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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 sysfem comprising:

a tafget of deposition material positioned in the
vacuum chamber and cdupled 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 debosit ona
surface of a substrate in the chamber and into the substrate
contacts;

a collimator positioned opposite the target and
configured to intercépt sputtered particles 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

indluding one ef an AC Souvce aud a

substrate during sputter deposition, _the biasing systemlopa:able—te f’“"d be.

Soure2

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
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deposition overhang in the contacts and to further promote uniform
deposition into the contacts;

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

material with reduced numbers of voids.
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2. The sputter depbsition system of claim 1 wherein the
collimator is operably coupled to the substrate biasing system and
the target bias source and acts as a common reference potential to

both the target and the biased substrate.

substrate biasing systentinsludes one of an AC source and a pulsed

. .
e - o = e - - wyw TTreo—O ale Mla = al=la¥falsauw. -V~

1
,A/. The sputter deposition system of claim_2 wherein the

biasing source operates under 200 MHz.

d H
,5{' The sputter deposition system of claim /ﬁ wherein the
biasing source operates under 20 MHz. :
67 5 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.
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,7“(" The sputter deposition system of claim 1 wherein the
substrate biasing system is operable to bias the substrate in the

range of 10 to 5000 Volts.
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1 P 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 depdsition material positioned in the
vacuum chamber and coupled to a target bias source for negatively
biasing the target such that ions from tﬁe sputtering plasma
bombard the target and produce material particles fo 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
negatively bias the substrate such that ions from the sp'utt.ering
plasma bombard the substrate surface and éffectively etch the
surface generally contemporaneously with the sputter deposition

and redistribute the deposited particles in the contacts to reduce
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deposition overhang in the contacts and to promote uniform

deposition into the contacts;

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

material with reduced numbers of voids.

+he  collimabor being WH COU.HZC' B —-f‘-k.Q..
gubstule b;au_ncc)u Stem  and the tangt bias
cource and atks” as & commdn  fersnc {pleatial
4 bolh R Jwiger aud U0 biaed substale;
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/9..8 A sputter deposition system for sputter depositing a
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 sdpporting, 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

couple fo & tangel biss Source
suppori 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;
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an electrical biasing system operab|y coupled to the
“The. biasing system cpuable for
substrate suppert during sputter depos:tlon\):s-b.vas the substrate
~thereen such that ions from the sputtering plasma bombard the
substrate surface and effectively etch the surface wwﬂy
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.

4he Gllimakov bung o)nh.aﬂ tow[aluf b L

guloshute bmsmg syshm and the W bias
Souvee and ad’mg as’ a  Common ‘Rferanc Fofw:ba!

b beth B h/éd‘ and WL biased Subshalt;
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,‘H".q The sputter deposition system of claim 9’§vherein the
‘target support is operable to bias the target in the range of
approximately 10 to 1,000 volts.

10
X,

The sputter deposition system of claim 2 Wherein the
substrate biasing system is operable to bias the substrate in the
range of approximately 10 to 5,000 Volts.

I\
A3.

]
The sputter deposition system of claim 2 wherein the
substrate biasing system includes one of an AC source and a pulsed

DC source for biasing the substrate during sputter deposition.

\%

|
. The sputter deposition system of claim 13 wherein the

biasing source operates between approximately DC and 20 MHz.
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The sputter deposition system of claim ¥3 wherein the

315

AC or pulsed DC source operates between approximately 100 kHz

and 20 MHz.

| | 3
J/G'.\u The sputter deposition system of claim & wherein the
substrate biasing system includes a DC source for biasing the

substrate with DC voltage during sputter deposition.
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M. A method of sputter depositing a layer of material into
substrate contacts having very small dimensions comprising:

positioning a substrate in a vacuum chamber;

excitiné 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 plasma 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 particles of a predetermined
angular incidence to the substrate surface to promote uniform

deposition into and promote voidless filling of the substrate

bg pasmo'rwy a colhmals’& bihweey -the hm%ef‘ and Mbﬂ_b"dz

contactj‘ A Wﬁ PMb and fﬁiﬁf%”% culm”

ack & a mmasmg the subgtrate such that ions from th
sput;cering 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 deposition overhang in the contacts and to further promote

uniform deposition into the contacts;
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whereby substrates with contacts having large aspect
ratios may be uniformly coated with a layer of material and filled

with material with reduced numbers of voids.
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18.

includes positionin collimator between the target and substrate

to intercept sputtered particles;~the method further comprising

electrically coupling the substrate and the et to the collimator

such that the collimator acts as a common reference

16 15

)/93 The method of claim _}7 further comprising negatively
biasing the substrate to etch the substrate surface with positively
biased ions from the plasma.

it 1y

}6’. The method of claim 17 further comprising biasing the
target in the range_of approximately 10 to 1,000 Volts.

% 15 .

A, The method of claim 37 further comprising biasing the
substrate in the range of approximately 10 to 5,000 Volts.

“ 15
22. The method of claim #7 further comprising biasing the

substrate with AC voltage during sputter deposition.
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23. The method of claim further comprisihg biasing the

substrate between approximately DC and 20 MHz.

N 4 '
;Ar.q' The method of claim }/2' further comprising biasing the
substrate between approximately 100 kHz and 20 MHz.
2’1, ‘6 .
_25. The method of claim 37 further comprising biasing the

substrate with DC voltage during sputter deposition.
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}6’. A method of sputter depositiné a layer of material into
substrate contacts having very small dimensions comprisinQ:
positioning a target of material inside of a sputter
depqsition chamber;
positioning a substrate in the chamber opbosite the
target with a substrate surface having contacts formed therein
“facing the target;
bombarding the target with particles from an excited
gas plasma to sputter deposit a materiai 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 prorﬁote 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.

i9lescapling  Spufenes  paskicles of @ Pﬂdﬁwe’o Wil
inddence’ 15 At ' substte dunfaw b pwdhir bomote.  wform
depesition Wlo e Subsimle eontacts pasiboning & collimater
bahoten B4 dangel and Subskals & hlevgpt  ghutiened” parkies,
dlethvically g, O substmie and M fangel & he

wllimalor  Sueh . cllimalpr qclk as A @mmom vefmfn&
powﬁd dy belh i gel amd AL SuwoShate
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and-the substrate

15
0_&,30. The method of claim 28 further comprising biasing the

substrate to etch the substrate surface with positively biased ions

from the plasma.
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ABSTRAET—

APPARATUS AND METHOD FOR IMPROVED DEPOSITION OF
CONFORMAL LINER FILMS AND PLUGS IN HIGH ASPECT RATIO
CONTACTS

Abstract of the Disclosure

A sputtér deposition system and method comprises a vacuum
system (36), target (44), collimator (46), and substrate (38). The target (44)
is biased and sputtered to qeposit a material layer onto the substrate (38)
through the collimator (46). The substrate (38) can be biased to allow
contemporaneous etching with deposition. The etching redistributes the
deposited material in the contact to reduce overhang at the contact opening
and produce a more ¢onformal deposition inside the contact than without
substrate bias. The invention is particularly useful for producing conformable

liners and void-free filling of sub-micron contacts having high aspect ratios.



