
.i; 

W097/41598 

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 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 1 
;.,dud.Mg Ollt "f av. A-C .So1.tvce a"'"' a. 

substrate during sputter deposition, the biasing systemlofuilraele te p.Jstcl })( 
fo:t" b;asing tM sJJsW« · . . A .sn"rCll 

A bias the s1:1bstrat11 such that ions from the sputtering plasma 

bombard the substrate surface and effectively etch the surface 

generally contemporaneously with the sputter deposition and 

redistri_bute 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 deposition 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. 

l 
The sputter deposition system of claim,.2- wherein the 

biasing source operates under 200 MHz. 

I 
The sputter deposition system of claim fl wherein the 

biasing source operates under 20 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. 
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;r.f.o 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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A sputter deposition system including a vacuum 

chamber containing a sputtering plasma therein for sputter 

depositing a layer of material into substrat~ 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 positibned opposite the target and 

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 operably 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 
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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. 

+hfl eol/itnJo'f beiV)~ ~a t.ouf1ecl 1D ~ 
~hlra hlasinQ- Sftl"' aYJJ -w., ¥ b.;QS . 
.go-ut"ce a.,J acl-s as a. cowimov\ ~f~~ fV~Haf 

'1b bvfh -tJ?Q ~gat tt11Jd -t:JQ_ biased .s~~fe; 
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A.S 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 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 
~fl f'O 0. ~ bi~ ,So\&Tc.& 

supporl 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 operably coupled to the 
-Jhfl bfa.S.h?9 $f&MrJ ~e 4ov hJ4.U1 

substrate ewppe~ during sputter deposition~ the substrate 

-tl'lsrseA- such that ions from the sputtering plasma bombard the 

substrate surface and effectively etch the surface ~enAlJ., 

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· 

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. 
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The sputter deposition system of claim .9'~herein the 

"target support is operable to bias the target in the range of 

approximately 10 to 1,000 volts. 

\0 
...n-: 

~-
The sputter deposition system of claim;¥ wherein the 

substrate biasing system is operable to bias the substrate in the 

range of approximately ·10 to 5,000 Volts. 

\\ n. 11 
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. 

JI 
The sputter deposition system of claim .;i..a wherein the 

biasing source operates between approximately DC and 20 MHz. 

- 43 -



W097/41598 PCTIIB97/00522 
'\C·. 

\\ 
The sputter deposition system of claim )-5 wherein the 

AC or pulsed DC source operates between approximately 1 00 kHz 

and 20 MHz. 

)-6". \~ 
~ 

The sputter deposition system of claim JI wherein the 

substrate biasing system includes a DC source for biasing the 

substrate with DC voltage during sputter deposition. 
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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 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 L_J.. 

{ 

b~ pasiti~ ~ t.ollim&J&>t 1'0-weer, --0\t. ~ avid .cctbBro-4'1~ 
contact ifp in~ spl//I~ pµ#ck.A avvl Q/etf~ ~. ht.A. 
~ ~ 4 ~~A~ ;/:3W1o""Jli!"llf'!k "11~~-fk4tl-"'45~4J.'ima}r;Y 

t;\asmg the subCtrate sucli that 1o~'m th~ ..BrJa.s ' 

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 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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electrically coupling the substrate and the 

such that the collimator acts as a common reference 

1) 
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The method of claim ft further comprising negatively 

biasing the substrate to etch the substrate surface with positively 

biased ions from the plasma. 

\) 
The method of claim Y, further comprising biasing the 

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

\lb 
~-

\~ 
The method of claim ;;r further comprising biasing the 

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

16 
The method of claim ¥J further comprising biasing the 

substrate with AC voltage during sputter deposition. 
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The method of claimdiurther comprisi~g biasing the 

substrate between approximately DC and 20 MHz. 

'}.\ 
]Ar. 

)4 . 
The method of claim JA. further comprising biasing the 

substrate between approximately 100 kHz and 20 MHz. 

\~ 
The method of claim ~further comprising biasing the 

substrate with DC voltage during sputter deposition. 
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A method of sputter depositing a layer of material into 

substrate contacts having very small dimensions comprising: 

positioning a target of material inside of a sputter 

deposition 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 particles 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 
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uttered particles of a predetermined angular 

urface to further promote uniform 

1.~ 
The method of claim ..)8 further comprising biasing the 

substrate to etch the substrate surface with positively biased ions 

from the plasma. 
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ABSTRACT 

APPARATUS AND METHOD FOR IMPROVED DEPOSITION OF 
CONFORMAL LINER FILMS AND PLUGS IN HIGH ASPECT RA TIO 

CONTACTS 

Abstract of the Disclosure 

A sputter deposition system and method comprises a vacuum 

system (36), target (44), collimator (46), and substrate (38). The target (44) 

is biased and sputtered to deposit 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 conformal deposition inside the contact than without 

1 O substrate bias. The invention is particularly useful for producing conformable 

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


