;1] e3el "FF6 T"6A% NEW METHOD FOR | MPROVI NG OXI DE EROSI ON OF TUNGSTr N CWVP
OPERATI ONS BACKGROUND OF THE I NVENTION (1) Field of the Invention The
imvention relates to a nethod of netallization in the fabrication of
integrated circuits, and nore particularly, to a nethod of preventing oxide
erosion in a tungsten plug process in the manufacture of integrated

ci rcui t sNEW2MEDESSr FOR GMPROVIING RPXIDE AROSIONa GFy IBEISTEMJEtRN pl ug
process, openings are etched in a dielectric |layer to contact underlying
semi conduct or devi ce regi ons OPERMIIANS ayer, such as tungsten or al um num
is deposited over the dielectric layer and within the openings. The excess
netal over the dielectric |ayer may be polished away using chem cal

mechani cal pol i shing (CIV&R. Usual ly, the dielectric |ayer is an oxide
layer. Fig. |A illustBAHERANRQfet g [ TENGEN ngs t hrough an oxi de | ayer
18 overlying a sem conductor substrate 10. In section A an isol ated
tungsten plug is shown. Section B shows a dense plug area. Tungsten 30 and

barri er al, | ayer, .28 e polished away over the oxide layer 1
to Ieg(vle)n?fjlr?gls(‘{ e&/niepﬁrﬁegsﬁ{ov%rg/&w hin the openings. Fig. 1B illustrates the

device after chem calpy@echani rPOLL%PQ%é"S égj\@)meagb'@ dikshing C occurs in
p? ug ‘di s [

the isolated plug area A Bot I'ng and oxl de erosion D occur in
the defisaiPl Mh@i &2 £ d dLaF DSAOTo L OBE I DhtbSra-£hati epgeLyNi gHE to the
tungsten chem cal mechani cal polishing planarization process because 1)

hi gh axdrke 051 dringstaboutethdd i cfil presenbisgbsefaentrbsibagiaphy and
etch steps and 2) high oxide erosion is a major cause of contact/via seam
exposux etasysieen celsg zZesosdss nkn t theubaguiatenrai cf onnteghabedgy. This
exposure degrades el ectrical performance. Currently, major efforts on oxide
er osi oprhewet$ocused on slurry conposition, pad hardness, and process
paraneter optimzation (e. g. platen speed and carrier down-force, etc.).
Only limted i nprovenent is gained fromthese nmethods. U. S.

Pat ent 001,730 to Farkas et_al teaches a two-step CVWP of copper where a
t ant al ‘J%I’l EFFEEPbAPP 8 ﬁ%?e?ré?gogﬁgts as a polish stop. This barrier

| ayer nust be renoved:}o.aygi o] L i LhNg. I arrier

| ayer will cause oxi d%ﬁe?og?%g?é%. {éhnéggzgﬁtﬁ%ﬂ&gggg%g?é ﬁ%&g‘gﬁ‘%’t al uses
a | ow frbchieReARLAr hahisyehtascolaphict ke eahkaeti QnRRkI$HNGY tungsten to
reduce oxide loss at the field oxide area. There is no evidence that this
graphi skfieahaateandbel pet eegedtdee ORi Aetanoskeari, Nsike dense netal 2
plug area. U. S. Patent 6,071,809 to Zhao shows a doubl e polish stop of

si | i conudgexkedeocavailusiihumgnini iepdeitedpovieshithg ketedle dtrdlaudiayget ungst en
and copper. U.S. Patent 6,048,796 to Wang et al teaches a silicon nitride
pr ot ecthdewli-apen trer oprindegsAf t EheCkRcefs samedppeovarnd thar ri er netal | ayer,
the protective |ayer prevents penetration of the oxide |ayer by conductive
parti cRéglestiisf tayeavpayuPbs. rrateheds 338y §6And WP St al di scl oses the
use of a barrier |ayer_as pol] st in.the aof Al - Cu- Si.._ Rermpval of

t he coR§& W&aﬁaPPi)iérShllé’?egC@%BSes%pﬁk’iagelyér &gégr‘ﬁleé&‘:&erﬁtﬁ 1§43, > Pat ent
Appl i cat.i .Seri nber. 09,442, g J nber
19, 19 t%g:alc%es,l% &l}!ﬁg grl il ilgxoﬁlﬁl?%r%eécﬁ %!ﬁ}s%ﬁns?elpl%éaféﬁ}hl@%opper
Pl Ug PROGRSYTh R e dease el dig ekle £l ddignsdddLcondidrdde is an
etch stop layer. In the case of dual damascene, silicon nitride is

deposi ted onr ke axide rsurdmcsalidded terrcpgpar dinencis estposed after copper
CVWP. The silicon nitride layer is used to prevent copper fromdiffusing
into tikeackkice B AHovsed deSsePatlerg AmHE J caturostSer i3 dudbear 082410, 419 to
R R Sudipto filed on July 6, 1998 teaches the use of a titaniumnitride
pol i sh mated laamer 48 anaurigsteh g lisirdoanway oywpr nthevrsideelayerni um

nitride |layer is renoved, oxide erosion will occur. ,, 3
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SUMMARY COF THE | NVENTI ON A princi pal abject of the present ins.=ention is
to provide an effective and very manufacturable nethod of netal plug
formation in the fabrication of integrated circuit devices. Another object
of the invention is to provide a nethod of reducing oxide erosion in the
metal plug process. Yet another object of the invention is to reduce oxide
er ositon ilreaviee tvstataul gl ygocEsly i E@rgl ostingeresitdson Rigri B8 poli sh
stop | ayer over the oxide. A further object of the invention is to reduce
oxi deé- IR G as thfe g & T ghemifiad m%@iwb%%sp%lyl%%%yu ng a

silicon n|tr|de(§ollsh stop | ayer over the, OXL%B% | n, accordance with the

obj ect<SMo¥- t Hik rﬂ/‘egrﬁ]rrtﬁ] et HhdtRD 1R dRIYE 2FLRiOn | n a netal
| b ] t | d

bent i SR TR R % it P el el 19t AT ot Seihe R BReF of T8libst r at .

A | t d d. |

A o1 400 oL oyer | o depgerd ed, ouer it gt be Gt aveescOpen nos

A barﬁhe s t8L AkndRYEess 'n$e?ﬁ#ﬁ?&é?%&i’%ﬁﬂ?%i@ﬁaﬂ&éﬁ98n“b§:6b@§s' ayer and

into t openings. A netal layer i's deposiied overlying the barrier netal

| ayerye dhes&et ¢l hl?ﬂ%xﬁﬁ‘g BabEi8h PBiAks! éM@ﬁtaE§fEQ|:h§IEQ€sa%y usi ng
chem cal nechanic polishing (CMP) with a polish stop at the silicon

ni trigepsayeént Thetneypbphayehdf etBE 8Bbpk 660At 3¢t BigRdoxidepl ugs. The
silicon nitride | ayer prevents erosion of the oxide layer during the
pol i sbrogishepst @ wanpreteuker ofit contattpetal seant agpssame wisa plugs in the
fabrication of an integrated circuit c?vice.

device sizes shrink to sub-quarter-micron technology. This

exposure degrades electrical performance. Currently, major

efforts on oxide erosion have focused on slurry composition,

pad hardness, and process parameter optimization (e.g. platen
speed and carrier down-force, etc.). Only limited

improvement is gained from these methods.

U.S. Patent,.6,001,730 to Farkas et al teaches
a two-step CMP of copper where a tantalum nitride barrier
laver also acts as a polish stop. This barrier layer must be
removed to avoid short circuiting. Removal of the barrier
layer will cause oxide erosion. U.S. Patent 6,057,602 to
Hudson et al uses a low friction material such as graphitic
carbon in polishing tungsten to reduce oxide loss at the
field oxide area. There is no evidence that this graphitic

carbon can help to reduce oxide erosion in the dense metal



BRI EF DESCRI PTI ON OF THE DRAW NGS I n the acconpanying drawings form ng a
material part of this description, there is showmn: Figs. 1A and 1B are
cross-sectional representations of plug dishing and oxi de erosion of the
prior art. Fig. 2 is a flowhart showi ng the process steps of the present
invention. 5 Figs. 3 through 7 schematically illustrate in
crossplegtaomal rlépdestatantoh, 87pr 808r tedZbabodhawat aoflothéepr esent
invention. Fig. 8 graphically illustrates a_conparison of the oxide erosion
ef f ecP®l bpR e? Ven @g 8l ptFen é#?xbﬁécéggfaﬁélFﬁOPhélﬁﬁéé@s§nof t he present

i nvention. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referring now nore
partiEﬁ}hFFVngomﬁFal 3NCLHEHBI| SUPPFHEPr 8PEd CQPPSFri oN -6f &3p&MtH al |y

| et i d Th ho t
cubet Fad 21808 ok 8 BFag) %gﬁéﬁmgééé BF FoRooiforaPLind s ProGRs ,‘icvs?re metal
dl el seiele (D) 9¢ oLt ehvtal cglelgolris (LAD) Layer 18,5, deposi red or
e su rate Wafer. Sem con eVI ce StI’UC ures such a gate

el ect [gdes,  SAu 620H LAl 74801 A0Sy oAk STELAL c9KFORRCGLS, diaeshown,
P LR R 3 CORANELSE SabS g

may be on t uct or trate and cowere y t he PMD

or Il\@a&aiﬁebyl%onaﬁf:%aval ggrthcﬁle@ 1&£ 12 offc@UC et Ofy Ihe slieps of the
i nventive process. Step 10 is the formation of device ice structures or

nmet al si,386r, g6NNeet Fedat bitn allayiarscldseEhadVRisey dfMA [hayreri ek8 taypircal |y
conpri ses oxide, such as sub-atnospheric borophosphosilicate gl ass

( SABPS§) pophsipistop iivattdregICls ofPSQE-CuplSdsma-Remtrarsded 6 the

tetraet hoxysil ane (PE-TEQS) oxide, silicon rich oxide (SRO, or their
conblﬁ&Pﬁ@ﬁ§lVFhP§r6é§GSﬁﬁ&9¥|Q9Wﬁﬁ§(9&%9?(ﬂﬁﬁﬁﬂqq(N1Qﬁ REEBLE. The PMD

(CNPy% Iayg Ianarlzed 3? Bé ch t%é}qo e__3(:lf(ra1_‘}e?%rucal&)ollshlng

et al filed on November 19, 1999 teaches using a silicon
nitride diffusion step layer in a copper plug process. In
the case of direct copper etch, the silicon nitride is an
etch stop layer. In the case of dual damascene, silicon
nitride is deposited on the oxide surface with the copper
trench exposed after copper CMP. The silicon nitride layer
is used to prevent copper from diffusing into the oxide.
Allowed U.S. Patent Application Serial Number 09/110,419 to
R. R. Sudipto filed on July 6, 1998 teaches thé use of a
titanium nitride polish stop layer in a tungsten plug
process. BAgain, when the titanium nitr}de layer is removed,

oxide erosion will occur.



invention, a silicon nitride |ayer 20 is deposited over the planarized

oxi de-.layer 18, as shown in Fig. 3 and as step 13 in Fig. 2. The silicon
ni-tride layer 20 is deposited to a thickness of between about 2d0 and 1500
Angstrons. The silicon nitride layer 20 will act as a polish stop in a
subsequent step to prevent oxide erosion. Alternatively, silicon oxynitride
or a conbi nation of sil3PEMMARYt@FJBHENENYSENTEON oxynitride can be used as
the polish stop layer. It is inportant that the polish stop |ayer 20 be
non- conductive. Referring nowto Fig. 4, and step 14 of Fig. 2., openings
23 and 24 are etched_through the golish tog Iager 20 into the PND or |IMD

| ayer 18. The openi ng PRI HEPARIEPE BSENCHNEERI DFRGCRENRIRTFOEr 1devi ce
structure, such as a.gate.electrode, source_or drai.n region, metal |ine,
ot showRroT oS R PP RLEEs BBORr B YRR aP e T ER L S TRt Pt al | ayer
28 1s Q@ggsbgsg P¥Ehat 18 p?h' %HeSESBrE%‘%ﬁoﬁoo?”qn‘@ey}' 3 & 19ReNgS 23
and 2% ePparrier fstal ayer may conprise, for ex nﬁle, titanium and
titanjygypikride, and may have a thickness of between about 100 and 1000
Angst rons. netal layer 30 is formed over the barrier netal |ayer 28, as
shown in Fig. 5. The netal |ayer nmay be tungsten or al um num which wll
formthe netal via plugs, The netal |ayer 30 may be deposited by any of the
conventional neans, nAskudirngbplyd od tole dhentdlonyaporeaglepasiidon. The
excess netal |ayer over the PVMD or IMD |ayer is polished off by chem cal
nmechasi wethpdl pghregucChBj pxadeslegws iiom Eing.the aedast gk priduedsarri er
netal |ayer 28 is also renoved by the CVP step. The silicon nitride polish
stop layer 20 acts as a stop layer for the polishing process to prevent
erosion of the underlying oxide 18. This conpletes formation of nmetal plug
30, as shown in Fig. Y6t ARetdan O et Qlddheyd@verF iRy b ¥2nmoved by the

oxi de buffing step 17. .The .oxi.de buffing step will nqt cause oxi de erosion.
ALt o1 FEERTE Y5 EOT BN T (IS e B AP HRET attai HEIOT 14 o ai ned,

t he siJ;i Ni L.r. r: 20 G t S ayer for subsequent
met al éétlghq{&r?g.mé!rq%éo?égxlasﬁlpl e, aglcésyh%sm&{hnrelgiq% éfgp%é'second metal Layer,
such as titaniumtitaniumnitride and alum num may be sputter deposited
over the surface of the substrate. The second netal |ayer is patterned to
formmetal |ines 32. ATHensiHdrabjudt ide tleyerndthiaiods Bs am etch stop

| ayer during this patterning. EXAMPLE The follow ng exanple is given to
show tivsiygpertigin dxngigresinofthaetinysten opr apbumoowh dolwgt peocess

under standing thereof. Variations may be made by those skilled in the art
wi t holtY RSErQYing f& i kironsgiiinideddekbpe DEoR heayewedYeBnth&xperi ment s
were perfornmed to determ ne oxide erosion after tungsten CVMP in areas of
high[ﬂ%kﬁ%ensity, such as that illustrated on the righthand side of the
Figs. 3-7. The process of the present invention using a silicon nitride
capping |l ayer was conpared to a process wherein no silicon nitride capping

layer was used. In accordance with the objects 0f this

invention a new method to prevent oxide erxosion in a metal
plug process by employing a silicon nitride layer over the
oxide is achieved. BAn oxide layer is deposited overlying a
semiconductor substrate. A silicon nitride layer is

deposited overlying the oxide layer. Openings are etched



Fig. 8 illustrates the oxide erosion in a device having a tungsten plug
density of 0.36 um between plugs and a plug dianeter of 0.36 um Line 81
illustrates 9 t he oxi de erosion of about 1250 Angstrons for the case
where no silicon nitride cap was used. Line 82 illustrates the oxide
erosi on of about 300 Angstrons in the process of the present invention

usi ngthheughl thansilicodencapidéhiiaygiraphdshaws that okhé@esilkiyean nitride
capping |l ayer of the present invention significantly reduces oxide erosion
in arBasawkihrhinghapl bgydensst gepPheé tphoorses lyfinghéhpr esdatconnvent i on
provides a nethod for preventing oxide erosion and thinning, consequently
achleOFﬁﬁlﬁétﬂéVeﬁléﬁﬁrFﬂyoaﬁHelﬁﬁﬁ@@Pﬁ@ plﬁgm§§§%1é?§@§Uﬂ§ i ssues. The

SI|IC n nlt% 8 § sh stgg g of th ention &ﬁPVId S42 si npl e and
effec FQ@S% Pt PERTLE 1 PHe BRI BBTEMEST 8 SoroBREMTin d1iA¥§ Tpr ocess.
ile tgeblnventl%gthﬁs been partlcqt%ﬁ{ shomn and de crlbeq_mnth
er

refergﬁ PETERE pre errgdernﬁgglﬁ? A85Y, UG 19 qﬂ%%ﬁderstood by
O rikhbhtal N bR ho! Nekwiailiaus LIRSS, Lok AL dalalden Ty be

made W t hout rtln spirit scope e |nvent|on VWhat is

cl ai nﬁqtﬁdelaayels AT@;%t hed «af 1%%? %ﬁm&awld&ﬂ&@%@bﬂ cation of
an integrated circuit device conprising: depositing an oxide |ayer

over | yiiag pa ugeN CamdUEQr combstiratielaandyd ARaidvdnts Ssaddh d def layer; 5
depositing a silicon nitride |layer overlying said oxide |layer; etching a
pl ug @xediengd ayerouyirisa d:Iei Ipcdorsmirtyg i ey ayercaud s of axnatel dayer ;
depositing a barrier netal |ayer overlying said

of metal contacts and via plugs in the fabrication of an

integrated circuit deovice.

BRIET DESGRIPTION QF THE DRAWINGS

In the accompanying drawings forming a

material part of this description, there is shown:

Figs. 1A and 1B are cross-sectional

representations of plug dishing and oxide erosion of the

prior art.

Fig. 2 is a flowchart showing the process

steps of the present invention.



10 silicon nitride layer and within said plug opening; depositing a netal

| ayer -overlying said barrier netal |ayer; and polishing away said netal

| ayer and said barrier nmetal layer with a polish stop at said silicon
nitride 15 | ayer whereby said nmetal |ayer forns said netal plug within said
pl ug opening and wherein said silicon nitride |ayer prevents, erosion of
sai d oxide l|ayer durfigp sal dipsiushi hgscshepatbcabhyl el bustrateoinati on of
said metal plug in the fabrication of said integrated 20 circuit device. 2.
The RIS SREOrM Iy EP EHRHHAL IR t AP TEAPF QI HELPSEREAY SEMFEBNduct or
device structures jincluding gate el ectrodes and source and drain regions in
and FFSSHY sEREBHRRt or substrate wherein said seniconductor 11  device

structures are covered by said oxide |layer and wherein said netal plug
contacts one of said sem conductor device structures. 3. The nethod

accord ng o G0 fthersl sghdes L conlicider) gverapgs.aclhiginess o

bet ween about gstrons. acc ing todaiml

wher ei, Saj Ly i LE} QaErises areqef aper8.-8kesisl iag@n nitride
and g%@?i%%ﬁd%xéiggg?ﬁe%f%Qg%%ggﬁé?ﬁogaaccord?ngotoaCIa?ﬁl1emhe?éin sai d
barri ef tRéaprboyes 6ONPhéSpsefBAtOLntBAEiGh.t he group

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now more particularly to Fig. 3,
there is illustrated a portion of a partially completed
integrated circuit device. There is shown a semiconductor
substrate 10, preferably composed of monocrystalline silicon.
A pre-metal dielectric (PMD) or intermetal dielectric (IMD)
layer 18 is deposited on the substrate wafer. Semiconductor
devices structures, such ag gate electrodes, source and drain
regions, or metal interconnects, not shown, may be formed in
and on the semiconductor substrate and covered by the PMD or
IMD layer 18. Refer also to Fig. 2, a flowchart of the steps
of the inventive process. Step 10 is the formation of devlce,
ice structures or metal interconnec;s within layer 10. The
PMD or IMD layer.18 typically comprises oxide, such as
sub-atmospheric borophosphosilicate glass (SABPSG),

phosphosilicate glass (PSG), plasma-enhanced



containing titaniumand titaniumnitride. 6. The nmethod according to C aim
1 wherein said netal |ayer conprises one of the group containing tungsten
and alum num 7. The nethod according to Caim1l wherein said step of
pblishing away said netal |ayer and said barrier netal |ayer conprises
chem cal mechanical polishing (CWP). 8. The method according to Claim1l

f ur theadr Y NGk (PR-eMDE Nssaidl, séd1 cosn ni{&h dex] @yersrdher said step
of polishing said netal |layer and said barrier netal layer. 9. The nethod
accanditiep it Crehimdt fansg herTtcoptesdagtideposi thagoaidecond netal | ayer
overlying said silicon nitride |layer and said nmetal plug; and patterning
sai AR et FeBRr1to fOren B Pl INP nkaveerl§i v said netal plug
wherein said silicon nitride |ayer_ acts as_an_etch stop during said

pat tRYHIHG 29y, SRt 3D P BRI IRy RRERPHFaYsPP his e abFMRAri on of an

i nt egr at circuit device conprising: depositing an oxide |ayer overlying a
senitord or

Now, in a key process step of the present
invention, a silicon nitride layer 20 is deposited over the
planarized oxide layer 18, as shown in Fig. 3 and as step 13
in Fig. 2. The silicon nitride layer 20 is deposited to a
thickness of between about 200 and 1500 Angstroms. The
silicon nitride layer 20 will act as a polish stop in a
subsequent step to prevent oxide erosion. Alternatively,
silicon oxynitride or a combination of silicon nitride and
silicon oxynitride can be used as the polish stop layer. It
is important that the polish stop layer 20 be non-conductive.

'

Referring now to Fig. 4, and step 14 of Fig.
2, openings 23 and 24 are etched through the polish stop
layer 20 into the PMD or IMD layer 18. The opening may be
made to an underlying semiconductor device structure, such as

a gate electrode, source or drain region, or metal line, not

shown.



substrate and planarizing said oxide layer; 5 depositing a silicon nitride
| ayer overlying said oxide |layer; etching a plurality of plug openings

t hrough said silicon nitride |layer and said oxide |ayer.; depositing a
barrier nmetal |ayEr overlying said 10 silicon nitride layer and within said
pl ur, openings; depositing a netal |ayer overlying said barrier netal

| ayer; and poli shi rRefavayisaitowetal Flqayes andl saépl DB raepapetiak | ayer
with a polish stop at said silicon nitride 13 15 |l ayer whereby said netal
| ay eve oo nisx st R dretsaldqpagsted tover sthel pblgsbpehepgéapad @lersiin said
silicon nitride layer prevents erosion of said oxide_|ayer during said

pol i"hihg st eReHMGT ed2 3Rd d24 or nBREORBFL8h| He kRl al apREgEAYN t he
fabrication of said integrated 20 circuit device'. 11, The nethod according

to (ﬁ%ﬂ?ﬁ%ﬁ?ftﬁ??ﬁﬁxﬁﬁﬁﬁﬁis?hba?b?ﬂ1ﬁ@dsEh¥€Bhﬂﬂc?bFrH€9vcéngtWﬁ&tures

|nclud|%g ahfbﬁlggtrggeg wgegoggggtaggodraln ?89I§n§ Ln agd on said
sem condutt StTa rérn sard sem conduc PC&°Structures are
covered by said oxide |ayer and wherein said netal plugs contact sone of

sai d sem conductor device structures. 12. The nethod according to Caim 10

wherein said silicon mét&ideal,ayesohas &otheakness ehebshwearrabout 200 and
1500 Angstrons. 13. The nethod according to Caim 10 wherein said silicon

ni t rngdeal ayeyeconPy i s€SshoenokinnBhe .06 .si FTheomenntlr Ldgeanchasi [Hecon
oxynitride. 14. The nethod according to O aim 10 wherein said barrier netal
| ayetunonpenses ahemynumpvbich whélgfoup the megadaivaBn®ltuigsani um and
titaniumnitride. 15. The nethod according to Caim 10 wherein said netal

The metal layer 30 may be deposited by any of the

conventional means, including physical or chemical wvapor

deposition. The excess metal layer over the PMD or IMD layer

is polished off by chemical mechanical polishing (CMP), as

shown in Fig. 6 and step 16. The barrier metal layer 28 is

also removed by the CMP step. The silicon nitride polish

stop laver 20 acts as a stop layer for the polishing process

to prevent erosion of the umderlying oxide 18.

This completes formation of metal plug 30, as
shown in Fig. 6. The silicon nitride layer 20 may be removed
by the oxide buffing step 17. The oxide buffing step will
not cause oxide erosion. Alternatively, the silicon nitride
layer 20 may be retained. If retained, the silicon nitride
layer 20 can act as An etch stop layer for subsequent metal

etching.



| ayer conprises one of the group containing tungsten and alum num 16. The
nmet had according to Caim 10 wherein said step of polishing away said neta
|l.ayer and said bzrrier nmetal |ayer conprises chenical mechanical polishing
(CwP). 17. The nethod according to Claim210 further conprising renoving
said silicon nitride |ayer after said step of polishing said netal |ayer
and said barrier n#tcd d:ay@le l&s THieowet hodragcor didgséeokdiai m 10 furt her
conprising: depositing a second netal |ayer overlying said silicon nitride
| ayeretarid Isaied metadh plauds; i tard et t etram hgn sai e sée omud nelahihayer to forma
metal line overlying said nmetal plug wherein said silicon nitride |ayer
act snags e snult et olerig i ra sevelr peite esui fgce 10f theeshbdtoataetal | i zati on
in the fabrication of an integrated circuit _device congrising: 15

ubsBeat é2and

depddit iSRFANT @Rl | 3T overPytirraed ke cheicheokad
pl anari zing. sai d oxi de |ayer; depositing a si]Jicon nitride |ayer
ovePﬁV?ﬁ&Eiﬁ?Pcﬂ&%ﬁ?$%y€7¥e%tg%iﬂ ty 3Fugﬁl?F9ho?t8Puba88§ningg t hr ough

Sm(%uring this patterning.
EXAMPLE

The following example is given to show the
important features of the invention and to aid in the
understanding thereof. Variations may be made by those
skilled in the art without departing from the spirit and

scope of the invention.

Experiments were performed to determine oxide
erosion after tungsten CMP in areas of high plug density,
such as that illustrated on the righthand side of the Figs.
3-7. The process of the present invention using a silicon
nitride capping layer was compared to a process.wherein noe

silicon nitride capping layer was used.

Fig. B8 illustrates the oxide erosion in a
device having a tungsten plug density of 0.36 um between

plugs and a plug diamcter of 0.36 um. Line 81 illustrates



silicon nitride layer and said oxide |ayer; depositing a barrier netal

| ayer. overlying said 10 silicon nitride layer and within said plug

apeni ngs; depositing a tungsten |ayer overlying said barrier netal |ayer;
polishing away said tungsten |ayer and said barrier netal |ayer using

chem cal nmechani cal polishing with a 15 polish stop at said silicon nitride
| ayethahex ey sabdibungét ehohayeR5DoAngstungst Eorplthgs caiskehmhesa d pl ug
openi ngs and wherein said silicon nitride |ayer prevents erosion of said
oxi deo| aybicenr Phgridrdcpnl P3RI eS8t eplinepddi tildgstdradesndheet al | ayer
overl¥ln% said 20 silicon nitride Ia¥er and said tungstegvglugs; and

pat t ¥ hPRgeEAPdCBePindPRBEaP 9. APEEtEemSoim AP YITTSS ARA ng sai d

tungsten ugs.wher.ei n_sai d licon.nitride l.ayer acts,as an _etch stop

o REEaaR o PR AP B a o h e e 14 BPl METAI P, Srton  1T1risn o

f abr Lgat, 5oy ald 5i; Bt egrLaty Iq0-C Wi i - cording to
a ain1?ggfgﬁg%e? %oﬁﬁpﬁggng ?grQHFogﬁ?ﬁg%égggggﬁgégig§1d J?%gngfructures
incl ydiyBgtg8hesignificantly reduces oxide erosion in areas with

high plug density.

The process of the present invention provides
a method for preventing oxide erosion and thinning,
consequently achieving better planarity and improving plug
seam exposure jssues. The silicon nitride polish stop layer

of the invention provides a simple and effective solution to

the oxide erosicn problem in the metal plug process.

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.

What is claimed is:

10



el ectrodes and source and drain regions in and on said sem conduct or
substrate wherein said sem conductor device structures are covered by said
oxi de |l ayer and wherein said tungsten plugs contact sone of said

sem conduct or device structures. 21. The nethod according to Caim 19
wherein said silicon nitride |layer has a thickness of between about 200 and
1500 Angst¥ ons.n@&2hodhef nittroinaceonedtay pbudl annthe® @hbrécatsand silicon
nitride | ayer conprises one or nore of silicon nitride and silicon
oxynitridef 2n iMicegrated atrovdtngevdce apnpPI9sinerein said barrier netal

| ayer coraprises one or nore of the_group containing titaniumand titani um
nitride. 17 .A R&POFLFing AROCALEe ADIYRROCARTIAIRG. A9SAGigOnductor
“LUAL. A9. AL. Allgl8c z

~" ~THL M . .
Z[ | wr mhc YT TEQ%%] 2 }c‘éﬁ’éﬁéfﬁ?cﬁfﬁg] 8%} 88) ¢8Y¥EAT ca] ca] ca] c<aU] c<a] ca] ¢
a] ca]ga] ca] ca] cglgak¢al gl Gak¢ahBLCR LM ab 1ayer overlying saia

oxide layer;
etching a plug opening through said silicon nitride
layer and sald oxide layer;
depositing a barrier metal layer overlying said
10 silicon nitride layer and within said plug opening;
depositing a metal layer overlying said barrier
metal layer; and
polishing away said metal layer and said barrier
metal layer with a polish stop at said silicon nitride
15 layer wherebhy said metal layer forms said metal plug
within said plug opening and wherein said silicon
nitride layer prevents, erosion of said oxide layer
during said polishing step to complete said formation of

said metal plug in the fabrication of said integrated

20 circuit device.

2. The method according to Claim 1 further comprising
forming semiconductor device structures including gate
electrodes and source and drain regions in and on said

semiconductor substrate wherein said semiconductor

11
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contalnlng tltanlum and tltanlum nitride.

6. The method according to Claim 1 wherein said metal
laver comprises one of the group containing tungsten and
aluminum.

7. The method according to Claim 1 wherein said step of
pélishing away sald metal layer and said barrier metal

layer comprises chemical mechanical polishing (CMP).

8. The method according to Claim 1 further comprising
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polishing said metal layer and said barrier metal layer.

9. The method according to Claim 1 further comprising:
depositing a second metal layer overlying said
silicon nitride layer and said metal plug; and
patterning said second metal layer to form a metal
line overlying said metal plug wherein said silicon
nitride layer acts as an etch stop during said

patterning.

10. A method of forming metal plugs in the fabrication
of an integrated circuit device comprising:
depositing an oxide layer overlying a semiconductor
substrate and planarizing said oxide layer;
5 depositing a silicon nitride layer overlying said
oxide layer; ‘»
etching a plurality of plug openings through said
silicon nitride layer and said oxide layer;
depositing a barrier metal layer overiying said
10 silicon nitride layer and within said plug openings;
depositing a metal layer overlying said barrier
metal layer{ and
polishing away said metal layer and said barrier

metal layer with a polish stop at said silicon nitride

13
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nitride

layer prevents erosion of said oxide layer

during said polishing step to complete said formation of

said metal plugs in the fabrication of said integrated

circuit

11. The

forming

device'.

method according to Claim 10 further comprising

semiconductor device structures including gate

electrodes and source and drain regions in and on said

semiconductor substrate wherein said semiconductor

device structures are covered by said oxide layer and

wherein

said metal plugs contact some of said

semiconductor device structures.

12. The
silicon

200 and

13. The
silicon

nitride

14. The

barrier

method according to Claim 10 wherein said

nitride layer has a thickness of between about

1500 Angstroms.

method according to Claim 10 wherein said

nitride layer comprises one or more of silicon

and silicon oxynitride.

method according to Claim 10 wherein said

metal layer comprises one or more of the group
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16. The method according to Claim 10 wherein said step
of polishing away said metal layer and said barrier

metal layer comprises chemical mechanical polishing

(CMP).

17. The method according to Claim 10 further comprising
removing said silicon nitride layer after said step of

polishing said metal layer and said barrier metal layer.

18. The method according to Claim 10 further ccmprising:
depositing a secomd metal layer overlying said
silicon nitride layer and said metal plug; and
patterning said second metal layer to form a metal
line overlying said metal plug wherein said silicon
nitride layer acts as an etch stop during said

patterning.

19. A method of metallization in the fabrication of an

integrated circuit device comprising:
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etching a plurality of plug openings through said
silicon nitride layer and said oxide layer;
depositing a barrier metal layer overlying said
10 silicon nitride layer and within said plug openings;
depositing a tungsten layer overlying said barrier
metal layer;
polishing away said tungsten layer and said barrier
metal layer using chemical mechanical polishing with a
15 polish stop at said silicon nitride layer whereby said
tungsten layer forms tungsten plugs within said plug
openings and wherein said silicon nitride layer prevents
erosion of said oxide layer during said polishing step;
depositing a secomd metal layer overlying said
20 silicon nitride layer and said tunqgsten plugs; and
patterning said second metal layer to form metal
lines overlying said tungsten plugs whereir said silicon
nitride layer acts as an etch stop during said

patterning to complete said metallization in said

25 fabrication of said integrated circuit device.

20. The method according to Claim 19 further comprising
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device structures are covered by said oxide layer and

wherein said tungsten plugs contact some of said

semiconductor device structures.

21. The method according to Claim 19 wherein said

silicon nitride layer has a thickness of between about

200 and 1500 Angstroms.

22. The method according to Claim 19 wherein said

silicon nitride layer comprises one or more of silicon

nitride and silicon oxynitride.
23. The method according to Claim 19 wherein said

barrier metal layer comprises one or more of the group

containing titanium and titanium nitride.
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