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SPUTTER COWG 8dmeae6STEM  AND I\/ETHCD UsSl NG - . PCT/US98#8% RATE
ELECTRODE Field of the Invention " _This invention relates
to plasma processing of substrates and, nore particularly, to -
sputtering nethods and apparat us which utilize a substrate el ectrode
to establish a 5 substanti al | y uni form el ectrl cal potent ial around the
peri phery of the subsgigrpiges ; . :
sputtering chanber,

ponbard t he

surface of the substrate. 10 £ SSLmsAsaiemn s ¥nvention .
Sputter deposition, also known as sputter coating, is a techni que for
depositing thi o 'al ok Lefdigl erial on a substrate such as;
for exanpl e, d di sk drive or a sem conduct or

waf er. In general Thimsinyention yelates togrdasmanpropessing 2% accel erated
toward a tar Q@ﬁbé%rates aﬂ&‘en[&tee?a@tlhﬁlaflﬁiepeé' é?l?tte:fﬁfq Qﬁéﬁflgad%f ahlye

t ar get materi al are expe Ions CO target.

A portion of 3PRAY3ES WHiRh Htd1d@e acFubstratacelertrrde Jo estabkigh a-
substrate andsilsgtareeidli 1y furdiBord0 electricalNBovht i KD QWoui iRy | Ng

Tmanet fe°t1 BRHEEP of, the EREREL 2ol DERREG PERGR (A Rk 55 Tne

posi tioned bespukkering chambien.geo that depsesubstartihlliynemigiommtlyat e t he

tar get Bottbd:d Y SurPile IS thid! fsﬁSEtrIE? magnetic field helps to 25
confine electrons in an area near the surface of the target. The
resulting increased concentration of electrons produces a high

densi t y @f imsggﬁdo(mhanegs ggg ddveneiey of the sputtering

r ocess. t di sk uttering_sys e a dISk I s placed
go bet ween two %%‘fﬁ?%? %&?%%?érﬁnc?ﬁt%ﬁ 51“"? : sé?@“ Fo TR EEaY
bot h surf acestethnigueli fir denasidicgushin fdlpganfl 8 désired mategpialt emi ng
system of thig svpetistd %&‘l‘pc&:‘é Madp- 228Rple, a mAGALEACIAIAE A S HaGdPY

I ntevac, Inc. _Another t
rﬁ: c;]rirve ycPr a semiconductor wafer. In general, ions of an

15 inert gas from a plasma are accelerated toward a target of
the material to be deposited. Free atoms of the target
material are expelled when the ions collide with the target.
A portion of the free atoms are collected on the surface of
the substrate and form a thin £ilm.

20 One well-known sputtering technique is magnetron
sputtering. Magnetron sputtering uses a magnetic field to
enhance the sputtering yield. Magnets are positioned behind
the target, and magnetic field lines penetrate the target
and form arcs over its surface. The magnetic field helps to

25 confine electrons in an area near the surface of the target.
The resulting increased concentration of electrons produces
a high density of ions and enhances the efficiency of the
sputtering process.

In a typical disk sputtering system, a disk is placed

30 between two sputter sources, and thin films are deposited on
both surfaces of the disk simultaneously. An example of a
sputtering system of this type is the Model MDP-250B,
manufactured and sold by Intevac, Inc. Another type of
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two-si ded sputtering systemis disclosed in U S. Patent No.

4,183,797 issued January 15, 1980 to Kennedy et al.

critical step in the manufacture of hard disk drive rusobiidrs Nedi a
is the spon98&PI88g of thin filns onto the nedia 5 (grsks) | n .order .
t-o .achi eve high recording densities, high " coercivity and low -
noise media are required. It is also i ncreasingly inportant that
these properties rengin uniform across the surface of the disk

and \§'BEEN Janot her . Wth the increased use of ’
nag1§H Qé E e he S, nore 10 stringent uniformty requirenents
are belnd‘ ne medi a. HDD nedia typically

have sever al fllns |nclud|ng under |l ayers, a magnetic recording

| ayer and a protectlve overcoat |l ayer. These thin filnms may al

be deposited in 15 the sane sputtering system Any of the |layers can be
deposited with the substrate at a bias potential using a .

t echni que commonly known as "biased sputtering”. This t echni que
differs fromthe basic W#W%WHEWOFPUBHCATMC” bed above in that
a voltage is applied to sk. 20 The voltage attracts to the

di sk ions which bonbard the film that is being deposited and

nodi fy its properties. ' Sputtering systens are usually
designed for optinal filmuniformty, target lifetinme and
col l ection of sputtered material (for increased cleanliness and
reduced particle’ 25 generation). Such design features are not

al ways consi st ent wi th producing uniformfilns during biased
sputtering, because the properties of the filns produced using a
bi as on the di sk al so depend on the energy, angle and nunber of
energetic ions bonbarding the disk. These vari abl es depend 30
sensitively on the location and shape of el ectrodes wthin t he
system In this context, electrodes are conponents of t he
sputtering systemthat have voltages applied to them such as the
target and the disk, or grounded conductors, such as chanber :
wal I s and shi el ds. 35 : Two sets of el ectrodes have primry

i nfl uence on the properties of biased sputtered fil ns. First,
the disk is an el ectrode having a bias voltage that is virtually

This Sheet Has Been Rerlaced




-2 constant across its surface. This voltage drops

i medi at el to zero, or to the voltage of the plasna i %@ﬂﬁ er,
beyond th?’%ﬁ%’%’"ﬁ? the disk. Since the disk attracts ions PeTiiis urlﬁJ0 -
bi ased sputtering, the shape of the disk and the 5 appl i ed vol tage have_
a strong influence on the spati al di stribution of the ions that
bonmbard the disk. Typically, the voltage is applied to tre di sk
t htough a substrate hol der. Because th Sd Ty ng i s optim zed
for disk handling rather than for its i&ﬁﬁ %Ehﬁgﬁfe SQuttering, it
10 is usually non-uniformin shape. Non- lforﬁn ate hol der s
i nduce | ocalized electric field variations that produce inmages in the
deposited materials (e.g., electrical, optical and nechani cal
images). This results in non-uniform bi ased sputtering. Second, the
shields that are used to 15 collect sputtered material and which serve
as grounded surfaces for the gas discharge also influence the
trajectories of the ions MISSENGATTHRTIMEQF PUBLICAIIONOS t he
shields may significantly alter the angles and the nunber of ions
bombardi ng different |ocations on the disk. 20 Thus, the shields may
produce non-uniformties in the properties of the biased sputtered
filmns. Accordingly, there is a need for inproved sputtering
met hods and apparatus wherein the above descri bed non-uniformties
~are reduced or elimnated. 25 Summary of the Invention
According to a first aspect of the invention, apparatus for
depositing a filmon a substrate is provided. The apparatus conprises
a housing that encloses a sputtering 30 chanber containing a working gas
which forns a plasm, a substrate hol der for positioning a substrate
in the sputtering chanber and for applying to the substrate an
el ectrical potential for accelerating ions fromthe plasnma toward the
substrate, and a sputtering gun, including a 35 sputtering target, for
depositing a filmof atonms of the target on a surface of the
substrate. The apparatus further - conprises a substrate el ectrode for
controlling trajectories i ' '

This Sheet Has Been R lac . "~




3 : WD 98/ 59088 :

PCT/ US98/ 12616 of ions accelerated fromthe plasma toward the
substrat e. WO 98/59088he substrate el ectrode permits . novenent of PCHEIS98iI28164 at e
by the substrate hol der and establishes a substantially uniform

el ectrical potential around the periphery of the substrate 5 as vi ewed
fromthe plasma. The substrate electrode is preferably biased so
that ions sdafsiems$iatdglerdtent finom the plashar towaedstheasebstrabe.

Substrate. me substradd TdRAIA ! ﬁ@mq%g BoeheBEb2 L e! by fététr\%y o

aperture y larger he substra
10 t hat the substrate csld;eq)m qa;aﬂquSWget subpsaphiahéy uniform

aperture. |g1acPreéglTSSe&ndl Bdund heS Pastiphbey of th&OBHbkELAtE

substaptially circulap dis and the apertur ubstrate .
el ect r8de |§¥CVF€H?§r£r ﬁ%ﬁﬂgk the @E?&FF&&eeﬁﬁﬁgﬁgaEpéﬁed from'the
substrat e t prefdrablkythiamsed 1o thau)qmnsnﬁubmmaannaﬂlyfunméosmbytrate by
t he SUbStraLSmBQLQGEhe surf%ﬁg ﬁaéﬂg1 eerture in the substrate
S an wa at

el ectrode ha 'S tapered i nyardly toward the
substrate to Theppybshrate | elrcprods arefnrablye Hﬁ&%ﬁdﬁﬁeaFaPQGFtHﬁﬁ t he

substrate. l%ﬁat is equi'ilell:élﬁ@tgﬁn%l%lye(]la’ry&hlthaﬁ[) eher abbxsteaaeef:s-ed tg a
negat j our ce n. onge enbodi e, subst ectrode
ond W sup iRl 08, BSBSHFRRE ofF (HRIRES d. the’ 2GRk FhFough, £pé' ©T

another enbagerture. t hEnsalsreferred emquxmammod@hansubberaﬁbstrate are
connect ed t%o-%bﬁ:}'.ﬁéﬁ”& Substaitid éﬁl&ﬁ%& disk, and thBC&H EELE{IB? ?rrxn on a

anot her aspec e Invention, a para f' or eposl tl ng a
substrate |§hﬁr§VPGEHat¢hélectr°d%uﬁﬁn%ﬁﬁﬁ¥lﬁﬁhprF sybstrate i ng chanber
cont ai ni ng algetrode mapbéhspaiéed frdm aﬂfm,sxﬂasubmbr dowalrd d¢he target

Phel 4871958 BhenscHURLARLE, 46, SHE ML A I SaB AR IR 1 10
the pl asma th&neerabM.substametmaefm sthe; Auhsdirate @J#ctro e hagcandi ng a
first sputtgmsiget aadet thlct 8 €APeR&ed  irvirdly toward the substrate to
provide a line-of-sight path between the target and the
substrate.
20 The substrate electrode is preferably connected to a
negative voltage source. In one embodiment, the substrate

electrode and the substrate are connected to the same

voltage source. In another embodiment, the substrate

electrode and the substrate are connected to different
25 voltage sources.

According to another aspect of the invention, apparatus
for depositing a film on a substrate is provided. The
apparatus comprises a sputtering chamber containing a gas
which forms a plasma, a substrate holder for positioning a

30 substrate in the sputtering chamber and for applying to the
substrate an electrical potential for accelerating ions from
the plasma toward the substrate, a first sputtering gun,
including a first sputtering target in the chamber, for
depositing a film of atoms of the first target on a first

35 surface of the substrate and a second sputtering gun,
including a second sputtering target in the chamber, for
depositing a film of atoms of the second target on a second
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depositing a filmof atons of the first target on a first 35 surface of

t he subst r Q8498 second sputtering gun, i ncl udi ng a PSETAENY/12616
sputtering target in the chanber, for ' depositing a filmof atons of
the second target on a second, ) 4. -
WD 98/ 59088 S98/ 12616

PCT/
surface of tsvafegesefathe sHbsEEpERat uShe u?PWaE%pgi{E L COMPXisSeEsHh&irate

el'ectrode assgidibucboeleebibak! hBSehbacebortcatedlling tidjuctradaiseioft ed
fromthe plasma towar

_ d the suybstrate. The subst r at | egt rod

assenbl y perifnss agsedAERted; '%FF?@ gﬁe Plﬂﬁ@?rﬁ?‘@a’ﬁ ﬁ’\% %‘%ﬁ){ﬁa}teé hottfer and
eﬁt abl i shes sgxbstratesdlab&&bﬁel hgsanblyr pepni st mavement naf tthe peri phery of
t he substrate as._vi r e h -
el ectr (§de aﬁ%ﬁ?%%c&%fgggsgﬁ%?s%mggéég?ﬁ eg%?%%ﬁéo_ ese a di_sposed
i n proxim tysulstent iallx wniformeroteptiadupserptethe reripheny Qi fhe
fﬁgSt rgtf e'ts%%érﬁ%q:h é."a%tOQﬁ%d:édﬁ begXEﬁiet tslhgzgai Théheulsecmt ; surface of

substrate, e first and secon ., __subgtrate_ el ectrode
preferably UPREF ﬁﬁfte“ﬁﬂﬁs may compinsfaftt %?ﬂ:f"% ﬁﬁ#? TR %b%tgrr%i? he
fih_rstj and sedispbsed in pnddmdsyotot ithesfiisetasurfage of the swhshinite to a
thir pect ' ' g : r | trate
2 br o9 ded. et Kool Bistrat $18trode aishBEell 8 proRinfLy 4Y TOLS |

forms a pl aste second suxfipae @fc the substyatgesi Thenfagsh BT in the
chamber suBs¥-dt aRitddaERs ardpreferabayebaaseldessr that paiential 20

for accelerating ions fromthe pl.as 0 a surface qf t he
substrate anﬁ“’ﬁ%ﬁfb&’ﬁ]&% @%ﬁeg’gﬁ’%@%‘&l %ilﬁ'é &nd s??%?%ct ori es of
ilons accel er shefhdenof Hthelsadstradsard the | substrate. The substrate
el ectrpge permts s st Lger
fgbl Agggfaﬁg% btg% 4 hﬁnﬁd asrﬁ_féf&g gl P RacibhSt Apbariehs

and es I shes a . antrally uniftormelectrical potential around
t he pefoprp¥gcessing a @hstaate ife Peovdcdes.c dhecpPBAKatYs

pr e; er abl %/ bﬁéﬁﬁﬂnb&@s td abhdriber doiiaatiiny lay gasi Wbichy forms abplasmal, tae
ourace O L IebstlRl ASrass, cor prst L 10 AR AU L 2R Ehatbt S
The and for applying to the substrate an electrical potential
20 for accelerating ions from the plasma toward a surface of
the substrate and a substrate electrode for controlling
trajectories of ions accelerated from the plasma toward the
substrate. The substrate electrode permits movement of the
substrate by the substrate holder and establishes a
25 substantially uniform electrical potential around the
periphery of the substrate{ The substrate electrode is
preferably biased so that ions substantially uniformly
bombard the surface of the substrate.
According to a fourth aspect of the invention, a method
30 for depositing a film on a substrate is provided. The
method comprises the steps of positioning a substrate in a
sputtering chamber éontaining a gas which forms a plasma,
applying to the substrate an electrical potential for
accelerating ions from the plasma toward the substrate
35 depositing on a surface of the substrate a £ilm of atoms of
a target positioned in the sputtering chamber and
controlling trajectories of ions accelerated from the plasma
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met hod conprises the steps of positioning a substrate in a Sputtering
chanber containing a gas which fornms a pl asng, applying to the
substrate ywo gglsogds’ | cal potential for accel erati ng i onscfissinbER

pl asma toward the substrate 35 deposi.ting on a surface of the substrate
a filmof atons of a target.positioned in the sputtering chanber and
controlling trajectories of i-ons -accelerated fromthe plasm ' -

S ' Veh 98/ BRO8Substrate with a substrate electrode. The

t
PCT/ US98/ 12616 toward the substrate w t] subsirate_ el ectrode.
The oHDEEEREe cRLer IS MALLE RSVEERE BE ERS SuBREFERE S
est abl i sheseatablishes cheatifomh glaicmtiicall potentiiahearound phei phery of
t he substrate_a ' A u r ect eis
preferably Bﬁﬁééﬁ‘gg’zm?ﬁa%ﬂ% (r;;n‘ssﬁ.&ﬂéésu s‘,’tyaéﬁlteﬁaffﬁ uglﬁ%oﬁ'ﬂgsxﬁ%brrb% t he.
surfac® of shbstrate elgctrede is preferaply-pipsed; Bt FBALoto®He Drawings 1

0 FoguRskaht a1 vpdens! FoEhTig Kimbd1a Rhes el fadeecoti the

ref erence isuggde to the acconpanyi ng draw ngs, which are

i ncor por at e§UREFERR®hy reference and in which: FIG 1is a
schematic bl ock di agram of an exanpl e of Sputtering apparatus in

accordance W.iih & hgaigd : the Dr 4 is a partial
Cross-secti Of a TIrSst . quﬁgﬁfn ation of sputteFLng
appar 30us i n accEoFaAcbekter understanpdy iGip present invepfeoilg g 4

front el evatdeFerenew 9 fhdestdsthatsccompanysiner tirasdngt, FWBich; aved 20

FIG 4 i . | al | : sl ! ' f
Cput tor ng ABPERETETER HEEBFRpEc oy pheics iy tp whalhR CTEM AT G

Descri ption FIG. 1 Assanschematiicchbeekidlagraf ff @R SFaBWARPPE of a 25
sputtering SYshelrdiRAapRadaRaE Thi dcbdfadias ehltH B inYéntion;
15 FIG. 2 is a partial cross-sectional view of a first

implementation of sPuttering'apparatus_in accordance with
“the invention;

FIG. 3 is a front elevation view of the substrate
electrode of FIG. 2; and _

20 FIG. 4 is a partial schematic view of a second
implementation of sputtering apparatus in accordance with
the invention.

Detailed Desc tio
A simplified schematic diagram of an example of a

25  sputtering system in accordance with the present invention
is shown in FIG. 1. A housing 10 defines an enclosed
sputtering chamber 12. The sputtering chamber 12 is
connected to a vacuum pump 14 and to a gas supply 16, which
control the processing environment within chamber 12.

30 Typically, sputtering is performed in an inert gas, such as
argon, at a pressure in a range of about 1 millitorr to 15
millitorr. The sputtering chamber 12 contains one or more
gases which form a plasma during processing.

A first sputtering gun 20 and a second sputtering gun

35 22 are mounted on opposite sides of housing 10. A substrate
24, such as a disk for a hard disk drive, is positioned in
sputtering chamber 12 between sputtering guns 20 and 22.
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i s shown i Ryblogisookg A housing 10 defines an encl osed S '

chanber 12. The sputtering chanmber 12 is . connected to nggﬁéﬁﬂ?ﬂWnp
14-and to a gas supply 16, which control the processing environnent.

Wi t hin chanmber 12. 30 Typi cal | y, sputtering is performed in an inert -

gas, SUCh aSquuerrafLOPR: 3 Blpdy B1ES YA Jike S£AURG 0L ARQULn LY |13 Gy 1O

15 - orr he s ut ering ains o
gases whi ch aosubatpa‘a%nbpm##rﬂgo-prd&@sﬁwtrate holder 3 maysrowputtering

gun 20 and asﬁﬁﬁefgtépﬂitﬁiéé‘garg&”b@@ of s%%t%re%ﬁguetﬁﬁlbee gpposite sides
of housing 10. A sybst , Such as a for hard di sk

drive, is po§PPFBﬁ€Hn9ngn 20 1%&&H4%ﬁ|ﬁ1 95 H &0 f?dbétmégﬂegp%$§%W@¥K)
guns 205and 42. sSputtering gun 22 includes a target 446and a magn¥t 98/ 59088

PCT/ US98/ 1261 r S ering
chanber 12 b g embly 4subg?$%t%;‘ %tcﬁer@%%#ﬁé s?‘%%s ?@eﬁo@ éo may nove
substrate 24spntbeanUgoqhauﬂbespLatm|snyqﬁdarmosulon to omqsz.eel ng gun 20
includes a tapgehcdl éfdsx%é@ﬂé'@é Fpserly né.%et‘l%sseﬁﬂﬂléﬂrhﬁ'gaﬂa”hgz

i ncludes a tar 44 and asse he targets 40 and 44
are | ocat ed f’ﬁ located p?l‘%'?%?“%?\ gt%m?qvﬁ@& e ERposPRtERring
opposi1@ chasbefat2s of substrate 24. The magnet assenblies 42 and 46

may be | ocated ou Eﬁem5§§e¥a3§%§¥§ﬂ%§%£?ﬁhégsté"%é?ﬂggf%rkgﬁéaoin achanber

12. magn uces IC fiée
regi on aboverFEéC’PeQB@E?l vléetnafﬁg@@cwwuwrgﬂk spukbering chamber The

sputtering tapget @hérgpsteéﬂhgaiéﬂ%éw% @ié&ﬁ'&all?( cobfiefted €% an
negati ve potenti al t he order 00, to 600 ts

ri ng_operation.
A conblnatloﬁmbPreFeﬁFrPﬁg?FbYﬁ P°tent1§ﬁuﬁRHWQ?1QWQQE Qﬁd3§§s ﬂeﬁggty above
t he splibt eri wpltar dering operanﬂmes A irsimatdisr e gdeghpie £iebd,

sputtering t h I

whi ch are ﬂégﬁ%glgsF e%a Q?ﬁ ?%e g%%#ﬁ%égﬁﬁ#k%ﬁ%%?% Et%%EH§£F§$§£€% 20
magnet r on sp&p@épﬁﬁgatﬁéﬁﬁmauéssgh@rgmabmmq am@g@rmg tasgetied in

the art and ame @thﬂlaseaubes sputéiieg &Lettaiﬁget atoms, whibtR Biased

' Eeuthgrgﬂgétgggé ﬁ%kégp gﬂé é&rgg ééegk substrate %§tr8&e Zé ngplcally
. 20 magnetron sputterlng techniques are well known to those
skilled in the art and are not described in further detail.
.In biased sputtering, a negative voltage is applied to
substrate 24, typically by the substrate hplder 30. As
shown in FIG. 1, substrate 24 is connected through substrate
25 holder 30 to a voltage source 50. 2 negative voltage,
typically in a range of up to about 500 volts, is applied to
substrate 24 through substrate holder 30. The negative |
voltage attracts ions in the plasma and causeés them to
bombard the surfaces of substrate 24. Such bombardment
30 causes desirable modifications to the properties of the
films deposited on the surfaces of substrate 24.

The substrate holder 30 typically supports the
substrate 24 from below and may be in the form of a blade
having .a groove for receiving the substrate. This

35 configuration is known as a passive substrate holder. Some
configurations of the substrate holder may additionally
support the sides of the substrate 24 with clips or other
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shown in FIG 1, substrate 24 is connected through substrate 25 hol der
30 to a voltage source 50. A negative voltage, typically in a range
of up to algés/dpéy volts, is applied to substrate 24 t 93&(]1261
substrate hol der 30. The negative .voltage attracts ions I n the |06I asma
and causes themto bonbard_t he surfaces of substrate 24. Such
bonmbar dnent 30 causes desi-rable nodifications to the properties of the -

films deposieqaAichlCatt’ 426 Sndin WHUKAR Sbstrate hordeddle substrate

hol der 30 typically supports the substrate 24 trom bel ow and may be

in the fornVarigup| syestrate helder confjoyeabirpr arecknewn thdhasasstrate.
This 35 eRAflgdr 2hi GRel SrkNOVhaeldtaaY Feeldbshssbeioddarith e

configuration f the sulstrate hol der may. additional ._.support the
S tesof -t heubgterka nO3ARE T rs i iiedh akothd te periphdRPYs !N
7 5 s\ibs@®a58028. _

PCT/ US98/ 12616 ' aghi t

hol ders. . VgPigﬁgoggggggg?ggﬁoﬁﬂﬁfﬁgﬁh |8%9a??gngbgﬁgeﬁﬁgﬁméf%ﬁ?ﬁose
skilled in fmelyfes Fhsubpbratke ccleerpdesisprseddanPrndt Fae periphemstrate
hol der 30 awg RebstRhter puar omidchd cesp@ip I @fy FOG.51, asgtibétdte 24.

In accordance with.the_.inventio the sputtering syste i ncl udes a
substrate el% 8FF58gengpb§eB°§&§&ﬁﬁﬁ$H¥£H§¥$ﬁh§gyoxe SH}S?cgd%étrate 24. In
t he eddhpl e subsErgtel24a aundsarsubstrate edlentinodée680issppsitionedd

adj acent 10 L3kl 86°LAL dpfoss SUDSI Al 2F sABdcRatuboal at gusk@sdvode 62
I S positione adj acent 10 the.op505|te surfac f substrate 24.

Substrate electzpdegr §§eand0b2rkRES uRes tdr 889696 gngegpectively,
respecti vel ywhat proviilet aplomeder asighe-mitls bgitivepat babht tergeteaatd t ar get

d t ' gt 15
ggscri bed a%nge;%%{%‘ﬁgzsk:égrgts rg{é%gggﬁoéfss%{ﬁ?:%grxgﬁ%ar%ﬁdi sEn Eﬁﬁe&%f? hi s case,
the apdtur slessribed eboxee thecapbstrake Hf/ds a cirgudastdiskequi to or

slightly | aragls dage,t keedbpaBteredf 64 and el dliecddarfaRatNaes 64 and
66 may have yalls [0°Lhat) oo or3Lfs SAPR! ShIgliPtlY LRUAGd.SUpSLTSge 24 1O

substrate 24. Apertures 64 and 66 may have walls 70 that
are tapered inwardly toward substrate 24 to insure'a

20 line-of-sight path between each target and the respective
surfaée of substrate 24. Substrate electrodes 60 and 62 are
spaced from substrate 24 and substrate holder 30 to permit
movement of substrate. 24 before and after processing.

The substrate electrodes 60 and 62 are connected to a

25 negative voltage. In the example of FIG. 1, substrate
electrodes 60 and 62 are connected to a voltage ‘source 74
which applies a negative voltage, typically uphto about 500
volts, to the electrodes 60 and 62. In an alternative
configuration, the substrate electrodes 60 and 62 may be

30 connected to voltage source 50, and the voltage source 74
may be omitted. In this caée, substrate electrodes 60 and
62 and substrate 24 operate at the same electrical
potential.

The substrate electrodes 60 and 62 provide a

35 substantially uniform electrical potential around the
periphery of substrate 24, as viewed from the plasma in the
regions between each target 40, 44 and the respective
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20 Iine-& - 59‘% pat h between each target and the respective

surface of substrate 24. Substrate el ectrodes 60 and 62 are FPCT/US9812616
fromsubstrate 24 and substrate holder 30 to permt novenent of
substrate 24 before and after .processing. The substrate _
el ectrodes 60 apd 62 are cgonnecgted,to 2 egat.ive vpltage. In the .
exanpl e of FF@Pi?eiL&tsf‘&?%raie gdeI egﬂegﬁﬁgbg’é' atke 6‘2‘“5# onnected to a
vol t age sourgtedérical potrtiiadpplineare thattioms vinttlge plagracaldey up to
about 500 volts he. electr d rpat i
configurati oﬁ‘,‘b?ﬁ%n%h%]slifa{inelefgggg rggggigggté% %cg%%é/r%rg@ﬁl Itfeacrcé%nr?\eégt ed to
vol t age sour sebstrated24 and, gubsfantdaldy waiformly npgmbbardtihe ed. In this
case, SHbSt_r%?pél:@f\Tréoéif‘éfa@Es’i% substrffedfd, SURStL At &k ORgleat e at the

sane el ectrica ] ot enti al . . The, substrate el ectrodes 60 and
62 provi de ad8Bositedpliimg jhave, uwditrsm PEPReFFies) oYt e Futhasatd Ofhe
peri phery of sabbstaeé 244, Bs conmtwadtf,r o the absende i ¢f tditbstrate r €gi ons

get ween ea%egg%ggéggg’5§4arﬂ'%i,h%hree%R38ELXSal potential arox.]gér/t@g%/ 12616

surfaces of pebiphexry ofi the efubstiiafe 2Hedunbsorm zero, eXeRnY iWiwre
potent{gl s | BREI BubSEtat®NSs |dbrith tRbiASFR tRECsubstraded By ad .y upf formy

accel erated toward the surfaces of supstrate 24 and substantjially
uni formy bofB&PJCRER. Bhe b‘?‘&aﬁé’é‘ﬁf\%@uﬁ strape 24y A% ons i 5

result, the non-unilfpnsj tad filemidpoed tedi EQLnsphapebé i won-aueifdhe Swm aces

of substa: I i - e f S te .

el ectrodes G%Eig%gfg%éltlﬁ%nééﬁe’%toﬁséﬁge %8%’ ggf |g§§ gggﬁg‘ﬂoéﬁg 80 Ul p6e2r ilﬁnery
of the subst thet sputteping of dthe subsspatehbpdden 30 isesunmrssad s -
contacigd byahBeasoliihlat forl Wl HeptditeliNmaterialhbs €88 esubde-frurbar dnent

of substrate,24 b S.lons.is non-uni form and the deposited filns
may be non- uFFPiSF%] ginls reduchali tional benefit of the substrate el ectrodes
60 and 62 is Ast Bascrpbed above oftliehaubsiizhtet elbotdedes8060 sand 62

hol der 30 is“reduced, . \ ove, ate
el ectrodes 6Gubsg§agbially uniform ion bombardment of the substrate, so

20 that the deposited film has uniform properties. More
generally, the substrate electrodes may provide electrical
potentials which precisely éog;rol ion bombardment of the
substrate, so that the deposited-film has a controlled
radial distribution of properties. The substrate

25 electrodes, in effect, focus the ions that bombard the
substrate. The radial distribution of ions on the substrate
is influenced by the'voltages applied to the substrate
electrodes. The substrate electrode voltage may be greater
than, equal to or less than the substrate voltage.

30 A first example of an implementation of the sputtering
system of FIG. 1 is shown in FIGS. 2 and 3. A housing 110
defines a sputtering chamber 112. A substrate holder 130
positions a substrate 124 within sputtering chamber 112.
The sputtering guns are omitted from FIGS. 2 and 3 for

35 simplicity of illustration. The substrate holder 130 moves
within a shroud 120. A first substrate electrode 160 and a
second substrate electrode 162 are mounted to shroud 120 on

SUPRT eSS, e ger 8, GEAPIS Gl D BB S IV bl By S0P
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preferably provide electrical potentials which ensure substantial ly

Eni for.mf i on bonmbardnent of the substrate, so 20 that the deposited film

as unifor ties. More generally, the substrate

provi de el gaosfx?sggqrs potentials which precisely control ?%&%ﬁmnt

of. the ~Substrate, so that the deposited filmhas a controlled

radi al distribution of properties. The substrate 25 el ectrodes, in -

effect, focus the ions_that_bo rd th bst

di stributi OHPBPSFEﬁssbﬁe?h%fi}g% tee 124. - |E?° 3}1-’53& %%%gkv%?t ages
appl |bed to P_Iag ,Subst i8t fabricated asff ra:ﬁ@lec‘ﬂra.ca]ﬂ.yt canduektdyer ode vol t age
may be greate Rar” I S Ahe 30
A first exaﬁﬁltgrbfllans}"%l%%%il on of ’tqﬁée putteri n%qgétt%hgsvgkpnage FI G
1 is shown iamdFLES. havanapertmr%u%%garxi_olﬁﬁ resmqtﬁé@ 'sb’&ﬁ"erl ng
chambetg, 112485308l bibeehs! €Rkr 1dhe equal ROSidd W1ightlyblareer thdnui | hi'n

sputtering cha 112 S terln ns edfromFIGS. 2
and 3 for 3%he %tﬁﬁﬁﬁcfiﬁ'?“ﬁFeﬂ‘Pﬁ ‘Fh??’fﬁ'lt e ratlrgtohqﬁfder 130 noves
within a shrapetthizes A6Ri and saﬁmamtheetmreﬁiamddw tpward  second
SUbSt rate e'%g@%ﬂg&)géﬂ&g JRENLE s { Pi S Sk gk Yhth between each

PCT/ US98/ 12&mmittering §ppgstt andi the sespeEkive uriace of FURSFTALS:

el ect fﬂf‘ 124160 f!’y%:@.%a'liyf abatRabeHsetate eiasttzfadmlr&ay (hmd!pacede from
materi a such as

trat | i 6 h
apertures 1@1‘%%T22e§3e8t aﬁﬁf’ﬁ iﬂﬁr‘?ﬂgﬁ?eg&l L‘gﬁa | amﬁ er@%c;?t %ar Zwe
equal to or subggrdte 12dgey sbant 0.25 ihchoox sleks di fhe Gukatzanestrate
124. Valls ]glpecg:frtodes 1 p%hu'ig‘é ha¢ BBUe166:FRYalB, e std Wy @ Y

tsg\llj\?'[ gl’l ng t%ﬂ@@g;a%qq%fr%pgg;%glguﬁ;ggemofbsé%ts‘f‘?’ﬁh b V\ﬁefféelaCh
Typical§y, esshirigihgo.at ahel Q%Eoéprlmg meospacmhéed)rﬁrom shsnfstl2f e 124
e ot L e B 8. % peess U4y oo
el ectri cal | yamdnked ey the #lectrically connected to each other by
conductive element 190 within an insulating sleeve 192.
This configuration insures that the substrate electrodes 160
20 and 162 are electrically isolated from the shroud 120, which
is typically grounded. It will be understood that a variety
of different electrical connection configurations may be
utilized within the scope of the present invention.
As is apparent in FIG. 3, the inside diameter of
25 aperture 164 is slightly larger-than the outside diameter of
substrate 124, so that the substrate holder 130 is masked by
the substrate electrode 160. Thus, the substrate electrode
160 establishes a substantially uniform electrical potential
around the periphery of substrate 124, as viewed from the
30 plasma within the sputtering chamber 112. This
configuration insures substantially uniform bombardment of
the surface of substrate 124 by ions from the plasma.
A second example of an implementation of a sputtering
system in accordance with the invention is shown in FIG. 4.
35 A partial cross-sectional view of a sputtering system is
shown. A substrate 224 is positioned in a sputtering
chamber 212 by a substrate holder 230. A substrate
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vol t age sowoc;ﬁsg@()shom in FIG 1, by a conductive |eaf 15 Sﬁ'ﬁ%g#’g%ﬁ 80.

The | eaf spring I s spaced from shroud 120 by i nsul ners
182. The substrate el ectrodes 160 _ and 162 may_be electrically
connected to each other by a-: - conductive elenent 190 within an -
I nsul ating sleeve 192. .. _Thi opfiguratl] } Su t . strate
el ectrodes 1%'&."2"(F°dge 258 f'gzmg?“g%gﬁeg?rlgcgﬁ%elgg%ﬁqgt f%%%#}rﬁs%ud 120,
whi ch pasitipre aubstyadenédectibdai BSObér_lmmxismbm tm_eﬁubﬁweet y

of differentyg) eold ity RN RIEkOBAR0EDIEAE10A0S dRYadriure 264 1| | 260

within the scope o e present 1 nvention. As IS, atFarent I n
FIG 3, the hawing ap dnaide clapeter 5hak: ifceqwali tosPr gﬂ’r@lg ¥ ger than
the outsi de ghagat athdi the out¥idel ddbpetdd, ofosibetrate Z2bhstraie hol der

130 is masked b 1 sybstrate_el r 0 trate
el ectrode msyﬁ%d”ae]s]t a{‘{g’ﬁ é#bé?pgr U5 St g%%’l ﬁgﬁyégnﬁ%%?%l :{e‘{;:"?ar‘rlsc

pot enti al toward csulus ttat e @24piter profridebst Lane-of4sight \patiedogtwean he
30 pl asrras,\ﬂ)g{g.ﬁé heh £ Ridd q.%{'z:&tcgq@ber 112.  This configuration

i nsures substantia Z un] for m bommbar dnent_ of . .the surface of sybstrate
124 by ions from EPetEerRs gun 220 mcl\%@ﬁfeéoﬁbl&%én%?@ Bpafpextends

i mpl eneOt at i pAtef sputtaEiny idiamber 212sysiwairdi substpatan224wi tthée he

i nvention is_sho 0. HG,_ 4.3 Lisal - t] ' a
sputtering S5atemy 280 TS evyctiay LRREEE SHBSRFAEE LPGB g0 S
sputtering may bechewited X shield 256 bat dnsvlasing3standeffst282 e

10 / trode 260 is electrically isolated
boT/ Usos) 12658CE é?gé&;sm%ﬁte%aftreo H O e Aountad Lo s shut toripg. an 220 so
as to f5em: shield R8¢ ot SWhst@ateuele6hrrAepR8R it PLectEitR 4t e

224. SuBstratenfé€téd ase X Gbridisdtsie 29N tap@r hegat2¢é voltagkavimg an

I nsi de di anmet,er. that .is equal _sto or sl. ahtl he out si de
di anet er of 655??3?% %&e' "r}"e nega‘st-‘lj'n‘% Xé%' vt('/ag'PF ?bgiggaa{ﬁg?{ﬁﬁ%e 264 may be
tapered i nnasubgtrate elemkrofemay ke &heosare peovrddifferentofremgeie pat h
bet ween negHP e &61 €dde Hpblido Hdstrate 224. PRE! 8PEELaten 220

SUbstrate 2oRleckrade 268 nay o Sisshaioalve soPpesEatnieas Sapstrace
electr®0e 26@lectrode 262 located on the opposite side of substrate 224
by a spring-type conductor 294. The substrate electrode 262
may have the same structure and mounting configuration as
substrate electrode 260.
* The invention has been described above in connection
25 with biased sputtering. However the substrate electrode may
be utilized in any substrate processing system wherein the
substrate is biased so as to attract charged particles.
Examples include DC and RF sputter etching, sputter
cleaning, reactive sputtering, chemical vapor deposition and
30 the like. Furthermore, the invention has been described in
connection with deposition of films on disks for hard disk
drives. However the invention may be applied to different
types of substrates, and may be applied to substrates having
different shapes and different sizes. In addition, the
35 invention applies to single-~sided sputtering, as well as
double-sided sputtering, as shown in FIG. 1 and described
above. In a single-sided sputtering system, a single
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may be nounted to shield 280 by insulating standoffs 282 such t hat
substrate electrode 260 is electrically isolated fromshield 280.

Substrate e 260 is electrically 1 5 connect ed by 290
to a negatl ve vo@gage di scussed above, the negat W%&é@

applied to the substrate el ectrode may be the. sane as or different.
fromthe negat i ve voI tage applied to substrate 224. The substrate -

365 | ooat ea HGORE B9, g0ry BeBBhstar SohEEhrh ud AUBLLRE 20 Pt ne
conduct or Zshhbsﬁmtsubstmaeacm casepda Sebstrate eﬂaa;ct:lmﬁ@ tise sane
structure a?"ﬁé‘%qn OB%QEESE&OanEhe subs SRS ra&Ic? i %hEQSﬁrZ&O

The inventi escr| bove I n ¢connection B ased
sput tering. %&%F%Eléigt%ﬂ@%}’“e"u‘ﬂe a&'P?"P zE8®i n any
substr@ e prp'é}.&‘ﬁ'ldigr Dfstch@ whbserateheas viewedhfdomtthe plasmacdithias to
attract char ed c%% L] (i-l es. Exanpl es i nclude DC and RF sputter
etching, spu ‘cl eaning, reactive sputtering, chem cal vapor

deposi ti on and 30l'he imwentilon prewidesr apnumbeneof AdvANtRISTadbeen

descri bed i drbrocessﬁﬁ;n'&&Cts'&&t%i:asdepgﬁbétfﬁté’fhéldéﬁ iagdissKepkeealar d
di sk vVes weve i nvention éﬁb‘é’f‘?‘gg ied.to different

types of su ?%ﬁzé‘sc A6t Bt R\ Arg
di f f erfeht sh@hﬂmmmédiu&f ¢hentepozdted| Ailmdi t Tom, spaisiads dlstmbanu.bna

applies to s I g Sk
sputtering, Jz:aés}gs own | nlﬁqgo IOQ. ‘%ﬂs %.lcaéfsely C%MII n a SI ngI e-si ded
sputtering s3eerHanceswidihe dePOSJ-ted Wdmogpecbfications.

PCT/ US98/ 126d@bstrate ele&mﬂdd@rsl RAnObe ﬁleaﬁﬁeaslﬂ AurheRUE wa@ssur tage of a

substrate. Inec tra trode i.s S|t|oned|n
proximty tc®¥ a]seu tsé’%fﬁﬁfal gﬁ"Fg ﬁﬁ can bet%oﬁé%ﬁ SR

subst anbi al | gtatidmemny petwntdfalther &alcl:tumhehsmberpea:a.rprmstr yatm‘ac&ied sobstrat e,
as viewed from h%gaspé i B¥1dd) or cant B8 SPEIERLA to the sput }%ng

i nvention provi er of advantages in processirg o
substrates. ®dstrate hol der i nages (optical’, el ectrical and

mechani cal mat er i whi e Ofiedte dgvelbeeh Ghowdl bAtnaeedr ibed hehatepas taed film
lon spati al d'éséerr'n? uéons:.dered the preferred embodiments of the present
20 invention, it will be obvious to those skilled in the art
that various changes and modifications may be made therein
without departing from the scope of ‘the invention as defined
by the appended claims.
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can be md?“?%’%é or can be precisely controlled in accordance with
deposi ted 1 g cifications. The “substrate el ect r odeSCTAIFB/22616
mount ed i n nunerous ways. For exanpl e, the substrate el ectrodes can
be nounted-as—a—1 5——stationary part of the vacuum chanber, can be

att ached substrate hol der, or can be attached to the

he
sPutteri*Bﬁl""“"l"muu!&"m- Wil e there have been shown and descri bed
what are c consi dered the preferfedieshpey tgeplf| the
present 20 invention, it will be obvious to §hose 1 Eg In the art
t hat various changes and nodifications may be : W t hout

departing fromthe scope of the invent CaAEMSdefi ned by the appended
cl ai-ns. 12 .
1. Aﬁggragus for depositing a filmon a substrate,

conpri si ng: t is claimed }®using that encloses a sputtering chanber
contai ni ng a gas,

1. Apparatus for depositing a film on a substrate,
-comprising: !

a housing that encloses a sputtering chamber containing
a gas, said gas forming a plasma; '

5 a substrate holder for positioning a substrate in the
sputtering chamber and for applying to the substrate an
electrical potential for accelerating ions -from said plasma
toward the substrate;

a sputtering gun, including a sputtering target in said
i0 chamber, for depositing a film of atoms of said target on a
surface of the substrate; and
a substrate electrode for controlling trajectories of
ions accelerated from said plasma toward the substrate, said
substrate electrode permitting movement of the substrate by
15 the substrate holder and establishing a substantially
uniform electrical potential around the periphery of the
substrate as viewed from said plasma.

2. Apparatus as defined in claim 1 wherein said substrate
electrode is biased such that ions substantially uniformly
bombard the surface of the substrate.

3. Apparatus as defined in claim 1 wherein said substrate
electrode includes an aperture that is equal to or slightly
larger than the substrate, wherein the substrate is exposed
to said target through said aperture.

4. Apparatus as defined in claim 3 wherein the substrate
comprises a substantially circular disk and wherein said
aperture in said substrate electrode is circular.

—_—
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said gas formng a plasm; _5 ) a substrate hol der for positioning
a substrate in the reg—ehagher and for applying to the
substrat e wo 9srsegssr i cal , _rhf4 BEE!@ accel erating ipgudosasgai d
pl as gl r BERLACED . afirst sputtering gun,

I ncl udi ring targe ‘ . said chanber, for depositing
afilm mlmtm:lm{"iﬂ ]“ first target on a first surface of the N
substr a second sputtering gun i ncluding a second
sputtering target i n |.d anbe OSJtI fill mof atons
of said second Apparat‘f%rag%ti%d’nf%é‘f?‘oﬁéaéﬂ a ’6?”? tﬁe%s‘f} g"@‘t €and 15
a substrate electrmiie s spdrled doopr thengubstrase wivemtd gidd target to

di sposed in ISt t hes

Ceoond subst PPt EiAdyededd G il SBHEERGEe Oy Dot UGS 1R
surface of the el ectrode for controlling trajectories of ions

acgel erat ed Ergm %pgrﬂi:@é@fstdé/ﬁéﬁd He Ebwlamu:ﬁﬁneﬁem d¢did Arcular
substrate, said substrate e e.asse t ve

of the subst PREECHYS RS S & RientdY, JREERT e igt & sy tSP iterate.
substantial ly unlforn1electr|cal potential around the periphery of

the substratg as %ﬁ%%e%%%aﬁé@@%@clam 4 wherefn said aperIY atus

as defined in clal first and coquéan ering
guns, each cBafrfReingifRiFuriace that is tagered 1nwar5§x) Sdef i ned
in claim2 weapstbatei to fprerid@ line-of-sightnpatiulisétwden adaiel r odes are

?igsed sueh %?%S#ﬁgédsgﬁét %p%§¥l i'rst and second surfaces of the

substrate. 4, Apparatus as defined in claim2 wherein said first
and second sgbstrappasheahr 26 cdePnidn i lc1demal GREFEUA CsA i@ isuSstaltdl to

or larger th he su ra wher ei n e suhstrate is e d to the first
and Socond { BPYBEE BRFLOTRIA LHHER AR LS aﬁgﬁtar%sconnec R

voltage source.

9. Apparatus as defined in claim 1 wherein said substrate
holder and said substrate electrode are connected to first
and second voltage sources, respectively.

10. Apparatus as defined in claim 1 wherein said substrate
electrode is configured to mask said substrate holder during
sputte;ing.

11. Apparatus as defined in claim 1 wherein said substrate

electrode is positioned in said sputtering chamber so as to

provide a lineéof-sight'path between said target and the

substrate, while establishing a uniform electrical potential
5 around the periphery of the substrate.

12. Apparatus for depositing a film on a substrate,
comprising:

a housing that encloses a sputtering chamber containing
a gas, said gas forming a plasma;

5 a substrate holder for positioning a substrate in the
sputtering chamber and for applying to the substrate an
. s
eet Has Been Replaced 4
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5. ' wWYPéegsg!s as defi nedfd ,
circular and have |arger dianetg¢ ({leeDsubst  at e. 6.

‘Apparatus as defined in claim5b : pertures have an inside .
surface that is tapered inwardly toward the substrate to provide a -~

i ne- of - si ghgéggwiégi V\@%ﬁiéli \tlfﬁrg@c%e?.ﬂgaﬁ:ﬁﬁgwgﬁérﬂ&n said plasma

Appar atus as Ined 1n ' ' strate hol der and sald

' T RASHREEY b sai d aper pULeS Are o

erein sald su
substrate el sevasdethesehstrali® connected to a vol tage source. 8.

Appar atus as defi aedikgtCéﬁa‘hmérwrgeim Saicduadbgt baEerbel gputeaisgqi d

Sour ceb0 oo BBERRbCHy. Sary chabiser’” ERET LERphee1bCh: FREn FF WaBhof bherei n

sai d substraseidl fitsbdearget ool ifjmséd surfanekofathe sebiss trate ha@mkr
during sputtering £ l]rﬂgﬁ&w-' 198k haed LBaGha Bbdc | N
said substrate elgcfﬁé %? %.%tﬁ%5|. ned ﬁ%éégL& gputge??n %%an%%&ﬁg% as
to target in said chamber, fpr depositing a filmp§\3%rmy of
l'i ne- of - si ghgapat Beb6hdeediir$et tbri A GRiconA @ulrFaceUBS! tRéEsubstrate; aMd | €
establ% hing a unlfoLglglegtrl aJt of enti al aro nd the geigggery
of the'8ubstrate. & SUPStrate gijecirode as At GEFaSCREFPHEE?n ¢l ai m 4
wherein the tsabectardes of ions cuqeliegesed Eropubaiddplasmadtawercithe he
gfreghlugres I N s3Bkdrhbl St s substrate AL oALPaEEENBIF! SELMPLERA ©
' movement of the substrate by the substrate holder and
establishing a substantially uniform electrical potential
20 around the periphery of the substrate as viewed from said

plasma.

13. Apparatus as defined in claim 12 wherein said substrate
electrode assembly comprises a first substrate electrode
disposed in proximity to the first surface of the substrate
~ and a second substrate electrode disposed in proximity to
5 the second surface of the substrate.

14. Apparatus as defined in claim 13 wherein said first and
second substrate electrodes are biased such that ions
substantially uniformly bombard the first and second
surfaces of the substrate.

15. Apparatus as defined in claim 13 wherein said first and

second substrate electrodes each include an aperture that is

equal to or slightly larger than the substrate, wherein the

substrate is exposed to the first and second targets through
5 the respective apertures.

16. Apparatus as defined in claim 15 wherein the substrate
comprises a circular disk and wherein the apertures in said
first and second substrate electrodes are circular.

D R o '
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12. _ Apparatus as ¢
hol der and said first ang

egined in ciaim 1 wnerein che EHRITRHININAIN

Tﬁﬁf‘l' hstrate el ectrodes are connected

negat i vevo/eg/d9egse sour ce. ET H Aé ¥ Appar at us p&rﬁggg,mqlsl n
claim1l wherein said subbe éﬁﬁlAc q”*N. der is connected to a first

" negative voltage source and wherermsalg first and second
substrate el ectrodes are connected to a second . negative voltage
source. 17, apparafus as defthd®!IPLTim dSPUMeedd 3akilll BUBBtRate '
substrate, conprising the steps of: positioning a substrate

in a sput herfRy andnsrid Eirsh Ao secpad substrate’ sApatyadef A¥eng a

pl asma;  conhected to &PRéyAtild Ardltagelsvureee an el ectrical potential for
accel erating ions fromsaid plasma toward the substrate;

depositing on the opposite surfaces of the substrate a uniform .
filmof all8rs Apparatngecas @gefinednin ¢laim il wherein saddt substrate

surfaces hBlHQ§ §QUEBﬁﬁééﬂé&rﬁﬁﬁﬁ”ﬁ1f§Ejn éHQve voltageOB8bupké! A8a

traj ectories of Iong _acce er at sal toward the
subst r at e ¥WREFRLR SaBd: EHE%‘: ﬁ rgamtesgp.&ctrodes are

15 connectedubst & ag€cenhd Qiddici i SyldageC adniicel.Nng el ectrodes bei ng
posi tioned cl osely spaced to each surface of the substrate while
permtting nmoverment of the substrate and establishing a substantially
uni f orm 139.el épprirasuspfornprotessing d twbsiagtghecpmprispagsubstrate by

applying a a BboasiRgt eRht abntPoséd th SAaidd@ontaminy asgukevwed from
t he substraLS 5. A nethod as defined in claim14 wherein

sai d subs gas f°€1“é’89r%c@1?§m% ased such that -ions substantially
uni formy bonbar gubderate hsldéacksr gosirionihgf reatsmbstrate in the

5 chamber and for applying to the substrate an electrical
potential for accelerating ions from said plasma toward a
surface of the substrate; and '

| a substrate electrode for controlling trajectories of
ions accelerated from said plasma toward the substrate, said
10 substrate electrode permitting movement of the substrate by
the substrate holder and establishing a substantially
uniform electrical potential around the periphery of the
substrate as viewed from said plasma.

20. Apparatus as defined in clalm 19 wherein said substrate
electrode is biased such that ions substantially uniformly
bombard the surface of the substrate.

21. A method for depositing a film on a substrate,
comprising the steps of:
positioning a substrate in a sputtering chamber
containing a gas, said gas forming a plasma;
5 applying to the substrate an electrical potential for
accelerating ions from said plasma toward the substrate;
depositing on a surface of the substrate a £ilm of
atoms of a target positioned in the sputtering chamber; and
contrdlling trajectories of ions accelerated from said

10 plasma toward the substrate with a substrate electrode, said
Hilelnllﬂllm )




16

Hllllll I HIII H IIII R

substrate electrode permitting movement of the substrate and
establishing a substantially uniform electrical potential
around the periphery of the substrate as viewed from the
substrate. ' '

WO 98/59088

22. A method as defined in claim 21 wherein said substrate
electrode is biased such that ions substantially uniformly
bombard the surface of the substrate.
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