MODULATI ON OF STRESS | 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
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densiAND ITSAFFRISEATIONNRISTRESSTMERIORIZATION WTHNIQER
be provided on a chip to the costs of production

(e.g. wafer/chip area and process materials) per chip
and, potentially, 1 the cost of devices containing the
chi ps by reduci ng the nunber of inter-chip and

i nter-board connections required. It has al so been

shown theoretically @ngé:r%ﬂfnhréﬁ%vg%ﬁgﬁ' mental |y that

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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mechani cal stress in the channel region of an FET can
i ncrease or decrease carrier nobility 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 electron nobility and
decreases hole nobility while conpressive stress
increases hole nobility while decreasing el ectron
nmobility in the doped sem conductor crystal lattice
form ng the transistor channel. This phenonenon is

wel | -recogni zed and theories concerning the physica

tRbBst & d@bld@%‘&)ﬂtélﬁm%ﬁé‘ ERip3hg: reﬂlﬁb;ﬁ?‘Yh@N@fﬂber of inter-chip and
uni nportant to its exploitation hi's regard

iniembosikcennagions eeuded. materi als have been pr oposed
for inducing tensile or conpressive force in a

sem conductor material, such as shallow trench

| soI at hamai(s&“ble)ansﬂlwbumtthe@ehc@aﬂamcSqmmfaemsd eapehmshtaﬂythat

ers whi ch are ge ncl uded
l atross i DeiCTaBEP RGN s bPRR MSESRe o dectease

C%Yﬁércrﬁﬂblﬂ@ él@rﬂflé’a?fﬂ'yoé‘épé*ﬂf hgfbﬁ'ﬂi‘é §ign W‘cr%jst?é&V(@ g $ensile or
evi denced "by t he extensive technol ogi cal develo nt

aprnpreseide) and e caiigreype (8. ele@tf@rm@hh@@) bEﬁ-rlsH% s ress increases

él&g%’r@r‘%bﬁgf %r:ﬂci d@&%a&?& &b"}ﬁ‘ bi{ltgwﬂ{ﬂ%téqn?pd'eez g r8§ste§1tcreases

y nore relevan
hole h’_ﬂﬂ)llmatmélné dectemsatguelectoanmbeilitgindbe eid pby semlconductor crystal

lgﬁigglf%%]]r_iing %%Rgn%sotlélr 8WI y i 'ﬁii&ph%&ﬁé&rﬁ_%‘é wéﬁ%iﬁzgghgéd and
tﬁe&ug‘bdhcei’hlég tﬂ_@ﬁhys\fcal %'ff@cts%ﬂvht% ﬂzocoﬁrsQareChﬁ I\/ﬂy

S. Liang, tress Menorization Techniq
@W@@ﬁﬁn@pytsﬁwlmﬁﬂ Nntthis degarlp pumgrasr stgmireg 5*ﬁﬁ1m3f9”338

Igyv%&)é: en Lﬁrﬁgégg&ff)éﬁc{ﬁﬁﬁgp%eyép%rﬁé 0&19118 E i?q sﬁ’en‘ﬁ&%ductor
rRafeeinl such as shallow trench isolation (ST) 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, J.W. 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
VLS| Technology Digest of Technical Papers
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2 US6939814 and US20050093078Al: Inventor: Chan,
Victor; - Increasing carrier nobility in NFET and
PFET transi stors on a conmon wafer - Adjusting a
carrier nmobility 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 -

Fabri cati on of sem conductor device by formng
P-channel and N channel nmet al oxi de seni conduct or
transistors in formng tensile filmon P-

chanittb aaggag.a@wsmqo@ﬁm 1.dpvptas GRas, Migtar: ofncreasing
i FaR I ARE A PEETHERIGrs drfta cHiimqrPHafer o justing a
dan%:mshebiﬁhyéore@iﬂ’hrent eemidosduaior cosdudivisies fonl thve waayspéhig by

a el e de and, ext nd| t,o a | pcat adj,a

B0 T BE ManerTal SRPLERY SPGB Rnir iR i B, A 38R vely
rgBlidlhy tHeospasadvalfof tisé bbgion ofildyer dematathlt he t hi ckness

of the insulated filmof the n-channel field effect

transistor differs fromthe thickness of the insul ated

Fi 1 mypdad7e 7p- M@ﬁﬂﬂ%lfﬁf qu%révmgfcfaﬁ%r héEGI08 PRIOS and NMOS

| nventor: Kunagal i'ro; Tsuchi ura,
d@%@SOB@Bﬂ&ﬁm :of SMISHdONONVETHOD Wmmngmmmi Bhd -

PR SE! O% e SR Tor AT T sy T BT I tep iy fim on P-

dhaBReINtarisisier dnid BreaRf erhpregsiae fiaa @nl ydanndransistor -
oxidizing the filmto reduce a magnitude of the stress

iRyerdon iy Vilkagt Sepge

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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oxygen to surface of the film- Inventor: Belyansky,
M chael P.; Bethel, CT, US20050158937A1: METHOD AND
STRUCTURE FOR CONTROLLI NG STRESS IN A TRANSI STOR
CHANNEL - Manufacture of sem conductor device 3

i ncluding n-type and p-type transistors conprises
adj usting shallow trench isolation oxide
corresponding to n-type and/or p-type devices and
form ng strain |ayer over senmi conductor substrate.

I nventor: Yang, Haining S 4 Summary of the Invention
The follow ng presents a sinplified summary in order

;rﬁ@u:ﬂlhg\ﬂ-lﬁjﬁe and é;ﬁly?e trandRie s 2oAipigeo dReAg 8RpIRTY 8'en(f:h
sone of e exa e enbodi nents of the inventj

'391?@0%%%#39”?%9%”%9 RIS R ARIPRS and:@rining strain
i§%9QR%fseﬁﬂRﬂngBP§§bm§te's i ntended neither to

enti key or critical elenments of the exanple
Iewﬁﬂdnh@m@sHa@mm;S del i neate 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 perfornmed into the stress
| ayer and then an anneal is perforned. This increases
the anmbunt of stress fromthe stress |ayer that the
gate retains/ menori zes.




A exanpl e enbodi nent nethod of fabricating a

sem conduct or device conprises the steps of

providing a MOS transi stor over substrate; the MOS
transi stor conprised of a gate dielectric, a gate

el ectrode, and source and drain regions in the
substrate adjacent to the gate electrode; formng a
stress |l ayer over the MOS transistor; the stress |ayer
containing tensile stress; inplanting ions into the
stress layer; perform ng an anneal of the substrate
and stress |ayer whereby the inplant and annea

i ncrease the stress on the channel region of the MOS
transi stor. 5 Another exanpl e enmbodi nent is nmethod of
fabricating a seni cotnBtasy of daginentiafhri ses the
steps of : providing a NMOS transi stor and a PMOS
transi stor over substrate; the NMOS transistor
conprTiteeiilofving pasentdiacdimptifiéd suramgay i edecto peide aabakic

source d drain reqgions in the,substrate adjacent
e P Bt e R RN AT
ihenthMOBhig sumsatyois refen tdxeerdilessvertiow of diidé agxa@mple

embodiments. it is intended neither to 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 fransistor 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

fransistor.




formng a stress |ayer over the MOS transistor; the
stress layer containing tensile stress; renoving the
dielectric layer and stress |layer fromover the PMOS
transistor; inplanting ions into the stress |ayer;
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 enbodinents 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 al

the inventions defined by the clains, to be considered

l[imtations on the invention as defined by the clains,
or | iARathen SrnRla @&Rﬂ%?@h’ﬁ@et{f@d Phiabgicafingsa segyiconductor

pri%e%fteﬁ gse advant ages may be nutual |y
contradictory, in that they cannot be sinultaneously

pr es gmovidinga adMOSetrarsistod iamdret PMSiSrirbiasibipr ogensubstrate;

advant ages, ar, licable to one aspect of the

vant: e ind AR R B AR dieilf a pate electrode,
certain aspricdcred abdaraih abdiess in theenbbestehRiyfcamoto the gate
been di scussed herein. However, no inference should be

drawn red¥®@ios§; t hose di scussed herein relative to

t hos g, RihgASGHRRER ﬂ)?@r"tﬁ@‘?\ﬂﬂ??atp%rhsﬁs‘?& M%ss%fbfs%te

space and“reducl ng repe fon. T I'S sunmary o
f eat ur es awdfaBeadvant ages shoul d not be consi dered
di spgsitive i,n determni kval ence. .. Addi tional .
feat UPRENg AP TR g oo SIS RABRT, i f-cy B ontaining
appar ent itanéilestress;
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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foll owi ng description, fromthe draw ngs, and fromthe
clains. 7 Brief Description of the Drawi ngs The
features and advantages of a sem conductor device
according to the present invention and further
details of a process of fabricating such a
sem conduct or device in accordance with the present
invention will be nore clearly wunderstood fromthe
foll owi ng description taken in conjunction with the
acconpanyi ng drawings in which Iike reference nuneral s
designate simlar or corresponding el enents, regions
aA0ENtBGES ROTd e bk RowkideRsd dibPedies ih ddisranging TAuALTB.
are cross sectional views for illustrating a nethod .
Aagitionahigpie es and @dyarieges Shihgcipyentipaig dege BErannsgetan the
ot i ; [ tion.
O Bt B R e bl R PO ke LIRS
enbodi nent vs a nethod using only steps of : SIN
stress layer and anneal (no Ge 1/1) . 8 Detailed
Descri ption of the Exanple Enbodi nents 1.
I ntroduction 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
is to forma tensile stress layer (e.g., SIN) over a
NMOS transi stor.




A gate dielectric layer and poly gate are fornmed. An
ion inplant is perforned to anorphorize the gate so
that the gate is conprised of anorphous Si. A
important lon inplantation (1/1) is perforned on the

(SiN) stress layer that will initially relax the
stress filmbut when conbined with a subsequent
anneal, will increase the tensile stress in the

stress filmhigher than the initial starting stress.
Then an anneal is perfornmed that can serve two

purposes: (i) increasing the tensile stress of the

i mplanted stress film (ii) crystallizes the silicon
containing gate thus increasing the amount of stress
fromthe stress layer that the gate

retai ns/ menorize

ret ai ns/ menor i ze?rée?%%qﬂwgﬁ qug't.agﬁe‘ fr omthe

Si N Wayeéeatamb arhréagmﬁagesau&é semidondactst degse taocd:rblmg to the

NMOS, T

n e e Ue R Age ke ddtalyord Ponese alBrinutg Litfra .
geRhédriduttorideaicel iR GbeaRinE8 Withehd FdRNIRIVeAtiorP WiKSETRIOES clearly
of two key steps in the nodul ati on of the stress of

Lmér%wb’g@m the fgﬂowmg deperétion;takerainecopduicpn sk, the;
aE:'cBﬁ‘nban@ Idgé\N(ljlﬁ_p% (Pich lﬁ’(@#@?ﬂ%ﬂ%&%%lfﬁ?ﬁ?ﬁ@e onﬁéﬁor

'anted Into t tress
cmmesgdmdlagpmnarrus eregimmsand(gastiorexampirewhishng t he
typi cal SD

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 fayer and anneal (no Ge I/l) .




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 exanpl e of
this heavy ion inplantation to enhance the nitride
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
stress layer stress. A provide NMOS Tx and PMOS Tx As
shown in figure 1, we provide a NMOS transistor 22 in
a NVOS r egPetriled Desraintion etthe Example Emipdimeatonos
region 18 over substrate 10. The NMOS transistor 22
can be conprised of a gate dielectric 26, a gate

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
sidewal | spacers 42. The NMOS gate el ectrode 32 can be
Icompnhteduefiosi | i con, polysilicon or polySi G or Ce;
and is preferably conprised of polysilicon. 10 The
PMOS transi stor 20 can be conprised of a gate

L oL S5k B AR SR SRl P R, S Y v
{68 pefrermatcsI0S ealicsshBihcidasimitthe waeks #i theashaanentegion.
/ir? e&ar]r%pl%agar%bgld%ér{t?gre a ?\I?\Aggdrransistor is to form a tensile stress layer
{e.g., SiN) over a NMOS transistor.

¢ A gate dielectric layer and poly gate are formed.

e Anion implant 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, (i) 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 Siin
NMOS channel is under increased tensile stress that increase the electron mobility

that increase device performance.




si dewal | spacers 38. The PMOS gate el ectrode 32 can be
conprised of silicon, polysilicon or polySi Ge or Ce.
B. Anorphous Gate At | east portions of the gate that
will have the stress filmand anneal process should
be conprised of anorphous silicon prior to the
formation of the stress film This can be
acconplished by an ion inplant into the gate. For
exanpl e, a separate gate anorphorizing inplant can be
performed to inplant ions into the gate. Likew se, if
aif a Source/Drain pre anorphization inplant (PAl) is
performed, C. formdielectric |layer Next referring to
figure 2, we forman optional dielectric |ayer 44 over
the MOS transistor and the substrate surface. The

di el ehhfed 8@ KeAstE8s FORBMERIatRin SPtheetrbay @f thédstress
and is preferably ‘conprised of oxide. The dielectric

(e@yévtrldéhfliﬁhe@%ﬁﬁHDWﬁness bet ween 30 and 200

anGS KA (1AoS. 1088805 KATRer TRErd) GREVThahB¥ETs

can be era

(LTO)mpI’éh&acﬂin&i thetstiess| fllyrer serves a reduci ng the
defects when nitride |ayer is eposited on Si .

Surt Seondea sidepRRREAnten (BF BEMBE ity Madypical SD

r erm\éﬁheal') te. gaﬁet%eﬁn%@ RirddonEo CRxafeddbded ehnahagessiulate
is well tune D. formstress |layer Next, we forma

(fi r $h9 sisesscigghe aiyess lpyebwaichiase thpe bedtansterrastortha 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 ftransistor 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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11 In this exanple, the stress |layer has tensile
stress. The tensile stress layer 44 puts a tensile
stress on the underlying channel of the MOS Tx. The
stress layer 46 can be conprised of silicon
oxy-nitride (SiON) or silicon nitride 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
and 1.2 Gpa. E. ion inplant ions into the stress |ayer
As shown in figure 3, in a key step, we inplant ions

usi n@ h@fﬁi}ﬂgiﬁ‘: gﬁs@ﬁbom c_aﬁ%q;om;rr@edrdf_aogaie eJ_iﬁed:tﬂts 841 fgate
stress film e heavy ion (or rge i i ons
%@@fQWSaWQ&QW’&?\%M@C@?? é§§*’ Cleéfﬁ é% &?ng)?d) ‘i?rgé{frl?r(_ﬁﬁl ghown;
é&??oe%ﬁc?&fa‘iﬁ‘?eg%ﬁs%@ irl %%rubstrﬁre%fojé@éﬂt Yo iegdtBicfddtiode 28 and
of 1ons stop I'n the stress layer 46 and nore

gintesvadt ssioprs 3BbealViQE pgteaglectiate 3D agn peebaruisey of tailon,

in the str hayer. The stress |l ayer inplant can use
@VSHLC%Q@HD%}S@'%‘E Ogt%ee‘r | arge ions that have a

nol ecul ar wei ght greater than or equal to 28 (e.g., Si
and above Si in periodic table). For exanple, the

anB: AGHYPPEUS RRL osr G The (e g.. Go or Xe) Tons

con 38 LA RRGE A2 pdREo N E5R o BES: Apgnd e
prbosss stwuldabel cainpeised efemgypHeswiizonpriontb 6@ fikeWatiordof the
ﬁr‘rees‘.fs, ?ifr% b Jl'%s%gg%te 31(:500+r<nep\{'shtl,:cgJ [)y g)r%&llgg) lrﬁplaﬁp irexto 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 fayer 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




i mpl ant energy depends on nitride stress |ayer

thickness, i.e., for a stress layer wth a 300
Angstrom t hi ckness, the ion inplant energy will be

about 15 keV. Preferably, the stress film(e.g., S N)

can have a ion (e.g., Ge or Xe) «concentration in the
range from1l E20 to 1 E22 atomcm 3. This ion inplant

(Ge I/1) paraneters are targeted so the ions are
substantially contained within the SIN stress | ayer.

12 F. renove the stress layer fromthe PMOS region
Referring to figure 4, we renove the stress |ayer 46

and ¢ ﬁ1li§@i<airhple|, ﬂr}bees‘,tréla% Iaf/%rdms_ttbﬁsi%\&ﬁsrfe@mteﬂl&e dJitess layer
stress |layer can be renoved usin S n pattern
%%é@éenwwtﬁsﬁ%thﬁa%!ﬁﬂwéﬁqhaﬁaﬁg\rpg%hﬁ?g & NMOS Tx
22. @he%@ﬁe@gﬁe\i/?ee?ﬂfi%'ﬁe@é cBpri38d BHRSIOASy-R8 SIRG) or
to figure 4, perform an anneal 54 of tge substrate.
sticenanifridaland aantevper thinkness hetweencififeand 10Q0 pegstewmns (gt =

0.and 1300 C; for a tine between 0.001 and 20
4?@0%?9”% typical anneal is perfornmed at 950 degrees

C f oAt atiietimebingke pritess e giespiser db danehasaererinsiis dtess of
"increase" the tensile stress of the stress |ayer as

hpbveend-3@Paangt b | ¥P8 the poly or anorphous silicon

gate. The anneal can increase the tensile stress in

t e, Sbh Ampldrty6hs AP0 the stheds\Rger about 10 and 60%
After the anneal, the SIN stress | ayer 46A has a

t ensidssshpinreindigoes Beiara Reydstep, we implant ions using a high dose/low
energy implant process into the stress 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 Siin
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
5E15 atoms/cc and preferably between 1E15 and 2 E15 atoms/cc; and at an
energy between 5 and 50 KeV and preferably about 16 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 sfress film (e.g., SiN) can have a ion (e.g., Ge or Xe)

concentration in the range from 1£20 to 1E22 atom/cm™.

This ion implant (Ge /1) parameters are targeted so the ions are

substantially contained within the SIN stress layer.
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and 2.0 GPa. This tensile is between about a 10 and
60% i ncrease conpared to the tensile (e.g., SIN)

| ayer before the ion inplant and anneal. The annea

can be part of a S/D anneal. Also a special separate
hi gher tenperature and short duration anneal can al so
be inserted. For exanple a |aser anneal can be
performed. 13 An exanple of a S/D anneal that wll
adequately anneal the invention's ion inplanted
stress |layer 46A. The S/ D anneal can be perforned at a
tenperature between 600 and 1300 C and preferably

beFwasnovd thasttedS MY e fronst thelRVIOSrefyforabl y bet ween
925 and 1300 C for a tine between close to zero (spike

or [Referingriodigine 4.vie soovritheasitbss layandibeand fHelectric layer 44

I t ypi D | i 0 C.f 5
R DMt T TRt 208 gve Raf beabob i - Slocca B and
paltert pRsbeNThe Tuass taydir Ubasicamindbwdr the NMOSTTor 22.
current technologies. In an other exanple, the anneal

can be perforned a te rature between 850 and
13%0 R?;’P‘?ré’i' ay E{q'ﬁ?@}ﬁgf’?ﬁegﬁgﬁ&ﬁ 'seconds and 5 m nutes.
The enbodinent's steps of : (1) I/l into the SiN
stress layer, and (2) anneal increases the tensile
st r esxefeminghe fiiiaSt chapordbrh hersipgal S olthersybbivRls.

performance. The ion inplant coupled with anneal
increases the initial stress filmstress. As a result

the “MRMHHeAPEaN BL I SisfortleansBehffbratard baw@ahes _rﬂSlo’{:?OO C:

significant as conpared to plainly using an initia
foreméimedbgteegn GOM pnd20saconids.mAviipide! ragieabisqidriermed 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 jon 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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stress to date that saturates at about 1.2GPa. There
are two theories of the how the enbodinent's ion

i npl ant and anneal increase the stress on the channe
region. First the ions break the Si-N-H bonds in the
stress layer and during the annealing process nore H
escape causing the stress filmto be nore tensile.
Second, the possibility of form ng Ge-N bonds in the
Si Ge N system can increase the stress. (nore generally
X-N bonds where the inplanted ion is X). For exanple,
the Ge concentration can range from 1E20 to 1 E22 cm 3

I N assteessléayfes Slmahn@ﬂe!&@t&wtﬂweqmiyl smrﬁztatﬁmsmverh’dlon s fon
renove, t he stre ﬁ%&é Referrln ure

ipPlenighYrses avRD 3 CPa e veAaHRY o ﬁéemperature
b%o\;(l&?%d)@)éﬁﬂ 1460 d—aﬁéj‘ Begaten b&%%ﬁ%o%rﬁp%oo C and more

nventional processing is performed to conplete the

pdeferatby betweenifpard 18@QGdat e time BalWesnddoses|zefakspike or
SRR BT Sl BASHAE BB Uil o g 70 s

POAT 75 $dWA ddw@rteiplratorethiah. 90560C maxeapkdardei ooent of
5B shows an o rlyi E‘{q’lﬁ‘tel ect ic | ayer 56 and contacts
%H%‘QP

tsgsient eRRgNGsC '§ *ﬁ?‘r R urreidpelnaingie

Conpﬁr‘?ﬁﬁ'o‘ﬂ?ereé%}nﬁlteomé A2l 848 belpRfordad at §ttéMﬁéHart@r‘é
to furt rove the channel stress. For exanple, we

hebueen Bo0 and 1t3@ﬁ§3 Ifer Thisle fetoern A1 seasmdseeg G mjmgs.
SiN over the NMOS transistor, then formILD |ayer,
and then form contact hol es. The
The embodiment’s steps of : (1) I/l into the SiN stress layer, and (2) anneal

increases the tensile stress in the NMOS channel thereby improving 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 {o increase the tensile stress.

H. remove the stress layer
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tensile ESL over the NMOS transistor m ght increase

the tensile strain on the NMOS channel. J. Review The
exanpl e enbodi nent ains to provide an approach to

increase the overall stress of the stress film46 and
hence increasing the stress |evel that can be induced

in the Si channel. In this exanple, the 1/150 into the
stress layer 46 and the subsequent anneal 54 increase

the stress on the poly gate 32A. after the stress

| ayer 46 is renoved, the poly gate 32A retains
("Menorization") the stress fromthe stress |ayer 46

and Referrimgtterigutee5At we pseferatiheenadvanthel dielegliriotayan 4dhand the
ubsizgate A tensile stress layer is preferably

'@68 ¥et&Pafter S/D inplantation. The gate and S/D

regi ons are anorphorized either by the initial S/D

i nplsubsequehy procibiststepal Ge 1/1 during the S/D step.

As such, after an annealing step, the gate and S/D

r egi d}onventiony@tmdad:eis,ﬁé@ iamerfoemed e eamplete Brerdassicdsy Anhaxample

tensile stres l.ayer t f
SAROREFF s erEe ERbi PN omPLBSBE o) Binsli B8 TopliRge ). 10
f%ﬁd@ﬂrorbaxfrﬁ&&ﬂété‘re efat €i.or sthhdard/Jo g fmv\SéfterIS/D annea!) For
nmpl es The fol |l ow ng non [imti !nﬁ% exan‘gl es reg(ﬁ%g
qaqamré@ rfisyire SBrDoMSAbRQYingdisectisleyspPaEed INE
i nveny ﬁ’l"a%/fb%r RS iFRrRfa fhgild BY %R%sw@%t&?%ﬂop%ym over the
illustra gotheresutsotalne rough 1ts use
gate structures to further improve the channei 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 fransistor 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
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Figures 6 and 7 shows Si Data for the exanple

enbodi nent vs a nethod wusing only steps of : SiN
stress layer and anneal (no Ge I/1) . Figure 6 shows
nMOS Core lon/loll at nomnal L. Figure 6: Gate

l ength: 110nm SiN stress |ayer thickness: 300A,
dielectric (oxide) thickness 100A The S/ D anneal was
for 5s at about 950 C. Figure 7 shows nMOS lon/l off at
sub-nom nal L, Figure 7: Gate length: 100nm Si N

t hi ckness: 300A, oxide thickness 100A ; gl n110 13/1
For figure 7, the S/D anneal was for 5s at about 950

|&yer THee 8et0a0dtrRA r sférBetibAIM iPRotRGHI eneststoat/vkolile. it can
enhancenent for nFET of -4%and 5% is achi eved for a

effheicbe Babt thegrate eoHa JAYeOE0®M r espectivel y.  Since
stress nenorization technique (SMI) process is
exRegj(gﬁl, y% have | arger inpact of smaller dinension
devi ces, I's makes the current technique nore ideal

for ﬁhéefoﬂéwm@cﬁohiﬁﬁrhm@ egympRefspréseroprefdrrad fatths and best
exanpl e enbodi nents G ven the variety of enbodi ments

rmdetsr]@orptegg:éﬁﬁmhax/éhwavﬁr}tgrsfordege&tlpwf hist insenligsyeas well as
nﬂ{%&%@p@tﬂ&ﬂésaﬁgob g t‘nt?ch & ghow not be taken as

the scope o present invention defined
by the clalnB 16 Wiile the invention has been

particul ar wn o an
Phe’ RS barthiDaRRsiiats FunBe eebic pRRBHERTT Vb % method
usies iy erphsky : Seseessldyet 8ad annésignaGe Vhat varl ous
changes in formand details nmay be made w.tho

igure 6 shows nMOS Core lon/loff at nomanal L. Flgure 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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departing fromthe spirit and scope of the invention.
It is intended to cover various nodifications and
simlar arrangenents and procedures, and the scope of
the appended clains therefore should be accorded the
broadest interpretation so as to enconpass all such
nodi fi cations and simlar arrangenents and procedures.
17 What is clainmed is: 1. A method of fabricating a
sem conduct or device conprising the steps of : a)
providing a MOS transi stor over substrate; (1) said
MOS transi stor conprised of a gate dielectric, a gate
el eciyigidethe am@nsiothae baed pdirdautarfyegioasand desdribed with

substrate adj ace to said ate l.ectrode; form ng
refesgnceds thay 9%@%?”@&@&“% ereR |'t§'¥h|b8 %eégtg?ﬁ?ggéhose
Skﬂaé&'&n VS i bsn&%aq 838 forf) andTBEBNS i, bé)ﬁfadb%mout

e stress ayer perrorm ng an anneal sai d
depaetmgeftoem dradstiv @mctsrl:tagee@f tha érvepiion.nd is irrtmctmi toznearer various

kD S35l 5900 Bt BSR4 S o

abpehdied clapnPiticsedrd ehaid he etcher@t:lrtasmd)aaieslt mt@rpré'flat-bon s0 as to
met hod of claim1 mhlch furthegvcongrlses TEE

enFameRst all syeh Aodiiteations apd sEwiby agagoements: ssRrocggwies.

is atensile stress layer. 4. The nethod of claim1
wherein said stress layer is conprised of SiON or
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silicon nitride and has a thickness between 300 and
1000 angstrons; (1) before the ion inplantation and
anneal steps, the stress |layer has a tensile stress
of between 0.3 and 1.2 Gpa. 18 5. The nethod of claim
1 wherein the ions are Ge or Xe ions and the ions

i npl anted at an energy between 5 and 50; at a dose
bet ween 5E14 AND 5E15 ions/sqg-cm the ions are
substantially inplanted into the stress layer and do
not significantly reach the gate el ectrode. 6. The
met hod of claim1 wherein the stress filmhas an ion
concentration in the range from1l E20 to 1 E22
atomlcm 3. 7. The nethod of claiml1 wherein the ions
have a nol ecul ar wei ght greater than or equal to 28
and the ions are inplanted at an energy between 5 and
50; at a dose between 5E14 AND 5E15 ions/sqg-cm 8.
The nethod of claim 1l wherein the anneal is perforned

@%@f"istc%\‘ﬁ'%@%:ure bet ween 850 and 1300 C, for a tine

et ween 1 seconds and 5 mnutes. 9. A nethod of
fabricating a sem conductor device; conprising the

teps of ravi di ng .a transistor.and a PMOS _
{1 &g Bogiof Blalelie oigmiond: Cry el Sanmis S Tie Lgen of
conpripefonling 8MOSARIsRESIdver sab&iadts; el ectrode, and
source ‘and drain regions in said substrate adjacent

to said dasaidiN@Bricasiste)comaptifiedpf @ gate digledtdg.et galger
said MXS t re%b?rlo%te%hd §8€n%esefnrde{ﬁ'§m| x%%ﬁ)rns in said substrate adjacent
to said gate electrode;
b) forming a stress layer over said MOS transistor; said stress layer have
a tensile stress;
¢) implanting ions into the stress layer;
d) performing an anneal of said substrate and stress layer whereby the
implant and anneal increase the stress on the channel region of the
MQOS transistor.

2. The method of claim 1 which further comprises removing the stress layer.

3. The method of claim 1 which further comprises; the MOS transistor is a NMOS

transistor and the stress layer is a tensile stress layer.

4. The method of claim 1 wherein said stress layer is comprised of SiON or
silicon nitride and has a thickness between 300 and 1000 angstroms;
(1) before the ion implantation and anneal steps, the stress layer has

a tensile stress of between 0.3 and 1.2 Gpa.
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containing tensile stress; c) renoving stress |ayer
fromover the PMOS transistor; d) inplanting ions
into the stress |ayer; e) perform ng an anneal of said
stress layer and said gate el ectrode. 10. The nethod
of claim9 which further conprises renoving the stress
layer. 19 11. The nethod of claim9 which further
conprises formng an dielectric layer over said NMOS
transi stor and said substrate surface; and form ng the
stress layer over the dielectric layer. 12. The

nmet hod of claim9 which further conprises formng an
HiTekbaoéthod of além lowderein ahaladw@ﬁe GansXs iors ambthedoas

C WBDl B Eatan eheraysphvedh af doLaf » Koot TurSHrEbe 1 £ 4R se15
C%W/é@@ﬁ\ ofheOshslard aytsdtamizily n’ﬁﬁ%n@ed intc thRestfesh a4y eifd do
30 and 200 angstrons. 13. The nethod of claim?9

wlmntéigﬁff@ant&v aactaébe patpeelectsodonpri sed of Si ON or
638488%@%@? : on%‘?maln %r@?@n ?heé ?E&é@t‘ﬁﬁ? h?@ta‘PﬁSH B3RO ion in the

(1) e ann the stress
Iayﬂgefram 10 Euntﬁmkaatosm/mﬁs of between 0.3 and 1.2

t hod .of claim9 wherein, the anneal is
Toa e staingd 4F ol o sikeit 15E Mg e welscuios Tokgg apedter than
f er cAubl 20 ahuese OndireSingnassd andn %n@l’gWE)QWeen Boand 50; at a
The nmethod of claimx wherein the stress |ayer has an

i slosedebwern BEIHAND SEAL ignsfefecir om 1 E20 to 1 E22
At %%tﬁod of claim 1 wherein the anneal is performed at a temperature

between 850 and 1300 C; for a time between 0.01 seconds and 5 minutes.

9. A method of fabricating a semiconductor device; comprising the steps of :
a) providing a NMOS transistor and a PMOS transistor over substrate;
(1) said NMOS transistor comprised of a gate dielectric, a gate
electrode, and source and drain regions in said substrate adjacent
to said gate electrode;
b) forming a stress layer over said MOS transistor; said stress layer
containing tensile stress;
¢) removing stress layer from over the PMOS transistor;
d) implanting ions into the stress layer;

e) performing an anneal of said stress layer and said gate electrode.

10. The method of claim 9 which further comprises removing the stress layer.
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16. The nmethod of claim9 wherein the ions have a

nol ecul ar wei ght equal to or greater than 28, 17. The
nmet hod of claim9 wherein the ions are conprised of Ge
or Xe and the Ge or Xe ions are inplanted at an
energy between 5 and 50; at a dose between 5E14 and
5E15 ions/sg-cm 20

11. The method of claim 9 which further comprises forming an dielectric layer over
said NMOS transistor and said substrate surface; and forming the stress layer
over the dielectric layer.

12. The method of claim 9 which further comprises forming an dielectric layer over
said NMOS {ransistor and said substrate surface; and forming the stress layer
over the dielectric layer; said dielectric layer is comprised of oxide layer and

has a thickness between 30 and 200 angstroms.

13. The method of claim 9 wherein said stress layer is comprised of SiON or
silicon nitride and has a thickness between 300 and 1000 angstroms;
(1) before the anneal, the stress layer has a (tensile) stress of
between 0.3 and 1.2 Gpa.

14. The method of claim 9 wherein the anneal is performed at a temperature
between 850 and 1300 C; for a time between 0.01 seconds and 5 minutes.
15. The method of claim x wherein the stress layer has an ion concentration in

the range from 1E20 to 1E22 atom/om™.
16. The method of claim 9 wherein the ions have a molecular weight equal to or
greater than 28,

17. The method of claim 9 wherein the ions are comprised of Ge or Xe and the

Ge or Xe ions are implanted at an energy between 5 and 50; at a dose between
5E14 and 5E15 ions/sg-cm.
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