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The present invention relates to plasm generators, and nore

particularly, to a nethod and apparatus for generating a plasma to sputter
deposit a layer of material in the fabrication of sem conductor devices.
BACKGROUND OF THE IANGNSTMENT OF DEROSITHONhBNIFORNMITYC IRV AN ent

sources of energetic i ChLV t whi ch can be enployed in a
variety of sem conduct'gﬂﬁc‘g&ﬁ!{g'“ijl #%?#@%&oﬁ%&é@UﬂGﬁJdi ng surface
treatnents, depositions, and etching processes. For exanple, to deposit

materials onto a sem conductor wafer using a sputter deposition process,
a plasma i s PlRkRc@F iTHERINVENTION of a sputter target material which

I S negatively bi d. lons.cregted adjacent to the target inpact the
surface of the tg‘?gﬁtpr?ﬁe%i'g\'ﬁ&‘, relatgs to-plasma generalpes,iand morer om t he

Larget.  The pailmgotRuREalar Sobiahd IGhusPRrah AMag5RYg iter 0"

the surface of th em conduct or wa as a
t endency to deposit ailayertafanaterial imthepgfablisatioroof semidomdustareteviced. he

substrate being deposited, at angles which are oblique to the surface of
the substrate. As a consequence, materials deposited in etched trenches

and hol es of gagPk GHGUNDY" OEVHFES INGENYEIgN enches or holes with a hi gh

depth to width aspect ratio, can bridge over causing undesirable cavities

in the depositionPlasyras hae pecomet conveniara\douress of Beergptittienednaat eri al

can be red‘%té(t%&%‘(fd into substantially vertical paths between the target
S

and the atgys FoRIBP fMRIQyERgNh¥ake f samicendymier drvige

\S/SLE 't gcr'ﬂeljy ng{agbgpgﬁ&i] grosﬁéfsf%i%% ifiégﬂ%:{jiyn@' Sl BeaiMertECagyOstioRs Sarld etdhing
processes. For example, to deposit materials onto a semiconductor wafer
using a sputter deposition process, a plasma is produced in the vicinity of a
sputter target material which is negatively biased. lons created adjacent to
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, |

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
trenches and holes of semiconductor devices having trenches or holes with a
high depth to width aspect ratio, can bridge over causing undesirable cavities
in the deposition layer. To prevent such cavities, the sputtered material can
be redirected into substantially vertical paths between the target and the
substrate by negatively charging the substrate to position vertically oriented
electric fields adjacent the substrate if the sputtered material is sufficiently
ionized by the plasma. However, material sputtered in a low density plasma
often has an ionization degree of less than 10 % which is usually insufficient
to avoid the formation of an excessive number of cavities. Accordingly, it is

desirable to increase the density of the plasma to increase the ionization rate
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lonized by the plasma. However, material sputtered in a |ow density plasna
often has an ionization degree of |ess than 10 % which is usual Igl
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Accordingly, it is desirable to increase the density of the plasma to
I ncrease the ionization rate
1 of the sputtered material in order to decrease the formation of
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Such nonuni f tirstiwipdioigs of a transformer. The plasma acts as a single turn second

winding of a transformer. -

A high density plasma typically requires the chamber to be operated at

a relatively high pressure. As a result, the frequency of collisions between

the plasma ions and the deposition material atoms is increased and the

scattering of the deposition atoms is likewise increased. This scattering of the

deposition atoms typically causes the thickness of the deposition layer on the

substrate to be thicker on that portion of the substrate aligned with the center

of the target and thinner in the outlying regions. Such nonuniformity of

deposition is often undesirable in the fabrication of semiconductor devices,

SUMMARY OF THE PREFERRED EMBODIMENTS

it is an object of the present invention to provide an improved method
and apparatus for generating a plasma within a chamber and for sputter-
depositing a layer which obviate, for practical purposes, the above-mentioned
limitations.

These and other objects and advantages are achieved by, in
accordance with one aspect of the invention, a sputtering apparatus which

deposits ionized sputtered deposition material in two different intervals
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deposition is often undesirable in the fabrication of sem conduct or
devi ces. WO SWMJARY OF THE PREFERRED EMBODI MENTS It pb$nAYs/A3hect Of
the present invention to provide an inproved nethod and apparatus for
generating a plasma within a chanber and for sputter- depositing a |ayer
whi ch obviate, for practical purposes, the above-nentioned |imtations.
These and ot her objects and advantages are achieved by, in accordance with
one aspect dfistinguishedby thmamounbof treateng sputtered framaiptifardelRsdttay | oni zed
' in%different i nterval s

ttered deposition nate I
o T oaiparsd tormatesial shuttared fremt Seeandana farst disepsed farounditins | mar y

target as c t ' r r ar get. di sposed
ar ognd t he su sgrrggbteqn:?ﬁé?Iﬁgﬁhﬁés%g)g{jg%'&h@%ﬁ%ﬁﬁg&%ﬂ %Fhoy%r ¥ nterval ,
RF power i s ampbieded & oot inchictivelyctottpied into achigh efbnishy lasri &fhddﬁcs;héwe
pl asma and DC power is a}%ﬁ%’l ed to a planar sputtering target. In this
interval, al® @BQY'\%‘M‘P 8 PlahysRutigningdaEgsata in tys dipsitintereal, & substantial t he

| anar targ i o u ter.| S
ot ter ed pramaan of fallel ol R bt HerBba Ao o BB 581 fhenas
been found tdsgzbndany targef) altheughenateriahiersputiersy geinbaily frematheesiandr
I nterval , reduci gg_gor elimnating the DC ]povver supplied to the pl anar

target whil d2Egst pripapttafgsier Itihasshean foypg thaluniterinity raay be further t hese
condi tions, ; I [ h e Ly from tne.. coi her than
target. Becaltﬁ@ggY%dgbg’oﬁ é%gééﬁéﬁggg{%"ir%rqgé%gl%séeﬁﬁ 'th"ﬁxﬂe b%} power

supplied to the planar target while a level of RF power is still applied to the

r.
first

coil. Under these conditions, material is sputtered primarily from the coil
rather than target. Because the coil may be positioned closer to the
workpiece periphery, the relative thickness of deposition material deposited
toward the periphery of the workpiece may be increased further relative to the
deposition in the center of the workpiece. As a consequence, the tendency of
the target to deposit material more thickly in the center of the workpiece may
be offset by sputtering primarily from the coil in the second interval.. Still
further, improved sidewall coverage of channels located on the workpiece
surface may be achieved in the second interval because the material
sputtered from the coil tends to have a greater horizontal velocity component
than the material sputtered from the target.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective, partial cross-sectional view of a plasma
generating chamber used in accordance with an embodiment of the present
invention.

Fig. 2 is a schematic cross-sectional diagram of the plasma generating
chamber of Fig. 1.

Fig. 3 is a table illustrating examples of various intervals of a process of

operating a plasma generating chamber in accordance with an embodiment
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wor kpi ece periphery, the relative thickness of deposition materi al
deposited toward the periphery of the workpiece may be increased further

rel ati ve V@ %Hé%8eposition in the center of the workpi ece. PAEU$98/18898
consequence, the tendency of the target to deposit material nore thickly in
the center of the workpiece may be offset by sputtering primarily fromthe
coil in the second interval. Still further, inproved sidewall coverage of

channel s Ioczhgg on the morkﬁlece surface may be achieved in the second
i nterval be® PIERENIAVENYAD: sputtered from the coil tends to have a

greater horizont V, ' omthe
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per spect i ve plasmna igehecatimgseheanbenoklFigsi 8v2.of a pl asma generating chanber

used in accor dan(i;e \c%%h an _enbodi nent . of the ent _i nventjon. Fi g.
i9 e ge

2 is a schematic IS5 CPRB AP ”:Qgtthgnﬁeépe? M@BF@H%‘E fofg chanber
of Fig. 1. | I

i nterval s ofm %{cegragggggossn%cd f?)%@rtgglt{% & al a(lisér%gé fg@% at'i nﬁe‘?%ﬂ@%hﬂ%er
accor dance \wif Figsar -2 duedortbetRF power apphed to the coll and the DC power bias of 3
of the pres I nv IS a schematic diagram of the

electrical i rﬁ?é@"@&ﬁﬁ%@g H?%C?Wefﬁé&bﬁ%a generating chamber of Figs. 1-2.
Fig. 5a is a charggdapichicRarntdiidtirPeet find ddpretiohi RBfik’ &thkSRaftial

deposited by the plasma generating chamber of Figs. 1-2 after all the steps
and the respective deposition profiles for material deposited from the target
and coil generated during the edge thick step and the center thick step.

Figs. 6a-6¢ are cross-sectional views of a channel of the workpiece as

sputtered material is deposited during various intervals.

DETAILED DESCRIPTION OF THE EMBODIMENTS

Referring first to Figs. 1-2, a plasma generator used in accordance with
an embodiment of the present invention comprises a substantially cylindrical
plasma chamber 100 which is received in a vacuum chamber (not shown).
The plasma chamber 100 of this embodiment has a singte turn coil 104 which
is carried internally of the vacuum chamber walls by a chamber shield 106.
The chamber shield 106 protects the interior walls of the vacuum chamber
from the material being deposited within the interior of the plasma chamber
100.

Additionally, housed inside the plasma chamber 100 is a pedestal 114
located adjacent the floor of the plasma chamber 100 and capable of
supporting a substrate 112. Located above the substrate 112 adjacent the
ceiling of the plasma chamber 100 is a target 110. Electrical connections,
which will be described in greater detail below in connection with Fig. 4, apply
DC power to the target 110 and an AC or RF power to the coil 104 and RF
induced bias to the substrate 112.



material deposited fromthe target and coil of the plasnma generating

chanber Qfo bi/fge2 1-2 due to the RF power applied to the CQidT/@M/lfgm DC
power bias of the target during the center thick step. Fig. 5b is a

chart depicting the final deposition profile of the material deposited by
t he plasma generating chanmber of Figs. 1-2 after all the steps and the
respective deposition profiles for nmaterial deposited fromthe target and

coi | generated dimiangefdreeccdaodiment, stie plesmi gbaecxot sputtdr ddpasiteP.
Figs. 6a-6¢c are cross sectional views of a channel of the vvor%g\ce as
sputt ered mEraserial frore ajtasael tEYyomiera sebstsatedu indwersiaps. In th stepb

DESCRI PTI ON
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received in a vacuum chanmber (not, shown). The plasnma chanber 100 of this
embodi ment  Isesond stepyreferad ko herein as4annedse fhick siap, cthe ﬁemsim prefilet he

ot oot s it i parfatpERIRERL Y fofbreth o M s ORI LR R0 14 e g

deposi t ed Wicbhigerisas fortties centepithitk termdamyrofdharrbentet tHick step.” As
Additionally, housed inside the plasm chanber 100 is a pedestal 114
| ocat ed adj &h@h&ssﬁﬁé’eﬂm@dhecﬁrd?ﬁéf BT%%S@P&nﬁ@rmtﬁB@‘W%aﬂﬂ%

cer g of (WEHEMER, eltre,steB53sr be BRGdto S A ThIBhE iy ’5%%2 9 ons,
which wil | l@@h@eg@ras@;d"emhw@@ter det ai l beI ow | n connection with Fig. 4,

apply DC power to the target, 10 and an AC or ower to the cqgil 104 and
RF i nduced bi as tlﬁﬂﬁ%éeﬁi%ém%tséepl@c power is apphed o bias the target 110.

4 Thereby, an ion flux 108 (Fig. 2), created by a rotating magnetron assembly
1186, is attracted by the negatively biased target 110 to strike the surface of the
target 110. The ion flux 108 is able to eject material from the target 110 onto
a substrate 112 which may be a wafer or other workpiece supported by the
pedestal 114 at the bottom of the plasma chamber 100. The magnetron
assembly 116 (shown schematically in Fig. 2) produces magnetic fields which
are swept over the face of the target 110 tc promote uniform erosion by
sputtering of the target 110.

Additionally, in the center thick step, radio frequency (RF) energy is
radiated from the coil 104 into the interior of the plasma chamber 100, which
energizes a plasma 118 (Fig. 2) within the plasma chamber 100. Deposition
material sputtered from the target 110 is ionized by the plasma 118 so that the
ionized material may be attracted to the substrate 112 by electric fields in the
vicinity of the substrate 112. These electric fields are oriented so as to direct
the ionized deposition material in directions generally orthogonal to the
surface of the substrate 112 to improve the step coverage of vias, channels
and other high aspect ratio structures.

in order to accommodate the coil 104 to facilitate ionization of the
plasma, it has been found beneficial to space the target 110 from the surface

of the workpiece 112. However, this increased spacing between the target
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In a preferred enbodi ment, the plasma generator sputter deposits materi al
froma t g@t,%%g onto a substrate 112 in two steps. In the first step, the
deposi ti of profi¥e tends to be nore thick in the center of PER&SESi$% at e
112 and therefore is referred to herein as a "center thick step.”
Conversely, in the second step referred to herein as an "edge thick step,"”
the deposition profile tends to be nore thick toward the periphery of the

Teonter thi AL eRoMRERBEN 88 E<ER inlpkes 8 LRy St e el Bsinanr o
i nt er changeafdpsitagdrdry l’tﬁél&[r@@f.eSubh%ohﬂﬁifémggtyg%'&yggﬁfb%‘?%ﬁ é%{% an

optional third step referred to herein as an
cent er t hi cRhiskepingnd thewieposied pratedal towasd dke capter af tha wbikpieThevigby, an

ion flux 108 (Fiqg. 2)..cr.eat by, a rptating. netyon assenb 116, is
attract ed bf%&%@ﬁ%ﬁ'%’l"% ogﬂé%gap?ﬂfﬁgwai%@q?@ugd%ee gRs € ce of the
target 110. WhRpicde 44 Fpré8nted PHEpESHIGH 9%filér@ﬁ59rih4*igfrfe95%.t he target 110
onto a substrate 1 12 which may be a wafer or other workpi ece supported by
the pedestal 114 &s saidodbin copendinpappliagtien Setabio. ABBS0TIRS, ke duiyon

ro svept ot TRE AIBL ERkef ool VOB VE lnBraste oA ik Bfsehen by
sputtering ofs émaetydr § ndndMiformity may déddrhesrmddiyd bk%ph'ft;%riﬁ?rﬁeep_roshmnc‘(
step, radio frequency (RF) energy’is radiated fromthe coil 1I04°into the

interior of material ashaniyHtermdhe spoftentarget tHabovetheawptkpieee baBalsbi g. 2)
within the plasma_chapber 100, siti,on materjal uttered fromthe
target 110 |EMgnPOLET BeriEopnaaRaaraet preyehiee s pES A TE RIS ey
be attractedqém, baeagsdMe aliged bRtHY weHGRddd &ref tiB5EIStoItRetddf ML iraN ¢ of the
substrate 1 12. These electric fields are oriented so as to direct the

i oni zed depdbetdaeptemelttbeivrkpiecgi aay malagasmutessd §roor theogoihahieid 104e

and ot her nifay JRE BbBodmaB Ry 3tNatd rebcdts" B BRI Bleck fRpdbice the
coi | 104 to dernbt hé péSreenictidhy 88pOsitibh profit @508, THIS igen&REY thewadbrse
beneficial to space the target 110 fromthe surface of the workpiece 112.

However , t hi® thaslepesiionspattarn 250cehmaterighrorathgdarget 110. By appropriately
adjusting the ratio of RF power level applied to the coil-shield 104 to the DC
power level of the bias applied to the target, the deposition level of the
materia! being sputtered from the coil-shield 104 may be selected in such a
manner as to compensate substantially for the nonuniformity of the deposition
profile of the material from the target such that the overall deposition profile
254 of the layer from both sources of sputtered can be substantially more
uniform than that which has often been obtained from the overhead target
alone.

i is presently believed that the amount of sputtering which will originate
from the coil 104 as compared to the sputtering which originates from the
target 110 may be a function of the RF power applied to the cail 104 relative to
the DC power applied to the target 110. By adjusting the ratio of the coil RF
power to the target DC power, the relative amounts of material sputtered from
the coil 104 and the target 110 may be varied so as to improve uniformity. H is
believed that a particular ratio of the coil RF power to the target DC power will
achieve the smallest degree of non-uniformity of the layer of material
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5 and the workpi ece can adversely inpact the uniformty of the

mat eri al weimg4meposited fromthe target. Such nonunifor m tPrTivsEEasEs Y
exhibits itself as a thickening of the deposited naterial toward the center
of the workpiece with a consequent thinning of the deposited materi al
toward the edges of the workpiece as represented by deposition profile 250
I n Figure 5a. As set forth in copending application Serial No.

08/ 680, 335, deiposited filoyn both thedwbil(aid the mgmetAﬁmB;FFﬁdMWtB\theidwoé porated

h inb f t t t t hi f ty ted
e, a3 v T et BPy TR e Sk
b th t et
chore 11 Rk ek 1A cofmsgl] L EieSFEME B 8 o,

wor kpi ece arm)vwérdsahemlltrblanve rtd) tHé)ZD(I pewer applied ethectargét, the camick i ece,
any materi al sputteégg fromthe coil-shield 104 may tend to deposit nore

thickly towdhg depostedayesiendtagrapincseasingly Wfé‘eééﬁ'?@ve e thegdgsent ed by

deposi tion I nE}h | ition
pattern 250p1|(=) g b?erl atl rom r?ﬂ%%?g%gtﬁ %ﬁ%&%ﬁég{ﬁﬁg%gyﬁﬁgmsti ng the
rati o of RF powerbihsinglthepaigettheanatesiat belngssputtated @rbri ¢hé beil Bansaer

| evel of the bias plied to the target, the dep05|t|on | evel of the

mat eri al bei‘ﬁﬁr%ﬁﬁgt%r‘&?r??%ﬁﬂ @%épemnnaéﬁﬁemﬂm%% fyenanepatemeity af such a
manner as tqy 8 ff:?w@ﬁo@%&ﬁ*dﬂ th& E%@%ftd‘%?ﬁa{/& Mok u?\[ tRe

deposi tion prof terra om t ar get suc Chat iR over al |

deposition pda:ﬁoshtedzéfbr(ﬁonhmm@mteﬁabmmmdﬁhswm@t ahdshetdoflr Rbraps be
substantial ly m)re uni ]‘ﬁrm t han t hat \ﬂéCh has oft n been obtained fromthe
over head t ar¢fk 104 gneoil RF powen to target L piowsy rBB‘Pl @88"%’%&@"&'}‘1«97 Bdunt  of

sputtering WikGRieddisitbS f28Lfs on an 8 inch diameter wafer.

It is further believed that the relative amounts of sputtering between the
coil and the target may also be a function of the DC biasing of the coil 104
relative to that of the target 110. This DC biasing of the coil-shield 104 may be
adjusted in a variety of methods. For example, a matching network 402 and
blocking impedance 406 (Fig. 4) coupled to the coil 104 typically comprise
one or more inductors and capacitors. By varying the impedance of one or
more these inductors and capacitors, the DC biasing of the coil-shield 104
might be adjusted to achieve the desired level of uniformity. in one
embodiment, the RF power to the coil and the DC biasing of the coil-shield
104 may have separate adjustment inputs to achieve the desired results. For
example, AC or DC biasing sources could be coupled through RF filters io the
coil. An alternative power arrangement could include two RF generators
operated at slightly different frequencies. The output of one generator would
be coupled to the coil in the conventional manner but the other generator at
the slightly different frequency would be capacitively coupled to the coil such
that a change in the power level of the second generator would change the
DC bias of the coil. Such an arrangement could provide independent contro!
of the RF power and DC bias applied to the coil. At present, it is believed that
relatively large changes in DC bias to the coil for a given RF power level
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fromthe coil 104 as conpared to the sputtering which originates fromthe
target 110 may be a function of the RF power applied to the coil 104
relative W@%%&%C power applied to the target 110. By adj E&E/US§sA¥@8rati o
of the coil RF power to the target DC power, the relative anmounts of
material sputtered fromthe coil 104 and the target 1 10 nay be varied so
as to inprove uniformty. It is believed that a particular ratio of the

coil RF power he target ower will achjeve the smallest degree of
non- uni f or mi s(v)c;hgif E)? RECes tg%aﬁgtaeﬁy%tantléal er#ect on the amount of material
6 dep@sereedrdhane ghh the coil and the target. As the RF power to

the coil is increased relative to the DC power applied to the target, the
deposi ted | ayer t ddyadiustivg vianioes edgameters Kncl@dingehe elojl bidy leles egashag t he

ti f the RF t h i ti to the DC lied to th
arget . the i 8RBT Hapeete LiF tatyet Doumnen hagdmvermmonsisall y .
arge e TEmME vet e
thicker r el afiatgridiSoutRray'aes ihEhdfoet 1 PERA Bd 8611 § 08 nfdlf b8 Blieh 18, S Over

to the coil relative to power bi asi ng e target, ei ng
sputtered frachieke improvesauniteemityc risskoworin dég.r¥; axethplsryaperontdrdjed t o

Car et to achreved i fia dester o sepdeiis o SENpRRSIGpanardaitep 1 om
both the t 2454 . § Qi i To Ry t
DG pousr 1t ooy U1 S MUY (E Folferetlied ¥ thefo e Wi, RSB b Qe 07

i nch di anet e# Kiivatue for DC powter iapidfaiRt&hieW ‘el éareflF tooatertdae preliate gysod

anounts of s utt‘erl nﬁgé) t ween t&% %Oll%ca%nd the target nay also be a

function of tareBcdBPERTiRG URont RICYBR- rel ative to that of the target 1

rehodt, “For channls FATLBChRE A e Sy BBl V26 G
(Fig. 4) cou@erendiogtupsncihiel parlidulay ppph¢ationciosimdirgpthe particular sizes of the
chamber, coil, target and substrate, their relative spacings, sputter gas
pressure, sputter material and other variables well known to those skilled in
the art.

However, in many applications the coil power cannot be increased
beyond a certain value due to hardware limitations. For example, the current
carrying capabilities of the coil 104 may limit the amount of RF power which
may be applied to the coil without causing damage to the coil. In other
applications, varying impedances or coupling a bias source to the coil in
addition to an RF source may not be appropriate. As a result, in some
applications, the desired degree of uniformity might not be readily achievable
by balancing the application of RF power to the coil and DC power to the
target or otherwise modifying the coil bias level.

Therefore, in accordance with one aspect of the present invention, a
second step may be advantageously employed during deposition to increase
uniformity on the surface of the substrate 112 even further. In this additional
step, referred to herein as an “edge thick step,” the application of DC power
to the target 110 is reduced or eliminated, while RF power to the coil 104 is
maintained uninterrupted at a preset leve! to maintain the high density plasma

118 which continues to ionize the sputtered material prior to deposition on the

8



one or nore inductors and capacitors. By varying the inpedance of one or
nmore thesevongluzdprs and capacitors, the DC biasing of the g@fissdsgdgd 104
m ght be adjusted to achieve the desired | evel of uniformty. In one

enbodi nent, the RF power to the coil and the DC biasing of the coil-shield
104 may have separate adjustnent inputs to achieve the desired results. For
exanpl e, AC or DC biasing sources could be coupled through RF filters to

the coil. Ansamteateatmwewy\becamsem@emowemdithbnargé{e1 fiovg éﬂﬁnas&%[ g ors
oper at ed at sli@gh% g dlffgrent fregzl uenci es. The output of one genera
8t gee

woul d be cou teasedirplative e &Fc BRWER applied totheneail b4, theepasithasty

ener ator at s | apac oupl ed
To the coi | SuageRofstelitte shkE MR EXL B Ginef 1688 e aro L,ﬁé&atﬁr
woul d changerheeﬁXkrhﬂyaﬂweorbntzfed maténal Seapbsi@éd @ht@ﬂ@é@d&r&%@uﬁ@ Rrovide

| ndependent contr ol plied to the coil. At

present, it FEUtE%rleFjé?fgﬁaﬁ'[Mdft”‘?te@rﬁtrﬁ'b’él'%mltw@@”d@éﬂg&@flthamma@et 610he
coil for a gb!‘jff@g s RRMBhd sk

7 be necessary to have a substantial effect on the anount of

materi al sputtereth frret)uliustln@tedcarhbodlmdiu e eulk 104 isvauppure By a8 Rfekd

I ncluding th (2# 3 gavtg cgﬂgtheratlo of the coil RF power to the

target DC poigg ﬁ@lt e m%”%fd%ﬁ'@ﬁ‘dﬁt@@%ﬂﬂ@r(ﬁw ) dmat he tar get

110 and the un| rmty. As
d the seg loA%.ems Qsové’lahs%é@ssae% SQBGA Hehn Itﬁg AL AU

shown in Fi power “ranges enp Ioe

step incl udesﬁbstraiekl\AQfaB s@(émaﬂmllytreptéwnt@d gengaad As & resdit, kMéfcoil 13z
power applied to the coil. Wthin these ranges, a 4 kWval ue for DC power

and a 2.5 kWA/GIPSR todhemeriphbrpt ﬂ"@é’rfhﬁrc‘(ﬁﬂ't%feofgtbécﬁqbégﬁtet sConsgrurntlyy upon
the applicat jRerial sputtered from the coil 104 has a greater likelihood of depositing

near the periphery of the substrate as opposed to the center of the substrate.
By turning off the power to the target 110 during the deposition so that most of
the sputtered material originates from the coil 104 rather than the target 110,
the deposition profile can be switched from a center thick profile as
represented by the profile 254 (Fig. 5b) discussed above to an edge thick
profile as represented by the deposition profile 256. This edge thick profile
256 of the second step (target power turned off) can offset or compensate for a
center thick tendency 254 of the first step (target power turned on).
Consequently, the actual overall deposition profile 258 which is a
combination of the deposition profiles 254 and 256 can be more uniform than
the deposition profile 254 alone.

As shown in Fig. 3, exemplary ranges employed during the edge thick
step include 0 - 1 KW for DC power and 1.5 - 3 kW for RF power, Within these
ranges, a value for DC power of 0 kW and a value for RF power of 2.5 kW can
produce an edge thick profile deposition in the second step which can
substantially offset a center thick tendency of the deposition profile of the first
step.

In a preferred embodiment, the DC power to the target 110 is shut off
completely (represented as 0 kW in Fig. 3) while the RF power to the coil is
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The optimal power ratio and the val ues of other paraneters will vary
dependingvaQgh&$ya particul ar application including the particul ar sizes of
t he chanber, “coil", target and substrate, their relative spd&TA98/18398tt er
gas pressure, sputter material and other variables well known to those
skilled in the art. However, in many applications the coil power
cannot be increased beyond a certain value due to hardware |imtations. For

le, th ' IJ Lt f t il. 104 limt th
amount of - FeT S IEReY AEIHRSARARA abSchinal B Shunersdimatedsl somaamge
to the coil.alhostiehtirelpfph tHd ¢6INF04.V HoweV@r, tﬂgqg?’mqqoqgaé:gw’]]&pé}%gﬁgbi as
n

source to the coil in addition to an RF source ma ot be appro . As a
result, in bigs itself fvepritheutanyeRCrrewerdoping appliedi flotus, syma ght not  be

e pover 1o T e REIEARF B e3P dR { G hShedmanistTincaur poveg e~

Therefore, |iedgethickistepe W th one aspect of the present invention, a second
step nay be advantagequsl¥ enpl oyed during deposition to increase
uniformty on t helnsagqitien I Mmpreving et unitasmity of elepositiont dvasr .thé rentike s

ddi ti onal i i n_as. an "edge t hick step, " the
2ppl 1 cat 1 on SIS e AP ferl gl oh S5 §0R85t Sl 150 Rbravecidemalin | o
RF power to ¢dverage bf 4124, tharrlobatNRFeEIdtaFdURhARg %rt&a%ﬁﬁﬁ{:#e.e‘fﬁls to

mai ntain the high density plasma 118 which continues™to 1oniz
sputtered ndfaYibg upderstooddPyiegfering ienFignbartvehich illustrates the deposition

o VBT S EEL o BN 0 B S S b

104, the posoftthealeposhiandmavticn sheeayst 110 pdddrRinatdsTiiat ¥, tHacdief thldé

rather than the target 1 1 0.
step. As illustrated in Fig. 6a, the center thick step can provide good coverage
of the horizontal surfaces of the channels 125 such as the bottom walls 126 as
well as the center portions 128 of the surface of the substrate 112 separating
the channels. However, because of the ionization of the deposition material
which causes the material to travel more vertically, the deposition upon
vertical surfaces, such as the sidewalls 130 of the channels 125, may be
substantially thinner. If the sidewall coVerage is too thin, it can interfere with
the operation of the deposited layer. This is particularly true for deposited
titanium underlayers.

On the other hand, where the deposition material originates primarily
from the coil 104, the ““edge thick” step, the sidewall coverage may be
improved. It is believed that because the coil 104 is not positioned directly
above the substrate 112, the sputtered material from the coit tends to strike the
substrate 102 at angles that are more acute than the material from the target
110 which is positioned directly above the substrate. In effect, the horizontal
velocity component of the material sputtered from the coil 104 is often much
greater than the horizontal velocity component of the material sputtered from
the target 110. As a result, the sputtered material from the coil 104 can
provide improved coverage of the sidewalls 130 of the channels 125 as well
as a smoothing effect on the surface of the substrate 112.
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Consequently the ionized material deposited onto the substrate 112 is
sputteredwprdomarazl y if not entirely fromthe coil 104 rathetrhisagisoe
target 1 10 during this second step. In the illustrated enbodi nent,
the coil 104 is supported by the shield 106 (Fig. 1) so that the coil 104
encircles the substrate 1 12 (Fig. 2) in a position which is above and
recessed outwardly fromthe periphery of the substrate 112 as schematically
represented in Filig. Bb ilkstatesthd tepodition edlerkgé whichmag redutt Hbﬁ’n?%” phery
t han t he cegé er of the substrate. Consequently material sputtered Tromthe

coi | 104 hadiepasition stepinwich seutiering &iops the &ejl peadominateserApisbownof t he

substrate a : ; hng,off the
power to t h3“?@@’2@1@%’%&%&%Z°@Ié'8%é§ﬁ' ?‘gﬁééé&{ ﬁ%ttﬁ%géwc%? Saﬁacgf)ut tered
materi al oritgQef e thamelhe28aelativ84o the kleposition rates fb&h%érié!l@epd%d
deposition profile can be switched froma center thick profile as

r epr esent ed BythenBofizatal surlaces 126 128 \endite hssaene gyenavhen aputtering t hi ck

profile as r : St fale ' e.thick
rofil 6 oa6 MRS U ol S RACIhBE L ' erecpoilng G6eiah 5,
conpensat e fratesforana®rial Heptsitexnwhsnspliiéring fidne the tabest €0 préddapiateover
turned on). Consequently, the actual overall deposition profile 258 which

i s a conbi ndfi@rbaf pmeodarpirations thedetal ewaphily oftoatesiel sputteredifeora thei f or m

t han the de | g, fy I ' ' xenpl ary
ranges el Satartdtih Bh8 dkeBad of B Bubsirgte withd a0 Mahaly Sreafer B er
and 1.5 - 3 thé/tber qoanigveirmalériahisputtdesiefrsrange Soild 0daante depositéd eaeer of 0
kWand a val ue for RF power of 2.5 kWcan produce an edge thick profile

deposi ti on ithetnbsiatendhys.Ly afdies adapasitien sian & Whichspytieriag dwm éhe t hi ck

t endency of i 14 ' A d Step, . : referred
erbod ment, $91EPEEREEhale S it 8L ehipebihe MrPRoayon, of 3 ik o M6
(9 r epr esent ectadgetOl 10\Mtha amaunt Df métierial déodRiedrsite Vertithlesrfiidesi relative

to the that deposited on the horizontal surfaces can be increased. Thus, the

combined effects of the two steps can provide more uniform deposition on the
surface of the substrate 112 as well as good sidewall 130 and bottom
coverage of the channels 125 as illustrated in Fig. 7c¢.

In another embodiment, the two step deposition process can be
preceded by an optional etching stép, In this step, a strong bias may be
applied to the pedestal 114 while applying RF power to the coil 104. This RF
bias applied to the pedestal 114 induces a correspondingly strong bias on the
substrate 112. At the same time, a relatively low DC bias is applied to the
target 110. If the bias induced on the substrate is made sufficiently high, more
ions can be attracted to the surface of the substrate 112 as compared to the
surfaces of the target 110 and the coil 104. The net effect of the etch step can
be to have more material sputtered from the surface of the substrate 112 than
is being deposited on the substrate 112 from the coil and target. As a result,
the material can be removed from the surface of the substrate 112 in order to
clean the contacts, and prepare the substrate 112 for the subsequent sputter
deposition of the center thick and edge thick steps discussed above.
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mai nt ai ned during the edge thick step such that the sputtered mat eri al
cones al nost entirely fromthe coil 104. However, the target 1 0 has a
tendency ™0 %é419%i as itsel f even without any DC power bei §T§b56?’1%838 Thus,
sone sputtering of material fromthe target 110 biasing may still occur
during the edge thick step. In addition to inproving the uniformty
of deposition over the entire substrate, the aforementioned mul ti-step

IS0 | L f th
CL Tuct ur o6 havi ng TerRegaiivedtes appied AL nagesiel T Hbis sl steRodrdtng o
Fig. 6a whi Clilhé th {5t e \gdfdggeﬁarng wbr?ﬂt@éé‘ﬂi%uta‘é‘fap?h@é tira! it %jeﬁéral,

channel s 125, nmay re uring that portion of deposition I n
whi ch the t arﬂgetpeﬁé@tarbba!;odnmu;ﬂr&, etching $tep er@ecmseanuatﬁydMgbeetbtanA&wat

Lhe hor | vont S a6 deppatiopsiermonhishang SBsRaICRRs B Erarly if Flsnded 14 885 L
wel | as the Qﬁ%fc AleviRy gwc?j'go&&% &ivetragu%rtﬁésebetaté%aﬁhaetraat@r thad to

separating the C wever, because of the ionization of
deposi ti on madrdangk etthing of thes sabstratendnéhe dlustrated emdodiroent a@showalmy,

the d t t I id |1s 130, of t
channel 5. 125 Fvg, SeULHe PrAestAl bipa i ﬁﬁﬁct‘or?e?x Bl AEBedraBePe ¢ oo
thin, 11 can 066 16 ol GuARG UM bRAIR] sicpe @kﬁesﬁxbtaﬁéow@rped%@ s

partrcul ar | y rue for ani um under | ayer he ot her
hand, where thias trepias r3tﬁootherraeraer &trcloangreweethqurdamsiﬂoyr stepsms peefetahiy 104,

the "edge thrck ste t he sid cover be i ved

bel i eved t hat!eBeBggawWe, S8R &8I~ Ségﬁf qrse)g%qp 0 nErrBﬁ)éﬁarﬁerﬁemgt%b%@\g fehe
substrate 112, z{nt? sputtered material fromthe coil tends to strike the
substrate 102at angles that are nore acute than the material fromthe
target 110 whi ch i Fhe&¥ powerappliedetotthe cdilol®4 ey kaipintained redatidelect , t he

hori zontal vel ocit onent e _.nat er ut t |, 104
is often rruchc%ﬂsé%l{ ecf urg %‘Sr‘?q%'ﬂgaqndlg?%%ﬁv g{?ﬁ‘% %e%\&g??%
material sputg qtm toh&atraﬁgebséful ndt oty urirPttd etchiiy Stepthiaraso

mat eri al from eco 04 can provide i nproved coverage of the sidewalls
130 of the chdumirg memaomrmmpaéoragmmﬁomgcwm g sehéorduabare af t he

substrat e 112surtable RF power level for the coil is 2.5 kW, for example, and may range

from 1.5 to 3 kW, for example. On the other hand, the DC power applied to the
target may be substantially reduced during the etching step as compared to
the deposition steps in order to reduce the sputtering level of the target during
substrate etching. In the illustrated embodiment, a suitable target DC power
level is 0.5 kW, for example, and may range from 0-1 kW, for example, during
the etching step. By comparison, the DC power applied to the target may be
substantially increased, such as to 4 kW, for example, to substantially
increase target sputtering during the center thick step, and may be
substantially reduced or eliminated to 0 kW, for example, to reduce or
eliminate target sputtering during the edge thick deposition step, as discussed
above.

The chamber pressure level may be maintained at a relatively constant
level during each of the etching and deposition steps. However, because
sputtering of the target and coil may be at a relatively low rate during etching
of the substrate, the chamber pressure may be reduced during the etching
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10 Fig. 6b illustrates the deposition coverage which may
result duwengp/s7sleposi tion step in which sputtering from t h&1©0§ds/ 18898
predom nates. As shown therein, the deposition rates for material deposited
on the vertical surfaces 130 of the channels 125 relative to the deposition
rates for material deposited on the horizontal surfaces 126, 128 tend to be
nore even when sputtering fromthe coil predom nates as conpared to the

cor r espondi ngtefepoBius, as shanesinfiig. Setherdhaimistenostsed mag beshtiSineR%TL om
the target 110 predom natf:é ég_}_gf Ga%. | n post applications the total
quantity of M?%qfﬁl"%P ? &1 fiPpRXAME'S; Augieg the Biching stemestiraisedrtotaie
substrate w | | hey, t. Ity of material
sputtered frggt eﬁ%{?ﬁ?ﬁ%%l’g@%ﬂﬂ% ?%g@éﬁ{)%%;%ﬂp%’ ?H@%ﬂ%&%g{&@ S-%Hﬁsf? by

addi ng a depdacitiiate iartizatidnnofthecdpusierad eratedalf rom t he coi |l predoni nates by
reducing or elimnati he gppljcation of a bias to the target 11 0, the
amount of materi a%gg@&'98§?§%°br%eﬂwlf P&W@Gﬁ%@@ﬁ' Yyramainmber ohe t hat
deposi ted on ' : Lner T h onbi,ned
ef fects of tﬁ%&t% &%Q?tl%dgﬂé ?genﬁﬁ%@l&@ge'ﬁ@;a eelagﬁilt%r(?néapgjgsggog H%ﬁ' %rﬁgtd%é’r%rface

of the subst rei¢hing Heptiss artl [depssitiondhiskneseds. Bxémplagly RoritAscryerage of
t he channel s H as illustrated in F I n anot her enbodi nent,

the two step g8 iSF?R)H‘apYr'@E‘SS r%ﬁ'%@éﬁg&i‘&ié@lf exarapleopnd Sreadueation ofy
Lo o he TS8R BRI B hE) AR RS RS A |,
i nduces a coexasgedi ngly strong bias on the substrate 112. At the sane
nduced on ¢ he. sulidraIBTLEna SENSGRNF SPRIRSPpIFoG! thereridial cannaggions:
attracted to gklife PR GeRbrating appardtlatd? thid A Rtrat08 R8Nt "% o sputter
target material onto the substrate 112, the target 110 is preferably negatively
biased by a variable DC power source 300 to attract the ions of the ion flux
108. The power source 400, and the other power sources discussed below,
are preferably controlled by a microprocessor based workstation which is
programmed to implement the processes described herein.

The pedestal 114 may be negatively biased by a variable DC, AC or RF
power source 440 to bias the substrate 112 negatively to attract the ionized
deposition material to the substrate 112. Fig. 3 discloses the bias applied to
the pedestal during the various time intervals. As shown in Fig. 3, the
exemplar range of the employed during the center thick and edge thick steps
for the pedestal bias is 0 to -40 V, and the exemplar value is -20 V. The
pedestal bias during the etch step was discussed above. If the pedestal 114
is biased by a high frequency RF power source, one end of the pedestal 114
may be coupled to the output of an amplifier and matching network 420, the
input of which is coupled to an RF generator 440, External biasing of the
pedestal 114 and the substrate 112 of greater than about 50 V in absolute
value, relative to the ground, may increase sputtering (and resputtering) of the
substrate 112, and thereby further promote deposition uniformity. In yet

another alternative embodiment, an external biasing of the substrate 112 may
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surfaces of the target 110 and the coil 104. The net effect of the etch
step can be to have nore material sputtered fromthe surface of the
substrat & P4 82N is be ng deposited on the substrate 1 1ECHPRB 18898 coi |
and target. As a result, the material can be renoved fromthe surface of
the substrate 112 in order to clean the contacts, and prepare the substrate
112 for the subsequent sputter deposition of the center thick and edge

t hi ck st d' d-ab .
11+ b8 Sitted FREgYRple, ghe suaRigRtecia By e pIagea s8I biasing 6fi nduce
net et chi ng 1éiwieBA MBHURLEA f ¥bblit MYV rERMIES H8e WAihd, N dpint fhgu! ar
application. In general, the pedestal bias during-the etching step will be

subst ant i al |3bsenghent antyaextetnal bigsinge deposition steps in which the
substrate bias prinaril i nt ed to hi evi n ood bottom
coverage of the gﬁgt 9%/%“6% g‘?&PHB%dtqﬂ ﬁ S&?ﬁ%g%géﬁﬁﬁhﬁﬁuﬂ?mt he
substrate. gt 4rhan Ilhélxsérﬁdih%icﬁi crfatwenu@@ tﬁB‘?M‘ﬁht'dT Whieh 1s°’co@p|%866%l?w| e

pedestal bias is - or exa , nmay range from -
exanpl e, durﬁlﬁgaﬂlﬁéatet’ éﬁ#nd'h@tgger Bydmmcomm is h@umwéetgad)urhﬂ as in Fi g

neoat i ve. s durrarabbbBedtits Mg Seafitals. WHlet hidtone & BRRleY. or °°°
exanple.  capachbBe RFaBeWeR, é@@eb@ﬁ'bé@lﬁ B@p@lﬂ:lu'wg h%né@%rbgeﬁm'ma' ned

relatively constant during each of the etchin deposition steps as
shown in Fi g_g_bma.uaeﬂ@do@ugm&atagaremtsteas" lasmadtapml Dephsitiomn withe

B g, o e AN e A A D s B\ BB SralEd hERBE Ry 29
te>r<] 2m&ep0%§égﬁp§gw?gfe{nage@ ;DsdpargteME hias seyABmay Hacdliifedtdaie BaMd.
through an RF filter to permit control of coil sputtering rate independently of RF
power levels to the coil. Hence, RF power to the coil may be reduced or
eliminated in some or all steps.

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 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 shield 106. Such a completed conducting
path is undesirable because it could short the coil 104 to the chamber shield
106 (which is typically grounded).

RF power is applied to the coil 104 by feedthrough bolts which are
supported by insulating feedthrough standoffs 124 (Fig. 1). The feedthrough
standoffs 124, like the coil support standoffs 120, permit repeated deposition
of conductive material from the target onto the feedthrough standoff 124
without the formation of a conducting path which could short the coil 104 to
the chamber shield 106. The coil feedthrough standoff 124, like the coil
support standoff 120, has an internal fabyrinth structure to prevent the
formation of a short between the coil 104 and the wall 126 of the shield. The
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target may be substantially reduced during the etching step as conpared to
t he deposwbissn4mkeps in order to reduce the sputtering | eveLTalSss nss9s ar get
during substrate etching. In the illustrated enbodi ment, a suitable target
DC power level is 0.5 kW for exanple, and may range fromO-1 kW for
exanpl e, during the etching step. By conparison, the DC power applied to .
the target nay be substantially increased, such as to.4 kW for exanple, to
subst ant i al |fgedilvoegls és taupled te phe AT generatori 4 (dhowresthamatically intkig, and

o1 el m nat B HTEIRG nafr ok fL Blen Gadwi hetiagBaly Fohia By "o -

di scussed above. The ‘?’gﬁg F%@?’%‘S@Q rpasemwageeaﬁé czgﬂ%r%‘(?l ggéknéégesﬁ iRl a

relatively constant ach of the etchi position steps.
However, beckigsel, 2pudt4er Howevér,tdieert desjgn shapes torithedgroet 140 aaeref ati vel y

lrg\évu(rzgéedglrjirqi,@?.grfsggggqiéllﬁlﬁng%dtrgaey eualt)jsttord?}%gfentt %%pggﬂgg%rmreg 3r'ine rr%aaéferl?éel 12
step. Thus, ' | r ' ined at a
g@%ﬂ&g{gr% 1tﬁ? g?rgét ohftfthe R Hgrate 8P EkampBRy DSedBRida?

pressure val exanpl e, during the etching step and raised to
a somewhat hamyndar target (of dite@0um] altroinuexanpther stitablegmdtarials)tinay bt eps to

Step w1 of Pevliones BuprtiNGATRN oM GhHTe SHOHER oI SYRRIPRBN 'S AREEL: fal |
step wll of pel . . ng
ei ng deposi {;ﬁéagg nsg;?gggéa ti8fh n% @@m%&%rg&%n% fHH SGbSRRENWItANAe

deposition t urations for the etching step may range
from 5-10 sepimasy pfamar éargeppesitioded abode the substodtet Heaaetarget whiobkisand

edge thick dﬁ@gﬁﬁ&&:f B?asré%ysh%pu% %)éi quét%cgﬁ)y Fnes%?a’%gé ’frJrr? thé )\(lgggthr%' chamber
which is typically grounded.

The coil 104 of the embodiment illustrated in Figs. 1-2 is made of
approximately 50 mm (2 inch) by approximately 1.6 mm (1/16 inch) heavy-
duty bead-blasted solid high-purity (preferably 99.995% pure) titanium or
copper ribbon formed into a single turn helical coil having a diameter of about
290 mm (11.5 inches). However, other highly conductive materials and
shapes may be utilized depending upon the material being sputtered and
other factors. For example, the ribbon may be as thick as 3 mm (1/8 inch).
Also, if the material to be sputtered is aluminum, both the target and the coil
should be made of high-purity aluminum. In addition to the ribbon shape
illustrated, hollow tubing may be utilized, particularly if water cooling is
desired.

Several of the embodiments discussed above utilized a single coil 104
with a single turn in the plasma chamber 100. [t should be recognized that the
present invention is applicable to plasma chambers having a multiple turn RF
coil. The advantage of a multiple turn coil is that the required current levels
can be substantially reduced for a given RF power level. However, multiple
turn coils tend to be more complicated and hence most costly and difficult to
clean as compared to single turn coils. For example, a three turn helical coil

of titanium and its associated supporting structure could be quite expensive.
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Fig. 5 includes a schematic representation of the electrical connections of
the plasnma generating apparatus of this illustrated enbodinent. To sputter
target mat¥?P%447¥nto the substrate | 12, the target 110 i s FSTEF¥BABRY
negatively biased by a variable DC power source 300 to attract the ions of
the ion flux 108. The power source 400, and the other power sources

di scussed below, are preferably controlled by a m croprocessor based

kst at i ich.i dto inpl t th d i bed
herein.  Inekol siapbede Shabes ahasdhan heliva slghimssienlofprexamplal e oc
AC RF ' i | : t
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bi as appl i edplasmaheharablerst kdviniy marg thar onarRiB peoweree coilt Eovaxampls, thieown i n
Fig. 3, the exe ar range of the l.oyed, .during the cenfer thick and edge
Thick st eps PsenhEvsBRRdTasY b EPRTBIOSTBINRY SHPoiRTDRS x dagnatingal e | <
-20 V. The Ry abi ' sct(%g j I f the
pedest al 112‘??3 bi agﬁ%@%{/ﬂ?tﬂ%haé{sﬁeﬂgﬁgﬂgy ano #@o‘a&?g@%%ﬁ%@%‘d of the
pedest al 11408/B59(845; dilgd Ndvembehd5o199a forofMethodrgrid Apparaduasl fort chi ng

net work 420, the input o0 beh is ¢ | ed, t 0. an RF generator 440. External
bi asi ng of th%u'b@i!@&%ak*e&%&"wegw r‘é(&?ﬁl's fﬁsﬁpegrt&tg@rasﬁmea%fout
50V i b e . .

In a SOM&&e‘é%b?ﬁpgﬁ@ah@b'éfﬁi fs%&?@o%at%gﬂfeﬁg?ﬁ%k%h > sputtering

(and resputtering) e substrate 1 er pronote
deposi tion uni f or heyppropriete Ringeherataist andatateling whroditsrane compomenés nal
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best frequency match with the matching circuit and antenna is suitable. The
frequency of the generator for generating the RF power to the coil 104 is
preferably 2 MHz but it is anticipated that the range can vary from, for
'example, 1 MHz to 4 MHz.

In the illustrated embodiments above, the chamber shield 106 has a
diameter of 400 mm (16"), but it is anticipated that satisfactory results can be
obtained with a diameter in the range of 150-635 mm (6"-25"). The chamber
shield 106 may be fabricated from a variety of materials including insulative
materials such as ceramics or quartz. However, the chamber shield 106 and
all metal surfaces likely to be coated with the target material are preferably
made of a material such as stainless steel or copper, unless made of the
same material as the sputtered target material. The material of the structure
which will be coated should have a coefficient of thermal expansion which
closely matches that of the material being sputtered to reduce flaking of
sputtered material from the chamber shield 106 or other structure onto the
substrate 112. In addition, the material to be coated should have good
adhesion to the sputtered material. Thus for-example if the deposited material
is titanium, the preferred metal of the chamber shield 108, standoffs 120 and
124 and other structures likely to be coated is bead-blasted titanium. Any

surfaces which are more likely to sputter, such as the end caps of the coil and
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One end of the coil 104 is coupled to an RF source such as the output of an

anplifierwandnggbchi ng network 402, the input of which is posplseshdses an RF

generator 404. The other end of the coil 104 is coupled to ground,

preferably through a bl ocki ng capacitor 406, which nay be a variable

capacitor. In addition, as described in copending application serial No.
filed August 7, 1997 entitled "Plasnma Vapor Deposition wth Coil

Sput t er i ng" féédithoougty stamelotts 12061 dP VR4 DvbuRipreferablyniss aiaib SRR SarhY
reference in its entirety,a separate DC bias source nmay be coupled to the
coi |t hr oughYR@ oRmaterialkas e i5eash 11 sHehais ighwuirity, Seactiasiegl titanwm,
e ¥ Bkarp| & WP EoUREC Sk ndtBfaliBl B dIRN i€ MU el LR el 1Ba5°) |

may be reduced or 'mnated Tn sonme or all

carried on tthaniohgithe preferreldcnf idthead@pasiteliruterial, athihleskangs ts 120
(Fig. 1) which electrically insulate the coi|l 104 fromthe supporting
chanber shi éX@mple. Adhaianée ran alshieiimeirved byycealing thesstneatueesiwohhave an

. Ul : : : . o
conduct i ve. TEpBUgnah ddeto SoterngRet Ryl 1 10 Aoy R LAl 1o w1
preventing tthe doilrigat qdarawfotlaemmﬁé@t kketp telggittary npBbé cohitalpwiki t ed
material fromthe coil 104 to the chanber shield 106. Such a conpl eted

conduct i ng paekbrsnumdesethgpmatgdalssliece the malbdsnem cameoptaminatel the t he

chanber shi Ie ' ' ded). RF power is
applied to %@S@%Q%f%yt%éée%pﬁﬁﬁuﬂg C‘%LW‘Q whi ch are supported by
i nsul ating feedt Mgaigbbstratedai  th7det(1RitIspading e 4 eadidhobalgbutstzngsdf s

124, like the coil support standoffs 120 ﬁermt repeat ed deposition of
conductive rfemraferablyaboyt 148t (3bANHS Shk bt sab s ENas: emaRou B8

1 Pos! e R PO S LB ML SN iR e e 0,
support st aristafdm ta30erdyesman bendeiiovdd vithyd toil Hiagtatec bL280 hemprievent t he
formation of, a short between the cojl 104 and the wall 126 of the shield.
The inches) spaced from the target by a distance of approximately 50 mm (1.9
inches). It has been found that increasing the diameter of the coil which
moves the coil away from the workpiece edge may have an adverse effect on
bottom coverage. On the other hand, decreasing the coil diameter to move
the coil closer to the wafer edge can adversely affect layer uniformity.
Deposition uniformity also appears to be a function of coil spacing from
the target. As previously mentioned, a spacing of 50 mm (1.9 inches)
between the coil and target may be found satisfactory for a target to wafer
spacing of 140 mm. Moving the coil vertically either toward or away from the
target (or wafer) can adversely affect deposition layer uniformity.
A variety of precursor gases may be utilized to generate the plasma
inctuding Ar, H,, O, or reactive gases such as NF,, CF, and many others,
Various precursor gas pressures are suitable including pressures of 0.1 - 50
mTorr which includes the exemplar pressures set forth in Fig.3. However,
pressures between 10 mTorr and 50 mTorr facilitate ionization of sputtered
material.
it will, of course, be understood that medifications of the present
invention, in its various aspects, will be apparent to those skilled in the art,
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feedt hrough is coupled to the RF generator 404 (shown schematically in Fig.
4) through the matchi ng network 402 (al so shown schematically in Fig. 4).
The tar geWOPPU4HWeneral |y has the shape of a cylindrical diBKIH§%WB8H in
Figs. 1, 2 and 4. However, other design shapes for the target 110 are, of
course, possible, and may lead to different deposition profiles for the
mat eri al deposited fromthe target onto the substrate. For exanple, a
secondary annul ar tar of titanium alﬁggn%n1or ot her suitable

i

t
material s) FRN$Ee ﬁeﬁ% Bhonly &fted stusy, g &g BratiereokMdineate, to

suppl enment t oL I e i I et onto
The’ subst r arecEigal o SRofenERIGSA POmhooeBolimeE ardl A0S bol SES
substrate. Haein spatifietdesignshdeperingupuetye pasethrdpplicdtios. Heetidi, apb! y

i nsul ated fromthe vacuum chanber which .i rounded. The

coi | 104 of lstcﬁéeé?fﬁﬁai"ﬂfﬁmiof‘lqhﬁ’é'fq a?feﬁiiﬂ‘sltﬁltﬁ)gl@'i.t %l-llzgfﬁgtﬂﬁ‘é&&bﬁdiments
ity mead bl SeP RGBSR eSS B EH SFIY py s BbeNER AR ¢l o o

copper ri bbayuivalertd theteofa single turn helical coil having a dianeter of
about 290 mm (11.5 inches). However, other highly conductive materials and
shapes may be utilized dependi ng upon the material being sputtered and

ot her factors. For exanple, the ribbon may be as thick as 3 nm (1/8 inch).
Also, if the material to be sputtered is alum num both the target and the
coil should be made of high-purity alumnum In addition to the ribbon
shape illustrated, hollow tubing may be utilized, particularly if water
cooling is desired. Several of the enbodi ments di scussed above
utilized a single coil 104 with a single turn in the plasma chanber 100. It
shoul d be recogni zed that the present invention is applicable to plasma
chanbers having a nultiple turn RF coil. The advantage of a nmultiple turn
coil is that the required current |evels can be substantially reduced for a
gi ven RF power |evel. However, nultiple turn coils tend to be nore
conplicated and hence nost costly and difficult to clean as conpared to
single turn coils. For exanple, a three turn helical coil of titanium and
its associated supporting structure could be quite expensive.

18



15 The coil may have shapes other than helical such as spiral, for
exanpl e. WO9%14792t shoul d al so be recogni zed that the preseatrusosesdogon i s
applicable to plasma chanbers having nore than one RF powered coil. For
exanpl e, the present invention may be applied to nultiple coil chanbers for
| aunchi ng helicon waves of the type described in copending application
Serial No. 08/559, 345, filed Novenber 15, 1995 for "Method and Appar at us
for Launching a Helicon Wave in a Plasma" which is assigned to the assignee
of the pres pld cAt i S incorporated herein by reference.

The appr opr ?@éﬁFi%eﬁgﬁgﬁﬁq&d matching circuits are conponents well
known to those-skilled in the art. For exanple, an RF generator such as the
ENI Genesis series which has the capability to "frequency hunt" for the
best frequency malch wAtrmethiod ofesptittengepositing matetakbotternworigpiese t abl e. The
frequency of the .generator for generating the RF power to the coil 104 is
preferably PHREBNE it is antici pated that the range can vary from for
exanple, 1 MHz tog i b d e : b ve. the
chanmber shield 10‘84?121{? éntgirvaarlr,e?pedrtiéﬁ@%%ie'%%fPfiﬁ%ﬁ&,ﬁ%g&' f‘{&?érz&ﬁsﬁeﬁzﬁk& ed
that sati sf asaidsputtesed materal ibea plasaia) etdviidpositingj ionideer sputtdrbe mateg| of
150- 635 mMm 51’225% THe charrgéar shield. 106 y be fabricated froma
variety of np@r§alyl drstiRioelonte sadwerkpiacerabdri al's such as ceramics or

quartz. However, hesehshd [ 3 f i kely, to be
coated with the tﬁgr ggtg mat gfrtlerg:él,:? e%ﬁ@?ﬁ%ﬁﬁéi %@@éﬁ%ﬁ%’rﬁé?%@qrﬁ {(‘{rg%h as
stai nl ess stad depositipgdonizedhispatierabmatdrial firwns aaiel sedorw takgetsoritbasaid

sputtered targﬁ(tlﬂ./naterial. The material of the structure which will be
coat ed shoul YCHRIES coefficient of thermal expansion which

2. The method of claim 1 wherein said first target is disk-shaped.

3. The method of claim 1 wherein said second target is ring-
shaped.

4. The method of claim 3 wherein said second target is a coil and

said ionizing comprises coupling RF energy from said coil to said plasma.

5. A method of sputter depositing material onto a workpiece,
comprising:

in a first interval, sputtering material primarily from a first target, ionizing
said sputtered material in a plasma energized by RF energy radiated by a coil,
and depositing ionized sputtered material from said first target onto said
workpiece; and

in a second interval, sputtering material primarily from said coil and
depositing ionized sputtered material from said coil onto said workpiece.

6. The method of claim 5 wherein in said first interval, said-first
target is DC biased by a DC power supply.
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closely matches that of the material being sputtered to reduce fl aking of
Sputtered naterlal fromthe chanber shield 106 or other structure onto the
subst rat e™PIP4H% addition, the material to be coated shouPHTHE9%18§8bd
adhesion to the sputtered naterial. Thus for exanple if the deposited
material is titanium the preferred netal of the chanber shield 106,
standoffs 120 and 124 and other structures likely to be coated is

bead- bl asted titanium Any surfaces which are nore |likely to sputter, such
as the end caps of the coil and

16 f eedt fir ougiihe hastHed fod cled® Snthelaif, sa\i@yéébrm ptevapbyc e dmmfe of

the sane type of material as the target 110, such as high-purity,

bead- bl ast edsailfsgliintarvalor exanple. O course, if the material to be
deposited is a material other than titanium the preferred netal is the
deposited material, stainless steel, for exanple. Adherence can al so be

i nproved by coatigg thvhémaﬁburo?%laamt@wméah%%wmspiritéwa@oémt r%& he
target 110. However, it is preferred that the coil 104 (or any ot

surface |i ke$gcans sm:wabr) not be coated wi th nol ybdenum or ot her rrat erials
since the nol ybdenum can contam nate the substrate 112 if sputtered from
the coil 104. The substrate 112 to target 1 10 spacing is in a range

of about 120-150 gm pPTRéMetRbY ohRRIKN éﬂmﬂsndoﬂk&;sﬁnéerﬁa}mrdmﬂe%m al so
range from about 38 to 200 nm (1.5" to 8"). For this wafer to target

spaci ng, suipseding sygdistrridseewnd tenels eiefingnsaidworkgi¢es by bidsinga coi |

appr ox! mat el S80NRsPEEShd BRREG REH By LR TRC ARGt R iRt BRE ne

di ameter of fHeesirfide £ woIKSIBCE RS Ccheinl camBYtsIoeuTed ItR ymal%rﬂﬁﬁec@dge nmay
have an adverse effect on bottom coverage. On the other hand, decreasing

the coil dianmeter to nove
10.  The method of claim 5 wherein said coll includes a coil material,

and said target includes a target material, wherein said target material and
said coil material are the same type of material.

11.  An apparatus for sputtering material onto a workpiece, the
apparatus comprising:

a first sputter target positioned to sputter material onto said workpiece;

a plasma generation region;

an RF coil positioned to couple RF energy into and produce ions in said
plasma generation region;

a second sputter target positioned to sputter material onto said
workpiece; a bias power source coupled to said first sputter target, said bias
power source having a first level of bias power output at which material is
sputtered primarily from said first target, and a second level of bias power
output lower than said first level at which material is sputtered primarily from
said second target; and

a power level switcher coupled to said bias power source target to
switch said bias power output fevel supply power from one of said first and

second bias power output levels to the other of said first and second bias

20
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the coil closer to the wafer edge can adversely affect layer uniformty.
Depositi OnOa¥i4782 Mty al so appears to be a function of coiRCEPeASI188PSf r om
the target. As previously nentioned, a spacing of 50 mm (1.9 inches)
between the coil and target may be found satisfactory for a target to wafer
spacing of 140 mm Myving the coil vertically either toward or away from
the target (or wafer) can adversely affect deposition |ayer uniformty.

A variety ofPQVecovyt leygieduring depositipniof suateraentersaid warkpiscas ma
including Ar, Herr], derr] or reactive gases such as NF[err], CF4 and
many ot hers. Various precursor gas pressures are suitable including

pressures of 0.1 1250 TH@uppukites of araimdﬁSwhamrsaraoharcdar;%we%ssa% L forth
in Flg 3. However, pressures between 10 mforr and 50 mforr facilita

i oni zati on &em@tsmﬁ@d tangebri al . It will, of course, be under st ood
that nodifications of the present invention, in its various aspects, wll
be apparent to those skilled in the art,

17 sone 1@ ngTﬁ@astsratugef Wiaihter whekY salt ISt far Sﬂ@@ané‘@“ers of
routi ne nmechani cal and el ectronic design. O her enbodi mrenls are al so

possi bl e, th¥apeasheci fic designs dependi ng upon the particul ar application.
As such, the scope of the invention should not be |imted by the particular
enbodi ments herein described but 'should be defined only by the appended

claims and equi vaignt sThé@pparfatus of claim 11 wherein said second target is ring-

shaped.

15.  An apparatus for energizing a plasma within a semiconductor
fabrication system and for sputtering material onto a workpiece, the apparatus
comprising:

a semiconductor fabrication chamber having a target and a plasma
generation region adjacent to said target;

an RF coil carried by said chamber and positioned to couple RF energy
into said plasma generation region and to sputter material from said coil onto
said workpiece;

a first power source means coupled to said coit for supplying power to
said coil at a first predetermined power level,

biasing means for biasing said target and said coil so that material is
sputtered onto said workpiece primarily from 'said first target in a first interval,
and so that material is sputtered onto said workpiece primarily from said RF

coil during a second interval.

16,  An apparatus for energizing a plasma within a semiconductor
fabrication system and for sputtering material onto a workpiece, the apparatus

comprising:

- 21
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a semiconductor fabrication chamber having a target and a plasma
generation region adjacent to said target;

an RF coil carried by said chamber and positioned to couple RF energy
into said plasma generation region and to sputter material from said coil onto
said workpiece;

power supply means coupled to said target, for supplying power to said
target at a first predetermined power level during a first interval and for
supplying power to said target at a second predetermined power level during
a second interval wherein said second predetermined power level is lower
than said first predetermined power level.

17.  The apparatus of claim 16 wherein said target inciudes titanium,
and wherein said coil includes titanium.

18. The apparatus of claim 16 wherein said target includes
aluminum, and wherein said coil includes aluminum.

19. A method of sputter depositing material onto a workpiece, the
method comprising:

in a first interval, biasing a target positioned above said workpiece to
attract the ions to sputter material from said target and applying RF energy to a
coil to ionize the sputtered material;

in a second interval, terminating said biasing of said target and while
continuing to apply RF energy to said coil.

20. The method of claim 19 wherein in said first interval, said first
target is DC biased by a DC power supply.

21.  The method of claim 19 further comprising in a third interval
preceding said first and second intervals, etching said workpiece by biasing

said workpiece and applying RF energy to said coil to produce ions to strike

22
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VWHAT IS CLAI MED | S: 1. A nmet hod of sputter depositing materi al
onto a wovdps/efre; conpri sing in a first interval, suattsshegs
material primarily froma first target, ionizing said sputtered material in
a plasma, and depositing ionized sputtered material fromsaid first target
onto said workpi ece; and in a second interval, sputtering materi al
primarily froma second target and depositing ionized sputtered nateri al

from sai d sehersliriavegsitsaihorkpicde Mo tiainesantacts located n said WistkpRicaod of
claiml wherein said first target is disk-shaped. 3. The met hod

of claim1l wherein said second target is ring- shaped. 4. The

met hod of claim erey | i ik and said.ionjzjng
conpri ses coupl i ﬁ%égF glblé;rngé’;hgg o%%%ggﬁéégﬁ%tr%'hsssaz? §8%I'r};@ﬁ€°fs a coil ma{e\gl_al A
net hod of spaid eaidiepgstibtlodesal rrgetl matdrial, aviierekpsieetarget material and

said coil material are the same type of material.

23. A method of depositing sputtered material onto a workpiece
within a semiconductor fabrication system having a target powered by a first
power source and a coil powered by a second power source, the method
comprising:

depositing sputtered material from both said coil and said target onto
said workpiece in a first interval in which material is sputtered primarily from
said target; and

depositing sputtered material from said coil onto said workpiece in a
second interval in which material is sputtered primarily from said coil.

24. The method of claim 23 wherein said second interval occurs
after said first interval.

25. The method of claim 23 wherein said first interval occurs after
said second interval.

26. The method of claim 23 further comprising etching said
workpiece to clean contacts located on said workpiece.

27. The apparatus of claim 16 wherein said target includes copper,
and wherein said coil includes copper.

-
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conpri si ng: ina first interval, sputtering material primarily froma
first target, ionizing said sputtered material in a plasma energized by RF
energy ra¥Pa¥ed%by a coil, and depositing ionized sputteredrmadersss from

said first target onto said workpiece; and in a second interval,
sputtering material primarily from/said coil and depositing ionized
sputtered material fromsaid coil onto said mnrkpiece.? 6. The
nmet hod of claim5 wherein in said first interval, saig'ﬂ rst target is DC
bi ased by a DC power supply. 7. e nmethod of claimb5
wherein said second in after said firfsStt rval . 8.
The net hod of cl ai j rst interval occ fter said second
i nterval . P ; SXRERKNET Li §hpg in a third
i nt erval pr ecegrmg-sai d TTTST s nd inter a/sL} T salrd wor kpi ece
by bi asing said workpi ece and app UTRF ] '

o] prg%%ce
ions to stri the surface of s 9@ﬁ1 fecqg to cl eanf cont act a on
sai d wor kpi ed ~i?m\ 1
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10. The nethod of claim5 wherein said coil includes a coil material, and
sai d targ&0oneledes a target material, wherein said targetcmatsssisgdes and

said coil material are the sanme type of material. 11. An
apparatus for sputtering naterial onto a y@rkpiece, the apparatus
conpri si ng: a first sputter t ar get p05| tioned to sputter materi al
onto said workpiece; a eratryon Tegton an RF coil
positioned to couple RH energ and proche ipns in saifd plasm
generation region; a se sput er; ar get positionefl to sputter
material onto said worKpiece; wet sougce coupled fo said first
sputter target, said bi ag- powér}-_‘-‘,_ rceﬁ avithpg af | rse | evgl { of bias power
out put at which materialw sms ede i &} 1 yf f onhibhi ®f|rst target, and
a second | evel of bias out pu r thpn saj d fi}stglevel at which
material is sputtered prEma§ a serond—arget ; gni a power
| evel switcher coupled d'g__b) po r urge farget t¥® switch said bias
power output |evel supply pawerm m og sai g first @ second bi as
power output |evels to {tBe ot h@ gd fdy Bt sand sgepnd bf as
20 power out putifl evel §8 i ng.depags ti?n of ‘mpteri gl onto said
wor kpi ece. w ; 1o B S
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12. The apparatus of claim1 1 wherein said RF coil provides said second
sputter target. 13. The apparatus of claim 11l wherein said first
target isY@ ¥ks7%Bhaped. 14. The apparatus of cl dAGHUSPSERSBei n
said second target is ring- shaped. 15. An apparatus for
energizing a plasma within a sem conductor fabrication systemand for
sputtering material onto a workpiece, ghe apparatus conprising: a
sen conductor fabrication chanber having a taroet1@§d a plasma generation
regi on adj acent to said targets €Qi | rried by said chamber
and positioned to couple FE—aTe ' XM generation region and
to sputter material fromgai pi ece; a first
power source means coupleﬂ ying power to said coil at

: 0=
a first predeterm ned power. ;:Jgﬂéﬁi g neans for biasing said
target and said coil so that nmater+at—< Uttered onto said workpi ece
primarily fromsaid first target,' Lrst interi?b, and so that materia
is sputtered onto said wor kpeee ow safd RF coil during a
second i nt er v, =
a sem conduct

wor kpi ece, the ap-aratus

Bnergi zing a plasma within

b systen1aﬁ3§ﬁ§E§§§§%ﬁ@ring material onto a
in ~
i —a
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a senicoon§é%§¢%gbrication chanber having a target and a plasnma generation

regi on adja 0 said target; an RF coil carried B3CEESW/1888mber
and positioned to couple RF energy into said plasna generation regi on and
to sputter material fromsaid coil onto said workpi ece; power supply
means coupled to said target, for supplyi power to said target at a first

predeterm ned power level during a first interval and for supplying power
to said target at a second predeterm ned power |evel during a second
interval wherein said second predeterm ned power |level is |lower than said
first predeterm ned power |evel. 17. The apparatus of claim 16
wherein said target includes titanium and wherein said coil includes

titani um 18. The apparatus of claim 16 wherein said target

i ncludes al um num amd wherein said coil includes alum num 19. A
met hod of sputter depositing material ont wor kpjece, the method :
conpri si ng: inafirst interval, ! aéfﬁ%?et posi ti oned above
said workpiece to attfract the ions to sputfer Arat &7 fromsaid tgﬁg&t and

applying RF energy tg a coil tog#mize the sputtered material; in a
second intervaly terrinating said biasing of said target and while
continuing to gpglggRF energy tossaid_caoi
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20. The nmethod of claim 19 wherein in said first interval, said first
target isy jae£d by a DC power supply. 21.  The-#Rihe claim
19 furtheriégﬁ%f?ging inathird interval preceding said f?rg?kgﬁgmgicond
intervals, etching said workpiece by biasing said workpi ece and applying RF
energy to said coil to produce ions to stgjke

22 the surface of said workpiece to clean contacts |ocated on said
wor kpi ece. 22. The nethod of claim 19 wherein said coil includes a
coil material and said target includes a target material, wherein said
target material and said coil material are the sanme type of material

23. A nmethod of depositing sputtered material onto a workpiece within a
sem conductor fabrication systemhaving a target powered by a first power
source and a coil powered by a second power source, the nethod conprising:
depositing sputtered mat d80al ff2fn both saitB&oil af#6said target onto said
workpiece in a first integval iy which materjal is gputtered primarily from

said target; and sitiing W BEE | f <SSk coil onto
Clpateri isApaTY s}

sai d wor kpi ece in afSgc | tervawi/m
minaHnyromsaid/yﬁ#] ///Mm
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24.
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The#nat hod zof claim 23 wherein said secon W%
5. The nethod of cl al m 23
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The

first step provides a power ratio of RF power to DC power optimized to increase uniformity of dcposxtxon of material onto a workpiece from
a first target. A second step involves applying little to no DC power to the target, while an RF power is coupied into a plasma generation
reglsn to sputter material from a second target onto the workplece It has been found that material from the second target provides greater
sidewall coverage of channels located on *l-= workpiece, as well as increasing the uniformity of the deposit on the surface of the work;;iece.




