

! W"mml ds' ¥ &diici ng:thewr fl e that the
tr| and a7 ,Rﬂ' uMELancek sancexi st where it is
_des ﬂﬁm mmg he dep05|t|on Fate profil e, even when hetals.are being
, deposi profile can be skewed because of the shape of the vacuum

chanber and distribution of its conponents, effects that 10 require a
one-tine adjustnment. The profile can al s%échange over time during an

ext ended deposi ess becayse meters ch I n When

dielectrics ard "t‘?&‘ﬁgj{"l?épogﬁ‘?ﬁd, {g lﬁﬂf ph¥Rda gﬁg bdE108 f aces
can cause signidequmriceshanges in the dep05|t|on 15 rate profile along the
| ength of the cathode 11. The effective anode first becomes one of the two

~anodes 53 and 55, and then the other. Therefore, a systemshown in Figure 5
is provided for individu®€ey céntﬂ@#h¢d19°fh§ﬂ%rié19 28 fidmenteap

Eurre?t Td hat e%ﬁir?éﬁréd& £303(01@s t?%}g‘h@%dcﬁnaglﬁeacﬁ?p& nzaaetivé a§%eaabl tshed
the deposi 11 on SAIEE SNAPOROHHONASFY SERLE & VARPUR CHBRMRE IHE2,¥BLCHY and
61 are respectia/pnocess gasndd ddtrodated, wherein relative motion is .
5 provided between the target and substrate in one
direction with the target extending across said
substrate in a direction orthogonal to said one
direction, comprising the steps of:
positionihg at least two spaced apart anodes
10 at different locations with respect to the target, saiad
anodes having an effective dimension in said transverse
direction that is less than eight centimeters, and
separately controlling the electrical power of

a positive voltage to each of the two anodes, thereby to
15 control a profile of a rate of sputtering the film
across the substrate in said orthogonal direction.

27. A method of sputtering a dielectric film
onto a substrate from a target connected to a negative
voltage source and positioned within a vacuum chamber
into which a reactive gas is introduced, wherein

S relative motion is provided between the target and
substrate in one direction with the target extending
across said substrate in a direction transverse to said
one direction, characterized by moving an effective
position of an anode at a positive voltage back and

10 forth in said transverse direction between at least
first and second positions at least five times while a
‘given location of the substrate is within a deposition
zone adjacent said cathode.

- 28, The method of claim 27 wherein first and
secand anodes are held fixed at said first and second



25-sturfaces of "theanodes-—-53—-and 55. Gas from.the source 33 i's supplied to

_each of these ZFa s thro ectrlcally. contrd‘lledflow
r egth e mlli 6? operat 8s . these ‘val'ves and
thus eI atlve pplk edt.0.. 30 “eagh bf the two

anod nts-can be set by the user through an intéfface circuit
69 to maintai n predet erm ned currents through each of the anodes 53 and 57,
" as fed back fromthe power supply 57 by a control circuit 71. |If the gas
flows are naintained to keep 35 each of2%the two anode currents the sane

and constant over tiJgre, for ex ] uneve

dielectrics on thmsamesgga?%&%c‘&\f’f? Wentedﬂ'sést pge BgﬁaéFg‘anbYat e
profile to chamgmtrollnng ¥ atmedat ivan e lactnied hipevemn tihereto! ent
the power supply 57 will cause the gas flows to be adjusted to restore the
5 current balance, in a closed |oop feedback control system This avoids
undesirabl e deposition rate profile changes over tine. Further, the control
circuit 67 can be set to intentionally operate with uneven but fixed .
currents through each of the two anodes 53 and 55 in



10 _, order to nmake an adjustneht ‘to the deposition rate profile that is
mai nt ai ned throughouﬂhmsh s BRARSIIdcLPN process. As is well known, the
magnetic fields associ g E Ju fnagnetron cause the electrons to 15

~nmove in a predetermn around the cathode 11. . The
.Figure 5 works best-if the ga es 59 and 61 are pgsrtTfoﬂ.adyalgﬂm
. edge of their respective snall anodes 53 and 55 agai nst Pch’;htssgle
.flowis directed. 20 Such an introduction ¢ :
believed to control the anode currents because the gas Streans create | oca
hi gh pressure regions adjacent the anodes. Since the anodes do not have
magnets positioned adjacent them the creation of higher pressure than the
25 anbi ent pressure within the vacuum chanber is believed to pronote a
nore intense good anode plasma. Referring to Figure 6, electrical

techni ques for acconpli sgg@dok ot BEs o %}eﬁgé of¢that do not
require the adjustabl Q&a&,&%m@m ,ﬁ ﬁ%gmm In the
enbodi ment of Figure 6, processed gas is |ntroduced to the chamber in ‘any
ordi nary manner such as that shown in Figures 1 and 2. The sane snal
anodes 53 and 55 are now connected to a different electrical power supply-
73 which is controlled by a

f
n
n
¥ S
I

c o
In one group of embodiments, two or more small
anodes are spaced apart from one another in a magnetron,
with some aspect of their electrical power being
individually controlled in a manner to control a density
profile across a plasma. In another group of
embodiments, the same effect is obtained by mechanically
moving one or more small anodes or anode masks. When
used in a magnetron having either a rotating cylindrical
cathode or a stationary planar cathode and designed to
sputter films of material onto a substrate, the
uniformity of the rate of deposition across the
substrate is improved. - Also, adverse effects of
sputtering dielectric materials are reduced.

N



35 control system 75 under the influence of user set paraneters supplied
through a circuit 77. Two different 14 enbodi nents of the power supply
" 73 are illustrated in Figure 7 and 8. Referring first to Figure 7, an
anal og system provides current to the anodes 53 and 55 from separately
control |l ed power supplies 79 and 81, 5 respectively. Anot her separate
power supply 83 is connected with the 37§hode 11. Each of these power
supplies is referenced to a conmon nod 5 that is connected to the ground
potential of the chanber walls through a resistor 87. 10 The
desired control ofjgthe deposition profile is obtained, in one specific
exanpl epq—by—utidiyi ng separate cons}ag] current sources for each of the
power shppiTAR6ET’9}and 81 et-e—thRelqonst ant | evel -of current supplied by
each i s| BRIVEAND ¢ tPOWERSF (D6, POWERGI—;nit 15 75. This then allows the
current {1 eQBOLING o | bSOUREEot-o-{oISURPLY a {d&si red deposition rate profile
char act Biimsii~e—ahed i Ng t he prﬁﬂ@§§7'3?d can even be changed during the :
process by agljusting the relatfive_ qurrent levels of the_power supplies 79
and 81. The tke of constant c%rreng 2?

2. PROCESS
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. o ~ [ 33
i \ f29
! VACUUM
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20 sources assures that this profile will not change during the
~deposition of dielectric materials since any uneven deposition on the
anodes thenselves is automatically conpensated by the constant current
capability. Referring to Figure 8, operation of a 25 different type of
power supply 73 (Figure 6) 1is illustrated. In this enbodi nent, power
is alternately turned "on" and "off" tgfsach of the small anodes 53 and 55
i n synchroni sm The power supply is ectively switched between the two
~anodes. This has the advantage 30 that, at any one instant, there is only
one anode surface connected to the power supply ﬁnd thus only one place for
the free electrons to be collected. Therefore, AMi s system has the
advant age of the singl g anode SySLem.al Flgure & rnsgf ar, as operation of
t he 35 systemw th dijel ectric mid &Eﬂs bei ng depos d. is concerned. But
because two such anodes , ' ~ment al so has an
advant age of being ablﬁ to othermﬁsqé@ontrol th 9dep15ition rate profile.
Referring again to Figdrsg e-epetitivme——ohe—ard ["of f" cycl es of power
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"5 _controlled in certain ways.
whi ch the anode 53 has an "off" time 93. Conversely,

anode 53 is connected to the
anede 55 is turned "of f" for
peri ods during which each of
amount. That is, both anodes
of switching fromone to the
i s maintained. One switching
time is nade to be | ess than

overlap tinme is about one hundred m croseconds.
the deposition rate profile of the type shown i

di fferent when one anode
Therefore, the g§itc

occur while any ghe g
Referring to Fi gure 2
of the substrate, as
deposition zone 35 f{

[err] occur during the
travel through the depos

The anode 55 has an "on" time 91 during
in a next cycle, the
power supply for a time 95 during which the
atinm 97. It will be noted that 10 the

t he anodes is turned "on" overlaps a snal

are connectg@g to the power supply at the tine
other in order to assure that an anode plasm
cycle has a period 15 [err]. The overlap

one one- hundredth (1/100) of [err]. A typical
| p2awi || be_recogni zed t hat
gure 3|PROCESSHe-33i te 20
ene I ASNgr g1 zed.
eral cycles
eposi ti on zone.

hq,-,width
e
cycl es
to

‘/77

CONTROL 15

13
1

POWER »—{ D.C. POWER
SOURCEc—  SUPPLY




30 That line then sees an average of the oscillating deposition rate
pr-ofile over many cycles with the sane result as when the profile remins
- constant during the line's traverse through the deposition zone. In
practice, the frequency of the switching cycle is chosen 35 so that 8-10
cycles [err] or nore, occur while any one portion of the substrate is
within the deposition zone. 16 The 4/%e sequencing of the anodes sol ves
the probleminherent with the deposition of _dielectric materials. Thi s
technique also allows the profile character]stics of the type illustrated
in Figure 3 to 5 be pernanently hnql PWA R adjusting the relative "on"
ti mes during which fgact & anodes |sup01nec1ed to the power supply 73.

That is, rather th times 194 O5 (Higure ) being t he sane, as
iIIustrated, one in 8 to conpensate
ﬂ @flle in regions

for sone inherent
adj acent to the twy s can be adjusted

during the deposition “rccess—:n o] .'- hanges whi ch
occur during tHa} process. _: | |
potl ool
| g2/ : i
l._83; —_— ] - - '7:§'_.J
15
CONTROL
17
FlG 7.
1 U ¢
i ] fl i 7
= g5 —.T 9 2 i LPOWER T0
OFF — | ) 1 i | ANODE 53
N il 4 !
] il I 'I -
W= g —a— POWER T0
oFF — - ANODE 55




- 15 - Al though two anodes have been used as a basis of the
JIIustratlons of various aspects of the present invention with respect to
FiQqures 5-8,. additional anodes nmay be utilized. In the case of the constant
current control power supply of Figure 7, an additional constant 20 :
current source is added for each of theéggﬂitional anodes. In the case of
t he sequenci ng enbodi nent of Figure 8, ~anode is turned "on" in
sequence while all others are in an‘"of " sy . ji3for a small overlap
of the next anode in sequence turni My " CONTROL Ibe ore the existing
anode turns "off". FurthernDre|Q$h andes ecess Jdly be in a
plate shaped wth surfaces enyed horizontally. _Figdl'e 9 shows the
use of 4 anodes 5@%, 105 an 7 extending al ong th Iéﬁgth of the 30
cat hode 11. The are ea ormed of a large nunber ¢f wre
segnents extendi ng outmard n_on1 & ongated core to which t

attached, these cores being elongated in a direction perpendi cular to the
axis 15 of rotation of a cathode 11. The ends of these wires 35 forma

cylindrically shape having its core positioned along th IS %{ &H
cylinder. The structure and - Z}f}" ONTROL
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17 operation’o% such wire brush anodes are nore fully provided in a
copending United States patent application of Sieck et al.,_serial no.
., 08/086,136, filed July 1, 1993, the disclosure of whi chifi NGOL paraf e £EZ"

[

“herein by 5 this reference. Because it is a comon sputterfn’ app1|cafTo
the foregoing description has assuned that-a unlforn1deposnilgﬁktﬂﬁ¢ﬁ9§}t®

be maintained. Material is then deposited onto a flat subsiraté surface in
a layer 10 having a uni formthickness thereacross. However, _there are
applications where sone variation in the deposited |layer thi

desi red. The anode control techniques of the present i nventmw%gﬁ,u
easier to deposit |layers having sone predefined thickness gradie

across the width of the substrate. The deposition rate profile is
controll ed through adjustnent of the sgparate anode characteristics to have
a non-uni form but controlled deposition rate profile. There are al so
applications where the substrate is not flat, an 20 aut onobi |l e wi ndshi.el d
bei ng an exanple. Part of the w ndshield surf ace bei ng coated curls upward
toward the cathode and can even extend substantially straight up. In this

case, the deposition quPfdd SuiSripie habchEd | ¥ RS desraformin order to
obtain uniform thi gkREFHPROVING THE UNIFORMITY OF ITS PLASMA

BACKGROUND OF THE INVENTION
This invention is related generally to
5 'magnetrons and plasma processes, and more specifically
to an application of such processes to sputter thin
fllms of material on substrates. |
There are a number of processes in various
applications that involve plasma generation. An example
- 10 is a dry etching prooess used in the fabrication of
semiconductor circuits and'elsewhere. Another example
is the deposition of thin films onto substrates, also
used in semiconductor circuit fabrication and elsewhere.
A commercially important coating process uses a large
s 15 magnetron to deposit thin films on large substrates such
as building or auto glass wherein several layers of
material are deposited in order to define certain
optical charaoteristics of the substrate.
In this'and_other magnetron applications, it
20 is highly desirable to be able to maintain control of a
. distribution of ions within the plasma since the
: ~'u1t1mate product whether from an etching, sputtering or
other plasma process, is affected by this distribution.
In the sputtering of thin films on large substrates,
25 variationsin the plasma density'aoross the target cause
corresponding variations in the rate of material
deposition onto the substrate. Since most such



25° layers over all of the substrate. In each of the enbodi nents descri bed
above, the anodes are positioned above the substrate being coated.. - Any =
particles which are dislodged fromthe anodes during the: deposition process
are blocked from30 - reaching the substrate by positioning a zgskﬁt ﬁ@ i

4uep gonuaohﬂ

ot her barrier under each anode. This is a widely used techni

barriers have not been shown in the draw ngs. Al t er nal-ivety,; =g
conponents of the magnetron may be inverted; that is, the substrate can
be 35 posi ti oned above the cathode/target and the anodes bel ow it.

Particles dislodged fromthe anodes then fall away fromthe substrate.
Al t hough not preferred, the same beneficifl results as described above may
be obtai ned by one of 5 several nechanical systenms. Referring to Figure

10, a small anqgdee 106nésanbyed Baeknaad terbl eeqgsmAl engtdroiehbe
Ciroul ts 113 3 FHEGREIRN IhaTS Ayb e RIAPRaaRBSHoY PREZdbatbabEsPe
descri bed aboworfkolled h pespetheyo hkedenbedi pent lakrge gwrough nsebar as
the depositi O%é)écqt?aéiejf}lz (i'xcérqéfe rT@ﬁg raim?cl:urjd'? ocfo Qa eercrﬁ%.'cal current that
5 +they carry. The present invention allows the plasma
density profile to be shaped and controlled in a manner
that allows adjustments to be made during an etching,
sputtering or other process being performed by a
magnetron. The ability to control the profile during a
10 process is particularly advantageous when-depositing
dielectric films since the anode surfaces, just as all
other surfaces within the magnetron chamber, become
coated with the dielectric as the process progresses.
In a preferred application of the present
i5 invention, two or more such small anodes are positioned
with respect to the cathode in order to provide a plasma
density profile that is as close as possible to what is
desired. Electrical power to the anodes is controlled
. separately for each anode or groups of anodes. In one
20 form, the relative amounts of electrical current carried
by each of the anodes is controlled. In another form,
two or more anodes are 'connected one. at a time in
sequenée to a power source at a rate that is high enough
for a given process that the substrate sees an average
25 plasma density profile over some time. Both of these
techniques permit adjusting the plasma profile _in.a
manner that the profile can be altered during a process
'in order to compensate for changing conditions that
occur during the process. When sputtering thin f£ilm
30 dielectric materials, these techniques allow or provide
compensation for adverse effects of the progressive
coating of the anode surfaces with the dielectric

material being sputtered.



*The deposition rate profile of the type shown in Figure 3 is adjustable by
varying the velocity profile of noverment of the anode 109-al-ong: This, p@t
For exanple, 15 t he anode 109 can remain for a Iongerwpropertron Oft

at the ends of the target 17" than in the mddle. Thetanode»mput@ heg7noved

much faster through the central portion of its traversﬁ-phaﬁ at™ |ts,5ﬂds

At |least five or nore cycles, preferably 8-10 or nore, -occur“durlng 20

the tine it takes for any line across the width of the substrate to pass

t hrough the deposition zone. Figure 321 shows a simlar system except,

mst;aad gtd:ca‘lg)aim a;&lmglhb anfadentiaik and gorf{h;sf;m at eghﬁﬁgdeﬁlw s |
posi tioned al on e n an mas avi ng an
aperturepﬂﬁl&?cg arP(r)}’\%&% clglglﬁh'%f rvtaﬁngtnoﬁ%g?etheerl oﬁgtalﬁ)p&t'l?ﬂe an }bﬂé‘ 115.

The di mefisionobf at meteplak ontol B0 Substhateli that i bh kfinhandwedyt hirofa t he
anode 11lpath fﬁgﬁgﬁu}ohgug tbgpsagmgaal | dlnen5|on "D' as descrlbed for the
single anod 1 L.oen Eigure 4 gur g two snal
anodes 1%9 %%i??é%f%&%@yhettﬁﬁtaz %aﬁﬁ?é ecf’S ?5ﬁ§525$ P t P target .
17' . Howedengakedh iaxipr ovtmm/ﬁthwhmlbpeliabl eosmmt%* p@Qltl@in'@thJet ween
t he anoderaﬂgvéfgbtyarseto§yrf§uxa ldubst3te SPHEH LN SinchddingNdnadexs bei ng

e eln acing said pat sai arge aving a “surface ic
Lgﬁ??gfl¥ﬁ ¥ gmn Regggft ehnDtOﬂjsgurc%§}}27 anq 129rfunderht e

is maintained at a negative voltage, thereby defining a
deposition zone between the target and substrate path that
extends along a length of the cylindrical target, and

means for adjusting a profile across said deposition zone of
a rate of deposition of the material onto the substrate, said
deposition rate profile adjusting means including at least one
anode disposed adjacent the target surface, connected to a
positive voltage from a power source, and having a dimension
in a direction of the target surface elongated axis of eight

centimetres or less.

According to the invention in a second aspect, there is
provided apparatus within a vacuum chamber for sputtering a
thin film of a material onto a substrate that is being moved
in a path therethrough, comprising:

a cylindrically shaped target that is rotatable about an
elongated axis thereof which is oriented to extend
transversely across said substrate path, including magnets
therein facing said path, said target having a surface which
is maintained at a negative voltage, thereby defining a
deposition zone between the target and substrate path that
extends along a length of the cylindrical target, and

means for adjusting a profile across said deposition zone of
a rate of deposition of the material onto the substrate, said
deposition. rate profile adjusting means including at least one
anode disposed adjacent the target surface and connected to
a positive voltage from a power source and means for
physically moving said at least one anode in a direction of
said target surface elongated axis.

According to the invention in a third aspect, there is




19 of electronic circuits 131, nove the shutters 123 and 125 i_ndi vi.dualdy.
The shutters 123 and 125 may be positioned conpletely over th frnpespectlwe
anodes 119 and 121, nmay be noved conpletely out of the may, of may 5 be |
mai nt ai ned sonewhere in between. | f each of the shuttere 123 pﬁ)dgpﬁslggl...

exposes a portion of its respective anodes so that the curfenis= of - the - two= .
anodes are naintained constant, the systemof Figure 12 becomes a i
mechani cal anal og of that described wi th respect to 10 Figures 6 and 7.

On the other hand, if the shutters iR3 and 125 are operated in sequence SO

t hat omypqeeleédte pRRAERS i tBXROSEdy Auidn témwcmt 5B ﬁt@%am !

overlap wh ses shortly after the_ other

anal og of %}if“er?l dé&sdtd agh tPegpsipstEate gﬁﬁga?eéesnanaoge@s t he
resul t. Euenatp@u@htn¢nﬁhhﬂouqhs eobpxlisigy:s are described above as being
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target as he I nvention cap be gpplied to ot con urations.
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within a sragbeersely across said substrate path, including magnets
' therein facing said path, said target having a surface which
is maintained at a negative voltage, thereby defining a
deposition zone between the target and substrate path that
extends along a length of the cylindrical target, and
means for adjusting a profile across said deposition zone of
a rate of deposition of the material onto the substrate, said
deposition rate profile adjusting means including at least one
anode disposed adjacent the target surface and connecting to
a positive voltage from a power source, at least one shutter
positioned to shield said at least one anode, and means
responsive to a control signal for adjusting an amount of said
anode that is covered by said shutter.

According to the invention in a <fourth aspect, there is
provided apparatus within a vacuum chamber for sputtering a
thin film of a material onto a substrate that is being moved
in a path therethrough, comprising:

a cylindrically .shaped target that is rotatable about an
elongated axis thereof which is oriented to extend
transversely across said substrate path, including magnets
therein facing said path, said target having a surface which
is maintained at a negative voltage, thereby defining a
deposition zone between the target and substrate path that
extends along a length of the cylindrical target, and

means for adjusting a profile across said depositidn zone of
a rate of deposition of the material onto the substrate, said
deposition rate profile adjusting means including at least one
anode disposed adjacent'the target surface and connected to
a positive voltage from a power source, a mask positioned over
said at least one anode, said mask having an aperture therein
that is significantly smaller in a direction of said target
surface elongated axis than a dimension of said anode in said
direction, and means responsive to a control signal for



wwacuum chanber, their axis of rotation being oriented parattel—to=each . ___
other. In such a case, each of the cylindrical cathode§¥wmmime pr@vrded;,ﬂ
with a duplicate of 25 the anode structure of one of tlhe enbodi nents - P
descri bed, the power supplies and control systens belnggdﬁmnnn toboff .. ﬁ
cylindrical targets. Alternatively, two or nore rotatin ZEVFFHHFFCaLm~_mWJ
cat hodes can share a single anode system 30 The present -
i nvention, further, is not limted to cylindrical nmagnetrons. It can al so
be applled to a planar magnet ron, 3&n exanpl e bei ng schenatlcally

| I1ustrat ?ﬂ%%ibdil?”ﬁl ?s@‘iﬁ hask ﬁxcﬁ%‘r“c%@ %5?0&9 beif é groved

past a ca havi n t sur ace para %0 that
of the suBd¢rapedassn ¥h g&F@EF1@@7°#sS% Is%ﬁﬁﬁﬁ ane%&¢%af§% 20

ext endi ngagts 0ss the width of the substrate 133. Separate small anodes 139,
141, 143 and 145 are provided adjacent the corners of the cathode 135.
These anodes can be operated, according ,to any one of the enbodinents 5

descri bedPGFQ¥imgspd®t £Beri fyetiong inp 2 erfiditihyePppeshit y EhgFanddes are

used, beipgovided | apesrafusdi adetial | ¢ vacuum chamber for sputtering a )
thin film onto a substrate that is being moved in a path
therethrough, comprising:
a cylindrically shaped target that is rotatable about an
elongated axis thereof which 'is oriented to extend
transversely across said substrate path, including magnets
therein facing said path, said target having a surface which
is maintained at a negative voltage, thereby defining a
deposition zone between the target and substrate path that
extends along a length of the cylindrical target, and
means for adjusting a profile across said deposition zone of
a rate of deposition of the material onto the substrate, said
deposition rate profile adjusting means including two or more
separate anodes disposed adjacent the target surface, fixedly
positioned apart from each other in a direction of said target
surface elongated axis, and connected to a positive voltage
from a power source, and means responsive to control signals
for physically covering each of the two or more separate
anodes in time sequence so that only one anode is exposed at
substantially all times.

'According to the invention in a sixth aspect, there is
provided apparatus within a vacuum chamber for sputtering a
thin film of a material onto a substrate that is being moved
in a path therethrough, comprising:

a cylindrically shaped target that is rotatable about an
elongated axis thereof which 1is 9oriented to extend
transversely across said substrate path, including magnets
therein facing said path, said target having a surface which
is maintained at a negative voltage, thereby defining a
deposition zone between the target and substrate path that
extends along a length of the cylindrical target, and

means for adjusting a profile across said deposition zone of
a rate of deposition of the material onto the substrate, said




opposite corners of the cathode 135. Although the various! aspects-of.-the... i
i nvention have been described with respect to their prefgfred 10 DR
enbodi nents, it will be understood that the invention isébn&htﬁb@rggptmgy j
full protection of the appended cl ai ns. CLAI M5 1. Apparatus-w-{hin. a, j
vacuum chanber for applying a thin filmof a material onto a substrate that
I's being noved in a path therethrough, conprising: a cylindrically shaped
target that is rotatable about an el ongated axi s t her eof whi ch S
oriented to extend transversel y3across said substrate path; including
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surface Eﬂéﬁya%%e%i%ﬁi§aiéﬁpéaé1h%ource, said separate power controlling
means including means for sequentially. connecting individual
ones of said two or more anodes to the power source so that
only one anode is so connected at substantially all times.

According to the invention in a seventh aspect, there is
provided apparatus within a vacuum chamber for sputtering a
thin film of a material onto a substrate that is being moved
in a path therethrough, comprising:

a cylindrically shaped target that is rotatable about an
elongated axis thereof which is oriented to extend
transversely across said substrate path, including magnets
therein facing said path, said target having a surface which
is maintained at a negative voltage, thereby defining a
deposition zone between the target and substrate path that
extends along a length of the cylindrical target, and

means for adjusting a profile across said deposition zone of
a rate of deposition of the material onto the substrate, said
deposition rate profile adjusting means including two or more
separate anodes disposed adjacent the target surface, fixedly
positioned apart from each other in a direction of said target
surface elongated axis, and connected to a positive voltage
from a power source, and means for separately adjusting an
electrical current through individual ones of said two or more
anodes to maintain a selected level of electrical current
through each one of said two or more  anodes, wherein said.
electrical current adjusting means includes an adjustable
shutter adjacent a surface of each of said two or more anodes

According to the invention in an eighth aspect, there is
provided apparatus within a vacuum chamber, comprising a
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centimetres or |ess. 2. Apparatus wi thin a vacuum ghanbser=fot=
sputtering a thin filmof a material onto a substrate %MQPLK§EH@?hg

in a path therethrough, conprising: a cylindrically shaped targe t@' i3
rot at abl e about an el ongat ed axi s t her eof whi ch nmaLZé#SéﬁtM”;;;ﬂ
extend transversely across said substrate path, incl udimgfeagnets therein
facing said path, said target having a surface which is nmaintained at a
negati ve vol tage, thereby defining a 22 deposition zone between the
target and substrate path that extesds along a length of the cylindrical
target, anq:qp ns for adjusting a profile across said deposition zone of a
rate of d%%&%l ion of the material onto the substrate, said deposition rate

profil e adfudepalf meansanaddasudeprred feadt Sremaddd PERRIBednddjhgdént the
target suffacewitd cespest atb the dathegétive voltage from a power

source and__neans or_physi.cal,l vy, movin | d I t one.anode in a o
di rect i on® of*°84FG fgig%?gsdiFgegué?%ndgngﬁgl|séﬁ§m&§§ Sﬂggés ?%% ﬁfthin a ;.o
vacuum chsugrartf or pipsma cehengvdtbinn #a8dm of a material onto a substrate .
that is bgidis nEyedopdlratipdt Nsdiltera! reusdh cwePBHddes Gequentially in

time.

According to the invention in a ninth aspect, there is
provided a method of controlling a distribution of a plasma,
generated adjacent a cathode, comprising:

positioning at least two spaced apart anodes at different
locations with respect to the cathode, said anodes having an
effective -dimension in at least one direction of eight

centimetres or less, and

separately controlling electrical power to individual ones of
said at least two anodes, thereby to control the distribution
of the plasma, said separately controlling electrical power
including energizing individual ones of said at least two

anodes in time sequence.

According to the invention in a tenth aspect, there is
provided a method of sputtering a dielectric film onto a
substrate from a target connected to a negative voltage source
and positioned within a vacuum chamber into which a reactive
gas is introduced, wherein relative motion is provided between
the target and substrate in one direction with the target
extending_acroés said substrate in a direction transverse to
said one direction, characterized by moving an effective
position of an anode at a positive voltage back and forth in
said transverse direction between at least first and second
positions at least five times while a given location of the
substrate is within a deposition zone adjacent said cathode.

Additional objects, features and advantages of the various
aspects of the present invention will become apparent from the
following description of its preferred



a cylindrically shaped target that is rotatable about an el ongated
axi s t hereof . which S orie d transversely. across....
sai d substrate path, including magmlmmmgm“"mg* ng saigkpathy: sai dowr-

target having a surface which is mafnt&ined"at *a hegatiVe vobtage,. the ébj%
defining a deposition zone between the target and subsjraté pathisdiat
extends along a length of the cylindrical 2&rget, and neéans-fof-adj.usting_a
profile across said deposition zone of a rate of deposition of the material
onto the subdPIMSe, said deposition rate profile adjusting means including
at | east one anode di sposed adjacent the target surface and connecting to
a positive voltage froma power source, at |east one shutter positioned
to shield gaid at_least. one .anqde, and nmeagns .respqnsive to a contral,
signal for dd ustiARPAFEABURLTIIR 3 JO5HUHe GHRIDTS. CoFeraPLYing @ thin
shutter. . 2 EP 1997 .4. aratus Wi thin a vacuum
chanber forfég&n%ﬁi%gmat?ﬁ%ﬁlfP%ﬁgoP 54%5%5%%% ﬁﬁﬁk)%Fsﬁﬁé?gapgvﬁﬁaﬁqssa
bei ng noved i hr . rising: a cylindrically shaped
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target that “Is'ro n*elongat’ed axis  thereof whi ch S
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magnet s

elongated axis thereof which 1is oriented to extend
transversely across said substrate path; including magnets
therein facing said path, said target having a surface which
is maintained at a negative voltage, thereby defining a
deposition 2zone between the -target and substrate path that
extends along a length of the cylindrical target, and

means for adjusting a profile across said deposition zone of
a rate of deposition of the material onto the substrate, said
deposition rate profile adjusting means including at least one
anode disposed adjacent the target surface, connected to a
positive voltage from a power sourcé, and having a dimension
in a direction of the target surface elongated axis of eight

centimetres or less.

2. Apparatus within a vacuum chamber for sputtering a thin
film of a material onto a.substrate that is being moved in a
path therethrough,'comprising:

a cylindrically shaped target that is rotatable about an
elongated axis thereof which is oriented to extend
tkansversely across said substrate path, includiné magnets
therein facing said path, said target having a surface which

is maintained at a negative voltage, thereby defining a



¢heréin facing said path, said tar t hav rface;
at a negative voltage, thereby d ﬂmj !l Elﬁ‘s‘ml on z

target and substrate path that e ngt h the ﬁflndrlcal j
target, and neans for adjusting a prof| e across said e969|t? nSE né%@f %
rate of deposition of the material onto the substrate, Sa-g—deposition-Lale
profil e adjusting neans including at | ease2one anode di sposed adj acent the
target surface and connected to a positive voltage froma power source, a
mask positdepeditien sabdeatbetarn okbeanbargetaiandmskbisirateg apatiperthate
therein that is significantly smaller in a_direction of said target
surface el exands alioad Radeaddimedsithe evldadaisadddargedai @ndirecti on,

and nmeans responsive control _, signal foz$£éXS|cajly novi ng saj d

mask and a;ﬁ@ﬁ?ﬁreﬁ%r%@%u%gaga@ IRERELlIpcagkBEE SR WOSEEION gPn&aiaf
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24 anode disposed adjacent the target surface and connected to

a positive . voltage from a power source  and means for
physically moving said at least one anode in a direction of

said target surface elongated axis.

3. Apparatus within a vacuum chamber for sputtering a thin
film of a material onto a substrate that is being moved in a
path therethrough. comprising:

a cylindrically .shaped target that is rotatable about an
elongated axis thereof which is oriented to extend
transversely across said substrate path, including magnets
therein facing said path, said target having a surface which
is maintained at a negative voltage, thereby defining a
deposition zone between the target and substrate path that
extends along a length of the cylindrical target, and

means for adjusting a'profile across said deposition zone of
a rate of deposition of the material onto the substrate, said
deposition rate profile adjusting means including at least one
anode disposed adjacent the target surface and connecting to
a positive voltage from'a power source, at least one shutter
positioned to shield said at least one anode, and means
responsive to a control signal'for adjusting an amount of said

anode that is covered by said shutter.



transversely across said substrate- path, “including rmagnets therein

facing said path, said target havin Y M“!Lch I's maintained at a
negative vol tage, thereby defini 3 ﬁlﬁ@‘ m‘\‘ ne between the target-and
“substrate path that extends al on gt hwof St he cyl izndri-cdl . target:izzang

means for adjusting a profile across said deposition zone of 73 W’@ it
deposition of the material onto the substrZte, said degposition rate-ftofjle
adj usting neans including two or.nore separate anodes-di'sposed”adj acernt “t he
target surféhee, fARRATILYSsWLLHAR] dapeacuyn oghembatofipdr sputteningtaothdn
said target surfaie eIongaLeg axis, and connected to g pqQsitive vol t age
froma powekiEBupéed MaF D onsPuRstEatenthat 1§ deing fpved in a
physi cal |y cover e two, o[ nore separate anodes in time
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having a s ace I's mal ntai ned at a negativé voltage, t

R L
is maintained at a negative voltage, thereby defining a
deposition zone between the target and substrate path that
extends along a length of the cylindrical target, and
means for adjusting a profile across said deposition zone of
a rate of deposition of the material onto the substrate, said
deposition rate profile adjusting means including at least one
anode disposed adjacent the-target'surface and connected to
a positive voltage from a power source, a mask positioned over
said at least one anbde,.said mask having an aperture therein
that is signifiéantly smaller in a direction of said target
surface elongated axis than a dimension of said anode in said
direction, énd means reéponsive to a control signal for
physically moving said mask and aperture across said at least

one anode in the direction of said target surface elongated

axis.

5. Apparatus within a wvacuum chamber for sputtering a thin
film onto a substrate that is being moved in a path
therethrough, comprising: |

a cylindrically shaped target that 1is rotatable about an

elongated axis  thereof which is oriented to extend
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of the substrate 'S

a rate of deposition of the material onto the substrate, said
deposition rate profile adjusting means including two or more
separate anodes disposed adjacent the target surface, fixedly
positioned apart from each other in a direction of said target
surface elongated axis, and connected to a poSitive voltage
from a power source, and means responsive to control signals
for physically covering each of the two or more separate
anodes in time sequence so that only one anode is exposed at

substantially all times.

6. Apparatus within a vacuum chamber for sputtering a thin
film of a material onto a substrate that is being moved in a
path therethrough, comprising:

a cylindrically shaped target that is rotatable about an
elohgated axis thereof which is oriented to extend
transversely across said substrate path, including magnets
therein facing said path, said target having a surface which
is maintained at a negative voltage, thereby défining a
deposition zone between the target and substrate path that
extends along a length of the cylindrical target, and |

means for adjusting a profile across said deposition zone of

a rate of deposition of the material onto the substrate, said
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t hrough the deposition zone. 9. Abbé?atua;mk- in a vaqHMﬂmﬁhaﬁﬁéfffﬁ?fj]
rate tha&;ﬁSmbeiﬂégﬁbvs

Sar at u 7
sputtering a thin film of amatem m‘au : Tl
in a path therethrough, conprisin |clal h '! |y shaped targédtSEt 1&

te

rotatabl e about an 26 el ongat el axi s t her eof Wi ohte s griEnt

to extend transversely across said substrate path, inckudig—magnets
therein facing said path, said target hawibng a surface which is maintained
at a negative voltage, thereby defining a deposition zone between the
target andlepasitioe path Prefide: adipshing meardgincduding dWa nexi make
target, and neans for adjusting a profjle across said deposition zgne of a

rate of deiRPANaEH BROHRE CHISPOSHd AAIRGME sthst targets S WrirRgRsi E18RLH e
profile adjustin ans including two or nore separate, anodes di sposed
bl acent (RS 1A RRIBECTION ERFY QReT ) Bhetl ABEFECEPBNPEASALEL NERTFALA
di rection qbgfaid tirget surface el ongat ed aﬁés q$d connected to a 1
positive SWotdeye®tP ﬂ?ﬁeaoﬁ?ssou?% CORReRLSHs YDrasBositiye, Voltage
adj usting | ect ] t ot u | ndi i du sai . pre
anodes 1o T & Pk, HULEH. o, ha el KR e PRER Sy ° T foliRoELafE
one of saigh o PprIPLE to RLICEna LA $7b&es which interconnect said
énodes'with said power source, said separate power controlling
means including means for sequentially connecting individual
ones of said two or more ‘anodes to the power source so that

only one anode is so - connected at substantially all times.

7.. Apparatus of c¢laim 6 wherein said separate power
controlling means includes means for adjusting the relative
times that each of said two or more anodes are connected to

- the power source.

8 Apparatus of 'claim 6 wherein said separate power
controlling means includes means for alternately connecting
each of said two or more anodes to the power source at a rate
sufficient for each of said anodes to be so connected at least
five timés while a given logaﬁion of the substrate is passing

through the deposition zone.

9. Apparatus within a vacuum chamber for sputtering a thin
film of a material onto a substrate that is being moved in a
path therethrough, comprising:'

a cylindrically shaped target that is rotatable about an



el ectrical current adjusting neans  _ includes- an adjustable shutte —
adj acent a surface of each of said two or nore anodes 10. - -ApPalatiis - i
wi t hin a vacuum chanber, conpri siymy “&ﬂ‘ ﬂ: Ieasﬂ]fﬂb"anﬁdés's’acedﬁ
apart from each other and held fiw to the| gathddée, SEX JEff cell
of gas introduced into the chanber*suffici &nt to supporti-a plagie Tl f
therewithin, and neans for operating sai d2&t | east two anodes sequentially
in tine. 27 11. Appar atus of claim 10, wherein said operating neans
i ncl udes medefigadiedhl t &%Xify t Kheracdt | vihiches &8 operaensadof tadi veytend
ones of said at |east. two anodes. l%é A nmethod of conptrolling a

di stri buti &FES VLI CIMn BFARS at@ddadFuPEhTtakecaPRERe, LBAPEALNG: Magnets
positionin anodes . at, different_| ocatjons
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control ling rca
extends along a length of the cylindrical target, and

means for adjusting a profile across said deposition'zone of
a rate of deposition of the material onto the substrate, said
deposition rate profile_adjusting means including two or more
separate anodes disposed adjacent the target surface, fixedly
positioned apart from each other in a direction of said target
surface elongated axis, and connected to a positive voltage
from a power source, and means for separately adjusting an
electrical current thrdugh individual ones of said two or more
anodes to maintain a selected level of electrical current
through each one of said two or more anodes, wherein said
électrical curreht adjusting means includes an adjustable

shutter adjacent a surface of each of said two or more anodes

10. Apparatus within a vacuum chamber, comprising a cathode,
at least two anddes spaced apart from each other and held
fixed with respect to the cathode,

a source of gas introduced into the chamber sufficient to
support a plasma therewithin, and

means for operating said at least two anodes sequentially in

time.



i ncl udi ng energi zi ng individual ones of said _ at. l|east two.anodes-in ting"

sequence. 13. A method of HyEwwiem electric fidm onte a ;
substrate froma target connected ﬁnmnﬂllum“uﬂl“mtage source gd 1897
positioned within a vacuum chanber tnto vhi ®h & Teactive%ga5rL£L~SEP-~1gﬁ_ﬂ
i ntroduced, wherein relative notion is provided between the-target=afid
substrate in one direction - with the tarZjgt extending across said

substrate in a direction transverse to said one direction,

characterikkd by Appavahys «f ecfledm vi0posthersirnf saddaneperating powanisve
vol tage back and forth in said transverse direction between at |east
first and heebndepodieavhs for |aheringethenetelakive Figesencf ooperation

t he substra%e,ié_mithig a dep sitLan one adj acent sai d cat hode. 28 14.
The net hod®bf 1RFAVHHAE31RBESI R PRLF 3Rhdl8BEENEWANBRES Sre hel d fixed at
said first and second positions and said effective nmovenent is acconplished
by controlling a connection of electrical power thereto 15. The

magnet on Tot sputt oM ¢ i ORI TGk ofr At wrk TGRS btac s BgR
noved- i n a%§ﬁéPa£Q&0589ac@n¥aS“HHEEBGH?eEomﬁ@EEEhB:the cathode has a target

surface th _
positioning at least two spaced apart anodes at different

locations with respect to the cathode, said anodes having an
effective dimension in at least one direction of eight
centimetres or less, and

separately controlling electrical power to individual ones of
said at least two anodes, thereby to control the distribution
of the plasma, said separately controlling electrical power
including energizing individual ones of said at least two

anodes in time sequence.

13. A method of sputtering a diélectric film onto a
substrate from a target connécted to a negative voltage source
and positioned within a vécuum chamber into which a reactive
gas is introduced, wherein relative.motion is provided between
the target and substrate in one direction with the target
extending across séid substrate in a direction transverse to
said one direction, ‘characterized by moving an effective
poSitién of an anode at a positive voltage back and forth in
said transverse direction between at least first and second
positions at least five.times while a given location of the

substrate is within a deposition zone adjacent said cathode.



it synnetrical about an eIongatéd“éXTélfHér which is griented:to extend-
transversely across said substrat mﬂmg‘i i\ ‘anodes ﬁr;'e"-'--lspéce'd=-~apél"-t--f’-*? n
a direction of said target surfacﬁ& "axis. 16. The gpparat ol

claim 15, wherein the target surfaee s a cylindrically ,H&ﬁ%d"sug&%cgayﬁaq¢
I's rotatabl e about the elongated axis thereof. 17. =~ The apparatusof i

claim15 wherein the target surface is a Eﬁanar surface. 18. The

apparatus of claim.15 wherein.sai q qperati nmeans .i.ncl udes_neans for
altering revhtive Heeebrodpefad ?fbflaq n‘gli?%FﬁbBI tdxss andpacend| agedes

d 19. Th . of ,cl.aim. 15 furth i Sir f )
separ atel y k6 ubELHy SHERe, A %t{fs%m? St R Lﬁ%ﬁ%&'ﬁ%ﬁ?gfﬁ%@j&%
or nore anaq . a ;
~ neans for i?ﬁﬁﬁ?ﬁ%6g3W%aag%nFnP%J%QQ%hggﬁag%%d§%ség%%gggﬁgkgnaivggﬁgﬁcgﬁgg
of said at dfaé]?eéﬂ\?i@a{‘fﬂ@g%%ftlﬁ%eref@e apparatus of claim15 wherein the

target surface 1s a neta gas a reactive gas capabl e of conbining
with the netal to forma dielectric filmon the substrate.

-
i

15. The apparatus of claim 10 further compfising a magnet
structure that forms a magnetron for sputtering a thin film
of material onto a substrate being moved in a path through a
vacuum chamber, wherein the cathode has a target surface that
it symmetrical about an -elongated axis thereof which is
oriented to extend transversely across said substrate path,
and the anodes are spaced apart in a direction of said target

surface elongated axis.

16. The apparatus of claim 15, wherein the target surface
is a cylindrically shaped surface that is rotatable about the

elongated axis thereof.

17. The apparatus of claim 15 wherein the target surface is

a planar surface.

18. The apparatus of claim 15 wherein said operating means
includes means for altering relative times of operation of

individual ones of said at least two anodes

19. The apparatus of claim 15 further comprising means for
separately adjusting electrical current through individual

ones of said two or more anodes.



22, The apparatus of claim 16, -whereih the target surface is a netal and
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20. The apparatus of claim 15 further comprising means for
inserting the gas in controlled amounts adjacent individual

ones of said at least two_anodes.

21.  The apparatus of claim 15 wherein the target surface is
a metal and the gas a reactive gas capable of combining with

the metal to form a dielectric film_on the substrate.

22. The apparatus of claim 16, wherein the target surface
is a metal and the gas is a reactive gas capable of combining

with the metal to form a dielectric film on the substrate.



