METHOD OF FORM NG CONTACT PLUG ON SILIClIDE STRUCTURE FIELD OF | NVENTI ON
-[0001] The present invention relates to nethods of fabricating integrated
circuits, and nore particularly to nethods of form ng contact plugs in
integrated circuit structures. BACKGROUND OF THE | NVENTI ON [ 0002] A prior
“art nmethod of forming a contact plug tlo a gate, source or drain region of
a MOS device is provided in connection with FIGS. 1-1B. A MOS .device
structure MEE OFRFORMING GONTACTRIUGONISTRICHESTRECTURRr e of FI G
1 are well known in the art of integrated circuit fabrication, as
described in, for exanple, U S. Patent No. 6,232,224 to Inoue and U. S

Patent No. 6,350,636 to Lee @IEaD OFRINVERIIIOR Y of which are hereby
i ncorporated by reference herein. The MOS device of FIG 1 is fabricated

on a subM¥dt e 2, Theotesent invaition celates uhatettaids of &bdichting medgadtedicitduag) ot her
devi ces (P% shal l.o rench isolation (STI) 4. A gate dielectric 6, such as
an oxi d&" greT%r%ﬁfn hto mgfho PHRing conaCilpesindnfegated Gicwis siesiees, of t en
formed frompolysilicon. The device also includes lightly doped regions 10
and nore heavily doped source/drain regions 12. Spacers 14, usually of
silicon oxide, and net BACKGROINND HFTHE ENVENHEION provided. A |ayer of
silicon gjjl de 18, which serves as an etch stop |ayer as described bel ow,
is di SBWQ over S PRI mEERAd-@f fosmaigga wortactpluE e ér gaigseroutieedredraini ¢ or

i nsul at I . : i ‘ ot pr,esi.st | ayer 22
is patti'é:rg ﬁ’é‘dﬁﬁﬁg’l ?grdﬁg%gg\gﬁm@t&%gh{% er f;%i/rgrkv ﬁa’i e égétalr-?lg‘ f@llﬁ@?di‘iv&?eexpose a
smal | astBEtupé it sleown ImFRE hv MethadsefoB fabricating dredtelicaird of RIGAD 4 GRIIPr ocess

is theghg)xecut §1d toogpen conf act ,Ftl nel 24 through interlayer dielectric
film 22T8Eh1 5% #E tIBWgéﬁF?fiacFa% abpigaliomy\ s deseribed i tfer exanplacU.S.r egi on.

A s PR 6l BYeHANs Rscia! 0! PALHNYA AsRRGETR of IRELRG AL ched.

After the contact tunne 4 1s a second e p TS pe rmed to
r enove Whieh eare thesabypincbeppeated Syt ceferepas betehe TiesM@S! dwicel oSFIGCIdg cont act
regi on 1@ d to renove the photoresist

29190 b 51 SR S5 1 SR B e TV BATL 50
i n Fl Gbyléhallaw bR edoldtidnd(SAE) 4.5 Al BARE dGRD3E 68ich &s an oxide, is formed on
the substrate 2 along with gate electrode 8, often formed from polysilicon. The device
also includes lightly doped regions 10 and more heavily doped source/drain regions 12.
Spacers 14, usually of silicon oxidé, and metal silicide layers 16 are also provided. A
layer of silicon nitride 18, which serves as an etch stop layer as described below, is
disposed over the MOS device, along with an interlayer dielectric or insulating layer 20.
[0003] Referring to FIG. 1A, a photoresist layer 22 is patterned and formed over
the interlayer dielectric film 20 to expose a small area of the film 20 over gate 8 or
source/drain 12. An etch process is then executed to open contact tunnel 24 through
interlayer dielectric film 22 down to the etch stop layer 18 above the selected contact
“region. This etch stop layef helps protect side wall spacérs 14 from being etched. After
the contact tunnel 24 is formed, a second etch step is performed to remove the etch stop
layer 18 to expose the desired metal silicide contact region 16. A wet etch process is also
performed to remove the photoresist 22 and any polymer remaining from the
aforementioned etch steps. As shown in FIG. 1B, a contact plug 26 is then deposited to

form a contact to the exposed metal silicide region 16. An additional cleaning step may .
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forma contact to the exposed netal silicide region 16. An additional

cl eaning step may . TSMC 2002-0297 2 also be perfornmed to snoboth the
silicide region and renove any native oxide before depositing the contact
plug 26. [0004] Metal silicide layers 16 are usually either cobalt,
“tungsten, or titanium silicides. Tungsten silicide layers are typically
used for .35 mprocesses, titanium silicide is used for.25 jimprocesses,
and cobalt silicide is usually selected for.13-,18 m processes.. N.ckel

a1 e de caltodte BarmicbRenmpsB e ST rmoR Ay orats By Teg e okgb bEe
and smal | egge Egﬁﬁgﬁggmngalgﬁ ¢4 to provide resistivity reductions and to

t ake advantagg of nickel "siTicide's |ow | eakage or diffusion

characteri §00@648. A pidthi siliaideslagers Hdneseensuallpeitherogabaltn ingsteh aot titaoives t o
ni ckel silicjde contact regions using prior_art processes. These processes
typical |y §diidee phungstes; AHGIAE daveihas LYRIGAGRIcGVION -5t (IHRCTEES, HLE R or

GO componeqlis;dfis BIIBE 287 MR Rles! i1 SRR MERICH uBITPYAbcrEd RH2MY. 18Tuhhe

etch stop layer = renoval nts react wth the nicke e contact
regi ons, r esatessengNicket eiliicaietcontaessi Isive \bietty ptdpojedf fat hewer proesssesnsuchl dsy1hn

open circuit. This is generally not a concern when_ cobalt siljcide contact
regi ons ar &Myl maller pacesRes OB tp ATQvigkesisbBaEductionn and toaks pdvantage
nor e st abl B 0i: & WY : feraf : t
cont act - Re Of PRRPL FHGHEG 16w 14 sbE pP QTGRS AMRAICE ] AT ST LS HORRUE
met hod of fwhemapgniagrbatacsholes ¢ nokel silicidé@ohtaett regiods using rpgior emtaprosessesneed

o 2 TR L OSSR ALPRLS, Y B F30ART), oL,
i ntegratedcg E&Hbéneﬁ%vdf%ﬁhcmf e phidkert ! E&m&&%\'c{cﬁm@ tife &cbh §t§)¥ gﬁr?)EPOd '

of manufacturing a sem conductor devi c?e is provided. A sem conduc
el ement i srémovabctchants sabt witht the Tivkeks silicidenchntach rregibnsyeresulting iat cangastt -

glngmglnf E(egﬁtasfksgi:s{lctly ?ﬁc)c&%raec—t esréeerg{a?lr)}’ane})rf)eg tcfrgﬁi%t J?l?is Iisa e%@rafll())(rn%?g ch\{gcrm w?v !:xg
cobalt silicide contact regions are utilized, as described in Inoue, because cobalt silicide
is more stable than nickel silicide and does not suffer from the conséquent contact Rc
failure issue. |
[0005] Therefore, there is a need for a new method of forming contacts to a
dévice. To that end, there remains a need for a new method of opening contact tunnels to
silicide contact regions, such as nickel silicide contact regions, when forming contact

plugs to an integrated circuit device.

SUMMARY OF THE INVENTION ‘

[0006] A first method of manufacturing a semiconductor device is provided. A
semiconductor element is formed on a substrate. The semiconductor element has at least
one nickel silicide contact region, an etch stop layer formed over said element, and an
insulating layer formed over said etch stop layer. A portion of the etch stop layer
immediately over a selected contact region is removed using a process that does not
substantially react with the contact region, to form a contact opening. The contact
opening is then filled with a conductive material to form a contact.

[6007] In an alternative method of manufacturing a semiconductor device, a

semiconductor element is formed on a substrate including at least one nickel silicide
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i nsulating | ayer forned over said etch stop |ayer. A portion of the etch
-stop layer imrediately over a selected contact region is renoved using a
process that does not substantially react with the contact region, to form
‘a contact opening. The contact opening is then filled with a conductive
‘material to forma contact. [0007] In an alternative nethod of
manuf act uri ng a seni conductor device,3a sem conductor elenent is formed on
a substrate including at | east one nickel silicide TSMC 2002-0297 3

cont act %&%g@r}?gig? f4 Ky eﬁ:thcﬁoﬁ La&@g Fael dver tRk1amed:, h Recoal @mhnitop Baysecond

etch sto e ’or rred. over Irst etch stop layer, and an insul ating
| ayer f ofsratd@ver the iestseetnsidp ddyeh and o pndudating layendomiedsaver thetsceandietttayer i s

renoved over a sel ected contact region usjng a rocess .that . . N0

subst ant st@pllpyaredbe figsttaich sopJayrrd trC‘P@é‘?doﬂ,gert%S‘ﬁ?)‘gﬁfﬁm%ﬁqtrg%l 86(%1[51 nﬂi ng.
The contact opgni | D f Wit B8 GENDAEIct VerifRt @ fodin & ohfictn a
contact PWEH. 8’%8%5% %?Lgﬁﬁséé\r}tﬁng?%gd 0?1 manuf acturiﬁ% a sem conduct or

devi ce nppédihgeThe taaadtiopeninpés thes filletevith g ketdustive viatheiabirfiormta GoBHCHNSs
during opening of contact holes or tunnels during the formation of contact
pl ugs tha&¥ito. The process thereby reduces contact Rc failures and

i ncrease yi el d,of the f | €83 dEbRe dhvaizend
ot her fei{){’ﬁ@s of 'ﬁ“‘g Iberwesnén wﬁg%ﬁug%ﬂéjgbe %(%Igﬂe;ra%} unde?st ood Zf romt he
fol | oW NgeARabal b debte 8@ dibkdl @itioide ¢dneacprefions dutirpntymdingeoft contsict hples or

invention that is provided in connection wth the acconpanyi ng draw ngs.
BRI EF DESGReRTd@gOtheDimmesios qf cortirt P Sa@E@F&)amcngmg%ivx%ﬁﬁEy irF‘?‘ffgf rate

preferred etggtﬁﬂcie ?ée% 220 idddSased &W%%F -y}g{&urﬁ% fRbdegs, i nformation

pert i nent®t I“0Osure, In 1-1B 'l ustrate a prior art
met hod Ogobemm' ng oot Asdve il athet Ifestide sfothicaptesent eigvertionf will MeShateyi ce;

FIGS. 2-ZCillustrate a first exenpl ary _net hod . of ft%xrrg}.i gglba .conEsa&Ithto a

si | i ci de understood from the following detailed desCription of the pre odimen e

invention that is provided in connection with the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS
[0010] The accompanying drawings illustrate preferred embodiments of the
invention, as well as other information pertinent to the disclosure, in which:

FIGS. 1-1B illustrate a prior art method of forming contacts to a silicide contact

region of a MOS device;
FIGS. 2-2C illustrate a first exemplary method of forming a contact to a silicide

contact region;
FIGS. 3-3C illustrate another exemplary method of forming a contact to a silicide

contact region; and

FIGS. 4A-4D are cumulative curves of measured contact resistance values of

contact plug regions formed according to the present method.

_ DETAILED DESCRIPTION
[0011] A new method of manufacturing an integrated circuit, including a new
method of opening a contact hole to a contact region of a semiconductor device, is
described hereafter in connection with FIGS. 2-4D. For ease of illustration, the method is

described using enlarged views of contact regions of a semiconductor element without

TSMC 2002-0297



- contact region; FIGS. 3-3Cillustrate another exenplary nmethod of formng a
.contact to a silicide contact region; and FIGS. 4A-4D are cunul ative
curves of neasured contact resistance values of contact plug regions
formed according to the present nethod, DETAILED DESCRI PTI ON [ 0011] A new
“met hod of manufacturing an integrated Circuit, including a new nethod of
openingé.ﬁu ontag@ hol contact regign of a sem conductor device, is

1
describ 1Ba %O e@%ﬁ%@%‘ltisgﬁcwﬁb g iicghoubd bepundesytoed that Hiese views

11 ustrakd oMy dabieal FRIVOSK 4 S Cdy | I views. of contact
regi ons of ays%m conduct or & g%n{th@mﬁ?%ﬁ%ﬂ%% %&wﬁo@cqc‘els S¥Pat i ng
t he comphdt desetibatein @nnentionr eithalfiGi t1, shatMdSbdeuibelen sépastdrhat olgse
views are.on views of a conplete structure, such as the MOS

I arti al
transi 398?“0889‘?/%&%%9%' and described in connection with FIG 1, a CMOS
devi ce, acit ) ] ductof ele t..40012] FIGS. 2-2C
IV uor; J00FEPAC | OFI. P5CNMus B SR BBl RNt e Contshicog
si | i ci denatagilivide pg@hepretdrybly atiickebkilisideirsicte REBHME iRelcd G, DY, flbfapt t O

FIG 2, @1 %t al siljcide contact region 102 is formed on a sem conductor
subst r afBICHSFONEGCIceiE K245 formnd on gysamigandusiop sulssidaiecild), suchi assadilidony (SOl )

subst r abgrmalign &t &licSd ! drCh g 102 typigally is formed over a source
or drai % r eégglmglr]l or glg('?% de ié%ﬁ lraooge{% Seut%gﬁatét oﬁﬁler é%eé?ls S’i’ﬁldg? ©e1o8; Hk4 over
the met aipicallyiis fotenadegienn, soans edrhinstelivhni didpaed cl@bt?ddé@tAhCetélﬁé{%(lﬁ)gﬁ 'S
f ormed i@fr epver A fophot oresi st layer 108 is patterned and for as shown
to exposgr & d oMert e Tersaletibigife geeion and astinnditingor dielesisic layer 106 istet al
silici dgyrhRditgedR2- Al : ' r egi 102.i ngl udes a net al
silicide, such as a t gs%%ésla?%gtggﬁgﬁ]gﬁ%rwcggggfppﬂﬁﬁ gff‘ﬁ’@‘ topprpase a
pr ef er atsigion fandeVebopisgrakomnctdicteort ek 0 0@imsal sdicide regiba 107 and bel ow,
regi on Lncl udes a nickel silicide |ayer. The stop | ayer 104 and
e R i
3 s mentioned, region 102 includes a metal silicide, su(;h as a tungsten,

titanium, or cobalt silicide. More preferably, and for smaller size technologies, e.g., .13

pm and below, region 102 includes a nickel silicide layer. The stop layer 104 and

dielectric layer 106 should be selected such that the stop layer 104 has a significantly

lower etch rate relative to an etchant than the dielectric layer 106, consistent with cost,

process robustness and integration concerns familiar to those of ordinary skill. In one

embodiment, the dielectric layer 106 is a silicon oxide such as SiO, and etch stop layer

104 is formed from silicon nitride (SiN) or silicon oxy-nitride (SiON) and has a thickness

T; between approximately 100-500 A, and more preferably, between approximately 250-

300 A. In another example, a low K material may be selected for dielectric layer 106. In

such an embodiment, a SiO; layer may be used as the stop layer 104.

[0014] Referring now to FIG. 2A, a first etch process is employed to open a

contact tunnel or hole 112' through dielectric layer 106 to at least the etch stop layer 104,

and preferably to at least partially through etch stop layer 104 without exposing metal

silicide region 102. The etch process can utilize known etch process techniques for

opening up contact holes through the interlayer dielectric 106 and for removing the etch -

stop layer 104, as described, for example, in the “Background of the Invention” section

and U.S. Patent No. 6,232,224 to Inoue. A two stage etch process is typically employed,

with the dielectric layer 106 being removed in a selected region over a selected contact
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dielectric layer 106 should be selected such that the stop |layer 104 has a
significantly lower etch rate relative to an etchant than the dielectric

| ayer 106, consistent with cost, process robustness and integration
concerns famliar to those of ord| nary. skill. In one embodinent, the
“dielectric layer 106 is a silicon oxi dSe such as Si2 and etch stop | ayer
104 is fornmed fromsilicon nitride (SIN or silicon oxy-nitride (Si ON) and
has a t hYAdHEEsCh #iocsss: Wl dh Prefalls itorasceay etch oeslosl in, whislameicking ratt ef abl v,

bet ween ﬂ?@ﬁ&&xlmq £ 80n tﬁg thﬁ’in§ te %hgéyeﬁ)igﬂpt[ﬁﬁg O%ﬁ%ﬁ%%%%%&a: amay

be selected’for dielectric layer yer
may be mﬂn@hlb@ctmphmﬂ UkﬂlE@rCHBdsed[cﬁQE&il predesE. FCBQvé?lﬁWnél ifilR sc% a first

etch proggs% engtgﬁyed to open a contact tunnel or 112' rough
di el ect FI< ﬁ%\%?elth"’l tséOPaiaYF’éb’*siheﬂ Hemplethlysetoled @y@ghl@«ﬂug aa;acbnpir@tﬂer abl y

to at | | hout t al

L) G o B Sl ah Yo O i€ DEeBbAPSAIBNE! pochicmil ietenice, ‘r’%’?b@gg”e :

t echni qleysr 164 is gmmrrtgammazmﬂttasuxdnaitﬁ§ liyer aeeh ThS thif 6 3666F50p glectric
r exa

106 and forljrermw g the etch stop |ayer 104, as descrl npl e,
in the "‘%8%’ gr emplor CHE baspdateh pracessecti on and U.S. Patent No. 6,232,224

h
o el oot BV ayer *ORRER P ERE Pikerss HCiBlavka oy thy pfocssset pet od

cont act rea@MRitR 0D 2@ XTliGde Bdgien fab debcrfed i pih@(}@a%k to use
an etch net hogql n which anbéégtlchl ng rate on t he %)Jg?nd%gﬁﬁeei g?gé‘? t han

the et cHficHgnr &t thegpresang exampple, payticulathy svithed kaclednll@d@nmm itle proggusesl |y
acconpl ess ent i naIIy in the
second é“e%? ?ﬂtrglt%é g&g’ ét nogt cﬁ%og;é%cu?eig%’io‘gg@%%‘??b ﬁ&?ﬁé‘?@? 40§ emnase thenr ough
usi ng amstt silitidet egion B0 0ds iscbgdegstast @it OB} B0 ifruR’ ©f &bl n%?éhfeCt ed

such that the etchtk%% rate of the layer 104 is greater than t t he
di el ect PESSS 49 £xaqitys Stopnpastiphly t@@“ﬁbédﬁiﬁfr sHhhereforsi thg, etdlostopayasl ¥4 a CHF

based cbelbeiphes LGRSl BN SO TLSHAl: G171 ROT SRR FuibE AT B LSS,

however, the Pprocesses can react w Y escri bed
in the I(Bacﬂmmdppﬂoximﬂclyrﬁmmo Aot ctch stop layer 104 is preferably consumed,

leaving a thickness T, of etch stop layer remaining as shown in FIG. 2A.

[0016] The remaining portion of the etch stop layer 104, or alternatively the entire
etch stop layer 104, is then removed using a process that does not substantially react with
the metal silicide layer 102. In one exemplary embodiment, the silicide layer 102
includes a nickel silicide and the layer 104, or that remaining part thereof, is physically
removed using an argon sputter process, with plasma power between approximately 100-

800 Watts (W), bias power between approximately 100-800W at a pressure of between

approximately 0.1-5 mTorr. An argon sputter process is sometimes referred to as “pre-

metal clean” and is sometimes employed to remove the native oxide that forms as

vacuum breaks when a silicon or silicide surface reacts with the atmosphere after the etch |
stop layer is removed by an etch process described above in the Background section.

However, in the present method, the sputter process is expanded and employed to remove

the etch stop layer 104 itself. Other inert gas sputtering processes may also be used, such

as a helium sputter process.

[0017] Although it is preferable to use a purely physical removal process such as

sputtering so that the silicide layer 102 does not react with CF, F, O, or CO radicals, a

TSMC 2002-0297



section. In the present exanple, particularly with a nickel-silicide
..region, the processes are controlled so as to not etch conpletely through
the etch stop layer 104 to expose the netal silicide region 102. It is
understood that it can be difficult tg control an etch process to exactly
"stop partially through a |ayer. Thereﬁ%re the etch stop layer 104
preferably has sufficient thickness so as to facilitate only a partial etch
t hr oughdtshetch ep]mess mﬁnzmgemvmen gappsunki asniugby ddheBOR, M altigdtivelyope | ayer

104 is rei%, CC?H] | eavi ng a thickness T2 of étch stop | ayer

orai i REBRGe Rt et in 01 £ piinioe wafon wihfhrmetabsboide ey ch
stop la I 0 I s then
rem)vedygzél ﬁgﬂ?ag{ oégéi}s‘?r v@é‘ég{ g IﬂEkB{%;{ ?tg}rll? llgcg'Fqlﬁé 83’&6%“?%‘ 1?% nmet al
silici dpoﬂvayéxetvﬂc@ﬁ appromnmtdyertpﬂdﬂOWérmmldmmmpowhheb@wh@p|gbesdgwegs 102

I ncl udes_a ni gq silicide_and the |ayer 104, or that remaini ng gg

t her eof & PRf%P*mcﬁ? féampvng@e%&/%&whq ni0bews R @@@S’élﬁlqgﬂ@&dg wh pl asma
power b@éﬁ&@ﬁ?atﬁﬂ? BPW&L& rtionS Qden tﬁtrﬁ{:lée\‘vsihcllD e %ygrgm%&?

approxi mately 100-8 at a pressure o ween 1an5 mrorr .

An ar goargeper heliurprgas mmasetelo ieshidirg OOt B0% HIF nfyase erﬁp@yedmlﬁls aoean” and
IS soneti nes errEI o% g‘to renove the native oxide that forns as vacuum
breaks FAMsRiatet that g hopphasphor arid eampqval pracessanay g employed. at nosphere after

the etg op | etc escrlb ve in the
Backgr o@n&siect amethc \Negtcra?e\éggb& VB L e ﬁ’gfeh 1§ ﬂ@@gglﬁ‘f’gg% gﬁeoc ess is
expand edielamuﬁcdm]zdrdjbé cindcetete seop dayer 1164 6hdugh t6 Rhd és&iﬁ)%ccﬂ%tdl Tsﬁfcicfe lafdrher

i nert eg tterln processes may_al so be used, such as a heliu sputter
pr ocesgﬂﬁ[ B As shewp inFIG.2¢.a qoad%@em@mah spchhy gingsien,r enoval

W U on Tt 5%@%%"?‘2 et A e e T S

utili zmsglmconwemtionghprocem@haaathar@nsmbn tehhiqae. may alternatively be
enpl oy etchant solution to mninmze reaction with the netal

I ut
silici igO}fgi, O’irC dlusirpte an alfamatiye medhiodraf| fouming ascoplass plug ¢0 e h
i ncl Ud'lﬁ&apsxﬁéldé-go{?té@t trégiGA.aEﬁE% references are used to indicate like structure shown in

FIGS. 2-2C. Referring first to FIG. 3, a semiconductor structure is provided on a
substrate 100, including metal silicide layer 102, silicon nitride or silicon oxy-nitride etch
stop layer 104, interlayer dielectric 106 and patterned photoresist layer 108. In addition
to this structure, which is described above, a relatively thin oxide layer (SiO,) 114 is
provided over the metal silicide layer 102 and before formation of etch stop layer 104.
This oxide layer 114 preferably has a thickness between approximately 50-100 A, and
may be formed using a chemical vapor deposition (CVD) or N,O treatment, for example,
or using a furnace tube. This oxide layer 114 serves as an additional etch stop layer as
described below.

[0020] Referring now to FIG. 3A, a tunnel 116'is opened through dielectric layer
106 and etch stop layer 104. These layers 106, 104 may be removed by conventional CF
based dry etch process without adversely affecting the metal silicide layer 102, which is
protected by oxide layer 114. Regardless of how tunnel 116' is formed, the oxide layer
114 is then removed in the manner described above for etch stop layer 104 using a
process that does not substantially react with the metal silicide layer 102, which is

preferably a nickel silicide layer.
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power between approxi mately 100-800W and bi as power between 20-500Wi s
-appropriate for renoving a SiN or SiON |layer 104 over a nickel silicide

| ayer 102. Low concentrations of NF3 reduce reactions with the nickel
silicide layer. Alternatively, an argon or heliumgas plasm etch
“including 0.01-10% HF nay be enployed.” It is also contenplated that a hot

phosphor,i id removal process may be enpl oyed. [0018] In the-nmanner
descri be@%%gﬁve, NcQfk sEamplarye cmbodimest, gpddrethyehd ddigh phiysicallyi ednewtedi ¢

| 106 hrough h d i 1jcid
ayer 1oyt Sizoh ehAl AU, A MR b obdeyBor SRtoSimal Ty d b Rogh, “©
mat er i albiaspuwerdstwasngppRimatc; 1005000 RO pke@shit Befideh abb‘r’%ﬂﬁﬁatél% 9.1.50 form

cont act Igjgu 1%1‘0. This may be acconplished using a conventional process or
anot her B‘%si § gRentignethiabere, qbw1igprt MaSSpuBerB@ processts, atueh as mheliumat i ve

net hod rim t tal sjlicide contact region. Like

referen%glsl&%lﬂgb%gségnﬁo In |18 tlfdétglrl 1%89%?’535?2’(?%“5 own in FIGS. 292C.

Ref erri f@022F st t Alkkativly, a ' i1 ' vjd a

subst ra{[g ,10}01 I ncl udi rﬁ; r?et .a?qgtﬁfgﬁiggﬁsrgygéﬁ#%?ﬁeg #?%églﬁl&lnést ?ﬁg?i'g%(r)r

si | i con hgliympis ¢mpjeyed with asdidyse |etchent sddtion tot mirimyzer redétiinewith itlee H@6&] and
atternegd.: hst- layver (108, In addition to this structure, which is

Sescri bgglca%gégé,re@b'r tglogg %/a\%ll)]?’ HhTEOR OF By s Plassaptch {ncluding 0. A%ied over

the met aFsahdy bé deed wige plabha poivbr BEIRER abBioTRRAIO 100-RI0W ad B duRr 104

ely

This oxide |ayer_ 114 preferably has a thickness between appr oxi
50- 100 ARCtWA 20raP We Alismatiselys pm greon oidilieml gay alomacegiomchiding .( Q08 or N20

treat me , or using a furnace tube. This oxide |ayer 114
serves g?%%?g%%?@%gl etch stop layer as described below [0020]

Ref erri pg028Iw t o i fhe BénneR destnibel . alconQBaRR: v i & | ayer
106 and etch_stop Iaeer 1n04. Theseallgéa*%é?scg%%& 1%?%&@%2“%&%@% dBe)C/

convent Hisiggtrcdaye gtchsiopelaper ¥omdsscida stoplayentidethsaigh tafticetjose t he
netal sillk.gi . , kch is ..protected, by oxi | ayer 114. .
Regar dl gisegaqgg ?Cﬁ%’slvy tn i@? ﬁ%’s F%HVFB?% ,anﬁr?é SBQ%/"HemI%?r‘br:z' 11 40 dUCkiYee

r enov edmateriah guetpastengdas ¢ thoe depRivEtd @ nihan 19F &Pfdrﬂiy%hta%f)ﬁluggmg a
SI C

process at does_not substantially react with the neta e |ayer

102, whl 1 Because, as described above, the etch stop layer 104 or 114, as the case
may be, immediately above the metal silicide layer is removed using a process that does
not sqbstantially react with the metal silicide layer, the contact resistivity problem
described above is addressed and good contact is facilitated between the contact plug 110
and metal silicide regions 102. These results were confirmed (as described below) in
tests using the first approach described above in connection with FIGS. 2-2C for nickel
silicide contact regions.

[0025] As mentioned, the method of forming contact plugs described above was
tested. The contact resistance values of different dies were plotted together in cumulative
curves. Specifically, the contact resistances were measured and plotted for contact plugs
having diameters of 0.10, 0.11, 0.12, 0.13 and 0.16 wm for the following contact regions:
contact to N+ active region (FIG. 4A) contact to P+ active region (FIG. 4B); contact to
N+ polysilicon region (FIG. 4C); and contact to P+ polysilicon region.

[0026] The aforementioned cumulative curves show yields for the fabrication
process for contact areas of various sizes. The X-axis shows contact resistance values.

Conventional process techniques would result in all measured contacts being open (i.e.,
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preferably a nickel silicide layer. TSMC 2002-0297 7 [0021] In one

-exenpl ary enbodi nent, oxide |layer 114 is physically renoved using an argon
sputter process, with plasma power between approxi mtely 100-800W bias
~power between approxi mately 100-800W a pressure between approxi mately
"0.1-5 niforr. As nentioned above, oth inert gas sputtering processes,
such as ; . tter process, nmay be.e oyed to renpve oxide |ayer
e 2 SOBEL R IR YA R et e SRE b e, B S ™ e
as ar gofndicate 160%UiIdS, St Rb &@Hut Idped cHLLKI R §EoRA {I‘él?ll tft bQRahhyn N m ze
reaction with the nmetal silicide |layer 102. For exanple, an argon or

hel i um A4S pFE& et Ceanch4Prexchibil vagtlp idprovedoyidhEBesnity ot pirie rovedshs, Rligs M

power b roximate 100-8 a j as power hetween 20-500W
Alter nat% Fl%ﬁ%‘m %a%cg:? y8ee }ﬁf’eaﬁﬁngggvémaﬁ)a Me¢Qitiagt fegioes WoFlGL4C0gad HE may
be enplom@qank@@ﬁ&hegangﬁﬁkgﬁﬂgg mﬂ&ﬁ%&ﬂbed above, a contact hole 116" is
opened through the dielectric layer , etch stop layer 104 and oxi de
stop | aj@027]114 t hAdthghgh ahe himverposdds beehatessiibéd ifle ¥ €bf +Qn Iéﬁr i's
conventiog&@ and as shown in FIG 3C, a conductive material, u% as

S
t ungst efRCPYTCAERILARBRSHmited thergip) Rathgnthe anpeaded elafay shovbhbeamsipbady 110.
[ 0024] i i he V. the stop l.ayer 104 or 114, as the
case ngf;ﬁ grgﬁs f%ﬁ?ﬁéﬁ%ﬁgi@ﬁtﬁb%e %ﬂ% §ﬁh|e éﬁl‘%@hpgﬁﬁt hay breéﬂ%éiﬁ’ using a
pr ocessthosaskitledkin thaatt withedtakepiring frone #0s scépd Bnd RRZBRE Buivhibhs bfighe ayer
the contact.resistivity problem described above is addréssed and good
cont act "WEHUei | i t at ed between the cont act plug 110 and netal silicide
regions 102. These results were confirnmed (as described below) in tests
using the first approach descri bed above in connection with FIGS. 2-2C for
ni ckel silicide contact regions. [0025] As nentioned, the nethod of
formng contact plugs described above was tested. The contact resistance
val ues of different dies were plotted together in cunulative '
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curves. Specifically, the contact resistances were neasured and plotted for
contact plugs having dianeters of 0.10, 0.11, 0.12, 0.13 and 0.16 umfor
the followi ng contact regions: contact to N+ active region (FIG 4A)
contact to P+ active region (FIG 4B); contact to N+ polysilicon region
(FIG 4C); and contact to P+ polysi Iigon region. [0026] The aforenenti oned
cunul ative curves show yields for the fabrication process for contact
areas of various sizes. The X-axis IMScont act resistance val ues.

Convent i . cess techniques would result in all neasured contacts being
open (i .g}?{g{’fgﬁ%‘%ﬁz-ozg7 8 <contact Rc failure) and cunul ative curves

coul d not. be gengkdt @narfulffoturfhy Adtthiddhdutod dedts cdAPAsiNgE tHedSepsofit h no
measured open circuits as is evident fromthe cunulative, plots. FIGS. 4C
and 4D exhi bi @ vastorgingpsemicoadystar ¢lementan asubyigate, saidsemigondedeles, wit h
only a s . % ] LPNS in
fe 3o By QEGRER A8 b rlctel ducde odhud:th, dn HRn AR AR BmdatEE0%)

Al t houghsaidhéeementeant] ian indnising éerr ttesed obadaidettlestop lagbr;exenpl ary

enbodi nent s, e&) is not limted thereto. Raﬁher,‘ th pended cl aj s shoul d
be construed (Mr od§MPVing 3 Regtionel Bidwirh 4P dayst Wuyea 8 Areslededs ¢ he

i nventi oyt RateoiBMush ITEEesEYhat QSR SHdstdnBblly Rab\GitdEdid %ﬁtm%gzi&?pa” i ng
fromthe scope and range of equivalents of the Invention TSMC 2002-0297 9

CLAI M5 toifatm & southetiopening swhekeinAaidgirbeeds fa spatierdmgprocdsagr adgestilconduct or

devi ce, coO ri Sj ngl _tthe shg{l)s of : a%ﬂform’ ng a sem congulgt ar eLerre_nt_ on a
subst r at oS LR G IPHHEH LT Progess it TR PRIBCLPTOF e ST A BRUASRRET sili ci de
contact §86Hs9Mhndaheddif thedrpBichY&desd IR a@ Rt gaS2ind €l ement and an

insulating |ayer formed over said etch stop |ayer;
c) filling said contact opening with conductive material to form a contact.

2. The method of claim 1, wherein step (b) includes the step of removing said
insulating layer to form an opening over said selected contact region through said

insulating layer at least to said etch stop layer without exposing said contact region.

3. The method of claim 2, wherein said insulating layer removal step includes the

step of forming said opening partially through said etch stop layer.

4. The method of claim 3, wherein said etch stop layer has an initial thickness of
between about 100-500 A and a portion of the etch stop layer having a thickness of
between about 50-200 A is removed when said opening is formed partially through said
etch stop layer.

5. The method of claim 1, wherein said portion of said etch stop layer is removed by

the sputtering process utilizing an inert gas.

6. The method of claim 1, wherein said dry etch process is a plasma etch using a

nitrogen fluoride and helium or argon mix.



(b) renoving a portion of said etch stop |layer imediately over a sel ected
contact region using a process that does not substantially react with said
contact region, to forma contact opening, wherein said process is a
sputtering process or a dry etch progess, wherein the sputtering process
is an argon sputter process or a heliumsputter process, and wherein the
dry et chyprocegsmefhbliiof 8Rird'S, Wileln GRBPmi@RApbfokirhdtblyi008 - KR, ‘ﬂithéﬁﬁ act ,
opening with conductive material to forma cContact.” 2. The nethod of claim
1, wher eflyorgieep (b) includes the step of renoving said insulating |ayer to
form an opening over said selected contact region through said insulating
| ayer at least to said etch stop |ayer without exposing said contact

region. @. Thehdmbihed oBtlag] Bivwhetein BhidIdey Btch dtdtess s WlpRisind Gtdhariig 4 enoval

step includes the step of form ng said opening partially through said etch
st op Iay@%ﬂ“&ﬂfﬂﬁ%@ﬁéﬂgbéﬂﬁﬁOémﬁpﬁﬂBX-mherein said etch stop |ayer has an
initial thickness of between about 100-500 A and a portion of the etch
stop layer having a thickness of between about 50-200 A is renpved when
sai d opefi ng Tlse fmetho' df phairh Balvhyreinvatligix Sapproxihably X APl (1% Kedrogbn The

met hod oé ckgin1l, wherein said portion of said etch stop |ayer is renoved
by the SHit%ering process utilizing an inert gas. 6. The nmethod of claim
1, wherein said dry etch process is a plasna etch using a nitrogen
fluoride and heliumor argon mx. 10 7. The nethod of claim6, wherein

sai d m x10.s appnakodef mhyufbctOing 8émmicondugen deticei@oinpeising theThepsrft hod  of

clam 1, wherejn sajLd dry etch process is a plasm etch using a hydrogen
fl uoride and )ﬁgl i mm%ar ﬁbeC?ﬂpdk‘?tOé?lSeWBt %‘Fﬂg’du e s ?‘?‘HI‘S‘?H%\’%QF ein said
mx is agemex HRnglay 1dstbie Hdke¥idEia8 8ontadt0bh defirsddeh HopBlybOfratd
manuf acturing a sem conductor device, conprising the steps of:
over said element, a second etch stop layer formed over said first etch stop layer and an
insulating layer formed over said second etch stop layer;
(b)  removing said first etch stop layer over a selected contact region using a
process that does not substantially react with said contact region, to form a contact
opening, wherein said process is a sputtering process or a dry etch process, wherein the
sputtering process is an argon sputter process or a helium sputter process, and wherein

the dry etch process utilizes an inert gas; and

(©) filling said contact opening with conductive material to form a contact.

11.  The method of claim 10, wherein step (b) includes the step of forming an opening
over said selected contact region to said first etch stop layer without exposing said

selected contact region.

12.  The method of claim 10, wherein said first etch stop layer is removed by the

sputtering process utilizing an inert gas.

13. The method of claim 10, wherein said dry etch process is a plasma etch using a

nitrogen fluoride and helium or argon mix.



(a) formng a sem conductor elenment on a substrate, said sem conductor

el enrent having at |east one nickel silicide contact region, a first etch
stop layer forned over said elenent, a second etch stop |ayer formed over
said first etch stop layer and an insulating | ayer forned over said second
etch stop layer; (b) renoving said fidst etch stop | ayer over a selected
contact region using a process that does not substantially react with said
cont act tegi ohhe methpd phelaing bt whareinspidmings apprexigiately 8i0d- 19 ovidrogen s a
sputteriﬂ&ngkocess or a dry etch process, wherein the sputtering process
IS an argon Sputter process or a heliumsputter process, and wherein the
dry etch process utilizes an inert gas; and (c) filling said contact
opening with conductive material to forma contact. 11. The nethod of

cl ai m 1015-whetks method gt ¢lgim il Q. ovheaeis spidedry elsh Patcesis dinRsmastdpsigd;  over

sai d sel@g%ggﬁqﬁﬁﬁgggn&ﬁ&hﬂ§0}8¥§ﬁhﬁﬁgirst etch stop | ayer w thout exposing

said se contact region. nmet hod of claim 10, wherein said
first etch stop layer is renoved by the sputtering process utilizing an
inert gas, 13, The nethod. of _claim 10,  wherein said dry et ocess is a
ol s oléh ubhgetod A FlAty A WiiBRSEd MRS ARITPXHRARLY aﬁé&ﬁ)@ﬁhﬁwa@ 14. The
met hod ofjysi@i m 13, wherein said mx is approxi mately 0.01-10% nitrogen
fluoride. 15. The method of claim 10, wherein said dry etch process is a

pl asma etch using a hydrogen fluoride and heliumor argon m x. 16. The

t hod | ajm 15 ' id mix i i mat ely 0. 01- 10% hyd
M uort del 717 Ieed AEGR 1B ubermnoel RSP GERE poech <1 0p | ayer i s

an oxide. 18. The method of claim 17, wherein said first etch stop | ayer

has a thickness of less than or equal to approximately 100 A
18 The method of claim 17, wherein said first etch stop layer hasa thickness of less

than or equal to approximately 100 A.

19. A method of manufacturing a semiconductor device, comprising the steps of:

(a) forming a semiconductor element on a substrate, said semiconductor
element having at least one nickel silicide contact region, an etch stop layer formed over
said element and an insulating layer formed over said etch stop layer;

(b) etching an opening over a selected contact region through said insulating
layer at least to said etch stop layer using a first process without exposing said selected
contact region;

(© removing a portion of said etch stop layer immediately over said selected
contact region using a second process that does not substantially react with said contact
region, wherein said second process is a sputtering process or a dry etch process, wherein
the sputtering process is an argon sputter process or a helium sputter process, and
wherein the dry etch process utilizes an inert gas, whereby a contact opening is formed;
and

(d filling said contact opening with conductive material to form a contact.

20.  The method of claim 19, wherein said etch stop layer has a thickness of between
approximately 100-500 A and between about 5 0-200 A is removed at step (b).



19. A method of manufacturing a sem conductor device, conprising the steps
of: (a) formng a sem conductor elenent on a substrate, said sem conductor
el enent having at | east one nickel silicide contact region, an etch stop

| ayer fornmed over said elenent and an_insulating |ayer forned over said
etch stop layer; (b) etching an openiﬁ% over a selected contact region
through said insulating layer at least to said etch stop |layer using a
first process w thout exposing said selected contact region; (c) renoving
a porti of i rL.noadi [ '%g t cont act
regi on agfng @@%@@%ﬁ%Qgﬁéﬁgg%qﬁﬁg?hE%@gbﬁ%ﬁhégﬁéﬁg%@ﬁg f%gb%géﬁgMﬁth sai d
contact region, wherein said second process is a sputtering process or a

dry etch, _process, rein, e sputtering process .is an argon sputter
process %?? a ﬁama‘ﬁ?@ aﬁﬁlﬁ@ﬁ%mﬁé@gﬁm&m ﬁﬁép&%ssuﬁé piqsyla@?%wsmg&cess
utilizes,;3Rgd : t i NG ;i ned: R )

11 ng e L B e o oty iy O Rfely oMIAGEE) ot

20. The meogandlwiridel ai m 19, wherein said etch stop | ayer has a thickness of

bet ween approxi mately 100-500 A and between about 5 0-200 A is renpoved at
step (b). 12 21. The nmethod of claim 19, wherein said sputtering process

utilizespzan iTRShet8d of clditn 19, RehtEh RAE ¥ e&h?}d&és%s a WIRRBIfhS@ldg Ary etch
process is a plasma etch using a nitrogen fluoride and helium or argon

m x, whégregesdlugride and kelippetaczominkl wherepusaidewx iniapprogiematély OdHi- B 23. The
met hod ﬂI claiq%QQ wherein said dry etch process is a plasma etch using a
hydr oge 3@F§§Pi ngﬁd hel i um or argon ink, wherein said mx is

approxi mately 0.01-10% hydrogen fluoride. 24. The net hod of claim 19,
wherein said etch stop_layer includes silicon nitride or  silicon

oxy- ni t rile, Hitamethpdiof ¢lpig 19 viiceas spidetaoter layaringudesgilipey nétign opr ocess.
(2) f5 A e - diRd! Attdid M9 FoSKTLRAAYG Y bAEY iS5 c ORIk S N9 the steps
25. A method of manufacturing a semiconductor device, comprising the steps of:
(a) forming a semiconductor element on a substrate, said semiconductor
element having at least one metal silicide contact region, a first etch stop layer including
an oxide formed over said element, a second etch stop layer formed over said first etch
stop layer and an insulating layer formed over said second etch stop layer;
(b) etching an opening over a selected contact region to said first etch stop
layer using a first process without exposing said selected contact region;
© removing said first etch stop layer over said selected contact region using
a second process that does not substantially react with said contact region, wherein said
second process is a sputtering process or a dry etch process, wherein the sputtering
process is an argon sputter process or a helium sputter process, and wherein the dry etch
process utilizes an inert gas, whereby a contact opening is formed; and

(d) filling said contact opening with conductive material to form a contact.

26.  The method of claim 25, wherein said metal silicide contact region is a nickel

silicide contact region.



(a) form ng a sem conductor elenment on a substrate, said sem conductor

el ement having at |east one netal silicide contact region, a first etch
stop layer including an oxide forned over said elenent, a second etch stop
| ayer fornmed over said first etch 2? | ayer and an insulating |ayer
formed over said second etch stop | ay (b) etching an opening over a

sel ected contact region to said first etch stop |layer using a first
process -t holie wathod phelaiya Pl wearelntseid spuiteringtpreesys btilizes e iresh@Mi ng sai d
first etch stop |l ayer over said selected contact region using a second
process that does not substantially react with said contact region, wherein
said sez®qind Phcomethsd bfclains PO wikdreinGaidrddg el padcess Whaplahtlet¢h wigss, wherein
t he sputterlng proce .S an argon sputter process or a heliums utter

pr ocess, NEAGIHE ?ﬁl@hlawr éltg@H mliwh%g@ satdi i SPREAXiERY 09dsl Vher eby a
contact @9pg ﬂﬁhéﬁkforned and (d) filling said contact opening with
conductive terial to forma contact. 26. The nethod of claim?25, wherein
said nmetal silicide contact region is a nickel silicide contact region. 13

27. The th of cl erei.n said sputtering process . utilizes an
frert gad. | aphemrBofal HBn aF Thrhssa dyAERer oS o Ry A bess T a
pl asnme  efyfliodédiRBride afd Bélﬁﬂ@ﬂr YR Fid &viandn REH I 04 Iﬁ"‘éﬂﬁﬁteﬂp $.01087 €i n
said mx'is approxi mtely O 0% n|trogen quorlé) he met hod of

cl ai m 25hydmpgendlueride d -dry etch process is-a plasma etch using a hydrogen
fluoride and heliumor argon mx, wherein said mx is approxi mately
0.01-10% hydrogen fluoride. 30. The nmethod of claim 26, wherein said

second el@h sTPmEBYE LS tialkh 066ShdréihissidecdiididtditoPlaysr intlaaes @idonni t ri de,
and said first process includes a CF based dry etch process. 31. The

met hod otitridesr silipgn owrraitefle asdsaidfirstarocestinckidepa CHhaped iy cichiioSRhess of
| ess than or equal to approxinmately 100 A 32. A nethod of manufacturing a
sem conduct or device, conprising the steps of:

31.  The method of claim 25, wherein said first etch stop layer has a thickness of less

than or equal to approximately 100 A.

32. A method of manufacturing a semiconductor device, comprising the steps of:

(a) forming a semiconductor element on a substrate, said semiconductor
element having at least one metal silicide contact region, an etch stop layer formed over
said element and an insulating layer formed over said etch stop layer;

(b)  etching an opening over a selected contact region partially through said
etch stop layer with a first process without exposing said selected contact region;

(©) removing a portion of said etch stop layer immediately over said selected
contact region using a second process that does not substantially react with said contact
region, wherein said second process is a sputtering process or a dry etch process, wherein
the sputtering process is an argon sputter process or a helium sputter process, and
wherein the dry etch process utilizes an inert gas, whereby a contact opening is formed;
and

(d filling said contact opening with conductive material to form a contact.

33.  The method of claim 32, wherein said sputtering process utilizes an inert gas.



(a) form ng a sem conductor elenment on a substrate, said sem conductor

el ement having at | east one netal silicide contact region, an etch stop

| ayer fornmed over said elenment and an insulating |ayer forned over said
etch stop layer; (b) etching an opening over a selected contact region
partially through said etch stop Iayég with a first process w thout
exposi ng said selected contact region; (c) renoving a portion of said etch
stop layer inmediately over said selected contact region using a second

process at does ho bstantiall.y react with sai d gontact regjion,
Pherein tha DRSBRH0LEHAEL 37 VBt R ontf oo SEisd RN nifh D ocess,
wher ei n nitrbgersiudride ahd Belpir® 6L 5:Foh il WhdrEidtaidRbiktie hpfrbReRsdy 001a 0l | um
sputter process, and wherein the dry etch process utilizes an inert gas,
wher eby Btregan fearidgpening is forned;  and (d) filling said contact opening
wi th conductive material to forma contact. 33. The nethod of claim 32,
wherein said sputtering process utilizes an inert gas. 14 34. The net hod
of clai 382, Tanethod sficldm3A; avhedreft saidsohd pcpdsasaplasinglotchisising aa  ni t rogen
fluoride and he]iumor_argon m x, wherein said mx IS approxi pat

0. 01- 100BKpgeRteTs PRFbRSIRE! orareomRx, TheRR S2if mEK a%ﬁpyzexmﬁ@#ye&ﬁf@d second
process pgirdenlfR®RBe.t Ch using a hydrogen fluoride and heliumor argon

m x, wherein said mx is approxi mately 001-10% hydrogen fl uori de.



