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This application is a continuation-in-part of

United States Patent Applicatlon Serial No. 08/979, 192

filed November 26 1997 tltled “IMPROVED TARGET FOR USE IN
'MAGNETRON SPUTTERING OF ALUMINUM FOR FORMING METALLIZATION

._FILMS HAVING LOW DEFECT DENSITIES AND METHODS FOR
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MANUFACTURING AND USING SUCH TARGET” and of United States
Patent Application Serial No 09/272 974 filed March 18,

11999- tltled “IMPROVED COPPER TARGET FOR SPUTTER

DEPOSITION” .

The present 1nvention relates generally to metal

film dep051t10n and more particularly to an 1mproved coil

for reduc1ng defect generation during metal film deposition

w1th1n a high den31ty plasma deposltlon chamber.

) Metal films are used widely w1thin semlconductor
1ntegrated circuits to make contact to and béetween
semiconductor devices (i.e., metal 1nterconnects).' Because
of the high densities required for modern integrated
circuits, the lateral dimensions of interconnects, as well
as the lateral dimensions between interconnects, have shrunk
to such a level that a single defect can destroy an entire
wafer die by shorting a junction region or open-circuiting a
gate electrode of an essential semiconductor device. Defect
reduction within interconnect metal films, therefore, is an
ever-present goal of the semiconductor industry that
increases in importance with each generation of higher

density integrated circuits.

EXPRESS MAIL LABEL NO.: EJ896354769US
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dens1ty plasma (HDP) depos1t10n, w1th1n a plasma chamber

In both processes, a target of to- be depos1ted materlal

.(e g., the metal comprlslng the 1nterconnect) is sputtered

-applled between the target and the substrate, strlke the

substrate substantially perpendlcular to the target face and

substantlally perpendlcular to any feature base present on_

'the substrate(e g.,:a110w1ng for 1mproved fllling of v1as

and other surface features) Where the COll 1s lecated :
1nterna11y of the chamber, the coil 1tse1f 1s sputtered, andr'
dlslodged coil atoms travel to the substrate’ dlsposed below
the coil and depos1t thereon. Sputtered coil atoms
predominantly coat the substrate near its edges and, where
the target atoms create a center thick film on the wafer, |
enhance the overall thickness uniformity of the material
layer formed on the substrate. The material properties of
an HDP coil therefore play an important role in overall
deposited film quality.a

-As described in parent applications, U.S. Serial
No. 08/979,192, filed November 26, 1997 and U.S. Serial No.
69/272,974, filed March 18, 1999, both aluminum target

manufacturers and copper target manufacturers conventionally
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_focus on the purlty of sputterlng targets to reduce'defect o

den31t1es of to otherw1se affect depos1t1on of hlgh quallty
metal fllms. Similar emphasis is placed on the purlty of
coils employed in HDP deposition chambers (e.q., HDP

dep051tlon chambers typlcally employ a target and a coil

hav1ng similar purlty levels) However, desplte hlgh purlty

levels for both targets and c01ls, the defect den51t1es of

cenventlonal HDP dep031ted metal fllms remaln h1;h=°” _
Accordlngly, a need ex1sts for a- c01l for- ise
w1th1n ah HDP dep031t10n chamber that produces metal films

hav1ng reduced defect den81t1es..

The present 1nventors have dlscovered that 1n

adﬂltlon to target purlty, other factors are of 51gn1f1cant

1mportance to defect reduction as recognlzed and descrlbed
in parent applications, U.S. Serial No. 08/979,192, filed
November 26, 1997 and U.S. Serial No. 09/272,974,.filed
March 18, 1999. These othet factors must'be'considered*to
reduce defect densmtles durlng plasma dep081tlon as the "

purity of the target alone does not assure adequate metal

film - quallty and high device yleld

Spec1f1cally, it has been found that in addltlon

to target material purity, the following target material

parameters have a direct affect on defect generation during

sputter deposition of metal films: dielectric inclusion
content (e.g., target material oxides, nitrides, etc.),
porosity (e.g., non-conductive voids due to gas trapping
during target formation), grain eize, surface roughness and
hardness. With respect to aluminum targets, control of
dielectric inclusions is of primary importance for
controlling aluminum film quality. Reducing the

concentration of dielectric inclusions such as Al,0, within
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an alumlnum target can decrease certaln as de9081ted or “1n—-

£ilm”- defect den31t1es (e gy splat den31t1es) by up to flve :
fold. With respect to caopper targets, increasing the
hardness of a copper target is as much a factor in defect
reductlon as reduced dielectric inclusion concentratlon.
Namely, a certaln hardness range for the. copper target 1s

requlred to- prov1de:'he 'co per targetjw1th suff1c1ent -

-mechanlcal/electrlcal stfﬁngth to p event locallzed

mechanlcal breakdown, and thus ejectlon of a relatlvely

'1arge, greater than a few microns plece of target mater1al

durlng plasma process1ng _ . |

_ ~ For’ HDP depos1t10n processes, the present _
1nventors have dlscovered that defect reductlon results When
a c01l (e g., alumlnum or copper) has mater1al parameters f
s1m11ar to the’ above descrlbed target mater1a1 parameters
(e g., reduced dlelectrlc 1nc1us1on concentratlon,
sufficient hardness, etc.). Also, it has been found that
thermal cycling can cause the coil to move sufficiently to
disconnect it from the terminal or feedthrough through whlch
it connects to 1ts power supply or to short c1rcu1t the c011

through contact w1th another chamber structure such as a

_shleld that supports the coil. Thus, to prevent a coil from

electrically disconnecting or short cirCuiting following
repeated depositions (e.g., due to repeated expansion and
contraction caused by thermal cycling), the thermal creep
rate and mechanical strength of the coil must be considered.
As used herein, thermal creep rate refers to the time rate
at which a material changes shape due to prolonged stress or
exposure to elevated temperatures.

To control the thermal creep rate and strength of
a copper coil, the coil’s grain size preferably is reduced.
For example, a copper coil’s grain size preferably is

limited to below 50 microns, and most preferably to below 25
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micrOns., The smaller the grain 31ze, the lower the thermal

creep rate and the greater the strength of the copper coil.

The preferred thermal creep rate, strength and grain size
are achieved by limiting'the copper coil's purity level to a
level of less than 99. 9999%, preferably within the range |
from 99. 995% to 99. 9999% (e.g., less pure than prev1ously
believed necessary) ‘This overall purlty level range 1s f
ma1nta1ned ‘whilé the concentratlon levels of 1mpurit1es that
adversely affect a copper coil’s thermal creep rate and
strength are reduced (e.g., antlmony, arsenlc, blsmuth
hydrogen, oxygen, sulfur, etc. ) An alumlnum c01l’s thermal
creep rate and strength pr1mar11y are. controlled by alloylng
(as is known 1n the art) _

By thus controlllng the d1e1ectr1c 1nclus1on
content por051ty, graln s1ze, surface roughness, thermal
creep rate and strength of a coil, defect generatlon during

HDP deposition may be decreased while the risk of the coil

becoming electrically disconnected or short circuited during

processing is reduced; _ o
_.  Other objects, features and advantages of the
present-invention, as well as.the structure“of various
embodiments of the invention, will become more fully
apparent from the following detalled descrlptlon of the
preferred embodiments, the appended claims and the

accompanying drawings.

IEF DESCRIPTION O DRAWIN
The present invention is described with reference
to the accompanying drawings. In the drawings, like
reference numerals indicate identical or functionally
similar elements. Additionally, the leftmost digit of a
reference numeral identifies the drawing in which the

reference numeral first appears.
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FIG 1A 1s a s1de dlagrammatlc 1llustratlon, 1n

1549/P2/PVD ) I“"I

"sectlon, of the pertlnent portlons of a hlgh den51ty plasma k

sputtering chamber configured in accordance with the present

invention; _
FIG. 1B is a top plan view of the coil and shield

| . FIG. 1C is a close-up view of the Eéedthroughs and

coil ‘'of FIG. 1B _l_,":" SR “'"_'.”"H B
FIG. 1D is a close -up view of the feedthroughs of

FIG. 1B electrlcally dlsconnected from a convent1onal 0011
FIG. lE 1s a close -up- v1ew of a cup and pln that

couple the c01l and shield of FIG lB,
FIG lF is a close -up v1ew of a conventlonal 0011

-short c1rcu1ted to the shleld of FIG— 1B and

FIG - 2is a. graph of thermal creep rate versus
applled stress for a 99.99% pure copper c011 at 600°C and at
700°C, and for a 99.9999% pure copper.001l at 600°C and

700°C.

FIG. 1A is a side diagrammatic illustratioh, in
section, of the pertinent portions of a conventional high
density plasma (HDP) sputtering chamber 100 configured in

accordance with the present invention. The sputtering

.chamber 100 contains a coil 102 which is operatively coupled

to a first RF power supply 104 via one or more feedthroughs

105. The coil 102 may comprise a plurality of coils, a

single turn coil as shown in FIG. 1A, a single turn material
strip, or any other similar configuration. - The coil 102 is
positioned along the inner surface of the'sputtering chamber
100, between a sputtering target 106 and a substrate
pedestal 108. Both the coil 102 and the target 106 are
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The substrate pedestal 108 is pbsitioned_in theh

lower portlon of the sputterlng chamber IGO'and"typiCally'

comprlses a pedestal heater (not shown) for elevating the

portlon of the sputterlng chamber 100 so as to face

substrate rece1v1ng surface of the substrate pedesta |

1n the upper"

the _
'“108

A coollng system 112 is coupled to the adapter 110 and S

dellvers coo" f fluld (e g., water)'thereto.-

'vacuum chamber en losure wall 114.hav1ng at leastion

inlet 116 coupled to a gas soutce 118 and hav1ng an
outlet 120 coupled to an exhaust pump 122 (e.g., a ¢
or a cryoturbo pump). The gas source 118 typlcally

comprlses a plurallty of process1ng gas sources 118a,

'such as &a source of argon, helium and/or nltrogen.

process1ng gases may be. employed if de51red. _

A removable shield 124 that ‘surrounds the
102 the target 106 and the substrate pedestal 108 i
provided within the sputtering chamber 100. The shi

e g’s o
exhaust
ryoputip

i 118b
Other_'

0011
s
eld 124

may be removed for cleaning during chamber maintenance, and

the adapter 110 is coupled to the shield 124 (as shown) .

The shield 124 also supports the coil 102 via a plurality of

cups 126a-e attached to, but electrically isolated f
shield 124, and via a plurality of pins 128a-e coupl

both the cups 126a-e and the coil 102. The coil 102

rom the
ed to

is

supported by resting the coil 102 on the pins 128a-e which

are coupled to the cups 126a-e. Any other known methods for

supporting the coil 102 may be similarly employed.

7
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126a e and the plns 128a e comprlse the same materlal as the

coil. 102 and the target 106 (e, g., copper or alumlnum) and
are electrlcally insulated from the shield 124 via a
plurality of insulating regions 129a-e (e.g., a pluraIity of
ceramlc reglons) The structure of the cups 126a- -e, the
p1ns 128a—e and the 1nsulat1ng reglons 129a—e are descrlbed

ﬁurther below w1th reference to FIGS 1B lF-';The sputterlng

ohamber 100 also 1ncludes a plurallty of bak?-out lamps 130

located between the shleld 124 and the chamber enclosure
wall 114 for baklng out the sputterlng chamber 100 as- 1s
known in the art.j

The sputterlng target 106 and the substrate N
pedestal 108 .are electrlcally 1solated from the shleld 124

'The sh1e1d 124 may: be grounded so that a negatlve voltage

(w1th respect to- grounded shleld 124) may be applled to the

'sputterlng target 106 via a flrst DC power supply 132

coupled between the target 106 and ground, or may be floated

‘'o¥ biased via a second DC power supply 133 coupled to the

shield 124. Addltlonally, a negatlve bias may be applled to
the substrate pedestal 108 via a second RF power supply 134
coupled between the pedestal 108 and ground. A controller
136 is-operatively coupled to the first RF power supply 104;
the first DC power supply 132, the second DC power supply’
133, the second RF power supply 134, the gas source 118 and
the exhaust pump 122.

To perform deposition within the sputtering
chamber 100, a substrate 138 (e.g., a séemiconductor wafer, a
flat panel display, etc.) is loaded into the sputtering
chamber 100, is placed on the substrate pedestal 108 and is
securely held thereto via a clamp ring 140. An inert gas
such as argon then is flowed from the gas source 118 into
the high density plasma sputtering chamber 100 and the first
DC power supply 132 biases the sputtering target 106

8
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negatively with respect to . the suhstrate pedestal 108 and

1549/P?/PVD o _ _ I

the shield 124. In response to the negatlve ‘bias, argon gas'
atoms ionize and form a plasma within the high density
plasma sputtering chamber 100. An RF bias preferably is
applied to the eoil 102 via the first RF power supply 104 to
increase the density-of ioniéed:argon gas atomS'within-the
plasma and to 1onlze target atoms sputtered from the target
106 (as described below) | d

Because " argon ions have a positive charge, argon
ions within the: plasma are attracted to the negatlvely
biased sputtering target 106 and strlke the sputterlng _
target 106 with suff1c1ent energy to sputter target atoms
from the target 106. The RF power applled ko the coil 102

'1ncreases the 1onlzat10n of the argon atoms, and in'

combination w1th the coupling of the coil power to the
region of argon and sputtered target atoms, results in
ionization of at least a substantial portion of the
sputtered target atoms. The iOnized, sputtered target atoms .
travel to and-deposit-on the substrate 138 so as to form
over time a continuous targét material'film 142 thereon. .
Because the spﬁttered'target atoms.are ionized by the coil
102, the target atoms strike the substrate 138 with
increased direCtionality under the influence of the electric
field applied between the target 106 and the substrate
pedestal 108 (e.g., by the first DC power supply 132). The
second RF power supply 134 may be employed to apply a
negative bias to the substrate pedéstal 108 relative to both
the sputtering target 106 and to shield 124 to further
attract sputtered target atoms to the substrate 138 during
deposition.

In addition to target atoms, coil atoms are
sputtered from the coil 102 during deposition and'deposit on

the substrate 138. Because of the coil's proximity to the

9
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substrate 138 ‘near its edges and where the flat target
atoms tend to depos1t a center thlck layer, result in-
overall unlformlty of the thickness of the film 142 '
deposited on the substrate 138. Follow1ng dep031t10n, the
flow of gas: to the hlgh den51ty plasma sputterlng'chamber lf'

.100 1s halted all?blases

hlgh dens1ty plasma sputterlng chamber 100. _ .
' Ideally, the f11m 142 depos1ted on the substrate .

138 is. hlghly unlform and defect free. chever,.as _
descrlbed in parent appllcatlons u. S Serlal No. 08/979 192
flled November 26 1997 and u. S, Serlal No 09/272 974

"flled March 18 1999 - substant1a1 number of blobs or
"splats of target materlal (1 e.,.splat defects or splats)

appear within filme formed by sputter depos1tlon when a
conventional sputtering target 1s employed High density
plasma dep051ted Eilms exhlblt similar splat defects when-
conventlonal coils and/or conventlonal sputterlng targets
are employed. , _

Splat defects are belleved to result from arc-
induced 1ocallzed heating of a target or a c011 that melts:
and liberates a portion of the target/c01l materlal. The
liberated target/coil material travels to the substrate 138,
splatters thereon, cools and reforms, due to surface

tension, as a splat defect in the deposited Ffilm 142.
Splats are very large (e.g., 500 pm) in relation to typical
metal line widths (e.g., less than 1 pm) and affect device

vield by shorting over two or more metal lines. It is

- believed that up to 50% of the in-film defects produced in

current interconnect metallization schemes are induced,

splat-type defects.

10
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',The present 1nventors have dlscovered that the

foliowing target/c011 material parameters have a dlrect

affect on splat generation: |
.1.  the number of dielectric inclusions such as
target/coil material oxides (e.g., Al,0, for

aluminum targets and coils, CuO for copper
targets and c01ls,'etc ), : :

2. the poros1ty of the target/”'f - Ll
' (€.g., the nunber of non-c ”ctive voids due .
to gas trapping’ during target or c¢oil
formation) ; .

3. the.grain Sizefof the target/coil'material?
4. the surface roughness of the target/c011 and

5.' the mechanical strength or hardness of the
_target/c011 . _

fAs:described_in parent application,'U.S;'Seriaero.

08/979,192, filed November 26, 1997, with regard to aluminum
targets, control of the number of dielectric inclusions is
of primary 1mportance for reducing splat formation (e g
all other causes create a minimal number of splats as
compared to those caused by dielectric 1nclus1ons) During
HDP deposition of aluminum, control of the number of
dielectric 1nc1us1ons within an aluminum coil is of primary
importance for reducing splat formation due to the coil.
Other aluminum target.and aluminum coil manufacturing
parameters may be controlled less stringently without undue
risk of significantly increased splat formation.

As described in parent application, U.S. Serial
No. 09/272,974, filed March 18, 1999, in contrast to the
mechanical properties of aluminum targets, the mechanical:
properties (e.g., mechanical strength/hardness, grain size,
and surface roughness) of copper targets play a very |
significant role (in addition to dielectric inclusions) in

splat formation. Mechanical properties have been found to

11
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'play a s1m11ar role 1n splat formatlon w1th regard ‘to. copper

c01ls used durlng HDP dep031tlon of copper.
Accordlngly, to reduce arc-induced splat formation

during plasma processing within an HDP depOSition'chambér,

any target (e. g., alumlnum, copper, etc.) and any coil

.employed preferably have the follow1ng propertles-. a-;

'_reduced number of d1e1ectr1c 1nclu51ons,'non porosity (e g

féw v01ds and 11ttle entrapped gas), and good mechanlcal
propertles (e.g., hlgh strength or hardness, small graln
size and llttle surface roughness) The s1gn1f1cance each
factor plays 1n splat formatlon,_however, depends on the
target/c01l mater1a1 in questlon. '

) For 1nstance, alumlnum target/c01l materlal
typlcally comprlses an alumlnum alloy such as Alcu _
{typlcally 1éss . than 0.5% Cu) that When manufactured w1th
prior art methodologies, has suff1c1ent-mechan1cal strength
and small enough grain size to prevent significant splat
formatlon due to arc-induced mechanlcal fallure and surface-
roughness ~induced fleld—enhanced emlsslon However,
alumlnum's primary . dlelectrlc 1nc1u51on (Alg)) is hlghly
res1st1ve and charges eas11y ‘when" exposed- to a plasma '
env1ronment Therefore, splat formatlon due to dlelectrlc
breakdown and secondary electron heatlng is common in
aluminum targets/coils. Accordlngly, decreasing dielectric
inclusion content (rather than improving mechanical
properties) within an aluminum target/coil is the primary
mechanism for reducing splat formation during aluminum f£ilm
formation.

With respect to reducing splat formation during

- copper film deposition, improving the mechanical properties

of a copper target/coil is as important as decreasing
dielectric inclusion content. Because copper target/coil

material is highly pure copper and not an alloy (i.e., it is

12
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hardness of - the copper target/cellﬁmaterlal 1s dlctated by
the 1ntr1ns1c hardness of copper and any 1mpur1t1es w1th1n

the copper.
Copper 1s naturally a soft metal, and copper o

target/c01l materlal becomes:softer as the purlty 1evel of

’thef materlal 1ncreases.i”'”“’

“ﬁH.,

_;_pper targ,p/coll materi. ne S W :
purlty Accordingly,. the present 1nventors have discovered

that above a certaln purlty level splat formatlon durlng

copper f11m dep031t10n actually 1ncreases ('ue to arc—'

1nduced mechanlcal fallure and surface roughness lnduCed

5,f1eld enhanced em1ss1on) w1th 1ncreas1ng 1evels of copper '

_.barget/c01l mater;al purlty._s'

Further, the ma1n dlelectrlc 1nclu810n w1th1n'

.copper (e. g., CuO), is not as hlghly res1st1ve as Al;%.

CuO, therefore, is less susceptible to charglng at the
inclusion to’metal'interface'region, dielectric breakdown'
and secondary electron heating than 1s Alg%, ‘and splat

formatlon due . to dlelectrlc 1nc1us10ns is less pronOunced

for copper targets/c01ls. anetheless, splat format;on can

occur during use of copper targets/coils due to Cud® induced

charging at a Cuo inclusion to metal interface region,

dielectric breakdown and secondary electron heating and
control of dlelectrlc 1nclu51on content within copper
target/c01l material remains 1mportant to reduce these
effects. ‘
With regard to the coil 102, in addition to the
above described properties (e.g., reduced dielectric
inclusion centent, porosity, material grain size, surface
roughness, etc.), thermal creep rate of the coil 102 also
must be considered. Specifically, the coil 102 should be

provided with sufficient mechanical strength to reduce the

13
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thermal creep rate of the CQll 102 to a V?lue that prevents

electrlcal dlsconnectlon of the c011 102 from the p
feedthroughs 105 or electr1cal shortlng of the c011 102 due
to contact with the shield 124 follow1ng-repeated
dep051t10ns w1th1n the chamber 100 as descrlbed w1th

reference to FIGS 1B 1F

The cups 126a -e and the plns 128a le are electrlcally

1solated from the shleld 124 v1a the 1nsulat1ng reglons
129a te. The flrst RF power supply 104 1s coupled to the )
c011 102 V1a a flrSt feedthrough 105a and v1a a second :.h

__'betWeen the feedthroughs-rrn,-

i85

20

25

30

shewn 1n FIG 1C, and'a close up of the cennectlon between
the coil 102 and the shield 124 (via the’ cup 126a, the pin
128a and the insulating region 129a) is shown in FIG. 1E.

If a conventlonal coil 102' is employed within the

deposition chamber 100 follow1ng repeated dep051tlons

'w1th1n the . ¢hamber 100, the coil 1027 may disconnedt. from

either the flrst feedthrough 105a or the sécond’ feedthrough

- 105b' as shown in FIG. 1D. The coil 102' also may_be short

circuited through contact with the shield 124 as shown in
FIG. 1F. Electrical disconnection of the coil 102' from
either feedthrough 105a, 105b occurs due to thermal creep
induced movement of the coil away from the feedthroughs
105a, 105b that is driven by the thermal cycling of the coil
102' that accompanies repeated depositions. Thermal creep
induced movement of the coil 102' toward the shield 124
similarly causes short circuiting of the coil 102'.

However, by reducing the thermal creep rate of the 1nvent1ve
coil 102 (as described below) thermal creep induced movement

of the coil 102 away from the feedthroughs 105a, 105b and

14
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toward the shleld 124 1s 81gn1f1cantly reduced so that

_ electrlcal dlsconnectlon and short c1rcu1t1ng of the c011

102 do not occur and the coil 102 primarily malntalns the

position shown in FIG. 1C and FIG. 1E.

As prev1ously descrlbed alumlnum targets/c01ls .
typlcally are formed from a 0.5% copper/99 5% alumlnum alloy

that has sufflclent mechanlcal strength and a- small enough

.graln gize to prevent 51gn1f1cant mechanlcally 1nduced splat

formation. L1kew1se, the thermal creep rate of alloyed
aluminim c01ls typlcally 1s low enough to prevent electr1ca1
dlsconnectlon of an alumlnum 0011 from the feedthroughs 105
or electr1ca1 shortlng of the alumlnum c01l due to' contact
w1th the shleld 124 follew1ng repeated HDP depos1tlons.r_
Accordlngly, the. maln concern w1th alumanm c01ls 1s defect
generatlon, and the preferred alumlnum c011 mater1al 1s the
game as the preferred aluminum target mater1a1 described in
parent appllcatlony U.S. Serial No. 08/979,192, filed
November 26, 1997. Specifically, for aluminnm deposition
within the HDP dep051tlon chamber 100 the coil 102
preferably has one or more of the characterlstlcs llsted in

TABLE 1, and most preferably in TABLE 2. All other. aluminum

‘material characteristics described in parent application,

U.S. Serial No. 08/979,192, filed November 26, 1997, may be
employed for the coil 102, and the coil 102 may be

manufactured as described therein or by any other known

techniques.
TABLE 1

- " PROPERTY _ 2| PREFERRED RANGE
Dielectric Inclusion Content, less than about 5000
where such inclusions have inclusions per gram of coil
widths of 0.3 micron or more material
Hydrogen content less than about 0. 5 ppm
Carbon content less than about 10 ppm
Oxygen content less than about 10 ppm
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hNitrogfn"content .'"“h'

(200):textured mater1a1

(111) textured material

less than about 3%

Hardneéss

greater than about 50 .
(Rockwell scale)

Surface roughness

Alloy strengthening addend

-less tha'gabout 20 mlcr01nches

TABLE 2.

PROPERTY

Diejectrlc Inclusion’ Content
whetre such 1nclu81ons have

~'w1dths of 0. 1 mlcron or more_t,@.,

ogen content.

}1ess th about i S,mfhff" —

-fMetal grain size

_”between about 75 mieéron and. 90
imicron

(200) textured material

‘greater than 75%

- (I11) textured materlal

less than about 1%

Hardness

'greater than about 50
| (Rockwell scale)

Surface roughness

"less than about:. A6 mlcr01nches.

'_Alloy strengthenlng addend

about 0.5% Cu by weight

Alloy precipitate size

| less” than_about 4 microns

Other impurities

less than about 5 ppm

Unlike aluminum coils, copper coils are much more

5 susceptible to electrical disconnection and/or short

circuiting because copper is naturally a soft metal and thus

has a larger thermal creep rate. Accordingly, as the purity

level of a copper coil increases, the likelihood of thermal

creep induced electrical disconnection and/or short

10 circuiting increases.

FIG. 2 is a graph of thermal creep rate versus

applied stress for a 99.99% pure copper coil at 600°C (first

curve 200) and at 700°C (second curve 202), and for a
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.99, 9999% pure copper coll at 600°C (thlrd curve 204) ‘and at-__
700°C (fourth curve 206) . Wlth reference to FIG 2 for a

given applled-stress level, the thermal creep rate generally
increases with copper coil purity (e.g., thermal ‘creep rate
may be reduced by reduc1ng copper coil purlty) because the
mechanlcal strength of the c01l decreases as copper purlty
1ncreases B 'ﬂ o ' '
' Accord;ngly, to reduce splat formatlon and thermal
creep durlng copper fllm deposltlon, a ‘copper c011 1s

prov1ded hav1ng both 1ncreased mechanlcal strength (e g

_ hardness) and decreased 1nclu81on content._ Spec1f1cally, a

copper c01l is prov1ded hav1ng a hardness value greater than
about 45 Rockwell as the present 1nventors have dlscovered

that copper c011s hav1ng hardnesses greater than about 45

'Rockwell produce far fewer splats than’ softer copper c01ls

and do not electrlcally dlsconnect or short c1rcu1t
following repeated depOSltlonS

' To corntrol hardness, the grain size of a copper
coil preferably 1s decreased Graln size is decreased (and
hardness 1ncreased) preferably by limiting copper coil
material purlty to a level of less than 99. 9999%, preferably

~within a range between 99.995% to 99.9999% copper This.

purlty range is s1gn1f1cantly less than the purlty level of

‘many commercially available copper coils, and is in stark

contrast to the industry trend of using higher and higher
purity copper coils.
Copper coils having purity levels in the range betWeen
99.995% and 99.9999% can have hardnesses greater than 45
Rockwell if properly manufadtured (e.g., employing the
manufacturing methods described in parent application U.S.
Serial No. 09/272,974, filed March 18, 1999).

TABLES 3 and 4 contain preferred and most

preferred, respectively, copper coil material parameter

17
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ranges for reduc1ng splat formatlon and thermal creep durlngf"

'plasma proce331ng, although a purlty 1evel of less than
99. 9999% copper is spec1f1ca11y contemplated by the

lnventors .

'__fPurlty level

_fony contentifn“

'“Arsenlc content = f.bbﬁeséﬂtban about 0 03 ppm;f
'Bxsmnth,contentzb_if_ “ifbéeé;tnan about 0. 03 ppmei_
”,e&fbbﬁ content — _--bbeééitﬁéﬁ about 5 o ppmifw
;1Hydrogen content ._ ~ H;Lese.tban about 1 0 ppm“_e
*;®xygen content_ ; .'b -”Less tﬁan-about 5.0 ppmtit§a
-f;Nltrogen content_f”_bﬂ"%Less tﬁén'about 1 0 ppmﬂ”"
ﬁSulfur content -”__ 1-quess tﬁan about 1 0 ppmf":
Metal'graln size § Less tban about 50 micron

(200) textured materiai Greater'than 50%

ﬂ(lll) textured materlal_-Less than about 3%

:Hardness | 'Greater than 45 (Rockwell
| N 'scale) | |
Burface roughneés: | Tess than about 20 micro- 1nches:b.
-'cher Impuritiés'. Less than about 10 ppm B 1
IABLE 4

Purity level | 99.995% to 99.9999%

Antimony content | '-Less than'about_old3ippm

Arsenic content Less than about 0.03 ppn

' Bismuth content Less than about 0.03 ppm

Carbon content Less than about 1.0 ppm'

Hydrogen content Less than about 1.0 ppm

Oxygen content Less than about 1.0 ppm

.Nitrogen content Less than about 1.0 ppm
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Sulfur content - ' ;TLess than about 0 05 ppm

Metal graln size 'fLess than about 25 micron

(200) textured materiall Greater than 50%

(111) textured materlal' Less than about 3%

fHardness - Greater than 45 (Rockwell scale)
dﬁﬁrfééé_rdﬁéhﬁééé' “fLess than about 5 0 micro 1nches i
ﬂﬁﬁhérfimpurities”ﬁq “'TTPLess than about 10 PPm : -f ih:

_ A copper coil hardness greater than 45 Rockwell
prov1des adequate localized: material strength and immunity

against.mechanlcal fracturlng to reduce: splat formation

' during copper film dep031tion and a small enough thermal

creep rate to prevent electrical disconnection and short
01rcu1t1ng of the. copper coil follow1ng repeated
-dep051tions. ThlS ‘hardness range preferably is achieved by
llmiting grain size to less than about 50 microns (TABLE 3)
and preferably to less than about 25 microns (TABLE 4).

This grain size range is achiéved via selection of the
purity rahge of 99.995% to 99. 9999% _

: Minimizing ongen'1ncorp0rationiwith the'copper
coil material is ver?.imPOrtant for reducing metal oxide
dielectric inclusions such as CuO. Further, limiting
nitrogen and carbon content} while less important, reduCes
metal nitride and metal carbide inclusions, respectively.

Impurities that adversely affect mechanical
properties of a copper coil include antimony, arsenic,
bismuth, hydrogen and sulfur. Antimony, arsenic,.bismuth
and sulfur reduce copper coil hardness through interactiorms
at copper grain boundaries. Sulfur, for instance, readily
forms CuS at copper grain boundaries which renders a copper
coil brittle and susceptible to arc-induced mechanical

failure. Accordingly, reducing antimony, arsenic, bismuth

19



10

15

20

25

30

This Sheet Has Been Rep.

(1]

and sulfur content 1ncreases copper coll mechanical
strength and can reduce splat formatlon.'

Hydrogen is highly mobile in copper and embrittles
copper by combining with copper oxide to form water (H,0).
Additionally, trapped hydrogen forms voids during casting of
thefcopper coil. Reducing hydrogenjcontent,_therefore,
reduces splat formation by reducing arc-induced ipechaniéai
failure and fieid-enhanced~eﬁissi6n ddepto gas'trappiné.

Other common impurities within copper coil
materlal 1nclude metalllc impurities. such as alumlnum, iron,
magne91um, gsilver and 21nc. These metalllc 1mpur1t1es

usually are the hlghest concentratlon 1mpur1t1es and thus

- are . the prlmary factors controlllng graln 51ze and hardness

of the copper c011 Therefore, one or more of the metalllc

'1mpur1ties should be present in the range of approx1mately_

100 to 5000 ppm to malnta;n the purlty lével of the copper
coil material within the range of 99.995% to 99.9999%.
Metal working techniques such as forging, rolling

and deforming alter the texture and hardness of the copper

‘coil. As known in the-art, post4work metal teXturing of at

least 50% (200) texture and less than 3% (111)'texture

enhances uniformity of phys1ca1 vapor dep051tlon and is
preferred. ' o

Finally, providing a copper coil with smooth
surfaces (e.g., less than 20 micro inches, more preferably
less than 5 micro inches) reduces the number of sharp
protrusions on the coil’s surfaces so as to reduce field-
enhanced emission induced splat formation during copper f£ilm
deposition. The smoothed surfaces should be ultrasonically
cleaned prior to use to reduce arc-inducing surface
contaminants that can otherwise permanently roughen the

smoothed surface (e.g., via arcing during burn-in).
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, . With reference to FIG: 1. dep061t10n of a’ copper
fllm hav1ng a substantlally reduced ‘in-film defect (e. g.,'

splat) density is performed by:

1. providing a copper c¢oil 102 and a copper
target 106 having one or more properties in
acc'ordance- with TABLE 3 and-/'or' TA‘BLE 4;

2. plac1ng the substrate 138 on - the pedestal
T 108; _ :

3. b1as1ng the target 106 relatlve to the shleld
124 and pedestal 108;

4. applylng RF power to the c011 102-

5. | 1ntroduc1ng argon 1nto the shlelded reglon of
the chamber 100 so as to produce a plasma
therein, and

6. _malntalnlng the plasma- untll the de31red
thickness for the copper film is formed on
the substrate 138.
Preferably about 1-3 kW of power is applied to the target
106 and 1-3 kW of power is epplied to the eoil 102 (most

preferably 2kW) during copper deposition. A'siﬁilarlproceSSz

may bé performed for the deposition of an aluminum film
havingia:substantially reduced in-film defect density, if an
aluminum coil and an aluminum target having one or more
properties in accordance with TABLE 1 and/or TABLE 2 are
employed; _ _
Primarily because the copper coil 102 and the
copper target 106 are harder than conventional copper coils
and targets and have fewer dielectric inclusions, eopper
films deposited using the copper coil 102 and the copﬁer
target 106 have significantly fewer in-film defects than
copper films deposited via conventional copper coils and
tergets. Further, the cost of depositing copper films is

reduced as the eopper coil 102 and the copper target 106 are
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copper coils ah&'tafgéts typically eﬁpIOYed:.
The foregoing descripﬁion'discloses'only the

preferred embodiments .of the invention, modifications of the

ordinéry:skiilVin'tﬁe ért;' For iﬁét@ntég'liﬁifiﬁg ;ﬁé‘““ 
Purity range of copper coil materiar is the preferred method
for increasing cobper doil-stfength and reauciﬁg théfmai-
creepurate, However, it'may_befposéible to alloyfa'copper
coil having a phrity-levél:higher than 995?9§$%_wﬁi1é.sfili

'maintaining adequate éoppér coil hardness'éﬁd éméli gféin-

size. Further, various ménufacturing-methoas may. be

employed to achieve one or mbre of the desired ranééé'set

~forth in TABLES 1-4.

Accordingly, while the present invention has been
disclosed in connection with the Preferred embodimentsg
thereof, it should'be_understood that other embodimentg may
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THE INVENTION CLAIMED IS'

1. A hlgh den81ty plasma: chamber comprlslng

a coil disposed between a sputtering target
and a substrate. pedestal

a feedthrough coupled to the c011 and adapted
to supply eledtrical power thereto,.and

a support supportlng the c011°

wherein the coil has.one or more material
characteristics selected to reduce in-film defect_densities
of a film rormed~during sputter deposition within the
chambez and is Characterized'by a material strength
sufficient to prevent: at least one of electrlcal '
dlsconnectlon of the coll from the feedthrough and short
circuiting of the c011 due to contact w1th the support

following repeated depositions within the chamber.

2. The high density plasma chamber of claim 1
wherein the coil comprises a copper coil characterized by a
hardness greater than 45 Rockwell. '

3. The high den31ty plasma chamber of cla1m 1
wherein the coil comprlses an aluminum coil characterlzed by
a homogeneous content of about 10,000 or less conductivity
anomalies per gram wherein each conductivity anomaly within

the about 10,000 or less conductivity anomalies is a region

having a width of at least 1 micron and wherein each

conductivity anomaly defines an insulative or high
resistivity region, high resistivity being at least 100
times greater than a corresponding electrical resistivity of

an anomaly-free representative portion of the aluminum coil.
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4.

5.

characterized

6.
characterized

inches.
7.
characterized

and less thah

8.

characterized

- inches.

9.

characterized

10.
characterized

inches.

11.

characterized

_ inches.

bt i S i s e e e

i B “ﬁﬁmﬁﬁaﬂum .

A copper 0011 for use in a. hlgh den81ty

_plasma dep081t10n chamber characterlzed by:

a hardness greater than 45 Rockwell.

‘The copper coil of claim 4 further

by a grain size of less than 50 microns.

The copper c¢oil of claim 4 further

by a surface roughness of less than 20 micro

The copper coil of claim 4 further

by more than 50% material having (200) texture

3% material having (111) texture.

The copper'coil of claim 4 further
by: -
a grain size of less than 50 microns; and.

a surface roughness of less than 20 micro

The copper coil of claim 4 further

by a grain size of less than 25 microns.

‘The copper coil of claim 4 further

by a surface roughness of less than 5 micro

The copper coil of claim 4 further
by: '
a grain size of less than 25 microns; and

a surface roughness of less than 5 micro
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‘The copper c011 of clalm 4 further

characterized by a purlty level between 99.995% and 99. 9999%

and at least one of:

13.

an antlmony, an arsenic-and a bismuth'content
each of less than 0. 03 ppm; '

a hydrogen content of 1ess than 1. 0 ppm,

an oxygen content of less than 5.0 ppin; and -

a sulfur content of less than 1.0 ppm.

The copper coil of claim 4 further

characterized by a purity level of less than 99.9999% and at '

"least one of:

14.

- an antimony, an: arsenlc and a blsmuth content

'each of less than 0.03 ppm,'

a hydrogen content of less than 1.0 ppm;

. an oxygen content of less than 5.0 ppm; and

a sulfur content of less than 1.0 ppm.

The copper coil of claim 4 further

characterized by a purity level between 99.995% and 99.9999%

and at least one of:

15.

an antimony, an arsenic and a bismuth content
each of less than 0.03 ppm;

a hydrogen content of less than 1.0 ppm;

an oxygen content of less than 1.0 ppm; and

a sulfur content of less than 0.05 ppm.

The copper coil of claim 4 further

characterized by a purity level of less than 99.9999% and at

least one_of:

an antimony, an arsenic and a bismuth content

each of less than 0.03 ppm;
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a hydfbgeh content of less than 1.0 ppm;
an oxygen coﬁtént'of:léSS-than 1.0 ppm; and

a sulfur content of less than 0.05 ppm.

_ 16. A copper coil for use in a high density
plasma deposition chamber charactérized by:

a grain size of less than 50 microns.

17. The copper coil of claim 16 further

characterized by a'grain-size of less than 25 microns.

18. The copper coil of claim 16 further
characterized by a surface roughness of less than 20 micro

iriches.

19. The copper coil of claim 18 further
characterized by a surface roughness of less than 5 micro

inches.

20. The coppér coil of claim 17 further
characterized by a surface roughness of less than 5 micro:

inches.

21. The copper coil of claim 16 further
characterized by a purity'level between 99.995% and $9.9999%
and at least one of: ' '

| an antimony, an arsenic and a bismutﬁ content
~each of less than 0.03 ppm;
a carbon content of less than 5.0 ppm;
a hydrogen content of less than 1.0 ppm;
an oxygen content of less than 5.0 ppm; and

a sulfur content of less than 1.0 ppm.
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22. The copper coil of clalm 16 further
characterized by a purlty level 1ess than 99.9999% and at
least one of: '

an antimony, an arseriic and a bismuth content
each of less than 0.03 ppm;

a carbon content of . 1ese'than'5 0 ppm;_

a hydrogen content of less than 1 0 ppm,

an oxygen content of less than 5.0 ppni; and

a sulfur content of less than 1.0 ppm.

23. The'coppér_ooil'of claim 17.furthen
charactefized by a purity level between 99.995%-and 99.9999%
and at least one of: I o

an entiﬁony, an arsenlc ‘and a bismuth content
each of less than 0.03 ppm;

‘a hydrogen content of less than 1.0 ppﬁ;

an oxygen content of less-than i.O ppin; and

a sulfur content of less than 0.05 ppm.

24. The copper coil of claim 17 further

'characterized by a purity level less than 99.9999% and at

least one of: _ _
an antimony, an arsenic and a bismuth content
each of less than 0.03 pnm;
a hydrogen content of less than 1.0 Ppm;
an oxygen content of less than 1.0 ppm; and

a sulfur content of less than 0.05 ppm.

'25. . A copper coil for use in a high density
plasma deposition chamber characterized by a'purity level
between 99.995% and 99.9999% and at least one of:

an antimony, an arsenic and a bismuth content

each of less than 0.03 ppm;
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a hydrogen content of less than 1 0 ppm,'
an oxygen content of léss than 5. O ppm,.and:

a sulfur content of less than 1.0 ppm.

26. The copper ‘coil of clalm 25 further

characterized by at least one of-

an: oxygen content of less than 1 0 ppm,_and'
a sulfur content of less than 0.05 ppm, '

_27. A copper coil for use 1n a hlgh den51ty

plasma dep051tlon chamber characterlzed by a purlty level

less than 99.9999% and at leasgst one of.

an antlmony, an arsenlc and a blsmuth content
:each of.. less than 0 03 ppm, _
a hydrogen content of less than 1.0 ppm;
an oxygen content of less than 5.0 ppm;-
and _ |
a sulfur content of less than 1.0 ppm..

28. -A-method'oflproduCing a copper film having a

reduced in-film defect-lével cOmprising:.-

providing a substrate;

providing a copper target;

providing a copper coil between the substrate
and the copper target, the copper coil characterized by a
hardness greater than 45 Rockwell; and

sputtering the copper target so as to deposit

a copper film on the substrate.

29. The method of claim 28 wherein providing a
copper coil further comprises providing a copper coil

characterized by:

a grain size of less than 50 microns; and

28
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- a_surfacefroughness of less than 20 micro

inches.

30. The method of claim 28 wherein providing a
copper coil further comprlses prov1d1ng a copper coil

characterlzed by.:

a grain: s1ze of less than 25 mlcrons; and
a surface roughness of less than 5 mlcro

inches.

31. The method of clalm 28 whereln prov1d1ng a

copper coil’ further comprlses prov1d1ng a copper coil

-characterlzed by a purlty level between 99 995% and 99. 9999%

and at least one of: _
‘an. antlmony, an. arsenlc and a. blsmuth ‘content
each of less than 0.03 ppm;
a hydrogen.content of less than 1.0 ppm;
an.oxygen content of less than 5.0 ppm} and

'a sulfur content of less than 1.0 ppm.

32. .A semlconductor dev1ce fabrlcated by the

method of cla1m 28.

33. A method of producing a copper film having'a
reduced in-film defect level comprising: |
providing a substrate;
prouiding a_copper'target}
providing a copper coil between the substrate
and the copper target, the.copper coil characterized'by:
a grain size of less than 50 microns;
a surface roughness of less than 20

micro inches; and
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, a purity level between 99.995% and
99.9999% and at least one of:
an antimony, an arsenic and a

bismuth content each of less than 0.03 ppm;

a hydrogen content of less than 1.0

ppm;
' an oxygen-content of less than 5.0
Ppﬁ; and - _ " _

'a sulfur content of less than 1.0
ppm; and .

sputterlng the copper target so as

to dep031t a copper f11m on the substrate.

34, The method of claim 33 whereln prov1d1ng a

copper céal further comprlses prov1d1ng a copper c01l

charactetized ‘by:
a grain size of less than 25 microns;

a surface roughness of less than 5 micro

inches; and

a purlty level. between 99. 995% and

.99 9999% and at least one of:

" an oxygen content of ‘léss than 1.0
ppm; and

sulfur content of less than 0.05

bpm;

35. A semiconductor device formed by the method

of claim-33;'

36. A method of producing a copper film having a
reduced in-film defect level comprising:
providing a substrate;

providing a copper target;
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providing a”cqpper_coil.between the substrate

and the copper target, thé'CQppér COil-characterized by:
‘a grain size of less than 50'microns;
_ a surface roughness of less than 20
micro inches; and

a purity lével-less-than'99;9999%5and at

an'antimony, an arsenlc and a

bismuth content each of less than 0.03 ppm,

a hydrogen content of less than 1.0

ppm; o
| | an oxygéﬁicoﬁtent of less than 5.0
ppm; and o _ . . o
_.I . a sulfur dontént Qf'lessuthanjigo:
ppm; and- B -

sputterlng the copper target 80 as

to deposit a copper film on the substrate.

37. A semiconductor device formed by the method

.of claim 36.
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