SEMICONDUCTOR DEVICE HAVING A DUAL STRESS LINER,
METHOD OF MANUFACTURING THE SEMICONDUCTOR DEVICE
AND LIGHT EXPOSURE APPARATUS FOR FORMING THE DUAL
STRESS LINER BACKGROUND OF THE INVENTION 1. Field of the

SEMEOONDUCTORDEVICEHAVIREGIASHUAESTRESS N ERYIMETMNOD OF

a dual stress liner, a method of manufacturing the semiconductor device

MANUFRAGU RINGSPHESSEMEYONOUCTOR DEVICE AND LIGHTEXPOSURE
particularly, the present invention relates to a semiconductor device

having A PP RATESIFOROFORMMNGT REDUVALINSPHESS DINERI Of
manufacturing the semiconductor device, and a light exposure apparatus

for forming the dual stress liner. 2. Description of the Related Art A
semiconductor device including a PMOSFET (p-channel metal oxide

semiconductor fielg &G RIS ) EMHE INVMESHEN(n-channel metal
oxide semiconductor field effect transistor) may be manufactured by

repeatedargripemivg ntigih manufacturing processes, such as a film
formation, an etching, an ion implantation, or the like, on a semiconductor

subgthatepsesbrasiaveiition wafele & Igctep s enpiRbindnayoasieceeasaihby a dual
the compressive stress applied to the semiconductor substrate while

stressepastedly prifiesating theanofaatarntpciieinge prieoeskrIon dioib thed a light
compressive stress occurs in channel regions of the MOSFETSs due to the

expoglitierapperatubeionab expansien dasfitiests ipfonateats paenstitatinottieepresent
semiconductor device and the actual or genuine stress existing in the

inventiaiedidsed hois Berdtesicucioodiiycandoasatgratidnadrairessniast fiolsaigreasing
are decreased in the NMOSFET, which uses electrons as its carrier.

electron mobility, a method of manufacturing the semiconductor device, and a light
exposure apparatus for forming the dual stress liner.

2. Description of the Related Art

A semiconductor device including a PMOSFET (p-channel metal oxide
semiconductor field effect transistor) and an NMOSFET (n-channel metal oxide
semiconductor field effect transistor) may be manufactured by repeatedly performing
unit manufacturing processes, such as a film formation, an etching, an ion
implantation, or the like, on a semiconductor substrate such as a silicon wafer.

Electron mobility may be decreased by the compressive stress applied to
the semiconductor substrate while repeatedly performing the unit manufacturing
processes. In detail, the compressive stress occurs in channel regions of the
MOSFETs due to the difference of thermal expansion coefficients of materials
constituting the semiconductor device and the actual or genuine stress existing in the

materials. Thus, the electron mobility and saturation drain current (lgsa) are

decreased in the NMOSFET, which uses electrons as its carrier.



1 Meanwhile, according to U.S. Patent Application Publication No.
2003/0040158, in a semiconductor device including an n-channel
MOSFET and a p- channel MOSFET, a first silicon nitride layer having
tensile stress is formed on the n- channel MOSFET, and a second silicon

nitriggelay@h NaVingcednmigssie stess i desmed Appitafiorhamllication  No.
MOSFET Thus, electron mobility and saturation drain current of the

2003/00hansg] MQATemicairdiisisregedicantdiedmghAmMeHaNePMOSHISTTaled a p-
is reduced. FIGS. 1 to 5 are cross-sectional views illustrating a

chani6eNVEDSSER! mathe@iaEonanviastidyee AN cengHs o ceyiesioRatIrivthe n-
to FIG. 1, a PMOSFET 20a and an NMOSFET 20b are formed on active

chanfiegiMBSEfTed Ry andsetitorilRet hadaenagdn BRHRNGORPEHSERicAstress is
single crystal silicon substrate 10. The PMOSFET 20a includes a gate

formdasulating |pvenh 2te] MREFETCrqUR g4alshanemabaignenammaittation drain
diffusion regions 28a which serve as source/drain regions of the

curreMMEIShE Tn2Ogarirsl NAGSHERT 2@b inclodesd gaie inswdmiadayeadily of a

a gate electrode 24b, spacers 26b and impurity diffusion regions 28b
substydists setgcad source/drain regions of the NMOSFET 20b. Metal silicide
layers 30a and 30b are formed in top portions of the gate electrodes 24a

andRdsandtes8rigecdpostiossctibing iipusitdiffasion segivne@fienanthethod of
28Db. Referring to FIG. 2, a first silicon nitride layer 40 having compressive

manustiessirg evetdconduetBMRBIEET 20a and the NMOSFET 20b using a
plasma enhanced chemical vapor deposition (PECVD) process, and then

a firftepbointeRisF [Gitera #ABIeETedondhd trsNNIOSPRTIdohayes Afimed on

The first photoresist pattern 42 exposes a portion of the first silicon nitride
activdaygyidisatetiretlMOSFE612ibn layer 12 formed in a surface portion of a single
crystal silicon substrate 10. The PMOSFET 20a includes a gate insulating layer 22a,
a gate electrode 24a, spacers 26a and impurity diffusion regions 28a which serve as
source/drain regions of the PMOSFET 20a. The NMOSFET 20b includes a gate
insulating layer 22b, a gate electrode 24b, spacers 26b and impurity diffusion regions
28b which serve as source/drain regions of the NMOSFET 20b. Metal silicide layers
30a and 30b are formed in top portions of the gate electrodes 24a and 24b and
surface portions of the impurity diffusion regions 28a and 28b.

Referring to FIG. 2, a first silicon nitride layer 40 having compressive stress
is formed on the PMOSFET 20a and the NMOSFET 20b using a plasma enhanced
chemical vapor deposition (PECVD) process, and then a first photoresist pattern 42
is formed on the first silicon nitride layer 40. The first photoresist pattern 42 exposes
a portion of the first silicon nitride layer 40 on the NMOSFET 20b.

Referring to FIG. 3, the NMOSFET 20b is exposed by selectively removing

the first silicon nitride layer 40 using the first photoresist pattern 42 as an etching



Referring to FIG. 3, the NMOSFET 20b is exposed by selectively
removing the first silicon nitride layer 40 using the first photoresist pattern
42 as an etching 2 mask. Then, a second silicon nitride layer 44 having
tensile stress is formed on the NMOSFET 20b and the first silicon nitride

masklayBielf) HSERGEnO i REBASHiItBIEE eayEak & 3RQAHE RASiensttdds VIormed on the
process after removing the first photoresist pattern 42 from the substrate

NMOSF-ERERIE eh & fifstaciReAM GiRMMIORSRS PRLRSIAG G IfRrpre@siréhéhemical

second silicon nitride layer 44. The second photoresist pattern 46 is

vaporfadB)sskito SE|EPO/Y)ESRNsEss RAGIORPhEVBE aeadirdiCORJIBFsadRYRIttern 42
44 on the PMOSFET 20a. Referring to FIG. 5, the first silicon nitride layer

from tHeisdqiegedipy selectively removing the second silicon nitride layer 44
using the second photoresist pattern 46 as an etching mask. Then, the

secRuldifiaprasistigatierndedssampiastdresidheastdrstras k0 fdfeed on the
silicon nitride layers 40 and 44 formed through the above-described

secoiOSHBBINONHENS MagyinticasErRlesscesnan it rdshke NMEHFEE 20Hormed to
and improve stability of the semiconductor substrate 10. However, the

selecfloaNeEBRDOSE NASHIPIONAST HesnsedisvdositikenFsttclelddlye tht PsacCERSIPYIOSFET
steps for forming the silicon nitride layers 40 and 44 are complicated, and

20a. thus a long time for forming the silicon nitride layers 40 and 44 is
required. Accordingly, the fabricating time of the semiconductor is

increrse iy totifG.the fhrodivstivily of thieisemigendurisrdgpisied tpteslectively

SUMMARY OF THE INVENTION Exemplary embodiments of the present
remoVingntenspearidesiliscemitioibiciger 44 using the second photoresist pattern 46
as an etching mask. Then, the second photoresist pattern 46 is removed from the
substrate 10.

The silicon nitride layers 40 and 44 formed through the above-described
processing steps may increase electron mobility of the NMOSFET 20b and improve
stability of the semiconductor substrate 10. However, the conventional method has
some drawbacks. Particularly, the processing steps for forming the silicon nitride
layers 40 and 44 are complicated, and thus a long time for forming the silicon nitride

layers 40 and 44 is required. Accordingly, the fabricating time of the semiconductor

is increased, and thus the productivity of the semiconductor is deteriorated.

SUMMARY OF THE INVENTION
Exemplary embodiments of the present invention provide a semiconductor
device having a dual stress liner, which may be manufactured through simple
processing steps, a method of manufacturing the semiconductor device, and a light

exposure apparatus for forming the dual stress liner.



device having a dual stress liner, which may be manufactured through
simple processing steps, a method of manufacturing the semiconductor
device, and a light exposure apparatus for forming the dual stress liner. 3
An exemplary embodiment of the present invention may provide a

SeMpGPNERSHAPIARY ICEnTsdRNeN SeibSiiatepreBAP SHEnied & throvide a

substrate, an NMOSFET formed on the substrate, and a dual stress liner

semidBelHGbISr oiisE P AitR e d istRad? MRS FEY foseeNEPeRéoBubstrate,
formed on the NMOSFET. The first portion has a first stress, and the

an NRSOSFEfOrimedson Seroristieate, seralles taaaltherées siessinluding a first
exemplary embodiments of the present invention, each of the PMOSFET

porticRnfbieci e SE PIMeBFELdma gatedasidatioity es femaed D& eNMOSFET.

substrate, a gate electrode formed on the gate insulating layer, and

The fiRpUbtYtiCYItRS ta e disetleas, saHceld alBseai o ibich ase Josaeshal stress
surface portions of the substrate adjacent to the gate electrode. Each of

smalltramM @t anddae NMOSFET may further include silicide layers
formed in a top portion of the gate electrode and surface portions of the

impuiigxaaisasy Ehtobidinsdiessoniie e esbirgtisoarieasyacHiesSthafMOSFET
the second stress may be a second compressive stress smaller than the

and thiestNOIDDEETIVie g tsslubleedgatestressdingy mpyrinshitiedsticanaisidstrate, a
formed using a plasma enhanced chemical vapor deposition process.

gate Aleethedexemaryentogunemsiltimgresent mventpumayegvided be used
method of manufacturing a semiconductor device. A PMOSFET and an

as sOMRGkr&n asgitersnadineha st Soaited dualgtigss lpwtirudestadirstibstrate
portion having a first

adjacent to the gate electrode. Each of the PMOSFET and the NMOSFET may

further include silicide layers formed in a top portion of the gate electrode and

surface portions of the impurity regions.

The first stress may be a first compressive stress, and the second stress may
be a second compressive stress smaller than the first compressive stress. The dual
stress liner may include silicon nitride formed using a plasma enhanced chemical
vapor deposition process.

Another exemplary embodiment of the present invention may provide a
method of manufacturing a semiconductor device. A PMOSFET and an NMOSFET
are formed on a substrate. A dual stress liner includes a first portion having a first
stress and a second portion having a second stress smaller than the first stress. The
first portion is formed on the PMOSFET, and the second portion is formed on the
NMOSFET.

In exemplary embodiments of the present invention, the dual stress liner may

be formed by forming a stress liner on the PMOSFET and the NMOSFET and



stress and a second portion having a second stress smaller than the first
stress. The first portion is formed on the PMOSFET, and the second
portion is formed on the NMOSFET. In exemplary embodiments of the
present invention, the dual stress liner may be formed by forming a stress

relaxifiges &ir&ie BMOSEHDpodtHe MM fanthed IeHeNRUSSET! aThe dual

portion of the stress liner formed on the NMOSFET. The dual stress liner

stresdNmetnglddertilicn gitdee MtaedtrealasrasriEinacashetReicaheanesl vapor

deposition process. The stress of the portion of the stress liner on the
depodiida prdeckssay be relaxed by selectively exposing the portion of the
stress liner on the NMOSFET to an ultraviolet light using a light exposure

appesasuesavnthe pbaiemasknisaeiestively cexpresimbsrETtiARPitbeclaxed
stress liner on the NMOSFET to the ultraviolet light. The substrate may

by sélediraigddrpbiampenatuse tibabedt he0cttesabaHep8IC wBiIIMI®EED to an
the portion of the stress on the NMOSFET to the ultraviolet light. The

ultravssiessigataxsiinznfighe sikposirenpraePeHoNned ithatsacasknfor selectively
chamber. Still another exemplary embodiment of the present invention

exposhay thporien vethednbwrindachring ANEDSFRTtEiedenmeafiddet light. The
PMOSFET and an NMOSFET are formed on a substrate. A stress liner

substf@gng afitss sieegeds tormednapdheuRMS) Siolitanddre MVEBLEDS58°C while
portion of the stress liner on the NMOSFET is selectively exposed to an

exposlitatindepbgtid s otheidhstradianofideNMESHETErtontHe UNM@SEETght. The
has a second stress smaller than the first stress. Still another exemplary

streserelmditnbdfibespeaseiriénvealide peyfaraeddnea Naltuexpesiaiaber.
apparatus including a stage for supporting a substrate, wherein a

Still another exemplary embodiment of the present invention may provide a
method of manufacturing a semiconductor device. A PMOSFET and an NMOSFET
are formed on a substrate. A stress liner having a first stress is formed on the
PMOSFET and the NMOSFET. A portion of the stress liner on the NMOSFET is
selectively exposed to an ultraviolet light so that the portion of the stress liner on the
NMOSFET has a second stress smaller than the first stress.

Still another exemplary embodiment of the present invention may provide a
light exposure apparatus including a stage for supporting a substrate, wherein a
PMOSFET and an NMOSFET are formed on the substrate, and a stress liner having
a first stress is formed on the PMOSFET and the NMOSFET, a photomask having a
light transmitting section corresponding to a portion of the stress liner on the
NMOSFET, an illumination optical system for illuminating the photomask with an

illumination light, and a projection optical system for exposing the portion of the

stress liner on the NMOSFET to a projection light transmitted through the light



PMOSFET and an NMOSFET are formed on the substrate, and a stress
liner having a first stress is formed on the PMOSFET and the NMOSFET,
a photomask having a light transmitting section corresponding to a
portion of the stress liner on the NMOSFET, an illumination optical

transAYRIRG SeEilBrmiRAting: Hh RISHASAAEK BNtz JJUTRBIABANHBNNMTEEET has a

projection optical system for exposing the portion of the stress liner on the

secoMMPesdnialr pRiciian fighistraggmitted through the light 5 transmitting
section so that the portion of the stress liner on the NMOSFET has a

secondesisasslaadaidbamiant §ref strespresexemplantien beimris ekposure

the present invention, the light exposure apparatus may further include a

appahateniay ietsepsiairiand reuasuion wlkasupetife weeininadharatagamber for
The illumination light may include an ultraviolet light. According to the

recei@XgTHasIagBbTHIEEDERIAAERM Pgisemi wesltiee, dhaudralisisesrgHiner

may be easily formed by the formation of the stress liner and the selective

ultraviRistdiahtiexpesexenbiesy @i bioanieatired s ionseneg theshtdn, the dual
stress liner may be shortened, and thus the productivity of the

stresSeiNBOMagteeddshy newrizelirpranedidsmtiioh bb @ PItleds QihdrHEnd the
DRAWINGS Exemplary embodiments of the present invention will

selectiesonneaid@atbly lighpagisalesg Wiu)etiellevwisgregtared essesiptiony the dual
when considered in conjunction with the accompanying drawings

stresgvieseimdyl 6 shdaénatt; arssherctinnplotwsvitystfatiegsa eicoettionaldevice
method of manufacturing a semiconductor device; FIG. 6 is a
may Isgosspsectidnal view illustrating a semiconductor device having a

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the present invention will become readily
apparent along with the following detailed description when considered in
conjunction with the accompanying drawings wherein:

FIGS. 1 to 5 are cross-sectional views illustrating a conventional method of
manufacturing a semiconductor device;

FIG. 6 is a cross-sectional view illustrating a semiconductor device having a
dual stress liner in accordance with an exemplary embodiment of the present
invention;

FIGS. 7 to 13 are cross-sectional views illustrating a method of
manufacturing the semiconductor device as shown in FIG. 6;

FIG. 14 is a graph illustrating compressive stress variation of a silicon nitride
layer formed by a plasma enhanced chemical vapor deposition in accordance with a

heating temperature;



dual stress liner in accordance with an exemplary embodiment of the
present invention; FIGS. 7 to 13 are cross-sectional views illustrating a
method of manufacturing the semiconductor device as shown in FIG. 6;
FIG. 14 is a graph illustrating compressive stress variation of a silicon

nitrigeGlapeider gep hYlasiasmg ehnpresshehstrical vanicieaPaidash nitride
accordance with a heating temperature; 6 FIG. 15 is a graph illustrating

layer GOMEEISIVE BIERPI/BHAHARE aIRinRIANIEES: RySEIRITRER RECORRFTBE with a

enhanced chemical vapor deposition in accordance with a heating

heatitgOPFRsvEEAE A 8d Aravialed kahigPrROPFQIRNAMG. 16 is a schematic
view illustrating a light exposure apparatus for forming the dual stress

lineirag. shews i HehdmBIiS GBI TRt d HE IYMERKIEXNrEhepparatus for

invention now will be described more fully hereinafter with reference to

formitidetiae G PemElicieves ahowiv ghi@nghodiments of the invention are
shown. This invention may, however, be embodied in many different

forms and should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that this

disclosure will be tiDFQERIRMICNaOFEETe RN \WEN TudhNconvey the scope
of the invention to those skilled in the art. Like reference numerals refer to

like Elemanehtiyeudvouiillbeilibecibeersterd thay Woasiraiftelementdserence to
referred to as being "on" another element, it can be directly on the other

the aetem@angirigteraaning cieweits aapodipaseot.thedanasbnndrensadwn. This
element is referred to as being "directly on" another

invention may, however, be embodied in many different forms and should not be

construed as limited to the embodiments set forth herein.  Rather, these

embodiments are provided so that this disclosure will be thorough and complete, and

will fully convey the scope of the invention to those skilled in the art. Like reference

numerals refer to like elements throughout.

It will be understood that when an element is referred to as being "on"
another element, it can be directly on the other element or intervening elements may
be present. In contrast, when an element is referred to as being "directly on" another
element, there are no intervening elements present. As used herein, the term
"and/or" includes any and all combinations of one or more of the associated listed
items.

It will be understood that, although the terms first, second, etc. may be used
herein to describe various elements, these elements should not be limited by these
terms. These terms are only used to distinguish one element from another. For

example, a first thin film could be termed a second thin film, and, similarly, a second

thin film could be termed a first thin film without departing from the teachings of the



element, there are no intervening elements present. As used herein, the
term "and/or" includes any and all combinations of one or more of the
associated listed items. It will be understood that, although the terms first,
second, etc. may be used herein to describe various elements, these
disclgdlgrgents should not be limited by these terms. These terms are only
used to distinguish one element from another. For example, a first thin

film ThylddiminamrRg augeernéisin idmorntheSiBillyhser seesytribiigiparticular

could be termed a first thin film without departing from the teachings of the

embodidigiesurgy dhe iteHvinateasses belrintindufthnpveese el AesgebiBerein,
particular embodiments only and is not intended to be limiting of the

the sitity6IaliabrAS useddierainy e 'Sialiinteitdas (R incidant theratferms as well,
intended to include the plural forms as well, unless the context clearly

unlesdiratasnesheorselylindlbhebshesrunsterstoaalitbat thehtertisderstood that the
"comprises” and/or "comprising,” or “includes" and/or "including” when

termaUSssshipridis sangiteatiom srsiady tbe miersnsns ahsfaiedferidires, when used in
regions, integers, steps, operations, elements, and/or components, but do

this speidiffegligie Bpepigstceisadsition sihaes Hanees otegidesturesgers, steps,

regions, integers, steps, operations, elements, components, and/or

operadiongs dharanitd; usiheronose mpleidetéerms, sdchas pJayeider thetimesence or
and "upper” or "top," may be used herein to describe one element's

additisiasiopsbiprimaneibeice iRarnts, as dioataie@ yetbestigisraspdratibme elements,
understood that relative terms are intended to encompass different

componeniatians @i e dpyitesiratdition to the orientation depicted in the
Figures. For example, if the device in one of the figures is turned over,
Furthermore, relative terms, such as "lower" or "bottom" and "upper" or
"top," may be used herein to describe one element's relationship to another elements
as illustrated in the Figures. It will be understood that relative terms are intended to
encompass different orientations of the device in addition to the orientation depicted
in the Figures. For example, if the device in one of the figures is turned over,
elements described as being on the "lower" side of other elements would then be
oriented on "upper" sides of the other elements. The exemplary term "lower", can
therefore, encompasses both an orientation of "lower" and "upper," depending of the
particular orientation of the figure. Similarly, if the device in one of the figures is
turned over, elements described as "below" or "beneath" other elements would then
be oriented "above" the other elements. The exemplary terms "below" or "beneath”
can, therefore, encompass both an orientation of above and below.
Unless otherwise defined, all terms (including technical and scientific terms)

used herein have the same meaning as commonly understood by one of ordinary

skill in the art to which this invention belongs. It will be further understood that terms,



elements described as being on the "lower" side of other elements would
then be oriented on "upper" sides of the other elements. The exemplary
term "lower", can therefore, encompasses both an orientation of "lower"
and "upper,” depending of the particular orientation of the figure.

such SiRnitadyelf deariayice itopnaohthededrendsotidines oesurRlementierpreted as
described as "below" or "beneath" other elements would then be oriented

havingBaveatiaPther slespasisichevRKem@ilaidarig ipelpw cont®ansethe relevant
can, therefore, encompass both an orientation of above and below.

art atdntessprdsswisasielinaed, ahews doelbdinadeshstisalianshsrieatitied or overly

terms) used herein have the same meaning as commonly understood by

formapRe M@ Ty xXplidssipeardégingtiahetain invention belongs. It will be
further understood that terms, 8 such as those defined in commonly used

dictipnsirsinfdiaieldbeinisipseiad e mingra aesstibedheéisiaonkistasierence
with their meaning in the context of the relevant art and the present

to cradisQestios, ifnstMtionet thetRies Risiethitianiideptined PoLiddizdebodiments
sense unless expressly so defined herein. Embodiments of the present

of thdpreston iakeaesaribgs Hiathin uithtieier2pae ttie SINgscseotiaieiilsgieivnss as a
that are schematic illustrations of idealized embodiments of the present

resulinventierafpieychf viariatigastiiony theshragesofdhe/dusisasianees aare to be
result, for example, of manufacturing techniques and/or tolerances, are to

expedtedexpeacisderhbagietecdintig opé sea itasmionvendoll sisue riderued as

construed as limited to the particular shapes of regions illustrated herein

limitebut@rents patticeladesiaisuts iof shagieashilustaubdonexammet feg@ to include
manufacturing. For example, a region illustrated or described as flat may,

deviatigneally shaysotigh asslinr frembraaipleafrsas.nviorneeictirisigarFangeample, a
that are illustrated may be rounded. Thus, the

region illustrated or described as flat may, typically, have rough and/or nonlinear

features. Moreover, sharp angles that are illustrated may be rounded. Thus, the

regions illustrated in the figures are schematic in nature and their shapes are not

intended to illustrate the precise shape of a region and are not intended to limit the

scope of the present invention.

FIG. 6 is a cross-sectional view illustrating a semiconductor device having a
dual stress liner in accordance with an exemplary embodiment of the present
invention.

Referring to FIG. 6, a semiconductor device includes a semiconductor
substrate 100, such as a p-type single crystal silicon wafer, and a PMOSFET 200
and an NMOSFET 300 formed on the semiconductor substrate 100.

The semiconductor substrate 100 has active regions defined by a device

isolation layer 102, and the PMOSFET 200 and the NMOSFET 300 are formed on



regions illustrated in the figures are schematic in nature and their shapes
are not intended to illustrate the precise shape of a region and are not
intended to limit the scope of the present invention. FIG. 6 is a
cross-sectional view illustrating a semiconductor device having a dual

the atiesTdgonis apePrdae Wellh Brieraaw iary-RMIliEnesyioh the RRRSPMIOSFET
invention. Referring to FIG. 6, a semiconductor device includes a

200, éﬁ@&@f@/b@tWeﬁ@ﬁéﬁﬁ@d@@tﬁé‘%tﬁﬁe&é@tm&&iHB@NMSSF;“IVICQOO.
wafer, and a PMOSFET 200 and an NMOSFET 300 formed on the

SenTeRN NS BETSEEtei&P indnedeeairangdesansukatnealep »es, a first gate
active regions defined by a device isolation layer 102, and the PMOSFET

electrdde 204 thetNMARprT3shRIrS@oeeh Gt Bdbe astvsuresigRsin’y@gions and a
n-type well is formed in the active region for the PMOSFET 200, and a

first BhapeaNealbifidarmes in Ay reporfiier tietMRRIRhgOoRyERe202.  The
PMOSFET 200 may include a first gate insulating layer 202, a first gate

NMOSEETode@GAap-tyietutepurisetruianga2e6ite e tisg dappBUee/draidcond gate
regions and a first channel region 208 underneath the first gate insulating

electrieyerdll. nttyp NMPFE fegifheapeneluste gseecand gaieciapalatirgi@ysand a
302, a second gate electrode 304, n-type impurity regions 306 to be used

secoris$ Geatieeldiediore s I8 & ik ae sEC s ivuiey e iSRG tgreeadrthe
second gate insulating layer 302. The p-type impurity regions 206 and the

n-tyPadmptypy legions 3y oay 200 usiedane Maypty Negiony 286aBB06 may

306a and high impurity regions 206b and 306b, respectively. The first
includiatie wlanipdiy20dgnnktiEDsacand @ieeelantiodigB3Ammaitynaidgitens 206b and
306b, respectively.

The first gate electrode 204 and the second gate electrode 304 may include
impurity-doped polysilicon. In detail, the first gate electrode 204 may include p-type
impurity doped polysilicon, and the second gate electrode 304 may include n-type
impurity doped polysilicon.

Metal silicide layers 210 and 310 may be formed on top portions of the first
and second gate electrodes 204 and 304 and surface portions of the p-type and n-
type impurity diffusion regions 206 and 306. For example, cobalt silicide layers or
titanium silicide layers may be formed on the top portions of the first and second gate
electrodes 204 and 304 and the surface portions of the p-type and n-type impurity
diffusion regions 206 and 306.

Spacers 212 and 312 including silicon oxide or silicon nitride may be formed
on side surfaces of the first and second gate electrodes 204 and 304.

Structures of the above-described MOSFETs 200 and 300 may be variably

changed or modified, and thus the spirit and scope of the present invention are not

10



impurity-doped polysilicon. In detail, the first gate electrode 204 may
include p-type impurity doped polysilicon, and the second gate electrode
304 may include n-type impurity doped polysilicon. Metal silicide layers
210 and 310 may be formed on top portions of the first and second gate

limite@lgttadesraetrsl FARRMUBIFETE Pontigng 8bthe p-type and n- type

impurity diffusion regions 206 and 306. For example, cobalt silicide layers

or thediMNsIkEgaifResDMBYIeS A MRS efrdas iiPQrsensHef BirEESls formed

and second gate electrodes 204 and 304 and the surface portions of the

on th8-BROIFET-DOe EREUHY NIIOSFETegoms PRE andI¥fresenater4843s formed
and 312 including silicon oxide or silicon nitride may be formed on side

to inSl¢AseceletthenfiiponidysegonkINRIOSFFIUSDB04rRNn3SrbValrgRibIRg of the
of the above-described MOSFETs 200 and 300 may be variably changed

semicsnvodiiedubsidtuis e spirit and scope of the present invention are not
10 limited by the structures of the MOSFETs 200 and 300. A dual stress

linenQishayinge fististiessanedsr secons sjraaslisderandiisoninee portion 410
PMOSFET 200 and the NMOSFET 300. The dual stress liner 400 is

havintpranfiesttedngpeassielestrossmphillity sésbadNMEpbrtic®aocthiavirigve second

stability of the semiconductor substrate 100. In detail, the dual stress liner

compf&singsinslisdenadikst tinem pestivsddOmpreigve fdisbsommesdivst siiesportion
and a second liner portion 420 having a second compressive stress

410 isahesdhem the PFITSRETE30V esites®e Sbediigtilinar portion 420issformed on
formed on the PMOSFET 200, and the second liner portion 420 is formed
the NMOBIEEYNSOSFET 300.

The electron mobility of the NMOSFET 300 may be increased by the
second liner portion 420. Particularly, the second liner portion 420 has the second
compressive stress small enough to relax compressive stress applied to the second
channel region 308 of the NMOSFET 300. Thus, the electron mobility, saturation
drain current and current driving capability of the NMOSFET 300 may be increased.

Indeed, a plurality of PMOSFETs and a plurality of NMOSFETs are formed
on the substrate 100, and a plurality of first liner portions and a plurality of second
liner portions are successively formed on the PMOSFETs and the NMOSFETs. Thus,
bending and/or warping of the semiconductor substrate 100 may be reduced, and
thus the stability of the semiconductor substrate 100 may be improved.

The dual stress liner 400 may include silicon nitride, and may be formed by
a plasma enhanced chemical vapor deposition (PECVD) process and a selective
ultraviolet light exposure process. Particularly, the dual stress liner 400 may be

formed by forming a silicon nitride layer on the PMOSFET 200 and the NMOSFET

300 using the PECVD process and selectively exposing a portion of the silicon
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The electron mobility of the NMOSFET 300 may be increased by the
second liner portion 420. Particularly, the second liner portion 420 has the
second compressive stress small enough to relax compressive stress
applied to the second channel region 308 of the NMOSFET 300. Thus,

nitridéha§ECtHaN e IIOSHETRLIZN0 &N etaVRIIEBMg IRUrTeAt tH&/IFECVD process,
capability of the NMOSFET 300 may be increased. Indeed, a plurality of

hydrdgMOIFETS aneoripbedlit chNMMSEE Thtarfasped andhasubsieatat, actual

100, and a plurality of first liner portions and a plurality of second liner

compResEARS SresyIrCeesivpiYdamenc0siiberPMA&E e anttieechMSISEIh IS stress

Thus, bending and/or warping of the semiconductor substrate 100 may

of th&esiRsbicenitadel My theastabdlitienitbe 3aRIGERAHEOESIdEVatQIRR Y iolet light

may be improved. The dual stress liner 400 may include silicon nitride,
exposird maycsesformed by a plasma enhanced chemical vapor deposition
(PECVD) process and a selective ultraviolet light exposure process.

Partigggrly, zhagluaBstigss linesdiotianse Wmed ilvdoaming asiligethod of
nitride layer on the PMOSFET 200 and the NMOSFET 300 using the

manufdcfidPrheasshabdrrieniivebyRxpasisacwparien@fghe silicon 11
nitride layer on the NMOSFET 300 to ultraviolet light. In the PECVD

pro®sferiitygite0BIG H), iadtike degiemh indhe ddirnst rilyicsrhalyry saoeviGedisolation

result, actual compressive stress is generated in the silicon nitride layer.
layer e pompiasabesirtss of thessilicondiitide dryesenegobsuitaed BHepehsingle

the selective ultraviolet light exposure process. FIGS. 7 to 13 are
crystalregismeoiigfealudryailbisiiaing encreiborkivd nni8Mifapetadsg the

semiconductor device as shown in FIG. 6. Referring to FIG. 7, active

regignsratgodeliedid dydionadhm aldedickvisotegion for a PMOSFET, and a p-type
well is formed in the active region for an NMOSFET. The n-type well and the p-type
well may be formed by an ion implantation process. Particularly, the n-type well may
be formed by selectively implanting n-type impurities into the active region for the
PMOSFET, and the p-type well may be formed by selectively implanting p-type
impurities into the active region for the NMOSFET.

A silicon oxide layer for gate insulating layers 202 and 302 is formed on a
whole surface of the semiconductor substrate 100 using a thermal oxidation process,
and then a polysilicon layer for gate electrode 204 and 304 is formed on the silicon
oxide layer using a low pressure chemical vapor deposition (LPCVD) process.
Furthermore, the polysilicon layer is selectively doped with p-type and n-type
impurities. For example, the p-type impurities may be implanted into a portion of the
polysilicon layer on the n-type well, and the n-type impurities may be implanted into a

portion of the polysilicon layer on the p-type well.

The polysilicon layer and the silicon oxide layer are patterned through an
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layer 102 in a surface portion of a semiconductor device 100 such as a
p-type single crystal silicon wafer using a shallow trench isolation (STI)
process. An n-type well is formed in the active region for a PMOSFET,
and a p-type well is formed in the active region for an NMOSFET. The

anisofrdpre dtehingdohrestyr Welt My hefameddwcoirn Joplamatier first gate
process. Particularly, the n-type well may be formed by selectively

insuldfiijanRijes rOZPerETRIATRS dHateerRgiye Raioafer the s¥M&NaFGdieadi®ctrode

the p-type well may be formed by selectively implanting p-type impurities

304 dntptieseebrrirgatenton it MRS FEoD. dxsHinanceddiet iRy prigieoais.

insulating layers 202 and 302 is formed on a whole surface of the
senTsTadis¢OtSUbRY age HQMGIDecaishasated eXidRiioBHYAReSS faRthédendn the

a polysilicon layer for gate electrode 204 and 304 is formed on the silicon

activedxéifidageandings oW aseamiershspisse YapoasirrORNNONEHICMB)PMOSFET.

process. Furthermore, the polysilicon layer is selectively doped with

P-type-tyRedan@ify tiapu HtpLstiensFaoexarepies i ke finopustien nayfhRe active
implanted into a portion of the polysilicon layer on the n-type well, and the

regio-Ba)ads MUt GseniRytbgaie st ed det@e4 poytiosl etiibelpalpligamipyee p-type
on the p-type well. The polysilicon layer and the silicon oxide layer are

impuitdteroethihthegpranodssignipatiemcaiahing freceris@betdue feeugatean ion
electrode 204 and the first gate insulating layer 202 are formed on the

implanttymeskell g ibeosesisnpgaderciectiots e30tandribessatiooddidi®r substrate
insulating layer 302 are formed on the p-type well. Referring to FIG. 8, a

100 afieoties|agratgstypetsharensisyfaripedipréhrracivedegions, and has

an opening to expose the active region for the PMOSFET. P-type low

denSimilanyrdypegiorssidd ganeerdrioedriven) fack pngios dhéheaiviiveegions,
and has an opening to expose the active region for the NMOSFET. N-type low
density impurity regions 306a are formed at surface portions of the active region
adjacent to the second gate electrode 304 by selectively implanting the n-type
impurities, using the photoresist pattern and the second gate electrode 304 as an ion
implant mask. The photoresist pattern is removed from the semiconductor substrate
100 after forming the n-type low density impurity regions 306a.

Referring to FIG. 9, spacers 212 and 312 are formed on side surfaces of the
first and second gate electrodes 204 and 304. The spacers 212 and 312 may
include silicon oxide or silicon nitride.

Particularly, the spacers 212 and 312 may be formed on the first and
second gate electrodes 204 and 304 by forming a spacer layer (not shown) on a
whole surface of the semiconductor substrate 100 so as to cover the first and second

gate electrodes 204 and 304, and then anisotropically etching the spacer layer.

Referring to FIG. 10, a photoresist pattern (not shown) is formed on the
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region adjacent to the first gate electrode 204 by selectively implanting the
p-type impurities, using the photoresist pattern and the first gate electrode
204 as an ion implant mask. The photoresist pattern is removed from the

semiconductor substrate 100 after forming the p-type low density impurity

activeaaigiong.08Ad FEHI 2 op SNALPESIE R IR B RROYEY)ibh fR6METE PNIBSFET.

active regions, and has an opening to expose the active region for the
P-typBIMigh FaenBltly pepomityleagibhisnposly eraicasmedaaredeaapedtions of the

surface portions of the active region adjacent to the second gate

activeelegionl g dm s6!acdiiRbt igRtaBtngrBteephP & yisdledtieos yRigdheng the p-

photoresist pattern and the second gate electrode 304 as an ion implant

type Maskitiee pBRIgrassopatieiEsist paevet figenfihe spRicorRdUei®E 204 and the

substrate 100 after forming the n-type low density impurity regions 306a.

spacdrefenmedaahl@nlirmprearmatik. amhg Iphaterkyimegdraidies seHRfRI O om the
the first and second gate electrodes 204 and 304. The spacers 212 and

semicoliAyr isehiirasdicoo aftde fyrailicgrmutida dRanigh|aidnsibe IBRBGENE regions
212 and 312 may be formed on the first and second gate electrodes 204

206band 304 by forming a spacer layer (not shown) on a whole surface of the
semiconductor substrate 100 so as to cover the first and second gate

elecginties¥04 pndidkdsisngdhemapisotiopiea)lyseiehingtoe shacaitiayesgions,
Referring to FIG. 10, a photoresist pattern (not shown) is formed on the

and Hasagtivegegingsicaasidamhonsiting iegkiporserthiecabtMOBRET faldype high
PMOSFET. P-type high density impurity regions 206b are formed at

densisyriag pyrtregionktiBoGictire regineddiacanidoghsdlitieirgatsf electretioe region

204 by selectively implanting the p- type impurities, using the photoresist
adjaceatteon, the Bstgaleglestsidetideasd4hby selectively implanting the n-type
impurities, using the photoresist pattern, the second gate electrode 304 and the
spacers 312 as an ion implant mask. The photoresist pattern is removed from the
semiconductor substrate 100 after forming the n-type high density impurity regions
306b.

On the contrary, multi-layer spacers may be formed on the first and second
gate electrodes 204 and 304. Each of the multi-layer spacers may include a screen
oxide layer, a nitride spacer and an oxide spacer. The screen oxide layer may be
formed while performing a re-oxidation process for curing the first and second gate
insulating layers 202 and 302 damaged by an anisotropic etching for forming the first
and second gate electrodes 204 and 304. The multi-layer spacers may be
completed by sequentially forming a spacer nitride layer and a spacer oxide layer on

the screen oxide layer and anisotropically etching the spacer oxide layer, the spacer

nitride layer and the screen oxide layer. In addition, second n-type low density
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spacers 212 as an ion implant mask. The photoresist pattern is removed
from the semiconductor substrate 100 after forming the p-type high
density impurity regions 206b. Similarly, a photoresist pattern (not shown)
is formed on the active regions, and has an opening to expose the active

impurﬁ%@i‘é@ﬁﬂﬁé%ﬂ'Mﬁ&ﬁ-%@m@%ﬁ@*ﬁﬁmﬂgy%éﬂgi%%md after
J

formed at surface portions of the active region adjacent to the second

formifgi elssterteoxfels pglectively implanting the n-type impurities, using
the photoresist pattern, the second gate electrode 304 and the spacers

312 Rs o destubedaskudiiedhetaresipduiiernis erio®/re Miapsbeariably
semiconductor substrate 100 after forming the n-type high density impurity

changedi@rsmaefiied)ataetROBt A spikitaly ycepreerieayreedatme@Mivmere not

first and second gate electrodes 204 and 304. Each of the multi-layer

limiteBRACEHE BiAYCIeBile arRe Rt cpyidedayed, R pitride spacer and an oxide
spacer. The screen oxide layer may be formed while performing a

re-oRgRIAAPIBCERS faricurieeathsilibislearg second gaie 3nsulgintblayedson top
202 and 302 damaged by an anisotropic etching for forming the first and

porticsReenthediese el edes 24 aedebsctr ddss ROUI-iaE BORaneiSseddeeportions of

completed by sequentially forming a spacer nitride layer and a spacer

the poyide @yeroryghespenty asgiondy20snananBosopis v eieming, thebalt silicide

spacer oxide layer, the spacer nitride layer and the screen oxide layer. In
layersuddititanisec kL liey e/ e denshe fetitepuoty tegiops podieesidhe first and

p-type low density impurity regions may be formed after forming the
secorsgrgate aisistriayes. 234ahndeddasarbethessudatespoitionspaatks gigmndnd n-

312 may be variably
type impurity regions 206 and 306.

Particularly, a cobalt layer or a titanium layer is formed on a whole surface
of the semiconductor substrate 100 using a sputtering process, and then a heat
treatment process is performed in order to cause a silicidation reaction of the first
and second gate electrodes 204 and 304 including the polysilicon and the p-type and
n-type impurity regions 206 and 306 including the single crystal silicon with the
cobalt layer or the titanium layer. Accordingly, the metal silicide layers 210 and 310
are formed in the top portions of the first and second gate electrodes 204 and 304
and the surface portions of the p-type and n-type impurity regions 206 and 306.

As a result, the PMOSFET 200 including the first gate insulating layer 202,
the first gate electrode 204, the p-type impurity regions 206, the first channel region
208, the metal silicide layers 210 and the spacers 212, and the NMOSFET 300
including the second gate insulating 302, the second gate electrode 304, the n-type

impurity regions 306, the second channel region 308, the metal silicide layers 310

and the spacers 312 are formed on the semiconductor substrate 100.
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changed or modified, and thus the spirit and scope of the present
invention are not limited by the structures of the spacers 212 and 312.
Referring to FIG. 11, metal silicide layers 210 and 310 are formed on top
portions of the first and second gate electrodes 204 and 304 and surface

portRaAfnetd-tFG. and N-ty PstieyuUr N e 3R TR 2GRN Gsifkn  nitride is
example, cobalt silicide layers or titanium silicide layers may be formed

succeys i aprAt Qs pktimioS FRY ZRrand gada\plroBeues 204, apdr&diarly, the

and the surface portions of the p-type and n- type impurity regions 206

stres§Nkh3P64badtiGriaflyba debrletnyesinga ditaPROVRYeriTéddned@ntve a first
whole surface of the semiconductor substrate 100 using a sputtering

compPERERES, A enmadepttireanpeas SiecefeissPRy fgunehik @regr k9drogen (H)
cause a silicidation reaction of the first and second gate electrodes 204

diffuseadriie4tieciidisg thermehirilisercrhslihatetPECam! pickssimpurity

regions 206 and 306 including the single crystal silicon with the cobalt

layeRefditngtaniumdayes Aaceighnolirdbe mesal adioidedgyaess Zdtheed on the
310 are formed in the top portions of the first and second gate electrodes

PMO2647ne0804n antdNeMOSIE PaU0 sy ahibine-bide: RixGhg- tyRefirePddiipressive
regions 206 and 306. As a result, the PMOSFET 200 including the first

stresgade ngptatiog leyen@0rdbe firgroatnelesirade 200B¢F BTyBednMputtysecond
regions 206, the first channel region 208, the metal silicide layers 210 and

compife@ sipaasrastl gmaiid thieaN M2 Jirst 51366s inakidingsing sesendiostiess liner 400
insulating 302, the second gate electrode 304, the n-type impurity regions

including  dHestdrandociionel regind 3¢kdbadigiel phdide lag6r8 Khand imMEIG. 6,
spacers 312 are formed on the semiconductor substrate 100. 15 Referring
is foriteedion 12e PMESE HTe2E00adNtIsNMGHEET 180G is

The first compressive stress of the portion of the stress liner 400a on the
NMOSFET 300 may be relaxed by selectively exposing the portion of the stress liner
400a on the NMOSFET 300 to ultraviolet light.

The selective ultraviolet light exposure process may be performed using a
light exposure apparatus. The light exposure apparatus may include an illumination
optical system including a light source for generating the ultraviolet light, a
photomask 540 having a light transmitting section 540a corresponding to the portion
of the stress liner 400a on the NMOSFET 300, a projection optical system for
directing a projection light transmitted through the light transmitting section 540a
onto the portion of the stress liner 400a on the NMOSFET 300, a stage for
supporting the semiconductor substrate 100, a vacuum chamber in which the stage
is positioned, or the like.

Meanwhile, the semiconductor substrate 100 may be heated for increasing

stress relaxation efficiency. For example, the semiconductor substrate 100 may be
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successively formed on the PMOSFET 200 and the NMOSFET 300.
Particularly, the stress liner 400a may be formed using a PECVD process
and have a first compressive stress. The first compressive stress is
generated by hydrogen (H) diffused into the stress liner while performing

heatdd@etBE& VierapraasisRSErEpB e D €3, td dHpbstressdirer 400draukely, the
formed on the PMOSFET 200 and the NMOSFET 300 by means of

semidBRuiIREoSUBSIrARMPITE VG BEehRQfcRl RBrPiphPeealirRs DINAtA0A50°C or

on the NMOSFET 300 to a second compressive stress smaller than the
aboufisgieiess. As a result, the dual stress liner 400 including a first liner
portion 410 and a second liner portion 420, as shown in FIG. 6, is formed

on thed? MO gk a8 i st rizngnty MEMbredsRDs tFaesfiat et isisgiviicon nitride
stress of the portion of the stress liner 400a on the NMOSFET 300 may

layer berigdrKBY BYpHeiecH @iy £10661 0BdhtdaPRLe eSS inatcéedanee with a
the NMOSFET 300 to ultraviolet light. The selective ultraviolet light

heatifREAIEraiaeesatdy Ge 1B Eamed IsingArdighy expostyssarRPsiRiss variation
The light exposure apparatus may include an illumination optical system

of a dhidodingridbollspdoeminl penemstsmihenitavisdettightical Map®RFosition in

540 having a light transmitting section 540a corresponding to the portion

accorakifessigaslineattip eeaipthatitd Qbd ah S vionsojrttaskpptioas system
for directing a projection light transmitted through the light transmitting

sectiointzily entéirtie siticbion oititioe sttges lines4 el thmmNMQSmicbnductor
300, a stage for supporting the semiconductor substrate 100, a vacuum

substeaMmbizndntndick G\ tag sy esitionesh arlibatlikeattranwhile pdormed at a

semiconductor substrate 100 may be heated for increasing stress
tempeetayediast efiolendBOFPCr franhae; the seimicesdieiahsthsiateal®omay silicon

nitrid:?ayer was formed on a semiconductor substrate using the PECVD process,
and then a heat treatment was performed at a temperature of about 500°C for about
15 minutes.

Referring to FIG. 14, compressive stress of the first silicon nitride layer was
reduced by about 10 percent, and compressive stress of the second silicon nitride
layer was reduced by about 20 percent. However, when the heating temperature is
higher than about 550°C, thermal stress may be applied to MOSFETs formed on the
substrate. = When the heating temperature is lower than about 400°C, the
compressive stress may be not relaxed.

On the contrary, a third silicon nitride layer was formed on a semiconductor
substrate using the PECVD process, and then the third silicon nitride layer was
exposed to ultraviolet light having a wavelength of 257nm at a temperature of about

450°C for about 5 minutes. Furthermore, a fourth silicon nitride layer was formed on

a semiconductor substrate using the PECVD process, and then the fourth silicon
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16 heated to a temperature of about 400C to about 550C. Particularly, the
semiconductor substrate 100 may be heated to a temperature of about
450C or about 500C. FIG. 14 is a graph illustrating compressive stress
variation of a silicon nitride layer formed by a plasma enhanced chemical

nitrid& aBYEASRLS PR eSO danacivish AigheadisrapreiErengind 5 G5¥hm at a

is a graph illustrating compressive stress variation of a silicon nitride layer

tempé&PETRE BY blasnsd enhengee e misateygpor deposition in accordance
with a heating temperature and an ultraviolet light exposure. Primarily, a

first gitieQr iytigeF Ry en waw fsmeshitarksnisionskieta mpiP SHatRdiineeatment
the PECVD process, and then a heat treatment was performed at a

proce€dnpatiie efirladlASAhioerbestikd provdes. bnrthersittn sreasdiayer(s)
silicon nitride layer was formed on a semiconductor substrate using the

formdBEsyMPePPIREYD) Brodéken coRgablsiatnanss¥as ReREfeien aittide layer(s) was
temperature of about 500C for about 15 minutes. Referring to FIG. 14,

remafaBresdivesstress of the first silicon nitride layer was reduced by about
10 percent, and compressive stress of the second silicon nitride layer was

redugiec iy labaigin? O-pgistin. Maweayesoues thierbgatiny troyaabdieds and/or
higher than about 550C, thermal stress may be applied to MOSFETSs

silicofenys@d gerthso s stiate tWhethdhdibesdingte mpsiedere IndgWss timoved from

about 400C, the compressive stress may be not relaxed. On the contrary,

the shidbiidrsiticeniajisids) ayecawasioimeadres.aTsemsjcvrddeiapregbiigatiress of the
using the PECVD process, and then the third silicon nitride layer was

silicoexnprilty edis) vicdgtihig hebavsw a wavelength of 257nm at a
temperature of about

FIG. 16 is a schematic view illustrating a light exposure apparatus for
forming the dual stress liner as shown in FIG. 6.

Referring to FIG. 16, a light exposure apparatus 500 may include a stage
510, an illumination optical system 520, a photomask 540 and a projection optical
system 550.

The stage 510 is provided for supporting a semiconductor substrate 100 on
which a stress liner 400a having a first compressive stress is formed. Particularly, a
PMOSFET 200 and an NMOSFET 300 (referring to FIG. 6) are formed on the
semiconductor substrate 100, and the stress liner 400a is formed on the PNOSFET
200 and the NMOSFET 300.

The photomask 540 has a light transmitting section 540a corresponding to
a portion of the stress liner 400a on the NMOSFET 300.

The illumination optical system 520 is provided for illuminating the

photomask 540 with an illumination light, and the projection optical system 550 is

provided for exposing the portion of the stress liner 400a on the NMOSFET 300 to a
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450C for about 5 minutes. Furthermore, a fourth silicon nitride layer was
formed on a semiconductor substrate using the PECVD process, and
then the fourth silicon 17 nitride layer was exposed to ultraviolet light
having a wavelength of 257nm at a temperature of about 450C for about

proje&tiBHNGERS- ﬁ@rﬁgfﬁﬁ@@tﬁ@u%ﬁ,fwéqmﬁmk’éﬁ%}ﬂwﬁb’ BecwsmiBadheddedat the

treatment process and the ultraviolet light exposure process on the silicon
portiohitdgeHayetiessfaraed byshenPihe \WMISTEST, S00BERS 3 VEeTi6Res siiiftessive

silicon nitride layer(s) was remarkably reduced. Ultraviolet light radiation

stres$MEi4lispepiaiaHutipgEBoRYEFeasndsmessand/or silicon-hydrogen bonds,
and then the dissociated hydrogen may be removed from the silicon

nitrigkgy ieavtROrBY the AgHYBX IS Brel AppatReLSBORr AsSVA SliBsSoh&ager 512 for

silicon nitride layer(s) may be reduced. FIG. 16 is a schematic view

heatifly St@tirgradigitiuxop sukssaaparatesdat vamnethectisahsesiner which the
shown in FIG. 6. Referring to FIG. 16, a light exposure apparatus 500 may

stageimalode poitigRedl0, an illumination optical system 520, a photomask 540
and a projection optical system 550. The stage 510 is provided for

SUpFeEingLEnFeiTieeNidheter S hsirate 140 oravidin dgitesEdnexdnile, deep-
having a first compressive stress is formed. Particularly, a PMOSFET 200

ultravédigtatigiiv @B b I0RviiRsTing e FKay6)oeredesmedonitee illumination light.
semiconductor substrate 100, and the stress liner 400a is formed on the

Partide@pRbd 1R0esIdithgH MES-wh\adendthead HaDRmasK S@thnas48lght257nm,
transmitting section 540a corresponding to
365nm, or the like.

The illumination optical system 520 may include a light source 522 for
generating the ultraviolet light, a beam expander 524 for expanding the ultraviolet
light, a collimator lens 526 for collimating the expanded ultraviolet light, a fly eye lens
528 for uniformizing the collimated ultraviolet light, an aperture plate 530 for
transmitting the uniformized ultraviolet light, a condensing lens 532 for condensing
the ultraviolet light transmitted through aperture plate 530 onto the photomask 540,
or the like.

Examples of the light source 522 may include a mercury-xenon lamp for
generating a light beam of 365nm wavelength, a krypton ion laser or argon ion laser
for generating a light beam of 257nm wavelength, a KrF excimer laser for generating
a light beam of 248nm wavelength, an ArF excimer laser for generating a light beam

of 193nm wavelength, an F» laser for generating a light beam of 157nm wavelength,

or the like.
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a portion of the stress liner 400a on the NMOSFET 300. The illumination
optical system 520 is provided for illuminating the photomask 540 with an
illumination light, and the projection optical system 550 is provided for
exposing the portion of the stress liner 400a on the NMOSFET 300 to a

18 praiegiidiahki ammisied Sy Biedioha Sieaspiilinasestiantdsd@rojection
so that the portion of the stress liner 400a on the NMOSFET 300 has a

light §eERAHESINEIRSSHE tREESREIBIALRKITAD e firslora@irenstvendresstion of the

Furthermore, the light exposure apparatus 500 may include a heater 512

stres§an&eatog BietheNMOSFETT Sub stiiegH b apoiecieiop AP 350.

in which the stage 510 is positioned. The illumination light may include an

ultrapielehbaliér Fo1 2xpinpheedipgp thradaiRditiabmishibitatsletdmhinay be

may be used as the illumination light. Particularly, the ultraviolet light has

dispogatiaieigrgtinfel B10MmadgIne s24§8s.1 85&nmevabhndispoleel ket @acuum

illumination optical system 520 may include a light source 522 for

cham@@enerptiogghenottemdalatifigiuebetis expanaetiahiber soRandin®éeonnected
ultraviolet light, a collimator lens 526 for collimating the expanded

to a valbiavioleydiwhnt Biflgeys gty §28 vacunioomaziigHsoeollimated
ultraviolet light, an aperture plate 530 for transmitting the uniformized

ultravigdetiging, areondieasioiaithb3X posceadaosiags theayltsavisietdiahéd in a
transmitted through aperture plate 530 onto the photomask 540, or the

stepplikg. mxamplesrofirthe kghhsingcmadadnagnackisiesatmmcwignenes Bimpe light

for generating a light beam of 365nm wavelength, a krypton ion laser or
exposugoapalases 500 are substantially identical to those of a conventional light
exposure apparatus except for the heater 512 in the stage 510 and the photomask
540. That is, the spirit and scope of the present invention are not limited by the
different elements except for the heater 512 and the photomask 540.

According to the exemplary embodiments of the present invention, the dual
stress liner may be formed by the formation of the stress liner and the selective
ultraviolet light exposure. Thus, processing steps for forming the dual stress liner
may be simplified, and thus the time required for forming the dual stress liner may be
reduced. Consequently, the productivity of the semiconductor device having the
dual stress liner may be improved.

Although exemplary embodiments of the present invention have been
described, it is understood that the present invention should not be limited to these
exemplary embodiments but various changes and modifications can be made by one

skilled in the art within the spirit and scope of the present invention as hereinafter

claimed.
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for generating a light beam of 257nm wavelength, a KrF excimer laser for
generating a light beam of 248nm wavelength, an ArF excimer laser for
generating a light beam of 193nm wavelength, an F2 laser for generating
a light beam of 157nm wavelength, or the like. 19 The photomask 540 is
WhatSyriperrey:a mask stage 542, and the projection light transmitted

through the photomask 540 is irradiated onto the portion of the stress
liner 400a on the NMOSFET 300 through the projection optical system
550. The heater 512 for heating the semiconductor substrate 100 may be

disppsed in thessligaisopdt cattitaciageriptisgnovably disposed in the

vacuum chamber. Though not shown in figures, the vacuum chamber 502
mayshg pefragsied to a vacuum system for evacuating the vacuum
chamber 502. Meanwhile, the ultraviolet light exposure process may be

perfarMd HRE Bioppisg orafHes hdirascanning manner, and constituent
elements of the light exposure apparatus 500 are substantially identical to

thosenallMOBMEtionadif) bh expestierappaapatys except for the heater
512 in the stage 510 and the photomask 540. That is, the spirit and scope

of the quiasenicsyeindenraiadiaglisfiest bythen difereat @etherP\VEISHET and a
for the heater 512 and the photomask 540. According to the exemplary

secorinpodiore iienoétherptaecNIMITYS FETT, ithe fitsdl politss haeingay et stress and
formed by the formation of the stress liner and the selective ultraviolet

the sdgbhexoturehdving, prmassingisiepshedilforiag the tualsiteass liner
may be simplified, and thus the time required for forming the dual stress

liner may be reduced. Consequently, the productivity of the
semiconductor device having the dual stress liner may be improved.
2. The semiconductor device of claim 1, wherein each of the
PMOSFET and the NMOSFET comprises:
a gate insulating layer formed on the substrate;
a gate electrode formed on the gate insulating layer; and

impurity regions to be used as source/drain regions, which are formed at

surface portions of the substrate adjacent to the gate electrode.

3. The semiconductor device of claim 2, wherein each of the
PMOSFET and the NMOSFET further comprises silicide layers formed on a top

portion of the gate electrode and surface portions of the impurity regions.

4. The semiconductor device of claim 1, wherein the first stress is a

first compressive stress, and the second stress is a second compressive stress

smaller than the first compressive stress.
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Although exemplary embodiments of the present invention have been
described, it is understood that the present invention should not be limited
to these exemplary embodiments but various changes and modifications
can be made by one skilled in the art within the spirit and scope of the

pregent inventign ssniieeritatieN alaiitediZdaihat iwstasnethis duialstress liner
semiconductor device comprising: a substrate; a PMOSFET formed on

compiiiscsURtEHaitiBIMOSFET formed on the substrate; and a dual stress
liner including a first portion formed on the PMOSFET and a second
portion formed on the NMOSFET, the first portion having a first stress and
the second portion having a second stress smaller than the first stress. 2.

Thegsemiconfugigmhagvigerirtiaittring @ remaasiuottbe dBWEIorIpAsihg:

the NMOSFET comprises: a gate insulating layer formed on the substrate;

a gataalegi®n e foSFRIoHe g AR DSHEMgay slibvithig il regions
to be used as source/drain regions, which are formed at surface portions

of theranibstratuadicesss Imtraranieielgeiroge pdrilde Isgrngoadiist@tress and a
device of claim 2, wherein each of the PMOSFET and the NMOSFET

secoridrgetioAMBNBRS SietstiRveisskoEmed emntiadiophdirsortpbsteopatee PMOSFET
electrode and surface portions of the impurity regions. 4. The
and theMIMMOSFET deneeof theifirdt poriemithéolinséstmssie PMOSFET, and the

second portion is formed on the NMOSFET.

7. The method of claim 6, wherein the forming the dual stress liner
comprises:
forming a stress liner on the PMOSFET and the NMOSFET; and

relaxing a stress of a portion of the stress liner formed on the NMOSFET.

8. The method of claim 7, wherein the stress liner is formed by a

plasma enhanced chemical vapor deposition process.

9. The method of claim 7, wherein the stress of the portion of the
stress liner on the NMOSFET is relaxed by selectively exposing the portion of the

stress liner on the NMOSFET to an ultraviolet light.
10. The method of claim 9, wherein the relaxing the stress is

performed using a light exposure apparatus having a photomask for selectively

exposing the portion of the stress liner on the NMOSFET to the ultraviolet light.
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first compressive stress, and the second stress is a second compressive
stress smaller than the first compressive stress. 21 5. The semiconductor
device of claim 1, wherein the dual stress liner comprises silicon nitride.
6. A method of manufacturing a semiconductor device comprising:
forming a PMOSFET and an NMOSFET on a substrate; and forming a
dual stress liner including a first portion having a first stress and a second

portion havingrespiAnd Sl ssismatertihaeihedingriiegheatRg the substrate
PMOSFET and the NMOSFET, wherein the first portion is formed on the

while BMSdSinG tharsbinen stanadsaesomisriermed RVOS FIMQS el uifralisiet light.

method of claim 6, wherein the forming the dual stress liner comprises:
forming a stress liner on the PMOSFET and the NMOSFET; and relaxing
a stress of a portion of the stress liner formed on the NMOSFET. 8. The

method of clate? nvéteseinoihelatress finaimersirme by dgpasMa heated to a
enhanced chemical vapor deposition process. 9. The method of claim 7,

temperheieoiepdie 3D 0P B RIVEANSHORE. stress liner on the NMOSFET is
relaxed by selectively exposing the portion of the stress liner on the

NMOSFET to an ultraviolet light. 10. The method of claim 9, wherein the
relaxing the stress is performed using a light exposure apparatus having

a phigomaskTfae setrstiively ot xpsing the whgiemoftte stileséniinethen theess s
NMOSFET to the ultraviolet light. 22

performed in a vacuum chamber.

14. The method of claim 6, wherein the dual stress liner comprises

silicon nitride.

15. A method of manufacturing a semiconductor device comprising:

forming a PMOSFET and an NMOSFET on a substrate;

forming a stress liner having a first stress on the PMOSFET and the
NMOSFET; and

selectively exposing a portion of the stress liner on the NMOSFET to an
ultraviolet light so that the portion of the stress liner on the NMOSFET has a second

stress smaller than the first stress.

16. The method of claim 15, wherein the stress liner comprises silicon

nitride.
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11. The method of claim 9, further comprising heating the substrate while
exposing the portion of the stress liner on the NMOSFET to the ultraviolet
light. 12. The method of claim 11, wherein the substrate is heated to a
temperature of about 400C to about 550C. 13. The method of claim 7,

wherein the refaxin@ihesBRefim AT fIMadin dyagistn eMaedes. bfmed by a
The method of claim 6, wherein the dual stress liner comprises silicon

plasnittidi@ahect BrirmshP{ BRI Hapbkitigrapsearsenductor device
comprising: forming a PMOSFET and an NMOSFET on a substrate;

forming a stress liner having a first stress on the PMOSFET and the
NMOSFET; and selectively exposing a portion of the stress liner on the

NM@SFET taas Hitag®let devnsoshrirtherutiptiond & s4ess Ies@strate.

the NMOSFET has a second stress smaller than the first stress. 16. The
method of claim 15, wherein the stress liner comprises silicon nitride. 23
17. The method of claim 16, wherein the silicon nitride is formed by a

plasnga enhamped wlaeoigabyafigindepsitivieiypcens. h8afihg mrshodetrate is
claim 15, further comprising heating the substrate. 19. The method of

perfofiadd afbngheiginikedetatingipespbsiriaie perfimet! talonrgrasd her on the

selectively exposing the portion of the stress liner on the NMOSFET to

NMOSRRTtaviedet lightiolet light.

20. A light exposure apparatus comprising:

a stage for supporting a substrate, wherein a PMOSFET and an NMOSFET
are formed on the substrate, and a stress liner having a first stress is formed on the
PMOSFET and the NMOSFET;

a photomask having a light transmitting section corresponding to a portion
of the stress liner on the NMOSFET;

an illumination optical system for illuminating the photomask with an
illumination light; and

a projection optical system for exposing the portion of the stress liner on the
NMOSFET to a projection light transmitted through the light transmitting section so
that the portion of the stress liner on the NMOSFET has a second stress smaller

than the first stress.

21. The light exposure apparatus of claim 20, further comprising a

heater for the substrate.
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20. A light exposure apparatus comprising: a stage for supporting a

substrate, wherein a PMOSFET and an NMOSFET are formed on the

substrate, and a stress liner having a first stress is formed on the

PMOSFET and the NMOSFET; a photomask having a light transmitting

sectign correspanfiil oS Ahgrst ass drphonsheUMME) Edrlprising a

an illumination optical system for illuminating the photomask with an
vacuitieiatipedight; sitdvanpreieciegeptical system for exposing the portion

of the stress liner on the NMOSFET to a projection light transmitted

through the light transmitting section so that the portion of the stress liner

on the NMOSFET has a second stress smaller than the first stress. 21.

Thed@iht expPREregIRApYss & alghardfudwihesiaePoriagnerairmeaianieination
the substrate. 24 22. The light exposure apparatus of claim 20, further

light cwrprisdecaa aewisTeehgmber for receiving the stage. 23. The light
exposure apparatus of claim 20, wherein the illumination light comprises

an ultraviolet light. 25
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