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
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(MOSFET) includes a gate electrode, which is formed on a semiconductor
substrate and insulated by a thin gate insulating film, and source/drain
regions formed on both sides of thielgatatelecieaden WWhen an appropriate bias
voltage is apglied (o the aais eleptrade of 10.ihe: MOSEFT, a.channel feaion,,
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electriodaQfihaMOSFET. As the integration density of semiconductor
memory devices increases, memory cells are increasingly becoming smaller
and faster to meet market needs. 15Accordingly, various methods of
fabricating semiconductor dev:egsithhdetter pevéatmance while overcoming
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electrons or holes is to apply physical stress to a channel region and thus
modi8AihelettiotturdVBrmAnemergR BisRids i ehisRelisd (iohe BYF slesHisieoft
tensilgsvesSHE BRRIRAIE R abaMRfegiondef aiR Nypeukansisios, theat is, the
perforrtpanc of.the N-tgg?otrarhs{)stor is enhanced fg‘]ﬁo t glgerforlmance 81;&0

ptype LIS bR DE CRRACRd By SBBH g BaIes i s Sl 28

_chanrtiEI ge@!ghc_t@dmmwl\éﬂﬂiﬂ?ﬂhvention ~ Methods of forming _
integrated CKQ%E‘F&‘%?Q&&Q&%%@W&E%E{@ IRAINE AR RLANGRIEIGRLIENtION

include forminlg a field effect transistor havmﬁg a gate electrode, a sacrificial
spac@t PR SRIBAEIBFaIe RAY RIeRaHEr it igeiarde thes/avalyst 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.



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 tr@ugisarsyhthedmyprésgive stress (for PMOS
wansistors) AGHRANGHRRION Sh ey KR TeALOJIARSIAIG 5 ienkfosIyes

on the sidewall of the gate electrode. This stress-inducing electricall
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sacrificial spacer. The exposed sacrificial spacer is then selectively etched
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acer may include a nitride insulatin rial. The field effect transistor
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the sagrificiplspacer and the second metal silicide layer. According to these
embodiments of the invention, the selectively etching includes exposing the
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transistor having a %ate eléctrode, a sacrificial spacer on a sidewall of the

gate haesFdtidghtfieeicdneidieivaine dgiprek by SerfitsshiGdist spsdpiiside

TheniguringnsvRsaguent R CEssingking ¢askifisiod pRacessis Ieplasadmdth a
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nsil& %:Cé%p%csesri%l SIS A annellllflélgrgl REFHE field effect transistor.

According tdlihéséleffidzodimssits ofaghaso 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



invention, the LDD source/drain regions may have silicided layers thereon
and replacing the sacrificial spacer may include selectively etching the
sacrificial spacer using a mask layer to protect the silicided layers from
etching damage. 5 Brief Description of the Drawings The above and
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bodiments of the present invention. Detailed Description of the Invention
1 The present invention will now be descrlbed more fuIIy with reference to
the accompanying drawing$Biiefildeizeiiptemab e iatingiments of the
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herein, 25the singular forms "a", "an" and "the" are intended to include the
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one or more of the associated listed items Hereinafter, a method of

fabricheHg A%dmreanairder hriegrimuitLirlit erRbREmM e fohsrein; rather,
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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



active region is formed on a semiconductor substrate 100. The
semiconductor substrate 100 may be a silicon substrate, silicon on insulator
(SOT) substrate, a gallium arsenide substrate, a silicon germanium substrate,
a ceramic substrate, a quartz substrate or a display glass substrate, for
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120 are formed on the active region of the semiconductor substrate 100.
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oxide film may extend along the side surfaces of the gate insulating film 110
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semicandycigr-suphstiate 100 can be reduced. Consequently, the reliability of
a semiconductor device to be formed can be enhanced.  Referring to FIG.

4, a secondigrEme 1abTliS i@t sRAaCEiHRY duframeormmifirerispecerhagate
and asauige/dnain regieniot.aligsacbwithvtnergata-glgsiradsd 20y desmed.
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'0”"'@%'8%5‘&'?5‘0'&11%‘34 ftgﬁrgl?r?ace 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



using the gate electrode 120 as a mask. Then, an insulating film (not shown)
is 5conformally formed on a front surface of the semiconductor substrate 100.
The insulating film may be, for example, a nitride film. The insulating film may
be conformally formed on the front surface of the semiconductor substrate
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is no%%?&%ﬁgctor 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.



Referring to FIG. 8, the second spacer 140 is removed. The second spacer
140 may be removed by dry etching such as reactive ion etching (RIB). In

this case, the second spacer 140 may be thy-etched using an etch gas which
has a higher etch rate than that of the mask layer 320. Then, only the second
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gate electrode 120 and the Semiconductor substrate 100. The stress layer
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such as 0E;ressure and temperature. An N-type transistor or a P
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stress layerReferring 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.



If the stress layer 210 is formed on a transistor, it applies stress to the
channel region, thereby improving characteristics of the semiconductor
device. That is, if the tensile stress layer is formed on the N-type transistor,
the mobility of electrons is increased. If the compressive stress layer is
formed on the N-typettrassistor, aietidnebilitieomap lesfigTimerensed.
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surface of the gate electrode 120 to a portion of the top surface of the
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away from the gate electrode 120. 5The first spacer 130 extending from the
side %mégrﬁpm@lbwé/ Srekrbgedesqibed 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.



is formed in a region of the semiconductor substrate 100 between the gate
electrode 120 and the silicide layer 164. The first spacer 130 may be an
oxide film. Here, the first spacer 130 may have a thickness similar to or less

than that of the gate insulating film 110. The stress layer 210 may be a
tensile streddeigyteondaconiphessiivedstayss @ apdhe isppaeidialancgitinel 50 is

N-typRansisiel iRPrmesk ar HRRRMICANENURG SHPSHale. 1OhdBeSUIBS ode

layer 210 may be the tensile stress layer. If the P-type transistor is formed on
the séfftcohelitinsisstliida Byctne <erels ryEeA e hss Be' s separated a
comppesisiemsiebsidayes. Aagardinghtostieesamiderndactor integrated circuit
device of the present 15e {%od'm nt, since,no spacer is farmed on a
(Ow-concentiLtoh TeBIaT oF IS SATALTSRE Sk sortar? i BE S Hecurode 120
betwégtotinedsinass depeef2h@samec tdustrarsnbstreigibPDibatadae deb: Fieekicrede

the styegsdayg! gﬁa&qayg}qr&.effﬁew@émealx Fress te £H%ﬁﬁ§@i'ﬂﬁ! BGONhe
Furthermore, according to the semiconductor integrated circuit device of the

20 pr@%%ﬁ?%b‘&&iﬁ%@h apied H&ﬁ#&@% eRiL] é‘?lfbfié‘@%é'gﬁé’rq}%t@m‘ﬂﬁé‘te insulating
sourcg¥drain. ragionrds058n200 Ainibaizechdw ng R RICGeSSINGRENCESHESs
Therefore, the surface of the_silicide layer 164 formed on the.source/drajn
B e B e R B G B S S e
gate e thoderds2 GaySirdd® mﬁrméase@ﬂ_mmg@mwéfnhaﬁdmﬁ ¢ialesistor is_
resistange Aduede §E&%igém§&§r‘s%9§a%'ﬁ@&ﬂ@m@%ﬁé‘y&%%?a@w/ drain

region 150 is prevented, the semiconductor integrated circuit device with
enhaftBETFEHABItfyEa® e provided. While the present invention has been

particularly showaiang drseifieshwithorefesrancsl toraxeaplasyembadisients

‘ ereof, it Hvill be understood b¥t osedpf ordinary skKill in the art tha% \flarious
eIﬁbO 1 ent, smcciedlos acer1s Jorme d;)l’l ﬁ‘] OW-= Ol’lCﬁlflltI'aEl(gl regl?no the
changes'in form and detail may be made therein without departing from the

spirit aneetbpe othe Ik sentinventivivas téfinedsbyasie Ttllowlne clains]
The exemPlaRREROHRRAT.SHRWCL0E ARNSIARIEH IR ASSRIBUYE §g@?%t9é;b/to

and not for purposes of limitation. What is Claimed is: 1.A methaod of forming
an inf8gFARddiregEiRtMevice, comprising: forming a field effect transistor

having a gateeleatiadea santificialspasesnacsigeywallal dhegatsice of the
ectrode and silicided spurce/drain regigns, on a semiconductor substrate;
SopBSitell SRy b saansie Db B e A e i

on thé¥ermidenductorslibstirag¢he proaesigymgcthee sathficirspheeurtce of the

selectiyelydry &ebing e PRe s ragiiiaiak sRACRHYSIAN, e MRS HAY fLASt

an etching mask, said dry etching performed uswig an etching gas having a

highehefelicidtdanst g Saerficoal Bpseksreleriiode todndince 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.



10mask layer; and forming 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, on the sidewall of the gate electrode.
152.The method of Claim 1, wherein the silicided source/drain regions
compYidatda(lemndddin regions having a first metal silicide layer thereon that
is self-aligned to the sacrificial spacer. 3. The method of Claim 2, wherein
depositing a mask layer comprises: 20forming a mask layer on the field effect

transistor; ahd parfidll§'BREhE BAER tRTREERATETH s mBTEiRsificial
spacer. 4. TlenitigthoidokGtainiahsistbenainnkhe dgnashelayek |3 saphtitoepisier on
layer. 255.T thod of Claim 1, wherein. the sacrificial spacer comprise
i el B2 R Ry SRS A Rl SRR R
transigtentiaimprises a second metal silicide layer on the gate electrode; and

wherein pargia)lyigieing 30 ERRMRE sepRarially etebinghaak g MRk @YeLoh

expose the sacrificial spacer and the second metal silicide layer. 7. A
meth8¥ STTETAIHY QhSHEEHSied circuit device, comprising; forming a field
effect transigteohiaying sgatieielepitetpy schrdrifisial-spaaaicanca: sidesall of
the gate olecode. 200 RS, P SR R RO 0 B B A e
using, an etching gas having a higher etch rate for the sacrificial spacer relative to the
10  mask layer; and
forming 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, on the sidewall of the gate electrode.

15 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-

aligned to the sacrificial spacer.

3. The method of Claim 2, wherein depositing a mask layer comprises:
20 forming a mask layer on the field effect transistor; and

partially etching back the mask layer to expose the sacrificial spacer.
4. The method of Claim 1, wherein the mask layer is a photoresist layer.

25 5. The method of Claim 1, wherein the sacrificial spacer comprises a

nitride insulating material.

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
30  comprises partially etching back the mask layer to expose the sacrificial spacer and

the second metal silicide layer.



5depositing a mask layer to expose at least a portion of the sacrificial spacer
on the semiconductor substrate; removing the sacrificial spacer by
selectively etching the exposed sacrificial spacer using the mask layer as an
etching mask; and forming a stress-inducing electrically insulating layer
that is configured b moibeiLcklernatzensie mrted mmosdpyecetFOawimiag:

channel regf@fhl‘ﬁfé*ﬁ@i@ﬁQi@é@%ﬂﬁﬂ%ﬂ@ﬁ@a@ﬁé%@&?g%%rﬁﬁtfal spacer on

electrode; wherein the silicided source/drain regions comprise source/drain
regioAs GV S HFstaietar Sisdad i drbrapih i s egrsiighadayifagductor

sacrifigighigpacer; wherein depositing a mask layer comprises: 15forming a

ask layer gpggﬁifield eﬁ(ﬁq% transistor; antd]e sta r?rg}lall}/lt gchicr}r ig%i:k the

X 5
mask layer to exp51§eatﬁlgssac¥ﬁfu%ie§ﬁ%€ear; wher effect tranistor
compifisesnzicsadogidrmdtiiailicide layeron the gate electrode; wherein

partially _?t?@%ﬁﬁgmésﬁérﬁ?&tiﬁﬁ}ﬂa%& *ﬂ?&é}é&fﬂr&ﬂe dRARl 'ﬁ»béeéxtﬁb?&ie%&ﬁ%ial
the sacrificial spacer and the second metal silicide layer; and wherein
selectRASHF BEHINY B REES S RBCSHE &R metal silicide layer to a
wet and/or doyngitghaniireSs-aedmegtbrdial Mlaim dafighayaomarisirgnfigured to

[@mo}ﬂﬁg the partially; 25 etched-back mask laver; and whetein Iormina A «frec
stress-inducing electrically nstlating layer comprises deposiing a
stressrinssfoingrelectiitatbllinstiating tdgasrode the second metal silicide layer.
9. A method, gt forming adeoraled SHCHT AeNIE.. COMPNISINGuRY/IRIRINGofons

field effect transistor having a gate electrode, a sacrificial spacer on a

sidewraN 8 thErganstalstirstrd 4t merdas surdbrlierdriyiongicafigal spacer;

semiconducioesiatiiating a eRasiibnganpask: layer to expose at least a
rtion of the sacrificial spacer 89%&%‘&??{%&9%@% d

Tm a mas qg g’ll'el’lsqlrgﬁ
removing the sacrificial §pacerkbyyseféchve y etching the exposed sacrificial

spacer using the maskllayerhasednastoring shdsier andxpose tforsimiieial spacer;
stress-indugipg, electically ingUlatng iaxe  HAbiSSONIRURAIRITAUEE R Mkeron

tensile or compressive stress in a channel region of the field effect
strandis@esiFiedidewall of the gate electrode;

wherein partially etching comprises partially etching back the mask layer to
20  expose the sacrificial spacer and the second metal silicide layer; and
wherein selectively etching comprises exposing the second metal silicide layer

to a wet and/or dry etchant.

8. The method of Claim 6, further comprising removing the partially
25  etched-back mask layer; and wherein forming a stress-inducing electrically insulating
layer comprises depositing a stress-inducing electrically insulating layer on the second

metal silicide layer.

9. A method of forming an integrated circuit device, comprising;

30 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;

depositing a mask layer to expose at least a portion of the sacrificial spacer on

the semiconductor substrate;

10



wherein the silicided source/drain regions comprise source/drain regions
having a first metal silicide layer thereon that is self-aligned to the sacrificial
spacer; wherein depositing a mask layer comprises: forming a mask layer on
the field effect transistor; and 10partially etching back the mask layer to
expose the saeeificiatspsasaitiirldspepao bin gethesipelitiaipiatc Hisde ik driaskficial

Iayer;sﬁ\g}gr usingMRERBIK FRUNRG.A SiEese-IRslucing electrically insulating layer
comprises depositing a stress-inducing electrically insulating layer on an

upper surfald"aig the SO tfdaty disttrbag. [ ReTHE s FRtigred to
Claimnbuwéeheradn theimaskday@ressiversuadopnsuréaaenel thei@ourcardmdn effect

rggio?.al gsq]t%nglnet}@e}nggaﬁfoﬂﬁéma , gyeh?re'n. the stress-inducing electrically
insulating ?ayér is & tensiie stress ayer. 12He method of Claim 11, wherein

the field effedharcinsibtorsibcaded -soppectdamsigrpons comprBe Tiourasétrionl efgions

Claim, J,inherein Hie SlRsSd RAMe e SR GHICA W INSHIAUR Gl eLlSificial spacer;
compressive stress layer. 14. The method of claim 13, wherein the fll)e|d

effect transi¥RF 4Py HaSbIrAsSIaYSE corBPRsAiethod of forming an
integrated circuit dewigag @aRaRKiSINE: on the field effect transistor; and

10 partially etching back the mask layer to expose the sacrificial spacer;
and
removing the partially etched-back mask layer; and
wherein forming a stress-inducing electrically insulating layer comprises
depositing a stress-inducing electrically insulating layer on an upper surface and the

15  sidewall of the gate electrode.

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

the source/drain region.

20 11. The method of Claim 1, wherein the stress-inducing electrically

insulating layer is a tensile stress layer.

12. The method of Claim 11, wherein the field effect transistor is an N-
type transistor.
25
13. The method of Claim 1, wherein the stress-inducing electrically

insulating layer is a compressive stress layer.

14. The method of claim 13, wherein the field effect transistor is a P-type

30  transistor.

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

11



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 5Slayer that is configured to induce a net
tensile or cdmpragsivieldtediestinaasetianbrelinggieriofltetrdilsich sffuticial npisrron

whe r%'ﬂ&@@ah%ﬂ@@éﬁfé&ﬂé@@d@ﬂf@ 'ﬂ@bas\bﬁréﬁlﬁigﬁl%gﬂ%s Jhereancanfictor
wherein replacm the sacrificial spacer comprises selectively etching the

sacrifithsHéa@8f using a mask layer to protect the silicided layers from
etching 10 dasn@ge. the sacrificial spacer with a stress-inducing electrically insulating

5 layer that is configured to induce a net tensile or compressive stress in a channel
region of the field effect transistor;
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 layers from etching

10  damage.

12



