1 METHODS FOR | MPROVI NG SHEET RESI STANCE OF SILICIDE LAYER AFTER REMOVAL
OF ETCH STOP LAYER TECHNI CAL FI ELD [00011 The present invention rel ates
generally to methods for nmanufacturing sem conductor devices, and nore
particularly to nethods for inproving a resulting sheet resistance of a
silicide layer after the renoval of an etch stop |ayer. BACKGROUND [00021
It is known to use a silicide |layer at a contact opening to inprove the
contact between a conducting material (e.g., copper, tungsten) filling the
contact opening and the wunderlying substrate. Typically the contact
opening opens to a source, drain, and gate region (i.e., a heavily doped
silicon region) formed in the underlying substrate (CMOS). However, a

cont act openi NMEBYODSFOR IMPROVINGSFHREBRBSISTANCE OESIWESIDE LACER are nmany
di fferent processes and k f ALl ayer and a contact
opening. Also, there ar g%%?&&%gﬁﬁﬁﬁﬁtwggg%at are typically
used for the silicide |ayer. During the process of formng the contact
openi ng, et dRCHNISALJYE | ead to oxidation of the silicide layer. Such
oxidation is usually undesirable because the oxidized portions often have
a higher Cofjgagf ' ahbprbinveliGiPretitds! dRHerdlEd ithdi forGflanufdchiriig of the
silicide layer " nmay be consunmed form ng silicon dioxide, for exanple.

Hence, ther g%ﬂ)}i%?ﬁdu%? e\fi&ré,e ﬁd%e phBichEY fméthGs T Provalg Dreselhg SHret

experienced e silici ayer during the etching step(s) used to form

the contact  oRenlngr ATHLE! y5Het fe FEHRAEORR RSP, | aVer. TSMC2002- 0426

BACKGROUND

[0002] It is known to use a silicide layer at a contact opening to improve the contact
between a conducting material (e.g., copper, tungsten) filling the contact opening and the
underlying substrate. Typically the contact opening opens to a source, drain, and gate
region (i.e., a heavily doped silicon region) formed in the underlying substrate (CMOS).
However, a contact opening may open to other regions or layers as well. There are many
different processes and known ways to form a silicide layer and a contact openfng. Also,
there are wide varieties of ﬁxaterialé that are typically used for the silicide layer. During
the process of formihg the contact opening, etching steps may lead to oxidation of the

silicide layer. Such oxidation is usually undesirable because the oxidized portions often

have a higher contact resistance. Also during such oxidation, silicon of the silicide layer
may be consumed forming silicon dioxide, for example. Hence, there is a need for a way
to reduce the amount of oxidation experienced by the silicide layer during the etching

step(s) used to form the contact opening and/or used to remove an etch stop layer.
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(00031 The probl ens and needs outlined above are addressed by enbodi nents
of the present invention. In accordance with one aspect of the present
invention, a method of manufacturing a sem conductor device is provided.
The nethod includes the followng steps. First, a nickel silicide layer is
formed on a substrate. Second, a hydrmgen plasma treatnent is performed on
the silicide layer. Third, an etch stop layer is fornmed over the silicide
| ayer. Fourth, a dielectric layer is formed over the etch stop | ayer.

Fifth, an opening is formed in the dielectric layer. Sixth, a portion of
the etch stop layer is etched away at the opening to expose at |east a
portion of the silicide |ayer therebeneath. A substantial portion of the
silicide |ayer % have a Ni Si conposition before the etching step.
Preferably, nge in sheet resistance for the exposed silicide |ayer
portion at the opening after the etching step, as conpared to before the
et ching st epod|s NThe poBRISRand hétds oatlined atdvd freaddwisd by embodinsuts pf &ker abl y,
the sheet resistance for the silicide |layer portion at the opening after
the et chi ng, St oPinsniHDH AebidahdedwitneangReiof the presotd ixp@ation, phetiud of r eat ment

step may in uce the formation of netal hydride bonds in the silicide

llayer. The e e OTHNRetROE cRidessheplldwing ncl ude
hydr ogen gas f%%%%f%eﬁﬂcd%&t ‘?ﬂgr@ﬂfi e e gl

n accor dance h anot her aspect of the present

| nvent i on, at mstlpotd o gelr%?lc'iﬁefalﬁ# d &1 GEILHARI CEQlond QMiyaR [gb§plB§Iﬁ?V i ded.

Thi s nethod Refd omnn steps. First, a nickel” silicide

the sil i ci Ség"a%%%?s RS ER T MyEb Rensip o O et op
:o(cj)l)r/telr onF81chr g‘Bﬁ’égg’tyg‘lgem nﬁ q ‘i?lé?mf y@‘!t‘gﬁ‘térg‘%g\%ggeflt \ et%gog?%m ng ]; gx pgse at
least a por E);)é)nrl]ngolfs fgrgx%d ?rlx tlhle %;c?c%mzslzl\l/)ggogxzxthog pgrtlon of the etch stop layer is etched

away at the opening to expose at least a portion of the silicide layer therebeneath. A
substantial portion of the silicide layer may have a NiSi composition before the etching
step. Preferably, the change in sheet resistance for the exposed silicide layer portion at
the opening after the etching step, as compared to before the etching step, is not greater
than about 0.10 ohﬁls/square. Also preferably, the sheet rgsistance for the silicide layer
portion at the opening after the etching step is substantially unchanged. The hydrogen _
plasma treatment step may induce the formation of metal hydride bonds in the silicide
layer. The etch chemistry mixture used during the etching step may include hydrogen

gas.

[0004] In accordance with another aspect of the present invention, a method of
manufacturing a semiconductor device is provided. This method may include the
following steps. First, a nickel silicide layer is formed on a substrate. Second, an etch
stop layer is formed over the silicide layer. Third, a dielectric layer is formed over the
etch stop layer. Fourth, an opening is formed in the dielectric layer. Fifth, a portion of

the etch stop layer is etched away at the opening to expose at least a portion of the silicide
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| ayer therebeneath using an etch chem stry m xture that includes hydrogen
gas. A hydrogen plasma treatnent nmay be perforned on the silicide |ayer
before the step of formng the etch stop layer. [0005] In accordance with
yet anot her aspect of the present invention, a nmethod of manufacturing a
sem conductor device is provided. Thig nethod includes the follow ng
steps. First, a nickel silicide layer is forned on a substrate. A
substantial portion of the silicide layer has a NNSi conposition. Second,
an etch stop layer is forned over the silicide layer. Third, a dielectric
| ayer is fornmed over the etch stop |ayer. Fourth, an opening is forned in
the dielectric layer. Fifth, a portion of the etch stop layer is etched

away at the o t 9, expose | east a. t silicide |ayer

t her ebeneat BY°R g&ﬁeé%%ﬂ‘ﬁa%flﬂgg %tfailb%hﬁr%s’t?h ur?&hsa? CR‘S ﬁ}?f)rge?ﬁg elgposed
silicide |aye i on at e openin chi conpar ed
to before t %geewiqﬁglagqegtglen}@a bip OéQF Pnfhﬁéﬂ Hﬁg rggf? tﬁ‘gﬁﬁ%?fsquare

Al so, a hydrogen plasma treatnment may be performed on the silicide |ayer
before the @F@ngéﬁeﬁ@h#f’m&)/%e etch stop layer. Preferably, an etch

chem stry m xture used for the etching step includes hydrogen gas. [0006]
The foregoi n has outlined rather broadly the features of the

i nvention 03k deln aqsardangeavifoyed ppetherqsRsst pifhe prssept mt"%lqnnﬂl@ﬁ{%i"gﬁ t hat

fol | ows nay be better understood. Additional features and advantages of

t he invent i manyfadtiringa shesconidbetdr davineds pravided. Tiis oisthod inpludeeths dollaing of t he
clainms of the invention. It should be appreciated by those skilled in the
art that thetepfisptninkelsilicidgleydrfis forreeborta substrate.dA substantid! pratyorbef theadi | y
utilized as a basis for nodifying or designing other structures or
processes f giticida tayyd itg adNiSi édnq)osxarm Swopdl,sﬁstchfstdpheyeprsefeamd avevthat i on. |t
shoul d al so be TSMC2002- 0426 4

silicide layer. Third, a dielectric layer is formed over the etch stop layer Fourth, an

opening is formed in the dielectric layer. Fifth, a portion of the etch stop layer is etched
away at the opening to expose at least a portion of the silicide layer therebeneath, wherein
the change in sheet resistance for the exposed silicide layer portion at the opening after
the etching step, as compared to before the etching step, is not greater than about 0.10
ohms/square. Also, a hydrogen plasma treatment may be performed on the silicide layer
before the step of forming the etch stop layer. Preferably, an etch chemistry mixture used

for the etching step includes hydrogen gas.

[0006] The foregoing has outlined rather broadly the features of the present invention
in order that the detailed description of the invention that follows may be better
understood. Additional features and advantages of the invention will be described
hereinafter which form the subject of the claims of the invention. It should be
»appre"ciated by those skilled in the art that the conception and specific embodiment
disclosed may be readily utilized as a basis for modifying or designing other structures or

processes for carrying out the same purposes of the present invention. It should also be
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realized by those skilled in the art that such equival ent constructions do
not depart from the spirit and scope of the invention as set forth in the
appended cl ai ns. BRI EF DESCRI PTI ON [ 0007] For a nore conpl ete understandi ng
of the present invention, and the advantages thereof, reference is now
made to the follow ng descriptions taken in conjunction with the
acconpanyi ng drawi ngs, in which: [0008] FIGs. 1-4 are sectional side views
of a sem conductor device being formed; [0009] FIG 5 is an enlarged view
of a portion of FIG 4; [0010] FIG 6 is an energy-di spersive X-ray spectra
plot of the silicide layer at spot Ain FIG 5; [0011]] FIG 7 is an

ener gy-di spersive X-ray spectra plot of the silicide |ayer at spot B in

FIG 5; [0012], FIG  8A j: .sectional side view of a.senjconduct devi ce
after the ef® Zchyﬁhochklilpgﬁh © gt Lt 5 wyalgay %BStFWEO%Serg@dWGQ%)%%%nt of
the present invention; and [0013] FIG 8B is a sectional side view of the
seni conduct 8 spisis pedscope ¢f the inyantigmas st fpgh yythe aprsadedaMst h et ch

chem stries used for renoval of the etch stop layer. TSMC2002- 0426 5

DETAI LED DESCRI PTI O\I(E([Qg0141 The use of presently preferred enbodi nents are

di scussed | BRIBF BBSCBIPBWN |t shoul d be appreci ated, however, ‘that the
present invention provides many applicable inventive concepts that can be

embodi ed i n yghg#] e FERR ity cfipl SR SRAENERIGIANE froschb fivestRipidd the embodi ment s
di scussed are rely tllustrative of specific ways to nake and use the

invention, gack 88.NRErebf MitrehdSs 560 R0 to thb Foll oW idsBibtions taken in

conjunction with the accompanying drawings, in which:
[0008] FIGs. 1-4 are sectional side views of a semiconductor device being formed;
[0009] FIG. 5 is an enlarged view of a portion of FIG. 4;

[0010] FIG. 6 is an energy-dispersive X-ray spectra plot of the silicide lgyer at spot A

in FIG. 5;

[0011]) FIG. 7 is an energy-dispersive X-ray spectra plot of the silicide layer at spot B

in FIG. 5;

[0012] FIG. 8A is a sectional side view of a semiconductor device after the etch stop

layer has been removed using the second embodiment of the present invention; and

[0013] FIG. SB is a sectional side view of the semiconductor device of FIG. 8A after

- being bombarded with etch chemistries used for removal of the etch stop layer.
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100151 The present invention will be described with respect to preferred
enbodi nents in a specific context of nmaking sem conductor devices, nanely
processes for hindering an increase in sheet resistance across a silicide
| ayer after renoving an etch stop layer over the silicide |ayer at a
contact opening. [00161 FIGs. 1-4 aregsectional side views of a

sem conduct or device 20 being fornmed. In FIG 1, a silicide |ayer 22 nade
fromnickel silicide (NiSi), for exanple, is formed on a substrate 24. An
etch stop layer 26 is forned over the silicide layer 22. A typical etch
stop layer 26 conposition may include, but is not necessarily limted to:
silicon oxynitride (SiON), silicon nitride (SiN), silicon carbide (S C

ot her carbide m xtures, oxide mxtures, or any conbination thereof, for
exanpl e. A DEFASCEDDEICRIBIION (e.g., SiR2) is forned on the etch stop

| ayer 26. A bottom anti-reflective coating 30 is formed on the dielectric

| ayer 28, a@ﬁéﬂ qugxg ?%&ﬂeskﬁ)’%‘eéﬁmé& gr-n{)&{iﬁ'i@ﬂs R dideBssP@ MiIdw. It

reflective C¢ An “openi g., Vvia or contact pattern) is

formed in t &%gld%@o%?gaetec?aite%t ?A%gﬂ thié?gﬁ.lpgesgrllt%v ti%rggrggﬂta?ﬁnﬁrgﬁpg)m:ﬁge step

(e.g., usin con I"ona ng step been p rmed to

further formth i 4 down to.the etch st | 26, EIG 3, th
phot or esi ot AVEEE aseeRhd et B PRIt e Sids yaebrr oY refor e )

TSMC2002- 0426 6. have been renoved. The Xt processi st between FIG 3
and FI G 4 precififsmbedinents ‘{iwsségé'?‘?i’ﬁﬁelé't‘ ‘Htrf‘g"cr‘gﬁﬁ??é&?ﬁ%y 5358}?%%? "Fayer 26
fromthe bottomof the opening 34 to expose the silicide layer 22. [00171
Ni ckel sili 8iedaventiowand da nfjlimit e sceps®f g i8YEHEOManuf acturers in the next

generation of sem conductor devices for the silicide |ayer 22 to provide

| ess silicon consunption for the aPpIications of ultra hallow L unction
and provi de {0048k | iThe prgsemtiinvention will be described with respect to preferred embodiments

in a specific context of making semiconductor devices, namely processes for hindering an
increase in sheet resistance across a silicide layer after removing an etch stop layer over

the silicide layer at a contact opening.

[0016] FIGs. 1-4 are sectional side viewé of a semiconductor device 20 being formed.
In FIG. 1, a silicide layer 22 made from nickel silicide (NiSi), for example, is formed on
a substrate 24. An etch stop layer 26 is formed over the silicide layer 22. A typical etch
stop layer 26 composition may include, but is not necessarily limited to: silicon-
oxynitride (SiON), silicon nitride (SiN), silicon carbide (SiC), other carbide mixtures,
oxide mixtures, or any combination thereof, for example. A dielectric layer 28 (e.g.,
Si0,) is formed on the etch stop layer 26. A bottom anti-reflective coating 30 is formed
on the dielectric layer 28, and a photoresist layer 32 is formed on the .bottc;m anti-
reflective coating 30. An opening 34 (e.g., via or contact pattern) is formed in the
photoresist layer 32. In FIG. 2, a contact etching step (e.g., using a conventional wet
etching step) has been performed to further form the opening 34 down to the etch stop

layer 26. In FIG. 3, the photoresist layer 32 and the bottom anti-reflective coating 30
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dependence for smaller geonetry, and keeping a conpati bl e resistance as
conpared to past-used netal silicides. There are several nickel silicide
mat eri al s being considered for wuse, including (but not necessarily limted
to): NNSi, Ni2Si, and NiSi2. In conparing these three nickel silicides,
NiSi is preferred over Ni2Si and Ni Sig because NI Si provides a |ower sheet
resistance than Ni2Si and N Si 2. However, N Si is a thernodynamcally

unst abl e phase of this netal silicide. That is, NSi is nore easily
oxi di zed and fluoridated during dry etching to formSi(Jerr] and N F2
(i.e., NiS is nore attracted by oxygen and free fluorine) than N Si 2.
Such conversion of NiSi to SiQ2 and/or N F2 consunes the silicon and/or

ni ckel , which changes the resistance characteristics he. sil.icide | ayer
22. Thus, havebsen icqeverhr Bhedisy| pragRsingpiap g?%%‘? ﬁ'%faﬁah‘ﬁe“e@itm“@ﬁﬁé | ayer

22, there is a need for an inproved way to performthe dry etching step
for renpvi ndrytetehing stdp toremovedheetcipgiop daygr 26 fremdhs bpttomerfthapneping344nd 4)

whi | e decreasi ng oxidation and/or fluoridation of the NiSi material and
whi l e |im texypst the sitlosladeyer 22.sheet resi stance of the silicide |layer 22. The
processi ng nmet hods of the preferred enbodi ments address these.issues, as
described below [00181 The Ni Si |ayer nay be forned by depositing nickel
(and i n sonm§p0ddkes Nitkebsikicide mpeeials|veil de usel by, somEimanufagiuyerslivtbe nésf on t he
silicon or polysilicon at a source, drain, and/or TSMC2002-0426 7 gate

regi ons of gherfiohst saatiCondbctopr devices drithy silicide laggy 22rtb ptdvide lessapisof or f or mi ng
the heavily doped regions) and inducing the nickel to diffuse into the

silicon. A h@imbBSRE tHeWpliRAYhY TUlE $haléw fiiRtidn &lDprbGide Bspligmidds t he
di ffusion of the nickel into the silicon substrate 24. The tim ng,

tenper at ur e g dLH0P hﬂ_rsﬁlaﬂ%e%@ﬁf,%ﬂ k&dpitgy SoniftiBle relidtines hOCompAreiBSs Wi | |
| To silicon in the resulting.silicide |ayer 22.

affect the ratio of nicke

The past-used metal silicides. There are several nickel silicide materials being considered for
use, including (but not necessarily limited to): NiSi, Ni,Si, and NiSi,. In comparing
these three nickel silicides, NiSi is preferred over Ni,Si and NiSi, because NiSi provides
a lower sheet resistance than Ni,Si and NiSi,. However, NiSi is a thermodynamically
unstable phase of this metal silicide. That is, NiSi is more easily oxidized and fluoridated
during dry etching to form SiO, and NiF; (i.e., NiSi is more attracted by oxygen a@d free
fluorine) than NiSi;. Such conversion of NiSi to SiO; and/or NiF, consumes the silicon
and/or nickel, which changes the resistance characteristics of the silicide layer 22. Thus,
to use the more desirable NiSi material for the silicide layer 22, there is a need for an
improved way to perform the dry etching step for removing the etch stop layer 26 (e.g.,
step between FIGs. 3 and 4) while decreasing oxidation and/or fluoridation of the NiSi
material and while limiting the change in sheet resistance of the silicide layer 22. The

processing methods of the preferred embodiments address these issues, as described

below.

[0018]  The NiSi layer may be formed by depositing nickel (and in some cases also a

capped layer,e.g., Ti metal) directly on the silicon or polysilicon at a source, drain, and/or
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excess nickel netal and capped layer, if any, is renoved using a wet etch
to leave the desired N Si layer 22. A self-aligned silicide formation
(i.e., salicide process) may be used to formthe N Si |ayer 22 on only the
source and/or drain regions. [00191 FIGs. 5-7 are used next to illustrate
the typical changes to a NS layer 22 when performng a dry etching step
usi ng a conventional oxygen-containing dry etch (e.g., etch chemstries

i ncluding 02 and/or CO for renoving the etch stop |ayer 26 at the contact
opening 34. FIG 5 is an enlarged sectional side view corresponding to the
side view shown in FIG 4, focusing on a silicided contact region 36
(i.e., the bottomof the contact opening 34 where the silicide Iayer 22 is
exposed). Thus, if the processing step hetween FIGs. 3 and 4

convent i onagatosegigenotibaseistateg4 drs, %lebwn(l@l’]@mat‘%‘t Heps feh@ﬁ‘f"é‘ﬁrﬂi‘eetéﬁa?’%l udi ng
02 and/or CO, the resulting silicided contact region 36 may be as shown
in FIG 5. Hdped rgions) anl indwingthelnishe e difiseintethe Slgé‘m réy highdempsratpige
silicide layer 22 at spot Ain FIG 5. Spot Ain FIG 5 is a portion of
the silici dgnidy@entdE ab&lit 4604506960 piomotdshie diffysied cfthe gickelontesis: siliwed t hus not
changed by the dry etching process. Note in FIG 6 that the amount of

ni ckel (‘abo %Ubgt?atg ng e ﬁﬂfngsﬁ%%txﬁé: Bﬁﬂos heré PRHpreddui® dfeh} matd diffasionanount

of silicon out cps at about 1. are in equal proportions, as

desi red to_pfRus VJIP orl HeShtie e b m%ga%gnﬁ {18 SesultaYSARAR 184262, 8TEH020]  Spot

Bin FIG 5pm |on at t sitl1cl contact region 36 (i .e.,hatdthe

2?2%2‘&5 8?22%%%%@%&@%‘ d 35 iRler P4 é%%ag?%éﬁl%’z%@%‘em%%eﬁ r{ésd
3 4 G

Cayer 25 at deiret NS %ek%‘éfabg%?ﬁﬁ e TR SRl fabBbesfmbfts 21 00

silicon have been consuneq SXId tion and
used to form the NiSi layer 22 on o y the source and/or drain regions.

[6019] FIGs. 5-7 are used next to illustrate the typical changes to a NiSi layer 22
when performing a dry etching step using a conventional oxygen-containing dry etch
(e.g., etch chemistries including O, and/or CO) for removing the etch stop layer 26 at the
contact opening 34. FIG. 5 is an enlarged sectional side view corresponding to the side
view shown in FIG. 4, focusing on a silicided contact region 36 (i.e., the bottom of the
contact opening 34 where the silicide layer 22 is exposed). Thus, if the processing step
between FIGs. 3 and 4 is a conventional oxygen-containing dry etch (e.g., etch
chemistries including O, and/or CO), the. resulting silicided contact region 36 may be as
shown in FIG. 5. FIG. 6 is an energy-dispersive X-ray spectra plot of the silicide laj;er 22
at spot A in FIG. 5. Spot A in FIG. 5 is a portion of the silicide laye; 22 not exposed to
the dry etching process, and thus not changed by the dry etching process. Note in FIG. 6
that the amount of nickel (about 9 counts per second (cps) at about 0.8 keV) and the
amount of silicon (about 9 cps at about 1.8 keV) are in equal proportions, as desired to

have the preferred NiSi properties.
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fluoridation during the dry etching process. As showmn in FIG 7 for spot B,
t he anobunt of nickel at about 0.8 keV is only about 1 cps at spot B, as
conpared to about 9 cps at spot A (see FIG 6). The anobunt of silicon in
FIG 7 for spot B at about 1.8 keV is only about 4.3 cps, as conpared to
about 9 cps at spot A (see FIG 6). Abso note that in FIG 7 at about 7.3
keV, there is only about 0.9 cps at spot B, as conpared to about 9 cps at
spot A (see FIG 6 at about 7.3 keV). Thus, the contact resistance at spot
B is higher than at spot A where the Ni Si remai ns unchanged. [0021]
Preferred enbodi nents of the present invention address the undesired
conversion of a silicide layer 22 to nmaterials with higher sheet resistance
during the etch stop la renoval. In testing, the inventors found that

t he undesi r 28] oxisﬁg‘t]il‘ Bﬁ ]rg'na/‘%‘? porf‘P't’JBtrtl’“Elé‘f‘ @F&W‘Ea&ﬁreﬁlogﬁgl(hﬁe?t B ey be
reduced by a hydrogen (H2) plasnma treatment or an etch stop | ayer etching
usi ng hydr ogemact epaningi4) gviare e dfiSikaxer22dias begn oxidizedby tha drg SichB  he two,
as will be next described. [0022] In a first enbodi ment of the present

i nvention, @rockd upddtememovedhe etelnstop tayes2qi(ie betivgemF st Apndv)d Hlde? Bianand
just beneath the surface of the NNSi layer 22. In the first enbodinent,

t he H2 pl aswrnerty-dapersing Ximay precfra ploedf the sibicide eyes22 atspotdB Inalié: 52Asi s f or med
on the substrate 24 (e.g., as described above) and before the etch stop

| ayer 26 anghovaMaX0G27,0dith of tieulddebaeinglidonhavebeet catsanied by okidyton 28,
anti-reflective coating 30, and photoresist 32) are deposited on the
silicide | ayRbridation HR@the iyt fotesk.S A8 sRdWCHIFIGE Dfod b BT ittiecanidugt of

| ocation of hydrogen in the crystal structure of NNSi, It is believed that

the H2 pl asgrRulif 3847018 KPUSERyab&hRA BY hi IpBIB Ofs c@fn/bﬁ@ﬁ to 408t Nepalat bgyer 22
to formnmetal hydride bonds (e.g., Ni-H bonds) and/or silicon hydride

A (see FIG. 6). The amount of silicon in FIG. 7 for spot B at about 1.8 keV is only about

4.3 cps, as compared to about 9 cps at spot A (see FIG. 6). Also note that in FIG. 7 at
about 7.3 keV, there is only about 0.9 cps at spot B, as compared to about 9 cps at spot A
(see FIG. 6 at about 7.3 keV). Thus, the contact resistance at spot B is higher than at spot

A where the NiSi remains unchanged.

[0021] Preferred embodiments of the present invention address the undesired

conversion of a silicide layer 22 to materials with higher sheet resistance during the etch
stop layer removal. In testing, the inventors found that the undesirable oxidation and/or
fluoridation of an NiSi layer 22 may be reduced by ;1 hydrogen (H,) plasma tr;aatment or
an etch stop layer etching using hydrogen-containing etch chemistries, or a combination

of the two, as will be next described.

[0022] In a first embodiment of the present invention, an H; plasma treatment is used
to form metal hydride at and just beneath the surface of the NiSi layer 22. In the first
embodiment, the H; plasma treatment is performed after the silicide layer 22 is formed on

the substrate 24 (e.g., as described above) and before the etch stop layer 26 and

TSMC2002-0426



bonds (e.g., silicon hydride |ayer through Hion flux induced N

di ffusion). The presence of netal/silicon hydride bonds at the top portion
of the NNSi layer 22 will mnimze the oxidation and fluoridation of the
Ni Si |ayer 22 during a subsequent dry etch to renove the etch stop |ayer
26. The H2 plasnma treatment process igcludes a step of punping H2 gas into
a plasma chanber. O her gases may be used alternatively for the H2 pl asna
treatment to induce netal hydride bond formations, including Amonia gas
(NH err]) or a mxture of N2 and H2 gas, where the nitrogen acts as a
carrier gas for the hydrogen. [0024] The inventors perfornmed a first phase
of testing to evaluate different conditions of using the first enbodi nent
(i.e., H2 plasma treatnment to hinder oxidation) for a NiSi silicide |ayer
22. | n test isngpegicht ayern{diplectrio tyed8, prttitefieety coiting I0p pnduphotoresisi 2) @t i on of
the silicide layer 22, a measure that may be used to conpare results is the
change i n ordepbsitedorethesilicileddyee2.r esi stance for the silicide layer 22 after
the dry etching step (etching to renove the etch stop |layer 26 covering
the silicide layer 22 at the contact opening 34) as conpared to the
silicide | aje023p2 beltlengh ithediffuftitadeterntinetht heatioraofthydtrefwinethe beystabnoval  of
the etch stop layer 26. The Rs tests were perfornmed using blanket N S

filmw thin sgB0@éretofiNeSing ssbetivcedrhit i i, glagppi th@trdnt bastoptopyetion ofvither
directly conparing the difference of sheet resistance (delta Rs) with pre-

and post - dr ¥hERSh @Fer ¥ Sifornt Rietabi@iNAL BondsqL, Ng-Honts)Gandkr silibéh yieidt
resistance (Rs) across the silicide |ayer22 TSMC2002-0426 10 at spot B may

be conpar ed yofdd @G, $1HREA hydirie 1 RPHFoehH iofflug Rfucd NV @isafioh)S TheRFR&RRt ati ve

of the original silicide 1ayer ‘conposition before etching at spot B.

TSMC2002- 0428 yktavssiticon hydride bonds at the top portion of the NiSi layer 22 will minimize the
oxidation and fluoridation of the NiSi layer 22 during a subsequent dry etch to remove
the etch stop layer 26. The H; plasma treatment process includes a step of pumping Hj
gas into a plasma chamber. Other gases may be used alternatively for the H, plasma

treatment to induce metal hydride bond formations, including Ammonia gas (NH3) or a

mixture of N, and H, gas, where the nitrogen acts as a carrier gas for the hydrogen.

[0024] The inventors performed a first phase of testing to evaluate different
conditions of using the first embodiment (i.e., H;, plasma treatment to hinder oxidation)
 for a NiSi silicide layer 22. In testing different methods of reducing oxidation and
fluoridation of the silicide layer 22, a measure that may be used to compare results is the
change in or difference in sheet resistance for the silicide layer 22 afier the dry etching
step (etching to remove the etch stop layer 26 covering the silicide layer 22 at the contact
opening 34) as compared to the silicide layer 22 before the H;, plasma treatment and
before the removal of the etch stop layer 26. The Rs tests were performed using blanket
NiSi film within 300A thickness and without capping etch stop layer, and directly
comparing the difference of sheet resistance (delta Rs) with pre- and post-dry etched

NiSi. For example, looking at FIG. 5. the sheet resistance (Rg) across the silicide layer22
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[0025] The following test data in Table | shows the test results fromthe
first phase of testing for evaluating the first enbodinent, wth a focus
on using H2 plasma treatnment under different conditions. The prinmary

vari abl es changed in these tests of Table 1 were pressure, source power,
and bias power. Table 1 est' Rs (ohnsggquare)Aye. Delta Testing conditions
14TR sRs CA4.804.814.794.80--N si 15.005.015. 015. 010. 21H2 / 50 mTorr / 1000
W/ 100 W 25.065. 065. 065. 060. 26H2 / 50 mrorr / 500 W/ 100 W

35. 035. 035. 035. 030. 23H2/ 100 mrorr / 1000 W/ 100 W

45. 065. 065. 055. 060. 26H2/ 100 miforr / 500 W/ 100 W 54. 864. 864. 864. 860. 06H2
/[ 50 mTorr / 1000 W/ 0O W 64.894.904.894.890.-09H2 / 50 mrorr / 500 W/ 0 W
75.185. 185. 195. 180. 38112/ 50mror r/ 500W 100w+ 02 / 50 mrorr / 1500 W/ 100 W
84. 914. 924. 9840PB haldeRomphed tolthe Ehdet REiStakive (RQ) AspotQC, whi&is mépadsenthatiie500 W /
0 W94.914.914. 924. 910. 11H2 / 50 mrforr / 1000 W/ 0 W+ 02 / 50 mrlorr /

1500 W/ 0 W &Q4rigadt HddcIdgbr 6Rpddition BefSr@ oclhmpfat épot BOO W/ 0 W
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CB4.824.814.814.81-Ni Si  114.984. 984.994. 980. 1702/ 50 mTorr / 1500 W/ 100 W
125. 025. 015. 025. 020. 21H2 / 100 mrorr / 500 W/ O W+ 02/ 50 mforr / 1500 W
/ 0 W134.974.984.974.970. 16H2 / 100 mrorr / 1000 W/ O W+ 02 / 50 nmTorr /
1500 W/ O W 145. 835. 825. 835.831. 02CO / 25 mlorr / 500 W/ 300 W

TSMC2002- 0426 12 100261 Referring {9 Table 1, test CA and CB were control
tests to determ ne the average sheet resistance (Ave. Rs) of a N Si |ayer
22 (i.e., pre-etching state), which will be used for conparisons for tests
1-10. and 11-14. The average sheet resistance (Ave. Rs) in test CA and CB
were al nost sane: 4.79 - 4.82 ohns/square. In test 1, an H2 plasm

treatnent was perforned at a pressure of 50 niforr, a source power of 1000

W and a bias r of 100 W .The .ayerage, sheet resistance in test 1 was
5. 00 ohmﬂ?@éharg‘, \é\gﬁw g test dgtajn qﬁﬂﬁ&ﬁé‘&%{ﬂ’% eﬂr‘@%‘itéimfrhtgﬁﬁfsﬁghaé%ﬂ rol

resi stance CA (4.80 ohns/square). In tests 2-6, . H2 plasma treatnents were
per f or nedesting fog evplyating Mtﬁf%reg@%%t,’ vath afeqs pBHeing Ho pligma trgameBfoner s, t he
results of which are shown in Table 1. Note that the best test results in
Tabl e 1 uades difesins canditings.6 Théprimary vetinbles changpdindhess testeofdable(Digre a Rs) of
0. 06 ohnms/square and 0.09 ohns/square, respectively. In tests 7-9, an H2
pl asma t?ﬁﬁhnembumﬁmbwmuhn¢bﬁ&@bwasing 02 ( was perfornmed for each test
using different testing paraneters, to evaluate the performance of H2
passi vation process from oxidation resistance.inprovenent point of view
Test 10 was performed w thout an HXapleeknma treatnment and with an 02 dry
etch. The 02 dry etch in test 10 was perforned under the sanme dry etching
conditig 'II:;st'  Rs (ohms/square) Ave. | Delta | Testing conditions
# Rs Rs

Ca | 480 | 481 | 479 | 4.80 -- | NiSi

1 500 | 5.01 | 501 | 5.01 | 0.21 |H;/50mTorr/ 1000 W/100 W
2 506 | 5.06 | 506 | 506 | 026 |H,/50mTorr/500W /100 W

3 503 | 5.03 | 503 | 503 | 0.23 | H,/100 mTorr/ 1000 W/ 100 W
4 506 | 5.06 | 505 | 5.06 | 0226 |H,/100 mTorr/500 W/ 100 W
5

6

7

486 | 486 | 4.86 | 4.86 | 0.06 |Ha/50 mTorr/ 1000 W/0W
489 | 490 | 4.89 | 4.89 | 0.09 |Hy/50 mTorr/500 W/0 W
518 | 5.18 | 5.19 | 5.18 | 0.38 | Hy/ 50 mTorr/ 500 W /100 W +

02/ 50 mTorr / 1500 W/ 100 W

8 | 491 | 492 | 493 | 492 | 0.12 |Hy/50mTorr /500 W/0 W +

0,/50 mTorr/ 1500 W/ 0 W

9 | 491 | 491 | 492 | 491 | 0.11 |H,/50mTorr/ 1000 W/0 W +

| : 0,/50 mTorr / 1500 W/0W

10 | 496 | 495 | 494 | 495 | 0.15 | 0/ 50 mTorr/ 1500 W/0 W

Co | 482 | 481 | 481 | 481 | — |[NiSi

11 | 498 | 498 | 499 | 498 | 0.17 | O/ 50 mTorr/ 1500 W/ 100 W =

12 | 5.02 | 501 | 5.02 { 502 | 021 |Hy/100 mTorr/500 W /0W +

0,/ 50 mTorr / 1500 W/0 W

13 | 497 | 498 | 497 | 497 | 0.16 | Hy/ 100 mTorr/ 1000 W/0 W +

0,/ 50 mTorr / 1500 W /0 W

14 | 583 | 582 | 583 | 583 | 1.02 | CO/25mTorr/ 500 W /300 W
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tests 7-9. Thus, tests 7-9 can be conpared to test 10 to see the effects of
using the H2 plasma treatnment when a dry etch using 02-contai ning

chem stries is perforned to renove the etch stop |layer 26 covering the
Ni Si |ayer 22 (see e.g., FIGs. 3 and 4). 100271 In test 11, an 02 dry etch
w thout an H2 plasma treatnent was perd orned. Test 12 is the sane as test
8, and test 13 is the sane as test 9, except that the pressure for the H2
pl asma treatnent was increased, and the increased pressure did not further
decrease the change in sheet resistance (Delta Rs) (in conparison to test
9). Intest 14 a COdry etch without an H2 plasma treatnent was perforned.
Test 14 shows that CO dry TSMC2002-0426 13 etchi ng causes much greater

ni ckel consunption than 02 dry etching. It should be noted al sqo that the
tests reveal{@26} o Reteriingtorfables, tast€a ard Op warropkRlfesthiodaigaaige theet
resistance of the NLSi layer 22 nore than a wet clean process (e.qg.

H er r] J er r hiddhgershicbefsistantd (AeORIT aMiSi lefer2d (i-hapredtching|stated s which witkt on
the test results shown in Table 1, the inventors determ ned that H2 plasma
treat ment (paasddfotdonipariehs fdaests I-$0 amhboth.nEit aveppe Sleeaiobiptask i Rep
performed under the follow ng conditions: an H2 flow rate of about 20-400

standard cuby s Q@M nd TB! s alRIst Ht4e79(-S ¢ 8D bhmélsquaks Ittt Dfandhlitsma nlor r
to about | Torr, a dual power source, a source power of about 250-2500 W

a bias powerma}nen@»b&%r@mmt%@me 8f 50 RAbABMoutdeFowef o100V W, 2nd 8 bRO0

seconds. A preferred range of "source power for H2 pl asma treatnment of the

first embodi n@?ttofi 190 g\fb.orﬁeegg%gé%tn%giéénceo%%sﬁ %gs.bﬁ%ﬂﬁs@%ua\% @fit_iﬁg@é"’er for

H2 pl asma t Peat nent st e Iment 1s about 0- 20
condi ti ons

TR 1 e LT L b
]E) IO\rNg,: g%ggﬁ%%%ﬁ%&g%@%&r oiﬁrglgd Bsc{r\(\g (rliﬂ(ePenygr'esslux%s,asoH{cg Bg&ér?,dm& Bfas of the

powers, the results of which are shown in Table 1. Note that the best test results in Table

1 are tests 5 and 6, having sheet resistance changes (Delta Rs) of 0.06 ohms/square and

0.09 ohms/square, respectively. In tests 7-9, an H plasma treatment and a dry etch using

0, ( was performed for each test using diﬁ‘erént testing parameters, to evaluate the

performance of H; passivation process from oxidation resistance improvcment point of

view. Test 10 was performed without an H; plasma tréatmcnt and with an O, dry etch.

The O, dry etch in test 10 was performed under the same dry etching conditions as in

tests 7-9. Thus, tests 7-9 can be compared to test 10 to see the effects of using the H,

plasma treatment when a dry etch using O,-containing chemistries is performed to

remove the etch stop layer 26 covering the NiSi layer 22 (see e.g., FIGs. 3 and 4).

[0027] In test 11, an O, dry etch without an H; plasma treatment was performed.
Test 12 is the same as test 8, and test 13 is the same as test 9, eicept that the pressure for
the H; plasma treatment was increased, and the inc_:reased pressure did not further
decrease the change in sheet resistance (Delta Rs) (in comparison to test 9). Intest 14 a

CO dry etch without an H, plasma treatment was performed. Test 14 shows that CO dry

TSMC2002-0426




H2 pl asma treatnent, the followi ng parameters nmay be used: dual power

pl asma source; source power of about 1000 W bias power of about 150 W a
| ow pressure of about 25 mlorr; treatnent tine of about 30 seconds; and a
tenperature of about 50-60 C. [00291 Although a high tenperature H2
reduci ng environnent may be used in p1 ce of an H2 plasma treatnent in

ot her enbodi nents to provide netal/silicon hydride bonds at the N Si

| ayer, H2 plasma treatnent is nore preferable because a high tenperature H2
reduci ng environnent process wll have limted performance as it will only
treat the top surface of the material. Wereas, a well controlled H2

pl asma treatnment will penetrate to TSMC2002-0426 14 a suitable depth into
the NiSi |ayer and without such high temperatures, which may cause ot her
probl ens. [ GOBOIE ceyseamygh: swerete%'&ed EorsHmpHen thar Op Aecedehing. nlf shauidhe noted

hydr ogen-containing etch chemstries are used to reduce undesirable

oxi dat i on andbdhat theuiestd wuealeshio dfe iavestdrs tiatian Pagryetchiner¢asegsheetpsditynophi | e
removi ng an etch stop layer 26. A typical etch stop renoval process is
show i n FI Gaftliz Nifdlagler(22.ngor¢ thao awwet clegn procese &ng. A/HSBGhd 4), in which the
second enbodi nent may be incorporated to inprove the resulting silicide

| ayer 22. [0031] The inventors perfornmed a second phase of testing to

eval uat e di fibe28pnt Theeafokie} baserkat ddastinipag oh kie text cosnlts shobadn Febie 1(thee.

hydr ogen-cont ai ning etch chem stries to reduce oxidation). As in the first
phase of teshiengr{ set@miiddltiat H) plasiha ngstment(passivaliibd)of arcirst enibodiheet
resistance (Delta Rs) for the bl anket suicide |ayer 22 are again used to

conpare  angg¥ably3héuld Bepérisiined Gidek e followillg c&REN: BRAS BloRfrale®Fhbdtg. -
Al so, because N SI is a preferred conposition for the silicide |ayer 22,

Ni Si layers 30e{0® seMadrt 3L cdrfinfch®s 58 8Rkte (é@@lﬁﬁ% PRlsshre oF bt ARt fo-
about 1 Torr, a dual power source, a source power of about 250-2500 W, a bias power of
about 0-500 W, and a treatment time of about 5 to 300 seconds. A preferred range of
source power for H, plasma treatment of the first embodiment is about 500-1500 W. A
preferred range of bias power for H, plasma treatment of the first embodiment is about 0-
200 W. The conditions of test 5 in Table 1 provide a preferred set of conditions for the
first embodiment calling for a pressure of about 50 mTorr, a source power of about 1000
W, and no bias power (0 W). In a preferred use of the first embodiment incorporating the
H; plasma treatment, the following parameters may be used: dual power plasma source;
source power of about 1000 W; bias power of about 150 W; a low pressure of about

25 mTorr; treatment time of about 30 seconds; and a temperature of about 50-60° C.

[0029]  Although a high temperature H; reducing environment may be used in place
of an H, plasma treatment in other emBodiments to provide metal/silicon hydride bonds
at the NiSi layer, H; plasma treatment is more preferable because a high temperature H;
reducing environment process will have limited performance as it will only treat the top

surface of the material. Whereas, a well controlled H, plasma treatment will penetrate to
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[0032] The following test data in Table 2 shows the test results fromthe
second phase of testing, with a focus on incorporating hydrogen gas into
the etch chem stries for etching the etch stop |ayer 26 under different
conditions. The prinmary variables changed in these tests of Table 2 were
etch chem stry and bi as power. TSMC200Q¢- 0426 15 Tabl e 2 TestRs

(ohms/ squar e) Ave. Del t aTesting conditions RsRs cc4.724.724. 734.72--N Si

154. 884. 884. 884. 880. 16CH2F2 / H2 / Ar + 02 / 50 mfTorr / 1500 W/ 0 W
164.874.874.864.870. 15CH2F2 / Ar + 02 / 50 mfTorr / 1500 W/ O W
174.744.734.734.730.01CF4 /| H2 / Ar. /| without bias power + Q2 / 50 .mforr /
1500 W/ 0 W 184.744.734.724.730.01CF4 / Ar / without bias power + 02 / 50

mrorr / 1500 W/ 0 W CD4. 664, 654.654. 65--Ni § ,194. 724. 704. 704. 710. 06CF4 /
H2 | Ar |/ mmswta?leadgpﬁbdmth%ﬁbgz?%ﬁﬁgﬁwﬁﬁgb% B&gm&e@éa@w@ AERYSe) 7CF4 |

Ar /| with bias power + 02/ 50mforr/1500W OW CE4. 744. 734. 734.73-Ni Si
other problems.

[0630] Ina second embodiment of the present invention, hydrogen-containing etch
chemistries are used to reduce undésirable oxidation and/or fluoridation of a silicide layer
22 (e.g., NiSi) while removing an etch stop layer 26. A typical etch stop removal process
is show in FIGs. 3 and 4 (i.e., occurring between FIGs. 3 and 4), in which the second

embodiment may be incorporated to improve the resulting silicide layer 22.

[0031] The inventors performed a second phase of testing to evaluate different
conditions of using the second embodiment (i.e., hydrogen-containing etch chemistries to
reduce oxidation). As in the first phase of testing (see Table 1), changes in or differences
in sheét resistance (Delta Rg) for the blanket silicide layer 22 are again used to compare
and evaluate the test results in the second phase of testing. . Also, because NiSi is a
preferred compositibn for the silicide layer 22, NiSi layers Were evaluated in the second

phase of testing as well.

[0032]  The following test data in Table 2 shows the test results from the second phase
of testing, with a focus on incorporating hydrogen gas into the etch chemistries for
etching the etch stop layer 26 under different conditions. The primary variables changed

in these tests of Table 2 were etch chemistry and bias power.
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215. 065. 065. 065. 060. 33CH2F2 / 02 / Ar + 02/50mrorr/ 1500W OW
CF4.714.714.714.71--Ni Si  225.745.745. 745. 741. 03CH2F2 / 02 / CO/ Ar + 02/
50 mforr / 1500 W/ O W][0033] Referring to Table 2, test Cc was a control
test to determ ne the average sheet resistance (Ave. Rs) of a NiSi |ayer
22, which will be used for conpau%sons for tests 15- 18. The average sheet
resistance (Ave. RS) in test Cc s 4.72 ohns/square. In test 15, an etch
was performed on the etch stop layer 26 using an etch chem stry m xture

i ncludi ng a conbi nati on of CH2F2, H2, and Ar gases w thout bias power, then
fol | oned TSMC2002-0426 16 by an 02 dry etch at a pressure of about 50
nmlforr, a source power of about 1500 W and no bias power (0 W. The average
sheet resistance (Ave. Rs) in test 15 was 4.88 ohns/square, which is 0.16
ohns/ square greater than the contkableZesistance Cc (4.72 ohns/square).
Fbmever in test 15, these testing conditions did not result in etching of

the et stop, Fayer, and_rarfer UI T ea 1L & potyner depositron]In
tests |1 5&8,%G§S%B/ ?erezkﬁetgﬁfﬁheﬁ? HWQFDres and wi t hout biapg
power,[#ikp test 15, the chahgeji Heet resistance (Delta Rs) resulfs
were doed (@.72 4hﬁ] ahws| agrar e)-, qmsagaln these testlng conditions did
not rgstt+nA—etching—ot—the—etth stap —but—rat-her—ond Y }JUI VALLZE
deposilt tildn 488054488 nt881 | A8t | @ ond CHeFe (HabAB* r ef er ence point for fests
19 and 20. BecaTse the sheet r=sistaq§§5@m@ﬂgepumﬂevtgvﬁe) in tests 17 and
18 werle—seor-favotableH{-0—0H —ochnAsl-Seugre hese—sare—etech—chem-stres| were
tested ilf | dst’s | 198%nd486, | Médp L 15dl LF, TAr+
: O,/ 50 mTorr / 1500 W/0W
17 | 474 | 473 | 473 | 473 | 0.01 | CF4/H,/ Ar/ without bias power +
_ ‘ 02/ 50 mTorr / 1500 W /0 W
18 | 474 | 473 | 472 | 473 | 0.01 | CF4/ Ar/ without bias power +
_ 0,/ 50 mTorr / 1500 W/0W
Cp | 466 | 465 | 465 | 4.65 - NiSi
19 | 472 | 470 | 4.70 | 4.71 0.06 | CF4/H;/ Ar/ with bias power +
' 0,/ 50 mTorr / 1500 W/ QW
20 | 482 | 482 | 482 | 4.82 | 0.17 | CF4/ Ar/ with bias power +
0,/ 50 mTorr / 1500 W/0W
Ce | 474 | 473 | 473 | 473 - NiSi
21 | 506 | 5.06 | 506 | 5.06 | 0.33 | CHF;/ O,/ Ar+
0,/50 mTorr / 1500 W/0W
Ce | 471 | 471 | 471 | 471 | - |NiSi
22 | 574 | 5.74 | 5.74 | 5.74 | 1.03 | CH,F,/0,/CO/Ar+
0,/ 50 mTorr / 1500 W/0W

[0033] Referring to Table 2, tcst Cc was a control test to determine the average sheet
resistance (Ave. Rs) of a NiSi layer 22, which will be used for comparisons for tests 15-
18. The average sheet resistance (Ave. Rs) in test Cc was 4.72 ohms/square. In test 15,
an etch was performed on the etch stop layer 26 using an etch chemistry mixture

including a combination of CH,F,, H,, and Ar gases without bias power, then followed
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but with the use of bias power. The results of tests 19 and 20 were
favorabl e because instead of just polyner deposition (as in tests 15-18),
etching occurred at a rate of about 360 A per mnute. Note that the change
in sheet resistance (Delta Rs) for test 19, where etching occurred, is
only 0.06 ohns/square, which is very ggod. Thus, based on these test
results shown in Table 2, it appears that sone bias power is needed for the
hydr ogen- contai ning etch chem stry etching process to accel erate the gas
particles sufficiently to cause etching, as opposed to just having polyner
deposition. [0035] Control tests CE and CF were each used as reference
points for tests 21 and 22 respectively. In tests 21 and 22 other

h)’droge“‘cog!l gi r&géé? pggﬂhl% "f%@osut‘ﬁﬁineroh%%&%e ﬁgﬁ'ﬁ épg' ot n%

m xt ur e- of f-gases; and and Ar
gases. The etgh rate e chem ] &s tested in test 22 was
about 400 T (?2“’6‘498{]& era/g?ﬁ; WF%We(gv? a‘g?g‘rte tﬁé a of tests 19
and 20. Howeyer, the sheet resjst nce chan es for tests 21 and 22 were

si gni fi cant Iohms/SgEs: Whiekids 0116 Sbmg/sayaggreater t m%coﬁt%’é“'é’csﬁ‘ﬁce endistry
mxture in test 19 with bias power used provided the best (i.e., |east)
sheet resi shmsseartabgeeymeinttest k8)thesg testiogeonditipnodid nopesdtinprebingfalr e,
corresponding to test 19, a preferred hydrogen-containing etch chem stry
met hod for tiheeetehestemidyesraho eithaz onlyi meiltad osa pdipnersiepasitiant dn fests| 16vii8ngsing xi ng
gas: a flow of about 5-30 sccm of fluorocarbon gas (e.g., CFlerr]), a flow
of about 20-diffi¥ent sch chahistre dixdttu@s tndjashdque bigs pow) likeatasd 14, the chwingé inssheast
50-500 seem of diluting gas (e.g., inert gas, such as Ar). Oher preferred
condi tions aésidtdiee ERtarRy) Assbiecivere gbod @Q.,WNH: ohths/sdukb), POVMHin$M4E Gtifeor t he
etching, a source power of about 500-1500 W a bias power of about 50-500
W and a pressdifichs@id mi@dsultIn &8iaE of Be 2R Wop laydQ bt raBRS &My PAlylbe t est

deposition.

[0034] Control test Cp was used as a reference point for tests 19 and 20. Because the
sheet resistance changes (Delta Rg) in tests 17 and 18 were so favorable (0.01
ohms/square), these same etch chemistries were tested in tests 19 ar;d 20, respectively,
but with the use of bias power. The results of tests 19 and 20 were favorable because
instead of just polymer deposition (as in tests 15-18), etching occurred at a rate of about
360 A per minute. Note that the change in sheet resistance (Delta Rg) for test 19, where
etching occurred, is only 0.06 ohms/square, which is very good. Thus, based on these
test results shown in Table 2, it appears that some bias power is needed for the hydrogen-
containing etch chemistry etching process to accelerate the gas particles sufficiently to

cause etching, as opposed to just having polymer deposition.

[0035]  Control tests Cg and Cr were each used as reference points for tests 21 and 22,
respectively. In tests 21 and 22, other hydrogen-containing etch chemistries were tested
with bias power: a mixture-of CH,F,, O, and Ar gases; and a mixture of CH,F,, O,, CO,

and Ar gases. The etch rate for the chemistries tested in tests 21 and 22 was about 400-
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results shown in Table 2, it appears that the conditions of test 19 provide
one of the preferred uses of the second enbodi nent. [00371 A potenti al
result that should be taken into account when using the second enbodi nment
(hydrogen-containing etch chem stry) is the possibility that the nickel may
be driven into the silicon substrate g4 by the hydrogen in the etch

chem stry, which may provide an undesirable resulting structure. \Wen
hydrogen gas (H2) is incorporated into the etch chem stry m xture, the
hydr ogen can induce or cause the nickel to penetrate deeper into the
silicon, as shown in FIGs. 8A and 8B. In the exanple shown in FIG. 8A and
8B, the etch chem stry mxture of test 19 in Table 2 was used. FIG 8A

shows an N Si; | ayen, hRPIMEHA tESO1D Andy20I HiWeler, the sh@plicsistahcd he
substrate gb?ﬁgwpérmyﬁﬁsg gﬁtstop | ayer 26 has been)rennved at the opening

34 using the secan odi Ofi ool Btthar MYV 19 NPg, thBatchFI G 8A
correspondsCht"é)geé?Prg‘?fFS?jga@gQg%\rﬁ% Q&Bgﬂéiﬁggn of FIG 4 (i.e. . TSM2002- 0426

18 the sanme portion shown in, FL.G. j ' itions). |If
the otch | sheas gt wbioH PR hslef by REf e SR ubRRck | OF

i.e., if the etch chem stries _bo d., exposed portions of the NiSi |ayer
22 after tmsisfmtmCh@ftgﬁ@%lfi’e%%%t%@a{gé%ved, then the hydrogen begins to

drive the nickel deeper into the substrate 24. If the etch is carried out
too long after the renpval of the etch op_l.aver, 26 (. . aft.er the
exposure of [003@ Ni "Shefeﬁoﬁyé?mé@"“p&‘gttﬁ es%f%ﬁpﬁﬁ%'ﬁ?%stfy%fopgér)‘ N g?tﬁlgﬁ%tggcﬁl ting
structure may be as shown in FIG 8B. In 6 Fl 8B, t t ortion at the
surface is cemidrysnéthedior ﬂryamoa‘éema%me%n?lﬁ@éﬂwsg PF&S&%P‘WE%%"SHégt he ‘
hydrogen has driven the nickel deeper |eaving sill Sonh. J?s%ub%%t he
silicon | ayar adBw of abing Sedsicera @f Rpmpcarbgrogas 208kt flay of aput [err]

40. Hence, the hydrogen has penetrated through the N Si__layer 22 to forma
Ni SiH err] bayesf rddictaanghs kas., Hraangedlayoaiabent 50-500 scem of diluting gas (e.g.,

inert gas, such as Ar). Other preferred conditions of the second embodiment include: a
dual power source for the etching, a source power of about 500-1500 W, a bias power of
about 50-500 W, and a pressure of about 1 mTorr to about 1 Torr. Based on the test
results shown in Table 2, it appears that the conditions of test 19 provide one of the ..

preferred uses of the second embodiment.

[0037] A potential result that should be taken into account when using the second
embodimenf (hydrogen-containing etch chemistry) is the possibility that the nickel may
be drive;n into the silicon substrate 24 by the hydrogen in the etch chemistry, which may
provide an undesirable resulting structure. When hydrogen gas (Hy) is incorporated into
the etch chemistry mixture, the hydrogen can induce or cause the nickel to penetrate
deeper into the silicon, as shown in FIGs. 8A and 8B. In the example shown in FIGs. 8A
and 8B, the etch chemistry mixture of test 19 in Table 2 was used. FIG. 8A shows an
NiSi layer 22 on a polysilicon layer 24 (i.e., part of the substrate 24) after the etch stop
layer 26 has been removed at the opening 34 using the second embodiment of the present

invention. Note that FIG. 8A corresponds to an enlarged view of a portion of FIG. 4 (i.¢.,
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the nickel along with it, which is what causes the nickel to be driven
deeper. And, below the NiSiH , layer 40 is the polysilicon |layer 24 (i.e.,
the substrate 24). If a structure such as that shown in FIG 8B occurs,
the top silicon layer 38 may be renoved with another etch, such as an
argon sputter. The structure shown in&l G 8B is not preferred because the
resulting Si top layer 38 will likely have a relatively |arge contact
resistance if left there and because the addition of another step (e.g.,
argon sputter) to renove the top Si  layer 38 is likely to be undesirable
for process efficiency and integration. Furthernore, interface distortion
between Ni Si and Si substrates nmay negatively affect the reliability of

the resulting device or circuit. . It is thus preferable to avoid this
situati on wrsemé pertiom ekl iniFEG dY afles diffarens etchiag somditions). oIf the agh ippasasd el y
controlling the etch time and etch conditions so that the etch is stop as
soon as t he ogtehorfitthPreysirof e dictsstoelagen26nioyafithecod3IBpmistrics bprabard

enbodi ments of the present invention, an H2 plasma treatnent may be

conbi ned Wi L RPAREAER tHATSHanig afiecihe efh siop layyr 2®ispenwiedsthen themmal  sheet
TSMC2002- 0426 19 resistance change in the silicide |ayer 22 after renoving

the etch st S{?dﬂogéﬁ%g%@m RN EHickel Abkpar METRE Bitisirerd 28R thodtclbi cpiied eutr ed i n
sonme cases if It is not better for process integration. Hence, it wll

often be rope, des] ’ RIAGRDIayeP 26 Aed b the BRISREGF ihé Misit O
perforn1eitﬁgpgﬁ%hﬁghgﬁggégﬂg¥ggtnen?ikzgg.,gas in t%gﬁi 5 and 6 of Table

1) or ahy gy%ﬁﬁ}léfcﬂgeg L3l &e%ﬁ%ﬁ%é%@%&@é Ghichfe xﬂa¥ b HBwh S FIGL8BOTIn Tabl €

2). For so urers, ogen-contal ni ng chem stry etch (as

et 12 e TR 2 ol s SERBEIB PR lompbiE B,
Eeuhgi ibés ag;ﬁyp&ge: tgcie {Zlgcg'ggq%&g:sg grjive-glﬁe girggg ((jiiec%%p lteeslvit(ljé si iggn)P fost ge%w kﬂ%"sﬂ%h on may

layer 28 is the desired NiSi layer 22 and a layer of NiSiHy 40. Hence, the hydrogen has

penetrated through the NiSi layer 22 to form a NiSiH, layer 40, and has dragged some of

the nickel along with it, whicﬁ is what causes the nickel to be driven deeper. And, below

the NiSiH, layer 40 is the polysilicon layer 24 (i.e., the substrate 24). If a structure such

as that shown in FIG. 8B occurs, the top silicon layer 38 may be removed with another

etch, such as an argon sputter. The structure shown in FIG. 8B is not preferred because

the resulting Si top layer 38 will likely have a relatively large contact resistance if left

there and because the additioﬁ of another step (e.g., argon sputter) to remove the top Si

layer 38 is likely to be undesirable for process efficiency and integration. Furthermore,

interface distortion between NiSi and Si substrates may negatively affect the reliability of

the resulting device or circuit. . It is thus preferable to avoid this situation where the

nickel is driven into the substrate 24 by precisely controlling the etch time and etch

conditions so that the etch is stop as soon as the etch stop layer 26 has been removed.

{0038]  In other embodiments of the present invention, an H; plasma treatment may

be combined with a hydrogen-containing etch chemistry to provide minimal sheet
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materials used for formng a silicide layer, including but not limted to:
pal | adi um and silicon conpounds (e.g., PdSi, Pd[err]Si, PdSi[err]),

pl ati num and silicon conpounds (e.g., PtSi, Pt[err]Si, PtSi[err]), cobolt
and silicon conpounds (e.g., CoSi[err]), other nickel and silicon

compounds (e.g., NiSi[err], Ni[err]Sijg or any conbination thereof, for
exanpl e. (00401 Al though the present Invention and its advantages have been
described in detail, it should be understood that various changes,
substitutions and alterations can be nmade herein w thout departing from
the spirit and scope of the invention as defined by the appended cl ai ns.
Moreover, the scope of the present application is not intended to be

limted to b8, Rathingyldthe Siibiddisyertzsafes rdnkwinprthe esh e®p layacts. However,
manuf acture, conposition of matter, means, nethods and steps described in

the specifi S;Qﬁ &o%mﬁgn 9.{5? noPbe bRHBdInYsofteichdes ifflt st Bétfer W plocsgadi | y-
e

appreciate rom I sclosure of the present I nventl on, processes,

machi nes, m{ég{a? St Widhe ’quip@%;]g’g rQBTs'f@IBlE eﬁ'orrh g?ﬂﬂéss flﬁ‘@ gs. or steps,

presently &% lng or Tater evel oped, t perform substantially the

same function or achieve s t] _ e t

corres pondiﬁ?&péﬁ’ﬂﬁf)%ﬁ?‘? el‘%é%’zﬁ%%%tr%gﬁ%fgg?f %selg%r?{esrsgﬁﬁlﬁl érlr’gfaBIS Bitilized
according to the present .invent.ion. cor di. ngl t pended clains are

7 ended t PR U R AARRE R LU S rrost daute MERR REe

manuf acture, conpositions of matter, neaps,. nethods, or steps

TSMC2002- 04ngfectupgya psing adhydjogpipeqniginipg CQF’%%?}S“ g‘ﬁ in e Dt aple Ry maY

sem conduct or device, conprising: formng a nickel silicide |ayer on a
substrat e: be preferred over an H, plasma treatment because the use of an H; plasma treatment

process may be less favored and thus its use minimized.

[0039] The embodiments of the present invention may also be applicable to other
materials used for forming a silicide layer, including but not limited to: palladium and
silicon compounds (e.g., PdSi, Pd,Si, PdSiy), platinum and silicon compounds (e.g., PtSi,
Pt,Si, PtSiy), cobolt and silicon compounds (e.g., CoSiy), other nickel and silicon

compounds (e.g., NiSi,, Ni,Si), or any combination thereof, for example.

[0040]  Although the present invention and its advantages have been described in

detail, it should be understood that various changes, substitutions and alterations can be

made herein without departing from the spirit and scope of the invention as defined by

the appended claims. Moreover, the scope of the present application is not intended to be
limited to the particular embodiments of the processes, machine, manufacture,

composition of matter, means, methods and steps described in the specification. As one

of ordinary skill in the art will readily appreciate from the disclosure of the present

invention, processes, machines, maqufacture, compositions of mattg:;, means, meth’ods,‘ or
steps, presently existing or later to be developed, that perform substantially the same

function or achieve substantially the same result as the corresponding embodiments
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perform ng a reducing plasma treatnent on the silicide layer; formng a
dielectric layer over the silicide |layer; and etching away a portion of the
dielectric layer to forman opening and to expose at |east a portion of
the silicide | ayer therebeneath. 2. The nethod of claim1, wherein the
dielectric layer includes an etch stopglayer. 3. The nethod of claim 1,
wherein the reducing plasma treatnent 1s a hydrogen plasma treatnent. 4. A
met hod of manufacturing a sem conductor device, conprising: formng a
nickel silicide |ayer on a substrate; perform ng a hydrogen pl asna
treatment on the silicide layer; formng an etch stop |ayer over the
silicide layer; formng a dielectric |ayer over the etch stop | ayer;

form ng an openi | ' lofdi he proseslt Bl &itond ARVGinglyp@kt | on of
the etch st%%Cq%@@?k§P5?ﬁ8g@§§§?%gkf%ﬁgﬁﬁos% at least a port?gﬁ of the
silicide |ayer er ebenea : . i {aBhi

subst anti al XH?S?‘%%SF?"B? art%ﬁ%t}g%qe?it%ll ggld]@'%tg&qﬂgéscgb @gl\%aé?mcc‘g%g%gla? Iiug(raﬁs’ bef ore
the etching step. 6. The neth f clai i.n. the change in sheet

resi st ance mawﬂgwgeéwﬁﬁ@880m§§ﬂwg?&8“?%%@%“5@@?#%k at the opening after the
etching step, as conpared to before the etching step, is not greater than
about 0.10 ohns/square. 7. The nethod of claim4, wherein sheet resistance
through the silicide |ayer at the opening is substantially unchanged after
the etching step. TSMC2002- 0426 22
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8. The method of claim4, wherein the perform ng hydrogen plasma treatnent
step is perforned under the conditions of: a flow of hydrogen being

bet ween about 20 standard cubic centinmeters per mnute (sccn) and about
400 sccm a dual power source being used, wherein: a source power is

bet ween about 250 watts and about 250§ watts, and a bias power is between
0 and about 500 watts, a pressure being between about | nTorr and | Torr,
and a treatnment tinme being between about 5 seconds and about 300 seconds.
9. The method of claim8, wherein the perform ng hydrogen plasma treat nment
step is perfornmed under the conditions of: the source power being between
about 500 watts and about 1000 watts, and the bias power being between O
and about 2 e nmethod of claim8, wherein the performng
hydr ogen pl Eééﬁé#@%?ﬁgtep is performed under the conditions of. the
source power being about 1000 watts, the bias power being about 0 watts,

and the pressure bei about 50 mrorr. The. -.0f.claim8, wherein
t he perforning WWS@B%fmagg m??%%gerrﬁéﬁgﬁé%tgb&l%ség’e%g&% gfr?l ed under the
condi tions of ! tfe,$ednikeNMEde lagirog aabistiate] 000 watts, the bias power

bei ng about 150 watts, the pressure bein9 qgoui %5 mrorr, the treatnent
ti me being aboutp%f(}f@i@géﬁﬁg‘m"& sma treatment’on the silicide layer;

forming a dielectric layer over the silicide layer; and
etching away a portion of the dielectric layer to form an opening and to expose at

Jeast a portion of the silicide layer therebeneath.

2. The method of claim 1, wherein the dielectric layer includes an etch stop layer.
3. The method of claim 1, wherein the reducing plasma treatment is a hydrogen
plasma treatment.

4. A method of manufacturing a semiconductor device, comprising:

forming a nickel silicide layer on a substrate;

performing a hydrogen plasma treatment on the silicide layer;

forming an etch stop layer over the silicide layer;

forming a dielectric layer over the etch stop layer;

forming an opening in the dielectric layer; and

etching away a portion of the etch stop layer at the opening to expose at least a

portion of the silicide layer therebeneath.

5. The method of claim 4, wherein a substantial portion of the silicide layer has a

NiSi composition before the etching step.

6. The method of claim 5, wherein the change in sheet resistance for the exposed
silicide layer portion at the opening after the etching step, as compared to before the

etching step, is not greater than about 0.10 ohms/square.

7. The method of claim 4, wherein sheet resistance through the silicide layer at the

opening is substantially unchanged after the etching step.
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a tenperature being between about 50 C and about 60 C.. 12. The nethod of
claim4, wherein the hydrogen plasnma treatnent step induces the fornmation
of hydride bonds in the silicide |layer, the hydride bonds being sel ected
froma group consisting of nmetal hydride bonds and silicon hydride bonds.
TSMC2002- 0426 23 13. The method of clgpm 4, wherein the etch chemstry

m xture used during the etching step includes hydrogen gas. 14. - A nethod
of manufacturing a sem conductor device, conprising: formng a nickel
silicide layer on a substrate; formng a dielectric |layer over the silicide
| ayer; formng an opening in the dielectric layer, and etching away a
portion of the dielectric layer to forman opening in the dielectric |[ayer
and to expose @he memsd ofclpiat 4, vdrerah thetpsrioming hyfogeaypdasmarea@Bh R K usi ng
an etch chemstry m xtur .Ihatf.i ncl udes hydrogen gas during at |east part
of the et phifergned pgder Ah @5 manuf acturing a semi conductor devi ce,
conprising:  fQui N nddiok&kSdinghdtivedntibolidfestandard aulsic beittinadters péroniwiliég an
etch stop layer over the silicide layer; formng a dielectric |ayer over
the etch gscom)hadahout 4G0caing an opening in the dielectric layer; and

etching away a_porti Bhebd deRid:ayer at the opening to expose at
| east a porti 8 u%lf o?jf%‘égsuir‘%c:}%r%é [ dyer therebeneath usj nﬁ an et ah chem stry

m xture that incl udeswrbwpbwn_géqbegu@ﬂabeutzﬁﬁé"%?‘ﬁ’cﬁﬁ’ob?zs@ s e wherein a
substantial porti Onaggastpgvevcﬁls%t%)egr?o L\R&'Q{oubf’(ﬁ)w@aﬁs,

a pressure being between about 1 mTorr and 1 Torr, and

a treatment time being between about 5 seconds and about 300 seconds.

9. The method of claim 8, wherein the performing hydrogen plasma treatment step is

performed under the conditions of:

the source power being between about 500 watts and about 1000 watts, and
the bias power being between 0 and about 200 watts.

10.  The method of claim 8, wherein the performing hydrogen plasma treatment step is
performed under the conditions of:

the source power being about 1000 watts,

the bias power being about 0 watts, and

the pressure being about 50 mTorr.

il.  The method of claim 8, wherein the performing hydrogen plasma treatment step is
performed under the conditions of:

the source power being about 1000 watts,

the bias power being about 150 watts,

the pressure being about 25 mTorr,

the treatment time being about 30 seconds, and

a temperature being between about 50° C and about 60° C.

12, The method of claim 4, wherein the hydrogen plasma treatment step induces the
foxmatioq of hydride bonds in the silicide layer, the hydride bonds being selected from a
group consisting of metal hydride bonds and silicon hydride bonds.
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Ni Si conposition before the etching step. 17. The nethod of claim 16,
wherein the change in sheet resistance for the exposed silicide |ayer
portion at the opening after the etching step, as conpared to before the
etching step, is not greater than about 0.10 ohns/square. 18. The method of
claim 15, wherein sheet resistance thggugh the silicide |ayer at the
opening is substantially unchanged after the etching step. 19. The net hod
of claim 15, wherein the etch chem stry m xture includes: a flow of

fl uorocarbon gas bei ng between about 5 seem and about 30 sccm

TSMC2002- 0426 24 a flow of reductant gas being between about 20 sccm and
about 400 sccm and and a flow of inert gas_being bet wgﬁg .g%&t 50 seem and
about 500 sccm eg&q}oquaghm,wmemmmgc inixipes p5P e " under t he
condi ti onk of é‘ ual power source being used, wherein: a source power is
bet ween afenihg GeinvladeshydigaBBut 1500 watts, a bias power is between about
50 watts and about 500 watts, a pressure b@erj ngc‘?ﬂw%abgut | mTorr ang 1
Torr, and an efch.,ti L fAGuAst Mesmicasoctor devie about 200 seconds.
20. The métho &ethcoldém?rrﬁg%f,a whg%ei n the etch chenistry mixture includes: a

flow of a firsfongmg asidkeksibeids layehoR ¥PERr oup consisting of CF4,

ChFlerr], CL12F2, . o3 WaSiiSlaydifover the silicide layer;

i ing i iele
forming an opening 1n the die o | |
the dielectric layer to form an opening il the dielectne

ctric layer; and

etching away a portion of

layer and to expose at least a portion of the silicide layer thercbeneath using an etch

chemistry mixture that includes hydrogen gas during at least part of the etching.

15 A method of manufacturing 2 semiconductor device, comprising:

forming a nickel silicide layer on a substrate;
forming an etch stop layer over the silicide layer;
forming a dielectric layer over the etch stop layer;
forming an opening in the dielectric layer; and

etching away a portion of the etch stop layer at the ope!
chemistry mixture that includes

ing to expose at least 2

portion of the silicide layer therebeneath using an etch
hydrogen gas.

16.  The method of claim 15, whercin a substantial portion of the silicide layer has a

NiSi composition before the etching step.
17.  The method of claim 16, wherein the change in sheet resistance for the exposed

silicide layer portion at the opening after the etching step, as compared to before the

etching step, is not greater than about 0.10 ohms/square.

18.  The method of claim 15, wherein sheet resistance through the silicide layer at the

opening is substantiaily unchanged after the etching step.

19.  The method of claim 15, wherein the etch chemistry mixture includes:

a flow of fluorocarbon gas being between about 5 sccm and about 30

scem,
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a flow of a second gas selected froma second group consisting O H2,
NIl-13, and N2 - H2 mxture, and a flow of a third gas selected froma
third group consisting of Ar, N2, and He. 21. The method of claim 15,
wherein the etch chem stry m xtures include: a flow of CF4 gas, a flow of
H2 gas, a flow of Ar gas, and wherein the etching step includes a dry 02
etch performed under the conditions @4 a source power being about 1500
watts, no bias power, and a pressure being about 50 mTorr. 22. The nethod
of claim 15, further conprising: perform ng a hydrogen plasma treatnent on
the silicide |ayer before the step of formng the etch stop | ayer.
TSMC2002- 0426 25 23. A nethod of manufacturing a sem conductor device,
conprising: formng a nickel silicide |ayer on a substrate, wherein a

substantial portion of th .ci de tLayeEtweas atbubGkccanmdabout 48R scciior mi ng
an etch stop layer o “Vﬁgﬂgﬁkﬁggﬁe @%yer; formng a dielectric |ayer
over the etgnta stop layer; formng an opening in the dielectric |ayer, and

|ete;2 ![ ng away"a portl Oanﬂo%\]; ot:[ ngn gegs%réinsgtb%&écﬁ‘xg&ut 34 sdcifarR®ButTO0 %@nenpabse at

wherein the etching step is performed under the conditions of:

a dual power source being used, wherein:
a source power is between about 500 watts and about 1500 watts,

and
a bias power is between about 50 watts and about 500 watts,

a pressure being between about 1 mTorr and 1 Torr, and

an etch time being between about 0 seconds and about 200 seconds.

20.  The method of claim 15, wherein the etch chemistry mixture includes: -

a flow of a first gas selected from a first group consisting of CF,4, CHF3, CHaF,

and CHsF. '
a flow of a second gas selected from a second group consisting of Ha, NHs, and

N; - H, mixture, and
a flow of a third gas selected from a third group consisting of Ar, N, and He.

21.  The method of claim 15, wherein the etch chemistry mixtures include:
a flow of CF, gas,
a flow of H; gas,

a flow of Ar gas, and

wherein the etching step includes a dry Oz etch performed under the conditions
of:
a source power being about 1500 watts,

1o bias power, and

a pressure being about 50 mTorr.

22.  The method of claim 15, further comprising:
performing a hydrogen plasma treatment on the silicide layer before the step of

forming the etch stop layer.
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portion of the silicide |ayer therebeneath, wherein the change in sheet

resi stance for the exposed silicide |ayer portion at the opening after the
etching step, as conpared to before the etching step, is not greater than
about 0.10 ohns/square. 24. The nethod of claim 23, further conprising:
perform ng a hydrogen plasma treatnent on the silicide |ayer before the
step of forning the etch stop |ayer. 295. The nethod of claim23, wherein an
etch chem stry mxture used for the etching step includes

hydr ogen- cont ai ni ng etchi ng gas. TSMC2002- 0426

23. A method of manufacturing a semiconductor device, comprising:

forming a nickel silicide layer on a substrate, wherein a substantial portion of the
siticide layer has a NiSi compoéition;

forming an etch stop layer over the silicide layer;

forming a dielectric layer over the etch stop layer;

forming an opening in the dielectric layer; and

etching away a portion of the etch stop layer at the opening to expose at least a
portion of the silicide layer therebeneath, wherein the change in sheet resistance for the
expdscd silicide layer portion at the opening after the etching step, as compared to before
the etching step, is not greater than about 0.10 ohms/square.
24,  The method of claim 23, further comprising:

performing a hLydrogen plasma treatment on the silicide layer before the step of

forming the etch stop layer.

25.  The method of claim 23, wherein an etch chemistry mixture used for the etching

step includes hydrogen-containing etching gas.
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