1 METHOD OF FORM NG CONTACT PLUG ON SILICl DE STRUCTURE FI ELD OF

| NVENTI ON [ 0001] The present invention relates to nethods of
fabricating integrated circuits, andqore particularly to nethods of
form ng contact plugs in integrated circuit structures. BACKGROUND OF
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connection with FIGS. 1-1B. A MOS device structure is shown in FIG

1. Methods for fabricating t FIG 1 are well known in
the art of integrated ci r,cui%b?aﬁ@%@%escri bed in, for
exanpl e[00019- PatrfRtd\ont ifvartio S.. Pat ent ..

6 350, 636 t(? Lee et al., tlﬁ‘é en{li?rglé%c)%?%b{mﬁsl %ﬁgaé’%éa%‘éﬂ‘g‘iﬁ“ﬁ‘te‘[i\%fcu‘ts’
i ncor pott mdrepartiaflan erorethedsedfiforming chilactsugsia itk glatdd ciruit Structures.
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region 16. A wet etch process is also perforne enove the
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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 layer helps protect side wall spacers 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

TSMC 2002-0297



forma contact to the exposed netal silicide region 16. An additional
cleaning step may TSMC 2002-0297 2 al so be performed to snooth the
silicide region and renove any native_oxide before depositing the
contact plug 26. [0004] Metal silici de | ayers 16 are usually either
cobalt, tungsten, or titanium -silicides. Tungsten silicide |ayers

are typl Cahlsy besgstfdraed -t8niBdd @ sBREde fogichNandrenSdvel &iylQative bEae before
for.25 m processes, and cobalt silicide is usually sel ected

for.13- 18dmﬁ81tt§lgdb%%@é@tpmgc2§el silicide cont acts have been pr oposed

f d .
o provt delIEISE Ty MtcefiEes dfertnf s Wl R eRal Rupetfn it flanium
silicide Ssﬂl@i\ﬂeé eaﬂ‘iﬁa@@te@rsﬂi’dlﬁé Uyle N afbh\%fpi’&!l?rlhs‘éﬁlfﬁﬁ 39\ uRh Pb&Res, titanium

ari ses, however, when ogenln contact holes to nickel silicide

contact r egjlieids isised gomed gm procegsed cad sebalt sifieide is yoalbesaesied fp5i GallByim

component sooPeert najokel ek bapdd Bk KR wOPael i s BAReg sy s 13

the etch spgpadda@dller Fﬁi&@ééaé iR bfea s proﬁlﬁﬁ(i'éswthﬁtb' red\tibhe ke tothkd advelftage
cont act reglons resulting in contact resistivity (Fc) failure -

es; elnt i al : of migke)salicide’s ko feakazg er diffugioncharacteriptits. @mhi@mrmmhowever
t
pecause. cobRbT Sefftf Bl RIAND AL hdihZ Enad e ABRE LRE DroP altifiesses.
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st op IayerfaxIAqusmte; on of the etch stop | ayer

[0005] Therefore, there is a need for a new method of forming contacts to a
device. 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 Jeast
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 conductlve material to form a contact.

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

semiconductor element is formed on a substrate including at least one nickel silicide
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i mredi ately over a selected contact region is renoved using a process
t hat does not substantially react wth the contact region, to forma
contact opening. The contact opening is then filled with a
conductive material to forma contactg [0007] In an alternative

met hod of manufacturing a sem conductor device, a sem conductor
element is fornmed on a substrate including at ngst one ni
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the preferred enbodinents of the invention that .is provided in
connect i contaitRe feilerenenbimpreasasibe viekdafibe maprpeBiRERSIPHTI ON OF

DRAW NGS 0] Theg, acconpanyi drawi n i r
enbodi neﬁd(g)%f the%hF rﬂi’gg‘?i ﬁ,&ggf %re%é)fot&g!&&sfen g?‘%l@fﬁl&gn&iglgp%ibﬁgﬁ?
to the diSerQSsH from theilsWingFleEBed tedddiptioh wtttha prfargl émbodimentyef i
of formng contacts to a silicide contact region of a MXS device;
FI GS. 2- aRentioruthat iapeovaddd insonesctinp WathytherasaeBPaByIng §FaWIAES-a cont act
to a silicide contact region; FIGS. 3-3C illustrate another
exenplary nmethod of formng a contact to a silicide

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
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contact region; and FIGS. 4A-4D are cunul ative curves of neasured
contact resistance values of contact plug regions forned according
to the present method. DETAILED DESCRI4TI ON [0011] A new method of
manuf acturing an integrated circuit, including a new nmethod of

openi ngiliustratib@tite donipdett @lanao @trﬁtﬁtlrer ead Q&h@ﬁldﬂ)estﬂiﬂe%%kﬂyﬁxﬁpfhe@y %:Q/E’
is described hereafter in connection with FIGS. 2-4D. For ease o

i |l ustr & (Hﬁy Pﬁﬁ@? wEepis o & complets struefuee, su¢hes B IMO§eImnslsmﬂsizoo ;Ui‘gg Sl;ovzn
cont act f d n hout TSMC

CPTasy ittt inf RACHOH MR RIE TN oMb iicel S teapeiie o other
under st smvicomductdrieéengenti ews are only partial views of a conplete

structu uch as_the I\/DS_transi stor device shown and described in
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net al le4| mlfdanaschgvcﬁrﬂw ﬁmblaﬂxdld&ugaﬂ BEd & uﬁhﬁhﬁgfo{- idfel @ g@pﬁ)cfi

d hot or esi st 108 is patterned an
;ﬁgv\”ﬁ t 9% éeOé(ef thSFPf?Séﬁ* I%Vég%m Wé’fealeémﬂdimnmseslmwnttu rempzdsetao

the, mot@hioirbi & AfofR ahid? Rolcl Uil nIRALh Sfigthe LS0Hq8,102

i ncl udes™a net al suc as a un S

silici d@018bre praf enekibyed, adgioh quZSiHBth@ a Shetfl HIRGHAAOIREI £ ¢
.13 m.and bel ow,, regj.on 102 includes a nickel silicide [ayer. &

st op | Hfapupggr Sefalt %h‘éfi‘échfé prqi‘;reblyaerai fncmaliebsize EﬁIChnd)leQies;w:gl fiBat
the st ghn| #€beldQA 5 g%ﬁn 305/ %Iud%zg ﬁgxrrlnlﬂ%ed élﬁi\ﬂgr &ej}ggg’rl{ﬁ at ‘IFh %’gltsl a3

an et chant than the dielectric

pr oces dli¢ledstis tlam S0Gnshoukit I&gs&iédtah suhnger the steplidyeA104 Biab la%ﬁuﬁ*éanﬂy

or di nan Xwgrkcletlcﬂx rate relatlve to an etchant than the dielectric layer 106, consistent with cost,
process robustness and 1ntegrat10n 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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enbodi ment, the dielectric layer 106 is a silicon oxide such as Si Q2
and etch stop layer 104 is formed fromsilicon nitride (SiN) or
silicon oxy-nitride (SiON) and has a tickness Ti between

approxi mately 100-500 A, and nore preferably, between approxi mtely
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used as thenlayest K)9 isdgnger than th¢ echisk rRefafrthe tayend04.t Thisl Mainldch ggd‘chsrs%

tch i,s.enpl dto o a, contact tunnel or hole 11

thr ough DR 2R s ARG fisipg g (1T Based v etchpreecss. cﬁO%YC‘@ﬁOjl%liyem iioson
d pretehaldge, the éth! st i@ Icﬁn%;fga p,kayer

3vint hglrjt tgxpos%ng rrgt aIsaﬂ)ziIalyiE%isde }rlegi ntlgg&cﬁﬁe {a@t@ﬁ %%@gss Oé'énetd’

uti| i zeMeHwn wherehan etsbansthpd i preferablyf MCc;@bmhﬁga@meC?ﬁﬁiﬁgt}atﬁ%;t?% ,

snterl ayer, di el ectric 106 an or._renovi ng e etch

e I 0BT B R R RS e

| t i aiiig, ¥6rcdxafiple, ATTHIIbRedR bed¥9. 6,232,224 to Inoue. A two

s?\ellgg Iet C?]g rocgggp?s t ypi é&gl |°$éh?§p?%€ed, with the dielectric |ayer

106 bei [@152 nov edIfi qenzyensminek ttelll praxgises aﬁa/empl@yfedzl fﬁﬁ‘f@g?‘m@bﬁﬁgsr?&; :
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tchi ) . A 2 N [ ica

coompl Shod. oy e oL arktld: ppH W S S AT oo DS Feretne

second argcemraliedge, astth@obetch completdlpylenugts thetch stopdyet 20¥ (©E6H8E the
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gr eat erprbbess tb eahctBf sﬁab%ﬂﬁﬁi)ﬂﬂﬁédggl %ﬁﬁé 1'?§eref-5pe|ﬁ§hg%¥chb §top [16‘6’}: 5]]04I ;

acconpl ished using, for exanple, F based etc _process.
conventhreigEabhehassupficiertdhiskness so s facilitatevmiyew partial behhoa gRSlagan

react wanyh -Si|icCl o) escribed .in the "Background of
B2t P Bl SER 5 BRI 101 Bl St
ni ckel -ledvinga thicknegs Dyof etdiestop RYESERRBINIAE & HOWiRIFIEd2 50 as to not
etch ¢ tely through the etch stop |ayer 104 to expose the me'g al
silici ?I@Biég. on g remeining partien of o etchisap iay?fdﬂ‘% *‘ef;tﬁrﬁaftigelﬁ the blire
contr ol 0 exgctly sto rtia t hrough _a | ayer.
Ther ef g}%ﬁktt %Qeert 18%, gstetgl%n {‘e%,oevtﬁg fﬁlﬁ& a progesg) ﬁlat does I‘X)t 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
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preferably has sufficient thickness so as to facilitate only a
partial etch through the layer 104. Between approxi mately 50-200 A
of etch stop layer 104 is preferably gonsuned, |eaving a thickness
T2 of etch stop |ayer remaining as shown in FIG 2A [0016] The

ini 104 | t t ly. the
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heI i putte [0017]
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wth CE adicals, a TSMC 2002-0297 6 dry etch proc
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enpl oy%nyat&n%ﬂohatﬁo%gg@ n%‘}S%n tgc}ml Jnize reaction with the
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100- 800W. bi a ower . bet ween 20-500Wis appropria Vi ng
a Si N J°%;s g‘ﬁ 466@3@ ack ¥eiqhy drike referepess ase psed tg dndiegte like SRuctumwhown in
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| ayer. Alternativel argon or 1 um gas

0. 01- 169bsHRteriD), ineludrqg m&ytatlsﬂld:ﬂie i@eﬁl(ﬁ) s1ltb0ﬂhﬁﬁﬂé 8t Sitlcéhaty-Aitddt etch
be enp
phos ph(s)trolp 3%%'184 ' ifter ‘é%':r élggt%?:slogaa%d patteme Xotorcmst 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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[00181 In the manner described above, a contact hole 112" is opened
through the dielectric layer 106 and etch stop layer 104 through to
t he exposed netal silicide layer 102,7as shown in FIG 2B. As shown

in FIG 2C a conductive material, such as tungsten, is then _
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These | ay beognpleged.may be renpved by conventl onal ICF gaSFd dry
etch pr WIth uf advers ecting the netal silicide |ayer
102, whid! e B destrified fiayer 4 santactRelsab s opoeditbrovgh e

116" i SdiE:IéE:tHéQa érh%oaftbrii@tokﬁlé{ﬁ‘efr 104 kg 'o§ufe£§?(ﬁ) T éPM%dthIJhgh'lﬁ PG ed

descri bed above for etch op layer 104 u roces
not subsetghsiligideylayerat®2. wiAshist domvenstomial and g |sH@w1Ix Eity @HIG1QL, abirdctive

|
excerp! argreah B e estder trdfen RbpsitedsSITl g 327 ?yﬁr@%%%é]gtﬁ g iHy an
ar gon S[OERUEr Proesase, s idsdtiRa BoRORL e{%ﬁt i%) ﬁg%p%@@ T8 S5 ytgﬁ sase

100- 800W i.as power bet ween appr oxi mat e a pres
bet weermay pe.oximprtiaiely abote the metal silicide layer is removed using a process that does

not substantially react with the metal silicide layer, the contact resistivity problem
describcd 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 um 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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mrorr. As nmentioned above, other inert gas sputtering processes, such
as a helium sputter process, may be enployed to renpve oxide | ayer
114. [0022] Alternatively, a dry etchgrocess utilizing an inert gas,
such as argon or helium is enployed with a dilute etchant solution
to mini epatectr Badtilem) and fcutiniativetdilrvesséduld inde bk 368Eraded?. Fﬁ@uﬁ%ﬁp&}?
an argolﬁp ‘ g@gy aag‘%@?sna etch _including 0.01-10% NF3 may be
used wi A AsHa°pd e seasype oRpmairelils asge csiiony front the gsmphviee
betmeen 5Py t Vi as_pl asna etch
'l adi B 1A 16 Rl A0 exhibiotas) bR Seid Fesb e e et i
above, anlo!cmsradtl phwentadd 61 thes0.0PeMesl ahlrOOL A Ehtactir€4i6Rd I FIC. %@End

106, et sto | ayer 104 and oxi de stop |ayer 114 through to the
exposed 4T3 Fordpy trE&‘B’é“F‘QS‘Pé‘F"&Q?n %53“1% conventional and as shown in

FIG 3 onduc er. ) Sst. is then deposited
to fil |C[ t‘{?n el %‘lfﬂ?%g‘f%e ‘é‘g%’{“a 3@“‘3& 1@930“6%221 teHEs ok exemgplary
descri baﬂb@dmmets ithenett lhited m@rdt@ygathapf%hea ppehded Aginhd¥hobftPbe cdRYudf:
i mredi %Wabove the metal silicide Iayer i's renpbved using a process

that do de 1nghuder other waytswé@mb@dxmpmmf tive fiaventiph ilvit denyl teytaade Byhe
cont act ed bove is addressed and good
cont act thb@ laalt(%él ﬁ %‘te g'ét qg t?Wee n 3g tSCBPfhﬁ“‘ﬁ%ge 82 8‘1‘1‘1‘(‘-5?18!“3 of the

silicidavmﬁgmons 102. These results mere confirned (as descri bed
below) in tests using the first approach descri bed above in
connection with FIGS. 2-2C for nickel silicide contact regions.

[ 0025] As nentioned, the nethod of form ng contact plugs described
above was tested. The contact resistance values of different dies
were plotted together in cunmulative curves. Specifically, the
contact resistances were neasured and plotted for contact plugs
havi ng di aneters of 0.10, 0.11, 0.12, 0.13 and 0.16 umfor the
foll owi 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+ polysilicon region. [0026] The
af orenenti oned cunul ative curves show yields for the fabrication
process for contact areas of various sizes. The X-axis shows contact
resi stance values. Conventional process techniques would result in
all neasured contacts being open (i.e.,
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TSMC 2002-0297 8 contact Rc failure) and cunul ative curves coul d not
be generated. FIG 4A and 4B indicate 100% yields, wth no neasured
open circuits as is evident fromthe cunulative plots. FIGS. 4C and
4D exhibit vastly inproved yield resultsg over prior processes, wth
only a small percentage of the 0.12, O. and 0.16 jimcontact
regions in FIG 4C and 0.16 gm cont @Aﬂﬁgi ons indicating open -
circuits. [0027] Although the invention has been described in terns
of exenpl &Vhat iecthiowdrients, it is not limted thereto. Rather, the
_appended cl ai ns shoul d be construed broadly to include other
varianis and emb@eiheBoF maghifabfieink A\eRIdRABudBAle IR chif Hﬁﬂgtﬂ&\éte ft,'af'%se
skilled in the art without departing fromthe scope aﬂd range g

equi vat ents of @he forminga semicoSMCIAGIMOR 97 aSubltritd/BaMisamicondodtar med
is: 1.. net hod. of nuf act.uri.ng. a, sen conduct or devjce, ¢ rising
Lhe st s SSTEnGRRYH gt AR R B kel HicTie T ot e OB o Ty e over
sai d senm gAaeleleat andl £ iﬁgmaﬁn%r@yemnﬁ&d bRA3hidWh fbFleGer; S | 1 ci de
contact region, an etch stop Tayer fornmed over 4 said elenent and an
insul aing | ay@n foremaqving &pogiohdf ezidietahtstep lagguimmdligtely avenosealengeda
portion of iid etch.stop |layer inmrediately over a selected 6 contact
egi or us PR et dide ¥ Rracethibac 408y nathyBrentalfy ettty sl eqniact S,
contact r egfofi.a coftatCofedin®; an€ont act opening; and 8 (c) filling said
contact opening with conductive material to forma contact. 9 10 2.
The met hod of gq)ai nfilling\saisk cointact epaniggyith gendugdize material tepfooh arcentavd. ng
sai d 1 insulating layer to forman opening over said sel ected
contact region through said 12 insulating |ayer at |least to said

et ch Hi op2) ayeThavirkethodiof elapadi, Rbefii stef ()tinelbdésabé §8p of removing said

11  insulating layer to form an opening over said selected contact region through said

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

[y

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

step of forming said 6pening 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

LW e

etch stop layer.

Pt

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

2  using a sputtering process utilizing an inert gas.

6. - The method of claim 5, wherein said sputtering process is an argon sputter

2  process or a helium sputter process.

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

2 using a dry etch process utilizing an inert gas.
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1 3. The nethod of claim?2, wherein said insulating |ayer renoval
step includes the 2 step of form ng said opening partially through
said etch stop layer. 1 4. The nmethod of claim 3, wherein said etch
stop layer has an initial thickness of 2 between about 100-500 A and
a portion of the etch stop |ayer having &0t hi ckness of 3 between
about 50-200 A is renoved when said opening is forned partially
through said 4 etch stop |l ayer. 1 5. The nethod of clain11 wherei n
sai d pO{t| is removed 2 usin sputtering

n of ,sai d et t.op
process* ut gl i Zi FFS‘ th ‘?t‘iﬂ%’s” eéemf’ﬁédﬁé?tﬁ TBFESSAF i gua VR

sai d spytt @fthdden PLBE&Sshd el &' g&hﬁﬂltter 2 process or a helium
sputter process. 1 7. The nethod of claim1l, wherein said portion of

said etch stop layer is removed 2 using a dry etch process utilizing

i o arly Boh pRBBELRAA i hesin gk s soroximate 0k 10f Bioge

and hel2 unpgsrig.gon m x. 1 9. The nethod of claim8, wherein said mXx
is approximtely 0.01-10%nitrogen 2 fluoride. 1 10. The nethod of
clam 7, wherein said dry etch process is a plasna etch using a 2

hydr og ori el 11. The thod of claim
T whelei 1805 e thod arcti 2 whkRsa &y chiaronsdt Saahess richurina
1 12. A menfndedi flugHe A0 helinh r argo@thixonduct or devi ce, conprising
the steps o 2 (a) formng a sem conductor elenment on a substrate,

said sem conduct or 3 elenment having at |east one nickel silicide

o Seqork bk <Py el3 T Emal BoeBhChid M R cprariiendfo A oarmeen

an 5 imsuﬂa@m@g Iayer formed over said second etch stop layer; 6 (b)
removing said first etch stop |layer over a selected contact region
using a

1 12. 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, a first etch stop layer formed
over said qlement, 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; and

O 0 N A WL A W N

© filling said contact opening with conductive material to form a contact.
13.  The method of claim 12, wherein step (b) includes the step of forming an opening
2 over said selected contact region to said first etch stop layer without exposing said

selected contact region.

14.  The method of claim 12, wherein said first etch stop layer is removed using a

2 sputtering process utilizing an inert gas.
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7 process that does not substantially react with said contact region,
to forma contact 8 opening; and 9 (c) filling said contact opening
W th conductive material to forma contact. 1 13. The nmethod of claim
12, wherein step (b) includes the step ?i form ng an opening 2 over
said selected contact region to said first etch stop | ayer w thout
exposing said 3 selected contact region. 1 14. The nmethod of claim
12, wherein said first etch stop layer is renoved using a 2

sput t et i ngSpr od&e snethdd ofglaig kn wiharsin sajd sputEENT pRESS- 19 3A Argoh ot hthum
The ho iLm 14, wherein said sputtering process is an argon
or hgla‘li umgp"g{eggt({%f’sesf process. 1 16. The nmethod of claim 12, wherein
said first etch stop layer is renoved using a dry 2 etch process
utilizing an inert gas. 1 17. The nethod of claim 16, wherein said
dry etkh pp-ocedbe W%H)dp}f&!ﬂm 18; whers#i swid first gtchistopdgyeen if tenmoved esiapd dry

hel i umg or 1 0.1 18.. The nmethod of claim 17, wherein said mx
i's appr% ox?t?fggg({%ggo&glf% olﬁf”itg%sgen 2 fluoride. 1 19. The nethod of
clam 16, wherein said dry etch process is a plasma etch using a 2
hydraﬁgn fluoride and heliumor argon mx. 1 20. The nmethod of claim

19, rel’h sailhe mctbodof slaindgi whereinsatl dry-etdnprhgess tsreplasia tich asing@.

1 21. 5The,. claim.12, wherein said first etch stop layer is
an oxizde.mﬁg%?ﬂlf‘ﬁ{eden%?ﬁgg&%‘for@fgfl%, wherein said first etch stop
| ayer has a thickness of less 2 than or equal to approximately 100
A. 1 23. A nethod of manufacturing a sem conductor device, conprising
the stlepsi®bf. The mgthod of slaim 17, whereingatfoixois appronisately©.0l - $Qfb stiragee,
sai d szemﬁ‘%}gﬁct or 3 elenent having at | east one nickel silicide
contact region, an etch stop |ayer fornmed over

1 19.  The method of clam 16, wherein éaid dry etch process is a plasma etch using a

2 hydrogen fluoride and helium or argon mix.

20.  The method of claim 19, wherein said mix is approximately 0.01-10% hydrogen
2 fluoride.

1 21.  The method of claim 12, wherein said first etch stop layer is an oxide.

22.  The method of claim 21, wherein said first etch stop layer has a thickness of less

2 than or equal to approximately 100 A.

23. 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;

®) 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

NN bR W e

contact region;
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4 said elenent and an insulating |layer fornmed over said etch stop

| ayer; 5 (b) etching an opening over a selected contact region
through said insulating 6 layer at least to said etch stop |ayer
using a first process w thout exposing said selected 7 contact

regi on; TSMC 2002-0297 12 8 (c) renovindg@ portion of said etch stop

or ocess T hat - docd not FEUBEAREPh §F il R B TR e ieReg
r egi on, whegonbiet fegivanishd a @R6Rd pRdcks thardveshomBstidtial9)reddt Withngi S @ict
contact opening with conductive material to forma contact. 1 24. The

met hod 18~ dE&iPH wherehna eentectoppringiciormedipndayer has a t hi ckness of

emoved at oo by Mifg el bRl EERAAR hagRAR ot  fontac

second etch process is a sputtering process 2 utilizing an inert

gas. 1 26. _The ngthod of claim25, wherein said sputtering process is
an argod or?4nel i themethedof ¢laim g3 ,5¥kerein saidzerch stpp layers knsa thickagsaofibet¥een

an | nor 0 guePRREBREN IR RARE Bebikel o) B4R RICEERT ekl (o

process is a plasma etch using a 2 nitrogen fluoride and helium or
argon m,Xx, erein sajd mx is_approximtely 0.01-10% 3 nitrogen
fluoridd. £929. Higdnetaed etrlgm 23.a0hersin saidseeond eseh progesy isa sputisring prosess

is a plasmggt $hdlPsR 2 hydrogen fluoride and heliumor argon mx,
wherein said mﬁ{%a;ds ap%?éoxi mately 0.01-10% 3 hydrogen fluoride. 1

30. The nethod of claim 23, wherein said etch stop |ayer includes
and said first process

silicon,nitride.Qr 2 silicgaon y-nitride, .
i ncl uded a%F b dnﬁMA %‘i‘ﬁﬁ%%a&%c_m $aid SPULICTIRGMARRESHIS aRenEaTthefinmg
a sem cgndgﬁ,_t,tggrpg@eégsqe, conprising the steps of- 2 (a) formng a
sem conductor elfenment on a substrate, said sem conductor
1 27.  The method of claim 23, wherein said second etch process is a dry etch process

2 utilizing an inert gas.

28.  The method of claim 27, wherein said dry etch process is a plasma etch using a
2 nitrogen fluoride and helium or argon mix, wherein said mix is approximately 0.01-10%

nitrogen fluoride.

29.  The method of clam 27, wherein said dry etch process is a plasma etch using a
2 hydrogen fluoride and helium or argon mix, wherein said mix is approximately 0.01-10%

hydrogen fluoride.

30.  The method of claim 23, wherein said etch stop layer includes silicon nitride or

2 silicon oxy-nitride, and said first process includes a CF based dry etch process.
31. A method of manufacturing a semiconductor device, comprising the steps of:

2 (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
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3 elenment having at |east one netal silicide contact region, a first
etch stop layer including TSMC 2002-0297 13 4 an oxi de fornmed over
said elenent, a second etch stop |ayer fornmed over said first etch 5
stop layer and an insulating |ayer forne pver said second etch stop
|l ayer; 6 (b) etching an opening over a s ect ed contact region to

sai d fijgst aRbgileTbRRtd ovel 8ME EleHﬁ:'nf‘Q s8cddd tdn Ré]gfa?él?fo%g@ 8Ydr hwﬁ;{ &én

sai d selected contact region; 8 (C) renovin etc

| ayer o¥er stopilayes ehdan Hldulat:mg taytr foegid nvmmar@ec&lchet&eaop thyer;0cess

t hat dogs not Sl(ll%}stant*1 react with said contact region, whereby a
10 contact opentHg i §° Pcﬁ‘l’i‘éol’ir'(‘Béeqi?q?qnﬁt%i%lt@éﬁmt@ﬁhﬁﬁoﬁg
Wi th condugdybyesings Gt ak Eé&mﬁdﬁté i od of claim
31, wherei nysal dﬁ]ganeta ﬁoc l'icide co}r(llt%é ga§r;’§edg| on |s a nl{:%{(ﬁl

silicid® contacfor egrf@mvnlg $8d fifth etchnstdpddyarfover mdrsexe?;tedmktﬁm I‘cg$@1 dsmg
second process i.S_a s n oces 2 utili g an inert

34. The nef ﬁ“&“SPr"cCF%ﬁD ‘ﬁ? Rﬁ%ﬁ% %ﬂj Yorf’%‘ﬁd%l{heﬁaf NEACH A, eéﬁbya
argon 1@ heddtabio gmﬁggtfoﬁﬁed)raggess 1 35. The method of claim 32,
wherein said second grocess a dry etch process utilizing 2 an inert

gas. 111B6. The (Mt hotilling seideiontzgEopening with cemiudtive maetiahtopfornaseniast. a
pl asma etch using a 2 nitrogen fluoride and helium or argon m x,
wherein said mix is approximtely 0.01-10% 3 nitrogen fluoride. 1

37. Tha meshiod The flefidd 3% clatfi SN Sivhere i SAidhktabliGlidP EHRESTebid fi‘s Phﬁﬁéﬁa

etch using _a 2 hydrogen fluori de and helium or argon m X,

sai d nmi% i glicigeeontachaegiry: 0. 01- 10% 3 hydrogen fluoride. 1 38. The
nmet hod of claim 32, wherein said second etch stop | ayer includes
silicon 2 nitride or silicon oxy-nitride, and said first process

includds a33F blkesiethod of thln BRORRSEEin shiecdifoli91s a sputtering process

2  utilizing an inert gas.

34.  The method of claim 33, wherein said sputtering process is an argon or helium

2 sputter process.

35.  The method of claim 32, wherein said second process a dry etch process utilizing

2  aninert gas.

36.  The method of claim 35, wherein said dry etch process is a plasma etch using a
2 nitrogen fluoride and helium or argon mix, wherein said mix is approximately 0.01-10%

nitrogen fluoride.

37.  The method of clam 35, wherein said dry etch process is a plasma etch using a
2 hydrogen fluoride and helium or argon mix, wherein said mix is approximately 0.01-10%

hydrogen fluoride.

1 38.  The method of claim 32, wherein said second etch stop layer includes silicon

2 nitride or silicon oxy-nitride, and said first process includes a CF based dry etch process.
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14 1 39. The nethod of claim31, wherein said first etch stop |ayer
has a thickness of less 2 than or equal to approximtely 100 A 1
40. A nethod of manufacturing a sem conductor device, conprising the
steps of: 2 (a) form ng a sem conductonyel enent on a substrate, said
sem conductor 3 elenent having at | east one nmetal silicide contact

region,] argy. et Crhesthéod 8 &lhint 91, koM Qhid fitsteétfst8p Pa?i(:‘%%sad"ﬂic‘%ﬂess' of less

insul ating |layer fornmed over said gtch stop |ayer; etching an
openi ng o\B#n @r esupkietapgrozimatelyt1OPelyi on partially through said 6 etch
stop layer with a first process w thout exposing said sel ected
contact region; 7 (c) renoving a portion of said etch stop |ayer

i mredi at el4p. ovex nedidd cTehRRFRELrinG LRAMiSGHduE®IHOACE) ShiK ﬂ?ing?ﬁé)ﬁébs of:
process that does not substantially react with said contact 9
regi on2 wher eby@h cdpERiag aspmitondudter lememsdn aasubisttde,(sdid fenlitondgeteni d

i . i ial,.to f t . 1.41. Th
et hodor Ceninehe s BAE SR kf SRRl g Gt 0 TR0 b fogied over
procesd ZRaidicldmerit agd aninsifihg Byer fokméa ovek3gid B Asp PJ;eﬁ' ai m 40,

a

wherein said second process is a plasma etch using. nitrogen
fluoride and héP) umetshing anpening ovaha selpatedeantactogions partiphy shromghesaid

0.01- 1% ' : i de. 43. The met hod of clam 40, wherein
sai d sgcor? h% 'r“;&’;lgg%n“f@ %ﬁ{)ﬁft ggor?ﬁs_]se ! .OUE.SF%OSII']& S?%&Fgeé‘aéi‘?“ﬁctﬁﬂ"&e and
hel i unVor argore)n X rembeing b BoBRINCHf¥hid etch AePIaQ ifBh&lidteld Rbr 4T aeldted
hydr oggn fluoride. TSMC 2002- 0297
contact region using a second process that does not substantially react with said contact
9 region, whereby a contact opening is formed; and

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

41.  The method of claim 40, wherein said second process is a sputtering process

2 utilizing an inert gas.

42.  The method of claim 40, wherein said second process is a plasma etch using a
2 nitrogen fluoride and helium or argon mix, wherein said mix is approximately 0.01-10%

nitrogen fluoride.

43.  The method of clam 40, wherein said second process is a plasma etch using a
2 hydrogen fluoride and helium or argon mix, wherein said mix is approximately 0.01-10%

hydrogen fluoride.
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