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Selective STI Stress Relaxation Through lon Implantation 5 Cross
References to Related Applications This application is a Divisional
Application which claims benefit of co-pending U.S. Patent Application Serial
No. 11/615,980 filed December 24, 2006. This application is hereby
incorporated by reference in its entireties. 10 Background of Invention 1)
Field of the Invention This invention relates generally to semiconductor
devices and more particularly to strained channel transistors and the

fabrication gbfsdtive ETRERHEsE IRbaxatibA THEGWGhIBA IRFPIaIRatIn

metal-oxide-semiconductor field-effect transistors (MOSFET), including
reduction of the gate length and gate oxide 20 thickness, has enabled the

continued improvement in speed performance, density, and cost per unit

function of integratgreﬁaﬁg%x@ﬁﬁﬁ:ﬁﬂgsﬁf’el\ﬁtﬁgcéﬂé&c?y%ﬂﬁance

transistor performance further, strain may be introduced.in the transistor i
channe for mprovis BRI R D VR BRrAPD5 S AR O ARy e o
enhancement i other way. to improve sist riormance in addition t
BRGNS e o ARERPUPD B NSbr MG s SPGBk o

the transistor channel region. 1 Summary of the Invention One or mgre
Do PR ERHBAES GO BCETRRratE oK TETBURES Guth Sne Slieea
method of manufacturing a device with selective STI 5 stress which is
characterized as follows. A first example embodiment comprises

Background of Invention
1) Field of the Invention

This invention relates generally to semiconductor devices and

more particularly to strained channel transistors and the fabrication of same.
2) Description of the Prior Art

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.



10

15

20

25

the following steps and the structure formed therefrom. A trench having
opposing sidewalls is formed within a substrate. A stress layer having an
inherent stress is formed over the opposing trench sidewalls. The stress
layer having stress layer sidewalls over the sidewalls of the trench sidewalls.

lons are implanted into one guAthiapiedIah@nsverifiestress layer to form
ion-implanted relaxed portions. The portions of the stress layer that are not

implanted are un-implanted portions, whereby the inherent stress of the one

or more ion-iNRNERHSISERPIIPTATHEURAB Y OF BRSTISRS dh ARG

reduced The ions areé)referably comprised of boron (B) containing ions. In

R'QMIn & SHAISINE SRBHRRIAD D (RAUHBRW Y it BRifES ty e e STI

Ereles i TN esPsvE st &Y Ao St ERS FOlRYRE Oﬁ(ﬂ‘fréﬂeﬁﬁfﬁbw eﬁﬁibdlrﬁ@ﬂ*’b@inhﬁi%es
can form N-FET and P-FET with their channels orientated at about rj

1RO QW DL AIBRTAFHIC AU Hio e Lars KR Be R ARARN A5 9 QBF’OS'”Q

m@davglﬁﬂefwmeamtﬁhaawesﬂﬁt@ A foiribes @wmﬁamg@bwr@@m HIRSSs is

rovided a_semiconductor structure, I’ISI bstr te; a trench
PRV SE 2 RO R G0 G Bseh ARG MG LiRss aver

ieneiier dheranpasitamsanalt w@lﬁem%r@éwéa&enctwm mp?éinueldamatone or
tensile stress; tk‘e stress Ia er mclui one or |gfore r;:laxed (éress laye

iR RONIRNR I RaTEs dﬂL‘%E‘? d%ﬁﬁﬂ‘é

bedietizast Byctlhestinage2ti: éleaabm ﬁﬁgll Helow Adviantiagsia ated i@@tmas
are of re[?rese tatlve embodlg1 nts onI and are not exhaléfg\&j and/o

WRGTERE RGN EIRIRIES RO rROTR IERRAN a’f e‘?ﬁBW”S of
Bisdsildyes 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.
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understood that they are not representative of all the inventions defined by
the 5 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 preseideva éﬁwﬁbﬁiﬁb@w@ﬁlﬁg&rﬁw%a‘w?@g afvaptages
are applicable to one aspect of the invention, and inapplicable to others.

[RRIESRNV e aTRodERRIS BRtnaATE AraelisxbaNEEM Ve RoExElsive. They
digcypseshiedednlyioveerst iPURtERNaAEREUISE e ErioRn. R asling peose

discussed herein relative to those not discussed herein other than for

HARISiOs Y dBeynarreBRk iR e itiadMe Bl A AR IBYRIHIGRS SefiBsdiRsthe
arfrasVRNROESRGsIENRRa SRS Gieted HsrASENEJigIRsRIBIGe claims, or

eq uivalence. Additional features and advantages of the invention will become

i@‘ E%B%Qérﬂ’?r?ﬂwaﬁﬁ%@ AR Gy, Fngiantawinge Qhinfsmanyantages
plRipse Bwammy)@@mmma@fytha @f@bﬂﬁ@ﬁcﬁ%&@@@ﬁw@ﬁdmsﬂg@%@ﬁﬂm a
semjc ond dewc rding to the present mventlo further details

S0l SURRrTaR A s3OME 85 Caple 10 ARS ASRGRAOT
the meéﬁnbmllamlmpﬂih@@ur@walhwhéy Eodﬁ&iﬂ@defr@%‘rtﬁiﬂ Eﬁl@@vj@%of rt]he

scription taken In con ction Wt the a anyin rawings in wnic
e o A PO DR RSt R B e m B RLENGE should
wm@ﬁvm@@mr@m@sm@gemwmam@ﬁ rélﬁtrwwt}%@émml&wbussed herein
down plan views for illu

ectional side view and to rating a method
PP BT R, UlCaR S Pl SREE AR olh AR B iy o SRR of
ee@mrd@rstrmdm@magé@fstﬁ@mmrﬁelamemwtmﬁbﬁﬁwe th dAtetMilsing,
FA RS TRyl v pan views . s 35 de 5 76 1610 2nd

apparent in the following description, from the drawings, and from the claims.
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15 FIGS. 8 through 13 are cross-sectional side views for illustrating a
method for fabricating selectively relaxed strained transistors according to a
first exemplary embodiment of the present invention. 4 Detailed Description
of the Example Embodiments The example embodiments of the present

invention will be 5 desciiiegfipesériptibh 'efaifn Bt ddviRggaccompanying
drawings. The example embodiments provide a selectively or completely

relaxed transistor(s) and methods of forming the same. Some of the example

embodiments destib ecatieas it tERRIINEH 36T afdemiethriLR P edivients
can use a compressive stress liner Iag]er. 10 A. First Example Embadiment

PRECHILA I KR ERS LA BBRRHAN Bt PRI RGP ARRRRCL GBdsating
seeticagkrifvorbiacibasaieslibladraiinte With My festt ImeraioniRilPbe

semiconductor substrate comprised of, for example, silicon é}SB silicon on
[

MARCPFEOHN R IPAARBE 13 "liRWHNS Feser R RS BLPBIASP WIth

ansl ScEbmpsiniayg dtawingeriswasicatekd Hoicbdn daaskniayrarsldssigaxtessimilar or
comprised of SiN, for example. 20 We form STl trench 117 in substrate 110

FRUTRRPBLIAS RiFEPANtS: K FRIRIBRNI38I ik may perform an

optional pre-liner oxide clean. 25

FIGS. 1 through 7F are mixed cross-sectional side view and top
down plan views for illustrating a method for fabricating selectively relaxed
strained transistors according to a second exemplary embodiment 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 being cross-sectional side views.

FIGS. 8 through 13 are cross-sectional side views for illustrating
a method for fabricating selectively relaxed strained transistors according to a first

exemplary embodiment of the present invention.
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Then, we form liner 120 within STI trench 117. Liner 120 may be comprised
of, for example, oxide or oxynitride and is preferably comprised of oxide.
Liner 120 may be formed by an oxidation. Liner 120 may have a thickness
between about 30 and 150 angstroms for example. 30 5 B. Stress layer

Referring to Fifefhile diDeseription P assiBeihpléerassdithdRysntion,
we form stress layer (stress liner layer) 125 over the walls of trench 5

117/liner 120. Stress layer 125 may be comprised of, for example, nitride,
silicon oxynitride or silicon nitride and is preferably comprised of silicon
nitride. Stress layer 125 has an inherent stress that exerts a compressiye

stress within at le R8RSR TR E QitEe REee0! VGO BEer
43achibanay baweal aviin heterines sderrassdmpatsie &l e YRk (@ginple

see below). Stress layer 125 maé have a thickness between ahout 50 and

SBUPRAYBE BRPIOV K MpRCTYEYI8h SRIPRIRTRETERAKGAL RIE'SIY (f1 aRd

EXSIMEMRN b CiohRitiger Shithe. PBReABlofrensicimpye RexbouRIUHSIRITIDER
125 with ions 150 é alter the ch racteri;tic of stress layer 125 to form,
i}é?"{z

I HTE SRS St RUHSYRPLO'TREPIRE T IRT AP (IR FeRikEStress

thesintjsic 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 afteéd.implant &irst&xstmpiel iz nebadinlentelaxed stress after

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 STl mask layer 115.

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

Then, we form liner 120 within STl trench 117. Liner 120 may be
comprised of, for example, oxide or oxynitride and is preferably comprised of
oxide. Liner 120 may be formed by an oxidation. Liner 120 may have a thickness
between about 30 and 150 angstroms for example.



10

15

20

25

30

25 subsequent anneals. Boron containing ion implantation The ion implant
may preferably implant B-containing ions. The ion 30 implant process may
comprise, for example, implanting B, BF2 or B2F5 ions and 6 preferably BF2
and at a dose between about 1 E14 and 5E15 ions per square centimeter at
an enegy betweeggyrtayilgyapd 25 KeV. B-containing ions are preferred
since it is thought that a stress layer comprised of SiN (e.g., substantially
SiN) will be relaxed with the B-containing I/l and also remain relaxed 5 after

subsequent anneplgyh A ALERS SRl 1 BA1KIS 470 BB IAdNE ¥R resent

layer after annea n implantation proce e a conventiona
bantione ienfarplatresplapesdeliess [inssray enn@sioveibthampadistalidiench

134, ion, iRl j int 1Q.:
o L o B ey cor
praseiiidenoestliceniridaraogtisieienadly cemprisedeopeiioandadttidtch
should keep the implanted film 125A relaxed. Optional anneal 151 is not
necessary. Also, 15 subsequent processing will introduce high temperature
anneal processespteps |lagaiedgddyas apsnhayené siressiibatsoxaesniccanmpressive

@%@NW@Q&H&ﬁ&'ﬁﬂé@%ﬁ]@&rﬂ%%&@ﬁ?& FRBEHRIOGRSCLARNE 125

performed after the ion implantation 150 and before the formation of ST
Ry iy egarinTeresiderste strefs eRamiresiiv streiadavptibalgresee below).
ion-implanted stress layer 125A may be annealed during a subsequent

anneal, such as a S/D anneal, silicide anneal,
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/l) 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.
Boron containing ion implantation

The ion implant may preferably implant B-containing ions. The ion

implant process may comprise, for example, implanting B, BF; or B,Fs ions and
6
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any anneal during normal subsequent device processing, etc. 25 The
optional anneal process may be performed at a temperature of, for example,
between about 750 and 1100 C for a time between about, for example, 1
second and 5 minutes and preferably at about 900 degrees C for about 30

preriIEBI IBFNOiRd Hiad e BEIRaEn werlt hE efery8R$30B8ABdheYuare

meet 30 these minimum requirements or have such sufficient thermal cycle. It

ERBE TR ARHRNRRBIAREIWESR ARAYhAARALIEN fultheP BiRiNIfILIGRR 846
pesribkyderrRiese ieftibadatmatian AfdkdN lbgad dpaiprisdbengml (ENg. stress

In tensile stress layer 125A after the I/l and anneal (at 5 whatever stage) is
sHasiaRiAbe RS kR Bl R*eRd BB BP DreRiraiing: 4 frdiflsqain gy splaxed
baepsiRey e d2vtiat hes andogmsisidensit: Nimstdhaaipfork® inpledtress

reduces intrinsic stress. For example, a tensile stress layer 125 before the
ﬂ@%qﬁﬁ%tqﬂ% dve, for example, a tensile stress between about 0.5 and

1.4 GPa. fAfter _tlhq'ifeﬂibﬁphﬁt%gfgl)\@ﬁ%%de%ﬂﬁﬂﬁb?@ww@?ﬂmmmgn-Iine
ortjons of tepsile stress laye may have a tensile stress een about
0 ! ﬁﬁ%%‘.%r‘cﬂﬁ%??éﬁeﬁ @.%&Wﬁb‘?i&l‘?&r'B{H@?téﬂﬂéaﬁgésoﬁany other

s sianaalxtirepasiagekinensirans sk implaaied or non-implanted stress

layer portions. The implanted relaxed portions of the stress layer can have a
5),% of the non-implanted tensile stress layer.

stress that is fronpz;} % 1o 4
Ba t ?5'},9, 'R’i?'g portions of the stress layer still have a

20 Afteranneal, unimplante
tensile stress between about 0.5 and 1.4 GPa. The anneal probably will

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 STl isolation layer 170 (see
FIG. 12, for example). In another option, the ion-implanted stress layer 125A may
be annealed during a subsequent anneal, such as a S/D anneal, silicide anneal,
any anneal during normal subsequent device processing, etc.

The optional anneal process may be performed at a temperature
of, for example, between about 750 and 1100 C for a time between about, for
example, 1 second and 5 minutes and preferably at about 900 degrees C for about
30 seconds. It is noted that other anneals would be effective as long as they meet

these minimum requirements or have such sufficient thermal cycle. It is noted that
7
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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. 25 E. STl isolation Referring the FIG. 12, in an
exemplary embodiment of the present invention, we fill the trench 117 with

aReinsgRireTSIefighial et S isalait Hyer thélashERe peRIGRAHRYAUSE of

may be comprised of an oxide, for example. Next, pad oxide 113, STI mask
iageformation e S koRd 196 NIPANEY stress layer 125A above pad

oxide layer 113 are removed, preferably 5 during a CMP (chemical
mechanical polishing) step (or other appropriate planarization step) to form

the structure showRSrSERSS 12 1BN$HG SIEET IaMelulsiaR s Rerdifnyignneal (at

hifatdde i RiyEXRMPERr goNPRENeshfdbetwerant meeare), 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

Elxampid-6f al¥hedle BeresgRiigsd of S/D (source/drain) regions 182, gate
184, and channel region 186. 15 Implanted stress layers 125A within the STI

structures at this point reduces or neutralizes the stress on channel region
186. G. Another qrioasirdsstigpsrlinessieaouad BinRRTitksyieassirostids, the ion

?nrﬂlopoqut I?é'éggegei\rﬂ?ﬁsic 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
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.

E. STl isolation

Referring the FIG. 12, in an exemplary embodiment of the
present invention, we fill the trench 117 with an insulation material to form STI

isolation layer 170.
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Another option in an exemplary embodiment of the present invention would
be to implant the stress liners surrounding NFET devices and mask the
stress liners around PFET devices. This may enhance hole mobility in P-
FETs and the reduce stress in N-FET channels (increase electron mobility).
25 H. Comments 9 A feature of the first example embodiment is the
B-containing ion implant 150 that reduces the intrinsic stress in_stress layer

125 (forming ion- IMPIERIBHIR RS B1AY88KRIMPISRY. E-8BXiffdor example.

implanted relaxed\gixessdaystidb2prshaT thadsxrRiant R BRI [RIRRIAKGT ion-
relaxed even after any subseéﬁent 5 anneal processes. In contrast, stress

IRIREROIFHRERRY Fith PN AIBHS B RNIR/Y/CELT P BrARMEKed, preferably
Berese BIP BHBRiCalraRsCARACSY bRmiaHRTY) 20p4ls BRTEPapRroprRReeals

temperatures higher than about 500 degrees C. Foréaxample a tensile stress

KBRS IREPIEIRI PSSP YEANFIG A& Sh+ ) increase

their tensile stress after subsequent anneals performed at 10 anneals higher
than about 500 degrees C. Second example embodiment FIG. 1, in an

exemplf_xry embocﬁment ?e resgn; invention, 15 illustrates substrate 10
) A orm tI-0 on subsitra % . .
having ohe or more metalFoxide=semiconductor field-effect transistor

(MOSFET)/ 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 &PIRTERY- I sd Bridd ARSI fER adimeabe{ie present
M@PhiBn) vrRofermWWRAiFFET iR diZirdAss ol ust@iad A BtEvd dReISf

may only 20 be one region or more than two regions that may be all )
RURRYEREEY ,(ég?gﬁ@%m > 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.

G. Another option- I/l stress liners around N-FET devices —not
around P-FET device

Another option in an exemplary embodiment of the present
invention would be to implant the stress liners surrounding NFET devices and
mask the stress liners around PFET devices. This may enhance hole mobility in P-
FETs and the reduce stress in N-FET channels (increase electron mobility).

H. Comments
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MOSFET regions or a combination of N-MOSFET regions and P-MOSFET
regions, for example. It is noted that P-MOSFET regions and N-MOSFET
regions may be P-FET regions and N-FET regions, respectively. 25
Substrate 10 may be, for example, a semiconductor substrate comprised of,

for example, silicaneatli@lisomeRrseeiRiRTIe @MiosifeRt®S the WebataiAlhg ion

may be anésuitable semiconductor substrate. As shown in FIG. 2, in.an

IREIAPaly R MMBb KRR D MR BROSIASERSHIR RHGS SRS ctive ERHTGIY ion-

fraprihteelaERXEd Biré RS 16618, Bacitarthd thanantdhedakedetyeds layer
N-MOSFET region 12 to form N-MOSFET active region 12 and P-MOSFET

reeRonNE8 (G FIRPRLIAM HERPE ¥R PIRAINING rel e YRS aBYrskpsequent

eARRAIRYID BostHS. Oh dohesampleedumyab Ay enlsunvARGIMErfon implants
preferable from abo%ét 0.05to 1 m. STI trenches 16, 18 may each have a

St St Ftor @xAmpR, G SRRt 66‘!8%6@%%%@86}(/55&98%8%“ anneals
p@f@ﬁ:\tlpéﬂfa@rah;?@ﬂlsttaﬁg&t@taﬁl@fmggégmﬁ- Jmésisgg!g%@ﬁﬁéb@. fcal

spective trenches may be gngled fro efween about 90 degrees (vertica
R SO BSCrRIBre 7t A, HIARSS 1 LELIEb O SEPH E-dridag) P+
Yewssn-FIGioreBsd thelctariigidrenteBeafiod shesunilernfdnadalplpationmbe at
configured to have the impl Bsgsubstant' lly into the side_walls of thg stress
I%%?. ﬂ%@%éqgebﬂ@%@f fHEPSy for example, using a masking 15

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 bgqﬁﬂfaﬂeﬁ)ﬁ{ﬁ ?%@8@ prised of other

suitable materials. As shown in FIGS. 3A and 3B, in an exemplary

bodiment of : i i i
embotiment ot g5, 1, in an exemplary embodiment of the present invention,

illustrates substrate 10 having one or more metal-oxide-semiconductor field-effect
transistor (MOSFET)/ 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
be one region or more than two regions that may be all N-MOSFET regions, all P-
MOSFET regions or a combination of N-MOSFET regions and P-MOSFET
regions, for example. It is noted that P-MOSFET regions and N-MOSFET regions
may be P-FET regions and N-FET regions, respectively.

Substrate 10 may be, for example, a semiconductor substrate
comprised of, for example, silicon (Si), silicon on insulator (SOI), Ge or SiGe.

Substrate 10 may be any suitable semiconductor substrate.

As shown in FIG. 2, in an exemplary embodiment of the present
invention, respective shallow trench isolation (STI) trenches 16, 18 are formed

10
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20 the present invention, a pre-liner oxide clean process may be performed
followed by the formation of respective oxide liners 20, 22 on STI trenches
16, 18. Oxide liners 20, 22 may be, for example, the oxides of underlying
substrate 10. For example, for a silicon substrate 10, oxide liners 20, 22 may

e Senims $RYiSh S HCONNONMIASS FEXTUR i S 2Q0 48rMaN-ReRISFETd Vi@ region 12
example, oxidation of the 25 exposed STI trench walls. Each oxide liner 20,

25Ty MARE & trieRittsd Do aEYHRS Fomagiyg: e b addinsbes 16,
agdwagreavieiesably FaemAeR yo PEXamlan@tH absut- 16130 A maYidenore

comprised of other suitable materials, 11 I. Stress liners As shown in FIGS.

BRCIGARIR TR ARREMN AR e hbBRimdhTENhE ks et MAYRRT RAFRBHEPt
iheseridangie, sisnsatioat 7000le) Hes 24gstfore daamaereverrersgtivem

sidewalls of trenches 16, 18 and over respective 5 dielectric (oxide) liners 20,
35042200398 BRIHEOBE: comprised of, for example, silicon nitride,

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

lectric layer can be formed over the substrate. Then
atress Iner can ba IGrAIEVEALS BB RIRRE RO dreTEHas M Ak Re-ARRIPS 4rom
B@tfméﬁtr)i?atfb@tﬂ Eb(gc&i@tg?ligi@f(\fzﬁgmﬁ?i@ 80@@@@@@@%@@?@3@%5?{%%0 ut 90

refera rom about 75, to angstroms_ a re preferably abou

B 1A RS SA A A ST TR Te B oA e S VELE S Aftuibe
disgléseethy greaten daiaibbeionfiguréenttniave exerinplaatdensbstanialiainto the
stress (f( and vy directions) into respective N-MOSFET channel(s) 15 and
é'ﬁfﬁﬁ %ﬁH&%@!aﬂ&r'example, an inherent tensile nitride liner 24, 26

(tensile nitride liners 24, 26) exerts a compressive stress within respective N-

MOSFET and P s T8Iy Be frmed 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.

As shown in FIGS. 3A and 3B, in an exemplary embodiment of
the present invention, a pre-liner oxide clean process may be performed followed
by the formation of respective oxide liners 20, 22 on STl trenches 16, 18. Oxide
liners 20, 22 may be, for example, the oxides of underlying substrate 10. For
example, for a silicon substrate 10, oxide liners 20, 22 may be comprised of silicon
oxide. Oxide liners 20, 22 may be formed by, for example, oxidation of the
exposed STl trench walls. Each oxide liner 20, 22 may have a thickness of, for
example, from about 10 to 110 angstroms, and more preferably from about 50 to
80 angstroms. Liners 20, 22 may be comprised of other suitable materials.
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For example, a compressive stress within N-MOSFET channel 20 can
degrade the N-MOSFET lIdsat (reducing its electron mobility) while a uniaxial
compressive stress within P-MOSFET channel 44 improves the P-MOSFET
Idsat (enhancing its hole mobility). Hole mobility for a P-MOSFET is
increasgd with a gpfagseshesstress parallel to the P-MOSFET channel

width. Also, a uniaxial compressive stress in the direction perpendicular to

the channel widthAsf shRWE 25 @iy Ifoasid @Rcamén degruparyrambodiment of

f IS ' jgh.c ive (k
B B P I e Ml SR TES: DGR ks 24, 26
eoeniriese @ WS esiivie side waltseskitgiahasabout PGP tgesnsaiye

. o o pio . b
R e B ol et oA rorp-gon 1O
edgepleiraglionn Sitrigecuisoaoxyritiidg @ lRsliepnisitde/siiceeysijisly stack

SWQFQEJnréfélﬂa@R{]%mﬁm}tr%& i%”éﬁtﬁ%éﬁ?é el Med over the

Boron-containing (B) ion implantation (I/) may be a two step method. K. First
BUpstiewhaFeGiEssiingl ererhplipyessbomnie dielestpeeleyer. 10
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 ion&8Efbnsridmitiamdlinasanay thaveantbiskiressat toeesammple,

A BB SR 280 RSB hs B RORAIBINrIRRSISER B8 592 5NahSHEESS and
the stress of the stress

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.

For example, a compressive stress within N-MOSFET channel
can degrade the N-MOSFET Idsat (reducing its electron mobility) while a uniaxial
compressive stress within P-MOSFET channel 44 improves the P-MOSFET ldsat
(enhancing its hole mobility). Hole mobility for a P-MOSFET is increased with a
compressive stress parallel to the P-MOSFET channel width. Also, a uniaxial
compressive 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 compressive stress (HS), that is a compressive stress of greater than about -
2 Gpa, or a low compressive stress (LS), that is a stress of from about -0.2 GPa to
-0.5 GPa

It is noted that a further adverse effect of high STI stress is the

possibility of the formation of (silicon) defects that could propagate along the STI

12
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film after implant and substantially retains or improves reduced stress in the
15 relaxed stress after subsequent anneals. In an exemplary embodiment of
the present invention, a preferred first angled boron (B) containing ion
implantation 50 is performed into portions of tensile stress nitride liners 24,

26 deadisirgUuiSTe IeRdisH i dadhgify s finirast 38schanie WisHBY yield
N-MOSFET 30 within active region 12 (and are thus roughly parallels to the

{RBESEned channel width of P-MOSFET 32 within active region 14) (also
see, for example, FIG. 7A). This first B-containing angled ion implant 50 may
be conducted at an angle of, for example, from about 2 to 45 degrees and

more preferably ?

logg)? g_'eeﬁrlee such that ions are implanted into one
sidewall'25 52, 54; ,'?5 gg& opposing nitride liner 24, 26 for each

respective N-FET region 12/P-FET region 14. It is noted that any
implantation within the bottom of trenches 16, 18 and over the top of

respective region inatessthat Epien isipie Bereshcestaning kR on

(hﬁﬂaq,%ﬁg,l,qm%%ﬁb@,gm@g&mﬁ@(epresentatively shown in FIGS.
4B and 4C and 7C (i.e., implanted bottoms 31. It is noted that any implanted

bottoms,of trenchgs 16, 18 will not appreciably affect the stress on the
channel*region a 'Eﬂr((lcantly as the sidewalls of the trenches. 5 FIG. 4B is

a cross sectional XewBgAGHIRT A1 i ElGnfind BrSmAne prosen

sectional view along line "4C-4C" in 10 FIG.4A. It Is noted that the use of an
Hqetiompdirstengledrdenrimpianjation 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.

In an exemplary embodiment of the present invention, a preferred
first angled boron (B) containing ion implantation 50 is performed into 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) (also see, for example, FIG. 7A). This first B-containing angled ion implant 50
may be conducted at an angle of, for example, from about 2 to 45 degrees and
more preferably about 7 degrees such that ions are implanted into one sidewall
52, 54; 56, 58 of each opposing nitride liner 24, 26 for each respective N-FET
region 12/P-FET region 14.

It is noted that any implantation within the bottom of trenches 16,

18 and over the top of respective regions 12, 14 is not shown to simplify the top
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one side (sidewall 52, 54; 56, 58) of each opposing nitride liner 24, 26 is
implanted. 15 As the trench sidewalls are angled, the tilted implant 50 will
only implant on one side of the STl/opposing nitride liners 24, 26 (i.e., e.g.,
for formation of implanted sidewalls 52A, 54A; 56A, 58A). The remainder of

Wewhiges/sidewalls §2 i $648 wilbeitires he PRREANET &5 rRSERRAMNANAERBWN in
the_ ion 20 implantation 50 and hence will not get irlgglante . L. Second 1/l As

SiGwn 45 At 4G288 LeethpialPRBINES PRIRESHL JidsdiRteAVbaiGRydmplanted
BREMAOOIRM BRERN 6ONRIRING OB st dEiBIsP atieBtGRdshede et e25hiatpel

portions of tensile nitride liners, 24, 26 that roughly parallel the to-be-formed
ERAOReR e RIgHH I9a0t M BB FIeS WAL AGTRRFERS:2 (and are thus about
perpendicular to the to-be-formed channel length of P-MOSFET 32 within
active region 14)_This second B-containing angled ion implant 60 may be

conducted at an algié B IF5t SR8% SREHRNIA! M5 PABUY 1§ 4R EBaNY more

piejergbly about 30 7degrees such that ions are implanted into the other
sidewall 62, 64; 66, 68 of 14 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; Btz 64C56,6id%3, §&cabile veelealed@pneswa-3T! french
Egé{tiogg are implanted with B ions to form implanted nitride liner portions

A; 54A, 64A; 56A, 66A; 58A, 68A (see FIGS. 6 and 7A 5 et al., for
example). For the first and second angled ion implantations 50, 60 the B-
containing ions n]a be, focllr xample, B iops, BF2 ions or B2F5 ions. The first
and t1s 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.

As the trench sidewalls are angled, the tilted implant 50 will only
implant on one side of the STl/opposing nitride liners 24, 26 (i.e., e.g., for
formation of implanted sidewalls 52A, 54A; 56A, 58A). The remainder of the
sides/sidewalls 62,64; 66 68 will either be shadowed or perpendicular to the ion
implantation 50 and hence will not get implanted.

L. Second I/l

As shown in FIG. 5, in an exemplary embodiment of the present
invention, a second angled boron-containing (B) ion implantation 60 is performed
into portions of tensile nitride liners 24, 26 that roughly parallel the to-be-formed
channel length of N-MOSFET 30 within active region 12 (and are thus about
perpendicular to the to-be-formed channel 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
14
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second B-containing ion implantations 50, 60 may be conducted at a dosage
of, 10 for example, from about 1 E 14 to 5 E 15 atoms/cmZ and more
preferably from about 1 E 15 to 2 E 15 atoms cmZ. The first and second B
containing ion implantations 50, 60 may be conducted at an energy of, for

XRMBIS HORY ANPIclline 224 0¥ SRNEhBIPFEdpEiaRbN-Frem Riymsth 3 0RLEET

KeVs. 15 The lon implantation process may be a conventional beam-line ion
iReRRAISR 6?86@%%&‘5%‘%45‘% SErUE S Rrmsantafsh s 6%0Pan§ S aidhe
151 BB BIFHOS Y CERF dMeVPoRfISHEse Lt PR AGITWRHIBIGstsgeamdplanted

ion implantations 50, 60 may be 20 conducted to a concentration of, for

QAR INSFRRATIRBSORA, By 541 B4Ronde B A RBIREDISREdBF Rofhand 7A
abaut foEelataptel. 15 atom S/ICM3 within implanted nitride liner portions

24A, 26A. The B containing ion implant can be detected by SIMS since the

25 nitride film would likely contain B and N peaks that are above normal back

grougd Ievefzséthabi'o‘tﬁelmlﬂgmu%d &cvr@@ﬁm&id @bﬁigfpﬂgmwhg fons@beyB-
1 E18to 1 E20 atoms/sg-cm and an N dose may be from apout 1 E21 to 1
BOPIa R O XD, 2 GIA MR 5 IS 1R G5 o e (st and
bh@BdiLw I?f@cbnfé]yﬁ%gﬁwli&mﬁzﬁnthtli@ﬂ@'ﬁmmb@ﬁ Bb%ﬁnlﬁﬂ:%ﬁ‘ét ?Edktsé?ge of,

ou t that the 1on Imp N re S e Intri SlCZStre SN Implant
O AF AT B A S R O e L AT bty from
exomplary B5b@ imebtzebthe cRiésEReifinariian seobnt firsheanglesgl Bn
con aining ion-'r(‘s;p@nt 50 gay be pegarmed. That is, for example, only one

i

Sraippeeh MR9ESBALCPAHAR SRR QirilRy iz, g aPout 1
i® REIHHY peimeneicspréfetagiothereaoed 3 to 10 KeVs.

The ion implantation process may be a conventional beam-line
ion implantation process, a plasma immersion ion implantation (PIIl), or any other

ion implantation process known and used in the art.

The first and second B ion implantations 50, 60 may be
conducted to a concentration of, for example, from about 1 E 14t0 5 E 15
atoms/cm?® and more preferably from about 1 E 15 to 2 E 15 atoms/cm® within
implanted nitride liner portions 24A, 26A.

The B containing ion implant can be detected by SIMS since the
nitride film would likely contain B and N peaks that are above normal back ground
levels, that is > 10""cm™. For example, a B dose may be from about 1E18 to 1E20
atoms/sqg-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.
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channel width of N-MOSFET 30 within active region 12 (and are thus roughly
10 parallels to the to-be-formed channel width of P-MOSFET 32 within active
region 14)] may be implanted with ions. M. Optional Anneal 15 As shown in
FIG. 6, in an exemplary embodiment of the present embodiment, the
structure may be subjected to an optional anneal 51 at a temperature of, for
example, from about 810 to 990 degrees C for from about 27 to 33 seconds

and preferably at B IRBEMHERELS coimBaNE 86'56'8%88. hednidrsis sikgss in
pihaipanrlswestddr pieriyRsas4ano@a. they meet these minimum 20

requirements or have such sufficient thermal cycle. This anneal 51 is optional
as other subsequent anneals may be sufficient such as, for example, a S/D

anneal, silicide anngahotéel RatinnshanpgRichbaiPukkkasaienbp@rieat of the

film portions 24A, 26A relaxed, it is not necessary as 25 subsequent

BrEcEEL Yy S abE R fFetanglad e QRiRiaS i Rlan 80 My be
peliRnalcal THENsAfheakaersd)@riybsiaialy ehpienialisidsveaniepsitions of

the implanted or non-implanted stress layer portions. The anneal probabl

TS Spse MR R AP HE o (RLG K IBRTEE MBI e e e prmed
gﬁfdrth@:ctmiﬁcﬂtWC%SlHETe{BW_' ItH?ﬁNéémﬁ ?édﬂ@fp_ 12 (@nH!@'ﬂ@ﬁN;u[%goygh_ly
efore, for the non-implanted regions. N. ring.to. FIG. 7A, in
BRI R PG R T R SR e R By e redion
trayones bR, ikfoveitheanwaihl iisadation 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.

M. Optional Anneal

As shown in FIG. 6, in an exemplary embodiment of the present
embodiment, the structure may be subjected to an optional anneal 51 at a
temperature of, for example, from about 810 to 990 degrees C for from about 27 to
33 seconds and preferably at about 900 degrees C for about 30 seconds. It is
noted that other anneals would be effective as long as they meet these minimum
requirements or have such sufficient thermal cycle.

This anneal 51 is optional as other subsequent anneals may be
sufficient such as, for example, a S/D anneal, silicide anneal, etc. Optional anneal
51 should keep the implanted film portions 24A, 26A relaxed, it is not necessary 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
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10 O. Form FETs (MOSFETSs) 30, 32 In an exemplary embodiment of the
present invention, the orientation of the N-FET / N-MOSFET channel
length(s) is/are roughly perpendicular, i.e. about 900, to the orientation of the
P-FET / P-MOSFET channel 15 length(s) as illustrated in FIG. 7A. As shown

iortien Ghdithanexseriaass vbodinena el the Pirseat HRRE0Br Alyher than
N-MOSFET (FET) 30 may be formed within N-MOSFET (FET) active region

Psiorer Lop INREEM IR 56010 Be formed within P-MOSFET (FET) 20
active region 14. Each MOSFET (FET) 30, 32 has a respective source 34,
36, drain 38, 40, channel (under the gates between the respective source

34, 36 apd drain 5% g&i ﬁimd gate 46, 48 overlying the respective channel.
Each channel has™ a el width through which the electrical current

(electrons (N-MOREfe Ifi8sF (B YR IF Bh)e XeaysI RS e e aRHER Sfihtbpresent
and drain 38, 40 for elecj[rons_l_(N 25 MOSFET) (and visa versa for holes
I

(PVRRYRRENS) 1tk FRSRRFM SITILHEMChRS déndiBUMING e Unignladianitaper 27, 29.
dabiprihsyehannelgvgty isdhe fies b B xREWRR RGP RRth(idiManE any

defines the direction by which the electrical current travels between the
BEGreXidRd aranf ARpthiayenHel IRh§HRBRIR direction roughly
perpendicular to the channel width. 17 As shown in FIG. 7A the B containing
ion implantations 50, 60 into the selected nitride liner sidewalls and any

optional.or later apneal é%rrf r jve rel gg itride liner portions
(implantéd stressil-lgfg? iﬁﬁéﬁggfj@f %«1 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 [N an exemplary embodiment of the present invention, the

orientation of the N-FET / N-MOSFET channel length(s) is/are roughly
perpendicular, i.e. about 90°, to the orientation of the P-FET / P-MOSFET channel
length(s) as illustrated in FIG. 7A.

As shown in FIG. 7A, in an exemplary embodiment of the present
invention, an N-MOSFET (FET) 30 may be formed within N-MOSFET (FET) active
region 12 and a P-MOSFET (FET) 32 may be formed within P-MOSFET (FET)
active region 14. Each MOSFET (FET) 30, 32 has a respective source 34, 36,
drain 38, 40, channel (under the gates between the respective source 34, 36 and
drain 38, 40), and gate 46, 48 overlying the respective channel. Each channel has
a channel width through 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.
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channel regions to improve device performance. 10 As shown in FIG. 7A, for
example, the tensile stress layer 24 exerts a uniaxial compressive force (C)
on the N-FET channel in the direction of the channel width. 15 The tensile
stress layer 26 exerts a uniaxial compressive force (C) on the P-FET
channel in the channel width direction (direction between S and D). Since a
uniaxial compressive stress in the channel width direction 20 improves

P-MOSFET and 4'8R8Q%NdBrhiiresivENg: R SOTHa M ehamhBRAARNI A% oo FO

Mitthenehssleeldanrags im&l Gidevatieembaiieaptidn -0 Rsrtahneal form
significantly, the layout of the N-MOSFET and P- MOSFET are orthogonal

(EEPEL G EARYRES NG A3 USROS SBDEABLRACE LES IB¥ERIOROIIONS) 52A, 62A;

BithosuraGHikI B AeSBATEBAeNPICH bk MHI M digedd bxsrtba MiteSpEdtive N-
ﬁé%? lessens the degra étlo&]%:lts Idsat and for the P-MOSFET this

Eh $B3BeGESIRa b £18RBRIGIAry embodiment of the

present invention, is a cross sectlon of FIG. 7A at line "7B - 7B" and shows a

strained nitride Ilnier 24 W|th éaln &% T@’ Iants in its 30 sidewalls
forming B ion-impl&ift DIRYBIn 4420 MRERXCHSIRSSRS on the

enam@a%@m@cbmﬂpmfé%pr@@mrrmmama.Is a cross section of FIG. 7A
at "7C - 7C" and it shows a nitride liner 26 without B ion implants (I/l) in its

sidewalls. 5
As shown in FIG. 7A, for example, the tensile stress layer 24

exerts a uniaxial compressive force (C) on the N-FET channel in the direction of

the channel width.

The tensile stress layer 26 exerts a uniaxial compressive force
(C) on the P-FET channel in the channel width direction (direction between S and
D).

Since a uniaxial compressive stress in the channel width direction
improves P-MOSFET and a uniaxial compressive stress in the channel length
direction of the channel (as seen in FIG. 7A) does not degrade N-MOSFET
significantly, the layout of the N-MOSFET and P-MOSFET are orthogonal (i.e. at
right angles) to each other to improve P-MOSFET performance without sacrificing
performance on the N-MOSFETs.

For the N-MOSFET 30 this lessens the degradation of its Idsat
and for the P-MOSFET this further improves its ldsat. 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.
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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. 10 Form FETs on
substrate Referring to FIG. 7D, in an exemplary embodiment, a cross

sectional view of FIG. 7A along line "7D-7D", N-MOSFET (nFET) 30 is o
formed 15 over théN Ao Brifrexairar £ BqdiaipREof dhRintesespinyention is

eoEresised for/ B TR ITAE, ‘G gate 48Nl showsel ratries fdefmplaiesut B ion
stress layer portions 62A, 52A, 64A, 54A combined with non-implanted

weg%”fé)/é/ﬂ)p&iﬁr%dﬂ”@ge FIG. 7A, for example) causes compressive

stress C on channel region 44 (also see FIG. 7A, for example). 20 Referring
to FIG. 7E, in an exemplary embodiment, a cross sectional view of FIG. 7A

along line "7E-7E" P AASERRF! (HREPIED Qi ihn USRS RSP JAt 8pEfmPlanted.
ackvasoepRicuhattaetidhdhéEicdd isnanapesesttifablilaregiess abova, Also,

ate 48 and channel region 44. Implanted stress layer portions 66A, 56A, 25
BN SRR A 18 9B B R RIS LSBT WP N A R o e one
pefichss 2arrauset ABTHEaRRIMEr SHESS 4ctiVe qaaiuel.region 42 (also see
FIG. 7A, for example). 19 The un-implanted tensile stress layer portions 24

26 can exert a compressive stress in the N-MOSFET and P-MOSFET
channels as shovwroimieE fllowisgbsfrageary table:

Referring to FIG. 7D, in an exemplary embodiment, a cross
sectional view of FIG. 7A along line “7D-7D”, N-MOSFET (nFET) 30 is formed
over the N-MOSFET active area of substrate 10. N-FET 30 is comprised of S/D
regions 34, 38, gate 46 and channel region 42. Implanted stress layer portions
62A, 52A, 64A, 54A combined with non-implanted stress layer portions 24 (see
FIG. 7A, for example) causes compressive stress C on channel region 44 (also
see FIG. 7A, for example).

Referring to FIG. 7E, in an exemplary embodiment, 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).
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5 TABLE Perpendicular to N- Parallel to P-MOSFET 32 Channel MOSFET

30 Channel Wid
about -0.2 to -1.

th Width Compressive from about -0.2 to -1.5 GPa from
5 GPa Stress 10 While FIGS. 1 through 7A, 7B, 7C, 7D and

7E illustrate an N- metal-oxide-semiconductor field-effect transistor

(N-MOSFET) andradunetabl axiea-gsisicoadesionfield-etiesh sranssean exert a
(P-MOSFET) formed so the respective N-MOSFET(é){channel length(s) are

RAUBRIGSRYSerERaAR He-MGRIcheapdId4RET

ahannelfear o)Vt ia the

retedithaetheipriRpthBidhe present invention 15 may be applied to just
N-MOSFETSs or just P-MOSFETs. 20 Single Trench Embodiment - FIG. 7F

As shown in FIG. 7F, in another exemplary embodiment of the present
5 invention, an N-FET (or N-MOSFET) 30 and P-FET (or P-MOSFET) 32 are
formed in substrate 10 as generally dfiacribed above. 20 In this exemplary

embodiment however, instead of formi

arate trenches 16, 18

surrounding one or more respective n-FETs 30 and p- FETs 32, a single

(STH-trench-19-4
(one or more) n+
between the out
32 (each having
with an isolation

s formed-to-define the commagn-activeregion 155forthe
FESFRRNAIY TG O more) p-FERBIET IR OEEdE Channel
ex/SEVET S archiantel sidewallg/@itthe N-FET 30 and P-FET

y oxide liner 21 and (nitride) liner 25). STI trench 19 is filled
IX\{}QFI'QY which may be

Compressive
Stress

from about -0.2 to -1.5 GPa | from about -0.2 to -1.5 GPa

10

While FIGS. 1 through 7A, 7B, 7C, 7D and 7E illustrate an N-

metal-oxide-semiconductor 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
15 may be applied to just N-MOSFETs or just P-MOSFETSs.

20

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.

20



10

15

20

25

30

10 formed of an oxide, for example. Oxide liners 21 may be, for example, the
oxides of underlying substrate 10. For example, for a silicon substrate 10,
oxide liner 21 may be comprised of silicon oxide. Oxide liners 21 may be
formed by, for example, 15 oxidation of the exposed STI trench walls. Each
oxide liner 21 may have a thickness of, for example, from about 10 to 110
angstroms, and more preferably from about 50 to 80 angstroms. Liners 21

may be comprisell dPREE RUNHYE TRAS RN BEYSECIRRISRAREIRTBIIe
§6pasdie reNENES N 1S 2 ATEN A BA & BRMiBPEeEEpR AIYeWRFETEIBENEAd p-

19 and agver respective oxide liners 21. Stress liners 25 may be comprised

SEGt S2amBIRIG N HHRREN SEcsORRR RS Ine die SommaR RfsTegion 15
ey thEigehetaghane preAreferahusiieenonitigfe) 35 ERTBRItTHeA e @2 réNds

have a thickness of, for example, from about 50 to 250 angstroms

Prineanyhro iR siteaatsrRdbnEroeNRiIS Rl e e FabrLRBd 6E T 32

aogshraadnblithecliness 25 gaghinmasd)aveapanpherent 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 30 MOSFET channel(s).

For example, an BietesidrnDIgsrillédevitie bASsigtiorelag b cRTIEsRIveay be
z{t;;ess it}hin respective N-MOSFET and P-MOSFET channels 42, 44. For
T

@E(ﬂﬁlﬂ%’s [ EXFBEEithin N-MOSFET channel 42 5 degrades

the N-MOSFET Idsat (reducing its electron mobility) while a compressive
stress within P-MQSFET chanpel 44 improves the P-MOSFET Idsat .
(enhancing its nol XL B8 EL 57 SHRPRIHidRe SRS deaking

gdBsirate 10. For example, for a silicon substrate 10, oxide liner 21 may be
comprised of silicon oxide. Oxide liners 21 may be formed by, for example,
oxidation of the exposed STI trench walls. Each oxide liner 21 may have a
thickness of, for example, from about 10 to 110 angstroms, and more preferably
from about 50 to 80 angstroms. Liners 21 may be comprised of other suitable

materials.

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
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that is a stress of greater than about -2 Gpa, or a low compressive stress
(LS), thatis a stress of from about -0.2 GPa to -0.5 GPa. It is noted that a
further 10 adverse effect of high STI stress is the possibility of the formation
of (silicon) defects that could propagate along the STI edge during the STI

BEIRPRSSENE RsiBavithindcage isveeR MO SPEqUANASHd OB PETS chRAIMIS 42,
or more n-FETs 30 and p-FETs 32 are formed so that 15 their respective

Ates 46, 48 are roughly orthogonal (at a roughly 90 degree angle) to each
other. That is, each and every n-FET gate 46 is roughly orthogonal to each

and every p-FET gate 48 as shown in FIG. 7F. While only single devices 30,
32 are shown in ,.19@_ PEPRIS, HCAMRERT MR Siresouitia iR fit channel 42

ﬂrllbtbflié&aﬁ?tﬂetN?Ik;]@SF*E)Tofdiiéﬂlr@ﬁﬂ@ﬁo‘@hﬁ%aéﬂééﬁrﬁﬁrﬁ%bimﬁﬁmﬁ@ﬁce with
the t t t tion. Ot t st
e teachings of the present invention. Other subsequent s eﬁ;gnr%%ﬁg%FET \dsat

ERIPRISS VR SirasTamimy FebieRE ERNamns! kb iTIRFRYSS
eanbREAIONEE s hiseateaitigt Masshaieienymasy amipdibeipresir stress (HS),

Fgresent invention, a mask suckhas aghotoresist ask, for exampl

e, ma
SRS A ok e e )
1%atlid arntdoshst ivbnimplated. NGPAj i ci BCIRA, RidNsiead wiacaiakiang

led jon-implant. t b f ' der that .
B R RS Lo Sl e B L e BU e AR L)
slegsdis tidecodlthghspabaye slese ipiins s daisng s SFlgipase seaind

orth. such as flow rates, pressure settings, thicknesses, etc., in order to
a0ing IoJealage issués and serious yield concerns.

The one or more n-FETs 30 and p-FETs 32 are formed so that
their respective gates 46, 48 are roughly orthogonal (at a roughly 90 degree angle)
to each other. That is, each and every n-FET gate 46 is roughly orthogonal to each
and every p-FET gate 48 as shown in FIG. 7F.

While only single devices 30, 32 are shown in FIG. 7F, one
skilled in the art would recognize that multiple (e.g. thousands) of such devices

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
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thorough understanding of the present invention. Those skilled in the art will
realize that power settings, residence times, gas flow rates are equipment
specific and will vary from one brand of equipment to another. It will be
obvious, however, 10 to one skilled in the art that the present invention may

eensaeiicas vrithautshesesietaitre vairheidnstapeewm Vel kmwn PrRsEsSbe ion

have not been described in detail in order to not unnecessarily obscure the

BRRlants AV RRIHUDSHIE U RSP SRR PHREMIRYNG AT MRS i mpiant.
and 15 range shquld HepyienaietrdrsonnecpRanyi BrieraRdt BEhioes the

"about" or "approximately” preceded the number of the value or range. Given

RS WkribApts BanhsaMAaRRSHRRITRETHRS NG SHRRMIDA RREGIESQIFSY:,
the above descripfianeagdVesi@dionstishon pRrBE RO st dneiting Yee forth

sco;‘?1 e of the present invention defined by the claims. While the invention has

BEE ﬁéﬂi%WléﬂE?éhBWﬁ%H& 88@5?%%&“%'%%%?&%&?@ 1 eiarRigvide a more

gnapodgnemashateeing wikhe pretristoerehyidhoThaidliedivdhe @i tabwil
various han% s in form and d?qa be made without 25 departing from

Is ma
IS, Hhah BQNER S TS ESRRE T e SRS QY CES AR EIRLIPTIeNt Specific
wwqavafysfm el B BTERODEMANIBRNADEPRRNLreR VAN b esaons, oidhever,

pend d ould be accorded the broadest interpretation so

therefqr
B e A e LR e 4 o LA GURD ROt These

ﬂ@igﬁgurne@taér\l\vﬁbedn&ééawadkﬁo%/ﬁfdﬁes]s Had@wm beepdsisgited in detail in

trate com rising a fl[st evice r%geon and a.trench surroundlng the
qébq Hrnnecessarily o scure the present invention

Unless explicitly stated otherwise, each numerical value and
range should be interpreted as being approximate as if the word “about” or

“approximately” preceded the number of the value or range.

Given the variety of example 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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a stress layer lining the sidewalls and bottom of the trench, the stress layer
having a first stress in a first portion and a second relaxed stress in a second
portion; and 10 wherein the second portion of the stress layer comprising
stress relaxing ions to relax the first stress to the second relaxed stress,
Weieis dnarssgss: relaxing ions cause the second portion of the stress layer
with the second relaxed stress to remain relaxed. 24

CLAIMS

1. A device comprising:

a substrate comprising a first device region and a trench surrounding the

device region;

a stress layer lining the sidewalls and bottom of the trench, the stress layer
having a first stress in a first portion and a second relaxed stress in a second

portion; and

wherein the second portion of the stress layer comprising stress relaxing
ions to relax the first stress to the second relaxed stress, wherein the stress
relaxing ions cause the second portion of the stress layer with the second relaxed

stress to remain relaxed.
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