DUAL STRESS MEMORY TECHNI QUE METHOD AND RELATED
~STRUCTURE BACKGROUND OF THE I NVENTION 1. TECHNI CAL.
FI ELD The invention relates generally to stress
menory techni ques, and nore particularly, to a

nmet hod of providing a dual stress nenory technique
and related structure. 2. BACKGROUND ART The

appl i cati pp;Qf SPRESSRAMDRY TeCUNabbBaUETHaTS St or S

(FETs) is known to inprove their perfornance VWhen
applied in a Ion e., in the

di rection of cur E¥$§%?ﬁﬁ?ensl stress i s known
to enhance electron mobi lity (or n- channel FET (nFET)
drive currents) while conpressive stress is known to
enhance hole nobilit or p-channe] pFET) drive
currents). m@&ﬁﬁ%ﬁlﬁ@ﬁ? W&E“ﬁﬁ stress is
referred to as stress nenorization technique (SM),

1. TECHMIC#A. Fi¢udes applying an intrinsically stressed
~material (e.g., silicon nitride) over a channe
Thegivarticarclagnpartliygo tvessavanoriydechbiqesssandanoncipagigularly, to a

for exanple, the gate polysilicon or the diffusion
method oE’ SivalSe 2 ARS skt BRaREy FRhtIGLaknd glddietuteroved. The
ress, however, remains and inproves electron or

hole nDbI|Ity mhlch i nproves overal |l perfornmance.
The anneal is typically provided as part of a dopant

| L gnanneal . ‘One problemwith SMI is that it is
Z'BA&HQ%%FX@§%%§"On|y to n-type fleld effect transistors
ETs articu i i vel .
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pFET to inpart a co sslve ress .Stress i
performapesroVaen ARAIES e lppets i Ao ﬁ nfflow), tensile

requi site dopant actlvatl on anneal That i,s, nost of

stress is Ltdoemdo eplzzss dloeronrmelykityi (or PobarrehBET £ERF ) friy s eurppis) while

comprcsswe stress is known to enhance hole mobility (or p-channel FET (pFET) drive currents)
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One manner of providing this stress is referred to as stress memomzatlon technique (SMT),
which mcludes applymg an intrinsically stressed matena[ (e.g., silicon mtnde} over a channel
region and annealing to have the stress memorized in, for example, the gate polysxhcon or the
diffusion regions. The stressed material is then removed. The stress, however, remains and
improves eIec&on or hole mobility, which improves overall performance. The anneal is typica;iy
provided as patt of a dopant activation anneal.

One problem with SMT is that it is applicable only to n-type field effect transistors (nFETs).
In particular, while a compressively stressed silicon nitride layer can be formed over a pFET to
impart a compressive stress, the stress is removed for the most part by the subsequent and requisite

dopant activation anneal. That is, most of the compressive stress is not memorized in the pEET.



In-view of the foregoing, there is a need in the art
to provide SMI for both nFETs and pFETs. SUMVARY OF
THE | NVENTI ON A nethod for providing a dual stress
menory technique in a sem conductor device including
an nFET and a pFET and a rel ated structure are

i scl osed .One .e di ment of. Lhe netho
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conpressive stress |layer over the pFET, annealing to

PFETs.menori ze stress in the sem conductor device and
renovi ng the stress |layers. The conpressive stress
| ayer may i ncl udsUNMAGN QF ABESINVMENTION nitri de
deposited using a high density plasm (HDP)
A epsisidt fhopromEitpaddudl beesa nramky Rohsquepn aaymicnodustie device including
usi-ng a tenperature of approximtely 400-1200 C. The

an nFE g TS LRMRIEHSIL: St licREcdidnktied®oainthob! hbeethod includes
anneal tenperatures ensure that the conpressive
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. provi din dual .stress . ' ol
el R G (B HR SR RB T o SR Erod g e B ayers, The
‘the nethod conprisi the steps of., form.ng a firs .
compressiip 665 LRSI U AR Bross LI PO HoP St high gensity
first stress layer is an [ntrinsicgllg conpressi ve
plasma DR depepiticayaethod.oThe rcalinetianmat ppluds ugng 2 bmierayes of
first stress layer; renmoving the first stress |ayer
approximatelyt406-180¢ AC s Top highhstressopapressife siiRERitridg ami/iog the annsal
- Second stress | ayer over a renmining portion of the

temperafurdsehsigt fRshclcayppressiadirtsh enapfeTatioatierstiimedt ih ehespitiind
stress layer is tensilely stressed silicon nitride

haygr: | & ¥ i Bobiamen age
 PAHRL P B e Bch ol BRI, SilBA% ! floligfhelly alitfttss
memonstecieigud iayeemie@mdicter devare indedipg@Emigil andgp pifel, the method

.anneal i ng, . and .t he .second,str I r LAST QUi
COMPTIShG: efWBgﬁ% ! aﬁﬁ%ngﬁ+”ﬁﬂ§§%gﬁ?ﬁ%ﬁ§%ﬁgg$¢ngf and
the first’ @AY iyer sh@ infrinshilpoompesondstatsed dsyer;afpaning ancetebhdop

etch stop layer in thei Entlrety, mhﬁrelq th ‘
layer over the first stress layer; removing the first stress fayer and the e ch stop layer over
the nFET; forming a second stress layer over a remaining portion of the first stress layer
and the ‘nFET, wherein the second stress layer is tensilely stressed silicon nitride layer;
annealing to memorize stress in the nFET and the pFET, wherein the remaining portion
of the first stress layer remains over the pFET during the annealing, and the second stress
layer remains over both the nFET and the pFET during the annealing; and removing the
first and second stress layers and the eich stop layer in their entirety, wherein the

memorized stress is retained in the nFET and the pFET after the annealing and the

removing of the first and second stress layers.
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menori zed stress is retained in the nFET and the pFET

after the annealing and the renoving of the first

and second stress layers. 7 A second aspect of the

i nvention provides a nethod of providing a dua

stress nenory technique for a sem conductor device

i ncl udi ng an nFET and a pFET, the nethod conprising

the steps of: fornming a tensile stress | ayer over

only the nFET and formng a conpressive stress |ayer

over the pFET and the tensile stress layer overlying

the nFET, wherein the conpressive stress |ayer

includes silicon nitride; annealing to nenorize

stress in the nFET and. the pFET er,ei - L ensi
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by a skilled artisan. BRI EF DESCRI PTI ON OF THE '
layetBRAW NGS These and other features of this invention
Wil be nore readily understood fromthe
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foll ow ng detail ed description of the various aspects
of the invention taken in conjunction with the
acconpanyi ng draw ngs that depict various enbodinents
of the invention, in which: FIG | shows a
prelimnary structure for one enbodi rent of a nethod
according to the invention. FIGS. 2-7 show a nethod
accordi ng to one enbodi nent of the invention. It is

ARG BSuitRA o REIndEawinNg6viads 4 demicondhentiri dswica cempiting: §n
scal e. The draw ngs _ are. i nt ende

nFET havipgpia snsides pleesp sm?}’fmft“f?é inFﬂlérﬁ%ﬂ]eregﬁoant%her 3 orig}{]lng ¢
onshaenreods limting the scope of

compressf‘%%% nvegﬁrgﬁdﬁﬁ Phe drgvm ngs, |ike nunbering

represents |ike elements between the draw ngs.

THET AL ER RESERLPHE Ghbsitriniaagoh arctdesigaivdamisoigs thefpraylents herein

shows a prelimnary structure for one enbodi ment of a

i ‘ﬁﬁ?’ L HiR% B YRl chSdré @SSvERBRINY adtskillediatisen.

dﬁ““bedgg g%@$bgﬁ§éﬁ?conductor devi ce 100. The

prelimnary structure includes a substrate 102 havi ng

an n-type field effect transistor (nFET) 104 and a

Pt oon.  asoRisnpescahf iR pregaaedt BSrL'ES'

conpleted initial processing uch as tio
Tmmdmmqrrfmq:s pE Biis V%Iﬂpé‘ﬁlﬂeﬁ%“’ f%&i? %?@fm’ﬁ%
: i nplants, gate dielectric 112 fornatlon gat e
following@Rnilud tescriftioh Sithersiuii ey aspasks © f the invention taken 1m. conjunctlon with the
ext ensi on/ hal o/ source/drain inplants for diffusions- '
accompaﬁlyll‘% drRRefugs tian@epicr vakiGus @nbadiments ol buiention; iovhickie
nmethod, a first step includes formng-a tensile
FI%1, | o I%Iun}ga(}y e asmRRETodMdn Rdtat ofmpribed byerding to the
stress |ayer 122 over pFET 106. Both tensile stress
| ayer 120 and conpressive stress |layer 122 may
™ ncl ude |ntr|nS|caIIy stressed silicon nitride

3 I%g’rgme%‘g?”\ﬁem%p?% (%Lé?cg 271 nc U%Htegf%@%?géﬁﬁm

Tt is noted that the drawings of the invention are not to scale. The drawings are intended to

invention,

depxct only typical aspects of the invention, and therefore should not be considered as limiting the

scope of the invention. In the drawmgs like numbering represents like clements between thc

drawings.

DETAILED DESCRIPTION
“Turning to the d:awiﬁgs*, FIG. 1 shows a prelimunary structure .for one embodiment of a
method éf providiné a dual stress"memory technique (SMT) for a s_emiconductor device 100. The |
preliminary structure includes a substrate 102 having an n-type field effect tramsistor (oFET) 104
and a p-type field effect transistor (pFET) 106 formed thereon. As shown, semiconductor device

100 has completed inifial processing such as conventional shallow trench isolation (STT) 110



density plasma (HDP) silicon nitride (Si3N4), i.e., a
silicon nitride formed using a high density plasnma.
deposition process. In one preferred enbodi nent, the
conpressive stress layer formng step includes
perform ng a HDP deposition of silicon nitride using

formatibrg wefl im@idhRQytedidictirond 2 forduion XdaradodiyctSOrldokn@ibn, and
pressure, approximately 200 standard cubic

extensSMdl TR BscRirkis 88 Plan Al foAdiSRdond A . appr oxi mately 100

seem of silane (Si H4), approxi mately 300sccm of

nREfeng & ﬁ(‘t%r_z) 1%8&0511938&3&1% lo¥ i r&éﬂgd, f#ée ls{/eﬁ%c%des forming a tensile

freque I'as power and appr oxl ma

000M.4500 F source sive r,ess U
stress o088 Tl |04 N RE R g re L |2 Yot BFE LDt Bt temsil
enabl es pr.ovi si on of the dual ,SMI because it
stress %WOWQ 3 P%Pwegﬂveo%tmé% dSeimay §$1P%%§1teqse Jy gjpessed silicon nitride
tial) _such that the stress is nenorized in parts
(SI3N481‘ Ingme preforsedrambasim et chaiyse goantessyhiesss lgyapd 22 includes a high
described below. The formng step may be provided in
density pigsma (BRP) sificonadtride (8i:Ngyilsy, & stbcon| ditsle famed @sing a high density
enbodi ments of which will be described herein. FIGS.
plasm8déposifiompidesst Wookd prafired tinbodiarsnn diomtpesssivéstidss flyer forming step
optional prelimnary step includes, as shown in FIG

inciudss p dﬁ-ﬁhﬁldggi HIDP @bpdditfonQi? sliiRye hitddSusiis Ge foﬂo%fingsédnﬁﬁﬁﬁs
di oxi de (Si Q2), (shovvn in phantomin FIG only)

approﬂ}ﬁ)ﬁcly ﬁ)rﬁTc{nS&f S0 eg@r Shaw | %(ﬁ) fehddard cibid J%ﬁ!léﬁigﬁﬁ (sccm) of argon

for m ng a fir ayer O over sem con

(&), Pl d00 SRphbe cilaR @C@ﬁ?&ﬂw@% b b BERE),
appro’é@a@? ﬂSﬁwﬁ?@if ey B e BEVE bpd 5 é}&%ﬁe@éwﬂwmﬂw of

i ncl udes an intrinsically tenS|Ier stressed silico

RF soyire povird: CAMPESSHYE SEems Layiek 22 thirs eludgsm ieh stepsssiligon sitride that
includes formng an etch 4 stop layer 132 over first

enableg pravisior of\fby dupd gMIEb@ﬁu@tlbqjlqwéienu@oﬁmwpmm steesa (fll or partial)
now known or |ater devel oped etch stop material such

such thes theishiessan mdinoxizetbin(8itOR) pFIE 106 daringahs substymant dnneal step, described
FIG 3, first stress |layer 130 and etch stop | ayer

below132 are renoved over a first one of nFET 104 and pFET
106 '

The forming step may be provided in any number of fashions, only two illustrative
emb(}diménts of which will be described herein. FIGS. 3-6 show the two illustrative embodiments.
A first optional preliminary step includes, as shown in FIG. 3, forming an etch stop layer 118, e.g.,
of .silicon dioxide (810y), (shown in phantom in FIG. 3 only). Next, a first sub-step, showﬁ in FIG,
3, includes forming a first stress layer 130 over semiconductor device 100. As will be described
below, ﬁfst stress Iay:; 13O may be §ither tensile stress layer 120 (FIG. 2) or compressive stress
layer 122 (FIG. 2). As shown in FIG. 3, however, first stress layer 130 includes an intrinsically

tensilely stressed silicon nitride. A second sub-step, also shown in FIG. 3, includes forming an efch
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(pFET 106 as shown) to expose one of the FETs. The
etching 138 may i nclude use of a patterned nmask 136
(shown in phanton) and any conventional dry etching
chem stry for the materials used. FIG 4 shows the
resulting structure including exposed pFET 106. Next,
as shown in FIG .5, a second stress |ayer 140 is

stop layef d32reer Givss strese Myego htfl ditoh steip layerel 3210ay, inplrds peweew known or later
second stress layer 140 is fornmed over pFET 106 and,

developeldendesiop matbnia asclt d3esilaon deoxidbgSEDy). bNexth agdl salghwosintiy FIG 3, first
conpressive stress silicon nitride. In one

stress lay@t | 80 @t diohestaiagel 138 Ate rehoBeXbver 8 figP ofiByf hFET U04and pFET 106
renmovi ng second stress |ayer 140 over nFET 104 prlor

(pFET 16024 A6wRB22pdLDns bPde FRASS Thé @lﬁﬁng @B@ﬂ&aﬂﬁ&a&eﬁtﬁ@ ¥f Eﬂattemedr

step may include use of a patterne (shown

mask 13# g&hg{a'ﬁﬂ{ 1%[;%1 eoﬁﬂ K. d e‘?}%@%‘i gt@’aehCh\?\Jg e~ {E‘é@g? Igllt%fl]‘fbatenals used,
545 o SEET OB AR 120, ™

de radati oan_of _stress rte first stress |ayer. .
%aﬁﬁkﬁ“ﬁ‘énﬁ%s%ﬁtsec%& PRI A @YSJ@@?%W grmpandudtor device
mnimal. In an alternative enbodi nent; the
100. As ghpyvis Seroné Firase lryst E4fsis fernes oven@HEIh I aminhgnce dnclpdgs the above-
forming step may include formng a conpressive stress
described bigk ded®?, omgressoristressdilcon nitdds, i ln@ng 8Rcrnati rembodimemt, 2 next
‘etch stop layer 132 over the conpressive stress
step mayl ifdiede refr@NiDY ise@nd pdsd st V40 stdaraSET|18¢ erior baRe amdaling step,
- etch stop l|ayer 132 over nFET 104, and formng a -

descnbea sagwl s bnRSiingd APy ARHALREe @@% iR ek 196 %h6®n in phantom)
in the above-descri bed odinment, tensile

and anycsc%ug i %laéf?etc 1'2;§>fmbtfx¢ aﬁ&raagn@éd VRIS RRUSH: Ql\é%suﬁi}:aggtructure

anneal | ng step, described bel ow.

e S 5 R AR U R g
stress imRE U SRS IAGE [OHL V%@éﬁéﬁgimﬁﬂ%mﬁﬁﬁsrﬁi%ﬁmﬁ fningal

al so shows a_second step accor to one ewb |q%

Tyt HHEnARD ROOGHTRL e AURLF JaEb U e PRGSO Rpg Thatis, the

menori ze stress in sem conductor device 100.
forming gap m.m@dpg?mnga@p@praysslvg stress layer 122 over semiconductor device 100,

- forming an etch stop layer 132 over the compressive stress layer, removing compresswe stress layer
122 and etch stop layer 132 over nFET 104, and forming a tensile streés layer 120 over
semiconductor device 100. As in the above-described embodiment, tensile stress 1ayer=12{} may be
" optionally removed over pFET _106 prior to the annealing step, described below. Where tensile
stress layer 120 is not removed, it should be recognized that some degradation of stress imparted by
compressivé stress layer 122 may be present, but that'this degre;daﬁon 1s minimal.

FIG. 6 also shows a second siep according to one embodiment of the method, which

includes annealing 150 to memorize stress in semiconductor device 100. Annealing 150 preferably



i ncludes using a tenperature of no | ess than

approxi mately 400 C and no greater than

approxi mately 1200 C. The anneal tenperature is
opti m zed so that device 100 will be able to
nmenorize the stress fromstress |layers 120, 122, and

b SR SO S35 RSB 0505l T e
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“conpressiyve.silicon nitride, ichis formed, with

Memorizs g&ﬁem yiress i%ysmc@/ tite apd nQfilpsediae epmpsessivg stress on parts of
approximately 0.04 GPa/cnR, i.e., a tensile stress,

PFET 19p ¢+ hiclwauldresuitin g aamtra or tensitestensbibdicme nForaxample, one conventional
conpressive stress silicon nitride according to the

plasmaienbawed dreniisal Vaporddposited (REQV DY compressive-siliofl nRdé, evtich is formed
which results in a stress of no less than - 100 _

‘with apbroxRadtein 1.8 GPgomes Bitbn@ops ROPPIREBAME 004 @BFem?, Re., a tensile
one enbodi nent, the conpressive stress nay be in the

stress, df@R@ihoRl [ARAAXI, BB Gh¥odimbn CRAADIRompleRive st?égggoiﬁc% ngtn'cie

third step including renoving stress”layers 1
rdifif e tBL f Y Y| tep .14 -
accordififd B8 B el KAMER withapprob Sty A ORI il Bl strs of
. a wet . .or dry etch to renmpve etch sto
no less 15 0 PPt i oragipg ' b iyt P B B S e
~acid to rempve . silicopn nitride. st s layers. FIG 7
compreie SR RAY B Bl PORRIOCIROHERbE DERYSECor di ng to
the invention including an nFET 204 having a tensile
ENG-dshows a thigdwien ipelydingremavigg stes fayesd20, B22gand stofisptap layer 132.
_conductor 214 and/or diffusion region 216, and a pFET
This rerpogogsion heP may tpideesistor dry gsly of 6@mbinwstinnrdf ki fot example, a wet
apart thereof, e.g., gate conductor 220 and/or
or dry ethihfth vsnor etehgitania@? 2 32 Bhe tHearaogaistip wdagdiot phdsphorefis acid to remove
vari ous aspects of the invention has been presented
silicon firide sptisN@Res FIGC. 7 klsushéwé 2 edmRostERS 86V 200 hcchidideSo the.
not intended to be exhaustive or to limt the

. inventionMM&BdihE Bn nfRT BOSLRREE kL §8isii O5RsHb 6EeRE52eddRE a part thereof, &g
~ Obviously, many nodifications and variations are : =7
7 o - S ,

i coSESE L EendSh, ROt O A0V B el 26

i nt.ended i ncl uded . wi. t hj e of .th
memorh ER{iont el pisn ety o RS TD i ar SR oe Pegiv 222

The foregoing description of various aspects of the invention has been presented for
purposes of iliustration and description. It is not intended to be exhaustive or to limit the invention
to the precise form disclosed, and obviously, many modifications and variaﬁons are possibie. Such
modifications and variations that may be apparent to a person skilled in the art are intended to be

included within the scope of the invention as defined by the accompanying claims.



6 CLAIMS What is clainmed is: I. A nethod of

providing a dual stress nmenory technique in a

seni conductor device including an nFET and a pFET,

the method conprising: formng a first stress |ayer

over the nFET and the pFET, wherein the first stress

l ayer is an intrinsicalGhAIMENpressive stressed | ayer;

form ng an etch stop layer over the first stress

| ayer; renoving the first stress layer and the etch
Whatd$ ojinied/ier over the nFET forming a second stress

| ayer over a renmining portion of the first stress

| ayer and the nFET, wherein the second stress |ayer
1. | A metrexisif bedviding a dsaletress megwry teahnigusie 4 sgpaiponductor

. deVlCBEIﬁJ(JI %ri; glg%'F?ﬁg %%Ts{hre%éthb@ c&ﬁﬁrl dHET and the

€mal ning portio the first
st r @ssnih@ydirst seam Iamrcwer thBHEEEF@I!‘ t@mﬂfﬁf} whegein the first
ealin

d.th
stresp B R p Rk SrRISRE sHbGERaldty o [ TR NS Over
?nd for{n@ﬂ@un eg:hltslh@ ibyers:tveatm f'Sﬁ@Uﬁ%S lgyeress | ayers and
e etch s . r '
rorsEiougS L el et Bid fre SH b latior ARPLR FETDE
af t gormihdne samreiaétiasg largdov&t@ eeaoNTigrRPrigan Qfﬁ'ée first gffess
T R e L

nitridé geydes - a hi gh densi ty plasma (HDP) silicon
8yt R i BB e s v

I'ng an
remaining portlon of the first stress layer remalns over the pFET during the

annealing, and the second sfress layer remalns over both the nFET and the pFET

during the annealing; and,; _
remov:ng the first and second stress layers and the etch stop layer in their

entirety, wherein the memorszed stress is retained in the nFET and the pFET after

- the annealing and the removmg of the first and second stress Iayers

2. The method of claim 1, wherein the compressive stress sificon nitride includes

a high density plasma (HDP) silicon nitride.

3. The method of claim 1, further comprising the step of depqéiting an additional

etch stop layer prior to the first stress layer forming step.

4. The method of claim 1, wherein the compressive stress silicon nitride has a

magnitude of stress of no less than 100 MPa after the annealing.



etch stop layer prior to the first stress | ayer :
formng step. 4. The nethod of claim1, wherein the
conpressive stress silicon nitride has a nagnitude
of stress of no I ess than 100 MPa after the
‘ annealing. 7 5. The nethod of claim1l, wherein the
5. ian'ﬁmhbmgd sf dpini hewherels the PAREAING sepprRLdEsUSINGa no
_ ess t ' : ora i
tempg BT s o ARIP 't st O AP g BRRln dpphkmtely
1200%erei n each stress |layer includes silicon nitride.
7. The method of claim1, wherein the etch stop |ayer
“includes silicon dioxide. 8. A nethod of providing a
6. duBle mtthed sf deimpf ywharehriagh etrees lagerdestidas il igen gitride.
device including an nFET and a pFET, the nethod
conprising: formng a tensile stress |ayer over only
7.t HEhenREhod pbicthion i wigerain toe rpheaten lprerdngledes siligge piogider
the pFET and the tensile stress |layer overlying the
NnFET, wherein the conpressive stress |ayer includes
8. SiA iethiodoforéviing amekdtiesg memong tenhnigge ST AeseENicNdURier

 nFET and_th EET, \Mﬂ;_e[r ' Li stress | ayer
de""’?é’??l‘i"ﬁ'? GQ/SFE@W;‘/F %He r’lggllmtgﬂ] dtchgaﬁ%lh% essive st )r/ess
: ay €orming anémsdie Giress laper RETNE piffel aRthBHIMIBgH r ess
ayer overlying. t ' : L i
comepSiEiR 5 b aYapre B L o St SoAS oA |
- NFET, vdiereie tiei doatpyessivehstrass tayeh achudes siigatniideess i s
retained.in the nFET T h T, af ;
BT EAP R T RE T aHE0T I AS PR hepEL Tiunerei fre
tensileaiebs Bysi featind ayeeosly tie nFTRE andtireoebrefressivel siiess layer
rema\il\n’lg;eorv%,*&etpr%%Tcgn@tﬁwg%srlstlg stc‘rgéselélﬁell cﬁ%ﬁﬁiné merﬂlfég' SR8 the
_ annealing; and o ' _ -
removing the compressive and tensile siress layers in their entirety,
wherein the memorizad stress is retained in the nFET and the pFET after the

annealing and the removing of the compressive and tensile stress layers.

9. The method of claim 8, wherein the compressive siress layer forming step
includes berforming a high density plasma (HDP) deposition of the silicon nitride
using the fo!lowihg conditions: approximately 50 mTorr of pressure, approximately
200 standard cubic centimeters (sccm) argon (Ar), approximately 100 sccm of silane '
(SiH,), approximately 300 sccm of nitrogen (Nz), approximately 0-1500 W of radio
frequency (RF) bias power and approximately 2000 W-4500 W of RF source power.

10. The method of claim 8, wherein the annealing step inciudes using a
temperature of no less than approximately 400°C and no greater than approximately

1200°C.

11. The method of claim 8, wherein the tensile stress layer includes silicon hitride.



i ncludes performng a high density plasma (HDP)
deposition of the silicon nitride wusing the
follow ng conditions: approximtely 50 nmforr of
pressure, approximately 200 standard cubic
- centinmeters (sccm argon (Ar), approximately 100 sccm
12. of The ingthed of Siaka B, WagrBindhe FRITENg SR INCHERS of ni trogen
(N2), aRLg! 5 adi ghd thegeegncy (RF)
bi o RS B e B S T R o e
sour dempnyven sichitep @yer qver thedewrsile SIrasHABST wherei n t he
anneal| h&g LY PEhe$FET;
eos TemaAng Kbt SHEES 15 A% e S aTE, B e
and approxi mately 1200C. 11. The nethod of claim 8,
wher gj n . t L& st [
ot ¢ e el R RS P Bler el Hrkritine
tensifecstrdsa tpyst apd fhegiFiedes: forming the tensile stress
| ayer over the nFET and the pFET; form ng an etch
stop layer over the tensile stress |layer; renoving .
13. t hthe metiolef siane 42, Wherein tha gtchistordayai IRdlisies|siipen dgyide-
the pFET; and form ng the conpressive stress | ayer
over a remaining portion of the tensile stress |ayer
and the pFET. 13. The nethod of claim 12, wherein the
etch stop layer includes silicon dioxide. 9 DUAL
STRESS MEMORY TECHNI QUE METHOD AND RELATED STRUCTURE



ABSTRACT OF THE DI SCLOSURE A nethod for providing a
dual stress nenory technique in a sem conductor
device including an nFET and a PFET and a rel ated
structure are disclosed. One enbodi nent of the nethod
i'ncludes formng a tensile stress |ayer over the

NFET and a [OARATHSEMHEMORY TROBNIQUEMETEOPFET,

anneal ing to nmenori ze st ress i n the sem conduct or

devi ce and rennving¥¢ﬁﬁg gfﬁRE
conpressive stress |ayer nay |nclu e a high stress
silicon nitride deposited using a high density

'‘pl asma (HDP) deposition nmethod. The anneal i ng step

may i ncl ude usi xi mat el y
400- 1200 [err]C:g$ﬂ€§ﬁ£g§6gﬁ&g§9%%3H§§@é§|ve silicon
nitride and/ or the anneal tenperatures ensure that
thactisggpiayeyidias g duekgrosemsrorsierhaiguedn p sermicardictos device including
the pFET. Figure 6

an nFET and a PFET and a related structure are disclosed: One cmbodn:nent of the method includes

forming a tensile stress layer over the nFET and a gompressive stress layer over the pFET,
annealing to memorize siress in the semiconductor device and removing the stress iayers. The

- compressive stress layer may inclﬁd.e a high stress silicon nitride deposited using a high density
plasma (HDP) depdsition nﬁethod.- The annealing step may include using a femperaiure of
approximately 400-1200 °C. The high _st_reés compressive silicon nifride and/or the anneal

temperatures ensure that the compressive stress memorization is retained in the pFET,

Figure 6
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