METHOD TO ENHANCE DEVI CE PERFORMANCE W TH SELECTI VE
STRESS RELI EF Background of Invention 1) Field of
the Invention This invention relates generally to
fabrication of sem conductor devices and nore
particularly to nethods for selectively inducing
stress in the PMOS and NMOS transistors using a
overlying stress inducing |layer. 2) Description of the
Prior Art As seniconductor device speeds continue to

i ncrease and operating voltage levels continue to
decrease, the performance of MOS and ot her types of
transi stors needs to be correspondingly inproved. The
carrier nmobility in a MOS transistor has a 1
significant inpact on power consunption and sw tching
performance, where inprovenent in carrier nobility
all ows faster switching speeds. The carrier nmobility
is a nmeasure of the average speed of a carrier (e.g.,
hol es or electrons) in a given sem conductor, given by
the average drift velocity of the carrier per unit
electric field. Inproving carrier nobility can

| MBTOIGD titeENWANRHE: DG vaeesdRECBVIMNE | HaTEI SHIPGTIFE STRESS
wel |l as allow operation at | ower voltages. One way of
i mproving carrier nobilityRB#HJBFves reducing the
channel length and gate dielectric thickness in order
to inmprove current drive and switching performance.
However, this approach may increase gate tunneling
current, which in turn

Background of Invention
1) Field of the Invention
This invention relates generally to fabrication of semiconductor devices
and more particularly to methods for selectively inducing stress in the PMOS and NMOS

transistors using a overlying stress inducing layer.

2) Description of the Prior Art

As semiconductor device speeds continue to increase and operating
voltage levels continue to decrease, the performance of MOS and other types of transistors

needs to be correspondingly improved. The carrier mobility in a MOS transistor has a



degrades the performance of the device by increasing
off state | eakage. In addition, decreasing gate

| ength generally calls for nore conplicated and costly
l'i thography processing nmethods and systens. O her
attenpts at inproving carrier nobility include
deposition of sihcon/germanium alloy |ayers between
upper and lower silicon |ayers under conpressive
stress, which enhances hole carrier nobility in a
channel region. However, such buried

sillcon/ rnanlun1channel er Vi ces. have
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Other attempts at improving carrier mobility include deposition of
silicon/germanium alloy layers between upper and lower silicon layers under compressive
stress, which enhances hole carrier mobility in a channel region. However, such buried
silicon/germanium channel layer devices have shortcomings, including increased alloy
scattering in the channel region that degrades electron mobility, a lack of favorable
conduction band offset which may even mitigate the enhancement of electron mobility,
and the need for large germanium concentrations to produce strain and thus enhanced

mobility.

Thus, there remains a need for methods by which the carrier mobility of
both NMOS and PMOS transistors may be improved, without significantly adding to the

cost or complexity of the manufacturing process.
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device includes formng a gate electrode on a field
oxi de of the sem conductor substrate, patterning a
stacked structure of a buffer |ayer and an etching
barrier layer on sidewalls of the gate electrode and
on the field oxide, formng a silicide layer on the
gate electrode and an active regi on exposed by the
stacked structure, and form ng the borderl ess contacts
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first region (e.g., PFET or NFET region) and form ng
an overlying stress layer (e.g.. conpressive or
tensile) over the at least the. first region and
preferably over a first and second region both PFET
and NFET region-,). The stress relief |ayer can have a
neutral stress or a stress opposite the stress of the
overlying stress layer. in a first exanple enbodi nent,
a stress relief layer is formed over a. PFET and a
tensile stress layer is fornmed" both PFFT and NFET
devices. In a second enbodinent, a stress relief

| ayer is formed over a NFET and a conpressive stress

| ayer formed both PFET and NFET devices. Further
enbodi nents are describe below and in the clains as
presented and anended. The above and bel ow advant ages
and features are of representative enbodinents only,
and are not exhaustive and/or exclusive. They are.
presented only to aSemsiaryf thud@veitiondi ng t he

i nvention. It should b erstood that they are not
Fopr esent at 1 Vi RO IRt SRR GHETau NSy TRt and a
€t NaF,mdn@ £ R1rie 8 NSMUSY efhsistomd lisddd D§tfesORtlict Geriald 8RBT QRing
as defined by the clains, or limtations on

swensilagr which capbe plarecteized as fodpwsi nst ance, sone of

t hese advantages nmay be nutually contradictory, in
that they cannot be sinultaneously present in a

si ngl e enbodimeninplStmbddanent,of 8 cswmiashdactbadpescacamprises:

appl | cabl et H BERAICS Ceiy o o ey o SBispgonor ima

s@strateéhe cl ai med i nvention have not been discussed
herei n. However, no inference should be drawn
regar di ng t Hodessarkelfdgeeyehieding tyra MOStensistorhose not

di scussed hey gkdls AlfBlersHAR AL ARULBARES oRd SPAGRAPhsistor
reduci ng, repetition. Thus, this sunmary of feat-uses
véectba diveastitesg@sn improves the second type MOS transistor performance and

whereby the stress relief film reduces the strain from the stress film.

Example embodiments comprise forming a stress relief layer over a
first region (e.g., PFET or NFET region) and forming an overlying stress layer (e.g.,
compressive or tensile) over the at least the first region and preferably over a first and
second region (e.g., both PFET and NFET regions). The stress relief layer can have a

neutral stress or a stress opposite the stress of the overlying stress layer.

In a first example embodiment, a stress relief layer is formed over a
PFET and a tensile stress layer is formed both PFET and NFET devices. In a second
embodiment, a stress relief layer is formed over a NFET and a compressive stress layer

formed both PFET and NFET devices.
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shoul d not be considered dispositive in determ ning

equi val ence, Additional featurcs and advantages of

the invention will becone apparent in the foll ow ng

description, fromthe draw ngs, and fromthe clains.

O Brief Description of the Drawi ngs The features and

advant ages of a sem conductor device according to the

present invention and further details of a process of

fabricating such a sem conductor device in accordance

with the present invention will be nore clearly

understood fromthe follow ng descriptign taken in
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the claimed invention have not been discussed herein. However, no inference should be
drawn regarding those discussed herein relative to those not discussed herein other than for
purposes of space and reducing repetition. Thus, this summary of features and advantages
should not be considered dispositive in determining equivalence. Additional features and

advantages of the invention will become apparent in the following description, from the

drawings, and from the claims.



formng a stress relief |laver over a first region
(e.g., PFET or NFET region) and form ng an ovenlying
stress laver (e.g., conpressive or tensile) over the

at least the first region and preferably over a first
and second region (e.g., both ?I-ET and NFET regions),
The stress relief |aver can have a neutral stress or

a stress opposite the stress of the overlying stress
layer. In a first exanpl e enbodi nent, shown in figures
l1tob5, astressrelief layer 64 is forned over a
PFET and a tensile. stress laver 70 is forned both

PFET and NFET devices. In a second enbodi nent shown

in figure 6, a stress relief layer 64Ais forned over
a NECl' and a conpressive stress |ayer 70A fornmed both
PFET and : MEET ddvifdescriptiopaieihe Dyawings TENSI LE
STRESS LAYE T il I -
Che NEET i mpr e Rl oRab 1T sEmBbh ERRor GYEE o @WRling to the
piSERTE, ineentiem sid farther dessls lofie @rocessart fithreatiig=slich apemicesductor

O S BoAE Rbee B FRRa8L 083 Fom
EIRANE F8dcViBti taRsiSinlca¥j@hctiondiie e AcoRMRRBRS d¥eviSds!if $hich like
in the channel of a PFET. For a PFET, a conpressive
refereasenyagrals devgaty iailpREForRgosdiag clhremtsgwgiogand portions and
peifgr mance. For a PFET, a conpressive stress |aver

over the PFET inproves PFET device performance by
produci ng a conpressive stress on. the channel on the

PFET channel Figures 1 through 5 are cross sectional views for illustrating a method
for manufacturing semiconductor device according to a first example embodiment of the
present invention.

Figure 6 is cross sectional views for illustrating a method for
manufacturing semiconductor device according to a second example embodiment of the

present invention.



Channel direction is the direction forth source to
drain and the direction current flows. Channel |ength
is the distance between source and drain. A position
sign for a Strain/stress conponent is a tensile strain
whil e a negative sign is a conpressive strain. I1.
First exanple enbodi nent A first exanple enbodi nent
shown in figures 1. to 3 shows a mnethod of

fabrication of a sem conductor device having a stress
relief laver. In this exanple, as shown in figure 5, a
stress relief layer 64 is fornmed over a first region
of the substrata; (e.g., PFET region 14) and riot over
a second regh@Riled Beé&npnhﬁ BF tH S aAp1é BnbollimbkeSS

| ayer (e.g., nitride layer) 70 is over the a stress
relief layer 64 in the first region |4 and on the
substrate 10lsilicide 63 in the second region 12. The
NFE. T TX device 48 performance i s enhanced due to the
overal | tensile stress (e.g., nitride 70) while the

degradation n the X 46 formance is . . .
Feduced ef | e lnsateg i ik GErah TSR Lihe dewribed i
degtlivath lefty@ice tolthe aSdonaayih g ldtafindsa\Famb enﬂ)'é)ﬂlnlib'lh‘(seco%pnse
neutral or opposite stress as the overlying stress

fpranjag a yoess relichlag e eisr & fysibsgipat(e ewiPERTHr Tegigib#nd forming
aftdade %-EC&Q%}(??E% t y ggﬂrg 6ASr Bn lﬁﬁ%(/%ﬂh@ at%&spthfegfrﬁtregmn and

regi on ere evi ces ca
psécuabky qve1ga Drst whmeeorslaegmd (¢.ypeotl N ET end &k TheguwngeThedstress
exa referri

A LEFATE ote ARPE e o p ST oRTreRl g e BB Pt REgT gy ipagiess
Iweere first type devices (e. g., PFET devices) can be
made
In a first example embodiment, shown in figures 1 to 5, a stress relief
layer 64 is formed over a PFET and a tensile stress layer 70 is formed both PFET and
NFET devices. In a second embodiment shown in figure 6, a stress relief layer 64A is

formed over a NFET and a compressive stress layer 70A formed both PFET and NFET

devices.

A. Nomenclature
TENSILE STRESS LAYERS
For a NFET, a tensile stress layer over the NFET improves NFET device performance.
For a NFET, a tensile stress layer over the NFET improves NFET device performance by

putting a tensile stress on the NFET channel.

COMPRESSIVE STRESS LAYER

A compressive stress layer induces a compressive stress in the channel of a PFET.

8



and a second region 12 (e.g., NET region 12) where
second type devices (e.g., ?NET devices) can be nade.
The substrate can be any type of sem conduct or
structure, such as a wafer, or a S substrate and. a
p- doped silicon wafer. This exanple description wll
refer to the first region as the NET region 12 and
the second region as the PFFT region 1.4, but the
regi ons obviously can be interchanged, and the
conductivity- of the dopant reversed, and this
escription- is.not limtin rOV|de a PFET .
EF B VEED: & PO e SHRET PEGIS T e R dovice
deffonsdnséor 48 in the NFET region [2. The transistors
are representative and can. have different structures
For aRFE&ommmern@ strieggdayenprver thh @ Edrimpravan BFET deviean

. g r
ool RAE By sPodheielf b ey R pll AR PEEF et
a PFET gate electrode 34; a PFET gate SI|ICIde Iaver
[ ca a over the PFE e electrod
@&nﬂ%ﬁ ?@%@% éiir("%‘ St ePUrgsHe-Fry e e Gty ows
aRghd gaﬁs (12> dstancobBvalAl ssilsbe sd d@fihacent to the gate
el ectro 34; PFET silioide regions 44 on the PFET

source and drain regions 26. A n-wall 18 can be in the

= A8 @ o
ARy &bl icbhogh AL 11k B E0N R nogative sign s a
chiERtekSivgsttamn.el ect rode 56; a : NET gate suicide |ayer
(cap layer) 58 over the 'PFET gate el ectrode 56; a

FT spacer]ﬁ 62 ETI§ urce and drain regions 50
Y\Sg, 5/ 1)" EHS cHMBOHIMELNt to the NFET gate
el ectrode 56; and NFEl SI|ICIde regi ons 63 on

A first example embodiment shown in figures 1 to 5 shows a method of

fabrication of a semiconductor device having a stress relief layer.

In this example, as shown in figure 5, a stress relief layer 64 is formed
over a first region of the substrate (e.g., PFET region 14) and not over a second region
(e.g., NFET region 12). A stress layer (e.g., nitride layer) 70 is over the a stress relief
layer 64 in the first region 14 and on the substrate 10/silicide 63 in the second region 12.

The NFET TX device 48 performance is enhanced due to the overall
tensile stress (e.g., nitride 70) while the degradation in the PFET Tx 46 performance is
reduced/eliminated due to the inclusion of the stress relief layer. The stress relief layer 64

can have a neutral or opposite stress as the overlying stress layer 70.

A. provide a substrate with a PFET region and a NFET region

We provide a substrate with first region where first type devices can be

made and a second region where second type devices can be made.



the NFET source and drain regions 26, form stress
relief layer 64 10 Referring to fig-arcs, 2 and 3, we
formstress relief |ayer 64 over the substrate 10
.surface in the PFET region 14 and net in the NFET
region 12. Referring to figure 2. we forma stress
relief layer 64 over the substrate 10 surfltce.
Referring to figure 3, we forma resist pattern 6$.
over the PFEF region 14. W then patter. the stress
relief layer 64 to | eave the stress relief layer 64 in
the PFET region 14 over the P FET Transistor and not
on the NFET F¥§rynpleorelopsng torfispes e pravidep subsipierl0 with first

rdhen & 4. eISIsE’F Felgio%fmb %ﬁ@fe firSt tgéeecie%fc%p% CORPF 1SRLsPlanBe made

materla neut r al stre or oppo ite stress
ang)| aater ol negaonﬁé (s @b FJuersgioni 123 whetersessdItgyeatevits (efpr NFET

(%g@%??be(%e figure 4) for use with a tensile stress

ayer the stress relief |layer can be

conpri sed Oleﬁ*)@uBﬁrat‘é éaﬁlb% ahDitgleng semiketideen sth@udNilch as a
V@g angstrons (--20 00A) ..and have a conpressive
fled's? %9656@@@ W’Hea W%quasymg Y&fsfess | ayer) The

stress reliefpil &alpOdcse@NionRMRETeS &he Afst Aol £th@INFET

that has a neutral ~ stress or an opposite stress
regipmi ] gud the sedead WU@WH’EE? sgived %bmtebsreg@yeobﬁ@lsly can be

! st.ress re f.1 er .. .
1%}21%1&%%%& unatng rt}l%{ %O%Ei[l({%? 1tg orf‘ Ithe OH%nt r%veéseg r'nécgté]lls C%%(a‘l[itlﬂg 1s not
lanongnt of stress desired in the channel of the N[B
transi stors._ Neut r%lr%can mean a stress bet wee

b 3 o gy P BT B AR et BB . 5 GEFET

tARSstBPAE in the NFET region 12. The transistors are representative and can have
different structures than shown in the figs. More than one transistor can be formed in a
region.

An example PFET transistor 46 can be comprised of a PFET gate
dielectric layer 30; a PFET gate electrode 34; a PFET gate silicide layer 36 (or cap gate
layer) over the PFET gate electrode 34; a PFET spacer(s) 38 40, PFET source and drain
regions 26 (e.g., S/D and SDE’s) adjacent to the gate electrode 34; PFET silicide regions
44 on the PFET source and drain regions 26. A n-well 18 can be in the PFET region 14.

The NFET transistor 48 can be comprised of a NFET gate dielectric
layer 54; a NFET gate electrode 56; a NFET gate silicide layer (cap layer) 58 over the
NFET gate electrode 56; a NFET spacer 60 62, NFET source and drain regions 50 (e.g.,
S/D and SDE’s) adjacent to the NFET gate electrode 56; and NFET silicide regions 63 on
the NFET source and drain regions 26.

B. form stress relief layer 64

10



preferably about() GPa. in the first enbodinment, with
a (subsequently forned) tensile first stress |ayer

70, the stress relief layer can have a neutral stress
or a conpressive stress. The conpressive stress
relief |ayer can have a conpressive stress |larger in.
magni tude than 0 and between - 0.001 and-3.6 GPa. or
preferably between --0.40P and -3.6 GPa. The stress
relief |aver can he conprised of silicon oxide.
silicon oxynltcide, and silicon nitride. The stress
relief |ayer_and can_have a thickness between 100 and
500 angst r onkeerrig to Bgwrasapd}, we forgyereserglipidayer 64 over the

sRbEer RYHREOIREd BEET Rsidl 14 £QMoPH tHE NFRY r?%o .
t hi ckness between 100 gnd 300 angstrons. ¢t “forma
first stressRifayeg tRefer 2 wg foon hisgenseeldkf layer 6o the substrate
lbkhﬁiu§tress | ayer 70 (e.g., silicon nitride |[ayer)

over of out the NEET region 12 of the substrate and

the stress rrdferghgt@figire 84wt Mohe a r&FEpatteRP b9 Bvekdhe FHET region
'&;t stress | ayer may be conprised of SIiN. Si ON

f 70, . N,
14 Wegteen priferyhy sffess flighlayerytdp lerge Higsstrass whglfdasenp4 in the PFET
r%{i‘é@ $6 ot e P TANSESF £RChot on AWTRREP refgfi(;hel o Vﬁrfolregﬁbgthe resist
enpodl nent

ere the devices are |located. In the first ¢
lgging a tensile first stress layer 70, the first

AR e N TR A P
saed ot 2pfbsaagsdss edlaive to the subsequent first stress layer 70. For example, (see
figure 4) for use with a tensile stress (SiN) layer 70, the stress relief layer can be
comprised of oxide with a thickness between 100 and 500 angstroms (~200 +/- 100A)
and have a compressive stress (opposite the overlaying stress layer) .

The stress relief layer 64 can comprised of a material that has a neutral
stress or an opposite stress relative to the subsequently formed stress layer 70. The amount
of stress in the stress relief layer depends upon the stress in the stress layer and the amount
of stress desired in the channel of the MOS transistors. Neutral can mean a stress
between +1.0 and - 1.0 GPa and preferably between +0.5 and -0.5 GPa and more
preferably about 0 GPa.

In the first embodiment, with a (subsequently formed) tensile first stress
layer 70, the stress relief layer can have a neutral stress or a compressive stress. The
compressive stress relief layer can have a compressive stress larger in magnitude than 0
and between - 0.001 and —3.6 GPa. or preferably between —0.4GP and —3.6 GPa.

The stress relief layer can be comprised of silicon oxide, silicon
oxynitride, and silicon nitride. The stress relief layer and can have a thickness between
100 and 500 angstroms.

The stress relief layer 64 is preferably comprised of silicon oxide having

a thickness between 100 and 300 angstroms.
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The stress relief layer can reduce the stress in the
substrate region from the overlying first stress

| ayer, A conpressive stress |ayer induces a
conpressive stress in the channel region of the
underlying FET, A tensile stress layer 70 induces a
tensile stress in the channel region of the
underlying FET. Fora NFET, a tensile stress |ayer over
t heNFET i nprovesNFET device performance by putting a
tensile stress on the NFET channel. The stress | ayer
puts a conpressive stress on the Sff) regions which
put a tensile stress on the channel in the direction
of the channel |ength. For NFETS, device performance

| nCregses anfgeh fiysherb8dpl)ep Stress |layer 70 that
i nduces a tensile ("+ve) strain in the NFET channe

i n cont r ast , RefefNnig To dgwieCie we@edit 9 FirfRRess d§6F BASES MEET nitride
ressive strain (-ve), For PFETS, devi ce

rnel
I@éﬁr SRR RE S P 5800 42 oh theéﬁéﬁtxaée qnd the,yesstetigf layqr§4 in the
Here BEed 1¢hannel and device perfornmance increases PFET
channel conpressive strain (- ve), 12 The NEET device
per f or mance The fenirtrsscldyet (7 nay hdwnmviec@ﬂ SiNetSiON, or SiC.

tensile str s Ia er. 70 o
substr at e. Zﬁﬁw o (SjtrStresshlaYGf{?d%taﬁ an g’u rsg?sé ha}t ésttfarnég’r% down to
thadubeithté whtielc d&pavet adUecdi@l.t he tensile strain.

resulting in i oved e| ectron nobility. Al so, the
degr adat i on gr‘ipé‘é t PRporliment pging@rtensi fbit strgss layer 70, the first

stress layer 70 can have a tensile stress of between +0.4GPa and +2.5GPa and a
thickness between 200 and 1200 angstroms (A).
The stress relief layer can reduce the stress in the substrate region from

the overlying first stress layer.

A compressive stress layer induces a compressive stress in the channel
region of the underlying FET.

A tensile stress layer 70 induces a tensile stress in the channel region
of the underlying FET. For a NFET, a tensile stress layer over the NFET improves NFET
device performance by putting a tensile stress on the NFET channel. The stress layer puts
a compressive stress on the S/D regions which put a tensile stress on the channel in the

direction of the channel length.

For NFETS, device performance increases an overlying tensile stress
layer 70 that induces a tensile (+ve) strain in the NFET channel. In contrast, NFET device
performance decreases NFET channel compressive strain (-ve).

For PFETS, device performance decreases with tensile (+ve) strain in
the PFET channel and device performance increases PFET channel compressive strain (-
ve).

12



reduced/ el i mnated due to the inclusion of the stress
relief layer 64 under the nitride layer 70 that
reduces the tensile stress in the channel region. D
conpl eting the devices Referring to figure d, we can
forma dielectric layer 74 over the silicon first
stress layer 70. W then forminterconnects {e.qg.. 76
78) to contact the PFET transistor 46. E. Review of
non-limting features of the first exanple enbodi nment
A feature of an enbodi nent is that one type of stress
file; (e.qg. ggre53|ve Qr tensile Stress) is fo

d

med
over one r egn@rN deVige BPHIMAYsels prhageed ‘éﬂ-k‘)ﬁ@éhetqé’er all net

t&sl1€ §t§es§ ¥Be)thé g‘;ngl%r IR Pa‘ﬂf@xr 7PorohE anﬁf‘cg |Ofheory 3 that the substrate
exar’rp e, a tensile stress ayer can For med over

1@!’2@1’15 rpe@qrd)ﬁmhmhpart conrprtbs tnsite %naneswltlwmnmpmveb electron
qu over the PFET region. The tensile stress |ayer
|ncr ases the ?v ET device perfornmance of because

enhanced el eglss,0the iBgraddtioy .in ﬂqaotEquert ERtpdFBrmct Re
PFET regi on 14 reduces

stress.reli Iayr64|nt ; e
%‘ffﬂ %@F#ﬁlﬁé&e@u e islision o fieessssyelighlayes 6¢ gndgr the nitride layer

7U'tﬁa[t'réiﬁl):essthé ?e%§lé A& in (R chlB&l $dgig.n  effects on
devi ce performance is nore evident at smaller

linewi dths. The stress relief layer can have a
neut BAl st r GYNBletidG Bedeyigesite the stress | ayer 70.

nt ss.relieve
gﬁ EIF E-Sl-ec on gqxeg)ﬁ‘nng toeﬁgGunggd\INgEan forma drle?ectrlc ayer 74 OVCIy t%e silicon

first stress layer 70. We then form interconnects (e.g., 76 78) to contact the PFET

transistor 46.

E. Review of non-limiting features of the first example

embodiment

A feature of an embodiment is that one type of stress film (e.g.,
compressive or tensile stress) is formed over one region and a second type (e.g., opposite
stress type) is formed over a second region. For example, a tensile stress layer can be
formed over a NFET region and a compressive stress layer can be formed over the PFET
region. The tensile stress layer increases the NFET device performance of because
enhanced electron mobility.

Another feature is the stress relief layer 64 in the PFET region 14
reduces or eliminates the tensile stress from the (e.g., Nitride) stress layer 70. The strain
effects on device performance is more evident at smaller linewidths. The stress relief layer

can have a neutral stress or stress opposite the stress layer 70.

13



Referring to figure 6, in a second exanpl e enbodi nent,

the stress relief layer 64A is fornmed over the NFET
region 12 and not over the PFET region 14. the stress
ratter |aver 64 can be foresee over the substrate an t
they patterned. Then, the first stress |ayer 710A

havi ng an internal conpressive stress s e.g., a
conpressive nitride layer) 70A is deposited over the
entire substrate. The conpressive stress |aver 710A
['1r..proves the performance of the PFET device 46 by
putting a conpressive strain on the HE "I channel.
Therefore the PFET (channel) region 14 has a

conpressive stress that increases device perfornmance.

The -NET region 12 preferably has about neutral stress
caused by the stress relieve |layer 64A that underlies

the conpressive stress layer 70A. In the second

enbodi nent the stress relief |ayer 64A can have a

neutral stress or a tensile stress.. A neutral stress

reli & | ayerSemondexample eshoalitnenenstreSs 3eliarway@r on NFET
GPa or a stress between - 1. stud 1.0. G- a. The

stress relf¥PM aver with a tensile stress can have a
tensile gre n an | .
about O. 8016}{&&852%} LE%E o S%?og er a%l?f% et %%eﬁ??h b Sttrfss relief
19€Ped A dformt] GretHRaNKIOT rdgi(mﬂera)ld nbﬂox&arﬂﬁ:CHFEd“ reglon 14 the stress

t I
(SRS CHb U e anRLer TPGROTRF G P cdGFbdne firstsiess
18fef B8 h%ﬁg\@@iﬁte'rnaq &%r@s@iv@ 38e8 (e. gpﬁcoﬁiﬂregélve nitride layer) 70A is
Non-limting ex nbodi rents 'n the ab
dereasiied par 8i¢ qmurﬁeggétsat@ paeicompregeivastross kyer 7§>é¢ infpeye el the
pgllfgljﬂlaﬂge oiEf thg %E?tdgis’me 17 giﬁﬁ’t[lﬁ%ﬁ %51%1h1%95§ve %t%n? l(<)1r1] BRYPTET channel.

or ou
Therefore the PFET (channel) region 14 has a compressive stress that

increases device performance. The NFET region 12 preferably has about neutral stress
caused by the stress relieve layer 64A that underlies the compressive stress layer 70A.

In the second embodiment, the stress relief layer 64A can have a
neutral stress or a tensile stress. . A neutral stress relief layer can have stress between + 0.5
and -0.5 GPa or a stress between -1.0 and +1.0. GPa.  The stress relief layer with a
tensile stress can have a tensile greater than 0 GPa and preferably between about 0.001
and +2.5 GPa or preferably between +0.4 GPa and +2.5 GPa (or higher).

In a second embodiment, where a compressive stress layer 70A is
formed, the stress layer 70A can have a compressive stress between —0.4GP and —3.6

GPa.
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under st andi ng of the present invention. Those skill ed.
inthe art will realize that power settings,
residence tinmes, gas flow rates are equi pment specific
and will vary fromone brand of equipnent to another.
It will be obvious, however, to one skilled in the art
that the present invention may be practiced w thout
these details, In other instances, well known process
have not been described in detaa in order to not
unnecessarily obscure the present invention. G ven
the variety of enbodi nents oftze present invention

j ust G-descr iNelimitiag sxarpla egebedimesHsand
iIIustratioES show not be.taken as liu.iti

in t he
scope of tHB M5B8 e.scwwgﬁwmﬁmﬁémf‘évdéwlstgaﬁ%set forth such as

ﬂ@l«vﬂja@,-préésﬁﬂe@etﬁﬁ%s, HIM@BEsORtcNas oRRED J8Ville & WlRE Ibrough
shown and described with reference to the preferre

upfisgandianeisthe pepab fnveniony Thospekilladde tle asbwilbypakizeghat power
9 i t ' ' .
<libiy Ridele rh8, Biinch Bles Y LN GRSRORR chl o BV RYR one
beand of eppemedftttd amothary edt widinbe dbvidus, Howtegerd exdorteakitled éx the art that
various.nodifications and sirnilar . arrang nts and
5 Bl B R R SO R s B el S e, well
khévefi BfoREs hatondt Bebifdesaisearifl@élall ok 08 @8Etinnecessarily obscure the
interpretation so as to enconpass all such

Prsentiieati?lons and simlar arrangenents and

procedures. 15 What is clained is: 1, b nethod of

fabricating a sem conductor device, conprising form ng

a first typéivel @Svanaysf shordiashte ofihe pesaridntonppen MIS
dE:src?iBg’d, %ﬁeoa{bové crl]es@rigtyogsatn[i61‘1t1uestrations show not be taken as limiting the scope
of the present invention defined by the claims.

While the invention has been particularly shown and described with
reference to the preferred embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made without departing from the
spirit and scope of the invention. It is intended to cover various modifications and similar
arrangements and procedures, and the scope of the appended claims therefore should be
accorded the broadest interpretation so as to encompass all such modifications and similar

arrangements and procedures.
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formng a stress relief filmover the first type MOS
transistor; formng a stress filmover stress relie’
filch and the second type MOS transistor whereby the
stress filminproves the second type MOS transistor
performance and whereby the stress relief film
reduces the strain fromthe stress M. a. 2. The

nmet hod of claim| wherein said first type first type
MOS transistor is PMOS and the second type MOS
transistor is h! MOS type; and said stress filmis a
tensile stress film that inproves the .NMO S

transi stor pertocrnance. 3. The nmethod of claiml
wherein said first type first type MOS transistor is
NMOS and. the second type MOS transistor is P OS
Whaes clangdsai d stress filmis a conpressive stress
filmthat inproves the PlIti1l0S transistor perfornance.
4. The method of claim| wherein the stress relief

| ayer has the opposite stress as the stress film 5.
A nmet hod of Fabricating a sem conductor device,
conprising formng a PMOS transistor and an NMOS

1t A"’}H&h&i o fal')r{baﬁ h&@éﬁfc@ﬁ(ﬁxctorﬁeﬁ@@' ?&Pﬁsﬁ ress relief
filmover the transi st or atensile
stress fil miowang stfirg$gperdDiSefanbistoaam danrrecddNl tgB: MOS transistor
itrg\uslstpr whereby the tensile stress filminproves
The transi stor performance and whereby the
stress reli &bmiihg @strésRdeleE Silth Reersthe 658 type MDS hﬁns$§t<61€$$
film 6. The nmet hod. of _claim5 wherein said stre

Felief il miRBRIEA SSEUEITHEYR Fafss S1eE §4n ghd the Second type MOS
HGRITRbERRIMS, BE 58SS film improves the second type MOS transistor performance

and whereby the stress relief film reduces the strain from the stress film.

2. The method of claim 1 wherein said first type first type MOS transistor is PMOS and the
second type MOS transistor is NMOS type; and said stress film is a tensile stress film

that improves the NMOS transistor performance.

3. The method of claim 1 wherein said first type first type MOS transistor is NMOS and
the second type MOS transistor is PMOS type; and said stress film is a compressive
stress film that improves the PMOS transistor performance.

4. The method of claim | wherein the stress relief layer has the opposite stress as the stress
film.

5. A method of fabricating a semiconductor device, comprising
forming a PMOS transistor and an NMOS transistor in a substrate;

forming a stress relief film over the PMOS transistor;

16



7. The nethod of claim5 wherein said stress relief
filmhas a conpressive stress with a and the tensile
stress laver has a tensile stress. 8. The nmethod of
claim5 wherein said stress relief filmhas a
conpressive stress with a conpressive stress between
-0.001 and -3.6 (Wa, and the tensile stress film has
a tensile stress between +0.! CPa and +2.5 C Pa. 9.
The nmethod of claim5 wherein said stress relief film
has a stress between 0.5 and -0.5 GPa. 10. The nethod
of claimb erein thq sai d ?tress relie

conpri sed of OGRING& tensilp sEesh filg oy SFF?Scféhifrfj ey qngl|the BMPS

tﬁﬁlblﬁ’tol'r ﬁ/ﬁéﬂebrﬁ th'éttérfé;ﬁé stlr@;,&' &lm ifipoPfithé RRE09tradidbr ﬁ@h‘n&’r{ce and
e nethod of claim5 wherein the sa

V§ter®é'§h¢ grasefelief il reduens it siness faorh yhecstuepy filsed of

silicon oxide, i 2. A nmethod of fabricating a

sem conduct or device, Conprising formng a Pr 10S

& Taesiegtodrof alathn &nwhereih. sﬁiﬁStrbs“saBlﬁfﬂlmrhah Bn sbcsiti DSttt #lts@ess or a
.a stress relief : ilea over the NMOS

funnlqg )
t FENSISH8Y 5 "FYr mi ng a conpressive stress fil mover

75 The s tHolof efairh 15 lWheadifl sdid r BMdBef i@ AS asédﬂ{pres%?i/e s‘EF&% with a
met hod of claim 12 wherein said stress relief film has

a apd thertansile sress daysr has arteppiles@essst ress. 17 14. The
STEhORRuRL o LRI W rPLRd B AE A PEAPRS B flis{ve sIRth o

tensile stress an conpressive str
a comppEsE s stuess betwess-0.001 and -3.6 GPa. and the tensile stress film has a

tensile stress between +0.4 GPa and +2.5 GPa.

9. The method of claim 5 wherein said stress relief film has a stress between 0.5
and -0.5 GPa.

10. The method of claim 5 wherein the said stress relief film is comprised of oxide, silicon
oxynitride or SiN; and said tensile stress layer is comprised of SiN, SiON or SiC.

11. The method of claim 5 wherein the said stress relief film is substantially comprised of

silicon oxide.

12. A method of fabricating a semiconductor device, comprising
forming a PMOS transistor and an NMOS transistor in a substrate;
forming a stress relief film over the NMOS transistor;

forming a compressive stress film over stress relief film and the PMOS

transistor.

13. The method of claim 12 wherein said stress relief film has a neutral stress or a tensile

stress.
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15. The nmethod of claim 12 wherein said stress relief
filmhas a tensile stress with a tensile stress
between 0.4 and 15 GPa. and the conpressive stress
filmhas a c onpressive stress between -0.4 GYP and
-- 3.6 (Pa. 16. The nethod of claim 12 wherein said
stress relief filmhas a stress between 0.5 and -0.5
GPa. i7. The method of claim 12 wherein the said
stress relief filmis conprised of oxide, silicon
oxynitride or SiN, and said conpressive stress | ayer

i s_conprised i¢c. 18. The nethod of

of SIN SIGN or sic :
141 Thengdodabelainy [3 whersiy; sgidsyiiesssislipfefjldtas itengile gress and the

S uBsbARtiladtle¥s BRMAS id_%&qpt%gsiveoﬁfeg@' ~19. A nethod of
fabrication of a sem cohductor device having a stress

relief layer conprising the steps of: a) nrovidi ng a

u Lth a PELT region and. FET reqign; . :
57 01 P S T S R S e PR ron vithg tensie
a sibds betwean 8i4sdnd 2. 3 IGPaAiadld tH¥cbhpFsgivORtresé fi)m 8@ HedRiPedssive
transistor conprised of a PFET gate dielectric |ayer;

a Stresspetvegnt - 208 6d€:CREE T source. ari+:1 ,:Lain

1680hORSthAd bAASIAE 11 Qheidh thi@at&s RIGEHMPHR 2 d2)ks S8 n 0.5
:NEET transistor conprised of a NFET gate dielectric

| aper0.5 &3PaNFET gate el ectrode; NFET source and drain
regi ons adjacent to said NFET gate el ectrode;

17. The method of claim 12 wherein the said stress relief film is comprised of oxide,
silicon oxynitride or SiN; and said compressive stress layer is comprised of SiN, SiON
or SiC.

18. The method of claim 12 wherein the said stress relief film is substantially comprised of

oxide.

19. A method of fabrication of a semiconductor device having a stress relief layer
comprising the steps of :
a) providing a substrate with a PFET region and a NFET region; providing
a PFET transistor in said PFET region and a NFET transistor in said
NFET region;

(1) said PFET transistor comprised of a PFET gate dielectric layer; a
PFET gate electrode; PFET source and drain regions adjacent to

said gate electrode;

(2) said NFET transistor comprised of a NFET gate dielectric layer; a
NFET gate electrode; NFET source and drain regions adjacent to
said NFET gate electrode;
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18 h) formng stress relief |ayer over the substrate
surface in the PFEN- - region and not in the NFE 1
region; the stress relief layer having a neutral or
c.oanpressive stress; c) tbrmng; a stress |ayer over
the P_ "ET region of the substrate and the stress
relief layer in the PFET region; the stress |ayer has
atensile stress. 20. The nethod of el aim 19 which
farther includes: terming an inter level dielectric

| ayer over the first stress layer; and form ng

i ntercon ts.to contact said PFET transistor an
NFET tr aﬁ%?  Stesgs refi?f Ipver QEeribrisubpirate sirface on (e |P€ﬁT region

further inclugless it i MNEEERSi0nelhe §freds IURE la{ % 4 ?e%ﬁal or

of a material selected fromthe group con
silicon oxi deomgegive stugbsd Silt/ and has a thlckness

ol ai m 10 rahe, P ORs R of e P F T RSB S Bpsng e

| ayer over t bigess sdlieflayatia tisPFRECEgiopatht 8frédsNg/es Risth tensile
stress relief |layer to | eave the stress relief |ayer

in the PFETS¥®§i on and not on the NFET region. 23. A

sem conductor device, conprising: a first type MJS

transi stor and a second type N1CS transistor in a

28ubhke methed ofclaint 48 svhied ﬁuégerflmlndqsv Eormtihgarf mt@ﬂevpyqbelectrlc layer

l“@eﬁtﬁ@ﬁ%‘t % & Ia é/ g}u; ﬁ)‘?‘l’?’n%@c%}{g&tss ﬂ) %n?ac{ &3¢ Pf’ﬁ krans1st0r and

filman e secon
NFET transistor.

21. The method of claim 19 which further includes: the stress relief layer is comprised of
a material selected from the group consisting of silicon oxide, SiON, and SiN and has a
thickness between 100 and 500 angstroms.

22. The method of claim 19 which further includes: forming stress relief layer over the

substrate surface; patterning said stress relief layer to leave the stress relief layer in the

PFET region and not on the NFET region.

23. A semiconductor device, comprising

a first type MOS transistor and a second type MOS transistor in a
substrate;

a stress relief film over the first type MOS transistor;

a stress film over said stress relief film and the second type MOS
transistor whereby the stress film improves the second type MOS transistor performance

and whereby the stress relief film reduces the strain from the stress film.

24. The semiconductor device of claim 23 wherein said first type first type MOS transistor
is PMOS and the second type MOS transistor is NMOS type; and said stress film is a

tensile stress film that improves the NMOS transistor performance.
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transi stor whereby the stress filminproves the second
type MOS transistor performance and whereby. the

stress relief filmreduces the .strain horn the stress
filrn. 24. The sem conductor device of claim 23

wherein said first type first type MOS transistor is
PMOS and the second type M )5 transistor is NMOS type:
and said stress filmis a tensile stress filmthat

i mproves the NMOS transi stor performance. 19 25. The

sem conduct or device of claim23 wherein said first

type first type MOS transistor is NMOS and the second
type MOS transistor is PP ICOS type; and said. stress

261 TR detni@ndGATRISRRBI0Y Blafth P8 %J&ﬂ@aﬁ&‘ﬁkt ﬁ%&‘fﬁm c8F08 Rensistor
PMOS transi stor perfornmance. . The serm conduct or

d e/ NV pindchaisesorg tww@isrtrmhetos tsrPééQS rtyepe; exfd daglstreshialen is a

t '38m8¥é9s?§é &ifss fd %%?in?p%o‘}elg ‘la’heslgl\r/lggstrafngllstr& péiformance.

26. The semiconductor device of claim 23 wherein the stress relief layer has the opposite

stress as the stress film.
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