1 METHOD OF FORMING CONTACT PLUG ON SILICIDE STRUCTURE
FIELD OF INVENTION [0001] The present invention relates to methods of -
fabricating integrated circuits, and more particularly to methods of forming
contact plugs in integrated circuit structures. BACKGROUND OF THE
INVENTION [0002] A prior art method of forming a contact plug to a gate,

source or drain region of a MOS device is provided in connection with
FRABTHG @Wﬁwm@ SONGEAE TS BhBENON SIG ] CIVR S BRIV EFURE

fabricating the structure of FIG. | are well known in the art of integrated
circuit fabrication, as described in, for example, U.S. Patent No.

6,232,224 to Inoue and URSEPERY &N KISVENZBQHG to Lee et al., the
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device of FIG. 1 is fabricated on a substrate 2, such asa &fico '
and moe RRCicHiris iR anstbedk shf s deices Py stalityg tred cirdsolstortures.
(STI) 4. A gate dielectric 6, such as an oxide, is formed on the substrate 2
along with gate electraode 8, often formed from polysilicon. The device

also includes lighthHoFSHREGRE OB TRERSPEENENNdoped

[066RIrce/drain FERIORS kiethSPIETErith M URY-0f PHI&%O{E»_%),(' & aBdmelAl iy
SI|ICI§,€ I%%(érsé]%g are also provided. A layer of silicon nitride 18, anch
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stiMDIS destioenalomIWith andnicstayer ielRalic QhdngHIating 48620 are well
imgggog; ﬁgfgfr{ing totFIG. g[& a f#{]‘o resist layer 22 is patterned and formed
arfayer eSS 5 EPods 4 Sréh Spsesamat S.

over thein
Patenieigatte B 324 outveddrait TX. RatatcNpr6cEaR6shenexaciteddeanes of
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fabFeasl Srotedtbsirsavalb spatersiitdnomisanteg etchedsdfted foecahiadbvices
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stop layer 18 to expose the desired metal silicide contacPreglon 1f6f et
the éf@ﬁt%c%ggo@é}g 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 oxide, 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.
[6063] Referring to FIG. 1A, a photoresist layer 22 is patterned and formed over
the interlayer dielectric film 20 (o expose a small area of the film 20 over gate § or
source/drain 12, An eich process is then executed to open contact tunnel 24 through
interiayer 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, 2 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. IB, a contact plug 26 is then deposited to

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



performed to remove the photoresist 22 and any polymer remaining from
the aforementioned etch steps. As shown in FIG. IB, a contact plug 26 is
then deposited to form a contact to the exposed metal silicide region 16.
An additional cleaning step may 2 also be performed to smooth the
silicide region and remove 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 m
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arjses,.however, when opening contact holes.to nickel silicide contact
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as described in Inoue, because cobalt silicide is moreé stable than nicke

sifteieRs BrRFdsespicalindsaohbred sidegirennddhtaselieyerhiinieissdn F and/or
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a deViCaﬁ; To that end, there remains a need for a new method of opening
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S‘l:J IY{A Y. OF THE INVENTION [0006] A first method of manufacturing.a ... .
ser“%%o ﬁi hc:é grc g\tﬁgte riezsgtpc))';lgvflz(r]ceat.&gzecg as escxggeéh denoue,aDecause cob%lt silicide
is more stable than nickel silicide and does not suffer from the consequent contact Re
failure issue.
[0005] Therefore, there is a need for a new method of forming contacts to a
device. To that end, thers 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 eich 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.

[0007] In an alternative method of manufacturing a semiconductor device, a

semiconductor element is formed on a substrate including at least one mickel silicide



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 fornga contact opening. The contact
opening is then filled with a conductive material to form a contact. [0007]
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semiconductor element is formed on a substrate including at least one
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and an insulating layer formed over the second etch stop layer. The first
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opening. The contact opening is then filled with a conductive material to
WHdrm a contact with. [0008] The new method of manufacturing a
rospmiconductge device.snBimizesrraatanmbeiweaidhrinickelsviidminimizes
contact regions during opening of contact holes, or._tunnels dutin
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semiconductor element on a substrate, said semiconductor element .
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seAHESnSRIEhElRMEntand Aminawaiing kver formed over said etch stop
layer; (b) removing a portion of said etch stop Iaégr immediately over a

selecied coPTAERE SR ERIAECEOP FOTBSE PR E FBRYTAGE S SERHBMIARCt
< 1With,8RId coRIACiSEHIOR;ickel silicide contact region, an etch stop layer formed over

said element and an insulating layer formed over said etch stop layer;

(b)  removing a portion of said etch stop layer immediately 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.

[0008b] In a second aspect, there is provided 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, & first etch stop layer formed
over said element, a second etch stop layer formed over said first etch stop layer and an

insulatine laver formed over said second etch stop layer;



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 (c) filling said contact opening with conductive
material to form a contact. [0008b] In a second aspect, there is provided a
method of manufacturing a semiconductor device comprising the steps
of, (a) forming a semiconductor element on a substrate, said
semiconductor element having at legst one nickel silicide contact region,
a first etch stop layer formed over said element, a second etch stop layer
formed over said first etch stop layer and an insulating layer formed over
said Geconttmttinstepidaiest cxch (o) reHfOWYRy sakichiret etelpstopeiapasing 2
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react with said contact region, to form a contact opening, wherein said
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process, and wherein the dry etch process utilizes an inert gas; and (c)
th?iﬁfﬁigeggiﬁr%‘fﬁﬁaﬁibﬁéﬁfh{j’ﬁ ¥ fuctive material to form a contact.
[0008¢] In atihidsaspastathereimprevid edrawsethomkeimandiasturiogact,
semiconductor device comprising the steps of: element having at least
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element and an insu atlné’ ayer formed over said etch stop layer,
segisivingy etarcisaringawenargelecteepeofitact region through said insulating
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said selec contact region; (C) removing a-portion of said etch stop
sajdyserirenhad ately-olaingdi selected conteed ragiorrpsiygra second
Process thaét?xﬁﬁ& Q’PB}?&R&W@lysé?@c%avé%&%ﬂ%wﬁatﬂough said insulating
layer at least to said etch stop layer using a first process without exposing said selected
contact region;

{c) removing a portion of said etch stop laver 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 sputiering 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 utitizes an inert gas, whereby a contact opening is formed;

and

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

[(008d) In a fourth aspect, there is provided 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 insuiating layer formed over said second etch stop layer;



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. [0008d] In a fourth
aspect, there is provided a method of manufacturing a semiconductor
device comprising the steps of. (a) forming a semiconductor element on a
substrate, said semiconductor elemgnt 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; 3b (b)
etchify an SFBRMETRRININE SNSEtR dedBriasceregivnaw waid st ansestopon
layayedinsingra firstarosass withest expesing sald sslegted geptact region;
©)r ovin% said first.etch stop layer over said selected contact region
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aspect, there is provided a method of manufacturing a” Semiconductor
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substrate, said semiconductor element having at least one metal silicide
[0@¥ielact regionz afifdichsiop, |ahersformerbeided saidretamenifanth@iacturing a

seﬁﬁ%%ﬂ%ﬂ%@{c@émﬁﬁﬁﬁgﬁ@ﬁe tschfstop layer; (b) etching an opening

over a selected contact region pa |aﬂy’ through said
{a}) forming a semiconductor element on a substrate, said semiconductor

element having at jeast one metal silicide contact region, an etch stop laver formed over
said element and an insulating laver formed over said etch stop laver;

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

{c) removing a portion of said etch stop layer immediately over said selected
contact region using a second process that does not substantiallv 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.

[0009] The above and other features of the present invention will be better
understood from the following detailed description of the preferred embodiments of the

invention that is provided in connection with the accompanying drawings.



etch stop layer with a first process without exposing said selected contact
region; (c) 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. [0009] The above and other features of the
present invention will be better understood from the following detailed
description of the preferred embodiments of the invention that is provided
in connection with the accom in i 3 |

DESCRIPT'ION OPBRAW %@%&ﬁh@% drawings |
[domtnate prefesed-esmbadimenigabines inNesntion, pefaeldasnatheaiments of the

.information tinent ta the disclosure, in which: FIGS. I-1B illustrate a
B A RO PR B AT T S STACE SO r gt a MOS
deviceFIBIG $- 1B AMuiiustraterafizst mxenoglafyfomethgdoftforating aliiuAtaeintact
rtc%ia sg' aiﬁogo&;%%‘region; FIGS. 3-3C illustrate another exemplary
Fethod o Orming a’contact to a silicide contact region; and FIGS. 4A-4D
are cUTHURRCuluegatt mBres aretrpnTa s dsid o oL 8 OR g Hpag ilicide
o egl ,formed according to the present method. DETAILED
DESCRIPTION [0011] A new method of manufacturing an integrated -
circuittIRSURiAG HINERH crABIHSE BIopRIR G ROR AL PN, L DuftALe 2 silicide
Jrglenefissemiconductor device, is

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 2 contact hole to a contact region of a semiconductor device, 1s
described hereafter in connection with FIGS. 24D, For ease of iliustration, the method is

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



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 4 illustrating the complete element
structure, and it should be understood that these views are only partial
views of a complete structure, such asdthe MOS transistor device shown
..and described in connection with FIG. 1, a CMOS device, a capacitor or
I e i CHBRIEH i aAme St 001R)] MIGS spopid Hustdmstadishat these views

arexefpfanianadedehiesming aceniact toan metal gfégdﬁz{z?s%%} deyice.shown
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con aé‘fl}l;éeé?olﬂ 162164 & Bn H Yentican GNP sivéerate 160asitoh @s ather
sestficanjugergiamigin or silicon on insulator (SOI) substrate. The metal

iligide region 102 typically is formed over a source or drain region or
[03%'?5 eIectrog:Jé ﬁ\nzé?f( LSt e Firshaxeuplane hother wicfonatalzsilicidact to a

mc&jidﬁp'ﬁf@d@tﬁiﬂ@iﬂé@é@ﬂmpﬁ dicleeln daner-10R IS drmed ANETRaMer- A\, et
Sﬁ%@géocrg%sct layer 19 is patterned and formed as shownto expose a

region for c&er\%i%rbir% ¥ f%ﬁ?gét%?esﬁﬂﬁ%%ftﬁ'ébﬁ?éﬁél@mcw@we@R)?iliccn,
£e1020§0013] Adicnentioned iegiq8A02 Jnsiudes aetRhSHICIERHCRASA 102

itanium, or cobalt silicide. Mqre preferably, and for smaller size
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technologies, e.g.
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forlak the-stop laye | antly lower etch rate relative to an

? etchantrthanrth>é g%%%#%ﬁ%%? ng‘éé’f%s‘f*‘s eegt%istcl{é&}?ﬂ 5L to expose a
reggpdetfeysiapiagmegpramohadoncemsdamitiamtorheisieiaf exginanyskill. In
] embodimgnt i ' er 106 is a silicon.oxide such as SiO2
_ 2{11? etch stop Iam&%&%%%?n%e@ rlc}?]rilu% chn%ﬁ%ndsel%%’) %‘f‘%ilf’cfoﬁ tungsten,

g R BIONTdRd Mascarmiersidss aTd Betweelicapionichatébyics, e.g., .13
p;mlaeeﬁeesw,amgimprﬁ}prﬁfﬁrﬁwabﬁ%ﬁ@aﬂ@ﬁ%‘)ﬂ%é?t E052098 184 ana
or

di nggh rexaﬁd le, a Jow K material may be selecte lelectic | yer
el T TR binekE e siob Bye thaayopdarsed & tiae stepritiipently

lowkD4ich rate relative to an etchant than the dielectric layer 106, consistent with cost,
process robustness and integration concerns familiar fo those of ordinary skill. in one
embodiment, the dielectric fayer 106 is a silicon oxide such as SiO- and efch 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 Si0, layer may be used as the stop laver 104.

[0014] Referring now to FIG. 2A, a first etch process is employed to open 2
contact tunnel or hole 112" through dielectric layer 106 to at least the eich 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 10 Inove. A two stage etch process 1s typically employed,

with the dielectric layer 106 being removed in a selected region: over a selected contact



[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 technigues for opening up contact holes
through the interlayer dielectric 106 and for removing the etch stop layer
by p AL Siah sernset, firiererinpidlarictivee Backdrownishdfithebieuemtioting rate of
theeghon iand -8R 24t ue. A two stage etch ,
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ricularly with a nickel-silicide region, the processes’ are
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[00@€d entire 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 mickel 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 somefimes 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 sputier process 1s expanded and employed to remove
the efch 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

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



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 fetween approximately 100- 800

Watts (W), bias power between approximately 100-800W at a pressure of
drybestivaenceapprrdiingtetyifettpan Torch Aus argom spUtelAIeeesSi®matively be

times_referred to as "pre- metal.clean” and is sometimes employe
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process. [0017] Although it is preferable to use a purely physical remov
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h as argon or helium, may alternatively be employ a dilute
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is thoveteponickilshiCidentayan @2 fdanc senaantiations phiN 3 feduetomplished
s RElons Wit e nickel siiglde dayer, Allemalively, an argon or el
as plasma etch inclfuding 0.01-10% ployed. It is also

[00EBhtemplatittitasa tibtphospharicracide efaydl @rReassdMabRRCt plug to &
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FIGgp thélexpBstarinetrssilloidddhydr 21 02mamstiomor isnkitGird 13. phovidwaivmm a
subsifRakd %@%cﬂxﬁﬁ%%%}’ Sifge f@ew Qﬁi%ﬂgﬁttg@& or silicon oxy-nitride etch
stop layer 104, interiayer dielectric 106 and patterned photoresist layer 108. In addition
to this structure, which is described above, a rejatively thin oxide layer (8iO,) 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.



is then deposited to fill tunnel 112" to form contact plug 110. This may be
accomplished using a conventional process or another deposition
technique. [0019] FIGS. 3-3C illustrate an alternative method of forming a
contact plug to a metal silicide contact region. Like references are used to
indicate like structure shown in FIGS72-2C. Referring first to FIG. 3, a

semiconductor structure is provided on a substrate 100, including metal
[08R&ide layein1ome siemnlaitridelmdsiticon oxidnitave dtbh istpiyiaydhvlBnoved
uwdhtedaye d}jgﬁg{gp gand.nat resist layer 108..1n addition
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thickness between approximately 50-100 A, and ormed using a

SPEHERICSF Fa B dsgeRiBYF i/ Ismer Metdg dapidat. for example, or using
[oaXprnace t'i“ﬁ?arﬂhﬁe@j"@ﬁd%y Bl IARELVES;A%:AD %9%%&*?4&%}? par%gn or

layer as described below. [0020] Referring now‘f.o.FllG. 3A, atunnel 11
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rocess withput adversely affecting the metal silicide layer 102, which is
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iR Iglé/errn 1904 L%inng a process that does not substantially react with the
metal sificide Vay'er 102, which is preferably a nickel silicide layer. 7
[0§3621] In ofretexenapterydestipdintent: oxidalayaicld 416 abYpis@lthrough the

T D R SR L e TS i o womwnosed
megplsibids drsdsetibenapproxivataind. 268 m BhorwAsmEdiohedabm@ctive
ma@éﬂﬁf m@ﬁt£Q§@g%?fm&@%?cﬁss%tﬁ%?i%ﬁn%l ell-burpo P(Pryr;[tceJn arcgt% Sg '110.
may be employéed to remove oxide layer .
[0024{ 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 substantially 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 resulis 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 cumulaiive
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 vields 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.,



[0022] Alternatively, a dry etch process utilizing an inert gas, such as

argon or helium, is employed with a dilute etchant solution to minimize

reaction with the metal silicide layer 102. For example, an argon or

helium gas plasma etch including 0.01-10% NF3 may be used with

plasma power between approximatelyg100-800W and bias power

between 20-500W. Alternatively, an argon or helium gas plasma etch
copfeRi Tl b and w5y e mpkey eeh {BD 28] e thenarander Bissotibegid 4B
inahexel@eonast hole 116 - dielectric.layer. 106 .
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0 {% form contact plug 110. [0024] Because, as described above, the etc
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escri below) in , tests using the first approach described above in
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inviengimtioned, 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.,



8 contact Re failure) and cumulative curves could not be generated. FIG.
4A and 4B indicate 100% yields, with no measured open circuits as is
evident from the cumulative plots. FIGS. 4C and 4D exhibit vastly
improved yield results over prior processes, with only a small percentage
of the 0.12, 0.13 and 0.16 tim contacgregions in FIG. 4C and 0.16 /im
contact regions indicating open circuits. [0027] Although the invention has
been described in terms of exemg@ByIRIRbOodiments, it is not limited
W&r&t éiR%Eﬂ%r’ the appended claims should be construed broadly to
incltide other Variants and embodiments of the invention that may be
l.madebyetihvdse skitlethdtutine arowitbonhdepaiting:frommthieisc tpeanslof:
range,of eqRiyalents of s, N¥enUaR R CLAIMB MhaLIs claimedds.d A

method of manufacturing a semiconductor device, comprising the steps
clpmethiavimaitidas enticonal el etanaiRe bis e BE i sieaitpyer formed over

 saf€Busonducion slament havingatlaasiong iskeksiligide contact region,
an etch stop layer formed over said element and an'insulating layer
form&® ovel By BEHPSIGRT AR {5} T8 HBRIY A PR EHsATa et eH $i5p
cdayer isamediaigly ovets sateriedneonipeifegigndsingia processtatgion,
mo}&e{g Erllg(t) ns{uﬂt%sotantially V‘r)gact vvsithdsaid contact region, to form a c%ntagth
opening; Wierein Sard preé‘glenssa]is %r%%ﬁsﬁé?iﬁ&pﬁ 66%9"6‘%6558&5 Bith ©°
piprese Seaniretisirsthecspgtienrsgy sosose S&Eis: anuakg anospestterajrdaes sortar
helium sputter . process, and wherein.the dry.etch process utilizes an inert
P B e B eri o form a
contdel. 2.fMHegReitherhBEthrienity whdreindtepvinatoiatiesitm stepnistt.
removing said insulating layer to form an opening over said selected

contact region through said
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 1o said etch stop layer without exposing said contact region.

3. The method of claim 2, wherein said insulafing layer removal step inciudes 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 partialiy through said
etch stop layer.

3. The method of claim I, wherein said portion of said eich stop iayer is removed by

the sputtering process utilizing an inert gas.

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

nitrogen fluoride and helium or argon mix.



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 %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.havi thickness of .between abqut 50-200 Aiis

T e L S e TPl el Shriea S b assen

flugsiee. 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

8 nitrog B MEBAAeerh &t Bias g riRiRICEOrIeeThis MRiATBY 618 4AHS2

hyWhesRineRigenb if-aoRMexXiNRieM:Q.01-10% nitrogen fluoride. S. The
method of clam 1, wherein said dry etch process is a plasma etch using a

hydrogen fluoride and helium or argon mix. 9. The method of claim 8,
9. whertiia satdonif isapproximaielyi0h:1 09apdhydiagery flooride: Alirdgen

ﬂum%hod of manufacturing a semiconductor device, comprising the steps
or: (‘a) forming a semiconductor element on a substrate, said

semiconductor element having at least one nickel silicide contact region,

10}{?l firsk eichsiop layaldaimed Qéé%i?f%%&i%“&&ic?,%% Eli‘ﬁfvc&é&ﬁ’%éac}f‘?r

ormed over said first etc stop layer and an insulating a erbfqrmq over
said €econiPBIERSIGE TR MBIOF I HVRLOSAGH IS Bec Rt GHTRGEIYIEY a
el §8i8cIaN aPRIaciFeRion LN g B B eersRthalidoes ot aubsiantially reacdd

with said contact region, to form a cantact openingélowherein said process

OV SRR IR L YR BXEh e Fifeliftifis ™ siop laver and an

insulating layer formed over said second etch stop layer;

(b)  remowving said first etch stop léyer over a selected contact region using 2
process that does not substantialiy react with said contact region, to form a contact
opening, wherein said process is a s;}uttering 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 eich stop laver 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 1s a plasma etch using a

nitrogen fivoride and helium or argon mix.



sputtering process is an argon sputter process or a helium sputter
process, and wherein the dry etch process utilizes an inert gas; and (c)
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
140, whereiatisaid ficktiet¢h, stopréy ediis remo vwegbyithee Spultering piocess
ﬂ%pﬁjﬁg 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. 11 14. The method of claim 13, wherein said mix is approximately

19-01-+004.pitrQos Bnonigey . tha atpodobelaim 10, wherein sajdidey,

etch process is a plasma etch using a hydrogen fluoride and helium or
hgsRrRiBOTES. P& FHEBM 6EBEYEIHK 15, wherein said mix is approximately
. 0.01-10% hydrogen fluoride. 17. The method of claim 10, wherein said
irst etch stop layer is an oxide. 18. The method of claim 17, wherein said
{Gret o BRIPLGer AR o TR IBSS AR B BRI Ao kSR
fldEA. 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
1 GontaGtaregiong ah aih toplayen fondddsbveh gajdistement axdan
insulating layer formed over said etch stop layer; (b) etching an opening
over a selected contact region through said insulating layer at least to

I&5aid dREBSIBfeitiging S ese i sresarfitHiutex s s aitisknssse tess

than or equal to approximately 100 A.

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

Aa) forming & 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;

(c) removing a portion of said etch stop laver immediatelv over said selected
contact region using a second process that does not substantially react with said contact
region. wherein said second process is a sputiering 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 utiiizes 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 19, wherein said etch stop iayer has a thickness of between

approximately 100-500 A and between about 3 0-200 A is removed at step (b).



contact region; (c) 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 aea 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

aimatedial ip.fpsm g Senfald. 0 JineMethod.of clain e]S% %‘1 ereln said eteh
stop layer has a thickness of between approxﬁn%te y 8 E50°A AR
between about 5 0-200 A is removed at step (b). 12 21. The method of
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c

.method of claim_19, wherein said dry etch process is a plasma etch usin%
nittogsh JYSHIR AV L ProAREOT GRixr GURFTRIR Sovf Bhei s SRRF R Rsely 0.01-10%
niappgoXimaately 0.01-10% nitrogen fluoride. 23. The method of claim 19,
wherein said dry etch process is a plasma etch using a hydrogen fluoride
and helium or argon ink, wherein said mix is approximately 0.01-10%
<ydrdgemfithod de c24mTHe wiethockafdaina 9 pyehesein splichatcitdtaping a
ndEeinaldss slicanaividsansiiconaapitide. and said l1stpiocess o,
includes a CF based dry etch process. o5, me{ﬁo ofanuTac L}/rin'g a
hysapariofeIEder 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
24inclua%‘i’gm€ltﬁ%<?é§if‘é??ﬂé?d Boer Eataie BieHE P e dhduees s ibiess piyade or
silfosmex auetdsaia disal eIt slendayeriansd aTinsrlating layerfosngd over
said second etch stop layer; (b) etching an opening over a selected
contact region to said first etch stop
25, A method of manufacturing & semiconductor device, comprising the steps of:

(a) forming a2 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 eich
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;

(c) 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 sputiering
process Is an argon sputter process or a helium sputter process, and wherein the dry etch
process uiilizes 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.



layer using a first process without exposing said selected contact region;
(c) 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 prode’ss is an argon sputter process or a
_helium sputter process, and wherein the dry etch process utilizes an inert
ZTgas, WiersHrd €orlaim: Bp kg issroFeBeEaine @IPFImh Y LERs apiratieas.
opening with conductive material to form a contact. 26. The method of
28(:Iairr;r 5 w erfi%said meta silicide contact region is a nickel suicide,
contadrBGIERC P55 TRe BB AR ClRtift 26 RS dhT StripTifie Hige 2
nijpegeeshottitizeadirinsitgaszo? it hemestinoddfreirimnadbroniresein 8ait10%
n.itg%e%t%&rﬁgess is a plasma etch using a nitrogen fluoride and helium or
" argon mix, wherein said mix is approximately 0.01-10% nitrogen fluoride.
29. The method of claim 25, wherein said dry etch process is a plasma
2681Ch Hi5ing o BYragenlugrde And hlim.ar.atgon M, WHSIeln.Said, -
© mix is approximately 0.01-10% hydrogen -f_Iu0|j|)de. 30. The method of
hydragRoBUeTise e Beliurade srareBhisiuperaye FafcIudS aheormaiain 8 -BF-10%
hySHiERR axy-ikride, and said first process includes a CF based dry etch
process. 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
30methbick efetadufbciimQr avdeniacaiiictondbyice sepmpesing dhe sibpm
nihie (&) sf;‘?fc%"“&?ﬁﬁ{?&&o”%%%}S'ﬁ?'fmr%gés%?n%ﬁﬁbséﬁ? S5y etch process.
semiconductor -element avinga dastoneme aelssmc:ldbe con%gcf: region,
an etch stop layer formed over said element and an insulating layer

31form ?ﬂe%@&%ﬂigf%ﬁ%ﬁ?%p\Jﬁ%%ih(%;igtﬁmp&c%ns{%%%%gh%\ﬁrtﬁia&lgs%tgg1ess

contact region partially through sai
than or equal 0 approximately 100 A.

32. A method of manufacturing 2 semiconductor device, comprising the steps of:

{a} forming a semiconductor element on a subsirate, 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 eich stop layer;

(b) etching an opening over & 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 sputiering process utilizes an inert gas.



etch stop layer with a first process without exposing said selected contact

region; (c) 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 peocess, 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

pening is fermed: . an filling said.contact opening with conductive

e B e S P PR i R o
nigpaeefingrisrovesselitiivesagomanikgsdietdn34idThi fetipockivhotiing 82;10%
nivherein said second process is a plasma etch using a nitrogen fluoride

and helium or argon mix, wherein said mix is approximately 0.01-10%

nitrogen fluoride. 35. The method of clam 32, wherein said second
3process imaRlasmaeich usiga hvdregendiygride @nd el arasgen

mix, th?rei,n said mix is approximately 001-10% hydrogen fluoride.
hydrogen fleornide and helium or argon mix, wherein said mix 1s approximately 001-10%

hydrogen flueride.



