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Voon. - Vew Them Chri stopher V. Baiocco, Jie Chen, Wipeng Li, Young Wy
Teh, Sin Wanner BACKGROUND OF THE I NVENTION Field of the Invention [001]
The present invention is directed into the field of sem conductor _
fabrication and integrated circuits, hi one aspect, the present invention
relates to conpl enentar rret aI oXi de sem conduct or f| el d ef fect
transi stors (MEFHOPIS AN SIBHORFA 0% Y Eld )
regions. Description of the Rel MQRMANCE [0021 CN[B deV| ces such as
NMOS or PMOS transistors, have conventionally been fabricated on

sem conduct or waf er sDa/\thlgaVle-meeThﬂa}ls@blhdt@@reab’hiB(alam entation of (100),
and its equival ent ofiedriteas Wenseng é.1,0Y oungOVey Tel,00d WallpeO- 1) . The devi ces
may be fabricated with 15a <100> crystal channel orientation (i.e., on 45
degriee rotated wafer or BUDKGROEND OFcrHRaANWENTeONnes t he domi nant

directi r] 0 ctri.c current flow through the device, and the nobility of

t he cai&-@r‘—’k—'@%ﬁ%—?—'ﬁg the current determines the drive performance of the
devices. Wiile it is possible to inprove carder nobility by intentionally
stressing t lli%OI& hdRA@reseRfinkptien andirestedpyeenerpliashe figdd of s¢micprdugidrf i cul t to
si mul t anpee. C e es of devices
formed on gé({)}ynﬂdm{ (%ggﬁuﬁtgdﬂ{sé% SP@%%EFC%EI@ ca%trgl tZr nmobility and

NMOS Caompkemenmby fnetajl! oarde seidoniluceet (MMIOS) félt fe€oemntantiyes(FHTs§ tabeisged For
ex t hose .skille he zilrt .have discovered that electron nobility
f I\/ﬁ%th(fér\?}n@géerﬁwp thl‘:hG@@ 678'&Ht ed channel s may he inproved by

| nt ent igRB&iptYor HPHE TRMeAXR tENSil e stress in NMOS transistor channels to
i mpr ovm}%lﬁewm'ﬁ'ryémt PMOS devi ces are 25insensitive to any
uni axi al st f&23 'deg?leQQ@ R&dn ANEFH SPMERTan 1STots, %gve go%vfen Ii)()rnlaﬁfll tion
been fabricated on semiconductor wafers with a surface crystallographic orientation of (100),
and its equivalent orientations, e.g., (010), (001), (00-1). The devices may be fabricated with
15 a<100> crystal channel orientation (i.e., on 45 degree rotated wafer or substrate). The
channel defines the dominant direction of electric current flow through the device, and the
mobility of the carriers generating the current determines the drive performance of the
devices. While it is possible to improve carrier mobility by intentionally stressing the
channels of NMOS and/or PMOS transistors, it is difficult to simultaneously improve the
20 carrier mobility for both types of devices formed on a uniformly-strained substrate because
PMOS carrier mobility and NMOS carrier mobility are optimized under different types of
stress. For example, those skilled in the art have discovered that electron mobility for NMOS
devices having <100> oriented channels may be improved by intentionally implementing a
tensile stress in NMOS transistor channels to improve carrier mobility, but PMOS devices are
25  insensitive to any uniaxial stress in the channel direction. Some CMOS device fabrication
processes have addressed the different requirements by fabricating different stress layers for
the NMOS and PMOS devices, but this adds processing complexity to the fabrication,
especially where separate masking is required for formation of the NMOS and PMOS
devices. Moreover, the selection of stress conditions for each type of device is complicated
30 by the fact that stress conditions that optimize carrier mobility may negatively impact other

device characteristics, such as threshold voltage, thereby.
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processes have addressed the different requirenents by fabricating
different stress layers for the NMOS and PMOS devi ces, but this adds
processing conplexity to the fabrication, especially where separate nmasking
is required for formation of the NMOS and FMOS devi ces. Mreover, the
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in Figure ['ustrates a CreSs- Sectl onal
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structures (due in part to t%e relatively w de gp causes voi ds
106 t ostbectires (red i part ttetht: edamreéy ool pateret 63) catiop vba§sdD6 1(6)5e formed in [ 4]
Accor dh‘ggll%/, t her ecf%‘r%l a {9 i nproved sem conduct or processes and
15devi S5 GO s[t% aéf?ro ems in the art, such as outlined above.
Further |injdayi arsordnd]diisadwant2a9s: lgfpr&&ea\/s%ﬂﬁé&laa&opﬁ@e@s%&%dand
technol ogies will becone apparent to one of skill in the art after

r eld ewligeastie oremena derprobletisén Preeste mchagsplutlowtliabovan fuitheefieiteies and t he

oraw e RO R PR R A Ghoh s R R BBA BT numer ous

Obl ect skillfig eeliegtea el i @dvia g es.iiet af ﬂh@@resﬂﬂﬁ%gh%oﬁ&hhﬂ@fd?glc@% giel ed
description is considered in conjunction with the follow ng draw ngs, in

whi ch; drawings anfgiptaged dessriptipn Wbiﬂhrfak‘é% a partial cross-sectional view of a
sem conduct or waf er Sﬁﬁlﬁfﬁﬁ&%kﬁ%ﬁ%ﬁ’?'}ﬂfDﬂfW&ﬂﬁ?d in the tensile

contact etch stop la
20 [005] The present invention may be understood, and its numerous objects, features

and advantages obtained, when the following detailed description is considered in
conjunction with the following drawings, in which:
[006] Figure 1 illustrates a partial cross-sectional view of a semiconductor wafer
structure in which voids are formed in the tensile contact etch stop layer;
25 [007] Figure 2 is a partial cross-sectional view of a semiconductor wafer structure
including a semiconductor layer having isolated NMOS and PMOS device areas;
[008] Figure 3 illustrates processing subsequent to Figure 2 after NMOS and PMOS
FET devices are formed in the NMOS and PMOS areas;
[009] Figure 4 illustrates processing subsequent to Figure 3 after the implant spacers
30  are removed from the NMOS and PMOS gates;
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25[007] Figure 2 is a partial cross-sectional view of a sem conductor wafer
structure including a sem conductor |ayer having isolated NMOS and PMOS

devi ce areas; [5] Figure 3 illustrates processing subsequent to
Figure 2 after NMOS and PMOS FET devices are forned in the NMOS and PMOS
ar eas; [010] Figuoo9lillwigtes propesdingsibratuest tpfoges diafigr s tilrs coyudnstrdse
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wi t h odeviogs; nore second exanpl e enbodi nents; [014] Figure 9
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RH 5] Figure 10 illustrates processing subsequent to Figure 9 after a
voi ci | &s%ccpisiased with pnessmomcaetd etoiplstopodiagets; i s framed over the NMOS
and . PMOS FET, devi ces; . 016] it , will he reci,ated that far
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el ementtsess contact etch stop layer is formed over the NMOS and PMOS FET devices;

[016] It will be appreciated that for simplicity and clarity of illustration, elements
illustrated in the drawings have not necessarily been drawn to scale. For example, the
20  dimensions of some of the elements are exaggerated relative to other elements for purposes of

promoting and improving clarity and understanding. Further, where considered appropriate,
reference numerals have been repeated among the drawings to represent corresponding or

analogous elements.

DETAILED DESCRIPTION

25 [017] A semiconductor fabrication process and resulting integrated circuit are
described for manufacturing high performance CMOS transistor devices on a semiconductor
wafer substrate having a common channel orientation for both PMOS and NMOS devices
formed on silicon substrate having a <100> channel orientation (i.e., on 45 degree rotated
wafer or substrate). By using a single or common voidless stressing structure for both PMOS

30 and NMOS devices, the channel stress conditions of the NMOS and PMOS devices in a
semiconductor wafer are selectively controlled to produce an integrated circuit having stress

conditions that are favorable for both NMOS and PMOS devices with reduced interface trap



DETAI LED DESCRI PTION 15[017] A sem conductor fabrication process and
resulting integrated circuit are described for m anuf Ueturing high
per:ion-mnce CMOS transi stor devices on a sem conductor wafer substrate
having a common channel orientation for both PMOS and NMOS devi ces forned
on si | ideentysobist FMOS deaidenglrasela@te cotmdnednts thentidicsosirefiingstrucane 45 degr ee

rotate f.er .or, suhstrate).. usin ingle or common voidl ess stressing
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devi ce§9mpﬁg?%‘9\gbes§9°f¥t6"‘rtﬁﬁihis&i’ lsyerds Agsited. vatleas Hsragsitiiee BeYifEEs cont act

etch stogill a¥eh (AR NWSS gMEJﬁeﬁ%gioE% LA iRt 688 nEhEalgns: | €

si dewal | spacers are sized to prévent voiding from occurring when t he
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and treatments steps for the NMOS and PMOS areas.

[018] Various illustrative embodiments of the present invention will now be
25  described in detail with reference to the accompanying figures. While various details are set
forth in the following description, it will be appreciated that the present invention may be
practiced without these specific details, and that numerous implementation-specific decisions
may be made to the invention described herein to achieve the device designer’s specific
goals, such as compliance with process technology or design-related constraints, which will
30  vary from one implementation to another. While such a development effort might be
complex and time-consuming, it would nevertheless be a routine undertaking for those of

ordinary skill in the art having the benefit of this disclosure. For example, selected aspects



25described in detail wth reference to the acconpanying figures. Wiile
various details are set forth in the followi ng description, it wll be
appreci ated that the present invention may be practiced w thout these
specific details, and that numerous inplenentation-specific decisions my
be maderetdspictesl witly eaitricoer tdesuplifaiccrbrssestronabdrawhigewé atstreicdedicte ddegiegner ' s
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to avoid limti ng or obscuring the present invention, Such descriptions and
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Referrlng now to Figure 2, there is shown a. partial cross-sectional view

of 1% suwmrenhgte poensmenrat r Tbe trusture [ Thdudesrasemigeadpctpniayerdesfosmed
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regions. Depending on the ty ge of transi stor device being febricated, the

semi coRGREE e tyPER! tepsinigy dpdcs hging fbrcaigd dbe serBiGP RIS farish 1 8ust r at e,
per ey e S
20  SOI substrate, or any semiconductor materlal including, for example, Si, SiC, SiGe, SiGeC,
Ge, GaAs, InAs, InP, as well as other III/V or II/VI compound semiconductors or any
combination thereof, and may optionally be formed as the bulk handling wafer. The
semiconductor layer 10, 12 has a channel crystallographic orientation of <100>. Although
not shown, the materials of layer 12 for NMOS 96 and PMOS 97 may be different. And for
25  any FET type (NMOS or PMOS), the layer 12 may consist of multiple stacks of materials.
Of note is that although bulk type of substrate is shown here for the description of the
invention, the invention is not limited to any specific substrate type. For example, the
starting substrate for the invention can be of semiconductor-on-insulator (SOI) type having a
buried insulator layer under a top layer of semiconductor.
30 [020] The isolation regions or structures 14 are formed to electrically isolate the
NMOS device area(s) 96 from the PMOS device area(s) 97. Isolation structures 14 define

lateral boundaries of an active region or transistor region 96, 97 in active layer 12, and may



C e, GaAs, InAs, InP, as well as other MR or II1/VlI conpound sem conductors
or any conbi nation thereof, and nmay optionally be forned as the bulk

handl i ng waf er. The sem conductor |ayer 10, 12 has a channel

crystal |l ographic orientation of <100>, Although not shown, the materials of
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Final thickness in the range of | A 00 nanom eters, though other
thicknesses may be used. Sidewall implant spacers 28, 38 may be formed from an offset or

spacer liner layer (e.g., a deposited or grown silicon oxide), alone or in combination with an
extension spacer formed by depositing and anisotropically etching a layer of dielectric.
Subsequent to forming at least the gate electrodes 26, lightly doped extension regions 27 may
30 be formed by selectively masking the PMOS areas 97 to expose NMOS implant regions (not
shown) and implanting n-type impurities into the exposed substrate layer 12, using the gate

electrode(s) 26, alone or with an offset/spacer liner layer, as a implant mask to protect the



t hi cknesses may be used. Sidewail inplant spacers 28, 38 may be forned from
an of fset or spacer liner |layer (e.g., a deposited or grown silicon oxide),
al one or in conbination with an extension spacer forined by depositing and
anisotropically etching a layer of dielectric, Subsequent to form ng at

| east tNMO§ahenrel Gotriogémt@Bn. [In giditign dojpete elttreatsicoheavdgidopsl 27 may 30 he

formed by sel ectivel y. maski the P areas 97 t e N i npl ant
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of fset/spacer liner layer, as a inplant nmask to protect the NMOS channel

from i FpIsEAtedeyw iR yitdide ghisrelestrofe(s) He akine or mathi anenffshieenspheer topeldyer

N

i npur i td gmilanfashibhethexpesseh sdgsisrkataadloay@rrcddritiGiha 3ohea tgarpcd g6t r ode(s)
26, alone or with an offset or spacer liner |ayer and/or inplant spacer 28,

as a i AprEtberiagRed by imtdtig e NNDSItsApRdhe ProoRed sHbRtEHE YPOR inthesi mi | ar
fashi OPMALE5YYCHab O SRAhANR, P4t BEL Rl SQULIRAMAAMOEAPPVRS | 1 T he

Pivi OS area may be formed by Inprantin.g p-type inpurities into the
expos ettasidists matyeintlayesilitide layetsia tRMISray @aindégiothauputaebctsdiownAsi t wi | |

be, appreci.ated, that the and P transi stors may include suicide
| a _rsd?sﬁnﬁ?fgg%rﬁlﬁ}r W%ﬁsgf‘al%%ﬁ?tﬁﬁ’ste : WATEYAIEET BuEsW: a@%@d&t@m, bed
her ei Nyendfl%, 888 bF SfeHARE fobd@ld e w@m't&%@t&ﬁxﬁ@@fé&lﬁf& to grow deposit,

pattern, renove, etch or otherwse formng the various transistor device
features. [022] RegelinRedweta Frayravbuhdre isHllgstratedithe toheessingofithé ust rat ed t he

processing o he sem condugct qr waf tructure 3 subsequent to Figure 3
after ?ﬁﬁ‘élg?%%c twagﬁggélftélr ?‘%@W&Wﬁémg’dﬁﬁq&ﬁﬂpﬁ@? Sa2r$d3g gat es
26, 36renidiet ERYn BXPOKIOandTeVIORt BtSixdeveltksreby Sk pbait lihe %tﬁe RP A afed, any
desired selective etch technique may be used to renove the inplant spacers
2815 38wilFbe apprasiprd, anyfdesirps ssiagtive olgh techmghantay Hsacet & 28ovadeamplahri | | ed
with sjili nygride n, oxi.de .l.i ner. | r_(not wn) -may .be,gr.own over
the ser et aiot bt darafPi MBFaoL"g! imMfiea R o o8d sERY: Siu SRR, ) ayer
12 andnigédes an 3kide3Ber BN (hbEhodvng ek behesi s bidt tBE sdiosRESormMfde appl i ed
that is selective to oxide so that only the nitride spacers 2028, 38 are

r emov e YF AR 81X P Sigasipe sesk subpEat{ayRios: abieabmd, data thgrageh The renoval

of thel n , s r i I paci ng
ot vocs L BORRERR s A Sk AU RRSS Slu  SPSLAG; Eegpc,
t i) pr2Sefcee ofmdvke froat dteisideimal o fltheiNIOSndSPEOSr gaitesi2bh3 & oNiveertrioonial

process caused voidg_to occur, in the subsequently-- |I:R fled stress
cont act! FHHP@%%WF%{;?Z?&S B9 PHPYiFiE IECTPASIIEP ARASH GRS EEAINRGERE t he

seni CORFMGSE @b mb@? hdidst ﬁﬁﬁuﬂes’s(;ﬁt%ﬁ%% k& ﬁio%g[e&née a{ftglﬁgelél\lﬁ\f' st

tensile stress contact etch stop layer 51 is formed over and PMOS
t r ansi widsri;ipPant sgteisrwitdiccovdamoe! piocksseneused vaodetof docst ingkamblsequently-

enbodi pent tin sel etcl;[ d .enpodi nents, the tensile contact etch stop |ayer
51 is 6?‘?@5“%%5 CARBET P @YFiScon nitride using a pl asma- enhanced. CND

t exshni que t 23]t RigekN®HRisirited PROCEARIOL the semiconductor wafer structure 4
subsequent to Figure 4 after a first tensile stress contact etch stop layer 51 is formed over the
NMOS and PMOS transistors 24, 34 in accordance with one or more first example
embodiments. In selected embodiments, the tensile contact etch stop layer 51 is formed by
depositing silicon nitride using a plasma-enhanced CVD technique to a thickness in the range
30 0f'400-1000 Angstroms, and more particularly approximately 600 Angstroms, though other
materials and/or thicknesses may be used. For a silicon nitride layer, typically the Si--N to

Si--H bonding influences whether there is stress and/or the stress type (tensile or



30 of 400-1000 Angstrons, and nore particularly approximately 600
Angstrons, though other materials and/or thicknesses may be used. For a
silicon nitride layer, typically the Si--Nto Si--1-1 bonding influences
whet her there is stress and/or the stress type (tensile or conpressive).
Though campressivan, Thaugh htsbawoxi gdcén made linertin¢hetthickkese smgearige-16220- | 50

Angstrqns _may be deposite rior,to the depositjon of etch stop |ayer 51
for " nBel s B PEREERLR Bt Bans feng Bien S Elhaliere e opE oaGestdF

[ 0241 Ekwrc@n@oliﬁhg@sgmg@ﬁnpa@l@ &3kqdg of the sem conductor wafer structure
5 subsequent to Figure 5 after the first tensile stress contact etch stop

| ayer 51 is[@4dh&euwreo ilaistmice nyickesing efdhmbimispabetos vederstruttues 5i dewal | s of

ani Lot rosa ey Rl TR e R RS AR P BB RN A e Reb R 1 or m

t he t ensisilesigpagesgica? 62ionchaidlingalas diiye BVODS BGd PRHIIEsHesS2EB6a% s will be
reactive-ion gtchi ng, Jon beametching, plasma etching or |aser etching or
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ess of the second etch s

28, 29, i that the_ thi:q |
B R d e B okl TR S,Shyd e Second etch Stop | aver
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i ncreases, the t ensi |l e stressing al so I ncreases.
enbodi figmay beepidet than the vAdurfebe preaivdsif; fotthed tepasispias 2HA4] providsd (e. g. ,

d it b UV i d ot fact inth t
ar o conef B BiFhsPobE hna Merdte B Brebet Repr i hBel SEibureat wrt i n
the fisids BShglfewesd therkinand Wil Reippe@ibtéd@s HRNAIckRess BAGR tEnHE sRiRd afl he
underlying N and PMOS channel regions. In selected 20 enbodi nents, the

fikst BRAGEISIOR i8¢reesss teoipnsila stiesung slsopidrepyes: 51 has a tensile stress of not

| ess than a Xi . I i tude. e,tensil.e stress provided
by the tens B%sﬁ)sgg@tg%é%ggfﬁeﬁ%iﬁeg ‘°g?&;§ng‘ﬂ efeés ap{;{g Nﬁ%p%ﬁﬁté%%(’lnﬁﬁ@&?ons

I pr ov @sg.! dosidibh irge, prefutel UW ¢@ingt Bl MNVESattoagiostndhSh24kt) are controllbd 6]
Figure 7 i)l ust rtgt es processing o[ the sem conductor wafer structure 5

subseqlietyeh £3vay tgefrtaets inepdle sicseesrad Wiin the dsy ESdnlegertd leandtin setjsen ayer 72

is for et NG M@‘i' 15050 i i dewal |
spacer {sﬁ%geZInglgrslpéséegﬁect e%ﬁg[gddﬁ?l %é%lg t %ﬁseconstzjéiggﬁéargélg%% %%éftegtﬁal ayer 72
i 2@ r ehbodiwehis, thhifmstniensile alressfcontanpatessoy éayeayehasf oen®ld drgsaefosidss ng
silicop nitride usi | asma-.enhanced CAM technique to a thickness in the
range “@Bl?r@ébn%%érsb?jrg In BAenisice T SF?I}SEGF%?SISW%‘B%?%M tha {asyje sygers
30ANgSET pifhc tp}éa@ﬁ&rbf@ﬁmMmaﬁnhei& RALL RV B B QESRE MR B HS8f108Y
controlling the thickness of the se%ond contact etch stop Yayer 72 to be
rel atitrensystemsi2d. (e. g., |less than 300 Angstrons), voids are not fornmed when
t he second act et stop layer.72 is deposited, ven over_cl osely
spaced tran@gﬁ ofl%lf?ﬁﬂ{‘ﬁ&%tgs, p‘ioﬁeﬁslﬁg @ﬁﬁ%ﬁrﬁ'ﬁ%‘é‘c@é&a&rémgﬁrﬁ gure 7 where
t hes st §@88qucayRIFidiZeicaffedh BRDad! NRIIEEPRS At OBh RBTA ek 9P $s (8mbd ovdGROSI i ONn
rate, gressure, W curing, and other factors known'in the art) and film

t hi ckne&&03aped BYHT Bhisedots #4sdt tndatengile sidrytallspe¢ass P2 hiosebactadss or very
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PMOS chaanelme®by agssitihatiiven nitedeasngs pfasiénhahced/CeDALARREYEal ayer, the
conposition of layer 72 is controlled to have relatively higher hydrogen
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thickness of the second contact etch stop layer 72 to be relatively thin (e.g., less than 300

Angstroms), voids are not formed when the second contact etch stop layer 72 is deposited,



10t he stress contact etch stop layer to a predeterm ned thickness (e.g.,
approxi mately 3500 Angstrons). [027] At the point in the fabrication
process shown in Figure 7, the tensile sidewall spacers 62 are formed on
the gate sidewalis of both the NNIOS and PMOS transi stors 24, 34, and
provi desett evisicloselytspasditrgsitor strieudVOB thbanbedintfeagidepitedtih @@y 7enhanci ng
mobility in. 1 5 the N ransi stors 24. in _addition, the second,

rel ati \Y‘Zhev the isﬁ?SSG?%eH @%O%ﬁf’éﬁﬁ g@noéwogtc%dlrl%%ﬁe(@-gmiepgsﬁm e PEVEHS:hot h

t he NMDS/ ameh PNEBotheARSIosE Bicivieh the 34) a rmnpﬁt&?ﬁ% A SBHICOEd 8 saydr ogen

that hel ps recover the gate oxide integrity in evi ces, thereby
provi diwiy tRMUSTDIsThd sisservren small streray ¢ri rouharre, tharh@ 0CdRp o€ senpessve neut r al

contact, etch stop.l.ayer rovli des. t.o enabl| e, hyd en- assi st ed | face
rab pAs TRy R PEaUBrRY AhindBoRcPohn ISl pags] Daralstbhny HEKSS ' ™
dangl i agd bRMOS cldnntegieaNNalethse reRAUYE hllitral or compledR®d 1al &t aecor dance with
ot her enbodi nents, the performance of NMOS and. PI\/F)S tranSi stors may be

i mpr ovE&AMPYsitian plgagersiZrig pentelled derhwve pofidele déghst hedrspencastanticFer e for bot h

PMOS a I ich is for P r r Vi t.he .i npl ant ,spacer
fromt Egarwghgﬁ%&r&%@%@rge{n&é’gﬁg\‘i/'ellytcé}ég? 1Saa§geatsﬁer?' :‘Tglg%}hﬁmr?gg‘f’?érft r

conpr esiguns, isirdlévabpprefaee tiatanthidier dibetiriamehyPNIBrhE@ S, SAPbsitRY be&s,
ft-glowed by formation of a tensile stress contact etch stop |ayer over the
vatg artf BB afachsich siop leey e g sredesrmigwd fhiplanesHi el appeoximpight 1380es
processiBg Qfs)t he sem conductor wafer structure 7 subsequent to Figure 4
after a first ‘'neutral or conpressive stress contact etch stop layer 82 is
formed over [@27¢ NVDB @ndk iIRMSabrieatgingirocess dbwn3d Higuradehedandesideivhll one or

nore second exanpl e enbodi ments, In 30 sel ected enbodi nents, the first

cont ac PPE’&F’@@% ggorlnﬁg ap taoete S‘ieY’élllsa‘fﬁq\Péli E}letﬁﬁ/{ﬁ) St MPS drangisliepy &k 3ty e

| ayer . o > ir : ' ad .OVO
el A R S o s i L A

pafli ciieaMPS appistors hairedddiR@n thngpsondy ndatitehotgh votdiess comtagretdhhiteknesses
may be, used, . The ¢ osi tipn a is contralled to have relatjvely
o yher HHSET e RenER TR Bo e MR R PMUFS R igen: sbannecBd Eatagal i o

| ayer 82drogerhihghigdlpd aad 6 te AtSbtile ety AethbiPREDS idBvithe iHepisskResdingange of

20- 150 _Angstronms (not shown) nmay he deposited prior to the déposition of
et ch sPMﬂ% By Eimpmvepent Ha ppiiicpische forbpressye erareufrel dontagt eith stobdeguéht et ch

proces ' il I rocessi.ng. of, t.ne sem conduct or wafer
St ruct e e B g AR S S G BTN R Nl R B r coci ve
st 2@ss whinht asdivatciurditopad giyngho8ds ohetiedhed demiidottsi.dewal | spacers 92 on

t he sidewanf of the NMOS and PI N 10S gates 26, 36. 10As will be
appr eci at ed[02hy Iesrrdegcaita sthcs gmpodimests, Bwtneierypangeod SIN@R and EMAS

e ohi e P O R 5l g e PR
et chi ngotbrPN@Send éiNOSngvees tvhiehlis Kemed vg fﬁﬁt&bmpvi(ﬁgelﬁsini;ﬂant spac1er from
the NMOS and PMOS transistor devices, and then forming neutral or compressive sidewall
25 spacers on the NMOS and PMOS transistor devices, followed by formation of a tensile stress
contact etch stop layer over the NMOS and PMOS transistor devices. For example, Figure 8
illustrates processing of the semiconductor wafer structure 7 subsequent to Figure 4 after a
first neutral or compressive stress contact etch stop layer 82 is formed over the NMOS and
PMOS transistors 24, 34 in accordance with one or more second example embodiments. In
30 selected embodiments, the first contact etch stop layer 82 is a relatively thin neutral or

compressive layer formed by depositing silicon nitride using a plasma-enhanced CVD

technique to a thickness in the range of 100-400 Angstroms, and more particularly



controlled to formsidewall spacers 92 to have a controlled width in the
range of 50-200 Angstrons, and nore particularly approxi mtely 150
Angstromns, though other thicknesses 15may be used. As shown in Figure 9,
the sidewall spacers 92 may be narrower than the width of the

pr evi oaglryxifretethe d00 mngﬂrde pacgh $tH28 maPial gendinr diedkidisds ndyebd ised kiess of

t he second etch t cri bed bel s controlled to_ prevent voids
bei ng FORREY I e |1 c r(OﬁF@&ﬂ Bgve Tyt ‘31\2%1%?1 lwﬁéog%:omeat WS the
Si dCWa!:ianﬁHé‘Ctﬁé ﬁy(ﬁggérpat&ﬂlcrﬁelr@én'ta‘é‘éllﬂlaty@f & {sigher ﬂ?aﬁwmwmﬁc%hxbx&féqmer

Angstrons or |ess), the thickness of the second etch stop |ayer can be
20i ncr Betse thivkichotngs of 2A- hi) dogdwnh@peihown) Giwjbe@fvp@sh@d @nbothi thent s

depi cted in Pi, osition copdition nd t Fi nal acer 92

o P s Biaros R e bl o1 TR R st OPriseb SRRt PLE B F8 v et han
6001415’1@c@gsstress created within the ESL | ayer sidcwall spacers 92 and t he
underlying WOS and Pl|vlIOS channel regions. \Wether formed with a

conpr essi vel@P] nEignres? ilbsiraiss pipaessitigalf the semniejrlagiar waspabeetaredd pr ovide a

hydr Og%s&ﬁ%ﬁg t)%)l %gﬁ?ﬁ: 8 ?%p h%if/t%y %ﬁlprgleor c%?n%rgstsﬁfg [skgs%]ecroyagt &cﬁ %Fgg ] yFu vati on

for the ga rates

pr ocesBidighedfo tdier séwatiopaes 0 onmaieayidstdllyof ufea\IMcmmﬁiemelst gated 26 gaIre 9
after a second, vojdless stress contact etch stop layer 94 is for med over
t e NvBs i e P&%C@WQ@Y&W@ gujsotrpigeiekrihadiredpaaksteh Gohnigye Bay ect ed

30 enbg‘g{;ggg% Sorn} € sﬁi@l@ﬁ SRt ACty %cﬁ 3 ngetélﬁﬂg hg)%éss sfcifad %Q@\/Bq?lll ayer

f or med epositing s n nltfl ng "a pla erthane echni que
to a tHickipess biemntetuélrrgaplgema)i:toﬁﬁ@ orlﬁ@ﬁewlmggtor dredljkearithersosheprparst iscul ar 'y

appr oxi Iy 600 An ot her mat eri al s and/ or knesses
may be® %&r@ﬁeg et Sﬁ@ceﬁn@ aefﬁﬁé:ggtr%l#edﬂw@t%@ct RENEEAL é@@oétch st op

| ayer Rdo ﬁﬂﬂnsf AHAHRG ]ISal}ﬁcderY}eﬁpp?éxﬁﬁtélp?S@ Rhadtt e, Yhotulgh AT Qﬁé’l@{eLsé paC ers

92 (c.a., approximate Angstrons), volds are not forned when the
selfondmep bt astd. e‘%s:ﬁlogmap figwep, B4 sidswdb ppsictséld, mey bnngvererdhastdk yvidhaced

transi stor struc I n the enmbo nts depi n.Figur.e 10 where the
| ayer t?‘ F 8761 ea Ogge%”?%lﬁgtl JPacLy 2%@ 5&8 tﬁ%&%@b‘%&?@ (gﬁ‘ R4 i ons are
contr oéthle@toPQa;tehedesM&d&ﬁmds c@rﬁﬂﬁleh% §fd’v@1&5vo€dérﬁeﬂfgtfoﬂhédlth%¥éﬁp Inayer 94
has a tensile stress of not | ess than ai)prom mat el y 6 GP- in nmagnitude.

I n an earbeulan by cgatmlllegxth@r\vléwdhwdswa Blrasers 9@$pra§l@tnveﬂ£>1thma@ea tensile

stress 3.0 GPa |

g ¢ R OO E OALERRR TR e Bickul® SRR MG ¥eP 86 P et by

t he) teimsrda@edlx()itlwefor%ngmlﬁhelepai@sence of the NMOS channel regi ons i nproves
the carrier mobility he NMOS transistors 24. Though not shown in the

figures, it Irhféle aﬁlbp@eieafse%fplqt%m Eigygs 8 Red Odthedepasition Geagitiges pust med
(e.g,, thg %915%;3@%) Z%Y&r ark ?&tg}lfeﬁ 3 s&c@ﬂf @5% thlgf fﬁgggg Bﬁn r8%C5r %mare than

predet erm ne ness pr oxi e stfo [ 32]
At t heo(bMiPt oif lstreslseretatealbmtlnatthe)ESbﬂmeslsle\sdﬂbmcem 9E|agd tlee drdlerlying neutral or

3' rsgﬁglp élg/g(sé V%ﬁwg\ehannelegglggg %e&{ere f(Irr%% wqthoay gormgrgés?vet or}eneu strgsnsd PMES
25  material, the sidewall spacers 92 provide a hydrogen source that enables hydrogen-assisted
interface trap passivation for the gate oxide in the PMOS devices.
[031] Figure 10 illustrates processing of the semiconductor wafer structure 9
subsequent to Figure 9 after a second, voidless stress contact etch stop layer 94 is formed
over the NMOS and PMOS transistors 24, 34 and sidewall spacers 92. In selected
30  embodiments, the second contact etch stop layer 94 is a tensile layer formed by depositing

silicon nitride using a plasma-enhanced CVD technique to a thickness in the range of 400-

1000 Angstroms, and more particularly approximately 600 Angstroms, though other

10



34, and act as a source of hydrogen that hel ps recover the gate oxide
integrity in the PNIOS devices, thereby providing PMOS BIT i nprovenent. In
addition, the second, voidiess tensile contact etch stop layer 94 is | brned
over both the NMOS and NAGS transistors 24, 34, and provides tensile
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NMOS transi stors 4. a result he transi st.or Vi ce is formed
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gate elapgloknaRel3a SYiAdEsREULY, 2bido hreGRNBSBRE MR ShalRBhd cRATEICE sB 1hiat act
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transi rS..in desi red manner .t o, achieve the desired functionality. Thus,
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transi stors[@2] 34 thepinahYhe GBACAMNHo@Rs SV IhIGLFE 18NHE QEuERSE N
requirenents, 034] gé now, it should he appreciated that there has
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contact etch stop | ayer. The sidcwall spacers nay or e

ani sot pspiscaydryd et tagpikeltressi qostact etah atop lestec B svivfe theyvOSdraheistor 2¢nsi | e
si dewal | ers. that stress a nnel regi.on,formed bel.ow the NMOS gate

struct lusrfgr.sig oevreé_atsﬁrglctoga%ﬁ%?rzlag‘?rgg : V}ngsapglgJ F sc_hﬁw OHeRfAfigT, haga gale 5

cor r otleetbde@cakitimhaatae ot &tﬁréﬁlegm di@dwA0HacH9bUsanihe Boch&l wRE aRchsgont act

etch stop layer is deposited. Alternatlvellg%/), the sidewall spacers may he

ConnedStEps &9fitas eFdpianaleysr %t wiich gausse thei WO Scastiva cegien orexbitdpuniag@dr to form
neutral. gf. £RUPressive sidewal | spacers that introduce hydrogen to
passi vate surface dangling bonds of the channel sem conductor in a gate

di el ectric [Bger Aifter foneif\RS sging cohtaticdieh op Wyer B2, Bhethagethicahd@tor
conpressjve sidewall spacers have a wdth that is controlled to elimnate
water structure is completed into a functioning device. Examples of different processing
30  steps which may be used to complete the fabrication of the depicted gate electrode structures
into functioning transistors include, but are not limited to, one or more sacrificial oxide

formation, stripping, extension implant, halo implant, spacer formation, source/drain implant,
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25t he formation of voids when the second contact etch stop layer is
deposited. Thereafter, a second contact etch stop |laver is deposited over
the NNIOS and PNI CS gate structures and the sidewal|l spacers. As forned,
one of the first or second contact etch. stop layers is a tensile nmateri al
and t heowrp@raipfnichk coitpagtarersisaddivg, sohpaishingtstips.s froglditaye cenveatienal

conpr ess) [ ut r al terial that. acts as drggepn. source for a gate
i of corrrei Sttt o TBRERD Farls B sl elReBe IR SHinBRhgers e ot ch
stop | aygiiretiSo Borin@Bshé @ahAYErs in b lA6siERGRNhE QMBI ¢ BfcldbsStPRIntSoRIAEUt ral or
conpressive contact etch stop layer, and when the first etch stoplayer is

a neut raks.dhe gshidicessgrange phsiens useh éo swerlpl teohbaeaticatadthsgaptissigosensi | e
cong ac§4e54:£'1a? t\f%@/ h%%ggigg foarth? %rr(])césgéﬁll/oi‘ Jest grtr?g&i%ffrfggl{tm there is provided a

CMOS f abri cation”pr ning a seni u P'nt egrated circuit. As

di scl osed, #034]r Ry wewniitchodiddiempptayesd thst theleihaedednhabyiaas héemkOOraghannet
orientation, and tIéhen PMOS and NMJS gate structures arc fornmed over the

first SERCCBHRTIBPIH)RPIAESS: ity derdoseapt Bt supseetistahache gi dhwis of
the PMRG,altha Gbe cﬁﬁryﬁﬁ Hﬁ%ﬁ%tid%n BENREHE Qn(?FM gﬁ@ts&u t{ut%g, JIYES and
or ne ga

NMOS gate strucfures are y Conni ng neta srectrodes over a
hi gh- | cagiietladt 7 hightkadielecioie antie rhétalstatsdattoandare tamedayer thedinet t hen f or mi ng

i t the.sid f tal gate el ectrode that d
t oTd P eREoSSisTerdfes i Aty DIl i A0 Prsbtos FRitis i, Cratyeiihe v or
renovi Rg,1OR&nH W@Q%at%@ﬁﬁ@cﬁ&s%@@%ﬁo?@d geitéi@i\&%mlso&lé&ﬁ&y E@’%@H%ZNNDS gate

structures, 10sidewalt spacers are forhmed on or adjacent to the sidewalls
of t hes@rbchheciNMDBnplantspatarutourtbs sidamalls dfshe AM@S ehd 8MIPS katyer is for med

over t i | spacers.and the MOS and at uctures, where one
of t hegtgﬁlc er(\%gm%k gﬁ%egueSF‘gEOO@@W@“@F@H“%%W%?% ﬁ?mﬂlmﬁ‘%&gaﬁnsi le

mat er i shrucinds.t Aeirot dd@racoétcl bep 3dyde el dposSiRACGRESHENNDS LHPMOEQR! ayer is
formed with a hydrogen-rich nmaterial. For exanple, the sidewall spacers nay

hel} bnHEeriHs, Pod disasidavigl spageshatel fernedd dreerrmdiicenti toéhd espesedospés siddveal NMOS and

PMOS t t i ical | tchi the nsile silicon
nitri gg% g%@@oﬁ?m()? Fsel %@ﬁ%ﬁ\%ﬁ Irﬂ%:fpi)%@%or&s(acg ﬁtzgplsgogrlg‘é%' iﬁs ﬁllgﬁ?@fl r Iegi on
f or medsirebiewn BalshfoNvEBh g atisotadpi ¢ty it hinghe iesttebgtat g step sdydenabim spacer s

have a vvi.?t h ée%g. : apﬁhr oxi mately 150-400_ Angst roms?1 that is controlled to
el i mi nH&¢ HECYYF HaFTo MabFirps pgbanitse resn Brakd belop thap@fOf sasubsetyirent |y
for medynsiahe %ﬁsi@’si@tgpﬂﬁéﬂabé}g ha08, lvﬂdfg thaPls c%hlrbﬁ&{‘%@li&ﬂihﬂg t}ﬁaf\él'rﬁgcio%n atom ¢
percentage of at |east six percent hydrogen over e sidewall spacers and

t K0 PMIBv@dgwiMOBegatomdsontact aiclestop Myeersniaposielly Altchertistigemalsidespacer s may

he formed by depositi a .hydrogen-rich silicon nitride | ayer over the NMOS
and PVBRCHRTRISHS PERt s Shiseprgi0N ciibe ST canhy: SetHpRGYEHe form
hydr oggairtfal 6hccthpre&on sriuév&du%g&&yﬁfat h@mh%élﬁﬁ'réig%\ﬁ@!% gas%%gf{]u?f&a%@gﬁngﬁﬁé as a

hydrogen source, where the sidewall spacers ‘have 2
appr oxborts eif yhesdhapod sanipondunten)inatgate dislectontayek irethe tPM1@B igniersatietutdye

by dopiarienig b Tt PhesT et ST, RSoEr ol Eier o and
t s PLléhd QSrnadnidn NG dg alten Ske 4665t €ntact etch stop layer is deposited. Thereafter, a
second contact etch stop layer is deposited over the NMOS and PMOS gate structures and the
sidewall spacers. As formed, one of the first or second contact etch stop layers is a tensile
material and the other of the first or second contact etch stop layers is a compressive or
neutral material that acts as a hydrogen source for a gate dielectric layer in the PMOS gate
30  structures. Thus, when the first etch stop layer is a tensile layer, the second contact etch stop
is a neutral or compressive contact etch stop layer, and when the first etch stop layer is a

neutral or compressive layer, the second contact etch stop is a tensile contact etch stop layer.
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[036. in yet another form there is provided a sem conductor device and
met hod for fabricating sane, where the sem conductor device includes PMOS
and NMOS gate structures 30overlying a sem conductor substrate having a
<100> channel orientation, where first spacer structures are formed on or
adj acent . t ¢0%j]déwahdhaffotrhethB@Spad MBSV IG8t febstatioa puseess foat®@ming a
sourceldrain, inplantation..The sem conductor devjice al so includes a

cont ac tserglcf?ﬂd%ctt%nte%%‘élrc“%’rtng@ ‘fﬁ%?ggfseé)’ 1§ ?egflc‘gblﬁﬁt@F ﬁ’é’f”? gdemmpeddhaihags t he
PNI OS5 and oDMeRa 3t 6 S dtibal siESen AVOSELIBRM G %Q@rstrﬁaﬁrefs laFSforr r the _
structures or the contact etch stop layer is fornmed wth a tensile materi al

t hat strdsenairoshenierdpyardgirvhslefioptaat sipetmwntthesiMveslsgeittles BVIQScindr es, and

t he. ot f the fjrst t t h st | [
tbr fed 08 b PR B Ao S bR B Pl L8R Y Vet o
sur f ac goreteddyi 0gn g Mekgaldhtd hectfiaanpel a38FH-k anddted Olayédbd e FRVOS gat e

structures. |In addition, the first spacer structures have a hat is
cont r oFPBEORGICEITImyoRatng therelormineairipdant spacosioagheokidavelireofaeh wetal gtteh. st op

| ayer | 137 . i bed exenpl arny emhadi ment s
di scl oé%ﬁ&ﬁ({eﬁlgtnargyséed& Y %ﬁ%ale%é! %g&@%rr% 18§S glgt?lng g 5523%%{°8?5{g°&/ri%éer's Ctures
and netdmesng tie inpkinngpasaEiont He sifeesERbf iHe\PANOE and NVIOStganegessass | Y
limted to the exanple enbodi ments which jillustrate inventive aspects of

t heV pr 8€ewell sparehr o fProRaen &F edapmt fedsselerallaoliha8M/@P iaad ZMPS gate

sem copgdugtQL RBH ']iﬁge%. .- ' Thodi pent s

di scl osed abo’vae %ﬁ?ﬁ@%ﬁy\eﬁﬁ& y aonvgpgﬁgllﬁeg% H(F)%? 5‘%1%50%{{5%%? as il

i m t alNMOS gappotruttuecspwisenteiofiverddevre]l spscarher thaeehtstopriapays foombé nodi fi ed

and practiced.in. different put equival ent manners apparent to_those
skil | ed™ Mlﬂﬁéfemterhwﬂ&ew{ﬁewéﬁ%ﬁr §1¥e ?P%Iﬁ%efﬁ 85¥;i PR 1R¥e TS fORECEr di ngl y,

the tbheGe HArCREGIdhRhAeRall FoPekarhfEaRESel Al bAdkA b A enfg\éﬁ@& bpn to the

particular formset forth, but on the contrary, is I to cover such
al ter ndenosdg anteefileisd o oftsidatayeeourvizd WMGS asd M heate sickandes] and then t he
spirit_and scope of .the invention as.defined_b he, appended cl aj,ns so that
t hose § ?(ﬂfoé)éc in e?%léngdﬁ?‘f’ t%ﬁﬁ%‘%ﬁn ﬂ%‘a‘geﬁﬁ'%fﬁa f?rﬁh{enfli'f"e%})&e’éaﬂlemﬁeés $ati ous
changestress WhBiideltdg@itsfoaneld BélbRTath NMSOWighiR Qi ctdRDIhkidge geglgﬂ@ libevapirit

and scope of the invention in its broadest form Benefits,

ot her P¢EItaYes Vidhde sorprosiveately 9P 900 Srestiame theldn cagsdicd bedimbetee wit h
regard | fi i . e nefits, advantages,..
Gobt 1 o i RRRAR TR o« GRMEUSS b B dihel, «ARAR B8RS ine

ad¥@ant agger of sisa@lnutiiraie Haoinge@utoric paRergeBl AESt Pk REMACREIrédd ovet thto be
const rug%@gi?a critical, required, or essential feature or elenment of any

or allSt RECHS _angi\ghngQSr@d@ﬂfﬁOS[ $ree plapes. colipppidedy. the gidell sing, * or
el s e Rt g em B P B PR Y5102 LR, TR T
conpr i sesPHEAS gite gfuctirestent shaaassonopichliy ttubieg oid lyydrdwserich silicon nitride
layer to form sidewall spacers that act as a hydrogen source, where the sidewall spacers have
25  awidth (e.g., approximately 50-200 Angstroms) that is controlled to eliminate the formation
of voids when the etch stop layer is subsequently formed, such as by depositing a tensile
silicon nitride layer over the sidewall spacers and the PMOS and NMOS gate structures.
[036] In yet another form, there is provided a semiconductor device and method for
fabricating same, where the semiconductor device includes PMOS and NMOS gate structures
30  overlying a semiconductor substrate having a <100> channel orientation, where first spacer
structures are formed on or adjacent to sidewalls of the PMOS and NMOS gate structures

after source/drain implantation. The semiconductor device also includes a contact etch stop
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el ements but may include other el enents not expressly listed or inherent to
such process, 30nethod, article, or apparatus. WHAT IS CLAIMED IS; A CMOS
sem conduct or hdcstion process,-a: rising: providing a first sem conduct or

| ayer; form ng NMOS and. PivlCOS gate structures overlying the first

seni cotgactoomedawdr thé fitsh epaOScames PRITS: §at@S sid Nt g@te hauc’rtmgs eRposed

AWDS. ahi Rce Bhts G pauoitoPunt ke Rat f60 1BrER BoRRad SRl op

layer titdrial fRassteleVal dha SR e sns d6indeiestiow ehd @1 atm&t&rwmng@teeother
structures; dep 03|t|ngla second contact etch stop er over the NMOS
and PMEEthgdire serqan strugtatss andherchetaet idvwapp laé/pa@ée@ied WIthah eeen-gple of the

fi rst %ffte?ﬁig%ggm%%ﬁﬁ@e%th &t gn o 0}%{3&{/%%%{1&#6 d[a?iéﬁxfg &ld@ omeecrh'aﬁ{el and the

ot her Irst or s yers is a conpressive or

neut r akenbd educedr iit ﬁ&tPMC)SSgaﬂdSstﬁlcfmy@r dagedndisiotiyt@e first spacer structures Hd¥@ apr ocess
of claim]|, where fortning a first seni conduct or | ayer conpr|ses formng a
| ayer 8fdtaitlpgt &W%@Hﬁ%%@l}s@m@'@ ﬁlil%%’ﬁaﬂu‘é%?f YRi¢HwanihS comas et $on BreEs i on.

3. ThegprRgess of claim1, where formng NMOS and |1 MOS gate structures
conprises selectively etching inplant spacers fromthe sidewal k; of the
NMOS and Pl V130§ ddtheuglt theclesoribsd exdnepleryt dugbddimpb@r ﬂissmaﬁﬂnaeimr@dimmdl to

|14 SRUcEL gt n real ong belou e, 20 Mios, aid IS got & st ures.

invention is not necessarily limited to the example embodiments which illustrate inventive
aspects of the present invention that are applicable to a wide variety of semiconductor
processes and/or devices. Thus, the particular embodiments disclosed above are illustrative
only and should not be taken as limitations upon the present invention, as the invention may

15  be modified and practiced in different but equivalent manners apparent to those skilled in the
art having the benefit of the teachings herein. Accordingly, the foregoing description is not
intended to limit the invention to the particular form set forth, but on the contrary, is intended
to cover such alternatives, modifications and equivalents as may be included within the spirit
and scope of the invention as defined by the appended claims so that those skilled in the art

20  should understand that they can make various changes, substitutions and alterations without
departing from the spirit and scope of the invention in its broadest form.

[038] Benefits, other advantages, and solutions to problems have been described
above with regard to specific embodiments. However, the benefits, advantages, solutions to
problems, and any element(s) that may cause any benefit, advantage, or solution to occur or

25  become more pronounced are not to be construed as a critical, required, or essential feature or

% C

element of any or all the claims. As used herein, the terms “comprises,” “comprising,” or any
other variation thereof, are intended to cover a non-exclusive inclusion, such that a process,
method, article, or apparatus that comprises a list of elements does not include only those
elements but may include other elements not expressly listed or inherent to such process,

30  method, article, or apparatus.
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What is claimed is:

1. A CMOS semiconductor fabrication process, comprising:

providing a first semiconductor layer;

forming NMOS and PMOS gate structures overlying the first semiconductor
layer, each of the NMOS and PMOS gate structures having exposed gate sidewalls;

depositing a first contact etch stop layer over the NMOS and PMOS gate
structures;

anisotropically etching the first contact etch stop layer over the NMOS and

PMOS gate structures to form sidewall spacers adjacent to the NMOS and PMOS gate

structures;

depositing a second contact etch stop layer over the NMOS and PMOS gate
structures and the sidewall spacers;

where one of the first or second contact etch stop layers is a tensile material
and the other of the first or second contact etch stop layers is a compressive or neutral

material that acts as a hydrogen source.

2. The process of claim 1, where forming a first semiconductor layer comprises

forming a layer of silicon containing semiconductor with <100> channel orientation.

3. The process of claim 1, where forming NMOS and PMOS gate structures
comprises selectively etching implant spacers from the sidewalls of the NMOS and PMOS
gate structures, where the implant spacers were used to form source/drain regions below

the NMOS and PMOS gate structures.
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4. The process of claim 1, where depositing the first contact etch stop layer
comprises depositing a tensile contact etch stop layer over the NMOS and PMOS gate

structures.

5. The process of claim 4, where depositing the second contact etch stop layer
comprises depositing a neutral or compressive contact etch stop layer over the NMOS and

PMOS gate structures and the sidewall spacers.

6. The process of claim 1, where depositing the first contact etch stop layer
comprises depositing a neutral or compressive contact etch stop layer over the NMOS and

PMOS gate structures.

7. The process of claim 6, where depositing the second contact etch stop layer
comprises depositing a tensile contact etch stop layer over the NMOS and PMOS gate

structures and the sidewall spacers.

8. The process of claim 1, where the NMOS and PMOS gate structures each

comprise a high-k dielectric and a metal gate electrode.

9. The process of claim 1, where anisotropically etching the first contact etch

stop layer to form sidewall spacers comprises:
anisotropically etching the first contact etch stop layer to form tensile sidewall
spacers that stress a channel region formed below the NMOS gate structure, where the

tensile sidewall spacers have a width that is controlled to eliminate the formation of voids

16



when the second contact etch stop layer is deposited.

10.  The process of claim 1, where anisotropically etching the first contact etch
stop layer to form sidewall spacers comprises:

anisotropically etching the first contact etch stop layer to form neutral or
compressive sidewall spacers that introduce hydrogen to passivate surface dangling bonds
in a channel semiconductor below the PMOS gate structure, where the neutral or
compressive sidewall spacers have a width that is controlled to eliminate the formation of

voids when the second contact etch stop layer is deposited.

11. A CMOS fabrication process for forming a semiconductor integrated
circuit, comprising:

providing a first semiconductor layer having a <100>channel orientation;

forming PMOS and NMOS gate structures over the first semiconductor layer,
where the PMOS and NMOS gate structures comprise implant spacers formed on
sidewalls of the PMOS and NMOS gate structures;

removing the implant spacers from the sidewalls of the PMOS and NMOS gate
structures;

forming sidewall spacers adjacent to the PMOS and NMOS gate structures by
depositing a silicon nitride layer over the PMOS and NMOS gate structures and
anisotropically etching the silicon nitride layer over the PMOS and NMOS gate structures
to form sidewall spacers adjacent to the PMOS and NMOS gate structures; and

forming an etch stop layer over the sidewall spacers and the PMOS and NMOS

gate structures; where one of the sidewall spacers or the etch stop layer is formed with a
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tensile material and the other of the sidewall spacers or the etch stop layer is formed with a

hydrogen-rich material.

12. The CMOS fabrication process of claim 11, where forming PMOS and
NMOS gate structures comprises:

forming a plurality of metal gate electrodes over a high-k containing dielectric layer
that is formed on the first semiconductor layer; and

forming implant spacers on the sidewalls of each metal gate electrode that are used

to implant source/drain regions in the first semiconductor layer.

13.  The CMOS fabrication process of claim 11, where forming sidewall spacers
comprises:

depositing a first tensile silicon nitride layer over the NMOS and PMOS gate
structures; and

anisotropically etching the first tensile silicon nitride layer to form tensile sidewall
spacers that stress a channel region formed below each NMOS gate structure, where the
tensile sidewall spacers have a width that is controlled to eliminate the formation of voids

when the etch stop layer is formed.

14.  The CMOS fabrication process of claim 13, where forming an etch stop

layer comprises depositing a layer of silicon nitride having an atomic percentage of at least

six percent hydrogen.

15.  The CMOS fabrication process of claim 11, where forming sidewall spacers
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comprises forming tensile sidewall spacers having a controlled width with a thickness in

the range of approximately 150-400 Angstroms.

16.  The CMOS fabrication process of claim 11, where forming sidewall spacers
comprises:

depositing a hydrogen-rich silicon nitride layer over the NMOS and PMOS gate
structures; and

anisotropically etching the hydrogen-rich silicon nitride layer to form
sidewall spacers that act as a hydrogen source, where the sidewall spacers have a width

that is controlled to eliminate the formation of voids when the etch stop layer is formed.

17. The CMOS fabrication process of claim 16, where forming an etch stop
layer comprises depositing a tensile silicon nitride layer over the sidewall spacers and the

PMOS and NMOS gate structures.

18.  The CMOS fabrication process of claim 11, where forming sidewall spacers

comprises forming hydrogen-rich sidewall spacers having a controlled width with a

thickness in the range of approximately 50-200 Angstroms.
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