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-1-° & A METHOD AND APPARATUS FOR ENHANCI NG S| DEWALL COVERAGE Dllg
SPUTTERI NG | N A CHAMBER HAVI NG AN | NDUCTI VELY COUPLED- FI EL THE
| NVENTI ON The present invention relates to plasm generators, and

| more particularly, to a nmethod and apparatus for generatin pl asma to

" sputter deposit a layer of material in ttle fabrication of gM#&ﬁﬁ@/tﬁ’MQ/DV
devi ces. BACKGROUND OF THE | NVENTI ON Low pressure plasmas have
becone conveni ent sources of energetic ions and activated atoms which can
be enpl oyed AMETHODANDAPPARATUS FOR ENHANCGING!SIDEWALL COVERAGE
~including surface treatnents, depositions, and etching processes. For

" exanpl e, t DURING SPHTTERING IN A CHAMBER HAYING A CTVEY LQURLED

- deposition process, a plasma is producas'%ﬁﬂ’I he vicinity of a sputter
target material which is negatively bi

ons| cre NL_LNe
target inpact the surface of the target to disl odge, ﬁFEgA%CE{S&ﬂEETS SG

material fromthe target. The sputtered materi al 8 sper edad(4
deposi t ed Inventbes:surZheng Xt; Goadadfaaconduct or BoSorpbi: Mgg@ & é!dpag dold

material has a tendency to travel in straight |IF£FC B, 8ag Jpe EOaP@é(’ -------
to the substrate being deposited, at angles whi mfwmn ‘cpaged 0.4.htd paged ... 5.

surface of the substrate. As a consequence, nat lﬂ/abaradﬁpos,jaw.jﬁn_ ﬁt‘;agg&i [?
openi ngs including trenches and hol es of senicoriductar deviges having ~ "

openi ngs \FIELDROF THEIMMENTIONV dt h aspect rati o, rray not adequat eI y coat

the wal | s of theo rticular]y the botto a_l.arge anount

of material is B@ ﬁ?@gqu an relatesy gg{ﬂg@energ%ors and more partlcu rly, to
 amethod and apparatus for generating a plasma to sputter deposit a layer of

material in the fabrication of semiconductor devices.

5 BACKGROUND OF THE INVENTION
Low pressure plasmas have become convenient sources of energetic ions
and activated atoms which can be employed in a variety of semiconductor device
fabrication processes including surface treatments, depdsitions, and etching
processes. For example, to deposit materials onto a semiconductor wafer using a

10 sputter deposition process, a plasma is produced in the vicinity of a sputter target
‘material which is negatively biased. lons created adjacent the target impact the
surface of the target to dislodge, i.e., “sputter” material from the target. The
“sputtered materials are then transported and deposited on the surface of the
semiconductor wafer.

15 Sputtered material has a tendency to travel in straight line paths, from the
target to the substrate being deposited, at angles which are oblique to the surface of
the substrate. As a consequence, materials deposited in etched openings including
trenches and holes of semiconductor devices having openings with a high depth to
width aspect ratio, may not adequately coat the walls of the openings, particularly

20 the bottom walls. If a large amount of material is being deposited, the deposited
material can bridge over causing undesirable cavities in the deposition layer. To
prevent such cavities, sputtered material can be redirected into substantially vertical

paths between the target and the substrate by negatively biasing (or self biasing). -




mat €ri al can bridge over causing undesirable cavities in the deposition

| ayer. To prevent such cavities, sputtered material can be redirected into
' substantially vertical paths between the target and the substrate by

" negatively biasing (or self biasing)

-2-  the substrate and positioning-approgriate vertical | y AM#&434°VD/DV
~electric fields adjacent the substrate if the sputtered material is

- sufficiently ionized by the plasma. However, material sputtered by a |ow

- density pl #hsubssttate andpasitionimg appiopriateeyerticalhy otiented tetectrid fistdstadjacent
cusually insufficient
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plasim. ¢, MEPSEF mblticl SLASIINNY & 1y ol Bedhid 44 PHTBh B ABRLN 98GR,
Eseﬂ h:arei of Iésbﬁgél_el’lm%é Whichei ‘splsuanw:]nsiwﬁdienteto]@ggitherfefr?gtid»moban exbessivas a
i el ectron and ion density, .in the ra of 10[err].- er
i ogs/ 8n{ er ppmber of cavitiggy é\"&\%&d'@é}Ve'F % d%ﬂn 'E%'E'ﬁ&ﬁaé&]etge%"s& of the,plagma
| i . .. ! v b . . q
hae et | 64 € RHEHEh P splbHlarRR i ettt o
cur r ent . paforhrgionsfargvarted cavities in thendepasitidre layens As useduwerein, the term

| ect ti ts, i : ) [
5 S5ty s MaRL regndeiic ST crea b Sl S
in U S Paj, tﬂgortan el ngmfi&ﬁ?{gma_rrpl e, current through a coil is supplied

. by an RF generat’ of coupled to the coil through an inpedance matching

net wqok, such t Thieré Bfe sevérabknowr tedhmiques for exciting moslasrhaawith RFsfieldsrer .
The plasma_acts as a single turn _second wi nding of a transforner.
Al t hough i Bisluding capaciive &orpling, inductive gouplipg pnd wyave bealing.  inghstgndard

materi al i ' | | : nt act
otal s hayidcE AR ol CRT BBR RGN KR bt fent BURKIR AP o
Because t hgumreuadingsthé asma indubeseiedtramagnetid currerds yn thegplasmapeTlgse es as
a result of the sputtering process, the dﬁ&]?ﬁsited nmetal 1ons and ataqns can

have a rel sHireatsyheatdhe gopaueting PiaspIa by ohiig beatingasiodbat kis stisteiordd net al
Lt AR Rl ALEkAnRHS! PEETNE T 67 eB0cR ek St B Bie
to as "dewebll igglippiied ppan RRugensratstscouplédtothercdilitarough an impedance
matching network, such that the coil acts as the first windings of a transformer. The
plasma acts as a single turn second winding of a transformer.
Although ionizing the deposition material facilitates deposition of material into
20 high aspect ratio channels and vias, many sputtered contact metals have a
tendency to “dewet” from the sidewalls of the opening. Because the metal is
typically deposited at relatively high temperatures as a result of the sputtering
process, the deposited metal ions and atoms can have a relatively high degree of
mobility which enables the deposited metal to form beads on the interior surfaces of
25 the opening rather than a smooth continuous layer as desired. This tendency to
form beads is often referred to as “dewetting” and can cause voids to form in the
deposited metal.
To prevent or reduce dewetting, it has been proposed to deposit the contact
metal in two separate layers. First a relatively thin “wetting layer” is deposited to
30 coat the interior surfaces of the opening. This wetting layer is often deposited at

relatively low temperatures by controlling the substrate temperature to reduce the



deposi ted netal . To prevent or reduce dewetting, it has been
proposed to deposit the contact netal in two separate |ayers. First a
~relatively thin "wetting layer" is deposited to coat the interior surfaces
~of the opening. This wetting layer is often deposited at relatively |ow
“tenperatures by controlling the substrate3tenperature to r AMESGAREFVD/DV
.- 3- metal ion and atomnobility. Consequently, the crystalline bonds of
the deposited nmetal can hold the netal atoms and ions in place as the

- wetting | ayetaliion @adatoheshobility. cGonseduently: the crstatiine’ batedsesftthe glepbgited al
- wetting layer netals for the deposition of alum num alloy contacts include
Al cu and Amnetalcam hejddhe metal atomﬁ;@nql ians iatRiace)as thewelinglayersis siepgsited to

deposi ted ‘ﬁﬁ'ﬁ?t mgraé

nmet al contgéc@cgg%%cgﬂgbgggfygg’ean 'p-n&r%ga;\i zet(tzlh&tléyg? g@?tfffhﬂsn a se&5 é?@?n
sput t er i ngofisipaiintimaalioyrcotitacts dncludd AlQu endAISICH alidys.i nitial wetting |ayer
prior to t he de&%zlﬁilon of the remuini ngbﬁcont act netal or nmetal s has been

f ound®t o signi f the wetting andetiayer has egen depesited andbcojed &p lackithg ont o
the dewet tw@&mlénlggél' Weﬁﬁce %eq'{aﬁ'éﬁ}agg?ﬁé}ﬁ?corggsﬁ Ifagémtde%gasﬁéd ﬁHdS can be

reduced. when ting un eposited into high

aspect ratpRnafgéad, pldaﬂﬁafnals@ﬁaféte\spbﬂeﬂnglIdedSIﬁbnfvmhamhbi'eﬂ'hé@préb@ﬁﬁéﬂr
it has been found that the wetting |ayer itself has a tendency to dewet

such that efbeaitiel wetlinglayeragiorierthe slapositionfithe semaining cortast metal or
L ner T Of Sk AL e Hed | outB i daNe, 1oL Be i 51RE rherePBEoCUl 2 | Y

frequent on opeéeni ng y receive a

rel ajovel ydémmtedo@ﬁtbrtgecu‘ewatmgf uAberdayeroima ednsequdrneeh thd fommatioh af ¥eidsl
the opening in inductively coupled plasma sputtering processes. On those

surfaces ofaR Be regeaetg in whi ch the wetting |ayer does dewet, the netal
ncr casi g tho. HAER Eef ME hEfR tndereel i Gepion b g BepekBRE" . o
cont act | aggénings in an inductively coupled plasma sputtering chamber, it has been found
that the wetting layer itself has a tendency to dewet, such that the wetting layer may
15 not form a continuous layer over the interior surfaces of the opening. This tendency
to dewet is particularly frequent on the sidewall surfaces of the opening which
typically receive a relatively thin coating of material as compared to the bottom
surfaces of the opening in inductively coupled plasma sputtering processes. On
those surfaces of the opening in which the wetting layer does dewet, the metal later
20 deposited on those dewetted surfaces also tends to dewet, thereby increasing the

chances of the formation of an undesirable void in the metal contact layer.



-4-° SUWARY OF THE PREFERRED EMBODI MENTS It is an object of the
present invention to provide an inproved nethod and apparatus for sputter

~ depositing a |layer which enhances both sidewall and bottom coverage.

- These and ot her objects and advantages are achi eved by a plasma generating
apparatus in which, in accordance with om aspect of the i AN#i1BE3/PMDIDYer
- of relatively pure alumnumis sputtered in an inductively coupled plasm

- chanber to forma wetting |layer prior to deposition of the remaining netal

- contact | aSUMMARY'@F PHE'PREFERRED EMBODIMENTS' el ati vel y pure al uni num
(preferably 99.999 % pure) to forma wetting underlayer can significantly
reduce the inci@lisan objeciefithe pregept investior e prayide gl impreved methadhard ce,

open ns. cARPRER o pbtef ARG p fafeh iiEh BPhest PaSHEREI Ak ibtom o <,

~as to subsgidragel y reduce the formation of voids in the overlayer.
~In an alternative enbodi nent, the wetting underl ayer macg be sputtered in a
hydr o@en- ar gon Theseasd other ohjeetsand advantages aje achievedby etplagmaal uni num

bel i cved 1 datereiia eBRRTRHR 1T Wi i EEGuPBhER Wit o et ot ie Gl a' " '
sticking cagéf bﬂél’éﬂve%pbi‘@ammiﬁdlmqsbPMﬁéreﬂlhfa&Ciﬂduémeiy eeaplet plagmas al so
believed that the al um num hydride nolecules will facilitate formati on of a

cont i nuousgharohentoforma wetting layaeprierterdepasiticpoaidheiremaining mstal eentact
"o layer. It has been found that sputtering relatively pure aluminum (preferably 99.999

10 % pure) to form a wetting underlayer can significantly reduce the incidence of
dewetting of the wetting layer. As a consequence, coverage of sidewalls of
channels, vias and other high aspect ratio openings and structures having a
sidewall in a substrate may be improved so as to substantially reduce the formation
of voids in the overlayer. '

15 In an alternative embodiment, the wetting underlayer may be sputtered in a
hydrogen-argon mixture. The hydrogen combines with the sputtered aluminum to
form a wetting layer which includes molecules of aluminum hydride. It is believed
that these aluminum hydride molecules have a relatively low sticking coefficient on
the wetting layer surface. As a result, it is also believed that the aluminum hydride

20 molecules will facilitate formation of a continuous, conformal wetting underlayer with

good sidewall coverage.



BRI, EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a perspective, partial
cross-sectional view of a plasma generating chanber for inproving sidewall

. coverage in a manner in accordance with an enbodi nent of the present

i nvention. Fig. 2 is- a schematic diagramof the electrical

i nterconnections to the plasnma generatinrg- chanber of Fig. AM# 1643/P¥D{PV3
is a cross-sectional view of an opening having an underlayer of a prior art
deposition material deposited in a high density plasna. Fig. 4is a
Cr 0ss- seCBRIEF DESCRIPTIONOPTHE DRAWINGS 3 having an interconnect |ayer
deposi ted over the underlayer of Fig. 3. ) Fig. 5(a) is a )

cr oss- sect i onaFiguitei® aoperspectives imgtlﬁm-s@amna! viewrofimplasma geneating

5(by 15 aCnabEr tlimpinfie SleHiredetots e RiFFEETln pESRENCRMInAD o T O
-1 nt er conngfibodavient SERePresehtdneentione underl ayer of Fig. 5(a). FI G
6 is a schematic top plan view of a staged-vacuum mnultiple chanber

sem Bonduct or g & isp schamnatinydiegears ef the: slestrical interconaectionsule thaplasmaof
Figs. 1-2, . . - 6- DETAI LED
DESCRI PTI @ﬁf‘??“?ﬁlfmrl%g_'g‘ 1. Referring first to Figs. 1-2, an exanple
of a plasma gepgy & iBra &085-sebtioRAIVIER dF anWpdnim haviRg @n"BitderRiyel BfaprdFent
i nvention conprises a substanti al | i ndrical plasma chanber 100 which is

r Iecei vedhagbd@pmiiimnr?eteﬁiabdemsﬂiecl(I%eﬁc)?fl@!edﬂ@éiylsﬁaﬁ!r&-ti cally i \rllmFi % 2). The
100 i i i .coj )l _104 i i
P arried it or Byt Bra b sEEHons Wik st e Bpedng ST EidLhdRd il of o 106, The

chagper shitelcdnhB6t IByet depssifeldoveitiss uRdeM@fdrofFig.tdie vacuum chanber 102
fromthe material being deposited within the interior of the plasma chanber

100. AnFig15(8) isxa enosssestianalatew iof anyopsining: depesitpsk with anpuwleriayaed
. above the Pl asnma..chanher. ,100. Trben%l asma i ons ehtect naterial fromthe
t ar get 118 %?%Slgon material’in accordance with the presenfifvention.

Fig. 5(b) is a cross-sectional view of the opening of Fig. 5(a) having an
interconnect layer deposited over the underlayer of Fig. 5(a).
15 FiG. 6 is a schematic top plan view of a staged-vacuum, multiple chamber
semiconductor wafer processing system incorporating the vacuum chamber of Figs.
1-2.



substrate 112 which may be a wafer or other workpiece supported by a
pedestal 114 at the bottom of the plasma chanber 100. An optional rotating
. magnet assenbly 116 may be provi ded above the target 110 to produce

- magnetic fields which sweep over the face of the target 110 to pronote

uni form erosion by sputtering of the targét 110. Rad-kM#ﬂBé@il%ViB;DV
(RF) energy froman RF generator 300 (Fig. 2) is radiated fromthe coil 104
into the interior of the plasma chanber 100, which energizes a plasma

wi t hi n t heDETAINEDCDESCRIPTION OFTHE DRAWINGS®t eri al sputtered fromthe
target 110 passes _through the plasma energized by the coil 104 prior to

bei ng deposi t edReferting fisstitafias.<-212n eKaWQ pHa smameeaem@r yseshinmat er | aI

ot or a1 1 SanGe P TapgRRbACH B proler iiefiop PR REsE o BBRGAIY °7',
t hi s mannegylindfigal glasmacctimpiosr 100Wwhiohiis rreeéwe@ irf a@ace@ﬁmhatmbér 107 e
vertical path which facilitates depositing nore material into_ high aspect

r at i o5 openfrapresentechechamaticallydn Fig. 2). Thesplasma ahanelen thekthisembedinaent

wet 11 ng | 2% 2Rt Rk 8 Ao HRERIANE o f ot Efriept RS 3ia °

al um num  &heriber ¥ield 106. Thechadtbdrestieldl 08hrbtedietheciptariorWallsf tHewet ti ng
so as to inmprove the sidewall coverage of openings or other structures

‘having si deariure chembies 102-feernithg matedaldeging deppaiied withindbgdaierien of the
exanpl e, E'%ﬁ!’ﬁ%ﬁ% %gewall coverage of the wetting underlayer has been

found to s

+7- 10f aci | i t at antibe filik @trikeds @ Adbativien bisdedtaryen110tpositithedinaio\el theeven

when the added al um numis not ionized, so as to significantly reduce the

inci dence piasmeadekamber $0Q.0iThe rlasmaiens eiechmateriatfiamthatargefti0ontoa A

oPost ! ST ARG AP Vet o Y B ABleck N8R b gy 1

nucl eat i onaf fhesscttorh bf @slplashia cligmber 100t wneoﬂtmnan@:tatm ﬁﬂgﬁhbk assémbpnef i t
this process including capacitor electrodes. : I ncl udes a

schemati c 1tpmakhe proidedpbove the target 10 ta prasduee rnagneifc ﬂierlds whighaweep
_=gener|'51t | 998 Re% tagg (o) { Qr&e’c Hd’tgo 6:%%?&&%%%%‘?8&;0&% squ}ffetr%rg 5f€flt\g%rget

110.

Radio frequency (RF) energy from an RF generator 300 (Fig. 2) is radiated
from the coil 104 into the interior of the plasma chamber 100, which energizes a
plasma within the plasma chamber 100. The deposition material sputtered from the

20 target 110 passes through the plasma energized by the coil 104 prior to being
deposited on the substrate 112. A portion of the deposition material passing though
the plasma is ionized by the plasma. The ionized deposition material is then
attracted to a negative potential on the substrate 112. In this manner, the ionized
deposition material is redirected to a more vertical path which facilitates depositing

25 . more material into high aspect ratio openings in the substrate.

As will be explained in greater detail below, in accordance with one aspect of
the present invention, a wetting layer is formed by sputtering a target 110 of
relatively pure aluminum. Such a wetting layer has been found to be resistant to
dewetting so as to improve the sidewall coverage of openings or other structures

30 having sidewalls as the remaining interconnect layer is deposited. For example, the

improved sidewall coverage of the wetting underlayer has been found to significantly



materi al onto the substrate 112, the target 110 is preferably negatively
bi ased by a variable DC power source 302 to attract the ions generated by
. the plasma. In the sanme manner, the pedestal 114 may be negatively biased
" by a variable RF power source 304 to bias the substrate 112 ne ativellg to
attract the ionized deposition material t& the substrate lffM#ﬁﬁ4§fPV /DV
alternative enbodi nent, the pedestal 114 nmay be biased by a high frequency
RF power source to bias the substrate 112 so as to attract the ionized
deposi t i orfagiitateitaé flow of additienatialuminunhints thes channel,leven when ¢he addeder

alternative enbodinent, as set forth in copendi ng application Seri al )
08/ 677, 5ggaluapaym|is got jonizad, §9 asto $i19 PQﬁ'tg’gfquPgﬂﬂég@' nee Fheind ablggs ma
Physi cal ) I | - ‘rgﬂag , 1996 (Attorney Docket No.

1402/ PVD/ é@aéﬁmgéi'%?lﬁeac]altu{)ﬂ"lt“ﬁﬁ%as& ﬁge of the present application, an

external biasi ng dépositionsgroséssiincaccbrdange with ¢ie ptesent invention @asefuliforfa t he
coil 104 is coupled to an RF source such as the outgut of an, anplifier and
mat chPng neangly lef yoderiayrrsiingludingiwething layess.3ags layerso apd ugleatigblayersor
300. The o : ' i |érﬂ'°

t hrough a @2%%%& dré}g’oétpfcvt\ggclb\a\&rgé abéedé\ﬁ\gllg#?'ggkgegggam tgg.éﬂn%hﬂ%gThe coi |
104 i s car¢aptiton eldvtrodesnber shield 106 by a plurality of coil standoffs

120 (Fig. 1) which electrically insulate the_coi#C 104} fromthe supporting
chanber shi el d figs2 ingludasesahiematicaepraganiationoftbeie %@aﬁﬂmeﬂgﬁm ten

conduct | vePRSE 9eralig BpBafttS of e i Birkied ERBAURRP AT pURR BHapt |
prevept i nomialeridl Ontd thedsulsstrate 1dQntHectargetontlistpreferably megiativelydiagetiby a

material fromthe coil 104 to the chanmber
REPL ACEVENVarapePC power source 302 to attract the ions generated by the plagma. Inthe ¢

106. Such | | e | hor t
the ool | 1o BqRe St HiF BEHEUR ) 4Ry b nOSRRIE BRCSI BT VaRaLE F2 oot

RF power i sodee!3020totIsiaé ite sobstrat@ 4 12yndgativelyr toustrabicthe donibed deposition
supported by insul ating feedthrough standoffs 124. The feedthrough

st andof f s niaderialite dhe gebsirate Kid poran akemative empadimaat: the peéﬁ%ta? &4 may

Sehoght 1 *Tod oA Hh FRRREDALRF RS Sk ot sibgrigeridnauglo
the coi | 18#rdce tid R depositidrematdril mdrecuriformiy etiesubstrbtes 1 €200 fetl 24,
ke the o other Anamative ambodiment ' as Set forth i copending asplication Serai No. © +°
08/677,588, entitled “A Method for Providing Full-face High Density Plasma Physical
Vapor Deposition,” filed July 9, 1996 (Attorney Docket No. 1402/PVD/DV) and
20 assigned to the assignee of the present application, an external biasing of the
substrate 112 may be omitted. _

One end of the coil 104 is coupled to an RF source such as the output of an
amplifier and matching network 308, the input of which is coupled to the RF
generator 300. The other end of the coil 104 is coupled to ground, preferably

25 through a capacitor 308, which may be a variable capacitor.

The coil 104 is carried on the chamber shield 106 by a plurality of coil
standoffs 120 (Fig. 1) which electrically insulate the coil 104 from the supporting
chamber shield 106. In addition, the insulating coil standoffs 120 have an internal
labyrinth structure which permits repeated deposition of conductive materials from

30 the target 110 onto the coil standoffs 120 while preventing the formation of a

complete conducting path of deposited material from the coil 104 to the chamber



prevent: the formati on of a short between the coil 104 and the wall 126 of
the shield. The feedthrough is coupled to the RF generator 300 (shown

- schematically in Fig. 2) through the matchi ng network 306 (al so shown _
- schematically in Fig. 2). As set forth above, the RF power radiated
by the coil 104 energi zes the plasma in t+8e chanber to ioniAM#t1643IRVDIDV
material being sputtered fromthe target 110. The ionized sputtered target
material is in turn attracted to the substrate 112 which is at a negative

(DC or RF) slﬁ’i@loe‘ﬂ% abubﬁ aaéérhal%.&ed Bend@itinggshtH P aAdédiriblebeeaiusd it couldghort
Substrate 11 Fi g. shows in cross section an opening 400 in an

oxi de | ayethe%ﬂl 4 mmﬁb@namber shielgh! Qth(whiokis typically geoundash). 404 of an

200 1y be a vi B Rolick appIedig IhE BRIP4 Y RadReldBAT AR B SuBRERER],
Cross- SeCtb?ﬂ%uldﬁrCHféeﬁihrﬁugh%rﬁoﬂseﬁﬂ THe feudifidugh SAaRdGS 24 Ikerthe to

w dth aspect ratio he eéxanple of Fig. 4, the opening has a wi dth of
appr o8i mat ebl suppontstansieffs20, aem;ﬂtrepeaiednc&pnsﬁagpézitconduciwetmatenal from

ar i vi ng. ofid ftoel g dhe SeRBoaR et lRie 128 Wt F o BB T ALY R 891 e
to penetrapg hV\%hbéhC&ﬁ{M ¥hbAite EOF 10826 tHE cHaAbeFSMBRIIEB! Tie cof féedthRsigh
t he anount O mat eri a

entering the opening 400, alum num alloy sputtered
fromthe tatay‘dbfflm |||ke|cbinefceﬂ abppontetarmwtap thlaeam internal labyrirthsteuatvne too

vorti cal 1y pisveh e Eimaton, sha. i befva e, ol GLEREia PRy T2BG s shivid ™|

the dgposi frherfeeathfr&ﬁgms%adwéa R REYRhefdtdr 800 (Eitbwrd schélfatiEAlySH g oF)

the argon sputtering gas may be a ggrom mately 30 mforr, a typical value for
hi gh through the matching network 6 (also shown schematlcallygm Figd@hsi ty p| asnma

B0t om cover age ARkt ioRtE aboie ceuRE Pluer Bt e B 4 Brenksdflsy o
404, it hag S5 il %rtshérh@ér tthnrze%Hé gkt ma@@mlaeurgoyﬂtﬁaed i hfe YeRp ¥t

thin or even absent as indicated at the side wall portion 410 of
openi ng 40010f THecionizesi sputtereid targebmateria iindurmeatitacteshta thexsubstrate 132

'ggl :,ﬁ ggult ?N?mhd{s?étoagﬁ%nm@fp pé%d,p&gor\{t%i‘c?gﬁ%ct ¥ onidid b déposttiotrraterial °
to the substrate 112.
Fig. 3 shows in cross section an opening 400 in an oxide layer 402 of a

substrate in which a wetting underlayer 404 of an aluminum alloy such as AlCu
(0.5% copper) has been deposited. The opening 400 may be a via, trench or other

20 structure having a sidewall or a narrow cross-sectional width (1 micron or less, for
example) and a high depth to width aspect ratio. In the example of Fig. 4, the
opening has a width of approximately .34 microns and a depth to width aspect ratio
of approximately 3. Absent ionization, much of the aluminum alloy atoms arriving on
the surface 406 of the substrate would be at angles too oblique to penetrate very

25 deeply into the opening 400. Consequently, to increase the amount of material
enterihg the opening 400, aluminum alloy sputtered from the target 110 is preferably
ionized by the plasma in the chamber so that the path of travel of at least some of
the deposition material is more vertically aligned so as to reach the bottom of the
opening 400.

30 In the deposition of the aluminum underlayer 404 of Fig. 4, the pressure of
the argon sputtering gas may be approximately 30 mTorr, a typical value for high



dewetting fromthe oxide surface. Such discontinuities or thin coverage can
hi nder the interaction between the alum numalloy wetting |ayer 404 and the
subsequent |y deposited al um numinterconnect |ayer 412 (Fig. 4) such that
voids 414 can formin the alum num | ayer at an undesirable rate. It
has been found that the sidewal| coverageSof the underl| ayerAM#643/PVD/DV
significantly inproved by sputtering relatively pure alum num (preferably
at |east 99.99% pure and nore preferably at |east 99.999% pure) to formthe
wetting | agensityfplgsme spltteringowalthougipthe iogization iof trenalumindaem perenitsbgtyof a
substrate in which a wetting un erlayer 504 of relatively pure alum num has

been sput t 3P0 BRRIAM GAYEragde ASIRFC3teAPY W&&qﬂmpyﬂmﬂ%ef ednderiayer 48dwn
n Figure igﬁﬁg ;oeéﬁrflﬁuﬂ&. ﬂﬂé%ﬁ&yﬁﬁ%ﬁ%uﬁ@%’ﬂ%&ﬁéﬁ@e%@lﬂ‘ﬁntb‘?te\/%ﬂ‘

portion 50 een nai ntal ne coverage has been

subst ant i adbbsertRisdkdicatedat thediidawall portiérin 416 iofl thevapéningr40006f thé Substrates
under | ayer 504. (The relatiye proportions of the underl aéer 504 are not

showPt o s#@2.6q as fo gecamng)dispantinipus.y Hds believad that discoptinueus,sidewalli t y . )

This inpro ' ' | : |
devet 1 ng. SverRa6 Bt Tety (i Boftiaok et & Bepit bFH quififh AR5 ShERRRyL
I nt er connegéwétingrfrdr 2hed ofide swethoent Sudhdiscortirlifiesolythin teverageicanhinder
under | ayer 504 and then pl anarized. Because of the inproved sidewall

h
coverage Om'”?rﬁf’m beiyeenste aluminum @lioy waiting (ayse #D4ang the subsequently
o Vel RO (TR 4okt

Al thoggh tthe alomimyadaysrastessundeditable fdtest rat ed enbodi ment has been
described in connection with a wetting underlayer, it should be appreciated

that the preselihashren foupdithatipe sidewalbcoveragn s thayndedayaiimay 8Ger age of
other | aye%i?ﬂ@ggﬁ%ﬁﬁ%@&%gnﬂﬁﬁt&rﬁ@@e@fﬁé%dr@%lt'uﬂ}fﬁfrﬁ (preferdBy 4t'185st

materi al s

-10- nay9999depare and nearepreferablyiatdeast 9% 989% putie) fofivan thewatting fayer.
accordance_wth _the present invention. Al so, the underlayer may be forned

on surf aceEigyre Sfakshawsoan epesing RNEin amexideilAYLRAS ota shbstete iahieh Rer
et Bl St D4R To DY Y S ] P bopRpter oSG an
ionizing inductively coupled plasma. As shown in Figure 5(a), very good bottom
coverage as indicated by the bottom portion 508 has been maintained yet the
sidewall coverage has been substantially thickened as indicated by the side wall
portion 510 of the underlayer 504. (The relative proportions of the underlayer 504
20 are not shown to scale in Fig. 5(a) but are exaggerated for purposes of clarity.) This
improved sidewall coverage is believed to result from a decrease in dewetting of the
deposited aluminum.
Fig. 5(b) shows an aluminum interconnect layer 512 deposited onto the
relatively pure aluminum underlayer 504 and then planarized. Because of the
25 improved sidewall coverage of the underlayer 504, the aluminum interaction with the
relatively pure aluminum wetting layer 504 is improved such that the opening more
frequently fills completely without forming a void.
Although the improved process of the illustrated embodiment has been
described in connection with a wetting Underlayer, it should be appreciated that the
30 present invention is applicable to enhancing sidewall coverage of other layers such

as seed layers and nucleation layers. In addition, materials other than aluminum



whi,ch can benefit fromthe process of the present invention include

el ectrodes of devices such as capacitors and ot her conductors. I n

t he enbodi nent of Fig. 5(a) and (b), the relatively pure al um numtarget
was sputtered in a sputtering gas of argon to formthe wetting underl ayer.
In an alternative enbodinent, the wettiti®-underlayer may ME&@H@@%Q’%\‘ a
" hydrogen- argon m xture. As alumnumis sputtered fromthe relatively pure
al um numtarget and ionized by the plasm, hydrogen conbines with the

al um num maytbe deposited owtbta wettingyerrotherurdsrisyer ferthedinl acbesdandecwith dise of

P AT, kg b 6 Shmbe i e Tolhed 5 e b e
under| ay eéﬁ:ﬁéc%st inEerdFng b&@§fé§1§$shu ’otﬁ%r dn%é?!l%}br@?&‘n‘?é’c?ﬂf vadus iGteHdign num
al SO Cl n o

hydri de nol'ecul’'es w Itate Tormati a contl nuous, contornal
wet ting uimdtudiry titanarm htitgaiun sitddestantalomearab@ntaum @itride. pOthes strestures
hydrogen (H err]) can.range from 10 to 100 mlorr and suitabl e pressures of
al goh_canWhigRuear beReT fragm the RiRsesS chihe Birsss! nveplige inplide sletiodss of

depend “W@vi%%?PBéﬁ%E‘Eélp%%%?"ri@pir'itocéfthEoﬁa%t¥@. tli_es out si de these ranges may

be approprra or sone’a catl ons. lg. 6 is a schematic plan

vi ew of . a st aghrthecembodissentof Figic3(a) and{(le), thie relathwiyn guseyalumintiGargett he
type which is described in g(r_eaterﬂﬂet ai | ifn U.S. Patent No. 5,186, 718. The
syst em 62Wassputigrad i #504lteringg2s ahatgonterfrredhe wettinghungesiayerq In @hot

end, “and STAEVE priliodtgnt e witing R0 SHayel ity 60 RRURErR A Shyd0gsfP g ©

62710Al t hargen midtu. ASafunhinarh isepatieredfronsthéZélatinglytpure stamimme tangab| y
two or three such chanmbers are npunted tg_the buffer charrberq’;gnd in
comuni ca@n@ieRized by ke plasea.diydsegemecmiaines, with tha alumingsasughdhatthes s

Charber s WRRNG RIPCATEESY Rried ALlufes frisade? of Bl fhvaie! flPbaReEg, If

t he peri ptretthede aluminum hydride molecules have a relatively low sticking coefficient on
" REPLACEMENT SHEET t he transfer ro_b?t stgéi on. The chanbers 634 may be
adapt ed f Hie suifaca,af thepuetting undgrayer ag)itforms, fCagsequentlyyit salsgbelieved

depqgi ti Ofhat A& SftinintinPhfaridi ol uieawWilEAING RibiIREE Yothatidf of A¥8REhE0RY, 21

conformal wetting underlayer with good sidewall coverage. Suitable pressures of
hydrogen (H,) can range from 10 to 100 mTorr and suitable pressures of argon can
range from 2 to 10 mTorr. Of course, the actual values will depend upon the
particular application and values outside these ranges may be appropriate for some

20 applications.

Fig. 6 is a schematic plan view of a staged-vacuum semiconductor wafer

processing system 620 of the type which is described in greater detail in U.S. Patent
No. 5,186,718. The system 620 includes a housing 622 which defines four
chambers: a robot buffer chamber 624 at one end, a transfer robot chamber 628 at

25 the opposite end, and a pair of intermediate processing or treatment chambers 626
and 627. Although one or more load lock chambers 621 may be used, preferably
two or three such chambers are mounted to the buffer chamber and in
communication with the interior of the buffer robot chamber via access ports 636
and associated slit valves 638. A plurality of vacuum processing chambers 634

30 (including the chamber 100 described above) are mounted about the periphery of



associ ated port 636 and gate val ve 638. The robot chanbers 624 and
628 communi cate with one another via the internedi ate processing or
treatment chanbers 626 and 627 (also called "treatnent” chanbers).
Specifically, internediate treatnment chanber 626 is |ocated along a
corridor or pathway 630 which connects tHe transfer robot Wﬁrﬂ@é%’%‘é@/ﬁm
the buffer robot chanber 624. Simlarly, the second internedi ate treatnent
chanber 627 is |located along a separate corridor or pathway 632 which
connect s thectrarsfer obo? Stationh. Thé. chaimbers §3d-may bepadapted fanvagious hypeswof r obot
or transfer chanbers permt. one path to be used for |oading or unloading
whi | e thePW?P%‘HHi'ECIHgmggetGEQS for wafer processing treatnent and, thus,

provi de iaﬁaﬁﬁgsggghgﬁm@eégs is pPOyiaBa 1o ang r@%@reaﬂ%a@%f;ﬁ%?h@wge% GaRd to

pre-treating asma et c eani ng. a eat | ng
bef or e prassociated port 636ahdrgatéYalver63dst -treating (e.g., cool -down) of the

wafers followng treatment. in chanbers. 634: alternatjvely, one qr both of
e Bhanber o 6306 HABoGATbe AT L A P28 CoRmOBKAIGIAEh SE Anehe Mndhe
ost-trea : : ' ' b Pral nit
!Ossmachi nfg oredcg tr?eerv?ncggélﬁ ggirr??aa‘ifrgghﬂ%%ﬁgéﬁg%fgﬁ? %%Zf{glﬁ&a’l‘fg llggcﬂeg'gﬁem |
al um num tlsarhbers)! I8pdcifivally Hatdrmediateittaatmefif charbbér 628 1s locdtetlalongad t he

i nterconnecting corridors_or pathways 630 and 632.. The use qf _the nglith
const r uct FRFAPRET PRiTYaL630 M@Hﬂbﬁ?ﬂ%efct% ?ke {rABster eohat C@ﬁgﬁ%%@&terth%gﬁf
transport PP | fle Sedohl ' | L O
chanbers. rcflﬂ)q cﬁEﬁ%ﬂeZ dtzglbir%ia %ggé{rﬁ% [ Onalkj‘?@g/éa?gﬁ?é\‘;\%? éé’aﬁ%%%?t t h'rsough
t he1@yst elvcated along d sépanate comidor ar pathway 832 Which corirfents thebrobots!628 n

chanmber 624 picks up a wafer froma cassette |oad.lock 621 and transports
t he waf er 2p@ @ﬁarﬂ@se@@%tecmtgﬁlh%‘ﬂ?%i%w é?a% Oéﬁ'@eﬁ'ﬁ rt‘.?%@"%tl?rr? ]

t he waf er I f b 13 h?l‘ﬁéef i fer
fromthe Bpgp g@#%é‘% %ﬁgsn{)gag oﬁé@o?@gﬁs e'rshte ﬁ%é\s\ﬂ? géss?glﬁadéggfg?t ed one
of the prakfsrairogessiod treatment andcthas) prvidesinbrzaset IHroughputf Thé ehambers
chanbers is the chanber 100 whi ch deposit.s Zewetti n

15T o b6 anel §2 e be dRvlioRiag 4o PEbTTRUnG e SRR EIES GleRRINgr FRYEE  ng.
traggfer [ehfts) of the wafers before processing in chambers 634 or post-treating (e.g.,
cool-down) of the wafers following treatment in chambers 634, alternatively, one or
both of the chambers 626 and 627 can be adapted for both pre-treatment and
post-treatment.
Preferably, the housing 622 is a monolith, i.e., it is machined or otherwise

20 fabricated of one piece of material such as aluminum to form the four chamber
cavities 624, 626, 627 and 628 and the interconnecting corridors or pathways 630
and 632. The use of the monolith construction facilitates alignment of the individual
chambers for wafef transport and also eliminates difficulties in sealing the individual
chambers. _

25 One typical operational cycle of wafer transport through the system 20 is as
follows. Initially, an R THETA buffer robot 640 in chamber 624 picks up a wafer
from a cassette load lock 621 and transports the wafer to chamber 626 which
illustratively etch cleans the surface of the wafer. R THETA transfer robot 642 in
chamber 628 picks up the wafer from the pre-cleaning chamber 626 and transfers

30 the wafer to a selected one of the preferably high vacuum processing chambers

 634. One of these chambers is the chamber 100 which deposits a wetting layer of



642 ‘can transfer the wafer selectively to one or nore of the other chanbers
634 for processing. |Included anongst these chanbers is a deposition chanber
whi ch deposits al umi num or other suitable interconnect material on the
under | ayer previously deposited in the chanber 100. In this step,
sufficient interconnect material is depe¥-ted to fill the AMEIGASIPVD/DV
channels. The resulting interconnect |ayer is preferably planarized by

sui tabl e pl anarization techni ques which typically include heating the

subst r at erelatively puRs aRimiaubhas Setforthgabd%erFdeWing1pﬁbwsswhgﬂrdﬂwrlrobst wel |
as bottom coverage, the chanber depositing the alum num nmay

convent i of4R qaagtmsf@rnthgpuaf@é selegtively te onegrirapregefdbe r%'i‘erl‘F‘d\?é“WsF@s‘\:fﬂr | to

produce a S | um num
oy be. doBReRelih kB3I o sheek EfiomBerdts YueheRor Shafler Wfer, U,
having a HéP@éltslﬁlumem sresthet suitblevinterdorneot materiadofithe undedapeeni ngs.
Upon conpl eti on of depositions and etchin the transfer robot 642

t r an$f er s prévdoysly deppsitedhincthesghambkerptQd e g‘% I"H@ stam syfficient intgrrannect

robot oaoneyls d@epRied i BER e Hepls "B Ry Psréhtectitben .
appr opr i ajeprAsradly piah@dged by lsuithblsiangrization technlqifé@wm&rf w;ndaubdﬁclﬁd@ may

be any suitabl e robot such as the dual four-bar |ink robot disclosed in
al | oned Magating the sabstrqiat ent application, entitled "Milti-Chanber

DL ear et e P oy SHTHE Heaptd S S RSB B el RoBor

robalp 642 chikries ﬁwérauauhaeaaépésitm@m@amhﬁumwata basa tbrivertionhl fegaetroad in
the aforenenti oned U. S. Patent No. 186, The control functions

descri bed sputiedng chamber s\mredoe@oot h%\rejan rngf eoibto predurea kjghsiepsityt o t he

pumpi ng ¢ ASTOR 10 It HECTLN iy Lo Pegt. 8 byt SV B cobRBhed (Bt
wor kst at i @i idhiZedoyst)cabr foehaiitereonnédtiaydr Havirgra selatiely dow resistarice
accordance with the ‘above description. The process of the present

i nventi on WItlsrfehmplr mwng!ssn deevapeningse ldpan mpl@@on@tﬁﬂspﬁgmomﬁ endgatghings,
i ec hlrg que%he ?rans%crrrg { 642 tsr &e@{he Water tgﬂ"ﬁernlfgém@ﬁl‘&ggmnaschamber 627

which illustratively is a cool-down chamber. After the cool-down cycle, buffer robot
640 retrieves the wafer from the chamber 627 and returns it to the appropriate
cassette load lock chamber 621.
The buffer robot 640 may be any suitable robot such as the dual four-bar link

20 robot disclosed in allowed Maydan et. al. patent application, entitied "Multi-Chamber
Integrated Process System", U.S. Application Serial No. 283,015, now abandoned,
which application is incorporated by reference. The transfer robot 642 likewise may
be any suitable robot such as the robot described in the aforementioned U.S. Patent
No. 5,186,718.

25 The control functions described above for the system 600 including the
control of power to the RF coils, targets and substrates, robot control, chamber
venting and pumping control, and cassette indexing are preferably provided by a
workstation (not shown) programmed to control these system elements in
accordance with the above description.

30 The process of thg present invention for improving sidewall coverage may be

combined with other techhiques for increasing side wall coverage. For example, as-



set ‘forth in copending application Serial No. 08/ 753,251, entitled "A

Met hod and Apparatus for Inproving Sidewall Coverage Sputtering in a
Chanber Havi ng an Inductively Coupled Plasnma,"” filed Novenber 21,1996 °
(Attorney Docket No. 1657/ PVD/DV) to Kenny Ngan et al., increased sidewal l
" coverage by the underlayer material nmay-b¥ achi eved even iAM# 1643/PYBYMRV v
pl asma chanber by generating the high density plasma only during an initial
portion of the underlayer material deposition. It has been found that good
bot t om coget fugth ifoopendimhapplivation Sevial kon §81753,261] entitlgd A ddgthedtanan

material using a high density plasnma during the  initial portiqn of the
depositioﬁppaﬁ%féségbﬂnl?f@b’tr&g'éﬁw |{pverage PHﬁeﬁ'égnFrWiﬂap’?W '8@"_'58\%‘( to

the coi | geiRiRbl\Sobbieq PillmdoHAd NobADER 2171086 (AMSIREY ckefNa I & ¥ and

t he renui e 'underlayet deposition cohdu out the high
density phasTRVDIDVipto Kesmy Nganet ahaincpzastdssidewall toverage dyeshemnderleyebe
achieved in the latter part of the depogsitigon. Consequently, good overall
coveBage ®naterial mayheachiavedeven i @ high @%Wrﬂ'ﬂﬂ"?t?gaﬂgﬁfi% genesating the
the initi L I IO R A0 g ' obt ai ned
during thg%qlgﬁéléér'w;%@ﬁntgg&g?%ta ﬂébhdrrlﬁg'rtl aégr}ubﬁgog?s'?tﬁ I}“@%ﬁafé}‘fﬁét%%?h each of

t he enbodidepotiiofli Ithas bdenfowrad that gobdibption coverage imahDke aehieveddyy, but,
of course, a si ngle turn coil may be used instead.hrgpti LI further,. in ad

: € I ( te
of the rionangdhepndespyendepositonmalenial ushg.d highy densityiasrpaiduripg ﬁF'ray be

ol Lot i ’ ) . ) 4
wopl §oat i dntiakhdrpf ogyé depRgHoR 2 Erie i AindhisBy ol bkt atflebElT T
and figor  Sphé RF power td thecsbil generatify thedBigh (dansity plasnmaytbeNurned off
1390- Cl P/ PVDY DV) and assigned to the assignee of the present application,
whi ch applentisgly @nditbeiraaainsaraf doe Hederlayerdepositionganducted Wgh@ﬁtthﬁii!!;h

Each of t ' t ' i Li ' [ i p.t he
oaomm cHERBRY BHSE B fos eEt RiinBMA4Eadtd SRRl BobeRleimad then Be P
appl i cabl echievielddthe |attatipaet of the\depositione Cbasequentiyi-gpodeverhlicsoverage RF
powered shields. For exanple, the present invention nay be applied tq

mul tipl e ©fthe opaningrvay be aghienad¢orgbining therbetiare soverageofithe initirlpartiend
:\BV ef reren%gttﬁ%gggoglﬁgﬁ ﬂﬁ‘@p e%@%ffg%\i@}ggé SbtsthedAurilg e Rattid porfidd 6fthe
-14- underlayer deposition.

In each of the embodiments discussed above, a multiple turn coil 104 was
used, but, of course, a single turn coil may be used instead. Still further, instead of
the ribbon shape coil 104 illustrated, each turn of the coil 104 may be implemented

20 with a flat, open-ended annular ring as described in copending application Serial
No. 08/680,335, entitled “Coils for Generating a Plasma and for Sputtering,” filed
July 10, 1996 (Attorney Docket No. 1390-CIP/PVD/DV) and assigned to the
assignee of the present application, which application is incorporated herein by
reference in its entirety.

25 Each of the embodiments discussed above utilized a single coil in the plasma
chamber. It should be recognized that the present invention is applicable to plasma
chambers having more than one RF powered coil or RF powered shields. For
example, the present invention may be applied to multiple coil chambers for
launching helicon waves of the type described in aforementioned copending

30 application serial No. 08/559,345, filed November 15, 1995 and entitled “Method



And Apparatus For Launching a Helicon Wave in a Pl asma" (Attorney Docket
No. 938). The appropriate RF generators and matching circuits are
conmponents well known to those skilled in the art. For exanple, an RF
generator such as the ENl Cenesis series which has the capability to
~ "frequency hunt" for the best frequency-tdtch with the nmat AlM# 464 38/RUDDANd
antenna is suitable. The frequency of the generator for generating the RF
power to the coil 104 is preferably 2 Miz but it is anticipated that the
" range can Arat fpparatys For Launching a Helidon Wavé ividzPladmaRFARSHRY 66Kt Mb. Of

1.5 kWis preferred but a range of 1.5-5 kWis satisfactory. 'In addition, a
DC power §M| ng for biasing the target 110 of 5 kWis preferred but a

f 2-10 ' J . lts DC|s
satetactory.  THeaBpRERERFRF Denbtolt A MitARE oyl B Shtpensals e
gener at e tkhewpl tethese skillediim gheéaut. Frion etaﬁnwle?,eairngfgémﬁfor $g° gﬁ,gﬁg ﬁ?‘?e?? g

NF , 4 H ., rl _and many others nay be used. Vari
: ga[ser ]ess %Le%’;ééé%ﬁ ﬂaﬁ@rfb'l%mqmnéﬂﬁv&éfcﬁwwmni for §ve hastrfrequancy
ontzed, PYRoR PRSI SRl Ind BioHi 0o R FEQIHSARRLST o
that nodi gbnera’tonbrcg‘ertelrmk ”irg{jmem #awembitlmcoilgo#tis?phéféiwtthmﬁlﬁ%ﬁ ]gttig“ y
- b t .toth ' in the art, sone being apparent only after
study ot RBHEPBEC Batdhe Bge san e R st RxamRle, BMIEIot Miin ANdRE gn
- Oh mbadj ; ' i A | gns .dependj ng upon
the part | Lo Sefird & FSiavAZpRGirEd bg fé@é%@‘fgfé-?ﬁ@ﬁﬁiaiﬁf?%f;hlﬂgl d ot
" be MOni t ea@dbition werl setti i théirget TEeEs ik B e
e e T S msol ¥ oo o By et
- 15- I : : 3 tesauJporary. ng a
- layer of mater lpaya/idt 3f dptREriRY §5€es may be utilized to generate the plasma including
Ar, and a variety of reactive gases such as NF;, CF, H,, O, and many others may

be used. Various sputtering gas pressures are suitable including pressures of 0.1 -
16 50 mTorr. For ionized PVD, a pressure between 10 and 100 mTorr often provides
better ionization of sputtered material.
it will, of course, be understood that modifications of the present invention, in
its various aspects, will be apparent to those skilled in the art, some being apparent
only after study, others being matters of routine mechanical and electronic design.
20 Other embodiments are also possible, their specific designs depending upon the
particular application. As such, the scope of the invention should not be limited by
the particular embodiments herein described but should be defined only by the
appended claims and equivalents thereof.



structure having a sidewal |, conprising: sputtering a mmmm}“lni "|“| |
material which is at |east 99.99% alum numto sputter said a il

material toward a workpi ece; i oni zing a portion of said sputtered
target material before it is deposited onto said workpiece to forman
under | ayer on said workpi ece; and -1%eposi ting a secofl¥nte43/PVBY/BV on
sai d underl ayer. 2. The process of claim1 wherein said

underl ayer is a wetting | ayer. 3 The process of claim1l wherein
sai d seconWHAT IS CLAIMED IS:an i nterconnect | ayer. 4, The process

of claim1 further conprising providing a gas which includes hydrogen to
react wth said sputtered target naterial to forma deposition nateri al

whi ch includ | um ' ' ' ad. . 5.
The' process.of Bl ai i BRaghsr dpf SRifes SepbsRHL KPPt s il 2 warkpiece
mat eri al s@uetiirethavi idswallp compeigingacl udes al um num and al um num al | oys.

6. The process of claim5 wherein said under|ayer foromation I's perfornmed
in a first chadpsttering astargetsd eomaterial whichisat leasi 88.99%lvminwm tocspuites

second chanber. s r f | LT, er. 7. The process
of claim fa\ﬁa@l@?'ﬁﬁﬁgﬁgﬁ%té@%ﬁﬁg%fhé‘@”gﬁ& epositing includes filling
opems;gs { nl t lh%ﬁi!éf?@té pbRioN 6ﬂha$@s§uﬁ@r@ﬁﬁdrg§ﬁ%éégﬁi&%bﬁmﬁ8sﬁ%éT itegitdrto
second netal |ayer.

said wo>r/kpiece to form an underlayer on said workpiece; and

depositing a second metal layer on said underlayer.
2. The process of claim 1 wherein said underlayer is a wetting layer.

3 The process of claim 1 wherein said second metal layer is an

interconnect layer.

4, The process of claim 1 further comprising providing a gas which
includes hydrogen to react with said sputtered target material to form a deposition
material which includes aluminum hydride as said underlayer is formed.

5. The process of claim 1 wherein said second metal layer is formed of a

material selected from a group which includes aluminum and aluminum alloys.

6. The process of claim 5 wherein said underlayer formation is performed
in a first chamber and said second metal layer depositing is formed in a second

chamber separate from said first chamber.

7. The process of claim 1 wherein said second metal layer depositing
includes filling openings in the substrate with said second metal and planarizing

said second metal layer.



-16- - 8. The process of claim1l wherein said taemlﬂll I“Im ”mIIat
| east 99.999% al um num 9. A process for sputt
. layer of material into a via or channel of a workpiece, conprti sitng”  ®

providing a sputtering gas into a chamber; appl yi ng ower to a
coil to ionize the sputtering gas to for#®a plasm: M?fi@‘i?rlﬁyfyDV

" target of at least 99.99 %alumnumto sputter target material toward a
wor kpi ece; ionizing a portion of said sputtered target nateri al
before it is d@posi (e prucess af dlaimrkwhersin said targetdnatesial israd least€9. 99806

| ayer of sal d, ionized, sputtered target material onto said workpiece;
deposi ti n@li"ﬁmét'"éecond chanber a netal interconnect |ayer onto said wetting
| ayer; and pl anari zing said i nterconnect |ayer. _ 10. The
process of claim9 further conprising providing a gas which includes
hydrogen to re@t WA prooess fopsputteraiepositingta layee of mlaterial fintora viadwposi ti on
materi al which includes al um num hydride as said wetting layer is formed.
11. The ;5‘4"'686%0@#“’(9”&9'%?9 %mpré?'égsa. d target material is at |east

99.999% al um ?ﬁlghd, rﬂ aspuftgnng ég@ruﬂﬁeaséhélﬂbeﬁpm ter depositing a | ayer of

material into ope rkpiece, said opening having a bottom and
si devgal | s, sai damﬂyingﬂ: powpr tcsa il to ionize thaasputtanrlgggas mafogata ptbsata | east

99. 99% al um num nat eri al tosutter ) teri

wor kpi cer T SpUtieripa ariaRgetaT R Ieas Dt YanRiripu ersnulien lge! eteriala
before it nto sai d wor kpi ece so that sputtered materi al
which is %‘E’%gf?%adﬁ‘ﬁgé’gr d opening on said bottomand sidewalls of said

openi ng; and’ jonizing a portion of said sputtered target material before it is deposited onto
said workpiece;
10 depositing a wetting layer of said ionized, sputtered target material onto said
workpiece;
depositing in a second chamber a metal interconnect layer onto said wetting
layer; and

planarizing said interconnect layer.

10. The process of claim 9 further comprising providing a gas which
includes hydrogen to react with said sputtered target material to form a deposition

material which includes aluminum hydride as said wetting layer is formed.

11.  The process of claim 9 wherein said target material is at least 99.999%
aluminum. _

12. A process for sputter depositing a layer of material into an opening of
a workpiece, said opening having a bottom and sidewalls, said process comprising:

sputtering a target of at least 99.99% aluminum material to sputter said target
material toward a workpiece;

5 ionizing a portion of said sputtered target material before it is deposited onto

said workpiece so that sputtered material which is deposited in said opening on said

bottom and sidewalis of said opening; and
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i ncl udi ng al um num 13. The process of claim12 furtHKert st
- conprising providing a gas which includes hydrogen to react with said
 sputtered target material to forma depod¥tion material whPM#164B{NE/DV

. alum num hydride as said wetting |layer is formned. 14. The process
of claim 13 wherein said hydrogen gas is provided at a pressure of 10-100
mrorr. deldositing@ spcond: ieyeo bf depositid? nvdterial on saiddvetting ddyerdnter i al
is at | east 99.999% al um num .16. A sem conductor, fabrication
syst em f orsaigh@peaings gaid $8GoH éav%rﬁ&oseﬁomﬂaivrﬁvﬁ}% MEURbi ece, the
system conpri si ng: a first sem conductor fabrication chanber having
a plasma generation area within said chanber; said first chamber

having a target1®f &The pedceissrcfetlaimat2furtier cbnygrisiregpptoviting agasavhichnum

a coil carried by said first chanber, an ositioned . tg coyple epergy.into
said  pl adnelugendydragan taeact W saidsPUltaTRd ftrioet Materialito 1o A dapasliqnyr m
an under | | | it ' | ohs | op i a second
sem condu?%%frer%gm@aﬁcgjrq e%haéﬂn@ferﬁ{n‘l g‘kgﬁae a8 S%ld\g{g?t g?ég%rnlg fgﬁgﬁ%'er havi ng a
second target of a second target material which includes a materi al

sel ected fromthe group of al umi num and copper, for form a l.ayer on
sai d under| ayer14. I Thé process of claim 13 wheréin said Lydrogen gasr}g prowdgg ata

pressure of 10-100 mTorr.

15.  The process of claim 12 wherein said target material is at least
99.999% aluminum. '

16. A semiconductor fabrication system for sputtering multipie layers of
materials onto a workpiece, the system comprising:

a first semiconductor fabrication chamber having a plasma generation area
within said chamber;

5 said first chamber having a target of a first target material of at least 99.99%
aluminum;

a coil carried by said first chamber and positioned to couple energy into said
plasma generation area to ionize said first target material to form an underlayer of
said first material on said workpiece;

10 a second semiconductor fabrication chamber; and

said second chamber having a second target of a second target material

which includes a material selected from the group of aluminum and copper, for

forming a layer on said underlayer.
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| ayers of materials onto a workpi ece, the system conpri sing:

sem conductor fabrication chanber having a plasma generation area®withih * *
said chanber and a target of a first target material of at |east 99.99%
al um num a coil carried by said-dBanber and positi & 1643RMUMDY
energy into said plasma generation area to ionize said first target
material prior to deposition onto said workpiece to forma wetting

under | ayer on sfr.d wAr&gtizehductor fabricatioRsystene fort Sputtsring wditipte ers 69 |
to provide RF power to said coil; and ~a second sem conduct or
f abri cat i onatgi@ieento a workpiege,ithe S¥stan COMPABING: havi ng a second target of a

a1 urm num and. oopi seriShdifeerIEbHEG R othE: fvif6 adfipSha detipeti i ™ ©
material opitsinishidvehamber Hid e tafyetiof st target material 8Naf Iast 99.00% or
transferring a workpiece having a wetting |layer of said first target

mater%a: falumi?ahd_fi rst chanber to said second chanber for form'OIngI a
16 The syst ot 01 ERRR Y sal S BmP Td Pooiohet BRe het BRESHHT T o1
i ncl udes hyidsp@ederictatiGinafead ibnizel <hid Bt target nidtésdl prior &6 HepBbsiaoh dntd 0

forma deposition material which includes al'um num hydride as said wetting
under | ayersaid waskpigge to form a wetting underlayerrareaid warkpieseim 17 wherein said

target material aril ﬁl‘-agt;erlleer%%r co%%le%gt%()@a% %811 ) B}ovide RF power to said coil; and

10 a second semiconductor fabrication chamber; _
said second chamber having a second target of a second target material

which includes a material selected from the group of aluminum and copper, for
forming a second layer of said second target material on said wetting underlayer;
and

15 a transfer robot for transferring a workpiece having a wetting layer of said first
target material from said first chamber to said second chamber for forming a second
layer of said second target material onto said wetting underlayer.

18. The system of claim 17 wherein said first chamber contains a gas
which includes hydrogen to react with said sputtered first target material to form a
deposition material which includes aluminum hydride as said wetting underlayer is
formed.

19. The process of claim 17 wherein said target material is at least
99.999% aluminum.



