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SACRI FI Cl AL STOP LAYER AND ENDPOI NT FOR METAL CWP
BACKGROUND OF THE | NVENTI ON (1) Field of the Invention

The invention relates to a nethag %ﬁ4\$g$ lization in the fabrication of
integrated circuits, and- norie p gtlcu arly, to a method of polishing a
metal sta®k in-the manrutacture-of integrated circuits. (2) Description
of the Prior Art Tungsten-plug netallization is well-known
in the art. A conventional tungsten plug process of the prior art is
illustrated in Fig. 1. Referring nowto Fijg. 1, there is shown

sem conductor substrate 10. A contact, via, or trench is patterned into an
oxi de | ayer 20 t SAGRIEAGIALySAGP LAYEBnAND ENDREINT FPRnMETALKCME
deposited; for exanple, a titaniumglue layer 22 is deposited over the
oxi de | ayer and

BACKGROUND OF THE INVENTION

(1) Field of tﬁe Invention

The invention relates to a method of
metallization in the fabrication of integrated circuits, and
more particularly, to a method of polishing a metai stack

in the manufacture of integrated circuits.

(2) Description of the Prior Art

Tungsten-plug metallization is well-known in
the art. A conventional tungsten plug process of the prior
art is illustrated in Fig. 1; Referring now to Fig. 1, there
is shown semiconductor substrate 10. A contact, via, or
trench is patterned into an oxide layer 20 to an underlying
region 11. A metal film stack is deposited; for example, a
titanium glue layer 22 is deposited over the oxide léyer and
within the opening. A titanium nitride barrier layer 24 is
deposited over titanium glue layer. A layer of tungsten 26
is deposited which will form a plug within the opening. The
metal film stack is then polished using chemical mechanical
polishing (CMP) to remove the excess metal material, stopping

on the oxide layer, as shown in Fig. 2.



within the opening. Atitaniumnitride barrier layer 24 is deposited over
titaniumglue layer. A layer of tungsten 26 is deposited which will forma
plug within the opening. The netal filmstack is then polished using

chem cal mechanical polishing (CMP) to renove the excess netal materi al
stopping on the oxide |ayer, as shown in Fig. 2.

-2- Since titanium polishes much nore slowly than tungsten
or other netals, during the process of yenpving the titanium severe
erosion (illustrated by 3 dishing (illustrated by B), and non-uniformty
across the wafer occur. Singe ﬁm%@qlrﬂ%tﬁﬁatmm Floretalowdy than
nanufacturing very difficult. of these problens are extrengely

undesi r ablBREREeRT JRe raf%“cﬁl%éiveméa &I PTQResS rofa rkemafing cthe

i nt egrated .circuit deV|ce Unf or t unat th?iﬁﬁis no netal CMP process or
CVP consurfaddt3nidR, FRYRPLE exQsion Mo BeiiaDdw sel ectivity

égsfiggrg %}fﬁé&%ﬁ%%ﬁJ%ﬁﬂ%ﬁfl 4'\”t u&f%é%mf%y across the wafer It is

occur. This makes the integration of metal CMP to

manufacturing very difficult. All of these problems are
extremely undesirable and adversely affect the electrical
performance of the integrated circuit device. Unfortunately,
there is no metal CMP process or CMP consumable set with a
metal removal rate that has both low selectivity to titanium

and very high selectivity to oxide.

It is desirable to use titanium-not'ohly as
the glue layver but also for silicide and salicide processes. -
The titanium reacts with the underlying polysilicon in_a
contact application and forms titanium silicide which reduces

contact resistance.

U.S. Patents 5,502,008 to Hayakawa et al.andj
5,674,781 to Huang et al both show CMP of a titanium
nitride/tungsten stack. U.S. Patent 5,364,817 to Lur et al
teaches forming a titanium nitride barrier layer under a
tungsten layer where the barrier layer remains updgr an
overlying aluminum layer. No CMP is performed. U.S. Patent

5,595,937 to Mikagi discloses a CMP of a titanium



the glue layer but also for silicide and salicide processes. The titanium
reacts with the underlying polysilicon in a contact application and forns
titaniumsilicide which reduces contact resistance. u. S
Patents 5,502,008 to Hayakawa et al and 5,674,781 to Huang et al both show
CWP of atitanium nitride/tungsten stack. U S. Patent 5,364,817 to Lur et
al teaches formng atitaniumnitride barrier |ayer under a tungsten

| ayer where the barrier |ayer remains under an overlying alum num | ayer.

No CWP is performed. U S. Patent 5,595,937 to Mkagi discloses a CWP of a
titanium -3

nitride/ti pabrigedsppanivmdcrrmeth ssaskopish & SitOPn OfiSdd icon oxide.
SUMVARY OF THE | NVENTI ON A principal object of the
present invention is

SUMMARY OF THE INVENTION

A principal object of the present invention is
to provide an effective and very manufacturable method of
plug metallization in which the oxide layer is protected from

damage during CMP.

Another object of the invention is to provide
a method of tungsten plug metallization in which the oxide

layer is protected from damage during CMP.

Yet another object is to provide a method of
tungsten plug metallization utilizing a sacrificial layer as

a CMP stop to protect the oxide layer from damage during CMP.

A still further object of the invention is to
provide a method of tungsten plug metallization utilizing a
semi-sacrificial layer as a CMP stop to protect the oxide

layer from damage during CMP.

Yet another object of the invention is to
provide a method of tungsten plug metallization utilizing a

titanium nitride sacrificial layer as a CMP stop to protect



to provide an effective and very manufacturable nethod of plug
metallization in which the oxide |ayer is protected from danage during

CWVP. Anot her object of the invention is to provide a
met hod of tungsten plug netallization in which the oxide |layer is
protected from damage during CWVP. Yet anot her object is

to provide a nethod of tungsten plug netallization utilizing a sacrificial
| ayer as a CWVP stop to protect the oxide Iayer from damage during CMP.

A still further object of the |nvent|on rs*to provide a nethod of tungsten
pl ug netall t t n a | ayer as a CWVP stop to
pr ot ect thef%éﬂggﬂd€a§%*é#rgﬁ1 anage u§§%§h§mfﬁp Yet

anot her object of the invention is to provide a nethod of tungsten plug
metallization utilizing a titaniumnitride sacrificial layer as a CVWP stop

to protect Yet another object of the invention is to
provide a method of plug metallization utilizing a titanium
nitride sacrificial layer as a CMP stop to prevent erosion

and dishing.

In accordance with the objects of this
invention a new method of metal plug metallization utilizing
a sacrificial layer as a CMP stop to protect the oxide layer
from damage during CMP is achieved. Semiconductor device
structures are provided in and on a semiconductof substrate.
An insulating layer covers the semiconductor device
structures. A sacrificial titanium nitride layer is
deposited overlying the insulating layer. An opening is
etched through the sacrificial layer and the insulating layer
to one of the semiconductor device structures. A glue layer
is deposited conformally over the surface of the sacrificial
layer and within the opening. A barrier layer is deposited
overlying the glue layer. A metal layer is deposited
overlying the barrier layer. Chemical mechanical polishing
is used to polish away the metal layer, barrier layer, aﬁd
glue layer overlying the insulating layer wherein the
sacrificial layer acts as a polish stop and ;n endpoint

detector and protects the insulating layer from the polishing



-4- the oxide |ayer from danmage during CWVP. Yet anot her
object of the invention is to provide a nethod of plug netallization
utilizing a titanium nitride sacrificial layer as a CMP stop to prevent
erosion and dishing. I n accordance with the objects of
this invention a new nethod of nmetal plug netallization utilizing a
sacrificial layer as a CMP stop to protect the oxide |layer from danage
during CWP is achieved. Sem conductor device structures are provided in
and on a sem conductor substrate. An insulating |ayer covers the

sem conductor device structures. A sacrificial titaniumnitride |ayer is
deposi t ed therebyrprevienting| eresionagad. dighépgntageraprletenfarPatdodh t he
sacrificial layer_and the insulating |ayer  tg one of  the seni conductor
devi ce streftnekal E@Bgu@eF%§%+zaF%°BestFPEdfeﬁﬁfSFF&PPy %V@P the surface
of the sacrificial _.layer apd within the opening. A barrier layer is
deposi t ed 1BYEIFFFRY F%Ecﬁ%ge | ayer. A netal layer is deposited overlying
the barrier |ayer. Chem cal nmechanical polishing is used to polish away
the netal |ayer, barrier layer, and

'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 5 schematically illustrate in
cross-sectional representation a preferred embodiment of the

present invention.

Figs. 6A and 6B schematically illustrate in
cross-sectional representation two alternatives in the

process of the present invention.

Fig. 7 schematically illustrates in
cross-sectional representation a completed integrated circuit

device fabricated using the process of the present invention.



glue layer overlying the insulating layer wherein the sacrificial layer
acts as a polish stop and an endpoint detector and protects the insulating
| ayer fromthe polishing _ -5-
thereby preventing erosion and dishing to conplete formation of netal plug
metallization in the fabrication of an integrated circuit.

BRI EF DESCRI PTI ON OF THE DRAW NGS ~In the acconpanying
drawings formng a material part of this description, there is shown:
Figs. 1 and 2 schematically illustrate in _cgoss-sectional representation a

Fge ' Chrough & scRBRGEERYGH B 8 et Bsoonamws

Referring now more particularly to Fig. 3,
there is illustrated an enlarged portion of a partially
COmpleted integrated circuit. There is shown a semiconductor
substrate 10, preferably composed of monécrystalline silicon.
Semiconductor device structures, not shown, are formed in and
on the semiconductor substrate within the area labeled 11 as
is conventional in the art and are covered by a thick
insulating layer 20. This insulating layer is typically an
oxide, such as silicon dioxide, tetraethoxysiléne (TEOS)

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

The problem of polishing a.metal stack using
CMP is that the titanium glue layer polishes much more slowly
then tungsten or other metals. However, titanium nitride has
a polish fate comparable to that of tungsten or other metals.
Therefore, a layer of titanium nitride will be deposfted
overlying the oxide layer as a protective polish stop layer.
A layer of titanium nitride 30 is deposited over the oxide
layer 20, as illustrated in Fig. 3, to a thickness of between

about 200 and 2500 Angstroms.

A contact, via, or trench 32 is etched through

the titanium nitride layer 30 and the oxide layer 20, as



cross-sectional representation a preferred enbodi nent of the present

I nventi on. Figs. 6A and 6B schematically illustrate in
cross-sectional representation two alternatives in the process of the
present invention. Fig. 7 schematically illustrates in

cross-sectional representation a conpleted integrated circuit device
fabricated using the process of the present invention.

- 6- DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

Referring now nore particularly to Fig. 3,7 4here is illustrated an

enl arged portion of a partially conpleted integrated circuit. There is
shown a serfhQyftuidt d1ig <sbst (TRl cal Ly dthe gantadnmis stid™WiHohdRe ystal | i ne

silicon. Sem conductor device structures, not shown, are forned in and on

the seni coRRRASH QAR URILTF¥iNG seRicondpqton deyice gtructure such

as a gate electrode, source/drain region, or metal line. The
underlying device structure is not shown in the figures.
Referring now to Fig. 5, a glue layer 22 is
deposited conformally over the surface of the sacrificial
titanium nitride layer 30 and within the opening 32. The
glue layer preferably is composed of titanium and is
. deposited by chemical vapor deposition (CVD) or physical
vapor deposition (PVD) to a thickness of between about 200 to
1000 Angstroms. A titanium nitride barrier layer 24 is
deposited conformally over the glue layer 22 by CVD or PVD to

a thickness of between about 200 to 1000 Angstroms.

The metal layer 26 is blanket deposited over
the surface of the substrate to a thickness of between about
4000 and 9000 Angstroms. The metal layer be preferably be

tungsten or aluminum or an aluminum alloy.

Referring now to Fig. 6A, the metal stack is
polished using chemical mechanical polishing (CMP) to remove
the excess metal overlying the oxide layer. The sacrificial
titanium nitride layer 30 protects the oxide lafer from
exposure to the CMP slurry. Metallic and ionic contaminants

to the oxide surface are thus eliminated thereby increasing



Is conventional in the art and are covered by a thick insulating |ayer 20.
This insulating layer is typically an oxide, such as silicon dioxide,
t et raet hoxysil ane (TECS) oxi de, borophosphosilicate glass (BPSG, or the
like. The probl em of polishing a metal stack using CW
Is that the titaniumglue |ayer polishes much nore slowy then tungsten or
other netals. However, titaniumnitride has a polish rate conparable to
that of tungsten or other netals. Therefore, a layer of titaniumnitride
w || be deposited overlying the oxide |gyer as a protective polish stop
layer. A layer of titaniumnitride 30 Ts dep05|ted over the oxide |ayer
20, as il |14RV+eeehelhakiyity. (Thg thtariuBsnstrpdevdareraBBuels00 and 2500
Angst r ons. A contact, via, or trench 32 is etched through
the titani BROReEERdEhegEidgolanert fEonxthe PEjer 2ot pgoblems of
-7 erosion, dishing, and non-uniformity, shown in Fig. 2, caused

by the very slow etch rate of titanium. The process of the

present invention eliminates the dishing and erosion problems

of the prior art. Fig. 6A shows the desired flat profile

after CMP.

Another important advantage of the sacrificial
titanium nitride layer 30 is that the layer also acts as an
endpoint detector. In the prior art process, the point at
which the titanium is completely polished away and polishing -
begins to be performed on the silicon oxide layer is not easy
to detect. There is no clear endpoint because the
selectivity of titanium to silicon oxide is low. However,
the current draw when the silicon oxide is being polished is
much greater than when the titanium nitride is being

-

polished. The current draw is a clearly detected endpoint.

Titanium polishes much more slowly than oxide.
'In the prior art ﬁrocess, before all of the titanium is
removed from the surface, the CMP process begins to polish
titanium and oxide simultaneously. The oxide removal at this
point is undesirable, causing severe erosion and diéhing.

Since both titanium and oxide are being polished, there is no



shown in Fig. 4. Typically, the contact or via will be opened to an
under |l yi ng sem conduct or device structure such as a gate el ectrode,
source/drain region, or nmetal line. The underlying device structure is not
shown in the figures. Referring nowto Fig. 5, a glue |ayer
22 is deposited conformally over the surface of the sacrificial titanium
nitride |layer 30 and within the opening 32. The glue |ayer preferably is
conposed of titaniumand is deposited by chem cal vapor deposition (CVD)
or physical vapor deposition (PVD) to a thickness of between about 200 to
1000 Angstrons. A titaniumnitride barrier9layer 24 is deposited

f |1 \/ i i fb
;ggu?rggo tyoﬁ{oo%iﬁgﬁ‘?"%d%er Bowl¥e VD O£k} %tﬁ’lt {aélgmgé%g. etween

bl anket deppsdéter enem tiﬁ&nﬁ@ﬁfaC@hQéefS@eSU?ﬁtfﬁéepkecéskhbfkﬂﬁés of
bet ween about 4000 and 9000 Angstrons. The netal |ayer be preferably be

tungst en orpresertuinvention) usbmplete! P¥moval of the titaniumehetkigg now
to Fig. 6A the nmetal stack is polished using chem cal nechani cal

pol i shing (£M¥ificizholayer heceurssbefieral oxidel ¥sngolhshedi deThager théhe
sacrificial titaniumnitride |ayer 30 protects the oxide layer from
exposure tcﬁﬂ¢&9¥%ﬁ’%$u¢f§ecth%ll|c and ionic contam nants

Fig. 6A illustrates the alternative in which
the titanium nitride layer 30 is fully sacrificial and is

completely removed by the CMP.

Fig. 6B illustrates the alternative in which
the titanium nitride layer 30 is semi-sacrificial. Only a
portion of the layer is polished away. In a subsequent step
of depositing another barrier layer and an overlying metal
layer, such as aluminum, the presence of the thin titanium
nitride layer 30 allows the subsequent barrier layer to be

much thinner than normal.

This is illustrated in Fig. 7 in which the
view of Figs. 3-6 has been expanded to show one of the metal
plugs 26 and to include the semiconductor device structures
as shown. Field oxide regions 50 separate the active region
shown from other active regions not shown. Gate electrode 52
and associated source and drain regions 54 have been formed

in and on the semiconductor substrate. These structures have



: to the oxide surface are thus elimnated thereby increasing

-8- device reliability. The titaniumnitride |ayer 30 also protects the
oxi de layer fromthe prior art problenms of erosion, dishing, and
non-uniformty, shown in Fig. 2, caused by the very slow etch rate of
titanium The process of the present invention elimnates the dishing and
erosion problens of the prior art. Fig. 6A shows the desired flat profile
after CMP. Anot her inportant advantage of the sacrificia
titaniumnitride layer 30 is that the |ayefgal so acts as an endpoint
detector. In the prior art process, the point at which the titaniumis
conpl et el ybpeRi SR¥ETadaPYand pasuénmngg Bagiers S6o bé merdngtdndnlayrr
silicon oxide |ayer is not easy to detect. There is no clear endpoint
because the8 §§It§6fir‘-"vft?1§"°b‘1ght PRaRPeRing 4N ithe, insgulating JRYeH W ke the

current draw when.the sili o oxide is hein olished is
one o% tke under yqng source/drai %eglons 54. Oxide layer

20 has been deposited over this conducting layer. The metal
plug of the present invention is shown contacting'the
conducting layer 58. A second titanium nitride barriér_layer
34 is deposited over the semi-sacrificial layer 30 and the
metal plug 26. Because of the presence of the layer 30, this
layer 34 can be thinner than normal. If the layer 30 is
completely removed, as shown in Fig. 6A, the layer 34 will be
of conventional thickness. In this case, 30/34 represeﬁts
the deposited barrier layer after the CMP has been completed.
A metal layer 36, such as aluminum is deposited over the

barrier layer 34 to complete the contact to the metal plug.

Other processes may now be performed such as
an intermetal dielectric deposition and further

metallization, as is well known in the art.

Fig. 7 illustrates one example of the use of
the metal plug metallization proéess 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 metallization, whether in a via opening

contacting a metal line as shown in Fig. 7, or in a contact



much greater than when the titaniumnitride is being polished. The current
draw is a clearly detected endpoint. Ti t ani um pol i shes
much nmore slowy than oxide. 1In the prior art process, before all of the
titaniumis renoved fromthe surface, the CMP process begins to polish
titani um and oxi de sinultaneously. The oxide renoval at this point is
undesirabl e, causing severe erosion and dishing. Since both titanium and
oxi de are being polished, there is no

-9- effective endpoint. However, titaniumnitride polishes faster than
titanium Therefore, in the process of Thée present invention, conplete
renoval ofopéreirg tanitmemehsi de sacrificial |ayer occurs before oxide is
pol i shed. Thus, the endpoint is effective. Fig. 6A
illustrates the alternative in which the titaniumnitride layer 30 is
fully sacrificial and is conpletely renoved by the CWP. :

The process of the present invention includes
the use of a sacrificial or semi-sacrificial titanium nitride
stop layer for metal CMP. The impact of the invention is the
-elimination of dishing, erosion, and non-uniformity problems
caused by prior art CMP processes as well as the protecticn
of the oxide surface from the CMP slurry. The titanium
nitride stop layer alsc serves as an excellent end point
indicator for the CMP process. The semi-sacrificial titanium
nitride layer can act as part of a subsequent barrier layer

for subsequent metallization.

While the invention has been particularly
shown and described with reference to the preferred
embodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may be

made without departing from the spirit and scope of the

invention.



-Fig. 6B illustrates the alternative in which the titaniumnitride |ayer 30

Is sem-sacrificial. Only a portion of the la [ “ mﬂmy\ay In a
subsequent step of depositing another barrierﬂmﬂwum“gl “j | yi ng net al
| ayer, such as aluminum the presence of the thin titani&dmSsnitride |ayer
30 all ows the subsequent barrier layer to be nuch thinner than nornal.
This is illustrated in Fig. 7 in which the view of Figs. 3-6 has been
expanded to show one of the nmetal plugs 26 and to include the

sem conductor device structures as shown. Field oxide regions 50 separate
the active reg¢lIMSshown from ot her activ¥ regi ons not shown. Gate

" and on the Sor COURE GTF SRR SY dPEthatl oy Ot FOT EEepapEs 28 Ead® e
s e oo RS S AR 0 SRR, | ver O

providing semiconductor device structures in and on
a semiconductor substrate;

providing an insulating layer covering said
semiconductor device structures;

depositing a sacrificial layer overlying said
insulating layer;

etching an opening through said sacrificial layer
and said in§ulating layer to one of said sémiconductor
device structures;

depositing a glue layer conformally over the
surface of said sacrificial layer and within said
opening;

depositing a barrier layer overlying said glue
layer;

depositing a metal layer overlying said barrier
metal layer; and

polishing away said metal layer, said barrier
layer, and said glue layer overlying said insulating
layer wherein said sacrificial layer acts as a polish
stop and an endpoint detector and wherein said
sacrificial layer protects said insulating layer from
said polishing to éomplete said formation of said metal

plug metallization in said fabrication of said



-one of the underlying source/drain regions 54. Oxide |layer 20 has been
deposited over this conducting |ayer. The netal plug of the present
invention is shown contacting the conducting |ayer 58. A second titanium
nitride barrier layer 34 is deposited over the sem -sacr

and the netal plug 26. Because of the presence of the Iayﬂlﬂ"ﬁ"l”tlmgllﬁﬁ",
| ayer 34 can be thinner than normal. |If the |ayer 3

renoved, as shown in Fig. 6A, the layer 34 will be of conventlonal .
thickness In this case, 30/34 represents the deposited barrier |ayer

after the CMP has been conpleted. A netal |ayer 36, such as alumnumis
deposited over the barrier layer 34 to conmfPete the contact to the netal

pl ug. integrateddiamcyitncesses nmay now be perfornmed such as an
intermetal dielectric deposition and further netallization, as is well
known in the art. Fig. 7 illustrates one exanple of the

use of the netal plug netallization process of the present invention. It
wi |1 be under s2eofhsy metdmd Hdddmiing tch€laim 1 hwraine gpistess of the
i nvention can be used in any _I|level of netal plug netalllzatlon whet her in

a via opening SEIHGRAGUREOL AAvice SteructunpminGlyd gate #lectrodest act

and source and drain regions and wherein said one of
said semiconductor device structure to be contacted is

one of said source and drain regiomns.

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 device 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 metal-lines
and wherein said one of said semiconductor device

structure to be contacted is one of said metal lines.

5. The method according to Claim 1 wherein said

insulating layer comprises silicon oxide.

6. The method according to Claim 1 wherein said

sacrificial layer comprises titanium nitride having a



- 11 - opening or trench. The process of the present
i nvention includes the use of a sacrificial or sem-sacrificial titanium

nitride stop CVP. The inpact of the invention is the
el imnation oilﬂ“&@ﬂ BI n, and non-uniformty problens caused by
prior art CWP % | as the protection of the oxide surface

fromthe CWP slurry. The titanium nitride stop |layer also serves as an
excellent end point indicator for the CVWP process. The sem -sacrifici al
titanium nitride |layer can act as part of a subsequent barrier layer for
subsequent netal lization. - 14 AMile the invention has been

particul arly QHQ gn? ' ] C ed
enbodi ment s tk%{rleo | o\?ﬁeﬁ% %%%géﬁ%?ﬁﬁfo%%iﬁféegﬁé the art
that various changes in formand details nay be

7. The method according to Claim 1 wherein said glue

layer comprises titanium having a thickness of between

about 200 and 1000 Angstroms.

8. The method according to Claim 1 wherein said barrier
layer comprises titanium nitride having a thickness of

between about 200 and 1000 Angstroms.

9. The method according to Claim 1 wherein said metal

layer comprises tungsten.

10. The method according to Claim 1 wherein said metal

layer comprises aluminum.

11. The method according to Claim 1 wherein said .
sacrificial layer is partially removed during said

polishing.

12. The method according to Claim 1 wherein said
sacrificial layer is completely removed during said

polishing.



made without departing fromthe spirit and scope of the invention.
CLAI V5 - 12 - 1. A nethod of formng netal plug
nmetallization in the fabrication of integrated circuits ST maTsk
provi di ng sem conduct or device structures in and on a summ”mmmﬁmuuw
substrat e; providing an insulating | ayer covering sai & genmnc or
devi ce structures; depositing a sacrificial |ayer overlying said

i nsul ating | ayer; etching an opening through said sacrificial |ayer
and said insulating |ayer to one of said ﬁﬁ@iconductor devi ce structures;
depositing a glue layer conformally over the surface of said sacrificial

| ayer and within said opening; depositing a barrier |ayer overlying
said glue |a¥8r;The method according to Claim 1 wherein said

polishing comprises chemical mechanical polishing.

14. The method according to Claim 1 wherein said

sacrificial layer prevents erosion and dishing.

15. A method of forming tungsten plug metallization in
the fabrication of integrated circuits comprising:

providing semiconductor device structures in and on
a semiconductor substrate;

providing an insulating layer covering said
semiconductor device structures;

depositing a sacrificial layer overlying said
insulating layer;

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

depositing a titanium layer conformally over the
surface of said sacrificial layer and within said
opening;

depositing a titanium nitride barrier layer
overlying said titanium layer;

depositing a tungsten layer overlying said titanium
nitride barrier layer; and

polishing away said tungsten layer, said titanium



‘depositing a netal |ayer overlying said barrier netal |ayer; and
pol i shing away said netal said barrier layer, and said glue |ayer

overlying sa”“m mlﬂlnllu “r‘ ﬁyer wherein said sacrificial layer acts as a
polish stop detector and wherein said sacrificial |ayer
protects said*inSul'ati'ng’| ayer from said polishing to conplete said
formation of said netal plug netallization in said fabrication of said
- 13 - integrated circuit. 2. The nethod according to Claim1l wherein
said sem conductor device structures inc/dde gate el ectrodes and source
and drain regions and wherein said one of said sem conductor device
structure to beitndedatrier agpenf amd dssidrtitamibnriayer egverkying
said insulating layer wherein said sacrificial layer
acts as a polish stop and an endpoint detector and
wherein said sacrificial layer protects said insulating
layer from said polishing and prevents erosion and
dishing to complete said formation of said tungsten plug
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 regions and wherein said one of
said semiconductor device structure to be contacted is

one of said source and drain regions.

17. The method according to Claim 15 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 gate electrodes.

18. The method according to Claim 15 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



3. The nmethod according to Caim1 wherein said sem conductaor
structures include gate el ectrodes and source and drain r ﬂ!ﬂnﬁu "ﬂl""ﬂ
wherein said one of said senm conductor device structure t
one of said gate el ectrodes. 4. The nethod according to A ai'm erein
said sem conductor device structures include gate el ectrodes and source
and drain regions and overlying netal lines and wherein said one of said
sem conductor device structure to be contacted is one of said netal |ines.
5. The nethod according to Claim1 whergigqy said insulating |ayer conprises
silicon oxide. 6. The method accordin to Claim1 wherein said
sacrificial |ayestc@qpurgeEOtbeaqpunaqteglue pnei A said metal lines.
- Y14 -
19. The method according to Claim 15 wherein said
sacrificial layer comprises titanium nitride having a

thickness of between about 200 and 2500 Angstroms.

20. The method according to Claim 15 wherein said
sacrificial layer is partially removed during said

polishing.

21. The method according to Claim 15 wherein said
sacrificial'layer-is completely removed during said

polishing.

22. The method according to Claim 15 wherein said
polishing comprises chemical mechanical polishing.
23. A method of forming tungsten plug metallizéfion in
thé fabrication of integrated circuits comprising:

providing semiconductor device structures in and on
a semiconductor substrate;

providing an insulating layer covering said
semiconductor device structures;

depositing a titanium nitride sacrificial layer

overlying said insulating layer;



't hi ckness of between about 200 and 2500 Angstrons. 7. The net hod

according to Claiml wherein said glue |ayer conpris ' gy a

t hi ckness of between about 200 and 1000 Angstrons. GMDWH‘EQHWHT
according to Claim1l wherein said barrier |ayer conp nism \itride
havi ng a thickness of between about 200 and 1000 Angstrons. 9. The

nmet hod according to Caim1l wherein said netal |ayer conprises tungsten.
10. The method according to Claim1 wherein said nmetal |ayer conprises

al um num 11. The met hod accordi ng 50 Claim1 wherein said sacrificial

| ayer is partially renoved during sai d pol i shi ng. 12. The met hod

according to O aim1 wheheh§ aAl EpeA®Ag thebabh! suea tstsnRiumehetyigenoved
during said polishing. |
sacrificial layer and said insulating layer to one of
said semiconductor device structures;
depositing a titanium layer conformally over the
surface bf said titanium nitride sacrificial layer and
within said opening;
depositing a titanium nitride barrier layer
overlying said titanium layer;
depositing a tungsten layer overlying said titanium
nitride barrier layer; and
polishing away said tungsten layer, said titanium
nitride barrier layer, and said titanium layer overlying
said insulating layer wherein said titanium nitride
sacrificial layer acts as a polish stop and an endpoint
detector and wherein said titanium nitride sacrificial
layer protects said insulating laye: from said polishing
and prevents erosion and dishing to complete sq}d
formation of said tungsten plug metallization in said

fabrication of said integrated circuit.

24. The method according to Claim 23 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 regiomns.



- 15 - 13. The method according to Claim1 wherein said polishing
conpri ses chem cal nechani cal polishing. 14. The method according to

Claim1 wherein said sacrifici yer prevents erosion and di shing.
15. A nmethod of fo mumu‘“! g\‘\i“k“ g netallization in the fabrication of
I nt egrated circuitg : P provi di ng sem conduct or device
structures in and on®* & semni conductor substrate; provi di ng an

i nsul ating | ayer covering said sem conductor device structures;
depositing a sacrificial |ayer overlying said insulating |ayer;

etching an opening through said sacrificial 1@ayer and said insulating

| ayer to one of said sem conductor device structures; depositing a

titaniumlayer czmfornehetid®@aééérding to Claim 23 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 gate electrodes.

26. The method according to Claim 23 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.

27. The method according to Claim 23 wherein said
titanium nitride sacrificial layer has a thickness of

between about 200 and 2500 Angstroms.

28. The method according to Claim 23 wherein said
titanium nitride sacrificial layer is partially removed

during said polishing.

29. The method according to Claim 23 wherein said
titanium nitride sacrificial layer is completely removed

during said polishing.



-surface of said sacrificial layer and within said opening;

depositing a titaniumnitride barrier layer overlying sald tltanlun1layer
depositing a tungsten |ayer overlying said titanium ni

and pol i shing away said tungsten layer, said titani m,’ @”I "!,””",
- 16 - nitride barrier layer, and said titaniumlayer ov

insul ating |ayer wherein said sacrificial layer acts as a pollsh stop and
an endpoi nt detector and wherein said sacrificial |ayer protects said
insulating layer fromsaid polishing and prevents erosion and dishing to
conplete said formation of said tungsten plﬂb‘ netallization in said

fabrication of sgjd 'nt%gr tqg circuit. g nmet hod accorglng to
d aim 15 wher ei ajtpe ethod according to C1a1m 3 wherein sai

polishing comprises chemical mechanical polishing.



sem conduct or devi ce structures include gate el ectrodes and source and
drain regions and wherein said one of said sem conductor device structure
to be contacted is one of said source and drain regions. 17. The met hod
according to Caim 15 wherein said senm conductor device structures include
gate el ectrodes and source and drain regions and wherein said one of said
sem conduct or device structure to be contacted is one of said gate

el ectrodes. 18. The method according to Cl aim 15 wherein said

sem conductor device structures include gate el ectrodes and source and
drain regions and overlying netal |ines afd Wherein said one of said

sem conduct or device ABSTRACT -17 - structure to
be contacted is one of said netal |ines. 19. The method according to

G ai m 15 wherein sai ShCRIFICIAL STOP LAYER AND ENDPOINT FOR METAL CMP

-

A new method of metal plug metallization utilizing a
sacrificial layer as a CMP stop to protect the oxide layer
from damage during CMP is described. Semiconductor device
structures are provided in and on a semiconductor substrate.
An insulating layer covers the semiconductor device
structures. A sacrificial titanium nitride layer is
deposited overlying the insulating layer. An opening is
etched through the sacrificial layer and the insulating layer
to one of the semiconductor device structures. A glue layer
is déposite& confdrmally over the surface of the sacrificial
layer and within the opening. A barrier layer is deposited
overlying the glue layer. A metal layer is deposited
overlying the barrier layer. Chemical mechanical polishing
is used to polish away the metal layer, barrier layer, and
glue layer overlying the insulating layer wherein the
sacrificial layer acts as a polish stop and an endpoint
detector and protects the insulating layer from the polishing
thereby preventing erosion and dishing to complete formation
of said metal plug metallization in the fabrication of an

integrated circuit.

(FIGURE 3 1S SUGGESTED FOR PUBLICATION)



_sacrificial layer conprises titaniumnitride having a thickness of between

about 200 and 2500 Angstrons. 20. The nethod according to Caiml15
wherein said sacrificial layer is partially renoved during said

pol i shi ng. 21. The nethod according to Caim15 wherein said
sacrificial layer is conpletely renoved during said polishing. 22. The
nmet hod according to Caim15 wherein said polishing conprises chem cal
mechani cal pol i shing. 23. A net hod of ;énrﬁ ng tungsten plug

metal lization in the fabrication of intégrated circuits conprising:
provi ding sem conductor device structures in and on a sem conduct
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. - 18 - etching an opening through said titaniumnitride sacrificial

| ayer and said insulating |ayer to one of said sem conductor device
structures; depositing a titaniumlayer confornmally over the surface
of said titaniumnitride sacrificial layer and wthin said opening;
depositing a titaniumnitride barrier layer overlying said titaniumlayer;
depositing a tungsten |ayer overlying said titanium nitride barrier |ayer;
and - polishing away said tungsten |ayer, said titanium nitride .
barrier layer, and said titanium/layer ove?l@ing said insulating | ayer
wherein said titaniumnitride sacrificial layer acts as a polish stop and
an endpoint detector and wherein said titaniumnitride sacrificial |ayer
protects said insulating |layer fromsaid pollshlng and prevents erosion

and dishing to %“‘\“\‘\‘ | | ngl on

in said fabricati
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. 24. The nethod according to Caim23 wherein said sem conductor device
structures include gate electrodes and source and drain regions and
wherein said one of said sem conductor device structure to be contacted is
one of said source and drain regions.

- 19 - 25. The method according to Caim23 wherein said sem conductor
devi ce structures include gate el ectrodes and source and drain regions and
wherein said one of said seniconductor dé¥fce structure to be cont %fd S

one of said gate el ectrodes. 26. The nethod according to m 2
wherein said senc c¥o VY C T ey | V] odes and
source and drain {r€gro LA | Ae i ai g3k of
said senicqgeycto € ' ' E?I
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27. The method according to Claim23 wherein said titaniumnitride
sacrificial layer has a thickness of between about 200 and 2500 Angstronmns.
28. The nmethod according to Caim23 wherein said titaniumnitride
sacrificial layer is partially renoved during said polishing. 29. The
met hod according to Caim23 wherein said titaniumnitride sacrificial

| ayer is conpletely renoved during said polishing.

- 20 - 30. The nethod according to Caimg3 wherein said polishing.
conpri ses chem cal nechanical polishing.
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