DOUBLE ANNEAL W TH | MPROVED RELI ABI LI TY FOR DUAL CONTACT ETCH STOP LI NER
SCHEME Background of Invention 1) Field of the Invention

This invention relates generally to fabrication of sem conductor devices
and nore particularly to a nmethod for an deuterium containing anneal for a
sem conductor device. 2) Description of the Prior Art

Dangl i ng bonds at the silicon/silicon oxide interface in sem conductor
devices are believed to be the cause of observed non-i deal

capaci tance-vol tage characteristics and reduced channel conductance. Low
tenperature post-netallization annealing in a hydrogen-contai ning

at nosphere is typically used in the sem conductor device fabrication
process, to passivate these dangling bonds. During operation, however,
transi stor perfornmance can degrade, and this degradation has been
correlated to the renoval of hydrogen fromthe silicon/silicon oxide
interface, due to collisions between heated carriers and the interface.
This degradation in hot carrier lifetime (also referred to as HCl lifetine)
i s exacerbated by the ever ongoing mniaturization of sem conduct or

devi ces, ambbRs EDRNRERALANVSTHNPREANE DI memm F@Rt[b@ALL@©N¢rA(ﬂhET0Hage
of senlconductor devi ces. A w dely used net hod

m ni m zi ng the degradation of HGTOPrldNBRSkEE=NMEen to reduce the peak of
the electric field in the transistor by appropriate sel ection of spacer

di nrensions, and the inplantation of ions to formlightly doped regi ons
between the channel and the correspondi ng source/drain regions of the
transi stor. Conti nued niniaturléatlon i S, S verﬁb limting the useful ness
of these techniques. ackgrougg et lyve Eﬁod is to replace hydrogen
wi t h deut en) peRUbf tHe RIVeRBibhng, taking advantage of the increased strength

of the deuteriumsilicon bond as conpared with the hydrogen-silicon bond.
This invention relates generally to fabrication of semiconductor

devices and more particularly to a method for an deuterium containing anneal for

a semiconductor device.

2) Description of the Prior Art

Dangling bonds at the silicon/silicon oxide interface in
semiconductor devices are believed to be the cause of observed non-ideal
capacitance-voltage characteristics and reduced channel conductance. Low
temperature post-metallization annealing in a hydrogen-containing atmosphere is
typically used in the semiconductor device fabrication process, to passivate these
dangling bonds. During operation, however, transistor performance can degrade,
and this degradation has been correlated to the removal of hydrogen from the
silicon/silicon oxide interface, due to collisions between heated carriers and the
interface. This degradation in hot carrier lifetime (also referred to as HCI lifetime) is
exacerbated by the ever ongoing miniaturization of semiconductor devices, and
has become a significant limitation in the further shrinkage of semiconductor

devices.



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

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

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

US6436799: Process for annealing sem conductors and/or integrated circuits
- Sem conduct or structure manufacturing nmethod for sem conductor device,

i nvol ves exposing portion of substrate through contact hole and anneal i ng
structure in deuteriumcontaining atnosphere - Inventor: Rankumar,

Kri shnaswany; San US6888204: Sem conduct or devi ces, and
nmet hods for same - Passivating senm conductor devices especially silicon
MOSFETs - conprises tre i i SO . q#@' - resihhence to
hot carrier effects is gh’%ﬁ%&s&gga%%ﬁ\gég@%&m"ﬁ%mi@% zée%%c{?\l&%?leal.
US200200319%if4idde hie beenito reduceathepebk of tiseslectritdiald or thddransesdor byCMOS

transi stor treatpent jnyolves annealing usin eut eri um whose riial
pressure i@pﬁ_{({ﬁ{@teﬁﬁ tigh §B§’Feerrid¢mﬁf‘%9§ﬁ’r%f9‘{&'ef'_ Fﬂ'ﬁ%tf%“ @ﬁﬂ@gﬁ} at'i on of
deut eri um ghhiNHEHERFEYiIGRS BEREEHARE CPRAHEL &1d %%gbggﬂ%ggmn&ggohm%ranﬁgl ons -

I nventor: Lyding, Joseph W; . ~USS DEUTERI UM TREATED
SEM CONDUCTeRoDEYf tRSrangbatesi Gentinngdgeimiatancalionds seearetydiniisgég al | y

silicon I\/%F -..C i ment with deuteriumso that device
resilience tsg;{ﬁ%? Scé;fgﬁ{*ééé?%ﬁ% ttss' is increased - | NVENTOR LYDI NG JOSEPH
W ; CHAMPAI GN Another mdB242Di30d 8&0abAhydiSgenadtiidaiteriumeluring and a
met hod of manufactuyring the sanme - Mnufacture of sem conductor.device
"ol ves. f QPTG Feng AYGRBERE 1 PETHeE] 3 esPieRt e e T LB oo

i nsul ati ng phhhEs dohpLeastit Ihathyldeatsdr-Siligér 888d.and conpressive in stress
channel formation region of the transistors - Inventor: Hachimne, Kiyota,;
Mt aka, Japan US 6573172: Methods for inproving carrier
nmobility of PMOS and N,\;% ' - Fahricat ﬁﬁn%i Qﬂ%{.é- C vi ce by
form ng P-channel and C gﬁ%%fﬁ%toglo%giéoﬁhgg% g%rr'l u %fr' rgénsg'iq%ttggrs in
waf er, for mboge ixeddéecdd byntteneRecdiaa tedhriofayical steoelopment directad te trgpr essi ve
filmon N-chglnnel transi stor

- tor: ,, et al.
US2004023524BIREL asfaqyirmarigd @iyﬁ'&%\f/qeigwor{twq%gﬁir%@e&@ﬂ%ﬂﬁ'&‘?rag{r?eggepr operties

and a met heghskef afmkppsrently mdrBtre@lahe@chhicatddvefsyTREnts @sthel pateat e gl ass
| ayer fornmed only on p-type netal oxide sem conductor transistor or n-type

met al oxi déteseivre oan betaeanghby censideringthet fohowingpatenter formed on silicate
gl ass layer - I NVENTOR HOFFMANN, THOVAS.

US6436799: Process for annealing semiconductors and/or
integrated circuits - Semiconductor structure manufacturing method for
semiconductor device, involves exposing portion of substrate through contact hole
and annealing structure in deuterium containing atmosphere - Inventor:

Ramkumar, Krishnaswamy; San

US6888204: Semiconductor devices, and methods for same -
Passivating semiconductor devices especially silicon MOSFETs - comprises
treatment with deuterium so that device resilience to hot carrier effects is

increased - Inventor: Lyding, Joseph W _; et al.



Summary of the Invention The follow ng presents a
sinplified sunmary in order to provide a basic understandi ng of sone
aspects of the invention. This summary is not an extensive overview of the
invention. It is intended neither to identify key or critical elenents of
the invention nor to delineate the scope of the invention. Rather, the
primary purpose of the summary is to present sonme concepts of the invention
inasinplified formas a prelude to the nore detailed description that is
presented | ater. An exanpl e enbodi nent of the present

i nvention provides a structure and a nethod of manufacturing a

sem conduct or device using two deuterium containing anneals which is
characterized as foll ows. W provide a NFET transistor in a
NFET region in a substrate; and provide a PFET transistor in a PFET region
in the substrata We forma NFET tensile contact etch-stop |liner over the

NFET region. V& perfor m@s2002103den0L1: Deutannretreftmdnof SeRbhat&oRt a
first tenperature. W forma PFET conpressive etch stop |iner over the PFET

regi on. Ve 9GRSx GMPedtansistpayeatmens nveliesaiieeting esingeleuisrinne shoaet
openi ngs t TOuGh, L&, diie hgﬁgF ktfard é’t}?ﬁfsghg\ﬁcg JsﬂFé’k?fg?rﬂ%% QR RIrhf: g’lnmgfal

of the substrate at a sec t enperat ure. e second tenperature Is
t han t he fidateriwngéimiedaes between semiconductdhanchivsulatiag thyee regioaslvant ages

and featur r.e of representative enbodi nents only and are not exhaustive
and/ or excﬁﬁ%%\]}gr'?“fﬂ@g?ggae@?@éent ed only to assist in understanding the
invention. It should be understood that they are not representative of all

the inventions defined by the clains, to be considered limtations on the
invention as defined by the clains, or limtations on equivalents to the

claims. For instance, sgaBgobssNeseyPdRANREREATRY SEMIEBDABETOR

contradictory, in that they cannot be sinultaneously present In a single
enbodi nent .DISVIGESr Passivatirg adwinondgetor dewcappspeciblesiticoroM©Stdpest of t he
i nvention, |.n licable.to ofhers, Furthernore, certain aspect f the
ol B ed 1 et RrTRRt b eBtarEht e BiFt HEPIETeShigligt kel PR o
shoul d be ds awredsegar dNVENDORELVDHCGSSOSER @y nCHAMPAKBNT 0 t hose not

di scussed herein other than for purposes of space and reducing repetition.
Thus, this summary of features and advantages shoul d not be consi dered

dispositive in det ermi 89089y amosAGeseAdid RRR acl RRIHIES nidh g ant ages

of the invention wll becone apparent In ow ng description, from
t he dr awi ngsanadufing the hamel-dVlasufactBre ef sédesonidpttoodedte irnvelvasdoimigg

The features_and advantages .0 sem conduct.or devi according tq th
resent. | noul NOHPAAAD Py e Bl BT enSrrs Riualtd B8 Beasitng Yeinlf
sem conductstiessl@vd eenipte8sitoIifigtRess Mahhel foemBILies esdioh BY 8R! trAHsiNbId - be nore
clearly understood fromthe foll ow ng description taken in conjunction with

the acconpd®ATe- GlasRinmgs. KiyoliiiMikake) k@Paref er ence nuneral s desi gnate
simlar or correspondi ngs&s558875 Svelteds 9SinfSteviRg hLHAEI ARty df PMIOS NG

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

US20040235236A1: Integrated circuit with improved channel
stress properties and a method for making it - Integrated circuit comprises silicate
glass layer formed only on p-type metal oxide semiconductor transistor or n-type
metal oxide semiconductor transistor and etch stop layer formed on silicate glass
layer - INVENTOR: HOFFMANN, THOMAS.
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Figures 1 through 8 are cross sectional views for illustrating a nethod for
manuf acturing a sem conduct or device using two anneals according to an
exanpl e enbodi nent of the present invention. Figure 9
shows a plot of Nornalized Hot-Carrier Shift vs D2 anneal tenperature and
sequence according to an exanpl e enbodi nent of the present invention.
Figure 10 shows a plot of PFET Performance vs D2 Anneal Tenperature
according to an exanpl e enbodi nent of the present invention. Detailed
Description of the Exanple Enbodi nents A. Introduction The
exanpl e enbodi nents of the present invention wilt be described in detai
with reference to the acconpanying drawi ngs. An exanpl e enbodi nent provides
a method of formng a device with both PFET and NFET transistors using a
PFET conpressive etch stop liner and a NFET tensile etch stop |iner.

The enbodi nent uses two anneals in a deuterium (D2) containing atnosphere
to inprove hot carrier reliabi ISdmarp ofthexawgntiorenbodi nent, the first D2
anneal is preferably first tenperature (higher than the T of the second
anneal ) and can be perforned after the first tensile contact etchstop-Iliner
has been etched. This MefonbRidfieabigid 4 grn@ﬂﬂ@alsuﬁ{miam@erderwﬁrmd@se
caused by prior process steps. en a ressive'etch-stop liner is
deposi t ed dasic urderfEEdIngof same agpeacty afytdae lmremtleot This sumrmaryliayet ans f or ned
over the sub trate. Cbnta hol es ar etc thr h, t L

barrier eqsayeqver\ge\fvo &%lqu?nflﬂg Q?& e H%}é ggntlfyll-%ey%}(%ntlcﬁ

Then, a Se@@é‘rﬁerﬁtmlthé’ﬁn)/ehmmﬁbﬁﬁolu&m@ateaﬂh@%bpe%fIﬂﬁﬁfrmémﬁdw ﬂatﬁe@&@nd
tenperature. The second anneal repairs the danage that 3 caused by the

pl asma et cPriFIa5E BYERASE of to SHMHY I$ {RhPrepen| me,cgn@eﬁgsg fe 'W‘ﬁrétlondf‘(?cess
HDP deposi ts'irﬁﬁé‘%'a%rtrﬂ%s%o;ﬂ%ﬂﬂe 29h8 rﬁér‘émetalled descrlgtlon that i Pesbhfedt D2

anneal is for before the conpressive ESL I's depos on pFET region, it
does not rédtex the (subsequently formed) PFET conpressive stress |iner and
will not affect pFET performance. The second tenperature is |lower than the
first tenperature (of the 1st D2 anneal) preferably by at |east 75 degrees
C. The second D2 annealArt exgraprt eihBod@intent bffthexsresent ialentlon provides a

structure and a method of manufacturing a semiconductor device using two

deuterium containing anneals which is characterized as follows.

We provide a NFET transistor in a NFET region in a substrate;
and provide a PFET transistor in a PFET region in the substrate. We form a NFET
tensile contact etch-stop liner over the NFET region. We perform a first deuterium
anneal of the substrate at a first temperature. We form a PFET compressive etch
stop liner over the PFET region. We form a dielectric layer over the substrate. We
form contact openings through the dielectric layer. We perform a second
deuterium anneal of the substrate at a second temperature. The second

temperature is lower than the first temperature.

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
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selected so that it wll not degrade (core) pFET drive current by for
exanpl e rel axi ng the PFET conpressive stress liner. On the other hand, S
dangl i ng bond which causes (thick) gate hot-carrier reliability problem
have been passivated by these two D2 anneal s. A exanpl e
enbodi nent of a nmethod of fabrication of sem conductor device is described
below. B. provide a NFET transistor and a PFET transi stor

Referring to figure 1, we provide a NFET transistor 39 in a NFET region 18
in a substrate 10. W provide a PFET transistor 41 in a PFET region 14 in
t he substrate 10. An exanpl e NFET transistor 39 can be
conprised of a NFET source drain region 32, NFET shall ow extension region
28, a NFET pocket region (not shown); NFET channel 21, a NFET gate

dielectric 37, a NFET .gate 38; .and t .. The,.gat b
compr | sed” diestoRb e diataria i St itRedh A the ineBHfee A5 TELRALE (ot
shown) ; a MifihsSesrpedosNasRd IrgitftionssABerindrivh)asidsfiniaich \athdfdimishbr d

spacer 44. ) An exanple NF ET i’giate dielectric thickness for
regul ar delingtadiops onrRayivpigrs de deeleime fusyndange, soge of ihese glvariagetes -

not a thic / i i d ; .

An exanpl elﬁt]é?( gﬁ%kﬁ%@@ﬁ%b@éﬁt%tpﬁ nsi stoérge%?ﬂlrj%égﬂ%ﬁ}lé%%drgwges) ,
can have a sigjle editeidaoent. Simitarbk sesse hdtamtayes3deappli¢2blang ine@spect of

An exanpl e ,PFET tr.ansi stor 41 n, be co ised of a PFET sourc rain

g onTBC the EerligReath HPeR iR I By 5 e an Asets GdfiBe ( not
shown) ; a RHErheghariftionFaveandtbeEnafidé@isdbghetdini [ow8verd nbiFEr&drieshdid and a
gat e spacer. The gate spacer can be conprised one or nore spacers such as a

PFET first befdraen regawing these disminspd depgprelabve iuthosgadwt dissugsed keygter

liner) 34 aud tﬁalﬁ)lf(ﬁ'TporB&ég SPHfcle R reducing repetition. Thus, this summary of
features and advantages should not be considered dispositive in determining
equivalence. Additional features and advantages of the invention will become

apparent in the following description, from the drawings, and from the claims.



8 The PFET gate dielectric 29 thickness for a thin gate
dielectric or regular device can be between 12 and 22 angstrons.

For a thick PFET gate dielectric device for a I/0O devices, the gate

di el ectric thickness can be between 32 and 72 angstrons. In
an aspect, the thick /O gate dielectric is at |east 20A thicker than the
core thin gate dielectric. W preferabl yprovide isolation regions 19
separating the NFET region 18 and the PFET region 14. C provide NFET
sui ci de regi ons and PFET suici de regions Referring to
figure 2, we provide NFET suicide regions 48 over the NFET source drain
regions 32 and NFET gate 38; and provide PFET silicide regions 46 over the
PFET source drain regions 26 and PFET gate 30. D. forma NFET tensile
contact etch-stop |iner over the NFET region

Brief Description of the Drawings
The features and advantages of a semiconductor device
according to the present invention and further details of a process of fabricating
such a semiconductor device in accordance with the present invention will be
more clearly understood from the following description taken in conjunction with
the accompanying drawings in which like reference numerals designate similar or

corresponding elements, regions and portions and in which:

Figures 1 through 8 are cross sectional views for illustrating a
method for manufacturing a semiconductor device using two anneals according to

an example embodiment of the present invention.

Figure 9 shows a plot of Normalized Hot-Carrier Shift vs D2
anneal temperature and sequence according to an example embodiment of the

present invention.

Figure 10 shows a plot of PFET Performance vs D2 Anneal

Temperature according to an example embodiment of the present invention.



Referring to figures 2 and 3, we forma NFET tensile contact etch-stop
l'iner (ESL) 50 over the NFET region 18. The NFET tensile contact etch-stop
liner (ESL) 50 preferably puts a tensile stress on the NFET transistor
(e.g., channel) to increase device perfornmance. The NFET
tensile contact etch-stop liner 50 can be formed by form ng an etch stop
liner (ESL) over the substrate surface (e.g., over the S/D regions, gate
structure) Then we can forma NFET ESL mask 52 over the NFET region 18.
Then we renove the etch stop |iner not covered by the NFET ESL mask 52.
Then the mask is renoved. The ESL can be conprised of
nitride made by a CVD (chem cal vapor deposition) process. The ESL can be
consi st essentially of nitride E. performa first deuterium containing
anneal Referring to figure 3, we performa first deuterium
(D2) anneal 51 at a tenperature between about 500 and 600 degrees C (tgt =
550 C) for a tine betpeeiileddDasekiglioniofthe Exatnle'Embodmeesl ed .

The first D2 anneal is high tenperature and is |ocated after the first
tensile contact etch-stop-liner has been etched. This will anneal and
repair the damage to the gate dielectric |ayer caused by process steps
prior to the firgt,gedeebnet ch-stop-liner (ESL) etch. For exanple, damage
is caused by the preceding etch step, such as the PC RIE
(reactive-ion-etch), spacer etch, suicide block etch. The

structure shown in FIG_3 nmay be anpeal ed in_a deuteriumcontaining
at nosphere. A deuteri uﬂ%ﬁf%’nﬁ‘%ﬁnﬁ?m%%thes PeesgRkinvRRYORE Wik BE ns

deuterium 'd@sént%ogmetswm%fe?éhwtotm@rheeem n%ﬁh;ldfré\!vlnﬁsb%rpéﬁa?ﬁﬁlb based

on the anpbunt of hydrogen in the gas. This atnoSphere preferably contains
10- 20% deutegnbaghimebt/providase nMEteod ehfiermingg aptavideositiobothrR-&T mpdpWee B i s not

neon., - a gofl REV BSOS A AT RReh PRy HEPUERY SE AL EBPE JRes"

i ncl ude hydt@géier(a smal | amount of which is commnly present in

deuterium, and hydr ocar bons or_ deuterated hydr ocar ns suc met hane and
et hane. The:emBrAERERtHF e e Realsdni %F%W@F‘QQIZ at | east

?Eg sCt ; I(r:]te Sgﬁf&ﬁﬁ@%&%@&ﬁ&%% embRIvediti@alrdielisbilty MhifrempiBe tol erance of
embodiment, the first D2 anneal is preferably first temperature (higher than the T
of the second anneal) and can be performed after the first tensile contact etch-
stop-liner has been etched. This first D2 anneal will anneal and repair the damage
caused by prior process steps. Then a PFET compressive etch-stop liner is
deposited over the PFET Tx. An inter-layer dielectric (ILD) layer is formed over
the substrate. Contact holes are etched through the ILD layer. A barrier metal
layer is formed in the contact hole walls. |

Then, a second (medium ) temperature D2 anneal is performed
at a second temperature. The second anneal repairs the damage that is caused by
the plasma etch processes, such as the two etchings in the dual liner process,
HDP deposition and the contact hole etch.

The first D2 anneal is formed before the compressive ESL is
deposited on pFET region, it does not relax the (subsequently formed) PFET
compressive stress liner and will not affect pFET performance. The second
temperature is lower than the first temperature (of the 1' D2 anneal) preferably by

at least 75 degrees C. The second D2 anneal temperature and time are carefully
7



bei ng anneal ed to heating w thout being danaged. Preferably, the annealing
tenperature i s between about 500 and 650 C. The anneal i ng
time is chosen to allow diffusion of the deuteriuminto the substrate/gate
dielectric interface, and will decrease as the tenperature increases, the
concentration of deuteriumin the atnosphere increases, and/or the pressure
i ncreases. Preferably, the annealing tine is for at |least 10 mnutes to 1

hour. F. forma PFET conpressive etch stop liner Ref erri ng
to figure 4, we forma PFET conpressive etch stop |liner 58 over the PFET
regi on 14. The PFET conpressive etch stop liner 58 puts a

conpressive stress on the PFET transistor (e.g., channel).

The PFET conpressive etch stop liner 58 can be forned by 1) form ng a ESL

| ayer over the, substrate,. 2) naski to.c t he PFET region and 3)

et chi ng _tosteg?% S¢ tﬁ%‘ﬁﬂéf?égeg e%ﬁ?feaﬁ?%_ )d?‘é‘?‘rﬁ\’/rir‘?{bt YHET FXARPIEG " form a
di el ectric rbRX®ig the PFET compressive”stres3aiar.i On thdbirer hanWest @irgliag bbh&®)
dielectric |layer 62 over the substrate 10. The dielectric layer 1s

pr ef er abl y vhi¢iDPaGES (Hxrklesatayket-garderaicliabilityrriobleg have bekmesssiveddsn 5500

and 7500 aqgg%ér%Dzl-alnnggfsm a contact mask Referring to
figure 6, we torma contact mask 68 having contact mask openi ngs over the
dielectric layer 62. A example embodiment of a method of fabrication of

semiconductor device is described below.

B. provide a NFET transistor and a PFET transistor

Referring to figure 1, we provide a NFET transistor 39 in a NFET
region 18 in a substrate 10. We provide a PFET transistor 41 in a PFET region 14
in the substrate 10.

An example NFET transistor 39 can be comprised of a NFET
source drain region 32, NFET shallow extension region 28, a NFET pocket
region (not shown); NFET channel 21, a NFET gate dielectric 37; a NFET gate 38;
and a gate spacer. The gate spacer can be comprised one or more spacers such
as a NFET first (offset ) spacer (not shown); a NFET second spacer (e.g., spacer
liner) 42; and a NFET third spacer 44.

An example NFET gate dielectric thickness for regular devices or
thin gate dielectric device ( e.g., for core devices - not a thick 1/0 device) is
preferably between 12 and 22 angstroms.

An example thick NFET gate dielectric transistor (for e.g., /0

devices), can have a gate dielectric thickness between 32 and 72 angstroms.

An example PFET transistor 41 can be comprised of a PFET
source drain region 26, a PFET shallow extension region 22, a PFET pocket
region (not shown); a PFET channel 31, a PFET gate dielectric 29; a PFET gate
30; and a gate spacer. The gate spacer can be comprised one or more spacers
such as a PFET first offset spacer (not shown) ; a PFET second spacer (e.g.,

spacer liner) 34; and a PFET third spacer 36.
8



. formcontact openings in the dielectric |ayer W form contact openi ngs
70 in the dielectric layer 62 using an etch process. The contact mask 68
is then removed. forma liner on the sidewalls of the dielectric |ayer

As shown in figure 7, we forma liner 72 on the sidewalls of the dielectric
| ayer 62 and over the PFET and NF ET silicide regions 46 48. The liner 72
is preferably conprised of a conductive netal such as Ti, TiN, TaN or

conbi nati ons thereof. K. performng a second deuterium anneal

As shown in figure 7, we performa second deuteriumanneal 73 at a
tenperature between 350 and 500 (tgt between 400 and 450 degree C) for a
time between 20 and 40m ns. The second deuterium anneal tenperature is |less
than the first d2 anneal tenperature by at |east 75 degrees and nore

preferably at |east 10thdeelgll:'E‘Ia‘sg'ate dielectric 29 thickness for a thin gate dielectric or

regular device can be between 12 and 22 angstroms.
For a thick PFET gate dielectric device for a I/O devices, the gate

dielectric thickness can be between 32 and 72 angstroms.

In an aspect, the thick I/O gate dielectric is at least 20A thicker

than the core thin gate dielectric.

We preferably  provide isolation regions 19 separating the

NFET region 18 and the PFET region 14.

C. provide NFET silicide regions and PFET silicide regions

Referring to figure 2, we provide NFET silicide regions 48 over
the NFET source drain regions 32 and NFET gate 38; and provide PFET silicide
regions 46 over the PFET source drain regions 26 and PFET gate 30.

D. form a NFET tensile contact etch-stop liner over the NFET region

Referring to figures 2 and 3, we form a NFET tensile contact
etch-stop liner (ESL) 50 over the NFET region 18. The NFET tensile contact etch-
stop liner (ESL) 50 preferably puts a tensile stress on the NFET transistor (e.g.,

channel) to increase device performance.

The NFET tensile contact etch-stop liner 50 can be formed by
forming an etch stop liner (ESL) over the substrate surface (e.g., over the S/D
regions, gate structure) Then we can form a NFET ESL mask 52 over the NFET
region 18. Then we remove the etch stop liner not covered by the NFET ESL mask

52. Then the mask is removed.



The purpose of the second deuterium anneal is to repair damage on the gate
dielectric caused by plasma process during dual contact etch stop liner
process without relaxing stress in the liner formned. The
exanpl e structure shown in FIG 7 nmay be anneal ed in a deuterium containing
at nosphere. A deuteriumcontaining atnosphere is a gas that contains
deuteriumin a higher concentration than would naturally be present based
on the anount of hydrogen in the gas. This atnosphere preferably contains
10- 20% deut eri um by vol unme. The renmining portion of the atnosphere is not
limted, but preferably contains an inert gas, such as nitrogen, helium
neon, argon, krypton, xenon and m xtures thereof. O her possible gases

i ncl ude hydrogen (a small anount of which is conmmonly present in

deuterium, and hydrocatbo or_ deuterat.ed hydrocarbaons su t hane and
Chane TRERSL Xt RS Y M BROIAAB A EV BRI AR o

| east 300 @apdhedep@silio)ProesgeMablESL tan baoasist Bgsdriially of tritddey t he

tol erance of the structure being annealed to heating wthout being

damaged. Preferably, the annealing tenperature is between about 350 and 500
C The annealing time is chosen to allow di ffusion of the

deuteriuminto I et batrat daliferflih| RFithintnd BhAekAce, and will decrease
as the tenperature increases, the concentration of deuteriumin the

at nosphere i ncreases, and/or the pressure increases. Preferably, the
annealing tine is for east, 10 mnutes tq 1 hour, ) The
second D2 anneal can bgﬁﬁ{@mr&w@p%ﬁ WMPe PEFPEY afHe! EpEeivmiPe ANgel | i ner

i's fornmed. s atf DM SR BIRE beRldSalaites 6o BAd 6O0Tdegbss 8. (tghe: 55U @) et act
plugs 74 filling the contact openings 70.
time between 20 and 40 minutes to form an annealed .

The first D2 anneal is high temperature and is located after the
first tensile contact etch-stop-liner has been etched. This will anneal and repair the
damage to the gate dielectric layer caused by process steps prior to the first
contact etch-stop-liner (ESL) etch. For example, damage is caused by the
preceding etch step, such as the PC RIE (reactive-ion-etch), spacer etch, silicide
block etch.

The structure shown in FIG. 3 may be annealed in a deuterium-
containing atmosphere. A deuterium-containing atmosphere is a gas that contains
deuterium in a higher concentration than would naturally be present based on the
amount of hydrogen in the gas. This atmosphere preferably contains 10-20%
deuterium, by volume. The remaining portion of the atmosphere is not limited, but
preferably contains an inert gas, such as nitrogen, helium, neon, argon, krypton,
xenon and mixtures thereof. Other possible gases include hydrogen (a small
amount of which is commonly present in deuterium), and hydrocarbons or
deuterated hydrocarbons such as methane and ethane.

The annealing temperature is preferably at least 375° C. The

maximum temperature for annealing is limited by the tolerance of the structure
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The contact plugs can be forned by 1) depositing a contact plug |ayer over
substrate; and 2) chem cal -nechani cal polishing (CW) the contact plug

| ayer to formcontact plugs 74 filling the contact openings 70. The cont act
pl ugs can be conprised of Tungsten (W. The devi ce
continues on with conventional processing to conplete the device. M
exanpl e devices - 1/0 In an aspect of a enbodi nent, the
NFET and PFET devices formed are thick gate I/O (input/output devices) and
thin gate core device. The dual contact etch-stop nitride 50 58 was

i npl enented so that tensile and conpressive nitride filmwere deposited on
the nFET 39 and pFET 41 respectively. The nechanical stress fromthe
nitride filns 50 58 can nodul ate the channel nobility and hence the drive

current.  peing annealed to heatlr%)mhblmeoé?h Hﬁdgé%f PFé*E;Fab% tN@gHﬁ@éll m gas)

anneal 51 (Fidure 3) and nedium tenperature D2 annea (ti gure can
i nprove t hiteRpgeatarensbptiveen aapul @0 aed 6apT C.ty because |t i's thought to
passi vate Si-dangling bonds under gate oxide and Si channel interface.
Al so, the tenperature of D2 anneal 73 (figure 7) has to be carefully

sel ected so as not to rdhaxarrealing tihfnis chbséeh teabowidifeidrast thetdebtesiuap
nitride |liner l%’isttiqgt% on top. of thin rgate pFET devi ce, which in turn does
not reduce 'Bied fte/qafe girlestiic "36 BEP, Y i ldiggeqase as the temperature |y g

exanmpl e enbhoeleABaY thdvBoREYfrt VM o%uﬁé?ﬁff'ﬁ'irﬂﬂ'% étﬁ]d gﬂé@’lﬁcFe@ség Saf/6r MEET

hot-carrier reliability wthout degrading thin FET mobiTity and drive
current. N.presgypeindragsettaeferably, the anneallng Frn@;séorga@mﬁﬁéOanmums fof 1
Nor mal i zed I'H% Carrier Shift vs D2 anneal tenperature and sequence.

F. form a PFET compressive etch stop liner
Referring to figure 4, we form a PFET compressive etch stop
liner 58 over the PFET region 14.
The PFET compressive etch stop liner 58 puts a compressive
stress on the PFET transistor (e.g., channel).
The PFET compressive etch stop liner 58 can be formed by 1)
forming a ESL layer over the substrate, 2) masking to cover the PFET region and

3) etching to remove the unmasked region; and 4) removing the mask.

G. form a dielectric layer

As shown in figure 5, we form a (ILD) dielectric layer 62 over the
substrate 10. The dielectric layer is preferably a HDP CVD oxide layer preferably
having a thickness between 5500 and 7500 angstroms.

H. form a contact mask
Referring to figure 6, we form a contact mask 68 having contact

mask openings over the dielectric layer 62.

l. form contact openings in the dielectric layer

We form contact openings 70 in the dielectric layer 62 using an

etch process.

11



The normalized hot-carrier shift is a gauge for determ ning hot carrier
reliability. For neeting the nodel ed HC spec, its value should be equal or
smal ler than unity. (The |ower the better). Figure 10 shows
a plot of PFET Performance vs D2 Anneal Tenperature. PFET lon-loff plot is
a gauge for PFET performance margin. PFET performance is better with higher
lon at the sane loff (right line is better than left line). The plot shows
that PFET performance is better with |ower D2 anneal tenperature. The | ow
tenperature is 400 degrees C. The high tenperature is 550 degrees C. Low
tenp data points are the squares. H gh tenp data points are the circles on
the graph. 0. non-limting exanpl e enbodi nents An
feature of this enbodinent is to use two D2 anneal s on dual contact
etch-stop stressor lin [ f.L Lk al is at high
tenperature than the 322%%88%%%%%&%.8 'brﬁ@é’} !%32?\9%’; anneal can be preforned
after the first tensile contact etch-stop-liner has been etched. This wll
anneal and repai4 fohm adimegencthessdeivaligrafdhepliekeetric &yeps. Then a second

| ayer of conpressive etch-stop |iner was deposited. Afterwards, a second
medi um tenperature D2 anneal 73 can be perforned after barrier netal |iner
(2 daposttion. AN advanhedRaRh e # e SBAANMNANTEUN e ddalls'orlifO T S

t he danmage that is caused by the asn®m process. I'n the
above descrdigiectoin layeré2oarsd spardheiRFEetad INS-EF siliside régiptih 46 iéh Hee linayw
rates, pressure settings, thicknesse etc., in order_tq. provide a nore
hor ough uridele SrSiREatY Campined of deantupirameralruchrss B I Ta 9n the ar
will reali zenidigdtideewReresgt ti ngs, residence tines, gas flow rates are

equi pnment specific and will vary fromone brand of equi pnent to another.It
wi || be obvious, however, to one skjlled in the art that the present

i nvention may bd< yedq %\FFﬁ%?"i‘ﬂ‘(é%’é"’a'e?’b’??%l. I n other instances, well
known process have not hee descE.i bed,in de"t_fail in or&l%r Eo. not
unnecessarily obscure theSEPREINfOMG, LnY§ BRITOrM a second deuteriumapoed (g + hi s
invention has tepperatesshetrty S8Gand 600 Qtgt PetiddrcadMmand ab0 aegred €J farlss,
conductive materials and apparatuses for depositing and etching these
materi al s, time batwesn 4Q ang égfﬁ”ﬂﬁ-t hel Rpaesandcderiedvmansest teampaplefeifes but

only 10 ! Nbds HARTE lifst HURRLPIdRILGRIa DYl 185 CPILRGARS ABdm@Rncont of mal,

and capabilities, suc epositing and etching, and other materials and
appar at us peefierdidy stilessi 10@ ddgaesesi s wel | under st ood by those skilled in the
m croel ectronics arts amg{)urapoo%re%?itﬁet is% o%g%ea{e?ﬁj%]%\nri]é]éfeirsﬂt(i) %]pair
damage on the gate dielectric caused by plasma process during dual contact etch
stop liner process without relaxing stress in the liner formed.
The example structure shown in FIG. 7 may be annealed in a
deuterium-containing atmosphere. A deuterium-containing atmosphere is a gas
that contains deuterium in a higher concentration than would naturally be present
based on the amount of hydrogen in the gas. This atmosphere preferably contains
10-20% deuterium, by volume. The remaining portion of the atmosphere is not
limited, but preferably contains an inert gas, such as nitrogen, helium, neon,
argon, krypton, xenon and mixtures thereof. Other possible gases include
hydrogen (a small amount of which is commonly present in deuterium), and
hydrocarbons or deuterated hydrocarbons such as methane and ethane.
The second annealing temperature is preferably at least 300 ° C.

The maximum temperature for annealing is limited by the tolerance of the structure

12



G ven the variety of enbodi nents of the present invention just described,
t he above description and illustrations show not be taken as limting the
scope of the present invention defined by the clains.

Wil e the invention has been particularly shown and described with
reference to the preferred enbodi ments thereof, it will be understood by
those skilled in the art that various changes in formand details my be
made without departing fromthe spirit and scope of the invention. It is
intended to cover various nodifications and simlar arrangenments and
procedures, and the scope of the appended clains therefore should be
accorded the broadest interpretation so as to enconpass all such

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

1. A nmetho | i i L Sl . il trate
pr epar ed w?)te gaérggﬁl%?e‘{c# Eg?@ggﬁ ?ﬂlrll&g( bﬁ*@ﬁ?@%’?‘?ggﬁo’ﬁ@%ﬂﬁ%@gﬁ?éﬁ%ﬁt e'héubst rate
with a firsemaaradale is betweenfaiomt BH0 andeédliOceCl ayer over the device region
covering the device feature, wherein the device |layer conprises a first

stress for applying stress on the substrate; and anneal ing the

substrate with a secondTpanrgdleakig 8mieasRAbSN fRallrv afffuslonf TRt Bgutdhignflevi ce
| ayer, wherein 12 is below a threshold tenperature which causes rel axation

of “the firéttodhe substetelgaée dislectiuc inigiéice andvill desieasedsdbe temareiien of
the stress Wd?@ééé%dn?ék&%@é%hro%%ute?iunﬁn”iﬁb*}ﬁﬂgeéhér%%b@%é%%rﬁ/&lﬂméCe

conprising: providing a substrate prepared wt evi ce region;
pressure increases. Preferably, the annealing time is for at least 10 minutes to 1

hour.

The second D2 anneal can be performed anytime after the PFET

compressive liner is formed.

L. form contact plugs

Referring to figure 8, we form contact plugs 74 filling the contact
openings 70. '

The contact plugs can be formed by 1) depositing a contact plug
layer over substrate; and 2) chemical-mechanical polishing (CMP) the contact
plug layer to form contact plugs 74 filling the contact openings 70.

The contact plugs can be comprised of Tungsten (W).

The device continues on with conventional processing to

complete the device.

M. example devices - I/O

[n an aspect of a embodiment, the NFET and PFET devices
formed are thick gate I/O (input/output devices) and thin gate core device. The
dual contact etch-stop nitride 50 58 was implemented so that tensile and
compressive nitride film were deposited on the nFET 39 and pFET 41
respectively. The mechanical stress from the nitride films 50 58 can modulate the

channel mobility and hence the drive current.

13



annealing the substrate with a first anneal at a first tenperature T1;
formng a device |ayer over the device region, wherein the device |ayer
conprises a first stress for applying stress on the substrate; and

anneal ing the substrate with a second anneal at a second tenperature 12
after formng the device |ayer, wherein 12 is less than T1 and is below a
threshol d tenperature which causes relaxation of the first stress in the
device layer to avoid or reduce relaxation of the stress applied on the
substrate. 3. The method of claim2 wherein: the device feature conprises a
p-type transistor including a gate, and source/drain regions adjacent to
the gate; and the first stress of the device |ayer conprises a conpressive
stress. 4. The nmethod of claim 3 wherein: the substrate is prepared
with a second device region with a second device feature conprising a

n-type transistor including a gate, and
Both the high temperature D2 (deuterium gas) anneal 51 (Figure

3) and medium temperature D2 anneal 73 (figure 7) can improve thick gate nFET
hot-carrier reliability because it is thought to passivate Si-dangling bonds under
gate oxide and Si channel interface. Also, the temperature of D2 anneal 73
(figure 7) has to be carefully selected so as not to relax the mechanical stress of
contact etch-stop nitride liner sitting on top of thin gate pFET device, which in turn
does not reduce pFET's mobility and its speed performance.

In an example embodiment, we have shown a technique to
improve thick gate nFET hot-carrier reliability without degrading thin gate pFET

mobility and drive current.

N. supporting data

Figure 9 shows a plot of Normalized Hot-Carrier Shift vs D2

anneal temperature and sequence.

The normalized hot-carrier shift is a gauge for determining hot-
carrier reliability. For meeting the modeled HC spec, its value should be equal or

smaller than unity. (The lower the better).

Figure 10 shows a plot of PFET Performance vs D2 Anneal
Temperature. PFET lon-loff plot is a gauge for PFET performance margin. PFET
performance is better with higher lon at the same loff (right line is better than left
line). The plot shows that PFET performance is better with lower D2 anneal
temperature. The low temperature is 400 degrees C. The high temperature is 550
degrees C. Low temp data points are the squares. High temp data points are the

circles on the graph.
14



source/drain contact regions adjacent to the gate; and further conprises
prior to the first anneal, form ng a second device | ayer over the substrate
covering the device region and device feature and second devi ce region and
second device feature, the second device |ayer having a second stress,
wherein the second stress conprises a tensile stress, and patterning
the second device | ayer, wherein patterning the second device | ayer |eaves
t he second device |ayer covering the second device region and second device
feature and renoves the second device |ayer fromthe device region. 5. A
met hod of fabricating a device conprising: providing a substrate prepared
with a device region,; anneal ing the substrate with a first anneal at a
first tenperature Ti; formng a device | ayer over the device region,
wherein the device | ayer conprises a first stress for applying stress on
the substrate; and anneal ing the substrate with a second anneal at a
second tenperature T2 after formng the device |ayer, wherein T2 is |ess
than T1 and is below a threshol d tenperature which causes rel axation of the
first stress in the device |layer to avoid or reduce relaxation of the
stress applied on the substrate, wherein prior to the first anneal,

form ng a secon® . deynfithitinyxamsie dhBodihéhisat € covering the device region
and device feature; and

An feature of this embodiment is to use two D2 anneals on dual
contact etch-stop stressor liner process. The first D2 anneal is at high temperature
than the second D2 anneal. The first D2 anneal can be preformed after the first
tensile contact etch-stop-liner has been etched. This will anneal and repair the
damage caused by prior process steps. Then a second layer of compressive etch-
stop liner was deposited. Afterwards, a second medium temperature D2 anneal 73
can be performed after barrier metal liner 72 deposition. An advantage of doing
the second anneal is that it repairs the damage that is caused by the plasma

process.

In the above description numerous specific details are set forth
such as flow rates, pressure settings, thicknesses, etc., in order to provide a more
thorough understanding of the present invention. Those skilled in the art will
realize that power settings, residence times, gas flow rates are equipment specific
and will vary from one brand of equipment to another. It will be obvious,
however, to one skilled in the art that the present invention may be practiced
without these details. In other instances, well known process have not been
described in detail in order to not unnecessarily obscure the present invention.

Although this invention has been described relative to specific
insulating materials, conductive materials and apparatuses for depositing and
etching these materials, it is not limited to the specific materials or apparatuses but
only to their specific characteristics, such as conformal and nonconformal, and

capabilities, such as depositing and etching, and other materials and apparatus
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patterning the second device | ayer, wherein patterning the second device

| ayer renoves the second device |layer fromthe device region. 6. The nethod
of claim 2 wherein: the substrate is prepared with a second device
region with a second device feature; and further conprises prior to
the first anneal, form ng a second device |ayer over the substrate covering
the device region and device feature, and patterning the second
device |l ayer, wherein patterning the second device | ayer |eaves the second
device | ayer covering the second device region and second device feature
and renoves the second device layer fromthe device region. 7. The nethod
of claim2 wherein the first device |ayer conprises an etch stop | ayer.

8. The nmethod of claim2 wherein the first anneal conprises a deuterium

anneal . aThe nethod of claim8 wherein Tl is about 375 - 650C )
can be substituted as is well understood by those skilled in the microelectronics

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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10. The nmethod of claim8 wherein a second anbi ent of the second anneal
conpri ses hydrogen, nitrogen, helium neon, argon, krypton, xenon, other
inert gases or a conbination thereof. 11. The nethod of claim8 wherein
t he deuterium anneal conprises an anbi ent havi ng about 10-20% deuterium
12. The method of claim2 wherein the second anneal conprises a deuterium
anneal. 13. The nethod of claim2 wherein the first and second anneal s
conprise deuterium anneals. 14. The method of claim 2 conprises:

fornmi ng aV\diebisedaimpd is:ayer over the device layer prior to the second
anneal ; formng a contact opening in the dielectric |layer to access a
cont act régi onAdnetheolfabricating agleyice.comRESIpaT f or mi ng t he second annea
after form ng the contact opening. 15. The nethod of claim 14 wherein the
first anneal cBiyidingexsubsiaia REPAIAT Aith &edevicergatumnip afavis§dediPncl ai m 15

wherein a secopsh&hy gl subbirsBSvitherfedafragal conprises hydrogen, nitrogen,
hel i um neon, argon,” krypton, xenon, other inert gases or a conbination

thereof. 17. RriigHodevige lpyasaveathessvise degioe sovenig thesdeyige feature,
wherein the device layer comprises a first stress for applying stress on the substrate;

and

annealing the substrate with a second anneal at a temperature T, after
forming the device layer, wherein T, is below a threshold temperature which causes
relaxation of the first stress of the device layer to avoid or reduce relaxation of the

stress applied on the substrate.

2. A method of fabricating a device comprising:

providing a substrate prepared with a device region;

annealing the substrate with a first anneal at a first temperature T4;

forming a device layer over the device region, wherein the device layer
comprises a first stress for applying stress on the substrate; and

annealing the substrate with a second anneal at a second temperature T,
after forming the device layer, wherein T, is less than T, and is below a threshold
temperature which causes relaxation of the first stress in the device layer to avoid or

reduce relaxation of the stress applied on the substrate.

3. The method of claim 2 wherein:
the device feature comprises a p-type transistor including
a gate, and
source/drain regions adjacent to the gate; and

the first stress of the device layer comprises a compressive stress.

4. The method of claim 3 wherein:
the substrate is prepared with a second device region with a second device
feature comprising a n-type transistor including
a gate, and
source/drain contact regions adjacent to the gate; and

further comprises

17



providing a substrate prepared with a device region having a transistor;
annealing the substrate with a first anneal at a first tenperature Ti;

form ng a device | ayer over the device region covering the transistor after

the first anneal, wherein the device |ayer conprises a first stress for

appl ying stress on the s

b : i di
devi ce regi on and t%ordgllheiftggqa%ﬁ@?{, forminga gec“'l"ardﬁ]‘"ﬁa layet 8

| ectric IaY):er over the

‘%’é*&? in the

di el ectric | ayslibstrateacsvefisg the deviedtregioe aad Hévicd feaemé and eécdndelelvicansi st or ;

and

| i th bstrat i,k h d | . d
Femper at ur e T2/SORAE 57008 FevtBatifdhe FRodifiie GoduG P dd AEES o

t enper at ur e Whitedsscateh thelsasaid Aresdtoimbasdd 4 ®hsitd stess, amdl t he devi ce | ayer

to avoid or reduce relaxation of the stress l.i ed, on the substrate.
o hod of ol s Rftaane 1 sroph SRure SR wiRR

and

RYFS YPT

device layer leaves the second device layer covering the second device
region and second device feature and removes the second device layer from

the device region.

ol A method of fabricating a device comprising:

providing a substrate prepared with a device region;

annealing the substrate with a first anneal at a first temperature Ty;

forming a device layer over the device region, wherein the device layer
comprises a first stress for applying stress on the substrate; and

annealing the substrate with a second anneal at a second temperature T,
after forming the device layer, wherein T, is less than T, and is below a threshold
temperature which causes relaxation of the first stress in the device layer to avoid or
reduce relaxation of the stress applied on the substrate,

wherein prior to the first anneal, forming a second device fayer over the
substrate covering the device region and device feature; and

patterning the second device layer, wherein patterning the second device

layer removes the second device layer from the device region.

6. The method of claim 2 wherein:
the substrate is prepared with a second device region with a second device
feature; and
further comprises
prior to the first anneal, forming a second device layer over the
substrate covering the device region and device feature, and
patterning the second device layer, wherein patterning the second
device layer leaves the second device layer covering the second device
region and second device feature and removes the second device layer from

the device region.

7. The method of claim 2 wherein the first device layer comprises an etch stop

layer.
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the first stress of the device |layer conprises a conpressive stress. 19.

The nmethod of claim 18 further conprises: prior to the first
anneal, formng a second device | ayer over the substrate covering the
devi ce region and transistor; and patterning the second device

| ayer, wherein_patternj t he second, device | ayer renoves.the second device
| ayer 11 ofh ¢ heTHeotTiod a2 SR g itk Einaal et A e 8 he
device |l ayer conprises an etch stop layer. 21. The nethod of claim 17
wherein the first anneal, conprises. a deuteri gal. 22. The nethod of
clai m 21 wher eﬁ-ﬁe ﬂe%fqgaoiﬁmre'ﬁg%@ ab%?’vg]ﬁ%%ﬂecﬁhod of claim21 wherein
a second anbi ent of the second anneal conprises hydrogen, nitrogen, helium
neon, argon, k to npn, other inert gases or conbi nati on t her eof

24, A metRod of N HSHasLaT Ry 8 WERTPRE SRSRBY PRIG: PG SPEAA R st 1 at o
prepared pérhprisestguiogen ! @Ebgyh, Ralinthedn] 4rgos, kYo, xeAOE dtharthdrigasssbst rat e

with a first anpeal ;
ora coinnagio’n thereof.

11. The method of claim 8 wherein the deuterium anneal comprises an ambient

having about 10-20% deuterium.

12. The method of claim 2 wherein the second anneal comprises a deuterium

anneal.

13. The method of claim 2 wherein the first and second anneals comprise

deuterium anneals.

14. The method of claim 2 comprises:
forming a dielectric layer over the device layer prior to the second anneal;
forming a contact opening in the dielectric layer to access a contact region of
the device feature; and

performing the second anneal after forming the contact opening.

15. The method of claim 14 wherein the first anneal comprises a deuterium

anneal.

16. The method of claim 15 wherein a second ambient of the second anneal
comprises hydrogen, nitrogen, helium, neon, argon, krypton, xenon, other inert gases

or a combination thereof.

17. A method of fabricating a device comprising:

providing a substrate prepared with a device region having a transistor;

annealing the substrate with a first anneal at a first temperature T4;

forming a device layer over the device region covering the transistor after the
first anneal, wherein the device layer comprises a first stress for applying stress on
the substrate;

forming a dielectric layer over the device region and the device layer;
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formng a device | ayer over the device region covering the transistor,
wherein the device |ayer conprises a first stress for applying stress on
the substrate; formng a dielectric |ayer over the device region and the
device layer; formng a contact in the dielectric |ayer to access at | east
one contact region of the transjstor: an anneal i the substrate
W th a second: e sarietyh fEeldedhe §9 e mearsyay el reMdinde ayer
wher ei n Taf the tlaesietor;aandhr eshol d t enper at ure whi ch causes rel axati on of the
first stress in_the devic er.to avoi,d or reduce rel axation-of the
Stress appi  ed BIPHIAG T ACSFAF RN Setotanttelielq SrotfERRPATRAr of n: ¢ he
t ransi st owhe@irpT is ésssahan Tyl ik baei S theeshoihidnipeeatiinenvatictséauses of t he

devi I ' . ' t . 26. Th t hod | ai m 24
Coeror THEbeBREBY b3 TP R BRS Shice BLE B ver Rl TRARY ! 51T
met hod of siedssiapphdd wheecdubstrite. fi r st anneal conprises a deuterium anneal .

18. The method of claim 17 wherein:
the transistor comprises a p-type transistor; and

the first stress of the device layer comprises a compressive stress.

19. The method of claim 18 further comprises:

prior to the first anneal, forming a second device layer over the substrate
covering the device region and transistor; and

patterning the second device layer, wherein patterning the second device

layer removes the second device layer from the device region.

20. The method of claim 17 wherein the device layer comprises an etch stop

layer.

21. The method of claim 17 wherein the first anneal comprises a deuterium

anneal.

22. The method of claim 21 wherein T, is about 375 — 650°C.

23. The method of claim 21 wherein a second ambient of the second anneal
comprises hydrogen, nitrogen, helium, neon, argon, krypton, xenon, other inert gases

or a combination thereof.

24, A method of fabricating a device comprising:
providing a substrate prepared with a device region having a transistor,;
annealing the substrate with a first anneal;
forming a device layer over the device region covering the transistor, wherein
the device layer comprises a first stress for applying stress on the substrate;
forming a dielectric layer over the device region and the device layer;
forming a contact in the dielectric layer to access at least one contact region

of the transistor; and
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28. The nethod of claim 24 wherein the first anneal conprises a tenperature
Ti which is about 375 - 650C. 29. The nethod of claim 24 wherein the first
and second anneal s conprise deuteriumanneals. 30. The nethod of claim 24
wherein T2 is less than a tenperature Tl of the first anneal. 31. The

met hod of claiml erein. .t first anne t um anneal ,
32. The net hodé’"E')'i'e"’@}{11 .E'}%Sfb\ﬁﬁ%‘?é"."{h‘ e ?s?gaq%éé %er%tugeﬁﬁéa%{s conpri se
deut er i unfoamingethes devi@Slaydi whamiriniﬁglscbfelow atmﬂhMtenmeratuﬂeechh sdusasneal

conpri ses f erature T1 whi,ch [ of the
cecond anfrimetqbol B Wt staad HUGE geied e sVORZy Lok POREBR T el s' " s0c
stress applied on the substrate.
25. The method of claim 24 wherein:
the transistor comprises a p-type transistor; and

the first stress of the device layer comprises a compressive stress.

26. The method of claim 24 wherein the first device layer comprises an etch stop

layer.

27. The method of claim 24 wherein the first anneal comprises a deuterium

anneal.

28. The method of claim 24 wherein the first anneal comprises a temperature T1
which is about 375 — 650 °C.

29. The method of claim 24 wherein the first and second anneals comprise

deuterium anneals.

30. The method of claim 24 wherein T, is less than a temperature T, of the first

anneal.
31. The method of claim 1 wherein the first anneal comprises a deuterium anneal.

32. The method of claim 1 wherein the first and second anneals comprise

deuterium anneals.

33. The method of claim 1 wherein the first anneal comprises a temperature T,

which is higher than the temperature of the second anneal T,.

34. The method of claim 33 wherein T, is about 375 — 650°C.
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