WD 97/ 41598 PCT/ 1 B97/ 00522

APPARATUS AND METHOD FOR | MPROVED DEPGCSI TI ON OF CONFORMAL LI NER
FI LMS AND PLUGS I N H GH ASPECT RATI O

CONTACTS 5 Field of the Invention Thi s
invention relates generally to the formation of conductive liners
and t he formatwom7aefssgonducti ve pl ugs or non- condutcTimopmosays f or
creating electrical interconnections or circuit el enents for
integrated circuits (1Cs). Mre particularly, the 10 i nvention
relates to the formati on of conductive liners and conductive plugs
I n substrate contacts or apertures having high aspect rati os.
Background of the Invention In the manufacturing of
integrated circuits, and 15 particularly, logic and nmenory circuits,
the circuit structures utilized are increasingly dense and

conpact. Furthernore, current

ILM DP | H ATI

This invention relates generally to the formation of
conductive liners and the formation of conductive plugs or non-
conductive plugs for creating electrical interconnections or circuit
elements for integrated circuits {IC's). More particularly, the

10 invention relates to the formation of conductive liners and
conductive plugs in substrate contacts or apertures having high
aspect ratios.

Backaround of the Invention

In the manufacturing of integrated circuits, and

15 particularly, logic and memory circuits, the circuit structures utilized

are increasingly dense and compact. Furthermore, current
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i ncreasingly | arger nunber of i nterconnecting netal |evels as
wel | as increasingly higher I nterconnect densities per |evel
During IC fabrication, patterned series of holes, apertures and
trenches are Wwoofig@eg N t he substrate, 5 and specifi%%z

hol es/ apertures are fornmed in the material |ayers of an
substrate to provide for interconnection between the materi a

| ayers. For exanple, when one substrate material layer is f or med

on top of another |ny&jrated diuRksiate WRMEink bl iR8ralinglyA4RIertimber of
provi de for interconnection to a | ower |layer. These hol'es and 10

apertures are of { e hiBanfdlime el ool bl ds, ASreRbACHSREL v! 25

and will be collectively referred to herern as "contac

maki ng an intercon ' tween the | ayer 1h ontacts are

filled with an appﬁggérﬂcg&&ﬁggﬁf&ﬁ Ll ’%éﬁeﬁ‘ﬂﬁ'ﬂﬁ?&égﬁ‘fﬁtbﬂ"ra%m%d
preceded by the depositgjr}mﬁ)f aliner film 15 . In the
fabrication of |C RRIIeE holes. apgrtpEmrasangbirgnches are formed jn the substrate} ayer s
make el ectrical contact to the sem conductor Substrate or to
other |evels ®f int¥dspaciiiadlythe holesiapertures are formed in gbetroatesal faiers
contacts are forned in the various netal i nt erconnect | ayers by
et chi ng, maski ng orofbamiC substrats qogsokideior in2érconnectiohtbetwashsthie Of
ordinary skill in the art. Once a contact is forned, t he

i gt erconnecti ng netmatdriny fyersdr For exginple S wiheR Wilel fbstratedrmiatrial layer is
formed on top of another layer, a hole is made in the top layer to
provide for interconnection to a lower layer. These holes and

10 apertures are oftentimes referred to in the art as contacts or vias
and will be collectively referred to herein as "contacts”". When
making an interconnection between the layers, the contacts are
filled with an appropriate metal plug. Sometimes the metal plug is
preceded by the deposition of a liner film.

156 In the fabrication of IC devices, the various metal
interconnect layers make electrical contact to the semiconductor
substrate or to other levels of interconnections through the
contacts. The contacts are formed in the various metal
interconnect layers by etching, masking or other techniques known

20 to a person of ordinary skill in the art. Once a contact is formed,

the interconnecting metal layers or plugs are deposited into the
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contact to provide for the electrical interconnection between the

| ayers. Such filnms and | ayers can be deposited by generally known

t echni ques such as chem cal vapor deposition (CVD) or physi cal

vapor deposition (PVD). 5 One conventionally known
physi cal vaposygi@pessti on techni que is sputter depopCi/iBOTIOSIN
sputter deposition, a target of material, such as a netal target,
i's positioned in a vacuum chanber general ly opposite a substrate
which is to receive a | ayer or plug of material. A working gas is
i ntroduced into the gontactnioChraviier for tRe electripab fitemioanédatornt betyedendthe i s
electrically excited to create a gas pl asma including positively
charged gas ions. Thgydl GicH films and layers'E4iPbé YBhYsitiOB GeAstally RRowaN! zed
pl asma speci es bonbard the negative target, thus dislodging

mat eri al or "sputterdinGe: . ' ,;sg)dgltered
mat eri al deposits ont% g'q?'ﬁéggﬁﬁé‘ﬁ rggicgemf?l Vapors%_érkfuggheﬁagé(}%ﬂﬁgﬁ%overs t he
substrate surface and th%reb AN qsé ?r fills any contacts forned
in the exposed subst¥3RPE §B?¥'38@. DI In the drive
toward nore depse and conpact circuit structures on a substrate,
the critical dPmensions :)T t h&ne convenﬁon?'wt'&n%m@wcebvﬁ%tdspaﬂﬁmme
increasingly smaller. The "aspect 20 rati o" of a contact is the ratio

of the contact | engttechoiaueds aputter deposition. In sputtiirgleppsitionf attarget ofit act
hole is circular). Wth smaller contact
material, such as a metal target, is positioned in a vacuum chamber

generally opposite a substrate which is to receive a layer or plug of
material. A working gas is introduced into the vacuum chamber

10 proximate the target and is electrically excited to create a gas
plasma including positively charged gas ions. The target is
negatively biased and the ionized plasma species bombard the
negative target, thus dislodging material or "sputtering” the target.
The dislodged or sputtered material deposits onto the substrate ¢

15 surface and thus covers the substrate surface and thereby lines or
fills any contacts formed in the exposed substrate surface,

In the drive toward more dense and compact circuit
structures on a substrate, the critical dimensions of the
interconnect contacts are made increasingly smaller. The “aspect

20 ratio" of a contact is the ratio of the contact length to its width {or

diameter if the contact hole is circular). With smaller contact

-3.
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becom ng increasingly hi gher. Such high aspect ratio contacts are
difficult to fill due to the obstruction of the sputtered materi al
by the high contact walls and resul ting shadowi ng of portions of
the contacts kddl - 5 However, the smaller archite urrent
| C technol og;’*‘?éﬁhb& desirabl e for inproved perfor nancghgé%-’@é‘%gr
cost. Whi |l e sputter deposition has proven to be
general ly useful for conductive l'i ner fiInE and conducti ve plugs,
t he conveptional sputter | n tec resent probl ens
when 10 deposi 'r'ﬁas'gﬁ%’h ﬁq%a%n pSF{Jgag'osnac'%lg

cﬁ%ﬂff'}% very high
aspect ratios, e.g., .aspe rat 0 err he aspect .
rgltoi o of aI cgnt actg Spé"c{‘ hig ﬁ%@ 1 8I°°§'EﬁﬁtF€Fe ﬁ&ﬁs@]ﬁ?aﬁf to

becones | ess effective at depositing material into the bottom and
sides of the contadhe opstruptign pt she spietaersr mpateriak e theohighortaetewalls
walls results in a tapered sidewall deposition, and the contact has
little deposition iandtdesultiogtsbedowingeof pedions oflthe apptacts attedor.t hi s
pr obl em becones worse as the contact aspect ratios increase.

One known t edini quedaireverp tiay smglidrairchitectack 6f e@rrent IC technolégylis coati ng or
coverage in high aspect ratio contacts is to use a 20 pl ate
collimator. The pl gfegiraBle! foMMhsroved performahted aR®idwécewnd. paral | el
While sputter deposition has proven to be generally
useful for conductive liner films and conductive plugs, the
conventional sputter deposition techniques present problems when
10 depositing such films and plugs into contacts having very high
aspect ratios, e.g., aspect ratios >1.5. As such, when the aspect
ratio of a contact exceeds 1, conventional sputter deposition
becomes less sffective at depositing material into the bottom and
sides of the contact. The physical shadowing of the contact side
15 walls results in a tapered sidewall deposition, and the contact has
little deposition in the bottom corner. As may be appreciated, this
problem becomes worse as the contact aspect ratios increase.
One known technique of improving bottom and side
wall coating or coverage in high aspect ratio contacts is to use a

20 plate collimator. The plate collimator is typically positioned parallel

to the substrate. A collimator has a series of tubes, the walis of
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to_the substrate. A collimtor has a series of tubes, the walls of
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PCT/ 1 B97/ 00522 whi ch intercept some of the material sputtered
fromthe target. The sputtered material or flux incident at an
angle far fromO (wth respect to the collimator perpendicular)
are renoved. Qebypriises portion of the flux incident pgigeieoss
angl e proportional to the ratio 5 of the collimtor hole dianeter
to hole height is allowed to pass through the collimator. As this
rati o decreases, the aspect ratio of the col limator tubes
increases, and a gr eajlith perept 89ne Wt thBenitetial sputtered from the!Xargst.i Nci dent
on the substrate within a very snmall angle from . perpendi cul ar.

However, while high ghgafputietdd Rxaﬂirf#l ®r ?ﬂk'iﬁﬁﬁ&ﬁ’{ at aleng%lﬁ gar #BRY 09 ((ith

sui tabl e deposition, they produce a large reduction In

deposition rate and f E?tég%.@ lgﬂpﬁgﬂ%pﬁﬁedg&ﬂéﬁ%‘r géndw{:%eéaat R the

because nmuch of the sputtered ma osite

collimator. The inventj.on ajll.o | owey aspect ratio collimtors to .
achi eve deposition pPBquég% &\e\r{ﬁ‘f’%ﬂncf%"ﬁi 'ﬁﬁm?%ﬁﬁqppﬁéﬂ 0 the ratjg;
reduces the i act on %gé)osi_tion rate and target utilization.

Further, the imventi 8hthe Felidaterdinle digspeter 3o hplerheight;is @llewertomass by
reducing the rate of material build-up thereon.

Rel atively recently, thneughdbe sellimateni mthisdatipdecteases, the aspect rtior otle has
becone desirable for lining contacts. Collimator 20 t echni ques for
deposi ti ng conduct or $he acliimasort tubesiinareased, and angreater percentage of the total

flux is incident on the substrate within a very smail angle from
perpendicular. However, while high aspect ratio plate collimators
10 may offer suitable deposition, they produce a large reduction in the
deposition rate and reduce the efficiency of target utilization
because much of the sputtered material is deposited on the
collimator. The invention aliows lower aspect ratio collimators to
achieve deposition profiles similar to high aspect collimators and
15 reduces the impact on deposition rate and target utilization.
Further, the invention allows greater utilization of the collimator by
reducing the rate of material build-up thereon.
Flelativély recently, the use of titanium and titanium
nitride has become desirable for lining contacts. Collimator
20 techniques for depositing conductors such as titanium and titanium

nitride will generally produce films which exhibit low resistivity, low
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nitride will generally produce filns which exhibit low resistivity, |ow
-5- WD 97/ 41598

PCT/ 1 B97/ 00522 i mpurity concentrations and regul ar crystal

nor phol ogi es. However, conventional collimtion processes still
have undesirabl e dr awbacks whi ch reduce the reliability of
subsequent wo9m41598i Nt erconnecti on processes. One such dr apBpferagsi hat

t he 5 deposition inside the contact still nay be generally

non- uni f orm wi th inadequate material in the corners of the
contact. For exanple, Fig. 1 illustrates a substrate 10 having an
upper surface lmpun%?cé%kﬂ%s%ﬁ%gblaﬁﬁrm%ﬁpﬁ& grial 14. A
contact 16 forned in substrate 10 has si dewal | and a bottom
surface 20. As 10 Howe%}o\?@n\}eﬁ\tﬂn&l c&linn&ﬁﬁh?ﬁc&@@?%ﬁ h30e R¥desirable
conventionally kn ol ' mation t ni ques produces a ?I ner film
22 on the si devvaII to bottom and

whi ch can produce (i]rgwbacks thcshcyg@l ﬁl}hé é@%ﬁﬁs%ﬁghg%c{%ﬁ}corners 21 of the
contact 16. The red si de f|| 22 ang rhﬁc‘gr ner

di scontinuities rraJ"Y"ég‘En'I“F' Pigcesses, ’aY"é'ﬁaF it

I nt er connecti on. oo An .addl tional drawback results from
the buil dup o? depositiopdnside the gentact sgillanavbe genemally Rentunitorme

proxi mate surface 12. Referring again to Fig. 1, the rounded

bui | dup 24, which iwith inadequate material in the corners of the contact. For
example, Fig. 1 illustrates a substrate 10 having an upper surface
12 receiving a layer of deposited material 14. A contact 16 formed
in substrate 10 has sidewall 18 and a bottom surface 20. As
10 shown in Fig. 1, sputter deposition by conventionally known
collimation techniques produces a liner film 22 on the sidewall 18
which is tapered from top to bottom and which can produce
discontinuities in the bottom corners 21 of the contact 16. The
tapered sidewall film 22 and the corner discontinuities may result in
15 electrical failure of the interconnection.
An additional drawback results from the buildup of
material at the opening of the contact 16 proximate surface 12.
Referring again to Fig. 1, the rounded buildup 24, which is
commonly referred to as "overhang”, protrudes into the contact
20 opening and shadows the sidewall 18 of the contact 16. The

overhang then results in voids, sometimes referred to as keyholes,

-6 -



commonly referred to as "overhang”, protrudes into the contact 20

openi ng and shadows the sidewall 18 of the contact 16. The

overhang then results in voids, sonetines referred to as keyhol es,
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PCT/ 1 B97/ 00522 wi thin the plug subsequently deposited in the
contact. Ref e opatsss Fig. 2, a conductive liner filpcxaBg7/08822h as
titaniumor titanium nitride, mght be deposited by sputter
deposition or CVD (see Fig. 1), and then a plug | ayer 28, such as
al um num or tungsten, would 5 be deposited over the liner film26 to
fill the contact 16.wihj the plug subsequentlyateposited imthewcontactht Referdegposi t ed
by sputtering or a plug |ayer of tungsten m ght be deposited by
CVD. .During the pl ugrigi 2| ar@nductive liner fiMORBSsucH &etitamilrd i tRgpiukang 24 at
t he contact opening grows faster than the plug layer 28 resulting

in the contact openigigridel Mnight bE'd%ﬁbél%d)H' Pﬁﬁ@f SeﬁJL‘Ptu&PBFéVTDL seeypl etely
filled with the deposite materi a Dependi ng upon the processing

tenperature, the pl “9). and then a pl{"/@?/%[eéé%t RY%h r%gtacl)';,bm%ﬁ 8; w}ggeszgﬁ t\%uaf t he

contact 16, leaving a herein enre t'o as a

keyhol e. Such hol e . -
both i n sputteP depol? pereeiss) over Rt ?n%atnﬁf"@%t%véﬁeé’f?éﬁcé gl enand

are particularly | esonme. in contacts havin h aspect
rati os. The keyhol e layer of a'“m‘de’gF‘EQBIqeppﬁ“%bﬁﬁPETtP 'g$8' |RIug r"‘l‘\(ﬁil
contact which degrades the manuf acturing yield and reduces the

nunber of usabl e devPtiungsten might be deposited by CVD. During the piug filling

process, the rounded overhang 24 at the contact opening grows
faster than the plug layer 28 resulting in the contact opening

10 closing off before the contact is completely filled with the deposited
material. Depending upon the processing temperature, the plug
layer 28 may not flow to the bottom of the contact 16, leaving a
void 30 therein often referred to as a keyhole. Such keyholes
appear due to premature contact closing both in sputter deposited

15 aluminum and CVD deposited tungsten and are particularly
troublesome in contacts having high aspect ratios. The keyhole
voids result in an unreliable electrical contact which degrades the
manufacturing vield and reduces the number of usable devices per
substrate.

20 Accordingly, it is an objective of the invention to

improve the capability of filling contacts with conductive materials.
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Substrate. 20 Accordingly, it is an objective of the

I nvention to I nprove the capability of filling contacts with
conductive materials. -7 -
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PCT/ 1 B97/ 00522 It is a further objective of the
present i nvewpiosb produce conformal |iner |ayergriBosggsbact s
havi ng hi gh aspect rati os. It is a further objective
of the present invention to increase the reliability of the

el ectrical contacts made wi thin high 5 aspect ratio contact hol es.

It is a further objective ofit fsherRtrRT Ybjectivl VHithe Pprésent invention o educe the
tapered sidewal I's and overhang in conductive |ayers . deposi ted
into contacts &Rh lye of

t he present |nvent’)|r8ﬁu?%°°'1{(?rmal lmefp‘%‘%{% 1%%813% #cp g\\'/';e\l‘=i rﬁ@’%s (?%{iare free
from openi ngs, keyhol es . r v . hus Vi de ore reliable
el ectrical interconnections'tisa further %ﬁc\iﬁ \Kh?é’t'e é'?‘ée"t“m to

It is another objective of t I es I nvention to i ncrease the
nmanuf act uri ng i eI'Bc'ﬁPsgﬁ’B%ngPg'éyl‘? vhe, gleqtriaal SQW@GFS mpge withinighy cont act s
and thus increasing the nunber of usable devices froma substrate
waf er . 5 aspect ratio contpet heles. furt her obj ective of the present

invention to
it is a further objective of the present invention to

reduce the tapered sidewalls and overhang in conductive layers
deposited into contacts.
It is still a further objective of the present invention to
10 produce conductive plugs which are free from openings, keyholes
or voids and thus provide more reliable electrical interconnections
between wafer layers.
It is another objective of the present invention to
increase the manufacturing yield of substrates having high aspect
156 ratio contacts and thus increasing the number of usable devices
from a substrate wafer.
It is a further objective of the present invention to

extend collimator lifetime.



extend collimator lifetine.
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The present invention provides inproved bottom and si dewal |
coverage during sputter deposition, and particularly provi des

| nproved covenap@iiog substrates utilizing contacts with SpCT/IBSO0GER
aspect ratios. The invention is utilized to deposit liner filns
and conductor plugs which are nore uniformy conformal to thus
enhance the electrical reliability of the interconnects forned

therewi th. Additi onSiliinynary € the dn@ntiohnventi on reduces the over hang

bui |l dup at the opening of the contact to provide for voi.d-free 10

i nterconnect plugs. The inventHeQiteSattliR@dnticiprlovidafmpPbvEddbdtom and
contacts with conductive materials. The present

nvention uti|i zes gqspil cBeidge Aerhi Yutter deposition YA EhRRIRH,S! N9 2

col I'imator in conbination with“an el é asi ng system whi ch

2P0, COUR! S AR 2 s G RSB

bi as the substrate. ween a

mat eri al target and, .a,substra a It is. - - .
gg high aspec{ ratti%s. nlqme invention is utilized to deposit liner films

and conductor plugs which are more uniformly conformal to thus
enhance the electrical reliability of the interconnects formed
therewith. Additionally, the present invention reduces the overhang
buildup at the opening of the contact to provide for void-free

10 interconnect plugs. The invention further facilitates plugging
contacts with conductive materials.

The present invention utilizes a sputter deposition
system comprising a collimator in combination with an electrical
biasing system which is operably coupled to the substrate during

15 sputter deposition to bias the substrate. The collimator is
positioned between a material target and a substrate and it is
configured to intercept sputtered particles of a predetermined
angular incidence to promote uniform deposition into the substrate
contacts, and particularly into contacts having high aspect ratios.

20 An electrical biasing system is operably coupled to the substrate

during sputter deposition for biasing the substrate such that ions

-9-



configured to intercept sputtered particles of a predeterm ned

angul ar incidence to pronote uniformdeposition into the substrate
contacts, and particularly into contacts having high aspect ratios. 20
An el ectrical biasing systemis operably coupled to the substrate
during sputter deposition for biasing the substrate such that ions

- 9- o' $haldeg? 1598 9700522

PCT/ 1 B97/ 005% fromthe sputtering plasm bonbard the substrate
surface and effectively etch the surface contenporaneously with
the sputter deposition. The collimtor provides near-nornal

I nci dence of the from the sﬁgﬂ%ﬁgﬁ%ﬂgﬁb&’np Hel 4 sﬁ%%é Qﬁrfgéé)t\ﬁ’ha'g afilm

in high aspect ratio con r| ca ] asi ng e waf er

onbar tent of o SHECkvel stgh 3p ripdg 3‘5%@3&"%98%’" i e%%‘** I ccts

the i on bonbar dnent of the substrate w th ne nqr nal | dence of
the ions on the d°p°s""°5r owenﬁ)"'g'ﬂ‘ﬁﬁ‘f'r%f?é'dleaﬁ?w’f‘ﬁr d"(‘Rl E"‘E‘h@ efits
and results of the 10 present invention. . _ The
cont enpor aneous s pRPuSter gepesitien partiples fasrgramwing a film in high agpeatdatioi on
bonmbardnent effectively redistributes the materi al which is

cont ai ned i n $he r mondactsd Byosiectsicelly biasirigatty \aafar megatively with regspecitng of
the contact. The redistributed material is transferred 15 into the

contact and onto the theadollim#tbt] the dontempbainedlus iorebomhbaniinént of the
growing layer occurs. The collimator affects the ion bombardment
of the substrate with near-normal incidence of the ions on the
growing substrate iayer to produce the benefits and results of the
10 present invention.

The contemporaneous sputter deposition and normally
incident ion bombardment effectively redistributes the material
which is contained in the rounded deposits or overhang at the
opening of the contact. The redistributed material is transferred

15 into the contact and onto the flat field of the substrate resulting in
a more uniformly conformal liner film or plug within the contact.
The present invention provides more uniform conformal liner layer
without a substantial overhang at the opening of the contact.
Material layers subsequently deposited ontoc the substrate and plugs

20 deposited into the contacts are generally free of voids or keyholes

thus minimizing electrical failures of the interconnects provided by
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a nore uniformy conformal liner filmor plug within the contact.

The present invention provides nore uniformconformal |iner |ayer

wi t hout a substantial overhang at the opening of the contact.

Mat erial | ayers subsequently deposited onto the substrate and plugs 20
deposited into the contacts are generally free of voids or keyhol es
thus mnim zi ngoohasss i cal failures of the interconnects prowcuasy7iops:2
- 10- WD 97/ 41598

PCT/ 1 B97/ 00522 such layers and plugs. This, in turn, increases
manuf acturing yield of devices and circuits froma substrate.

Furt hernore, the presmhtlayers and plugs\v dhis, dm tyno irctemses ingandfacauminigyyieldpr oved
flat field uniformty characteristics over conventional non-biased
collimation (i.e., ofcdevicesCad ¢irdlitsoffoi & Babdtrateb Furtieembraithe present
exanpl e, the sheet resistance uniformty and reflectivity is

| mproved with 1 espeGhybfich provides signifiBith ARGIAVES Klat RBId GrdARANT que.

In the preferred enbodlnen the present’ I nventi on,

col | i mat or havi ng an, he 10
conbi nati on of such a c Pwﬁ oéyertkg%%ﬁﬂgéaé u%s%er%a?: Ee)h|3JF"Zc;(\f:l/t?q'[ d(é-s£

uni formy confgrnal tlon an es .t verhang to t
extent that vvogl d no? '?"F jor Withay g b'§§€'ﬁﬁ lé'a% lﬁor exgmqq?rﬁnte%i\eet
having a higher aspect. ratio, such as 2 to 3. Wth the |ower aspect

ratio collimator utileSSENGH ‘f’?ﬂf"t”ﬁ'@tvpﬁ%ﬁ'lemﬁméiﬁ improved, wi fﬁ%??’i tha

non-biased collimation technique.
In the preferred embodiment of the present invention,
a collimator having an aspect ratio between 1 and 2 is utilized. The
10 combination of such a collimator and a biased substrate provides
uniformly conformal deposition and reduces the overhang to the
axtent that would normally only be possible with a collimator
having a higher aspect ratio, such as 2 to 3. With the lower aspect
ratio collimator utilized with the present invention, the deposition
15 rate is not as significantly reduced és would be the case with a
higher aspect ratio collimator. That is, less of the sputter deposited
material is coltected by the collimator and thus more is available for
deposition on the substrate. The present invention is particularly
useful for deposition of liner layers and plugs within sub-micron

20 (mm}, high aspect ratio contacts.
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15 rate is not as significantly reduced as would be the case with a
hi gher aspect ratio collimator. That is, |less of the sputter deposited
material is collected by the collimtor and thus nore is available for
deposition on the substrate. The present invention is particularly

useful for deposition of liner layers and plugs within sub-mcron 20
(nmm, high aspeesiket i 0 cont acts. WO 97/ 41598

PCT/ 1 B97/ 00522 The above and ot her P(%j ect S <251nd
advant ages of the present invention shall be made apparent from
t he acconpanyi ng drawi ngs and the description thereof.

Brief Description of the Drawh@%bove and other object anying
drawi ngs, which are incorporated |n nd other o 1ecgaggna3¢;[vatn£{%sgﬁgt§rgf of this

speci fication, il ypidepl GnFeHRN Sl r%faﬁe apparent frohi €h n%”g%‘f@?nrtghgn .and,

together with a general descrl ptlon of Wi0&n above,
and the detail ed d enbodi rrent s gi ven bel ow,
serve to explain the pr"%rt? %@5 %78"{'88(’" fh?f“f i nventi on.

Fig. 1 is a cross-sgc |onal Vi ew, of 2 cont act having a mat eri al
| ayer deposited w e, O MRGS Fig. 2
is a cross-sectional view of a cont act illustrating a nmateri al

| ayer deposi t®d in the substThe @ceenpanying drawiggs, which are intorporated in
Fig. 3 is a diagrammatic cross-sectional view of a
and constitute a part of this specification, illustrate embodiments of

the invention and, together with a general description of the
invention given above, and the detailed description of the
embodiments given below, serve to explain the principles of the
10 invention.
Fig. 1 is a cross-sectional view of a contact having a
material layer deposited with conventional collimator;
Fig. 2 is a cross-sectional view of a contact
illustrating a material layer deposited in the substrate contact of Fig.
15 1;
Fig. 3 is a diagrammatic cross-sectional view of a
sputter deposition configuration for practicing the present invention;
Fig. 4Ais a graph of deposition rate and substrate
current as a function of RF bias voltage in accordance with the
20 principles of the present invention, while Fig. 4B is a graph of

deposition rate and substrate current as a function of a DC bias
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sputter deposition configuration for practicing the present invention;

Fig. 4A is a graph of deposition rate and substrate current as a
function of RF bias voltage in accordance with the 20 pri nci pl es of
the present invention, while Fig. 4B is a graph of deposition
rate and substrate current as a function of a DC bias

- 12- / 41598 "

PCT/ 1 B97/ 0052?()%5% voltage further in accordance wt hP('Ekallgggﬁoisznzci pl es
of the present i nvention; Fig. 4Cis a graph
of the ratio of net sputtered fl ux obt ai ned using a collimtor and
substrate bias to tQgusgitirtid?dn bbédrdane with Hﬁ'%ﬂc@fl@@b‘f&ﬁ@ Pdsewt t hout
substrate bias plotted as a function of bi gs vol t age;

Fig. 4D is a bar grapinfifndeposition rate as a function of
substrate bias voltage; ’ Fig. S5Ais a bar graph of the
measured resistivity of a 1Q., substrate a_ function S trate bias
vol ttage, while Fig. 5B is a OF'g‘ 4C IS a g{ap 8?2’3 refio %ﬁ@%&s‘?&?@agﬁ‘&
uniformty of a substrate coated in accordance with the
principles of the pPBtRAd P$iDe & sallimator and substrate biag tethe spytteeadux at e

bi as vol t age. Figs. 6A, 6B and 6C are sheet

resi stance uni¥ or ni tgingEscoliimatqrpuithout gubstrate biay ploted 45@ funRHoB WSt r at e
bi as vol t ages,
DC bias voltage;

Fig. 4D is a bar graph of deposition rate as a function
of substrate bias voltage;
Fig. 5A is a bar graph of the measured resistivity of a
10 substrate as a function of substrate bias voltage, while Fig. 5B is a
bar graph of sheet resistance uniformity of a substrate coated in
accordance with the principles of the present invention as a
function of substrate bias voltage.
Figs. 6A, 6B and 6C are sheet resistance uniformity
156 maps for O V, 250 V, and 450 V RF substrate bias voltages,
respectively;
Fig. 7 is a bar graph of the measured reflectivity of
substrates coated in accordance with the principles of the present

invention as a function of substrate bias voltage.
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respectively; Fig. 7 is a bar graph of the neasured

reflectivity of substrates coated in accordance with the

princi pl es of the present i nvention as a function of substrate

bi as vol t age. - 13-

WD 97/ 41598 PCT/ 1 B97/ 00522
Figs. 8A 8B wady re phot ographs of vari ous subw et act
liners with a conformal film deposited with 450 V RF substrate
bias in accordance with the invention. Det ai | ed Descri ption of
Speci fic Enbodi nents 5 Fig. 3 illustrates an equi pnent
configuration for PER I8N B L 8l 518 SEPABRE beQari cifically,
the sputter deposition s sys'temlg% F:)r graét#}cﬁng thgnﬁt?isent

processi ng chanber Substrate contgBf FE33ENa KatTbe i Feped e i Apeg 7" °
operably coupl ed t 10 .vacuum system 36 for creating a vacuumin
chanber 34. A OHFasugﬂrqtgthl%s W@ﬁ%"ﬁ’f’ ‘?ﬂiacfg’? IVREYPRe present invention
is the Eclipse . Mark |l availabl,

Cor por ati on of Congégldlied Lescrig NERER
I S supported on a

e fromMaterials Research
L SRAMIRCRNSanber 34 a substrate 38

Fig. 3 illustrates an equipment configuration for
practicing the present invention. Specifically, the sputter deposition
system 30 for practicing the present invention includes a
processing housing 32 which defines therein a processing chamber
34 for containing a substrate. Housing 32 is operably coupled to a
10 vacuum system 36 for creating a vacuum in chamber 34. A
suitable system for practicing the present invention is the Eclipse
Mark It available from Materials Research Corporation of Congers,
New York. Within chamber 34 a substrate 38 is supported on a
substrate support 40 which is preferably operable to clamp
156 substrate 38 thereto and provides a backside heating gas (not
shown) between the backside of substrate 38 and a surface of
support 40 for efficient heating of the substrate.
Positioned opposite substrate 38 in the chamber 34 is
a target mount 42 which is bonded to a target 44 of material to be
20 deposited onto the upper surface 45 of substrate 38. Positioned

between the target 44 and substrate 38 is a collimator 46 having a

-14 -



substrate support 40 which is preferably operable to clanp 15

substrate 38 thereto and provi des a backsi de heating gas (not

shown) between the backside of substrate 38 and a surface of

support 40 for efficient heating of the substrate.

Positioned opposite substrate 38 in the chanber 34 is a target
nmount 42 whi ogobgafssgrded to a target 44 of material to be 2CTMBI7HER0SIted
onto the upper surface 45 of substrate 38. Positioned bet ween t he
target 44 and substrate 38 is a collimator 46 having a

- 14- WD 97/ 41598

PCT/ 1 B97/ 00522 plurality of laperiiies\4® tefiped therein. Jthedapdrturds ¥ie mpanbe The
apertures 48 may be ei ther hexagonally or circularly shaped and
col l.i mat or 46 provi geser hexagonallyl orteiroutsty sitapetl gnalr doliirhator skBuptoaides from
target 44 to yield sputter particles which are properly directed

to inpinge upon subitéReption 5f particfes’ $piitferd® fmsl térght 4armlwaa spuifedct S
formed therein to provide a liner | ayer or plug. A shield 50

surrounds target 44 %@ﬁeﬁrﬁyﬁﬂta?%%gﬂgﬂég@rdsrected to lm%ggqﬁb lcy(slbgg.%;é cles from

depositing onto the cha
pref e bl Y or 8unded HShyTRY b AIEHEE calfrs rormos b ESBROHEL My
SUPDOT 2 B 21Ol ke Agﬁ TR L
target 44 s negatl Xigég/srt?ér? gggtc\llgstf?or;ec?e%%:}ttngoonto the walls of chamber 34.

The shield 50 is preferably grounded and may be removed and

replaced during periodic maintenance of the system 30,

10 The target support 42 and target 44 are electrically
connected to a DC power supply for biasing the target 44. As
illustrated in Fig. 3, target 44 is negatively biased with respect to
collimator 46 which is maintained at ground potential. During
deposition, gas is introduced into chamber 34 from a process gas

156 supply 54. The gas is preferably introduced between the cathode
target 44 and collimator 46. Power is coupled to the process gas
in chamber 34 to ignite a plasma which is iliustrated in Fig. 3 as a
plasma cloud 56, Contained within plasma cloud 56 are various
positively charged ions 58 which are attracted to the negative

20 cathode target 44 and thereby bombard the target. Target particles

are dislodged or sputtered from target 44 as illustrated by reference
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collimator 46 which is maintained at ground potential. During

deposition, gas is introduced into chanber 34 froma process gas 15
supply 54. The gas is preferably introduced between the cathode
target 44 and collimtor 46. Power is coupled to the process gas
in chanber 34 to ignite a plasma which is illustrated in Fig. 3 as a

pl asma cl oud
positively c

cat hode target 44 and thereby bonbard the target.

tained within plasma cloud 56 are vari opEraseT00522

harged 1ons 58 which are attracted to the negative

20

Target particles

are dislodged or sputtered fromtarget 44 as illustrated by reference

- 15- WO Rifrela B0 and appro nate arrows Some of the sputtered

PCT/ 1 B97/ 00522 numargf) é’ appropr’?ate arrgvvs Some of the
sputtered

su_bst rate 38.

e e R

xceedlng_

whi ch cause them coI I | de th the col

a predetermned §ome °fams§ W'?'ﬁ%ﬁﬁn&ﬁ‘,’@ angles ?%ﬁn%% NQV%AF%“% NEM ept ed.
articles 60 which have angles of incidence relative

of  to coliide;with the colimater 46 pb R exceqsting aRIPARERINGAgl e are

Those target
to the plane

not intercepted by
surface 45. Bhe

collimator 46 and deposit upon substrate
angle of ipcidénce suchthat ahgy ereintenceptisiac Eharel tavgethi ch

sputtered particles 10 are intercepted by the collimator is a function

of the dianeter angarticles 60 whidhHave @hglesafdatidentd relatiyeetd theqstad@ofas i s
well known to those

the collimator below the predetermined angle are not intercepted by

10

collimator 46 and deposit upon substrate surface 45. The

predetermined angle of incidence below which sputtered particles

dapth of the collimator apertures 48, as is well known to those

skilled in the art and therefore not further discussed herein.

The apertures 48 of collimator 46 have a defined

height or depth 62 and width or diameter 64. The ratio of the

15 depth 62 to the width 64 is defined as the aspect ratio of the

are intercepted by the collimator is a function of the diameter and

collimator 46. As may be appreciated, collimator apertures 48 with

high aspect ratios have deep depths 62 and/or narrow widths 64

and will generally iniercept a greater number of sputter particles 60

than will collimator apertures having smalier aspect ratios (i.e., wide

20 and/or shallow apertures). For example, sputter particle 60b has an

angle of incidence ¢ from target surface 57 relative to the plane of

-16 -



skilled in the art and therefore not further di scussed herein.

The apertures 48 of collimtor 46 have a defined hei ght or depth
62 and width or dianmeter 64. The ratio of the 15 depth 62 to the width
64 is defined as the aspect ratio of the collimator 46. As may be
appreci ated, collimator apertures 48 with hi gh aspect ratios have
deep dept hs 62wanshiqasognarr ow wi dt hs 64 and wi | | gengtaimoyroos22
i ntercept a greater nunber of sputter particles 60 than wll

collimat or apertures having smaller aspect ratios (i.e., wide 20
and/ or shall ow apertures). For exanple, sputter particle 60b has an

angl e of incidence [ id tolfifmater Whizhtwililedstpethaf it Sirikks Be SRielWiisfne Of
- 16 - WO 97/ 41598

the sidewalls of one of the aperture sput t

particle 60a has a flLght,.. . th.which isomore . nornmal to surface 57
and t'hus has an angl égg‘f&'hmh s more 'i‘oﬁﬁ?a&éﬁégﬁf%‘? gf Wﬁﬁm‘sv!ﬁsl arhe%s’a of
collision with the sjdewal l aobgq 5, _gol | i mat or agertur es 48 to pass
through the col | i mat Bicidgnge dyhigh will avoid coilisign; with tpe sidewall§ pff ace 45 and

thus contribute to creating a nateri al | ayer or plug in a contact
| ocat ed on t he Ssubst Fellimater anarturas 48 to pass through| thermeilinatog @ndrdsipoyitar e
utilized to provide sputter deposition of particles which have an
angl e of incidence tontusybsteatd Surface 45 and thits contribute dotaveatingralmaterial
I nci dence. Those sputter particles 60 having flight
layer or plug in a contact located on the substrate surface 45.
Collimators generally are utilized to provide sputter deposition of
particies which have an angle of incidence to surface 45 which is
10 close to normal incidence. Those sputter particles 60 having flight
paths which are angled away from a 90° or normal flight path wiil
generally be intercepted by collimator 46. The greater the aspect
ratio of the collimator apertures, the greater the percentage of
sputtered particles which will be intercepted. As discussed
15 hereinabove, collimators provide assistance in filling contacts by
removing those sputtered particles which tend to deposit as an
overhang close the opening of the contact. However, it is
appreciated the interception of sputter particles by the collimator 46

will reduce the deposition rate of the sputter deposition and will

20 decrease the efficiency of target utilization because a large number

-17 -



pat hs which are angled away froma 90 or normal flight path wll
generally be intercepted by collimtor 46. The greater the aspect
ratio of the collimtor apertures, the greater the percentage of
sputtered particles which will be intercepted. As discussed 15

her ei nabove, collimtors provide assistance in filling contacts by

r enovi ng thqﬁggﬁ H&gered particles which tend to deposit a$cMirornesi2
over hang cl ose the opening of the contact. However, it is

appreciated the interception of sputter particles by the collinmator 46
wi |l reduce the deposition rate of the sputter deposition and will 20

decrease the ef {1 chPiyeRhdas Bahidits bibddthi StoRE Ui dbok HsiBeRb igh

PCT/ 1 B97/ 00522 b 380f the sputtered particles deposit onto the

col limator 46 rat hEfPTHAR 33 substrate 38. To
fill contacts having very hiT%g,gsgect ratios, a . collimator with a
hi gh aspect ratio apertures, ot foatacss Bayjng ysey bigh aspect ratigsy@; pe '
utilized. However, the resulting reduction in the deposition rate
reduces the efficieollifpater with achjghaspectcistioi apedres, such as 2. praycabayeand

I ncreases the overall cost thereof. The present I nvention

provi des conbor nal mightthengtilizedhi Hdwesgere the resuitingo@duetios in the
utilizing a collimator 46 having an aspect ratio which is |ower than
deposition rate reduces the efficiency of the sputter deposition
process and increases the overall cost thereof. The present
invention provides conformal coating of high aspect ratio contacts
utilizing a collimator 46 having an aspect ratio which is fower than
10 the aspect ratio normally required with conventional collimator
techniques. The invention thereby effectively increases the
deposition rate over that achieved with a conventional collimator.
In other words, the present invention provides a conformal liner in a
sub-micron, high aspect ratio contact which would normally only be
15 possible with a collimator having a relatively high aspect ratio.
in accordance with the principles of the present
invention, substrate support 40 and substrate 38 are operably
connected to a biasing source to provide a bias to the substrate 38
during sputter deposition. Referring to Fig. 3, substrate 38 is
20 coupled to either an AC or pulsed DC source 70 or a DC source 72

for biasing the substrate.
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10 the aspect ratio normally required with conventional collimator
techni ques. The invention thereby effectively increases the

deposition rate over that achieved with a conventional collinator.

In other words, the present invention provides a conformal liner in a

sub-mi cron, hwgp7dE9¥®ct ratio contact which would normal | y oRCT/IB§@0053%5
possible with a collimator having a relatively high aspect ratio.

In accordance with the principles of the present i nventi on,
substrate support 40 and subgibsttste 3B RlrodatieéidVidsed with respedtaanBet ed to a
bi asi ng source to provide a bias to the substrate 38 during

Sputter deposi i oneoffiatsy kaduhin a,f.éa:w%&s.ﬁé@aﬁgra?@d BSkential.  couP! ed

to either an AC or source a DC sourc

bi asi ng the substr
RCr | 971 00555 " Wifized plasma paffieigd o biiting cloud 58, such as TP P i ased

wWth respect to the

h t | t ai ned
at ground potenti aP'® attracted to th%ﬂ?é%b"ebf ﬁ%@ﬁﬁ?.ﬁ'{@pggﬁ% Fﬁ’?ﬁl QI gluge56,

such as particles 59, are attracted to the negatively biased
substrate 38% 0 bosuepee 455 For examplacwhile somgrofdhsnaricies 58 aresone of t he
particles 58 are attracted to the negative cat hode target 44,

ot her of the ionizatiracted to the negative cathod® tanget 44, pthernaf the iamieedit t r act ed
to the negatively biased substrate 38. lonized particles 59 are
attracted to surfapartithesaB8 in the plasma b6rba atirdcied so thanegativklhy brise@y et ch
the | ayer of sputter 10 deposited material thereon.

substrate 38. lonized particles 59 are attracted to surface 45 and
bombard the surface and thereby etch the layer of sputter
10 deposited material thereon.

Furthermore, in accordance with the principles of the
present invention, some of the ionized particles 59 attracted to
substrate 38 will collide with the collimator as illustrated by particle
59a to be intercepted by the collimator and prevented from etching

15 surface 45. Other ionized particles, for example particle 59b, will
pass through the collimator 46 to etch surface 45. In that way, the
invention provides collimated etching and focuses the etching
particles to have generally normali incidence upon surface 45. The
invention provides more effective etching and redistribution of

20 sputter deposited material within the contacts than conventionatl

collimation.
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Furthernore, in accordance with the principles of the pr esent

I nvention, sone of the ionized particles 59 attracted to

substrate 38 will collide with the collimator as illustrated by particle
59a to be intercepted by the collimtor and prevented frometching 15
surface 45. O her ionized particles, for exanple particle 59b, wll

pass throug e | imator 46 to etch surface 45. In that M@ﬁuwﬁ&ﬁn

i nvention provides collinmated etching and focuses the etching

particles to have generally normal incidence upon surface 45. The

i nvention provides nore effective etching and redistribution of 20

sputter deposited material Wddy Fartidbiaf aBvatge bP e FRRKABH i© B
collimation. -19-

97/ 41598 e . .y g&
: t : |
One particul ar advarr?td :'fggb% Or{ ﬂfethlenipeur?ﬁrodr? PP g't?%gq aterial in the CPE | s%
of the sputter deposli ted mat elimnate

Sl Fied T Dinsq i R R0 B fncrures of thef o LITLS

§97/00522
ribution

voids fornmed in the

bottom Additionally, the contenporaneous sputter 5 etch provi ded by
the invention redi stifpwalieand battgme, Addiionst!e, the contemporaneops, sguttge
contacts to provide a nore uniformconformal |iner |ayer.

Reduction of Bhe ovetcheprgviged byahednegntianredistributas ithe overhapgdsatenial he
corners. Wiile the present invention is useful with all contacts, it is
particul arly usef ul inte the sahtastscrooprovide aciare hanforrg donfdrmd fiaet layer.
Reduction of the overhang will also aid in elimination of voids in the
corners. While the present invention is useful with all contacts, it is
particularly useful with sub-micron contacts having high aspect
10 ratios. By providing a more uniform conformal liner, with little
overhang at the contact opening, subsequent conductive plugs may
be deposited into the contact without creating voids or keyholes
therein. Therefore, the invention provides increased yield of
devices and chips from a substrate and further provides increased
15 reliability of the devices. In addition, the flat field properties of
substrates yielded by the contemporaneous sputter deposition and
etching of the invention are acceptable for the industry.
Various process runs were made utilizing the present
invention to determine the flat field properties. For the process

20 runs, an Eclipse Mark |l system available from MRC was utilized as

noted above. Substrates were processed with no bias {zero volts),
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10 ratios. By providing a nore uniformconformal liner, wth little
overhang at the contact opening, subsequent conductive plugs may

be deposited into the contact wi thout creating voids or keyhol es

therein. Therefore, the invention provides increased yield of

devices and chips froma substrate and further provides increased 15
reliability owowbiveisseevi ces. In addition, the flat field proROTIBYEANEHE
substrates yi el ded by the contenporaneous sputter deposition and

etching of the invention are acceptable for the industry.

Various process runs were nmade utilizing the Er esent . I nvention
to determine the fl a20Q pad 40Bvie PG bias. ard 26Rangr4R@ yeit Bipbias (at (356 an
Eclipse Mark Il system available from MRC was utilized as not ed

above. Substrates wiMHzhr Aczesiee Vi GO0-600D A filnos wege deposijed between one

- 20- WD 97/ 41598

PCT/ 1 B97/ 00522 and five @@ferand obifinvitdttfidifdatacas dizodss¥dChersihbémiv.vol t RF
bias (at 13.56 MHz) . A series of 1500-5000 [err] filns were

deposited between onphe wafer-to-wafeh 3iat ifiefd PrdpRitfest Weftmdhsurkladt the eftdiat @
as di scussed herei nbel ow. The wafer-to-wafer flat field

e o B oo B8 RV Svor sl HOF W Gl 2020,
(i at 2, 9 ven, D1 2 Gl il of wafrs o L6 SRRy EhodlBR, 4] |
Sheet 1 esi ot ance datokpRrRal Z00R A tarim 36 weie #ebagited bn virgin siicon °"
{Si) wafers with 10 kA silicon dioxide {SiO,) to obtain reflectivity
and sheet resistance data. Film thicknesses of 2000 A Ti were
10 deposited on virgin Si wafers with native oxide to obtain stress
data. Film thicknesses of 2000-5000 A Ti were deposited on
patterned/active wafers for contact fill information.
The collimator utilized had an aspect ratio of 1.5, and
it is preferable to utilize a collimator with an aspect ratio in the
15 range of 1.25-2.0 for the invention. The holes of the collimator
were hexagonal and had a diameter of .625 inch, while the
thickness of the collimator plate was .938 inch. The spacing
maintained between the collimator and the substrate was 1.500
inches.

20 The sputter cathode utilized was an ICC-12 rotating

magnet with a Ti target. The target to collimator spacing was
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10 deposited on virgin Si wafers with native oxide to obtain stress
data. Filmthicknesses of 2000-5000 [err] Ti were deposited on
patterned/ active wafers for contact fill information.

The collimator utilized had an aspect ratio of 1.5, and it is
preferable to utilize a collimtor with an aspect ratio in the 15
range of 1.25w@¢3nuiseg the invention. The holes of the colli ngtaBeroos2
wer e hexagonal and had a dianeter of .625 inch, while the

t hi ckness of the collimtor plate was .938 inch. The spacing

mai nt ai ned between the collimtor and the substrate was 1.500

inches. 20 maintained at 1.482 iABHéd.CThE R6124AG nbddriet ZRMiINVPEheatargétC- 12
rotating magnet with a Ti target. The target t.o collinator
S??Z'lgg 8was to provide uniform sputter deposition was rotated %:l‘lg'é_r(} rm. /1 0505 2\2/\0

mai nt ai ned at 1.452,i,n he rot.atin ne ' r

to provide uniform gm?’F §§ngﬁga§| 37'8'1?'?/%5"% %%tggsgké}%ﬁ%%%eﬁfbstrate
kW of power was delivered to the cathode target, an substrate
support 40 or backpPFYRRONAL Abankpiane was "%8?@?%"] eﬁd%é&ﬁ(:gmhg

backpl ane pressure of 6-8 Torr for thermal heat exchange purposes.

A flow rate off 25 sb@rkrlpp®Aresause o8-8 Terrifeethaimal heatignchanps pyrposes.
mlrorr operating pressure maintai ned within chanber 34.

Process Results A flow rate of 25 seccm argon (Ar) was utilized and resulted in a 1.1

mTorr operating pressure maintained within chamber 34.
Process Resuits

D ition R

10 Deposition rate was measured as a function of RF and
DC bias. Total backplane current was also measured. DC
backplane to ground current was measured with a multi-meter
connected in series with the DC power supply or as a voltage drop
over a series-connected precision resistor. The RF current

15 measurements were made with a current transformer, such as a
Current Monitor Model 4100 available from Pearson of Palo Aito,
California, which had a sensitivity of 0.50 V/A and a + 3dB
bandwidth of 140 Hz to 35 MHz. The current transformer output
was terminated in 50 ohms at a monitoring oscilloscope.

20 The deposition rates were calculated from thickness

measurements by using a pen-stripping lift-off process wherein a
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Deposition Rate 10 Deposition rate was neasured as a

function of RF and DC bias. Total backpl ane current was al so
nmeasur ed- DC backpl ane to ground current was neasured with a

mul ti-neter connected in series with the DC power supply or as a
vol tage drop over a series-connected precision resistor. The RF
current 15 wopRHEsceENt s were made with a current transfopgpinerepah as
a Current Monitor Mdel 4100 avail able from Pearson of Palo Alto,
California, which had a sensitivity of 0.50 VA and a 3dB

bandw dth of 140 Hz to 35 MHz. The current transforner output was

termi nated in 50 ohnsswifp 6F tHe égulter %F@ﬁféd 1a98£R18movEd and the thickness of
The deposition rates were cal cul ated fromthickness measur enent s

by using a pen-stri ppiHfikm ghﬁtfnfatdjﬂﬁcﬁﬁﬁ iYRRLR Pfor calculatlon of the
I WO 97/ 4159

PCT/ 1 B97/ 00522 ' t rem)ved
and the thickness of deposutlérli Ht?heﬁ}e'qﬂ&kﬁrg%ih% g'%?'ﬁ&h%??e rhwgéen%ﬁé?u? ed fo
cal cul ati on of the t hi ckpess s enents
were made with a profiler, ﬁ?’gtf 5?24’9 15"?‘?1%396’3«5"" B&a!%ﬁg

Profiler available frgm Tencor Instrunments of Mountain Vi ew

Cal i forni a. 5 foncor InstrumentspfMountain View, Gelferajpaphs of measur ed
waf er -t o- gr ound current and the deposition rate for various RF
bi as vol tages. As Fig. 4A illustrates graphs of measured wafer-to-ground

current and the deposition rate for various RF bias voitages. As
illustrated by Fig. 4A, for the deposition measurements more bias
values were utilized than for determining the other flat-field
10 properties. The reference arrows indicate which X-axis in the figure
is associated with the particular curve. Referring to Fig. 4A, the
current increased with RF bias whereas the deposition rate
decreased.
Fig. 4B illustrates a graph of deposition rate and wafer-
15 to-ground current as a function of the DC bias voltage. Fig. 4B
shows a similar inverse relationship between the current and
deposition rate as that illustrated in Fig. 4A wherein the current
increases with increased DC bias whereas the deposition rate
generally decreases. The increasing bias of the substrate reduces

20 the effective deposition rate due to the resputtering that occurs at
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illustrated by Fig. 4A, for the deposition nmeasurenents nore bias
val ues were utilized than for determning the other flat-field 10
properties. The reference arrows indicate which X-axis in the figure
Is associated with the particular curve. Referring to Fig. 4A the
current increased with RF bias whereas the deposition rate

decreased. wo 9741598 Fig. 4B illustrates a gr aphmpénggerosi tion
rate and wafer- 15 to-ground current as a function of the DC bias
voltage. Fig. 4B shows a simlar inverse relationship between the
current and deposition rate as that illustrated in Fig. 4A
wherein the currenghe substrate 38 &CiRAsHRMgWIMbbRCéfFasHa [nPEBarher eas the
deposition rate general ly decreases. The increasing bias of the

substrate reduces atethcted g% tﬂﬁa ﬁéééiﬁ}eilyyﬁiaggé"%ﬁbﬂré’t@. rate due to the

resputtering that occurs
23 - WO 97/ 41598 o
PCT/ | B97/ 00522 t h N Aepepition rates, were cpleulated for the reasired) asma
ions 59 are ttracted to,the negatively biased substrate.

Net deposition rat QﬁW@Fé’“E’&PﬁJI %?%H"'I"S%?‘Fﬁg‘ﬁéﬁtyﬁf@ﬂmé and ion f&’feﬁi as
currents. Assumng that the actual neutral and ion fluxes 5 are
spatial |y un®f or m aensratialivginiforn, amestivate eh e peioderasition watgjis given

by the foll ow ng equation:

by the following equation:

EQUATION 1
Where ¢ is the particle flux, apd s&bs(griptg gand w refer to wafer
< w ¢ w

net net
deposition from the cathode, and wafer sputtering, respectively,
10 which occurs in the present invention. The flux of particles

received by the wafer from the cathode is given by equation 2:

EQUATION 2
The flux of particles sputtered fromghe wafer is given by equation
P
3:
15 EQUATION 3
Where p = target material mass depgity, R = deposition rate, N,
¢w=.._.._

= Avogadro's number, w = targeterﬁateriai atomic weight

(mass/mol), | = ion current through wafer, Y = sputtering yield, e

= process gas ion charge, and A = wafer area. Yield Y for the
20 argon/titanium system was obtained from the following equation:

EQUATION 4
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EQUATI ON 1 Where [err] is the particle flux, and subscripts ¢ and w

refer to wafer [err] deposition fromthe
cat hode, and wafer sputtering, respectively, 10 whi ch occurs in the
present invention. The flux of particles recei ved by the wafer

fromthe cathode is given by equation 2:
EQUATI ON 2 wog-milage flux of particles sputtered fromthe vwfolghsp ven

by equation [err] 15

EQUATI ON 3 V\here p = target materi al mass density, R = deposition
rate, NA [err] Avogadro's nunmber, w = target material atomc

wei ght (rrass/rml), | =ion curren thro &k, Y = sputtering
yield, e process ga5y1=én__ tand M er. giea. Yield Y for
the t-_20 ar gon/twwettr&&hﬁge@w\awﬁimau%&f. an fieM, @vingromic
equati on:

- 24 - WO Q7 ;

PCT/ | BO7/ 00522 RihberShd U = binding enegfg:\i gfr ?l]u'face atom |rw]\ér(féoin - target,

D nol o Lohe ol o ORI RIRATIES o TP By g, a7
(1985)). Both the theore.tical and observed flux ratios ©_,, / &,
5 are shown in Fig. 4C. The theoretical curve 80 of Fig. 4C
accurately predicts the measured reduction in deposition rate with
increasing DC bias as a result of resputtering at the substrate 38.
However, at 400 volts DC bias there is an anomalously high
deposition rate which may be due to an uncertainty in the actual
10 thickness measurement of the deposition.
Referring to Fig. 4D, the deposition rates are plotted in

a bar format as a function of bias voltage. From the measured
deposition rates, there is evidence that the DC bias may be more
effective at resputtering the substrate than RF biasing for a given

15 bias level.
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Both the theoretical and observed flux ratios [err]/[err] 5 are shown

in Fig. 4C. The theoretical curve 80 of Fig. 4C accurately

predi cts the measured reduction in deposition rate with i ncreasi ng
DC bias as a result of resputtering at the substrate 38. However,
at 400 volts DC bias there is an anonal ously high deposition rate
whi ch may beywgYssisey an uncertainty in the actual 10 t HeB 22
measur enent of the deposition. Referring to Fig. 4D,
the deposition rates are plotted in a bar format as a function of
bi as vol tage. Fromthe neasured deposition rates, there is

evi dence that the %M&%e nor e effective at resputtering
the substrate than RF birasing for a given 15 bi as | evel.
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PCT/ 1 BO7/ 00522 SHogShegL fesistance was measured at the wafer
sheet resistance Wag, HEASKIRY 25 ARSmERcFour Point Probe Meter, Model 280C

available from Prometrics. Resistivity was derived by multiplying

5 the sheet resistance measurement by the thickness of the deposited
film, both at the center of the wafer. Resistivity is plotted in a bar
graph format as a function of the bias voltage in Fig. 5A. As
ilustrated, the resistivity of the wafer tended to increase with the
increasing bias voltage. The higher resistivity probably results from

10 increased film defects and degradation of the film grain structure in
the deposited layer as it is contemporaneously etched during
deposition. Additionally, the incorporation of argon into the
titanium is expected during biased deposition which wiil also act to
increase the resistivity.

15 Fig. 5B illustrates the sheet resistance uniformity
within a wafer {(WiW)} as a function of the bias voltage. As is
illustrated, the sheet resistant uniformity generally improves with
increased bias voltage. That is, there is a smaller percentage
variation within the wafer for increased wafer bias.

20 Figs. 6A, 6B and 6C illustrate the improved sheet

resistance uniformity for increasing RF bias. Fig. 8A illustrates the
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centers with a 4D Automatic Four Point Probe Meter, Mdel 280C

available fromPronetrics. Resistivity was derived by multiplying 5

t he sheet resistance neasurenent by the thickness of the deposited

film both at the center of the wafer. Resistivity is plotted in a bar
graph format as a function of the bias voltage in Fig. 5A. As

Il lustrated, wmonasesstivity of the wafer tended to i ncreasePCIIBs706522

i ncreasing bias voltage. The higher resistivity probably results from 1 0
i ncreased filmdefects and degradation of the filmgrain structure in

the deposited layer as it is contenporaneously etched during

deposi ti on. Addi ti oniakéryyafemsheencesigtanaé uoifoohitaferorero vottstthas, whereas
titaniumis expected during biased deposition which will also act to

i ncrease the resi stiFigsy6B ahdBC illustrate the interwaferrsigeet Sesistanus unifbamity he
sheet resistance uniformty within a water (WW as a function
of the bias vol t age. {f95Cvolt RF bias and 4B0WGH RFias, rBspethiRBly. MaSssdnnt

uniformty generally inproves with I ncreased bias voltage. That

is, there is a smallgfg g@'sﬁ%{g 8Pfig. 6C has a subﬁ%ééiﬁi%&%%ﬁ?%&e%pe waf er for

increased waf er bi as. _ _ : _ _C iIIust_rate
Lhe improved sheel  cistance unifoitiy AHiSuH 585 Tolohiber 1 nereasing RE bias.

Fig. 6Aillustrates - 26 -
WD 97/ 41598 -
PCT/ 1 B97/ 00522 Refiectivity; o1 waf er sheet resistance unifornmi ty for zero

volts bias, whereas . i
Reflectivity measurements were made with a

NanoSpec/AFT Microarea Gauge, available from Nanometrics of
Sunnyvale, California, and are illustrated in a bar-graph format in
10 Fig. 7. The range in reflectivity was predominantly above a typical
acceptable lower limit of 120% for most of the biasing conditions.
Stress
Stress measurements were also made using a Model
F2300 available from Flexus of Sunnyvale, California. The results
15 of the stress measurements indicate that the residual stress
decreased as RF bias was increased.
Process Run Data
Tables 1-4 below illustrate the various raw data.
measurements from several of the process runs made utilizing the
20 present invention. Results of the process runs shown in the tables

hereinbelow and from the Figs. discussed hereinabove illustrate that
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Figs. 6B and 6C illustrate the interwafer sheet resistance uniformty
for 250 volt RF bias and 450 volt RF bias, respectively. As seen,
the substrate of Fig. 6C has a substantially inproved sheet 5

resi stance uniformty contour at 450 volt bias. Reflectivity

Refl ectivity measurenments were nmade with a NanoSpec/ AFT M croar ea
Gauge, avail @R} & dikggm Nanometrics of Sunnyval e, C%t&n& ' and
are illustrate {nabar-graphformat in 10 Fig. 7. g%giin
reflectivity was predom nantly above a typical accept abl e | owner
limt of 120% for nost of the biasing conditions. Stress

Stress neasur enent grﬁg ' £ 0 avail abl e
from Fl exus of 3unﬁ‘§‘§§‘f’§,s P\I’%gﬁl %thgeeéa?éeés)%%%ie f% field pe'g%%%)%"ec%sqsr ess
neasurenents i ndicate that, the residual siress decreased as RF

bi as was i ncr eased.compared to s%’?%é‘é’sg‘”hﬁﬂﬁ'ﬂﬂﬁd processes. Tabl es

1-4 below illustrate the various raw data . measurenents from
several of the process runs rTgﬁeprﬁ?qqti‘EY%'%fém% provides inrroxed stemyent i on.
Results of the process runs shown in the tables her ei nbel ow and
fromthe Figs. discipmesapseedoimanseand depnsitinneot genformal films and plugs
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PCT/ 1 B97/ 0052% within high aspect ratio, sub-micron contacts and in fact produces

significant improvements in liner and plug deposition over prior art

apparatus and methods. Figs. 8A, 8B and 8C are photographs of

various contacts of substrates processed in accordance with the

principles of the present invention and iliustrating the improved step
10 coverage and conformal film coverage.

Figs. 8A-8C show a deposition of titanium in sub-0.5
micron contacts in accordance with the principles of the present
invention using a collimator having an aspect ratio of 1.5:1 and a
450 volt RF bias on the wafer. Fig. 8A illustrates a contact 90

15 having an aspect ratio of 3.5:1. The deposited film 92 is conformal
and does not taper dramatically to the bottom corners to leave
voids in the corners as resuited with prior art devices and methods
{see Fig. 1}. Furthermore, overhang 96 at the top of the contact is
significantly reduced. Fig. 8B illustrates a more narrow contact 98

20 having a higher aspect ratio of 4.5:1, while Fig. BC is an enlarged

portion of the contact of Fig. BB. As illustrated in Fig. 8B, and
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the present invention produces acceptable flat-field perfornmance as

conpared to standard, non-collimated processes. The
present invention further provides inproved step cover age
performance and deposition of conformal filnms and pl ugs 5 wi thin

hi gh aspect ratio, sub-mcron contacts and in fact produces

significant | wueouessents in [iner and plug deposition over ppCTaBYR0dS22
apparatus and net hods. Figs. 8A, 8B and 8C are photographs of

vari ous contacts of substrates processed in accordance with the

principles of the present invention and illustrating the inproved step 10
coverage and conf or rabrd clbany 0v8Cageen with a sub-0.5 micron contact kagsg aSA- 8C
show a deposition of titaniumin sub-0.5 m cron contacts in
accordance w th the pighaspedtaatiofof 14)8: Prebédivh 100 is very confiorendliand digdsng a
collimator having an aspect ratio of 1.5:1 and a 450 volt RF bias

on the wafer. Fig. 8fptl drhﬁ%dil?ttﬁferadd‘x@ﬁtté@ﬁe $BttohPcorner 10231 fi@date aspect
rati‘'o of 3.5:1. The deposited film92 is conformal and does not

taper dramatically ‘Quibbih RISARLEREECTSS sk ERUSD Fg, 8C, the iR 9801 e

corners as resulted w prior art devices an e Fig.
1). Furthernorg, overhan 6 at the to t he cantact.is
significantly Seduce%ﬂ“qﬁ%a.% c§’B&\‘al ¥ “E’?Igst gé"'a?%t?"ég‘?ﬁrqro(ﬁ/\f’fcmﬁ aMtag98;
havi ng a hi gher aspect ratjo of 4.5: 1, while Fig. 8C is an enlarged
portion of the conta®1d gYerpppg 188 atAbeitop ofithg coRtach is-refucee (sembig-
- 28 - WO 97/ 41598
PCT/ | B97/ 00522 8B). Accordingly, the invention provides improved step coverage
and conformality for the deposition in very small, high aspect ratio
contacts. The reduction in overhang provided by the invention

10 further reduces keyholing when a subsequent layer or plug is

deposited in the lined contact {see Fig. 2).
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nore clearly in 8C, even wth a sub-0.5 mcron contact having a

hi gh aspect ratio of 4.5:1, the film2100 is very conformal and does

not drastically taper down to the bottom corner 102 or produce

voids in the corner 102. As illustrated in Fig. 8C, the film100 is 5
conformal on the sidewalls 104 and bottom 106 of the contact 98

and over hang @P%w?fs# he top of the contact is reduced (see Fli(Q'I[BMIOOSZZ
8B). Accordingly, the invention provides inproved step coverage

and conformality for the deposition in very small, high aspect ratio
contacts. The reduction in overhang provided by the invention 10
further reduces keyholing when a subseqﬁ& tEHayer or plug is
deposited in the lined contact (see Fig g&.
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REFLECTIVITY
CENTER
436nm | 480nm
123.0 137.3
121.8 ]136.2
120.6 135.1
120.4 {134.7
120.1 134.6
122.8 | 137.3
123.0 | 137.5
122,2 136.2
120.7 134.6
125.1 139.3
125.2 139.3
118.4 132.2
117.8 131.2

& lw s @0 id 0l v o o |+ (W
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TABLE 1 REFLECTI VI TY Bl AS WAFER

CENTER EDGE (vol ts) NO. 405nm  436nm

405nm  436nm 480nm OV dc 3 111. 4 123.0 137.3 108. 9 120. 7
134. 7 OVdec 4 110. 2 121.8 136. 2 107.9 119.5 133. 6 O
Vdc 5 180 $1/4159820. 6 135.1 106. 8 118.3 132.1 PEBYSH052D
108. 8 120. 4 134.7 108.0 119.6 133.9 OVdc 7 108.5
120.1 134.6 106. 1 117.8 131.9 10 250 rf 3 111.3 122.8

137. 3 109. 6 120. 6 134. 7 250 rf 4 111. 4 123.0 137.5

109.7 121.1 135.0 450 rf 3 110.6 122.2 136. 2 108.

119.9 133.1 450 rf 4 109. 3 ¥ABLE 2 134.6 110. 2 121.

135.9 200 dc 3 113.3 125.1 139.3 113.5 125. 3 139.

200 dc 4 juingn gl SSung ey T RSSmE e

107. 4 118. 4 32.2 108. 6 119. DEPISITION RATPO dc 4

117. 8 131.2 06. 8 TS 3270

- 30 - Bigy [vbitsp8 | Wafer No. | Thickness (A) | (A/s) Time(s)

PCT/ 1 B97/ 00522

100 rf

3

1811.1

9.6

189

250 rf

1767.0

9.3

189

325 rf

1738.0

9.2

189

N
N

1738.0

9.2

189

0 dc 15 1693.0 8.9 180
100 dc 3 1741.0 9.2 190
10§ 200 dc 6 1706.0 9.0 190
300 dc 9 1649.0 8.7 180
400 dc 3 1708.0 9.0 190
400 dc 12 1695.0 8.9 190
O dc 3 1941.0 10.3 189
16f O dc 6 1968.0 10.4 189
0 dc 9 1968.0 10.4 189

—b
N

1935.0

10.2

189

-
(&)}

1942.0

10.3

189

~

1296.0

9.1

142

-
w

1676.0

8.9

189

-
o

1687.0

8.9

189

W

1676.0

8.9

189

4652.0

9.8

474

1767.0

9.3

189

25

1763.0

~-31-
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TABLE 2 DEPOSI TION RATE  Bias (volts) \afer No. Thickness (A)

(Als) Time(s) 100 rf 3 1811. 1 9.6 189

250 rf 6 1767. 0 9.3 189 325 rf 9

1738. 0 9.2 189 450 rf 12 1738. 0 9.2

189 O dc 15 1693. 0 8.9 190 100 dc 3
1741. 0 190 10 200 dc 6 1706. 0
190 300 dvc"%’g"“sgs 1649. 0 8.7 190 'Q:Z(‘)'B”é"c':’s’% 3
1709. 0 9.0 190 400 dc 12 1695. 0 8.9

190 0 dc 1 1941. 0 10. 3 189 15 0 dc 6
1968. 0 10. 4 189 0 dc 9 1968. 0 10. 4
189 0 dc 12 1935. 0 2 189 0 dc 15
1942. 0 10. 3 189 200 dc 'TABLF%Q 1296. 0 9.1

142 20 200 dc o :

1687.0 8. § 400 dc

189 250 rf . gStess

1767. 0 0.} fWAEER N&5

8.9 i

PCT/ 1 B97/ 005228 0 dc 8 TABLE 3 -2.22E+09
Stress Bl A WAFER NO &d?ne/ cmerr])
0 dc 8 _2 2oE + (0a2.T1EH08,

9 -2.11E+09

-1.8BE+ 09
-1.86E+08
-5.49E +07
-6.89E + 06
-8.68E+09
3.67E+09
{second run} 1.30E+09
4.58E +09
-1.562E+08
-2.54E-08

ooy o | o O U I (N
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250 rf 5 -1. 88E+09 250 rf

6 -1. 86E+09 450 rf 5

-5.49E + 07 450 rf 6 -6.89E + 06
10 200 dc 5 - 9. 68E+09 200 dc

6 3.67E + 09 200 dc 6 (second run)
1 .30E +09 wol94£9s 7 Fe1ABY7 005829
400 dc 5 -1.52E+08 15 400 dc

6 -2.54E-08

- 32 - WD 97/ 41598

PCT/ 1 B97/ 00522 TABLE 4

SHEET RESI STANCE BI AS (volts) WAFERTDBLE #([err]-cm Rs ([err]/sq)

Uni t

' SHEET RESISTANCE
BIAS {volts} | WAFER NO. | o{uQ-cm) Rs (Q/sq)

62.02 3.179
24.04 3.283
63.70 3.265
62.66 3.212
61.69 3.162
69.32 3.737
69.55 3.749
77.23 4.375
76.80 4.351
61.79 3.633
61.20 3.599
67.49 4.014
68.83 4.094

WP W ied 0wy e o W

While the present invention has been illustrated by a
description of various embodiments and while these embodiments
have been described in considerable detail, it is not the intention of

20 the applicants to restrict or in any way limit the scope of the
appended claims to such detail. Additional advantages and
modifications wilt readily appear to those skilled in the art. The
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0 dc 3 62. 02 3.179 4.77 5 0 dc

4 24.04 3. 283 4.00 0 dc 5

63. 70 3. 265 4.16 0 dc 6 62. 66
3. 212 4. 34 0 dc 7 61. 69 3. 162
4. 42 250 rf 3 69. 32 3. 737 2.39 10
250 rf AN 97141598 69. 55 3. 749 1.9

3 77. 23 4.375 1.23 450 erCT””’ﬁ&EQ

76. 80 4.351 1.19 200 dc 3 61. 79
3. 633 2.27 200 dc 4 61. 20 3. 599
1.59 15 400 dc investion in lts broader aSgeé? i Js therefore Ao hi 2.04
400 dc 4 83 54 054°T0re of ﬁ‘étefé" the

Whil e the present i S descri ption
of various enbodi nents ang&\ﬁ?‘lrg H{Ativéb%f%‘ﬁagﬁffxd method, aﬂgve been

descri bed in consi det aj | t, the intenti n of t he
applicants to restﬁﬁ%%pé&e %m?}b\ﬁ&?"%‘] "h‘?‘fdP%' ;fg 'PHB’ departures

appended cl ainms to such detg Addi ti onal advant ages and
modi fications will TE%EEMade fom such datails wikhaytdeparting froay the spiet or

- 33 - WO 97/41598 ]

PCT/ | B97/ 00529 scope of appliept’ paeneral invemivadenceptpect s i s therefore not
limted to the specific details, representative apparatus and

nmet hod, and i 11 ustr AVhateiselsimelds:shown and descri bed. Accordingly,
departures may be made from such details w thout departing from
the spirit or 5 scope of applicant's general inventive concept.

What is clained is:

-34-



C ai ns 1.

35
A sputterummmmuummﬁm i ncl udi ng a vacuum chanber contai ning a
sputterin for sputter depositing a |ayer iﬂ q@g -6

substrate ¢ontacts "havi ng very snmall dinensions, the sput 3h§ﬂ"ﬁ§rBEEN
system conpri si ng: a target of deposition material pasii irEhe4CED t he
vacuum chanbewoandise®upl ed to a target bias source for negatpoiaBygos®aS! Ng
the target such that ions fromthe sputtering plasnma bonbard the target and
produce material particles to deposit on a surface of a substrate in the
chanber and into the substrate contacts;

Claims

1. A sputter deposition system including a vacuum
chamber containing a sputtering plasma therein for sputter
depositing a layer of material into substrate contacts having very
small dimensions, the sputter deposition system comprising:

a target of deposition material positioned in the
vacuum chamber and coupled to a target bias source for negatively
biasing the target such that ions from the sputtering plasma
bombard the target and produce material particles to deposit on a
surface of a substrate in the chamber and into the substrate
contacts;

a collimator positioned opposite the target and
configured to intercept sputtered particies of a predetermined
angular incidence to the substrate surface to promote uniform
deposition into the substrate contacts;

an electrical biasing system operably coupled to the
substrate during sputter deposition, the biasing system operable to
bias the substrate su'ch that ions from the sputtering plasma
bombard the substrate surface and effectively etch the surface
generally contemporaneously with the sputter deposition and

redistribute the deposited particles in the contacts to reduce
.35 -
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a collimtor positioned opposite the target and configured to intercept
sputter ed imﬁlﬂ" muﬁlﬁ{ edet ermi ned angul ar incidence to the substrate
surface t deposition into the substrate CoOPHBCSSEET HAS BEBR

el ectrical b|a5|ng systen1operab|y coupled to the substrate durigpg; § ter
deposition, the biasing systemincluding one of an AC sour

DC source fogywdémgssgd t he substrate such that ions fronlthe é&hp

pl asma bonbard the substrate surface and effectively etch t e sur
general |y contenporaneously with the sputter deposition and redistribute
the deposited particles in the contacts due to reduce deposition overhang

in the contacts andéposition Marh@igithe ¢ontaoisnantiefoRirtted prombee thiform
cont act s; wher eby substrate contacts having | arge aspect ratios nmay

be uni f or m y coat eddéggo%h,@, ingd Bfe géntrafe{serl al and filled with material wth
reduced nunbers of the sputter deposition system of
claim1 wherein the collinat Mgﬁ i asi ng
system and the target bias s%ré(ggb‘g%gﬂ thé ‘%g‘lwétgq‘atv r‘?tlg@fes tcgg%)ﬁe?ge)ntl al
to both the target and the ed S The
sputter deposition RF¥REN Fmﬁ‘l LFAFY fgvmgﬁéﬁe'ﬁy?fh%f B'iaé%'farl@"d filed "&'é“ oper at es
under 200 MHz. The sputter dep05|t|on systemof claiml
wherein the bi asi ng‘“at%'tﬁjr"ﬂﬂ" sured symhess Pt Yoide . 5. The
sputter deposition systemof claim1 wherein the substrate bi asi ng system
i ncludes a DC source for biasing the substrate with DC voltage during

sputter deposition. 6. The sputter deposition systemof claim1l
wherein the substrate bi asi ng systemis operable to bias the substrate in
the range of 10 to 5000 Vol ts. 7. A sputter deposition system

i ncl udi ng a vacuum chanber containing a sputtering plasma therein for
sputter depositing a |layer of material into substrate contacts having
very snal |l dinmensions, the sputter deposi tion system conprising:

a target of deposition material positioned in the vacuum chanber and
coupled to a target bias source for negatively biasing the target such that
ions fromthe sputtering plasm bonbard the target and produce materi al

- 36 -
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particl it.on a surface of a substrate in the chanber and into
t he samm!mim;’mﬂ”ﬂl a collinmator positi oneg_g_p_Q_Qs.i_L.e_l-h-e—-——(]
target artd conti Kl intercept sputtered particles J*nf-m‘, SHERCHAS BERN
angul ar incidence to the substrate surface to pronote ufiforRppgpgedtion
into the substrate contacts. an el ectrical biasi hg-systemoperabty
coupl ed to thewewshstsemt e during sputter deposition, the bi axmorgBsyRsam
operable to negatively bias the substrate such that ions fromthe
sputtering plasma bonbard the substrate surface and effectively etch the
surface generally contenporaneously with the sputter deposition and

redi stribute the dep@sited parfhecdpesterdephsitioorsyatens of claim 1 Svherein the to
reduce deposition overhang in the contacts and to pronote uniform
deposition into the gémiatsrSis operably coupled h6 th@klbstraterbidsing gystaet ahdy
coupled to the substrate biasing system and the target bias source and

acts as a common I ef G GeaE Bbirdh drd aots as!ildimivdh refdrfle Potbriaprdi ased

substrat e; ereby substrate contacts having | arge aspect

rati ons may be i f i of material and filled
Wt orval i th B0 el WTHe Hideba ok ERe. 8. A
sputter deposition systemfor sputter depositing a |layer of mat eri al
into substrate contact having very snmall dinmensions, the sputter

deposition system conpri sing: a vacuum cha r; ) a gas
supply for providing3gas into theSRUitgfisisposition system °?b§§"@xbi"\’ba‘i"re‘<5‘nm§yst em
for exciting the gas into a sputtering plasma cont ai ni ng ions;

a support for suppor subgiratebigsing systeainslides ogenfiiagt Agrsouige and a puleadt act s
havi ng smal | di mensi ons; a target support for supporting a
target of depositi onDfhsaurcelforn biasihg the substaatieaturingpspaittee deposisiobst r at e
support, the target support couple to a target bias source operable to
bias a target thereon such that ions fromthe sputtering plasm bonbard
the target and produce material particles to deposit on a surface of

the substrate and inyo the contrmCigiitter deposition sydtéiR |of icTEMOB visrkin thized
bet ween the target support and the substrate support and configured to

intercept sputtered pfsidfidite@bpéradLAsddt 20 fMH2.  angul ar incidence to
the substrate surface to pronote uniform deposition into and to pronote
voidless filing of the substrate contacts; an el ectrical biasing
system operably coupled to the substrate during sputter deposition, the
bi asi ng system operahl e for bigsin he, substrate such that iong from
the sputtering pl asn®*bonbard es‘gﬁ%?tqe&oéﬁ?ﬂ'r’fyﬁeé“ of °?aé'ﬁ'd§éﬁ'al?eé'8ﬂ é\?l y
etch the surface generally conte oraneouslél vviAh t he

biasing source operates under Z0 MHz.

6. The sputter deposition system of claim 1 wherein the
substrate biasing system includes a DC source for biasing the

substrate with DC voltage during sputter deposition.

-37-
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38 spu [ ital nd redistribute the deposited particles in the
cont act s”'ﬂ‘”ﬁlfﬂﬁ“ﬂ“ﬁﬂuztl on overhang in the contacts ang—to.further
pronot e uni foorm deposit+on into the contacts; the c |THISFSHEETWS”'EEN
operably coupled to the substrate biasing systemand the tlarget gppjgpepour ce
and acting as a conmon reference potential to both the ta
bi ased subst rwad 67/41598 wher eby substrates with contacts having very small
aspect ratios nay be unifornmy coated with a | ayer of natengFgﬁﬂﬂmé?lled
with material with reduced nunbers of voids. 9. The sputter
deposition systemof claim@8 wherein the target support is operable to bias

the target in the 7ange of ITpRr&pIERIRPYsitOn 9stonPBP MRt B wherein the 10-
The sputter deposition systemo cIainPS mhergin t he Eﬁbst?&fﬁagﬁgging

system i s oper abl egfatrlateBiak r; j e roximately 10
to 5,000 Volts. 11{ ﬂgﬁé%?%hﬁgéﬁeﬁgﬁ%gﬁ??ggggfgggﬁg%ﬁgéhﬁin18
wherein the substr ka3 i ncl udes one of an AC source and a
pul sed DC source #%bS%ng?*gp?ééséﬁgg?rate during sputter deposition.

12. The sputter deposition systemof claim 1l wherein the biasing source

oper at es between approxi mately DC and 20 MHz. 13. The sputter
deposition systemof claim1l wherein the AC or pul sed DC source operates
bet ween approxi mately 100 kHz and 20 MHz. 14. The sputter

deposition systemof claim@8 wherein the substrate biasing system i ncl udes
a DC source for biasing the substrate with DC voltage during sputter
deposi tion.

-38 -
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15. A er depositing a layer of material into substrate
cont aﬂ!!iiiil ﬂ ! ﬂ&imn | 1 di mensions conprising: postioni-ng—a
subst ey hanber ; exciting a sputterihgHiS SR HAS BEEN

containing ions within the chanber; posi tioning a { ar geREBEACED
deposition material in the chanber opposite the substrate and brasrmgtire
target such t@plerideg fromthe sputtering plasma bonbard thedyasefiesizo
produce the deposition of sputtered nmaterial particles onto a surface of
the substrate and into contacts fornmed in the substrate surface;
intercepting sputtered particles of a predeterm ned angul ar incidence to
the substrate surfage to prommspguttet depositied sgsteimoinciuding aRdcyrmnot e
voidless filing of the substrate contacts by positioning a collimator

between the target grgmBEPSdahthg & shlitBifg PlashitiHerdis dosttd:] es and

electrically coupling the substrate and the target to the collinmator such

that the col |1 Mt or 4g8deiuf aafal WY MlatepE G0 S b @RS UopBlcet Rabipflarpe, L2 o

and the substrate; the substrate suc I ons t he
sputtering plasma bgonbard the suhstrate surfac nd effectively etch the
general | y cont enpor ﬁ'ﬁ‘gg ’Pﬁ"W?%qﬁﬁépgﬁﬁf F‘&P"ﬂﬁﬁ’g§Y?‘.38}1°%’H8"?'8§1 stribute
the deposited particles in the contacts to reduce_ deposition gverhang in
the contacts and to further Rl SRRASIHARSLRrje Pﬁﬁt'Pﬂ?‘g"’tﬂP cont act s;
wher eby substrates with contacts having | arge aspect rati os may be

uni formy coated wi vacuun ghembef andicoupled taraitarget kias apunce far pegatively t h
reduced nunbers of voids. 16. The nethod of claim15 further
conpri si ng negat i vebiasingathiertgrget aushtbatr inhe ftoon ehe bptttarirguplesmat e sur f ace
with positively biased ions fromthe plasna. 17. The nethod of

claim 15 further coombard t trgeti s1@ ploduse isdtefsicpadrticled e Hapgsit oh a
approximately 10 to 1,000 Volts.

40 ~ 18.  Theumeédiefla@lubstraieTh the chefribeeand MtBIthe isiBstbSi Ng t he
substrate in the range of approximtely 10 to 5,000 Volts. 19.
The nmethod of clai madRctdirther conprising biasing the substrate with AC
vol tage during sputter aeﬁosi tion. 20. The nethod of claim 19
further comprising biasing t hee Siagts A anhSieh ARB R tBbeLNa OC and 20

MHz .

configured to intercept sputtered particles of a predetermined
angular incidence to the substrate surface to promote uniform
deposition into the substrate contacts.

an electrical biasing system operabiy coupled to the
substrate during sputter deposition, the biasing system operable to
negatively bias the substrate such that ions from the sputtering
plasma bombard the substrate surface and effectively etch the
surface generally contemporaneously with the sputter deposition

and redistribute the deposited particles in the contacts to reduce

-39 -
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21. The met hod {m19 further conprising biasing the substrate
betweimm Miﬂkoomz and 20 MHz. 22. Therpethed—efclaim
15 fur i « DI asing the substrate with DC volt JQ‘”@LﬁHEﬁj’ HABI BEEN
deposi t1 or. 23. A nethod of sputter depositing 4 | ayeRFPEAGRE eri al
into substrate contacts having very small di nmensions conpri Sing.

posi tioning awbggﬁggs of material inside of a sputter deconpegrib@pe2hanber;
positioning a substrate in the chanber opposite the target with a substrate
surface having contacts forned therein facing the target; bonbar di ng
the target with particles froman excited gas plasma to sputter deposit a

material |ayer ont %}BSMSH%&%% iﬁuﬁg%ﬁt&@ ahQ@'t8 priMot® BhAsi:

bonmbar di ng the substrate surface™wth particles to etch the substrate
surface and material | aver . nt enporaneously with the sputter
deposition of the |‘J§§’8?‘¥'§F8 ’%(%ﬁ%%aﬁg’the deposited material in the
contacts to reduce deposition overha in the contacts.a t e

uni form deposi tion into the YHIFERY Substrate coptac E%YJ[‘éﬁﬂagpﬂf?fg{%gﬁg
particles of a predeterm ned angul ar incidence to the substrate surface
pronot e uni f or m depoay bpomiformly eoated yth pdaver of material and filled withhnt act s by
positioning a collinmtor between the target and substrate to intercept
sputtered particl esnaterial withl reduced abinpetsoefo¥dids; t he substrate and the
target to the collimtor such that the collimtor acts as a common
reference potential to both the target and the substrate,; wher eby
substrates with contacts having | arge aspect ratios may be uniformy coated
with a layer of material and filled with material with a reduced nunber of
voi ds. 24. The nmethod of claim23 further conprising biasing the
substrate to etch the substrate surface with positively biased ions from

t he pl asna.
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WD 97/ 41598

PCT/ | B an el ectrical biasi ng-system-operdp
coupl eg-ﬂmﬁmnm"ll”“msubstrate support during sputter dep'ﬂ'i;lStSHﬁETt}ﬂﬁé)g
the substrdtet ® S thereon such that ions fromthe sputferi nGEPLAGER
bonmbard t he substrate surface and effectively etch~ttre=SUrt ace
cont enpor aneow® ofqxdeg h t he sputter deposition and redi stri butcrisaroos2:
deposited particles in the contacts to reduce deposition overhang in

the contacts and to further pronote uniformdeposition into the

”'Ué;.

cont acts; wher eby substrates with contacts having very
smal | aspegl ratios ATBYuRSt dUPoSRITN Sy staRIfBH shifér dedoiitiig &

mat eri al and filled wth materi al V\névth reducgﬂ('j nurrbders (?f voi ds.

- 42 -

layer of material into substrate contacts having very small
dimensions, the sputter deposition system comprising:

a vacuum chamber;

a gas supply for providing gas into the chamber;

an excitation system for exciting the gas into a
sputtering plasma containing ions;

a support for supporting, inside the chamber, a
substrate with contacts having small dimensions;

a target support for supporting a target of deposition
material in the chamber opposite the substrate support, the target
support operable to bias a target thereon such that ions from the
sputtering plasma bombard the target and produce material particles
to deposit on a surface of the substrate and into the contacts;

a collimator positioned between the target support and
the substrate support and configured to intercept sputtered
particles of a predetermined angular incidence to the substrate
surface to promote uniform deposition into and to promote voidless

filling of the substrate contacts;

-41 -
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10. eposition system of claim9 wherei
col I'i mat ﬂ“‘lgﬁ\g&ﬁ%‘]ﬂmﬂupl ed to the substrate biasing sys THISaSHEET HAS BEEN

the bias support and acts a cormmon reference poterftial R&8PLACED

both the target and the biased substrate. 11.

deposi tion S)@égﬂ%@;s claim9 wherein the t arget suppetisdrmesaper abl e
to bias the target 1 n the range of approximately 10 to 1,000 volts.
12. The sputter deposition systemof claim9 wherein the

substrate biasing systemis operable to bias the substrate in the

range of approximately 10 tQp.000ic¥PbiaSing system operabfy coupled to tHg€ sputter
deposition systemof claim9 V\%erel n the substrat e biasing system

i ncl udes one of an @%@&g&ggg@r‘@%@wg%pﬁgr deposiﬁ'ﬁl.\ R bR R HeS: b%Eral?é asing the -

substrate during sB sputter

O oo e ey Sosmstbs that lom roms 85 eputtering PladiRh BhrioM Ghe OPEr 2t o8

-43 -
substrate surface and effectively etch the surface

contemporaneously with the sputter deposition and redistribute the
deposited particles in the contacts to reduce deposition overhang in
the contacts and to further promote uniform deposition into the
contacts;

whereby substrates with contacts having very small
aspect ratios may be uniformly coated with a layer of material and

filled with material with reduced numbers of voids.

-42 -
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o 9rial PCT/ | B97/ 00522
ﬂiﬁmul 'lﬂ“!geposi tion systemof claim13 wherein the

AC or pulse erates between approximately 100 kHz _ and
20 MHz. The sputter deposition systemof claim?9
wherein the subst rate biasing systemincludes a DC source for

biasing the woemsegubstrate with DC voltage during sputt erpcifiBdioéhon.

10. The sputter deposition system of claim 9 wherein the
collimator is operably coupled to the substrate biasing system and
the biased target support and acts a common reference potential to

both the target and the biased substrate.

11. The sputter deposition system of claim 9 wherein the
target support is operable to bias the target in the range of

approximately 10 to 1,000 volts.

12. The sputter deposition system of claim 9 wherein the
substrate biasing system is operable to bias the substrate in the

range of approximately 10 to 5,000 Volts.
13. The sputter deposition system of claim 9 wherein the
substrate biasing system includes one of an AC source and a pulsed

DC source for biasing the substrate during sputter deposition.

14. The sputter deposition system of claim 13 wherein the

biasing source operates between approximately DC and 20 MHz.
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PCT/ | BQ?“IH mIIL“ M]UH“I 17. A met hod of sputter depositing a
| ayer of & it A substrate contacts having very smal |

*

di mensi ons conpri si ng: positioning a substrate in a
vacuum chanber; exciting a sputtering plasma
containing i lkdRi N t he chanber;

posi tioni ng g&??e?rﬂége"? of deposition material in the PCHmYRp2
opposite the substrate and biasing the target such that ions from
the sputtering plasma bonbard the target to produce the deposi tion
of sputtered materigl particles._onto surface of the. . substrate
and into contacts ?%F med incbhees%'{}tesrt‘f% Hod gvsten ot Glaim 13 wherein the

i ntercepting sputta[?gd galrti &I es of a predeterm ned . angul ar

i nci dence to the sffsPByEed PG sputce oparates batwens approximately 10Q&btsi t i on
into and pronote voidless filling of the substrate contacts;

bi asi ng the substr 86% 20MHz: hat ions from the sputtering plasm
bonmbard the substrate surface and effectively etch the surface
general ly contenporaneously with the sputter deposi tion and

redi stribute the deposited particles in the contacts to reduce

deposi ti on overhang8in the cthe smitteraidpobRiohWyvishsth o 'cIRE @ wherein the
substrate biasing system includes a DC source for biasing the

substrate with DC voltage during sputter deposition.
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uni form deposition into the contacts;

;;Cl:?'/ I BQWMMH,IWI‘WHWS% wher eby substrates with contacts

havi ng | &rg& aspect s« ratios may be uniformy coated with a | ayer
material and filled wth nmaterial with reduced nunbers of voids.
WO 97/41598 PCT/IBY7/00522
17. A method of sputter depositing a layer of material into

substrate contacts having very small dimensions comprising:

positioning a substrate in a vacuum chamber;

exciting a sputtering plasma containing ions within the
chamber;

positioning a target of deposition material in the
chamber opposite the substrate and biasing the target such that
ions from the sputtering piasma bombard the target to produce the
deposition of sputtered material particles onto a surface of the
substrate and into contacts formed in the substrate surface;

intercepting sputtered particies of a predestermined
angular incidence to the substrate surface to promote uniform
deposition into and promote voidless filling of the substrate
contacts;

biasing the substrate such that ions from the
sputtering plasma bombard the substrate surface and effectively
etch the surface generally contemporaneousty with the sputter
deposition and redistribute the deposited particles in the contacts to
reduce deposition overhang in the contacts and to further promote

uniform deposition into the contacts;

- 45 -
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PCT/ I 897/ (#ﬂgﬁ \'/,\lﬁ”ili/ e The nethod of claim17 wherein the
i nt ercepti 'g! I”"Fncl udes positioning a collimator between the

target and substral e to intercept sputtered particles, the method
further conprising el ectrically coupling the substrate and the
target to theg,e ?4 Fﬂgator such that the collimtor acipgrasyr@esa®mon
ref erence potenti both the target and the biased substrate.
19. The nethod of claim 17 further conprising negatively

bi asing the substrate to etch the substrate surface with positively

bi ased ions fromthe plasma. whereby subs?rgtes wuth conﬁﬁ? Hab rg¥ adgert M 17
further conprising biasing the I'n the range “of approxi mately
10 to 1,000 Volts. ratios may be uniformiy coated wnth a tayer of material and filled

with material with reduced numbers of voids.
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The met hod of -claim 17 further conprising biasing the

substrat approximately 10 to 5,000 Volts. 22.
The rret mll "IH H"M lﬂ{:ﬂt her conprising biasing the substrate with
AC vol t age ur L deposi ti on.

- A47- WD 97/ 41598

PCT/ | B97/ 005280 97141598 23. The met hod of cl ai m 22crnré7ees22

conpri sing biasing the substrat e between approxi mately DC and 20
VHz . 24. The met hod of claim 22 further conprising

bi asi ng the substrate between approxi mately 100 kHz and 20 MHz.

25. The nmetgod of clTheméthddusftdisim ¢ Priphéerimthedineerceptindistep
subst rate with DC voltage during sputter deposition.
includes positioning a collimator between the target and substrate
to intercept sputtered particles, the method further comprising
electrically coupling the substrate and the target to the collimator

such that the collimator acts as a common reference potential to

both the target and the biased substrate.
19. The method of claim 17 further comprising negatively
biasing the substrate to etch the substrate surface with positively

biased ions from the plasma.

20. The method of claim 17 further comprising biasing the

target in the range of approximately 10 to 1,000 Volts.

21. The method of claim 17 further comprising biasing the

substrate in the range of approximately 10 to 5,000 Volts.

22. The method of claim 17 further comprising biasing the

substrate with AC voltage during sputter deposition.
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or et or | ATRNGA IV IDAMHCist o e com et havi ng very smai b i mons ons.

conmprising® ¢ positioning a target of material inside of

a sputter deposi ti on chanber; positioning a
substrate in_the chanber opposite the target wth pofhaseess €
surface haviWé”c?ﬂ%cts formed therein facing the target;
bonmbarding the target with particles froman excited gas plasma to
sputter deposit a material |ayer onto the substrate surface and
into the contacts; a3 The method of cRATES firbderiddtnSvikivd bidlsfgStiel ace

with particles to
substrate between approximately DC and 20 MHz.

24, The method of claim 22 further comprising biasing the

substrate between approximately 100 kHz and 20 MHz.

25. The method of claim 17 further comprising biasing the

substrate with DC voltage during sputter deposition.
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etch the e and material |ayer generally
conterrpoLmi L @ﬂe sputter deposition of the layer to
redi stri butec d material in the contacts to reduce

deposition overhang in the contacts and to pronote uniform

deposition into the contacts; wher eby substrates with
contacts havi gy é7g8 aspect rati os may be uniforn pcrmetes22v th a
| ayer of material and filled with material with a reduced nunber
of voi ds. - 49- WO
97/ 41598 PCT/ 1 B97/ 00522
27. The et hgd of cl ag metholiWitspattef ABP6SiERE S layer of material Biéept i ng
sputtered particles of a predeterm ned angul ar i ncidence to the
substrate surface t il N\ber @ imensiond YoRRdrisiy i nto the
substrate contacts. Quﬁé{?ét@%on?éé%%%@:dér\}ér? s%a(lal drlrg'teﬁog of cl ari n@G wher ein
the intercepting step Lac]. | tel QnU | L¢i bet ween
the target and substrate p°é'w'§ggﬁfﬁé§é’t5t’9€fﬁﬂg't'g‘rs@% Apfar |@Feers.
29. The et god qf. cl ﬁi %26 further conprising electrically

eposition chamber;

positioning a substrate in the chamber opposite the
target with a substrate surface having contacts formed therein
facing the target;

bombarding the target with particies from an excited
gas plasma to sputter deposit a material layer onto the
substrate surface and into the contacts;

bombarding the substrate surface with particles to
etch the substrate surface and material layer generally
contemporaneously with the sputter deposition of the layer to
redistribute the deposited material in the contacts to reduce
deposition overhang in the contacts and to promote uniform
deposition into the contacts;

whereby substrates with contacts having large aspect
ratios may be uniformly coated with a layer of material and filled

with material with a reduced number of voids.
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coupling d the target to the collimtor such that the
col li mato ﬁ’mﬁiﬁn reference potential to both the target
and the substtratLe The met hod of claim 26 further

conpri sing biasing the substrate to etch the substrate surface
wi th positively biased ions fromthe plasma.
- 50- WO 97/41598 PCT/IB97/00522

27. The method of claim 26 further comprising

intercepting sputtered particles of a predetermined angular
incidence to the substrate surface to further promote uniform

deposition into the substrate contacts.

28. The method of claim 26 wherein the intercepting step
includes positioning a collimator between the target and substrate

to intercept sputtered particles.

29. The method of claim 26 further comprising electrically
coupling the substrate and the target to the collimator such that the
collimator acts as a common reference potential to both the target

and the substrate.

30. The method of claim 26 further comprising biasing the

substrate to etch the substrate surface with positively biased ions

from the plasma.
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