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A NOVEL METHOD TO REDUCE DISHING IN METAL CHEMICAL-MECHANICAL

POLISHING
BACKGROUNﬁ OF THE INVENTION

(1) Field of the Invention

The invention relates to a method of

" metallization in the fabrication of integrated circuits, and

more particularly, to a method of polishing a metal layer to
form a metal plug without dishing in the manufacture of

integrated circuits.

(2).bescription of the Prior Art

Tungstén—plug metaliization is well-known in
the art. A conventional tungsten plug pchess of the érior
art is illustrated in Fig. 1. Referring now to Fig. 1, there
is shqwn semiconductor substrate 10. A contact, via, or
trench is patterned into an oxide layer 20 to an undexlying
region 11. A layer of tungsten 26 is deposited which will

form a plug within the opening. Typically, barrier metal

layér 24 is deposited underlying the tungsten layer 26. The

tungsten and barrier metal layers are thén polished using
chemical mechanical polishing (CMP) to remove the excess
metal material, stopping on the oxide layer, as shown in Fig.

2. Because of the delayed response time of the oxide
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endpoint detector, some 6xide overnolishing occurs. Since
the 6xide layer has a lower CMP removal rate than tungsten,
the oxide ove;polishing will resultfin dishing 2? of thg
tungsten plug. In some dense areas of some dies, some of the
tunésten“and barrier metal is rot complefely polished away
when oxide overpolishing occurs in some other areas.

Dishing énd tungsten/barrier-metal residues remaining after
CMP can adversely affect the electrical performance of the
integrated circuit device. It is desired to prevent dishing
after tungsten CMP and to improve cdntact resistance between

the tungsten plug and the metal stack interconnect.

Co-pending U.S. Patent Application Serial
No. 09/110,419 to Sudipto R. Roy filed.on July 6, 1998
discloses a sacrificinl or semi-sacrificial titanium nitride
1ayer deposited over-the oxide to protect the oxide and to
act as an endpoint detector. Polishing rates of the tungsten
and the titanium-nitride are comparable, resulting in
dishing. U.S. Patent 5,578,523 to Fiordalice et al teaches
the use of a polish assisting layer over a dielectric layer
and under a metal layer deposited within a tfench. The
polish assisting layer and the metal layer are polished at
close to the same rate in thé final stages of polishing, thus
preventing'dishing. U.S. Patent 5,798,302 to Hudson et al

teacheé a low friction layer under a metal layer wherein the
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_polishing'rate of the low friction layer is much lower than

that of the metal layer causihg the CMP process to stop at.
the top surface of thé lqw_frictionllayer. Patent 5,886,410
to Chiang et al discloses a hard mask over a polymer-thfough
which a trench is etchedland filled with tungsten. The
tungsten is polished with a higher'selectivity to tungsten

than to the underlying hard mask. U.S. Patent 5,854,140 to

" Jaso et al teaches a metal stop iayer.under an aluminum

trench filling layer. The aluminum is polished to the. stop:
layer, resulting in dishing. Then the stop layer is removed
with a very high selectivity to the stop layer over the

aluminum layer so that the resulting aluminum is

substantially planar. U.S. Patent 5,776,833 to Chen et al

teaches.a titanium nitride layer under a tungsten plug layer.
CMP stops at the titanium nitride layer. Thé'titanium'
nitride layer is then removés by etching rathef than by
polishing resulting in a protruding tungsten plug; U.s.
Patent 5,356,513 to Burke et al discloses alternating layers
of soft polishing material and.hard polish stops.tq provide

tungsten plugs having a substantially planar surface.
SUMMARY OF THE INVENTION

‘A principal_object of the present invention is

to provide an effective and very manufacturable method of
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'plug metallization including CMP.

Another object of the invention is to provide

a method of tungsten plug metallization including CMP.

Yet another object is to provide a method of

'tungsten plug metallization in which dishing of the plug is

prevented.

Yet anbther object is to provide a mefhod of
tungsten piug metallization in which tungsten residues after

polishing are eliminated.

A still further object of the invention is to
provide a method of plug metallization utilizing a
sacrificial high polishing rate layer to prevent dishing of

the metal plug.

Another further object of the invention is to
provide a method of plug metallization utilizing a
sacrificial high polishing rate layer to eliminate metal

residues'after ﬁolishing.
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Yet another object of the invention is to
provide a method of tungsten plug metallization utilizing a
titanium nitride sacrificial high polishing rate layer to

prevent dishing of the tungsten plug.

In accordance with the objects of this

invention a new method of metal plug metallization utilizing

‘a sacrificial high polishing rate layer to prevent dishing

ahd metal residues after CMP is achieved. BAn oxide layer is
provided overlying semiconductor device structures in and on
a semiconductor substrate. A sacrificial high polishing rate

(HPR) layer is deposited overlying the oxide layer. An

‘opening is etched through the HPR layer and the oxide layer

to one of. the semiconductor device structures. A barrier
layer and a metal layer are deposited over the'surface'of the
HPR layer and within thé opéning. The metal layer, barrier
layer, and HPR layer overlying the oxide'layer-aré'polished_
away by CMP. The polishing rafe of the HPR layer is higher
than that of fhe metal layer with the result that after the’
HPR layer is completely removed, the metal layer remaining
within the opening has a concave shape. 'The oxide layer is
over-polished until endpoint deﬁectionlis received. Since
the metal polishing rate is higher than the oxide polishing
rate, the concave shape.is_made substantially planar'during

the over-polishing to complete metal plug metallization in
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'the fabrication of an integrated circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a

.material part of this description; there is'shown:

Figs. 1 and 2 schematically illustrate in
cross-sectional representation a conventional tungsten plug

process of the prior art.

Figs. 3 through 7 schematically illustrate in
cross-sectional representation a preferred embodiment of the

present invention.

Fig. 8 schematically illustrates in

cross-sectional representation a completed integrated circuit

 device fabricated using the process of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now more particularly to Fig. 3,
there is illustrated a portion of a partially completed
integrated circuit. There is shown a semiconductor substrate

10, preferably composed of monocrystalline silicon.
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Semiconductor device structures, not shown, are formed in and

on the semiconductor_substrate within the area labeled 11 as
is conventional in thé art and are covered by a thick
insulating_layer 20. This insulating layer is tYpically an
oxide, such as silicon dioxide, tetraethoxysilane (TEOS)

oxide, borophosphosilicate glass (BPSG), or the like.

A high polishing rate (HPR) layer 30 is
deposited overlying the oxide layer; The HPR layer may
comprise titanium nit;idé and is deposited to a thickness of
between about 200 and 1600 Angstroms. An adhesion layer
éomprising titanium 28 optionally may be depbsited undérlying
the HPR layer to a thickness of between about 10 and 50
Angstroms. Since the adhesion layer is so thin, it will not
cause dishing problems. The HPR layer acts as a hard.maék-

during patterning of the oxide layer 20.

A contact, via, or trench 32 is etched'through
the HPR layer 30 and the oxide layer 20, as shown in Fig. 4.
Typically, the contact or via will be opened to an underlying

semiconductor device structure such as a gate electrode,

- source/drain region, or metal line. The underlying device

structure is not shown in the figures.
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Referring now to Fig. 5, a barrier layer is

deposited over the surface of the HPR layer 30 and within the

via opening 32. Typically, the barrier layer will comprise a

first glue layer 22 preferably composed of titanium and

deposited by chemical vapor déposition (CVD) or physical
_vapor deposition (PVD) to a thickness of between about 100 to
- 1000 Angstroms. Next, a second barrier layer 24 is deposited

'confbrmally over the glue layer 22 by CVD or PVD to a

thickness of between about 100 to 1000 Angstroms. The
barrier layer may comprise titanium nitride or téntalum

nitride.

The metal layer.26 is blanket deposited over
the surface of the substrate to a thickness of between about
3000 and 6000 Angstroms and fills the via opening 32. The

metal layer is preferably tungsten, coppet, or aluminum.

Referring now to Fig. 6, the metal layer 26 is
polished using chemical mechénical pclishing (CMP} to remove
the excess metal overlying the oxide layer. CMP continues
until the oxide layer is reached. However, when the HPR
iayer is reached, the CMP polishing rate of the HPR layer is
substantially greater than the polishing rate of the metal
layer, resulting in a concave shape of the metal plﬁg, as

shown, after the HPR layer is completely removed.
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The polish rate selectivity of a preferred polishing
slurry, for example,lis W:TiN:Ti:Ox of 24:40:10:1. For
example, a slurry such as MSW1500 or MSW2000, both by Rodel, .
may be used. The polishing rate may be, for example, about
3600 Angstroms/minute fof tung#ten, about 6000
Angstroms/minute for titanium nitride, about 1600
Angstroms/minute for titanium, énd about 150 Angstroms/minute
for oxide. The polishing rate of the HPR layer is much

higher than that of the metal.

Because of the delay in response time of the

endpoint detector, there is some overpolish of the oxide

'1ayer 20. Since the metal will be polished away much more

quickly than the oxide and since the metal rlug 30 has a
concave shape when the oxide overpoiish begins, the plug will
have a substantially plénar surface when polishing stops, as

shown in Fig. 7.

A further advantage of the_present invention

is that metal residues can be eliminated. The sacrificial

'HPR 1ayef is eaSily removed because of its high polishing

rate and can easily take any overlying metal residues with

it.



‘Other processes may now be performed such as
an_intermetal dielectric deposition and further

metallization, as is well known in the art.

Fig. 8 illﬁstrates one example of the use of

the metal plug metallization process of the present

invention. It will be understood by those skilled in the

‘art, that the process of the invention can be used in any

level of metal plug metallizatidn, whether in a via opening
contacting a metal line or in a contact opening or trench, as
shown in Fig. 8. For example, as shown in Fig. 8, aluminum |
line 40 contacts a source/drain region 14 associated with
gate electrqde 16 through tungsten plug 30 which has been
fabricated according to the précesé of the present invention.

The use of the sacrificial HPR layer results in a planarized

 tungsten plug 30 without dishing or tungsten or barrier metal

residue.

The process of the present invention iﬁciudes_
the use of a'sacrificial high polishing rate layer for mefal
CMP which causes the formation of an intermediate concave
shape of the metal plug which is removed during oxide
overpolishing thus preventing dishing. The impact of the
invention is the elimination of dishing and metal residue in

the metal plug process.

10
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While the invention has been'particula:lyw:
shown and described with reference to the preferred
embodiments thereof, it will be understood by those skilled
in the art that various changes in férm and details may be
made without departing from the spirit and scope of the

invention.

11
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CLAIMS
1. A method of forming metal plug metallization in the

fabrication of integréted circuits comprising:

providing semiconductor device structures in and on

. a semiconductor substrate;

providing an inSulatihg layer govering said
semiconductd; devicé sfructures; |

depositing a sacrificial 1ayer_over1Ying said
insulating layer;

etching an opening through said sacrificial layer
and said_insulating layer to one of said semiconductor
device structures;

depositing a metal layer over the surface of said
sacrificial layer and withih said opening;

polishing away said metal layer and said.
sacrificial layer overlying said insulating layer
wheréin said metél layer has a first pqlishing réte,
said sacrificial layer has a sgcdnd polishing rate and-
said insulating layer has a third polishing rate and
wherein said second polishing rate ié higher than said”
first polishing rate whereby after séid.sacrifiéial
layer.is completely removed, said metal layer remaining
within said openihglhas.a coﬁca?e shape; and
| over-polishing said insulating layer until endpoint
dgtecﬁion is received wherein séid first polishing rate

is higher than said third polishing rate whefeby said

12



12

<t

(3}

N ) I

concave shape is made substantially planar duiing said
over-polishing tb'complete said formation of said metal
plug metallization in said fabrication of said

integrated circuit.

2. The method according to Claim 1 wherein said

semiconductor device structures include gate electrodes
and source and drain regions and wherein said one of
said semiconductor device structure to be contacted is

one of said source and drain regions.

3. The method according to Claim 1 wherein said

semiconductor device structures include gate electrodes
and source and drain regions and wherein said one of
said semiconductor deﬁice structure to be contacted is

one of said gate electrodes.'

4. The method according to Claim 1 wherein said
semiconductor device structures include gate electrodes
and source and drain regions and overlying métal,lines
énd wherein.said one of said semicbnductqr device

structure to be contacted is oné of said metal lines.

5. The method according to Claim 1 wherein said

insulating layer comprises tétraethoxysilane (TEOS)

13
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oxide.

6. The method according to Clai@ 1 wherein said

insulating layer comprises silicon oxide.

7. The method according to Claim 1 wherein said
sacrificial layer comprises.titanium nitride having a

thickness of between about 200 and 1000 Angstroms.

8. The methpd according to Claim 1 further comprising
depositing a titanium adhesion layer underlying said
sacrificial layer to a thlckness of between about 10 and

50 Angstroms.

9, The'method'according to Claim 1 further coﬁprisiﬁg:
depositing a.glue layer conformally overlying said

sacr1f1c1a1 layer and w1th1n said opening; and
depositing a barrier metal layer overlylng sald

glue layer and underlylng said metal layer.
10. The method according to Claim 9 wherein said glue

layer comprises titanium having a thickness of between

about 100 and 1000 Angstroms.

14
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- 11. The method according to Claim 9 wherein saig barrier

metal layer comprises titanium nitride having a

thickness'of between about 100 and 1000 Angstroms.

- 12. The method according to C1a1m 1 wherein said. metal

layer comprises tungsten.

13. The method according to Claim 1 wherein said metal
layer comprises one of the group containing tungsten,

copper, and aluminum.

14. The method according to Claim 1 wherein said

polishing comprises chemical mechanical’polishing.

15. A method of forming metal plug metalllzatlon in the

fabrication of integrated c1rcu1ts comprising:
providing semlconductor device structures in and on
a semlconductor substrate;

providing an oxide layer covering said

sem;conductor device structures;

depositing a sacrificial 1ayet'overlyiﬁg said oxide
layer;

etching an opening through said sacrificia; layer
and said oxide layer to one of said semiconductor device

structures;

15
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dépositing a metal layer over the surface of said
sacrificial layer and within said opening;

polishing away said metal iayer and said

sacr1f1c1al layer overlylng said oxlde layer wherein

-said metal layer has a f1rst polishing rate, said

sacrificial layer has a second pollshlng rate and said
oxide layer has a third pollshlng rate and wherein said
second polishing rate is higher than said first
polishing rate whereby after said sacrificial layér is
completely removed, said metal layer remaining within
said 6pening has a concave shape; and

over-polishing'said oxide layer until endpoint.
detection is recéived whereih said first polishing rate
is higher than said third polishing'réte whereby said
concave shape is made substantially planar during séid
over-polishing to complete said formation.of said metal
p1u§ metallization in said fabrication of said

integrated circuit.

16. The method according to Claim 15 wherein said -
semiconductor device structures include gate electrodes

and source and drain reglons and whereln sa1d one of

sa1d semiconductor device structure to be contacted is

one of said source and drain regions.

16
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17. The method according to Claim 15 wherein said
semiconductor device strﬁctures include gate electrodes
and source and drain regions and wherein said one of

said semiconductor device structure to be contacted is

- one of said gate electrodes.

18. The method according to Claim 15 wherein said
semiconductor device structures include gate électrodes
and_source_and drain regions_ahd_overlying metal lines
and wherein said one of said semiconductor device

structure to be contacted is one of said metal lines.

19. The method according to Ciaim 15 wherein said

insulating layer comprises tetraethoxysilane (TEOS)

“oxide.

20. The method according to Claim 15 wherein said
sacrificial layer comprises titanium nitride having a

thickness of between about 200 and 1000 Angstroms.

21. The method according to Claim 15 further comprising

'depositing a titanium adhesion layer underlying said

sacrificial layer to a thickness of between about 10 and

50 Angstroms.

17
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- 22. The method according to Claim 15 further comprising:

depositing a glue layer conformally overlying said
sacrificial layer and within séid opening; and

dep081t1ng a barrier metal layer overlying said

-glue layer and underlying said metal layer.

23. The method according to Claim 22 wherein said glue

layer comprises titanium'having a thickness of between'

about 100 and 1000 Angstroms.

24. The method according to Claim 22 wherein said
barrier metal layer'comprises titanium nitride having a

thickness of between about 100 and 1000 Angstroms.

25. The method according to Claim 15 wherein said metal

layer comprises tungsten.

26. The method according to Claim 15 wherein said

polishing comprises chemical mechanical polishing.

27. A method of forming metal rlug metallization in the
fabrication of integrated circuits comprising:

providing semiconduétor device structures. in and on

'‘a semiconductor substrate;

providing an oxide layer covering'said

18



10

15

- 20

25

30

%* c L M S *

semiconductor device structures;

depositing'an adhesion layer overlying said oxide
layer; |

depositiﬁg a sacrificial layer overlying said
adhesion layer;

~ etching an opening through said sacrificial layer,l

said adhesion layer, and said oxide laﬁer to one of said
semiconductor device structures;_ '

depositing a barrier'metai layér over the sﬁrface
of said sacrificial layer and w1th1n 'said opening;

depositing a metal layer over1y1ng said barrier

metal layer;

polishing away said metal layer and said
sacrificial layer overlying said ox1de layer whereln
said metal layer has a first polishing rate, said
sacrificial layer has a second polishing rate and said
oxide layer has a third polishing rate and wherein said
second polishing rate is higher than said first

polishing rate whereby after said sacrificial layer is

completely removed, said metal layer remaining within

said opening has a concave shape; and
ovér—pﬁlishing said oxide layer until endpoiﬂt

detection is received whérein said first polishing rate

is higher than said third polishing rate whereby said

concave shape is made substahtially Planar du:ing said

19
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over—pblishing to.éomplete said formation of said metal
Plug metallization in said fabrication of said

integrated circuit.

28. ihe method according to Claim 27 wherein said
semiconductor device structures include gate electrodes
. and source and drain regions and wherein said one of
said semiconductor device structure to be contacted is

one of said source and drain regions.

29, Tne methcd according to Claim 27 wherein said
semiconductor device structures include gate electrodes
and source and drain regions and wherein said one of
said semiconductor dev1ce structure to be contacted is

'one of said gate electrodes.

30. The method according to Claim 27 wherein said
semiconductor device structures include gate electrodes
and source and drain regions and overlying metal lines.'
and wherein said one of said semiconductor device

structure to be contacted is one of said metal lines.
31. The method according to Claim 27 wherein said

insulating iayer comprises‘tetraethoxysilane (TEOS)

oxide.

20



32. The method acéording to Claim 27 wherein said
-adhesion layer cbmprises titanium having a thickness of

between about 10 and_50 Angstroms.

~33. The method according to Claim 27 wherein said
sacrificial layer comprises titanium nitride having a

_thickness of between about 200 and 1000 Angstroms.

34. The method accofding to Cléim 27 wherein said
barrier metal layer comprises a first titanium layer
having a thickness of between abbut.loo_and 1000
Angstroms and a second titanium nitride ;ayer.having a

thickness of between about 100 and 1000 Aantroms._
35. The method according to Claim 27 wherein said metal
layer comprises one of the group containing tungsten, -

copper, and aluminum.

36. The method according to Claim 27 wherein said

polishing comprises chemical mechanical poliShing.
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