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while compressive stress is known to enhance hole mobility (or p-channel FET (pFET) drive
currents).

One manner of providing this stress is referred to as stress memorization technique (SMT),
which includes applying an intrinsically stressed material (e.g., silicon nitride) over a channel
region and annealing to have the stress memorized in, for example, the gate polysilicon or the
diffusion regions. The stressed material is then removed. The stress, however, remains and
improves electron or hole mobility, which improves overall performance. The anneal is typically
provided as part 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

pFET.
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requi site dopant activation anneal. That is, nost of

the conpressive stress is not nenorized in the pFET
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the steps of: formng a first stress |ayer over the
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the first stress layer; renoving the first stress
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NFET and the pFET; form ng a second stress |ayer over
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sem conduct or device; and renoving the first and
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over the first stress layer; removing the first stress layer and the etch stop layer over a first one of
the nFET and the pFET; forming a second stress layer over the semiconductor device, wherein a
stress layer over the pFET includes a compressive stress silicon nitride; annealing to memorize
stress in the semiconductor device; and removing the first and second stress layer and the etch stop
layer.

A second aspect of the invention provides a'method of providing a dual stress memory
technique for a semiconductor device including an nFET and a pFET, the method comprising the
steps of: forming a tensile stress layer over the nFET and a compressive stress layer over the pFET,
wherein the compressive stress layer include a high stress film that retains at least partial
compressive stress during a subsequent anneal; annealing to memorize stress in the semiconductor

device; and removing the compressive and tensile stress layers.

A third aspect of the invention provides a semiconductor device comprising: an nFET
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A second aspect of the invention provides a nethod of
provi ding a dual stress nenory. technique for a
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scope of the invention. In the drawings, like numbering represents like elements between the

drawings.

DETAILED DESCRIPTION
Turning to the drawings, FIG. 1 shows a prelirrﬁnary structure for one embodiment of a
method of providing a dual stress memory technique (SMT) for a semiconductor device 100. The
preliminary structure includes a substrate 102 having an n-type field effect transistor (nFET) 104
and a p-type field effect transistor (pFET) 106 formed thereon. As shown, semiconductor device
100 has completed initial processing such as conventional shallow trench isolation (STL) 110
formation, well implants, gate dielectric 112 formation, gate conductor 114 formation, and

extension/halo/source/drain implants for diffusions 116.
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A first optional preliminary step includes, as shown in FIG. 3, forming an etch stop layer 118, e.g.,
of silicon dioxide (SiO,), (shown in phantom in FIG. 3 only). Next, a first sub—step, shown in FIG.
3, includes forming a first stress layer 130 over semiconductor device 100. As will be described
- below, first stress layer 130 may be either 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
etch stop layer 132 over first stress layer 130. Etch stop layer 132 may include any now known or
later developed etch stop material such as silicon dioxide (Si0,). Next, as also show.n in FIG. 3,

first stress layer 130 and etch stop layer 132 are removed over a first one of nFET 104 and pFET

106 (pFET 106 as shown) to expose one of the FETs. The etching 138 may include use of a
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stress (full or partial) such that the stress is
menorized in parts of pFET 106 during the subsequent
anneal step, described bel ow. The forning step.may be
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stop layer 132 are renoved over a first one of nFET
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the FETs. The etching 138 may include use of a 4

npattakr ned mask 136 (shown in phanton) and any .

conventional dry etching chemstry for the materials

usedin &l fFenthti$ O MBodiR@nt @éléi)édzéq&s@xtlﬁéﬂcstté% Fr‘ndyr&:l Micﬂ%ﬂ. That is, the

exposed pFET 106. Next, as shown in 5, "a seco
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to the annealin step, described bel ow. The renoving
segiigondygipr ﬁ%meuldg) Ussdn die abopartessribetiembraslimenttensiliommess kayer 120 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 compressive stress layer 122 may be present, but that this degradation is minimal.

FIG. 6 also shows a second step. according to one embodiment of the method, which
includes annealing 150 to memorize stress in semiconductor device 100. Annealing 150
preferably includes using a temperature of no less than approximately 400 °C and no greater than
approximately 1200 °C. The anneal temperature is optimized so that device 100 will be ablé to
memorize the stress from stress layers 120, 122, and not lose the compressive stress on parts of
PFET 106, which would result in a neutral or tensile stress thereon. For example, one

conventional plasma-enhanced chemical vapor deposited (PECVD) compressive silicon nitride,
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phantom and any conventional dry etching 144 for the
materials used. FIG 6 shows the resulting structure.
Where second stress |ayer 140 |s not renoved, it
whithd fdrined with approxiathtdlhal .8<ERac m e gtresd alropsrio appmknmﬁsiy 0.04 GPa/cm?,
inparted by first stress |layer 130 nmay be present, but

i.d.hadendily streske aft@dahéQNIH SontradtNbdBRImbddiné afIHISP BéthpiéSsive stress silicon
embodi ment, the above-descri bed steps may be swi tched.

m?x@c?et ac%:g’rdl *18 tl%e 19(/6!Ht %g 1??0?1% th apﬁxjokﬁiﬁatélg uc(?%??/gm Wthh results in a

ressi a er over® semco evic

for | ayer 132 over the
Staeaﬁﬁfrl&lg? ﬁ@@’?@%ﬁ% P CUBPRGES PSS pyogg gmbodiment, the
| ayer 122 and etch stop |ayer 132 over nFET 104, and
CATRpIAISiNG sressanay beinghe mnge phgparoximetely el GPasm conduct or
device 100. As in the above-descri bed enbodi nent,
t ensFIG 7showssthirdyesp id0dingyemdvéngoyptesagdrs ¥20, d0Dvedleich stop layer 132.
over pFET 106 prior to the annealing step, described

ThS L‘&%vu‘{gﬁﬁéﬁ 1408y in@ludf?ﬁ R\%§§r drg¥eh, F28mibsmafieh of ﬁl%v €5hexample, a wet
it shoul'd be recogni zed that some degradati on of

2
orZh SR8 b RS, B QU380 Y820 S 63 AL n 3o s acid 10
reg}o%lfzg lcaxgg)rvg\%@ast%gsf ]gggrsshffﬁfdé %\%Iwg%stpgléc%gggct e%|1cr£e2r(])tO accordmg to

menori ze stress in sem conductor device 100. Annealing
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enbodi nent an HDP conpressive stress SI|ICO
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.



nitride according to the invention is formed with
approximately - 3.0 GPa/cnR, which results in a

stress of no less than - 100 MPa/cnR, thus retaining a
conpressive stress. In one enbodi nent, the

conpressive stress may be in the range of

approximately - 1 GPa/cn2. FIG 7 shows a third step

i ncludi ng renoving stress layers 120, 122 and etch

stop layer 132. This renoving step 148 may include a

wet or dry etch, or conbination of them for exanple,

a wet or dry etch to renove etch stop | ayer 132 and

then a wet strip using hot phosphorous acid to renove
silicon nitride stress layers. FIG 7 also shows a

sem conduct or device 200 according to the invention

i ncl udi ng an nFET 204 havi ng GL 8ile stress 260

menorized into a part thereof, e.g., gate conductor

What iaglaireed i@l f f usi on regi on 216, and a pFET 206 havi ng

a conpressive stress 262 nenorized into a part
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acconpanying clainms. 6 CLAIMS Wat is clained is: 1.

A nmetahdthegfFEIovi di ng a dual stress nenory techni que

in a sem conductor device including an nFET and a

PFET, t he foratihgds@on®sttesss Rget dier SleeBaicohdudi®d¥vid, @herein a stress layer
first stress |ayer over the sem conductor device;

form ng an etch stop |ayer over the first stress

_layer;



removing the first stress layer and the etch stop
| ayer over a first one of the nFET and the pFET
form ng a second stress | ayer over the sem conductor

devi g¢or (R cRd&d @DSpré@nRIstrest sQiBh nith8e,PFET
i ncl udes a conpressive stress silicon nitride;

anneal i ng, onduct or
devi ce; @Qﬂ%@eﬁ%@% SR i i SR Y sl
| ayer and the, etch_sto The thod of claim
1Y aher o) TR e dkn LR e stsSmaand e Sifh sippayer
|ncludes a high denS|ty plasma (HDP) silicon nitride.
3. The nethod of claim11, further conprising the step
of depositing an additional etch stop l|ayer prior to
2t he The sitthed vdsinl Byetierdin il dognpsésive sdess BllRofBitidd iiudes a high
claim1l, wherein the conpressive stress silicon
derﬂlls&ypﬁenmmp) sliéeSHr@b. no  less than - 100 Mpa/ cn®
ter the annealing step. 5. The nethod of claim1,
mhereln the annealing step includes using a
tenperature of no less than approximately 400 C and
eat % é ﬁa gﬁg natel 1200 C. 6. The nethod of
cI ai e1me a¢ Phdp %uCH@PFﬁeg desiera deppritimmap adeitional etch stop
second stress layer over the other one of the nFET
laggrcprion to hFETst pir¢ss layenformingasereal i ng step. 7. The
met hod of claim1l, wherein the first one of the nFET
and the pFET includes the nFET and the first stress
| ayer includes an intrinsically tensilely stressed

4.mat eTheahethadof d14igh ARG Bl R@fpreskid¥ Sress BcHA ﬁﬁn@l@ﬁas a stress of no
conpressi vel y stress silicon nitride. 8. The method of

I er |ncludes silicon
1e&! tBAdM fo0 M'psrc i B8 dxﬁﬁ?l‘?r%ssté}?y :

nitride. I'm1, wherein the etch
st op Iayer |ncludes silicon d|0X|de.

5. The method of claim 1, wherein the annealing step includes using a temperature of no less

than approximately 400 °C and no greater than approximately 1200 °C.

6. “ The method of claim 1, further comprising the step of removing the second stress layer

over the other one of the nFET and the pFET prior to the annealing step.

7. The method of claim 1, wherein the first one of the nFET and the pFET includes the nFET
and the first stress layer includes an intrinsically tensilely stressed material, and the second stress
layer includes the compressively stress silicon nitride.

8. The method of claim 1, wherein each stress layer includes silicon nitride.

9. The method of claim 1, wherein the etch stop layer includes silicon dioxide.



8 10. A nethod of providing a dual stress nenory
techni que for a sem conductor device including an
NFET and a pFET, the nmethod conprising the steps of:
formng .4 tensile stress |ayer over the nFET and a
conpressive stress |ayer over the pFET, wherein the

100NMPrAegSiheg of pfovsding AU sirfG Intaord tdthaique fdresendiédnductor device
that retains at |east partial conpressive stress

. i : i t rize
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conpressive and tensile stress | er 11, The net hod
of ngl aim 1fg,rmw%é1rt%‘?s eﬁ’i@i@ﬁb?&iﬁ%ﬁ@ ?‘?éjs%cqra%?s”e stress layer over

form ng step includes performng a high density

pl as the REEOR)Whgegpo dietcomprassive pirdss dayeninchudele highi stegs filen that retains at
following conditions: approximtely 50nTorr of

pr es $dastepariagl pomptassivebtyes? Abkisd andacqhentddinealcent i met er s

(sccm argon (Ar), approximately 100 sccm of silane

(Si H4), apRsRXhsRS QEMoBRORECINRY sethibSRAIERr déNWRY; and
approxi mately 0-1500 Wof radio frequency (RF) bias

pover i EHRESELIRE o SRR IS i che

anneal i ng step includes using a tenperature of no

| ess than approximately 40.0 C and no greater than
approximately 1200 C. 13. The nethod of claim 10,

liher dhp rr@éteqﬁiy of chasrg 4 0} whereini the ferapressive strigsmlapgrifpimiiag step includes
14. The nmethod of claim 10, wherein the form ng step
penfiaimidle s highatensingplodnea (HEMR) depositisresfSsilicoparitride @sing liee following
sem conduct or device; formng an etch stop |ayer over

coiRt $rRNSpPrexisiialedys SOrh PO bF preSied, lapgrokitatd1$ 260 k@nddr @88ic centimeters
| ayer and the etch stop | ayer over the pFET; and

(sfc%mgn t(ﬂ%, W1ﬁl§§l}y foSLEASE sillaﬁbé?gil-ﬁy,edﬁpxtoaﬁnately 300 scem of nitrogen
sem conduct or devi ce.
(N2), approximately 0-1500 W of radio frequency (RF) bias power and approximately

2000W-4500W of RF source power.

12. The method of claim 10, wherein the annealing step includes using a temperature of no

less than approximately 400 °C and no greater than approximately 1200 °C.
13. The method of claim 10, wherein each stress layer includes silicon nitride.

14. The method of claim 10, wherein the forming step includes:
forming the tensile stress layer over the semiconductor device;
forming an etch stop layer over the tensile stress layer;
removing the tensile stress layer and the etch stop layer over the pFET; and

forming the compressive stress layer over the semiconductor device.



9 15. The nethod of claim 14, further conprising the
step of renoving the conpressive stress |ayer over
the nFET prior to the annealing step. 16. The nethod
of claim 14, wherein the etch stop layer includes
silicon dioxide. 17. The nethod of claim 10, wherein
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| ayer over the sem conductor device. 18. The nethod of

claim17, further conprising the step of renoving the
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anneal i ng step. 19. A sem conductor device conpri sing:

an nFET having a tensile stress nenorized into a part
thereof; and a pFET having a conpressive stress
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forming an etch stop layer over the compressive stress layer;
removing the compressive stress layer and the etch stop layer over the nFET;

forming the tensile stress layer over the semiconductor device.

18. The method of claim 17, further comprising the step of removing the tensile stress layer

over the pFET prior to the annealing step.
19. A semiconductor device comprising:
an nFET having a tensile stress memorized into a part thereof; and

a pFET having a compressive stress memorized into a part thereof.

20. The structure of claim 19, a pFET having a compressive stress memorized through a

compressive high density plasma (HDP) silicon nitride layer..
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