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 I NVENTION 1. Field of the Invention

The present invention relates to a sem conductor device having a dual
stress liner, a nmethod of manufacturing the sem conductor device and a

l'i ght ex SEMICONDUCTORSDEVICEHMAVING ABUAIASTRESS £ INERe METHOD OF
particularly, the present invention relates to a sem conductor device

having amANUFAETEHING T éEMI ﬁﬁé'ﬁSR EVI Nwmén*rxﬁxmsﬁﬁ@d of

manuf acturi ng the sem conduct or VI ce, t exposur e apparatus for

forming the dual ,sbheiRriys FOR FORMING' +ﬁE'|90A?_fs+REs'§FLﬁJ€ﬁ Art

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device having a dual
stress liner, a method of manufacturing the semiconductor device and a light
exposure apparatus for forming the dual stress liner. More particularly, the present
invention relates to a semiconductor device having a dual stress liner for increasing
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 (lgsat) are

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



A sem conduct or device including a PMOSFET (p-channel netal oxide

sem conductor field effect transistor) and an NMOSFET (n-channel netal

oxi de sem conductor field effect transistor) nay be manufactured by
repeatedly perform ng unit manufacturing processes, such as a film
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PMOSFET 20? and an NMOSFET 20b are formed on active regions defined by an
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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 |layer 40 using the first photoresist pattern 42 as an
etching mask. Then, a second silicon nitride |layer 44 having tensile
stress is formed on the NMOSFET 20b and the first silicon nitride |ayer 40
using a |l ow pressure chem cal vapor deposition (LPCVD) process after
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Referring to FIG. 5, the first silicon nitride layer 40 is exposed by selectively
removing the second silicon nitride layer 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.



Exenpl ary enbodi nents of the present invention provide a sem conductor

devi ce having a dual stress liner, which my be manufactured through sinple
processi ng steps, a nethod of manufacturing the sem conductor device, and a
| i ght exposure apparatus for formng the dual stress |iner. An
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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



relaxing a stress of a portion of the stress liner fornmed on the NMOSFET.
The dual stress liner may include silicon nitride forned by a plasm
enhanced chem cal vapor deposition process. The stress of the
portion of the stress liner on the NMOSFET may be rel axed by sel ectively
exposing the portion of the stress Iiner on the NMOSFET to an ultravi ol et
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the stress liner on the NMOSFET has a second stress snmaller than the first
stress. 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
ilumination 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



In exenplary enbodi nents of the present invention, the |ight exposure
apparatus may further include a heater for the substrate and a vacuum
chanber for receiving the stage. The illum nation light nmay include an
ultraviolet |ight. According to the exenplary enbodi nents of the
present invention, the dual stress liner may be easily forned by the
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Thus, the time required for formng the dual stress |iner nmay be shortened,
and th f1d / kconduct or devi ce nmay be inproved.
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drawi ngs wherein: - FIGS. 1 to 5 are cross-sectional views
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FIG6 is a cross-sectional viewillustrating a sem conductor device having
a dual rexeivisg the stagel nMMhecilomitzation light mayninelusiepdraolfravidietdigihbnt of t he
present invention; FIGS. 7 to 13 are cross-sectional views
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stress liner may be easily formed by the formation of the stress liner and the
selective ultraviolet light exposure. Thus, the time required for forming the dual

stress liner may be shortened, and thus the productivity of the semiconductor device

may be improved.

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;



FIG 14 is a graph illustrating conpressive stress variation of a silicon
nitride |ayer formed by a plasnma enhanced chem cal vapor deposition in
accordance with a heating tenperature; FIG 15 is a graph
illustrating conpressive stress variation of a silicon nitride |ayer forned
by a plasma enhanced chem cal vapor deposition in accordance with a heating
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schematic view illustrating a exposure apparatus for form ng the dual

stress | P The

i nvent ,A r??(;%r\}vﬁéd ﬁ?%“@la%@ggé&aer% nor e F‘ y%&erqépnaﬁ %h 8r"é'%'2:8 to

t he ac dr awn odi ment s of the i nventl on are shown.
Thi s |ﬁ95ﬁ’? ﬁ?{"ﬁﬁ urﬁ an u“'f?é"@ﬁg@ PPﬁUF%ﬁ;?gdi fferent forms and shoul d
not be construed as linited to the embodi ments set forth herein. Rat her,
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It will be understood that when an elenent is referred to as being "on"

anot her elenent, it can be directly on the other elenent or intervening
el enents may be present. In contrast, when an elenent is referred to as
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the accompanying drawings, in which embodiments 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 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



It wll be understood that, although the terns first, second, etc. may be
used herein to describe various elenments, these el enents should not be
limted by these terns. These terns are only used to distinguish one

el ement from another. For exanple, a first thin filmcould be terned a
second thin film and, simlarly, a second thin filmcould be terned a
first Hidchsuré.m W thout departing fromthe teachings of the disclosure.
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enconpasses both an orientation of "lower" and "upper," depending of the
part i coompooenishandiosgreqps theréofgure. Similarly, if the device in one of
the figures is turned over, elenents described as "bel ow' or "beneath"
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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 tumed 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,



such as those defined in commonly used dictionaries, should be interpreted
as having a neaning that is consistent wwth their neaning in the context of
the relevant art and the present disclosure, and will not be interpreted in
an idealized or overly formal sense unless expressly so defined herein.
Enbodi nents of the present invention are described herein with reference to
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deviations in shapes that result, for example, from manufacturing. For example, a
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



The PMOSFET 200 may include a first gate insulating |ayer 202, a first gate
el ectrode 204, p-type inpurity regions 206 to be used as source/drain
regions and a first channel region 208 underneath the first gate insul ating
| ayer 202. The NMOSFET 300 may include a second gate insulating | ayer 302,
a second gate electrode 304, n-type inpurity regions 306 to be used as

sour ce{H gktive ﬁ@lu@m Ardnayse WNds IBanNee lin tegisefive ¢égisnder taPMOSEETecond
gate insulating 1ayer 302. The p-type inpurity regions 206 and the

n-typeoj ' ; ' ' i E9sp206a and 306a
andyﬁi 5?@%du?ﬁ'§)@r%@g?'§'ﬁgﬂ%§§¥%ﬂﬁ%§§% #e%&dpggg? '?%/M/@g# _ G: The first
o 1o dopel 8 BGBFILADO TS e s LG bupla e 4t
include p-type inpurity doped polysilicon, and the second gate el ect{rode
304 maglectrefad®4n Priype impsity tegiennden o besisadcas source/drain’regiqng arg Aj cj de
| ayers 210 and 310 may be formed on top portions of the first and second

gat e efirstt choatrel 2@giem RED urdeinaathf e fpst tgad@sinstilating [ayeyp202ind Thet ype
impurity diffusion regions 206 and 306. For exanple, cobalt silicide |ayers

or titRMQOSFET B00d@alanelislendysdusdridogars imsuldtiigy 1aerB02,i ansecohdt gatef i r st
and second gate el ectrodes 204 and 304 and the surface portions of the

-type & e i i ) 4 [ i i acers
p-typ el%g%gae 302¢€ nl tg/glé Slfirfpilﬁ(r:lg)nifécgr(tfﬁ 806 89 beNFsctChs 80drcaRftain regions andh

212 and I ncl udi e or silicon nitride fornmed on

may beé
51U SRR Bl g S e RS0 boE) FRBBIEECY,
;? 2“%3? or iet ip?t(gl’peaipndputrﬁlﬁJ ?eéigre\s Sz%isrért-ud ?ﬂg ns-tcy%%eimogun 39 Fedions %Q)% rin%\{/ent hon
include low impurity regions 206a and 306a and high impurity regions 206b and
306D, 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
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limted by the structures of the MOSFETs 200 and 300. A dual stress
| iner 400 having a first stress and a second stress is fornmed on the
PMOSFET 200 and the NMOSFET 300. The dual stress liner 400 is fornmed to
increase electron nobility of the NMOSFET 300 and inprove stability of the

sem conduct or substrate 100. In detail, the dual stress liner 400
TRy | N Gy thersttudiireSiorif MOSFETS 209 \ago. 1 st compressive stress and
a secon I n€r portion 26 havi ng a second conpressive stress smaller than

PVOSFET 200, Biiia iseSdhRh 2pp i o frsh SHE6s BRG:4, Sfedrd strdns MUtEedT 50
The electron nobilit of t he NMOSFET 300 ma¥ be increased b @(She second
iner GBrhedAM@SEEBRPDiand the NMOREELAQh The kel sispes Hrende0 fmormed

second conpressive stress snmall enough to relax conpressive stress applied
t o t hetadoenedse heleatedbn rragbitity 808het NMQSRIFDSBET aeb.imprave, stabdlity|afctheon
nmobi lity, saturation drain current and current driving capability of the

NMOSFE§egfibritictdresubstatn$eol. | ndeed, a plurality of PMOSFETs and a
plurality of NMOSFETs are formed on the substrate 100, and a plurality of

first liner ppy beRMS tAEMdaIPstHESR! liher 9D0SREINMClUMRER MRS lineRoich 410
successively fornmed on the PMOSFETs and t he NMOSFETs. Thus, bendi ng and/ or

v P! afihgt 8 SCEHBAAMRRO D3N oL TG, BEGTUSE haii ot itprihe

stabil i the sem conductor substrate 0" m roved.

bl asmaCRRRERRSUMF SHERT SHTEIGh SN Hup PO BRSO o8 oo U st 4’ BEYBEL T ve
ultraviolet |ight exposure process. Particularly, the dual stress |liner 400
may beBrsremin pothe RMQSHET 20%, And theiserade inepeiien ASKISEITDes Ofnd | he
NMOSFET 300 using the PECVD process and sel ectively exposing a portion of

t he si theeNMOSFET 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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nitride |layer on the NMOSFET 300 to ultraviolet light. In the PECVD
process, hydrogen (11) is introduced in the silicon nitride |ayer, and as a
result, actual conpressive stress is generated in the silicon nitride

| ayer. The conpressive stress of the silicon nitride |layer may be rel axed
through the selective ultraviolet |ight exposure process. FIGS. 7

to 13 ﬂ ﬁd rlQﬁ%’evﬁCfHe"W SFRYS 3'0|k_)' tdftugt?é\h&@t fighet "If\dtr%f P@VBE@H&EEQQ the

semcon Ice assovvnln erring to

active, regi o ed.e ed by form VIC i sol at | onla 10 a
sur f ac8Y @'gﬂgf’ f'S aJ“L’BHP (Ed[]c&@r SH%QPCB }ﬁ%rh aa&d fspat Sé'"ts %‘64"@
crystal silicon wafer using a shall ow trench i sol ati_on (STI) process.

An_ n-t PRIPRSIIVE Stress ifeaeneratertinis vilicongitdde fayera ToorepmResaivg eSSt ype
well is fornmed in the active region for an NMOSFET. The n-type well and the
p-t ypeofwthé silinprbeitfide niagrebynay heomelanpd athreugho therasteciive Réravialed lghty, t he
n-type well nay be fornmed by selectively inplanting n-type inpurities into

t he acéxp{@l,rrggjr@ceég)r t he PMOSFET, and the p-type well may be forned by
sel ectively inplanting p-type inpurities into the active region for the

NMOSFET. Fiss. A pi {d con derds@.¥§€ct.5951 OAbRs! nlmét@fnhgg d et and

302 is fornmed on a whole surface of the sem conductor substrate 100 using a

E(Eir Sﬁtrla%?é’ﬁqéﬁé’@ RS BRnety f“?’?@ﬁa% Phydeh I BRE A7 ?ngé‘ﬁ cscure "
' LP E | |
Fayer 15 Sol dReIE7Ng b Ral o B SimieTesey [atping Pl arice-GRlateRrr) .

the p-type inpurities may be inplanted into a portion of the polysil | con
| ayer layer AB2/in eygiufags! wortland)fm%erﬁmpguctofrsemceuw SHEN 8% ai Prfpentiedlei nto a
portion of the polysilicon |ayer on the p-type well. The polysilicon |ayer
and t herystdlisiliconavafdeusiages slallowaeheh isathtion (@ddhpeocess.
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 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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ani sotropi c etching process so that the first gate el ectrode 204 and the

first gate insulating |ayer 202 are fornmed on the n-type well, and the
second gate el ectrode 304 and the second gate insulating |layer 302 are
formed on the p-type well. Referring to FIG 8, a photoresist

pattern (not shown) is formed on the active regions, and has an opening to

expose Jrintasié ‘é@?ﬁlﬁﬁ‘ﬂﬂcéé’é sbN®aPWeSHidt: éi’eto %lé%trb@é’ RN Shl Ytheirdt gbi/e

regi ons 206a are surface portio the active region a jacent

| mpur 1 ndBln BhBrea@# R o gth Ble WYY ahEHENGRYd telabtfEle. o,

as an ign inplant mask. The hoto eS| pattern |s rem)ved fr mthe
sem corﬁ%‘c‘?"ﬁ the spgans: gatedps ?tt“?Q sF g""’?h@'"?ﬁ‘i 9pdhe BriyRR M& ?Ity irrpuri ty

regi ons 206a. Simlarly, a photoresist pattern (not shown)

formed on t heRefelring toefilGn8, aamhotaresiah pajtern {got shewppde femeedan me
region for the NMOSFET. N-type |ow density inpurity regions 306a are forned
at sur faatiee regionsnandfhdshan aenirg teegkposadheaetive regibh dor dvo PIMQSFET.

el ectrode 304 by selectively inplanting the n-type inpurities, using the

phot or gsiyie BH d&ridityARfbUrME réRERNd06a e FoP5d 8HSuRS% BSrtdRASicING BBl

mask. The photoresi st pattern is renoved fromthe sem conductor substrate
100 af o, t he Rg:let
Ref errltrﬁglob 5%% Qs}o”aécﬁ%ggegﬂg\%lgg 2¥are f(%?%gvag 'Rﬁ% ga?]aces f t he
first and second trod 04 an 04 and_ 312 may
i ncl udémgf‘r'fe% 8 Jﬁe oiQre]sts; e i g the st gatebgqu @gpzﬁ‘b 25t Ypacer s
212 and 312 may be fornmed on the first and second gate el ectrodes 204 and
304 by implaft meask. s Pae ehoteresist paliernsis sSaMOVeH ffmﬂm seaFangustesisybgtrate
sem conductor substrate 100 so as to cover the first and second gate
el ect r dd8safyforming3be p-typd lowelensity sopuityiregldng 206shi ng t he spacer | ayer.
Referring to FIG 10, a photoresist pattern (not shown) is forned on the
Similarly, a photoresist pattern (not shown) is formed on the active regions,
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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active regions, and has an opening to expose the active region for the
PMOSFET. P-type high density inpurity regions 206b are fornmed at surface
portions of the active region adjacent to the first gate el ectrode 204 by
selectively inplanting the p-type inpurities, using the photoresist
pattern, the first gate el ectrode 204 and the spacers 212 as an ion inplant

mask. : | t hiS T f ] t rate
Too a PR RRIGHS i B Pobpibg AL el mai Rrdhg os st

"egi on iﬁaﬁﬁgﬁﬂﬁeﬁ#ﬁ?@ﬁmﬁﬁtﬁ%5&2%2&65E%%r%ff@gf ?égﬁﬁﬁ%&ﬁ%@sc Weer |
regi onS. ARTERGY 5IBE0SE Y 1 < NS
Uhe’ Aceri@ s ACIMPHELE NG /St BatesleoNAda 400 b BEICLUYY JORIABYnGaNE ot vl

implanting the n-type inpurities, using the photoresist pattern, the second
gat e elypetimpisitiess uaing thee pbptacesist patterss the firsingaigpelestroda 204 Rd the
phot oresi st pattern is renoved fromthe sem conductor substrate 100 after

f or m ngpadees 212ya¢ ahi ioh idantt maskp Uitid photegesisispa@sh. is removed fran thae
contrary, nulti-layer spacers may be fornmed on the first and second gate

el ect r gdlaroRfc@r SublftatEaol Sterlfbnify! the hAYRS h@ﬁééﬁﬁy’fﬁqurﬂ?'rdgi@ng

screen oxide layer, a nitride spacer and an oxi de spacer. The screen oxide
| ayer 75 be formed while performng a re-oxidation process for curing the
first @nd 'second gate insulating |layers 202 and 302 danaged by an

ani sotropi c ef.chi for form he first and.second gate electro 204
and 304. The ‘%ﬂ‘m'f@%l %ygpft%rﬁﬁﬁ;gg?hﬁ%&‘r% SbBWBSésf EH"W @%&ﬂf‘eﬂ? A Rﬁﬁi&iﬁ'm ng a
spacer nitride |ayer and a spacer oxjde |ayer on the screen oxjde |ayer and
ani sot aRpihes ay arening do ixpospdberadivedeain &or thendIMEREET. nN‘WPGemgéyer
and the screen oxide layer. In addition, second n-type |ow density

i mpur i densiyginomsrity megkesodd6p-arg fermed atesigifage popinnst 9f theyactive megiode
formed after formng the screen oxide |ayer. As above descri bed,

struct gdjagedtl td Re SHeRRICS gale’ aldstratie? 308y bheselactival) implamipgdtte nAtypef i ed,
and thus the spirit and scope of the present invention are not |limted by

the stppofiies L{%ngte r'fli‘e ?T@?%%%lsgll%at@ﬂq ﬁﬂoerzr?ggo%% g{ate RAb&FGdd BOUOahd Ghell,

metal silicide are op portions of the first
and second te el ectrodes,2Q4 an 4 . rdi ~type
and - SRAsers e £ 5% RG T RaRR o T BREOREGRORT AR i oBiHRVRY o e
| ayers or titaniumsilicide |ayers may @e forrreg_ﬁ the to rtions of the
first S@picopdusigr gipstrale-d0p formNgeayRe, i deasii ity redigRs of
the p-type and n-type inpurity regions 206 and 306.
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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Particularly, a cobalt layer or a titaniumlayer is forned on a whole
surface of the sem conductor substrate 100 using a sputtering process, and
then a heat treatnent process is perforned in order to cause a silicidation
reaction of the first and second gate el ectrodes 204 and 304 including the
polysilicon and the p-type and n-type inpurity regions 206 and 306

i ncl Udirﬁﬁuﬁt‘ﬁe@i‘oiﬂ@'a%o%é’c%rﬂ p-type PWd¥hdity inpury Fedibng gil‘agf b ¥orhft@ Aftdrani um

| ayer. Accordingly, the netal silicide layers 210 and are fornmed in the

top pogt.| ik second gate el ectrodes 204 and 304 and the
surfacfe&ﬂagﬁgiﬂgéngyégnt é&'{f)l-%ge and n-type inpurity regions 206 and 306.

As a result, the PMOSFET 200 including the first_gate insulatjing l.ayer 202,
Che f1 st gaths BbBNF AsaeriBes, STrIES ) 3o SnAcR o3 S & Bhe makbe LREaHY <
channel region 208, the netal silicide |ayers 210 and the spacers 212, and
t he NVERB#EgE® Q0 madifiedii ang thus thecepidt gad scope wf Abe pgesat invendiosearenptgat e
el ectrode 304, the n-type inpurity regions 306, the second channel region
308, t limitedtbyl theistriuctutes lofittes spakiEds 212 driie3thacers 312 are fornmed on the
sem conduct or substrate 100. Referring to FIG 12, a stress liner
400a i ncl udi NBeferting 86 FIGL MMdenétal sHeriesayEa) 216 ainded1 @ aré femddPahtbp200
and the NMOSFET 300. Particularly, the stress liner 400a may be forned

Usi 9. BoRBRYIMA GRS el delEae! A SiodaTDES SRR ELAE Shrtadd Bofddrlor

conpressive stress 1s gener ogen use nto e stress

I i ner il erform.nng the PECVD.pro S.. Referring to FlG. 13, a
duat sEB3vPE Al Hste i Buate oA a0 and ARBsrERr SoamAS eatip bRy 500
by neans of relaxing the first conpressive stress of a_portion of the

st r esslayerepr staniugrsiti¢ide \pyssepmag i fsmedsen dher ter mertians gkthe fisk andng | er
than the first stress. As a result, the dual stress liner 400 including a
first secmd gate elentrades 204 and 864rand thee sugace iportiofmoof the pityehand -1 G 6,
is formed on the PMOSFET 200 and t he NMOSFET 300. The first

conpr eypevmptiritiesR)icris 206 apdr3geon of the stress liner 400a on the NMOSFET
300 may be rel axed by selectively exposing the portion of the stress |iner

400a on the NdAXEgENFOS Maﬁ'lé&é“’ér%%artihﬁmay?r is formed. di'8 WISbIE Surf4Re

ultraviolet |ight exposure process may be performed using a |ight exposure
appar a ] r I il unj.nat | ptica
yer eret Tis Seieprtle OB SRRE RN o B BFoten R, pofedt™
phot omask, 540 having.a light transmtting section 540a corres di to the
Dor 1 oRSRIMARPIOEPESIS PRHEAABGA GIHCT Ho CMBBFEMISSBUOR TBRHAR Bf SiF Rt cal
systemfor directing a projection light transmtted through the Iight
t r ansn@id pagonrtkgaiesrlesode®R06 anda3Qsbinclusing the pelysitiears and the:p-typ@andn t he
NMOSFET 300, a stage for supporting the sem conductor substrate 100, a
vacuunm-typert@putity végiohs t206 sndg806 sngladirig theedingde dripstal iskieon 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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Meanwhi | e, the sem conductor substrate 100 may be heated for increasing
stress relaxation efficiency. For exanple, the sem conductor substrate 100
may be heated to a tenperature of about 400C to about 550C. Particularly,
t he sem conduct or substrate 100 nay be heated to a tenperature of about
450C or about 500C. FIG 14 is a graph illustrating conpressive
stress vari atRgferith oS IFIGEOM2NId rdiRs! fer doUAMIAcIRMing BliRSAEnfAdanRed

chem cal vapor deposition in accordance wth a heating tenperature, and
FIG 15 i ol i | i SSi SMFCE AL | Of i Licon
nitrid u#‘?ﬁf‘gf'ﬂ#%ﬁg{gdb Q{egﬁs%ﬁgmgﬁcaz@/@we ca F%igc@ ’ d’;é;}gg'i"? ﬁ%iﬂ‘?n
accordance with eati ng, tepgperature and ravi ol et |jght expasuyre.

Pri mar $gSS 'r\qrr‘g@g%imoﬁen fm%{e Ysinera V\égcwtﬁ nRfQcess a?"@eﬁ?aé’gn@ﬁg'fgr
substrate using the PECVD process, and then a heat treatnent was perforned
at a teomeressive stiesabolihe 4sCcpomrassive stessi isugereratast byehrydrpgenHecond
silicon nitride layer was forned on a sem conductor substrate using the
PECVD g¢iffused $ntoahe stress linehwhile peefatmingt thecREQVYDf progess.at a t enper at ure of
about 500C for about 15 m nutes. Referring to FIG 14, conpressive

stress of theRéfenthg bl FIGN 13,141 @gall Siréss Wner 400! GREy be abAHEd 16h PBECENT
and conpressive stress of the second silicon nitride layer was reduced by

nout SUSRSFERCH0 FRYHKE NMELITET Ro0RT Ll GERFRAhY i o URiFshie”
Comr oRs3 0L oo benatSrLaged00a on BENMOBRET I 45 Secof , o

silicon nitride |ayer was fornmed gn a sem conductor substrate using.the
PECVD $RopEassivesstiesenalierdthanithe figstistress. s 2 regull, &%#ualaﬂreé?dwégopo
ultraviolet Iight having a wavel ength of 257nm at a tenperature of about
450C fioclugingia fshlinertpestiorrdd Orandhasecond finer partionl 420 @srshowrdin Fi3.€6, was
formed on a sem conductor substrate using the PECVD process, and then the
f our t hisfbimedan the PMOSFET 200 and the NMOSFET 300.

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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nitride | ayer was exposed to ultraviolet |ight having a wavel ength of 257m
at a tenperature of about 450C for about 5 m nutes. Referring to
FI G 15, when sinmultaneously performng the heat treatnment process and the
ultraviolet |light exposure process on the silicon nitride |layer(s) fornmed
by the PECVD process, conpressive stress of the silicon nitride |ayer(s)

was re bl e raneel 1 rat i i ciate
ABAtEAC!tY & %ﬁgrature of ab{:’{ﬂt A0°C 3(? ébSule 05:] SC. PQrtiEﬁlérS’/hStﬁ@

ni t rogen- hydr ogen ds and/or silicon-hydrogen , and then the

di ssocj d. h e r Y I e Sili | LFI § by a
Vacaurrpicend0Ric st Yoo SERY 68 e 105 YimbBBturk B H5u A48 G Brer o)
may be reduced. FIG 16 is a schematic view illustrating a |ight
exposu?@o'dtrﬂ?aggt-us for formng the dual stress liner as showmn in FIG 6.
Referring to FIG 16, a |ight exposure apparatus 500 may include a stage
510, an il | unFi§atlidda aqgrapballusisaiingraosmuresaivpistiesswekiaian ohasiligopriifridet i on
optical system 550. The stage 510 is provided for supporting a

sem colaget fermexlibg ar plaemaléhremcetdi aHensical vapss ddpositiohlif aadcardangeawith ast
conpressive stress is forned. Particularly, a PMOSFET 200 and an NMOSFET

205 bt v, g mce e oo NISIARH Sl SIS VROKD,
of a silicon nitride layer formed by a plasma enhanced chemical vapor deposition in
accordance with a heating temperature and an ultraviolet light exposure.

Primarily, a first silicon nitride layer was formed on a semiconductor
substrate using the PECVD process, and then a heat treatment was performed at a
temperature of about 450°C for about 15 minutes. Furthermore, a second silicon
nitride layer 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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The photomask 540 has a light transmtting section 540a corresponding to 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 illumnation light, and the projection optical systemb550 is

provi ded for exposing the portion of the stress liner 400a on the NMOSFET

300 t onfride Ra bRk C8xddsdt td LRRVIBIEE fght RBOMEha tiavdibadth &f 253t bi BY
section 540a so that the portion of the stresS liner 400a on the NMOSFET

300 ha d b ; r than the first conpressive

st ressferﬁpé'%&% fmgﬁgrgﬁofﬁé&ﬁﬁgﬁtﬁmﬁﬁosure apparatus 500 may include a
heater 512 fo eatin e m conduct or substrate 100 and,a vacuum chanber
505 in which RAETERGE FD T3 WHSH SigHBanSously baropning e, peabiEstTeTgnt
may include an ultraviolet light. For exanple, deep-ultraviolet |ight or

ni d- ul prapess| and | thghultrenipletelighie @xpesura eprioceasi atathe rsiligogh nitrige layer(®)ar | v,
the ultraviolet Iight has a wavel ength of 157nm 193nm 248nm 257nm

365nm farmeidhiey the&k PECVD procesEheoirpressiveasiress opthecsilicary nitide E3@r(shywasncl ude
a light source 522 for generating the ultraviolet |light, a beam expander
524 f ofrerfR@ni RA@UcB. ul traviolet light, a collimtor lens 526 for
collimating the expanded ultraviolet light, a fly eye lens 528 for
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the silicon nitride layer(s) by a vacuum force. Thus, the compressive stress of the
silicon nitride layer(s) may be reduced.
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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Exanpl es of the light source 522 may include a nercury-xenon |anp for
generating a |ight beam of 365nm wavel ength, a krypton ion | aser or argon
ion |laser for generating a |ight beam of 257nm wavel ength, a KrF exci ner

| aser for generating a |light beam of 248nm wavel ength, an ArF excinmer | aser
for generating a |ight beam of 193nm wavel ength, an F2 | aser for generating

a |1 ghprdjeedBrP lighP ARk Mk ?rﬁ‘r@hgh e ﬁg{]ﬂ trafsiitting section 536aPswtedtegle 540

is supported by a nask stage 54 and e projection light transmtted
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The heaéer 512 fO{ heﬁtin t he sem conductor substrate 100 nay be di sposed
in t heSYesHEMalgr thanthefiestgorgeresstyesiressyabl y di sposed in the vacuum
chanber. Though not shown in figures, the vacuum chanber 502 may be
connect ed to Butbgimaresihs lightfexposyigcapparatys: $20 nwynsiuea anineatesdd2 for
Meanwhi |l e, the ultraviolet |ight exposure process nmay be perforned in a

st eppi hgatimgitles semi¢onductarasutistigatedifeand anvacams tchaoder 52 imewhichothet he

| i ght exposure apparatus 500 are substantially identical to those of a
convenkg 10 isPsitoriz@sur e apparatus except for the heater 512 in the
stage 510 and the photonmask 540. That is, the spirit and scope of the

present | nvenﬂ"? ﬂlﬁﬁiﬁg?@@éb@ﬁiﬂu&é‘ﬁnqiltkéﬁf;@g;‘liﬁﬁ{.eWt&agﬁﬁﬁeé&r the

heater 512 and the p CCO g to the ary

enbodi ngnt s ,of & resent. i nventijon, the dual stiress,linper . . fornmed
byt neURGMAEY JRE (S REeralitiat [ shal” e e A e MEmuGRGE Pt
exposure.  Thus, processing steps for formng the dual stress lin may be
St npl 1 PREiRulath the dliravilet fight s vrayelangth 6 A (RSN A0 o Vher
may be reduced. Consequently, the productivity of the sem conductor device
havi ng36drmdoantheslikeess | i ner may be inproved. Al t hough exenpl ary
enbodi ments of the present invention have been described, it is understood

that the prestmd illuniidationnopsticaill systerh $20 Imay tindlutle & Highe soxece|522y for
enbodi nents but various changes and nodifications can be nade by one

?]EII’ le: ﬁg?litwéé‘rrattifggatlﬁ%gg%%méﬂ light, §Bedrh SPpAndePB24%oridipaRtifgette LvgeIdton as
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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VWhat is claimed is: 1. A nethod of manufacturing a sem conductor device
conprising: formng a PMOSFET and an NMOSFET on a substrate; and formng a
dual stress liner including a first portion having a first stress and a
second portion having a second stress smaller than the first stress on the
PMOSFET and t he NMOSFET, wherein the first portion is formed on the

PMOSFET, and the SitieasRE40 RNsuppdrid By a%a’sk‘%té‘é@ﬁfrand“ﬂ% ﬁfd]eéﬁtﬁ‘l

form ng the dual stress liner conprises:” formng a stress |ner on the

PMOSFE t t h

[inor 19 hSaTaRE Rialshee bRgRha Ba5 koFadhed 4t 0@ plehot B e
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nmet hod of claim1, wherein the stress liner is formed by a plasma enhanced
cheni cal vapofhgepeateri 92 gpedeealing the semiconductor substrate 100 may be

disposed in the stage 510, and the stage 510 is movably disposed in the vacuum
chamber. Though not shown in figures, the vacuum chamber 502 may be connected
to a vacuum system for evacuating the vacuum chamber 502.

Meanwhile, the ultraviolet light exposure process may be performed in a
stepping manner or in a scanning manner, and constituent elements of the light
exposure apparatus 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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3. The method of claim1l1l, wherein the relaxing the stress is perforned
using a light exposure apparatus having a photomask for selectively
exposing the portion of the stress liner on the NMOSFET to the ultraviol et

| i ght. 4. The nmethod of claim 1, further conprising heating the
substrate while exposing the portion of the stress liner on the NMOSFET to
t he ul Whai islctdimedgbt . 5. The method of claim4, wherein the

substrate is heated to a tenperature of about 400 C. to about 550 C.
6. The nethod of claim1l1l, wherein the relaxing the stress is perforned in a
vacuum chanber . 7. The nethod of claim1l1, wherein the dual stress

oot o A b b g g s By SimgRagactur o 2
substrate; ¢ ing 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 having a second stress smaller than the first stress on the

PMOSFET and the NMOSFET, wherein the first portion is formed on the

PMOSFET, and the second portion is formed on the NMOSFET,
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; and
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.

2. The method of claim 1, wherein the stress liner is formed by a plasma
enhanced chemical vapor deposition process.

3. The method of claim 1, 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.

4. The method of claim 1, further comprising heating the substrate while
exposing the portion of the stress liner on the NMOSFET to the ultraviolet light.

5. The method of claim 4, wherein the substrate is heated to a temperature of
about 400° C. to about 550° C.

6. The method of claim 1, wherein the relaxing the stress is performed in a

vacuum chamber.
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formng a stress liner having a first stress on the PMOSFET and the
NMOSFET; and sel ectively exposing a portion of the stress liner on the
NMOSFET to an ultraviolet light so that the portion of the stress |iner on
t he NMOSFET has a second stress smaller than the first stress. 9.
The met hod of claim@8, wherein the stress liner conprises silicon nitride.
10. The net WodTha mdztlsaodwj)c clairer &i whehain sthbi doal stress tieeli sofnprisesl silicon

pl asma enhanced chem cal vapor deposition process. 11. The met hod of
cl ai m &itrijgr t her conpri sing heating the substrate. 12. The met hod of
claim11l, wherein the heating the substrate is perfornmed along with the

a f't f;b: ‘éf'e%/ qe?\g@t%'tﬁ&i 5 ¥RaRBfdckiha?s sbficotiduRist devitdd cpfidlRg NMOSFET to the

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.

9. The method of claim 8, wherein the stress liner comprises silicon nitride.

10. The method of claim 9, wherein the silicon nitride is formed by a plasma
enhanced chemical vapor deposition process.

11. The method of claim 8, further comprising heating the substrate.

12. The method of claim 11, wherein the heating the substrate is performed

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

the ultraviolet light.
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