MODULATI ON OF STRESS I N STRESS FI LM THROUGH | ON
| MPLANTATI ON  AND | TS APPLI CATI ON | N STRESS
MEMORI ZATI ON TECHNI QUE Background of Invention 1)
Field of the Invention This invention rel ates
generally to fabrication of sem conductor devices and
nore particularly to a nethod to change the stress in
a stress layer over a FET device. 2) Description of
the Prior Art Performance and econom c factors of
integrated circuit design and manufacture have caused
the scale of elenents (e.g. transistors, capacitors
and the like) of integrated circuits to be
drastically reduced in size and increased in
proximty on a chip. That is, increased integration
density and proximty of elenents reduces the signa
propagati on path | ength and reduces signa
propagation tine and susceptibility to noise and
MQDEBATION GPSTRESS N schEss M WHR@UGH-EIOMWPLANTATION
in el P{ %P e necessary. f increased nte%_
denstVB s APETEE TR st S NimaRarioy YameNiQur
be provided on a chip to the costs of production
(e.g. wafer/chip area and process materials) per chip
and, potentially, | the cost of devices containing the
chi ps by reduci ng the nunber of inter-chip and
i nter-board connections required.

Background of Invention

1) Field of the Invention

This invention relates generally to fabrication of semiconductor
devices and more particularly to a method to change the stress in a stress layer
over a FET device.

2) Description of the Prior Art

Performance and economic factors of integrated circuit design and
manufacture have caused the scale of elements (e.g. transistors, capacitors and
the like) of integrated circuits to be drastically reduced in size and increased in
proximity on a chip. That is, increased integration density and proximity of
elements reduces the signal propagation path length and reduces signal
propagation time and susceptibility to noise and increase of possible clock rates
while the reduction in element size necessary for increased integration density
increases to ratio of functionality which can be provided on a chip to the costs of

production (e.g. wafer/chip area and process materials) per chip and, potentially,
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It has al so been shown theoretically and confirned
experinmentally that nmechanical stress in the channe
region of an FET can increase or decrease carrier
mobility significantly; depending on the sign of the
stress (e.g. tensile or conpressive) and the carrier
type (e.g. electron or hole). Tensile stress increases
el ectron nobility and decreases hole nobility while
conpressive stress increases hole nmobility while
decreasing el ectron nDbiIity in the doped

sem conductor cr lattice formng the transistor
the apstaf devieps cgnéﬂnmthmchlss e Iredycing the nwraberraf inter-chip and

nﬁtBPBBér%sco%QEﬁME r’é%uFrE& physi cal effects by which it

event, uninportant to its
expl 0| tatl on I n th| S regard numer ous structures and
t ensi

t I b f
o ajes P 8fen BBl e had Bxpimengip nat
ndécHan®al sveds |ﬂﬂﬁé‘ chémhéltregan b‘ﬁ’éh)ﬂ_srt &amri&@e&e dtfeRrease
spacers, etch -stogy ayers and silicide which are

cgeismonilty isignificaatly denewsie'@m m wgn efithe wessdag. tensde or
cbﬁﬁ?%ésg\géé%nﬁrthg\égﬁfé‘?m @t @%I%ﬁfdrp&shglgf HehEMELFSss increases

not'e eV|de extens
elentionaholgjlity sinddieoeé asasardle momldy auhile azotdmesau\kq slodss insreases

d d | h t pat t.echni cal
PR BB intelaeciend Ba Sieind Rafily B1s 45T sSRlsondustpr crvstal
|dtecd foirflg heVelrRRiGdHaning. tTies Fﬁémﬁerﬁdd i%fvé’élltkfe%ogﬁﬁe@ﬁnd

gl eaned by considering the foll ow n% H. T.
ﬂi\_%?s'leschemlg the, mhysgaéﬂffe@s by vdviehit ogcyrs atlguln anyLevent

uEaasantsS i eihofboh, W s reard. flambrolls o Bfreat materials
h@Wb)eeb;pr@u)wdtfomeyonﬁgrtemmlecbermprde&@atmcag1 & semidmductor
material, such as shallow trench isolation (STI) structures, gate spacers, etch-stop

layers and silicide which are generally included in integrated circuit designs.

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

gleaned by considering the following.

C.H. Chen, T.L. Lee, T.H. Hou, C.L. Chen, C.C. Chen, JW. Hsu, K.L.
Cheng, Y.H.Chiu, H.J, Tao, Y. Jin, C.H. Diaz, S.C. Chen, and M.-S. Liang, “Stress
Memorization Technique (SMT) by Selectively Strained-Nitride Capping for Sub-
65nm High-Performance Strained-Si Device Application”, 2004 Symposium on
VLSI Technology Digest of Technical Papers
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65nm Hi gh- Performance Strained-Si Device Application”,
2004 Synposiumon VLSI Technol ogy Di gest of Technica
Papers 2 US6939814 and US20050093078Al: | nventor:

Chan, Victor; - Increasing carrier nmobility in NFET
and PFET transistors on a comon wafer - Adjusting a
carrier nobility for different sem conductor
conductivities on the same chip by formng |ayer of
mat eri al applying stress |evel on surface of chip, and
selectively reducing the stress |level of the portion
of layer of material. US6573172: Methods for inproving
carrier nmobility of PMOS and NMOS devices -

Fabr U%%‘Q' §12%@%%annep5§8f8ﬁ‘?\1h&e§1t&y dh%%n\/g:g% I oIncreasmg
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transi stors each ofprise an i nsulated filmwapping
redugingthel steassdenel Qﬁﬁweemréﬂ@pﬁ@yebofamatamu on adj acent
to a source/drain area, and the insulated filmis

mai nl y conposed of silicon nitride, and the thickness
of t SG5TSAY 2t Mdthoidk floramprondng cairin nedbility ef BMD$ aatl NMOS

t ransi r s fromt ethlckesof i nsul a
ObYRRS b1 arisahion Bl SerloomurtGr evEc By Tomiihg Pichanner s RE
chanedl indétal da@gamicordibidr trainsiSfots fH Whafbr, formlnI%Gensne film on P-

US20050093081A1: OXI DATI ON METHOD FOR ALT LM
channel transistor and forming compressive film on N-channel transistor -

Inventor: En, William George

US20040075148A1: Semiconductor device - the transistors each
comprise an insulated film wrapping a gate electrode and extending to a location
adjacent to a source/drain area, and the insulated film is mainly composed of
silicon nitride, and the thickness of the insulated film of the n-channel field effect
transistor differs from the thickness of the insulated film of the p-channel field

effect transistor. Inventor: Kumagai, Yukihiro; Tsuchiura,

US20050093081A1: OXIDATION METHOD FOR ALTERING A FILM
STRUCTURE AND CMOS TRANSISTOR STRUCTURE FORMED THEREWITH -
Relaxing a tensile or compressive stress present in a film contacting a base layer
by oxidizing the film to reduce a magnitude of the stress by supplying atomic

oxygen to surface of the film - Inventor: Belyansky, Michael P.; Bethel, CT,

US20050158937A1: METHOD AND STRUCTURE FOR CONTROLLING
STRESS IN A TRANSISTOR CHANNEL - Manufacture of semiconductor device
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STRUCTURE AND CMOS TRANSI STOR STRUCTURE FORVMED
THEREW TH - Rel axing a tensile or conpressive stress
present in a filmcontacting a base |ayer by
oxidizing the filmto reduce a magnitude of the stress
by supplying atom c oxygen to surface of the film-

I nvent or: Bel yansky, M chael P.; Bethel, CT,
US20050158937A1: METHOD AND STRUCTURE FOR CONTROLLI NG
STRESS I N A TRANSI STOR CHANNEL - Manufacture of

sem conductor device 3 including n-type and p-type
transi stors conprises adjusting shallow trench

inchusling ndypeand o-type trappisions agmprses agjpstingshallowptrenghe

: an tr er r C : .
SRR B o RlyBe i o BE G R it B strair
ldyey enén semitorddcdd swstatepr esents a sinplified sunmmary
in order to provigde a basic understanding of some

Inyen t¥369'@%H@9 t he exanpl e enbodi nents of the
invention. This summary i s not an extensive overview

of the exanple enbodinents. It is intended neither to
identify key or critical elenments of the exanple

enbodi nents nor to delineate the scope of the

i nvention. Sone of the exanple enbodi nents of the

i nvention provide a nethod to inprove the performnce
of MOS devices by increasing the stress in the channe



regi on. An exanpl e enbodi nent for a NMOS transistor is
to forma tensile stress |ayer over the NMOS
transistor. Aion inplant is perforned into the stress
| ayer and then an anneal is perforned. This increases
the ambunt of stress fromthe stress |ayer that the
gate retai ns/nenorizes. A exanple enbodi nent nethod of
fabricating a sem conductor device conprises the
steps of : providing a MOS transi stor over substrate;
the MOS transi stor conprised of a gate dielectric, a
gate electrode, and source and drain regions in the
substrate adjacent to the gate electrode; formng a

tre | ayer over t he stress |ayer
iont zfni n)é tensil eggﬁ\%g&% 'ﬁ’?r‘%}’. ons into th)é
stress layer; perform ng an anneal of the substrate

and ress layer V\/n reb . an nnea

e She Bl Brestite,f Sl er s mdg caterop Pravidq erbasic
uhB8fErdfirRy of Sorh® @sP&éts ¥ 38Mkf Ql'i@@ﬁérﬁﬁfétem%d‘lﬂehf’odoﬁﬁe

fabricating a sem conductor device conprises
inveatien.ofhis symgwandiisgotameatensive syeriay ohihe %Kanw(r@

thﬁ)%%éﬁtg.r It?svﬁerﬁfé*asﬁéitﬂ'éﬁo identify key or critical elements of the

example embodiments nor to delineate the scope of the invention.

Some of the example embodiments of the invention provide a method to
improve the performance of MOS devices by increasing the stress in the channel
region. An example embodiment for a NMOS transistor is to form a tensile stress
layer over the NMOS transistor. A ion implant is performed into the stress layer
and then an anneal is performed. This increases the amount of stress from the

stress layer that the gate retains/memorizes.

A example embodiment method of fabricating a semiconductor device
comprises the steps of :

providing a MOS transistor over substrate;
the MOS transistor comprised of a gate dielectric, a gate electrode,
and source and drain regions in the substrate adjacent to the gate
electrode;

forming a stress layer over the MOS transistor; the stress layer containing
tensile stress;

implanting ions into the stress layer;

performing an anneal of the substrate and stress layer whereby the implant
and anneal increase the stress on the channel region of the MOS

transistor.



the NMOS transistor conprised of a gate dielectric, a
gate electrode, and source and drain regions in the
substrate adjacent to the gate electrode; form ng an
dielectric |ayer over the NMOS transi stor and the
substrate surface; formng a stress |ayer over the
MOS transistor; the stress |ayer containing tensile
stress; renoving the dielectric |ayer and stress | ayer
fromover the PMOS transistor; inplanting ions into
the stress |layer; perform ng an anneal of the stress

| ayer and the gate el ectrode. The above and bel ow
advant ages and features are of representative

enboeﬂrmhﬁr%xamp}e embddintieht i®inethdthorfabreatmgd 8émiconductor
excl usive, They are pr esented only to assist in

Q?N@Qr@mﬁieﬁéh pePs®iéention. It shoul d be understood
that ptdigdingr £NMES tfaﬁgfs?&eﬁﬁ@b'mo‘gtr distbPve [ Substrate;

|nvent|ons defi ned by the clai s, e consl ere
limtati ot NMQSEansistoncoopriaed d)éfilgateidlejeatﬂme acjate eigctrode,

[im ' hval ent s th F
"nst ance. 28 3u R S Blohe b Rl tsBe HRiagh t he oate
contradi celecirodén that they cannot be sinul taneousl y
pres in a sin enbodiment . Simlarly

adva rﬁlj'é% aﬁﬂ@'%‘gﬂ? jlayey ver MG H@E‘ﬁ's&r "’Fﬁéhe substrate

i nventi ongy@gkk:i napplicable to others. Furthernore,
certain aspects of the clained
forming a stress layer over the MOS transistor; the stress layer containing

tensile stress;
removing the dielectric layer and stress layer from over the PMOS
transistor;

implanting ions into the stress layer;

performing an anneal of the stress layer and the gate electrode.

The above and below advantages and features are of representative
embodiments only, and are not exhaustive and/or exclusive. They are presented
only to assist in understanding the invention. It should be understood that they are
not representative of all the inventions defined by the claims, to be considered
limitations on the invention as defined by the claims, or limitations on equivalents
to the claims. For instance, some of these advantages may be mutually
contradictory, in that they cannot be simultaneously present in a single
embodiment. Similarly, some advantages are applicable to one aspect of the
invention, and inapplicable to others. Furthermore, certain aspects of the claimed
invention have not been discussed herein. However, no inference should be drawn
regarding those discussed herein relative to those not discussed herein other than

for purposes of space and reducing repetition. Thus, this summary of features and
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i nvention have not been di scussed herein. However, no
i nference should be drawn regardi ng those discussed
herein relative to those not discussed herein other
than for purposes of space and reducing repetition.
Thus, this summary of features and 6 advantages shoul d
not be consi dered di spositve in determning
equi val ence, Additional features and advantages of
the invention will becone apparent in the follow ng
description, fromthe drawings, and fromthe clains, 7

t] The, f
o0 B 360U B Hon R A B SRR PR anee.
Amdamat fdafwres aind radaadtafgesbhefe ideetidrewitifoedoprecmgssentfin the
bricatin sucp sem conduct or devi ce in accordance
"BAH“Q gSPPdeBNOMNADE AFAWRIGR 3Nd FemiBe fladmear | v
understood fromthe foll owi ng description taken in
conjunction with the acconpanying draw ngs in which
i ke reference nuneral s designate simlar or
correspondi ng el enents, regions and portions and in
whi ch: Figures 1 through 5A and 5B are cross sectiona
views for illustrating a nethod for manufacturing a
sem conduct or devi ce according to an exanple
enbodi nent of the present invention. Figures 6 and 7
shows Si Data for the exanple enbodi nent vs a net hod
using only steps of : SiN stress layer and anneal (no
Ge |11)



8 Detailed Description of the Exanple Enbodi ments 1.

I ntroducti on Sone exanpl e enbodi nents of the invention
provide a nmethod to i nprove the performance of MOS
devi ces by increasing the stress in the channe

region. An exanple enbodi nent for a NMOS Transi stor
istoforma tensile stress layer (e.g., SiN over a
NMOS transistor. A gate dielectric layer and poly
gate are forned. An ion inplant is perforned to

anor phori ze the gate so that the gate is conprised of
anorphous Si. A inportant lon inplantation (1/1) is
performed on the (SIN) stress |layer that wll
initially relax the stress film but when conbined with

a subsequent anneal, will 6 increase the tensile stress
in the stress fi ﬁﬁ%%ﬁﬁ'ﬂtmﬁm Prawings starting

St T eShe fedtifds T aNRAg é§oﬂ§§%rﬁfc6ﬁ9uét3r‘8e\9@é‘ aﬁ&gr}ﬂ?\g to the

two purposes: (1) Increasin tensile str
présent ipleatior ang furdsar detdils of(a prpcess oft fablicating suoh a

S0P 8528t DR S bl Bl

undesstod fremicthée fslbwild desiriptiontalien inGcodirtion with the
retai ns/.menorizes.a h| h|,|e<r tensile stress fromthe

agrRMPaNURg JrRyvings inywhic t'i g heference; Myreals designajesinailar or
cOVeSpdndid'afenfdnts, FBSioRs ahB portions and in which:

Figures 1 through 5A and 5B are cross sectional views for illustrating a
method for manufacturing a semiconductor device according to an example
embodiment of the present invention.

Figures 6 and 7 shows Si Data for the example embodiment vs a method

using only steps of : SiN stress layer and anneal (no Ge I/l) .



NMOS channel is under increased tensile stress that
increase the electron nobility that increase device
performance. 9 Exanples of two key steps in the

nodul ati on of the stress of the stress (e.g.,
nitride) filmare as follows. First, a high dose
(0.5-5E15) and | ower energy (15keV) heavy ion is
inplanted into the stress film .l Second, a high
tenperature anneal (for exanple using the typical SD
anneal ) (e.g, between 850 and 1300 C) is needed to
enhance/ nodul ate the stress in the stress |ayer which
can then be transferred to the gate. An exanple of

thi s heavypétailed TRsHHpdPF iHe Eﬂé}ﬁ[areeEHb%di'ﬂnbhwe
stress film stress can be used in the nodified SMr

fl ow as show bel ow. The exanpl e enbodi nents of the
present invention will be described in detail wth
reference to the acconpanyi ng drawi ngs. The exanpl e
enbodi nents provide a nethod of formng a FET using a
stress layer and a heavy ion inplant that increases
|streﬁ,&r$@¥&§° tress. A provide NMOS Tx and PMOS ' x As
shown Tnfigure 1, we provide a NMOS transistor 22 in
a NMOS region 14 and a PMOS transistor 20 in a PMOS
regi on 18 over substrate 10. The NMOS transistor 22
can Bemsoexampledembodimprtts ofithel isvention (#6yide agakthod to improve

the performance of MOS devices by increasing the stress in the channel region.

An example embodiment for a NMOS Transistor is to form a tensile stress layer

(e.g., SiN) over a NMOS transistor.

e A gate dielectric layer and poly gate are formed.

e Anionimplant is performed to amorphorize the gate so that the gate is
comprised of amorphous Si.

e Aimportant lon implantation (I/1) is performed on the (SiN) stress layer that will
initially relax the stress film but when combined with a subsequent anneal, will
increase the tensile stress in the stress film higher than the initial starting
stress.

» Then an anneal is performed that can serve two purposes: (i) increasing the
tensile stress of the implanted stress film, (ii) crystallizes the silicon containing
gate thus increasing the amount of stress from the stress layer that the gate
retains/memorizes.

The Si containing gate retains/memorizes a higher tensile stress from the
SiN layer and the gate transfers this stress to the NMOS Tx channel. The Si in
NMOS channel is under increased tensile stress that increase the electron mobility
that increase device performance.



el ectrode 32, and LDD (lightly doped source/drain or
SDE ) regions (not shown); source and drain region 36
in the substrate adjacent to the gate el ectrode; and
si dewal | spacers 42. The NMOS gate el ectrode 32 can be
conprised of silicon, polysilicon or polySi G or Ce;
and is preferably conprised of polysilicon. 10 The
PMOS transi stor 20 can be conprised of a gate
dielectric 24, a gate electrode 28, and LDD (lightly
doped source/drain or SDE ) regions (not shown;

source and drain regions 34 in the substrate adjacent
to the gate el ectrode 28 and sidewall spacers 38. The
PMOS gate el ectrode 32 can be conprised of silicon,

pol ysi licon or polySi Ge or ous Gate At
o EXpEA BTy RicRmncng aaddisian 0f1os Simes §f fheciress

(éﬁofﬂuﬁag ﬂﬁp?@asﬁngﬁgss shoul d be conprised of

ous silicon prior to the formati on of the
st Eef&fst ial high @hés (Q:SnSEiaS)aemxblnpder shergy(yt SkeV) leavy ion is

i npl exanpl e, a separate gate
am)r éllab%doa{ollﬁs%imss é{W be perforned to inplant ions
| ntjo Seeongad Righltekperene arinaal (for @xaﬁﬁpléw r{@ meﬁyﬂbﬁl SD
anor phi za on i Iant PAI) is erf

di el @8PERIE(9-gyRETWRER (S Céfaéﬁdrﬁ%? b'ane@Qﬁe to enném%mﬁ’fiulate
an opid OR&s iAitse SErbsd BybAXRIch4AnAMER befansferred to the gate.

An example of this heavy ion implantation to enhance the nitride stress film
stress can be used in the modified SMT flow as show below.

The example embodiments of the present invention will be described in
detail with reference to the accompanying drawings. The example embodiments
provide a method of forming a FET using a stress layer and a heavy ion implant
that increases stress layer stress.

A. provide NMOS Tx and PMOS Tx

As shown in figure 1, we provide a NMOS transistor 22 in a NMOS region
14 and a PMOS transistor 20 in a PMOS region 18 over substrate 10.

The NMOS transistor 22 can be comprised of a gate dielectric 26, a gate
electrode 32, and LDD (lightly doped source/drain or SDE ) regions (not shown);
source and drain region 36 in the substrate adjacent to the gate electrode; and
sidewall spacers 42.

The NMOS gate electrode 32 can be comprised of silicon, polysilicon or

polySiGe or Ge; and is preferably comprised of polysilicon.
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MOS transi stor and the substrate surface. The
dielectric |layer can be conprised of oxide |ayer 44
and is preferably conprised of oxide. The dielectric
| ayer can have a thickness between 30 and 200
angstrons (tgt = 100 angstrons) . The dielectric |ayer
can be conprised of a |ow tenperature oxide |ayer
(LTO. The dielectric |ayer serves a reducing the
defects when nitride layer is deposited on S

surface. It also serve as etch stop for nitride

o e R s RipE2h, e 88 bedBMnrsBl SagatS ElediGAE S gate

e(édtrbﬂb)Zasbh@ﬁ)D ﬁtly ﬂﬁp@& %bukﬁéﬁiréTnebﬁSDEl ﬁebibh%r(nét“shown
11 In this examnp the stress dy has tensil

sgyrcesand drain regians; 4 ﬂth@ﬁbﬁﬁ?*@ra apenbin thegate glatrede 28 and
skl SpaBels s %@%Mﬁg‘gat@r@éﬁi@ge(’? E:;Wby@ém-&ﬁsea_ BE silicon,

stress Ia er 46 can be rise Icon

poiy;smnomprdelySEBmGH Si I icon nitri de and can have a
t hi ckness between 300 and 1000 angstrons (tgt = 400
angstrons), At this time in the process, the stress

| ayer 46 can have a tensile stress of between 0.3 GPa
anB. AmbrpheusBGateon i npl ant ions into the stress |ayer
As shown in figure 3, in a key step, we inplant ions
usi ngt least poartioos ef thengate that will have the stress film and anneal

process should be comprised of amorphous silicon prior to the formation of the
stress film. This can be accomplished by an ion implant into the gate. For
example, a separate gate amorphorizing implant can be performed to implant ions
into the gate. Likewise, if a if a Source/Drain pre amorphization implant (PAl) is
performed,

C. form dielectric layer

Next referring to figure 2, we form an optional dielectric layer 44 over the
MOS transistor and the substrate surface.

The dielectric layer can be comprised of oxide layer 44 and is preferably
comprised of oxide. The dielectric layer can have a thickness between 30 and
200 angstroms (tgt = 100 angstroms) . The dielectric layer can be comprised of a
low temperature oxide layer (LTO).

The dielectric layer serves a reducing the defects when nitride layer is
deposited on Si surface. It also serve as etch stop for nitride removal. It can be an

optional layer if etch process is well tuned.

D. form stress layer

Next, we form a (first) stress layer 46 over the dielectric layer 44.
11



energy inplant process into the stress film The heavy
ion (or large ions) ions 50 are inplanted into the
stress layer 46 and preferably not bel ow the stress

| ayer. Preferably the majority of ions stop in the
stress layer 46 and nore preferably substantially al
the ions preferably stop in the stress |ayer. The
stress layer inplant can use Ge or Xe ions or other

| arge ions that have a nol ecul ar wei ght greater than
or equal to 28 (e.g., Si and above Si in periodic

fafbl %H—gg 8§arﬁ§%m%estgt U\asgfen&% stE?sgs {f%etgn%lést%es’s layer
4@q;LGs a té@s,lkerstﬁ@b onahe Lmd@rljtiﬁg ichigheéltof theaMGS dese

bet n 5E15 a 5E1 5 atons/cc and preferabl
bet m'gﬁ @reéiéﬁyéﬁ&%zcam@ 5PBpEised of aﬁﬂﬁoatoxé(rﬂlt”éﬁéé@l‘l) or

sﬁi%M\@lﬂﬂdé aﬂa Q!:aﬁq’\a%@\é tﬁf&in9§§5§l‘§/\%@n ot 180 ggé/stropn% ggt =

exanpl e, the inplant energy depends on nitri stres
@Q}%\gstrhmkness i.e., for a stress layer with a 300

About" T VRGNS Pracks he e R 140t 4BRE A E dtensll ress of
betwedrang S GPia(arnd(1e2§Gpa.Ge or Xe) concentration in the
range from1l E20 to 1 E22 atomlcm 3. This ion inplant

S Es (MBI e s SIS A ehe s Res't ress |ayer

L2 A SR S NED L SBAEORYEB PR fosstow
eap)ydimgdl@dtprocedsaings thdstress film. The heavy ion (or large ions) ions 50
are implanted into the stress layer 46 and preferably not below the stress layer.
Preferably the majority of ions stop in the stress layer 46 and more preferably
substantially all the ions preferably stop in the stress layer.

The stress layer implant can use Ge or Xe ions or other large ions that
have a molecular weight greater than or equal to 28 (e.g., Si and above Si in
periodic table). For example, the ions can be comprised of: Ge, Ar, Xenon,
indium, antimony, Si, N, O osr C .

The (e.g., Ge or Xe) ions can be implanted at a dose between 0.5E15 and
S5E15 atoms/cc and preferably between 1E15 and 2 E15 atoms/cc; and at an
energy between 5 and 50 KeV and preferably about 15 KeV. For example, the
implant energy depends on nitride stress layer thickness, i.e., for a stress layer
with a 300 Angstrom thickness, the ion implant energy will be about 15 keV.

Preferably, the stress film (e.g., SiN) can have a ion (e.g., Ge or Xe)

concentration in the range from 1E20 to 1E22 atom/cm™.

This ion implant (Ge I/l) parameters are targeted so the ions are

substantially contained within the SIN stress layer.
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fromthe PMOS region 18. The stress | ayer can be
renoved using a mask and pattern process. The Stress
| ayer 46A remains over the NMOS Tx 22. G perform an
anneal of the substrate; Referring to figure 4, we
perform an anneal 54 of the substrate. The anneal can
be perforned at a tenperature between 850 and 1300 C
for a tine between 0.001 and 20 seconds. A typica
anneal is perfornmed at 950 degrees C for about 5
seconds. The pur pose of the anneal is to "increase"

r oP Je7ve e bE38 dller p TR RS BEEN oon at o The
anneﬁefé}ﬁﬁ 't@ﬁ%&%sz? wd &&%%estn\%%g%&r 4§f$r{bedié[$gﬁ&%ayer 44

| ayer et ween a out ter t
fronm thel PMtQi:‘er@KMl $8.r dbs stragelayes sahde ramosed iusimgst mask and

PaRR Bttty R bt lven el ey ateint NRSS I

(e.g., SIN) layer before the ion inplant and anneal .

Th6. perforin ananneapef theosulbstrafe; anneal . Al so a speci al
separate higher tenperature and short duration anneal
can also be inserted. For exanple a | aser anneal can

deqr ST a6 fo nddte i BEein B PoSrCh POl g subege™

stress | ayer 46A. The S/ D anneal can be performed at a

t en‘p‘?"ﬁe anneal can be performed at a temperature between 850 and 1300 C;
for a time between 0.001 and 20 seconds. A typical anneal is performed at 950
degrees C for about 5 seconds.

The purpose of the anneal is to “increase” the tensile stress of the stress

layer as well as re-crystallize the poly or amorphous silicon gate.

The anneal can increase the tensile stress in the stress layer 46A by
between about 10 and 60%.

After the anneal, the SIN stress layer 46A has a tensile stress between 1.4
and 2.0 GPa. This tensile is between about a 10 and 60% increase compared to

the tensile (e.g., SiN) layer before the ion implant and anneal.

The anneal can be part of a S/D anneal. Also a special separate higher
temperature and short duration anneal can also be inserted. For example a laser
anneal can be performed.
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bet ween 600 and 1300 C and preferably between 850 and
1300 C and nore preferably between 925 and 1300 C for
a time between close to zero (spike or |[|aser anneal)
0.1 seconds and 5 m nutes. For exanple, a typical SID
anneal is at 950 Cfor 5 sec. Alower tenperature
than 950 C nay cause | arge anount of transient
enhance diffusion which is bad for current

technol ogies. In an other exanple, the anneal can be
performed at a tenperature between 850 and 1300 C

enbodriemae.IEE S aRte T ARustell AR the Biention's fon

itpleeited eir@bs( |a)/era4mre a|The| svcr@rm chh ‘betpérﬁﬁ)h'néd 2t he8mpkeFature
nnel thereby inproving

b&&r?%nwﬁﬂ 280 1208 G gnd |Pfﬁj‘%?rbdy E@Mfﬁeecﬁﬂr)i and H¥0fe@land more
dré‘f%l"éﬁ? BetwdtR 975 4h@h364 Eﬁ%? ftinf étWe% St:loséat‘tﬁ ﬁr& ?%ké or

“nenori zed" stress trans err
lalﬁamnneab\@ﬂ a%corlﬁénpml édnmutqsl aﬁanlegxanmlmga taprcahStD ahneal is at

fil h h
9B 465 gl Bl it hendsls Giny Buseaa v drupunt of
tmneim‘tvenhmmﬁesroﬁ vrtrh;h iBBadfoe cemditdetfitlogies.on

i mpl ant and anneal, |ncrease the stress on the channel
r ZSi 3?13” ethel exaBrleoths Hinezkcambe gerfemed ghademparatyre

belwessss@%Aa 1800 Clyhy é‘ﬁn{efk?etﬁeeﬁ@' d1”9ed&fn8§%%%ni*ﬁ@ték.

escape causing the stress I'mto be nore te
Second the possibility of form ng Ge-N bonds in the

% oD SAIERLS LABE SRS B! EinR 8GN e T8 S annea
indneases theremsilersiteissin trenNMO®) ehanrntHerEBY irhSroving NMOS
performance.

The ion implant coupled with anneal increases the initial stress film stress.
As a result the “memorized” stress transferred to the gate is more significant as
compared to plainly using an initial tensile (e.g. SiN ) stress film which has tensile
stress to date that saturates at about 1.2GPa.

There are two theories of the how the embodiment’s ion implant and anneal
increase the stress on the channel region. First the ions break the Si-N-H bonds
in the stress layer and during the annealing process more H escape causing the
stress film to be more tensile. Second, the possibility of forming Ge-N bonds in
the SiGe N system can increase the stress. (more generally X-N bonds where the
implanted ion is X). For example, the Ge concentration can range from 1E20 to

1E22 cm-3 in a stress layer to increase the tensile stress.

H. remove the stress layer

14



1 E22 cm3 in a stress layer to increase the tensile
stress. H renove the stress layer 14 Referring to
figure 5A, we preferably renove the dielectric |ayer
44 and the stress |ayer 46. 1. subsequent process
steps Conventional processing is perforned to conplete
the devices. An exanple sequence is salicide, ESL
(any conbi nation of tensile and conpressive), |DL
Deposition , contact etch, etc... (i.e. standard
process flow after SID anneal). For exanple flgure

SB S A0 ; Ok rl di el.ec | ayer 56 a ont
FEDB 215 ie pEIEabl Ermdibdhe gt yer 34 and e
soempkgesnae etch stop layer over the gate structures

to further inprove the channel stress. For exanple, we

c ,uld forma tensile CESL ( contact etch stop |ayer)
Si INSUBSBAUSHLPIRGEES SRR i stor, then form ILD | ayer,

Th ESL th
R N B )
seheenddVBSsaticaten € SL fanyRomisinailbve ofteasid §n@6®m6ré&%
i ms,. to proach to increase the av

D&PPég'Q“oFOFﬁ@fj%icﬁeg@ (i1 §nsiandand PrRGese flpw&fte&§/lagar1nﬁél) For
eRAMPRS figaMehB l*sh@\fvs %ﬁrbvehglnb@élééﬂc'lé’yetr hes h %Bﬁl%%l 58.

I'n thi's exanpl e O07into the stress ayer
and It may be pOSSIble to form a tensile or compressive etch stop layer over the

gate structures to further improve the channel stress.

For example, we could form a tensile CESL ( contact etch stop layer) SiN
over the NMOS transistor, then form ILD layer, and then form contact holes. The
tensile ESL over the NMOS transistor might increase the tensile strain on the
NMOS channel.

J. Review

The example embodiment aims to provide an approach to increase the
overall stress of the stress film 46 and hence increasing the stress level that can
be induced in the Si channel. In this example, the I/l 50 into the stress layer 46 and
the subsequent anneal 54 increase the stress on the poly gate 32A. after the
stress layer 46 is removed, the poly gate 32A retains (“Memorization”) the stress
from the stress layer 46 and puts a tensile stress on the channel region in the

substrate.

A tensile stress layer is preferably deposited after S/D implantation. The
gate and S/D regions are amorphorized either by the initial S/D implant or by
additional Ge I/l during the S/D step. As such, after an annealing step, the gate

and S/D region re-crystallized and memorized the stress by the tensile stress

15



t he subsequent anneal 54 increase the stress on the
poly gate 32A. after the stress |layer 46 is renoved,
the poly gate 32A retains ("Menorization") the stress
fromthe stress layer 46 and puts a tensile stress on
the channel region in the substrate. A tensile stress
| ayer is preferably deposited after SID inplantation.
The gate and S/ D regions are anorphorized either by
the initial SID inplant or by additional G I/1
during the S/D step. As such, after an annealing step,

d S/ t al nd. nenori zed
4. 2% ol Preisdrariie PebGariant d* Roonljjndersiage Ve (it can
@theesefmmmf@teﬁeqfws;mmguals)ot wel | understood yet
i.e. it can either be fromthe gate or the S/D

2!' K. Exanples The follow ng non-limting
glrrgn H’ @bresent preferred forns and best nodes

Igcgﬁr{ﬁggﬁoﬁﬁﬂ, %{;F%gﬁtl {é%%g]lpi 4 é)pdgﬁ{lgcﬁrggﬂﬁi?orms and best

nuddess todtehiplatedhby tthe URgentbt dorr prRactic@nst HissmQBhtion, as well as
for the ﬁx Ie errbodl nment vs a method using

"E‘%ﬁrﬁ‘t'%g}%reﬂl $ objaiped thgugh ik \d%e. and anneal (no Ge

/1) . Figure 6 shows nMOS Core lon/loff at nom nal L.

Figure 6: Gate length: 110nm SiN stress |ayer

t hi ckigses 6304 shiows&itata fgrahe @spmpld etbedinent @8 method

ubhy oPsfipaet!: sIRSubOl 1avar 8ha ARREL R3S .

Figure 6 shows nMOS Core lon/loff at nominal L. Figure 6: Gate length:
110nm, SiN stress layer thickness: 300A, dielectric (oxide) thickness 100A
The S/D anneal was for 5s at about 950 C.

Figure 7 shows nMOS lon/loff at sub-nominal L, Figure 7: Gate length:
100nm, SiN thickness: 300A, oxide thickness 100A ; g1n110 13/1
For figure 7, the S/D anneal was for 5s at about 950 C.

The embodiment of the invention achieved lon/loff enhancement for nFET
of ~4% and 5% is achieved for a gate length of 110nm and 100nm respectively.
Since stress memorization technique (SMT) process is expected to have larger
impact of smaller dimension devices, this makes the current technique more ideal

for more advance technology nodes.

L. non-limiting example embodiments

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.
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Figure 7 shows nMOS lon/loff at sub-nom nal L, Figure
7: Gate length: 100nm SiN thickness: 300A, oxide

t hi ckness 100A ; gl nl110 1311 For figure 7, the S/D
anneal was for 5s at about 950 C. The enbodi nent of
the invention achieved lon/loff enhancenent for nFET
of -4% and 5% is achieved for a gate |length of 110nm
and 100nm respectively. Since stress nenorization
techni que (SMI) process is expected to have | arger

i npact of smaller dinension devices, this nmakes the

¢ echihist FE B bechiicdally S A0Y BREGinernin
réeventet thahe préfetrgd embaimdntsehéeobfit Wilbepuraieestood by those
descri bed, e abovye desc tion and

Slknl aé@ th?ﬁ‘i‘ ﬁﬁté'%wm@aw@sva i gad IdPFﬁ"ﬁlnir’fli_))ﬂ??lH‘%’@d’HH‘OUt
d\%ﬁarﬂrﬁ%&ﬁ G5 Bbirit é‘H&Qééﬁ‘oﬂﬁB'lﬁ\%ﬁuBM tItrl§ |rﬂbﬁ'dé65to cjfﬁ/er various

the invention has been particularly shown and

naeditications apdtsimilarereangesments and pregeasiuces, @nddhe sdopreof the
St [

SRR ol Wb A LB R Sl oo o as o
emeompdss all shaumodifizations agd &inoifartaneangpiments md:lpmceﬁeres.
of the invention. It is intended to cover various
nodi fi cations and sim |l ar arrangenents and procedures,
and the scope of the appended clains therefore should
be accorded the broadest interpretation so as to
enconpass all such nodifications and simlar
arrangenents and procedures.
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17 What is clainmed is: 1 A nethod of fabricating a
sem conduct or devi ce conprising: providing a substrate
prepared with a transistor of a first transistor type,
he transistor having a gate with a gate el ectrode;

W%’%tr'ﬁicllﬂjmgdéﬁ'ress | ayer of a first stress type over the
transistor, the stress |layer having a first stress
value, the first stress type inproves carrier

1. mobiA neghagt oft fabricating a isemmicirstustort demice compesingng i ons
into the stress |ayer, wherein inplanting ions rel axes
st r gsovidingtahsutsstrags prépared withes tahsizgori of SfirSEREASIstor type,
stress value which is less than the first stress

the/ #hHSistA MY 2 gald \Rith WRfdte Vidotrdde; | NCrease stress in
the stress layer to result 1in a third stress val ue of

thegfir S , ' ' reater, than the
seodning rfdSareita 3t e ReiRleRint MBs 5IF: e
the, gate el ectrode and i nparts. the increased stress
SUES jaer SaVinga fisy shrore vall - & rskpleRss e, mRrryes carrier
removing the stress |ayer after annealing. 2. The
mafility & thg fitst HpRSIStORR¥P&i n the third stress val ue of
the first type is greater than the first stress value
of implahting forst intssthet stpess 18yerTheneinhoglaritingliehsrélaxes
wherein the gate el ectrode conprises an anorphous

stress ircie Gaiss |8YSiC FRMhghi £ SedshdCstredsAl A1l QhidlYisaesd Han
t enper at ure
the first stress value;
annealing the substrate, to increase stress in the stress layer to result
in a third stress value of the first stress type, which is greater than the second
stress value, wherein annealing crystallizes the gate electrode and imparts

the increased stress of the stress layer to the gate electrode; and

removing the stress layer after annealing.

2. The method of claim 1 wherein the third stress value of the first type is

greater than the first stress value of the first stress type.
Sl The method of claim 2 wherein the gate electrode comprises an

amorphous silicon gate electrode which is crystallized by a high temperature

anneal at about 600 - 1300°C.
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anneal at about 600 m 1300C. 18 4. The nethod of claim
1 wherein the gate el ectrode conprises an anorphous
gate el ectrode V\,hi ch is crystallized by a high
te ature a e at about 600 - 1300C. 5. The

4 e rBEthadRTRlaIMh dvharainthe gate slackode cosmises@n an
armr phous silicon gate electrode which is

amQ1pbeus Dateeelepljodd whighisadrystallizadt dyreebigbdenipecatararanineal
wherein the stress |ayer conprises a tensile stress

at abdut 6@0 £ 130@1Gt or conprises a n-type transistor. 7.
The nmethod of claim6 wherein inplanting conprises
i mplanting ions wth a nol ecul ar weight greater than
or equal to 28. 8. The nethod of claim6 wherein

5.1 Wprl’ﬁ@rh%o@l%élﬁ\ef* WHB?é:ﬁrthé NGah S8 cS 5bs 'aﬁ% hous

Zr, Xe, In, 0, or a co i on thereof.

S|I|80n fe 5@698 Whl(% @ %thmgaeqﬁgg%eg%gess layer

rnses Si |con e or
oxynltrlde 10. The nmet hod of claim 1 wherein
inplanting conprises inplanting ions wth a nol ecul ar
ht greater than or equal to 28. 11. The method of
6. cI a| he Mefhed af glaime mheeeg theplress tayer icomprises iadensile
nitride, silicon oxide or oxynitride. 19
stress and the transistor comprises a n-type transistor.

7. The method of claim 6 wherein implanting comprises implanting ions

with a molecular weight greater than or equal to 28.

8. The method of claim 6 wherein implanting comprises implanting ions

comprising Ge, Zr, Xe, In, Sb, Si, N, O, C or a combination thereof.

9. The method of claim 6 wherein the stress layer comprises silicon

nitride, silicon oxide or oxynitride.

10.  The method of claim 1 wherein implanting comprises implanting ions

with a molecular weight greater than or equal to 28.

11. The method of claim 1 wherein the stress layer comprises silicon

nitride, silicon oxide or oxynitride.
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12. A nethod of fabricating a device conpri sing: _
providing a substrate prepared with a feature; formng
a stress layer over the feature, the stress |ayer

havi n stress type with a first stress val ue,
12V\her‘°é’%|??"fCIde°thfI?P§?a@19r%gg{zﬁﬁé’m%"%'i red over the

feature; inplanting ions into the stress layer to

r el RONItiBgS shsirate prepared withea featyes;, the rel axed

stress layer having a second stress value which is

| esfornfing a dtressflayertover ties featatel the stheslayeghatig a first
substrate to increase stress in the rel axed stress

strb8y Bfpel With BEFSH dtrd g3 valdhd) ivikbraln l@r%ﬂ‘w&%t%’sﬂ%pé heqbdiresd

stress type, wherein the anneal inparts e increased
ovel theSeaftfrel he stress layer to the feature, wherein the
?eature |nduces stress on a region of the substrate

beneat h t.he.feat nd renovin ress | aye

ot + EPPRRliad jdrigints e HkssiigVarda Teiexdha SHess it siross

the third stress value of the first stress type is
laygr.dhe &elaxad stregs layer havingasecend stsess valie whlems less than

stress type. 14. The nethod of claim 12 wherein
thedfinstatréssyvaloapri ses a high tenperature annealing at

about 600 - 1300C. 15. The nethod of claim 12 wherein

t heahredlingetheBUstratstoiRcRARE MRS in s RSIhRed 8Réss layer to
anneal ing crystallizes the anorphous material. 16. The

res'mtlﬁ QAN steRsWalre YNRESIE dtrB3saPhe WhERIPIHS Sheal imparts

i mpl anting ions
the increased stress of the stress layer to the feature, wherein the feature

induces stress on a region of the substrate beneath the feature; and

removing the stress layer after annealing.

13. The method of claim 12 wherein the third stress value of the first stress

type is greater than the first stress value of the first stress type.

14.  The method of claim 12 wherein annealing comprises a high

temperature annealing at about 600 - 1300°C.

15. The method of claim 12 wherein the feature comprises an amorphous

material and annealing crystallizes the amorphous material.

16.  The method of claim 12 wherein implanting comprises implanting ions

comprising Ge, Zr, Xe, In, Sb, Si, N, O, C or a combination thereof.
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conprising Ge, Zr, Xe, In, Sb, Si, N 0, Cor a
conbi nation thereof. 20 17. The nethod of claim 12
wherein the feature conprises a gate of a transistor
the gate includes a gate electrode. 18. The nethod of
claim17 wherein the third stress |evel of the first
stress t{pe is greater than the first stress level of
17 he Thermethadr oflaimy p2 whegeinthe feature dombrisesiargatéd of a
conprises renoving the stress layer after annealing,
tranisister, the gatednclades angate tefedtivgle. ncr eased stress of the
stress layer to the gate electrode, the gate
el ectrode induces stress on a channel region of the
transi stor to i nprove performance of the transistor.

1 8§O'h iTE%emtgg{r?gio& Minfh 2WRel dinthE tkd) B@g{he%&'ﬁpgf t%%g@%l stress

erature annealing at a

21. The t hod o laim 17 ein the te el ectrode
typ@oﬁ@rﬁgtgg?%qp Mﬁgﬁ%ﬁ%s éé(?%ﬁ@é’t@o%’@sgﬁﬁp%nneal i ng

crystallizes the anorphous gate electrode. 22. The

nmet hod of claim 17 wherein inplanting conprises

i mpl anting ions conprising Ge, Zr, Xe, In, Sb, Si, N,
190, CThermethodrdfiataiti bhcomprises reMdvinghie rstieks thyefr afieai m

18 wherein the stress layer conprises silicon
annealing] evhetein the mnesiafipn RirtOtheTherdaded sibss of the stress layer
to the gate electrode, the gate electrode induces stress on a channel region of

the transistor to improve performance of the transistor.

20.  The method of claim 17 wherein annealing comprises a high

temperature annealing at about 600 - 1300°C.
21.  The method of claim 17 wherein the gate electrode comprises an
amorphous gate electrode and annealing crystallizes the amorphous gate

electrode.

22.  The method of claim 17 wherein implanting comprises implanting ions

comprising Ge, Zr, Xe, In, Sb, Si, N, O, C or a combination thereof.

23.  The method of claim 18 wherein the stress layer comprises silicon

nitride, silicon oxide or oxynitride.
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24. The nethod of claim 18 wherein the stress | ayer
conprises a tensile stress |ayer and the transistor
conprises a n-type transistor. 25. A nmethod of formng

an i_ntegrated cir.cui onprising: providing a )
24sub§nﬂee{8§ﬁ}9|de?f&ﬁl@ﬂ‘ 1 whezbinithe STep S iabies comRases afegaile
having a gate electrode, the first transistor
stregaries @addhe tiegsisterr ¢draprisespe n-type tangistorst r ess | ayer
over the substrate, wherein the stress |ayer covers
the first transistor, the stress |ayer conprises a
first stress type with a first stress val ue;

251 nplaaietitdl bOBFmind &h IMEgratdEeifcditdhpiéihgh is exposed
to relax the stress layer to produce a rel axed stress

s ST 0 IR prod g il st LERRERY i p e hauing
a 8 ARy BREFS1 oSS farcdmatbeg aibbrafios e <ocond

stress value; and renoving the stress layer fromthe

t r afIIRG A, stigssrlayer ques the gubstraippwharain dhepiress layer
inmparts the increased stress of the stress layer to
covers thedirst tednsiston dlee széss laysetbmgrieés bdirsi stesartype with a
integrated circuit conprising: providing a substrate
firqgpsapas odiuat th first and second active regions with
first and second transistors of first and second

oot SEROIN R G e AR AR VARl cPR ARl e
stré§& &R/gr ﬂ)abreoduce a relaxed stress layer with a second stress value;
annealing the substrate with a high temperature anneal, wherein the
anneal increases stress in the relaxed stress layer to a third stress value
which is greater than the second stress value; and
removing the stress layer from the transistor, wherein the high

temperature anneal imparts the increased stress of the stress layer to the

gate electrode.

26. A method of forming an integrated circuit comprising:

providing a substrate prepared with first and second active regions with
first and second transistors of first and second carrier types, the first transistor
having a first gate electrode and the second transistor having a second gate

electrode;
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el ectrode; 22 formng a stress |ayer over the
substrate in first and second active regions covering
the first and second transistors, the stress |ayer

havin irst .stress I.MPr oves carfri
e i ks 100 R RSt AR Sesong st o
the stress layer in the first active region to rel ax
regipes coyering terfiskandiseepndstraesistors, e strﬁss lryerihaging a first
active region to produce a second stress which is
strees typehamichhiengroves cattrieg sisobilityrof thenfjrsh traosistarn of t he
stress layer in the second active region, |eaving the

rel &ﬁ?ldnﬁﬁg RE inBYBle QMRS b6 iRithe firacictive ré§l6h @ relax the
annea |ng the substrate with a high tenperature

firsR 3884 in I%s'é I%g& in FRE FiRdt ai GE ?@@SE t6 tﬂ)?ocﬁfc%oé‘ gec? nd,

stress In t ere stress ayer; renovin

Str\?%%%@fcgt%‘?f% Wﬁﬁihéﬁ’fﬁ}tg{t%%%i stor, e ?Lt” the it

art the increas stress of the stress |ayer to
t gfﬂgﬁ%ﬂ@%&@fﬁ@@ ?ﬂze/strq?relafy@f ulhectecondiactive regienei n
a first NMOS transistor is provided in a NMOS region
leaying thegelaxed stass layerrnsies the fitst aptive regiioni n a PMOS
region. 28. The nmethod of claim25 wherein the stress
| ay annealiny theetibatratnwith @ hightemperdtiife ansddl ewBetsi tie

between 0.3 GPa and 1.2 GPa. 29. The nethod of claim
anAGalMA&eas8s tHiese dBHPRI&S ihQRS rélaxE@TRELS RYePf arfd
removing the stress layer from the transistor, wherein the high

temperature anneal crystallizes the first electrode to impart the increased

stress of the stress layer to the gate electrode.

27. The method of claim 25 wherein a first NMOS transistor is provided in

a NMOS region and a second PMOS transistor is provided in a PMOS region.

28. The method of claim 25 wherein the stress layer comprises a tensile

stress with a stress value between 0.3 GPa and 1.2 GPa.

29.  The method of claim 25 wherein the implanted ions is comprised of Ge,

Ar, Xenon, indium, antimony, Si, N, O or C.

30. The method of claim 25 wherein the ions is implanted at a dose

between 0.5E15 and 5E15 atom/cc; and at an energy between 5 and 50 KeV.
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Ar, Xenon, indium antinmony, Si, N, 0 or C 30. The
met hod of claim25 wherein the ions is inplanted at a
dose between 0.5E15 and 5E15 atomfcc; and at an
energy between 5 and 50 KeV. 23 31. The nethod of
claim25 wherein the anneal is perfornmed at a
tenperature between 850 and 1300 C, for a tine between

310. odheangthed ofiajande wheeeinthe anpealdd perfoemerrat 26
wherein the performance of an anneal increases the

terhpesatire istwess, 850 dard 1 8@0 €= comaltisier stweealWe)1 ahdt20e
inplanted stress film and crystallizes the silicon

se€®idsall ni ng gate thus increasing the anmount of stress
fromthe stress |layer that the gate retains/nenorizes,
resulting in the third stress value. 24

32. The method of claim 25 wherein the performance of an anneal
increases the tensile stress, with the second stress value, of the implanted
stress film; and crystallizes the silicon containing gate thus increasing the
amount of stress from the stress layer that the gate retains/memorizes,

resulting in the third stress value.

24



