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PCT/ US98/ 12931 METHOD FOR BI AS
SPUTTERI NG 5 BACKGROUND OF THE | NVENTI ON Field of the

| nventi on WO 98/59087 The present invention relates generally perngbsIpds
and apparatus for fabricating 10 electronic devices on substrates,
including integrated circuits. Mre particularly, the present

i nvention relates to nmethods for selectively or preferentially depositing

conductive material in trenches, holes or vias fornmed in a substrate
surface using physical vapor JMEFHODFROR KIRYSPUTTERINGW th a high density
pl asma ( HDP) . 15 Background of the Related Art Sputtering or

physi cal vapor deposition is a known technique for depositing thin filns
onto a substrate. Typically in a sputtering system a gl ow discharge plasna
S genegated In an at nosphere of inert gas by maintaining an inert gas
at nosphere at a | ow pressure between a two el ectrode system conpri sing
a cat hode BATRCROUND ORTHEIMVENTIONated in the space 20 between the

el ectrodes in which the inert gas atnosphere beconmes at |east partially

I oni zed. The plasma is bounded fromeach of the el ectrodes by a plasm
sheath or dar ‘.hlgh negative potential applied to the cathode
(Wi th respeeds #Sta) then accel erates ions fromthe plasm

ont o t he_cat hody é é&%hé vefifort 369RL Rhedfis bCile®Bal 1:RE MPhEhishor HhiELARD
cascade | attice coI I'SI ons cause the gjection o neutral “target atons. F
gas pr essuelestrdnit devieds onasubstratds) mnl\hdmg artegrated @ireies t Mdreopartiaulany kel presents
travel across the Iasna essential ly wi thout interaction, and deposit
on the anol&entiands asthnds der &elféns@lwr profaensiallyleppsiting conductiveematereldn.

At hi gh

el e ;oﬁzvxés;@%né’znrgg%@&#wgé 58 b BB bR v
t her et hroyg,hha'ﬂg 1§dens1 Sp[gp?n a nearly i sot ropi c directional

di stribution of the spu ere erial at the surface of

15 k. of the Relate
Sputtering or physical vapor deposition is a known technique for depositing thin films
onto a substrate. Typically in a sputtering system, a glow discharge plasma is generated in an
atmosphere of inert gas by maintaining an inert gas atmosphere at a low pressure between a
two electrode system comprising a cathode and an anode. A plasma is created in the space
20  between the electrodes in which the inert gas atmosphere becomes at least partially ionized.
The plasma is bounded from each of the electrodes by a plasma sheath or dark space. A high
negative potential applied to the cathode (with respect to the plasma) then accelerates ions
from the plasma onto the cathode (usually the target or desired coating material) where
cascade lattice collisions cause the ejection of neutral target atoms. At gas pressures below
25 about 10 milliTorr, the ejected or sputtered atoms travel across the plasma, essentially
without interaction, and deposit on the anode which may comprise the substrate or wafer to
be coated. At higher gas pressures from about 10 milliTorr to about 50 milliTorr, the
sputtered neutral atoms can interact with the plasma while traversing therethrough. This
results in a nearly isotropic directional disttibution of the sputtered material at the surface of
30 the wafer or substrate.
The surface of the wafer being coated is typically patterned and frequently includes
high aspect ratio apertures and vias wherein the ratio of depth to width is greater than 4:1.
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30 the wafer or substrate. The surface of the wafer being
coated is typically patterned and frequently includes hi gh aspect
rati o apertures and vias wherein the ratio of depth to width is greater
than 4: 1.

Apertures orw\(/)igglssgoas'r’e formed in a substrate to provide a condﬂg’iué%mé?h
(trench) or contact (hole) between filmlayers. PVDis a preferred
techni que for coating substrates with netdls. However, as geonetries
shrink it becones nore difficult to fill high aspect ratio features

wi t hout f OA?bﬂﬁkey f Jasiafe foithel G aWuBstrAS tIpRVRIe!d EshdWBEWS path (trénchy B Shitast
in the aperture and 5 on the field of the substrate, the aperture is
cl osed in ¢thakydcomemdiinklayem. RYD tsraopuefemyd techniquetfer epating sulesprates twdth metals.

material c es the top of the erture beforg_ it, ha en conpl et el

Tl Teu Natomeaes b gromstios SATBR 1 hesoRes Jeo Ghieult 10 B Hfh SPaRh A PeliaREs
| . . 2 Q). "fialdi Qf.: , R

cpani nos of EphERming void &ind Rapure, A Hepfitidd BathRars dofitef i B ppefire and

little or on thetield ofthersubartk)ahé ypertwais 6lgsedoin 4 pRéndnehoR known tds &civmfring”
at least 10 in the same plane as the top of the trenches or holes formng
conduct i ve Wharehthegdepesitadamatsrial closestihe tepiof dhe)ppesturenbefore i hasnbeencomnietely

dj I h | . h bl f »shadow ng" . i n-whisch
an over hanghry Y Ehen Rt be a8 LRbGm R lps e raRbEC By At
material 1P HRAGRId"GIHE WA didsed it leAfles OF tha'nile s, ! GeAiy, Thes,

Jd

it is difficult to selectively or preferentially fill the trenches,
vias, or hdesgredtb hhwlittieovao nmgaliit er fomuctiver @atingslén field areas of thenwafer] aPléast
uses a high density plasnma between a sputtering_ target gnd,a substrate to

i oni ze 18 hinythersametnlane a57the fep phisdranchessonfiles, formmeaonductiyeqiaths qnfontacts.
substrate. Jh i . C r a4 I |

surtace of TASGHST Be sl on, B BpE AREELRAS Sl hoach WS prdtilin of
sel ective ©ghaR6wingr ehidh & bvdridheiig Edg@ofoamBle elatdradl icen BRleRSor 48fROE KAfteredr
Vi as. Bi asi ng of the substrate relative to plasma potential is

wi del y usethaterial Sieiny eeaciin thesidewallscand: flexir afithe boleragytreneh.i dibys,rie iscdiffienlt t9e
bstr at d i | The bi | t b . i.ed

i rect by wotety B ATE sy U A Fenthrs 11 e ans geyeripg M ae1d freas.
bst . Wthig 5 ' ' [ Sdaf

substr 4% e I@rgzed Pvﬁ%eé?&’g%l;l‘afehé{%l @gmtmowxea fﬁsyﬁ{ehgg tta'rig%i(s;h& %tﬁgbstﬁfe to

bi as voltage can be capacitiv cou e su
frequency d@fnitehehigh fedction iof sputteraiodtbms before éeposilinkidnththetsnbstrate, IhBse ions are

Megahertz depending on the tine duration in which the substrate sur%\g&e d’\s
si gni fi can@pselerated pempandicylagly tomards) et surface (of rthe tsubstratinwithin faplappaesiesth,
convention ' | L Ag.49 . . ner gy
of ions rezr%ﬁfok%éggé%gérogp € &0 rt%’zcﬁ éhrtl)ge%ggéheg%% é’t{/rg{rul?g%flle%ﬁ%%ﬂs, 51{\511'3153' as
vol tage during @&dingyrthe substrate relative to plasma potential is widely used in ionized PVD to

20  control the energy of ions reaching the substrate and improve results . The bias voltage can be
applied directly with a conductive substrate or a conductive layer on the substrate. With a
non-conductive or highly ,resistive substrate, RF bias voltage can be capacitively coupled to
the substrate. The frequency of the RF bias is typically between 10 Kilohertz and 300
Megahertz depending on the time duration in which the substrate surface is significantly

25  charged by the electric currents from plasma. However, conventional sinusoidal RF bias does
not accurately control the energy of ions reaching the substrate surface because of variations

in bias voltage during each cycle.

Summary of the Invention
30 The present invention provides a method and apparatus for preferentially depositing

conductive coatings in holes, trenches or vias to the exclusion or diminution of deposition on
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Summary of the Invention 30 The present invention provides a

nmet hod and apparatus for preferentially depositing conducti ve
coatings in holes, trenches or vias to the exclusion or dimnution of
deposi ti on OMO 98/59087 SUBSTI TUTE SHEERCTt/shsr28$)

3 field areas on a substrate. The present invention utilizes a high
density plasma source, such as an El §ctron Cycl otron Resonance (ECR)
reactor, to generate ions, and utilizes a pul sed DC substrate bias to

accurately control ion flux to elimnate crowning or cuspi ng, probl ens

associ at ediel aisagiep dssubstie.o A he pEesentdnyension itilizes & Prebdensity plasma soyrge, such -

. Ui . Cal . . Corial
2t rench, RS Gy Sk RSk R ERG elekdr R e TOR Ul bl igiiseinG §
DC bi as nejbashts boi B BebushslyVental SonVaM&! @ Blirnfhally Gowngd o RakpiNg problems
constant voltage bias to a substrate surface to control the ion fTux. The

use of a rHisggeiadehwithy depositionl em rthe Sisld ©of aperterngh shistratei Fhepinventionoprovisies
applied to the tarqget and the substrate suppqrt 10 gg)ﬁrber .and

obac: 8 v SHeraiial BEpasthmn ot 3, SRR TaTRAE di 1 Sonl GuNe 0 e Jomrad oR dhe
wi t hout subs |cking of the target material deposited on the field areas
of the substraté, or with repeated etching of the target nateri al

deposi ted on t Mehed peteell DT dtas 19Bthoddisas aagidsedl valtigs wdlehth e@rovide a nearly
apparatus is that the deposition of the filmon the field of the substrate

can be corfongianteepltage bias to grsubsirate surface e uprited the ioanfluy. Thease o€ s high densityd
on substrates from crownin fore the 15 feat,ure has been,ad at el

T11 T ed wi HRRRAGE o TrRAarS es power Sources appiied 1 The (st H1d (oA euloratq subport
presenfy | rﬁiéiﬂl‘:é d RaphRithvely e Rpled 8thé 8Yfrate] chaMidRiL %f tof: ﬁhg?ﬁu(t:tgred%(ﬁﬁ

surface of the substrate using, for exanple,  conventi | vapor
deposi t i orstioking of the pargdtenatemaltdephsitequmsthe Tedd breas of thel substrate, orgeitterepkbtgd a
nmetallic nitride_or oxide and is a conductor or sem conductor conpared
to the preftehingaf thegarget matsriahdenosited on the figld greas, Onepadvantage ebthiremethod and

deposi  od Bownils BT alAUR of tof R bEEAFKE e’ Anbliy oBLEL EGfibiteR oY
t echni quespre¥ent iBe RpEHAEY of smalll Y@ %gtenféﬁe&? @ttratts AR QFbWhinR tforeVihe

the bottom and steep sidewalls of the | es, trenches or vias to be
coat ediswi tfeatute hdsdepn adequatslydfilleshwidlo deprgitionusaeridy crowni ng or cuspi ng of

th fil i ted he,field adj t ot f eat I.NQ.
Deposi ti on of rBRER (EHDOLGRER: AL e Prssent I Pitionna R or pHPClayeh Faied gver the
filled, onfimPhirck SRMd bkt hSing! fof Sx&APRUEEnSGRP ShdnhieA \3Bor Aosition or

sputtering techniques. The barrier layer is generally a metallic nitride or oxide and is a

conductor or semiconductor compared to the preferred deposition material used in vias,

20  interconnects or lines having high aspect ratios. A conducting layer is then preferentially

deposited over the barrier layer using the DC pulsed substrate bias techniques of the present

invention. Preferential deposition allows the bottom and steep sidewalls of the holes, trenches

or vias to be coated without the problems of shadowing caused by crowning or cusping of the

film deposited on the field adjacent the feature opening. Deposition of material continues

25  until the feature is completely filled, optimally leaving little or no conductor deposition on the
field areas.

The techniques of the present invention are preferably performed with an Electron

Cyclotron Resonance (ECR) plasma generator with an inert gas atmosphere at a pressure

between 0.1 to 5 milliTorr to preferentially fill the holes, trenches or vias. In this instance,

30 microwave and pulsed DC bias levels, barrier layer material, and metal ionization fraction are

adjusted to provide preferential filling of the high aspect ratio features.
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field areas. The techni ques of the present invention are
preferably performed with an El ectron Cycl otron Resonance (ECR) plasma
generator with an inert gas atnosphere at a pressure between 0.1 to -5
mlliTorr tqoyghgkspgentially fill the holes, trenches or vias.pdpubddhsoess

I nstance, 30 m crowave and pul sed DC bias |evels, barrier layer material,
and netal ionization fraction are ag usted to provide preferenti al
filling of the high aspect ratio featureg.

4 Brief Description of the Draw ngs So that the manner

I n which the above recited features, advantages and objects of the

present invention . are attained and can be understood in detail, a nore
parti cul arBraiddescxiption obtheDraviaBes nyent i on, briefly sumarized above, may
be had by refer ) i t . ' h | r d
"n the appended o 8 shetferRRLTRIY doye reeithd Hofifs, i fityBk Bnl bbIBR R
appended giresdhiigFentionlsd Atbdifedoibidiah VO uhddrstood in de@dih) @ MhdTe PhiicOfar BEicHiption of
invention and are therefore not to be considered limting of its scope, for
t he i nentthoinveationdbriefly summadzed: gbene, ynay bedwdvhy eeftrsdeartnitbe embodiments
Figure 1 is a schemati,c diagramof in,sectipn showing a preferred ECR

m crowave tﬁemofﬁl&@ﬁglﬁﬂ%&imft ?a%eé‘i@r‘ﬁ'ﬁ‘f’}n&ﬁl y filling vias/trenches in a
patterned subst | [ Ly ak s : '

is a schematic IF g%?@&%{h é)??dénhoo &gﬂgérﬁg é?r{ereégp%oﬁeggéfa%g\ﬁal\}lgf %Erlt?n ?’g#,g‘#%gllzng
a subst r ategnbodirheitts pf thisiavaninvaiaad afef thére@ite fotlto beTonsidered limitingof iesSscdpe, For
are cross-sectional schematic diagranms_showi ng how a hole or trench in
a subst r atthe inyeptiasf may admit to gther equally effedtivg gy while field areas
remai n free of {g.he . cqgnductor, and.. . .Figure 4 | fl.

i agr dfh of a cdiBued 5ot SO Shaanef in srotipmshaviig R dedortsd PR mickSbvave
appar at us {ifsp{NRhBHESCRr pRRYRRIHaRY fifliflg vias/rDRHES 1Rt 4 QRtenel NAibREAE SkitR
Enbodi ment High density plasma (HDP) physi'cal vapor deposition
(PVD) is aondwdtive naderialj n coating substrates or wafers of

sem conductors used in fapricating mcroelectroni¢c cjreuits. In. .
HDP- PVD, an i nefguTgasis 2 StBEpMis iepiesentation: ofiaRy exped aubﬁfiﬁéfnvéwef?n%%&'a%vgl

to about 50qptrate in the plasma chamber of Figure 1;

15 Figures 3A-3F are cross-sectional schematic diagrams showing how a hole or trench
in a substrate is preferentially filled with a conductor while field areas remain- free of the
conductor; and

Figure 4 is a flow diagram ofa computer program for controlling the process and
apparatus of the present invention.

20

cription of referred Embadi
High density plasma (HDP) physical vapor deposition (PVD) is a useful tool in
coating substrates or wafers of semiconductors used in fabricating microelectronic circuits.
In HDP-PVD, an inert gas atmosphere is maintained at a pressure of about 0.1 to about 50

25 milliTorr in a vacuum chamber having a target and a wafer or substrate to be coated during
sputtering of the target. The preferential deposition method of this invention can be
performed in any HDP-PVD apparatus such a magnetron sputtering system which uses an
inductively coupled plasma source or an electron cyloctron resonance system which uses a
microwave plasma source. The ECR system is preferred since it provides higher metal

30  ionization fraction, 50% to 100%, and a lower pressure regime for preferential deposition.

The metal ionization fraction is directly controlled by increased or decreasing microwave
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25 mlliTorr in a vacuum chanber having a target and a wafer or substrate

to be coated during é‘fﬁﬁa%ﬂiamgcmf_{eﬂala&i target. The preferenti al

deposition nmethod of this i e performed in any HDP-PVD
i (o tem whi ch uses an i nductively
ctr

apparatus such a magnetron

coupl ed pl avasgysmesTe or an ele ctron resonance systRETAR¥NIIISeS
a m crowave plasma source. The ECR systemis preferred since it

provi des higher netal 30 ionization fracgion, 50%to 100% and a | ower
pressure reginme for preferential deposition. The netal ionization

fraction is di recéé%/ controlled by increased or decreasing m crowave
plgs

5 erfEEERY U§€ 3 ENFER8ner at i on. Figure 1 is a '
schemati c draw hpwd : ' Rarfd? 1S havi

port 28 for exhllia1 stifr)l\é;é g%ggggéﬁg;ggag?@%hg\ﬁ#gﬁﬂgpport %e ae“g?%llan%?lhﬁét
whi ch supputlespatt 28 for exHMBting prockss ghyes. N spishaeshppet pedestab20; lvtitiesupbarts a s
di sposed at the | ower end of the chanber 5 _ 11. A target 14 which

conpri ses substeate 1§ duriegpissessingonithechamber A, is disppsedtat thedower endeed; the ghamber

t he upper gn f hamber 11. Taraef, 14 is el.ectricall.v ins ted.fro
Lhe el 1 a Braet 19 AR Bihpdsks  RadEh &'be' depfufiildn 6 siBsaloth Bkl
formng a CSanihRE 43 t 14 is ekPRRAlly PRURSIdfrordOthe WAl 1 3R
be heat ed ‘Egﬁgt&eéﬁr?algfg%i l's or '?rge 'Fi Z %(l)st sﬁ%i&m)yto incr&gse ”']I'Els.
pr ocessi ngchagybpe! htoureeeivéla negative bipa syhichuadsiséssinfomuing @ Adsmai of proqsscgdsesy ed
to maintain 10 wthin the Chanbﬁ]éat? qucessi ng pregs {Se betweer} about 0.1
ml and abowPpert pdestal 20 which may bg g bydntemal pailspr ‘Fli‘J} & (nof shopgm)dp ingrease

ohions . arge! . "
The conduc b Pestsifiad famdersculel SRR} Khe i ablareon (BRI SRRy SUBPI Bufukf
any copduclithia tRBImbr a pectlesting prebduge betveb® 8du@ 0. 10hTiand ebmatsedTci rcui ts.

Preferential deposition occurs when the substrate 16 is raised by the
support pedest aTh@argettdt is pcondustive gnateiglowhith is sputtergd ton filjetrenghipsigiasith @

nbl 22 i i ded [ i fi d di st bet the t t
12 and 1 hepasiomstsabasrats| QiR REPpRVE S Al SR BUBR L GPIes PRt FaY be
typically X@lﬁ%&%awe%c‘ usésifld ﬁc?&l{rfcgﬂ&%ﬂ%nc TBE Bisduits 2Prehintl 8&RATRNA

magnetic fi I ch enabl es efticien owave absorption.
M cr owaves oatws her thiesibstiate UG s mised be ghis sipp@fi peyesta 28sittorayabeessing region 18.

m crowave source 27. The wavegui de 26 is typically square tube whjch
channels 28 targgt adiustmgnt #s@eblYL 22 Biprayided fo W‘E@Bﬂa‘s’@d\ﬂlﬁm W%?B‘cfi}% target

processi ng, reqi 8N . e ield. t. . '

b o 1714 58 BBt B Sa RGO Rs QBTSSR ity
m crowave grefdyurfiide® byt Magids RSOFBREAI difate e0hRBnét Rkldhwhichhenableg reficient
field causes a plasma (gl ow discharge) to formin the inert gas

di sposed bmfiowave hbsosptiost Miccowaves Sire providéde throwghes wWavegwidni2$hby @gagxteraal
potential is applied to e.farget 14 by _a. power supply 12 ich ¢
be a DC or“’ltﬁmgg\’/ﬁers"g’iﬁﬁp#ﬂ T ep\%i“ée&}‘dﬁeégt 18\,8'?}595‘{1@” i 3guates t‘fh?rwli‘\é%}‘ § ?ﬂﬂ%pc’ed

to the20

microwave power to an annular microwave window 17 above the processing region 18. A
dark space shield 19 protects the microwave window 17 from particles sputtered from the
target 14,
The microwave energy applied to the processing region 18 within the magnetic field
causes a plasma (glow discharge) to form in the inert gas disposed between the substrate 16
25 and the target 14. A high negative potential is applied to the target 14 by a power supply 12
which can be a DC or RF power supply. A puised negative potential is further supplied to the
substrate holder 20 by pulsed DC power supply 48 which alternately accelerates the
deposition flux toward the substrate or discharges positive chaxgés built up on the substrate.
The pulsed negative potential accelerates ions which are deposited in the hole, trench, or via,
30 as well as ions which bombard the field of the substrate.

The pulsed DC bias method uses a pulsed voltage waveform to provide a neatly
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substrate hol der 20 by pul sed DC power supply 48 which alternately

accel erates the deposition flux toward the substrate or discharges
positive charges built up on the substrate. The pul sed negative
potential accelerates ions which are deposited in the hole, trench, or via,
30 as welwoagsdeens which bonbard the field of the substratgeruses/12931

The pul sed DC bias nethod uses a pul sed voltage waveformto provide a
nearly : 6
constant voltage bias to a substrate sur§ ace that is in contact with a

pl asma. The constant vol tage provides uniformion accel eration,

t her eby ¢opARt YRitagaibias to ¢ Subsiiater yyfage thatds in contaciiwith atplasmes. fEheecomstant a

o o upt i PRiGL HRiCSHR ich SedBaBRl st chfiiine SRR SioR FusRE abda i ve
vol t age tsbdtrate §RFRY Vit RhAESW @h@rkﬂ?ﬁgﬂﬁﬁioh.hﬁ)esiﬁﬁ%h&g&%t ﬁiérs? fate Birkeb is

I nterruption of the ion current to substrate’ is su I ent duri ng

each cyclisterupted shriaflye whimthe polsed dd@ gvaefdrine cpaidsstor atskights positive veltageeth by
el ectron current from.the plas which js typically tens_to hundreds of

l mes s remgye Shaees Rl Rt G Srestels Fishes (G ingrption of the ion urre: e 2
shows a i f ef er bal L5 a
ToGondoLPahs 2 siincikh ¥R A WUE ol Yye RERIE LAY oY AEBRSKIATH
net aver ag@oeetd berlectdon currentpfrémetha plasmapphickds tpicallyUbsd foahehdsedst GC@ines

which is preferred for any capacitively coupl ed bias. The zero net
aver age cgneat@rﬁhanwnar@ﬁp@&/%@n plesmay a bi as vol tage waveformin which the

he2el i ve bl SaER IR £5RARl pE A S G KRS el h o
cycl g9 Than@utsom Nilkd ABRCHERT ARBvIRE! WS ﬁ?‘?’; %épi%u?@g,aﬁ LB xfe'eg%erag”é SurRin$s -V

ranging from-20 Vto -200 V and a slig positive substrat

f | oat i ng prefeenbly giplicd e a pubssmateconefaee, ivhichels pedfatiedsfor ity tapabitivelylzatiplet dias.

surface wll not be significantly charged by the current during a
g‘giﬂem 18

cycle.  The zero net ayerage, CurpFmiis dphieyrd By Asiwg ¥ biakoeltage payeless pgvit

bet t ; . { ' { .
Vot oos "1 P01 e b Bithies mol{h SRR feind R SEACBERNE PRS0 g
space or splalisffactidhe @, h -rsa8s, shehestols tpnddeecybfe. THeCpWcAS VBItage Vadies Deddehi Al | Y

i oni zed positive argon ions, neutral argon atons, and sputtered target
i ons.15Thenegatiye, substrate bigso sy tranging figon-20Mstoa280 3 andet shghtly positive snbgitateand

accel erated..across .t he.dark, space to th target .14 by the hi.gh
negative fﬁ%ﬁ‘@ﬁﬂ?iﬁ’“"&?oﬁﬂ@8136y°3i°fFe ‘spﬁ‘ﬂ&‘i?e% §pghet ﬁ’g SURRLEItS 15 a?caé“flﬁ not be
Movi Ng | GinifikdntllyRBarzed 89 theléhrehPliridpS GRfcade reactions occur which ej ect
neut r al taréet a?om; 25 ?t ovvarc? the substrate hol der 20 supporting the
substrate 16 tBhegowatischdrge plasma formed inTrecassing edgian 18 hétwdem thettyrgpt K amd

HDP) at pressures_petween ut 0.1 and 5 :
( ) tge substrate 1? is separatc%b om t?me target 14 by a dark space or plasma sheath near the

20  target and a dark space or plasma sheath near the substrate 16. The plasma contains partially
ionized positive argon ions, neutral argon atoms, and sputtered target ions. The ionized
positive argon ions are attracted to the target and accelerated across the dark space to the
target 14 by the high negative potential provided by the power supply 12. When the fast
moving ions hit the target 14, lattice cascade reactions occur which eject neutral target atoms

25  toward the substrate holder 20 supporting the substrate 16 to be coated.

The use of a high density plasma (HDP) at pressures between about 0.1 and §
milliTorr is preferred in the techniques of the present invention. For a given set of sputtering
and etching conditions, such as the target/substrate geometry, type of inert gas, target
material, and optional barrier layer, an optimum pressure regime can be determined to

30 perform the conductor hole or trench filling techniques to be described. The preferred

substrate material in the semiconductor industry is silicon, usually in crystalline form.
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mlliTorr is preferred in the techniques of the present invention. For a
gi ven set of sputtering and etching conditions, such as the

target/substrate geometye li¥Renoird A&t gas, target material, and
optional bakjd Gssb@yer, |@hIoREYMUINKIMESsure regi me can be det@FfigiRHde 30
perform the conductor hcjlligmtl | F. | 1'ing techni ques to be descri %ed
The preferred substinikstse ke ikl j n 7t he seni conductor industry is
silicon, usually in crystalline form

7 When depositing netals, particularly alumnum (A) or copper

(Cu), onto a cWhansddpositing metals,iparticularky abeminame(Al) or ¢cappge(Can atrty agestalling y
to first deposit, arrier layer over th bstrate i.n order tq .
prevent (B sepetiart i ﬁm‘ﬁ% ngﬂ;;sgrx& ﬁf&i et G S e v9H i ubitats s
into the Qlfw ; Ay Wi ve
been usedo C?F t?ﬁfbs%%urposgédtaﬂr?g@lg ?i?% cgt %@@ﬁﬂﬁﬁégg%%ﬁﬁmgﬁg eglaﬂeave
been used sisstratehiaticharRhysical vaper depbsitiviniciniques ddve been tdrfoethis pymposd md

alumnumis titaniumnitride (Ti % tantalumnitride (TaN) or any one of
severaf otypigallyametab pitrigdgseprsoxides ave heen used for this barrier layqyurd commanly, used

schemati c,secti.onal. view.of a substrate. 40 vi,ng .a hole,o ench 42

previ ousl Pa@[ee ﬁ@'&r ifﬂr F’?‘E"‘%‘Hﬁ‘%iﬁmﬁm Wﬁﬁﬁl‘i}ﬂ)’it@g?lgnﬁg’%’?% ‘{1\@ or ‘ahy “Gne of
pref er ent isaledryl othéribadir layétsidAndetR@giuct or (usually netal) to forma contact
point or a low resistance electrical current path in an integrated
circuit being fFigure 34t isck swhemhtic seckionalatiew 40 a stbstoatal 4 having taHwle extrenauAds
of the present |nventjion e substrate 40 is, prefer roces

t bl vy, ed |
appr opr i aPEvieRshherhedgn its surfageand 1 it 1s,desired mrefeaf;rilﬁﬁmr Wﬁ?eth@ﬁﬂl

substrate o i i . ,
o ol citl a LAY Cobubitg kPOt bl DA B 4 1P resistance Bleftrddt culdfnt.
15 cont r ghihl ilGntileg@tddifcait ®eing Talsricatddr ¢h the setistriienfll eAdtetdis P the drtinigaed

spots, by rotation or ot her physical notion of the substrate durin
t he deposiof therprpsent nventian, et sbsirate 40 igpreferably geasessed irom apprepyiate ehasber

substrate, by. use of . hi r ressur.es. t royi de, nor.e di rse
Genosi 11 oirtHenOoie A BaRr 1ayEad byl he BioRRaE B ncughle s SRl Gng potioth cH Y
mai nt ai ni : t | S W : t

Tnd ot ar G4, to ImBHRE A pBfondion S e plioRh AP GE PYS MER Tnfcad iR YA Y
08/ 092584 ¢ontirolling tHeilsybshGite tkPBraturevtoi elisniaate hokispdts cind cdobd spats, by rotation or

I ncorporated by reference herein. An%/ and all such_ techni ques rrgé be
enpl oyed iother physicak sationcel the pubstatepfdwang the derasitiosnprogessc iy 8YBIN FV§rassn

conf or nal ggg&gﬁ&g{&& aﬁgssS{hgp byrate n%@gw &é@%?,@@, 198 phddurkl 6 g}i‘%’é ! more

filling h s or trenches wt

barrier | @ypersdidepbsifies. T uhifdreifyess tHeapvDeRyerd §9 akbt @fandedt Biemaitsinidg a
trench 25 ° 42 and on the field area 46 of the substrate 40, the techni que
of pref er snbstatiallzpsistanbdistance between the substrate and a target as described in United

20  States Patent Application No. 08/092,847, filed July 16, 1993, now issued, which disclosure

is incorporated by reference herein. Any and all such techniques may be employed in
accordance with the present invention to achieve uniform conformal coating in the steps
requiting such for the process of filling holes or trenches with a conductive metal.
Once the barrier layer 44 of desired thickness has been deposited in the hole or trench
25 42 and on the field area 46 of the substrate 40, the technique of preferential deposition is
begun to deposit a metal layer S0 over the hole surfaces of the barrier layer 44. Material
deposited on the field area 46 of the substrate 40 has a lower probability of sticking as
described below, or is etched away to prevent build-up on the field and around the top of the
hole or trench.
30 Figure 3B schematically shows that the pulsed DC power supply 48 is capacitively
coupled to the substrate 40 to apply a negative bias to the barrier layer 44 and any metal layer
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begun to deposit a netal |ayer 50 over the hole surfaces of the barrier
| ayer 44. WMateri al deposited on the field area 46 of the substrate 40
has a | ower probabil it Jhip$hes HacHek: B&d descri bed below, or is etched

away to pre L4 d- upi {HE and around the top of tPl&er |l e
or trench. 2%858/%&4 #ﬂﬂuﬂmmﬁ ﬂmatical |y shows that the ptﬁ‘{ss?g/éz%g
ITIVe

P.
power supply 48 is capac " coupled to the substrate 40 to apply a
negative bias to the barrier |ayer 44 and any netal |ayer
8 50 deposited thereon. The negative bias applied to the substrate
40 attractsp depbsitedthbredl) THenegative bias Rpfitddttowhé Sibseite 48Geredcty dhed2 FonPlte a
pl asma sheath above the substrate and I npinge on the metal |ayer 50
essent i al Ipasma whichrare aerelegtedatrpssra plwsma shrathcaboye thedwbsetzate prd impings om the
probabilit of nefal ions i,npinging.on the supstrate.surface .and
Cuses ot chytakausrs0,Sslialy in ¢ HfRen Satba. “rigF progies petiRes G ickits MoRaiES
| ayer 50 | 98 BhpiBel RS Shbdral O R328E and\BasbPLtcliiRE ahd M-Qfifttering of th
are etcheS)Xfe{{ilvfg/a;‘{l/l l:‘a?%m ﬁe?gllg | ayer 50 aI yﬁg& oerér t he fiel% ar ea%{ﬁé.e I—%v?/eveer,
i n t he sholpeeviously deposited meeta Raye? S0 bigaactien of thalihpadtinpiionsi32g Nentml A2tat atones
re-sputtering of atons fromthe netal .la (such as, from Poi nt

I 50
52), whi ctiraetchpd apayifrom meslclagsr 0alying %gﬁé%«‘r field asen 46, dqmeves iprthe hele or

t h hol 2 .at. . ' '

Hepoci t 1 oGt At Vb5 ibinildtone 42 palsk §EhplitiBhy or MbpRirR e Mekal ifer

deposi t ed ge{sath h¥8i Péinf 5D WS drk Phichamil P prefdbntiallh Aepssel AW the tvalib adewd Ny

the hole, which often results in the formation of voids, is

el i m nat edrenthics twld 4d(sudheashat! intr54)r ehesordiggly oby prevemtirfg the al¢podition ofithe

d i ted tal. imally,.th f ti d iti

PO o0 1ok e iid wnchl A el B bl S B 5B 365 B

barrier | AKEMnrhBleltS BF spadbvAlR! BRI Cwhildfl Pt heshi®s B R 'iEidrRh 6CROR! 10N
can be determned froma~decrease I n the sheet resistance of the

barrier | agfinated. This allows the hélegnir teehck @2atodbedbime afilledewith alse Bempsited nifaland
3F, show how the hole or trench 42 can be filled with a netal Pl ug
62 by cont@ptimallyrthe arefarentizl drpesitipr ipsecessTHEPS eaasetlieihale, teopel.sorspia Is filled.

58, 60 conpine to lLectively or .preferential .y forma netal p Aavi ng
o' voi ds. t BpErpond et alertyfie P HEE a8 BharBpmte o Pol 8 bRt iferlftt
Filling MayaniR dtetinfHdSrdth @Resleas¥BY tHe Whkstdesiihte of théGarridpyeer of cycles
bet ween sputtering and etching, with each step having the sane or different

durations or coFigutes3fsand 3D, as well as Figures 3% andh3F rshow howhthe holksi andren¢hyfi2 can
density plas HDP) PVD, .th ias l.evel place n .. t he substrate by
Che” pul secPoeetwh aspriaLRvg 62 By ontied prftnag daposition, Thesavea] kS o

t he r : ; ' : ' ' to
the field ige%gr?gﬁ{br“g"ﬂ‘ghsg%gt’%? f’gi"l"%’%g’ahg i[ﬁruﬁf] p Rl E"%&?{edno“ i ‘ﬁ;gv‘?ﬁ“t’ea’r}hee?&
| ayer for nkavitirbetrbeoghizzld dhatGhdyrobesstod holeefiilinginidy bieansingle step or n. intladegnyt he

m crowave source, an inductive coil, or antenna to maintain the plasma ,
the 20 number of cycles between sputtering and etching, with each step having the same of different

IQ
—

durations or conditions.

Furthermore, when using high density plasma (HDP) PVD, the bias level placed on
the substrate by the pulsed DC power source 48, vis-a-vis the negative voltage applied to the
target 14, can be tailored to achieve sputtering of metal onto the field 46 and trench 42 while

25  simultaneously removing the metal layer formed on the field 46 by bombardment with ions
32. Using the microwave source, an inductive coil, or antenna to maintain the plasma , the
bias levels on the target 14 can be tailored so that sputtering of the target occurs at a faster
rate than etching of the field areas 46 on the substrate. Buildup of the metal on the field is
acceptable, so long as the net deposition rate on the field is sufficiently small as compared to

30 the deposition rate in the trench, thereby preventing bridging of the metal over the trench
before the trench is filled.
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bias |l evels on the target 14 can be tailored so that sputtering of the

target occurs at a faster rate than etching of the field areas 46
on the substrate. Buildup of the nmetal on the field is accept abl e,
so long as Whgoiepsrdeposition rate on the field is sufficientpgyr/esmiibors
conpared to 30 the deposition rate in the trench, thereby preventing
bridging of the netal over the trench before the trench is filled.
The process can be inplené%ted usi ng a conputer program
product 141 that runs on a conventional conputer system conprising a

central proces3de prefiess ¢anrhg)implianegntesiising eepmmpnter programmpspdiicy 141 thad mngionts
peri pheral cont.rol nents. such as fo

CO r anpl e a .
i cr bpr 0o SRRioRE) FREPRIA Py FAMPRSRE o FBITHERET JPiCELDdyiereapaected to a
Californi OWRH! Béri r pbh M L.eN £
convent i O?\:ﬁﬂ&é‘gm@lﬁte@? readgﬁﬁg{eggogéﬁg%n?nqﬁog 8%1 gﬁ%ﬁjaﬁe fésrlt]ceﬁ&gglef Sr 68400
exanpl e 6@t pexessohl yorhmeridlyeavailable+fromoSyimergyl MiGosystdrhe Qalifgrndan The
code is entered into a single file, or multiple files, using _.a conventjonal
text e8li t GPMPHISH PEASEHR gode can by WEHER IR aky FONVANLRNM) GREPUIGE @@3@%&99&%@1& h

ot S
o | oveltneit Sh & for abBIERA0B0 secclnplffingyoge, G ELER PRAAE $ihla okt
code is thgde isicnterct iditd bsﬁtg}]delfﬁ{awrf(m@lﬂgﬁ flks, RERE ABRhV@fionhlndvditot, Aha stored

routi nes. To execute I nked conpi | ed obj ect code, the system user
i nvokes t loe embpdied iw o demputetiusable mbdium, suchosrapmemorysystemnofitbe comapute df thede

in menory, fromwhich the CPU reads and execytes the ode to perfqrm
the t asks epigEask qw‘éwilm m@gﬁﬂfa@? fﬂ%uase, e code is coppilgdeand R Eesulegy Somptler
il lustrati I x| : | | s he
oot 548 BARER A BELP bRl 66 Bhbile GPOLEE R SHMER 98 ofcbue
nunber i nige dinked coﬁlfpﬂe@&ﬁ)j&e|o©dé,0thess51§feﬁuﬁ1kéﬁini'éﬁes feeotjecicaste, satsingtie

pr edeterm ned sets o Pprocess . par aneters chessar\é to car r3/ out
speci f i ed cpmputes spgemnriodoahthei dode ipimsmary, Famnwhich the§PEy keads and pxpsntes theed

by predefined set_.nunbers, .Fhe.pracess paranmeters relate to process
condi ti on§°§°t° peé@é’ﬂ“ﬁ%g”?%ﬂ“%%flg?egg%s. gas conposition and flow
rates, tenperatpyge PURWEUENIUBARNTLISk dfagheh bf Ri2Shietedhickb cBtedl ARV RrdIeMer

| evel s and nagnetic field power |evels, cooling gas pressure, and
chanbas wahé cémpmer ptograem 141. A user enters Apmcessess amkprocessathambbr munberantd4a

conpri ses program code for accepti nﬁéhe i dentifi ed roqc)ess chanber
and set ofPTRREEE SEXCiOR, wng F4%om PERGSES S8 SUF RIE AR ieqiBed FEiSn QL process

142, ‘and f A anfetdls 'h%és%;g'? tg g%'gto{xpgwcgfﬁeh[ﬁonc\ég%é?fgﬁ gﬁéﬁggc? gfbcgmgﬂfbﬁr and are

Mul tiple dsers can en rocess se rocess chambér
nunbers, Qdentifiedey prRfefivdeset Mumbem] ETHY PROEES €imeters relatedepdcess dopditions s
chanber nunbers, so the sequencer subroutine 143 operates to schedul e

t he sel ectsuch ps,derexample.pro¢ass gascomppsitiapandcllow Fates, seraprrgtuse, preseuya.diasuna

r ine 1 . . .
sub Ouzto %onéli%xons such as microwave power levels and magnetic field power levels, cooling gas

pressure, and chamber wall temperature.
A process sequencer subroutine 143 comprises program code for accepting the
identified process chamber and set of process parameters from the process selector subroutine
142, and for controlling operation of the various process chambers. Multiple users can enter
25  process set numbers and process chamber numbers, or a user can enter multiple process set
numbers and process chamber numbers, so the sequencer subroutine 143 operates to schedule
the selected processes in the desired sequence. Preferably the sequencer subroutine 143
includes a program code to perform the steps of (i) monitoring the operation of the process
chambers to determine if the chambers are being used, (ii) determining what processes are
30  being carried out in the chambers being used, and (iii) executing the desired process based on

availability of a process chamber and type of process to be carried out. Conventional
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I ncludes a programcode to performthe steps of (i) nmonitoring the
operation of the proeess———chanbers to deternmine if the chanbers are

being used, (ii) determning,d {RephREESSes are 30 being carried out in
t he chanmber §,P&id9657US S lipxecut i ng the desired progSfpssasgsi on
availability of a proc ‘w mg"é [

type of process to be carried out.
Convent i onal 10
nmet hods of nonitoring the process chanbéd® can be used, such as polling.
When scheduling - whi ch process is to be executed, the sequencer
subr out i neefhtds of mdpitodng thprprdcess chantbers ¢cande used, spcnas phdling.i Whenischedubisent

osi 1 ed” pPOIESHOEEAAE 10 B N BIPdn e FRnEE HPELLSE | oeas e desigied Brtaesinp
particul ag &E'atﬁﬁttﬁé Exqeserﬁ cgn&iﬁ&&'gﬁtthe 8%cc?s’%aﬁ5@1‘a§eir£ge~}lu]£g?rf1&orﬁ Bh wRthhet €M
ude for chedul i ng p

prograrrrrerm%?aswes o1 nc determ ni ng rirorities.
Once the deditedieedess bhriditidrsiTor 4 4dediel provessosr thbl'age” pf eshyrrtiduddariveer envsted
process set conbination is going to be executed next, the sequencer
subr ous i neequas, emanyeethenasteyantdactar a system pragrammerdssireto iglude forj detprmining
parti cul ar?}%ro]ﬁéaﬁss.set paranmeters to chanber manager 10 subroutines 144a-c
whi ch conf P“ P té"’sprocessi ng tasks in different process chanbers
accordi ng 10 1 lagcP HRCRTen b subfiufihe 5 8et %iﬁ&%ﬁemgﬁee&rch&ueép&mme%
For exanple, the chanber manager subroutine 144a conprises program
code for ecombinatibn iggdvDtpboexssted next, tpeseghénomssubrautine 1148 lceuste sxeaubionl of
process chanber 11. The chanber manager subroutine 144a also control s
execut i onthsf PIREESOSY DY RASURE CHARATMTATS DIFESt $6h RATHRELERS olpr SHABRRTTAREST e,

15 jch ng . raph 3

out 1He seragplps PRECHARR Snbl iRl Mibeeb P CRREYS JIRGER YRbdect Cniatbirt
subr out i Nggcodifg 36! fsd prabess ReSddtertiihdlithy the sequtRbébubibRtiad 243.0 FOE efdnyilgSthe
control subroutine 146, pressure control subroutine 147, heater

control sehamberi managss subnouting d44em coroprises| pregramocndentor cogtrotling SEVIQ| prpegsent
subroutines . fupction, as..depositiqn program code nmeans for (a)..

gener at i nQpﬁmﬁ?’éfwwd&’é%hﬁrd&é"q"r‘?ﬁé’ﬁ"qeﬁ%&lﬂg’gg9&0 ©& %E%%?@g?ﬁug’{%“gﬁééé
bet ween 2 ,iB3htrol AecitiBRbE P5IRA ARG CBIBohG BRorBERES 37 Bibgram codelddules,
depositing a conductive material layer on'the substrate; (5 applying a

pul sedsDCwhigtatonteol operativnast thsi tHambes gomponents hecegdaoyvtalicarmhpangehplselectad t o

the substrate to be treated to attract ions fromthe plasma taq . the

subst r at e PipReFe SEbnt EXUMPISS t@f qhaaler: corpRensah Fubtoptines atee spbgfrater pgsitioning
h . . 7" . | . - H ;D I -
Cont o1 o SUBBInS K3, prbdbst 38 o BbBub GRS BrdsSHEIBAEA SiBfuint 187, KeaBEDC!

are desir egntcsl 8dreR{de0I48dntdplasma coitfd! BubfRsifie A48 TOEhesd Idifferent subroutines! n
operation, the chanber nanager subroutine 144a sel ectively schedul es or

cal I's t he functionps depasitianrpgrm—mods misenufor () generating-oglowrdischargerin an inest gas
D RO e n S e P ebast i £ et R e FROAGSRG; Subr out i ne

(b) depositing a conductive material layer on the substrate; (c) applying a pulsed DC negative

bias, with respect to the glow discharge plasma, to the substrate to be treated to attract ions
from the plasma to the substrate while continuing to deposit the conductive material. Those
having ordinary skill in the art would readily recognize that other chamber control

25  subroutines can be included depending on what other processes are desired to be performed in
the process chamber 11.

In operation, the chamber manager subroutine 144a selectively schedules or calls the
process component subroutines in accordance within the particular process set being
executed. The chamber manager subroutine 144a schedules the process component

30 subroutines similarly to how the sequencer subroutine 143 schedules which process chamber

11 and process set is to be executed next. Typically, the chamber manager subroutine 144a
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30 subroutines simlarly to how the sequencer subroutine 143 schedul es
whi ch process chanber 11 and process set is to be executed next.
Typi cal ly, the chanber manager subroutine 144a

11 I novod®rsso8t eps of nonitoring the various chanber conpCEEsssa2931

det ermi ni ng whi ch conponents needs to be operated based on the process
paraneters for the process set to be 11e€xecuted, and causing execution
of a chanber conponent subroutine responsive to the noni toring and

determ ning steps, 5 .. .Operation of particular chanmber caqnponent.
Subrout | noScIaRss g, 6 Wemityringbdhe THous chaHhe: PURBORRIG | SOFFIEREo N
subroutin | '

component <oPRPERTRELESY (¥ AREAN BRLE chihe BRITLObarklicr BF B propess st o be
support 2Qxeétéd, and capirigoeddution @fl 4 fcharnber sothpdneat Subroutine espomivehe) it
in the chanber 11 to control the spacing bet ween the substrate and the
target 14 mowitosing agdidstermining $epss | oaded i nto the process 10 chanber 11,

the substrate s ort 20 i 0 ed t eceive.the. substrat nd.

her eafter - 1 neobetatin Aladel ot o Bt Sypkdfindl vl nBbs Abfree. The
chamber . ThesPdi0pbdiRbring 66l dribrodtife! P4 Pednififes prograkftodeddt £t @ERBEr Of
t he support 20 in response to the process set paraneters related to

t he suppordonipengits thitatreansedt toahedde theeshbstratn 16 entch s substratea sppporu®0,oand ne
1l44a. ocess gas contraql  subroutine 146 has praqgram code

h
for cont rcnntipngﬂsw%&gst_gé §lsteats to 2 deaingd ihejebh e shagber At de .cow%ghaﬁw}n&_ he
Process 9&?&%@“&@' aﬁbk&{{gé{x& dhe \‘;ﬁg&t ﬁi Wﬁenp%%ﬁﬁs?&ge 6 is, HIER inth ”cﬁ{a %gcgcrcgé)

safety sh val'ves at ‘can be-use a naticall

manual joy Sdhdinbef 11,1the shbstiatedduppbRQOSS 16WREred 7 Beceive tBE subighte, andlthetdafter) s
flow controllers | (al so not shown) that neasure the flow of a )
parti cul arsugpert israisedHo theedesired beigbt 1n the ebambegh cFhe substrate positigrisg subreutingsed
in the process,  the several .gaf et t-off valves are positioned on.each
20 ' "gan. cibroppP RS e e B Bhid 24 b Reensie B STOdeEse naRity Hluer
contr ol SRt SiidoRetdl that are FASTRRY CRARD& 8 RbloAnd14dahe saf ety
shut - of f \L}g Y ,oﬂgxn al saoarrearrps up/ S\Ahﬁqﬁfhgﬁ%& méﬁl%&v&éontrol lers to
obt ai n t he desi Tiedprgesssfgaseonted! subrbbtingt 4 kassprogramceanderfot contdoilimgt proeess gas

146 is invoked by the chanber manager subroutine 144a, as are all chanber
conponknt composiignagdiloNeratesy (ienerally; the pracessrgasercsupplynines forAagk af the process

subroutine_proge X r | f :
Typi oal |y #re Sa00 3FRL" aht PhEE (b Showh) af S BB o BBl Ror
the gas sugphallyi Shes offafél flodPeBpREEs gak lintoathelicREmbeIE afte GHSHAYsY oW SEntrdllRye
controllers, (ii) conparing the readings to the desired flow rates
recei ved f(alsmnohshowmthasimassura gl flow of a particalat gasdhrbagh theegad supply Jinesdj When ng
the flow rates of the s supply lines as.necessa Furt hernore, the
br ocess qHBXEHePL St B BFAEOCksSs e VAR STED S-S vahen AR aPRen adH 30
flow rgfes,f.0 : ' | t en
o unsﬁ c %Jgn%l[p?p'zﬁﬁg ih %Iﬁzenégggct@ngﬂg\iﬁ&l‘oﬁﬁ e prob&kYeas WntBf SubtshitiesS 126
controls the open/close portion of the safety shut-off valves, and also ramps up/down the

mass flow controllers to obtain the desired gas flow rate. The process gas control subroutine
146 is invoked by the chamber manager subroutine 144a, as are all chamber component
subroutines, and receives from the chamber manager subroutine process parameters related to
25  the desired gas flow rates. Typically, the process gas control subroutine 146 operates by
opening the gas supply lines, and repeatedly (i) reading the necessary mass flow controllers,
(i) comparing the readings to the desired flow rates received from the chamber manager
subroutine 144a, and (iii) adjusting the flow rates of the gas supply lines as necessary.
Furthermore, the process gas control subroutine 146 includes steps for monitoring the gas
30 flow rates for unsafe rates, and activating the safety shut-off valves when an unsafe condition

is detected.
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12 The process gas control subroutine 146 conprises hole

filling programcode for = operating the chanber in a selective or
preferential hole fill ThgsiRggs peL Lhe preferential hole filling

nmode, the SR bédosd g2 s {56 can al so be provi dedrtimedrizosoduce
Ssputtering gas into theTMﬂ ¢81{f))1 during performance of the PVD
process step. As 5 di i i MH, the desired process gas flow rates
are transferred to the process gas contr subroutine 146 as process
par anet ers. When the pressure control subroutine 147 is

i nvoked, the déBier ptbcess gasr ¢mttroprsubmoutine 146 comprieds helerfilling \program gode for-
paraneter fromth hanber manager subrout ] 144a. Th essur .

Cont ol - AR SRR b paets orparval fets dGiemede. A The Bretwentisl holpy
by readin ny.ang. i r t : 0
the' chambaliig gibds dne  IBAEERTA"boghR BICISH) Gn RAPBE HEYAEA 10 bG e
obtai n Pl Rpineapogis meathe PVDagtmber ENdurthg p@fdrimancd of the[PVES process §temmAs
stored pressure table corresponding to the target pressure, and adjust the
t hr ot t I5e \disongsed abovedhe fiesited preseshgasHlaw tesg¢siase transferradcle the pracessczap centel e
table. Alternat. V?k% éhg %I‘GSSJEE control subroutine 147 can be
witten t cUBEHDG 4R pRRIOCER RIS e valve to a particular 15  opening
size to regul at whtRehE PR]AGE cddirdd lsubBtifle $47 RUnPEIRIS WeCdesired or target presbiie
heater control subroutine 148 conprises program code for controlTing the

t enper at urlevelfis répeivedasta parametep fromt the Chersbet manadgemsubrdiging Uidda.r the préssurthe

heat er control subroutine 148 includes hole fillin rogram . code 158
for oper atgoRgol subsowied 4/;aperatss tQ megaure the pressutgp the ?hﬁ@g@gﬂ)ggy Zgadingsone or

mai nt aj ned I r 1t N r of t 20
or ] W Ryfle; ByrVgtonR phFRE htufeford cBidealed oM Afiifer coBER R shbdire
t enper at urahgd(s)t eethe f pressure, 6BtSIEN BID (1RBporfiORTPRKegr AR diffsramtial)ovalueset
point tenperature. In this step, the heater control subroutine 148 is

i nvoked byfrehe storadiprassure tablgeorsagpensiing todhe tanget aregsure sofl adinstthe fipttiealve

t t . ter. . heat | b ti 148
roneor oo R T Bhe P values phvaingd Hom S Bentice bl ABREHIIL wE Blesspre
| ocat ed i nedniy@1 SHbYRRfike 14 ERAMNRSwHNE MBR3PL of clo%m%ﬁf %Jgftx% YAvd B8 aSpirtieant

tenperature, and increases or decreases current applied to the substrate
hol der1520 d¢penirpt sizertotregulate the alemberst! at dinpdesmedpressuset poi nt t enperat ure.

The tenperature_js obtained fromthe neasured, vol tage by | ooki.n
the correspondi hge thEALSE CQREPle SPBFORting AF% FORMRISEY PrOFRAT a‘Eﬂ%é, P%rcq%rohm% te

caoul | "ol Aol ANl e RS i g e
gradual |y &iphhities148 ihcligesHdldIflng ProgiathcBdé 158 for operating in a hole filling stage in
which the substrate is maintained at a desired temperatures T within the range of temperatures
20 a T. Typically, the subroutine 148 is programmed to ramp up the temperature of the support
from ambient chamber temperatures to a set point temperature. In this step, the heater control
subroutine 148 is invoked by the chamber manager subroutine 144a and receives a ramp rate
temperature parameter.
The heater contro! subroutine 148 measures temperature by measuring voltage output
25 of a thermocouple located in the support, compares the measured temperature to the set point
temperature, and increases or decreases current applied to the substrate holder 20 to obtain the
desired ramp rate or set point temperature. The temperature is obtained from the measured
voltage by looking up the corresponding temperature in a stored conversion table, or by
calculating the temperature using a fourth order polynomial. When radiant lamps are used as
30 the heater, the heater control subroutine 148 gradually controls a ramp up/down of current

applied to the lamp that increases the life and reliability of the lamp. Additionally, a built-in
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applied to the lanp that increases the life and reliability of the | anp.
Additionally, a built-in

13 fail -safe node can be included to detect process safety
conpliance, and to shut down operation of the heater if the process
chanber 11 iwonemeggroperly set up. The pl asma conpCIUs8/12931
subroutine 149 conprises programcode for forning a plasm in t he
chanber during operation of the chanber. ;the subroutine 149 sets the

m crowave power 5 | evel applied, and optionally sets the |evel of the
magnetic field generated in the chanber, to formthe sputterin

pl asma. Si feiltsafe modenheanpbe ingdudad, to) deteet prasesnsaferyr carplissppnmnd to shut down
subroutines, the ) coptrol subroutine 149.is i d by the chanber
manager OPGI%‘gJJ% ﬂ%@dﬂ%f’pﬁﬁsgﬁr%‘gﬁfbﬁ%& H°&B‘§P8’r‘¥§°§%8mpar ed agai nst
target |evels, @ﬂeigtabﬂa(‘cuﬁ&ar&xbio%ﬁne 149 %dingﬁ&@cbrbgaﬁ%vde%r ﬁ‘ﬁu% @?ﬁ?malx@

A second plasma control subroutine 149 may be enployed to contro he

pul sed DC the chambereturmguupertids of theaohamber | Thecsnbpdutidle f 49 séte theubicrowsdve povietier
20 to forma bias thereon. S [ source be used to generate
an ion | ulevelApplied. e WBO?JB’SVGEQ’% ,levgﬁg? fe pagngiic ?‘%B generate d’bé‘%er‘gia@%e” to
Al ternativgly, 4th e s e uged si ' e

AL et a1 VLot SRR MRS, SN0 ¥ ol IBRERY ool mpolEs
el ectric fighshipRECMd Pasha ébntrolesibebainec 189 ik hpvekydl dgethel chiimbdiamahager

| ayer 44 and deternine the end point of the etching process. )
Exanpl e  subroutine 1443HEhemsadhpowerf levele arer compared against target Ievelsc antbihe correrss a
patterned 8,i nc(P: Sili cg& 2%@ waf er plasma chanmber which is substantially
r epr esent eRAIBSIEEIOSANEOL e PIASTB 5 her  was evacuated to a base pressure
of 3 x,d0[err] o | )l ropibd BelerfplBY Q@S DREEHS Huked DC
of abOll.l 0.85 m o{e?oﬁglgélgggoé#éﬁﬁgﬁlﬁ Ag?]?g‘ﬁ ncgeg igi\;/-e vol t age o'fﬁ 800 V
was appl i ﬁgoﬁ/ér sorce 48 capheitively oopedtt thaistbstrmte Holder20daforent bids tRergorpsThis

Upper chanber magnets were powered with | 230 _Anps and | ower, c eigbefr
magnet s wePewgfosieRical be usghiongpreratran, onux SHEE t%re—wgtegg};piw Plithe

t he chanber .at 4 froman o) ' f Ok

pul sed D BYataife ST 8 byl R Eip By AR Sthy Shntfihbertontte
1 at a maxiHlUMhis secoM@pladfA @htroSubYodi BI9f ey wesnttur e deutlc Mald potential or
Deposition/etching was nai ntai ned for 40 m nutes and al um num

conpl etigl y rdsistdnee at the surfasé Of drecharsier fayehéd sud determinethe kudi poindiofl the etching
Simlar process conditions were also used with RF biasing of the substrate

Example
The method of the present invention was conducted on a patterned 8 inch silicon
20 wafer plasma chamber which is substantially represented by Figure 1. The chamber was
evacuated to a base pressure of 3 x 107 Torr and then filled with argon to a process pressure
of about 0.85 mTorr to about 1.5 mTorr. A high negative voltage of 800 V was applied to an
aluminum target with a target current of 2 Amps. Upper chamber magnets were powered with
230 Amps and lower chamber magnets were powered with 180 Amps. Microwave energy
25  was supplied to the chamber at 4 KW from an external source as described for Figure 1. A
pulsed DC bias was capacitively coupled to the substrate as shown in Figure 1 at 2 maximum
voltage of -40 V and a frequency of 30.5 MHz. Deposition/etching was maintained for 40
minutes and aluminum completely filled the vias/trenches in the substrate without voids.
Similar process conditions were also used with RF biasing of the substrate and with
30 DC biasing of the substrate. RF biasing of the substrate provided non-uniform ion

acceleration and left substantial voids in the vias/trenches. DC biasing was also ineffective in
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30 DC biasing of the substrate. RF biasing of the substrate provided
non-uni form i on acceleration and left substantial voids in the
vias/trenches. DC biasing was al so ineffective in _

14 preventing voi ds except around the edges of the substrate since DBC
current was WS9353847 v provided to the center of the SUbslf‘éﬁgﬁ’sm/lzgsl
Wiile the foregoing is directed to the preferred enbodi nent of the present
i nvention, ot her and further enbodi ts of the invention may be

devi sed without departing fromthe 5 basi ¢ scope thereof, and the scope

t hereof is termned by the clains which foll ow CLAI M5: 1.
A met hod f%’gg'r“ hg ‘ﬁ°dg%‘i%°°8{1mi‘?8?€ theoeiess ef thensubsteaip sincaiDC bawemovas dotadasily

area with ﬁmﬁ}méd!ﬂ&fﬂe\(:%nﬁ?&?ﬂhb%bsu%&[rpri si ng: (a) generating a glow
di scharge in an inert gas atnosphefe between a target and a patterned

substrate to beWhilsdbs fregoing is directel to tikfs j ' t he
target and tﬁ !pul j%%hngE%as_ngto trhe su%s}ﬁagtﬁgmeﬁwﬁg%%n%ﬁg%%’g:iﬁ% n,

\éol t a_gte po? iFotPdal ; ‘Pﬂ!@lﬁms\f thf:)ir:tva@impnay be lﬂei?if@ed vtwiﬁloutﬂfe?i:ﬁhg fﬁdni"t}il_e)’h
eposi a Al | N . 0ne Oof nore rteatures. . e
rrelto hod “of 1%19%%8&‘; g&%‘e@i“ﬁ“ SopRT @6‘80%@ dgF%“ﬁﬁbY theglsimswhichefpdlow e

~q
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vol tage from about -20 V to about -200 V and a positive voltage from about
0.1 to about 30% of a total cycle. 3. The nmethod of claim 1 wherein a
barrier layer is deposited on the patterned substrate prior to applying the
pul sed DC bivag of/spoghe substrate. 4. The met hod of cl ai mpcvwsesaigzit he
conductive material conprises aluni numor copper. 5. The net hod of
claim1 wherein the conductive nmateri al ilahetched fromfield regions on the
substrate. 6. The nethod of claim1 erei n-theinert gas atnosphere
has a pressure fromabout 0.1 to about 1.5 mforr. 7. A net hod for |
filling one or nore features on a substrate havin qetiilag Been @splaskd h a
conducti ve ﬂgﬁﬁ'g"al , conprising: (a) depos| il riflr | ayer on
t he subst r% s (b) generating a gl ow disch ¥ rt gas

at nosphere at a pressure fromabout 0.1 to about 5 mlorr between a target
and the barrier layer by applying a negative bias to the target; while

(c) appl¥i ng A nptheiefidr filling teemchesy holgs, ar #i@s s silistrate\atsotimymgadidld areaawith a
DC negative voltage portion to the substrate at a maxi mum negative voltage
f r om aBout? conduepivegnatgriglicomppging the gepsipfof erential Iy deposit  al uni num or

1 t hi . 8., - 1Ih N 7
whor el A the pul @Lo BB gl WEtee ¥ an, et e RHOGheA oM o

30% of 4a total tayetnd a patterned substrate to be processed;

1
o

5 (b)  applying a pulsed DC bias to the substrate; and

6 (c)  preferentially depositing a conductive material into trenches, holes, or

7 vias.

1 2 The method of claim 1 wherein the pulsed DC bias has a maximum negative voltage

2 from -20 V to -200 V and a positive voltage cycle which is from 0.1 to 30% of the total
3 cycle.

1 3. The method of claim 1 wherein a barrier layer is deposited on the patterned substrate

2 prior to applying the pulsed DC bias to the substrate.

1 4 The method of claim 1 wherein the conductive material comprises aluminum or
2 copper.
1 5, The method of claim 1 wherein the conductive material is etched from field regions

2  on the substrate.

1 6. The method of claim 1 wherein the inert gas atmosphere has a pressure from about

2 0.85 to about 1.5 mTorr.

1 7. A method for filling trenches, holes, or vias in a substrate surface also having a field
2 area with a conductive material comprising the steps of:

3 (a) depositing a barrier layer on a patterned dielectric layer on a substrate;

4 (b)  generating a glow discharge in an inert gas atmosphere at a pressure from
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9. The met hod of cI qqngrgg
etms L dclaim 7 wherein the al uni num or
” t he substrate. 11. An appar at us:

m crowave power.
copper is etched fromfl

for filling substrate having a fie h a
conducti ve rrvgk?erl a? corrprl 5| ng: (a) a processing Chg%ﬁfssﬁ i%‘;
generates a gl ow di scharge In an inert gas at nosphere between a target and
a patterned substrate to be processed by 16 negati ve bi as generator

capacitively coupled to the target; (b) a pul sed DC bi as generator
capaci tsi vedbgut0.8pkeabduo 115hailiTdrs bétateen a tanget and the basrjer layey system control | er
programed to control application of a pulsed DC bias having a DC

posi tie vol t age) poranpdfingacPrseddGeien tovthe\ybsterie 2barmadmumonegative voltage

substr te th p bi as generator to preferentially deposit a
conductlv 26%&%‘%2 a'f%to the one or nore features on the patterned

substrate.  12%¢) ThefrRialRdesositingCdidhiRutilor ppewihinR1RULrERHes anli sk
generator provi des a naxi mum negative vol tage from about -20 V to about
- 200 V 9andndhepattcmodalisledttiatpyef.r om about 0.1 to about 30% of a total cycle.

13. The apparatus of claim 11, wherein the systemcontroller is
programed to deposit a barrier Iayer on the patterned substrate prior to
appl yi ng péfl sedplX) gﬁﬁ? of Blatl 9 wikth Ised ﬂéb as 9§ gﬁf?@é %Iﬁge 9{!018 WAidh
11, whereini the conductive mnateri a Flses aldm num

2 is from 0.1 to 30% of the total cycle.

1 9. The method of claim 7 wherein the glow discharge is generated by microwave power.

1 10.  The method of claim 7 wherein the aluminum or copper is etched from field areas on

2  the substrate.

1 11.  An apparatus for filling trenches, holes, or vias in a substrate also having-a field area

2 with a conductive material, comprising:

3 (a) a processing chamber which generates a glow discharge in an inert gas
4 atmosphere between a target and a patterned substrate to be processed;

5 (b)  apulsed DC bias generator capacitively coupled to the substrate; and

6 (c) a system controller programmed to preferentially deposit a conductive
7 material into trenches, holes, or vias in the patterned substrate.

1 12. The apparatus of claim 11, wherein the pulsed DC bias generator provides a
2  maximum negative voltage from -20 V to -200 V and a positive voltage cycle which is from

3 0.1 to 30% of the total cycle.

1 13.  The apparatus of claim 11, wherein the system controller is programmed to deposit a

2 barrier layer on the pattemned substrate prior to applying pulsed DC bias to the substrate.

1 14.  The apparatus of claim 11, wherein the conductive material comprises aluminum-or

2 copper. R YT =
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15. The apparatus of claim 11, wherein the systemcontroller is T —
programmed to etch conductive material deposited on field regions on the
substrat e. WO%%89087 The apparatus of claim 11, wherein the Q&W%?’wﬁhrge i s
generated in an inert gas atnosphere having a pressure fromabout 0.1 to
about 1.5 nflorr. 17. An apparatus figr filling one or nore features on a
substrate having a field area with a conductive material, conprising:

(a) a processi ng chanber which generates a gl ow discharge in an inert gas
at nosphere at a pressure fromabout 0.1 to about 5 niforr between a target

and a pag§ernqge Sd;b?ﬁ%gt@t(ﬁ” d18inb e 1 PHAGRES 8@ HMtedD BbittdNEr ds PRGRirhived b agch O

the target; a pul sed DC bias generator capacitively coupled to
t he substomtuetivt materialkdeposited ogficld/ regions bathe subsiratabout - 20 V to about -200
V; and (c) a systemcontroller programmed to deposit a barrier

| ayer on a patterned dielectric layer on a substrate, and to apply

a pul sed bi ' Si i . ' |
megat | ve Gl t 108 AefS of cldm AT el t plow, i RngRE B8Rt n Mt Bl
gener At ohtnidapiére hevieg b pedshute op0sbolit @3S dbeat 1.8enToRE.erial into the features
on the patterned substrate. 18. The apparatus of claim 17

wherein the pul sed DC bias generator has a positive voltage fromabout 0.1
to about  30% qf a total,cygle. 9. The apparatus. of claim17.wherein
e gl owl bi el e o BURE- s helesi Bl By stbstraizcsurionalig BHITE b
fillipg &H&?stx te having a field area wth a
condu%t i @gﬁﬁ%&e%??&g@%@?%g?& IE%a) generating a glow di scharge
in aminert ggd at Egmbﬁirfgdiﬁm&mhi@htgaﬁ@ﬁés fatbwadipetiabgy e inedbghs ate to be
processed,; (b) applying a pul sed DC bi as having a DC positive

vol t afje plorasphsre ahaiprgssne abw&&gmtahg\et lobmilligarrtbgtwaea adatgst ke

I ndependent of, a, bi as plied to the target to preferentially deposit a
condutti B tﬁ%&"e?’f’%ﬂ"‘%ﬂ?ta‘%%@s e or nore features.

6 (b)  apulsed DC bias generator capacitively coupled to the substrate at a
7  maximum negative voltage from -20 V to -200 V; and

8 (¢) a system controller programmed to deposit a barrier layer on a

9 patterned dielectric layer on a substrate, and preferentially deposit a conductive

10 material into trenches, holes, or vias in the patterned substrate.

1 18.  The apparatus of claim 17 wherein the pulsed DC bias generator has a positive

2 voltage cycle which is from 0.1 to 30% of the total cycle.

1 19. The apparatus of claim 17 wherein the glow discharge is generated by

2 microwave power.

1 20. The apparatus of claim 17 wherein the aluminum or copper is etched from

S

2 field areas on the substrate.
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