SEM CONDUCTOR DEVI CE HAVI NG A DUAL STRESS LI NER,

METHOD OF MANUFACTURI NG THE SEM CONDUCTOR DEVI CE AND

LI GHT EXPOSURE APPARATUS FOR FORM NG THE DUAL STRESS

LI NER BACKGROUND OF THE INVENTION 1. Field of the
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liner for increasing electron nobility, a method of
manuf act uri ng the sem conductor device, and a |ight
exposure apparatus for formng the dual stress |iner.

2. Descri pti oBASKEROWNDLOEJ HE INXESEROBbnduct or

devi ce including a PMOSFET (p-channel netal oxide
senm.Fosldufttios Ifvesitidnef f ect transistor) and an NMOSFET
(n-channel netal oxide sem conductor field effect
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use ectrons as Its carrier.
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 (lgss:) are

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




1 Meanwhil e, according to U. S. Patent Application

Publ i cati on No. 2003/0040158, in a sem conduct or

devi ce including an n-channel MOSFET and a p- channel
MOSFET, a first silicon nitride |layer having tensile
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Referring to FIG 1, a PMOSFET 20a and an NMOSFET 20b
formedren ftioe rredhaime! aQSRE F.egl s elecirerrdnobilignand sladyiadan drain

| ayer 12 fornmed in a surface portion of a single
currertryfstrad rschareeh MOBRE Rtare liocrebsed PMISFBEEN2i0g oncVarges of a
a gate insulating layer 22a, a gate electrode 24a,

substiEReEeEeaudé@ and inpurity diffusion regi ons 28a which
serve as source/drain regions of the PMOSFET 20a. The
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{aﬁgl ons 28b whj c S rve as source/drain regions of
ManUGEINNECEERT t4VIG 1 i ci de layers 30a and 30b
areformadlnto portions of the gate electrodesz

andRefagingni@ F@ﬂf, acRVbTRE bR9a@md #re NMPSFFTy20b are formed on
di ffusion regions 28a and 28b. Referring to FIG 2, a

activefregnssidfinedroynat isadatidralpger 4D foravedh @ a@up‘aesgbvt'@n of a single
stress is forned on the PMOSFET 20a and the N VI OSFET
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(PECVD) process, and then a first photoresist pattern
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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
sel ectively renoving the first silicon nitride |ayer
40 using the first photoresist pattern 42 as an
etching 2 mask, Then, a second silicon nitride |ayer
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of the second silicon nitride |ayer 44 on the PMOSFET
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photoresi st pattern 46 as an etching mask. Then, the
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substrate e silicon nitride layers 40 and

204 formed through the above-described processing steps

" may increase electron nobility of the NMOSFET 20b and

improve, stability of the sem _conductoy. substrate 10. .
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Particularly, the processing steps for formng the
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fabricating time of the sem conductor is increased,
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eteriorated. SUMVARY OF THE | NVENTI ON Exenpl ary
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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.




devi ce having a dual stress liner, which may be

manuf actured through sinple processing steps, a

nmet hod of manufacturing the sem conductor device, and

a light exposure apparatus for form ng the dual
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NMOSFET may i nclude a gate insulating |ayer formed on

smallel fiearstiasfirshstegssa gate el ectrode formed on the gate
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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 portionis

formed on the PMOSFET, and the second portion is

formed on the NMOSFET. In exenplary enbodi nents of
relaxifidl@ firessedht a ipovtet dfothe dthassdiradr feitnias snltha NMOBFETDe The dual

formed by formng a stress liner on the PMOSI FET and

stress! Eh‘ﬁarmhé@ PRIkl srﬁé‘&n nﬂndi@lf@\%rhétﬂ bg aSHh 88 hanckd rdHe?r'ﬂcaE vapor
of the stress liner fornmed on the NMOSFET. The dual
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stress is forned on the PMOSFET and the NMOSFET. A
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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 forned on the substrate,

and a stress liner having a first stress is fornmed on
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may kentiPhekt s of the present invention will become
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acconmpanyi ng drawi ngs wherein: FIGS. | to 5 are
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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 exenplary
enbodi nent of the present invention; FIGS. 7 to 13
are cross-sectional views illustrating a method of
manuf acturi ng the sem conductor device as shown in
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and FIG 16 is a schematic viewillustrating a |ight
formirgibegivad shippaliaeuss shownfroFHp.fy t he dual stress |iner
as shown in FIG 6. DESCRI PTION OF THE | NVENTI ON The
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with reference to the acconpanying draw ngs, in which
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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 elenments present. As
used herein, the term "and/or" includes any and al
conbi nations of one or nore of the associated |isted
items. It will be understood that, although the terns
disclo$urest, second, etc. may be used herein to describe
various el enments, these elenents should not be limted
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forms as wel | unl ess the context clearly indicates
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be used herein to describe one elenent's relationship
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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,
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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 limt the scope of the present invention.
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ARG EF ALY Wi SIS E indlianriy EeRzed. gt oate

and an NMOSFET 3Q0 forned on the sem conductor
electradp 0 aPdYRIMPIHY regionsoHiui Be s asrausca/dringggions and a
active regions defined by a device isolation |ayer
first cdtemnehnggidne 20008RET RGN atng tfing NIMESHESUIZOW dager 202. The
formed on 9 the active regions. An n-type well is

NMO$PETE800 mbhdndatie ve seeghdngdter inshatiRlyak&T 3020Q savond gate
a p-type well is formed in the active region for the

electrMEETn:ftQQe wﬁB@nl?’Y%Foﬁg W 1dBY u's@&'a‘éds%lﬁcé/HFeﬁh rgéioﬁs and a

I nsul at ing layer a first gate electrode 204,

secorfi et BRHE S¥p u?*%e"i%iafﬁﬁﬁ? SBad oﬁé%aﬁiﬁﬁ@# ‘a&%t Ro2he
fir ate |nsulat 20 NVOSFET 300 na
| B S dEBHE Do T 2P ATChS Byue SBBUMY S50 may
gate el ectrode 304, n type inmpurity regions 306 to be
includgslewv &#8pyiyr mmw%ae@%@ﬁanan@ higle dopdribhegiens 206b and
regi on 308 underneath the second gate insulating |ayer

306b,388peckhvelp-type inmpurity regions 206 and the n-type
impurity regions 306 may include |low inpurity regions

206pheafudt §9@e|@eﬁlod% 2041 dRUNGt 36cHBEIRAS e RRAEBJBMD4 may include
306b, respectively. The first gate €l ectrode 204 and

lmpurﬁy %oﬁ‘éﬁ%@l%o% eII e&étéﬁdt?]esfﬂ'é’[ B?t% él@&lré’c?eemzi 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
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I mpurity-doped polysilicon. In detail, the first gate
el ectrode 204 may include p-type inpurity doped

pol ysilicon, and the second gate el ectrode 304 may
include n-type inpurity doped polysilicon. Metal

limitecShy tHd Steudtabesy of tRé M@BHEIE Q0BNd80d.0or med on top
portions of the first and second gate el ectrodes 204

ang &Q&é‘l ﬁg%sSﬁHécr% Rk %nﬁr gfstrte?ﬁ At & Recahdl sﬂ‘es& YPformed

i mpur i fusion regi ons and 306. For exanpl e,

on B4R 'w?%@f@casf:sm B 4 508 BYSES i fomr

second gate el ectraqdes and, t he surf
to incissee] GleLon TR () peaRbIAGEFTo SORpY (Prai ek of the
regions 206 and 306. Spacers 212 and 312 i ncl udi ng
semicendlictonsastorde d00si | i con nitride may be forned on
side surfaces of the first and second gate el ectrodes

204n anlaiBOthe Suaustresesinef 400e nahoireclubis er fitst dindDSFdtlisn 410
200 and 300 may be variably changed or nodified, and

u Be I n
g T T R T A o

comp B8 Seass, tH8leReRife i Lo BB The 68 IR Portor
11014 BEpaSED s S AU DESR bl B Bl o

i nprove stability of the sem conductor substrate 100.
the NM@Stdt Bi300. t he dual stress liner 400 may include a
first liner portion 410 having a first conpressive
st ress ehgudrom Seswiitgd off ter NIDQS AT 430 mesy g inceasedl by the
conpressive stress snaller than the first conpressive

secondt I'ir%?r%grfzfgxg nggzp?ttiecﬂgerlgg%é 5@CondHiRker Sortion MED Bas the second
liner portion 420 is
compFe%sm%dstP@ss §rﬂ§i| @N%gﬁ_o 708x 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

11




The electron nobility of the NMOSFET 300 may be

i ncreased by the second liner portion 420.
Particularly, the second liner portion 420 has the
second conpressive stress small enough to relax

nitrideCRYBF &% ke NIMOSFERBY0 &8l Ulavibiet sgeendin eiaMELVD process,
regi on 308 of the NMOSFET 300. Thus, the electron

hydm%w;.gcg%e FOine AGC AR o0a Sl Bl esut, actu
com prlsgépgfasi%@?s d% g%eed g@gr‘? iﬁ%%#!é%lﬁé‘@f’ldg W%Etﬁl%gﬁpg{essive stress

100, and a plurality of first |iner rtions. and
of thepBUﬁ@'ﬂlﬂ'V'd@f layeg omay e Helexsdr threpgh Hhe %%t@@suuva'et light
formed on the PMOSFETs and the NMOSFETs. Thus,
exposbenpiocgsand/ or war pi ng of the sem conduct or substrate
100 may be reduced, and thus the stability of the
semiGgnducter 13ubsrer ajressle8ctionel beiewspritwsichtinghea domdthod  of
stress liner 400 may include silicon nitride, and may

manu% ngbﬁﬁg %%Q;%;&éﬂ@eﬁé@ég%ﬁgm&hﬁmieaﬁ vapor

process and a selective

geef\éxltrﬁw!g IC%E a%gé) ﬁ%@&g@ rapegggﬁ@%f ggtfél‘?ﬁ“’l reJ éfew&g‘?soiatlon

s ilicon nltrlde | a on .t he, PMOSEET 2
layer F9RINCBRETACS BOTRN i SREERREHS Py 9@%&%@8@& pygps single
exposing a portion of the silicon 11 nitride |ayer on
crystat BiECOMBBRETUSBAY atshallbwrtearichl iselatipgh® T')progass. PECVD
process, hydrogen (H) is introduced in the silicon
ni tAr deypaywe, isdotnas imthecadtiie reapdruédr a COMPEEES] med a p-type
stress I1s generated in the silicon nitride |ayer. The

well a%f?)%(e@ﬁﬁ't?‘f@ a%hf/@%gloﬁffoﬁ A8 NMOISFHT. Nk th?pé WA aBihe p-type
e relaxed through”the selective ultravio I'i ght

well m X)Pla% Pc{rﬁ*,eﬁfs t?f §ﬁ§on ujnﬁénﬁtl oﬁ'loprgage@g epgﬁmrﬁﬁﬁ{é e %e well may

y d|ng a manut act ur

sem condyct or [ Ref

ve fofee B3 Sk R HREBHES £ D huosy o A BubBor e
i sol ation

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

12




| ayer 102 in a surface portion of a sem conductor

devi ce 100 such as a p-type single «crystal silicon

waf er using a shallow trench isolation (STlI) process.

An n-type well is fornmed in the active region for a
anisotFiSHEEThingstodess sypat Wed Ifirdtsgdter sledtrode tA0et antlithie first gate

region for an NI VIOSFET. The n-type well and the

insulagn%Y r o Laréf?dmb@d bAre - l%eawenoand rmbaefacehtf%te electrode

cess. Particularly, the n-type well nmay be forned
ar;‘@mseg'aeefo&@@%% TR W A b
d
PE16s(a WG Ent SDPIVESPeBRBRTT GHOL ﬁﬁom&ﬁ:@qrmw on the

SI l'icon oxide |layer for gate insulating |ayers 202 an
active3egidns, fodras ean epenitb i expesathe @ﬂti‘fﬁhée@@mf@bﬁ?ﬁJE’WSFET
substrate 100 using a thermal oxidation process, and

P-typd endengity inspuritg eegibay @06h are g@tmcbb?esmmmbapdménarwthe active
304 is fornmed on the silicon oxide |layer using a | ow

regiorﬁﬁ?@%@ﬁ?t&hﬁé’”ﬁ?ﬁ'gé&é%?éctﬂ%@?ﬂﬂ'@nsélbeﬂ@)/ zﬁfp%ﬂﬁ@ the p-type

hernore, the polysilicon layer is selectively

impur?&%g, gsf@ltotgefpﬁ %s?é?ipd?few . ¢ h@%% gg?e? ege!:c‘?rrod@é g% an ion

I an
s TR PSR T I R
the polysilicon layer on the p-type well. The

100 afier @f,mmg:f@ﬁ 0-typer lowndpnsiiy !@pur!wﬁgm%%@ﬁaayer are
patterned through an 12 anisotropic etching process

so Sihnibrly,he photosesighpatterhdoot siieviz0is farded e thieraative regions,
gate insulating |layer 202 are forned on the n-type

and Bl hn cshiddi1@o $8@eRe Bat sctRle/igidieor 4 NINOSFET.  N-type low

second gate insulating |ayer 302 are forned on the

densﬂ% Wﬁﬁtty‘?laéon@eﬁ(%% 29 f{:ﬁ’né:d gt s%rfa@epmxtl%@sdfsthe actlve region

tern active regio

adjaciioistate FfPfeohtue @d@ﬁ@%&}f R e e ope

_ formed at surface portions of the active ,
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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regi on adjacent to the first gate el ectrode 204 by

sel ectively inplanting the p-type inpurities, using
the photoresist pattern and the first gate el ectrode
204 as an ion inplant mask. The photoresist pattern

activel Rgi@\wed hioahtdermeditc eRauss ahe 3ithiss ragien BHPhaPNSOSFET.
formng the p-type low density inpurity regi ons 206a.

P- types'rﬂ%ﬂl\ erkity Anilpty rr@@bﬁ% %%rgé‘ foRAkd SRO¥Mades pEﬂTdFEdof the

he active're and an opening to exp

the. act i,y e he N
active; [R5 pjeFeY; t%ntﬁei&%égéaeeef?%?ﬁ%%594 bﬁ@a&tﬁ%?ﬁ@%aﬁﬁf@l the p-
of the active re n adjacent to the second
type 'm%ﬁ'%dés@édhﬁyp PEQ',St@tvFé@t&e"Pnﬁleaﬂfﬁtr%at?r%eﬁ?@%goﬁf and the
impurities, using the photoresist pattern and the
spacese@ddayandorlimptanddeasos Tae photbrasistipgtleants newkyvedivom the
photoresi st pattern is renoved fromthe sem conduct or
semicenbigtioatsabsttée w00 eftef doming thbe-typleyhighl demsitgrigipuyity regions
impurity regions 306a. Referring to FIG 9, spacers
206b.212 and 312 are formed on side surfaces of the first
and second gate el ectrodes 204 and 304. The spacers

o S SO0 g oo
s TR M B RSB SR v

whol e surface of the sem conductor substrate 100 so as
densityoingpudy redionsi 3 anel feesehdt syufeseep@dions ddsthgoactyedregion
304, and then anisotropically etching the spacer
adjacérty & .thRedemonidngateo elddBiodk0304 Iphaistectivebt implantng the n-type
(not shown) is forned on the 13 active regions, and

:mpurﬂ@% %1@% %ﬁoﬁ&e&ép%ﬁet'rheth@%é&ﬁ]d @gt@@aléc@fod'fehgw and the
P-type high density inpurity regions 206b are

spaceré’r?ﬁ%dnftap%ﬁ fn’ﬁ fa g{xééﬁjn%’h%f c{igre %%Xt%bﬁ ‘?@'ré’rﬂoved from the

ace 0 the gat e el %
Semlc?)ﬁsscfﬁk%@%% VBT B g e VBB osaREh iy Jib B egions
and the
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 mulii-layer spacers may be
completed by sequentiaily 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 inplant mask. The phot oresi st

pattern is renoved fromthe sem conductor substrate

100 after formng the p-type high density inmpurity

regions 206b. Simlarly, a photoresist pattern (not
impuri§heions and sesmdl paypdvadehyiey Ingginty segioss thdiase dormed after

openi ng to expose the active region for the NMOSFET

formmél-tﬁglg@ UrBbiadenRit Y i npurity regions 306b are formed
t sur%ace porti‘ons of the active region adjacent to

it E%sé%qq/%gd%?tg%ﬁ_gl %g%é’tgﬁd%p%ﬂﬁ?%ﬁgﬁg%gﬁﬁﬁm may be variably

hot oresj st pattern, the secgond gat | ectrode 304 and

changgder fﬁﬁékﬁi@ﬁsgeﬂh%t%sp'&ﬁ aﬁgrpﬁcgg?? Gitbg Prepnt invention are not
photoresi st pattern is renoved fromthe sem conductor

limitedsiubiter strectuds ciftbespacensi 4@ ame3h2t ype high density
impurity regions 306b. On the contrary, multi-I|ayer

spiefesingety PES.f OF medtadrsilldide fdyesd 2a0dargk 800 dredatraed on top
el ectrodes 204 and 304. Each of the multi-Iayer

portiofPEERISHRBYNH ReLYSE gt BIRRBIe 92043 and JUrfabk Portions of
spacer and an oxi de spacer. The screen oxi de |ayer may

h
. £ or i e dati o .

the o-Bfte; a6 TREeE PufelR S gioRs o E sl 8, ok gy EpaR sitcide

202, and 302 d dDb [ ' t chi f ,
layers s, e RAICKIG BY oIR8 SR GhPE B dop rouad 204 thpdrt and

304. The nulti-layer spacers may be conpleted by
second expierleetrodest 0hiang %(5)% pagdhe rfilfiecaarigry ohfee §-type and n-

spacer oxide layer on the screen oxide |ayer and

type impudlytregpinedldoyaret 806.ng t he spacer oxide |ayer, the
spacer nitride layer and the screen oxide layer. In

addidrii@Narly &f e0aln tdyep@r|Litadrrs ider id bormimbhta/whole surface
regi ons and second p-type low density inpurity regions

of BB EOLTEAGLEr 0 140 4 PGy RERRE a4t Won o rea
treatm%%l% prlrggesbseisvgérifgr%éld 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 resuit, 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 nodified, and thus the spirit and scope of
the present invention are not Ilimted by the
structures of the spacers 212 and 312. Referring to
FIG 11, netal silicide |ayers 210 and 310 are forned

ONREBHringotd | PIS A, tdesttégsstinand4s@s ondiudatce silicon nitride is
el ectrodes 204 and 304 and surface portions of the

succe?éi@%@%ﬁﬂé’d gﬁ%{é’?’.l\h@m’gw%d S84 AN NARGSRET - PEAKularly, the
exanpl e, co e | e

I baI]tc silicl ayers or titaniumsilicid

. £ _
stress o fiET S00Bn T 9ncE P00 o080 PR Qo beae A ha%E a firt
comprEEBrSrEDH N S56. CPIBRENPAFIGES b SEBBIASH Bl viocen (H)

titaniumlayer is forned on a whole surface of the
diffuseskimte tredsteessy linauvétilearasforaing hiengES \EH pracespng
process, and then a heat treatnent process is

pereemed it RIde13t @ dagbet@ssi linari dadi mayr bacfarowdobn the
the first and second gate el ectrodes 204 and 304

PMOSFEET YBhbnshd R RRKGSFETCEM %g%baﬁs Rf ryIBRingNWe first ¥BRpressive
I mpurity regions 206 and 306 including the single

stresslcégétr Sgﬁg)bgbg?fﬂe ‘@t}e?,?tl@eert}e ) Isoh &I@WM@%F@@ 300t #1U8cond

gy, th I'ci de Tayers 0 and
310, are for in the to ortions of first, and,,
comp@é%ﬁost@&@érgﬁﬁ@wwh@@ BhsBite 585 2 Bat e i puBE iner 400
portions of the p-type and n-type inpuritﬁ regi ons 206
includengda §06 linas partiosstil @ and weseaandHFEr 200t éRddanghewe in FIG. 6,
first gate insulating layer 202, the first gate

is fornedceoh tos N0 FETHED (pan g tree NMDBFEY 3&yi ons 206, the
first channel region 208, the netal silicide |ayers

2160 rngrst RBNSRASEYS stéds ANtHe thRtiOMIBRET sB@8s liner 400a on the

i ncludi ng the second gate insulating 302, the second

NHOSEEF LR B ooy M RIS s e
4002 o8 ¥ Sior 5T SUbEYEREORIONES Rererring to FIG 12,

2 S‘Ethreegeslelctii\?eerultrAéQ/?oaieti l?gchlt l&ipg%u?ei lpifocc%gs nnin;; ibgep(j;r?ormed 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 t he NMOSFET
300. Particularly, the stress |iner 400a may be
formed using a PECVD process and have a first
conpressive stress. The first conpressive stress is
heated eerAttechpayatuysr oy emolt) 400HC ftos abountE5X°Be sPeeisilarly, the
liner while performng the PECVD process. Referring to
i L 188 T | A85teA0R BRdniRriFeRl bt B0°C or
sermcgr'\ Cé%ﬁ%%%%&%ﬁ%ﬁ/&&gg}é%oo by neng%s of rel axing
abouté‘wbﬁ"éi rst conpressive stress of a portion of the
ess |iner 400a on the NMOSFET 300 to a second
conpressive stress snmaller than.the first. stress. .As a . .
e BUPL T4 (s Oty B AR FPHBFSSHIS Yo Galgn 2 B ilgort nitride
| i ner portion 410 and a second liner portion 420, as .
layer fonoen byna piasma enhpeced chemiceh vaper SRESSIHION Porcidansrwith a
NMOSFET 300. The first conpressive stress of the
heatingtetripenatofe,t dved S1G.e5 id & meaphl Oatrating kempRBBREStragy variation
may be rel axed by sel ectively exposing the portion of

of a shiBén Ntfi&é#a%%rf@?meé%ﬁa Mbdrie eNNBREST cB8Rida0 vapor deposition in

ultraviolet” light. The selective ultraviolet |Ight

accorGAEwT st e%ﬁ@rf?ga%ﬂmgab’iéie@g%ﬁt elddslte.

Xposur e “appar at us. e t exposure apparatus may

inglude. an ilJum pation, . optical systemincluding a

| G a0 el sgnar B eV W3S Z9Thd o qrfigonductor

phot omask 540 having a light transm tting section rP4Oa
substiate Hewgdhei RgCM® prasessr eneNebp aad toribgs! VaRderiamed at a

on the NMOSFET 300, a projection optical systemfor
tempatatuee taf rapaut pd 5 € foroabduitgh® rminakesT Furdwermoreughsadead silicon

light transmtting section 540a onto the portion of

nitride R/ep RS foriigdiebn 4D daniivriduetdNNBiskrbts3 08ingathet REE VDo process,
supporting the sem conductor substrate 100, a vacuum

and t@%}ﬁgﬁﬁ%b&gﬁaﬁﬁ%g{w?ﬁge%ﬁﬁéd r?g% RATIdrhRRE 8f aBbutt AR°C for about

sem conduct or substrate 100 may
15 be _heated for increasing stress relaxation
MIBEESci ency. For exanple, the sem conductor substrate

100 may be _ ] . o
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 MOSFETSs 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 uitraviolet 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 tenperature of about 4000C to about
5500C. Particularly, the sem conductor substrate 100
may be heated to a tenperature of about 4500C or
about 5000C. FIG 14 is a graph illustrating
nitrideC VRr a8ss eaposedds vhaviatdt dighbfhaxirgj lai waneleingth d¢é 257nm at a
| ayer fornmed by a plasma enhanced chem cal vapor
tempISRPAE b hBBu 45CC R AABGES Wihlited. heating tenperature,
and FIG 15 is a graph illustrating conpressive stress
vari ati 0 R L
pl ﬁ%h&@hg)nj::é% ihhsém cal Ql\‘r/ﬁa%ﬂgﬂ%glé%%?? Gf“?on |ﬁ thY fbat treatment
accordance wit.h heating tenperature and an o
process ey et ST FYIEE IGRDGRAPEUPTaEe) G et FIgen iiidgolaver(s)
nitride |layer was formed on a sem conduct or su.bstrat?
formeddiyniget E%Cé@GWIODeﬁﬁo@HEBKeSQW@ sess of the stlicepduyigerdayer(s) was
was perfornmed at a tenperature of about 4500C for
remar@bbiytredGeed.nut es. Furthernore, a second silicon
nitride layer was forned on a sem conductor substrate
usingatideet ARPYDapiAResmay @Sodifiennardipathidregémistinds and/or
was perforned at a tenperature of about 5000C for
o 1 ut f @rr ki i I r '
sicorEfiftHogerodid TR Eg] e, RMotiata By bhen faR R BtiSuep from
by abqut 10 rcent, and c ressive,str th
the s Adiee neBio i £ U JRECTBUY B BBy ablsiftags of the
. percent. However, when the heating tenperature is
silicomnigiids layrs) BRYRS BB0BEJ- t her mal stress may be applied
to MOSFETs forned on the substrate. When the heating
t enfpl& atfurie 4 scheweatict Wew Hlustrating oo dight rxposure apparatus for
conpressive stress may be not relaxed. On the
formiS@ e @uat st@sk ihedasishowann FiGré.de | ayer was formed on
a sem conductor substrate using the PECVD process,

anq:{%i’é‘?rrih\ﬁ gth{l@i Hd 8i1|dhe @RpBilie! SSpdraH Rl 58@maFRARRIa stage

to ultra et light Waving a wavel ength of 257nm at a
t enper at

510, an | Grhihatioh oop}cticgpg%tem 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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4500C for about 5 mnutes. Furthernore, a fourth

silicon nitride layer was forned on a sem conduct or

substrate using the PECVD process, and then the fourth

silicon 17 nitride |ayer was exposed to ultraviol et
projectibghighhaminseniteddlelgihgtie tght2Bansmiiting: secbop&ddiouse that the

of about 4500C for about 5 mnutes. Referring to FIG

portior Df tHE&fresk Mk afﬂ)@éuéhlfchéq\ﬂrf/l@)“gl‘ FD dotehiea séé@rt BBMbressive
process and the ultraviolet |ight exposure process on

stresstéfﬁ%!fér tl’x&r?fhenl’ujsf bcgﬁ'ugké"s%’r e(§t)re Jormed by the PECVID

ess the silicon nltrlde

SRR ;thcafémto pﬁ%f%%?ﬁ%%ﬂ%s R F@%v;ﬁ' (i ABter 512 for

and/or silicon-hydrogen bonds, and then the
heatingi heotaraicead ustar égﬁﬁtfﬂtﬁﬂ ¥ andrpvaauymorhanaber 397 inydich the

nitride layer(s) by a vacuum force. Thus, the
stage &d0ps essitiveedt ress of the silicon nitri de | ayer (s)
may be reduced. FIG 16 is a schematic view

1yt figkdimdgion 1I|g?rqhha9>m@|§uéQaraumwma}tsng‘mr Fdrosxanmge, deep-
the dual stress liner as shown in FIG 6. Referring to

uitraviglegf“g Eég}tﬁs 5?8 HI&U&TW&S Ll{g%(t) apRgr Bbuﬁség Oaémthe' nlﬁJrHH%t;é‘n light.

an | m na tical system 5

ool TR D S NP 8y A 550, 2570,

sem con.ductor substrate 100 on which a stress liner
365nmoeathRdlEng a first conpressive stress is formed.

Particularly, a PMOSFET 200 and an NMOSFET 300

( r éffter fliumjnatiorFloBtical) sustent &2@ethayninchele geligitopeureeod22 for

substrate 100, and the stress liner 400a is forned on

generkhfy RNOBRFIviol20Ageth blaa mINMdGEEder39RY fdihexppiratingraisk uitraviolet
540 has a light transmtting section 540a

light, & bNARRONERES26G0r 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 illum nation optical system 520 is provided for
. illumnating the photomask 540 with an illum nation
light, and the projection optical system550 is
pr Tviedsitbtdoiask aa0sis ngupploetepdsyt aanask stdye 542 essd khenprojection
400a on the NI VIOSFET 300 to a 18 projection |ight

light t n%ﬂﬁﬁécﬁ tRE A wbhbﬁ%éwmohéa{ﬂ@mﬂé@ Nght§ ki Bdrtion of the
so that “the portion of the stress liner 400a on

. E

stresstshﬁ,g %%Hgﬁ WO@??S@@%@ @?@@é[}ﬁ?é&t}’o% optdaf $9stem 550.
Furt her nor e, t,. exposure tus y.
| ndPGabealeea o o5 R0 oS TGO AR S ESHAlL g0 may be
substrate 100 and a vacuum chanber 502 in which the

dispossdaiget®1 stage pusiand Hwd stageed10 lismavabhodispogad ind)e vacuum
include an ultraviolet light. For exanple, deep-

chambart rihdugihetotlshght iarfiguires, ihe vaviwhethahtghit502ay ap deussurected
as the illumnation light. Particularly, the

to a véﬂtﬁfnﬁ“éy%ﬁ{ fdric@hbudtafy BenvaiRiuanatidmpér 8627nm  193nm
8nm " 257nm  365nm or the like. The illum nation

Opﬁ\h&%ﬁ ﬁiKeSt ﬁ% vidRY | ﬂ?'q‘kﬁ@a&e %%s§%é%andé§rf5gﬁed in a

gener I'ng t ravi o beam ex
andn the ul travi ol et Illrmt

SteppINGrEEEBR" b cH AN T HE e AR aﬂﬁﬁpf’mrgﬁ@% of the light

light, a fly eye lens 528 for uniform zin
exposgEt RPRATHHS u'ﬁOlOr A @Wé‘ttamlajlyt idegHcaljerthape Cg| aaﬁ@”%%@loﬂa' light
for transmtting the uniform zed ultraviolet light, a
exposomndeparaigs leeosptad? theheatardetsimipe stage A0 and shetphotomask
light transmtted through aperture plate 530 onto the

540. Phtqsagle B3t andrsddpe bf ke pRxxmliesermibnt & hboghmited by the
source 522 may include a nercury-xenon |lanp for

diﬁer#ﬁ%ﬁrﬁé@tﬁ%&?egfr g)[r;:t]hél’@% e9;5é SORTHERkGAELk 646, krypton

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 fo 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 |ight beam of 257nm wavel ength, a KrF
exci mer |aser for generating a light beam of 248nm
wavel ength, an ArF exciner |aser for generating a
i ght beam of 193nm wavel ength, an F2 | aser for

What igensinaid isg a |i ght beam of 157nm wavel ength, or the
like. 19 The photonmask 540 is supported by a nask
stage 542, and the projection light transmtted
t hrough the photomask 540 is irradiated onto the
portion o n the NMOSFET 300
through t&éﬁﬁﬁg?@%(ﬁéﬁ?%%ﬁgEOﬁQ£$g§en]550 The heater
512 f ating the sem conductor substrate 100 may be
di & Ha‘h the stage 510, and the stage 510 is
novabl y di sposed in the vacuum chanber. Though not
shéwiiM Qﬁﬁﬁﬁmr@@d emtha sekRiAthanber 502 may be
connected to a vacuum system for evacuating the
vacaUMMEBDE fordG2] onBansiibdtegter dred ul t ravi ol et i ght
exposure process may be performed in a stepping

MaRN@lialOdtrdsd ihc? GRANdiRG Arfifeiartien forassbn theMMOSFET and a
el enents of the |ight exposure apparatus 500 are

seconﬁf%ﬁs@ﬂ%ﬁhéd’ ohdeBt RIS ELT! ﬂ%sﬁrs? go@t:(ﬁpﬂﬁﬁﬁ | PREdt stress and

exposure appar at us except eafer 512 in

t he st and t he hotonas t he
the s PO TACR0a o Re e asaT el b O oLy TSt
limted by the different elenments except for the
heater 512 and the phot omask 540. According to the
exenpl ary enbodi nents of the present invention, the
du&. strdbs semigongmptase devicredf bglaimef ovhereiroreash of the
the stress liner and the selective wultraviolet |ight

PMOSHEDSMbehe NWMOSFBTocRagIsgs:steps for form ng the dual
stress liner may be sinplified, and thus the tine

r e%u%étgqnét%tsrf]g? égrbf‘ﬁ)rHé% SWdHe SiQate] i ner may be

Consequ the productivity of the

sem Cotledea%%t?)oded%vhﬁ%g omatY\' n&atéhﬁsulgtﬂ?d ia%rr &g | 1ner may

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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Al t hough exenpl ary enbodi nents of the present

i nvention have been described, it is understood that

the present invention should not be limted to these

exenpl ary enbodi nents but various changes and

nmodi f i cat Thasesscoiiotiaddeiye ohelairaki, Whedeinrthehbizistress liner
within the spirit and scope of the present invention

compRe M@ty claimed. 20 Wat is clained is: 1. A
sem conductor device conprising: a substrate; a

| PMOSFET formed on the substrate; an NMOSFET forned on
the substrate; and a dual stress liner including a

first portion, formed on the PMOSFET and a_ second S
porsti on f rw@o&@@?ﬂgh%@%ﬁ@’a PHE! inﬁgi:t%gpylicgr?ompnsmg.
having a first stress and the second portion having a
Sedoming o RMOSHET 1260 amNQREER ave Sybrieal; a2 The

sem conduct or device of claim1, wherein each of the
PMEGHERg andua hetraSsTIREEN ohatipg iesfarst partigathavingsa Fisgt istigss and a
| ayer fornmed on the substrate; a gate el ectrode forned

secon@bdriién BaliRg NSEtaid SigedsPymbllerathenith@irdtisyrese@ncne RMOSFET
be used as source/drain regions, which are forned at

and t@#‘ﬂkﬁﬁ%@,é@ﬁé}%iﬁhé h%tmﬁ A ?o@r%oass%etmwtis;@ﬁt gnd the

ectrode. e sem co or device of claim2,
erein, each of the and t he NMOSFET furt her
SBCO"%P&E?%&@W@.%&%@’% %@%ﬁr med on a top portion of
the gate el ectrode and surface portions of the

inmpurity regions. 4. The sem conductor device of claim
1, wherein the first stress is a _
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 uliraviolet 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 conpressive stress, and the second stress is a
second conpressive stress snaller than the first
conpressive stress. 21 5. The sem conduct or devi ce of
claim1, wherein the dual stress liner conprises
silicon nitride. 6. A nethod of manufacturing a

sem conduct or device conprising: formng a PMOSFET

and 1an NMPREEhefbRoB WS @t RirtheR &oh9sibing reatibglthe substrate
stress liner including a first portion having a first

while Eiiy M ndipRdRN POkt g SIEHNOSPERIG 1 LB jolet ignt.
NMOSFET, wherein the first portion is formed on the
| PMOSI FET, and the second porti on is forned on the
NI VI OSFET. 7. The nethod of claim6, wherein
f or’é ng t hBedwgthag dsdaim dds WQQfﬁﬁT |ﬂ3%§Ubf58ﬁFﬁ ﬂﬁg heated to a
stress liner on the PMOSFET and t he NMOSFET; and
temparetua iohgbaus40@EEstcodbaut @8Ot Con of the stress |iner
formed on the NMOSFET. 8. The nethod of claim?7,
wherein the stress liner is forned by a plasm
enhanced chem cal vapor deposition process. 9. The

g?tt d of Tﬁgggﬁ%tﬁod“@?rﬁéimtne i8S 1Ak fé]ﬁmﬁ@rm&”stress is

I ner on t FET 1s rel axed
sel ctlvel ex the portion of the stress Ilner
peﬁoqﬂpéa NWEéﬁﬁf%? t)af%'ultraviolet light. 10. The nethod
of cIa|n19, wherein the relaxing the stress is
performed using a |ight exposure apparatus having a
photonask for selectively exposing the portion of the

streks | i Aee oethdre oRMEBOFES, whierein et dugl oress lingheomprises
22

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

hitride.
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11. The nmethod of claim9, further conprising heating

the substrate while exposing the portion of the

stress liner on the INIMOSIFIET to the ultraviolet

l'ight. 12. The nmethod of claim 11, wherein the

suhgt r at eThs niethbddbftataien 16 ewpercin tine sitoanite 490@Ged by a
to about 5500C. 13. The nethod of claim?7, wherein the

plasmb &n®%hB8d ERemydd] @8pof epdtidPpriRéssn a vacuum chamber.
14. The nethod of claim®6, wherein the dual stress

i ner conprises silicon nitride. 15. A nethod of
manuf acturing a sem conductor device conpri sing:

form ng MOSI FET and .an FET on a.substrate:

forhi ng aTag rubod oh AL Rt ocrip T BERlRh fie gubstrate.
PI VI OSI FI ET and the NMOSI FET; and sel ectively

exposing a portion of the stress liner on the

NIl MOSFIET to an wultraviolet light so that the portion

of 1he st Thssmethwetr obrclaihe 18, MusEielT thasheatinge thwd substrate is
stress smaller than the first stress. 16. The nethod

perforffedChRhg vhith tW@%éfécﬂvél?eem&ﬁﬁtHé peftionasipihiesstess liner on the
icon nitride. 23 17. The nethod of claim 16,

si |
j i b nitride is formed by a plasnma
NMO en aﬁ%ghdéglﬁ’eamoéégﬁ@\%por deposition process. 18. The

nmet hod of claim 15, further conprising heating the
substrate. 19. The method of claim 18, wherein the

heating the substrate is gﬁrforned_al ong with the
%

selfet i vel\ioBk BURPFIY CtHP LI ORI The stress iner
on the NMOSFET to the ultraviolet |ight.
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 conprising: a stage for

supporting a substrate, wherein a | PMOSFET and an

NMOSFET are formed on the substrate, and a stress

l'iner having a first stress is fornmed on the PMOSFET

an¢2t he NWRSHIGHht expplsarermpelardtayiafgclainhi2fht further comprising a

transmtting section corresponding to a portion of
vacuublénghpestor! réékﬁ\r/ingrihé REaMVOSFET; an il lum nation

optical systemfor illumnating the photomask with an

illTumnation [ight; and a projection optical system

for exposing the portion of the stress liner on the

NMOSFET tg. a ection I r hrough the . ..
1 Ghe  r aBRBHT REPQuTE: snpita S R 20 uheid ¥ ifunation
stress liner on the NMOSFET has a second stress

light cemmrisep anttiavieles light st stress. 21. The light exposure
apparatus of claim 20, further conprising a heater
for the substrate. 24 22. The |ight exposure apparatus
of claim 20, further conprising a vacuum chanber for
receiving the stage. 23. The |ight exposure apparatus
of claim 20, wherein the illumnation |ight conprises
an ultraviolet light. 25
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