METHODS OF FORMING FIELD EFFECT TRANSISTORS HAVING STRESS-INDUCING MDEWALL
INSULATING SPACERS THEREON Field of the Invention The present invention relates to methods
of forming integrated circuit devices and, more particularly, to methods of forming field effect transistors

and transistors formed thereby. 5Background of the Invention Generally, a metal oxide
semiconductor field eff8dEFIHIIIOIFOBMINGHAEH S IEFGAE EEBANE SWABA BAdMNEd on a
semiconductor substratg RRSIBVINRIRE SIDBWAETINSHRINgTING 354 egtseffirieresions formed on
both sides of the gate electrode. When an appropriate bias voltage is applied to the gate electrode of 10
the MOSFET, a channel region is formed under the gate insulating film. That is, the channel region may
be formed by appropriately controlling the bias B&h@qﬁtﬁ@bﬂ@dti@ﬂhe gate electrode of the MOSFET. As
the integration density of mI(%gSré% c&gernmemolrax d V|cet Ji %q:sesinm%rtrgorxte Ilsrc%e mcreasmgly
becoming smaller and faster to meet market nee llgﬁccoré)lnglry, VANoUS methods oc}efaf)rlcatlng
semiconductor devites it D@ﬂﬁelﬂlpéndﬂﬁmﬂ@éi%\nflf@r@vegcfmﬁﬁéfﬁtﬁél’ﬂmlmmﬁgdzmaﬁé@w the increased
integration density gry,spaggegye being studied. In particular, studies are being conducted on methods of
increasing mobility of electrons or holes to implement a high-performance semiconductor device. 200ne
of the methods of increasing mobility of electrons or holes is to apply physical stress to a channel region
and thus modifyg the structure of an energy beagt@bting ehapngydagian. For example if tensile stress is
applied to a channel regiopn of an N-t ran |stor the erfo n f the. Istor is enhanced.
Also, the performance of z§ Efyglg ‘tra}lﬁlg)s?sl or ¢ nhco ﬁ%ncep%% C?Fec AL O

of can be en y app ying' com esswe tress to 25its
channel region. Sumwivdry aRtitreclnstertiomhich isViethodisrof fonmimeinteysabedatiraudtidalical according

to embodiments of {3, preSeE VeRHRY ANGIUAS IBring Akl slfeshHaNsTahRanMng: agate electrode,

gate electrode. When an appropriate bias voltage is applied to the gate electrode of

10  the MOSFET, a channel region is formed under the gate insulating film. That is, the
channel region may be formed by appropriately controlling the bias voltage applied to
the gate electrode of the MOSFET.

As the integration density of semiconductor memory devices increases,
memory cells are increasingly becoming smaller and faster to meet market needs.

15  Accordingly, various methods of fabricating semiconductor devices with better
performance while overcoming the limitations created by the increased integration
density and speed are being studied. In particular, studies are being conducted on
methods of increasing mobility of electrons or holes to implement a high-performance
semiconductor device.

20 One of the methods of increasing mobility of electrons or holes is to apply
physical stress to a channel region and thus modify the structure of an energy band of
the channel region. For example, if tensile stress is applied to a channel region of an
N-type transistor, the performance of the N-type transistor is enhanced. Also, the
performance of a P-type transistor can be enhanced by applying compressive stress to

25  its channel region.



a sacrificial spacer on a sidewall of the gate electrode and silicided source/drain 5regions. The sacrificial
spacer is used as an implantation mask when forming highly doped portions of the source/drain regions.
The sacrificial spacer is then removed from the sidewall of the gate electrode. A stress-inducing
electrically insulating layer, which is configured to induce a net tensile stress (for NMOS transistors) or
compressive stress (for PMOS transistors) inSuetmzinef tbeylarenfiehe field effect 10 transistor, is then

formed on the sidewall of figgrie e iRetiadanthisairessinduciRg Rlertically snsulatnglayer operates to
increase a mobility of charge carriers in the channel region. According to some of these embodiments of

the invention, the silftiAETLOHRETEPAIR TREOISTHRAMECY SO & HBYNNT AR 8Hfstf B Fsilicide layer
thereon 15that is selfsadigheal tpdle saerficiahBpacer cMostovedethel relictidngoofddiersacrificial spacer
includes forming a maskéayﬁlr on the field effect tra(?sistor aq%ir@ﬁ rtialllﬁ/ &tgmn fbackt e rirﬁask layer to

C IS

expose the sacrificiglgé%%cer. T aé:réi%%ssé)écseéésrilff&a Séﬁlécl:%lp en selective y etched délnﬁ the mask

layer to protect the fieptdrstaiosiioidbd agencé/draeteions. dihsagerifithe snagsk lajemmeayobeda photoresist
layer and the 2Osa%ﬁﬁialéaa@@mm@yh@%&@a&t%ﬁéd%i RgLlating materialiicany Theifigld gffect transistor

may also include a second metal silicide layer on the gate electrode and the partially etching may include
partially etching back{A ifrfaikirayest & BREG<enH & BE G tiEist SpaRA AN IAE S¥cOAd metal silicide layer.
According to these esmipaglisnentseef the Pwestigmnsidiersalestivety eieiiog schdrsdexposing the 25second

metal siiide Igyer {o awet andior dry etchant. The patiall sichad:bagk mask javer may aiso be
removed and the step olfs%%fming a stress-inducing e ec(fricalf%/ Insu a{lng'layer includes eﬁositing a
stress-inducing electkcaitplingutatinigddyer opcthe secondayretahahitist of ahageMatias sndhforming
integrated circuit deyjeas. peeasging to additional 30embodiments of the invention may also include

forming a field effect transistor . _ _ o
According to some of these embodiments of the invention, the silicided

source/drain regions include a source region having a first metal silicide layer thereon
15  thatis self-aligned to the sacrificial spacer. Moreover, the removing of the sacrificial
spacer includes forming a mask layer on the field effect transistor and partially
etching back the mask layer to expose the sacrificial spacer. The exposed sacrificial
spacer is then selectively etched using the mask layer to protect the first metal silicide
layer from etching damage. The mask layer may be a photoresist layer and the
20  sacrificial spacer may include a nitride insulating material.

The field effect transistor may also include a second metal silicide layer on the
gate electrode and the partially etching may include partially etching back the mask
layer to expose the sacrificial spacer and the second metal silicide layer. According to
these embodiments of the invention, the selectively etching includes exposing the

25  second metal silicide layer to a wet and/or dry etchant. The partially etched-back
mask layer may also be removed and the step of forming a stress-inducing electrically
insulating layer includes depositing a stress-inducing electrically insulating layer on
the second metal silicide layer.

Methods of forming integrated circuit devices according to additional

30  embodiments of the invention may also include forming a field effect transistor
having a gate electrode, a sacrificial spacer on a sidewall of the gate electrode and
LDD source/drain regions, on a semiconductor substrate. Then, during subsequent
processing, the sacrificial spacer is replaced with a stress-inducing electrically

insulating layer that is configured to induce a net tensile or compressive stress in a



having a gate electrode, a sacrificial spacer on a sidewall of the gate electrode and LDD source/drain
regions, on a semiconductor substrate. Then, during subsequent processing, the sacrificial spacer is
replaced with a stress-inducing electrically insulating layer that is configured to induce a net tensile or
compressive stress in a channel region of the field effect transistor. According to these embodiments of

the invention, the LBBRselresifarainheidhelferiyrivsisosilidiersddiagdesthirerephadibenspiddheg the sacrificial

Spacer may inC'Udei%ﬁ&&iﬁ{,ech/efﬂﬁh‘_‘j@Quﬁl@@/&%ﬁ{iﬂ%ﬁa‘n%B%ﬂﬁéé%iﬂﬂéd@mﬁ%@fﬁér&rpéﬁgﬁd the silicided
layers from etching damage. 5 Brief Description of the Drawings The above and other features and
advantages of the grE&sHSAVRITEN Al PaLT BT SotskidHeby oyt & v betitn3rsterred
embodiments thereafingth matkrepecdpibecatachiksd dinyagSionndiiti gl@més. 1 through 10 are
cross-sectional views of intermediate structures that illustrate methods of fabricating semiconductor
integrated circuit devices according to embodiments of the present invention. Detailed Description of the

Invention 15The present invention will norise ldesseiiben ehtheDrdyingsh reference to the accompanying

drawings, in which exempiajy ggogdimeRisof the; IHERHAN S SRaWds inveRiianmeay, however, be

embodied in many different forms and should not be construed as being limited to the embodiments set
forth herein; rather, tFOSe° PREGHIAETS 4 (4 isTeRiRfett SoitHAr e e sabediesnin hererbraiigh and
complete, 20and wittfettyiooviy dhasedpawiniiian saeiion to those skilled in the art. Like reference
numerals in the drawings lgﬁ%)ti ti%guelgm%%s&gsrgg etg%snﬂfeir de(s) Liﬁ)éirone(\{\lleilllebs? ng)cn?lirttg% Ihe terminology
used herein is for the purpose of des

Ibing particular embodiments on y andis not in ended to be limiting
of the invention. Asillsgthteaneitho@bihéiirguigrsfonmentirctdnniteandethatatalintendedotdindade the plural
forms as well, unless e conedr eealyshdicatagtherwise. It will be further understood that the terms
"comprises" and/or "comprising,” when used in this specification, specify the presence of stated
components, steps, operations, and/or elements, but do not preclude the presence or addition of one or
more other components, steps, operatiomgt@Rd/Description of the Invention

15 The present invention will now be described more fully with reference to the
accompanying drawings, in which exemplary embodiments of the invention are
shown. The invention may, however, be embodied in many different forms and
should not be construed as being limited to the embodiments set forth herein; rather,
these embodiments are provided so that this disclosure will be thorough and complete,

20  and will fully convey the scope of the invention to those skilled in the art. Like
reference numerals in the drawings denote like elements, and thus their description
will be omitted.

The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used herein,

25  the singular forms "a", "an" and "the" are intended to include the plural forms as well,
unless the context clearly indicates otherwise. It will be further understood that the
terms "comprises” and/or "comprising," when used in this specification, specify the
presence of stated components, steps, operations, and/or elements, but do not preclude
the presence or addition of one or more other components, steps, operations, and/or

30 elements thereof. In addition, the term "and/or" includes any and all combinations of
one or more of the associated listed items.

Hereinafter, a method of fabricating a semiconductor integrated circuit device
according to an embodiment of the present invention will be described with reference

to FIGS. 1 through 10. Referring to FIG. 1, a device isolation region 102 defining an



30elements thereof. In addition, the term "and/or" includes any and all combinations of one or more of the
associated listed items. Hereinafter, a method of fabricating a semiconductor integrated circuit device
according to an embodiment of the present invention will be described with reference to FIGS. 1 through
10. Referring to FIG. 1, a device isolation region 102 defining an active region is formed on a
semiconductor subgtriate tOONThEoweedieondemioPrsisstr atdstRe: HYY Jdcssiicondsyiestrate, silicon on

insulator (SOT) subgfratia.2 galiMILRSeNids sikatrtiRsHlicRMmaRImAREN Sibstiate, a ceramic

substrate, a quartz substrate or a display glass substrate, for examPIe. In addition, the 5semiconductor
substrate 100 may B¥4'P-11581 4068 HECoR STy SRSt SHBS A AR RS PY By be substrate is
used as the semicoqduicisitsubttate ddday\Hhoughsaates hawrarapR-typadpi@xigldayer may be grown on
the semicondu%tor subst(r)aa%cjfoo. éﬁpagg%b ot showyp, the s%miconductltgr substBaSlg;:;1 %0 may include a

n
P-type well doped v@ﬁ]ﬁlﬁ-flype %Sﬁlurl ies or an N- fiﬁle We‘ifé‘ép%f t\(?w hn- y}%y ?rrsllﬁ)untles. he 10device

isolation region 102pwhichseefirfety tives wotiaee regiod articangineotins ragidniraayBe Alhiiogh trench
isolation (STI) region,piRfigld pzs'%? XM egiamBaieing 1 HR- Lmt SAlE- 0P Watingdilgh 110 and a

gate electrode 120 are formed on the active region of the semiconductor substrate 100. Specifically, an
insulating film for a G4Re 188 MAIRG Hilmi e Al CEHUEVEIR 0] BateBKFdetdre 18 sequentially
deposited on the sedvjeanductorypuspateckQ and-thpnpatiesparhvioarmpdhiengatriéssdiading film 110 and
the gate electrgde 120. Thelggte insulatligg filmC Jd(e)ﬁrlqeasydpee E%(/med .of %igx SION, TiOx, Ta0x, or the like.

The gate insulating im L1y mz%/] Begl%lrmed\%y chemical vaf)or eposition (CV t(l)\Fesrﬁﬁlt?gﬁng, for

example. The gate machpﬂellmtﬁwhmmfséﬁﬁrmw havéi?lcsmdnﬁ’@ﬁmmmone or more of 20
polysilicon, metal, metal siigide; and mefa) nitide;ilmsHeRaM Wih.nd¥Re L RAYPS iMBYFities are stacked.

The gate electrode 120 may also include a metal such as W, Co, Ni, Ti, Ta or the like. Referring to
FIG. 3, a first spacePiBesiedirist Gricgtee shithscedispiducipsetaiadhy imraiiie¥dhe gate electrode

120. The first spacansu3gingaynedoinad idhytpe fioming.anxicalion precess erhesenaisonductor

substrate 100, The oxide fip may cxiend along the side surfaces phie S3(5 Insulaling,fim, 110 and the
gate electrode 120 and a top’surtace of the semiconductor substrate , as ilustrated. The oxide film

formed on the side Burfatemofthegddte InQuiatithg fite ditOrade P Jakegsledtrotheid20lis tHe first spacer
130 and protects thﬁlﬂ'q)% M‘c‘l%f%@?, gﬁﬁ?{,ejﬁét{,oﬁ%x, or the like. The gate insulating film 110

may be formed by chemical vapor deposition (CVD) or sputtering, for example. The
gate electrode 120 is a conductor and may have a structure in which one or more of
20  polysilicon, metal, metal silicide and metal nitride films doped with n-type or p-type
impurities are stacked. The gate electrode 120 may also include a metal such as W,
Co, Ni, Ti, Ta or the like.
Referring to FIG. 3, a first spacer 130 is formed on side surfaces of the gate
insulating film 110 and the gate electrode 120. The first spacer 130 may be formed
25 by performing an oxidation process on the semiconductor substrate 100. The oxide
film may extend along the side surfaces of the gate insulating film 110 and the gate
electrode 120 and a top surface of the semiconductor substrate 100, as illustrated. The
oxide film formed on the side surfaces of the gate insulating film 110 and the gate
electrode 120 is the first spacer 130 and protects the side surface of the gate electrode
30  120. While the oxidation process for forming the first spacer 130 is performed,
defects in the semiconductor substrate 100 can be reduced. Consequently, the
reliability of a semiconductor device to be formed can be enhanced.
Referring to FIG. 4, a second spacer 140 is formed on a side surface of the

first spacer 130, and a source/drain region 150 aligned with the gate electrode 120 is



30 120. While the oxidation process for forming the first spacer 130 is performed, defects in the
semiconductor substrate 100 can be reduced. Consequently, the reliability of a semiconductor device to
be formed can be enhanced. Referring to FIG. 4, a second spacer 140 is formed on a side surface of
the first spacer 130, and a source/drain region 150 aligned with the gate electrode 120 is formed. Here,

the source/drain rediomadbHeraythravagddiablecdiffuden wrxihaid B By ubiadiidivecd depiigiiIdoped drain
(LDD) structure. FOgax@IRPIR ai 1 MR RISy Leeidraln P%Q't%xf}[@@, heviag tBed-Ristructure, light

ion-implantation is performed using the %ate electrode 120 as a mask. Then, an insulating film (not
shown) is 5conform I ISHAEHEHOR frihbaipatts bPRS BRI HERIdSY SutaR ke b @A tsulating film
may be, for examplesiaghiitideréibiecitbe inxuiatingakikn Thay, be isanicimny dily faonadwn) tke front surface of

the semicondudor subisirale 100,y [or.xamble, CYPrNext e nsylaing fim i agisotropically etched
to form the second spacer 20 0n the Side surtace of the firs spacer(is’sd)l. en, high-concentration
10impurities are injetteldtingdithenssnhicdpickrctopsubsitets fiDo. uBindntiwategdihd Bpader 140 as a mask,

thereby completing therselflignad $eHice/ARNIRHORARO IR INA RIS fRD-Dk BRFGER! oxide

semiconductor (MOS) transistor, arsenic (As) or phosphorus (P) ions can be ion-implanted using several
tens of keV of enerGyMBFdEMS FOIMItHRE SUHERdAIR gl TSucHHNRERSASE Bird ByEePMOS transistor,
B, BF2 or 15BF3, osgiicés hapailyhiosidmiplaanieor usigseysral temsfekeM of eneegydtoarder to form the

source/drain r?g!on.15 Refe.rrln%to Fl .5 SI|ICI9ue !81 Seur§ &%20 i 164 are formch on the

0...
. 1 fitieg are injected 1nto the seimicon S usl1 L seconda Spacer
source/drain region IP@B and a top surface of the ga(fe electrode a sl cufe proces%. Ien order to form

the silicide layers 1620avd 164k heretal dapeletingt bhowhiligfodrredeotithe frgion208udiate of the
semiconductor SUb%H@%f]aQQ«I-TE‘E% matallayetdRaYo R s MR fhdsisiiidals@i dNaGr v by sputtering.
e

Next, an annealing process for thermally treating the semiconductor substrate 100 under certain
processing conditioPRPMEHOIR RS BRtHEPLRSH P8 ce¥TariiBho ke GhenraR o decurs
wherever the metaliagemoapiacisSiiatnegonssquanthe, dhe siliciklg fryacslehandrlB4prectormed.

Unreacted 15  BF;, or In is heavily ion-implanted using several tens of keV of energy in order to
form the source/drain region 150.

Referring to FIG. 3, silicide layers 162 and 164 are formed on the source/drain
region 150 and a top surface of the gate electrode 120 in a silicide process. In order to
form the silicide layers 162 and 164, a metal layer (not shown) is formed on the front

20  surface of the semiconductor substrate 100. The metal layer may be formed of Ti, Pt,
Pd, Co, Ni, or W by sputtering. Next, an annealing process for thermally treating the
semiconductor substrate 100 under certain processing conditions is performed as part
of the silicide process. Then, a silicide reaction occurs wherever the metal layer
contacts silicon. Consequently, the silicide layers 162 and 164 are formed. Unreacted

25  portions of the metal layer are removed through an etching or cleaning process.

Referring to FIG. 6, a mask layer 320 is formed to completely cover the
second spacer 140 and the silicide layers 162 and 164. The mask layer 320 may be
formed of a material, such as photoresist, which can protect the semiconductor
substrate 100 when the second spacer 140 is removed in a subsequent process.

30 Referring to FIG. 7, the mask layer 320 is partially removed in order to expose
an upper portion of the second spacer 140. The mask layer 320 may be partially
removed in an etch-back process in order to expose the upper portion of the second
spacer 140. Here, the mask layer 320 is partially removed so that the semiconductor

substrate 100 is not exposed.



25portions of the metal layer are removed through an etching or cleaning process. Referring to FIG. 6,
a mask layer 320 is formed to completely cover the second spacer 140 and the silicide layers 162 and
164. The mask layer 320 may be formed of a material, such as photoresist, which can protect the
semiconductor substrate 100 when the second spacer 140 is removed in a subsequent process.
30Referring to FIG. 7, thekatsknaye FB2®isheaesaly serpavied in sraevetb dhgcsecadh wpperlgdrtion of the

second spacer 140m'55)%@}@1%\1@&’%§ ﬁépemﬁ}ﬂé@l&%g@é%fﬁ@l%ﬂ%%iﬁn@ﬁl&ﬁ?ﬁ'ﬁﬁﬁﬁs@&@%% in order to
expose the upper portion of the second spacer 140. Here, the mask layer 320 is partially removed so that

the semiconductor SERFaRIEHGE MaY Bxgousighed usipg4B iy SRy pitchshana highgifichpaieer 140 is
removed. The secondrspacer thdthadkyabe B200Veeh bynhtryhetehig spielerasiteaatbéicieetching (RIB). In

this case, the secon cer 140 ma 21 thy-etched using,an etch gas,which has a higher etch rate than
that of the mask 1aySr T THh, Sy e S S L B e R e AR ok layer 320
remains unetched. Mg trativelycdiey setoittispabehivoimdlcsecmmhopardridyvanretshiveg. In this case, the

second spacer 140 may ARiWEkELEIRL YSIRGANGIRIRG: SaligiRPehigh has tiiighek#igtkrate than that of

the mask layer 320. After the mask layer 320 is formed on the semiconductor substrate 100, even 10if the
second spacer 14078/ 8ved, the semiconductor substrate 100 is not damaged. That is, the
semiconductor substrate 1J¢:amd theisiligidelayefolmddonteckanitoadaotscatsitair n@oianeh50 of the
semiconductor substrate 100 can be protected while the second spacer 140 js removed. Therefore, the
Surface damagd of N SIS CRISH 1 G e L TRy Fsh 200 e e S e sicie
layer 162 on the top'h8ssifacecofithedgette albannedd0020d Herslithds dayfadeddamedeirbiides physical

damage to surface, {ngreasgd f@g‘iﬁ%ﬁ%fgﬁé‘é%ﬁﬁfl‘aﬂcﬁ@l%fb@@a%‘ﬁ"(ﬁmaﬁﬂgéﬂﬁ&éﬁ%ﬁ%&ar”e“ which

are caused by physical and chemical impacts due to the etching process. If the second spacer 140 is
removed, the distar€6BeiRaesH L edeseripsr dharefeRatinerreygrotrBagsicesridrdfrs, \When the

stress layer that is tenhRefimeddinia RORUDEROY RS MIRCERS SNPlSRisUessdhrH 3brSRaap be more
effectively deliyered tg theocf‘taennetl region. . 1%0;?{6“ to EIG. 9, the m%%s Iaﬁr 32§(|15 removed. The

mask layer 32 ma)sl%fg,c or exa apelg, Wetste i%éeetﬁ%rfﬁﬁ:ﬁsalfg)%&l b7 formed of & Material such

as photoresist, it cate bafeasiipaemeledistnerefoneraiien s ieidead netens ubd rate kOOt
carrier, which are caused by physical and chemical impacts due to the etching
process. If the second spacer 140 is removed, the distance between a stress layer and
a channel region is reduced. Therefore, when the stress layer that is to be formed in a
20  subsequent process applies stress, the stress can be more effectively delivered to the
channel region.

Referring to FIG. 9, the mask layer 320 is removed. The mask layer 320 may
be, for example, wet-etched. Since the mask layer 320 is formed of a material such as
photoresist, it can be easily removed. Therefore, the semiconductor substrate 100 is

25  not greatly damaged when the mask layer 320 is removed.

Referring to FIG. 10, a stress layer 210 is formed to cover the gate electrode
120 and the semiconductor substrate 100. The stress layer 210 may be formed of a
nitride film such as SiN. The stress layer 210 may be a tensile stress layer or a
compressive stress layer. The tensile stress layer may be formed by, for example, low

30  pressure CVD (LPCVD). In addition, the compressive stress layer may be formed by,
for example, plasma enhanced CVD (PECVD). The tensile stress layer or the
compressive stress layer may be formed in appropriate consideration of deposition

conditions such as pressure and temperature.



25 not greatly damaged when the mask layer 320 is removed. Referring to FIG. 10, a stress layer 210
is formed to cover the gate electrode 120 and the semiconductor substrate 100. The stress layer 210 may
be formed of a nitride film such as SiN. The stress layer 210 may be a tensile stress layer or a
compressive stress layer. The tensile stress layer may be formed by, for example, low 30 pressure CVD
(LPCVD). In addition, the éoMpiassiiaasisieser iyl padsaises formadbisyofmedxarthsle, plasma enhanced

CVD (PECVD). ThedgpsiltistiessulRuat-onl e cOMRIBHRI v RikesSdayehdady te iermeddiappropriate
consideration of deposition conditions such as pressure and temperature. An N-type transistor or a

P-type transistor mayPEafs kIS figes LevfiddAdumtor snsite stses e N BB YBhsistor is formed on
the semiconductor substiatesiofinthestressildyerdimaysbadhetansiastressilayemifitbe P-type

transistor is forgned £n the semiconduc}gr substrate 100, the stress layer 210 may be 5the compressive

stress layer. If the Stress givgrsgﬁ)g 1$0rmed on a transistor, it applies stress to the channel region,
thereby improving charactéristisisesf lyeseifisdniuedondeviosishat ipplfahertensiléhsetmthyer is formed

on the N-type transigias,the. pagpility-o¥islegirens.isincreasededfithacempiessiversiiessitayer is formed
on the P-type transistor, the 10mobility of holes is increased. Consequently, the characteristics of the

semiconductor devi€as S IABTORArmed o7 the NdRSdeeTIsrieatRePINY SERFEBRRUSIor integrated
circuit device accordingdedhefpresenipiayveantioissthiayse conensbaetht 40 ¢ emnuesk, thereby reducing the

distance betwogn the gliess iaver 210and the channel iealon Therefore, 5the stiess ayer 210 can
more effectively apply stress to the channel region. addition, when the second spacer 140 is
removed, the maskdayies 820bbloeisthé top surface of the semiconductor substrate 100 and thus protects

the silicide layer 164 on thg sRUICRIdIYIPEBAIAN LY. TSR GriCTaR IR GiEeRIstance of the

silicide layer 164 on the source/drain region 150 and an increase in 20leakage current caused by the
damage to the silicitfS P55/88 IBRCRIFISA presinedis e rersHilaPof tREXEHhitsHM ctor integrated

circuit device can be:@angRdistancERtseBiicaNdrsianysiegried iy chihdevieamcchielisrgtg the present

embodiment V\{Iy no%e%etrﬂsjsr_ gee(i{%%crlbed Wltf% reference lio FIG. 10 Relf;rn%% to FIG. 10, the

semiconductor integrated Cir evice indlt efgcttrlwvee 551%’ .HEHFaSﬁﬁ%ﬂﬂ?n% B1T0°%he ‘gate electrode 120,
the source/drain region 130 athktsiicideidfierscbB82 spader 140 is removed, the mask layer 320

blocks the top surface of the semiconductor substrate 100 and thus protects the
silicide layer 164 on the source/drain region 150. Therefore, an increase in the
resistance of the silicide layer 164 on the source/drain region 150 and an increase in

20  leakage current caused by the damage to the silicide layer 164 can be prevented and
the reliability of the semiconductor integrated circuit device can be enhanced.

The semiconductor integrated circuit device according to the present

embodiment will now be further described with reference to FIG. 10. Referring to
FIG. 10, the semiconductor integrated circuit device includes the gate insulating film

25 110, the gate electrode 120, the source/drain region 150, the silicide layers 162 and
164, the first spacer 130, and the stress layer 210. The gate insulating film 110 is
formed on the semiconductor substrate 100, and the gate electrode 120 is formed on
the gate insulating film 110. The source/drain region 150 is aligned with the gate
electrode 120, and the silicide layers 162 and 164 are formed on the source/drain

30  region and the top surface of the gate electrode 120. The first spacer 130 extends
from and along a side surface of the gate electrode 120 to a portion of the top surface
of the semiconductor substrate 100 on which the silicide layers 162 and 164 are not
formed. The stress layer 210 covers the gate electrode 120 and the semiconductor

substrate 100.



164, the first spacer 130, and the stress layer 210. The gate insulating film 110 is formed on the
semiconductor substrate 100, and the gate electrode 120 is formed on the gate insulating film 110. The
source/drain region 150 is aligned with the gate electrode 120, and the silicide layers 162 and 164 are
formed on the source/drain 30region and the top surface of the gate electrode 120. The first spacer 130
extends from and along aBite Serfadecefoidagabisidtdarydé4 o0ths sopsaidiipfiegwroPGisface of the

semiconductor SUb%E@%ﬂaneQ%mEH Brensilgidadayris 66220 Gdare Aahiormededhrstress layer
e

210 covers the gate electrode 120 and the semiconductor substrate 100. Here, the surface of the
suicide layer 164 orl e 'SauitidRtrhs Pk ey iORes Gasragedinaddwar ofths Shvgeddyer 162 on a
top surface of the gpielelaairdedi2tcbnaddition, s sitieiderayer2064 on the source/drain region 150 is

separated a predetermined, distance away from the gate electrode 120. 5The first spacer., 130 extending
from the side sqrface of e Gats SIECHoU T3 Far T & BBt B eI batrate 100
between the gate eleéorord IPOregidnthe thilistoacknrc e 4ubshatéild0dpawesn1BO ga@yeloetradcoxide film.

Here, the first spacepd J0qmR%ifexe fibicesasimiaiRariasmiar hahaldheaiR nsHiating film 110.

The stress layer 210 may be a tensile stress layer or a compressive stress 10layer. In particular, if the
N-type transistor is f6thBeron! ileserhitSridhitoicsttistiatd cLgg cthEhatrbal hifer 0 ML) B8 the tensile
stress layer. If the RitypEl rambisieedsfgened amie sesmidientduaitystbstradenpResitiiasisess layer 210

may be the coypreggive giress layer, Aceriding to the semiconducter integrated girauft device of the
present 15embodime¥1t,'sm € No spacer 1S fofmed on & I6w-concentration region of the source/drain
region 150, the distaftdlisetireehtheldttoxy log/the 240 1kndrehel avanMetheeioncisrradeioed. Therefore, the

stress layer 210 cap moie HRCUVRN ARRYSURSE IR TR chenRel agian byHiermere, according to the

semiconductor integrated circuit device of the 20 present embodiment, the damage to the silicide layer
164 on the source/dAIRTSFHSTSH E¥fTbe minimized during the processing processes. Therefore, the

surface of the silicide layend@tdapmethoshiessduces/tiainate@iondib@eisdessHapragad than that of the
silicide layer 1?% foglggd on the %ate electrodet120. ince an increase.in Ieakalggf%ment and silicide
o the

resistance due 3%%6%150 ﬁ%n&ﬁgf‘&%ﬂgy(gﬂ 2°6R %ﬂ‘év'ﬁglé%eﬁlg:aél/o&}é? 1Peglon 950 is prevented, the

semiconductor integeated &irouit devitd with esimaedetvaiiatilityreanayer gid\vidé the channel
region is reduced. Therefore, the stress layer 210 can more effectively apply stress to
the channel region.
Furthermore, according to the semiconductor integrated circuit device of the

20  present embodiment, the damage to the silicide layer 164 on the source/drain region
150 can be minimized during the processing processes. Therefore, the surface of the
silicide layer 164 formed on the source/drain region 150 is less damaged than that of
the silicide layer 162 formed on the gate electrode 120. Since an increase in leakage
current and silicide resistance due to the damage to the silicide layer 164 on the

25  source/drain region 150 is prevented, the semiconductor integrated circuit device with
enhanced reliability can be provided.
While the present invention has been particularly shown and described with reference
to exemplary embodiments thereof, it will be understood by those of ordinary skill in
the art that various changes in form and detail may be made therein without departing
from the spirit and scope of the present invention as defined by the following claims.
The exemplary embodiments should be considered in descriptive sense only and not

for purposes of limitation.



While the present invention has been particularly shown and described with reference to exemplary
embodiments thereof, it will be understood by those of ordinary skill in the art that various changes in form
and detail may be made therein without departing from the spirit and scope of the present invention as
defined by the following claims. The exemplary embodiments should be considered in descriptive sense
only and not for purdses llimadiisn. What is Claimed is: 1. A method of forming an integrated
circuit device, comprising: forming a field effect transistor having a gate electrode, a sacrificial spacer
on a sidewall of the gate electrode and silicided source/drain regions, on a semiconductor substrate;
5depositing a mask layer fo expdsBEh LI BRESR BitRR e cHAtILISHSSPBRTNEEemiconductor
substrate; removing thersagy iciat specethyiseicetivedyetabidgcthelexpasadSaasitictabapacer using

the mask layer as agsga(}gv%rﬁgomﬁlésk' an(iiectm de Jg&g}ipﬁ 2 Slress- rngch electrically insulating layer that is

J n
. . St # { !
configured to 10induce a net tensife 8Fcompresswe stress in a channe roéléic())rrl1 of the fie clilce?fzct transistor,
on the sidewall of thebgttécelectrode. 2. The method of Claim 1, wherein the silicided source/drain

regions comprige source/ganfaaiangRvpe: ?of@%d%‘%}ﬂ'e%'ﬂl%iQ&lﬁiﬁ%f%%r&@ﬂﬁbﬁl pxelfchoaligned to
whe

the sacrificial spacer. 3. The method of Claim 2, rein depositing a mask layer comprises: forming a
mask layer on the fEfSEREOHAIISUBENT partially etching back the mask layer to expose the sacrificial
spacer. 4. The methathohelaivatrinhigraiacte yrasklaygrestanghniesgsisidayeaificial 5. The
method of Claim 1, wherein the sacrificial spacer com riseE‘a rH'tride insulating material. 6. The
method of Claim 3, Wherein the field Seaaeycefrterlzsaﬁgiesttcorm rﬁ%%rlseéns a
forming a stress-inducing electrically insulating layer that is configured to
10 induce a net tensile or compressive stress in a channel region of the field effect

transistor, on the sidewall of the gate electrode.

2. The method of Claim 1, wherein the silicided source/drain regions
comprise source/drain regions having a first metal silicide layer thereon that is self-

15  aligned to the sacrificial spacer.

3. The method of Claim 2, wherein depositing a mask layer comprises:
forming a mask layer on the field effect transistor; and
partially etching back the mask layer to expose the sacrificial spacer.

20

4. The method of Claim 1, wherein the mask layer is a photoresist layer.

5. The method of Claim 1, wherein the sacrificial spacer comprises a
nitride insulating material.
25
6. The method of Claim 3, wherein the field effect transistor comprises a
second metal silicide layer on the gate electrode; and wherein partially etching
comprises partially etching back the mask layer to expose the sacrificial spacer and
the second metal silicide layer.
30
7. The method of Claim 6, wherein selectively etching comprises

exposing the second metal silicide layer to a wet and/or dry etchant.



second metal silicide layer on the gate electrode; and wherein partially etching comprises partially etching
back the mask layer to expose the sacrificial spacer and the second metal silicide layer. 7. The
method of Claim 6, wherein selectively etching comprises exposing the second metal silicide layer to a
wet and/or dry etchant. 8. The method of Claim 3, further comprising removing the partially
etched-back mask layer; and wherein forming a stress-inducing electrically insulating layer comprises

depositing a stress-inducigg eIeqﬂga{yﬂg@gfe@h@gﬂ@yg{@ggp&ﬁggg{gkmgﬁé$ﬂgcli)qgilgwer. 9. The

method of Claim 3, further comprising removing the partially etched-back mask layer; and wherein
forming a stress-incﬁﬁﬁiﬁ@’l@@&fﬂ%ﬁﬂIVYﬁ’élfi‘?ﬂiW@%ﬁ‘z’é&Wﬁsﬁ?ﬁé‘ﬁ%ﬁ%@f%‘ﬁé@iﬂﬁmelectricalIy
insulating layer on asyempeiptisudges angadtbeesidawaingflbergaley eleaiaae layer chQhd fieonethod of
Claim 1, whereiDn thgl épaﬁﬁjlc?é{efacgyers a top surface of the source/drain region. 1511.The method of
Claim 1, wherein the sacri icial sa’ac'er is removed by dry etching. 12. The method of Claim 11, wherein

the dry etching is performed using an etching gas having a higher etch rate of the first spacer than that of
the mask layer. 13. The method B Glaim,d JMBERIRIR e RIS IRYSH gé}n@@%g%gtfgﬁﬁﬂ,ﬂ. The method of
aim 1,

Claim 13, wherein the transistor is an N-type transistor. 15. The method of Clair wherein the stress
layer is a compressf/dedrBa 1S Iy Thettby T e it B2 pREFSTH A iR TS tEr s A UH8&ransistor. 17.
A method of forminghast iniaprated«gissitihgeviesseampiigisgeiarmnhagate elgatoada apparsurface of a

semlconductowubss'l[lrgg%é g%mre]%i ef'vs;e?ltl gﬁﬁg'gca él)él'eré r%@é['lng spacer on a sidewall of the gate electrode;

10. The method of Claim 1, wherein the mask layer covers a top surface of

the source/drain region.

15 11. The method of Claim 1, wherein the sacrificial spacer is removed by

dry etching.

12. The method of Claim 11, wherein the dry etching is performed using

an etching gas having a higher etch rate of the first spacer than that of the mask layer.

20
13. The method of Claim 1, wherein the stress layer is a tensile stress
layer.
14. The method of Claim 13, wherein the transistor is an N-type transistor.
25
15. The method of Claim 1, wherein the stress layer is a compressive stress
layer.
16. The method of claim 15, wherein the transistor is a P-type transistor.
30
17. A method of forming an integrated circuit device, comprising:
forming a gate electrode on a surface of a semiconductor substrate;
forming a first electrically insulating spacer on a sidewall of the gate
electrode;

10



depositing a second electrically insulating layer on the gate electrode and on the surface of the
semiconductor substrate; etching back the second electrically insulating layer for a sufficient duration
to define a sacrificial spacer on the first electrically insulating spacer; 5forming source and drain regions
adjacent the gate electrode by implanting source and drain region dopants into the surface using the
sacrificial spacer as an imgaptiinasksekordislgatnctdy Shicidenayere on thregstnuricetendd thdimregions;

depositing a mask lgyes,aa0.thsr dats-glreHadgo g sagtficial spacer and the 10metal silicide layers;
partially etching back the mask layer to expose the sacrificial spacer; removing the sacrificial spacer

by selectively etching the EXPBEILbRRERNE S GUN G HE RS L REYBE 25 BFSIERE SHEORA silicide
layers from etching digimegeicainidi1Sioraing astissstseducingislebiiigatiyatagulating layer that is

configured to induce a netft?nsile or compyessive stress incg n@g{gion of the semicon uctor substrate, on

the sidewall of the gate electrode. * 1Y A methéd of ?&%nlng angl%\tfeeg}?gré) it ev?lclé, comprising:

20forming a field effeataeandidtanhesitydangateinle theoueageanorifidiabspdeerl spaaesitiewall of the gate
electrode and LDD ggujree/drain regions, on a semiconductor substrate; and replacing the sacrificial
spacer with a stress-inducing electrically insulating  layer that is configured to induce a net tensile or

compressive stress in a chRHBE D51abiHirgr tREHeNd B¥scrtraAaktbrin gy The method of Claim 18,
wherein the LDD source/digiosieggansbaveysiiaidae dayensdagiean; aredfhewpiareeplacirg the sacrificial
spacer comprifgs sr%leeta ié’i llé{d%tﬁlr}llig}g; the sacrificial spacer using a mask layer to protect the silicided
partially etching back the mask layer to expose the sacrificial spacer;
removing the sacrificial spacer by selectively etching the exposed sacrificial
spacer using the mask layer to protect the metal silicide layers from etching damage;
and
15 forming a stress-inducing electrically insulating layer that is configured to

induce a net tensile or compressive stress in a portion of the semiconductor substrate,

on the sidewall of the gate electrode.

18. A method of forming an integrated circuit device, comprising:

20 forming a field effect transistor having a gate electrode, a sacrificial spacer on
a sidewall of the gate electrode and LDD source/drain regions, on a semiconductor
substrate; and

replacing the sacrificial spacer with a stress-inducing electrically insulating
layer that is configured to induce a net tensile or compressive stress in a channel

25  region of the field effect transistor.

19. The method of Claim 18, wherein the LDD source/drain regions have
silicided layers thereon; and wherein replacing the sacrificial spacer comprises
selectively etching the sacrificial spacer using a mask layer to protect the silicided

30 layers from etching damage.

11



30 layers from etching damage. 20. A semiconductor integrated circuit device comprising: a gate
insulating film formed on a semiconductor substrate; a gate electrode formed on the gate insulating film; a
source/drain region aligned with the gate electrode; and 5silicide layers formed on the source/drain region
and a top surface of the gate electrode, respectively, wherein the surface damage of the silicide layer
formed on the source/draif0regioh isniessndnetion et tecyitiviole Yasperofopmsazon the top surface of the

gate electrode. 10 21, The devigs ofidainm whersindirisilicideslayes, on the source/drain region is
separated a predetermined distance away from the gate electrode, and a portion of a surface of the

semiconductor substrate dritthAFFtndssiRERR 18 Bieigaotiatind {8 hore damaged than a surface of the
silicide layer on the source/craice/iRgicdion aligd2l Whi tlegiae Qé&ilads ahll, further comprising a first

spacer extendigg from a ssiﬂl%i urface 9f lrthe %atﬁlglectrogl(% toa ortiorg1 of a toLPfsurf(%ct% of &t[he

semiconductor substrate on w ?clrﬁyﬁ%sé glﬁ%?ge ?ayerS is'not formed. " ﬁéc.)pr%é device oftlaim 22,

wherein the first spatsstriglanorags . 24. The device of Claim 20, further comprising a stress
layer covering the gate elggirodg ﬁ@guﬁli‘&‘céﬁﬁ%ﬁgé‘gflﬁf@ﬁﬁ%ét@& formed on the source/drain

region is less than that of the silicide layer formed on the top surface of the gate
electrode.
10
21. The device of Claim 20, wherein the silicide layer on the source/drain
region is separated a predetermined distance away from the gate electrode, and a
portion of a surface of the semiconductor substrate on which the silicide layer is not
formed is more damaged than a surface of the silicide layer on the source/drain

15  region.

22. The device of Claim 21, further comprising a first spacer extending
from a side surface of the gate electrode to a portion of a top surface of the

semiconductor substrate on which the silicide layer is not formed.

20
23. The device of Claim 22, wherein the first spacer is an oxide film.
24. The device of Claim 20, further comprising a stress layer covering the
gate electrode and the semiconductor substrate.
25

12



