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" UNIFORM TY ON A SUBSTRATE The present i nven Im llmmﬁmm
to sputter coating, particularly blas sputter coating,
nore particularly, to a control of ion flu di stribution un
I n bias sputter coating : applications, particularly in magnetron
enhanced bi as sputter coating applications. Background of
the Invention: 10 Sputter coating is a process carried out
in a vacuum chanber which is filled with a generally chemcally
inert gas in which a substrate Is coated with a material for a
target of sputtering material subjected to a negative 15
el ectrical potential with respect to the chanber wal | or other
anode. The potential gradient adj acent the target surface causes
el ectrons to be emtted fromthe target which, on their way to the
chanber anode which is usually formed in'part by 20 - the grounded
chanber wall, strike and ionize sone of the inert gas. The positive
ions formed are , -1-

‘METHOD OF IMPROVING ION FLUX DISTRIBUTION
UNIFORMITY ON A SUBSTRATE

The present invention relates to sputter
coating, particularly bias sputter coatiné, and
5 more barticularly, to a control of ion flux
distribution uniformity in bias sputter coating
applications, particularly in magnetron enhanced
bias sputter coating applications.
Background of the Invention:

10 Sputter coating is a pfocess carried out
in a vacuum chamber which is filled with a
generally chemically inert gas in which a substrate
is coated with a material for a taréét of
sputtering material subjected to a negative

15 electrical potential with respect to the chamber
wall or other anode. The potential gradient
-adjacent the target surface causes electrons to be
emitted from the target which, on their way to the
chamber anode which is usually formed in part by

20 the grounded chamber wall, strike and ionize some
of the inert gas. The positive ioﬁs formed are
then attracted to the negative target which they

strike, transferring momentum to the target



then attracted to the negative target which they
’}raanerring nonmentumto the target
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target surface.
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with its surface facing the target,

of the ejected particles which adhere to and coat

Wth magpetron sputtering, a magnetic
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In the commonly a&ssi gnesk amd ejpeté mart2Bles wHich agid@ntoammd icdati on
filed ril 17, 1989, entitled "Method and

Seri al

No.

07/ 339, 308,
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the substrate surface.

With magnetron sputtering, a magnetic
field is formed over the target surface, usually
including magnetic field lines parallel to the
target surface, and, in many applications, in the
form of a closed magnetic tunnel. The magnetic
field causes the electrons emitted to move in
curved spiral.paths which trap them in regions
proximate the target surface-enclosed by the field,
thereby increasing the rate of electron collisions
witﬁ gas atoms, which in turn inc:ease.the
ionization of the gas and the efficiency of the
sputtering process.

In the commonly assigned and copending
U.S. patent application Serial No. 07/339,308,
filed April 17, 1989, entitled "Method and
Apparatus for Sputter Coating Stepped Wafers",
expressly incorporated herein by reference,

a sputter coating apparatus and method are
disclosed in which a concave annular target is
provided with concentric annular electromagnets

which cause the formation of a pair of concentric

i s P Eadi TR A aGhet ! delefyl o gace the

ering process.



Apparatus for Sputter Coating Stepped Wafe expr ddis|Sheet Has Been Replaced
‘incorporated herein by reference, a sputter coati ng a Ellﬁlu “mm“l
method are 25 di scl osed in which a concave annul ar target

provided with concentric annul ar el ectromagnets ch® cau

formation of a pair of concentric

- 3- pl asma rings. The plasma rings are alternately

energi zed by alternately supplying current to ener gi ze the magnet
coils while the target power | evel | S Switched in synchroni zation
wihthe 5 @ croowlchbhdshl .l.mg Sk 1" HROER! G1 €0 ate1

Thi s causes different ut't er n rom I nner 3 %uter
concentric regions of tlaae‘tgigﬁi by alternstgliyasepply iny t:bEr&mJttberl ng from
each region causing different distribution characteristics of 10

the sputtered material @8gEItsRdhsnTeARSS AR yRile the tagget,poWpT heing
coated. Varying the rel gt g ergi zation
g’t o J.S switchB&' Jgrgesérg\n?r g'{t{%@iog Yi'%g £He

of the two targ reg ons provid coa ( _
unifornity on thessubst isitiechitid AeTheWBiEHents tollhe magheResi i, i npor tant

on the differently facing surfaces of stepped sem conductor
waf ers. The af dhisef—'wmeﬂ-fgarm rageEi ehitSruktpaing cidoar | vy
descri bes effects on the coatin used b

inner an ou er congcgg¥ic regions of the target
surface, with the sputtering from each regioﬁ
causing different distribution characteristics of

10 the sputtered material deposited on the substrate
or wafer being coated. Varying the relative
parameters affecting the energization of the two
target regions prcvides contrel of coating
uniformity on the substrate surfaces, which is

15 especially important on the differently facing
surfaces of stepped semiconductor wafers. The
aforereferenced patent application particularly
describes effects on the coating caused by the
target geometry and by the electrical parameters

20 relating to the energization of the target and
plasmas.

In bias sputtering, a voltage which is
negative, but less négative than that imposed on
the target, is applied to the substrate being

25 coated. This bias voltage causes a certain amount
of "back sputtering", or sputtering from the

sputter coating which has been deposited on the



_target geonetry.and by the electrical parameters 20 m&@ HagBeeReplaced

energization of the target and pl asnas. ullmm!ﬂﬂl
sputtering, a voltage which is negative, but |ess ne

t hat i nposed on. - the target, is applied to the substra el ng
coated. This bias voltage causes a certain anount of "back
sputtering”, or sputtering fromthe sputter coating which has been
deposited on the -4-

substrate surface, due to the inpingenent of T 8ns produced by

el ectrons emtted from (fg SURSE LAk@ace, due toFERdlUGHRlihYendiWRMES ong

particularly where the sputtering target is annular with an annul ar
or 5 ot her cl osed prg@edted L3P edeetrorss entitted efrgmokbe substratpl eces
behind the target produce magnetic fields whi ch shape "primary"

pl asmas near the target Frequentlyg,PPYgestn ®PAFTAEUAF Y FREFQIME field in the

vicinity of the substrale,sbilage (hieh 19 hflar When en'BhioHD

Conmponents of the fringi produced are perpend| Cular to

the substrate surface other cidbe@ehaghét rag@pObser atcs surexcapigdleat the
center - on the axis of the target magnet center pole. This
fringing field and ot heipigeesikahkingf theectangat: preduce magnetic fields

which shape "primary" plasmas near the target
surface and produce a fringing field in the
vicinity of the substrate surface which is non-

10 uniform. chponents of the fringing field so
produced are perpendicular to the substrate surface
in certain regions, as for example, at the center
on the axis of the target magnet center pole. This
fringing field and other portions of the electric

15 and magnetic fields tend to concentrate regions of
"gsecondary" plasma formation which produces
a secondary ion flux bombardment of the substrate.
The result is ofteﬁ an undesired non-linear
distribution of ion flux on the substrate surface.

20 A solution to the problem of non-uniform
ion flux distribution on the surface of the
substrate is described in the commonly assigned
U.S. Patent No. 4,871,433 entitled "Apparatus for
Improving the Uniformity of Ion Bombardmént In a

25 Magnetron- Sputtering Syséem". In that pateﬁt, the
use of a secondary magnet behind or around the

substrate having certain characteristics is



15 and magnetic fields tend to concentrate regions of ThlsShectHaSBmR laced

“secondary” plasnma formation which produces a second

‘bonmbar dnent of the substrate. The result is often an

non- | i near di stribution of ion flux on the substrate sur ace
A solution to the problem of non-uniform lon flux distribution on
the surface of the substrate is described in the conmmonly assigned
U S. Patent -No. 4,871,433 entitled "Apparatus for | mproving the
Uni formty of lon Bonbardnent In a 25 MEgrefr on Sputtering Systent.

In that patent, the escrilia€. Ot SEEORAAYY niBREE! obeldiiteRhaghauind the

substrate having certain Characteristics

-5- descri bed. mﬂa&fsegmchargtmggn@tnemd prathdcednsy ndie, cathode
modi fies the fringing field produced by the cathode or target
primary nmagnet to renderon kerpgeh Bripary magnet &aj FeRdfarofhe hens #RYKr at e.

Wiil e effective, the Par pa a peci fic
to t he cat hode a"m}f@ﬁhola:thrﬁagsr‘i' ?Eréa%edn Eé'ﬁgief &fégw tthg

| ar ge and
difficult to fit isNtO MpPpaRa@EESEM Rhat patent qbag&eéwrﬁltr apaeiret g0 and
often nust be repl aced when the target magnet scheme is changed.
10 Furt hernore, the theschatbpdé and lcakhefs @iagnst arrangementyyviiged with

such a countermagnet s St emis
9 y large and difficult to fit into many processing

chamber arrangements, and often must be replaced
when the target magnet scheme is changed.

10 Furthermore, the level of ion flux which is
provided with such a countermagnet system is
limited.

Certain sputter coating devices of the
prior art which employ annular sputtering targets .

15 employ the use of an anode at the target center.
The anode is provided to avoid heating of the wafer
due to secondary electron bombardment of the wafer.
Such targets are provided with what is called a
dark space shield which surrounds the target at its

20 outer rim to absorb electrons which stray from the
plasma, preventing them from striking the substrate
surface. The anodes provided at the target centers
are maintained at the same grounded or other anode
potential of the dark space shield to absorb stray

25 electrons near the target center. Such electrons,
if not kept from the substrate, while heating the

surface, are thought to collect on the surfaces of



lTimted. Certain sputter coating devices oTI‘h:kSleetHasBeen Replaced
priar, art which enploy annul ar sputtering targets 15

an anode at the target center. The anode i s provi ded

heati ng of the wafer due to secondary el ectron bonbar

waf er . Such targets are provided with what is called a dar k
space shield which surrounds the target at its 20 outer rimto absorb
el ectrons which stray fromthe pl asma, preventing them from
striking the substrate surface ‘The arﬁ)d'es provi ded at the target
centers are mai.,ntaine node
potential. of the dark splgé’%rghgeﬁ?%s ésorb %ngggiéub%%pgf g;:l’trons near
the target center. Sucfhv@neﬁamﬁ&:ausmg a bréamewnkef)ttnfer ABht he substrate,
whi |l e heating the surface, are thought to collect on the surfaces
of |@;@u§tmmqe§dab narsl demadet t9 echey bubstatags,
eventual |y causing a breakdown of t he no uctive material and

danage to the substrate SUrrace- ?sfcgr“ﬁ:le?e SP‘FS%'%‘? S ¥PER (3 es were

also 5 pl aced to crijdceal ty éﬂﬁ%ﬁ@@& SER-cabt! B6nd|2SERe plasma
trapping field lines, generally reducing their effectlveness
trapping field lines, generally reducing their

effectiveness.
Summary of the Invention:
It is an objective of the present

10 invention to provide uniform ion flux distribution
on the surface of a substrate wafer being coated in
a sputter coating process, particularly a bias
sputter coating process performed with a magnetron
enhanced sputter coating device.

15 It is a particular objective of the
present invention to provide ion flux distribution .
uniformity on a substrate surface with a method
that is sufficiently flexibile to accommodate
target assemblies of various magnetic, electrical

20 and geometric configurations, and can accommodate
target energization methods which change during the
sputtering process being performed.

According to the principles of the
present invention, a sputter coating apparatus is

25 provided with an electrode disposed generally
remote from the outer edge or rim, and preferably

on the center line, of the target, near the target




Summary of the Invention: It is an Thie Slgpt Hal Been Replaced
"presgnt 10 I nvention to provide uniformion flux d| Stl’l
on the surface of a substrate wafer being coated in

coating process, particularly a bias Sputte

performed with a magnetron ' enhanced sputter coatlng deV|ce

It is a particular objective of the present invention to prOV|de
ion flux distribution uniformty on_a.substrate surface with a
met hod _ that is sufficiently flexibile to accommopdate

target assenblies of vaghpgcdBgNabi 6ledreabr isdias2d to a adtggemetric
configurations, and can accommopdat e ' target energization nethods’

whi ch ehange during thewhich differpufrem, @gdpF%c@é#eb’éPhb maﬂ:evmth
According to the pri I’ICI Ies of .the |nvent utter

coating apparatus is Pect, &i 583 Wﬁ%eﬁﬁ"% 2% 5824 pgg'gdttb neral |y

remote fromthe outer eggﬁex%lafl e 8RE R QbaééYShJ.eld surrdihaifg @Rt er
line, of the target, near the target

-7- surf ase. Thargétaotmdbutswltﬁcaséa hot ;asyglegagive as the which
differs from and is preferabl%enegatlve wi th re ect to, the
sputtering chanber anod®°5fREtidje on the target.jtself. s Plrﬁ YRhW shB®e shiel d

surrounding the central electrode is biased at a negative voltage

which lies between a negative voltage greater in
magnitude than zero and a negative voltage of about

10 twenty volts (-20 v.), often preferably in the
range of about negative eight (-8 v.) volts. This
compares with a corresponding target voltage which
is usually at.an approximate negative potential of
several hundred volts.

15 Further,-in accordance with the preferred
embodiment of the present invention, a switched two
plasma annular target with alternately energized
concentric inner and outer annular plasma rings is
provided with a central electrode which is

20 energized at a negative potential, partiéularly
when the outer plasma is energized. When energized
at a substantially less negative potential than the
target, the central electrode absorbs stray
electrons which, during energization of the outer

25 plasma, are too remote from the outer dark space
shield to be captured by it, thereby reducing stray

electron bombardment of the target from



5 ~target rim but which is not as negative as the TR® BIRB HalBeeR Replaced

tthe target itself. Preferably, the central electrode i
negati ve vol t age which |ies between a negative voltage
magni tude than zero and a negative voltage of about 10 t

(-20 v.), often preferably in the range of about negative eight (-8
Vv.) volts. This conpares with a correspondi ng target voltage which
is usually at "an approxi nate negative potent i_a% of several hundred
volts. 15 Further, in accordanCe with the preferred

enbodi ment of the presegheldiu@itibANor aneVohtdEG1la%Ra. The eneP&fﬂEoﬁ””m ar
target wth alternately energi zed . concentric inner and outer .
annul ar plasma rings isof the centpabvelisdrode his boweverd, swdtttiatiaomrai ch is
20 energi zed at a negative otential, Bar,t_i cul arl‘)éfl . when t he
outer plasma is energi zZBOFe IRATIEnaF g4 Fegotential whep the ipaeypiagmay | ess

negative potential t hanig\?ﬁ?%ﬂgizéﬁrbaéﬂ&egtré eel%%@i-?ﬁé quoﬁc%%é)doqf%gsor bs

stray el ectrons I'ng energiZation of the ou
pl asma, are too renote pLasmd hereonberrafrikedpeEde captured 3hi €hel to be

captured by it, thereby reducing stray el ectron bombardnent of the
target from center of the target. - 8-

energi zati on of the outer pl asnaFuIQﬁele'n%EngﬂAgoQO the present

invention, the voltage of the central electrode is
maintained at a negative value which, it has been

10 found, is effective to-cause positive ions to be
attracted toward the electrode. More importantly,
an effect of the biased central electrode, so
positioned, is that it renders the distribution of
ion flux on the substrate surface uniform without

15 the need for a specially configured countermagnet
structure near the substrate.

The optimal electrode voltage is
determined preferably empirically by adjusting the
electrode voltage and measuring ion flux across the

20 surface of the substrate. The negative voltage
applied to the central electrode is different with
different targets and different energization
schemes of the target, By use of the negatively
biaged central electrode, the negative voltage may

25 be changed as the conditions are changed to

optimize the shapes of the electric fields to



of the central electrode is, however, switched to a nm@sﬂgaqiagyem Replaced

ground potential when the inner plasm is energized ba
el ectrons fromthe outer 5 pl asma are not required to be amﬂﬂmﬂﬂmmﬂ

t he center of the target. Further, a

t he present invention, the voltage of the central electrode is
mai nt ai ned at a negative val ue which, it has been 10 found, is
effective to cause positive ions to be _ gattracted toward the

el ectrode. More inportantly, an effect” of the biased central

el ectrode, so pRirebeNefifedts ahBahaintaiendensaidteigusidn buti on of
ion flux on the substrate surface uniformw thout 15 the need for a

speci al |y configured couHfermitfiean the SUbS%ltartl?cFHFéaCFﬁeéﬁinme:mbétrat e.

The optinmal el ectrode voltage i n refer enpirically
by adj usting the el ect rgqgées\?ofaf'gg%&é%% erf‘g°f€oﬁ"¥lpﬁgg%\" 0SS
the 20 . surface of grRRnsubStwANe be hBfe NQGRIINYCaMU RS rom the aPPlied
to the central electrode is different with Ifferent targets and

di fferent energi Bation followmgsttﬂkmgdoﬁeﬂleimpge@f e dsawiofgst he
negatively - bi asg1 entral electrode, the negative voltage may 25
be changed as the condi' S are changed to optim ze the shapes of
the electric fields to -



-9- thereby affect and maintain ion distribution uniform ty. 18R shi€Has Been Replaced

substrate surface being coated. These and ot her obje

the present invention will be nore readily apparent fromthe ﬂ“ nﬂ“mm“““

det ai |l ed descri-ption of the drawings in which:

- 10 - Brief Description of the Draw ngs: Fig 1

Is a cross-sectional view of a processi ng chanber of a sputter

coat i ng apparat us according to principles of the present invention;
Fig. 2 is a diagramillustrating the ~electrical

circuit arrangement of the embodi ment of 10 =g g. 1; -

Flg 2A s a diagram siggy dedoklgkich of the prawihbystrating an
alternative appl ication 0 present 1 nvention.
Fig. 3is a diagramillustrati ngridie 1 is a crossrsbotienaldr viewidrg aof the
switching of the target, waf er and el ectrode voltages with the
circuit ar r angeREPReSSHNgG] ghamber 9f a sputter coatingrppparatis g
conparative graph according to principles of the present invention;
5 Fig. 2 is a diagram illuétrating the
electrical circuit arrangement of the embodiment of
Fig. 1;
Fig. 2A is a diagram similar to Fig. 2,
illustrating an alternative application of the
10 present invention.

Fig. 3 is a diagram illustrating the
waveforms or timing of the switching of the target,
wafer and elect;ode voltages with the circuit
arrangement of Fig. 2. ' .

15 Fig. 4 is a comparative graph

illustrating ion flux distribution according to the

present invention.



illustrating ion flux distribution according to the leﬂﬁ&t!-lasBeenReplaccd

‘jnveniion. -11- Detailed Descri
Dr awi ngs . Magnetron sputtering devices of the type to

present invention relates are described in the follow ng co
U. S. patents and copending patent applications which are hereby expressl y
I ncorporated in their entirety into thi s application by reference:
U. S. Patent -No. 4,853,033 for "Cathode rget Design for a Sputter Coating
Appar at us"; U.S. Patent No. 4 , 433 for "Apparatus for

| mprovi ng the Uni forméatﬁlehom%&_q%mm Dlrawi\ngé\/agnE‘tl’Ol’l Sputtering
Systent'; U at ent and 4,915,564 entitled

"Met hod and Apparatus for Handl Hagpefamdn @mysn%gdemfc@s efk@%&eeuws"-

and, U. S. Patent lication,Serial No., 07/339, ed April
17, 1989 entitled " I\/Etﬁ%’a"%%@‘g %t bg"?’btrmgpﬁ?lf%tescgﬁa |% %’ 5ed™
Waf ers. Fi gne lfdlllloU§ﬁc§ AcRonly dF258e806!1d.ORatantS RiKat er

coating processing chamber 10 of a sputter coating apparatus according to
principles of the presependimgepateant aphbicatdoberwhiich arg herekyon of the

expressly incorporated in their entirety into this
application by reference:

U.S. Patent No. 4,853,033 for "Cathode
Target Design for a Sputter Coating Apparatus";

U.S. Patent No. 4,871,433 for "Apparatus for
Improving the Uniformity of Ion Bombardment In a
Magnetron Sputtering System";

U.S. Patent Nos. 4,909,675 and 4,915,564
entitled "Method and Apparatus for Handling and
Processing Wafer-Like Materials": and,

U.S. Patent application Serial No.
07/339,308, filed April 17, 1989 entitled "Method and
Apparatus for Sputter Coating Stepped.wafers."

Fig. 1 illustrafes, in cross-section, a
sputter coating processing chamber 10 of a sputter
coating apparatus éccording to principles of the
present invention. The chamber 10 is a portion of the
sputter processing apparatus disclosed in U.S. Patent
4,909,675. The processing chamber 10 is a vacuum
processing chamber formed of an isolated section of a
main chamber 11. The main chamber 11 is isolated from

the atmosphere of the machine environment 12 by a




sputter processing apparatus disclosed in U S. Patent 4, 909 ThiéSheetil Been Replaced
"processi ng chanber 10 is a vacuum processing chanber forned o]

section of a main chanber 11. The main chanber 11 is isolat edmﬂmﬂﬂﬁmrﬂﬁm
at nosphere of the machi ne environnment 12 by a

-12- plenumwal |l 14. The processing chanber 10 is capable of

comuni cating with the main chanber 11 throughout opening 15 in the plenum
wal | 14. The opening 15 is generally cirgular. The processing chanber 10

is capable of being selectively isolated Tromthe main chanber 11 by the
sel ective novenent of plLER@C&&EILNGs. Clabprodmachngl cinbeeCcio ais tapapgke NSt a
portion of a disk shaped rotary wafer transport nember 17 clanping the
transport menmber 17 bePﬁeQﬁﬂ%qﬂécbﬁéxbWéﬁé'9§tﬂﬁéﬁ cﬁﬂmﬁﬁdlirﬁﬁﬁﬂugﬁaﬁ¥mall

14 in a sealing rel atlggéh L 15t ggr& p«igﬁ ,?sdariq 4ba%epl élglr?l S‘Joa%eﬁ%er 10

within the processing an I'ng the processing

fromthe main chanber éénerany circuldNPOshé ridtesdask @hanBes et iign 16, on
the front plane side of the transport menber 17, the processing chanber
10 is isolated from t heapakeks e bemq resdeehively mﬁ@ha%dcérﬁmd@ea@genbl y

modul e 20 mounted in g, yacuun,sgal jng JLelatl AnshlLnggalak |

proces51ng
chamber back plane section 16 against a portion of a
disk shaped rotary wafer transport member 17 clamping
the transport member 17 between the backplane section
16 and the plenum wall 14 in a sealing relationship,
thereby enclosing a back plane space 19 within the
processing chamber 10 and isclating the processing
chamber 10 from the main chamber 11.

Opposite the backplane section 16, on the
front plane side of the transport member 17, the
processing chamber 10 is isolated from the machine
environment 12 with a cathode assembly module 20
mounted in a vacuum sealing relationsﬁip against the
plenum wall 14 surrounding the opening 15. The module
20, or processing chamber frontplane section, cooper-
ates with the backplane section 16 and the transport
member 17 to form the sealed isolated processing
chamber which is isolated from both the main chamber
11 and the machine environment 12. Within the pro-
cessing éhamber 10 is a workpiece 21 in the form of a
flat silicon wafer or disk which has the surface 22

upon which a coating is to be deposited in a sputter



pl enumwal | 14 surroundi ng the opening 15. The nodule 20, ormslﬁamgmn 1md
‘chanber frontplane section, cooper- ates with the backplane s

the transport nenber 17 to formthe seal ed isol ated processi n§

which is isolated fromboth the main chanber 11 and the nmachi

environment 12. Wthin the pro- cessing chanber 10 is a workpi ece 21 in
the formof a flat silicon wafer or di sk which has the surface 22 upon
which a coating is to be deposited in a s_ﬁﬁg_ter

-13- coating process to be perforned withi'n the processing chanber 10.
The wafer 21 is held bycatssd frocehs P ¥e p@i'f&rmerdehatﬂirﬂ&r{ée%k6@§ss%.4\gl n a
wafer holder 25 resiliently carried by the transport nenber 17. The
transport nenber 17 ischembé¢mhlos wrhéivafelre2hnish heddahbex sed bfi alinsher

hol der 25, and the workpiece or , wafer 21 into alignment with the hole 15
so that the processi né’ebﬁ’én’ffé?alfé"%a‘?'ﬁ‘ﬁﬁeﬁo?ﬁe’d" %Hgﬁﬁ r AR &P 21 on

the hol der 25 by tranS\e%.Léfl %ah_»péd e enbackilspBee SRGIHN 136 @, dTOve
t he nenber 17 agai nst the enumwal | 14”7 (The transport menber portion 17
Is a transversely nnvadzrhaspwtg meaber el Gy aotmaa:tl&bWethnde;he peébe which
s not shown.) In this eferred enbodi | S,supported

or
in a plane perpendi cu- SBRBPe¥ & Qﬁdn‘éoﬂlfeﬁg&%rvﬁs[h W§ E%‘?‘lt@&ﬂ‘péﬁ? Fr of

the wafer 21 into alignment with the hole 15 so that the

processing chamber 10 can be formed around the wafer
21 on the holder 25 by transverse movement of the
backplane section 16 to move the member 17 against the
plenum wall 14. (fhe transport member portion 17 is a
transversely movable ring carried by a rotatable index
plate which is not shown.) In this preferred embodi-
ment, the wafer 21 is supported in a plane perpendicu-
lar to, and concentric with, a central axis 27 of the
main chamber 10, which is also concentric with the
hole 15 in the plenum wall 14. Surrounding the wafer
21 on the holder 25 is a disk 29 whicﬁmat least
partially protects the holder 25 from an excessive
accumulation of coating intended for but which missed,
the surface 22 of the wafer 21. Details of the
sputtering apparatus of which the processing chamber
10 is a part including particularly details of the
wafer transport 17, wafer holder 25, and back plane
section 16, are described and illustrated in the U.S.
Patents 4,909,675 and 4,915,564 incorporated by

reference above.




mai n chamber 10, which is also concentric with the hole 15 iH. e | numl
wal | * 14. Surrounding the wafer 21 on the hol der 25 is adis aced
| east partially protects the holder 25 from an excessive ac l ﬂ"

coating intended for but which m ssed, the surface 22 of the

Details of the sputtering apparatus of which the processing chanber

a part including parti

cularly details of the wafer transport 17, wafer

10 is

hol der 25, and back plane section 16, arg,described and illustrated in the
U.S. Patents 4,909,675 and 4, 915, 564 incorporated by reference above.
- 14- The cathode assemhéycatndukeadbniblel He@s d Vo iASHREY ks, @

renovabl e cat hode assenbly 30 and a

assenbly portion 31 i

&ssPmbliRsl af XSROVaRLe ccathghe| §ssanbAvedo i andseal ed

rel ati onshi p agai nst the,pl eél;s‘é?gié?} {ﬁﬁjrl‘%iégr%f.“”thgﬁaﬁpgggﬁwaggéﬁ

I ncludes a cylindrical

net al the c

el ectrically grounded3tois hen GhAlEarl4neliodixe Righay mduAREE! i Ud8Eg
shiel d 34 which surrounds the opening 15 and a chanber door frame assenbly
35. The cat hd8taBkshibp\2BOnss Wprimledunowall 14 surrounding

the opening 15. It includes a cylindrical metal side
wall 33 of the chamber 10 which is electrically
grounded to the frame 14 of the plenum, a wafer holder
shield 34 which surrounds the opening 15 and a chamber
door frame assémbly 35.

The cathode assembly 30 is mounted to a
hinged door assembly 37 which removably but sealably
supports the cathode assembly 30 to the fixed assembly
31. The cathode assembly 30 carries the sputtering
target 40, which is an annular concave target having a
continuous smooth concave sputtering surface 41. The
assembly 30 supports the target 40 with its axis in
alignment with the axis 27 of the chaﬁﬁer 10 and with
its sputtering surface 41 facing the surface to be
coated 22 of the wafer 21.

The target 40 is supported in a target

holder or nest 42 having a generally circular back

' plate 43 concentric with the axis 27. The target

holder 42 has an outer cylindrical wall 44 and an
upstanding cylindrical midwall 45. The outer wall 44
surrounds the outer rim of the target 40. The target

40 has an outer cooling surface which, when the target

fi xed assenbly portion 31. The fi xed



‘hinged door assenbly 37 which renmovably but seal ably supporﬁmhmhennambﬁﬂmmhaﬂ

assenbly 30 to the fixed assenbly 31. The cathode assenbly- 30

sputtering

conti nuous snoot h concave sputtering surface 41. The
the target 40 with its axis in

10 and with

of the wafer 21.
or nest 42 having a generally circular bac
axis 27. The target

target 40, which is an annul ar concave target havi

assenbl y

bl

alignment with the axis 27 of the chanber
Its sputtering surface 41 facing the surface to be
The target 40_{__supported in a target

coated 22

hol der

pl ate 43 concentric with the
hopd digy wddnBe$ BN heLA&Y 4@Yhhddiigadbedotd oberaBiéngin

upstanding cylindrical mdwall 45. The outer wall 44 surrounds the outer
rimof the target 40. Tewpargtyce, Fmienns e dntelitodin AYo3rFoRddndhi ch,

when the target

orns to an

contact with the inner surf%éé'of‘%%eiﬁa{§%¥1

42 and expanded to operating enpérature, con

ted |

IeS In

&

hol der
ose

cooling contact wth aheuldiNgiosve faaCenothd BacRobeleihedZardet snNndkarin
groove 47 on the back of the target 40 lies in partial contact with the

m dwal | 45 of the hol dPRr@RL cPhbactamgsh ¥he addvatl fdsofabhedoldes| t2al ity

of annul ar
out si de of

grooves 4
its outer

urf ace ar

annular grooves 48 in its back surface and annular

pves 49 on the

WBhT SAres, Repet ool 4o Horu R RF e

grooves 49 on the outside of its outer wall 44 for the

circulation of cooling liguid, which is generally

water, to remove heat generated in the target 40

during sputtering by cooling the heat conductive

target holder 42. The shapes of the surfaces of the

target 40 are preferably such that all the target 40

is capable of being formed by turning block of sput-

tering material on a lathe. The target holder 40 is

made of a heat conductive and electrically conductive

material, preferably hard tempered OFHC copper or

Alloy 110. The target 40, when operationally heated,

expands and preferably plastically deforms into a

shape which conforms tightly to the interior cavity of
the holder 42 and thereby cooperates with the holder
42 to conduct heat thereto. The cooperation of the
holder 42 and the target 40 are preferably as
described in U.S. Patent No. 4,871,433 incorporated by
reference above.

The target assembly 30 is provided with a

magnet assembly 50 which preferably includes a pair of



circulation of cooling liquid, which is generally water, to m&@m@@gnk laced

‘generated in the target 40 dur| ng sputtering by cooling the h

conductive target holder 42. The shapes of the surfaces of thEﬂll‘H‘Hﬂ"um"
are preferably such that all the target 40 is capable of bein

turning block of sput- tering material on a |lathe. The target holder 40 is
made of a heat conductive and el ectricall y conductive material, preferably
hard tenpered OFHC copper or Alloy 110._;the target 40, when operatlonal |y
heat ed, expands and preferably pl astlcallfy defornms into a shape which
conf or s tightly to théoriddh€kioramadiatrym@dnetishel hatdler , 4grafut-ablgr eby

cooperates with the holder 42 to conduct heat thereto. The cooperation of
the holder 42 and theekestgenaanets élammarra’btll?rasnn%éeﬁu?}ef@r Windimgs

Patent No. 4,871,433 i QL RoLat e [ The t ar get
assenbly 30 is provid %f i‘ Ides Ctlsege’ ri??ng dentrﬁ?ae]flé'r aB

i ncl udes a pair of plane beh:.nd the target holder 4ZGmd eeneaRr hBoxﬂﬂnm ar
magnets 51 and 52, preferably electromagnets having annular inner and
outer windings 53 andamyperpspdieylaa] o ‘Fﬁﬁ ﬁ@‘léo?\?:entAr régiq fergons pl ane

behind the target hol derte4r2la r’ldsg&nta%r 990

ealed stainless steel, forms
the structural support of target assembly 30 and
constitutes the magnetic pole pieces of the magnets 51
and 52. This ferrous material includes a circular
center plate 56, which forms the planar rear support
of the assembly 30 and sustains the transverse mag-
netic field between pole pieces of the magnets 51 and
52. A cylindrical outer pole piece 57 is welded to
the plate 56 at the outer edge thereof to stand
upwardly therefrom and to surround the outer wall of
the holder 42. . A target outer retainer ring 58, is
bolted to the upper edge of the outer pole piece 57,
so as to rest on an outer annular lip.;0a of the
target 40 to retain the target 40 in the nest 42. The
upper exposed surface of the outer pole piece 57 and
ring 58 is shielded by a metal dark space shield 59,
which prevents sputtering of the pole piece 57 or
retainer ring 58. The dark space shield 59 is rigidly
secured to the chamber wall 33 and thereby electrical-
1y grounded.

An inner cylindrical péle piece 61, having

as its axis the axis 27, projects through the inner



and perpendicular to

‘anneal ed stainless steel, forns the structural support of tar i
30 and constitutes the magnetic pole pieces of the magnets 51_13 m
I _

This ferrous materi al
pl anar rear support

the axis 27. Arigid ferrous naterial, qyggmg§k§g

includes a circular center plate 56, wh
of the assenbly 30 and sustains the transverse nag

Oc Replaced _

1l

netic field between pole pieces of the nagnets 51 and 52. A cylindrical

s welded to the plate 56 at the outer edge thereof to
stand upwardly therefromand to surround*f{he outer wall of the hol der
A target outer retaineLifidd+pf thigetdQbl €dri@ HBEe UPRRIe €806s Anrdagequt er
pole piece 57, so as to rest on an outer annular |lip 40a of the target 40
to retain the target 46hroughhé&hreséntk?. oFfhthe ipppder ekhdsddwsting dwarget t he
outer pol e piece 57 and rng 58 is shielded by a netal dark %gace shi e

outer pol e piece 57 i

59, which prevents spfPft &t

§asf thrRedsel ERp 87°%t theetars

The dark space shield a@nis: 1 Q'g%xr rﬁﬁc%eﬂmi}&ﬁ% t-Bea hanher c¥alde 33 aed

t hereby el ectrical -
pi ece 61, having as

| y grounde n i nner cylindrical pole
| iss adrteirhRobxi S TRE, c@itGirepble t hitemeg A1t hes ibulded

-17- rimof the target 40. This pole piece 61 is_threaded -

to the bottom end thereof a pole cap assembly 63. The
pole cap assembly 63 includes a circular inner plate
64, a cylindrical lower middle pole piece 65 welded at
its base to the outer edge of the plate 64, an annular
outer plate 66 welded at its inner edge to the outside
of the lower middle pole piece 65, and a lower cylin-
drical outer pole piece 67 welded at its base to the
outer edge of the annular plate 66. The lower outer -
pole piece 67 has bolted to its upper edge, base 68 of
outer pole piece 57. The components 64, 65, 66 and 67
of the pole cap 63 have a common axis lying on the
axis 27 of the chamber 10.

The middle cylindrical pole.éiece 65 under-
lies the annular groove 47 in the back of the target
40, and projects either in a continuous annular ring
or at spaced intervals through the plate 56 into a
recess 69 in the back surface of the holder 42. A
ring 69 of rigid ferromagnetic material and having
approximately the same diameter as that of the middle
pole piece lies, and is embedded within, the annular
groove 47 in the back surface of the target 40. The

upper end of the middle pole piece 65 lies in the

42.

| d

49§ s58.



through the center of the holder 42 below the target psBeeieRbplaced

g an
t.herean, above the target 40, a center retainer nut 62 mhlch
target 40 at its center hole. The center pole piece 61 has b
bottom end thereof a pole cap assenbly 63. The pole cap asse

Includes a circular inner plate 64, a cylindrical |ower n1dd|e pole pi ece
65 welded at its base to the outer edge of the plate 64, an annular outer
plate 66 welded at its inner edge to the_gytside of the |lower mddle pole

pi ece 65, and a lower cylin- drical outer pole piece 67 welded at its base
to the outer edge of theubamuyravvel tHmugh. tHhesurdaee Ofitthe bHEKEL atecse 67
has bolted to its upper edge, base 68 of outer pole piece 57. The
conponents 64, 65, 66 ShASB Lo Shet REng f%8 - c afrb S eRETBRINtE/NBENRESs | i ng

on the axis 27 of thesﬁ?@%ﬁf :l:ge midwall 45 ofﬂ{ nhgﬂ%(& %él Ilﬁnd{l cal p0| e

pi ece 65 under- lies the annular groove 47 in t of t arget

and projects either ingaccwatdmuiausharvadckasst riHeg tadgetit4cspaced i nterval s
through the plate 56 into a recess 69 in the back surface of the hol der
42. A ring 69 of rigid ferromadhetPiidhe epiaIriate RAVEupthappyish heel y

o et o SPhgclod T b ROk MRS S e BTl SRS

upper end of the middl ﬁlagﬁéfs M1eafd 662 1Ha®8 i ddi@on. The ring 69a is
magnetically coupled to the middle pole piece 65 so as
to extend the effective pole piece at the annular
groove 47 of the target 40 to very near, but beneath,
the surface 41 of the target 40. 1In that the ferro-
magnetic ring 69a is of a rigid ferromagnetic mate-
rial, it is substantially stronger structurally than
the soft copper of the holdér 40 is made of a material
which expands less when'heated. As such, At serves to
structurally reinforce the midwall 45 of the target
holder 42 against radial expansion caused by the
heating of the target 40, thereby alsé‘restraining the
‘target 40 against radial thermal expansion.

Concentrically mounted at the top of the

center pole piece 61 is a central electrode 70,
electrically insulated from the pole piece 61 by a
ceramic washer 71. The center pole piece 61, the
target 40, the holder 42 and the entire center plate
56 and pole cap assembly 63 are energized to the same

cathode potential. Accordingly, the assembly 30 is




-18- annul ar groove through the surface of the backplate 56Th$SlszH$Beeh laced
‘Ting 69a. The ferromagnetic ring 69 surrounds the m dwall

42 in the groove 47 in the back of the target 40.

pol e piece 65 together with the ring 69a forma pole piece whlc e |n er
and outer magnets 51 and 52 have in common. The ring 69a is magnetlcally
coupled to the mddle pole piece 65 so as to extend the effective pole

pi ece at the annular groove 47 of the tafjget 40 to very near, but beneath,
the surface 41 of the target 40. In that the ferro- nmagnetic ring 69a is
of a rigid ferronmagnet ioswkaisd frbmlthei grpendedh Sizadi atdepbiy rndar a
structurally than the soft cop % the_holder 40_is nade of a materi al
whi ch expands | ess whei® FlE%Héd‘s APNULRT SRATET {3 structurally
reinforce the mdwall 45 of the,targedr JRebdelp 44 a9abNala t8dird YXRaRSI on
caused by the heating of the target 40, thereby also restraining the
target 40 against radi alf thergale expansiedphly 63, concentGoncemthittal kyis

nounted at the top of the center pole piece 61 is a central electrode 70,
electrically insul ated?3fr onTrt%é’aBoF%seﬂ‘fbéé’e%1s‘iRP°5tsc%’i’ AMEETVERHEMI71. The

center pole piece 61, thgiqt &6974%14m%x9941&§rve4%1e9ﬁ1§ hersadi raebsﬁeter

plate 56 and pol e cap asse y 63 are ener gi zed to the 'sane cat hode
potential. Accordingly,z7st he tissewmbtyaB(ols piece 61 to the electrode 70

with which it makes electrical contact. The tube 77
is electrically conductive and insulated from the cap
76 to provide for the energizing of the electrode 70
at a potential which is different from the target 40
or the grounded chamber wall 33. Mounted to the
bottom of the cap 76 is an outlet tube assembly 79 for
transmitting cooling fluid from the tube 77. An inlet
assembly 80, conﬁected to the base of the outlet
assembly 79 supports an inlet tube 81 which extends
through the center of the tube 77 to the electrode 70
to supply cooling fluid thereto. A wéﬁer inlet 83 and
outlet 84 are provided in the inlet assembly 80 and
outlet assembly 79 respectively. Similarly, cooling
passages 85 are provided in the plate 56 for commu-
nicating cooling water from passages 48 and 49 to a
cooling water outlet 86 in the plate 56. A cooling
water inlet 87 communicates water through a grinder
inlet duct to the passages 48 and 49 in the holder 42.
The electrical circuitry of the sputter

processing portion of the apparatus is illustrated in



-19- insulated fromthe grounded fixed assenbly 31 by a Tef T3 Shedt $idd BefReplaced

annul ar spacer 73. A center pole cap 76 is fixed to )
of the pole cap assenbly 63, concentric with the axis 27. The; Ill"
63 supports an outer cooling fluid tube 77 which extends verti yo

through a bore 78 in the central pole piece 61 to the.electrode 70 with
which it nmakes electrical contact. The tube 77 is electrically conductive

and insulated fromthe cap 76 to provide _for the energizing of the

electrode 70 at a potential which is di & ent fromthe target 40 or the

grounded chanber wall 33e dbadpth( oeOride 2 RALERMBHYw RReCaRLtAR diggan outl et
tube ‘assenbly 79 for transmtting cooling fluid fromthe tube 77 An inlet

assenbly 80, connect ed ahembee Hasdtbf ithevaddt Batmaigdednbl eI tippbly satan
inlet tube 81 which extends. through.the center of the tube 77 to the

electrode 70 to suppl Y88 APy PHeEPo2 W%ﬁ"bﬁrf’ﬁ‘l’%ltc%@e&ﬁam out | et
84 are provided in the ﬂoral_etAaégz%@gl ¥°‘ﬁg_, %gglguidftsugﬁgg%b éﬁe;%g ?)T -

respectively. Simlarly, cooling ™ passages are provi int i
for conmmu- nicating coegrhjvevaictentiainqgissagbsally,asdvdfal qundreqol i ng

water outlet 86 in the plate 56. A cooling water inlet 87 communicates
wat er through a grindeﬁglgs through conductor 104 to the target 40. This

voltage results in a flow of current manifested in
part as a flow of electrons from the surface 41 of the
target 40 into a one or more plasmas 106, 108 main-
tained over the target surface 41 and by an ion flux
from the plasmas 106, 108 onto the surface 41 of the

i target 40. The plasmas 106, 108 are ionized clouds of
the chamber gas formed as electrons collide with the
gas atoms stripping other electrons from them.

The wafer 21 is connected so as to be
maintained closer to ground potential but, for bias
sputtering, is biased so as to be substantially
negative relative to ground in the ragée of from 50 to
100 negative volts,'—loo volts in the illustrated
example. The bias potential is supplied through a
conductor represented as line 110 from the power
supply 102. A current in the circuit through line 110
is a resultant, in part, of an emission of a small
quantity of electrons from the surface 22 of the wafer
21 and a secondary flow of ions onto the surface 22
from a space 112 near the surface 22. The secondary

ions are the result of collisions-of the electrons



I nl et duct to the passages 48 and 49 in the hol der 42. This Sheef Has Been laced

el ectrd cal circuitry of the sputter processing portion of the
illustrated in -20- the diagra
whi ch shows the sputtering chanber 10 with its wall 33 maintalne
electrically at ground potential through a system ground connecti.on

A target power supply 102 supplies energy at a negative potenti al of,
typically, several hundred volts through,ganductor 104 to the target 40.
This voltage results in a flow of current manifested in part as a flow of
el ectrons fromthe surfeacdetéd Hion hbe tafegelli@itmigasaimrheospace elyd.asmas
106, 108 nmamin- tained over the target surface 41 and by an ion flux from
the plasmas 106, 108 orfi® CHETRN fMa¥dealse FSPH%' in PREE Aﬁ?’“’l’ﬁé‘*'}b\‘%@‘ﬁas

106, 108 are ionized clgudgonl o :fol?uﬁ aRe s 9854 OTBE Afe QJa%gxtrQ{]Sﬁxﬁg\l I de

with the gas atons stripping ot ectrons romthem

wafer 21 is connected StheAxeyborre ofMBhatmliazeds Clesandt pogs ound potenti al
but, for bias sputtering, is biased so as to be substantially negative
relative to ground in the range Bf® PPERY 5PPSY 4 3dEGats REVEPLES, vithoo

volts in the illustrateg, Q@ééﬂ? e, £ e %Pgi%g%g%t%hthél WPRkLede AU quoh

conductor represented as
electrode 70. Thls potential is preferably a negative

potential of from -0 volts to -20 volts or greater in
magnitude. Current through line 114 is a result, in
part, of electrons flowing onto the electrode 70 which
stray from the more negatively charged target 40 and
plasmas 106, 108 to which they return through the
conductor 104, completing the circuit. This current
is believed, however, to be more largely the result of
ions.attracted to the electrode 70 from the plasmas
106, 108. Typically, this current is in the range of
from 10 to 100 milliamps. Similarly, some current
flow in circuits through the conductofé 104, 110 and
114 via the system ground 100 as a result of electrons
and ions striking the chamber wall 33, the dark space
shield 59 and other grounded components of the chamber
10.

Also prbvided are one or-more magnet power
supplies 115 for activating the magnet windings 53 and
54 by supplying current to them through leads 116, 118
respectively, and control circuitry 120 for control-

ling the operation of the power supplies 102 and 115



supply 102. A current in the circuit through line 110 is aThiesShkiHfif'Been REblaced
‘part,; of an em ssion of a small quantity of electrons fromt

of the wafer 21 and a secondary flow of ions onto the surfajmﬁmnﬂmﬁm
space 112 near the surface 22. The secondary ions are the r

collisions of the electrons -21- emtted
fromthe wafer 21 with gas-in the space 112. The current nmay al so result,
in part, fromelectrons and ions striking the surface 22 of the wafer 21
from the regions of the plasmas 106 and 8. The power supply

102 al so is provided with contool Rilgnkld éuppldppl yhisugh pogeal ildheko t he
central electrode 70. This potential is qE)ref erably a negative potential
of from-0 volts to - 20eRxsisested afF d2Rednd nt2hE§RPESFe1&uiR &g+t Brough

|1 114 Ts @ result, kg HALhscohel Sohr ol ALahag g gaabeGhestiede 70

which stray fromthe nore megarti vel'y charge n asnas 106,

108 to which they retuts ¢y eygbeh R-ouaandest or 104, conpleting the
circuit. This current is believed, however, to be nore largely the result

of ions attracted to the el ect Fodthe7@refermachenpPaimens ofobhe lggen-
Typically. this current ;b idhabNgnd AI9en2 o1l 16! AkO9"LhLIAMA ae
a time. This is achieved by switching the current to
i the magnet windings 53, 54 on and off alternately with
signals from the controller 120 through line 124 to
 the magnet power supply 115. The currents to the
magnet windings 53, 54 are switched to different

current levels I I

T' T0 I
and To as represented by the graphs A and B of Fig. 3.

and for differing "ON"-time T

This causes the sputtering to alternate between two
respective annular regions 126, 128 of the surface 41
of the target 40 underlying the respective plasma
rings 106, 108. 1In synchronization with this
switching, the power level of the taréét 40 is
switched between two levels, P

P as illustrated in

I’ ‘o’
graph C of Fig. 3, so that the power .is separately
maintained during sputtering from the respective inner
and outer target regions 126, 128. The control of the
switching of the power level at the output 104 of
power supply 102 is maintained by a signal on control
line 122 from controller 120. |

In the performance of a sputter coating

operation in a sputtering chamber 10, it is usually




flowin circuits through the conductors 104, 110 and 114 vi %hisSheet
ground 100 as a result of electrons and ions striking the ch

the dark space shield 59 and other grounded conponents of th

Al so provided are one or nore nagnet power supplies 115 for activatin

magnet w ndi ngs 53 and 54 by supplying current to themthrough | eads 116

118 respectively, and control circuitry 120 for control- ling the
operation of -t-he power supplies 102 and 115

-22- with control signals supplied throd&ﬁ signal lines represented as
122 and 124 respectiveldeditell that? eledBford ehittsa lidnPRile 140 RAlc80, DaYE
grounds connected to the system ground 100. In the preferred
enbodi ment of the inverthe tthoget o1l ypeohrwapded: hed pteasiams eh 063 prkdd 1nsthe
energlzed at atine. This is achieved by swtchipg the current to
magnet wi ndi ngs 53, 54 %]r?sél‘ﬁﬂ 94 d%ern %I%WWHS“ Ay hRe mGmsEst ﬁé' 5

control l er 120 through tine.124 difln the; FAGNSL B, %tf@pggf?égglgﬁt arhe

currents to the nagnet’w ndings 53, 54 are switched to di current
levels I[err], I[err] amdydetticdfidieisi ngl, QY2 whireh Tfem hrched cloged] 1ash
represented by the graphs A and B of Fig. 3. This causes the sputtering to
alternate between two magnetic tunnels in the shape of annular rings on the
target surface 41 as determined by the placement of
the concentric pole pieces 61, 65 and 67. This
applies to structures, such as in the embodiment shown
herein and more particularly described in U.S. patent
application Ser. No. 07/339,308 incorporated above,
where the plasmas are alternately switched on and off,
or where they are energized simultaneously, such as
that described in U.S. Patent No. 4,595,482. It
further applies to single plasma structures such as
shown in U.S. Patent No. 4,673,480.

Electrons which do not remain in the plasmas
move toward the less negatively charged components of
the chamber 10, some of which strike and are absorbed
by the substrate 21. Electrons which strike the
substrate may result in currents which cause unwanted
heating of the substrate, or may collect, where the
substrate or a deposited layer of the substrate are
non-conductive, building up charge and causing even-
tual voltage breakdown and damage to the wafer.

To prevent stray electrons from striking the

substrate, the dark space shield 59 is conventionally



respective annul ar regions 126, 128 of the surface 41 of laced
wunderd ying the respective plasma rings 106, 108. In synchron

this swtching, the power |evel of the target 40 is svmtche

| evels, Plerr], Plerr], as illustrated in graph C of Fig. 3, so t

power is separately nmaintained during sputtering fromt he respecti ve | nner
and outer target regions 126, 128. The control of the swtching of the
power |evel at the output 104 of power sapply 102 is maintained by a
signal on control line 122 fromcontroller 120. In the
performance of a sputtBrocikird agd opawndef b iavtaagpuncePPRgre Hdifber 10, it
I's usually esired. t ectr ns
emitted fromthe surfaSeS3TFE: + Hd 1"that & eé‘lﬁegté%p egeﬁg%ererr%nl ﬁ'g
entrapped in the plasiffied ask@8ost Ehewarpyasmaoea@éeﬁ hestagnaich 3k, 52
generate; when their coils 53, 54 are energized, mgnetic fields 131, 132
whi ch form arched cl osthat oo Figagherrd oft UrhelPatent t¥e 4h8pe, 492.a@nul ar

rings on the target surface 41 s determn 3 Iac of the
concentric pole pi eces BIrH5 2RRES 6~ UPhPE %aer? ¥| é%? if‘i‘iﬁ%ﬁbsgﬁeh as
l nt t hte enbodi ment showgieB€F&id waieh B8y PREd Qulaaééﬁ(téie%@r tREkdryel S.

pat en

surface 41, where the dark space shield may not be
able to attract and absorb them. This is usually done
by grounding the central electrode or otherwise
connecting it to the same potential as the dark space
shield. With single plasma systems as shown in U.S.
Patent 4,673,480 and illustrated diagrammatically in
Fig. 2A, where stray electrons near the center of the
target 40A are too remote from the dark space shield
59A to be absorbed by it, a central anode 70A, con-
nected to the same potential as the shield 59A will
absorb the electrons near the wafer center.

In bias sputtering applicatiéns, particular-
ly magnetron enhanced of Figs. 2 and 2A, where a
negative bias is applied to the wafer 21, 21A through
conductors 110, 110A to cause the surface 22, 22A of
the wafer 21, 21A to be subjected to a secondary ion
flux, uniformity of this ion flux on the substrate
must be maintained across the wafer surface 22, 22A so
that uniform processing of the wafer coating is
achieved. Non-uniformity of this flux is caused, in

part at least, or is at least intensified by, the



application Ser. No. 07/339,308 incorporated above, where t1us Shtdd HiFBectoReplaced
alter.nately switched on and off, or where they are energized

si mul t aneously, such as that described in U S. Patent No. 4, %MMHLULHI““‘
further applies to single plasma structures such as shown in U"S.

No. 4,673, 480. El ectrons which do not remain in the plasnas

nove toward the | ess negatively charged conponents of the chanber 10, sone
of which strike and are absorbed by the substrate 21. El ectrons which
strike the substrate may result in curréfs which cause unwanted heating
.of the substrate, or ngy,Goldeehe NMAHRilNE13UDRIERA §i0EnfedeBOSREEd | ayer
of the substrate are non-conductive, building up charge and causi ng even-
tual voltage breakdownsabgtmaengertiard Re pafdsiced by the magndis Prlewrdt stray
el ectrons from striKki ng the substrate, the dark space shield 59 is
conventional |y 2. Correction of this phepgmency Ky R® YR Ofr Bunded t o
attract and absorb theg &ﬁ@&wagnét 4t thakuldieashi fld Qfghe {FRse from the
i nner plasma of a two p?asma target system such as that "of Fig. 2 or of

U S. Patent No. 4,595, #8fenta NocenjsH,a3no0deCursesha asndlBeofrbike. 40, wil |

al so absorb el ectrons which str% near the center of the target surface
41, where the dark spadélesirate RBS iRH fhgx distribution on a substrate

with and without the countermagnet of U.S. Patent No.

4,871,433.

In accordance with the present invention, a
central electrode, such as electrode 70, 70A, is
biased to a relatively small negative voltage, found
to be in the range of up to -20 volts in magnitude,
but adjusted to an optimum value, It has been found
that the value of this voltage or the electrode 70,
70A can be optimized so as to cancel effects which
produce non-uniform ion flux onto the substrates 21,
2137, thereby rendering it uniform without the need for
a countermagnet, and while still effeééively absorbing
stray electrons near the center of the target 40, 40A.
Furthermore, higher ion flux levels onto the substrate
can be maintained than with the countermagnet solu-
tion, as shown by curve C of Fig. 4. As a result of
the invention, the ion flux level is increased by 250%
over that of the countermagnet system. In addition,
the large countermagnet assembly which is often
difficqlt to fit into many sputtering devices, is

eliminated. Furthermore, the voltage of the central



able to attract and absorb them This is usually done by grihi {Bloen Replaced
central electrode or otherwi se connecting it to the sane pot
dark space shield. Wth single plasna systens as shown in U

s v

4,673,480 and illustrated diagrammatically in Fig. 2A, where stray mlmm
el ectrons near the center of the target 40A are too renote fromthe dark
space shield 59A to be absorbed by it, a central anode 70A, con- nected
to the same potential as the shield 59A will absorb the electrons near the
waf er center. In bias sputtering applications, particular- |y
magnet ron enhanced of E&Elgifcrodeans cdd, beheds: e @ashbgaiddidabed@stiash appl tigd to
the wafer 21, 21A through conductors 110, 110A to cause the surface 22,
22A of the wafer 21, odaywhegmpenatbj ected to a secondary ion fl ux,

uniformty of this ion flux on the substrate  nust blettrrai tai ned . across the
wafer surface 22, 22A so that %’ﬁ?f"é’lr%r%mﬁ?o%e 251G BHARE g\lé sepmcéc fing is

achi eved. Non-uniform gyestfrodi $of |10A WSrfeISAEn the didelk phrdAshs 6Ff 1S
at least intensified by, the -25- shape of

the magnetic field in Fhe systentipguding batibgepreeriuphdceletyicsduced by

the magnets 51 and 52, Correction, of bhl s PheRoRROOLNS:LIg: Usf Al %,

the appropriate voltage of the electrode 70, which is
appropriate when the inner plasma 106 is energized,
preferably about zero, for example, is not the same as
that which is appropriate when the outer plasma 108 is
energized, which is approximately -20 volts in the
specific example illustrated. Accordingly, as shown
in graph D of Fig. 3, the voltage on line 114 to the
electrode 70 is switched between zero and ;20 volts in
synchronism with the switching of the plasmas 106, 108
so that the voltage on the electrode 70 is optimum for
each part of the sputtering cycle in the switched
plasma system shown. Both the positiéﬁing and the
biasing of the central electrode 70, 70A affect the
ion flux distribution on the substrate and, according-
ly, may be changed to optimize the performance of the
electrode 70.

Curve D in Fig. 4, for example, illustrates
the ion flux distribution on the surface of a wafer 21
with a central anode 70 at ground potential as
compared with curve C which is the distribution with

the electrode 70 at -20 volts. Both curves are for an




count ermagnet at the substrate was taught in U.S. Patent No.ThisSEptiHagBen Replaced

LCurves A and B of Fig. 4 illustrate the ion flux distribution

substrate wth and w thout the countermgnet of U S. Patent

4,871, 433. In accordance with the present invention, a centra

el ectrode, such as electrode 70, 70A, is biased to a relatively small

negative voltage, found to be in the range of up to -20 volts in

magni tude, but adjusted to an optinumvalue. It has been found that the

value of this voltage or the electrode 70, 70A can be optim zed so as to

cancel effects which erardrodendh-witkihf ohendpparbtex ahifdgehel ;amiserat es 21,

21A, thereby rendering it uniformwthout the need for _a_ countermagnet,

and while still effect?PRRIAFIABSHIER _r?é‘lys?r_feaf“&ﬁ‘éc?]ﬁﬁﬁ‘? h8&retHrS1@eft er of

the target 40, 40A  FYrdAGLERLe.,ftingRgEn | Ot ikl BYedL\RloneLPI O ddigtsypst rate

can be maintained than wth the countermagnet solu- tion, as shown by

curve C of Fig. 4. As shiesifl tanfet taloe 20Wertliechrodde70,0m0l | and Isabvel | s

i ncreased by 250% over that of the countermgnet sjz/ﬁstem In addition, the

| arge countermagnet asSEFAR% 2hhi B $REF YRIFa9Gi PPPEIRY HPotRe ehsitEotany

sputtering devices, isjoelid QabeHh JeURhRESIINRa 8 dsUstassr Uordie central
tions, such as ion flux, at the substrate 21, 21A to
determine the optimum voltage settings for use during
operation.

The spacing of the electrode 70, 70A is
preferably central to the surface of the target 40,
40A, generally on the target axis 27 in the embodi-
ments where the target assembly is annular and the
components concentric, and between the target 40 and
the substrate 21, usually near to the target surface
41.

Having described the preferred embodiments
of the invention, it will be apparent.fo one skilled
in the art that variations are suggested and can be
made without departing from its principles. Accord-

ingly, the following is claimed:



electrode 70 can be nore ea5|ly nodul ated than can the me Replaced
iThe opti mum negative voltage bias to the electrode 70, 70A v
ot her paraneters of the system including both geonetrlc and

paranmeters. Accordingly, in the enbodinent of Fig. 2, the approprla e
voltage of the electrode 70, which is appropriate when the inner plasm

106 is energized, preferably about zero, for exanple, is not the sane as

that which is-appropriate when the outer plasnma 108 is energized, which is
-approxi mately -20 volts in the specific exa?le illustrated. Accordingly,

as shown in graph D of Fi t eonline 114 to th el ect rode
70 is switched between zer ancf‘ “f%hi?‘g gqirnﬁrms’gﬂ?c%%n'i"slrﬁ%\ﬁmf‘ﬁyt?l}e

switching of the plasmag 16R. £ii88 aiserihidlichhenidlat 8aBsOatlehgnel ect rode 70
is optimumfor each part of the sputtering cycle in the switched plasm

system shown. Bot h t hebimss ispiltmémg:oan@lnq hrochsaisiarfouhed hi:m @emacwin
el ectrode 70, 70A affect the, ion flux distripution on the substrate and,

according- |y, may bPRAFERFLRT (PUBEF i dNAAR 3dPrgPatf Padntaired
el ectrode 70. o t aClh¥fiodd 'pQ:tEhglalA' i.oan&a@rfel ocdddaugtrates the

ion flux distribution on the surfdace of a wafer with a central anode 70
at ground potential asleaatnparpegirtvicultstde e Ene/muﬁen gikhet ¢het ri bution
with the electrode 70 at -20 volts. Both curves are for an
target and maintained at an anode potential, and
the substrate faces the target and is maintained at
a bias potential, the method comprising the steps
10 of:
providing an electrode between the target
and the substrate and remote from the target rim;
maintaining the electrode at a potential
which is independent of the anode and target
15 potentials; and
adjusting the potential of the electrode

so as to improve the distribution uniformity of the

ion flux onto the substrate.

Ay



-27- electrode 70 with the apparatus of Figs. 1 and 2 oper afhig quthrBearm laced
the outer plasnma 108 energi zed. Preferably, with each ant|C| p
geonetric relation- ship of target 40, 40A, electrode 70, 70A
strate 21, 21A the voltage applied to the electrode 70, 70A s ou

mani pul ated to adjust for condi- tions, such as ion flux, at the substrate
21, 21A to determne the optinumvoltage settings for use during
operati on. ) The spacing of the electrode 70, 70A is preferably

central to the surface of the target 40, 40&2 generally on the target axis

27 in the enbodi- nents \é\,hﬁre e fn rﬁ:%t ogsgf%l 5§rﬁ””' ar and the
an

conponents concentric, and between targe e SOPRTTTY 21,

usual Iy near to the tarnpetstey foFce Havi ng descri bed the
preferred enbodi nents of the |nvent|on it will be apparent to one skilled

in the art that variations are %Qg@%ﬂ&j thadiemflyx dpstkibukitmwt departing
fromits principles. A‘Eﬁgrgubsﬂx%@e, am{ne follow ng is clained:

5 selecting the adjusted electrode
potential so as to improve the uniformity of the

measured ion flux distribution.

3. The method of claim 1 wherein:
the electrode is provided at a position

approximately on a line perpendicular to the center

of the target.

4. The method of claim 1 wherein:

the electrode is provided at a position

near the surface of the target.

5. The method of claim 1 of improving the
uniformity of the ion flux distribution onto the
substrate where parameters of the process change,
further comprising the step of:

5 - readjusting the potential of the
electrode, following the change of parameters, so
as to improve the distribution uniformity of the

ion flux onto the substrate.

RO O



- 28 - 1. A method of inmproving the uniformt 'I'he?fSheetHasBeen laced

the ion flux distribution onto a substrate in a bi as
coating process performed in a vacuum processi ng cha

a target is maintained 5 at a cathode potential, an anode |s oca

at | east in part outside of the outer rimof the target
and nmai ntai ned at an anode potential, and the substrate faces the
target and i s nmintained at a bias potential, the method
conprising the steps 10 of : - 30 - provi ding an el ectrode
bet ween the target and_t bst rat s &M m the target
rim nalﬁta:j?tkllngtﬁege%é:?rao at E“g{j Drfq

whi ch is independent ofinifiamaRPdSr ahd §ah Olux a5str1butﬁ6he&'&&@|t$ne and

adj usting the potential of the el ectrode so as to inprove the

di stribution uniform t pubstnate where param¢t-:ﬁr8f PﬁxtléﬁttR?OFHeS sehangeat e.

- 29 - 2. T t hod of f risi

the step of: over t.{"(-i:“”n??‘rﬁ%\s‘lf‘r {:’i Jf’ ¥ rd|C ngtﬁhqqgﬁhﬁt

the substrate; gnd step of:

performing the electrode potential
readjusting step following the use of the target in

the sputter coating process.

7. The method of claim 1 of improving the
distribution uniformity of the ion flux onto a
substréte in a bias sputter coating process
performed in a vacuum processing chamber in which a

5 magnetic field is maintained over the target
surface to trap electrons therein and to support a
plasma over a region of the target surface from
which sputtering is to occur, the magnetic field
causing a distribution non-uniformity of the ion

10 flux onto the substrate, and wherein:
the potential of the electrode is
adjusted so as to compensate for the distribution

non-uniformity caused by the magnetic field.

8. The method of claim 1 wherein:
the electrode is maintained at a negative
potential of not more than approximately 20 volts

with respect to the potential of the anode.

[T



5 sel ecting the adjusted el ectrode 1
.to inmprove the uniformty of the measured ion flux di “

3. The nethod of claim21 wherein: the ele

provi ded at a position approximately on a |line perpendicular to
the center of the target. 4. The nmethod of claim
1 wherein: - the electrode is provided at a position

near the surface of the target. 5. The nethod of claim1
of inproving the uniformity of the3ton flux distribution onto the

substrate where paraneters, of th r S
.. 59 BA Se‘lﬂlo%c % sSu*%;% us?tlngg a suggt%%a%el al of the

conprising the step of: the po

el ectrode, follow ng tihea ChaRgepRttdlcRRRLRY rogess performedSid & | NProve
the distribution uniformty of the ion flux onto the substrate.

- 30 - §acudineneeehothe fchembém i whithp drrggtt be

uniformty of the ion flux distributi nto the. ubstrate where
paraneters of the pro@@§§§ Hgﬁb L égﬂoge poteﬂ%lal, an anoae is

5 located at least in part outside the outer rim of
the target and maintained at an anode potential,
and.the substrate faces the target and is
maintained at a bias potential which is negativé
with respect to the anode potential to cause an ion

10 flux to impinge upon the substrate during the
performange of the coating process, the method
comprising the steps of:

providing an electrode between the target
and the substrate and remote from the target rim;

15 maintaining the electrode at a potential
which is negative with respect to the anode
potential and positive with respect to..the target
potential and the bias potential, whereby the
uniformity of the ion flux distribution onto the

20 substrate is improved.

* c L " K *



over the life of the target, further conprising the 5 Ehi ceJHasBecnReplaced

sperformng the el ectrode potenti al readj usting step f

use of the target in the sputter coating process

7. The nmethod of claim1 of inproving the dis butlon un

of the ion flux onto a substrate in a bias sputter coating process
performed in a vacuum processing chanber in which a 5 magnetic field
is nmaintained over the target surface to trap electrons therein
and to support a pl asma over a regi®n of the target surface from
which sputtering is to occur, the magnetic field causing a

di stribution non-unifornity°ef 'IE"f‘PemPngﬂﬁ claim & whergiRy the substrate,

and wher ei n: thd U3eROLEIL 18! nlndfifiel] £E1 O0C i o

adj usted so as to conpensate for non-uniformty

caused by the magneti cpdtedltdlal at which the un1f8rm1tjrh¢ #®d hod of claiml
wher ei n: the el ectrode is nmaintained at a negative
potential of not nore diskribppioxiafatbeyigrg ffyktanto the substgatp iespect to

the potenti al qu the an't‘]oorc«jaeunlform than when the electrode is maintained

at the anode potential.

11. The method of claim 9 further comprising
the step of:
adjusting the potential of the electrode
so as to improve the distribution uniformity of the

5 ion flux onto the substrate.

12. The method of claim 9 in which the target
is annular and the region of the target from which
sputtering occurs is annular and concentric with
the target, wherein:

5 the electrode is provided at a location

approximately concentric with the target.

13. The method of claim 9 wherein:
the electrode is provided near the

surface of the target.

-l IIIIII I
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- 31 - 9. A nethod of sputter coating a subst rrfs8heet Has Been Replaced
dn a-bias sputter coating process perforned in a vacu 1 ’
chanber in which a target is mai nt ai ned at a cat hode Hﬂlﬂummﬂlﬁ
anode is 5 | ocated at |east in part outside the outer ri

the target and mai ntai ned at an anode potenti al, and the substrate
faces the target and is mai ntai ned at a bias potential which is

negative with respect to the anode g&)t_ential to cause an ion 10
flux to inpinge upon the substrate during th performance of the

coating process, the methogs. the metGOYE ShAHN & SLARSh Hagnetic

provi ding an el ectrode between the target and the substrate and
renote fromthe targetfield) is faintained over thenangedi sunfpdereockesp r ode at
a potenti al whi ch is negative with respect to_the anode

potential and positi vEENISERORR SRR 27 £ SPBRYFT 2 plasma pyegnpi al and
the bias potential, f%'% EPQ:he target éﬂyffaeémél'ye ‘Hag;\gélé c]Et:’uaflI ux
distribution onto the substrate 1 s | npfove

- 32 - 5 cauHingThedxﬂﬂrhbdtiﬁn(ﬂo&hﬂhi&d&ﬁﬂt@lBf the ion

the electrode is maintai ned at a potenttal at which the uniformty
of the flux onto the substrate, and wherein:

the potential of the electrode is
selected so as to compensate for the distribution

non-uniformity.

15. The method of claim 9 in which different
target regions are maintained on a single piece
target, each region having a magnetic field
selectively maintained thereover to trap electrons

5 therein and to support a plasma over the region of
the target surface to cause sputtering from the
region when the field is being maintained
thereover, wherein:

the potential of the electrode is changed
10 in accordance with the selective maintenance of the

magnetic fields.

M



distribution of the ion flux onto the substrate is 5 eplaced

st hanswhen the el ectrode i s nai ntai ned at the anode potm Ii!ﬂl“”l““l

11. The method of claim9 further conprising the step
adjusting the potential of the el ectrode so as to inprove t
distribution uniformty of the 5 ion flux onto the substrate.
12. The nmethod of claim9 in which the target I s annul ar and the
region of the- target from which sputtering occurs is annular and
concentric with the target, wheretms b t he

el ectrode is provided at a | ocation approximately concentric wth
the target. 1643 ThehpefRahod 6128t &5miy wWhidheithe

15 5T 15 01 ghegge il are vies Pl BRI

field i s maintained owlnttaentﬁfeg&tiesw faee tReldidFerent targeel ectrons
therein and to support a plasna over a
regions, wherein:
5 : the potential of the electrode is
alternately switched in synchronism with switching

of the magnetic fields alternate selective

maintenance of the magnetic fields.

17. The method of claim 16 in which the
target is annular and the regions are annular and
concentric with the center of the target, wherein:

the electrode is provided at a position
5 approximately on a line perpendicular to the center

of the target.

18. The method of claim 9 wherein:
the electrode is maintained at a negative
potential of not more than approximately 20 volts

with respect to the potential of the anode.

S




region of the target surface, the nmagnetic field 5 B«m Replaced
sdistribution non-uniformty of the ion flux onto th

and wher ei n: the potential of the eIectro

sel ected so as to conpensate for the distribution on- un

15. The method of claim9 in which different target reglons are
mai nt ai ned on a single piece target, each region having a nagnetic
field "~ selectively maintai ned thereover to trap electrons 5

therein and to support a plasma over the red®on of t he target

surface to cause sputtering [rQMLLNG or conting hGUROR IFSihnbPScbih] 'S

bei ng mai nt ai ned er eov
potential of the el ecbbgdedleﬁnfd&aag@%omi;%smg the a8€&py &xnce wWith the

sel ective mai ntenance of the magnetic fields.

-34 - 16. The neﬁmeutew<EP&ﬁngfﬁsuhSﬁhﬁehimhe bias

magnetic fields are smttg@ 2 | t er nat el q B taln the fields
over the different taf§8t-* °°a m‘l"e%ﬁocﬁgs %refrc’eﬂme % d vaeu t he

~potential of thge el eCtp%@@@séﬁlg chamber il bﬁi&ﬁ@kﬁr@&ttﬁqﬁﬁlhfhﬁﬁ@hr oni sm
W th swtching
at a cathode potentlal and an anode is located at
least in part outside the outer rim of the target
and maintained at an anode potential with the
substrate facing the target and maintained at a
10 bias potential which is negative with respect to
the anode potential to cause an ion flux to impinge
upon the substrate during the performance of the
coating process;
providing an electrode between the target
15 and the substrate and remote from the target rim;
maintaining the electrode at a potential
which is negative with respect to the anode
potential and positive with respect to the target
potential and the bias potential to thereby improve
20 the uniformity of the ion flux distribution onto

the substrate.

(T




of the magnetic fields alternate selective. [ Replaced
‘magnetic fields. 17. The met hod of cIa|n116 i :
target is annular and the regi ons are annul ar and co

e |

the center of the target, wherein: t he electro s
provi ded at a position 5 approximately on a |line perpendicular to
the center of the target. 18. The nethod of claim
9 wherein: - - the el ectrode is naintained at a negative
potential of not nore than approximtely 28 gsel+s with respect to
the potential of the anode. - 35

19. A sput 28r B PaghaRttfodlain mthbaEeini ng

coated substrate conprising thqj§ %Réc@@od is maintained at a SPUtter
coating a substrate in a bia % ter "coating process performed in

a vacuum 5 prOCq&:ﬁdéﬁglﬁhadﬂ)Qﬁhle uﬁu Ghigokaiielofl $hERI Nt ai ned
at a cathode potential and an anode is | ocated at | east in part

outside the outer rim¥fstrhbutiemexf the ion flypdomes rihei mebistrratenianode
potential wth d he more unlbet "RLE ‘]:Jt?ecx{ 96! Qfeé@rro%%t 12”3af9ta”1tn§' ned at a

at the anode potential.

21. The method of claim 19 further comprising
the step of:
adjusting the potential of the electrode
so as to improve the distribution uniformity of the

5 ion flux onto the substrate.

22. The method of claim 19 in which the
target is annular and the region of the target from
which sputtering occurs is annular and concentric
with the target, wherein: -

5 ' the electrode is provided at a location

approximately concentric with the target.

R



10 bi as potential which is negative with respect ThlsShect dsBea ed

p
potential to cause an ion flux to inpinge uponthes
during the performance of the coating process;
strate an

provi ding an el ectrode between the target 15 and the su

renmote fromthe target rim mai nta| ning the el ectrode at
a potenti al which is negative with respect to the anode

~potential and positive with respect to the ta;g potential and

the bias potential to thereby inprove 20 the uniformty of the ion
flux distribution onto 23. A Yils spbslekatBating apparatus

- 36 - 20. The nmethod of claim 19 wherein

t he el ectrode i.s mai ntcxmpedsig:a potential at whi ch the uni forni ty
of the distribution of the ion flux opto the substrate is 5

nore uni form than when the el e&r&&&“’f‘sp‘??é’leﬁﬁé?%éﬂ‘am €T  at the anode
potenti al . 21. T £ hod @b L@ 1R 18RS rising
the step of: jrggtl ng g fﬁ:eL potlent iggl Hﬂ%ﬁ%eggrgct rode

so as to inprowe the oﬁaeihbhbupémtuanf Othd ttprgét tHuving a rim deFinihgx onto
t he substrate.
the outer periphery thereof:
an anode located in the chamber at least
in part outside of the rim of the target and
maintained at an anode potential;
10 | means for maintaining a substrate,
supported in the chamber and facing the target, at
a bias potential;
an electrode supported between the target
and the substrate and remote from the target rim;
15 means for maintaining the electrode at a

potential independent of that of the anode and of

the target potentials.

R T



22. The nethod of claim 19 in which the target is arfms laced
regi-on of the target from whi ch sputtering occurs is.
concentric with the target, wherein: 5

el ectrode is provided at a | ocation appr oxi mat eI y concent r| C WI th
the target. 37-

23. A bias sputter coating apparatus conpri si ng.

a vacuum processi ng chanber; a target maintained in the
chanmber at a 5 cat hode potential, the sarget having a rimdefining

t he outer periphery thereof; an anode |l ocated in the
chanber at | east PA- pafte gupardieisHPLt AkA LY ﬁFoY’h?IFﬁamt arget and

mai nt ai ned at an anode potenti mai nt ai ni ng
a substrate, supporte?i‘l efllgcucﬁde gFeré%cflf acing Jtnheqt a?g%? at

a bias potential; is operative to main®lieCthedel stppastad bet ween the

t ar get and the substrate and renote fromthe target rim 15
means for maintaini ng pakenglisttatpadigh the distributjemennifdrnitgepéndent of

h f th n n f
that of the a Ode and éhe ion flux onto the substrate is more uniform

than if the electrode were maintained at the anode

potential.

25. The apparatus of claim 23 wherein:
the electrode biasing means is adjustable
to change the potential of the electrode to improve
the distribution uniformity of the ion flux onto

5 the substrate.

26. The apparatus of claim 23 wherein:
the target is annular in shape and has a
hole at its center; and
the apparatus includes a support for thg

5 electrode extending through the hole.

T g




the target potentials. This SheggHas Been Replaced

24. The apparatus of claim23 wherein: the e

pot enti al maintaining nmeans is operative to maintain

at a potential at which the distribution uniformty of

lon flux onto the substrate is nore uniform than if the eI ectrode
were mai ntai ned at the anode potenti al . 25. The
apparatus of -claim23 wherein: t he el ectrode biasing
means i s adjustable t o change the-r?c?tential of the el ectrode to
i nprove the distrjpution uniformty. of t ux onto 5

tg substrate. i) ng Waﬁﬁﬁa%/%tc&?lgf §§ wher ei n:

the target is annul ar cbg §{@§;{3q.and has a hoI e at its center; and
t he apparatus includes a support for the 5 el ectrode extendi ng

t hrough the hol e. a magnet for maintaining a magnetic field

over a region of the target to trap electrons

5 therein and to support a plasma over the region,
the field extending toward the substrate, the field
being so shaped as to cause ion flux to impinge
non~uniformly upon the substrate; and

said potential of the electrode is

10 maintained at a value which compensates in part at
least for ion flux distribution non-uniformity
caused by the magnet to render the ion flux

distribution more uniform on the substrate.

oy



- 30- 27. The apparatus of claim 23 further This Sheet Has Been Replaced

‘conprs si ng: a magnet -for maintaining a magmlm cﬂl
over a region of the target to trap electrons 5 therein

support a plasnma over the region, the field extending toward the -
substrate, the field bei ng so shaped as to cause ion flux to
| npi nge non-uni formy upon the substrate; and
said potential of the electrode is 10 mai nt ai ned at a val ue which
conpensates in part at | east for iomofdux distribution
non-uni formty caused by the magnet to render the ion flux
di stribution nore uniform 88-t Hhesgpparakys of claim 23 wherein:
- 40 - 28. The appar at
the electrode is located at a p%}ﬂ e'i ch & lsnlgcat\r,%i?r%m KR | ne

. perpendicular to the cgpr@xkimately onOE 1he bakpéddicular to the centéd®. The
apparatus of claim23 wherein: the electrode is | ocated
at a position ok Ghet hargek.f ace of the target.

29. The apparatus of claim 23 wherein:
the electrode is located at a position

near the surface of the target.

30. The apparatus of claim 23 wherein:
the electrode is maintained at a negative
potential of not more than approximately 20 volts

with respect to the potential of the anode.

31. The apparatus of claim 23 further

'cdmprising:

means. for varying parameters.of the
target to change the sputtering therefrom in a way

5 which differently affects ion flux distribution

onto the substrate; and

means for changing the potential of the
electrode in accordance with the operation of the

parameter varying means.



30. The apparatus of claim23 wherein: SheetiHagiBeen Beplaced

fai ntai ned at a negative potential of not nore than a
20 volts with respect to the potential of the anode
31. The apparatus of claim23 further conpris

means for varying paraneters of the t ar get to change t he sputterl ng
therefromin a way 5 which differently affects ion flux distribution
onto the substrate; and means for changi ng the potenti al
of the el ectrode in accordance with #¢he oper ation of the

par anmet er varying neans. apparatus of claim23
wher ei n: the el 8tr ot PEPRERTHS:® % 81%&'“ &3 PBEESMal which is

negative with respect to the pgleRtiatréde iBend A8 ned at a

potential which is negative with respect to the

potential of the anode.

% c. L L S L
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- 42 - 33. A bias sputter coating apparatus ThlsSheetHasBeenR eplaced

_conp4.i si ng: a vacuum processi ng chanber ,
a target maintained in the chanber and 5 havi ng a sputt

and a rimdefining the out er periphery ther

an anode | ocated in the chanber at | east |n part out si de of the
rimof the target and mai nt ai ned at an anode potential; 10
means for maintaining a substrate, supported in the chanber and
facing the target, at a bias potenii al; an
el ectrode supported between the target and the substrate and

renote fromthe target ring3. 13 bias sputter coatimshapparatwsi ntai ning the
el ectrode at a entlal i ndependent of that of the anode and of
the target potentials; means for maintaining different

sputtering regions on the surfacgaghuhrdRE8hy chidflber; t he neans

compgls

i ncluding means for selectively generating a magnetic field over
each region to trap e eargensndingréned aimd the shpykert and pl asma
over the region to cause sputtering fromthe reglon when

the field is génerate at"l’r@?eﬁ\%“tt&ﬁ ng pgirface and a rim defdBj8ItHhe changi ng

the potential of the gyper p rl‘fﬂ 84t {:Rgx.eedfq accordance with the selective
mai nt enance of the magnetic

an anode located in the chamber at least
in part outside of the rim of the target and
maintained at an anode potential;

10 means for maintaining a substrate,
supported in the chamber and facing the target, at
a bias potential;

an electrode supported between the target
and the substrate and remote from the target rim;

15 : means for maintaining the electrode at a
potential independént of that of the anode and of
the target potentials;

means for maintaining different
sputtering regions on the surface of the target,

20 the means including means for selectively
generating a magnetic field over each region to
trap electrons therein and to support a plasma over
the region to cause sputtering from the region when
the field is generated thereover; and

25 means for changing the potential of the
electrode in accordance with the selective

maintenance of the magnetic fields.
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43 34. The apparatus of claim33 wherein: This Sheet Has Been Regla

target is annular in shape and has a hole at its cent

t he apparatus includes a support for the 5 el ectrode ext

t hrough t he hol e. 35. The apparatus of claim33 furt

conpri si ng: the electrode is |located at a p05|t|on

approximately on a line perpendicular to the center 5 of the target.
_43—

34. The apparatus of claim 33 wherein:

the target is annular in shape and has a

hole at its center; and

the apparatus includes a support for the

5 electrode extending through the hole.

35. The apparatus of claim 33 further
comprising:
the electrode is located at a position

approximately on a line perpendicular to the center

5 of the target.
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