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2 5 MAY 2094 A NOVEL METHOD TO REDUCE DI SHI NG | N METAL CHEM CAL- MECHANI CAL
POLI SH NG BACKGROUND OF THE | NVENTI ON (1) Field of the invention Thg5 MAY 2004
i nverition relates to a nethod of netallization in the fabrication of
integrated circuits, and. nore particularly, to a method of polishing a
metal layer to forma netal plug wthout dishing in the manufacture of
integrated circuits. (2) Description of the Prior Art Tungsten-plug

met al | i zakiNOVELS MMIIHODK B n tungsten plug
process of the prior art@V\?EbW?ust Iﬁ &E@éf éﬁ%”é‘r Eigf&“h‘ Lo Fig.
1, there is shown sem conduct or sqlm_tlrs@tlgglo A contact, via, or trench is
patterned into an oxide layer 20 to an underlying region 11. A layer of
tungsten 26 is deposited which will forma plug within the opening.
Typical ly, barrier net aI layer 24 is deposited underlying the tungsten
layer 26. The tungsten aCRAMR &F FEEQLNVEYBI@N are t hen pol i shed using
chem cal nechanical polishing (CVMP) to renove the excess netal material,
stoppi ng on the oxide |layer, as shown in Fig.

(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) 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

i

is shqwn semiconductor substrate 10. A contact, via, or
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trench is patterned into an oxide layer 20 to an underlying
region 11l. A layer of tungsten 26 is deposited which will
form a plug within the opening. Typically, barrier metal
layer 24 is deposited underlying the tungsten layer 26. The
tungsten and barrier metal layers_are then 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




‘ ‘ i ide 1 f endpoint d O s
2. Because of the delayed response tine of the oxi A a0
sone oxi de overpolishing occurs. Since the oxide |ayer has a Iomerqéﬁﬁﬁ

' ) [ lishing will result in dishing
renoval rate than tungsten, the oxide overpo _
27 of 'the- tungsten plug. In sone dense areas of sone dies, sone of_ghe
tungsten and barrier netal is not conpletely polished away mheg oxi de
over polishing occurs in sone other areas. Dishing and tungsten/barrier

por  or manca ety Gec Pl 3dle SRAR PVAEHPLLTING asdaEs  ofinoepr event .
CUngst n pl Uy and Che mocal Stasih GPe eefefel’ Ate i 1aReeest pat ont
ALIca v ot i s e B ol 188 ghsl O 196
g;;g;?fg ‘%@% g%hﬁigéfdé“%d“ﬁ%b@@@ﬁethee@ai@ﬁéa?ﬁ;w?ffgﬁﬁaﬁfn??rﬁggpgigt
compar abi B or el P B metay. Yo a0t peprmrketa 1783380 My dal i ce. at
al T eachament 82188 Corgo it BRELEL' 1Y JNLLQALE 2 g0l ectric layer
Dishing and 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 contact resistance between

the tungsten plug and the metal stack interconnect.

Co-pending U.S. Patent Appliéation Serial
No. 09/110,419 to Sudipto R. Roy filed on July 6, 1998
discloses a sacrificial or semi—sacrificial titanium nitride
Iayer deposited overrthe 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 trench. The
polish assisting layer and the metal layer are polished at
close to the same rate in the final stages of polishing, thus

preventing dishing. U.S. Patent 5,798,302 to Hudson et al

teaches a low friction layer under a metal layer wherein the
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and under a metal | ayer deposited within a trench. The polish assi‘fﬁ N%g 2004 |
| 'ayer and the netal |ayer are polished at close to the sane rate

final stages of polishing, thus preventing dishing. U S Patent 5,798, 302
to Hudson et al teaches a low friction layer under a netal layer wherein
the 2 5 MAY 200" 2 2 5 MAY 2004 polishing rate of the low friction layer is
much Lower than that of the netal |ayer causing the CMP process to stop at
the top speliskind tdte b@wchei Téw Orrd @@ 18968 s B85 141, (RGN ang et
al discloses a hard mask over a polyner through which a trench’i's etched
and fil | ebhdk t9f thheysesal Taper tamgsingn the pubi sheskad td tboher

selectivi%g to tqug}en than to the underlying hard mask. U S. Patent
5, 854, 140°FD PR SETage pEathrsioy fxtistionopayeyer Ratdert &n8abysioum

trench fiddi .. .Jhe.alum numis polished to the stop |ayer,
resul ting ‘%n&gﬁa!sf’%y %éc 4h§hg‘fﬁ%se§t @pﬂaﬁewaﬁg PEMDVEPOLNER fhvenghhi gh
sel ecti ViwbidiD 4 ReehlcBP ik a¥ELn t i pum | ayer so that the
resulting alumnumis _;ubstaﬁ%ygﬁﬁyggﬂéﬁggglgpSyuﬁéﬁﬁﬁr 5???6,833 to Chen
et al tcavigsten tist pol Lshed twiitte al mgheynggie@tit‘;ﬂgsttgntg{lggtggyer-

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 stob

QO

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 1ayer; Thé titanium
nitride layer is then removed by etching rather 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 to 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




CWP stops at the titaniumnitride layer. The titanium nitride layer is
then renpved by etching rather than by polishing resulting in a puagedi%g
tungsten plug. U S. Patent 5,356,513 to Burke et al discloses alternating
|'ayers of soft polishing material and hard polish stops to provide
tungsten plugs having a substantially planar surface. SUMVARY OF THE

| NVENTI ON A princi pal object of the present invention is to provide an
ef f ect | vePdiftl MAday liantiont inabidimeinod of 3 2 5 MAY 2004 pl ug

metal l'i zati on including CVWP. Another object of the invention is to provide
a nmethod of tungsten plug netallization including CMP. Yet another object
is to provide a nethod lhgpgﬁhen plug nmetallization in which dishing of
the plug is prevented. Yetr anotHEFToBfethe| Wwiantisiigeta puohbde of

t ungst en g Imedhrat ak!l +Ead [ ' : en residues after polishing are
elimnated. A still fu’?‘%ﬁge&?‘ c%dggk“%tg?&?ﬁgglfh‘\’fénﬂ%ﬁ 129 §MBrovi de a net hod
of plug netallization utilizing a

Yet another object is to provide a method of
tungsten plug metallization in which dishing of the Plug is

prevented.

R

Yet another object is to rprovide a method of
tungsten plug metallization in which tungsten residues after

polishing are eliminated.

A still further object of the inventidn 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 polishing.
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ifici i i shi i shing of the netal
| high polishing rate layer to prevent dis _
'E?ﬁé!fgckﬁothe? fgrther object of the invention is to provide a npgheay Qs

[ [ i1 zi i fici [ lishing rate | ayer to
tallization utilizing a sacrificial high po
E:F%fggte nmetal residues after polishing. 4 2 5 MAY 2004 Yef anot her
obj ect of the invention is to provide a method of tungsten p u?_ o e
metallization utilizing a titaniumnitride sacrifiecial high po.{ﬁ {Rg _
|l ayer to prevent di shiYet cindthert vbgetEno P! tik ﬂd%e%%ﬁBﬁdﬁgfﬁomt_ .
objects of this invention a new nethod of netal plug netallrzatio

Ui 1 nBTO a teni ptug atetdldventionpueyensigh shing and
Ut|||2|n8 AT P rAEE rﬂqgwupg?gsghégzm oxidey?%yer IS prod?%ed overlying

metal resgigdyes fﬁﬂr@’{ lfiasc&-?%chﬁIahﬁg%rpolaisgéﬁgc@ﬁﬂaclwesUm'[rate- A

senipondyctor_ NI i ited overlying the
iifaéf:g?ﬁffagﬁhdgﬁﬁﬁﬁﬂgﬁ?§ﬁgtgﬁéégFgr&?? e‘[hiachlieRIoIO:tyer and thg ogide
| ayer '
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

and metal residues after CMP is achieved. &n oxide layer is

g

pProvided overlying semiconductor device structures in and on
a semiconductor substrate. A sacrificial high polishing rate
(HPR) layer is deposited overlying the oxide layer. Ban
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 the opening. The metal layer, barrier
layer, and HPR layer overlying the oxide layer are polished
away by CMP. The polishing rate of the HPR layer is higher
than that of the metal layer with the result that after the
’} HPR layer is completely removed, the metal layer remaining
within the opening has a:Cbhﬁexﬁ shape. The oxide layer is
over-polished until endpoint detection is received. Since
the metal polishing rate is higher than the oxide polishing
rate, the conVéX? shape is made substantially planar during

the over~polishing to complete metal plug metallization in
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to one of the sem conductor device structures. A barrier |layer and a netal
| ayer -are deposited over the surface of the HPR |layer and within tﬂEEMAerﬁ
opening. The netal layer, barrier layer, and HPR | ayer overlying the oxige
l'ayer are polished away by CMP. The polishing rate of the HPR | ayer is

hi gher than that of the netal layer with the result that after the HPR

| ayer .is conpletely renoved, the nmetal |ayer remaining within the opening
has a contR& APpicative ofi de imyegrdted eiecupeli shed until endpoint
detection is received. Since the netal polishing rate is higher than the
oxi de polishing rate, the convex; shape is nmade substantially planar
during the over-polishj metal plug netallization in 2 5 MAY
2004 the fabrication of b%ﬁ'ﬂ’?ﬁ?'%%ﬂ%é% i PEu‘:l"fl.E IB‘%PWG@ESCRI PTI ON OF THE
DRAW NGS I n the acconpanying drawings formng a material part of this

description, there is shown: Figs. 1 and 2 schematically illustrate in
cross-sectional represeht athend:da@avgnhhoAakwl StfihiRlg'y process of the
prior art. Figs. 3 through 7 schematically illustrate 1'n™ Ccross-sectional

r epr esent™45h2d PREEePf cthienisedicrdptioh, t Hikere 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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present invention. Fig. 8 schematically illustrates in cross-sect 2%“!%‘( 200%
representation a conpleted integrated circuit device fabricated uSing the
process of the present invention. DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS
Referring now nore particularly to Fig. 3, there is illustrated a portion
of a partially conpleted integrated circuit. There is shown a sem conduct or
substrate, 10, preferably conposed of nonocrystalline silicon. 6 2 5 MAY
2904 SeniYHAPRMYCtaEy Aewice refotugtesespobos heown Aol @brRai fnaggh on the
sem condygt Qn, substrate within the area |abeled 11 as is conventional in
the art and Are “CovEr3IUpyPL St"rhsézl%"atﬁsm‘é‘ﬂl’hg:h%twe”teamabéfhéé 1hsag ati ng

| ayer is itayRion@eh¥ 10 silicon dioxide, tetraethoxysilane
(TEOS)  oxi de, bortl)%?losp ogterf | cate §a§§ © (BPSEed 6’?7 gh&hirke. A high

pol i shi ngdnsatetfhyRlayayero 30 fpg ver | the oxj de layer. The
HPR | ayer may conprise titani umsnlgﬁ?‘?gée{%g%ol S' e ¥831c?€15é 8%hi ckness of
bet ween @dde.,260chnas 1900 Ay FioRiBe, A&bﬁ%@&i&%ﬁ&ﬁé (FRH®{1sing
titani um 28 optionally may be deposi t ed underly

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 nitride and is deposited to a thickness of

between about 200 and 1000 Angstroms. An adhesion layer
comprising titanium 28 optionally may be deposited underlying
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 mask

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.

.
Ry

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,




t he HPR'Iayer to a thickness of between about 10 and 50 Angstrons,
the adhesion layer is so thin, it wll not cause dishing problems.2

tﬁ?&!%&ﬂ@’*

| ayer acts as a hard mask during patterning of the oxide |layer 20. A

contact, via, or trench 32 is etched through
oxi de | ayer 20, as shown in Fig. 4.
opened to an underlying

el ect r ode,
structure_is not shown in the figures.

5, a barrp

the HPR | ayer 30 and the
Typically, the contact or via will be
sem conduct or device structure such as a gate
sour ce/ dr ai Refegring féw " &id.i BS. aTHErHleri ¥y sdevi ce

2 5 MAY 2004 Referri'ng now to Fig.

EPOFLIRE q¥er ddposkriacevaf tlec HPB fager 050 tdiRl WARHiAY @he30 and
conprise a

within thg,_via openi 32. Typically, the barrier layer wll
Tip Sen af eFﬁBf‘%chJcﬂr'pdél&j berriprahayer anidl deppsiisedaby

first glue

2 NOSiti.an .or_.nhysi cal . vapor deposition (PVD) to a
il e?\la?ggugé%%a?%ra%émﬂﬁﬁﬁgo .t’l’@&ol,u“h@écond barri er

chem cal

t hi ckness of betwe

llayer 24 depsteasd B3 cneRDEQT Rldor %?SSBQ%QI F@Vﬁn@/oenrrﬁ Zysgéa i eDr 0|r ayer may

a thickness of between about 100 to

ngstro

conpri se Y3Ranideposiitiode(PVD ) &t & WRickhbEsUSF between about 100 to

1000 Angstroms. Next, a second barrier layer 24 is deposited
conformally over the glue layer 22 by CVD or PVD to a |
thickness of between about 100 to 1000 Angstroms. fThe
barrier layer may comprise titanium nitride or tantalum

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, copper, or aluminum.

Referring now to Fig. 6, the metal layer 26 is
polished using chemical mechanical prolishing (CMP) to remove
the excess metal overlying the oxide layer. CMP continues
until the oxide layer is reached. However, when the HPR
layer is reached, the CMP polishing rate of the HPR layer is
substantially greater than the polishing rate of the metal
layer, resulting in a-convex shape of the metal plug, as

shown, after the HPR layer is completely removed.

PVD to




The netal |ayer 26 is blanket deposited over the surface of the subst r@#e
to a t-hickness of between about 3000 and 6000 Angstrons and fills t&E a 2004
opening 32. The netal layer is preferably tungsten, copper, or alum num
Referting nowto Fig. 6, the netal layer 26 is polished using chenical
mechani cal polishing (CMP) to renove the excess netal overlying the oxide

| ayer. CMP continues wuntil the oxide |ayer is reached. However, when the
HPR Tayer isTheapRédshtiateOelpcitishingot ad epraffdrredHBBLE SN Shgi S
substanti:ill¥ greater than the polishing rate of the netal |ayer,

resul ti n§ MATE’ cORT RIS dF WBiNeThiOplafy 24a40:4R0dn, Bbter the HPR

| ayer is tely_temoved. . 8 2 5 MAY 2004 The polish rate selectivity of
a preferreggﬂgtk) f's i%igurrs‘fl?r 35 MSHLIP0 @ MSWARCH, NbwthCry oRodell 40: 10 1.

For exapBbepeausddl Vo or VW0Q0, both by Rodel, may be
used. The gol T shi ng ratrgéj%g;}q%g%&ggggia € a3t S*3BBYHE ARIWONSE/ ni nut e

for tungsteaq, Aﬁ@@t&orﬁ@%nu‘é@gibioﬂﬁﬁ%g@éﬂ es%,q,r + igbggi um ni tride, about 1600
Angstroms/ mnute for titanium and about 1 Kngst rons/ mnute for oxide.
The pol i Ahgatroms griofuttehEokiPRit 8y lim i 15i IR, about 1600

Angstroms/minute for titanium, and 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
layer 20. Since the metal will be polished away much more
quickly than the oxide and since the metal plug 26.has a
. convex shape when the oxide overpolish begins, the plug will
have a substantially.planar surface when polishing stops, as

shown in Fig. 7.

A further advantage of the present invention
} is that metal residues can be eliminatéd. The sacrificial
HPR layer is easily removed becanse of its high polisghing

rate and can easily take any overlying metal residues with

itl




‘ i i time of the
i gher than that of the metal. Because of the delay in response :
Qggpgint detector, there is sone overpolish of the oxide |ayer 20.2%MKYe2004

i1l be polished away much nore quickly than the oxide and since
EEE 22:2: E1ug 26 Eas a convex shape when the oxide overpolish begins, the
plug will have a substantially planar surface when polishing s_tops,h as
shown_in Fig. 7. A further advantage of the present invention- is t.?t
netal residues can be fihmaretestee mayrndw GealpertiBRukbaygtchsagasily

of its.high paolishing rate and can easily take any
gsg?rggngﬁﬁgﬁgﬁrwﬁg?iuﬂﬁFi%qﬂ%Ici99P932t5°%%#u26@¢tQEMer procgs?estﬂﬁy now
pecTel isnterngetal dielectric deposition an urther
ggtgf{{g;tio%?gggt?énVé§% l%hg iﬁnPHE 1pithesayt-g || ustrates one exanpl e
of the use of the netal plug netallization process of the present

invention. It will be understood by those skilled in the art, that the
process of the inventi gigcas BR1USEFatés Bhe 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 metallization, whether in a via opening

rppart”

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 electrode 16 through tungsten plug 26 which has been
fabricated according to the Process of the present invention;
The use of the sacrificial HPR layer results in a planarized
tungsten plug 26 without dishing or tungsten or barrier metal

residue.

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

the metal plug process.

10




| evel of netal plug netallization, whether in a via opening contacting a
metal Tine or in a contact opening or trench, as shown in Fig. 8. For
exanpl e, as shown in Fig. 8, alumnum line 40 contacts a source/ drg maY 2004
region 14 associated with gate electrode 16 through tungsten plug whi ch
has been fabricated according to the process of the present invention.

The use of the sacrificial HPR layer results in a planarized tungsten plug
26 wi thout dishing or t¥ngke etheorinyantion hes dbeerd g5irdui@u1Ehgyprocess of

t he present invention includes the use of a sacrificial high polishing
rate | ayét 1'or 2Rt SESCEIReduidh aadesenchets otmipmeteafredn | nt er medi at e
convex <haRa; e tal.pl.ug which is renoved during oxide

over pol i shi nglti:?l ﬂ%gp}:gﬁ%‘ﬁ’ngﬁ%i‘?ﬂ#nﬁg YRdeTsiRRd hyf those ishidhedon is the
el i m natij@gn+ak dighi netal cresidue i the netal plug process. 10 2 5
MAY 2004 Wil e thg ?ﬁ%%?l‘{%oln as? géﬁsp%ﬁ’tfﬁﬂ‘ dAy dedrddd BAd Bescri bed

wi t h ref emdaceithotbed@safiarngedrophadi t fo it wll be understood
by those skilled in the art gt?ha’? var i O%P%%%n%:ds%l%ﬁpfeopa 5h8 details may
be invention. ' '

}

11




made wi thout departing fromthe spirit and scope of the invention. 11 2 5
MAY 2004 Clainms 1. A nethod of formng netal plug netallization in Eﬁﬁﬁfﬂm*
fabrication of integrated circuits conprising: providing seniconduc?
device structures in and on a sem conductor substrate; 5 providing an
insul ating | ayer covering said sem conductor device structures; depositing
a sacrificial layer overlying said insulating |ayer; etching an opening
t hrough said sacrificial layer and said insulating |ayer to one of said
sem conductor device structures; 10 depositing a netal |ayer over the
surface of said sacrificial layer and within said opening; polishing away
said netal |ayer and said sacrificiatldimser overlying said insulating
| ayer wherein said nmetal layer has a first polishing rate, said
sacrifitiah hetiesd el foredeenchetpal bshgngetal Biadghi &aiich imsul ating | ayer
has a 15 third polishing rate and wherein said second polishing rate is
fabrication of integrated circuits comprising:
providing semiconductor device structures in and on a
semiconductor substrate;
5 providing an insulating layer covering said semiconductor
device structures;
depositing a sacrificial layer overlying said insulating
laver;
etching an opening through said sacrificial layer and said
insulating layer to one of said semiconductor device structures;
i0 depositing a metal layer over the surface of said
sacrificial layer and within said opening;
polishing away said metal layer and said sacrificial layer
overlying said insulating layer wherein said metal layer has a
first polishing rate, said sacrificial layer has a second
polishing rate and said insulating layer has a
15 third polishing rate and wherein said second polishing rate is
higher than said
first polishing rate by a ratio of 5.3 whereby after said
sacrificial layer is completely removed, a polished surface of

said metal layer remaining within said opening has a convex

shape; and

12




hi gher than said first polishing rate by a ratio of 5.3 whereby after said

sacrificial layer is conpletely renoved, a polished surface of said
remai ning within said opening has a convex shape; and 12 2 5 NMAY 280

| ayer

2BIMAY 2084

over-polishing said insulating layer until endpoint detection is received
20 wherein said first polishing rate is higher than said third polishing
rate whereby said convex shape is made substantially planar during said
over-polishing to conplete said formation of said netal plug netallization
in said fabreceiinighigywl ¢aidntiagraetdngi Feyet . uetiTkndastiméd according to
Claim1 wherein said sem conductor device structures include gate

el ect r odeseahdors oy ceecaidedr ai ' regi ons and wherein said one of said

sem conduct or device structures to which said opening is etched through

sakll saehefein ataildyEirsangcddisthinasubati hg hiylesr i shaanesanfd saiiddsour ce and
drain regions. 3. The nmethod according to Claim1 wherein said

sem conpbiti siiindglendtee Widredhukeas d aehude gnige el eahdddesdntauncee and

drain

planar during said over-polishing to complete said formation of
said metal plug metallization in said fabrication of said

integrated circuit.

2. The method according to Claim 1 wherein saild semiconductor
device structures include gate electrodes and source and drain
regions and wherein said one of said semiconductor device
gstructures to which said opening is etched through said
sacrificial layer and said insulating layer 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 device
structures to which said opening is etched through said
sacrificial layer and said insulating layer 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

13




regi ons and wherein said one of said sem conductor device structures to
whi ch said opening is etched through said sacrificial |ayer and sai 85 May zf}ojf
insulating layer is one of said gate electrodes. 4. The nethod according
to Caim1 wherein said sem conductor device structures include gate
el ectrodes and source and drain 13 12 5 MAY 2M- regi ons and overlying netal
| i nes and wherein said one of said sem conductor device structures to
whi ch said opening is etched through said sacrificial |ayer and said
i nsul at FRGL P&y ednd OBHE Y160 Fwitdlndiaes| préswhereMesand ok adceedidng to
Caim1 wherein said insulating | ayer conprises tetraethoxysilane (TEQCS)
oxi de. ®emTpendiptiwd dstioradistgucs ukai rolwhheh esal @ adpknivsulis ietghledyer
conprises silicon oxide. 7. The nethod according to Claim1l wherein said
sacri f i ehedugh ageerd coprifses ali layermanidt sadé hasuhat ind Hislaress ohebet ween
about 200 and 1000 Angstroms. 8. The nethod according to Claim1 further
conpri sohgsalaposettdaind ireest.i t ani um adhesi on | ayer underlying said
sacrificial layer to a thickness of between about 10 and 50 Angstrons.

5. The method according to Claim 1 wherein sgaid insulating layer

comprises tetraethoxysilane (TEOS) oxide.

6. The method according to Claim 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 method according to Claim 1 further comprising depositing
a titanium adhesion layer underlying said sacrificial layer to a

thickness of between about 10 and 50 Angstroms.

9. The method according to Claim 1 furthef comprising:
depositing a glue layer conformally overlying said
sacrificial layer and within said opening; and
depogiting a barrier metal layer overlying said glue layer

-and underlying said metal layer.
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9. The nethod according to Caim1l further conprising: depositing a glue

| ayer conformally overlying said sacrificial layer and within said dpBMAYQ200%
and depositing a barrier netal |ayer overlying said glue |layer and
underlying said netal layer. 14 2 5 MAY 2004 10. The nethod according to
Claim9 wherein said glue layer conprises titanium having a thickness of

bet ween about 100 and 1000 Angstrons. 11. The nethod according to Caim?9
wherein said barrier nmetal |ayer conprises titaniumnitride having a

t hi ckned8 - ofhpenfieleed atrnndir@d tan 12300 SAMhstednssai®. glke Iastdrod
according to Caim1 wherein said netal |ayer conprises tungsten. 13. The
met hod acobrdéag totChainmiewier ei nhsakdesst af bayeeen camprt se el of t he
group consi sting of tungsten, copper, and alum num 14. The net hod
accor di hg00oAfkstxors wherein said polishing step conprises chem cal
mechani cal polishing. 15. A nethod of formng netal plug nmetallization in
the fabrication of integrated circuits conprising:

11. The method according to Claim 9 wherein said barrier metal

layer comprises titanium nitride having a thickness of between

about 100 and 1000 Angstroms.

12. The method according to Claim 1 wherein said metal layer

comprises tungsten.

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

aluminum.

14. The method according to Claim 1 wherein said polishing step

comprises chemical mechanical polishing.

15. A method of forming metal plug metallization in the
fabrication of integrated circuits comprising:
providing semiconductor device structures in and on a
semiconductor substrate;
5 providing an oxide layer covering said semiconductor device

structures;

15




provi di ng sem conduct or device structures in and on a sem conductor .

substrate; 5 providing an oxide |ayer covering said sem conductor dedﬁﬁ@“ﬁ 2004

structures; 15 2 B MAY 2004 depositing a sacrificial |ayer overlying said
oxi de | ayer; etching an opening through said sacrificial |ayer and said
oxi de layer to one of said sem conductor device structures; depositing a
netal |ayer over the surface of said sacrificial layer and 10 within said
openi ng; polishing away said netal |ayer and said sacrificial |ayer
overlyi ng saf@Po3d g &y errptdriainlsdpdceratrl ey rid oidestlaygslii shi ng
rate, said sacrificial layer has a second polishing rate and said oxide
| ayer has a ¢¥hthpdit shiengnaatérandghwheidi aacsaf dobek oy olarshisagdrate i s
hi gher than said first 15 polishing rate by a ratio of 5:3 whereby after
sai d saexidé¢clayer |tayaemd oicemildetsenycoadouedr depité shedicsurdfeace of said
metal |ayer remaining within said opening has a convex shape; and
over - pol i shi depesaitdi rgxizdendiayler ayeti bvepdphentudeieetdodondisl received
wherein said first polishing rate is higher than said
sacrificial layer and
10 within said opening;
polishing away said metal layer and said sacrificial layer
overlying said oxide layer wherein 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
15 polishing rate by a ratio of 5:3 whereby after said sacrificial
layer is completely removed, a polished surface of said metal
layer remaining within said opening has a convex shape; and
over-polishing said oxide layer until endpoint detection is
received wherein said first polishing rate is higher than said
third pelishing rate
whereby said convex shape is made substantially planar during
salid over-polishing to complete said formation of said metal
plug metallization in said fabrication of said integrated
circuit.
20

16é. The method according to Claim 15 wherein said semiconductor

device structures include gate electrodes and source and drain
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third polishing rate whereby said convex shape is nade substantiallyzpla r
during said over-polishing to conplete said formati on of said netal EbMﬁ 2004
nmetallization in said fabrication of said integrated circuit. 20 16. The
met hod according to Caim 15 wherein said sem conductor device structures

i ncl ude gate el ectrodes and source and drain 16 2 5 MAY 2004 regions and
wherein said one of said sem conductor device structures to which said
opening is etched through said sacrificial |layer and said oxide |ayer is
one of ¥&PHCRBHURRE WIRFE 1T & agicond. seid FRulpendeetee cdrdidry to Caim 15
wherein said sem conductor device structures include gate el ectrodes and
source GREVEFAF®S Fedgiorsh el dvnmesiings disdeonbedf thupdalesdicbnduct or devi ce
structures to which said opening is etched through said sacrificial |ayer
and sai gaeoxifiecliayelaysr onel cfaishicdigat é ayelredtr odesof 182 i dheouretehechd
according to Cl aim 15 wherein said sem conductor device structures include
gat e el écxtindesgamas source and drain :

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
structures to which said opening isg etched through said
sacrificial layer and said oxide layer 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 structures to which said opening is etched
through said sacrificial layer and said oxide layer is one of

said metal lines.

19. The method according to Claim 15 wherein said oxide layer

comprises tetraethoxysilane (TEOS) oxide.
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regions and overlying netal lines and wherein said one of said 25 MAY 2004
sem conduct or device structures to which said opening is etched through
said sacrificial layer and said oxide |layer is one of said nmetal |ines.

19. The method according to Cl aim 15 wherein said oxide |ayer conprises
tetraet hoxysilane (TEOCS) oxide. 17 2 5 MAY 2004 20. The method according to
Claim 15 wherein said sacrificial |layer conprises titaniumnitride having
a thickness of between about 200 and 1000 Angstrons. 21. The net hod

accor di Ag- t Bhel mgtmdd Faaarnsemac GopCilsinglsdepesetin nepid tdad@mifimiadhesi on

| ayer underlying said sacrificial l|ayer to a thickness of between about 10
and 50 lagstrommpr2&s Thearetunodiaeddedhagihg £ ahelddbefairdthéreteeanr i si ng:
depositing a glue layer conformally overlying said sacrificial |ayer and
wi t hi n shodt openiargd B0wh depesidamay a barrier nmetal |ayer overlying said
glue layer and underlying said netal layer. 23. The nethod according to
Claim22 wherein said glue layer conprises titanium having a thickness of
bet ween about 100 and 1000 Angstrons.

21. The method according to Claim 15 further comprising
depogiting a titanium adhesion layer underlying said sacrificial

layer to a thickness of between about 10 and 50 Angstroms.

22. The method according to Claim 15 further comprising:
depositing a glue layer conformally overlying said
sacrificial layer and within said opening; and
depositing 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.

18




24. The nmethod according to Caim22 wherein said barrier netal | ayfgcw\y 2004
conprises titaniumnitride having a thickness of between about 100 an
1000 Angstronms. 25. The nethod according to Caim 15 wherein said netal
| ayer conprises tungsten. 18 2 5 MAY 2004 26. The nmethod according to Claim
15 wherein said polishing step conprises chem cal nmechani cal polishing. 27.
A nethod of formng netal plug netallization in the fabrication of
integrated circuits conprising: providing sem conductor device structures
in and &f- aThe gne gl rrSiuiss ttcatdais pFovhdran ase kil ishieg ebteer i ng
sai d senm conductor device structures; depositing an adhesion |ayer
over | yi agmpal gedxéltenicplemechdegasilt prdgiahsagri ficial |ayer overlying said
adhesion |ayer; etching an opening through said sacrificial |layer, said
adhesion | ayer, and said oxide |layer to one of said sem conductor device
structures; 10 depositing a barrier netal |ayer over the surface of said
27. A method of forming metal plug metallization in the
fabrication of integrated circuits comprising:
providing semiconductor device structures in and on a
semiconductor substrate;
5 providing an oxide layer covering said semiconductor device
structures;
depositing an adhesion layer overlying said oxide layer;
depositing a sacrificial layer overlying said adhesion
layer;
etching an opening through said sacrificial layer, said
adhesion layer, and said oxide layer to one of said
semiconductor device structures;
10 depositing a barrier metal layer over the surface of sgaid
sacrificial layer and within said opening;
deposgsiting a metal layer overlying said barrier metal
lavyer;
polishing away said metal layer and said sacrificial layer
overlying said oxide layer wherein said metal layer hag a first
polishing rate, said

15 sacrificial layer has a second polishing rate and said oxide

layer has a third polishing rate and wherein gsaid second
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sacrificial layer and within said opening; depositing a netal |ayer
overlying said barrier netal layer: polishing away said netal |ay@rs HAY 2004
said sacrificial layer overlying said oxide |ayer wherein said netal |ayer
has a first polishing rate, said 15 sacrificial |ayer has a second
polishing rate and said oxide layer has a third polishing rate and wherein
said second 19 2 5 MAY 2004 polishing rate is higher than said first
polishing.rate by a ratio of 5:3 whereby after said sacrificial layer is

conpl et BPYLshEp@vierte ad HotidKad tharf geédof isaf dopkt shingqyete &vaiani ng
within said ogening has a convex shape; and 20 over-polishing said oxide
| ayer uhBb10 ePllpoi htwhritelst iaditairs sapidecspvedfwheaki hawer dif iqestplpdlelyhi ng
rate is higher than said third polishing rate whereby said convex shape is
made submeeedi at Igoklsret stnfiang o4 daddemepal | Fhyeny tenionpilee e tdhaind
formation of said metal plug netallization in said fabrication of said
i nt egr atedd copening 28 alhemethetlape¢coading to C aim 27 wherein said
sem conductor device structures include gate el ectrodes and source and
draon over-polishing said oxide layer until endpoint detection is
received wherein said first polishing rate is higher than said
third polishing rate whereby said convex shape is made
substantially planar during said over-polishing to complete said .
formation of said metal plug metallization in said fabrication

of said integrated circuit.

28. The method according to Claim 27 wherein said semiconductor
device structures include gate electrodes and source and drain
regions and wherein sald one of said semiconductor device
structures to which said opening is etched through said
sacrificial layer, said adhesion layer, and said oxide layer is

one of said source and drain regions.

29. The 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
structures to which said opening is etched through said
sacrificial layer, said adhesion layer, and said oxide layer is

one of gald gate electrodes.
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regi ons and wherein said one of said sem conductor device structures_to

whi ch said opening is etched through said sacrificial |ayer, said CERES T
| ayer, and said oxide l|layer is one of said source and drain regions. 29.
The met hod according to O aim 27 wherein said senm conductor device
structures include gate el ectrodes and source and drain regions and
wherein said one of said sem conductor device structures to which said
opening is etched through said sacrificial |ayer, said adhesion |ayer, and
sai d oxPle Tagerethod Greqsidigg doggtleinl 8@t whervein 2gad Ssaune2EOYtad. The
met hod according to Caim 27 wherein said sem conductor device structures
i ncl udedgat ee et octeaess dmt1soler getandldchirndes egndnsoanck sl Idpaig net al

|l i nes and wherein said one of said sem conductor device structures to

whi ch sa¢diopemmy dwemrtched metthilodghesabddsaneréini edid ayey ,ofSaiaddadhesi on
| ayer, and said oxide layer is one of said netal lines. 31. The nethod
accor di agmi cofdhat th? Heniereidt raaicdrie8s ubatvhngh | aytd SIS ESE etched

t etraet hoxysil ane (TEQCS) oxide. 32. The nmethod according to O aim 27

wher ei ntsabggiRdhesd Whd@yelci 00MRkKESES shil laghHes Naw i Wy & t hirekness of
bet ween about 10 and 50

oxide layer is one of said metal lines.

31. The method according to Claim 27 wherein said insulating

layer comprises tetraethoxysilane (TEQS) oxide.

32. The method according to Claim 27 wherein said adhesion layer
comprises 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 according to Claim 27 wherein said barrier metal
layer comprises a first titanium layer having a thickness of
between about 100 and 1000 Angstroms and a second titanium
nitride layer having a thickness of between about 100 and 1000

Angstroms.
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Angstrons. 33. The nethod according to Caim 27 wherein said sacrificial

| ayer conprises titaniumnitride having a thickness of between abggt 200
and 1000 Angstrons. 34. The nmethod according to Claim 27 wherein s HAY 2004
barrier nmetal |ayer conprises a first titaniumlayer having a thickness of
bet ween about 100 and 1000 Angstrons and a second titanium nitride |ayer
havi ng a thickness of between about 100 and 1000 Angstrons. 21 2 5 MAY
2004 35, The nmethod according to Caim27 wherein said netal |ayer

conpr i s&8 - ohBS JFeHIRA FUIRF BBt CAGLBY 2Funpsrert eabperetaind avatuni num
36. The nethod according to Caim27 wherein said polishing step conprises
cheni cafCHRERSDT cate pof i1 rowpp consisting of tungsten, copper, and

aluminum.

36. The method according to Claim 27 wherein said polishing step

comprises chemical mechanical polishing.

22




