SELECTI VE STRESS RELAXATI ON OF CONTACT ETCH STOP LAYER THROUGH LAYOUT

DESI GN Background of Invention 1) Field of the Invention

This invention relates generally to structures and nmet hods for naking

sem conductor devices and nore particularly to the structures and net hods
for sem conductor devices having stress |layers. 2) Description of the Prior
Art Conventional transistor scaling is facing i nmense
difficulties. One way to enhance transistor performance is through the

| nprovenents in performances of MOS transistors and CMOS have been nade by
shrinkage or scaling down thereof, for exanple, shortening a channel |ength
and a reduction in thickness of a gate insulating film A reduction in

t hi ckness of the gate insulating filmand a m ninum size or dinmension for
process have beconme closer to the limtations. A further inprovenent in
performance can not depend upon the limted shrinkage or scaling down of

t he device, but shoul d depend upon any ot her neasures than the shrinkage or
scal i ng down of the device. One of the inprovenents in
performance of the device is a technique of applying a stress to a channel
region for inproving a carrier nobility, so called strained-Si channel

techni que. The use of strain-Si to inprove carrier m)bilitﬁ whi ch _qgi ves
rai se to hi ghBELEGNYESRTRERS. REWAXATION QBGONIARETCH $hBCAXERai n i n
t he conduction channel. These wipfrg fally growing strain Si
on virtual SiGe substrate, USFE&H@ g%ur ce/drarn stressors or

process-induced strained Si. There is a need for inproved
strain-Si structures and process to inprove device performance.
Background of Invention
1) Field of the Invention
This invention relates generally to structures and methods for
making semiconductor devices and more particularly to the structures and

methods for semiconductor devices having stress layers.

2) Description of the Prior Art

Conventional transistor scaling is facing immense difficulties. One
way to enhance transistor performance is through the Improvements in
performances of MOS transistors and CMOS have been made by shrinkage or
scaling down thereof, for example, shortening a channel length and a reduction in
thickness of a gate insulating film. A reduction in thickness of the gate insulating
film and a minimum size or dimension for process have become closer to the
limitations. A further improvement in performance can not depend upon the limited
shrinkage or scaling down of the device, but should depend upon any other

measures than the shrinkage or scaling down of the device.



The i nportance of overcom ng the various deficiencies noted above is

evi denced by the extensive technol ogi cal devel opnent directed to the

subj ect, as docunented by the rel evant patent and technical literature. The
cl osest and apparently nore rel evant technical devel opnents in the patent
literature can be gl eaned by considering the foll ow ng.

US20050032275A1: Toda - Mods sem conductor device - Sem conductor device

i ncl udi ng p-channel MOS transistor, has |arger conpressive strain in
channel direction than in width direction of gate, and silicon nitride

insulating film US20040235236A1: - Hoffmann, et al. -
Integrated circuit with inproved channel stress properties and a nethod for
making it - Integrated circuit conprises silicate glass |layer formed only

on p-type netal oxide sem conductor transistor or n-type netal oxide

sem conductor transistor and etch stop layer fornmed on silicate glass |ayer
US20040142545A1: I nventor: Ngo - Sem conductor with tensile strained
substrate and net hod of making the same - Fornation of netal oxjde

semi conductor field eff @€ af thiminre¥eMeRtnINRYTHINGRCR ShPIedRYiehiSdeposi ti on
ThmC _ . LT . oS
at 1ncr e?é&ﬁ|({t%’(ﬁ e%@rl)ﬁ@%ﬁ'éf‘regg t&h!dn He'x%%n for MpRYRIPA é‘ébﬁ_e?mltgf‘égt

relates to a ne rmng a netal o e sem conduct or fleld_ef
t r ansi st or s¢ BBEEFYaindSirvbahoe teclviigdes Thewmsedif istran-Sutosmpaeee eaviehg a

7ol Fou g ALY eiig e Gl A< CumhlrRbos A Vack0F sBlventd oupacer

around a gatr8inafthgabedididulchbanell Thas€ thohly psaudomy@phiehllg ldwing sebiove t he
substrate; depositing an etch stop | ayer above the spacer, the gate, and

the |ayer 6f OB\VITudSICESHLHHENEUSING FiGE FOLIGR/rain Sirespers QhBRPSEEPNAICER st op
| ayer. At lsf?é‘i?n%d?l.e of the depositing a spacer |ayer, depositing an etch
stop layer, an epositing a dielectric |ayer conprises high conpression
deposi tion whi ch i ncreddese ima need fdramproaddchstraintJiestruppenes gindsprocessnto
US20020045325A1 ; ({éuhn et - Thin tensile layers in shallow trench

al .
i sol ation SRRFOYEARSIFCHCTlPAG S sane - Formation of isolation trench
i nvol ves formng filmon recess sidewall under conditions that wll cause

the filmto have tensile load, and filling the recess with material that
i nparts conpressive | odde importance of overcomipg they verious deficiencies notgd nods f or

i mprovi ng rier i Lt ; ' | Girdd h
sem conductgggrav%%vef\}gaé éyel df%lrtﬁ‘lgrég @éﬁ%ﬁg%@ﬁ&%@%ﬁ%ﬁ@?ﬁfn@? adlt&ggﬂ;g
seni conducsuabjett; assiostiowesitéchbywfeene]evieot patent Bed$edhmidal litaraturd?- ¢hannel

transi stor _and form ng coppressive film,on hannel transistor.
US2004025370ER3: AN SPrETROTS (e YL ST r B P 16 ToL e uct or
devi ce havjitagatikeScart BagISHRY BY ddhsidardignaed fellaring! - Fabrication of
sem conductor device, by formng stress |ayer on substrate having

transi stor, and annealing stress |layer to convert physical stress of stress

layer into tensile s{&8pgs@izd215haT6dhe bl SeftiEGRuckr RM@Ss | ayer.
Semiconductor device including p-channel MOS transistor, has larger compressive
strain in channel direction than in width direction of gate, and silicon nitride

insulating film.

US20040235236A1: - Hoffmann, et al. - Integrated circuit with
improved channel stress properties and a method for making it - Integrated circuit
comprises silicate glass layer formed only on p-type metal oxide semiconductor
transistor or n-type metal oxide semiconductor transistor and etch stop layer

formed on silicate glass layer



Summary of the Invention The exanpl e enbodi nents of the
present invention provide structures and a nethods of manufacturing nFET
and pFET with at |east an overlying stress |ayer where the contact hol es
are adapted to give the MOS transi stor channels a predeterm ned stress. An
exanpl e net hod enbodi nent conprises the following: a) providing a substrate
havi ng a PMOS regi on and a NMOS region; b) providing a PMOS transistor in
the PMOS region and a NMOS transistor in the NMOS region; (1) the PMOS
transi stor conprised of a PMOS gate, PMOS gate dielectric, PMOS channel;
and PMOS S/ D regions; (2) the NMOS transistor conprised of a NMOS gat e,
NMOS gate dielectric, NMOS channel, and NMOS SID regions; c¢) formng a
stress |l ayer over the substrate in at |east the PMOS regi on and the NMOS
region; d) formng a dielectric | r over the stress. | aye
J ) g U8200401425%%?\ nventor ﬁlgo gemlconductor with tensile

strained substrate and method of making the same - Formation of metal oxide

semiconductor field effect transistor involves high compression deposition that

increases tensile strain in silicon layer - An exemplary embodiment relates to a

method for forming a metal oxide semiconductor field effect transistor (MOSFET).

The method includes providing a substrate having a gate formed above the

substrate and performing at least one of the following depositing steps: depositing

a spacer layer and forming a spacer around a gate and gate insulator located

above a layer of silicon above the substrate; depositing an etch stop layer above

the spacer, the gate, and the layer of silicon; and depositing a dielectric layer

above the etch stop layer. At least one of the depositing a spacer layer, depositing

an etch stop layer, and depositing a dielectric layer comprises high compression

deposition which increases in tensile strain in the layer of silicon.

US20020045325A1: Kuhn et al. - Thin tensile layers in shallow
trench isolation and method of making same - : Formation of isolation trench
involves forming film on recess sidewall under conditions that will cause the film to
have tensile load, and filling the recess with material that imparts compressive

load

US6573172: En et al. - 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.

US20040253791A1: : Sun et al. -Methods of fabricating a

semiconductor device having MOS transistor with strained channel - Fabrication



e) formng PMOS SID contact holes thru the stress layer in the PMOS region
to expose portions of the PMOS S/D regions; and form ng NMOS SI D cont act
hol es through the stress layer in the NMOS region to expose portions of the
NMOS S/ D regions; (1) the PMOS SID contact holes have a PMOS SI D cont act

hol e area; (2) the NMOS S/ D contact holes have a NMOS SI D contact hol e
area; (3) the stress layer and the PMOS S/ D contact holes are adapted to

gi ve the PMOS channel a predeterm ned stress to achieve the predeterm ned
PMOS carrier nobility; (4) the stress layer and the NMOS S/ D contact hol es
are adapted to give the NMOS channel the predeterm ned stress to achieve a
predeterm ned NMOS carrier nmobility; f) form ng contact plugs in the PMOS
contact holes and the NMOS contact hol es. | n anot her

| e embodi | . Th i i ses:
harEt - ccn A SRRSO R MGG BB e MR or B C R e o
the NMOS r egidoshriafing sEVES|sjer €5 somaEphysicaietesy ef stréss BYeSntewineite t he

NMOS stress layer is a tensile stress |layer that puts a tensile stress on
t he NMOS cl§dig@gelor increase tensile stress of stress’layer.



the PMOS stress layer is a conpressive stress |ayer that puts a conpressive
stress on the PMOS channel; whereby the stress on the channel regions is
optim zed or maxim zed. Additional exanple enbodi nents and options are
presented in the follow ng specification and cl ai ns. The
above and bel ow advant ages and features are of representative enbodi nents
only, and are not exhaustive and/or exclusive. They are presented only to
assi st in understanding the invention. It should be understood that they
are not representative of all the inventions defined by the clains, to be
considered limtations on the invention as defined by the clains, or
limtations on equivalents to the clains. For instance, sone of these
advant ages may be nmutually contradictory, in that they cannot be

simul taneously present in a single enbodinent. Simlarly, some advantages
are applicable to one aspect of the invention, and inapplicable to others.
Furthernore, certain aspects ofsdendrlyalfthd lhvestibhon have not been

di scussed herein. However, no inference should be drawn regarding those
di scussed herein rel ati ke examRles emindimpated dbe prrsest Vet PIRYEIR f or

pur poses of r i I I Ll i f f,-f eat ures
and advant g'é@gﬁgﬁ%gﬁg an@?“@gg%én5| é?%tgﬂﬁg S%Eﬁﬁgri?ﬁﬂmr'éﬁ%aﬁg

equi val enceveAddgtsirenslayee athere shandntadiviaslieages adéptetidoi give titd MOSK | |

becone apparent .in,the follow ng descrjption, fromthe drawi ngs, and from
Che cl ai s TANBISarichAREels; 4 prade M IFRL SRSt ns The

features and advant agesa®examprRiinefisitlsingbdidesdt conanises thadlibridgie present
invention and further details of a process of fabricating such a

semi conduct or devi c@) PPVitiBg RauEE alR bavinga RIMESemgiohaera UMQw rediee mor e
clearly understood B&Pm\ﬁ&]ﬁ%fgﬁmg‘sw&krgﬁwih%éWég'?sgiornaﬁ@awme@ on with
ichli al's

t he acconpanyi ng draw ngs | e reference nune desi gnate
simlar or correspondi ntrassistoenn $he NdfDBmegiand porti ons and i n which:

Figure 1 shows a cross ti vi ew . of an exapple transi r _qQver a
substrate 10 accordi ng(ﬁgﬁgrﬁ@@ﬁ’r}ﬁ'@'%ﬂﬁ?ﬁﬁn%ﬁygaP&@Brg@z%ﬁ%ﬁ{)ﬁv%ﬂ?i on.
Figures 2A and 2B show t ogicfssMic V PEMSS @hadfel &6 OBl i s;for adapting
the S/ID contact hole area to obtain the desired stress _on the channel

regions. Figures 2A antP)dRe YOS trandsteepampdsed pea diNQpegate. JNME gdter t he
MS TX. dielectric, NMOS channel, and NMOS S/D regions;

c) forming a stress layer over the substrate in at least the PMOS
region and the NMOS region;
d) forming a dielectric layer over the stress layer;
e) forming PMOS S/D contact holes thru the stress layer in the PMOS
region to expose portions of the PMOS S/D regions;
and forming NMOS S/D contact holes through the stress layer in
the NMOS region to expose portions of the NMOS S/D regions;
(1) the PMQOS S/D contact holes have a PMOS S/D contact hole
area;
(2) the NMOS S/D contact holes have a NMOS S/D contact hole
area;
(3) the stress layer and the PMOS S/D contact holes are adapted
to give the PMOS channel a predetermined stress to achieve

the predetermined PMOS carrier mobility;



Figures 3A and 3B show top down vi ews of another exanpl e enbodi ment where
the stress layer 30 is a conpressive stress |ayer that induces a
conpressive stress on the channel regions. Figures LI A and 4B show
top down figures of the dual stress layers according to a second exanpl e
enbodi ment. Figure 4A shows a PFET region with a conpressive stress |ayer
over the PFET MOS and a NFET region with a tensile stress |ayer over the
NFET MOS TX. Fi gure 5A shows a top down view of smal
contacts hol es spaced further away fromthe gate to mnimze the effect of
the contact holes on the stress |ayer and stress induce to the channel
according to an exanpl e enbodi nent of the present invention..

Figure 5B shows a top down view of small contacts hol es spaced further away

fromthe gate to m nim the effect of th tapt hol n the stress
| ayer and stress indu&éﬁgeﬁﬁgsﬁi‘?ﬁ/ﬁﬁé’f‘dé@%&@?ﬁﬁ Ocogﬂacéj}gﬁ% %ree‘%%(??]ffq?rent
of the present invention. togive the NMOS chanh&lGHE @efherrRiBedteb8 t¢ how
exanpl e top down views of relatively large contact holes that are

preferably spacer closer gghighe agyedetegninedddOShearsier Bwdility,om t he stress
| th h i : J t
wyer o, " Chameh a0 185 BYATMCETISL Lt 6, o

i nventi on. own VI ew o atively
narrow wi dth Gate and neomtawt heldsh S/ D regi on according to an exanple

enbodi ment of the present invention. Figure 7B shows a top
down view of a relatively large width Gate and relatively large width SID

region according to an |@%aBRle? cxBRE BRIBodRheithBvPERSa aybRVABlISRE. The
Fi gure 8 is a cross sectional view of a transi stor havi néJﬁan tensile stress

layer 30 tREWedivent qamprisesJB8 siiepeiyer & camerised of 4 NM@h&lkes lavepish 16
accor di ng | OrAfRe8 TRBAIHENMS rdd16n BRYSIPMS stress layer formed over the PMOS

region;
the NMOS stress layer is a tensile stress layer that puts a tensile stress on the
NMOS channel,
the PMOS stress layer is a compressive stress layer that puts a compressive
stress on the PMOS channel;
whereby the stress on the channel regions is optimized or maximized.
Additional example embodiments and options are presented in

the following specification and claims.

The above and below advantages and features are of
representative embodiments only, and are not exhaustive and/or exclusive. They
are presented only to assist in understanding the invention. It should be
understood that they are not representative of all the inventions defined by the
claims, to be considered limitations on the invention as defined by the claims, or
limitations on equivalents to the claims. For instance, some of these advantages
may be mutually contradictory, in that they cannot be simultaneously present in a
single embodiment. Similarly, some advantages are applicable to one aspect of
the invention, and inapplicable to others. Furthermore, certain aspects of the

claimed invention have not been discussed herein. However, no inference should



Det ai |l ed Description of the Exanple Enbodi nents B.introduction

The exanpl e enbodi nents of the present invention will be described in
detail with reference to the acconpanyi ng drawi ngs. The exanpl e enbodi nents
provide a nethod of formng a MOS transistor that has a stress |ayer and
contact holes thru the stress layer. In exanple enbodi nents, the area and
| ocation of the contact holes is selected to obtain a desired stress from
the stress layer on the MOS channel. The desired stress is used to enhance
MOS devi ce performance. The shape and | ocation of the contact holes can be
adapted to achieve the desired stress on the MOS channel. Al so, additional
hol es or openings that are not used as contact hole can be forned in the
stress layer to achieve the desire stress. I n general,

tensile stress in sem uctof._such as si rove elect nDblllty
so ensi & e DeoraLE rpaRifey Hitsy YsissPa MRedh skbfive 10 [TBSR WEE REBSSSHE IR 1
NMOS devi cetigrthen i sfposes of space and redu&ingi repédition. Q'ﬂ[IEftﬁ@wtﬁm%W &fss in
sem conductors such as silicon inproves hole nobility so conpressive stress

(especi al | ieathr%wrm adyqrdagys s@oub@ agt ba CPNEEGEQQ digpegtive ielatenipidef or mance.
For an NFE:%quﬁ/ J mdﬁ.bhslsr%ahﬁéégé&géﬁbaﬁtaﬁéﬁﬁ RV ERForPwiiBfitiohfe StTess
channe perrornmance. For

on the NFE Irch rnproves an
FEET, a corappe&sih‘vretfsifroﬁewnigaj&cnptrm, feorfr B dpavangsl emddaraontipe egnye stress
on the PFET channel which inproves PFET perfornmance. I'n

an exanpl e enbodi nent, the NFET and PFET devices are fornmed using a stress
| ayer. The NFET S/ D contact areas and PFET SID contact areas are designed
so that the NFET and PFET contact areas are different so that the stress on
t he NFET and PFET devi ces achi eves enhance performance.

For exanple, if a tensile stress layer is fornmed over both the NMOS and
PMOS transistors, the PMOS SID contact area is larger than the NMOS S/ D
contact area so the tensile stress on the PMOS channel is |ess than the
tensile stress on the NMOS channel .



For exanple, if a conpressive stress layer is fornmed both the NMOS and PMOS
transistors, the NMOS contact area is |arger than the PMOS contact area so
that the conpressive stress on the NMOS channel is |less than the
conpressive stress on the PMOS channel. MOS transi stor

Figure 1 shows a cross sectional view of an exanple MOS transistor over a
substrate 10. The MOS transistor conprised of a gate 18, gate dielectric
14, channel region 16 under the gate 18; and source and drain (SID) regions
26. Isolation regions 12, such as shallow trench isolation (STlI) regions 12
are formed in the substrate and can be used to insulation between PMOS and
NMOS regi ons. The isolations regions define the active areas where devices
can be forned. S/D suicide regions 28 and gate suicide region 27 can be

f or med. The substrate can be any sem conductor substrate
such as, without limtation, a crystalline substrate such as a Si wafer, a
Si Ge substrate, a SIO substrate. A Channel direction and gate wi dth and
SID I ength and width channel _ direction (channel
length) is a direction al on@r\!ﬁle‘PﬁQfH?tiqrépgthﬁ‘ Bvawingsnd corresponds to a

gate length direction. ﬁl%ferﬂﬁﬁtgﬁ%@dpﬂ"aﬁ e%}#ﬁ%r %c&r’i& ShadBte di rection

corresponds to the gate Irectio regi ons 26 have a

| engt h par abta@dirtgototthe pgasentlimragtion ahddughér detgilooka Ea)deas@f fahwicating

parallel t O E:t?g S mlcoﬁ,\c”iucttor device in accordance with the present invention will be
more clearly understood from the following description taken in conjunction with
the accompanying drawings in which like reference numerals designate similar or

corresponding elements, regions and portions and in which:

Figure 1 shows a cross sectional view of an example MOS
transistor over a substrate 10 according to an example embodiment of the present
invention.

Figures 2A and 2B show top down views of an example
embodiment for adapting the S/D contact hole area to obtain the desired stress on
the channel regions. Figures 2A and 2B pertain to tensile stress layer formed over
the MOS TX.

Figures 3A and 3B show top down views of another example
embodiment where the stress layer 30 is a compressive stress layer that induces

a compressive stress on the channel regions.

Figures 4A and 4B show top down figures of the dual stress layers
according to a second example embodiment. Figure 4A shows a PFET region with
a compressive stress layer over the PFET MOS and a NFET region with a tensile
stress layer over the NFET MOS TX.



B. stress layer 30 W forma stress |ayer 30 over the
substrate surface. The stress |layer can be an etch stop |layer (ESL). The
stress layer can conprised of a material that can provide tensile or
conpressive stress on the underlying |layers or substrate. The stress | ayer
preferably puts an uniaxial stress on the channel of a MOS device. The
stress layer can be conprised of silicon nitride, silicon oxynitride, or
germaniumnitride. The stress |layer's conposition and thickness of can be
W formdielectric |ayer 34 over the stress |layer. The dielectric |ayer can
be an interlevel dielectric |ayer conprised of an oxide. C. Contact holes
thru stress layer to control the stress on the channel We
form SID contact holes 37 in the stress |layer 30 and the dielectric |ayer

34. The contact hol es 3¢ t : %\1@%
contact hole area is deE}%ﬁ%%A}#&%ﬁ%&%ﬂ?@v&%g ?rngll %agﬁar}]orl%?g? e
desired (prfadbteswan@din tiereds toanmirhize \tke effectefsthe edn{get ediesermtheed) MOS

carrier nobility. The contact holes, 37, are adapted to give the channel the
Gasi 1 o0 ( praleSP EaYAT At SRS AaLUGE O ER CHOBNE S CREENg O RSKOEAS | or 1o 11 ty.

The stress daysdinrnf of P freteMah@sntoan be adapted to put a desired
stress/stain on a channel region by selecting/determning the follow n(%
SL)

exanpl e parameters, Figure 5B shows altopt dawy giewnef enakkcenfastsdiplesspace

| ayer - Th It i C i i ase the
tress on HANEAls) ffiaf B eRERD fiairhif g breR o EBNAEEnhRsidAThERS
stress) Typteak ldydrandrstadssdsdudesto-th® @hangsltacanrding to an example 2) the
area of ESL Iaa/ r a%gr subtracti nrg. for the contact holes The aimis al so
to maxim z&€BP (ﬁi"ﬁ"l“ e HESHIE NGBt or the nFET and pFET respectively for
a tensile ESL For the case of a conpressive ESL, to mnimze or maxim ze

the ESL area for the nFET and XFET respectively.
Figures 6A, 6B and 6C show example top down views of

relatively large contact holes that are preferably spacer closer to the gate to
reduce the stress from the stress layer on the channel according to an example
embodiment of the present invention.

Figure 7A shows a top down view of a relatively narrow width
Gate and narrow width S/D region according to an example embodiment of the
present invention.

Figure 7B shows a top down view of a relatively large width Gate
and relatively large width S/D region according to an example embodiment of the

present invention.

Figure 8 is a cross sectional view of a transistor having an tensile
stress layer 30 there over that causes a tensile stress in the channel region 16

according to an embodiment of the invention.



3) positioning the contact holes a given distance Nfromthe gate to

maxi m ze the effect of the contact holes. - To use the mninmal design rule
allowed for different technology for the case to reduce the stress cased by
the tensile ESL on pFET or conpressive ESL on nFET. 4)

conposition of the ESL - different conpositions can create different
stresses (conpression and tensile) and different anounts of stress.
For an NFET, a tensile stress layer provides a tensile stress on the NFET

channel which inproves NFET perfornmance. For an PFET, a
conpressive stress | ayer provides a conpressive stress on the PFET channel
whi ch i nproves PFET performance. For the case of a tensile

ESL, contacts on nFET should be snallest and further away formthe gate
region and contacts on pF ET should be |l argest and closest to the gate
regi on. For the case of a conpressive ESL, contacts on

PFET shoul d be snal | g5{ta586 ﬁé%(fﬁ}?ﬁoﬁ%!hé 5 ahigle EAabSdingénten and contacts

on nFET shoul d be | argest and closest to the gate region.
In the case when a dual stress liner (DSO schene is used, all contacts in
NFET and pFET should be furthest away fromthe gate. In a dual stress |iner
schene, a tensi IBe stresiﬁt,l tidns formed over the NMOS region and a

[

conpressi ve stress | ayer S 0fed over the PMOS region. First Enbodi nent -

option A- Tensile stresgd ayshpRVéhboPhientdbinanste dhtnidABhival Bes
Fi gures 2A and 2B show an exanpl e enbodi nent for adapting the S/ D contact

hol'e area tesofhed in detw! wisbireletente lesthemrcompantiagrshwinggi dive.expide can be
used to 0bte?r\b%a‘irﬁgrﬁtgeb?g\ﬂdygsmgﬁydocgf fB?an%rmég' transistor that has a stress

layer and contact holes thru the stress layer. In example embodiments, the area
and location of the contact holes is selected to obtain a desired stress from the
stress layer on the MOS channel. The desired stress is used to enhance MOS
device performance. The shape and location of the contact holes can be adapted
to achieve the desired stress on the MOS channel. Also, additional holes or
openings that are not used as contact hole can be formed in the stress layer to

achieve the desire stress.

In general, tensile stress in semiconductor such as silicon,
improves electron mobility so tensile stress (especially uniaxial stress) is used for
to improve in NMOS device performance.

Similarly, compressive stress in semiconductors such as silicon
improves hole mobility so compressive stress (especially uniaxial stress) is used in
PMOS to improve device performance.

For an NFET, a tensile stress layer over a NFET provides a
tensile stress on the NFET channel which improves NFET performance.

For an PFET, a compressive stress layer over a PFET provides a

compressive stress on the PFET channel which improves PFET performance.

10



A. MOS Tx Referring to figures 2A and 2B, we provide a
substrate 10 having a PMOS region 15 and a NMOS region 13. Figures 2A and
2B are top down views of devices corresponding to simlar to the devices
and el ements shown in the cross sectional viewin figure 1.

We provide a PMOS transistor in the PMOS region 15 and a NMOS transistor in
the NMOS region 13. The PMOS transistor can be conprised of
a PMOS gate 18B, NMOS gate dielectric, PMOS channel; and PMOS SID regions
26B. The transi stor can have PMOS gate contacts 19A. The regions that are
not active areas can be isolation regions. The NMOS
transi stor can be conprised of a NMOS gat el8A, NMOS gate dielectric, NMOS
channel, and NMOS SID regions 26A. The transi stor can have NMOS gate

contacts 19B. The transj stor can hav ui cide | S, rmng a stress
| ayer Vg qrbge)ﬁglrgplgﬁrgﬁgﬁmtr @ﬁ%@g@qﬁgéﬁggy@%% in at
I east the Fdfaed @g'h%rza direstNdyé M e hbINVIS=T 69D @Bnfbdt afis AltEPEET@IDMesktaghown

in figures 2A and 2 the stress |layer produces a tensile stress on the

PMOS and NrEas AEndesignedype Hat tae NGy npngy PREd| @andagtiareas ageedifferast sp rﬁféaht
stress | Y ®he stress on the NFET and PFET devices achieves enhance performance.
For example, if a tensile stress layer is formed over both the
NMOS and PMOS transistors, the PMOS S/D contact area is larger than the
NMOS S/D contact area so the tensile stress on the PMOS channel is less than
the tensile stress on the NMOS channel.
For example, if a compressive stress layer is formed both the
NMOS and PMOS transistors, the NMOS contact area is larger than the PMOS
contact area so that the compressive stress on the NMOS channel is less than the

compressive stress on the PMOS channel.

MOS transistor

Figure 1 shows a cross sectional view of an example MOS
transistor over a substrate 10. The MOS transistor comprised of a gate 18, gate
dielectric 14, channel region 16 under the gate 18; and source and drain (S/D)
regions 26. Isolation regions 12, such as shallow trench isolation (STI) regions 12
are formed in the substrate and can be used to insulation between PMOS and
NMOS regions. The isolations regions define the active areas where devices can
be formed.

S/D silicide regions 28 and gate silicide region 27 can be formed.

The substrate can be any semiconductor substrate such as,
without limitation, a crystalline substrate such as a Si wafer, a SiGe substrate, a

S10 substrate.
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W then forma dielectric layer 34 over the stress layer 34. The dielectric
| ayer can be an interlevel dielectric |ayer conprised of oxide. D. contact
hol es In a key step, we form PMOS contact holes thru the
stress layer in the PMOS region 15 to expose portions of the PMOS SID
regions 26B; and we form NMOS contact holes thru the stress layer 30 in the
NMOS region 13 to expose portions of the NMOS S/ D regions 26A

The PMOS contact holes have a PMOS contact area. The NMOS contact hol es
have a NMOS cont act area. The PMOS contact hol es and
contact area are adapted to give the PMOS channel the desired
(predeterm ned) stress to achieve the desired PMOS carrier nobility.

The NMOS contact area and contact holes are adapted to give the NMOS

channel the desired redet erm ned) stress to .achiev he desired .,
carrier nobility* (P &E'ia""e’ dlrect}qfhaad&egg&l%&ﬁaggﬁ/bdgngﬁbagﬁ,&y D

on 1 he. PCS channel i & Toe A AhRRIL St E oo T8 o ek i pRETa) | °°

The MOS S/ aginé datelabad coMBspendy @2a ghte leagl dratibhaltdileotien di vi ded by t he
total S/ D area. exa e NMOS conéacl(%Hhol e.area %

. For . le, th
can be bet REERENSIHAAT wéb@pba@r@kj@yﬁctlmcg@%wom tag galg &8 Wigthidreeithar es

to the PMOS contact hol R grea of
bet weon 60% £ o 909 ThERArors PEhSEBE 1Bhgthbarhmdiab tHMReFekyth!
The S/D regions 26 have a width parallel to the gate width.

B. stress layer 30
We form a stress layer 30 over the substrate surface. The stress
layer can be an etch stop layer (ESL). The stress layer can comprised of a
material that can provide tensile or compressive stress on the underlying layers or
substrate. The stress layer preferably puts an uniaxial stress on the channel of a
MOS device. The stress layer can be comprised of silicon nitride, silicon
oxynitride, or germanium nitride. The stress layer’s composition and thickness of

can be
We form dielectric layer 34 over the stress layer. The dielectric

layer can be an interlevel dielectric layer comprised of an oxide.

C. Contact holes thru stress layer to control the stress on the
channel

We form S/D contact holes 37 in the stress layer 30 and the
dielectric layer 34. The contact holes 37 gave a contact area.

The MOS contact hole area is designed and adapted to give the
MOS channel the desired (predetermined) stress to achieve the desired
(predetermined) MOS carrier mobility. The contact holes 37 are adapted to give
the channel the desired (predetermined) stress to achieve the desired MOS

carrier mobility.
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For exanple, the ratio of the NMOS S/D contact area %to the PMOS S/D
contact area %is between 1. 18 to 1:2. For exanple, the
FEET channel stress can be between 0 to 200MPa and the NFET channel stress
can between 500MPa to 1500MPa (depending on the stress filmof the ESL).
The transistor |ayout for nFET and pFET can be mani pul ated to relax the
tensile stress of the ESL | ayer selectively on the pFET by using a | ong

contact via 38B which will renove a | arge volune of stress |layer (e.g.,
nitride cap) which results in the reduction of both the [001] and [110]
stress on the PFET channel. Fi gure 2A shows a | ayout for

the nFET with small and spaced contact holes 38A Figure 2B shows a | ayout
for a pFET with Iong contact via 38B (or alternatively with closely spaced

via) when a tensile ESL_is used. Note that e via dra re for
illustration purpose, iThe §trqq§éawraergiaﬁpggc§ E0|§ﬁ§agﬂi§p¥1%£e(§%i>lé% t he best
effect of glé%l &9e§§7§’taﬁ$6ﬁ%%h%hn@ﬁ'e@¥o?ﬂ'Wé@e&tﬂ@/@étéﬁﬁiﬁing the followin

Usi ng t he erent 1n layout for the contact via sizes, we can re%uce t he
tensil e stesawpEparagd®BT usi ng | arger and continuous contact holes (vias)

Aot her - aspect . the Neep GeryouBhE B AL Bt S faver e dongsitob
aver age) f frockricke oNET EGLt @it hanaridietoRhEreaSEEhe enéscon ttad 8sbyathe E8bniig he
PFET gate. E.contact

( ol ugs . We then formco ct ugs 38 in
the PMS cBttBiGkehbI% '”hﬁl? highenpestesht EQICﬂJﬁngHICEWeSSdaﬁ%@@@f@g@gﬁgg can
be a conductive metal %;)the afea¥f ESL Ryc? BRBASIRPUcting I6CBBEARIC: PBles
Conpressive (ESL) stress |ayer -

The aim is also to maximize or minimize the ESL area for the nFET and pFET
respectively for a tensile ESL. For the case of a compressive ESL, to minimize or
maximize the ESL area for the nFET and pFET respectively.

3) positioning the contact holes a given distance N from the gate
to maximize the effect of the contact holes. - To use the minimal design rule
allowed for different technology for the case to reduce the stress cased by the
tensile ESL on pFET or compressive ESL on nFET.

4) composition of the ESL — different compositions can create

different stresses (compression and tensile) and different amounts of stress.

For an NFET, a tensile stress layer provides a tensile stress on
the NFET channel which improves NFET performance.
For an PFET, a compressive stress layer provides a

compressive stress on the PFET channel which improves PFET performance.
For the case of a tensile ESL, contacts on nFET should be

smallest and further away form the gate region and contacts on pFET should be

largest and closest to the gate region.
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Fi gures 3A and 3B shows anot her exanpl e enbodi nent where the stress | ayer
30 is a conpressive stress layer that induces a conpressive stress on the

channel regions. The nethod and structure to formthe MOS
transi stors and other devices is the sane as descri bed above. In this
enbodi nent, the stress |ayer 30 has a conpressive stress. In

an preferred option, the NMOS contact area is |arger than the PMOS cont act
area so the conpressive stress fromthe stress |ayer on the NMOS channel is
| ess than the conpressive stress on the PMOS channel .

Figure 3B, shows an inprovenent of pFET using a highly conpressive ESL
coupled with a long contact via hole 38A (or closely packed nmultiple via)
for the nFET the reduce the conpressive stress on the NFET channel

The transistor |ayout for nFET and pFET can be ni pyl at ed t el ax .t he
Conpreasive atrecs of 1 Becasd i atomurert Shrtdadh et §hflig b ong
contact Vi anflicseaRY furthdrngsy foeh Whe gafe raigidr 8fd eamtavlyl SinFET whbald ik t he
reduction of both the [001] and [110? stress. SECOND EXAMPLE EMBCDI MENT -

t ensi | e NMIBUsst 8dd cloggeltodhe gatenisgiossi ve PMOS stress | ayer

In a second exanpl e enbodi nent, the stress layer is conprised of a NMOS
stress layer that is fornmed over the NMOS regi on and a PMOS stress | ayer
formed over the PMOS r elgitha.casbevhisMaedsalrdsss!liage (DSE) scheemsis esest ks s

| ayer that puts. a.t ple s on.th channel . The P tress |ayer
275 compr GOBIAS R st APAEET, U P SURNER ALy DS BRI B P oT DS
channel . Jiner scheme, a tensi8&tré&s RS IsFpAhed 2Ver HRMMDS Redies ah@ra t he NMOS
and PMOS are adapted and designed to obtain a predeterm ned stress for the

NVOS and PMERPT®sSsive stress layer is formegl gyierelle MG regidshow t op down fi gures
of the dual stress |layers. Figure 4A shows a PFET region 15 with a

conpr essi Ver gk Eibbaifiney ptibhon FFEkil Birsd 1y dFhbriRih ®MEB did h

tensile stress |ayer over th e contact holes are adapted to
reduce or m ni niNMOSHsarsisters reduci ng effects of the contact hole on the

stress | ayers. ) ) ]
Figures 2A and 2B show an example embodiment for adapting

the S/D contact hole area to obtain the desired stress on the channel regions. This

can be used to obtain increased MOS device performance.

A. MOS Tx

Referring to figures 2A and 2B, we provide a substrate 10 having
a PMOS region 15 and a NMOS region 13. Figures 2A and 2B are top down
views of devices corresponding to similar to the devices and elements shown in
the cross sectional view in figure 1.

We provide a PMOS transistor in the PMOS region 15 and a
NMOQOS transistor in the NMOS region 13.

The PMOS transistor can be comprised of a PMOS gate 18B,
NMOS gate dielectric, PMOS channel; and PMOS S/D regions 26B. The
transistor can have PMOS gate contacts 19A. The regions that are not active

areas can be isolation regions.
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For exanple, the stress |ayers and contact holes for the NMOS and PMOS are
adapt ed and designed to obtain the maxi num stress by formng the snall est
possi bl e contact holes (as determ ned by design rule and ot her device
design limtations) and/or placing the small contact hole as far fromthe
gates to mnimze the relaxation (stress reducing) effect of the contact
hol es on the stress layer. Options contact hol es adapted by using different

contact hol e areas, shapes, sizes and | ocations. The
exanpl e enbodi nents contact area can be adapted by using different contact
hol e shapes and si zes. Fi gures 2A and 2B; & 3A and 3B show

exanpl es where the contact holes with the snaller area are discrete
rectangul ar or square shaped contact holes. The contact holes with the

| arger area are one discrete rectangul ar shaped contact holes with the
length of the contact hbteNbPaItransister ¢aebgsemnrisagoha NMOS gate18A,

Figure SA ?\ﬂﬂ& gatre 14O, MWS%aﬁH@i',e %P8W9§t§/d‘@g%s3fﬁﬁp?ﬁ@d further

away fromthe gate 18 to ninimze the ect of the contact holes on the
stress | aydranasistorstandss/ e NM2® gate chrgactsardie| . Fi gure 5B

shows a top down view gfqigglgéqs@gt%aﬁa@ﬁgs%@%lg&?;s%aced further away from

the gate 18 to mnimz ol es on the stress |ayer
and stress induce to the channel. Fi gures 6A, 6B and 6C

show exanpl e toB.down Viogwangfa stebss fayadry | arge contact holes 18 that are
preferably spacer closer to the gate to reduce the stress fromthe stress
| ayer on the channel. We form a stress layer 30 over the substrate 10 in at least the

PMOS region 15 and the NMOS region 13. For the embodiment shown in figures
2A and 2B, the stress layer produces a tensile stress on the PMOS and NMOS

channel regions.

C. forming a dielectric layer over the stress layer

We then form a dielectric layer 34 over the stress layer 34. The

dielectric layer can be an interlevel dielectric layer comprised of oxide.

D. contact holes

In a key step, we form PMOS contact holes thru the stress layer
in the PMOS region 15 to expose portions of the PMOS S/D regions 26B; and we
form NMOS contact holes thru the stress layer 30 in the NMOS region 13 to
expose portions of the NMOS S/D regions 26A.

The PMOS contact holes have a PMOS contact area. The
NMOS contact holes have a NMOS contact area.

The PMOS contact holes and contact area are adapted to give
the PMOS channel the desired (predetermined) stress to achieve the desired
PMOS carrier mobility.

The NMOS contact area and contact holes are adapted to give
the NMOS channel the desired (predetermined) stress to achieve the desired

NMOS carrier mobility;
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A.short and Large w dth devices Figure 7A shows a top down
view of a relatively narrow wdth Gate and narrow width SID region.

Figure 7B shows a top down view of a relatively large width Gate and
relatively large width SID region. These enbodi nents are
applicable for both short and |ong w dth devices. The transistor |ayout for
NFET/ pFET can be mani pul ated to relax the conpressive/tensile stress of the
ESL | ayer selectively on the nFET/ pFET respectively. This is achi eved by
using different contact via shapes and sizes for nFET and pFET during

| ayout . When a tensile ESL is used, small contact via are
used for nFETs to reduce the loss of the nitride filmstress. On the other
hand, large and long via will be used for pFET to renove a | arge vol une of

the nitride. Note that th d b i ed t
achi ove the best ef fect "o PEIFBEL OPLe B R FROSTHD il S riararifion, ' °

narrow w dithe WOS@/[ﬁé%tb@tﬂﬂeWs@ttheQ&Vﬂll@eﬁré%% tROPNPOSt dHanpane [éss wel |
since narrow w dth devi ces, as cog})are | ong wi dt h devices, would be

af fect ed né'ﬁ@nﬁgﬁ'tem"@m@%o@mﬂN @Swaanal hence d| ffer ent shape of via
may need to be rel ease fﬁ@w&?$ con onte%ct area % is area @E%nta%ﬁ&e

conpressive ESL is used via are use to reduce the
| oss of thelividéd bdéhd tdtah SIOr@es. On t he ot her hand, Iar ge and | ong vi a wil |

be used for nFET to re veal rge v of t nitrig

shape and size of the @8 &gr'ﬁ&lﬁﬁio%t@ﬁtl %af?‘?é/‘bg@%\lg ?)pé/g?erb
stress rel apaut O-rS%T@QOQ;‘fme%tal RS &/DodreB AT Hig Wopdir s fethedaaoand | ong
wi dt h devices need not be the sanme as well since narrow wi dth devi ces, as

conpar ed t 60ptaCt helegangpdsha gergeat el thedatal AIMOAIY Bcared obetvesn ¢ to

di nensi onalgos/tress and hence different shape of via may need to be rel ease
the stress. The further away fromthe gate and smaller the
contacts hol es, the | essarexanepls} thegstioof theddMGS &4e donfHue acdao%eo thad

arger the GoRLAGER:o G 191, LD BoRtdasir 1kl 40 el xed

For example, the PFET channel stress can be between 0 to
200MPa and the NFET channel stress can between 500MPa to 1500MPa
(depending on the stress film of the ESL).

The transistor layout for nFET and pFET can be manipulated to
relax the tensile stress of the ESL layer selectively on the pFET by using a long
contact via 38B which will remove a large volume of stress layer (e.g., nitride cap)
which results in the reduction of both the [001] and [110] stress on the PFET
channel.

Figure 2A shows a layout for the nFET with small and spaced
contact holes 38A. Figure 2B shows a layout for a pFET with long contact via 38B
(or alternatively with closely spaced via) when a tensile ESL is used. Note that the
via drawn are for illustration purpose, i.e., the via can be in any shape to achieve

the best effect of relaxing the stress or maintaining the stress.
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B. stress in channel fromthe stress |ayer Figure 8 shows an exanpl e
of an tensile stress layer 30 over a MOS transistor. It is thought that the
tensile stress |layer 30 induces a conpressive stress in the substrate
(e.g., both S/D regions 26) below which in turn induces a tensile stress in
the channel region 16 of the transistor in the direction of the channel

|l ength ( direction between the source and drain). The arrows in the figure
indicate the direction/type of the stress. There may be additional stresses
caused. For exanple, if the width of the device is narrow, there is a
possibility that the direction perpendicular to the channel will also be
tensile. C. non-limting exanple enbodi nents The

enbodi ments of the invention can be used in any type of sem conductor
devices (e.g. BI-FET devices). The enbodi nents can be applied to all types
of devices to form straising Hpediffereny i avedt for die eetpghvia sizes, we can

Al though thig,d '}Hg.“@éﬁsiﬂe Jiss %ﬁ%e?&%ﬁ hQﬁg |£r§leﬁ5hc‘! %onéﬁ}wtﬁf?fascdofn'tébt'hg%gl ating
mat eri al s, conductive materials and apparatusSes for depositing and etching
t hese mat efvias)syhilet mamtaioingl theiteredlet sirdsbeorstheaiFRTc materi al s or appar at uses
but only to their specific characterist] ch as confor nd
nonconformal , and capa 'i‘PPPﬁ%&é?Sgﬁ%h{%hgggﬁh?ﬁaﬁ@"fﬁ é%B‘JHaﬁ%%Y ot her
material s (@g JRRAAAGE T the NFIDP ghtd iR the PFREMSID cuRer Rélesdrdftomhose
skilled in the microelectronics arts after appreciating the present

i nvention the PFET gate. G ven the variety of enbodiments of the present

i nvention just described, the above description and illustrations show not
be taken as limting the scope of the present invention defined by the

cl ai ns. Wil e the invention has been particularly shown and
described with Eeferencontactiplogsr ef erred enbodi nents thereof, it will be
understood by those skilled in the art that various changes in form and

details may be made wi tM@thertioparaaniectinlens 8did bisi PMOargntachpalesrndhe

i nvention. insO C'Fﬁéze i ifi i L)

arr angem&*n%ﬁs?t er'n\gogigé’@%?‘éﬂse% an (ts%ﬁétg{s"ﬂc@g ° g? %ﬁe@%ggﬁ%ﬂﬂglﬁ?tﬂéﬁer efore
shoul d be as®érded the broadest interpretation so as to enconpass all such

nodi fications and sim | ar arrangenents and procedures. Wat is clained is:

First embodiment — second option — Compressive (ESL) stress layer —

Figures 3A and 3B shows another example embodiment where
the stress layer 30 is a compressive stress layer that induces a compressive
stress on the channel regions.

The method and structure to form the MOS transistors and other
devices is the same as described above. In this embodiment, the stress layer 30

has a compressive stress.
In an preferred option, the NMOS contact area is larger than the

PMOS contact area so the compressive stress from the stress layer on the NMOS

channel is less than the compressive stress on the PMOS channel.
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1. A method of fabrication of a sem conductor device conprising: providing a

substrate having a PMOS regi on and a NMOS regi on; provi di ng a PMOS
transistor in the PMOS region and a NMOS transistor in the NMOS region,
wherein the PMOS transi stor conprises a PMOS gate, PMOS gate

di el ectric, PMOS channel and PMOS S/ D regions, and the NMOS transi stor
conprises a NMOS gate, NMOS gate dielectric, NMOS channel, and NMOS S/ D
regi ons; formng a stress |ayer having a first stress over the
substrate, the stress |ayer covering the PMOS regi on and the NMOS region;
formng a dielectric |ayer over the stress |ayer; form ng PMOS SID

contact holes having a PMOS S/ D contact | ayout design through the stress
| ayer in the PMOS region to expose portions of the PMOS S/D regi ons and

NMOS S/ D contact hol es aV| n?% SI D cont aci) taﬁ/%lt desi hrough t he
stress layer in the N nstzo(yvsearbgggroagmei RsP tuﬁg‘ / D regi ons,

wher ei n compeedEﬂ@ESLQdupmoawtth laabeg Laneet videmiaBsA Sohasssly PackddS stress

consi derations and has a S/ D contact hole area, the PMOS SI D cont act
| ayout desiyhtiRie ) f@@%leareFa%Tthﬁgr%iug@ the Rapmeressiveeressron bediFeh or a

conbi nati opptheneof of the PMOS S/ D contact holes to cause the stress |ayer
with the first stress to induce a first desired stress on the PMOS channel
based on the PMOS stress consi derati ons, the NMOS S/ D contact hol e

| ayout design is based I\/m st ess on i ra i and has a N S/
contact hole area, and ﬁ'fﬁe "REROE Eﬁ%‘&ﬁ’t’ ﬁB?%é’éPﬁ%‘? @5’9%'%/%t
adapting si@gx tieéRRprabeiRestrdys dfAR@ESVNapsr @el@&mmtr@hﬁmbwfsu@fa t he
NMOS S/ D contact holes to cause the stress

long contact via to remove a large volume of nitride cap which results in the

reduction of both the [001] and [110] stress.

SECOND EXAMPLE EMBODIMENT - tensile NMOS stress layer and

compressive PMOS stress layer

In a second example embodiment, the stress layer is comprised
of a NMOS stress layer that is formed over the NMOS region and a PMOS stress
layer formed over the PMOS region. The NMOS stress layer is a tensile stress
layer that puts a tensile stress on the NMOS channel. The PMOS stress layer is a
compressive stress layer that puts a compressive stress on said PMOS channel.

The stress layers and contact holes for the NMOS and PMOS are
adapted and designed to obtain a predetermined stress for the NMOS and PMOS
Tx.

Figures 4A and 4B show top down figures of the dual stress
layers. Figure 4A shows a PFET region 15 with a compressive stress layer over
the PFET MOS and a NFET region 13 with a tensile stress layer over the NFET
MOS TX. The contact holes are adapted to reduce or minimize the stress reducing
effects of the contact hole on the stress layers.

For example, the stress layers and contact holes for the NMOS

and PMOS are adapted and designed to obtain the maximum stress by forming
18



| ayer with the first stress to induce a second desired stress on the NMOS
channel based on the NMOS stress consi derations, wherein the PMOS SID
contact hole area is larger than the NMOS S/ D contact hole area or the PMOS
S/ D contact holes are closer to the PMOS gate than the NMOS SI D cont act
holes are to the NMOS gate or a conbination thereof, and t he
first desired stress is different fromthe second desired stress; and

form ng contact plugs in the PMOS contact holes and the NMOS contact hol es.
2. The nethod of claim1 wherein: the stress layer is a tensile
stress layer and the first desired stress conprises a tensile stress; and
the PMOS S/D contact hole area is larger than the NMOS SID contact hole
area, wherein the first desired stress is less tensile than the second
desired stress

o Canel e Simallest HSsllie BRfaRlaSied |45 detbofiri iy desien pub Br SRS MEY T

stress; an@eSIQn limitdtidas PMRE ob! dla&Ag tREEmBR B AtarE Rolel AxsfaF from !h e gat e
thanthe NMOS "SI D contact holes are to the NMOS gate, wherein the first

desired st neiginize theeajaxalios (skeshegsucing) slieshef taegon@&t bples o the stress
layer.

Options contact holes adapted by using different contact hole areas,

shapes, sizes and locations.

The example embodiments contact area can be adapted by using
different contact hole shapes and sizes.

Figures 2A and 2B; & 3A and 3B show examples where the
contact holes with the smaller area are discrete rectangular or square shaped
contact holes. The contact holes with the larger area are one discrete rectangular

shaped contact holes with the length of the contact hole parallel to the gate length.

Figure 5A shows a top down view of small contacts holes 38
spaced further away from the gate 18 to minimize the effect of the contact holes
on the stress layer and stress induce to the channel.

Figure 5B shows a top down view of small contacts holes 38
spaced further away from the gate 18 to minimize the effect of the contact holes

on the stress layer and stress induce to the channel.
Figures 6A, 6B and 6C show example top down views of

relatively large contact holes 18 that are preferably spacer closer to the gate to

reduce the stress from the stress layer on the channel.
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4. The method of claim 1l wherein: the stress layer is a tensile
stress layer and the first desired stress conprises a tensile stress;

the PMOS S/D contact hole area is larger than the NMOS S/ D contact hol e
area; the PMOS S/D contact holes are closer to the PMOS gate than the NMOS
SD contact holes are to the NMOS gate; and wherein the first desired stress
is less tensile than the second desired stress. 5. The nethod of claim1
wher ei n: the stress layer is a conpressive stress |ayer and puts
the first desired stress conprising a conpressive stress on the PMOS
channel ; and the NMOS S/D contact area is larger than the PMOS SI D
contact area wherein the second desired stress is | ess conpressive than the
first desired stress. 6. The nethod of claim21 wherein: t he stress
| ayer is a conpressive stress layer and puts the first desired stress
conprising a conpressive stress on the PMOS channel ; and

A. short and Large width devices

Figure 7A shows a top down view of a relatively narrow width
Gate and narrow width S/D region.
Figure 7B shows a top down view of a relatively large width Gate

and relatively large width S/D region.

These embodiments are applicable for both short and long width
devices. The transistor layout for nFET/pFET can be manipulated to relax the
compressive/tensile stress of the ESL layer selectively on the nFET/pFET
respectively. This is achieved by using different contact via shapes and sizes for

nFET and pFET during layout.

When a tensile ESL is used, small contact via are used for nFETs
to reduce the loss of the nitride film stress. On the other hand, large and long via
will be used for pFET to remove a large volume of the nitride. Note that the shape
and size of the via used can be varied to achieve the best effect of stress
relaxation. The shape of the via for narrow width devices and long width devices
need not be the same as well since narrow width devices, as compared to long
width devices, would be affected more by two dimensional stress and hence

different shape of via may need to be release the stress.

Similarly, when a compressive ESL is used, small contact via are
used for pFETs to reduce the loss of the nitride film stress. On the other hand,
large and long via will be used for nFET to remove a large volume of the nitride.
Note that the shape and size of the via can be varied to achieve the best effect of
stress relaxation. The shape of the via for narrow width devices and long width

devices need not be the same as well since narrow width devices, as compared to
20



the NMOS SID contact holes are closer, on average, to the NMOS gate than
the PMOS SID contact holes are to the PMOS gate, wherein the second desired
stress is |l ess conpressive than the first desired stress. 7. The net hod of
claim2l1 wherein: the stress layer is a conpressive stress |ayer and
puts the first desired stress conprising a conpressive stress on the PMOS
channel ; the NMOS S/ D contact holes are closer, on average, to the
NMOS gate than the PMOS S/ D contact hole are to the PMOS gate; t he
NMOS S/ D contact area is larger than the PMOS contact hole SID area; and
wherein the second desired stress is | ess conpressive than the first
desired stress. 8. A sem conductor device conprising: a substrate having a
PMOS region and a NMOS region; a PMOS transistor in the PMOS region and a

NMOS t ransi st or |nthe NMOS r erein the PMOS transi stor
conpri sed Kngwistindeyses, W‘F‘@%gaﬁe& %3]@1%% yito ‘E'NBSS'@HQQ?F@SSM '8 se
regions, aﬂﬁ“ferent étﬁgemﬁf r}%e%tterbé él&é%‘éﬂhb%%‘és@f a NMOS gate, NMOS gate

dielectric, nnel D regi ons; a stress | ayer
havi ng a fi rst stress dﬂ}ﬁoﬁblstbler awey fltdnret@@aterantbsmakber thagomdcts halgs.on and

the NMXS ﬁge Rser the stress will be relaxed. The closer and larger the contacts, the more

the stress will be relaxed.

B. stress in channel from the stress layer

Figure 8 shows an example of an tensile stress layer 30 over a MOS
transistor. It is thought that the tensile stress layer 30 induces a compressive
stress in the substrate (e.g., both S/D regions 26) below which in turn induces a
tensile stress in the channel region 16 of the transistor in the direction of the
channel length ( direction between the source and drain). The arrows in the figure
indicate the direction/type of the stress. There may be additional stresses caused.
For example, if the width of the device is narrow, there is a possibility that the

direction perpendicular to the channel will also be tensile.

C. non-limiting example embodiments

The embodiments of the invention can be used in any type of
semiconductor devices (e.g. BI-FET devices). The embodiments can be applied

to all types of devices to form strain layer in a certain direction.
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a dielectric layer disposed over the stress |ayer; PMOS SI D cont act
hol es having a PMOS S/ D contact |ayout design through the stress layer in
said PMOS region to expose portions of the PMOS SID regi ons and NMOS S/ D
contact holes having a NMOS SID contact |ayout design through the stress

| ayer in the NMOS region to expose portions of the NMOS S/ D regions,

wher ei n, the PMOS SID contact hol e design is based on
PMOS stress considerations and has a PMOS S/ D contact hole area, the PMOS
S/ D contact |ayout design conprises adapting size, shape, nunber or

| ocation or a conbination thereof of the PMOS S/D contact holes to cause
the stress layer with the first stress to induce a first desired stress on
t he PMOS channel based on the PMOS stress considerations,

the NMOS SI D contact ho desi nls sdonN SS |der i ons and
has a NMOS S/ D cont act /'hﬁl ‘a?'nY N??ﬁ@@ﬁ ?\Ei a%%‘i

conpri ses aeaiphtindOmatetials, %Bﬁ@@ctw'é%@na@arﬁ@ﬁﬁéér@ms@s for @@;b’dyltﬂ@tarw t her eof
of the NMOS S/D contact holes to cause the stress er with the first

stress to iehdlin@thessdnagdalgeliy aet Igmt@%tp b snesifiqvosiesialererarngaaisseobllt he
O e RSP SBhRe raet PATERR ore
cont act holcesalamtaem Isasle bstdepbhiéin§MD8 ajahiagt hMotHee nNNESalS/aDdcappiasadus hol es
Gesi rod ot PRR0S Lhisfifet Bl Vb AN RBIUL B resIed o¢Pe ucrogif 8P act
plugs int ggswaggwhghﬁé e ihatiYOS contact hol es. 9. The device of
cl aim 8 wherein:

Given the variety of embodiments of the present invention just
described, the above description and illustrations 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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the stress layer is a tensile stress |layer that induces the first desired
stress conprising a tensile stress; and the PMOS SID contact hol e
area is larger than the NMOS SID contact hole area, wherein the first
desired stress is less tensile than the second desired stress. 10. The
device of claim8 wherein: the stress layer is a tensile stress |ayer that
i nduces the first desired stress conprising a tensile stress; and the PMOS
SI D contact holes are closer to the PMOS gate than the NMOS S/ D cont act
hol es are to the NMOS gate, wherein the first desired stress is |ess
tensile than the second desired stress. 11. The device of claim8 wherein:
the stresghitay/@simegisa tensile stress layer that induces the first desired
stress conprising a tensile stress; and the PMOS S/ D contact hole
area i s |argerA inhthnd bifebridMin dbalBem@nbdictor Helie campéasisnd t he PMOS S/ D cont act
holes are closer to the PMOS gate than the NMOS S/ D contact holes are to
t he NMOS gat e,providinga substiaie havirg a BMSISregion andasNMOS regie; t ensil e t han t he
second desired stress. )
providing a PMOS transistor in the PMOS region and a NMOS transistor in the
NMOS region, wherein
the PMOS transistor comprises a PMOS gate, PMOS gate dielectric,
PMOS channel and PMOS S/D regions, and
the NMOS transistor comprises a NMOS gate, NMOS gate dielectric,
NMOS channel, and NMOS S/D regions;
forming a stress layer having a first stress over the substrate, the stress layer
covering the PMOS region and the NMOS region;
forming a dielectric layer over the stress layer;
forming PMOS S/D contact holes having a PMOS S/D contact layout design through
the stress layer in the PMOS region to expose portions of the PMOS S/D regions and NMOS
S/D contact holes having a NMOS S/D contact layout design through the stress layer in the
NMOS region to expose portions of the NMOS S/D regions, wherein
the PMOS S/D contact hole layout design is based on PMOS stress
considerations and has a PMOS S/D contact hole area, the PMOS S/D
contact layout design comprises adapting size, shape, number or location or
a combination thereof of the PMOS S/D contact holes to cause the stress
layer with the first stress to induce a first desired stress on the PMOS
channel based on the PMOS stress considerations,
the NMOS S/D contact hole layout design is based on NMOS stress
considerations and has a NMOS S/D contact hole area, and the NMOS S/D

contact layout design comprises adapting size, shape, humber or location or

a combination thereof of the NMOS S/D contact holes to cause the stress
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12. The device of claim8 wherein: the stress layer is a conpressive stress
| ayer and puts the first desired stress conprising a conpressive stress on
t he PMOS channel ; and the NMOS S/D contact area is larger than the
PMOS SI D contact area, wherein the second desired stress is |ess
conpressive than the first desired stress. 13. The device of claim3$8
wherein: the stress layer is a conpressive stress |layer and puts the first
desired stress conprising a conpressive stress on the PMOS channel ; and
the NMOS S/'D cont agyehQitrfhe sBstfds®BBhduc8 sB¥Hia@SiredsBedd h th@@ﬁ@ate than
the PMOS SID contact holes are to the PMOS gate, wherein the second desired
stress is | ess congha&mei baRed bathetNMOS btfesh cofsiderftidnst ress. 14, The device
of claim 8 wherein: the stress layer is a conpressive stress | ayer,
wherein the stress | aytereiptiePNMOS Sipead=t hede siep éslsrgenthdrnthe RMOES 8iannel ;

the NMOS SID contact holes are closer, on average, to the NMOS gate than
the PMOS Sit cont acentadihelegres qrdhetmosmcga@@hdwamw@swmeﬁh@%ont act

area is larger than the PMOS contact ho rea, wherein the second
desired stress is Igé'@éh%h?)P‘U@eﬁWQOPﬂtéﬁﬁof?éafqtf’é*ﬂe NUOSGale U fress. 15. A
met hod of form ng a device co i sing: provi ding a substrate
prepared with fi rsf°'aﬂaat?ééfb%€g¥ ¥ ve regions, wherein the first active

region comprises a fif sk} iANGH Sl il FoRGRONoRFIdYE GRYL AR COMPT | Ses

a second transistor
forming contact plugs in the PMOS contact holes and the NMOS contact holes.

2. The method of claim 1 wherein:

the stress layer is a tensile stress layer and the first desired stress comprises a
tensile stress; and

the PMOS S/D contact hole area is larger than the NMOS S/D contact hole area,
wherein the first desired stress is less tensile than the second desired stress.
3. The method of claim 1 wherein:

the stress layer is a tensile stress layer and the first desired stress comprises a
tensile stress; and

the PMOS S/D contact holes are closer to the PMOS gate than the NMOS S/D
contact holes are to the NMOS gate, wherein the first desired stress is less tensile than the
second desired stress.
4. The method of claim 1 wherein:

the stress layer is a tensile stress layer and the first desired stress comprises a
tensile stress;

the PMOS S/D contact hole area is larger than the NMOS S/D contact hole area;

the PMOS S/D contact holes are closer to the PMOS gate than the NMOS S/D
contact holes are to the NMOS gate; and

wherein the first desired stress is less tensile than the second desired stress.
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formng a stress |layer having a first stress over the first and second
active regions covering the first and second transistors; formng a
dielectric layer over the stress layer; formng first and second contact
openings in the first and second active regions in comunication with

di ffusion regions of the first and second transistors, wherein t he
first contact openings have a first contact |ayout design based on first
stress considerations, the first contact |ayout design causes the stress

| ayer wi td) t herpbinkettoddr e8meS1 WRerkine first active region to induce a first
desired stress on a channel region of the first transistor based on the

first stress apnstedelagéni®Bsomprassifd sties lagditane bute frexfirsigssil stréss i r st

transi stor conprise a first contact area, and t he second cont act
openi ngs doaweésiag 8 egoprdssierstrass orl thy BMOSdedhenmah dndsed on second stress

consi derations, the second contact |ayout design causes the stress |ayer
with the firstthaNMESsS/Pronthet aseadd lacpea then the RGP &P eentach ange wharedbnd
desired stress on a channel region of the second transistor based on the
second st3eeYY desipisstiges isigss emPrepdvethaniig fitshigsied s5&ni ngs of the second
transistor co rg%§1%é$econ ﬁoniact area, and wherein the first
contact atea i <eSHN9Y SR PHE second contact area to reduce or ninimze

rel axing eff e%esst%fss Fapgr igg%rﬁﬁrres%eé?rie@@yer a?u@ putlm‘:é fm%gggdgfreéél aim 15

wher ei n:
comprising a compressive stress on the PMOS channel; and

the NMOS S/D contact holes are closer, on average, to the NMOS gate than the
PMOS S/D contact holes are to the PMOS gate, wherein the second desired stress is less
compressive than the first desired stress.
7. The method of claim 1 wherein:
the stress layer is a compressive stress layer and puts the first desired stress
comprising a compressive stress on the PMOS channel;
the NMOS S/D contact holes are closer, on average, to the NMOS gate than the
PMOS S/D contact hole are to the PMOS gate;
the NMOS S/D contact area is larger than the PMOS contact hole S/D area; and
wherein the second desired stress is less compressive than the first desired stress.
8. A semiconductor device comprising:
a substrate having a PMOS region and a NMOS region;
a PMOS transistor in the PMOS region and a NMOS transistor in the NMOS region,
wherein the PMOS transistor is comprised of a PMOS gate, PMOS gate
dielectric, PMOS channel and PMOS S/D regions, and
the NMOS transistor is comprised of a NMOS gate, NMOS gate
dielectric, NMOS channel, and NMOS S/D regions;
a stress fayer having a first stress disposed over the substrate over the PMOS region

and the NMOS region;
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the first stress conprises a tensile stress; the first transistor conprises
a n-type transistor; the second transistor conprises a p-type transistor;
and the first desired stress is nore tensile than the second desired

stress. 17. The nethod of claim 15 wherein: the first contact
| ayout design conprises adapting size, shape, nunber or |ocation or a
conbi nation thereof of the first contact openings; and t he second

contact |ayout design conprises adapting size, shape, nunber or |ocation or

a conbi nati on 4 Hae&Rd 1afr dishEsca@nONAe SRk &k, openi ngs.  18. The met hod of
claim15 wherein a ratio of the first contact opening area to the second

contact openi IS 8 tentapRslés Havibg-a1PMOS SIPconldtelap@it deggrothroabmihen 17 wher ei n
the first contact openings, on average, are |located farther away from a
gate of tdtresd layestin $aidiBBIOStregiomietenpeae poliensofftheiBMOS /@ gégiovs and NM§tflice or
mnimze relaxing effects of the contact openings. 20. The nethod of claim
15 wher ei $1Dtcaeta¢tiholes haing abiMQSHYRiaegiact laneubdasigadirougiythe steasatayer in et her away
froma gate of the first transistor between the diffusion regions to reduce
or i ni miMMOP&EHN 1§ RISE PLRtIgNHI e NMPSHYE E9i%Seni ngs.

wherein,

the PMOS S/D contact hole design is based on PMOS
stress considerations and has a PMOS S/D contact hole area, the PMOS S/D
contact layout design comprises adapting size, shape, number or location or
a combination thereof of the PMOS S/D contact holes to cause the stress
layer with the first stress to induce a first desired stress on the PMOS
channel based on the PMOS stress considerations,

the NMOS S/D contact hole design is based on NMOS
stress considerations and has a NMOS S/D contact hole area, the NMOS
S/D contact layout design comprises adapting size, shape, number or
location or a combination thereof of the NMOS S/D contact holes to cause
the stress layer with the first stress to induce a second desired stress on the
NMOS channel based on the NMOS stress considerations,

wherein the PMOS S/D contact hole area is larger than
the NMOS S/D contact hole area or the PMOS S/D contact holes are closer
to the PMOS gate than the NMOS S/D contact holes are to the NMOS gate
or a combination thereof, and

the first desired stress is different from the second desired stress; and
contact plugs in the PMOS contact holes and the NMOS contact holes.
9. The device of claim 8 wherein:
the stress layer is a tensile stress layer that induces the first desired stress

comprising a tensile stress; and
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21. A device conprising: a substrate having first and second active
regions, wherein the first active region conprises a first transistor which
is a n-type transistor and the second active region conprises a second
transistor which is a p-type transistor; a stress layer having a
first stress over the first and second active regions covering the first
and second transistors; a dielectric |ayer disposed over the stress | ayer;
and first contact openings in the first active region in

conmuni cati on i pfygd g{b%h@& RYONS iRder i thd NRbs!g/BRSHSd AbleBRS, , S econd

contact openi ngs In the seco active rtegion in communication wt

di ffusi onyiR&ih eeSirddediRRe sE8EANRSS feAdIRitfdnChe SdtoRd BLirbdetreebr €ss | ayer,
wherein the first contact openings have a first contact |ayout

desi gn basmed orhefderisé oisdidimBsvreesrsi der ati ons, the first contact |ayout
design causes the stress layer with the first stress in the first active
regi on to i ndubesteskiaystis ddarisileesiress lagerdhatinducesthe finst dasied gresef t he fir st
transi stor based on the first stress considerations, the first contact
openi ngs MPrigiag pitensile stiegsigndt or conprise a first cont act area, and

t he second contact openi ngs have a second c nb ct 5‘&&9%3 based on
second stress BoRYPFe thpgtﬁ%t hoieﬁ@res‘é‘tsﬁh@ ti\?a@M % %fhtv‘ﬁ g&he stress
| ayer WlthL flrst [ n tiv i c a second
desired s o(])es e o] é%ﬁgﬂ?ﬁ geat efn ﬁ prsgée:eg g%oe Eer%g'ﬁ’g&s{t%rSh%{égeg‘eon t he
second stress &P drsations, t he second contact openings of the second
transi stor conprise a second contact area, and wherein the first
contact afea itheddhikd srcidifiawHehgn:second contact area or the first contact
openi ngs, on average, are located farther away froma gate of the first
transi stor or the stesbigyatis amersitestest laler thatdhdueesthe filshdesiradsiregs axi ng ef fect s
of the contact openings. 22. A nethod of form ng a device conpri sing:
comprising a tensile stress; and
the PMOS S/D contact hole area is larger than the NMOS S/D contact hole area and
the PMOS S/D contact holes are closer to the PMOS gate than the NMOS S/D contact holes
are to the NMOS gate, wherein the first desired stress is less tensile than the second desired
stress.
12. The device of claim 8 wherein:
the stress layer is a compressive stress layer and puts the first desired stress
comprising a compressive stress on the PMOS channel; and
the NMOS S/D contact area is larger than the PMOS S/D contact area, wherein the
second desired stress is less compressive than the first desired stress.
13. The device of claim 8 wherein:
the stress layer is a compressive stress layer and puts the first desired stress
comprising a compressive stress on the PMOS channel; and
the NMOS S/D contact holes are closer, on average, to the NMOS gate than the

PMOS S/D contact holes are to the PMOS gate, wherein the second desired stress is less

compressive than the first desired stress.
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providing a substrate prepared with a first active region with a first

transistor which is a p-type transistor, a second active region with
a second transistor which is a n-type transistor, a first stress

| ayer on the active regions over the transistors, the stress layer having a
first stress, and a dielectric |layer over the stress |ayer; form ng

first contacts to first contact regions of the first transistor, wherein
the first contacts conprise a first contact |layout to cause a first desired

stress omga fithalgeliad Sedairh 8 HHRMIN: form ng second contacts to second
contact regions of the second transistor, wherein the second contacts

conpri se a SegRdslresd @Gt a kayipratsitedtresdisferavisRsin e sthesd IaRd pes BESS on a
second target region; and wherein the first contact |ayout has a | arger
ar ea t harcoiripesssie€ strads 00 HecRMOS ayomtl;
the NMOS S/D contact holes are closer, on average, to the NMOS gate than the
PMOS S/D contact hole are to the PMOS gate and the NMOS S/D contact area is larger
than the PMOS contact hole S/D area, wherein the second desired stress is less
compressive than the first desired stress.
15. A method of forming a device comprising:
providing a substrate prepared with first and second active regions, wherein the first
active region comprises a first transistor and the second active region comprises a second
transistor;
forming a stress layer having a first stress over the first and second active regions
covering the first and second transistors;
forming a dielectric layer over the stress layer;
forming first and second contact openings in the first and second active regions in
communication with diffusion regions of the first and second transistors, wherein
the first contact openings have a first contact layout design
based on first stress considerations, the first contact layout design
causes the stress layer with the first stress in the first active region to
induce a first desired stress on a channel region of the first transistor
based on the first stress considerations, the first contact openings of
the first transistor comprise a first contact area, and
the second contact openings have a second contact layout
design based on second stress considerations, the second contact
layout design causes the stress layer with the first stress in the
second active region to induce a second desired stress on a channel

region of the second transistor based on the second stress
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the first contacts of the first contact |ayout are closer to the first
transi stor than the second contacts of the second contact |ayout to the
second transistor, or a conbination thereof. 23. The nethod of claim 22
wherein the first desired stress is different fromthe second desired
stress. 24. The nmethod of claim22 wherein: the first contact regions
conprise first SIDregions of the first transistor; the first target region
conprises a first channel below a gate of the first transistor; the second

contact regions conpri SeofsifePitdns/the SREMPEMR ofehifigs SrARSEcbhdRsIsRter ; and
the second target region conprises a second channe? bel ow a gate of the
second transistor. 25. comprisees seeonddonticbaren, 2adwher ei n:
wherein the first contact area is smaller than the second
contact area to reduce or minimize relaxing effects of the contact
openings.
16. The method of claim 15 wherein:
the first stress comprises a tensile stress;
the first transistor comprises a n-type transistor;
the second transistor comprises a p-type transistor; and
the first desired stress is more tensile than the second desired stress.
17. The method of claim 15 wherein:
the first contact layout design comprises adapting size, shape, number or location or
a combination thereof of the first contact openings; and
the second contact layout design comprises adapting size, shape, number or location
or a combination thereof of the second contact openings.
18. The method of claim 15 wherein a ratio of the first contact opening area to the
second contact opening area is about 1:18-1:2.
19. The method of claim 17 wherein the first contact openings, on average, are located
farther away from a gate of the first transistor between the diffusion regions to reduce or
minimize relaxing effects of the contact openings.
20. The method of claim 15 wherein the first contact openings, on average, are located
farther away from a gate of the first transistor between the diffusion regions to reduce or
minimize relaxing effects of the contact openings.
21. A device comprising:
a substrate having first and second active regions, wherein the first active region
comprises a first transistor which is a n-type transistor and the second active region

comprises a second transistor which is a p-type transistor;
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the first contact |ayout conprises adapting size, shape, nunber or |ocation
or a conbination thereof of the first contact opening; and t he
second contact |ayout conprises adapting size shape, nunber or |ocation or
a conbination thereof of the second contact opening. 26. The nethod of
claim 25 wherein: the first contact regions conprise first S/ D regions of
the first transistor; and the first target region conprises a first channel
bel ow a gate of the first transistor; the second contact regions conprise

second SI D regj §Rss RferBfing § GROSrdsS aﬁ'ﬂ%f%t’anagé’cond active redidh8 coRfiAgd tar get
regi on conprises a second channel below a gate of the second transistor.

27. The nmé fwetarmafscedrditinggiosherein: the first stress conprises tensile
stress; and the first desired stress is less tensile than the second
desi red st r ess dielectric layer disposed over the stress layer; and
first contact openings in the first active region in communication with diffusion regions
of the first transistor and second contact openings in the second active region in
communication with diffusion regions of the second transistor through the stress layer,
wherein
the first contact openings have a first contact layout design
based on first stress considerations, the first contact layout design
causes the stress layer with the first stress in the first active region to
induce a first desired stress on a channel region of the first transistor
based on the first stress considerations, the first contact openings of
the first transistor comprise a first contact area, and
the second contact openings have a second contact layout
design based on second stress considerations, the second layout
design causes the stress layer with the first stress in the second
active region to induce a second desired stress on a channel region
of the second transistor based on the second stress considerations,
the second contact openings of the second transistor comprise a
second contact area, and
wherein the first contact area is smaller than the second
contact area or the first contact openings, on average, are located
farther away from a gate of the first transistor or a combination
thereof to reduce or minimize relaxing effects of the contact openings.
22 A method of forming a device comprising:
providing a substrate prepared with

a first active region with a first transistor which is a p-type transistor,
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28. The nethod of claim 23 wherein: the first contact layout is
selected to increase or maxim ze rel axing effects on the stress |layer; and
t he second contact |ayout is selected to reduce or mnimze rel axing
effects on the stress layer. 29. The nethod of claim 22 wherein the first
contact |layout is selected to increase or maxim ze relaxing effects on the
stress | ayer.

a second active region with a second transistor which is a n-type
transistor,
a first stress layer on the active regions over the transistors, the
stress layer having a first stress, and
a dielectric layer over the stress layer;
forming first contacts to first contact regions of the first transistor, wherein the first
contacts comprise a first contact layout to cause a first desired stress on a first target region;
forming second contacts to second contact regions of the second transistor, wherein
the second contacts comprise a second contact layout to cause a second desired stress on a
second target region; and
wherein
the first contact layout has a larger area than the second contact
layout,
the first contacts of the first contact layout are closer to the first
transistor than the second contacts of the second contact layout to the
second transistor, or
a combination thereof.
23. The method of claim 22 wherein
the first desired stress is different from the second desired stress.
24, The method of claim 22 wherein:
the first contact regions comprise first S/D regions of the first transistor;
the first target region comprises a first channel below a gate of the first transistor;
the second contact regions comprise second S/D regions of the second transistor,
and
the second target region comprises a second channel below a gate of the second

transistor.
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25. The method of claim 22 wherein:

the first contact layout comprises adapting size, shape, number or location or a
combination thereof of the first contact opening; and

the second contact layout comprises adapting size, shape, number or location or a
combination thereof of the second contact opening.
26. The method of claim 25 wherein:

the first contact regions comprise first S/D regions of the first transistor; and

the first target region comprises a first channel below a gate of the first transistor;

the second contact regions comprise second S/D regions of the second transistor;

and
the second target region comprises a second channel below a gate of the second
transistor.
27. The method of claim 22 wherein:
the first stress comprises tensile stress; and
the first desired stress is less tensile than the second desired stress.
28. The method of claim 23 wherein:

the first contact layout is selected to increase or maximize relaxing effects on the
stress layer; and

the second contact layout is selected to reduce or minimize relaxing effects on the
stress layer.
29. The method of claim 22 wherein the first contact layout is selected to increase or

maximize relaxing effects on the stress layer.
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