METHOD AND APPARATUS FOR LOW PRESSURE SPUTTERI NG Thi s
invention rel attes to-the | ow pressure sputtering, and nore

particul aM328/$Y6a nethod and apparatus for igniting and suBtEUIPHYP4ET asma .
in 5 sputter coating of high aspect ratio features at pressures of

| ess than 1.0 mlli-Torr (0.133 NNnferr]), and particularly in
the range of 0.05 to 0.5 mlorr (0.0067 to 0.067 N nferr]) and bel ow.
Background of the Invention: In the fabrication of Very
Large Scale Integration (VLSI) sem conductor devices, features are
becom ng smaller and smaller. Presently, it is 10 necessary to
netallize contacts at the bottons of high aspect ratio features

that are in the range of 0.25 to 0.35 [err]min width. Metallizing such
contacts by a sputter coating processes is desirable because sputtering
presents commercial advantages in tinme, cost and sinplicity of equi pnent
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METHOD AND APPAF OR LOW PRESSURE SPUTTERI
This invention relates to the low pressure sputtering, and more
particularly, to a method and apparatus for igniting and sustaining plasma in
5 sputter coating of high aspect ratio features at pressures qf less than 1.0
milli-Torr, and particularly in the range of 0.05 to 0.5 mTorr and below.
B ound of the jon:
In the fabrication of Very Large Scale Integration (VLSI) semiconductor
devices, features are becoming smaller and smaller. Presently, it is
10 necessary to metallize contacts at the bottoms of high aspect ratio features
that are in the range of 0.25 to 0.35 microns in width. Metallizing such
contacts by a sputter coating processes is desirable because sputtering
presents commercial advantages in time, cost and simplicity of equipment
over alternative processes, particularly where devices on the substrate would
16 sustain damage if subjected to the elevated temperatures required with
coating processes such as chemical vapor deposition {CVD). W.ith the
decreasing sizes of features and high aspect ratios, however, increasing

demands are made of the sputtering process and the need to achieve a
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over alternative processes, particularly where devices on the substrate
woul d 15W 98/5§H§tai n damage if subjected to the el evated-tenperatures
required mﬁ?h coating processes such as chemical \F&FWSIBEPHSI ti on
(CVD). Wth the decreasing sizes of features and hi gh aspect R
rati os, however, increasing demands are nmade of the sputtering
process and the need to achieve a -2-

-2 - . higher degree of directionality of the sputtered material.
Unl ess the pRigher gegree of directianalityaf the bpsttefedsmateriaie dntese thelpatine bfent
on the substrate can be : mai nt ai ned normal to the substrate

surface, thethat tpanmitleso of pspugteradPahatertd) incident on amBeGhibsabted e | S
not effective. 5 A sputter coating process is typically

ator gl i i’ RGREH e o the subpiraRBpirhel, ardtelinf I Rpublos 523 igh o

argon and creatin | asma in tje gas, with the target bei ng

mai nt ai ned aﬁspfcﬁgaﬁ?me%&%% ?&PFRYﬁﬂct i oning as a cat hode which

supplies electrons to sustain the plasma. The target is typically part of a
10 5 nagnetrof sputtedecomtingnirgcess whitgpicatignedresiedebunchy iRadingoeie t r ap

the el ectrons over the surface of the target where they collide
with atons afubshate and a targePbfl8BafiRg matefibPittd @ PARRIM YParE G RilldP Wil e
and converting theminto positive ions. The argon 1ons are

SpeL oot o U b B8 6o e RS AR bt
being maintained at a negative potential, functioning as a cathode which
supplies electrons to sustain the plasma. The target is typically part of a
10 magnetron cathode assembly in which magnets behind the target trap the
electrons over the surface of the target where they collide with atoms of the
argon gas, stripping electrons from the atoms and converting them into
positive ions. The argon ions are accelerated toward the negative target
where they collide with the surface and eject particles of target material,
15 which propagate through.the vacuum chamber where some strike and coat
the substrate. Various schemes have been proposed to causé the
propagating target particles to move in straight lines that are mostly normal
to the sﬁbstrate surface. Interposing a collimator between the target and
substrate is one such scheme and increasing the target to substrate spacing,
20 known as long-throw sputtering, is another. Collimators provide a source of
particulate contamination and a variable rate of deposition, while both of

these methods tend to substantially decrease the deposition rate. Long

throw sputtering results in asymmetric or otherwise poor step coverage off
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15 whi ch propagate through the vacuum chanber where sone strike and

coat the substrate. Various schenes have been proposed to cause

t he WO 9%5HB%gating target particles to move in strai gRET/USP®4Ihat -
are nostly nornal to the substrate surface. Interposing a
collimat or between the target and substrate i s one such schene

and increasing the target to substrate 8pacing, 20 known as

| ong-throw sputtering, is another. Collimators provide a source of )
particul ate dbatcantanof dheamafes. Vignizing dhe pasticles dmdoslectrinallyvaddeterpting of
these nethods tend to substantially decrease the deposition rate. Long

throw sputt ethgeh t&watd thé BuBsitatebyirmeans of IRF WiasingdePthe Waife 8 \Rideseal of f
-3 - the center of the water. lonizing the particles and

el ectrically;accel [ h t Lt S t of
RF bi asi ng of'gt %@o%?lérrﬂgtlb%%eg{oaﬂoseb 1 '%\Aﬁ'lﬁgma%te hctabfb% Eée? hgidéil ¥%’5§§9§“éd
to maintain _the desired perpendicul ar directionality of the

sputtered paditestionalipyehine spiteredneardicias meving toward the substratehefishhave

had limted success and are not broadly utilized.
Regar dbess ofschemesehawe hatl liniteh suogessend aré nov brodmlly astilizedr ed
particles normal to the substrate, particles noving toward the substrate at

the typical pressyf&garifess 6P tBe 'Mhethiod Qflcdertind tAE Gdvhs16r khe SpRfbrba

sputtering undergo collisions wi th argon gas atons on their way

ot D LAl A o AR BordBe g b Sl b STl AL
' npinge at agg(le et%/p(i)cnal tprll'gsssulf'te)g torfaTt %g '3 Vr\nh'leorr$ utsre]g%n %gh%{eriazcgggggo collisions
with argon gas atoms on their way to the substrate. These collisions cause
10 the particles to scatter. The scattering redirgcts many of the particles along
paths that impinge a.t angles on the substrates, where they enter recessed
features so as to strike predominantly the sidewalls rather than the bottoms
where coating may be preferred. Reductioﬁ of the pressure in the chamber
produces a corresponding reduction in the number of collisions that the
15 particles encounter. However, below 1 mTorr, sustaining a DC or pulsed DC
plasma becomes increasingly difficult and requires modifications to the
cathode that increase cost and complexify. Furthermore, it is well known
that lower process pressures reduce the amount of impurities available for
incorporation in the growing film, thereby improving film purity and the
20 reliability of integrated devices formed of such films.

Accordingly, there remains the problem of maintaining the

directionality of sputtered material when high aspect ratio features must be
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features so as to strike predom nantly the sidewalls rather than the

bott ons ere coating may be preferred. Reduction-of thé pressure
in the cha?ﬁ%?m:mgm produces a correspondi ng reducti on PRTAUSS/ Hdiber -
of collisions that the 1 5 particles encounter. However, below 1
mrorr (0.133 N nferr]), sustaining a DC or pul sed DC pl asnma

becomes increasingly difficult and requi4es nodifications to the

cat hode that increase cost and conplexity. Furthernore, it is well known

t hat | ower pr eeated, andsthere semainsce nepd farsustaining ianplasinai whenasauttashg is or
i ncorporation in the growwng film thereby inproving filmpurity and the

20 ~ reli ghiridd gupht loWwasreas @, davtiedarly At tn Porr dmchbélows .
Accordi ngly, there renmains the problem of maintaining the

di rectionali tWal when high aspect ratio features mnust
’ 4

be coated and there remains a

need for sustaining a plasma, . when puttering .is .cartied out t |low
pressure, parti cu%arﬂ"@“%‘fy bjgrtive aﬁéHBeﬁ’r&ﬁFﬁt invention 1§54 U@Y!S’PBS‘" the
descri bes a magnetron plasma processing apparatus for etching of

seni conduct or sputtey caating of high aspectTiatiodfiepturas of loBipsarsiesnductae wenices,
chanber and etching gas supply, a bottom el ectrode which can be connected

to a high fraagepaticulaiy, eRRY¥GEe thBPBIfECtiVEned wrﬁtaﬁzy ditedtioAal 5pftter
el ectrode which can be either grounded or powered by HF. Consequently, the

. _ y
The defi hi t1 oRoBI L AL 1 A ERBR® of B ARG ot P i o
operating pressure is 1Q - 100 mTorr with higher ,’Ere sures preferred.
EPA 0469469 d@gé'?? Bﬁ%se&‘tr'r%‘t%@“r'6r"°rF&HHF%16’P%E8ﬁEG%\ 9 9k SPUBRHALPRticRs ANk

An apparatus is disclosed which
to maintain the directionality of sputtering particles in a sputter coating

10 process.

Another cbjective of the present invention is to provide a method and
apparatus for sustaiﬁing a plasma in low préssure plasma processing
applications. A more particular objective of the present invention is to
sustain a low pressure plasma in sputter coating applications, for example,

15 for the coating of high aspect ratio features at processing pressures of less
than 1 mTorr, such as in the 0.05 to 0.5 range and lower.

According to the principles of the present invention, loss of
directionality of the sputtered material moving toward the substrate is
reduced by sputtering at low pressure, below the typical 1 to 3 mTorr, for

20 example, within the range of 0.05 to 0.5 mTorr, and at even lower
pressures; According to other principles of the present invention, a plasma

is sustained at low pressure by providing a supplementary plasma in addition
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conprises a vacuum chanber, a processing gas inlet wwith a flowrate
generator, a grounded-el ectrode and an RF electrode with RF energy source
and_ mat chi 9@53?%it. The nmethod and apparatus can be used®GTUY/10417 ‘
apparatus for sputtering. However, there is no disclosure of process
paranmeters for such use. Summary of the Invention: A primary

obj ective of the present invention isQo provide for the sputter coating
of high aspect ratio features of VLS| semi conductor devices, and _
parti cul ar| {0 tearaaiberlarmaesed for onizing shergashempipyed in theuspstteringrof
coating of contacts at the bottons of such features. A particular objective

of the presardteriavfrom tive target. r educe the scattering of sputtered particles
and to maintain the directionality of sputtering particles in a sputter

coating pr OcessAccorcciiingat?re *%meo dyreferrecf‘%ﬂsainﬁ’ e Y %véngo,gf %Sié\#a -

i nvention is to provide : and apparatus for sustainrn _ _
of "t he. pr osBIAESEIG CHTSH PABS SBTSTe 18, PIRNidrde FIPETAPNG A PHOSREONE!
coating applications, for exanple, for the coating of high aspect ratio
feat Pes atPIAssSHEeS|sushpae siouthesrasigel @69.05 narD.5 milmrr, @d a3aly pjasma,) ,
such as in the 0.05 to 0.5 (0.0067 to 0.067 Nnjferr]) range and | ower.
such as a DC or pulsed DC magnetron enhanced plasma, is sustained by
providing a supplementary RF plasma close to the surface of the target. The
supplemental plasma and low sputtering pressures are particularly useful in
combination with substrate biasing to improve coverage and fiim quality.
10 The supplementary plasma may be inductively or capacitively coupled.
Dynamic control of the process gas pfessure is gsed to facilitate ignition of
the supplementary plasma and to subsequently sustain the plasma at low
pressure. In particular, the process gas is first maintained in the 1 to 30
mTorr range while the supplemental plasma is ignited, and then lowered to
15 the sub-mTorr range for processing, preferably in a range of 0.05 to
0.5 mTorr. Further, deposition rate is controlied by varying the level of
power to the target.
The preferred embodiments include the use of RF energy inductively
coupled to a single coil at the target periphery to create the supplemental
20 plasma, with the coil preferably placed close to the magnetron target and the
dark space shield. Other forms of coils such as, for example, a partitioned

helical coil may be used. Alternative embodiments include RF energy

capacitively coupled to a separate RF target, placed in proximity to the edge
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According to the principles of the present invention, |oss of
directionality of the sputtered material noving toward the subsfrate is
reduced byWOF858ESi ng at | ow pressure; bel ow the typical 1 FGTASHVHLT
(0.133 to 0.400 Nnferr]), for exanple, within the range of 0.05 to 0.5
mrorr (0.007 to 0.067 Nnferr]), and at even | ower pressures. According
to other principles of the present invefition, a plasma is sustained at |ow
pressure by providing a supplenmentary plasnma in addition

-6 - of the irfain tariget,plvitbrthe sepdrate taigeh beinggmade of tbe samepreadetial t he
sputtering of material fromthe target.

According to LhendrRLel EsGttemvg thrgetl THe Eéﬁaﬁafé/%?‘gle@'i‘na@alwhave its own

pressure sputter coating process is provided at sub-nTorr

N/ ert F; es:1 ures hﬁg{mh 22 ﬁgrﬁ g%ac@@ﬂ?elgttg Qer%ell ﬁﬁée}dﬂﬂ{ farégbgggm%e .r 8g7

enhanced plasma, is sustained by pI’OVI ding a suppl enentary RF
pl asma cl ose wore edfigient snergization of shgprocessgas. suppl erent al

pl asma and | ow sputtering pressures are particularly useful in

conbi nagi on with supsir stat hipasf rthet proceps mfethzopesfagedaemtbbdimenu @if i the.

10 The suppl enentary plasma may be inductively or capacitively
coupl ed. . present W%?\Woﬁ Wflﬁw ra‘?é of BRodsa Snﬁﬁﬁaeoé}%ﬁldélels| pﬁ*ef&'ﬁﬂly’f 0
facilitate |g e suppl enmentary plasma and t

subsequent |y isnlcjz?égslerél ttgeag iae%rera a feveP of pressure sufficient for ignition of the

supplemental RF plasma. Power for the RF plasma is preferably also
increased for ignition of the RF plasma. Once the RF plasma is ignited and
10 stabilized, the main DC plasma is developed by applying power to the target,
which may also be at a higher pressure. Foliowing the stabilization of the RF
plasma, before or after ignition of the main plasma at the target, pressure is

reduced to a sub-mTorr range.
Preferably, the.electrode or element to which the RF energy is coupled
15 to produce the supplemental RF plasma is configured and positioned to
prevent DC and RF shorts from developing during use of the apparatus.
Gaps, slots, segmentation and spaces are breferably emplo§/ed to prevent the
formation of direct shorts as. well as RF eddy currents in the element itself.
The element should have a small dimension or low profile in the target-
20 substrate direction to avoid the need to significantly inerease the target to
substrate distance to accommodate the element. Water cooling of the
element is also preferably provided. The element may be provided with an

insulative coating to prevent unwanted current flow, may have a surface

i
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pressure. In particular, the process gas is first maintained in the 1 to 30
mlrorr (0. ]‘&§9%ﬁ 4.000 N nferr]) range while the supplenental plasma is
a

i gnited, 2H8 owered to 15 the sub-niforr range fRGT/BPWBAO4KI ng, =
preferably in a range of 0.05 to 0.5 mrorr (0.007 to 0.067 '
Nnierr]). Further, deposition rate is_controlled by varying the |evel of
power to the target. - Ttre preferred enbodi ments include the
use of RF energy inductively _ coupled to a single coil at the
target peri pheafment 1o eahanes the agpesionnetatargematerial o eeduce flakingtdred coi |
preferably placed close to the magnetron target and the dar k

space shi el ccorBatrénafion,mandf mayi be fousiedasf drocosedmNith aAnistelial kRBESS
helical coil nmay be used. Alternative enbodi nents include RF energy

Capact t1vel VdbftieaIth ibtofthaAnaltdfGet BF ¢Bated Wit nifeft MitddsucR 4d'F
mai n target, vm'%h t he sergar.ate %%l: et bei n% made of the sapme material

as the mai n SRtz & i ACEAMYeMa sfigeRrly, $8g elchinmaate jof sthean
magnetron and a dark space shield to render the separate target capable of
nore & fici @ementeyceeds the rate ofidlepositiossobysputtered material on thelélement ar t
up of the process of the preferred enbodi nent of the pr esent

i nvention, tThe élemventds profersblo gRehtidee b 6f fﬂ@té‘rpafl&%ub&rﬂeeégghgqrﬁe

increased to achieve a l'evel of pressure sufficient for ignition
R oy TR e oo SPR Wer R m ane
target. In one preferred embodiment, the element is placed behind the plane
of the sputtering face of the main target.

10 The present invention increases the directionality of a sputter coating
process, particularly for coating of high aspect features on a semiconductor
wafer surface. The invention reduces sc;dttering of the particles of sputtered
material and facilitates maihtenance of a DC or pulsed DC plasma at low sub-
mTorr. pressures. With the invention, deposition can be carried out with low

15 pressure at a high rate and with low contamination. The invention may also
be used for etching, where the substrate to be efched is a cathode, with the
RF element or electrode adjacent the cathode to sustain an etching plasma.

These and other objectives and advantages of the present invention
will be more readily apparent from fhe following detailed description of the

20 preferred embodiments of the invention, in which:

ie ription of the Drawings:
Fig. 1 is a diagrammatic representation of a sputtering apparatus

according to one embodiment of the present invention.
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10 stabilized, the main DC plasma is devel oped by applyi ng power to

the targe whi ch may al so be at a hi gher pressur ,ng the
stabili za&‘f%?‘?’%’ﬁlq he RF pl asma, before or after igﬁ?@(b)ér{%{lt he . -.

main plasma at the target, pressure is reduced to a sub-niorr
range. Preferably, th% el ectrode or elenent to which the RF
energy is coupled 1 5 to produce“the supplenental RF plasma is
configured and pgsitjoned to . revent DC,and RF shorts_from.

devel opi ng duri nfise™ % atoh@faﬁga?%? ﬁ%‘."%se"?aqm" of Hog %%sés?"it@&()rg]ﬁ? ation
and spaces are preferably enployed to prevent the formati on of

di rect shor Fig.ab iNugtrating - mareydetail rane forinn afhen AFRoaupplemergpry plasma

The el ement should have a small dinension or low profile in the target- 20
substrate dgp@glingeldmemyoi d the need to significantly increase the target
to substrate di stance to accombdate the el enent. Water cooling

of the F%%&t a id?alq?éﬁ'\(?ré&cetéﬂr@g) ﬁ‘taﬂﬁﬁvéil‘i‘\ﬂgr td ??Q;eiﬁqﬁﬁétrm? be

provided with an I've 'coating to prevent ‘Unwanted curTent
flow, _may have a surfa

Te s Y an alteragtiveferm of amBR QUPPIRMERIAY RIASBR SoRYBe Slemantal o

reduce flaking and contam nation, and may be formed of or coated
with a material Fipt2€ds a diagrammatiterepresentagionnsimilar tohEigaai2A endg@B or
coated with an inert material such as gquartz or a ceramc

material, pﬂlh%fr%ﬂhgrd $urtiR RaiteRatficcforitof an RFuppiémentary plasrih @dRling
exceeds the rate ol deposition of sputtered material on the el enent.
element.
Fig. 3 is a timing diagram of one embodiment of the operation of the
10 apparatus of Fig. 1.
Detail ipti £ Preferre iment:
Fig. 1 diagrammatically illustrates a sputter coating apparatus 10
according to principles of the present inve_htion. The apparatus 10 includes
a vacuum tight sputter processing chamber 12 having mounted therein a
15 wafer support or susceptor 14 with a semiconductor wafer 15 thereon. The
wafer is facing a target 16 of sputter coating material of a type that is to be
deposited as a thin film on the wafer 15. The target 16 is part of a cathode
assembly 17 that includes a target holder 18, to which the target 16 is
secured, and a magnet pack 19. A dark space shield 13 may also be
20 provided around the periphery of the target 16. The magnet pack 19
preferably includes magnets that produce a closed magnetic tunnel that traps

over the surface of the target 16 electrons given off by the cathode

assembly 17 into gas within the chamber.
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The elenment is preferably positioned out of the target-to-substrate path,

and ef erably such that it receives mniml depo

mat eri al f‘?’8r%8}tg§1 Smai n target. In one preferred e?bééﬂée%éﬁ{m”

el enent is placed behind the plane of the sputtering face of the
main target. 10 The preseén I nvention increases the
directionality of a sputter coating process, particularly for

coating of high pect features sem con I rface.
The invention re §pE€"§(tF%r1€q1@°B‘f R SoHFtS 8?@3’5 BPV%L&Q'EYV% v'be
material and facilitates maintenance of a DC or pulsed DC plasma at | ow
sub- switctiEal on o eemairesonstanh or may be putsedn whiepisscenreseted fodhe
carried out with low 15 pressure at a high rate and with | ow

contam nat i @athddeakserbly PP tARUgH &9 RF filter 22. /b:eausmdryf ssuree afi erprgypher e
the substrate to be etched is a cathode, with the RF el ement or

el ectrode aglrﬁﬁ ar&bari‘ﬁt? éesvé’t%? 2P él@b 'Bﬁbﬁﬁhg%%ﬂbéfé?to the cathode

These and o and adva tages resent 1 nvention

wll be nore read|I a nt fromthe foll etaile escrl ti
the 90 assBF@\é)r/reg"% PPg'b pe ‘Eﬁmier?éegwbl'éﬂqubﬂ matehy Wp k98"

Brief Description of the Draw ngs: Fig. 1is adlagramratic
r epr esent at iam oftionas (hits esifcuit 27panayt @wéso be providedh@ngr dongectedotme the
enbodi ment of the present invention. : Fig. 2Ais a

di agrammat | GubSHate fldiddr P t8Tapplyardib&®Ro deWagsreisd 2 in

According to certain embodiments of the present invention, a coupling

element 30 is provided in close proximity to _the surface of the target 16.

10 Preferably, the element is maintained close to peripheral edge 31 of the
target 16, very near the dark space shield 13, and preferably either in the

plane of the surface of the target 16 or slightly forward of or behind the

surface of the target 16. An RF generator 32, _preferably operative in the

range of from 0.1 to 60 MHz is connected to the element 30 through a

15 matching network 33. In one embodiment of the invention, the element 30
is a planar coil 30a, as illustrated in Fig. 2A, connected across two output

leads of the RF energy source 35 that is made up of the generator 32 and
matching network 33. The coil 30a serves to inductively couple RF energy

from the source 35 into gas within the chamber 11 to form a supplementary

20 plasma near the target 16. Fig. 2B illustrates a multiple winding segmented
helical coil 30b which is an alternative to flat single coil 30a of Fig. 2A for

forming the supplementary plasma.
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Fig. 1 illustrating in nore detail one formof an RF supplenentary plasm

coupling Fig. 2B is a diagrammatic-representation
simlar t?ﬁi?g’g‘}% illustrating 5 an alternative for RQGTURS 17 -

suppl ementary plasma coupling el ement. Fig. 2Cis a

di agrammatic representation simlar tg Figs. 2A and 2B

illustrating a further alternative forl® of an RF suppl enentary plasm

coupl i ng el epent. | . Fig. 3 is a timng diagram of
one enbodi nent ofinfiig dGdhere isnllustrated a fugher alterpgtivetathefcaisg304 and

Det ai | ed Description of the Preferred Enbodi nent: Fig 1

di agr ammat i 84, \ani annudar sepplemenpalttargetc30¢. Theapamta80sislfreferably made
according to principles of the present invention. The apparatus 10 incl udes

a vacuum ti gltthaPslrhB mRE&a S fH}HSPQ@?e!‘Ta}% ﬁ@&iig%oﬁ‘ré@ﬁ&gté @ngﬁ:uq 15

waf er support or susceptor 14 wth a sem conductor wafe her eon.” The
wafer is fagin tapget 1 6 of s ter_coating material of type that is
to be teaofingRF enpray squrgs 5154 a5 & cendciel caurie R entiawio 1 6
is part of a cathode assenbly 1 7 that includes a target holder 1
8, to®whi chthdgasdpdermitie sdpplementary plasma.ed, and a nagnet pack 19. A

dark space shield 1 3 nay also be 20 provi ded around the periphery

of the target 16A BoarcegfeprqueskiniPgas 40 is comiedtetialt Xhé '¥HdmBs ABINet s
t hat produce a cl osed magnetic tunnel that traps over the surface

of the targg{rolfhtd ﬂs% ﬁg:z‘trrgf dENcOd1 P¥ol WputRl H8essing, the gadBdRTRhY 17

into gas wwthin“the c
supply 40 is typically an inert gas such as argon. The control 41 regulates

the flow of small amounts of gas into the chamber 11 to provide fine control
10 of the pressure in the chamber once the chamber has been generally
evacuated and brought down to a high vacuum by the use of a vacuum
pump (not shown) connected to the chamber 11. |
The apparatus 10 also includes a main controller 50 that is preferably
a microprocessor-based programmable controller operative to sequence and
15 control the operation of the components discussed above. The controller 50
has outputs for controlling the energization of the cathode power supplies 20
and 24, the substrate bias power supply 27, the RF generator for energizing
the supplemental plasma element 30 and the gas flow control 41. According
to certain principles of the present invention, the controller 50 is programmed
20 to operate the gas flow control 41 to cause a pressure in the chamber to rise
to between 1 and 50 mTorr, then to cause tHe RF generator 32 to energize
the element 30 to ignite and sustain a supplementary plasma in the chamber
11 in close proximity to the surface of the target 16. Once this plasma is
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-10- The apparatus 10 includes a source of DC power 20,

whi ch may ’ svmtched on to remain constant or ,
which is %’g)ngr%sepe‘sd toth cat hode assenbly 1 7 th*gﬁﬁﬁ%ﬂ&%ﬁ
filter 22. An auxiliary source of energy such as an RF gener at or
24 may al so be optionally connected tf t he cat hode 5 assenbly 17,
whi ch woul d be connect ed through a 1cﬁl ng network 25. An

opt i onal blas ui.t 27 o be provided and connected to e
SObstrat e 1Rabeed. e, Sopimlpr B auset e pimssnra fo Be'Teduced 1008 MTar
According to certain enbodlnents of the present invention, a coupling

el ement 30 drdeps @nicithe powsrosupRly 3Q o tthet mairhtarget fl&c to dfe emergizacyta 1 6.
10 Preferably, the elenment is maintained close to peripheral edge 31

of the produck ah@einaid plasha alﬂQafgdthPG,dW‘ th SHERF siwskbehehtary2pthsma
preferably elther in the pl ane of the surface of the target 1 6 or

generator o siplet)BY Y iy 'ea%tnve'vsé“ﬁ&? fﬁ‘antgﬂ‘%ok?ef‘qgfﬁﬁ 39190 60

MHz is connected to the elepment 30 through a - t chi ng networ k 33
In ofe enbdanieRnGMaiRtain ﬁbér{PPtﬁhP'aﬁﬂ@reWBFFéhW%d not othervw%e igniteaatir
coil 30a, as illustrated in Fig. 2A, connected across two out put

| eads of t presSuresdralgws dumTerr35SWittathissmandplasmayfa wafeydBeisgiracesgedind
mat chi ng network 33. The coil 30a serves to inductively couple RF energy

fromthe sqyriggy %ﬁesm@sa@bmbhwa& hﬁe%@&% dlhigh bepeRLratPREATRSS ary

20 pl asma near the target . Fig. 2B illustrates a'nultiple w nding
segnent ed th helical coil 30b which is an alternative to flat single
coi | 30a of "Bf%PM-2A for .

Fig. 3 illustrates in more detail the manner in which the program of the

10 controller 50 controis the apparatus 10. In Fig. 3, curve 60 represents a

signal from the controller 50 to the gas flow control 41. In curve 60, the

curve goes to a high flow value 60a for t.ypically approximately 2 to 5

seconds beginning at time T1 (beginning of c'ycle) and terminating at time

T4, (which is typically approximately 2 to 5 seconds after T1). In curve 61,

15 the pressure begins to rise at time T1, reachcs the desired higher pressure

approximately in the range of 10-50 mTorr before a time T2, and remains

above the one mTorr pressure until tirﬁe T4, wheh it begins to drop. At time

T4, the flow control signal changes to a low flow control value, typically

achieved by signaling a flow of 1 to 100 scem into the chamber 11, as

20 illqstrated at 60b on curve 60. This causes the pressure in the chamber 11
to drop from level 61a to level 61b from time T4 to time T5.

Curve 62 represents the RF power being delivered to the RF

element 30 from the RF source 35. The controller 50 causes the RF energy,
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form ng the supplenentary plasna.

-11 - In Fig. 2Cthere is illustrated a furthér

al ter nat | WO P53 e coils 30a and 30b, an annul ar RGP EARNT al
target 30c. The target 30c is preferably nade of the sanme
material as target 16. Target 30c is_,gonnected to an out put | ead
of the RF energy source 35 so as to” agp‘acitively couple RF energy into 5

the gas to formthe s enent ar
pr ocessi ng indbesange %fgﬁ’ﬁéét letp ﬁg) mfctl?aﬂﬁ%lat tie T2 from zero %ﬂ f?@ﬁ?a f1 ow

control device 41. For sputter processing, the gas fromthe
suppl y 40 isuffiyipht 8 ligniteraipiesthaghypicaliyitoas pawgoef 1TTte Scidi, rasl indicatedul at es
the flow of small anounts of gas into the chanber 11 to provide fine

control = 1G¢ g2a o buhi¥ 62 EIHIS RE Powt Féﬂﬁéﬁh@ratoﬂfe?higge |8 umais been

general ly evacuat ed and brought down to a hi vacuum by the use

?Leaaﬁﬁé‘#é{{*‘ugem:*a%’acﬁ TerrfC 08 1R <ok RS o @&%ﬁ*‘c?@ﬁ%era@y

a m croprocessor-based programmuabl e controll er _operati vg &ﬁwsequenpe and 1
5 B cont timet T3 togémeat T dnwhich ircappiainataly -8i-s? $€6ends IRIGE tham dime

controller 50 has outputs for controlling the energization of the
cathode powes, sh@[RF eoweér level is causeddt®dectihe fsemstaval €23 4s pdower suppl y
27, the RF generator for energizing t he suppl enental plasna
el enent 30 1808 698, GRRich! RVahQWHePL fidm < PhifirMEm needed to sustain the
plasma to a level that will enable control of the deposition rate onto the
substrate 15. This level 62b is typically between 0.1 and 3 kW with a
10 frequency of from .1 to 60 MHz.
Before time T3, and preferably before the bressure of process gas is
reduced from the high level 61'a.to the léw level 61 b, the DC power on the
target 16 is increased from zero to an operating power level 63a as
itlustrated in curve 63, which is typically b-etv‘veen 0.5 and 30 kW for
15 commonly used 12 inch diameter targets. The increase in target power will
occur between times T9 and T10, or within up to approximately 5 seconds.
The DC power will remain at level 63a on the target 16 until time T6, which
is until the wafer 15 is processed, which can typically be from 10 seconds
to several minutes from the time T10. At time T6, the DC power level 63a
20 is removed from the target 16 and the sustaining RF power level 62b is
removed from the supplemental element 30 at time T6 or later. Then at
time T7, the gas flow is reduced to zero and the gas pressure thereupon
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to certain principles of the present invention, the controller 50 is

programed 20 -to operate the gas flow control 41 to ¢ ssure
in the chaWPa¥s3e i se to between 1 to 50 nilorr (6’%9389‘{’}?666 .
N nierr]), then to cause the RF generator 32 to energize t he

element 30 to ignite and sustain a §§%0I enentary plasma in the chanber
11inclose proximty to the surfacé>t the target 16. Once this plasm is

-12- . sStabiljzed, the controller 5 auses the pressure, tq be
educed t o dgcineds fhe SR pugR W pressure.” WREH IS viefer i feriet e wdin
supply 20 to the main target 1 6 to be energized to produce the
mai n pl asma pewt engethelcygle s répeatedRF suppl ementary pl asma bei ng
sust ai ned by RF energy reactively coupled formthe elenent 30 to 5

ignite and mai ntERdkd BRilGE i HerarBwilippiesiatd ehapthetdpplivhtions @i e at
pressures below 1 niforr (0.133 NNnferr]). Wth this main plasma, a wafer 15

IS process : at. S t dhe: b hi gh
aspect rat i%ge§ee%t[ lunrveegtloﬂ hérdth %F?E%'}’irggh_aﬁ'\% Bk fle ﬁ\%htltonﬁsg&ééjﬂ{%cﬁi;q s
in nore detail the manner in which the pr ogr_a,m of the é% ) controll er
50 cént rol Prefesreshembadiments Aqeorfingly, agditiopseand dppddisationg can be
signal fromthe controller 50 to the gas flow control 41. In curve 60, the
curve goes made withputfdeparting deort @hefprindigles ol the iappntiannelle folbwing
seconds beginning at tinme Tl (beginning of cycle) and termnating at tinme

is claimed:
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T4, (which is typic l 2 to 5 seconds after T1). In curve
61, 15 the pre “ﬁm@m !mf&“ \yse at tinme T1, reaches the" desired

hi gher pMEL2: approxi netely in the range of 10PGDURASSIOAIT 1. 333
- 6.666 N/rr[err]) before atinme T2, and remnains above the one
mlrorr pressure until tinme T4, when it begins to drop. At tine T4,

the fl ow control signal changes to-d4 ow flow control value, typically

achieved by signaling a flow of 1 to 100 sccminto the chanber 1 1, as 20

i|lustrated d: Bopustering wmetbod cpmprigngdbe staps pfessure in the chamber 11

to drop fromlevel 61 a to level 61 b fromtinme T4 to time T5.

Curve 62 repregsovilinga fipplementd) plasinal eldct@dedntspirtefhg chamber in

el enent 30 fromthe RF source 35. The controller 50 causes the RF energy,
13 - TR to. 60 MHz, to rise at tine T2 from

zero to aqroxnrfuty tb's EBGttEﬁHQ?;a‘Pﬁoéc% O?‘I gm te a pI asma, typically to a

power of 1 to 5 kW, ?f curve 62. This RF

power remains eﬁ"scrﬁtz"l‘ﬁ! éﬁel @@ro@é(w&lﬂtqtﬁeast one mToyr ok PressuipiiBHnes from

0.5 to 3 seconds after tines Tl and T2. From '5 time T3 to tine T8,
whi ch & s aiyambeéemtn ignjte. $ plasinag adjaceat the eathddea; thiene T3, the RF
power level is caused to decline fromlevel 62a to a | ower | evel

62b, which is ?t hé @BtHdR WHileMBlAtaRies! the ppessluné in ithe chamber
plasma to a level that will enable control of the deposition rate onto the

substrate 435 hbre tfareh R¥Br'td ;B%thglal yptﬁ%r%f Bla%njra Wth %hg\é/at}%ég a

2. The method of claim 1 wherein:
the electrode providing step includes the step of providing a coil in the
chamber around the perimeter of the cathode; and
the energizing step includes the step of inductively coupling RF energy

5 into a gas within the chamber to ignite the plasma therewith.

3. The method of claim 2 wherein:
the electrode providing step includes the step of symmetrically
providing a partitioned helical coil in the chamber around the perimeter of the

cathode.

4. The method of claim 1 wherein:
the cathode operating step includes the step of energizing the cathode

with DC power.
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10 frequency of myﬂ“ﬂ” ') m Before tine T3, and
pr ef er abl ess gas is redu fromthe
hi gh Ieve?(mggglg;{l?% the | bw tevel s6 t he DC power on the PCT/G, 819104{ arget .
1 6 is increased fromzero to an operating power |evel 63a as

Illustrated in. curve 63, which is tﬁgcally between 0.5 and 30 kWfor 1 5
commonly used 12 inch (30.48 crr) di ameter targets. The increase in target
tinmes T9 and T10, or within up to

power w | | e

appr oxi mat el y°5 zgemﬁé‘°J°P° alm wihRren: B power will remain at level 63a on
the target 16 until tinme T6, which Is until the wafer 1 5 1is
processed, whi chtheagathpde ogktatingestepdincludes thee stepsof energizing thecathodeal
mnutes fromthe time T10. At time T6, the DC power |evel 63a 20 i's

removed frogithhsulbed 8 pbvetnd the sustaining. RF power |evel 62b is

renoved fromthe supplenental elenent 30 at tine T6 or |ater. Then at

time T7, the gas flowis reduced to zero and the gas pressure thereupon
-14- declines to the | ower punp down pressure. When the wafer is replaced

with a new one, the cycle is repeated. CLAI M5
6. A method of sputter coating contacts at the bottoms of high aspect

ratio features of a semiconductor device on a semiconductor wafer, the
method cotﬁprising the steps of:
supporting a semiconductor wafer in a vacuum sputtering chamber
5 facing a target of a sputter coating material mounted on a cathode assembly
in the chamber;
establishing a vacuum pressure _of'gas withfn the chamber of at least
one mTorr;
energizing a supplemental plasma by reactively coupling RF energy to
10 the gas in the chamber in close proximity to the target while the pressure in
the gas is maintained at the vacuum pressure of at least one mTorr to ignite
a plasma in the gas at the target;
reducing the pressure of the gas within the chamber to a vacuum
pressure of less than 1T mTorr;
15 _ energizing the target with DC power and sputtering material therefrom
and onto the substrate while the pressure in the chamber is at the vacuum

pressure of less than 1 mTorr.

7. The method of claim 6 further comprising the step of:
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1. A sputteri ngmmmmm afl N9 supporting a substrate (15) in &
vacuum sputtering ch ' ﬁm,”m a sputtering cathode assenbly (17)
i ncl udi n§V@9%¥/sMget (16) Of 'sputtér eoating material, estabPCTHISISIMIVacuum
pressure of gas in the chanber (12), igniting a plasma adjacent to the ~
sputtering cathode assenbly by reactively coupling RF energy froma
suppl emental plasma el ectrode (30, -3@; 30b, 30c) to gas in the chanber
(12) and then energizing the sputtering cathode assenbly (17) to cause
sputtering and \eryingoRF ipoyverhef tiss cpupled R eaerdyets cohtnol tihd deposidion33
N nferr])during sputtering. 2. A sputtering nethod as clainmed in
Claim1l whateebR theewheegr. ti on step conprises controlling the pressure in the
chanber (12) and the power to the supplenental plasnma el ectrode (30, 30a,
30b, 30c) at a level to ignite the plasma and wherein, follow ng
energi sation of the sputtering cathode assenbly (17), the pressure and
power are reduced to a level below that required for ignition of the plasna
but above a Pevbihe maefiiodRf ¢lgirg B fuither aemprisinsthe steps of:sputter coating
mat eri al . 3. A method as clainmed in either daiml1l or Caim2 further
conpi si ng provibdasiggtthe subsptatepnt al pl asma el ectrode (30, 30a, 30b, 30c)
in the sputtering chanber (12) in proximty to the sputtering cathode
assembly (17). iontding the Mal@iid) dbubfercd HoMR dhb Halfet 1E6M Himfdi@lfBrhUT t her
conprising providing the supplenmental plasma el ectrode Iin proximty to a
peri pher al gggg 31) of the target (16) and in proximty to a dark space
shield (1§5‘ d the target (16) in the chanmber (12). 5. A net hod
as clainmed in any preceding claimfurther conprising providing the
suppl 8ment al plvwBatehy dhe (igazedzsputioeed particlascyre Atisaetedntevyard thepl ane
t hrough a sputtering surface of the target (16).

substrate.

9. The method of claim 6 wherein:
the energizing step includes the step of energizing a supplemental
plasma by capacitively coupling RF energy to the gas by applying the energy
to a supplementary target of the sputtering material surrounding the target
5 in close proximity to the periphery thereof while the pressure in the gas is
maintainea at the vacuum pressure of at least one mTorr to ignite a plasma

in the gas at the target.

10. The method of claim 6 wherein:
the energizing step includes the step of energizing a suppiemental
plasma by inductively coupling RF energy to the gas by applying the energy

to a coil surrounding the target in close proximity to the periphery thereof

il




6. A nethod as cl ﬂ"fm "g!ﬂ"ﬂmygﬂuedl ng clai mwherein RF energy is
capaci ti Y, | ed | ying energy to a supplenent ar
target (ﬁégstﬁﬁﬂgputterl ng material gurroundi ng the target %}Js?aﬁ“%
proximty to the periphery thereof. 7. A nmethod as clainmed in any one
of Clainms 1 to 5 wherein RF energy IFZI nductively coupled to the gas by
appl ying energy to a coil (30a, 3006) " surroundi ng the target (16) in close
proximgty to. t eri phery (31) fhereof, 8. nmet hod as ¢lajnmed in

& o By i At REpssbre i Wit e maiTAiRgh A e HackyM PE3SHIC GhBEIRass
symmetrically provided in the chanber (12) around the perineter of the

sput t er i ngpreattionte tadgritelayplesma in the gas at Ahedaiged. as cl ai ned in any
precedi ng clai mwherein the cathode assenbly (17) is energised with DC
power . 10. A nmethod as claimed in any preceding claimwherein the

cat hode assenbly (17) is energised wth pul sed DC power. 11. A et hod

Substrate (13 A ?”%%‘f%‘*'é%%pﬁﬁﬁ*%t BrhaFSeRe Ter ou {rom the Carget (16) a

a poi nt rermte fromthe target and controlling the bias to attract
the ionized spui Vaseamepyttefieg mﬂrthe substrate (15).  12. A
nmet hod as clainmed in any preceding claimfurther conprising controlling RF

power to the supphtivodd il the elsambetectrode (30, 30a, 30b, 30c) to vary the
coupl ed RF energy to control the deposition rate on the substrate (15).

13. A net hod, éﬁtﬁ‘dc@ q,elr@r,_@%gaﬁﬁg %rrlﬁ ghmeei n the plasma is

ignited with at |east one mlo 133 essure in the chanber

(12) gperating f he. Gl a85ubtdrsamRrdlid o hoW'Sr BAE T el dhathSarcfiayoer ot

for affecting the pressure in the chamber;
an RF electrpde prbximate the cathode;
an RF energy source conne_cted to the electrode; and
a controller connected to the gas flow control, the power supply and
10  the RF source and configured:
to cause the gas flow control to maintain pressure in the chamber
of at least one mTorr while the RF source is energizing the RF electrode
to ignite a plasma adjacent the cathode, and
to cause the gas flow control to maintain pressure in the chamber
15 of less than 1 mTorr when the cathode power supply is energizing the

cathode to sputter therefrom.
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h t he cat hode. - 17 - :
14. A sputtering m ﬂj‘ﬂm ing a vacuum sputtering
chamber (M”’é"l%‘butter ly (17) i ncl UBEHYSW/ 04 get -
(16) of sputtering material in th chanber (12), a cathode power h
supply (20) connected to the cat hode assenbly (17), a gas flow
control (41) for controlling- e f1 ow of gas into the chanber (12)
and for affecting the pressure in the chanber, a suppl enental

pl asma el ect r 3@ TBe apparatuscif claibe J1 TawheFeioner gy sour ce (32)
connected to the electrode, and a controller (50) connected to the gas

flow control (4lthe éé’cﬁoﬂe\b@% eﬁdmﬂérhg targef P8bméddf apurterifty hiftefigiz) and

configured to cause the g | ow control (41) to control pressure in

oo evel 18 a%"n”"’?“edsam%ﬂfdm 30B568rq Ablucr TP RERAbAITERispotiate' | 17)

and to cause th flow control to maintain pressure in the chanber
at- | ess t h&@rg rt a{geN nf err]) whil e the cathode power supply
(20) is energizing the cat hode assenbly (17) to cause sputtering.

15. Apparatus as claimed in Claim 14 wherein the el ectrode is
a supplenentary target (30c) nmade of or at | east coated with the

sputtering maygriphe a?:BQré%h§®frdP£iﬁ1 12 whipaiRg configured to capaci tively
coupl e the RF energy gas wthin the chanber (12) to |gn| te and

sustain a plas n
ClualmI 14 pv\hepgihﬁ el?‘ﬁ{éggeﬂg Iaeué?l aé&et%fi%et mg@?% (Pldﬁe@gtz?ogﬁf Ing and
close to the perimeter of the target, (16) to i nductively couple the RF
energy to §88 snmw'ngtrnétqmbrﬁbérewgedq Beingrrandigyirer tq Sepasitively cauple asna

t herein.

mlrorr to produce a spu g

the RF energy into gas within the chamber to ignite and sustain a plasma

5 therein.

14. The apparatus of claim 11 wherein:
the RF electrode is a coil surrounding and close to the perimeter of the
target to inductively couple the RF energy to a gas within the chamber to

ignite and form a plasma therein.
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