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 |
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
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i nproving carrier nobility REME&Fves 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 silicon/germanium alloy |ayers between
upper and lower silicon |ayers under conpressive
stress, which enhances hole carrier nobility in a
channel region. However, such buried

silicon/ germani um channel | ayer devices have
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Wﬂ@gﬁwed wi t hout significantly adding to the cost or
conpl exity of the manufacturing process. 2 The
I mportance of overcom ng the various deficiencies

noted above Ose waybfengednpyartibemeditignaolecs reducing the channei
irected to the subject,
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processing methods and systems.

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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US6573172: Methods for inproving carrier nobility of
PMOS and NMOS devices - Fabrication of sem conductor
device by form ng P-channel and N channel netal oxide
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reduce conpressive stress in the silicon substrate

IRIE eyt teplunigrh e vsopments ip fthe pegn bﬁr%tffe%m%zéﬁwaubﬁ considering
th&Rgibly in the manufacture of integrated circuit,

I nvol'ves depositing buffer oxide |ayer overlying

sem conduct or substrate and gate el ectrode.
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sem conductor substrate, and depositing and etching
the resist protect oxide |ayer using endpoint etch
mode. US6573172: Methods for improving carrier mobility of PMOS and

NMOS devices - Fabrication of semiconductor device by forming P-channel and N-
channel metal oxide semiconductor transistors in wafer, forming tensile film on P-channel
transistor and forming compressive film on N-channel transistor -

Inventor: En, William George; Milpitas, CA

US 6284610: Cha - Method to reduce compressive stress in the silicon
substrate during silicidation -- Silicidation of source/drain junctions in the manufacture of
integrated circuit, involves depositing buffer oxide layer overlying semiconductor substrate

and gate electrode.

US 20040159886 Al Lee, Sang-Eun ; et al. - Method of
manufacturing a semiconductor integrated circuit using a selective disposable spacer
technique and semiconductor integrated circuit manufactured thereby —

US06348389: Chou et al. - Method of forming and etching a resist

protect oxide layer including end-point etch -- Formation and etching of resist protect




US20020142606A 1 - Yoon - Method for formng a

borderl ess contact of a sem conductor device - A

nmet hod for form ng a borderl ess contact of a

sem conductor device includes formng a gate

el ectrode on a field oxide of the sem conductor

substrate, patterning a stacked structure of a buffer

| ayer and an etching barrier |ayer on sidewalls of

the gate electrode and on the field oxide, formng a

silicide layer on the gate el ectrode and an active

regi on exposed by the stacked structure, and form ng
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whereby the stress filminproves the second type MOS
transi stor performance and whereby the stress relief
filmreduces the strain fromthe stress film Exanple
enbodi ments conprise formng a stress relief |ayer

over a first region (e.g., PFET or NFET region) and
formng an overlying stress layer (e.g., conpressive

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 |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 fornmed over a

PFET and a tensile stress layer is formed both PFET

and NFET devices. In a second enbodinent, a stress
relief layer is formed over a NFET and a conpressive
stress layer fornmed both PFET and NFET devices. 5
Further enbodi nents g5 ,06$oFREMPEld and in the

clains as presented and ahended. The above and bel ow
advant ages aliy cindwtlumants ofitke pesanemvedmntpaevides a structure and a
PSTRRGTRRN P B8 BLSRE B SRS e PG Apan overtying
sttaden st ahibhngn bl ehdraveenkd anfollbtvsshoul d be under st ood
that they are not representative of all the inventions
defined by the clainms, to be considered |imtations on
the inventiog, é’?éurﬂﬁcf LGshiBYnitdre &hddFBuct@delica] oA prRES
on equivalents to the clainms. For 1instance, sone of

t hese advant ades typayV 8 trrnsigial dnd aggenndagpecyiOSytrangigtor onor in a

Saﬁs&f;hey cannot be sinmultaneously present in a
S|ngfé enbodi nent. Simlarly, sone advantages are

appl i cabl e a stress relief film over the first type MOS transistor;
a stress film over 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.

Example embodiments comprise forming a stress relief fayer 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 oppostte 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.




to one aspect of the invention, and inapplicable to
ot hers. Furthernore, certain aspects of the clained
i nvention have not been di scussed herein. However, no
i nference should be drawn regardi ng those di scussed
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 consi dered dispositive in determ ning
equi val ence. Additional features and advantages of
the invention will becone apparent in the follow ng
descri pti on, Furthometitelimeltawi nigsribahelofvrantid the ctdiaé aspresented
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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.




7 111 Detailed Description of the Exanple Enbodi nents
The exanpl e enbodi nents of the present invention wl|
be described in detail with reference to the
acconmpanyi ng drawi ngs. Exanpl e enbodi nents conprise
formng a stress relief layer over a 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 (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 exanple enbodi nent, shown in figures
t to 5, a stress relief layer 64 is fornmed over a
PFET and a tensi| eggiff8seripANEHF the Diawksmed both PFFT
and NFET devices. In a second enbodi ment shown in
figure 6, a Biafeaiyresend edvaptagesrofespmicondicirvsticd gesordng to the
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on the NFET channel. COVWPRESSI VE STRESS LAY
in which:

Figures I 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 1s cross sectional views for illustrating a method for
manufacturing semiconductor device according to a second example embodiment of the

present invention.




A conpressive stress layer induces a conpressive
stress in the channel of a PFET. 8 For a PFET, a
conpressive stress |ayer over the PFET inproves PFET
device performance. For a PFET, a conpressive stress
| ayer over the PFET inproves PFET device performance
by produci ng a conpressive stress on the channel on
the PFET channel. Channel direction is the direction
formsource to drain and the direction current fl ows.
Channel length is the distance between source and
drain. A position sign for a Strain/stress conponent
is atensile strain mhile a negative sign is a
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a nmethod of fabrication of a sem conductor device

having a stress relief layer. In this exanple, as

shown in figure 5 a stress relief layer 64 is forned

over a first region of the substrate (e.g., PFET

region 14) and not over a second region (e.g., NFET

regi on 12). Phesdxampks dnzhpdrmends ¢f the priesant dlefemtfaylevfjl beGlesegibed in

e.a stre relief .layer. 64.in the r.st reqgion.
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enhanced due to the overall tensile stress
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as the overlying stress |ayer 70. ‘

layer

In a first example embodiment, shown in figures | 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



A. provide a substrate with a PFET region and a NFET
region W provide a substrate with first region where
first type devices can be made and a second region
where second type devices can be made. 9 For exanpl e,
referring to figure 1, we provide a substrate 10 with
first region (e.g., PFET region 14) where first type
devices (e.g., PFET devices) can be nade and a second
region 12 (e.g., NFET region 12) where second type
devices (e.g., NFET devices) can be made. The
substrate can be any type of sem conductor structure,
anm RFES, acommEwsive stessday®0 ovsuths PFET emarndeal PEH dpect
icon wafer. This exanple description will refer to

;? 8F%t region as the NFET region 12 and the second
FoegiPORT s cdnmeeRMe btre®gh@n obdy thB lH’FEII‘h@lpf(ﬁli PFET dewce
obvi ously can be interchanged, and the conductiv
P@ffo‘f‘??élc%ié}bé’ﬁ? ducger SUBPTERHE Sfrﬁ$ssondé%%fra%°el oBrihg %F%@hannel-
limting. We provide a PFET transistor 46 in the PFET
region 14 and a NFET transistor 48 in the NFET region
(Imﬂmﬂhéaﬁkansmsﬁbp@kmﬁénmemn@ﬁe@manBwbmaﬁdC@amCHHWGﬂow&

eren %ezlsurgﬁ g@gn shgﬁnd(gmthe figs. Mre than

#%ﬁ 1§ 1S IO BEMESS SRS 94 Pegi on. An exanpl e
PFET transi stor 46 can be conprlsed of a PFET gate
dielectric Ia%er 30; a PFET gate el ectrode ? a PFET
f“gé‘f’sé“% Jigreioga St 3‘9@96%33670(”@9“ g5 @é@cné‘le ?t‘éyb\” “ By BFEatipesign is a
cgfgﬁﬁggggﬂﬁﬁectrode 34; a PFET spacer(s) 38 40, PFET

rce and drain

I1. First example embodiment

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., nifride 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 ts
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.




regions 26 (e.g., S/D and SDE s) adjacent to the gate
el ectrode 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
conprised of a NFET gate dielectric |layer 54; a NFET
gate electrode 56; a NFET gate silicide |ayer (cap

| ayer) 58 over the NFET gate el ectrode 56; a NFET
spacer 60 62, NFET source and drain regions 50 (e.g.,
S/'D and SDE's) adjacent to the NFET gate el ectrode 56;
and NFET suicide regions 63 on the NFET source and
drai n regi onsor mamﬁe rﬁ:&mﬁm&@rfe&m I.etd mﬁviﬂ@ywbsﬁae 10@vith first

PRl bt Dt T S BstiS oedic o T Fayictplh be made

alhaga mOrﬂdﬁlmg\md m@é gl INItHEe e T 21 azge:@@ecbad typefericeN@.of ONFET
gure 2, we forma stress relief |layer 64 over t
d§M1§§5t)r°a‘@b6mf@e surface. Referring to figure 3, we form

a resist pat"f"l%rs‘&bﬁgat@é’a%rbe a'ﬂ? })EF %Tséﬁigbﬁfﬁctoiléhuc%etsjﬁ@lpas a

pattern the stress relief 'eave the stress
wadti, elfaIS@@nbwettemmdtnedm@'Ethqoegva@r 14 over the PFET

[ d h
the resist THySrmitht i les R g s Mo RHE NrET

rPgi6h €2 akl theceudpll k@sh Bftha PEEEfdRIN M bl tierfioad obviously can be
stress ar op gosme stress relative tqQ the subsequent

inferedpngsdy wddhy egpdpctiraly ofdic dopampperscls ard this ‘5’&‘?6’“@)’ is not
mmmg_se with a tensile stress (SiN) layer 70, the

stress relief |layer can be conprised of oxide with a

t hi ckness beMapervidOOPBIRD tragdstangsn tionhd HI- 29@n 44 -andl a NFET

tI(‘aIl’l)é)StOI‘ 48 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




and have a conpressive stress (opposite the overl aying
stress layer) . The stress relief |ayer 64 can
conprised of a material that has a neutral stress or
an opposite stress relative to the subsequently forned
stress layer 70. The anpbunt of stress in the stress
relief |ayer depends upon the stress in the stress

| ayer and the anmobunt of stress desired in the channe
of the MOS transistors. Neutral can nean a stress
between +1.0 and - 1.0 GPa and preferably between +0.5
and -0.5 GPa and nore preferably about 0 GPa. In the
first enbodim@hkaW@ﬁgwaslsmbgewaénhiymﬁmmﬁﬁﬂywréﬁgwhehe

Hvat v & PR Ry BN T

conpr essi ve RERHE t6 QheD, {vayzerm @amedaw&faay@@m\%s&ievsabstmte
stress larger in magnitude than 0 and between - 0.001

I&yrface. 6 GPa. or preferably between -0.4GP and -3.6
GPa. The str éf@n ﬁl ld ﬁ%ur% Y&t GaR é b&isk Eg&q’ﬁ ﬁ@gv&f‘[hc PFET region
ahd si

silicon OXI |co oxynitri i con
14i Wi then pallemn &t: stas;s rgliel lagér G4ty éeravatid: strags rhfat\iéawr 64 in the PFET

I‘ngﬁ?i 8?63)}@‘? lg%@e?gm%igtg & (Qtﬁ%?;g gg::%‘:slf’é éeémdlf I%Ye rggxﬁve S the resist

I&drde having a thickness between 100 and 300
angstrons. 11 it C forma first stress er , ,
Referring t ol sygsserchef e fsotpieebhy Cr°§‘tP”§?dr mptggdpvigpneutral

1@53%;"0;)]?65111:%%95’5%?éi&twqu thel s@%ﬁcﬁherﬁ’ &t s@ss MYt 8, Eg%gi}lg}e, (see

regi on e Substrate e stres reli
fgdird 4) fdnase 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 [ayer 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, stlicon
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.

11




PFET region 14. The first stress |layer 70 may be
conprised of SIN, SION, or SiC. The first stress |ayer
70 has an internal stress that is transferred down to
the substrate where the devices are located. In the
first enbodi ment using a tensile first stress |ayer
70, the first stress |layer 70 can have a tensile
stress of between +0.4GPa and +2.5GPa and a thickness
bet ween 200 and 1200 angstroms (A). The stress relief
| ayer can reduce the stress in the substrate region
from the overlying first stress |ayer. A conpressive
stress layer induces a conpressive stress in the
channel region of the underlying FET. A tensile
stress layer_ 70 induces a tensile stress in the
channgl regigﬂnjg "?ﬁ%ﬁﬁﬁ% F?ing FET. For a NFET, a

tensile str r " o o

devi ce perfgg%%ﬁg%%%§g%ﬁﬁf%ﬁgxgﬁggﬁggﬁgggﬁﬁggggéﬁS#ﬁgnnn“de

InEToeh anorethe NS sgioed 8 of heenbypuatesandabecorepy efsf loger 64 in the

@#ﬁfss.OH the S/D regions which put a tensile stress
15€'°8HAnnel in the direction of the channe

I ength. For NRETS stteyiage ehdyBdRnRist G BRS 8sO®™ or SiC.

overlying tensile stress layer 70 that induces a

tensil e (+veYhshipshtiess ayeryd ypringgind siess thed ictomsiegsd down to
q reases NFET channe

t%%ﬁ%?ggék%%ﬁgggg%ﬁ&%?§§§qg§gr PFETS, device

perf or mance bdbe St esbedimhnttusmgia tensfle Vigdt sgess Fyar T the first

S0e EEToChane!, PAdITSNLES BRILSLIBRAS LICTE38RE LI
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




ve). 12 The NFET device performance is enhanced due to
the overall net tensile stress fromthe tensile

stress layer 70 on the substrate. Atheory is that the
substrate lattice is pulled further apart due to the
tensile strain resulting in inproved el ectron

mobility. Also, the degradation in the PFET Tx 46
performance is reduced/elimnated due to the

inclusion of the stress relief |ayer 64 under the

nitride layer 70 that reduces the tensile stress in

the channel region. D. conpleting the devices

Ref erri ng t ofid NEER d&yicavperd@amahor imeahahiicel éattp ite: dvayedimet

74 over the silicon first ress |ayer 70, W .then
PSR ERTLRAGEEL sy der &0 ol syidigia dtihopids i substrate
IO Ripatied fifBer dpartBAY kEWe @hsiROArain RkIHAG o i8Rtdlc8 SleBfon

the first exanpl'e enbodiment A feature of an

reeiibidi ment is that one type of stress film(e.g.

conpressi ve gt ﬁ{ég]‘ekﬁd&bﬁﬁ e PEET BY E?g;eff&%ﬁangé‘%

regi on and a sécond type (e.g., opposi stress type)
reduckdelimathagdelue & the dohdimeditionstrekomrcliefdaygp6é underttiensiride layer

tress layer can be fornmed over .a NFET region and a
Rohhretsfye rledrrspdh TR &sidh red over the PFET
region. The tensile stress |ayer increases the NFET

devi q& per f ocompiatimg thredéwiges enhanced el ectron
mobi lity.
Referring to figure 5, we can form a dielectric layer 74 over the 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 deviee 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




Anot her feature is the stress relief layer 64 in the

PFET region 14 reduces or elimnates the tensile

stress fromthe (e.g., Nitride) stress layer 70. The
strain effects on device performance is nore evident

at smaller linewidths. The stress relief |layer can

have a neutral stress or stress opposite the stress

| ayer 70. 13 F. Second exanpl e enbodi ment - stress
relieve layer on NFET region Referring to figure 6,

in a second exanpl e enbodi nent, the stress relief

| ayer 64A is forned over the NFET region 12 and not

over the PFET region 14. the stress relief |layer 64A

can be fornmed over the substrate and then patterned.

Then, the first stress |ayer 70A having an interna
conpressive stress (e.g., a conpressive nitride |ayer)
70A is deposited over the entire substrate. The
conpressive stress |layer 70A inproves the perfornmance

of the PFET device 46 by putting a conpressive strain

on the PFET sbeonelexampie ehibcdibieat PEbscaenoneldyer on NFET
region 14 has a conpressive stress that increases

devi ce perf@fdthnce. The NFET region 12 preferably has
about neutral, stress . caused by the stress reliev .
Tayer G4A ¢ naeciigas fishE  Ree Sbni Seliblet Siadua® fy wyess reticr

139&\ 64MNs ﬁhm& 864Nk WFBD %gr&mz add®t SV eBSPFET F@fon! 1AY B stress
can have a neutral stress or a tensile stress,

IAllﬁféwen A sen ba Erimed Pt thagpbptrasamdihvepadicrmeds Benibe first stress
185681 7%%1‘%0%@ “Rimed c ?px%ss%;cr sy (E%g@[tecgﬁlglz%ﬂge gt [gfyeq}) TOA is

ress re l"ayer w't e stress can
depogted ovense beirg slﬁatreﬂe TlrearwnpréFac aneks pryef E}Pabhgtoves the

%S{Q\?/@g:ﬂe%gq P(@g (%){&cﬁg %g p@gg%ﬁnﬁ?@gﬁgg ];s?am dnthe PFET channel.

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.

[n 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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In a second enbodi nent, where a conpressive stress

| ayer 70A is fornmed, the stress |ayer 70A can have a

conpressive stress between -0.4GP and -3.6 GPa. 14 G

Non-limting exanple enbodi ments In the above

description nunerous specific details are set forth

such as flowrates, pressure settings, thicknesses,

etc., in order to provide a nore thorough

under st andi ng of the present invention. Those skilled

inthe art will realize that power settings,

residence tines, gas flow rates are equi pnment specific

and W8l | variohdimitingeexampiederobodipaepisent t o anot her.

It will be obvious, however, to one skilled in the art

that the pr@é%@bwﬁé@wﬂpw RHYCTO HPate felaids We s erth such as

chRn? El?esd?l%%htessegfn s, %@ ée@S @nl‘ﬁﬁdel\f\? Hovidk AM}e H’fo‘?&%ﬁs
ave no een de crlbe etail rder to not

umdmsmeéssgpf thy podzssmxume:nnhle Tlmzrsesleﬁtd mrth@m wolh reatﬁmﬂém‘c power
he var t.he prese i .nV.

ey s BleS TR TER e S s lip ol R Wik oom one

BrhddusitegaipiRAsto ShemEeN Ot It gl b@&@\ﬁo@%d\vdﬂei itIgned dkﬂleﬁ(iﬁ)ﬂfb art that
of the present invention defined by the clains. Wi

thiy PresaRieRYTEAT Mgy bp BERLga v ithayf %lﬁwieé%fém}fl gihgf instances, well
1?1%2@ é}o%,%gsl 1}(&\/&\}1? Beh BELAG& ﬁlQie%thn Bf gt f?)rrfo?E @E&g%{;‘%ﬁéﬁre the

be under st ood by t ose s
drisenfinterttioat vari ous changes in formand details may
be made w thout departing fromthe spirit and scope
of the invention. It is intended to cover various

modi fi cat i ongivantheSiaAblyaT cn®bdiaRee e feprédsk invention just
c@:ﬁg?bgggtilgggqygglg%ptl nggmf gr? ;?lus(:)tratltogse Sh%\efpneoi bg gakgrla ?sl fimiting 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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accorded the broadest interpretation so as to
enconpass all such nodifications and simlar
arrangenents and procedures. 15 What is claimed is: 1.
A net hod of fabricating a sem conductor devi ce,
conprising formng a first type MOS transi stor and an
second type MOS transistor in a substrate; formng a
stress relief filmover the first type MOS transistor;
formng a stress filmover stress relief filmand the
second type MOS transistor whereby the stress film
i nproves the second type MOS transi stor performnce
and whereby the stress relief filmreduces the strain
fromthe stress film 2. The method of claim1 wherein
said first type first type MOS transistor is PMOS and
Wwhe is sleeewads:t ype MOS transistor is NMOS type; and said
stress filmis a tensile stress film that inproves
the NMOS transistor performance. 3. The nethod of
claim1 wherein said first type first type MOXS
transistor is NMOS and the second type MOS transi stor
is PMOS type; and said stress filmis a conpressive
tres§_fitpbyh?1 i_nprove ‘he PMOS transi stor
‘;é’}‘i’% AAREEOAFINGRS ‘H%PH%“& BRI L WHer ei n t he
stress reli eforhmgarfirBiaspd e DpRLSic @nd il &86ndiSpé MOS transistor
stress film 5. A nethod of fabricating a
g @mtbdiatfuct or device, conprising formng a PMOS

transistor af?)?mﬁ‘@ aNVER LA SIRF the Tir® 17 BIOE ¥alsistor;
forming a stress film over 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.

2. The method of claim 1 wherein said first type first type MOS transistor is PMOS and the

second type MOS transistor 1s NMOS type; and said stress [ilm is a tensile stress film

that improves the NMOS transistor performance.

3. The method of claim | wherein said first type first type MOS transistor is NMOS and

the second type MOS transistor is PMOS type; and said stress film 1s 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;
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formng a stress relief filmover the PMOS transistor;
16 formng a tensile stress filmover stress relief
filmand the NMOS transistor whereby the tensile
stress filminproves the NMOS transi stor performance
and whereby the stress relief filmreduces the stress
fromthe stress film 6. The nethod of claim5 wherein
said stress relief filmhas an about neutral stress or
a conpressive stress. 7. The nethod of claim5
wherein said stress relief filmhas a conpressive
stress wwth a and the tensile stress |ayer has a
tensile str eﬁ@gnins a tarsde preash Bt ofershragsrelbel it rad thesi*éM@S

T I e O D

viltechlyemsittess slieeBin fetihdts astass t@ndielsaestiiigss bet ween
+0.4 GPa and +2.5 GPa. 9. The nmethod of claimb5
wherein said stress relief filmhas a stress between

O7Re nRA3d 0P cRinEAwhtn sdilStEBTORY r@h hd A Mot WBEFLRess or a
the said stress relief filmis conprised of oxide,

wbmpﬁﬁmv@%yﬁ$trlde or Si N and said tensile stress

?Xc st hr%d g?mnh%{ln %eugle{oe{-]n SSEIECN $t1&:s Ol\{cp fil msh S a qr()lr%pr%gl%c rSTEE(:SS wdth a

tress e
S lﬂlh& tientnsib kiress taypr ha&@deiﬁsﬂc steéski con OXI de. 12. A

hod of fabri c¢ati ng en1cond ctor device, .
T ahp gt ?16%3 AR RS P RSP SR T Mo A O dgstress with a
BRSO sthdds BetdMBSINAY Gnd -5 OTEPN Dnd tRLERHS sir&sih has a

filmover the NMOS transi stor;
tenstle 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 {ilm has a neutral stress or a tensile

stress.
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form ng a conpressive stress filmover stress relief
filmand the PMOS transistor. 13. The nethod of claim
12 wherein said stress relief filmhas a neutra

stress or atensile stress. 17 14. The method of
claim 12 wherein said stress relief filmhas a tensile
stress and the conpressive stress file has a
conpressive stress. 15. The method of claim 12 wherein
said stress relief filmhas a tensile stress with a
tensile stress between 0.4 and 2.5 GPa. and the
conpressive stress filmhas a conpressive stress

el vemathod .OﬂcI@?n bhaheginga@riressirelicl THe hae b haydiloftrass adndhthe
12 wherein ess_relief .filmhas a stress
bé’t"%’ﬁ@‘é"ﬁs‘b? RS glc?%aéaéméﬁmssﬁf‘zstr%e met hod of claim 12
mherein the said stress relief filmis conprlsed of

oxi d silicon oxynitride or

loo R wedpdal deis L3 WP%?@rSaids‘“f%ﬁfﬁ‘{‘\lﬁ’fsf@@q@F aggnRjle dyeepvitpp tensile
Si sﬁ:ess]o%twe-gﬁ% ARiahod @fy. Ghaibhphherekiest Rn ﬁ?é djcompresslve

stress relief filmis substantlally conpri sed
Oﬁhd@tmm@wnA4hé€Wb@doﬁfﬁ@ﬁﬂlcatlon of a sen1conductor

Igteyﬁ {}‘ag g%albn Sé?]eéig %}!:I bes§ [ atte{: filnr i F%pa stx%g&%tw@en 0. 5

angda). NrETa.r egi on; providing a PFET transistor in

said PFET region and a NFET transistor in said

17. The method of claim [2 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 diclectric 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;

18




NFET region; (I) said PFET transistor conprised of a
PFET gate dielectric |layer; a PFET gate el ectrode;

PFET source and drain regions adjacent to said gate

el ectrode; (2) said NFET transistor conprised of a

NFET gate dielectric layer; a NFET gate el ectrode;

NFET source and drain regions adjacent to said NFET
gate electrode; 18 b) form ng stress relief |ayer over
the substrate surface in the PFET region and not in

the NFET region; the stress relief |layer having a

neutral or conpressive stress; c¢) formng a stress

| ayer ové farmengREETs ncégﬁi@wroﬁfertth@smtb@t:ﬁ ageandetPET region
stress relief la PEET..r eqi I ess

| ayer has a teé}l (i¥tl etheg?I Igr‘@gg gl%thcfﬁr&% relt‘eﬁo eﬁavg'?ga“f pgutral or
19 whi ch fur thepreksicd yees: forn1ng an inter |evel
dielectric layer over the first stress | er; and
formng infEMEETheEes 1av6t Ouit HEPTEd; g PRk iR the
and  NFET tr@ﬂ@és%l%‘?{ayg[lm dOEFEEIRNA.: o sabal me%ﬁameﬁme
further includes: the’stress rellef [ayer Is conprised

of a materi alressel ected fromthe group consisting of
silicon oxide, SiON, and SiN and has a thickness

bet ween 100 and 500 angstrons. 22. The nmethod of claim
A0 Tub irﬁﬂioﬁ WE tihet loneliddasthef iaciniiag fotieg sn nedrilak! dialeetric layer
over t

over the first stress layer; and forming interconnects to contact said PFET transistor and
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 {ilm 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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substrate surface; patterning said stress relief |ayer
to leave the stress relief layer in the PFET region
and not on the NFET region. 23. A seniconductor
device, conprising a first type MOS transistor and a
second type MOS transistor in a substrate; a stress
relief filmover the first type MOS transistor; a
stress filmover said stress relief filmand the
second type MOS transistor whereby the stress film

i nproves the second type MOS transistor perfornmance
and whereby the stress relief filmreduces the strain
fromthe stress film 24. The sem conductor device of

B SRS R Ao bRl MR g Dl R s rgp i

i Sis NIMOBS iyt sanchdstapaMERY easistar isnPMEOSaypd; end sdidstress film is a

stress filmth i,mproves the transi st.or

DT BR G St 9 S RS BB O SHBPFER 8RO i m

253 ThE edr@ibShaBidlof dduiidesdf clalRe 3fHedin HREMABIdNARS haURE opposite
is NMOS and the second type MOS transistor is PMOS

t yaess agrilee epdlil$tress filmis a conpressive stress
filmthat inproves the PMOS transi stor perfornmance.

26. The sem conductor device of claim23 wherein the
stress relief |layer has the opposite stress as the
stress film 20
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