SELECTI VE STRESS RELAXATI ON OF CONTACT ETCH STOP LAYER
THROUGH LAYQUT DESI GN Background of Invention 1)
Field of the Invention This invention rel ates
generally to structures and nethods for making
sem conduct or devices and nore particularly to the
structures and nethods for sem conductor devices
having stress layers. 2) Description of the Prior Art
Conventional transistor scaling is facing i mense
difficulties. One way to enhance transistor
performance i s through the I nprovenents in
performances of MOS transistors and CMOS have been
made by shrinkage or scaling down thereof, for
exanpl e, shortening a channel length and a reduction
in thickness of a gate insulating film A reduction
in thickness of the gate insulating filmand a
m ni mum si ze or di nension for process have becone
closer to the limtations. A further inprovenent in
performance can not depend upon the [imted shrinkage

or

o SEpECTI Stness Rt SRxTioN oo Feetrompayer
of the device. 1 OWHROUGH LAYOWTEESIGN i n

performance of the device is a technique of applying

a stress to a channel region for inproving a carrier
mobility, so called strained-Si channel technique.

The use of strain-Si _to inprove carrier nobility
whi ch gives raise toBarkgeung ofaveptipBnt . There are

MAEIY DFRY Indéhtidiluce strain in the conduction

channel . These 1 nclude pseudonorphically grow ng

strain 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.



Si on virtual SiGe substrate, using Si Ge source/drain
stressors or process-induced strained Si. There is a
need for inproved strain-Si structures and process to
i mprove devi ce performance. The inportance of
overcom ng the various deficiencies noted above is
evi denced by the extensive technol ogi cal devel opnent
directed to the subject, as docunented by the

rel evant patent and technical literature. The cl osest
and apparently nore rel evant technical devel opnents in
the patent Iliterature can be gl eaned by considering

the foll owi ng. US20050032275A1: Toda - Mds

sem conduct or device - Sem conductor device including
p- channel MOS transistor, has |arger conpressive
strain in channel direction than in wdth direction of
gate, and silicon nitride insulating film

US20040235236@d¢ of thdafripf@aitmefts itperformdic@dtab@device is a
circuit with inproved channel stress properties and a

IRENAHEISS PRI Siress to & playingl senien frumprovdrgrp dagiss mobility,
86 Chndd SrahasSi LAY Hal fé&fhmnche(.’ ”ﬁ'{e 9Lk b %tyﬁ?ﬁ% Ahor8%é Wrrier
sem conductor transistor or n-type netal oxide
swbilibowbinhtgives raaestod tigher aindreetuctent tTherd ayevaridusrways to induce

on_.si.l i,cate pl ass | aver US20040Q0142545A1: | nventor ., .
Rt in Webdndllias o hesganelice SR bormbiely bkgiing strain
8hen NRUAPEICGY susdtiatg Ushey SBEsourber@h isiBs&irs R bRbcess-induced
oxide _sem conductor field effect transistor involves

f¥3yRed Shpr essi on deposition that increases tensile

strain in sibhgRNisl A& for Mp@¥EIREEINSPTREAUPR Ynd process to

relates to a
improve device performance.

The importance of overcoming the various deficiencies noted
above is evidenced by the extensive technological development directed to the
subject, as documented by the relevant patent and technical literature. The
closest and apparently more relevant technical developments in the patent

literature can be gleaned by considering the following.

US20050032275A1: Toda - Mos semiconductor device -
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 giass layer



met hod for formng a netal oxide sem conductor field
effect transistor (MOSFET). The nethod incl udes

provi ding a substrate having a gate fornmed above the
substrate and perform ng at |east one of the follow ng
depositing steps: depositing a spacer |ayer and
form ng a spacer around a gate and gate insul ator

| ocated above a |ayer of silicon above the substrate;
depositing an etch stop | ayer above the spacer, the
gate, and the layer of silicon; and depositing a
dielectric |layer above the etch stop |layer. At |east
one of the depositing a spacer |ayer, depositing an
etch stop layer, and depositing a dielectric |ayer

conprises hi @anmpnezam IS NgoN - BehfidoridietdtanfPtensile
inte e strain in the layer of silicon.

@?52'@636‘9 gi53is and Rehwdgf naﬁkmg thensame e feamationpé reetakpxide
sBRldoPWuctoF ﬁ@t@lfbﬁe%ﬂréﬁél%r ﬁﬁp\/@l\fé%tﬂ?%’rq ?ﬁﬁg%:é on that
' VO or m I'm

. Formation of I1solation trench
tereasesdensiieduiigin in siteter lagemd idni @mmlamembcbdumauwates to a

th{‘?héd 6F%IPE?H§?{3FE%QF%3L@%}W8E If{t;ié:, éfijgggtangls{or?ﬁﬁsFET).

U6 Mdhd@ indiest pra{f:dlng dvelitsete having PGS FOEnSPEBOWS the
nmobi ity NMOS devi ces Fabricati on of

MOS
§%l?ﬁtﬁaé?1§[]8tp§ff Hemggag eRstope @l He illopendrnosifing steps: depositing
s?@%ﬁber’%cﬁorﬂﬂgd@ séé‘é’@r%?&%t?é%raté 59@?5@ |H§l§13fo'? located

formn t ensi | I mon P-channel" transi stor
ahave @ﬂaﬁeﬁ@fa nmab@\ra/té!efaubﬁtrate Nepbsitingbn etehestop $ay@r .above

t.hods of . fabri.cating a
YBPIBARE L A0l B e PR BBl e
aboad meobtcﬂnammdlayer F\amalstam ofithe3daPosiRg £LOMbeE Ihfer, depositing
devi formcpg stress |l .ayer on substrate having
ane pg?(ayer and aepositing a dielectric layer comprises high compression

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

US20020045325A1: Kuhn et al. - Thin tensife fayers 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: Enet 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
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and annealing stress |layer to convert physical stress

of stress layer into tensile stress or increase .
tensile stress of stress layer. 4 Summary of the

I nvention The exanpl e enbodi nents of the present

i nvention provide structures and a nethods of

manuf acturing nFET and pFET with at | east an
overlying stress |layer where the contact holes are
adapted to give the MOS transistor channels a
predeterm ned stress. An exanpl e nmet hod enbodi nent
conprises the following: a) providing a substrate
having a PMOS region and a NMOS region; b) providing
a PMOS transistor in the PMOS regi on and a NMOS

torf aegiicnducion dehiee NbOBrmirgj stress(layert dresitidi@ts haviﬁg $tafkistor,

rlse of . a PMOS Iectr

ERAATER g Sr ST RYSy B GoBlPB RIS 2 SHase Cuniest |k e Gansile
GRBBS bﬁ@ﬂréﬁse&e%t&%%%f_sMI%ke dielectric, NMXS
channel, and NMOS SID regions; ¢) formng a stress
| ayer over the substrate in at |east the PMOS region
and the NMOS region; d) formng a dielectric |ayer
over the stress layer; e) formng PMOS S/ D cont act
holes thru the stress layer in the PMOS region to
expose portions of the PMOS S/ D regions; and form ng
NMOS S/ D contact holes through the stress |ayer in
the NMOS region to expose portions of the NMOS S/ D
regi ons;



(1) the PMOS S/ D contact holes have a PMOS S/ D cont act
hole area; (2) the NMOS SID contact hol es have a NMOS
S/ D contact hole area; (3) the stress layer and the
PMOS SID contact holes are adapted to give the PMOS
channel a predeterm ned stress to achieve the
predeterm ned PMOS carrier nobility; 5 (4) the stress
| ayer and the NMOS S/ D contact holes are adapted to
gi ve the NMOS channel the predeterm ned stress to

achi eve a predeterm ned NMOS carrier nobility; f)
formng contact plugs in the PMOS contact hol es and
the NMOS contact holes. In another exanple

enbodi nent, two stress |ayers are used. The

enbodi ment conprises: the stress layer is conprised of

a NMOS stress | ayer %hat is{ rmed over the NMOS
region and a PMOS st PEEYMALY,Q ﬁ\’eollnl’fﬁﬂt'SOer t he PMOS

region; the NMR:&RE SerhBY@Mmdnts 8f thereddht HVePsn pr?vide
| ayer that puts a tensile stress on the NMOS channel;

shuctovssgt # axaihods et masugcksingriddsh eed pEEIsith alleast an
ERBhRY o8 BOPRRESRL B oA RS L 0T "B00 O s
tnansisior chaenkls aAdddéteomimedestiasp) e enbodi ments and
options are &\rneesxea%ﬁg ni*ler}hod embodiment comprises the following:
a) providing a substrate having a PMOS region and a NMOS region;
b) providing a PMOS transistor in the PMOS region and a NMOS
transistor in the NMOS region;
(1) the PMOS transistor comprised of a PMOS gate, PMQOS gate
dielectric , PMOS channel; and PMOS S/D regions;
(2) the NMOS transistor comprised of a NMOS gate, NMOS gate
dielectric, NMOS channel, and NMOS S/D regions;
¢) forming a stress layer over the substrate in at least the PMQOS
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 PMOS 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 haoles are adapted
to give the PMOS channel a predetermined stress to achieve

the predetermined PMOS carrier mobility;



the follow ng specification and clains. The above and
bel ow advant ages and features are of representative
enbodi ments only, and are not exhaustive and/or
exclusive. They are presented only to assist in

under standi ng 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

i nstance, sone of these advantages nay be nutually
contradictory, in that they cannot be sinultaneously
present in a single enbodinent. Simlarly, sone
advant ages affe theppiréssalbler and tii\@eNMQ&StD obntathkoles are adapted

i nvention, and jnappl.i c to oth ther

certain aspect stooq‘w%)h'g ﬁ@@? %me'lls‘gan?re erzﬁ%t{éss to
been di scussed dehigidna pmlnemNMMQémen@bmﬂw d 6
be drawn ardi ng those di scussed herein relati

t hose not SIS saRtaRkPIEEA In henEMQP £antest h%’@ﬁ@cﬁ‘é’ége ONMOS

space and rediqihd HoRRetition. Thus, this summary of
features and advantages shoul d not be consi dered
di spositive in determ ning equival ence. Additional

features and f th nvention w | becone

apparent in gM%%F%§$W§|eQ%§§?# Ehwofs f&wy {Jygrs are used. The

énwmmg@qt cﬁwﬁdarfsesm}td‘lﬁréésﬂav& is Eoﬁ!fplrlgéd BesNMOS stfesfiayer that

3 ?@ m f eat ures %ﬁ@gvanta ges of a

§ RITE8 a e NMdGregionaes ailidOB sties Ies amed over the PMOS
@htion and further details of a process of

fa ricating such a sem conductor device in accordance
wi e NH&prlesssiayenisentensife sireds lbyger thal putsladansile stress on the

under st ood fro&l\hag chglwhglwl ng description taken in
conj unction w '

the PMOS stress layer is a compressive siress 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. Simifarly, 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



nunmeral s designate simlar or correspondi ng el enents,
regions and portions and in which: Figure 1 shows a

cross sectional view of an exanple MOS transistor

over a substrate 10 according to an exanpl e enbodi nment

of the present invention. Figures 2A and 2B show top
down views of an exanple enbodinment for adapting the

S/ D contact hole area to obtain the desired stress on

t he channel regions. Figures 2A and 2B pertain to

tensile stress |layer forned over the MOS TX. Figures

3A and 3B show top down vi ews of another exanple

enbodi nent where the stress layer 30 is a conpressive
derdrawniragandirigtabse didocossed bereimipl&tbel tv ¢hadd R istustbE herein
channel fedqions. Fi%ures 4A and .4B show top down

PHG 6 b Bubapa S0pre aad raiiag TSRep: Hysss v summary of
SERARE MPERIRtRIEIAMIRNot B SHsTIHAd SRPWBItide 'IDnggtelr:néiPing

region with a conpressive stress |ayer over the P
pasivalence. Astitonal deafuras and advaniageseof the irventipaydll become

SPErT BRI MreMiSraltof 00 AR Tah Ralit S ame

the gate to mnimze the effect of the contact holes
on the stress layer and stress induce to the channe
according to an exanple enbodi nent of the present
invention.. Figure 5B shows a top down view of snal
contacts holes spaced further away fromthe gate to
mnimze the effect of the contact holes on the



stress layer and stress induce to the channe

according to an exanple enbodi nent of the present

i nvention. Figures 6A, 6B and 6C show exanple top down
views of relatively large contact holes that are
preferably spacer closer to the gate to reduce the
stress fromthe stress |ayer on the channel according
to an exanple enbodi nent of the present invention.
Figure 7A shows a top down view of a relatively narrow
width Gate and narrow width SID regi on according to
an exanpl e enbodi nent of the present invention.
Figure 7B shows a top down view of a relatively |arge
width Gate and relatively large width SID region
according to an exanpl e enbodi nent of the present
invention. Figure 8 is a cross sectional view of a
transi stor having an tensile stress |ayer 30 there

over that causes BricfDeiscEipibhesftheDralgngdhannel
region 16 according to an enbodi nent of the

i nvention. 9 TDstfapiuEes ard adyaitages offa seraicerdugipedevice

. | ,
SRR o pfbsch Lk BHigd W0 i r AR SRS Mo
Blitha rsefrecrcemetctr@ietvlme ia@coorpgangs with difnamasgst inVeetion will be

FHERREloGy EPRRER L OB olefify 5 Ph tetsi P hicben wit
tHey atcof®asilyIresdralvitRy in WHicteMaNifereAtd Admerns aesrghgte similar or

area and location of the contact holes is selected to
6P egnReNdingedpments rediens #p@RPttees 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 fensile 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.



stress layer on the MOS channel. The desired stress is
used to enhance MOS device performance. The shape and
| ocati on of the contact holes can be adapted to

achi eve the desired stress on the MOS channel. Al so,
addi tional holes or openings that are not used as
contact hole can be forned in the stress |ayer to

achi eve the desire stress. In general, tensile stress
i n sem conductor such as silicon, inproves electron
nmobility so tensile stress (especially uniaxia

stress) is used for to inprove in NMOS device
performance. Simlarly, conpressive stress in

sem conductors such as silicon inproves hole nmobility
so conpr essi aguwerdsshqvespéap dovp view ak smlall conkeety haoles spaced

sed in P Lo | ove .device rfo nce, For. an
(rEer dhqy IR S gpPR L MTTRE 56 et REER Shiast foistipn the
ts@8$ |syepbng@steoniriduce MHRE cHIRRBRACOMIHIRD th BRArXERTHINFET
performance. For an PFET, a conpressive stress |ayer

dMeptof the §UAsREL InYentWhpr essi ve stress on the PFET
channel whi Cgfii %rﬁ%ﬁ{ﬁwgﬁgfq@%gsmm chRta@f holes spaced

exanpl e enbo nt, the evices are
fnthes chwayi frgn dhe gates to minjmize thkefNEETT BERontatt oles on the

PFET S/ D t desi d t hat
BRI b Shest bt Lo 5B Eoring 1o RexedMar
ehthoslimenstsofane bhsseNERTeatish. PFET devi ces achi eves

enhance performance. For exanple, if a tensile stress
| ayer is fornmed over both the NMOS and PMOS

{1t G (TPRE ek b bl daR
relstiOSrgt aomnlalt hales dbat arbameferably 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 {o 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.



the tensile stress on the NMCS channel For exanpl e,

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 transistor
Figure 1 shows a cross sectional view of an exanple
MOS transistor over a substrate 10. The MOS

transi stor conprised 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 insul ation

bet ween Pl\/% he | i ons
define the at‘:ﬁq%% §|585'§E\22'e$ﬂ?'8e%f %O%WB%@"FB d.
S/D silicide regions 28 and gate silicide region 27
can be fornmed. The substrate can be any sem conduct or

substbate such a é without Iimtation, a crystalline
subst Pat e sulHradugtied \arer, a SiGe substrate, a SO

A e L

Hesgthed in s!emtldmtterstferencalt@ttga addoptipargaiy dreiwends. a) example

APoEers BEN st aTesingd of Soe HuRICIraps Pt fashas a stress
RREF Qﬁ@@@ﬁ%cﬁ Iﬁblés‘ﬁtrg%§ sﬂfgsé"ta%r‘ Iﬁ“e&§ E)lé’é‘mboa_ F‘i’en@! the area

re ions 26 have a | ength parall e gate len
location of the contact ho es is selected to obtaln 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.
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The S/D regions 26 have a width parallel to the gate
width. B. stress layer 30 W forma stress |ayer 30
over the substrate surface. The stress |ayer can be
an etch stop layer (ESL). The stress |ayer can
conprised of a material that can provide tensile or
conpressive stress on the underlying | ayers or
substrate. The stress layer preferably puts an

uni axi al stress on the channel of a MOS device. The
stress |layer can be conprised of silicon nitride,
silicon oxynitride, or germaniumnitride. The stress
| ayer's conposition and thickness of can be W form
dielectric |ayer 34 over the stress |layer. The
dielectric llaparexaapldendodinrdy tteylFET adPFETdevices are

BT 1T Fayafr TS MHETSTP8iesd o R S contac

bRa® 6 eayHeaco thal e NFET Bink M STt EQRSct AK85 a0 dffknt so that
the dielectric |layer 34. The contact holes 37 gave a

Hensterss o big NARE anpdd Foh davicehathiegseenhancgasripnednce.

and adapt ed ﬁgg’jgﬁ"?@w% a Mﬂ‘é\gl E@é&qhgélﬂg f&'?ﬁéod §r both the

(predetermn SS to achieve't esire
NM @8 etndr PV D&y aMdiSorsar the dMBBIB/Di dontactmees tnitbegdr than the

ar dapted to giye the cha |. the desired
BIES o e s se s’ el rresheor e O Spriebs 1555 than
iR teheile PE3d o the IO BhatHpss | ayer and contact
hol es can be adapted to put a desired stress/stain on

a channel rediobRX@YPIeifccermpyegeive siress lyer isdformed both the
NRAOEYWRRPMOS 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 (ST1) 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
SIO substrate.
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exanpl e paraneters, 1) the volunme of etch stop |ayer

(ESL) layer - The deposition thickness of the ESL can

be varied to increase the stress on the Si by the ESL.

(ie the thicker the filmthe higher the stress)

Typical filmthickness is -500 angstrons. 2) the area

of ESL | ayer after subtracting for the contact hol es

The aimis also to maximze or mnimze the ESL area

for the nFET and pFET respectively for a tensile ESL.

For the case of a conpressive ESL, to m nimze or

maxi m ze the ESL area for the nFET and pFET

respectively. 3) positioning the contact holes a given

di stance N fromthe gate to nmaxim ze the effect of

t he cdntact @Hamel diréotioaarichgate widthlandeS/Dofenigth and width
al l owed for different pechnology for the case to

reduce the stiheshapaglatirasiion HehaneeidenahBSla direqliPERI@Ng which

] i Ve i t,i 0on..of At =S| -
CRTRLE Aol Pt bR 1o Do I Hrplioh, A BNl o
peqepdisitr dm {enchdnemeb diregticandrdispbed ettt thaneitat8 wibith direction.
stress. For@n%ET ,at gﬂsﬁi\le tress la@ er provjdes
a tensile st 1B&SPTegipps VErR *t _'tP ¢ gaisslength.
NFET per f or meRe&s/Diregions 28Mtale RWiARPERAR] ¥EthedRS Nidth.

| ayer provides a conpressive stress on the PF
channel which inproves PFET performance. For the case
of a tensile ESL, contacts on nFET shoul d be snall est

and fgrther yax:figrdpd4de gate region and contacts on
pFET shoul d be Fa?%es%mand cl osest to the gate

region. 13 Fove i@ £ 888sPhayar SOBREEHEIVBsERe sFRREATAS stress
on pFET shoul d be
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 uniaxiat 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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smal  est and further away formthe gate regi on and
contacts on nFET should be |[|argest and closest to the
gate region. In the case when a dual stress |iner
(DSL) schene is used, all contacts in nFET and pFET
shoul d be furthest away fromthe gate. In a dua

stress |iner schene, a tensile stress layer is forned
over the NMOS region and a conpressive stress | ayer
is formed over the PMOS region. First Enbodi nent -
option A- Tensile stress |ayer over both PMOS and

NMOS transistors Figures 2A and 2B show an exanpl e
enbodi ment for adapting the S/D contact hole area to
obtain the desired stress on the channel regions. This

can be used tTmecztﬁte’sisﬂByermfhdaMamEtewrcbe agzptedo’ltongta
erfo nc . MOS Tx Referring to ures an
St T s1al asba Capand Goqian ool ptipRSter gyt Tsfolaing

axaNBR pfghferd3. Figures 2A and 2B are top down
Vi ews of devi ces corresponding to simlar to the

devi ces and el)hervolimgelwichston lageciEsls lagert i Brmbeposition

We'sg o? 'tr%ulﬁgt_ 8\% %gﬁcgﬁ%\@ggtr%%g 'oﬁttﬂﬁﬁ%yttﬁe ESL. (ie

trmg]hmkeﬂﬂle fllimethBZhdr itiae sirs$<) ITypiual filen HdRpesS &0~800 angstroms.
dielectric, PMOS channel

ond oS S/ D2) Q&N%M%é FESL fr aitarsblrapiio e teact holes
PRI 81s620 ndblidizEH mlmﬁzzé% gRe ér@@?or%@ nPRY and pFET
active areas can be isolation regions.

respectively for a tensile ESL. For the case of a compresswe 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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The NMOS transi stor can be conprised of a NMOS

gatel 8A, NMOS gate dielectric, NMOS channel, and NMOS
S/ D regions 26A. The transistor can have NMOS gate
contacts 19B. The transistor can have silicide |ayers.
B. forming a stress layer W forma stress layer 30
over the substrate 10 in at |east the PMOIS region 15
and the NMOS region 13. For the enbodi nent shown in
figures 2A and 2B, the stress |layer produces a
tensile stress on the PMOS and NMOS channel regions.
C. formng a dielectric |ayer over the stress |ayer W
then forma dielectric |ayer 34 over the stress | ayer
34. The dielectric layer can be an interlevel

dielectric | a?}mrtheoam bfs&dombremg'umESD, contacacsn bBEE%hould be

n Kk MOS cont.act holes thru th

Stresing btier Ao SorPias Gt 66108 s GoBisis oh BT Hiesld be
hrgbbearMIBs ¥ R (1RIGABTedBR: and we form NMOS cont act
hoI es thru the stress | ayer 30 in the NMOS region 13

to expose portions of the NMOS S/ D regi ons 26A The

PMOS cont act P

contact hol egﬂﬁﬂé‘%ga%acon 3 ?&a@g& (Bﬁis eis USEd all
contamts inhrdlEEB aanh g FEdrshaald m&mhastaawdaﬁ'bﬁdtl'bcgﬂe M@ a dual stress
he P chann the de redet er stress to
e R g R %O%Bmwéfﬁ@omma
@@mpa@ész\a:,rﬁaes@\,nay&qm@ﬁfedwe?%@mn@g@@é.sﬁ. to give

First Embodiment — option A- Tensile stress layer over both PMOS and
NMOS transistors

Figures 2A and 2B show an example embodiment for adapting
the 5/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
NMOS transistor in the NMOS region 13.

The PMOS transistor can be comprised of a PMOS gate 188B,
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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the NMOS channel the desired (predeterm ned) stress to
achieve the desired NMOS carrier nobility; 15 In a
preferred option, the PMOS S/D contact area is |arger
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. The MOS S/D contact area %is
area of the S/D contact hole divided by the total S/D
area. For exanple, the NMOS contact hole area % can be
between about -5%to 30% of the total NMOS S/ D area.
This conpares to the PMOS contact hole area as a
percent of the total PMOS S/ D area of between 60%to
90% For exanple, the ratio of the NMOS S/ D cont act
area % to t hdheMOSIrBnsistat aat barceandiscd detNKIOS date18A,

1:2.. For .e |l e, the PFET ¢ stress can, be
i@f‘@geq?t%dt%%%msaﬂ?ﬁw& %QEWEﬁgﬁﬁi regiens<8A.cdhe
ehwerR cal tMva NMOoL @AM antdceepemdi ng on the stress
filmof the ESL). The transistor |ayout for nFET and

pFET can be i tpnsigtecanhavesitiside layversnsi | e stress
of the ESL | ayer selectively on the pFET by using a
| ong geont actyoMmhbha?8BeMaisghy i || remove a |arge vol une
of stress Iaygr ?’éq?'g nist rY‘\é}ae cap) which results in

the reducti onveffolatastidd® 1AQGH0 G thd 0bstadte adsn ﬁf‘least the
e

the PFET channel. Figure 2A shows a |ayout for t
AMOS kpgign de@nd thadNMpSc@gion 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
PMQS 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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contact holes 38A. Figure 2B shows a layout for a pFET
with [ong contact via 38B (or alternatively with

cl osely 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. 16 Using the different in layout for the
contact via sizes, we can reduce the tensile stress
on the pFET using |arger and continuous contact holes
(vias) while maintaining the tensile stress on the
NFET. I n another aspect, the NFET S/ D contact hol es
are further way (e.g., on average) fromthe NFET gate
t han t he PFETh 8/glefeargidasitionptresPos S@ﬁmnthb&arBEEJIarger than

at ntact plugs W then form cont act
fhe @Pﬂﬁo@?ﬁ C@Bﬁcégfe%g%ﬂ the tepgile %trﬁésmecpdwi%@hwew less
Fmﬁ Vt\}e.@rtéﬁﬁﬁe U8 HniPe N0 npeNduct i ve metal such

First enbodi nent - second option - Conpressive
( ESL) st r ess Th@}MOSS/@ ouitast Baadhis IBastidhe S4novhtact hole

tgy Eyt %M]ere the stress layer 30 is a

conpre Si Ve ress Tdyer that induces a conpressive

stress on théoe Iaaanmp!e tiegNMBS tht@cﬂE@lb@ge@w can be between
ctyre tg for S|stors and ot her

a@eﬁlﬁc bt 44%0 éﬁ}%mé%' '@9@@ baregn b compargs o the PMOS

eoiraei iRBtared B asderr&,srﬁ Jf@elotadPmOBSS D SRERIPRRLYE 60% to

stress. In an preferred option, the NVMOS contact area
P@%.ar ger than the

For example, the ratio of the NMOS S/D contact area % to the
PMOS S/D contact area % is between 1: 18 to 1:2.

For example, the PFET channel stress can be between 0O 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 manipuiated 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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PMOS contact area so the conpressive stress fromthe
stress layer on the NMOS channel is less than the
conpressive stress on the PMOS channel. 17 Figure 313,
shows an i nprovenment of pFET using a highly
conpressive ESL coupled wwth a I ong contact via hole
38A (or closely packed nultiple via) for the nFET the
reduce the conpressive stress on the NFET channel.
The transistor |ayout for nFET and pFET can be
mani pul ated to relax the conpressive stress of the
ESL | ayer selectively on the nFET by using a |ong
contact via to renove a |large volune of nitride cap
which results in the reduction of both the [001] and
[ 110] st r ess UsBigOBNRifetaPinHaEBER! (MENDNtadt @irssikes, MMOGn

stress, layer, and conpressive.P stress layer In a
EesuicR de Seille SWenm BATH REE TG Bree enipeyinfils contact holes
caag) i siRMmataidindMiSt sl e Streba¥Athd REETI s fornmed over
the NMOS region and a PMOS stress |ayer formed over

the PMOS r egifhanotiraeaspaat oeNRET B4y epniast holesmee fusther way

ﬁigﬁ%ﬁ avle?%ﬁfﬁ) mtlhé’ NItF?E"la?ét%rlﬁél.ll TS PERT /B dritst MY are from
nnel . The P stress rayer 1s a conpressive

therlREETIgaeer that puts a conpressive stress on said

PMOS channel. The stress |layers and contact holes for

the NMOS and PMOS are adapted and designed to obtain

a predeterm ned stress for the NMOS and PMOS Tx.

Fi gur Bs 4A agonéic? pilagsv t op down figures of the dual

stress |ayers. Figure 4A shows a PFET region 15 with

a conpr essi vé¥Vatheagermapetachplkigs 38 in the PMOS contact holes and

the NMOS contact holes. The contact plugs 38 can be a conductive metal such
as W.

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 NMQOS 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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the PFET MOS and a NFET region 13 with a tensile
stress layer over the NFET MOS TX. The contact hol es
are adapted to reduce or nminimze the stress reducing
effects of the contact hole on the stress |ayers. For
exanpl e, the stress layers and contact holes for the
NMOS and PMOS are adapted and designed to obtain the
maxi mum stress by formng 18 the snallest possible
contact holes (as determ ned by design rule and ot her
device design limtations) and/or placing the smal
contact hole as far fromthe gates to mnimze the
rel axation (stress reducing) effect of the contact
hol es on the stress |layer. Options contact holes
adapt ed by udiigedH, fsboestandopracimdrdlof p§E§aﬂalng a highly

BORBERoNE EEF cBiPh B P e Rl SR TRR HomEh Sackec
BRIMAS Vid) @braths hFEESthaed sé 8% conh fHEESSe 3feseh &R N&EE’FA

and 3B show exanpl es where the contact holes with the
sAMer area are discrete rect angul ar or square shaped
contact holes. The contact holes with the | arger area

are one discrete rectangular shaped contact hol es

with the | engiﬁetcénsisher Iapmuta‘or( niFBT engF&T eln lb@n’(drﬁpulated to

te, | d I
B35 e Sheossivaptross At B S Fvif SalRaaly oo BFEdity using a
hgtcdrfadiivid ®eretittreed faegd vallimlest rirank @9& méreﬁesuﬁg i

stress layer and stress induce to the channel. Figure
rulushenet RothdpedoWH anddivi@steassl | contacts hol es 38

spaced further away fromthe gate 18 to mnimze the
effect of the contact holes

SECOND EXAMPLE EMBODIMENT - tensite 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 layeris 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



on the stress |ayer and stress induce to the channel.
Fi gures 6A, 6B and 6C show exanple 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. 19 A short and Large
w dth 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 wwdth Gate and relatively |arge
width S/D region. These enbodi nents are applicable for
both short and Iong width devices. The transistor

| ayout for nFET/pFET can be mani pul ated to relax the
d:IumpmaBsst\p@éBﬁttscdr&a&tho@ﬂaefdetémlE&B- by @sign rule and other device

e B BN SO PreEIaHE Sk GAG W s R fredrom e gates to
FhiARGzé He rélﬁi%foﬁ'ﬂ&ré%%ﬁgdgélﬁgﬁ&fé&)ﬁ@me cé%é‘& Eéls‘;@ﬁ %Héeestress

ESL is used, small contact via are used f
lB8@lice t he Ioss of the nitride fllmstress 01 t he

ot her hand, large and long via wll be used for pFET
GRS YEntddcley B Bl R0 A 8 arbhe

achi esbapés dizay and lecaticofs. st ress rel axati on. The

shape of the via for narrow wi dth devices and | ong

wi dt h devices need not be the sane as well since

narrow wi dt h devi ces, as conpared to long wdth

devi ces, would be affected nore by two di nensi onal

stress and hdiheexadiflé embotiinsdrapeontacy hmanmn ieadapted by using

%%ferrgr%tec%%?actt Puole sﬁapes 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 smalf 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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Simlarly, when a conpressive ESL is used, snal
contact via are wused for pFETs to reduce the | oss of
the nitride filmstress. On the other hand, |arge and
long via will be used for nFET to renove a | arge
volunme 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

wi dt h devices and long width devices need not be the
same as well since narrow wi dth devices, as conpared
to 20 long wi dth devices, would be affected nore by
two di nensional stress and hence different shape of
via may need to be release the stress. The further
away fromthe gate and snaller the contacts hol es,

the | esser the stress will be relaxed. The cl oser and

I th t the stress will be

r glr giéd. g. C%B%’E@éﬁqﬁagﬁ%%‘g&' q‘?‘ﬂﬁ?? he stress |ayer

Fi 8 sh [ ;
CL0ure 8 Shogel 7eLakEa Wy A0y S b PUBGER LSt wit
fzets And natrowygdiha§ regfion.nduces a conpressive stress

in the substgat . 9., both S/ D regions 26 el ow .

whi ch i cor B ? dh i KER8EF el ek it Gate
negralatively ifgd WedthiSiDsegioar in the direction of the

channel length ( direction between the source and

drain). The arrows in the figure indicate the
direction/ty B, @g?g j .
stresses cauzgg.&g e%d@gﬁ%%&%?ﬁﬁe erg)t%}’] 0 r{%}@f‘ﬁ)lng width
devicese Tihe tramsisbov, laydrerfer nSE B/ pF&Iscdri bé manithdated he retax the

' L.on r.pendi cul.ar the channel, will al
OB e B R B e E i SRR S ovthe PR Y ET
esshediveint Fhiefis abigielayBPULIAY diffdreREcorRast vidsiggpest aEsizes for
o'f: )
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 pFETSs 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



sem conduct or devices (e.g. Bl-FET devices). The
enbodi nents can be applied to all types of devices to
formstrain layer in a certain direction. 21 Al though
this invention has been described relative to specific
insul ating materials, conductive materials and
appar atuses for depositing and etching these
materials, it is not limted to the specific materials
or apparatuses but only to their specific
characteristics, such as conformal and nonconfornal,
and capabilities, such as depositing and etching, and
other materials and apparatus can be substituted as
is well understood by those skilled in the
IngAgireddvicsy, 0BuldBbé affedibe maByatioddimesidngl Hir&sxedtd hence
invention Gven the variety of enbodi nents of the
difesanishape ehviagnay need tjbs eelegwaitherstieesabove
descri ption i i
limting t heqﬂgg%%ljéélo%dﬁfé&gﬁggﬁ%@ %%ﬁ?f’%ﬁéﬁgeﬁpﬁﬁa&s holes,
the lesserdhastress Wi heeraldneedi. nhhentloser draklabgerrthe contacts, the more
ar%iculaphé spomm and described wth reference to
SUFSSAEY PRICIERES DI ments thereof, it will be
understood by those skilled in the art that various
changes in formand details nay be nade w t hout

deparfing fromthe spirit and scope of the invention.
It i sbi nt endedreS ’6’0&'&"’(% ’l’%§ﬁeﬁ3'§|315i’€5?'7 ons and

simlar arrangenents and procedures, and the scope of
the appended clains therefore should be accorded the

br oadrigiurd &kRoWs @hadxaniple of as tdrdile eressRaes 36ldveHONOS
nodi fications and simlar arrangenents and procedures.

#andiat. It s teb@iHTRatitRe tdnsild siRENEy 30 mAlLE&Rk icBmpPssve
sem conduct or devi ce,

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 tength ( 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) providing a substrate having a PMOS region and a

NMOS region; b) providing a PMOS transistor in said
PMOS region and a NMOS transistor in said NMOS

region; (1) said PMOS transistor conprised of a PMOS
gate, PMOS gate dielectric, PMOS channel; and PMOS

S/D regions; (2) said NMOS transistor conprised of a
NMOS gate, NMOS gate dielectric, NMOS channel, and

NMOS S/D regions; c¢) formng a stress |ayer over the
substrate in at |east said PMOS region and the NMOS
region; d) formng a dielectric |ayer over said stress

| ayer; e) formng PMOS S/D contact holes thru said
stress layer in said PMOS region to expose portions

of said PNDSAEh@Jgfe@ﬁaainwenticHnuaé been dgsddiied r8lablve to specific
contact h t hr h said stress |aye I n_sai d NMOS
R0 r s R Riteriod &R apRigtuges Tof efasing and
étehingahdsdPMaterR(d) it Mot hititb@ ke theheperift MMSRal & apparatuses but
contact hole  area; (2).said NMOS S/D contact holes

prly o theippscificrsherntaristicnoplch a eenforag! ansenasiceatosmal, and
CAH I|t|@§dsdcl'f‘xea @sﬁfn@ &Rﬁé hghéag J%g eﬂgﬁgﬂsea‘ijld doaratus

give PMOS ¢ fm ne ress
whbesebstttthted msedeteﬂmndﬁesjomtlmerslﬂrednn ihé mlgrpe@%tromcs

arts after appreciating the present invention

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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(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) formng contact plugs in said
PMOS contact holes and said NMOS contact hol es. 2.
The nmethod of claim1l which further includes: a) said
stress layer is a tensile stress layer that induces a
tensile stress in the NMOS channel; b) the PMOS S/D
contact hole area is larger than the NMOS S/ D contact
hol e area so the tensile stress on the PMOS channel is
| ess than the tensile stress on the NMOS channel. 3.
The nmethod of claim 1 which further includes: a) said
stress layer is a tensile stress |layer that induces a
tensile stress in the NMOS channel; b) the PMOS S/ D
contact holes are closer to the PMOS gate than the
WP iShRinsifsact holes are to the NMOS gate; whereby
so the tensile stress on the PMOS channel is |less than
i hé metiwid &f fabricadionad at semibiiBiatdradevide, 4. The net hod
of claim1 whic

oS D B Al P R BS TR T B soion
stress i np}mreviiiaS adtiamsedransistobin $di@PRIGS r&fibh cand a8IMOS
hole area is larger than the NMOS S/ D
transistor in said NMQOS region;
(1) said PMOS transistor comprised of a PMOS gate, PMOS gate
dielectric, PMOS channel; and PMOS S/D regions;
(2) said NMOS transistor comprised of a NMOS gate, NMOS gate
dielectric, NMOS channel, and NMOS S/D regions;
¢) forming a stress layer over the substrate in at least said PMOS
region and the NMOS region;
d) forming a dielectric tayer over said stress layer;
e) forming PMOS S/D contact holes thru said stress [ayer in said
PMOS region to expose portions of said PMOS S/D regions;
and forming NMOS S/D contact holes through said stress layer
in said NMOS region to expose portions of said NMOS S/D
regions; _
(1) said PMOS S/D contact holes have a PMOS S/D contact hole
area;
(2) said 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;
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contact hole area; and the PMOS S/ D contact holes are
closer to the PMOS gate than the NMOS S/ D cont act
holes are to the NMOS gate; whereby so the tensile
stress on the PMOS channel is less than the tensile
stress on the NMOS channel. 5. The nethod of claim1l
which further includes: a) said stress layer is a
conpressive stress layer; said stress |layer puts a
conpressive stress on the PMOS channel b) the NMOS S/ D
contact area is larger than the PMOS S/D contact area
wher eby the conpressive stress on the NMOS channel is
| ess than the conpressive stress on the PMOS channel .
6. The nethod of claim 1 which further includes: a)

sai d stress {4yl stressalagemanicethel NERIQS BA3 sohtageholes argladapted
stress layer puts a,c ressjve ress on the PMOS
channel b) the @m@%ﬁg@qnq@}ﬂ&pr&ﬁg&g@gtrwto
average, to thexdfib¥e a padcRtéRARed RMOB G hsmntact

holes are to the NMOS gate whereby the conpressive
stress onf)feraning/cenierbipligs in saifleBMOS pantachieoles and said NMOS
conpressi ve Séd'rﬁé?ct Ld he PMOS channel . 7. The nethod

urt

. S. . .
of claiml1l whicC er includes: a) said stress

| ayer is a conpressive stress |ayer; said stress |ayer
puts a conpressive stress on the PMOS channel b) the
PMOS S/ D contact holes are closer, on average, to the
PMOS gate than the NMOS S/ D contact hole are to the

BI.N%?e %%tl%d of claim 1 which further includes:
a) said stress layer is a tensile stress layer that induces a tensile
stress in the NMOS channel;
b) the PMOS S/D contact hole area is larger than the NMOS S/D
contact hole area so the tensile stress on the PMOS channel is
less than the tensile stress on the NMOS channel.

3. The method of claim 1 which further includes:
a) said stress layer is a tensile stress layer that induces a tensile
stress in the NMOS channel;
b) the PMOS S/D contact holes are closer to the PMOS gate than the
NMOS S/D centact holes are to the NMOS gate;
whereby so the tensile stress on the PMOS channel is less than

the tensile stress on the NMQOS channel.

4. The method of claim 1 which further includes:
a) said stress layer is a tensile stress layer that induces a tensile

stress in the NMOS channel;
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25 c) the NMOS S/D contact area is larger than the
PMOS contact hole S/ D area whereby the conpressive
stress on the NMOS channel is |less than the
conpressive stress on the PMOS channel. 8. The net hod
of claim1l wherein said stress layer is conprised of a
NMOS stress layer that is forned over the NMOS region
and a PMOS stress layer formed over the PMOS region;
said NMOS stress layer is a tensile stress |ayer that
puts a tensile stress on the NMOS channel; said PMOS
stress layer is a conpressive stress |layer that puts a
conpressive stress on said PMOS channel ; whereby the

stress on the channel re%i ons is optimzed or
maxi i zedb) 15¢ PM@Snailhenntast holepraatisiprgeeihandhe IMOS S/D

stress |ayer | ) a NMOS stress |layer that
éo?ut%@'?ﬁ[e}oé%% 9hd

is formed over t région and a PMOS stress | ayer
formed over tthe PMOS Bdgicontackholds MMOBostr @sthe IPAWOS gaie than
a tensile stress, | aves - hat ts a tensjl ess _on
LTSS SRR ket bt ROG
conpressi ve siyhefsby ayeiie tdmalie BHESs 8n YRPIVESS tM&hnel is less than
stress on said P channel ; the NMOS S/ D contact area

and the PMOS tRetenrsiftsiiess ghdhe AINOFi diiamnged;  wher eby
the stress on the channel regions is optimzed or
maxi m zed. 26

5. The method of claim 1 which further includes:
a) said stress layer is a compressive stress layer; said stress layer
puts a compressive stress on the PMQS channel
b) the NMOS S/D contact area is larger than the PMOS S/D contact
area whereby the compressive stress on the NMOS channel is
less than the compressive stress on the PMOS channel.
6. The method of claim 1 which further includes:
a) said stress layer is a compressive stress layer; said stress layer
puts a compressive stress on the PMOS channel
b) the PMOS S/D contact holes are closer, on average, to the PMOS
gate than the NMOS S/D contact holes are to the NMOS gate
whereby the compressive stress on the NMQOS channel is less

than the compressive stress on the PMOS channel.

7. The method of claim 1 which further includes:
a) said stress layer is a compressive stress layer; said stress layer
puts a compressive stress on the PMOS channel
b} the PMOS S/D contact holes are closer, on average, to the PMOS
gate than the NMOS S/D contact hole are to the NMOS gate;
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10. The nmethod of claim 1l wherein sai-d stress layer is
conprised of a NMOS stress layer that is fornmed over
the NMOS region and a PMOS stress |ayer fornmed over
the PMOS region; said NMOS stress layer is a tensile
stress layer that puts a tensile stress on the NMOS
channel ; said PMOS stress |layer is a conpressive
stress layer that puts a conpressive stress on said
PMOS channel ; the NMOS SID contact holes and the PMOS
S/ D contact hole are located as close to the gate as
design rules all ow whereby the stress on the channe
regions is optimzed or nmaxim zed. 11. A sem conductor
devi ce conprised of, a) a substrate having a PMOS

regi on and) theNWISS 8D ommitat)araa Mg drithasaitisé PMOS cBAiadt hole
PMOS regi on ag&aa NMOS transistor in_  said NMOS

region; (1) saillyamEpYynerehysinecomrEestiys skgsoen oS
gate, PMOS gatiganridi %'|6§§ frlafy thgmg?&%W£ treich fBVOS

SID regions; (2) sald transi stor conprised of a
NMOS gat e, Nl\mrg@le d| el ectric, NMOS channel, and
NMOS SID regions; c) a stress |ayer over the substrat e
in at least said PMOS region and the NMOS region; d)
a dielectric |ayer over said stress |layer; e) PMOS S/D
contact holes thru said stress layer in said PMOS
region to expose portions of said PMOS SID regions;

8. The method of claim 1 wherein said 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;
said NMOS stress layer is a tensile stress layer that puts a tensile stress on the
NMOS channel;

said PMOS stress layer is a compressive stress layer that puts a compressive
stress on said PMOS channel;

whereby the stress on the channel regions is optimized or maximized.
9. The method of claim 1 wherein said siress layer is comprised of a NMOS
siress layer that is formed over the NMOS region and a PMOS stress layer
formed over the PMOS region;
said NMOS stress layer is a tensile stress layer that puts a tensile stress on the
NMOS channel;

said PMOS stress layer is a compressive stress layer that puts a compressive
stress on said PMOS channel;

the NMOS S/D contact area and the PMOS S/D contact area are minimized;

whereby the stress on the channel regions is optimized or maximized.
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and form ng NMOS SID contact holes through said stress
layer 27 in said NMOS region to expose portions of
said NMOS S/ID regions; (1) said PMOS S/ D cont act

hol es have a PMOS S/ D contact hole area; (2) said
NMOS S/ D contact hol es have a NMOS S/ D contact hol e
area; (3) the stress layer and the PMOS S/ D cont act
hol es are adapted to give 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 holes are adapted to give the NMOS
channel the predeterm ned stress to achieve a
predeterm ned NMOS carrier nobility; f) contact plugs
16 & chePddfadaitrat whsotiassaid d;trreas's thysMSSaroprissecitof a NMOS

hol | qi h
kBT atl RISl ¥ ESS svess avr
| afpemeti Rakr iHadRIgES redigiisi e stress in the NMOS
channel b) the PMOS S/ D contact hole area is |arger

t hiadd MO ﬁl\mssmeré%ﬁtt%&ﬂelﬁir@séaw thaay nuﬁ%att@mﬁsha sdress on the
stress on the ﬁ@sgﬁ is less than the tensile
stress on the annel’ 13. The device of claim11l
whiaith PMOS rstress feolen dkea compressive stress layer that puts a compressive
stress on said PMOS channel;
the NMOS S/D contact holes and the PMOS S/D contact hole are located as
close to the gate as design rules allow whereby the stress on

the channel regions is optimized or maximized.

11. A semiconductor device comprised of,
a) a substrate having a PMOS region and a NMOS region;
b) a PMOS transistor in said PMOS region and a NMOS transistor in
said NMOS region;
(1) said PMOS transistor comprised of a PMOS gate, PMOS gate
dielectric , PMOS channel; and PMOS S/D regions;
(2) said NMOS transistor comprised of a NMOS gate, NMOS gate
dielectric, NMOS channel, and NMOS S/D regions;
c) a stress layer over the substrate in at least said PMOS region and
the NMOS region;
d) a dielectric layer over said stress layer;
e) PMOS S/D contact holes thru said stress layer in said PMOS
region to expose portions of said PMOS S/D regions;
and forming NMOS S/D contact holes through said stress layer
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a) said stress layer is a tensile stress |ayer that

i nduces a tensile stress in the NMOS channel; 28 b)
the PMOS S/ D contact holes are closer to the PMOS gate
than the NMOS S/ D contact holes are to the NMOS gat e;
whereby so the tensile stress on the PMOS channel is

|l ess than the tensile stress on the NMOS channel. 14.
- The device of claim 11 which further includes: a)
said stress layer is a tensile stress |ayer that
induces a tensile stress in the NMOS channel; b) 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 cont act

hol es are to intERINNBOFacgon Whexpine potiomeot exidiINMOS S/D
stress on the PMOS channel is less than the tensile
stress on the™¥Bs channel . 15. The device of claim

11 whi ch furghesid PMOZEID cdhtfRheIcsIHRES PRNSS $8 Sontact hole
conpressive stress layer; said stress |layer puts a

conpr essi ve strd€3: on the PMOS channel b) the NMOS S/ D

cont act area(czg%aidqwgs S Rohtdet it QWF’%Q 8biiot hole

wher eby t he npressi ve stress on
| ess than the caepressive stress on the PMOS channel .

16. The devi (3? ﬂ%)e'f st(lzcl,sasi I.[:lnyelrlan fh%rbf\flitﬁrst Q/%r cci)nqgét%do?gs: are adapted
to give the PMOS channel a predetermined stress to achieve
the predetermined PMOS carrier mobility;

{4} the stress layer and the NMOS S/D contact holes are adapted
to give the NMOS channel the predetermined stress to
achieve a predetermined NMOS carrier mobility;

f) contact plugs in said PMOS contact holes and said NMOS contact
holes.

12. The device of claim 11 which further includes:
a) said stress layer is a tensile stress layer that induces a tensile
stress in the NMOS channel;
b) the PMOS S/D contact hole area is larger than the NMOS S/D
contact hole area so the tensile stress on the PMOS channel is

less than the tensile stress on the NMOS channel.
13. The device of claim 11 which further includes:

a) said stress layer is a tensile stress layer that induces a tensile

stress in the NMQOS channel;
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a) said stress layer is a conpressive stress | ayer;
said stress layer puts a conpressive stress on the
PMOS channel 29 b) the PMOS S/ D contact holes are

cl oser, on average, to the PMOS gate than the NMOS
S/ D contact holes are to the NMOS gate whereby the
conpressive stress on the NMOS channel is less than
the conpressive stress on the PMOS channel. 17. The
device of claim 11 which further includes: a) said
stress layer is a conpressive stress |layer; said
stress layer puts a conpressive stress on the PMOS
channel b) the PMOS S/ D contact holes are closer, on
average, to the PMOS gate than the NMOS S/ D cont act
hol e are bpthieh@MOBS/Dabatact bplestere MMI8r & heddMOB fate than the

area is |arge he cont act ho| D area

wher eby t he C@h@%@glﬁ&gngﬁg@saqeﬁ%gwq\ﬁ@@% 8hlSanel is

| ess _than the vaemgessitMe t&ridiBSsHe88 ohltBe PNIGS $#BARBGE fess than
18. The device of claim 11 wherein said stress |ayer

i s conmprised e tansiastressianelde NMAS changel.i s f or ned
over the NMOS region and a PMOS stress |layer forned
over the PMOS region; said NMOS stress |layer is a
tensile stress |layer that puts a tensile stress on the

I L ool PR el Ge! 3, 2o esst v

PMOS changgsdid stress layer is a tensile stress layer that induces a tensile
stress in the NMOS channel;

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

contact hole area; and
the PMQOS S/D contact holes are closer to the PMOS gate than
the NMOS S/D contact holes are to the NMOS gate;
whereby so the tensile stress on the PMOS channel is less than
the tensile stress on the NMOS channel.

15. The device of claim 11 which further incfudes:
a) said stress layer is a compressive stress layer; said stress layer
puts a compres'sive stress on the PMOS channel
b) the NMOS S/D contact area is larger than the PMOS S/D contact
area whereby the compressive stress on the NMOS channel is
less than the compressive stress on the PMOS channel.
16. The device of claim 11 which further includes:
a) said stress layer is a compressive stress layer; said stress layer

puts a compressive stress on the PMOS channel
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whereby the stress on the channel regions is optim zed
or maximzed. 30 19. The device of claim 11 wherein
said stress layer is conprised of a NMOS stress |ayer
that is fornmed over the NMOS region and a PMOS stress
| ayer formed over the PMOS region; said NMOS stress
layer is a tensile stress layer that puts a tensile
stress on the NMOS channel; said PMOS stress layer is
a conpressive stress layer that puts a conpressive
stress on said PMOS channel; the NMOS S/ D contact area
and the PMOS S/ D contact area are mnimzed; whereby
the stress on the channel regions is optimnm zed or
maxi m zed. 20. The device of claim 11l wherein said

stress | ayetheiPFMOSHID S@da@tfhcﬂed\lh@:loﬁrr €% avérayge! tol thatPMOS
is forned over the NI\/EB i on_and a PMOS stress | aye

formed over t%a > S43 cantpioreles praste mswéssgate
a tensile st rﬁﬁére'b?Xﬁé cbm?};&s%%sst%stswﬁhgwm@smnﬁa| is less

the NMOS channel; “said stress layer I1s a
conpr essi ve sthaadie cappresshist stimss orahe G e shianeel.
stress on said PMOS channel; the NMOS S/ D cont act
hol es and the PMOS SID contact hole are | ocated as
¢¥ OSEnd @e\ndseogamm a9 vereeh funthed irgfuddst ow wher eby t he

stress on g %:hanp erilreagl omnsr i s Opttl m 1zed or id st |
maxi mi zed®) s§1 stress layer is @ compressive stress layer; said stress layer
puts a compressive stress on the PMOS channel
b) the PMOS S/D contact holes are closer, on average, to the PMOS
gate than the NMOS S/D contact hole are to the NMOS gate;
¢) the NMOS S/D contact area is larger than the PMOS contact hole
S/D area whereby the compressive stress on the NMQOS
channel is less than the compressive stress on the PMOS

channel.

18. The device of claim 11 wherein said 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;
said NMOS stress layer is a tensile siress layer that puts a tensile stress on the

NMOS channel;
said PMOS stress layer is a compressive stress layer that puts a compressive
stress on said PMOS channel;

whereby the stress on the channel regions is optimized or maximized.
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19. The device of claim 11 wherein said 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;
said NMOS stress layer is a tensile stress layer that puts a tensile stress on the
NMOS channel;

said PMOS stress layer is a compressive stress layer that puts a compressive
stress on said PMOS channel;

the NMOS S/D contact area and the PMOS S/D contact area are minimized:

whereby the stress on the channel regions is optimized or maximized.

20. The device of claim 11 wherein said 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;
said NMOS stress layer is a tensile stress layer that puts a tensile stress on the
NMOS channel;

said PMOS stress layer is a compressive stress layer that puts a compressive
stress on said PMOS channel;

the NMOS S/D contact holes and the PMOS S/D contact hole are located as
close to the gate as design rules allow whereby the stress on

the channel regions is optimized or maximized.
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