Sel ective STl Stress Rel axation Through on

I npl antati on Background of Invention 1) Field of the
Invention This invention relates generally to

sem conductor devices and nore particularly to

strai ned channel transistors and the fabrication of
sane. 2) Description of the Prior Art Size reduction
of metal - oxi de-sem conductor field-effect transistors
(MOSFET), including reduction of the gate | ength and
gate oxide thickness, has enabl ed the continued

i nprovenent in speed performance, density, and cost
per unit function of integrated circuits over the past
few decades. To enhance transistor performance
further, ' ' ' R j St
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strain-induced nobility enhancenment is another way to
i mprove transistor rtormance_in addition to device
scaling. There are sg?éi‘grmé'ﬁefh‘ge"im oaches of

il hFiedd of the Ibigntion i N t he transi stor channel region. 1
Summary of the Invention One or nore exenplary

enbodi nents of the present invention provide a
structure an ; ' ' e
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followi ng steps and the structure formed therefrom A
trench having opposing sidewalls is formed within a

21 Descrption Af thé Porimyer having an inherent stress is

Size reduction of metal-oxide-semiconductor field-effect
transistors (MOSFET), including reduction of the gate length and gate oxide
thickness, has enabled the continued improvement in speed performance, density,

and cost per unit function of integrated circuits over the past few decades.

To enhance transistor performance further, strain may be
introduced in the transistor channel for improving carrier mobilities. Therefore,
strain-induced mobility enhancement is another way to improve transistor
performance in addition to device scaling. There are several existing approaches
of introducing strain in the transistor channel region.



formed over the opposing trench sidewalls. The stress

| ayer having stress layer sidewalls over the
sidewal I s of the trench sidewalls. lons are inplanted
into one or nore portions of the stress layer to form
ion-inplanted rel axed portions. The portions of the
stress layer that are not inplanted are un-inplanted
portions, whereby the inherent stress of the one or
nore ion-inplanted relaxed portions of stress |ayer
portions is relaxed or reduced. The ions are

preferably conpri sedS@mmdrgrefithe vérsidi ni ng ions. In
a second exanpl e enbodi nent, we use angled inplants

to selectively inplanted into portions of a stress
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stress layer portions is relaxed or reduced. The ions are preferably comprised of
boron (B) containing ions. In a second example embodiment, we use angled
implants to selectively implanted into portions of a stress layer over an isolation
trench sidewall. We can form N-FET and P-FET with their channels orientated at
about right angles to each other. This allows proper stress to be selectively applied
to the P-FET and N-FET channels.

In a further exemplary embodiment, there is provided a
semiconductor structure, comprising:
a substrate;
a trench within the substrate, the trench having opposing trench walls; and
a stress layer over the opposing trench walls, the stress layer having an
inherent tensile stress; the stress layer including one or more relaxed stress layer

portions having implanted ions therein.

Further exemplary embodiments may be defined by the claims.



are presented only to assist in understanding the
invention. It should be wunderstood that they are not
representative of all the inventions defined by the
clainms, to be considered |imtations on the invention
as defined by the clains, or limtations on
equivalents to the clains. For instance, sone of these
advantages nmay be nutually contradictory, in that

t hey cannot be sinultaneously present in a single
enbodi nent. Simlarly, sone advantages are applicable
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down plan views for illustrating a nethod for
fabricating selectively relaxed strained transistors
according to a second exenplary enbodi nent of the
present invention with FIGS. 1, 2, 3A 4A 5, 6, 7A
and 7F being top down plan views and FIGS. 3B, 4B,
4C, 7B, 7C, 7D and 7E bei ng cross-sectional side
views. FIGS. 8 through 13 are cross-sectional side
views for illustrating a nethod for fabricating
selectively relaxed strained transistors according to

a first exenpl aan@ﬂb@QbﬂBﬂanﬁtﬁ@Prgﬁlﬁ%am| o

invention. 4 Detailed Description o
Enbodi nents The exanpl e enbodi nents of the present

i nvention w I'l'he?@atu%gséf{d g&paﬂt%]e%e&g% sfﬁﬂugoh%r %rgqq%géﬁas

to the acconpanyi ng draw n
@(pqwdlug ta tmpr@sent\nemntmm Mrmwﬂytaﬂ@bﬁd @focess of fabricating

n r met hods qf formng the same. Sone
IR el B el rhaccordaate Wib 1 presngt ingeiondul be
moreciebey ehderdtcde, froth ies fetams H@é&@u&ﬁfhk\é@jn %op,unct.on with
essive stress |liner layer. A
EH%PWY'PQGW‘S""QEW W@hﬂl'@rryf@ﬁn@ﬂmm’eeml@ﬂemgmte similar or

RSP hdind v gﬁnfé nal view of a
substrat g@l %ﬁb@%bs ra 291{188@55':'8@8% \gﬁ'C%exarrpl e, a
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silicon (Si i nsul.a Ge or SiCe
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Jf rHa%/ be conprised of SIiN, for exanple

straine ranS|stors according to a second exemplary embodlment of the present
invention with FIGS. 1, 2, 3A, 4A, 5,6, 7TA and 7F being top down plan views and
FIGS. 3B, 4B, 4C, 7B, 7C, 7D and 7E being cross-sectional side views.

FIGS. 8 through 13 are cross-sectional side views for ilustrating
a method for fabricating selectively relaxed strained transistors according to a first
exemplary embodiment of the present invention.



We form STl trench 117 in substrate 110 thru pad oxi de
layer 113 and STl nmask [ ayer 115. Next we nmay perform
an optional pre-liner oxide clean. Then, we formliner
120 within STI trench 117. Liner 120 nmay be conprised
of, for exanple, oxide or oxynitride and is preferably
conprised of 5 oxide. Liner 120 may be fornmed by an

oxi dation. Liner 120 may have a thickness between
about 30 and 150 angstrons for exanple. B. Stress

| ayer Referring to FIG 9, in an exenplary enbodinent

of the predhsthiled mégetugﬂan dﬁhé%@nﬁ?%
(stress liner |ayer) 5 over the trenc

117/1iner 120. Stress |ayer 125 may be conprlsed of ,
for exanple, nitride, silicon oxynitride or silicon
nitride and is preferably conprised of silicon
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Imﬂréaueron we next inplant stress layer 125 with ions
150 to alter the characteristics of stress |ayer 125
to forminplanted stress layer 125A. It is thought

A. First Example Embodiment

FIG. 8, an exemplary embodiment of the present invention,
shows a cross sectional view of a substrate 110. Substrate 110 may be, for
example, a semiconductor substrate comprised of, for example, silicon (Si), silicon
on insulator (SOI), Ge or SiGe or any suitable material.

We form pad oxide 113 and STI mask layer 115 over substrate
110. STl mask layer 115 may be comprised of SiN, for example.

We form STl trench 117 in substrate 110 thru pad oxide layer 113
and STI mask layer 115.

Next we may perform an optional pre-liner oxide clean.

Then, we form liner 120 within ST trench 117. Liner 120 may be
comprised of, for example, oxide or oxynitride and is preferably comprised of



that the ion inplant (I1/1) relaxes the intrinsic
stress in stress |ayer 125. Exanpl es of .

i ons-containing inplants that can be used are Ge, Si,
P and P. Relaxes neans |ess or |lower stress. Any ion
that reduces the stress of the stress filmcan be
used. Preferably any ion (e.g., S-containing ions)
can be used that reduces the stress of the stress
filmafter inplant and substantially retains the

rel axed stress after subsequent anneals. to Boron
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referably inplant B-confalning Ions
EPU\%@W 3@cﬁﬂ9r1%angsﬁpn@<fahpxwplmpl anting B, BF2

or B2F5 ions and preferably BF2 and at a dose bet ween
about 1E14 and 5E15 ions per square centineter at an
ener gy between about 1 and 25 KeV. B-containing ions
are ref err &dresisnager t is thought that a stress |ayer
conprised of Sift (e.g., substantially SIN) will be
rel axed with the B-contai ning I/1 and al so remain

| axed aft
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Optional Anneal Referring to 1, in an exenp ary

enbodi nent of the present i nventi on, while an
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stress within at least the proximate adjacent substrate 110. Thus, stress layer 125

may have an inherent tensile stress ( e.g. tensile stress layer ) (also see below).

Stress layer 125 may have a thickness between about 50 and
250 angstroms for example.

C. lon Implant

Referring to FIG. 10, in an exemplary embodiment of the present
invention, we next implant stress layer 125 with ions 150 to alter the
characteristics of stress layer 125 to form implanted stress layer 125A. It is thought
that the ion implant (I/1) relaxes the intrinsic stress in stress layer 125. Examples of
ions-containing implants that can be used are Ge, Si, P and B. Relaxes means
less or lower stress. Any ion that reduces the stress of the stress film can be used.
Preferably any ion (e.g., B-containing ions) can be used that reduces the stress of
the stress film after implant and substantially retains the relaxed stress after
subsequent anneals.



inplanted film 125A rel axed. Optional anneal 151 is
not necessary. Al so, subsequent processing wll

i ntroduce high tenperature anneal processes/steps.
Stress |ayer 125 may be anneal ed sonetime after the
ion inplantation 150. For exanple, an optional annea
process can be performed after the ion inplantation
150 and before the formation of STI isolation |ayer
170 (see FIG 12, for exanple). In another option
the ion-inplanted stress |layer 125A may 7 be anneal ed
during a subsequent anneal, such as a S/ D anneal,
silicide anneal, any anneal during normal subsequent
devi ce processing, etc. The optional anneal process
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The ion implantation process may be a conventional beam-line
ion implantation process, a plasma immersion ion implantation (PIII), or any other
ion implantation process known and used in the art.

D. Optional Anneal

Referring to FIG. 11, in an exemplary embodiment of the present
invention, while an optional anneal 151 may be performed which should keep the
implanted film 125A relaxed. Optional anneal 151 is not necessary. Also,

subsequent processing will introduce high temperature anneal processes/steps.

Stress layer 125 may be annealed sometime after the ion
implantation 150.

For example, an optional anneal process can be performed after
the ion implantation 150 and before the formation of ST isolation layer 170 (see

FIG. 12, for example). In another option, the ion-implanted stress layer 125A may



ion inplant may have, for exanple, a tensile stress
between about 0.5 and 1.4 GPa. After the ion

i npl antati on and any optional anneal, the inplanted
portions of tensile stress |ayer 125A nmay have a
tensile stress between about 0.0 and 0.2 GPa, for
exanpl e. Any optional, or other, anneal does not
substantially change/alter the stress in the

i mpl anted or non-inplanted stress |ayer portions. The
i npl anted rel axed portions of the stress |ayer can

beannealesitdeing 4 Sidscomeht éﬁﬁe%p%'dbh As%&D éﬂr(éaﬂfmﬁ‘@e anneal,
non- i ng%&ﬂﬂed tensile stress layer. After annea
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The stress in tensile stress layer 125A after the 1/l and anneal (at
whatever stage) is preferably between about 0.0 and 0.2 GPa.

Example of a tensile stress layer

For a stress layer 125 that has an intrinsic tensile stress, the ion
implant reduces intrinsic stress. For example, a tensile stress layer 125 before the
ion implant may have, for example, a tensile stress between about 0.5 and 1.4
GPa.

After the ion implantation and any optional anneal, the implanted
portions of tensile stress layer 125A may have a tensile stress between about 0.0
and 0.2 GPa, for example. Any optional, or other, anneal does not substantially

change/alter the stress in the implanted or non-implanted stress layer portions.

The implanted relaxed portions of the stress layer can have a
stress that is from about 0 % to 40% of the non-implanted tensile stress layer.

After anneal, the unimplanted portions of the stress layer still
have a tensile stress between about 0.5 and 1.4 GPa. The anneal probably will

8



pl anari zation step) to formthe structure shown in
FIG 12. F. Form FET on substrate Referring to FIG
13, in an exenplary enbodi nent of the present

i nvention, we forman FET (field-effect-transistor)
180 on an active area of substrate 110 that may be
defi ned as between adjacent STl structures having STI
| ayers 170 fromFIG 12. FET 180 can be conprised of
S/ D (source/drain) regions 182, gate 184, and channel
region 186. Inplanted stress |ayers 125A within the

Sqt aparecisblyicbange trtd’stﬁessrmltlrﬂé m;ﬁldﬁt@@%tr%‘ss 'I‘Eﬂ}é? b@f‘tloﬁea?md the

s_on, chann ion 186. 9

? 'Ié%{r% cQiq E?é@,a'r‘%ﬁ% rUPRfORe: PEh'ch'@vth?ébbefmet for the non-
mpjalmtédl?edjiﬁﬂ's_dew ce Another option in an exenplary
enbodi nent of the present invention would be to
i npl ant the stress liners surrounding NFET devi ces and

mask the stress liners around PFET devices. This may
enhange hol esfpRblddon i N P- FETs and the reduce stress
in N-FET channel s (| ncrease electron nobility). H
Comments A feature of the first exanple enbodi nent is
t he B-cont ai|$| ng. ion inplant 150 that reduces the
intrinsic stREH 'rlgwth§t|'_r|@s§21 Me&%plef)oemboglmemf)f the
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| anted rel axed stress | ayer
'W'@W@Hayebimenal ning rel axed even after any
subsequent anneal processes. In contrast, stress
| ayer 125 inplanted with other ion inpl ants

The isolation layer may be comprised of an oxide, for example.

Next, pad oxide 113, STI mask layer 115 and the portions of ion-
implanted stress layer 125A above pad oxide layer 113 are removed, preferably
during a CMP (chemical mechanical polishing) step (or other appropriate
planarization step) to form the structure shown in FIG. 12.

F. Form FET on substrate

Referring to FIG. 13, in an exemplary embodiment of the present
invention, we form an FET (field-effect-transistor) 180 on an active area of
substrate 110 that may be defined as between adjacent STI structures having STI
layers 170 from FIG. 12. FET 180 can be comprised of S/D (source/drain) regions
182, gate 184, and channel region 186.

Implanted stress layers 125A within the STI structures at this
point reduces or neutralizes the stress on channel region 186.



(e.g., Ge, P+, As+, Sb+ ) increase their intrinsic
stress after subsequent anneals perfornmed at anneals
tenperatures higher than about 500 degrees C. For
exanple a tensile stress layer inplanted with other
ion inplants (e.g., Ge, P+, As+, Sb+ ) increase their
tensile stress after subsequent anneal s perforned at
anneal s hi gher than about 500 degrees C. Second
exanpl e enbodinent FIG 1, in an exenplary enbodi nent
of the present invention, illustrates substrate 10

havi n@. one olAnBIhér Bpiléh- Mti?@sssmr%%uﬁ&‘7¥ -FET devices —not
field-effect transistor (MOSFET)/ field

transi st ora’@ﬂEP}P'ngdf%‘gcgz 14 therein. Regi on 12 is
conductor field-effect transistor

?RI— wg% ) EEP 7 og jen e gﬁenﬂglanéerg%odiment of the present
ifventic woulddss BaRpa thiE 50ésd Iir@réjsﬁ%tﬁ%né NFE?' Fdilesldnd

MOSFET) regi on. ile two regions 12,
masly &t ﬁt(%feﬁ linerg=praung, PEE}Ted@wm Tdm maymhaec@hele mobility in P-

FE?/%%E% ﬁer E@g%{l%ﬁ;stﬁégfﬁﬁﬁ@:#%ﬁ%ﬁnéﬂggb%ﬁggﬁ)g&gﬁon mobility).

combi nati on of N-MOSFET regions and P- MOSFET regi ons,
for exanple. It is noted that P-MOSFET regi ons and
MOSHET reg be P-FET regions and N FET
regl ons, respk):g % . Substrate 10 may be, for
exanpl e, a sem conductor substrate conprised of, for
exarrple silicon (Si), silicon on insulator (SO), Ge
or SiGe. SuBdeatareofliDerfingt Ebaar’rmlryembbdfmér& is the B-containing ion

R B BRI insiees 38 A eSS taven T2 iforming ion-
impbarded relaxsdstrésyNalecTZBN )i BUoatdifiRg implahtdd RISALSstidis layer
1]285Aaﬁas Ihe I%epdortant property of remaining relaxed even after any subsequent
anneal processes. In contrast, stress layer 125 implanted with other ion implants
(e.g., Ge, P+, As+, Sb+ ) increase their intrinsic stress after subsequent anneals
performed at anneals temperatures higher than about 500 degrees C.

For example a tensile stress layer implanted with other ion implants (e.g., Ge, P+,
As+, Sb+ ) increase their tensile stress after subsequent anneals performed at
anneals higher than about 500 degrees C.

Second example embodiment

FIG. 1, in an exemplary embodiment of the present invention,
illustrates substrate 10 having one or more metal-oxide-semiconductor field-effect
transistor (MOSFETY)/ field effect transistor (FET) regions 12, 14 therein. Region
12 is an N-metal-oxide-semiconductor field-effect transistor (N-MOSFET) region
and region 14 is a P-metal-oxide-semiconductor field-effect transistor (P-
MOSFET) region. While two regions 12, 14 are illustrated in FIG. 1, there may only

10



about the periphery of N MOSFET region 12 to form

N- MOSFET active region 12 and P-MOSFET region 14 to
form P- MOSFET active region 14. STl trenches 16, 18
may each have a width of, for exanple, from about 0.05
to 10 pmand nore preferable fromabout 0.05 to 1 pm
STl trenches 16, 18 may each have a depth of, for
exanpl e, from about 2000 to 4000 angstrons and nore
preferably from about 2500 to 3500 angstroms. The
sidewal I s of the respective trenches may be angl ed

beame rbgioner meeaHan b ARIGIRCHat MR e{tbé:é“ N- M@@ng regions, all P-

(E= and are preferably about 9 degr ees
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formed by, for exanple, using a nmasking Iayer (such
as pad oxide |ayer 15 and a masking |ayer 17 (e.g. a

nitride maskisopstrat@y® mal %@efdr:bg?an{’plé” a sf,é?ﬁlcsm&e&%)gtrate

ch mask. It is noted that pad oxide
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SHbét?éib%WﬁéfBé@n suﬂt&?l’é‘%feﬁﬁ?%ﬂhdcfbr ééﬁ?lr? A and 38, |n

an exenpl ary enbodi nen res venti on,
pre-liner OXIde cl ean process may be perforned

I d b f res tive oxide |iners
b0 | 95 on ypb MohBIARIGEE. ifan Gerdary s dimspt ofthe present
imegn tin, résvecﬂ\)@ﬁﬁélﬁaw ﬁéﬁc@%b@ﬁénQéTHﬂQﬁch% ‘I‘g 18 are formed
subs{trate 0. For I con subs

bput dhe perinherk pE NZMO#TWI%QWHBNM@BFEH aatlae region 12
é’i’fd F‘ﬂ\ﬂO@F‘qurggidﬁe’f &to%%{rﬁ%z MBS afcﬂ(/g%jg &Y 145 8F1 trenches 16,

exanpl e, oXi I on
18 may each have a width of, for example, from about 0.05 to 10 pm and more

preferable from about 0.05 to 1 ym. STI trenches 16, 18 may each have a depth
of, for example, from about 2000 to 4000 angstroms and more preferably from
about 2500 to 3500 angstroms.

The sidewalls of the respective trenches may be angled from
between about 90 degrees (vertical) and 80 degrees and are preferably about 90
degrees. See cross sectional views in FIGS. 3B, 4B etc. The trenches and the
angle of the implant can be configured to have the implants substantially into the
sidewalls of the stress layer.

Trenches 16 18 may be formed by, for example, using a masking
layer (such as pad oxide layer 15 and a masking layer 17 (e.g. a nitride masking
layer) (see FIG. 3B, for example)) as an etch mask. It is noted that pad oxide layer
15 may be optional and may also be comprised of other suitable materials.
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exposed STl trench walls. Each oxide |iner 20, 22 may
have a thickness of, for exanple, fromabout 10 to

110 angstrons, and nore preferably from about 50 to

80 angstroms. Liners 20, 22 may be conprised of other
suitable materials. |I. Stress liners As shown in FIGS.

3A and 38, in an exenplary enbodi nent of the present
invention, respective inherent tensile stress (e.g.,
nitride) liners 24, 26 are forned over respective
sidewal | s of trenches 16, 18 and over respective

di el ectric (Ogishewn infdES. 28,an223B, $h mesxehipiay enbbdidént of

ﬁq%ﬁﬁﬁtﬁ%ﬂt@ﬁ?aﬁ%—#ﬁ% %uﬁ( @gﬁh %mqséslg:gﬁgy p{a‘ :gtsﬁlmdrﬁed followed
by formetorsobx@speetivt aide Migts 20apd wnB TIitRPIEhBS 461 8 Oxide

[ be f d th substrate.

(h 20728 el s Tt iBe oS ot uelerying sabsirateio: For

iIfHotr d i { S i
e o o stBrale R eSS 2ty e ARt siicon
pride pxige inerscif, 22ouay b8 formerbisy, dostaropie, axidatim?fetg%
B DB Wi RaB SR8 BBl Ao ey Bfickness o, for
elkanople sfeamiabogt ¢ater 1d%|hgist!rorF§,| eim@ mioke pfé;%ﬂgbyﬁ&n about 50 to

t | t uni axi al stress (x an .
@( Sé@%@ﬂ%ﬂi"ﬁg% @2;&%@( b eomprigsest-efrolbra awitalie matetiats.
P- MOSFET channel (s). For exanple, an inherent tensile
nitride liner 24, 26 (tensile nitride liners 24, 26)

exerts a conpressive stress within respective N
MOSFHT and gEWQSFP?ﬂ%'ﬁannel s 42, 44. 12 For exanple, a

degr ade-t o ¢ RORRET FISE. A BH0GER! A Sxamelsry smbodiment of
the lprésery Invehtidre, respédtilidtherent tensile stress (e.g., nitride) liners 24, 26
are formed over respective sidewalls of trenches 16, 18 and over respective
dielectric (oxide) liners 20, 22. Stress liners 24, 26 may be comprised of, for
example, silicon nitride, silicon oxynitride or a silicon nitride/silicon oxynitride stack
and are preferably silicon nitride. A dielectric layer can be formed over the

substrate. Then a stress liner can be formed over the dielectric layer.

Each nitride liner 24, 26 may have a thickness of, for example,
from about 50 to 250 angstroms, preferably from about 75 to 125 angstroms and
more preferably about 100 angstroms. Nitride liners 24, 26 each may have an
inherent stress (as will be discussed in greater detail below) which in turn exerts a
at least a uniaxial stress (x and y directions) into respective N-MOSFET channel(s)
and P-MOSFET channel(s). For example, an inherent tensile nitride liner 24, 26
(tensile nitride liners 24, 26) exerts a compressive stress within respective N-
MOSFET and P-MOSFET channels 42, 44.
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conpressive stress within P-MOSFET channel 44 inproves
the P-MOSFET ldsat (enhancing its hole nobility).
Hol e mobility for a P-MOSFET is increased with a
conpressive stress parallel to the P-MOSFET channe

wi dth. Also, a uniaxial conpressive stress in the
direction perpendicular to the channel width of a NFET
may not significantly degrade NFET performance. This
may be true for either a high conpressive stress
(HS), that is a conpressive stress of greater than

about 2 GpaFoe EXam|pwVaC¢Um%r@g§1§/3 §tr({§§sf ﬁrﬂfgln(WOSFE‘ﬁtchannel
- a o -

iﬁ%i‘ ﬁﬁ&tﬁ%m{{d%ﬁ aeRAt (redueing dstelestram r'@nb@w while @geniaxial
bénip'i’&snlé%%%s@'vhtrﬁry PaliGdrET aﬁfﬁ%i 24 HﬂB gﬁb 'tl’mé? prMOSFET dsat

defects that could propagate a
éﬁnhaﬁgmgnt@ e matdiys Hmmomhadﬁong R-MCDSEEﬁgsemcmed with a

B gt el B R P U0 Ser e A s g
compressp/leaemeasumme( d#édhoﬁﬁiér%cﬂc&dﬁo&h@ %hﬂﬁr‘iél Qfdthtof a NFET
First 1|1 in FLG 4A in an_exenpla

Arydet ﬁﬂwfﬁgﬂﬁx AegrdedrE T PRFQERRNGSA This Moy et teuegfoeither a
higfh domirasdiad 59@335?-#%)3 é'p‘frg 2% fé%%\% %}gé%so@@?%%r than about -

tensile stress ni i ners

P pivan or edow sompressive siress(LIExthapisesstodss dfdfren about -0.2 GPato
ipegEontaining inplants that can be used are Ge, Si,

FQ? CF% Preferably any ion (e.g., B-containing ions)

can be used tth@hore‘ddhaﬁéfdbrh{éréfif/@f%é éﬂfecE BEhigh 'ST3 Stress is the
retains or
f 4 g@@ﬁ;%@%@gﬂé@ %gggllsq%ﬁiggfgc{s%ha? could propagate along the STI

edge during the STI process and leading to leakage issues and serious yield
concerns.

J. /1 (lon Implant)

It is noted that the ion implant or Boron-containing (B) ion
implantation (I/) may be a two step method.

K. First I/l

As shown in FIG. 4A, in an exemplary embodiment of the present
invention, a first angled ion implantation 50 is performed into portions of tensile
stress nitride liners 24, 26 to form ion implanted relaxed portions. Examples of
ions of ions-containing implants that can be used are Ge, Si, P and B. Preferably
any ion (e.g., B-containing ions) can be used that reduces the stress of the stress
film after implant and substantially retains or improves reduced stress in the
relaxed stress after subsequent anneals.
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rel axed stress after subsequent anneals. 13 In an

exenpl ary embodi nent of the present invention, a

preferred first angled boron (B) containing ion _

i nplantation 50 is perfornmed into portions of tensile
stress nitride liners 24, 26 that is roughly

perpendi cular to the to-be-formed channel w dth of
N-MOSFET 30 within active region 12 (and are thus

roughly parallels to the to-be-forned channel w dth

of P-MOSFET 32 within active region 14) (also see,

for exanpl e, IFaGex&mplary bimbotiimerit dBileopiteaieni ihgeﬁtﬂ?i, @%referred

ﬁ %gﬁ%@gh %Efodﬁ&%:gﬁ{air%ﬁg 8 ?&g%%@ én ga ésa{)]%r%cyer@oéd intoo;gortio ns of
fenefle srbdsynilieuiners 28T @Bt %J%gghgifer%%}ﬂﬁ%gérgt}o the to-be-formed

i Ia|i1te i nto one sidewal | _ . .
Qﬂn:%&el With of NrMOSFETe30 M,hlm@ctwgrre@la_ﬁzr(esp@ge Ithralustroughly

' - ' | Jfhat .any |
s SR b f et hah R P!t P QRERE I Bithin Bt Elpoion
bhidelsorreet tas extmpies FAGL 74 TrigfiatB-codtaitihgi shglsd ioh MWANt 50

58y B litab H oo 6 Forgpietiatt iy abguth s Fscress and
RbfESprefiddablyhbdGt 2idgrées such thai iBRS ard %IQ%HQE@Sé%ési&éwall

| oted_that any inplanted bottons of trenches
é% #\’ﬂ; ?58 PP Ry @Rosg nitfidediner 24e 26 faraachgaspéntive N-FET

e O BH BT & eross sectional view al ong

line 4B-4B" in FIG 4A FIG 4Cis a cross sectional

view al ong llE [éenc;tg'g 'th4a?laniqup@n%tio%AWithin the bottom of trenches 16,
18 and over the top of respective regions 12, 14 is not shown to simplify the top
down FIGS. (i.e., e.g., FIGS. 4A, 5, 6, 7A and 7F) but is representatively shown in
FIGS. 4B and 4C and 7C (i.e., implanted bottoms 31. It is noted that any implanted
bottoms of trenches 16, 18 will not appreciably affect the stress on the channel

region as significantly as the sidewalls of the trenches.

FIG. 4B is a cross sectional view along line “4B-4B” in
FIG. 4A.

FIG. 4C is a cross sectional view along line “4C-4C” in
FIG. 4A.

It is noted that the use of an angled implant 50 ensures that only
one side (sidewall 52, 54; 56, 58) of each opposing nitride liner 24, 26 is
implanted.
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It is noted that the use of an angled inplant 50
ensures that only one side (sidewall 52, 54; 56, 58)
of each opposing nitride liner 24, 26 is inplanted.
14 As the trench sidewalls are angled, the tilted
inplant 50 will only inplant on one side of the

STl / opposing nitride liners 24, 26 (i.e., e.qg., for
formati on of inplanted sidewalls 52A, 54A; 56A, 58A).
The remai nder of the sides/sidewalls 62,64; 66 68
will either be shadowed or perpendicular to the ion

i npl ant at i onABGh@BEnéIeBiBBWAIS brdSglégtthd ﬁﬁ{e&‘ﬁﬁagnt 50 will only
Second 1/1 As shown_ in FIG 5, in-an exenplary
! iQfEPfe ifleoh theyP Ekepposingniins liners 24 s26:(rd efagl.g fard
inok-iamplLantat i o469, i s perf.or
enrS B84 ol BATHAATL AN, O Ol Frb Gl P
sides/pidpwplis BP)6d! 66 168 wibh cliber he shaxtbw behdedbhtothe ion

, - i, thi [ [ 1 and are thus
'W gt%&esgg\ﬁmgithghgﬁﬁwi bgfﬁ?%b%@cfog med channel _
l ength of P-MOSFET 32 within active region 14). This

secorld B- conSetomd ¢l angl ed i on inplant 60 may be
conducted at an angle of, for exanple, from about 2
to 45 degrees and nore preferably about 7degrees such

LAt om0 s SRAT B 4148 S RSY eSSt e prsent
oaorsapectr e SCirusa At /5TnBRgten 1 oo
Igie-p ,nSG%fn @psul%@trnd@é|r@& éd et roughiymparalieltbe to-be-formed
BRI NARSTES Sl SN Bl LRI AL
psgpendigian todbe t-bs-fodnethdhammel length of P-MOSFET 32 within active
region 14). This second B-containing angled ion implant 60 may be conducted at
an angle of, for example, from about 2 to 45 degrees and more preferably about
7degrees such that ions are implanted into the other sidewall 62, 64; 66, 68 of
each opposing nitride liner 24, 26 for each respective N-FET region 12/P-FET
region 14 so that both nitride liner sidewalls 52, 62; 54, 64; 56, 66; 58, 68 of the
selected opposing STl trench portions are implanted with B ions to form implanted
nitride liner portions 52A, 62A; 54A, 64A; 56A, 66A: 58A, 68A (see FIGS. 6 and 7A

et al., for example).

For the first and second angled ion implantations 50, 60 the B-
containing ions may be, for example, B ions, BF, ions or B2Fs ions. The first and
second B-containing ion implantations 50, 60 may be conducted at a dosage of,
for example, from about 1 E 14 to 5 E 15 atoms/cm? and more preferably from
about 1 E 15 to 2 E 15 atoms cm?. The first and second B containing ion
implantations 50, 60 may be conducted at an energy of, for example, from about 1
to 25 KeVs and more preferably from about 3 to 10 KeVs.
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et al., for exanple). For the first and second angl ed
ion inplantations 50, 60 the B- containing ions nmay

be, for exanple, B ions, BF2 ions or B2F5 ions. The
first and second B-containing ion inplantations 50,

60 may be conducted at a dosage of, for exanple, from
about 1 E 14 to 5 E 15 atons/cnR2 and nore preferably
from about 1 E 15 to 2 E 15 atonms cn2. The first and
second B containing ion inplantations 50, 60 may be
conducted at an energy of, for exanple, fromabout 1

to 25 KeVs a”ﬂ'leriﬁh%Bl%ﬁfﬁlbﬁkﬂracéés%?%@lét%o%v[aﬂti&%l beam-line

KeVs. 15 The on inplantation process’ na
Ihineplantatian Pmseess. a plesmerimnmgyisiam ian ||mplaptahoa$Blll),aor any other

RrPHiSantdliGh Bldts RALABNANEBHR T Byl ), or any other

ion 1 nplantation process ed in the art.
The first and second B ion |rrpl antations 50, 60 may be

conducted to o rat| for exanple, from
about 1 E 14 ﬁlﬁcf 3%%@1%&6%&0@@%@%@

tondoudbdts a boﬁcérﬁrath@n &f Eoﬂéxa%ﬁl@sh@)ﬁgéwd? e 14 iplsanted

nitride,liner portions 24A, 26A containing 1on
AIAMS(RM° aad mRreqseiesaklyl from s E o e 15mitomikden® within

fmblgh}gatﬂ,ﬁﬁgleg}pgu%%ﬁgﬁg 84 Ssand N peaks that are above

nor mal bac vel's, that is > 1017cm 3. For
exanpl e, a B dose nmay be fromabout 1 E13 to | E20

/ N dose ma from about E21 to
R0 ot ot/ aq THEE SesRabiti iad MpIANt coh GraiEedted by KIS since the

phMﬂQﬁWOQIH |Rely d%‘hﬂaﬁh Bgandzﬂrpea?(éelﬂgﬂ e abofe nohhRGHMcK ground
eV
fmés tehat is > 10l'j7t =7 For example a B dose may be from about 1E18 to 1E20

atoms/sq-cm and an N dose may be from about 1E21 to 1E22 atoms/sg-cm.

XPS can be used to check for the presences of B-N bonding. For
example, a B — N peak may be at about 190.4 eV.

It is thought that the ion implant (I/1) relaxes the intrinsic stress in
I/l implanted stress layer portions 24A, 26A.

It is noted that in one aspect of an exemplary embodiment of the
present invention, only the first angled B- containing ion-implant 50 may be
performed. That is, for example, only one of the opposing side walls [portions of
tensile stress nitride liners 24, 26 that is roughly perpendicular to the to-be-formed
channel width of N-MOSFET 30 within active region 12 (and are thus roughly
parallels to the to-be-formed channel width of P-MOSFET 32 within active region
14)] may be implanted with ions.
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It is thought that the ion inplant (1/1) relaxes the
intrinsic stress in 1/l inplanted stress |ayer
portions 24A, 26A. It is noted that in one aspect of
an exenpl ary enbodi nent of the present invention,
only the first angled B- containing ion-inplant 50 may
be perforned. That is, for exanple, only one of the
opposing side walls [portions of tensile stress
nitride liners 24, 26 that is roughly perpendicular to
the to-be-formed channel wi dth of N-MOSFET 30 within

acti vd. r egi ooptibrialMhridaf thus roughly parallels to
the to-be-fornmed channel w dth of P-MOSFET 32 within

active region 14)] may be inplanted with ions. 16 M

Optional Anneal As sh In FIG 6, in an exenplar
enbodi ment o Sﬁ?@""ﬁ‘r'@ﬂ@t& 1B FPSERNary etrmmdynenf&fdg@ present

erapoditnehit the Gtrasiure i i
tenperature of, for @a%f%?%%%?ﬁ@gﬁ?@%‘%%hpgalggoat .
Byesaiyrecof; fnr exeamledcam abput 810 BR9%kdegrdss &fdr from about 27 to

| Cf b 0 ,
T T S
refted tat wtharsarneals weuiti eyeffeetive BB &Ry M8 thehidet th(i:-se minimum

cycle.

requi renents or haye ch sufficient thermal
r?ﬁﬁ'?'ﬁﬁﬂ@eﬂr%@l’eisé’%ﬁ‘%u&'%\t thermal gslesubsequent ~ anneal s
may be sufficient such as, for exanple, a SID anneal,
silicide anneal, etc. Optional anneal 51 should keep

t he i npl ant ethisianreplodt isaptionalras abar setsmqednt artndats may be

; y rocessing wll .introduce
iS58 3 cF S U RSB St ot 8 e
I shondkeepativesiaiplarded fito portlons A, 28l rslaxbanor/ it heEessary as

subsequent processing will introduce high temperature anneal processes/steps.

Any optional, or other, anneal does not substantially change/alter
the stress in the implanted or non-implanted stress layer portions. The anneal
probably will not appreciably change the stress in the implanted stress layer
portion and the tensile stress could remain the same as before, or higher than

before, for the non-implanted regions.

N. STI Oxide

Referring to FIG. 7A, in an exemplary embodiment of the present
invention, we fill respective STI trenches 16, 18 with an STl isolation layer 27, 29.
Isolation layer 27, 29 may be formed of oxide, for example. We may remove any
pad oxide 15 and mask layers 16, for example.

0. Form FETs (MOSFETs) 30, 32
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the stress in the inplanted or non-inplanted stress

| ayer portions. The anneal probably wll not

appreci ably change the stress in the inplanted stress
| ayer portion and the tensile stress could remain the
same as before, or higher than before, for the
non-inplanted regions. N S TI Oxide Referring to FIG
7A, in an exenplary enbodi ment of the present _
invention, we fill respective STI trenches 16, 18 with
an STl isolation layer 27, 29. |Isolation |ayer 27, 29

j =3
may be fornegh gh eR8hpfary Eﬁfbo%ﬁﬁ@fﬂf(grthéé\ggér%?ﬁte fn%%ﬁtY@O?ﬁm]é/

ad oxi de 15 and nask |ayers 16,

Bﬁﬁr@tatimef:ﬁresl)l-@/ NMOSFET rchannelenginés)yis/anbmighiynt

_ . : ; : ¢
RO R B0 e b SiTbR e BT dbefSreT channe
[engtapia liustrated ireFIGAIt 90, to the orientation of

the P-FET / P-MOSFET channel Iength(s) as illustrated

in FIG 7A. As shown in FIG 7A, in an exenplary

nbodi nent t f L7AT RN
CFET). 30 oy be ot i1 AT SASla iy B of the present
&@sn ign, gp %%@%FETWEEWW (REThe Bamesywitien NoMGRF BT (FET) active

ST nd =P MOSEET BT84 Myt oigh Wi PaMEls Bigrem
activerrepioputdd &tach WSEEEB(;:E@ \ggﬁma PE@ 2%@53%&%/3‘3@;1%& 86,
ot 38 FL Ene0a Hndirane ShlesrPeimdin e rspecha e £, 36 and
aivath 88,140)osg el 48) 4Bt eRViRG the fédpelE BRANCE! BSH Hihnel has
eg %el\\/rgn)seﬁ%v%t/hr%ﬁroizh which the electrical current (electrons (N-MOSFET)/holes
(P-MOSFET)) move between source 34, 36 and drain 38, 40 for electrons (N-
MOSFET) (and visa versa for holes (P-MOSFET)), and a channel length
perpendicular to the channel width. That is, the channel width is the direction
between the source and drain and defines the direction by which the electrical
current travels between the source and drain, and the channel length is the

direction roughly perpendicular to the channel width.

As shown in FIG. 7A the B containing ion implantations 50, 60
into the selected nitride liner sidewalls and any optional or later anneal form
respective relaxed nitride liner portions (implanted stress layer portions) 52A, 62A;
94A, 64A; 56A, 66A; 58A, 68A which lessens the stress exerted into respective N-
MOSFET channel(s) and P-MOSFET channel(s).

The un-implanted stress layers 24, 26 may exert stresses on the
channel regions to improve device performance.
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(P- MOSFET) ) nove between source 34, 36 and drain 38,
40 for electrons (N MOSFET) (and visa versa for holes
(P-MOSFET)), and a channel |length perpendicular to
the channel width. That is, the channel width is the
direction between the source and drain and defines
the direction by which the electrical current travels
bet ween the source and drain, and the channel |ength

i h di hi d | h
Wathe ad SRom i RS B BTR e a0 %
ekéms! é‘ﬂh%&la?@ém%%ss% fofd'ét(l@ td'hethééN FEtr%iHaﬁhéthiﬁe Hir&&on of

I's and any optiona | ater anneal form
thee@‘mel wigdth.el axed nitride | | ner portions (inplanted
stress layer portions) 52A, 62A; 54A, 64A;, 56A, G66A
58A, 68A which | essens the stress exerted into
respective [he ItﬁﬁﬂEEt:@saﬂm@r ©8)exertd aRiriEGRIECDMpressive force

(Gl et PRI oA B8 BRHAl el GafegHaN [recdgh SGIEEN S and

pyevi ce performance. 18 As shown in FIG 7A for
exanple, the tensile stress layer 24 exerts a
uni axi al conpressive force (C) on the N-FET channel in

the directi %'}E; fa UEIQ?I&I?B&HE%SSWG%I%SS et Ginh Ie\Nldth direction

stress |ayer exerts a uhiaxial™ conpressive
inffiCbves PtMOSFEAEand A aimiedial icomphes siveastrasds initlok bhannel Iength

directi di r i on bet n nd D
dfesicaiofthe bl s sealt ndaG 78 Bes erlspds uflosFET
sidhifieghtly0the layBlivofehe R-MSHEST and FaMGEFEBT ale orthogonal (i.e. at
conpressive Stress in the channel Ien%
right angles) to each other to improve P-MOSFET performance without sacrificing

performance on the N-MOSFETSs.

For the N-MOSFET 30 this lessens the degradation of its Idsat
and for the P-MOSFET this further improves its Idsat. FIG. 7B, in an exemplary
embodiment of the present invention, is a cross section of FIG. 7A at line “7B —
7B” and shows a strained nitride liner 24 with B containing ion implants in its

sidewalls forming B ion-implanted nitride liner portions 64A, 54A.

FIG. 7C, in an exemplary embodiment of the present invention is
a cross section of FIG. 7A at “7C - 7C”, and it shows a nitride liner 26 without B

ion implants (I/1) in its sidewalls.

It is noted that the bottom of the trenches also can get implanted.
It is also noted that the trenches need not have vertical walls (see above). Also,
the trenches 16 18 can be one trench (communicate with each other). The one

trenches can surround the two or more active regions.
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direction of the channel (as seen in FIG 7A) does not
degrade N-MOSFET significantly, the |ayout of the

N- MOSFET and P- MOSFET are orthogonal (i.e. at right
angl es) to each other to inprove P-MOSFET perfornmance
wi t hout sacrificing performance on the N MOSFETs. For
the N-MOSFET 30 this | essens the degradation of its
Idsat and for the P-MOSFET this further inproves its
Idsat. FIG 7B, in an exenplary enbodinent of the
present invention, is a cross section of FIG 7A at
line "7B - 7B" and shows a strained nitride liner 24
with B contaipning_ion inplants inits sidewalls
forming Bio -‘?’Rgf AE&M $HRstrate | i ner portions 64A
54A. FIG 7C, in an exenplary enbodi nent of the
present invention is a cross section of FIG 7A at
"7C - 7C', ampferingiofGarnj inardexdmpiary stbadibriedtta Bross

i s ] i i j [ i ted that

?ﬁ‘é"dﬁ'@? VRW 3, A g e i 2P QST Rl RS Sa s formes

pgerdheN-MODSEET laativé B - '

val | seé e ab%.WAI Rt RoheY UK Colfilsefdr sip

GHONS ‘iré%@@ ANE &hanngliragieadia. buplented sttessdayer portions

SRR ODS SR SALEITAEA Wi o PicllaTR SBEH tay8r BSHoRS 4 (see
e\ derexarnple) eauses compressive stess Groal chanee! fgidnl 84 (also

dd p@_@k&)%@égu', N- MOSFET (nFET) 30 is forned

over ctive area of substrate 10. N-FET
30 is conprised of S/D regions 34, 38, gate 46 and

channel regigon_42. |nmplanted stress | ayer portions
g &eferrlng tonEIG. 7E,inan exemplar¥ emb%diment, a cross

sectional view of FIG. 7A along line “7E-7E”, P-MOSFET (pFET) 32 is formed over
the P-MOSFET active area of substrate 10. P-FET 32 is comprised of S/D regions
36, 40, gate 48 and channel region 44. Implanted stress layer portions 66A, 56A,
68A, 58A (see FIG. 7A, for example) combined with non-implanted layer portions

26 causes compressive stress C on channel region 42 (also see FIG. 7A, for
example).

The un-implanted tensile stress layer portions 24 26 can exert a
compressive stress in the N-MOSFET and P-MOSFET channels as shown in the
following exemplary table:

Perpendicular to N- Parallel to P-MOSFET 32 Channel
MOSFET 30 Channel Width
Width
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62A, 52A, 64A, 54A conbined with non-inplanted stress
| ayer portions 24 (see FIG 7A for exanple) causes
conpressive stress C on channel region 44 (also see
FIG 7A, for exanple). Referring to FIG 7E, in an
exenpl ary enbodinent, a cross sectional view of FIG
7A along line "7E-7E", P-MOSFET (pFET) 32 is forned
over the P-MOSFET active area of substrate 10. P-FET
32 is conprised of SID regions 36, 40, gate 48 and
channel region 44. |Inplanted stress |ayer portions

Cémpréssive  68bm SiBdut ¢8.280 | 6. GPA. | fféth B8 £l -1.5 GPa
s nbi ned wi th non-inplanted | ayer| portions 26 causes

ﬁﬁ?essive stress C on channel rjegion 42 (also see
FIG 7A, for exanple). The un-inplanted tensile
stress layet portions 24 26 can egxert a conpressive

stress in the N-MOSFET and P- MOSFET channel s as shown
in the fO||OWI ng exenpl ary table TALE -
------------ P . -- Per

endi cuI ar t 0V%|IeFFHG® |1Qhroh§h9‘w5-b D %‘?Eeﬂiuﬁrate an N-
|\/o§ 30 Channel Wdth Wdth ---------------
metal- OXIde-semlconductor field-effect transistor (N-MOSFET) and a P-metal-

oxide-semiconductor field-effect transistor (P-MOSFET) formed so the respective
N-MOSFET(s) channel length(s) are roughly perpendicular to the respective P-
MOSFET(s) channel length(s). It is noted that the method of the present invention
may be applied to just N-MOSFETSs or just P-MOSFETs.

Single Trench Embodiment — FIG. 7F

As shown in FIG. 7F, in another exemplary embodiment of the
present invention, an N-FET (or N-MOSFET) 30 and P-FET (or P-MOSFET) 32
are formed in substrate 10 as generally described above.

In this exemplary embodiment however, instead of forming
separate trenches 16, 18 surrounding one or more respective n-FETs 30 and p-
FETs 32, a single (STI) trench 19 is formed to define the common active region 15
for the (one or more) n-FET 30 and (one or more) p-FET 32. Trench 19 extends
between the outer sidewalls and to the sidewalls of the N-FET 30 and P-FET 32
(each having oxide liner 21 and (nitride) liner 25).
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Conpressive fromabout -0.2 to mL.5 GPa from about

-0.2to -1.5Ga ------ i Stress L f ----------- -
.............. __ Wile FIGS. 1 through 7A, 7B, 7C, 7D
and 7E illustrate an N- netal - oxi de-seni conduct or

field-effect transistor (N-MOSFET) and a P-netai -

oxi de-sem conductor field-effect transistor (P-MOSFET)
formed so the respective N MOSFET(s) channel _

| engt h(s) are roughly perpendicular to the respective
P- MOSFET(s) channel length(s). It is noted that the

met hod of t h&Tiptreaemt Qi FRIY Wih an i@yaths 18 27aghkﬂ may be
j ust N-MOSFETs _or just P-MOSFETs. Single Trenc
*@ﬁ%‘gai%ﬂth'qﬁ’@rﬂaﬂém%-hom in FIG 7F, in another
exenpl ary enbodi nent of the present invention, an
N-FET (or N-MOSFET) 30 and P-FET (or P-MOSFET) 32 are
formed in subXidediners 81 asayee,dontxamplesthii dxiibsalfan@erlying

: . : fbss
bl 16 S 1o e sE0n sUBEE 10, BAairy Shenasibe
crmperiseesgfesidoneoxidd: EXedShets @ 1Amay 5& Sordred By, $briafnple,

is f d to defi t he common active
Siitln 3RS ByposasEsT Ondhywalk: Each cxidp laer Zdndhaves

ter
O hney perer eXemplo PRI 2B3uEY0 B 50 ARETEL ArdGni eterably
fram@boub50 fe:8@ anbsivomg. liremse2 1 magrbeXbnarisetinif othete)itable

j 5). 21 STI trench 19 is filled with an _
+é%é glslgon | ayer 27 which may be formed of an oxide,

for exanple.

Respective inherent tensile stress (e.g., nitride) liners 25 are
formed over respective sidewalls of trench 19 and over respective oxide liners 21.
Stress liners 25 may be comprised of, for example, silicon nitride, silicon oxynitride

or a silicon nitride/silicon oxynitride stack and are preferably silicon nitride.

Each nitride liner 25 may have a thickness of, for example, from
about 50 to 250 angstroms, preferably from about 75 to 125 angstroms and more
preferably about 100 angstroms. Nitride liners 25 each may have an inherent
stress (as will be discussed in greater detail below) which in turn exerts a
substantially uniaxial stress into respective N-MOSFET channel(s) and P-
MOSFET channel(s). For example, an inherent tensile nitride liner 25 exerts a
compressive stress within respective N-MOSFET and P-MOSFET channels 42,
44,

For example, a compressive stress within N-MOSFET channel 42
degrades the N-MOSFET Idsat (reducing its electron mobility) while a
compressive stress within P-MOSFET channel 44 improves the P-MOSFET Idsat
(enhancing its hole mobility). This is true for either a high compressive stress (HS),
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Oxide liners 21 may be, for exanple, the oxides of
underlying substrate 10. For exanple, for a silicon
substrate 10, oxide liner 21 may be conprised of
silicon oxide. Oxide liners 21 may be forned by, for
exanpl e, oxidation of the exposed STl trench walls.
Each oxide liner 21 may have a thickness of, for
exanpl e, fromabout 10 to 110 angstrons, and nore
preferably fromabout 50 to 80 angstrons. Liners 21
may be conprised of other suitable materials.

fRed | pnaa stress ofrgreawﬂlthérﬁaﬁd)dt@ Gd@%ﬁa(l@w%omﬂ?é&ﬂéj@t}ess (LS),
5 ar o f ormed over resBectlve si dewal

l']ﬁé ieh S%S% Adrg0 @borbhe GRate -8 @Bal Itm%n@temthat asfurttles
hivnaes eﬂ’éct’B?Bhld??S‘?PQﬁ)éésslg ghé’ﬁosgltﬂf tgﬁf ‘Wf@%o‘?maﬁbﬁ bf Biicon)

nitride, silicon oxynit
Qefteptsda;atstpqukt propaggpte along @sSﬁbkdgmdumgatfw@quﬁrabéss and

[ Each, nitride |iner 25 may have a
RblrER gkl eq%%# SEFATPUS MRILORERI0S 50 to 250
angstrons, preferably fromabout 75 to 125 angstrons

and nore erably about 100 angstrons. Nitride
liners 25 eaﬂ\e RAY AR & eth EhnsPand p-EETes® gredfomned so that

%lr%é‘)ﬁé&ﬁ@@até% 45, Ql%t g%ﬁ}}él PS@(?YQI é&ihé F(%héjhr& 58'68gree angle)

exerts subst ant’i aI

liOe%qﬁémt &fe TRalisSEETh aMam@y(rsEEﬁrgdatéMﬁ h&ﬁ%{@ﬁly orthoggnal to each
h t tensile nitride
fseleryete T oile 2 ATShBMod G B ross i thi n

respective N-MOSFET and P- MOSFET channel s 42, 44. For

exanmpl e, ressive stress within NMOSFET channel
42 rrEegr adesﬁmﬂé Weirgledavirest3G, sedie ishgwntir FEG 8 rane

SRIRid intthid aMidutd ?eco@ﬂ[}ﬂéﬁﬁﬁ%@g% qeg@;tp&héamd%) br ¥ &lices

channel 44 inprovest
may be formed in accordance with the teachings of the present invention.

Other subsequent steps may be employed such as forming
contacts, etc.

P. Non-limiting example embodiments

It is noted that in another exemplary embodiment of the present
invention, a mask, such as a photoresist mask, for example, may be formed over
the portions of the trench(es) (sidewalls and/or bottom) 16, 18; 117 not to be ion
implanted in conjunction with, or instead of, employing an angled ion-implant.

The steps may be performed in any order that achieves the
result. There may be advantages in performing the steps in a specific order.

In the above description numerous specific details are set forth

such as flow rates, pressure settings, thicknesses, etc., in order to provide a more
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(enhancing its hole nobility). This is true for either
a high conpressive stress (HS), 22 that is a stress of
greater than about -2 Gpa, or a | ow conpressive stress
(LS), that is a stress of fromabout -0.2 GPa to -0.5
GPa. It is noted that a further adverse effect of
hi gh STI stress is the possibility of the formation of
(silicon) defects that could propagate along the STI
edge during the STI process and |eading to | eakage

i ssues and serious yield concerns. The one or nore

thdrédigh GAderstndingtfthd prédent frventsh. Srmokaaéknleahﬁ 'tHe art wil
F‘%ﬁigﬁl {i ve ates, 46, 48 are roughly orthogonal

@PB@Q&n@S&enCﬁéI% gad{lawrratepare eqsupne@nt Ispecific
éﬁd WalY @4y be‘n'fgﬂ_e %?ér?d 3{5e H%' éﬁoﬂHrGﬂ Q@I’EBE \nglloggclbowever

every p-FET gate 48
tsvnwe skithed @ tbe\artctbat te, prfeSeratrIBverhlommambgbf‘act%Ed wotheut these

%ﬂgﬂégﬂéﬁsﬁe%?&gﬁ % \g\géfll 4.4 ec gé%éha%v?g? l : Icijescrlé)ed % detail in

aien telaotennectbsarip obmbltﬁg pradlent MOeRtiGs e nt
i nvention. O her subsequent steps may be enpl oyed such

as formng contacts, etc. P. Non-limting exanple

embodi ments | jiyds3 ég@h&ﬁ%%t’é%d bihe f\n%h&ﬁcr?ﬁ&% gﬁlj%ﬁllug and

enbodi nent of the ese I nven
@ngedhouiskhe interpedted srbeingapprexinrady abdf therward “ab@ut” or

ERPrA Sy S 8eed ek ST e Foi O ¥ raiaeda o
conjunction with, or instead of, enploying an angled

| ant he steps may be performed in any order
It ﬂgt ! ggh,agveg-)?- he v%rlety gf exampple embodiments of the present

invention just described, the above description and illustrations show not be taken

as limiting the scope of the present invention defined by the claims.

While the invention has been particularly shown and described
with reference to the preferred embodiments thereof, it will be understood by those
skilled in the art that various changes in form and details may be made without
departing from the spirit and scope of the invention. It is intended to cover various
modifications and similar arrangements and procedures, and the scope of the
appended claims therefore should be accorded the broadest interpretation so as to

encompass all such modifications and similar arrangements and procedures.
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result. There may be advantages in performng the
steps in a specific order. In the above description
nuner ous specific details are set forth such as flow
rates, pressure settings, thicknesses, etc., in order

‘VQ@NB¥OV|de a nore 23 thorough understanding of the
present invention. Those skilled in the art wl]l

1. r eaAimethodaf fopowera satitémigstor stesitwreenprisimeshe sfepss dft ow
rates are equi pment specific and will vary from one

br ap@vifineguitetree! to another. It will be obvious,
hovvever to one skilled in the art that the present

| NV R Mh%ﬂﬂﬁ ﬁfé i B?tgatcw tﬁé‘@éﬁchthﬁgglg ogg&tugéeéléewdlﬁ

ot her tances NnowWn 'pr ocess
des bed i.n det order .to.no essar
obo FPEE atfest BYB v MrarBPRE bR DO FE f&rﬁ%“a%r
stated ot herwi se, each nunerical val ue
havdpgag ghersnt Srﬁ’feéff»ﬁli* HEds ByCh@vi ﬁ%lawrrﬁ&{]eéva% oy§r tbfhtéench
~word "about" or "approximately" preceded the nunber
sidewallshe val ue or range. G ven the variety of exanple
enbodi ments of the present invention just described,
t heinaji amténgdescintbdieost raned pottions bf dicisavs 180 figin ibe-
taken as limting the scope of the present invention

implgdtba ﬁ‘;‘ﬂa)&}d pbﬁﬁm@l Ak FBrtioNd bf fielshBssi1yee Mak 8 HdRENPERRd are

particul arl'y shown and described with reference to

un- 'ilgglg?% éggfogg »?12599@ {ﬂgﬂﬁferéng gtlrrié;sg t ‘éﬂe é)rnt\éﬂo%h‘l ?ce lon- 1m lanted
es in f and details may be made W|thout

rel*li‘@@&%ﬂ"ﬂél%ffe%ﬁ?n?i"he spirit and scope of the invention.

It iis intended to cover various nodifications and

si nfqramngatr epspeirelimeta mxidarssreenidagor Beld etfne twasipler ot

the appended clains therefore should be accorded the
MO Idaldesoxiimteethp tretct, itterat $@sbenet BMOSFET including a channel
region having a channel width that roughly parallels the one or more ion-implanted
relaxed portions; and

forming at least one N-metal-oxide semiconductor field effect transistor (N-

MOSFET) proximate the trench, the at least one N-MOSFET including a channel
region having a channel width that is roughly perpendicular to the one or more ion-

implanted relaxed portions,

the stress layer having an inherent tensile stress.

2. The method of claim 1 which further comprises annealing the one or more

ion-implanted relaxed portions; the stress layer has an inherent tensile stress.
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enconpass all such nodifications and simlar
arrangenents and procedures. 24 W claim 1, A nethod
of forrri ng a sem conductor structure, conprising the
ste& providing a substrate; formng a trench

3. hﬁnleH@dé’tﬁb‘kitmdt‘éth]ﬁ fAether eeeprissdvi ng opposi ng
sidewalls; formng a stress |ayer over the opposing
t r etiehors irdpiml dosypriséseingiantiag withyeion tie védugesathe isméss e thte
stress; the stress layer having stress |ayer

strék U@eﬂ\@ﬂtér&imphéﬁf arld@bsta@NLIY retaind e@delaied bifes iRiNelsAess layer
ions into one or nore portions of the stress layer to

aﬂér%ﬁﬂ%ehﬁéhta hanted rel axed portions; the portions of
he stress layér that are not inplanted are

un [ nt e ortions; her.ent .,stres
e SR BEE PLROR oMb B rARAG TR 1EiARRY ofthe
. rel axed ning at | east one P-netal -oxide
iongighgl %?dd‘i?[ﬁxﬁ‘ts pertigngisgreriganed Rfemperaiurg geaﬁﬂpgﬂ)out 750
proxi mte the trench, the at | east one P-MOSFET
degreesi@di ng a channel region having a channel width
that roughly parallels the one or nore ion-inplanted
rel axed portions; and formng at |east one
N- net al - oxi de sem conductor field effect transistor

4, ( N- THERfREbE dPtRith Wl@er&ﬁ@hé ffoﬁﬂﬁllﬁlantéalei‘eﬁkedl B&SbnPRE e a
N- MOSFET i ncl udi ng a channel region having a channel

b"ﬁé%gf?s]?‘;nf%?%tﬁ%@a P ?ﬁﬁfﬂ“%'féﬁ's orL?/ j,pe one or nore

axe portions fress | ayer
havi ng an inherent tensile stress.

5. The method of claim 1 wherein the stress layer has inherent tensile stress of
the stress layer is from about 0.5 to 1.4 GPa and the stress of the one or more relaxed

portions is from about 0.0 to 0.2 GPa.

6. The method of claim 1 wherein the one or more ion-implanted relaxed
portions has a stress that is from about 0 % to 40% of the inherent tensile stress of the

stress layer.

7. The method of claim 1 which further comprises the steps of:
forming a first liner over the trench and under the stress layer;
filling the trench with a dielectric layer over the stress layer; and

forming a field effect transistor in the active area.
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2. The method of claim Il which hither conprises
annealing the one or nore ion-inplanted rel axed
portions; the stress |layer has an inherent tensile
stress. 25 3. The nethod of claim 1 which further

8. conphf gwdhodred clagn 1i wieraintthe #rase layesis cappesad ofgilisonh a
;on that reduces the stress in the stress |ayer after

nitridepdrairthe andmplab®ti potticalsleyert e s@ess $ntd peoximb@xeedisk bE g
in the stress |layer after subsequent anneals;

subztrareal i ng the one or nore ion-inplanted rel axed
portions; the anneal of the ion-inplanted rel axed
portions is perforned at a tenperature greater than
about 750 decrees C. 4. The nethod of claim1 wherein

t heon- [,hpl ant ed .r el axe ortions have.a. horon (B)
9'congg§ Fggﬁ@ C%Pn#r rgg%ﬂ?ﬁ kﬁsf%ngﬁfgog?%ﬁgﬁgﬁ&§ﬁnda
5. . The neLh d of claimt wherein the stress |ayer has

secPpth AR ¢ %ﬁgﬁt pestiop r%é% abjgned toglly ogkegenally to the seean
about 0.5 to 1.4 UPa and the stress of the one or nore

sectigh;ghe trenghalefingygsan astife mgicabdube M1botrate e GPensistar cFhbe
nmet hod of claim | wherein the one or nore

forinedi-dndpl ant ed rel axed portions has a stress that is
fromabout 0 %to 40% of the inherent tensile stress

of tHRempRihfiRS 8 tha¥&s-is I 8ndIE gqq%ngfant:&@ihm t]-;li,e WiHsGRe

further conprises the steps o ormng a first liner
.t hs R ANN Y
R R L L T U

sublg%ﬁé}glrgq?glgpfag{emi&% staregsI 153'13 s%ferwg émt t g gesclog (s)erctil()lrl]. the

10. The method of claim 1 wherein the implanted ions comprise boron containing

ions.

11.  The method of claim 1 which further comprises annealing the one or more
ton-implanted relaxed portions and wherein:

the implanted ions comprise boron (B) containing ions implanted at a dosage
of from about 1 E 15 to 2 E 15 atoms/cm® and at an energy of from about 3 to 10
Kevs;

the one or more ion-implanted relaxed portions have a boron ion concentration
from about 1 E 15 to 2 E 15 atoms/cm’; and

the anneal of the ion-implanted relaxed portions is performed at temperature

greater than about 750 degrees C.
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26 S. The nethod of claim1 wherein the stress | ayer
is conprised of silicon :nitride and the
tin-inplanted portions exert a stress into proxinate
portions of the substrate. 9, The nmethod of claimli
2. whelbs methed of ckaiyad fugherseprisig the stepsafi st section and
a second section; the first section being aligned
r ouffrmingz fitsod foeralveythe drentlearsbouiedthe stretsilayer; drde
trench defining an active region of the substrate
whefillirg the aasdhstich a drtechi laf@rovetthe aftekstidyeri npl anti ng
of the ions is an angled ion inplant so that the ions
are substantially inplanted into the stress | ayer
sidewalls in the first section and substantially not

13 n’pﬁ-ﬁg }n%ﬁlf'& Q)tf%%agr}l geq?ﬁ%%%dg{paﬁfg%ﬁnl\f%tg > Q f; {é‘)lrrtﬁﬂ}eghaz ?(%gtnoqle P-

sectl1 on.

| mpl anted.i ons co i Se boran cont ai ni ions, 11

el B BT A PLIGH FaRTEF (U Sy r@agate th irench,
annealin% the one or nore ion-inplanted relaxed

thegb laaptome PaM@ SAEdr iariwdingtfechanps] aegienihavinga eleanpel width that
boron (B) containing ions inplanted at a dosage of

roughlyrpaadifelst the ofie dSmbe i@gn-Emplantet oetsxalijordnd, tie savssd gt gy
of frorn about 3 to 10 Keys. the one or nore

havi@han HAkRAL ©Fsileatrded portions have a boron ion
concentration fromabout 1 E 15 to 2 E 15 atons/cn8B;

and the anneal of the ion-inplanted rel axed portions
is perfor*ned at tenperature greater than about 750

14'degli,ﬁee rsne%od of claim 1 further comprising the step of forming at least one N-
metal-oxide semiconductor field effect transistor (N-MOSFET) proximate the trench,
the N-MOSFET including a channel region having a channel width that is roughly
perpendicular to the one or more ion-implanted relaxed portions, the stress layer

having an inherent tensile stress.

15. The method of claim 1 wherein the stress layer is comprised of nitride, silicon

nitride or siliconoxynitride.

16.  The method of claim 1 wherein each of the one or more ion-implanted relaxed
portions are roughly parallel to each other and are each roughly perpendicular to each

of the one or more un-implanted portions which are roughly parallel to each other.

17. A method of forming a semiconductor structure, comprising the steps of:

providing a substrate;
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27 12, The method of claim 1l further conprising the

steps of. formng a first liner over the trench and

under the stress Iayer and filling the trench with a

di e ectrlc Ia er ov e stress | aye 13. The nethod

of 89 GO ths F%tgﬁten el tﬁ@cg)r{leﬁngppmr}ﬁ idpvanls;

| east one F- netaI-OX|de sem conductor field effect

t r afesingeor stiehs WPSRETEY theroprpsiag trendhesidavatlatihe strdse layer

| east one P-MOSFET i ncluding a channel region having a
havirdpamieherantditdess; et stres0lagéd havipgrsakessdbgertshiewalleoad thteench

ion-inplanted rel axed portions, the stress |ayer
sidd@lisng an inherent tensile stress. 14. The method of

cIa|n11 farther conprising the step of "ormng at

| fl
tr anin S e o Tkt il BGIOREBEHE s 149%”’0 a6
FET i,ncl udi ng a .ch on channe

iR et PPLIORS OIS BTt SroarT I PheT BHes B

nore_ion- |nplanted rel axed portions, the stress |ayer
impasechislaxed PARione Af sticsh BivPrPatipRssis relasd; The net hod of

claiml wherein the stress |ayer is conprised of

ni t formeng & ildastomre P-mietaljodlesemsiohilenerosted effedt drnsidtér (P-

The nethod of claim| wherein each of the one or nore

MOSRET) ppd-ambedhé gb@hethe ap Wakti 62 P -RIGS FEIUGLbIuingar @ahedl
to each other and are each roughly perpendicular to

regRAHvingla (,Ihgﬁne@ W?dtﬁ rthe[f'?&‘x:‘ghll‘}rr1 Rérgm:l?ﬂfe%e BP Kok OB i’i@#léhlfbd

are roughly parallel toeach other. I'T A nethod

m conductor structure, conprising the
rehxgﬁgBRQ?Q grOV|d|ng a substrate; 28

forming at least one N-metal-oxide semiconductor field effect transistor (N-
MOSFET) proximate the trench, the at least one N-MOSFET including a channel
region having a channel width that is roughly perpendicular to the one or more ion-

implanted relaxed portions.

18.  The method of claim 17 which further comprises annealing the one or more

ion-implanted relaxed portions; the stress layer having an inherent tensile stress.

19. The method of claim 17 further comprising the step of annealing the one or
more ion-implanted relaxed portions at a temperature greater than about 750 degrees

C.

20.  The method of claim 17 further comprising the step of annealing the one or

more ion-implanted relaxed portions;
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formng a trench within the substrate, the trench
havi ng opposing sidewalls; formng a stress |ayer
over the opposing trench sidewalls, the stress |ayer
having an inherent stress; the stress layer having
st r thedonssire corpraedenf beropeentaities ionanch  si dewal | s:
inplanting ions into one or nore portions of the
st r thestressyleyer havihg aminherent tengipd arksedf frehaved (EHrd 1.0,
whereby the inherent stress of the one or nore ion-
and P kaes & tHeRI o thROTdnLiiptaréd Sldxed pohtdUELs RAN LbAND.0 &
rel axed; formng at |east one P-netal-oxide
qugﬂlconductor field effect transistor (P- MOSFET)
proxi mte the trench, the at | east one P-MOSFET
i ncluding a channel region having a channel w dth
that roughly parallels the one or nore ion-inplanted
rel axed portions; and form ng at | east one
211 kP el 96 gl d othatrck B1e 1pn amplakederstaxed apioss bive a
(N- MOSFET) proximate the trench, the at_|east one
borpk KBBRETEntration dif frgmeatona il to 2rliig§| atom$fewi.ng a channel
width that is roughly perpendicular to the one or nore
ion- inplanted rel axed portions. 18. The nethod of
claim 17 which further conprises annealing the one or

220 he hRftold BPLRRM &4 vmémfé tRALH ueﬁ}%s ah Q@thvsé {Tg?o% 5@%“

havi ng an i nherent tensile stress.

subggrﬁk WhJeZeufl Hrf'teﬁeerffegpt%ms?orggn éh ?’or%{ ﬁpth fﬁeladn &?eck {rglgslst

r axe t rons a

ure reater than about 750 degrees C. 20. The
bel%{gﬁ'ﬁlﬁgb’ 1&? PR P7PPHher conpri sing the stop of

anneal ing the one or nore ion-inplanted rel axed
por for@ig a first liner over the trench and under the stress layer;

filling the trench with a dielectric layer over the stress layer; and

forming a field effect transistor in the active area.

23. A method of forming a semiconductor structure, comprising the steps of:

providing a substrate;

forming a first and second trench within the substrate, the first and second
trenches each having opposing trench sidewalls;

forming a stress layer over the respective first and second opposing trench
sidewalls, the stress layer having an inherent tensile stress;

implanting ions into one or more portions of the stress layer at a
predetermined angle:

1) to form first ion-implanted stress layer portions over the first trench;
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29 the. ions are conprised of boron containing ions,
the stress layer having an inherent tensile stress of
fromabout 0.5 to 1.4 (WA. and the stress of the one
or nore jon-jinplanted relaxed portions is from about
0.0 to B femascoond iommnplaitad e e layeaperians Qe theisaeond
the ion -inplanted rel axed portions have a boron (B)
contremdht and on of from about | E15 to 2E15 atons/cnB.

22. The nethod of claim 17 wherein the trench defines
an act i vii)legingfief ud-meplastud stdsalSenpationdoar thediret trench
effect transistor can be forned, the field effect

tr apgd RO uRBhMInE@ SRR 18¥%r h&‘ﬁo% SRS t1EONBE S
formng a first layer over the trench and under the

wh Ilef)g’?h% il)ﬁéf r{t’stregslolfltlll@ﬁrls[ !l]’l% ste{:&ﬁf“ i%nyﬂn&)pan?eddsltr%%sqgfeg'p%rtions
ayer over the 'stress layer; and formng a fi1e

. effe transistor in the active area, 23. et hod . of

is PGy s b O ICE PR e Braey & SIS PHOEFSHRENTY
steps of providing a substrate; formng a first and

perg ritp dclirsiandrieeondnm-sumanted stecss tayer partigas; and
second trenches each havi ng opposing trench

si domalidgs; forming a stress | ayer over the respective
first and second opposing trench sidewalls, the

stress | gyflleaboteTOmRthlloRTHRIsEMicoh@isib el bFfedt $ransistor (P-
inplanting ions into one or nore portions of the

h
str mf}ﬂ”ﬁ’?‘,’{gﬁ% thP HEF BLRUTREEMOGEET idoludihs £ fdthel

first 1on- ated stress’l'ayer portions o

fir rsetgi(}nrheag{:n%;a channel width that is roughly parallel to the first ion-implanted

relaxed stress layer portions; or

b) at least one N-metal-oxide semiconductor field effect transistor (N-
MOSFET) proximate the second trench, the N-MOSFET including a channel
region having a channel width that is roughly perpendicular to the second ion-

implanted relaxed stress layer portions.

24.  The method of claim 23 wherein the ions are implanted at an angled ion

implant, and wherein the first and second trenches are connected.

25.  The method of claim 23 wherein the ions are implanted at an angle of about 7
degrees.
26.  The method of claim 23 wherein the first and second ion-implanted stress

layer portions have a boron (B) concentration of from about 1E15 to 2E15 atoms/cm’.
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30 ii) to torn second ion-inplanted stress |ayer
portions over the second trench; and iii) |eaving
first un-inplanted stress | ayer portions over the
first trench and second un-inplanted stress |ayer
27-por Thomstheder clapa 23 edhsran thestiess layeithep abinherpat tensile stress
itilierent stress of the first and second
of fram-abo i teeti4 $ihacwd thagpess pothe fiostsnd ssconé kadxed; stredsdayer
first and second ion-inplanted stress |ayer portions
portiend g froanghduy 0.0perpeadacul ar to the first and second
un-inplanted stress |layer portions; and formng: a)
at | east one P-netal -oxide sem conductor field effect
transi stor (P- NCSFET) proximate the first trench, the

P channel havi ng a
char%iee Logitoﬁ(él 35;%%%}666&‘%?9518%?% t%ﬂ o the f | st
ion-inpl.an rel axed stress | aye rtlons h) at
| QoRIeRHEE Re %é%tépd $56088 TersRlBHEd P HPBPRITaRT Hek
transistor (N NCSFE%% proxi mte the second trench,
templeatuge MOSRELET thanaboi 19§ dggeshafinel regi on having a
channel width that is roughly perpendicular to the
the siepntkdiioms conffpisabb@d (Betanaidinptioesisnglayead atpotdsagnst. about
24. The nmethod of claim23 wherein the ions are

1E191| antsegbad/cahadngla8 @né@) of K¥RI &t 3 8Nt XReS, %hdl‘ tHeN8n-
first and second trenches are connected. 25.

imﬂﬁl{tg@ ﬂfs?fan ge%go u t ?\_)mgiﬁ?édrkt}e&elgg&%ﬁt%ng htaﬂ% 11 %q?g d at

egr ees claim
mhere

nted stress
concentratlon of Iﬁom a out 5 to%l% (())nqg/cl on-inpla

29. The method of claim 23 further comprising the steps of:
forming a first liner over the trench and under the stress layer; and

filling the trench with a dielectric layer over the stress layer.

30.  The method of claim 23 further comprising the step of annealing the first and
second ion-implanted stress layer portions at a temperature of greater than about 750

degrees C.
31.  The method of claim 23 wherein the stress layer is comprised of silicon nitride

and the un-implanted first and second stress layer portions each exert a stress into

proximate portions of the substrate.
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| ayer portions have a baron (B) concentration of from
about | E15 to 2E 15 atons!crnB. 31 27. The nethod of
claim 23 V\/nerei n the stress layer has an inherent
tensile stre of fromabout 0.5 to 1.4 C Pa and the
32,1  BaRMERof b eIk 37 inghifiam ths siepodifenuias Boia aplHPEP-
portions is fromabout 0.0 to 0.2 GPa. 2S. The net hod
MGSFHR]I priosingge thgrfirsidrenclo amd atdiasy ondd-MOSH Edfprodimagsathe ng
the first and second ion-inplanted stress |ayer
secpt trérwhs at a tenperature of greater than about 750
degrees t=; the inplanted ions conprise boron (B)
containing ions inplanted at a dosage of about 1E1 S
to 2E15 atons/cn2 and at an energy of fromabout 3 to
33.10 Rewsthodeidformimgiaglevicegpmanisiad: first and second ion
i npl anted stress | ayer portions have a B ion
congenidirgf 4 aibstodte brepared bttt a filst Betice 2Elh aatl arBsnelnS.
29. The nethod of claim 23 further conprising the

surufiisig e ddvRlefefigna first liner over the trench and

under the stress layer; and filling the trench with a
di
ot “IofEita SisRY Bhert e bUSiRhaS and Ry offhe it B SHRE

and second ion-inplanted stress |ayer
lay?fgﬂqngr?sér {SUeSY @Rber at ure of greater than about 750
degrees C. 31. The nethod of claim 23 wherein_the
st rl@ﬁéantwérressge@mﬁrl@@eamhe sfirgss dayist 19l iekaxde figghefrashio a
un-inplanted first and second stress |ayer portions
secerabivl ke stresa, whereigghé sitass rgdmong iombs eaysothd soress lafertwigh the
substrate. 32
second relaxed stress to remain relaxed when exposed to subsequent annealing

processces.

34.  The method of claim 33 wherein the stress relaxing ions comprises B

containing ions

35.  The method of claim 34 comprises annealing the stress layer, wherein the

stress layer with the second relaxed stress remains relaxed after annealing.
36.  The method of claim 34 wherein the stress layer comprises silicon nitride.

37.  The method of claim 36 wherein the stress layer comprises silicon nitride and

the B containing ions form B-N bonds in the stress layer.
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31 The nmethod of claim 23 including the step of
formng both at |east one P - MOSFET proximte the
first trench and at Ieast one N- MOSFET proxi nate the
sec dtre A net.hqd of fo m ng a device
?gaeﬂlgﬂ OE clst dp gfiezein stiesyel a¥IgiapePIyRrises B, BF: or
flrst device region and a trench surrounding the
Bolgevi ce region; forming a stress layer lining the
si dewal k and bottom of the trench, the stress |ayer
having a first stress; and inplanting stress rel axi ng
ions into the stress layer to relax the first stress

39.t 0 @he HRERHGS CREARE GompliSSSnn¥REChdstidiS]a§tr, @BSrein the
rel axing i ons cause the stress |ayer with the second

stre;sﬁLgée\gltﬁ Eﬂees%éoﬁﬁegagg@ %35 %n%ﬁ@reéﬁ%@@ %ﬁépa%ﬁg in o

equent annea rocesses
claim 33 wherein the stress rel axing ions conprlses B
contai ni ng i ons 35. The met hod of claim 34 conprises

annealin&@the stress |l ayer, wherein the  stress | ayer
40.yi t ihg methed of A S8 aviseria Hestissy layi cRmprissssilinareide.
anneal i ng. 36. The nethod of claim 34 wherein the

stress layer conprises silicon nitride. 37. The nethod
of claim~36 wherein the stress |ayer conprises

41.si | Thomethot loif dRirA 0 wheben BheGiiat Ll Pdrrgmipdivss diledomBriNe and
bonds in the stress |ayer. 33 33, The nethod of claim

the g%ﬂﬁlﬁﬁﬁg Rost8rrd B-RDnlEMAKE Ngess @S, CONPri ses B, BF2 or

42.  The method of claim 38 comprises annealing the stress layer, wherein the

stress layer with the second relaxed stress remains relaxed after annealing.
43.  The method of claim 38 wherein the stress layer comprises silicon nitride.

44.  The method of claim 43 wherein the stress layer comprises silicon nitride and

the B containing ions form B-N bonds in the stress layer.

45.  The method of claim 33 comprises filling the trench with a dielectric material

to form an isolation region surrounding the device region.

46.  The method of claim 33 wherein the first stress comprises a tensile stress.
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39. The nethod of claim 38 conprises annealing the
stress layer, wherein the stress layer with the
second rel axed stress renmmi ns rel axed after anneal i ng.
. _The nethad of claim38 wherein the stress | ayer
474 ‘co n%h? ggthodof rlagn 4fvthereie implanting,@e gisess selaping éqngicampses
wherein the stress |layer conprises silicon nitride and
perfayaiig imemardingithgstresn seldxangnoBs At doangde tonmiphet tersass
| ayer, 42. The nmethod of claim 38 conprises annealing
reldxlivgz ®hs BES ohayRosingRrIc@iah of i stigbd 18$S pedye@licWiat td 4 ERinnel
second rel axed stress remai ns rel axed after anneali ng.
of #3ansidi WRENRGo BE f&hitidTh 2R WhREEESoh e stress layer
conprises silicon nitride. 44. The method of claim43
wherein the stress layer conprises silicon nitride and
the B containing ions forn1B N bonds in the stress

e et of. aim 33 conpr.ises filling
8. o T BATRGT G doeregkin et APBEF ARDES SFpAF SRSstor
i sol ation region surrounding the device region. 46.
The nethod of claim 33 wherein the. first stress
conprises a tensile stress. 34 47, The nmethod of
49.cl alhe d6thoti ef elaim o larndin gplahitngsthe esess rehax tehsicomPrises
conprises performng inplanting the stress relaxing

perf?sn@impMdhtidg gh&stieds i‘dl‘@du?%‘fonﬁ BearSieeS® impRineeRftedsONS
i nto one opposing side of the stress | ayer

I f t i
A R R A ST B
s S B S oS BT RER Y e dReh %t o "
i mpl anting the stress relaxing ions conprises

performng inplanting the stress relaxing ions at an

angle to inplant the stress
50.  The method of claim 49 wherein the transistor comprises a p-type transistor.

51.  The method of claim 46 wherein implanting the stress relaxing ions comprises
performing implanting the stress relaxing ions at an angle to implant the stress
relaxing ions into portions of the sidewalls of the stress layer perpendicular to a

channel of a transistor which is to be formed in the device region.
52.  The method of claim 51 wherein the transistor comprises a n-type transistor.

53.  The method of claim 46 wherein implanting the stress relaxing ions comprises
performing implanting the stress relaxing ions at an angle to implant the stress
relaxing ions into portions of the sidewalls of the stress layer parallel to a channel of a

transistor which is to be formed in the device region.
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rel axing ions into one opposing sidewall of the

sidewal s of the stress layer parallel to a channe

of a transistor which is to be forned in the device

region. 50. The nethaod of claim49 wherein the i
S4.¢ r ahBs g@ﬁxod@gﬁlﬁrmééév@r%n fhpdeanpiston §pmpiies a pstype frppsistor.

nmet hod of claim46 wherein inplanting the stress

rel axing ions conprises performng inplanting the
55.st r Agsethed afkfongingondevate campamigge t o i npl ant the stress

relaxing ions into portions of the sidewalls of the

st r gesidigy£sutpenponchatddl with & otrés 18RaNNRhg Ofirsd stress; and
transi stor which is to be formed in the device region.

52. inff1&nt R ARE RiaxfeAbM mib M@@ﬁ@ég ga}IePI_ ﬁ) fel2NRk gl"s@?tress toa

conprises -a n-type transistor. e method o

stress'r axl n

secgrlcl)%e?%x;ég g%%@sg;ﬁgrpir#ﬁé %‘tl?%% rr‘ejg%;{lﬁg igo%% i8R SR el v%t”% the
iops. at .an angle to inplant the stress relaxing.ions

secp ’EPl"B‘ﬁfltSFBSﬁég g gelE edatiaan SXDpTed éubﬂwggawn&%lé?g
parallel to a channel of a transistor which is to be

professefed i n the device region. 35 54. The net hod of
cl ai m 53 wherein the transi stor conprises a p-type
transistor. 55. A nethod of |ornung a device
conprising: providing a substrate prepared with a
stress layer having a firstt stress; and inplanting
stress relaxing ions into the stress layer to rel ax
the first stress to a second rel axed stress, wherein
the stress relaxing ions Cause the stress |layer with
the second relaxed stress to renain rel ated when
exposed to subsequent annealing processes. 36
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