Strai ned- Channel Transistor and Met hods of Manufacture TECHNI CAL FI ELD

[ 0001] The present invention relates generally to sem conductor devices and
nore particularly to a strained channel transistor and net hods of

manuf acturi ng the sane. BACKGROUND [ 0002] Size reduction of netal-ox

i de-sem conductor- field-effect transistors (MOSFET), including reduction

of the gate |engt{¢amngk I t hi. ckness, n%g,l d the continued
i nprovenent in spee‘?lpe@%@n@rﬁ%gﬁa&gﬁpfﬁn%aﬁﬂﬁgﬁ& Aagyfactusiéct i on of
integrated circuits over the past few decades. 10003] To enhance

transistoi E grmance further, strain may be introduced in the transistor
channel f&F% péﬁFﬁ%U%arri er nobilities. Therefore, strain-induced
nobility enhancenent is another way to inprove transistor performance in

addi tion fpgogievi cg, ing,. There are seyveral  existing approaches of
i nt r oduci an g]t rain e&?\é@%%%%e%ﬂé%sriesdfe&ge’&ﬂé naIserEgpdicior fgvoesiandmmene
per by J. Welser -et aL,

convent i . ach.,. described in a pa
publ i shegﬁmé%ﬁ?ﬁret E)é%ééﬁ%«iﬁha gﬁ‘af}sfﬁféraﬁéfﬂeglﬁ)éﬁ ofnem tfacturirPethe sese. Meet i ng hel d
in San Francisco, CA, pp. 1000-1002.and incorporated herein by reference,
a relaxed silicon germanium (Site) buffer |ayer is provided beneath the
channel rB4CEGROTNDre La shows such an approach. Referring to Figure |a,
a sem conductor device 100 includes a strained silicon |layer 110 forned
over and i eﬁ.}tti %ga@el, axed Si Ge | ayer 112, which is formed over and
abutting g f ade 8 REECHAR o apetal pyide-semiopnd mitter fipicheiffett SaGistsf(MOSHEREr 114
is formeq qvgr arad abutting a silicon sut_)strate 116.

neluding reduction of the gate length and gate oxide thickness, has enabled the continued

unprovement in speed performance, density, and cost per unit function of integrated circuits over

the past few decades.

[6003] ~ Te 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 severa)

existing approaches of introducing strain in the transistor channel region.

[0004] In one conventional approach, as described in a paper by J. Welser et al., published
at ﬁ1e December 1992 International Electron Devices Meeting held in San Francisco,‘ CA, pp.
1000-1 002 and incorporated herein by reference, 4 relaxed siiicon germanium (SiGe) buffer
layér is provi_dcd beneath the channel region. Figur‘e la shows such an a-lpproach. Referring to
Figure 1a, a semiconductor devic; 100 includes a strained silicon layer 110 formed over and

» - abutting a relaxed SiGe layer 112, which is formed over and abutting a graded SiGe buffer layer

114. The graded SiGe buffer layer 1 14 is formed over and abutting a silicon substrate 116.



-1 [0005] The relaxed Si Ge |ayer 112 has a larger lattice constant conpared
to relaxed Si, and the thin |ayer of epitaxial Si 110 grown on the rel axed

SiGe 112 will have its lattice stretched it the lateral direction, i.e.,
it will be under biaxial tensile strain. This result is illustrated in
Figures |b and Ic. Therefore, a transistor 118 forned on the epitaxial
strained silicon layer 110 will have a channel region 120 that is under

bi axi al te@h%e st.rai q In . thjs apEroaCh, the relaxed SiGe buffer |ayer
112 can be ughtIh6Felzed 3Gt lagasde banalargenistinronstang combared o rekrsed Bhandl
region 120, The stressor, in this case, is placed below the transistor
channel r el GHn ey of epiboed Su] Yrarpwe anthereloked Siped b ailt bawerits Littise dimtrhed in
reported for both electrons and holes in bulls transistors using a silicon
channel uni@eatasiladaeetiont iemgt Wil st wralerbiatinl teiisile atosiv.e RIS késon edillustpedia Fhgurche
epi taxi-al silicon layer is strained before the formation of the transistor.

But there lame lcofibeefos:, abandistorhe sFbmddbnltRl enf@idaParaiRaRIIRHR S Bt wHVOS
processi ng where high tenperatures are used. In addition, this approach is

very expensive e chdneleeglorSl Xethbus iueder bAYRY teniel danhirg KREARrdAan ! @r@%@%@'@g
m cronmeters has to be grown. Nunerous dislocations in e relaxe |ée

buf fer | ayiriffeetsi&t] 12R5h SORBudt of :rbeass@reggoﬂh(ﬁfﬂlhhﬁ?%% B:Edaglfig‘%ﬁé g%éﬁg?lirggoﬁ'h%@ ned

silicon layer, resulting in a substrate wt
thi s appr opghebas: b Mgl Lh e rel teﬁ to cost d fundanent al
material properti és. 108%37%%?% aﬁ%l?wgl:ie tégpnﬁ}’s_goéc? a,nngltrlpgf’ﬂ 1#% the channel is
introduced after the transistor is forned. |In this approach, a high stress
film 132 i§09&@r medipifeentandsliylesbademherhas béearrekired tirbioth ddront endRsled i a
silicon substrate 136, as shown in Figure 2. The high stress filmor
stressor 18%k transistors using a silicon channel under biaxial tensile strain. In the abovementioned
approach, the epitaxial silicon layer is strained before the formation of the transistor. But there -
are concerns about the strain relaxation upon subsequent CMOS processing where high
temperatures are used. In addition, this approach is very expensive since a SiGe buffer layer
with thickness in the order of micrometers has to be grown. Numerous dislocations in the
relaxed SiGe buffer layer exist and some of these dislocations propagate to the strained silicon

layer, resulting in a substrate with high defect density. Tﬁus, this approach has limitations that

are related to cost and fundamental material properties.

{0007) In apother apprdach,_ strain in the channel is introduced after the transistor is formed.
In this approach, a high stress film 132 is formed over a completed transistor structure 130

. formed in a silicon substrate 136, as shown in Figure 2. The high stress film or stressor 132
exerts significant influence on the channel 134, modifying the silicon lattice spacing in the
channel region, and thus introducing strain in the channel region. In this case, the stressor 132 is
placed above the completed transistor structure. This scheme is described in detail in a paper by

A. Shimizu et al., entitled “Local mechanical stress contro] (LMC): a new technique for CMOS

R



exerts significant influence on the channel 134, nodifying the silicon

| attice spacing in the channel region, and thus introducing strain in the
channel region. In this case, the stressor 132 is placed above the

conpl eted transistor structure. This schene is described in detail in a
paper by A Shimzu et al., entitled "Local nechanical stress control
(LMO): a new technique for CMOS -2 performance enhancenent,” published in
pp. 433-436 of the Digest of Technical Papers of the 2001 International

El ect ron Desrfozmanve evliancgmoenh? piblisked inepr$56r4dted thedpigest obYedhaicel Rapews. of [0 08]
The strain contributed by the high stress filmis believed to be uniaxi al

i n nature W0QlHntematdérabBlettam Pavia! Medtingowtibleisimeshs@attOheleiaiby refercct.i on.
However,. uni axial tensile strain degrades the hole nmobility while uniaxial

conpr essi v rai r.ades .t he, el l on i npl ant ation

ger mani um @gﬂél Egl g’f"& coniyibiged %?‘?E’}g&sﬁﬁsgg’lﬂ@ 1%%?1%???? @&etuﬁﬁf“aﬁ Henghye & 16‘?
el ectron no J|It I s _not degraded, but this is difficult to inplenent due
to the cl ok ff‘;?Fla&P%iﬂ%@tOdhe ﬁ%lécerr%ﬂﬁan frediighn Eloweyerappipdal gensile styondagreyiesithe
other hand, strain is known to be also introduced in the channel region by
the for melQlemobiit Weile upisxial rempretsichanalegdetthasletttnm motilityoon Hemlanation

i sol ation structure. Wiile there is nuch prior art related to the

f or mati on effgirinanim vaneentsedo seletivedoltetixitonstmin secthatrisg hade or gledtioB. mottityent
No. 6,046,487, U.S. Patent No. 5,763,315; and U. S. Patent No. 5,447, 884,
this pri orngtrdtgradedsbundiis Bdiffiesis@dnipldncaeartaties dkeipfodaity 0Nthen aaH padhanhelr

t he n-channel and p-channel transistors. That is, the sane isolation
structure #ssigeoegd for all transistors, whether n-channel or p-channel
transi stors.

[0009] On the 6ther hand, strain is known to be also introduced in the channel 1.‘egi on by the
formation of the isolation structure, such as the shallow trench isolation structure. While there.is
" much prior art related to the fofmation and improvement of the isolétion structure, e.g., U.S.
‘Patent No. 6,046,.487, Us. P;atent No. 5,763,315, and U.S. Patent No. 5_,447,884, this prior art
has not addressed the separate optimization of strain for the n-channel and p-channél transistors.
-That 1s; the same isolation structure is nsed for all tfansistors, whether n-channel! or p-channel -

fransistors.

[0(510] ﬁor cxample,.Figure 3a shows a transistor 140 formed in an active region 'isolated by
shallow trench isolgtion (STI) regions 142. The STI regions 142 exert compressive stress on the
active region, and the channel region 144 of the transistor 140 is therefore under compressive
stress. While compressive stress in the channel region 144 improves the mobility of holes, it
degrades the mobility of electrons. Therefore, the STI of Figure Ja improves the performance of

p'-,channel transistors while degrading the performance of n-channel transistors.

[0011] In Figure 3b, another prior art trench isolation structure is shown where a nitride

liner 146 is formed over an oxide liner 148, The nitride liner 146 acts as an oxidation mask,
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[ 0010] For exanple, Figure 3a shows a transistor 140 fornmed in an active
region isolated by shallow trench isolation (STI) regions 142. The STI
regions 142 exert conpressive stress on the active region, and the channel
region 144 of the transistor 140 is therefore under conpressive stress.
Wil e conpressive stress in the channel region 144 inproves the nobility of
holes, it degrades the nobility of electrons. Therefore, the STl of Figure
3a inproves the performance of p-channel transistors while degrading the
per f or mandECHRIAE Bxpiandaiipn akthe trepah sidepialls | Thepnifridgdiner B1§, minimizeretonpedr

art trench isolation structure is shown where a nitride liner 146 is forned
over -an oxyodems pxpepsianighentheispliation genchiin@liedivieh exds 1 Wsandnthesefatatredisenamk, -
-3 preventing further oxidation of the trench sidewalls. The nitride |iner
146 m ni micospressive ssslin tioburending actsieoegisen the isolation trench is:
filled with oxide 150 and, therefore, reduces any conpressive stress in
the surroundi ng active region. SUVWARY OF THE | NVENTI ON [ 0QL2] Aspects of
this invention address the drawbacks of the prior art by optimzing the

i solation structure induced strain for n-channel and p-channel transistors
separately. For exanple, n-channel and p-channel transistors are each
provi ded with strained channel regions. |In particular, enbodi nents of the
invention teach a structure and net hod of engineering the strain in the
channel of the transistor by engineering the isolation structure to inprove
the performance of -both the n-channel and p-channel. transistors. [0013] In
one enbodi nent, a sem-conduct or device includes a region of sem conductor



material with first and second isolation trenches fornmed therein. The first
I solation trench is |lined with a first material having a | ow oxygen
diffusion rate and is filled with an insulating material. The second
isolation trench is not lined with the first material but is filled with an
insulating material. Afirst transistor is fornmed adjacent the first

I sol ation region and a second transistor forned adjacent the second

i sol ation regi on. [00141 Several enbodi nents are provided. For exanple, the
first rrat CﬁﬁgﬁE'ﬁh{fﬁN‘% | ayer. The second trench can be lined with
a nitride ayer been no |fied, e.g inplanted wth ions or

renmoved: | h another exanple, the first material can be an oxynitride (an
nitrided [0812]e). Aspedthe titiaseentidnaddrsothd diawdaches tleaiiobert by pptimiditgthan
oxide liner or no liner at all as exanples. 100151 Several nethods of

fabri cati rgoled st@smAfindREd sy RTRQHLTRNS RERNA] $AnAkeNIseReatelyFBor exanpl e,
a plurality of trenches are fornmed in a sem conductor region, e.g.

subst 1 at e bRy REraB¥hg 8- U8 £ALBIorFRERATE0AR Sidh gﬁmdehme@régm@r

The |iner can en be nodified in some but not all of thepuralltyo

trenches. ?’99105{3? r‘l‘%ﬁm%g F&% %‘Rﬁt1$¢14g§&b¥!c§@gp@ar‘r?r}§%ﬂé§&t dﬁf%ggﬁgé rgfg][ echni c aI '

[ 0016] The oregm n as outlined rat
advant ages, f re nvent Lon i.n order t the det al I ed d scription
of the o BT %’ﬁqﬁl P! bﬁ&ﬂ@ﬂ%wgfﬂ* B YR TP TR B
features and advant n will be described here| nafter
whi ch f or REREREEEP g@‘ﬁﬁ EEF - ]lﬂﬂ‘“n‘?lt?éa“?ﬁ(?éﬁ'\tl on. It should be
appreci ated by. those skilled in the art that the conception and specific
enbodi mentjodizcl 096 dnd@ibdAemsngatemYconductor device includes a region of semiconductor
material with frst and second isolation trenches formed therein. The first isolation trench is
lined with a first material baving a low oxygen diffusion rate and is filled with an insulating
material. The second isolation trench is not lined with the first material but is filled with an

insulating material. A first transistor is formed adjacent the first isolation region and a second:

 transistor formed adjacent the second isolation region.

[0014] . Several embodiments are provided. For example, the first matcl_'ial can be a nitride

| layer. The second trench can be lined with a nitride layer d;at has been modified, e.g., implanted
with ions or reinoved. Iu another example, the first material can be an oxynitride (an nitrided
oxide). In the case, the second trenches can be lined with an oxide lindr or do liner at all, as

examples.

[0015] Several methods of fabnicating devices of various embodiments are also provided.
For example, a plurality of trenches are formed in a serniconductor region, e.g., substrate or layer
over a substrate. Each trench is lined with a liner, The liner can then be modified in some but

not all of the plurality of trenches. Each trench would then be filed with an insulating material,
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utilized as a basis for nodifying or designing other structures or
processes for carrying out the sane purposes of the present invention. It
shoul d al so be realized by those skilled in the art that such equival ent
constructions do not depart fromthe spirit and scope of the invention as
set forth in the appended clains_ BRI EF DESCRI PTI ON OF THE DRAW NGS [ 00171
For a nore conplete understanding of the present invention, and the

Caken 1 d8linct o GrEHE e ﬁws@mﬁsmg@ai%% S TR A BT O

Figure | a shows conventi opal ilicon transistor w a rel axed
Si Ge | ayer the B?S?i‘?ﬂvlﬂ’élé@d? Ofdsr i‘ﬁ%f&]ﬁa %f%daiséﬁprmw REthedpyeapen Bl ‘gﬁﬂo‘é’f 3y Réd
silicon layer; [0019] Figures Ib and ic illustrate the origin of strain in
the SiJSi stEeinsersiory ddditienal feozeq ardiaguansages pf ihe snveatiaswilistdeseribrdy of
introducing strain in the channd is by using a high stress filmas a
stressor. Hepopafter Mhiphfes Ba setyett 8Hths kbimcoithemvenital Issrilddedppedateddyi ces
with isolation stncthres; [0022) Figures 4a and 4b illustrate two

enbodi nentthetersidledirete aft thahﬂlemﬁmﬁdsn amivwpadifio embodifh@RHischisgdimag bd esadity show
plan views of enbodinents of the present invention; [0024] Figures 5a- 5f

i Il ustr at entiiize®aOBHsIER moB Qb elesiHiag BhesaAfcnirdie V\E&dc@ﬁhes R C&pyinf b@ithes 6a
and 6b illustrate nethods of form ng transistors, ich can apply to any

of the methgfpuifost ﬂWﬁ@s‘%ﬂttm{réﬁiﬁ@Ht 1t @Rould also be realized by those skilled in the art that -
‘such equivalent constructions do not depart from the spirit and scope of the invention as set forth

in the appended claims.



10026) Figures 7-7d ifiustrate an enbodi nent nethod of the present

i nvention; [0027] Figures 8a-8f illustrate an enbodi mnent nethod of the
present invention; [0028] . Figures 9a-9b show an alternate enbodi nent of
present invention; and [0029 Figure 10 shows a second alternate enbodi nent
of the present invention. -7 DETAI LED DESCRI PTI ON OF | LLUSTRATI VE

EVMBODI MENTS [ 0030] The maki ng and using of the presently preferred

enbodi ments are discussed in detail below It should be appreciated,
however, t ; t invention provides nmany applicable inventive
concepts t ?ﬁcﬁﬁsﬁéﬁﬁ@ﬁ&%’aﬁﬁb@%ﬁ&@%an ety of specific contexts. The
specific enbodi nents discussed are nerely illustrative of specific ways to

make and umeitihe iFdY 8ol Odbmpl AN EhddRtdRaing lof MelpriRt if GRS ChattheadvaMapdsi on.
[ 0031] The preferred enbodi r%snt of the gr eser?t SI nvle%%l olrlf rel ates to@%she

fleld of SeEbeanguekal %ﬂ@;é@&f%ﬁfeaﬁmg@gﬁg&gggh& 8 ¥ wolifindi38 facture

of strained n-channel ect transistors wth enhanced

per f or mancg Msing. .at e timzed isolation regions. 100321 Figures 4a
and 4b showcatﬂﬁ% %%ﬁ%?‘g%sﬁﬁ%%gr ately optimzing the isolation structures

for different active regions and the structural enbodi nents of the
enbodi ment 90LH] t h&Figpnebesiibws b overhiian] sthgdedrsilicog transistibowi gwlexeddfiGalayer
sem conductor substrate 210 is provided in which active regions 212a, 212b

and 212c, #alstressbt d6ahdtcd dtdain 8 tBe f@febiadal RitainstiBtdRyst r uct ures 214a,
214b, 214c and 214d, collectively 214. The isolation structures 214 are

preferably trench . ) .. . e
[0019] Figures 1b and lc illustrate the origin of strain in the Si/SiGe heterostructure.

[0020] Figure 2 illustrafes another way of introducing strain in the channel is by using a

high stress film as a stressor.

[0011] Figures 3a and 3b show conventional semiconductor devices with isolation

structures;

- [0022] Figures 4a and 4b illustrate two embodiment structures of the present iﬁvention;
[0023] Figures 4c-4e show plan views of embodiments of the present invention;
{0024} - Figures 5a-5f illustrate an embodiment method of ‘thc present invention,

[0025] Figures 6a and 6b illustrate methods of forming transistors, which can apply to any

of the methods of the present invention;
[0026] Figures 7a-7d illustrate an embodiment method of the present invention;

[0027] Figures 8a-8f illustrate an embodiment method of the present invention;

[0028] . Figures 9a-9b show an alternate embodiment of present invention; and
[0629] Figure 10 shows a second alternate embodiment of the present invention.
-



I solation structures, and nore preferably shallow trench isolation (STI)
structures. It is noted that the isolation structures 214 are shown in
cross-section and that certain ones of these structures can be portions of
the sane, e.g., annular, isolation structure. [0033] At |east tw types of
trench isolation structures may be provided. These types of isolation
structures 214 differ in the nature of stress, e.g., conpressive stress or
tensile stress, .in which they exert on the active regions 212. ‘As shown in

Fi gures 4 first active region 2l12a is surrounded by a first
i sol ati on%ﬁ&g&dﬁ?ﬁfﬁf&%@ﬂ QEIILHUﬁgMEW%EP@OEMEHﬁEr-eS 214a and -8
214b). Due to the nature and design of the first isolation structure 214ah,

the first BAIVE Bk | 0S| tress or under.littl
or no st refsog }[ 003—%ﬁ %I@%&%Egﬁga}éﬁgﬁﬁ#@ﬁ% egr%lfsoéjfﬁn%nn ffﬁ%fg&%‘% }nuécett?lﬁe
I's a.shall r ' ' ' a sili.con _.oxide.]iner 216,

under | yi ngpégb‘g'i Flggég%a ﬁig{l}&}ré ga[&fdl’ iﬁgﬁ‘)ﬁg}a& Qﬁé’ reSepidpventigy Bﬁv’cﬁlﬁs ¥ 6@?\9?@8212
choni cal - asa g EBEEGY s e BtelrRR e Bk e e ogheoiocppiexttnabe mssths
filling mat rhal 2%%'na al so be .a conbination of materials, such as CVD
silicon ox?rg%o Siike E’S’"ﬁ%’@ﬂesm?ﬂi’dﬁl}smﬁ Hepeaifiways thanake apdusedhe inyenting ur e
may be in tqﬁe range, of about 200 to about 6000 angstroms. [00351 The
silicon nidddgdot rthexscope ofiihe gerttionst i sol ation structure hel ps to reduce
the in- plane conpressive stress in the active region 212 due to a nunber

of 1 asonSiekr St e phditircd dfoifinent'b hé Bitsdnk BYkn kS LESHE e eyd off L NET

T eax Iy .
oxldatlon of the trench sidewa e rtornation o _ con - oxi de
!I'Ihgeg | ﬁ}gbﬁ?ﬁﬂ%ﬁdﬁ&&t C{Gl\’]%'éﬁ N di 1\1/'181|‘ C%%CIE&%B?,Q% Itl%nmgrgufr}xc@uere IO? sotlra?rgédonrlcl:?a%:r*le %EIH Ii:)? 24 )

channel field effect transistors with enhanced performance using separately optimized isolation

regions.

[0832] Figures 42 and 4b show the concept of separately optimizing fhe isolation structures
for different active regions and the structural embodiments of the embodiments of the present
invention, Refen*ing now to Figure 4a; a semiconductor substrate 210 is provided 111 which
active regiong 212a,212b and 212¢, (.:ollectively 212, are defined by isolation structures 214a,
214b, 214c and 2144, collectively 214. The isolation structures 214 are preferably trench
iéolation structures, and more prefefably shallow tre)nch isolation (STI) structures. It is ﬁoted
that the isolation structures 214 are shown in cross-section and that certain ones of these

structures can be portions of the same, e.g., annular, isolation structure.

10033] At least two types of trench isolation structures may be provided. These types of
isolation structures 214 differ in the nature of stress, e.g,, compresstve stress or tensile stress, in
which they exert on the active regions 212. As shown in Figures 4a and 4b, a first active TEgion

212ais surrounded by a first isolation structure 214a/b (including isolation structures 214a and
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nitride liner 216 is able to restrict oxidation of the trench sidewall
because of the low diffusion rate of oxygen through silicon nitride. It is
understood that another material with | ow oxygen - diffusion rate, e.g.,
silicon oxynitride (Si OxNy), may be used in place of the silicon nitride
liner to achieve the sane effect. [0036) Vol une expansion of an isol ation
structure that surrounds an active area conpresses the sandw ched active

region and, therefore, results in i.n- pl ane co | ve stress. .in.that
active regith: g tp @HG‘&F“FFganWéSI%PﬁE@LﬁE%EBQﬁE‘P%Wm WBE?%I@WE' ga&%? il
stress in the channel region can be reduced significantly. Secondly, a
silicon nialgswd! bqw@prﬁpqlqﬂmsg@qgaru@dehh'@ea)ﬁno 8%%®ci ated intrinsic tensile
stress. Since the silicon nitride liner- filmis itself under tensile

stress, [E?_?] ert aexXrﬁ&BlE 158 8lon GORY ?%?3103591&&/6 eSEcr @ id ehﬁnaﬂﬁ@ @&Hck?ﬂséi@ﬁ‘@i I

surfaces. I’ESU ts 1n a vertlc conpressive strain and an in-pl ane

Fensi ! e St(gzh S"Ylt sg c%g%%}d.e m?r u.n erl L{;Pe {182;11 itr dIa htngrell@aql?l'etﬁ?&?s Illa%oﬁf the

intrinsic |ner S Iarge e first

i sol ation struct ma t he int.r cti.on

stress in SFH%m'é'Fcthirz\?&o r”éh‘dg trF‘Ef%‘%‘};mg@a@ﬂ%}%H chq:arsch?}Pr&caJA%apg 8%“&?1@%

i solation structure 214c/d is errpl ed to gefl ne second Lve fr egi on
212c, whi cRHiaARIOKidp&e-gr Sk Helhedienth %P’&F@a oriraseise ke 369 1Ha PP a first
enbodlnent as shown in Figure 4a, the second isolation structure. 214cld is
a trench mafetials,seeh @ﬂ\ﬂféta‘lgﬁ@l ideand GV pelyrsilisend b derth dpfiheiieianyi ng an

lon-inplanted silicon nitride liner 222. The ion inplantation introduces
def ects i rdtmctitremay be iodhe mige ofabouti2B@ to dbonhéWP2ngsibauses it to | ose or
degrades its ability to block oxygen diffusion. Therefore, it is possible

for Oxygenmbgs] The silicon mtnde liner 2.1 8 in the first isolation structure helps to reduce the in-
plane compresswc stress in the active region 212 due to & number of reasons. Fusﬂy, the silicon
nitride liner 218 restricts furthier oxidation of the trcnch sidewall after the formation of the silicon
oxide hner 216, thus restnctmg volume expansion of the 1solat1o11 structure 214. The silicon
nitride liner 216 is able 1o restrict oxidation of the trench sidewal} because of the low diffusion
rate of oxygen through silicon nitride. It is ubderstood that another material with low oxygen -
- diffusion rate, e.g., silicon oxynitride (S10,Ny), may be used in place of the silicon nitride liner

to achieve the same effect.

[0036]) Volume expansion of an isolation structure that surrounds an active area compresses
the sandwiched active region and, therefore, results in an in-plane compressive stréss in.that
active region. By reducing the volume expansion, the in-plane compressive stress in the channel
region can be reduced significantly. Secondly, a silicon nitride liner film usually has an
associated intrinsic tensile stress. Since the silicon nitride liner ﬁlm is itself under tensile stress,

it exerts a vertical compressive stress on the trench sidewall surfaces. This results in a vertical
compressive strain and an in-plane tensile strain in the active region. Therefore, if the magnitude
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di ffuse through silicon nitride 222 and result in further, oxidation of the
trench sidewall, causing volune expansion in a confined space, and
therefore introducing in-plane conpressive stress.in to second active
region_ [0038] The in-plane conpressive stress results in an in-plane,
conpressive strain in the crystal lattice of the material conprising the
second active region 212c. It is desired that this in- plane conpressive
strain is not cancelled by an in-plane tensile strain conmponent. By design,
i on i npl afitheipBivsisensiestisss indbmsiiconmitgide finerdy lapzep thel fises iscdationisonethieymay
renmoves the intrinsic stress in the silicon nitride film 222: Exanpl es of
i on i npl anesuige thedsireduaiiomelanhe plise tbnsits streshiv ¢hetdvdivetapems in the silicon
nitride liner 222 are silicon ions and germaniumions. Qher inplantation

i ons such sili rani ni.trogen el “neon n, and non
and conbidgﬁggns f%%ﬁgg ﬁ%@ﬁ?%yh%?FéﬁhgE?Q%r§dﬁéatgﬂﬁgn?%ﬁ%%ﬁgfnwgpﬁéﬁ’
silicon or,germani umions i nted intag the silicon itride |iner 22
Filmwi || Geeied Sond 2qdn traon K201 e Hafbe by det iR B plgns FATRRTeRS] e SHAtRC
the stress _in the silicon nitride liner film222, the silicon nitride
liner 222 &) enphadimagnt,@s shaeindiigandt thesgrandaeclefon siaciecdfe/dde & ieecly egi on
212c and contribute an in-plane tensile strain conponent to cancel the
desired i risPptipnstugmsvadss siican axiderdinen? ihmdsibing an metimpantesiilinen2itpide lingo
[0039] In a second enbodi nent, as-shown in Figure 4b, the second isol ation
st ruct ur e 22243hel idngmgplagtative irttiodnes defeaninho the ellzbn oitridd linec film &2t dcauses it
silicon oxide liner (not shown) and with no silicon nitride liner. The
second i sabadst ondagradec itsistalityes blvbk esygeh diffispinatlherfet iR poksble forfoxggdrero 3a
and therefore results in an.in plane conpressive strain in the second
active regliffie through silicon nitride 222 and result in further oxidation of the trench sidewall, causing
volume expansion in a confined space, and therefore introducing in-plane compressive stress.in

the second active region.

[0038] The in-plane compressive stress results m an in-plane.compressive strain in the
c'rysml lattice of the material corﬂpﬁsing the second active région 212¢, It is desired that this in-
plane compressive strain is not cancelled by an in-plane tensile strain component. By design, ion
implantation of the silicon nitride liner 222 also additionally removes the intrinsic stres's in the
silicon nitride film 22l2: Examples of ion implant specie_s that may be used‘-to reduce the stress in
the silicon nitride liner 222 are silicon ions and germanium ions. Other implantation ions such as
silicon, geranium, nitrogen, Belium, neon, argon, and xenon and combinations thereof could
altematively be used. ’In other words, silicon or germanium jons implanted into the silicon
nitride liner 222 film will release or reduce fhe intrinsic stress in the film. By reducing the stress
in the silicon nitride liner film 222, the silicon nitride liner 222 will not stress the sidewall
surface of the second active region 212c¢ and contribute an in-plane tensile strain component to

cancel the desired in-plane compressive strain in the second active region 212¢.
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- [0040] According to the preferred enbodi ment of the present invention,
the first and second :active regions 212a and 212c are provided on the
same sem conductor substrate 210. By having the flexibility of providing
active regions with different strain conditions, it is therefore possible
to optimze the performance of n-channel and p-channel transi-stors by the
choice and use of the appropriate strain conditions in the active regions.
For exanpl 0 ﬂ-ch nnel transistors (not shown in Figure 4) may be forned on
the first @cg ive rBErHne iaEodiment tsshewn & Eigprsidh, the sedvail isolation sizesture- dr ai n
di rection éo }ngrove their-drive current performance. |In another exanple,

p- channel “Y¥4¥4rsf SePRiqoaldTensh ipptrtipmstricue with p sifimpn beidt dinerddotohothearsisennd
active region 212c with conpressive strain in their source-to-drain

di recti on RQSiippméiide kinmi Thelsdcomd solatimmitrupierd esemtiesthe isdhtibe sth@turk S8Bigurd t
I's al so understood that p-channel transistors can be fornmed in first active

regi on 212% addherclofearmitt irt andngilmie obmpressivastantn 8 devéhd REVORRA2C. . [ 0041]
Figure 4c shows a top view of an n-channel transistor 236 formed in an

active req%ggn sug&ougde? B% t%@ first isolation structure 2161218/ 220- It
i s known that -t enétTEEEFAH ATHCTFEemodiRet of e grospnt iayontien. itharfirst and second
(x-directi OE)J or.in per gendi cular direction (y-direction) inproves the
el ectron rSBITTEEYRS 2pth 4 hiteare Proyided of Bielsame spmisoiGlor afbstrite 210.c Bahadihg
transi stor of F%gure 4c has tensile strain in both the x and y directions.
[0042] Fi by dexibilisrimeovidingpetive esgions veithplifféremisehintcoadisibsd, itris HBR60 poBEbIEN
an active region surrounded by the second isolation structure 220. In this-
case, conpPerdmize thetnedfpmnaske ef mchanntihed prhaselirasisias By Gietheict 86d bRRHS the
(x-direction) and in a perpendicular direction (y-direction). This
appropriate strain conditions in the active regions. For example, n-channel transistors (not
shown in Figure 4) may be formed on the first active region 212a with fensile strain in their
source-to-drain direction to improve their drive current performance. .In another example, p-
_channel transistors (not shown in Figure 4) may be formed on the second active region 212¢ with
compressive strain in their source-to-drain direction to improve their drive current performance.

While not ideal, it is also understood that p-channel transistors can be formed in first active -

region 212a and n-channel transistors in second active region 212c.

[0041] Figure 4c shows a top view of an n-chanmel transistor 236 formed in an active region
sutrrounded by the first iéolation structure 216/218/220. It is known that tensile strain in the
source-to-drain direction (x-direction) or in a perpendicular direction (y-direction) improves the
electron mobility. The channel region (below gate 246) of the n-channel transistor of Figure 4c

has tensile strain in both the x and y directions.

[0042) Figure 4d shows a top view of a p-channe] transistor 238 formed in an active region

surrounded by the second isolation structure 220. In this case, compressive strain exists in the
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configuration inproves the hole nobility. [0043]. Another preferred

enbodi nent is shown in Figure 4e. In this case, a p-channel transistor 238
is formed in an active region sandwi ched by the first isolation structure
262 in the y-direction and sandw ched by the second isolation 264 in the
x-direction. Here, the first isolation structure 262 and the second

I sol ation structure 264 are fornmed in different portions of a single

annul ar trench, The p-channe| transistor of Figure 4e has_a channel region
that is urfagﬁce'toé&ﬁ%’r&gtﬁ?eé}éﬁﬂ&ti‘%gF‘?fflf’ﬁé’eﬁleﬂﬁhﬁ t figngtiomt-¢ieassPre s ain in

t he y-directhon.,This configuration s beneficial for hole nobility.
However, iPOPEUYHYLPEREEHLE hale mabéity.sol ation structure surrounding the
active region of a p-channel transistor may be conpletely forned be a

second | sqpgagyon ﬁB&H%bﬁefga%ifbérﬁﬁEnttiyﬁﬁ%ni' ngglfgprf & IR Ithlvg %aéé,rza%&rfaaingglg oth

the x and 'y directions. e sem conduc substra

conpri sed ¥ 'QEQE - Sem. G ctor . such.as sili.cqn.or ge I.um. an
al | oy senﬁ%%%%u%%%ﬁ suc -%?ﬁg?ﬁ?%%ﬁpaé?#ﬁ”ﬁﬁﬁFyiﬁ gﬁlggﬂﬁgﬁwgcégﬁggﬂﬂéﬁ%tor
such as ga| ki ar seni de .or..i ndi um phosphi de.. .The sem condycto substrate
210 may IR é@%“?“&‘aheé&e’gg? %ff%f?c{l *@?ﬁc’&ém e K GrRSHPS idﬁafeo e f15i | i con
| ayer on a_.silicon-- n%p'un1ia er ogn a silicon substrate. |In another
exanpl e, t’fPéaﬁ’sOE ﬁﬁ%%?fa §§§ Bhd Of pPRG tselatigmsirugBire, 264 arp fosmed i diflstanhpesfions of a
substrate., The magnitude of tensile or conpressive strain in the channel
may range StiEsATEBaUFengh.1 Ths brobanaal trangistor of Kimere e bavs ehagne remion fehis ungtre
strain nmagnitude is about 1%to about 4% [0045] A transistor or
t ransi st orcompresyyhiiainah diepntlirgotion anhowsile stain ibthefyodirmeton. nTlas toMiguaatioa is
212b. Active region 212b is expected to experience conpressive stress on
one si de’ dwneficeah firlbele mobility. However, it is understood that the isolation structure surrounding

the active region of a p-channel transistor may be completely formed be a second isolation

structure, so that there is compressive strain in both the x and y directions.

-[0044] The ;emiconductor substrate 210 may be comprised of an elemental semiconductor
gu'ch as silicon or germaniuni, an alloy semiconductor such as silicon-germanium, or a
'compounq semiconductot such as gallinm arsenide or indium phosphide. The semiconductor
substrate 210 may also be:a layered substrate, for example, comprising of a silicon layer on a

_ silicon-germanium layer on a silicon substrate. In another example, the se:nﬁcopductor substrate
may be a silicon-on-insulator substrate. The maglﬁtude of tensile or compressive strain in the
channel may range from about 0.1% to about 4%. In the preferred embodiment, the strain

magnitude is about 1% to about 4%.

[0045) | A transistor or transistors or other element (not shown) can be formed in active area
212b. Active region 212b is expected to experience compressive s-tress on one side and tensile
stress on the other side. Therefore, active region 212b is expected to be under a stress that is
intermediate between that experienced by active region 212a and 212c.
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stress on the other side. Therefore, active region 212b is expected to be
under a stress that is internedi ate between that experienced by active
region 212a and 212c. -12 .[0046] Several nethods for the manufacture of

t he abovenentioned structures will next be described. [0047] The first
enbodi nent net hod provides a process flow for formng active regions -with
different strain conditions. For the purpose of illustrating the first

met hod enmbodi ment, a silicon nitride liner overlying a silicon axide |iner
s used. TOO46L el BEHOSHRT theRAN G FRRid; SRovepRiRnad $W’6&Vﬁ@‘mmebc
diffusion rate can be used in place of silicon nitride. [0045] Referring

now to Fi gle#@d®h, a seni conductor substrate 210 is used as the starting
material. This sem conductor substrate 210 nmay conprise an el enental

sem condu g?@rgfks UCHy, A8 Sdphil G0N0 é’xeﬁlg)g Wé%gh g?&eéasl AW 5os W@E MoictdC h as

silicon-g ium or a compoun or such as gallium arsenide or

| ndi um ph %}.ﬁ&*&%&l&tﬁ%ﬁg ,chx}: oo id I(%]%_lf S Bﬁrlfagése;c}’fﬁ‘ﬁl?strgt}lggatllgﬁ}/st ﬁle&%d%ﬁb@%ﬂﬁ@ﬁﬁ € d

substrate, T rcon yvyer on a Si

germani um | .ayer. on a silicon sybstrate.. I n another exanpl th .
Jom conducHpb B st erepiipB SHiean oRie KB o iein e HEbE g FafEer TN,
preferred enbodi nent, the_ sem conductar substrate 210 is a nono

crystal | i rvéithsy lopmea difysionrate cpp by vgedinplergefisdicsp nitAde: j 1 st pat t er ned” mask
230 is forned on the sem conductor substrate 210 and trenches 232 are

et ched. Tﬂﬁuisi] rst Rl?ﬁh{n?rn'&%dco esttte 959 sER¥oRRRRE SRRABY 1 TRSKENE MBE@FAM

commonly used’in the art, e.g.” silicon oxide, silicon nitride, or a silicon "

nitride ONnatérial. This semiconductor substrate 210 may comprise an elemental semiconductor such as
silicon or germanium, an alloy semiconductor such as silicon-germanium, or a compound
semiconductor such as gallium arsenide or indium phosphide. The semiconductor substrate 210
may also be a layered substrate, for example, comprising of a silicon layer on a silicon-
germanium layer on a silicon substrate. In another example, the semiconductor substrate may be

a silicon-on-insulator subsirate. In the preferred embodimen’f, the semiconductor substrate 210 1is

a monocrystalline silicon substrate.

[0041:9} In Figuie SB, a first péttemed mask 230 is formed on the scmiconductor subs@te
210 and trenches 232 are etched. The first pattémed mask.230‘r'nay éomprisc any masking
material commonly used in the art, e.g. silicon oxide, silicon nitride, or a silicon nitride on
silicon oxide stack. The first patterned. mask 230 is preferably 2 silicon nitride on silicon oxide

stack.

[0050} The trench 232 may be etched by anisotropic plasma etching. If the semiconductor
substrate is a silicon substrate, the anisotropic plasma eiching may employ a plasma with

flourine chemistry, e.g., containing chemical species such as CFa.
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silicon oxide stack. The first patterned mask 230 is preferably a silicon
nitride on silicon oxide stack. [0050] The trench 232 may be etched by
ani sotropic plasna etching. If the sem conductor substrate is a silicon
substrate, the anisotropic plasma etching may enploy a plasma with
flourine chemstry, e.g., containing chem cal species such as CF4. -13

[ 0051] Next, as shown in Figure 5c, an oxide liner 216 is fornmed in the

trenches The.,oxide liner,K 216 _nay he for .by a thermal oxidation
step, e. gzﬁaﬂél ng Neéﬁﬁ%&&f”’ﬁr"é gy omg‘?{ﬁ‘?ﬁrgggﬁt%m'@@&r"é"é@h@eq i USCt o
about 1000 degrees Cel sius and an _oxidi zjng anbient containing species
such as o mghét Gatehe foppeddhmtbprmal pxidatinn 6 @8-, RFiNG FeTIEREEHTAASHE
deposited, e.g., by chem cal vapor deposition. [0052] A silicon nitride

| i ner 218 fram abaip SbdreaRklsits toabput 1 008, dygreedjelsihemidoml oxidipiog ambémbsi t i on.
The chemical vapor deposition step nay use precursor gases such as ammonia
and si | anentafAsnglipscessellandrggen amlthaer. reteaatiatly, thanxide liatt Hratidtel y, or
additionally, used for the liner 218. 10053] Referring next to Figure 5d, a

second patdepodited, snpsy chedidabvapsedepbsitiepver sel ected regions, including the
first active region 212a and at | east a portion of adjacent trenches 232a
sk 234 preferably conmprises_a_photoresist

and 232b. seconfi'patt, r ned

such as anlga-%ﬁot oredlicqn m%ﬁ%ﬁﬁ”iﬁf%“ﬁﬁ”ﬂ orpally, FEmed, -SRI IR ment

where the mask 234 is patterned to cover a portion of a trench 232.
deposition. The chemical vapor deposition step may use precursor gases such as ammonia and
silane. As discusécd above, other materials can be al_temativ_e}y, or additionally, used for the

liner 218.

: [0(}53]‘ - Referring next to Figure 5d, a second patterned mask 234 is used to cover selected
.rcgions, including the first active ;egion 212a and at least a portion of adj-acent trenches 232a and
'232b. The second patterned mask 234 prefefably comprises a photoresist such as any photoi'esist
known i the art. Figure 10 shows an embodiment where the mask 234 is patterned '.to COVET 2

portion of a trench 232.

[0054)] An ion implantation is then performed to alter the characteristics of the silicon nitride
liner 218 in selected regions thus forming liner 222. The ion implanted silicon nitride liners 222
may, for exarmple, be in the isolation structures sunounding the second active region 212c. The.
ion implantation process may be a conventional beam-line ion implantation process, a plasma
immersion ion implantation (PL), or any other jon implantation process known and used in tﬁe
art. The dose of the ion implantation may be in the range of about 1E13 to about 1E16 ions per

square centimeter and the energy may be in the range of about 10 ¢V to about 100 keV.

[0055) After the ion implantation process, the properties of the silicon nitnde liner 222 will

be altered such that its oxygeﬁ diffusion rate is faster and/or its intrinsic stress is reduced. In
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[0054] An ion inplantation is then performed to alter the characteristics
of the silicon nitride liner 218 in selected regions thus formng |iner
222. The ion inplanted silicon nitride liners 222 nmay, for exanple, be in
the isolation structures surrounding the second active region 212c. The.
lon inplantation process may be a conventional beamline ion inplantation
process, a plasma imrersion ion inplantation (Pm, or any other ion

i npl ant at i : The dose of the.ion. .

ol ant at R *9533‘3&% PR Ry RE 2 88 st s R Treencricop Bicide
square ce d t he r. he e of about eV

Shout 100 16l ?‘E] R et B e op e B aat o
the silican nltrlge ner 222 wi|l be altered such that its oxygen

di f f usi on '} BPEcied Q&S@‘P‘)T‘Qﬁa‘ﬁ%ﬁ@f@g i2Afrinsic stress is reduced. In -14
addition, portions of the silicon nitride 222 may be sputtered so that the

i npl ant ed [odg] CON RefokiredBw tolFiAEL 5222 SBShaAHE el SR 1RSI RERAL |

to the unlnplanted silicon nitride liner I's protected by the
second pat; f [ e d
patter ngd %rlg 234 n&r&g% Steégor\slag% ' 5? g]étliétnﬁg pfb?%\ér? lfs‘rrgb g}ﬁcgstsﬁgﬁsep? o%}ggagt ep
(or after 88 | f _such ) tr
(11 g md E‘?%M%%ﬁb PP s ePLan BT tfe?o*‘lﬁﬁ 24 1hie s %00 Bitnes
232. It de ood tha he tr h fil Ln 220 may .in fact be
2 conbl hatPoRGR PR P71 TG et Cmbitn Suerch GRePAFTSh P B
silicon oxide, and CVD poly- S|I|con A chem cal nechanlcal pol i shi
et ch- back CQFE&M%H ?frf%Wg 5@19‘%?%@@&%6631513@@5?&%@% weclg,eewaéér@c}aﬁmqahﬁolwg%rort 0
give the cross-section as shown in Figure 5e.

etch-back step is then performed to planarize the surface of the wafer to give the cross-section as

- shown in Figure Se.

[0457] The first patterned mask 230 can then be removed. In the preferred embodiment, the
first patterned mask 230 comprises a silicon nitride on a silicon oxide stack, and it may be
removed by an etch in hot phosphoric acid followed by an etch in dilute hydrofluoric acid. This

gives the cross-section shown in Figure 5f.

[D058] Transistors 236 and 238 can then be formed in the first andl second active regions
212a and 212¢ of Figure 5f, as shown in Figures 62 and 6b. For example, n-channel transistors
236 can be formed in the first active region 212a and p-channel transistors 23§ can be formed in
the second active region 212¢, as shown in Figure 6a. In fbrn‘njn_'g the transistors, n-type doped
and/or f)~type doped wells (not shown} are formed in the active regions for p-channe] and n-
channel traﬁsistors, respectively. Depending on the conductivity of the substrate 210, one of the

wells may be eliminated.

[0059] This is followed by gate dielectric 244 formation. The gate dielectric 244 may be

formed by thermal oxidation, thermal oxidation followed by nitridation, chemical vapor
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[ 0057] The first patterned mask 230 can then be renoved. In the preferred
enbodi nent, the fist patterned nask 230 conprises a silicon nitride on a
silicon oxide stack, and it may be renoved by an etch in hot phosphoric
acid followed by an etch in dilute hydrofluoric acid. This gives the
cross-section shown in Figure 5f. [00581 Transistors 236 and 238 can then
be formed in the first and second active regions 212a and 212c of Figure
| stors 36

5f, as sho I [ es_6a an b. For exanpl e, ..n-chappel. tran 2
can be TorigaiatelifRe 8FoREe R basHOTE e o BRER B BBl R e D3
can b'e fornmed.in,.the second active region 212c,.- as .sho in Figure 6a. In
forming t RECEREAR | L a7l SRS IRs ROpEiss ARRVSRIGPA PaRriacHEN v lif ingge OF
shown) are formed in the active regions for p-channel and n- channel

transi st or gliconggpritide yithy thiskpsshereiesrbbnrapgias Somabent v ngptroms theboghHG r at e
210, one of . the wells may be elimnated. [0059] This is followed by gate
di el ect ri canzguorhs prefrdtdnaborh0 snesteorol esllesst The g@d dictryricid4frorshalsp ¢synprise@nal
oxi dation, thermal oxidation followed by nitridation, chem cal vapor -15
deposi t i onhigh pertrtigivity@righdr) nattdrizd sich ab aivgiesn knde(ilatg, hefeidm oxidh@lfn), for
formng transistor gate dielectrics. The gate dielectric may conprise a
convent i ongtcofiliredxidd (Z8MG, hadibur bk yri@ide H AN Bafaium Slitdte GIESOBNtitcohiten Wi th a
t hi ckness preferably rangi ng fromabout 3 angstrons to about 100

angst r ons, sipk:ef @rE0),Y 12ahekin R ESON W Bl equREBnt FHe: GilkecdicgkBaihi C 244

may al so conprise a high permttivity (high-k) material such as al um num

oxi de (Alzg%%g%#§£qhaﬂngggﬂ§&]5§02), zi rconi um oxi de (Zr02), hafnium

oxynitride afnfumsilicate (Hf SiO4), zirconium

[8060] Next; the gate electrode 246 material is deposited. The gate e}cctrode 246 material
ma};f be polycrystalline-silicon (poly-Si), poly-crystalline silicon-germanium (poly-5iGe), a
refractory metal such as molybdenum and tungsten, coxﬁpounds such as titanium nitride, or other
' cond\.icting materials. Implants known as workfunction implanﬁs may be introdiuced in the gate
electrode 246 material to alter the workfunction of the electrode. A gate mask (not shown) i;
deposited over the gate electrode material and patterned to define the gate electrode 246. The
underlying gate electrode 246 material is then etched to form the gate electrode 246. The gate
‘electrode 246 is electrically isolated from the-chz;ﬁnel regioﬁ 248 by the gate dielectric 244, In
the preferred embodiment, 'the gate electrode 246 n;aterial is poly-Si and the gate oxide 244 1s
silicon oxynitride. In ;chc pfeferred embodiment, a plasma etch using chlorine and bromine
chemistry may be used to etch the gate electrode 246 material with a high etcﬁ selectivity with

respect to the gate dielectric 244.

[0061) After the definition of the gate electrode 246, the gate mask can be removed. The
source and drain extension regions 250 are formed next. This may be achieved by ion

implantation, plasma immersion ion implantation (PIIT), or other techniques known and used in
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silicate (ZrSi A), | anthanum oxi de (La203) w th an equi val ent oxi de

t hi ckness of about 3 angstrons to about 100 angstrons, j 0060] Next, the
gate el ectrode 246 nmaterial is deposited. The gate el ectrode 246 materi al
may be pol ycrystalline-silicon (poly-Si), poly-crystalline

silicon-germani um (poly-SiGe), a refractory netal such as nol ybdenum and
tungsten, conpounds such as titaniumnitride, or other conducting
materials. Inplapts known as workfunction inplants may be introduced in the
gate el ecthedte NPAb2 fRECEIAS4 RS foamed encthe sideawqllsafithagatd dertiofle Hebriepetiioyanda
gate mask (not shown) is deposited over the gate el ectrode material and
patterned sedectius pialing plthesnagerahaserial.oies a6 nidtwial g evhyiisepl galicdeciicect r ode
246 material is then etched to formthe gate el ectrode 246. The gate .

el ect rode 2dgrirlsuel scilicor alttige orsdicat davxfdeom t he channel regi on 248 by the
gate dielectric .244. In the preferred enbodi nent, the gate el ectrode 246

materi al | ly- S _and the gate oxide 244 | silicon.oxynitride. ln.the
preferred @r?gg]di nenl}a,do’éla"%ﬁ'ﬁ %ﬁsog{cgﬁr%gm%mé ﬁ?%ﬁaﬁ emd’ﬁ‘fﬁ\érhy " ‘%ﬂ@ﬁ?qéof“r’y
may be used fo etch.the gate el ectrode 246 material with a _high etch
selectivit eEhor SP]éi E“gadﬂ %Db%yé’ﬂtﬁr éqcé@ﬂP‘?SémQW&?‘“‘E?ﬁ?éH thEpte Athe
definition of the gate el ectrode 246, the gate mask can be renoved. The
sour ce’ andirgiant damagesy smerphizaieneas besonegted thipppl sibawent exhegirgigyeldyated
achieved by ion inplantation, plasma i mersion ion inplantation (PII1), or
ot her t echisinpawsirisn dha reasistinoselthe sowrck@nd enim can alddehetrpdimed basteapplgahs s
formed on the sidewal k of the gate el ectrode 246 by deposition and .
sel ecti ve siucdsidigin@h4 with a spainetivematerial ghot shidven)s (Fhe eonduaties maderisieyn onpri se
of a dielectric _ . _ 4

formed using a self-aligned silicide, also known as salicide, process, or other metal deposition

process. The conductive material may be formed on the source and drain regions (as well as the

gate electrode.246). Passivation, contact eich, metallization are then performed to complete the

device.

[0063] Furthermors, the separately optimized isolation structures of the present invention - .
may be combined w1th other means of mtrpﬂucing strain in the transistor channel. As illustrated
in Figure 6b, a high stress film 260, i.e., a stressor, may be formed sel;ctivc_ly over the ﬁ-channel
transi'stor 236 in the first active region 212a to enhance the tensile strain in the chanﬁel region to
improve electron mobility. The high stress film may be a high st.ress'silicon nitride film
deposifed by plasma-enhanced chemical vai:or deposition (PECVD) with an intﬁnsic stress of
larger than about 500 tega-pascals (MPa), and more typically between about 500 MPa and
about 1500 MPa. The high stress film or the stressor 260 further increases the tensile strain
component in the lattice of th; n-cheinnel_transistor 236 channel region 248 to further improve

the electron mobility.



material such as silicon nitride or silicon dioxide. 10062] The dopants in
the source/drain regions 254 may be introduced by ion inplantation, PIII,
gas or solid source diffusion, or any other techniques known and used in
the art. Any inplant damage or anorphization can be anneal ed t hrough
subsequent exposure to el evated tenperatures. The resistance of the source
and drain can also be reduced by strapping the source/drain 254 with a
conductive ma eri (not shown) The conductive material can be forned
using a sdfPed i g%efd’c@&lﬁa}béélmeér%th%wld&%a%{é]lqu@mféss fisyve s Serming agivper
met al deposition _process. The conductive material may be formed on the
sour ce andegieed With dgbispisstramsonditipnsa SThe econd ateghod eadtodiontwt B463nticBids diairst on,
contact etch, netallization are then perforned to conplete the device.
[ 0063] Fu rhéthochemlndimenhin thepet fvepryceopsteps aa éliustrael ai Figorestarto Figurese. dfo t he
present invention may be combined wth other neans of introducing strain
i n the traksiibedic sebuadnethodAmbiotinest, battedin vwith fk gtHi@ul b Figuhd gha§ﬂlmetsﬁeal | m
260, ne., a stressor, may be forned selectively over the n-channel
tranS|stonn$%@ﬂ7hthe first active region 212a to enhance the tensile
strain in the channel region to inprove electron mobility. The high stress
filmmay be a high stress silicon nitride film deposited by
pl asma- enHAARd cHERIeR nFagbe Teapsaimdipetiernrimes) 234iis hsedrio pear peledted stress
of larger than about 500 nega-pascals (MPa), and nore typically between
about 500 mEiansg Hgludigdhs firs5E0 veMRgionPh2a. hTIgfsescundasselﬁmd magk 23dpekiabdssor 260
further. increases the tensile strain conponent in the lattice of the
n- channel donpnséssiphoto2BB6t. CRiemiibn nigdolne? 288 tsathénpetdoesd inrpgionenot bhered by
el ectron mobility.
the second patterned mask 234. The removal of the silicon nitride liner may be accomplished by
etching in a hot phosphoric acid, for example. The second patterned mask 234 may then be
removed. Once again, Figure 10 shows an embodiment where the mask 234 protects only a

portion of a trench 232.

| [0066] A trench filling material 220, preferably silicon oxid_c, is filled into the trenches. A
chemical mechanical polishing or etch back step is then performed to planarize the surface of the

- wafer-to give the cross-section as shown in Figure 7¢. The first patterned mask 230 can then be
removed. In the preférred'cmbodimént, thé first pattcméd_ mask 230 comprises a silicén nitride
on a silicon oxide stack, and it may be removed by an etch in hot phosphoric acid followed by an _

eteh in dilute hydrofluoric acid. This gives the cross-section as shown in Figure 7d.

[0067) Transistors (not shown in Figure 7d; see e.g., Figure 6b) may then be formed in the
first and second active regions 212a and 212¢. For exampl‘e, n-channe] transistors may be
formed in the first active.region 212a and p-channel transistors may be formed in the second
active region 212¢. The methods of forming the transistors have been described in the first
method embodiment and will not be repeated here.
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-17 [0064] A second enbodi nent nethod provi des anot her process flow for
formng active regions with different strain conditions. The second net hod
enbodi nent is identical to the first nethod enbodinent in the first few
process steps as illustrated in Figure 5a to Figure Sc. To describe the
second nmet hod enbodi ment, we begin with the structure of Figure 5c, as
illustrated in Figure 7a. [0065] As shown'in Figure 7b, a second patterned
mask 234 is used to cover selected regions, including the first active
regi on 21@w68The Is éechitd grabddimens dnatieeslkarmgipr prosessrilen iy pravisieg fprsfagnigg active,
photoresist. The silicon nitride liner 218 is then renoved in regions not
covered by.sidiewapdFfgenpstiecamdttionss Kh284ting eteriehis v atmiopnduiier sihsfraig as
nitride Iiner may be acconplished by etching in a hot phosphoric acid, for

exanpl e. Fhe SReqnfk RALAIARDINRSKCZR4] fiale Sdnetoraactor sibuiatd? L 0rie aaliral n,
Figure 10 shows an enbodi ment where the mask 234 protects only a portion of

a trench 23Z1H3[00&6s%1>w€i FigReRL! ial fidcPexiBb 66, isadh B2RsrmaN g hemalsilicos iokideds
]

oxide, is™i1fed into the trenches. A chemical nechanical pol i shing or

S;[ 32 bfﬁgtﬁg{g@e&oﬁ Fl@%?ﬁl%fs@%m S OnPh-aRAtd 26sHohR iR HighRtR. of istub@erstead it t 0

-section as own in Figure 7c. The first patterned mask 230

can then' he renmpyed. I n th referred. |; t, the first patterned,
mask 230 HBHFFT SR mﬁa%?lfq%eoﬁrlﬁ?ﬁx%ggggﬁd%%@gbn oxi de stack, and it may -

be removed by an etch in hot phosphori.c acid followed by an etch in dilute
hydr of | uorgggopci da sTtvns paieres ok 265 dsfersattbicoverdss shovrctive FEiPN2d27d. .
10067] Transistors {not shown.in Figure 7d; see e.g., Figure 6b} may then
be formed e Ekﬁ)sing the first active region 212a, as shown in Figure 8d. The mask 235 may cover all

or a portion of the frenches 232. Liner oxide 216 not covered by the second patterned mask may

‘be pitrided. The nitridation process forms a nitrided liner 217 and may include an ion

implantation of nitrogen containing species, an anneal in a nifrogen-containing ambient, or

_ exposure to nitrogen containing plasma. This step forms the barrier that will pfevent diffusion of .

.oxygen into-active area 212a during filling of the trench.

[0070] = The second patterned mask 235 is then removed. A. chemical mechanical po]ishi‘ng :

~ stepisthen fcrfotmed‘tb planarize the surface of the wafer to give the cross-section as shown in
figure 8e. The first patterned mask 230 can then be removed. This gives the cross-section as
shown in Figure 8f. Transistors (see Figures 6a and 6b) may then be formed in the first and
second active regions 212a and 212¢ of Figmfc 8f. For example, n-channel transistors fnay be
formed in the first active region and p_-channel transistors may be formed in the second active
region. The methods of forming the transistors have been described in the first method

embodiment.

[0071] Figures 92 and 9b are provided to illustrate that the present invention can be utilized
with an SOI substrate. In such a device, an insulating layer 211 is formed over substrate 209.
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first and second active regions 212a and 212c. For exanple, n-channel
transistors may be forned in the first active region 212a and p-channel
transistors may be fornmed in the second active region 212c. The net hods of
formng the transi stors have been described in the first nethod enbodi nent
and will not be repeated here. -18 [0068) In the third enbodi nent mnethod,
anot her process flowis provided for formng active regions with different
strain conditions. The starting nmaterial is a sem conductor substrate as
shown in m@@pfevegsswrﬁ%a@h@&negggf%d iy pEHCqnEuEiRElayeng e o RIS BBt r at e
210 using a first mask 230, as shown in Figure 8b. A liner oxide 216, such
as t her malsiliconrtbaireveriiry issratmgilasr 21 Anhefithe embediments describesabovpearshedeval | s
of the trenches, as shown in Figure 8e. It is understood that the |liner
oxi de may fahse ibe SDddmeck. by deposition techni ques. [0069] A. second :
patterned mask 235 is forned to cover the second active region 212c, while

exposing t irst.agtive region 212a hown i n, Fi e 8d. .The nmask 235
may cover @ﬁﬁtj or tfge §§:’ ?If%‘ﬁje“g?mf’ﬁé c’f‘iﬂéﬂ%ﬁf&?@y%ﬁ%@s&aﬁé‘?gfix‘i*‘&é““&‘i 58 24
covered by the_ second patferned, K e nitride The njtridation
process f GHARICLISRIOPS. VEEF t&?%mﬁg?ﬁ%ﬁ%ﬁ?rmwea EHAP IR EHEHR T on of
ni trogen containi ng species, an anneal in a nitrogen-containing anbient, or
exposur e tESTRAGIVE GYAT @ehehava) ¢ag bsindvded byesn Sredpstiaiingdasenél baid the petifeat

w Il prevent diffusion of. oxygen into active area 212a during filling of
t he trenchemi®od@tor Tysr 2L Gihds plditionnlieytr naskaugssidittonaheress. dRtheeigchnigues
chenmical nmechanical polishing . step is then perforned to planarize the
surface ofcoidmsotafwilizéd gi ve the cross-section as shown in

: ['0073]. Figure 10 illusirates an alternate embodiment. In tﬁi‘s embodiment, the techniques
[described herein are used in a portion of a given trench. For example, Figure 10 shows an
embodin;.lcnt similar to that of Figmje 4b. In this case,a nitride liner 218 is formed in each of the
trenches and then selectively removed. Referring to Figure 10, the active region 212a is adjacent
isolation regions 214a and 214b. Each portion of isolation region 214a/b that is adjacent active
area 212a inciudes a nitride liner. On fhe other hand, each portion of isolation region 214b/c that
is adjacent active region 212b includes no nitride liner. This is acconiplishéd by-having the
nitride liner 218 forme(.i along one but not both sidewalls of the trench of isolation region 214b.
9[11 this manner, active regioﬂ 212a 1s under tensile stress and active region 212b is under

compressive stress.

[0074] This concept can be utilized with any of the embodiments discussed herein. For
example, if an angled implant is used, it is possible to perform an implant such that the nitride
liner on one side of the trench is implanted while the nitride liner on the opposing side of the

trench is not implanted.
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Figure 8e. The first patterned mask 230 can then be renoved. This gives the
cross-section as shown in Figure 8 Transistors {see Figures 6a and 6b} my
then be formed in the first and second active regions 212a and 212c of

Fi gure 8f For exanple, n-channel transistors may be forned in the first
active region and p-channel transistors nmay be fornmed in the second active
region. The nmethods of formng the transistors have been described in the
first method enbodinent. [00713 Figures 9a and 9b are ﬁﬁOVLﬂﬁp %ftl "

i |1 ustrat @6F8at  tHEyekBEHEFFbaEAtCA thegRvartipp PavePoci s B&etat it 1s
substrate. In such a device, an insulating |ayer 211 is forned ?v r

subst r at euRigstood-that fig inveatiae isinptlimised enmesprdinghrinspens. e Bdudes gl changes,

sem conductor layer, e.g., epitaxially grown silicon, that overlies

i nsul at i ngolfyetion?labd edwiyaledts ¢cdneing b thespist abdomists theatitive appandphertior ned
in a SO device. 100721 The SOT enbodi nents, as exenplified by Figures 9a.
and 9b, cagpcdrlieklydfe specHicatch andHgorekrate bt erpardedireneillnfteatiye rather than 2nhanced
by other techni ques. For exanple, a silicon germaniumlayer {not shown}
can be inglpdead hataveen the insulating layer 211 and the active

sem conductor |ayer 210. This additional |ayer can cause additional stress.
O her techniques cold also be utilized. 104731 Figure 10 illustrates an
alternate enbodinment. In this enbodiment, the techniques .described herein
are used in a portion of a given trench. For exanple, Figure 10 shows an
enbodi ment simlar to that of Figure 4b. In this case, a nitride |liner 218
is formed in each of the :
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trenches and then selectively renoved. Referring to Figure 10, the active
region 212a is adjacent isolation regions 214a and 214b. Each portion of
i sol ation region 214alb that is adjacent active area 212a includes a
nitride liner. On the other hand, each portion of isolation region 214b/c
that is adjacent active region 212b includes no nitride liner. This is
acconpl i shed byhaving the nitride liner 218 formed al ong one but not both
sidewal I s of the trench of isolation region 214b. 1In this manner, active
region 21 |Ie stress and active region 212b is under
conpreSS|Véﬁ%ny§ggﬁf%§3 1 This concept can be utilized with any of the
enbodinents di scussed herein. For - exanple, if an angled inplant is used,
f05§ibIaqgﬂnm@ﬂmabnmanmwmmbﬁﬁﬁgsuch that the nitride _liner on one
S|de of the trench is inplanted while the nitride liner on the opposing
si de o t he Qﬁ@%@ﬂofﬁmﬂ@ﬁﬁhﬁ@hﬁmhﬁﬂ -20 [0075] Al though particul-ar
enbodlnents of the invention have been described in detail, it is

under sg ood tha%]ﬁlfshgoihﬁb\ﬁ%bpfbnh@d ROtbe HoiBtc@ HerGRbHRBRR AR Ynd firsSisiption but
i ncludes all anges, nodifications, and equivalents comng within the

Spirit angencﬁ%nliﬁ %e& D £l Hﬁte@i ﬁl@qﬁgﬂ 5&53&%5 ?%m% AGERLORRGh 2 loW&kygen

speC|f|ca ion an |gures are to e reg lustrative rather than

co rr{)?\lsé Ir :_]éﬁ'%u\s,/ gn ga % fgﬁt 159 atlog r%reg gﬁpij b%lnléftl a1 ?&%gﬁﬁg’}é%ﬁémﬁf vice

6 a second isolation trench formed in the region of semiconductor material, the second
7 isolation trench not being lined with the first material, the second isolation trench further being

8 fillod with an insulating material;

9 a first transistor formed adjacent the first jsolation region; and
0 . " a second transistor formed adjacent the second isolation region.
12 The device of claim 1 wherein the second isolation trench is lined with a second material,

2 ~the second material being different than the first materzal.

1 3. The device of claim 1 wherein the second isolation tr{_anéh is filled with the insulating

2 material without any liner of a material different than that of the insulating material.

1 4 The device of claim 1 wherein the first fransistor comprises a transistor of a first
2 conductivity type and the second transistor comprises a transistor of a second conductivity type

3  different than the first conductivity type.

15 The device of claim 4 wherein the first conductivity type comprises n-type and the

2 second conductivity type comprises p-type.

i 6. Thé device of claim 1 wherein the first isolation trench is lined with a nifride Iin_er.
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3 afirst isolation trench forned in the region of sem conductor material,
the first isolation 4 trench being lined with a first material, the first
mat erial being nmaterial having a | ow oxygen 5 diffusion rate, the first

i sol ation trench further being filled with an insulating material; g a
second isolation trench formed iii the region of sem conductor material,
the second 7 isolation trench not being lined with the first material, the

second |solat| rench furt ed w h an insul ati

ot or 4l T s G GEERAREITS bbert EGPoaRY HEBHDY KRS Rk YROFRER Kb gi on;
and 10 a second transi stor fornmed adjacent the second isolation region. 2:
The deﬁlcéﬂwﬁﬁb$%ln1l wherein the second isolation trench is lined with a
second material, 2 -the second nmaterial being different than the first
material. 1 3. The device of claim1 wherein the second isolation trench is
fillediwt8h théhe fAevigef chagn 6 vheainesecend isplatinpitenghis lined erthem oxidedingti al
different than that. of the insulating material. 1 4. The deV|ce of claiml
wherein the first transistor conprises a transistor of a firs

conductli vi%y t ypedeits of Biaim é dierin the st drolatior &raph is digedawith aﬁstnéqdowdﬁ a
second conductivity typer 3 different than the first conductivity type. 1
5. The 2devinge of claim4 wherein the first conductivity type conprises
n-type and the 2 second conductivity type conprises p-type. 1 6. The device
of claim1l wherein the first isolation trench is lined with-a nitride
liner. 1 10. The device of claim 9 wherein the second isolation trench is lined with an oxide liner.



-22 1 7-The device of claim6 wherein the second isolation trench is |lined
with an inplanted nitride liner, 1s.The device of claim®6 wherein second
isolation trench is lined with an oxide liner. 19.The device of claiml
wherein the first isolation trench is lined with a nitrided oxide 2liner.
110. The device of claim9 wherein the second isolation trench is lined with
an oxide liner. i ii. A sem conductor device conprising: 2 a region of
sem conductor material; 3 a first active area disposed in a first portion
of the iserfileon@UEREONHHgioE dpPe compaisiigr st | sol ation regi on di sposed adj acent
the first active area, the first isolation region 5 inposing a first type
of stra n on thegdyesemicondnetoametriala second active area disposed in a
second portion of the sem conductor naterial; and 7 a second isolation

r egi on gi sposed fiestlpaive aiea dxposte dwadrsapsitive obthe seplief@icir kherkgcond 8

i sol ati on region does not inpose the first type of strain on the first

active area. 1lafidRisollién BeMh@podedatipbd thk Malaldakl) ersREORG aliGiPieplonoN
regi on i nposes a second type of 2 stress on the second active area. t 13.

The st ructpheidfs ke kluihenhdalknRuld 484 type ofstrain conprises an
in-plane tensile 2 Strain and the second type of strain conprises an

I
i npl ang, conpr ©3 $do¥fid Mt hida dbpddd i P& Sid gl S RE «&hiBl i YRGS, 0nd e
in-plane tensile strain has a magnltuae et ween

7 - a second isolation region disposed adjacent the second active area, wherein the second

. 8 Isolation region does not impose the first type of strain on the first active area.

1 12, The device of claim 11 wherein the second isolation region imposes a second type of

2  siress on the second active area.

T 13. The structure of claim 11 wherein the first type of strain cornprises an in-plane tensile

2 strain and the second type of strain comprises an in-plane compressive strain.

1 14, The structure of claim 13 wherein the in-plane tensile strain has a magrﬁmde of between

2 about 0.1% and about 2%.

T 15 The structure of claim 14 wherein the in-plane cofnpressive strain has a magnitude of

2 between about 0.1% and about 2%.

t 16.  The device of claim 11 wherein the second type of strain comprises substantially no

2 strain.

t 17 The device of claim 11 wherein the first isolation region includes an oxygen resistant

2 liner.
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2 about 0.1% and about 2% 1 15. The structure of claim 14 wherein the

i n-pl ane conpressive strain has a nmagnitude of 2 between about 0.1% and
about 2% | 16. The device of claim 11l wherein the second type of strain
conprises subsantially no 2 strain. 1 17. 2 liner. The device of claim1l
wherein the first isolation region includes an oxygen resistant -24 i18. The
device of claim 17 wherein the first isolation region includes a nitride

liner. ilg.The, device of . claim18 rein t.he secand isol at.i,op regi on does
ot 1 el ude  n The gt ikl Wikt th BGisDle b R A oS SRR e s coond
isolation region includes a nitride liner that 2 has been inplanted with
selected ions, 1. 21. The.deyice of claiml7 wherein the first, isalation
regi ort i Nt uddge Qevh‘fetcific@é‘a?gﬂ(i’ﬂ@m tﬂlﬁéercf’l%ﬂs lf%ﬁ'wgloﬁéj@f’sclémgfc ucdlcg“ln(r?ndnﬁgi and
further conprising an n-channel transistor formed in the first 2 active
regi org aner p-channel transistor formed in the second active region. 4 23.
The structure of claim?22 and further conprising a tensile stress-inducing,

silicon nitride 2 - filmoverlying.the n-channel transli torh@é ?4. t%_zge
devi cet of20c| ailihe faviggelclaim 1 derain Be speopd BplaHAD FASHTIRC E%ﬁﬁrﬂi‘ & U K de
| i ner

o has been implanted with selected ions.

i 21.  The device of claim 17 wherein the first isolation region includes a nitrided oxide liner.

1 22.  The device of claim 11 and further compﬁsing an n-channel transistor formed in the first

2 activeregion and a p-channel trapsistor formed in the second active region.

1 +23." The structure of claim 22 and further comprising 2 tensile stress-inducing, silicon nitride

2 - film overlying the n-channel transistor.

1 24,  The device of claim 11 wherein the first isolation region comprises an oxide liner
2 underlying a silicon nitride liner and wherein the second isolation region comprises an oxide’

'3 ‘liner underlying an implanted silicon nitride liner.

125 The device of claim 11 \irherein the first and second isolation regions furtber include a

2 trench filling material.
1 26.  The structure of claim 25 wherein the trench filling material comprises silicon oxide.

1- 27.  The structure of claim 26 wherein the french filling material comprises silicon oxide and

2 poly-crystalline silicon.
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2 underlying a silicon nitride liner and wherein the second isolation
regi on conprises an oxide 3 liner underlying an inplanted silicon nitride
liner. 1 25. The device of claim 11l wherein the first and second isolation

regions further include a 2 trench filling material. 1 26. The structure of
claim25 wherein the trench filling material conprises silicon oxide. 9 27.
The structure of claim26 wherein the trench filling nmaterial conprises

silicon oxide and 2 poly-crystalline silicgn. -25 1 28. The devi ce of claim
11 wheriei 28t he Thegiviss cbFlale bl WBFAICROTEIRA CEITUFORIBHEE TMalaa AR PP
portion of a silicon substrate. 1 29. The device of claim1l wherein the
regi on 2of meirnedadiliedrctubsistceri al conprises a silicon 2 |ayer overlying a
silicon germanium |l ayer. 1 30. The device of claim 11l wherein the region of
senm conductor material conprises a silicon_ 2 |layer overlying an insylating
| ayer sucheot haflhe Beviate plein & bripereindhe wEion|of sesricoiupies akgral coguisek? sifcony
The device of claim1l wherein the first and second isol ation regions
conpri se sk benlyihgtarsdivon gérgehiat leyerr egi ons. 1 32, A semi conduct or
structure conprising: 2 a sem conductor substrate; 3 a first active region
di sposed in a first portion of the sem conductor substrate, the first

41 30. Thedevice of claim 11 wherein the region of semiconductor material comprises a silicon

2 layer overlying an insulating layer such that the device comprises a silicon-on-insulator device.

1 31.  The device of claim 11 wherein the first and second isolation regions comprise shallow

2 trench isolation regions,
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4 active region |l ocated between a pair of first isolation regions, each of
the first isolation regions 5 including a silicon nitride liner; 6 a
second active region disposed in a second portion of the sem conductor
substrate, the 7 second active region |ocated between a pair of second

i solation regions, each of the second 8 isolation regions including an
inplanted silicon nitride liner. 1 33. The device of claim32 and further

conprising at | east one n-channel transistor forned in 2 the first active
regi ontand?at 4 ERYEONIAEOSURY MY Rsi stors formed in the second active

region. 1 34. The structure of claim33 and further conprising a tensile
stress2si | i cort s§mieopdstarisEkfia®er | yi ng t he n-channel transistor. 1 35. The
device of claim32 wherein the first isolation regjion further copprises an
oxi de hiner 2 fmschstivesiepign diseossiifin &5t portipn abthp eeicondygior AEbsEaie Jie rst
isolation region further, conprises an oxide 3 liner underlying the,

i mpl angeda@ivk kepiom Indatedibebveen aprir of figisolThen waiphs ¢adf ofdhafin BolafipreregioRs t he
first and second isolation regions further conprise a 2 trench' filling
mat eri gl . inklwdihe aElIRoshitidtliee of claim 36 wherein the trench filling
material conprises silicon oxide. 1 38. The structure of claim 37 wherein

t hf trench fil}inehd R jefion GRPHICE $€8 sdtbhd pationy tile sanidondicipobybstratysthal | i ne
silicon. -27. 1 2
7 second active region located between a pair of second isolation regions, each of the second

g isolation regions including an implanted silicon nitride liner.

{1 33, The device of claim 32 and further comprising at least one n-channel transistor formed in

2 the first active region and at least one p-channel transistors formed in the second active region.

A1 34,  The structure of claim 33 and further comprising a tensile stress silicon nitride film

2 overlying the n-channel transistor.

1 35.  The device of claim 32 wherein the first isolation region further comﬁrises an oxide liner
2 underlying the silicon nitride liner and the second isolation region further comprises an oxide

3 liner underlying the implanted silicon nitride liner.

1 36.  Thedevice éf claim 32 wherein the first and second isolation regions further comprise a

2 trench filling material.
1 37.  The structure of claim 36 wherein the trench filling material comprises silicon oxide.

1T 38.  The structure of claim 37 wherein the trench filling material comprises silicon oxide and

poly-crystalline silicon.
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39. The device of claim 32 wherein the first active region experiences an
in-plane tensile strain and the second active region experiences an in

pl ane conpressive strain. 40. The structure of claim38 wherein the
in-plane tensile strain has a magnitude of between about 0.1% and about 2%
1 41. The structure of claim 38 wherein the in-plane conpressive strain has
a magni tude of 2 between about 0.1% and about 2% 1 42. The device of claim
32 wherein the sem conduct or substratfe conpri ses an el enent al 2. onsile -
senmi condus?. or ; Tharfevirs efeladmBRooiearie s imsigriye T&%WB&?&PF&“*E%&BHHB]&%? or. 1 43.
The structure of claim42 wherein the sem conductor substrate is a silicon
subst rat estrailn ahd theTiseondaeli earepipn eXRANIENSS ADHEPIBPHCAHECSSWAISEYRduct or substrate
conprises a silicon layer 2 overlying a silicon gernmanium|ayer. 1 45. The
device of claim 32 wherein the seniconductor substrate conpr,ises a
silicop-om. 2 Thestrhettmof claing 8l whrsinday icelast teegilgiskpis Ragh BYRERFIE RE PTGt i on
regions ‘are shallow trench isolation regions. -28 1 47, A sem conduct or
Struct yir eaanml Yesindgbout 2%a sem conductor substrate; 3 a first active region
with an ire plane tensile strainin a first portion of the sem conductor

4 substrate, the.first active region |ocated between a pair of first

i sol at i ongf egi Dixstrupsierofclaine a8 lwhefein the itiplafs cEpIESO Strhin fag égﬁagﬁ@dﬁﬁ’é | ude a
silicon nitride |iner;

5 - between about 0.1% and about 2%.

1 42, The device of claim 32 wherein the semiconductor substrate comprises an elemental

‘2 semiconductor, an alloy semiconductor, or a compound semiconductor.
4 43. The structure of claim 42 wherein the semiconductor substrate is a silicon substrate.

1 44.  The device of claim 32 wherein the semiconductor substrate comprises a silicon layer

2 overlying a silicon germanium layer.

1 45.  The device of claim 32 wherein the semiconductor substrate comprises 2 silicon-on-

2 insulafor.

1 46.  The device of claim 32 wherein the isolation regions are shallow trench isolation regions.
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S a second active region with an in-plane conpressive strain in a second
portion of the 7 sem conductor substrate, the second active region |ocated
between a pair of second isolation S regions, wherein the second isol ation
regions do not include a silicon nitride liner. 1 48. The structure of
claima47, further conprising n-channel transistors forned in the first 2
active region and p-channel transistors formed in the second active region.

1 49. The strugt ﬁgﬁﬁg n the first isolation region further
des X Al iinfe 39&%%[1 ?ﬁ'l[l n&lﬂz co RS 1%

conpri ah oxi ng the silicon nitride liner. 1 50.
The structure of clgl {Drlw¥ﬁﬁqeln the first and second isol ation regions
further incl udd’ %ﬂﬁl}renc ing material, 1 51. The structure of claim

50 wherein the trench filling nateri al ri.ses n oxi de he
struct gre of CP}a-‘fﬁIrf‘@i’eWew‘ the- pfl?"@ﬁ?ﬁﬁgg q“??’l’gaﬁfé{}éqrﬁ%ﬂ Of(thc Sermlé%lgd%gtlo i'con
oxi de and 2 pol%- stalllne silicon. 1 53, ﬁ}E? ucture of %{
further conppis tels ! sciine ragondp S 9eP &I 75" 29\HIOR FRERS T rﬁla c3ck ¢

n-channel transistor. -29 1 54. The structure of claim47 wherein the
i n-pl ame dbnfinseiseitio regionsiipclides slicongiridelieerof 2 bet ween about 0. 1% and
about 2% 1 55. The structure of claim47 wherein the in-plane tensile
strainghas a me.geriopdigkéive fe ginstwitieam in-plane compressive strain in a second portion of the

7 semiconductor substrate, the second active region located between a pair of second isolation

8 ' rtegions, wherein the second isolation regions do not include a silicon nitride hiner.

1 48, The structure of claim 47, further comprising n-channel transistors formed in the first

2 active region and p-channel transistors formed in the second active region.

1 49.  The structure of claim 47, wherein the first isolation region further comprises of an oxide

2 liner underlying the silicon nitride liner.

1 50.  The structure of claim 47, wherein the first and second isolation regions further include a

2 firench filling material,
1 51.  The structure of claim 50 wherein the trench filling material comprises silicon oxide.

1 52, The structure of claim 51 wherein the trench filling material comprises silicon oxide and

2 poly-crystalline silicon.

1 53, The structure of claim 48, further comprising a tensile stress silicon nitride film overlying

2 the n-channe! transistor.

29-



2 about 0.1% and about 2% 1 56. The structure of claim47 wherein the

sem conduct or substrate conprises an elenental 2 sem conductor, an all oy
sem conductor, or a compound sem conductor. 1 57. The structure of claimb56
wherein the sem conductor substrate is a silicon substrate. 1 58. The
structure.of claim47 wherein the sem conductor substrate conprises a
silicon layer 2 overlying a silicon germaniumiayer. 59. The structure of
clai m 47 gpher eji sirfi@us eftlgiandughasinghdintplateoinpraasiss dttaixoits anmignitudeaeior
substrate. 60. The structure of claim47 wherein the isolation regions are
shal | g ty @@&ﬁab§QMq@5gﬂ“%om@ggons with a depth of about 200 to about 6000
angstr 61. A nethod of forming a semiconductor structure, the nethod
conprising: 2 providing a sem conductor substrate; 3 formng trenches in '

the sem candu r@rsﬁ&mtomhﬁn 47 éah&@ﬁﬂwﬁ Flars thiksBl0 Btralh hid LRaddifnas of Bereeen
overlylng a silicon oxirde liner layer in the trenches; 5 |nplant|ng i ons

into the si dewl i ner in selected trenches; and 6 filling the
trenches af’k&g%fggﬁ%ﬁ'?%lllng material. 1 62. The nmethod of claim 61

wherein the ions are selected fromthe group consisting of 2 silicon,

ger mani umg i 110080 Sk LU 4F SRBrir ac&QQéhc@d?ﬂc%?%@txat@&%ﬁ%?hﬁélteineﬁtﬁl

thereo? claim6l wherein a first active region is

| oc at ed aﬁ tgc;t? 9 %1200 QSI\émJCég%uaC{OI 201'%.' GOh'l ﬁﬂn({.l% #1&0@1%11&&1“6\" and a second

active?re tren an | rnfplanted

4 . 57.  The structure of claim 56 wherein the semiconductor substrate is a silicori substrate.

4 °58.  The structure of claim 47 wherein the semiconductor substrate comprises a silicon layer

2 overlying a silicon germanium layer.

1 50, The structure of claim 47 wherein the senﬁconductor substrate is a silicon-on-insulator

2 substrate.

1’ 60.  The structure.of claim 47 wherein the isolation regions are shallow trench isolation

2 regions with a depth of about 200 to about 6000 angstroms.
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3 silicon nitride liner, the nethod further conprising: 4 formng an
n-channel transistor in the first active region; and 5 form ng a p-channel
transistor in the second active region. 1 64. The nethod of claim 63 and
further conprising formng a high stress filmover one of the 2 n-channel
transi stor or the p-channel transistor. 1 65. The nethod of cl ai m 64
wherein the high stress filmis formed over the n-channel 2 transistor and

wherein the hlﬁﬂc&hacﬁﬁntinhms@ﬁmm% sRuckirk) (BOMethob Chreridind: M wi th
intrinsic tensile. 3 stress. 1 66. The method of claim 64 wherein the hi gh

stress filmi g MiasiPagapanced 2 chem cal vapor deposition. -31 1
67. 2 The net I&%I\HE Isgx%{lfn 61 élrel n’t he sem conductor 'substrate conprises
an el enent al m con o) | ductor, or a conpound

seni cohduct or . T”%% #ﬁés i eas@ﬁ% %'&ch&%ﬂgs 3&

wher ei n the sem conduct or

Substrate is 5| I|co subst ? 1 64.. The t od ! e\@@ege n the
sem cohduct or WBE%? 801]0%%9? 1 daser 85t} Yé‘tﬁnat OM %7 Iﬁ LelSeon
germani um | ayer. 70. The et hod of cllal V\hde Q the sem conduct or
substrate is d’"—’@}ap?‘%‘t‘?nso‘l‘?tq the Sipepngptride liner ms“’“ ected trenches; and

6 filling the trénches with a trench filling material.

1 62. . The method of claim 61 wherein the ions are selected from the group consisting of

2 silicon, germanium, nitrogen, helium, neon, argon, and xenon, and combinations thereof.

1 63.  The method of claim 61 .whcrein a first active region is located adjacent a trench with a

2 silicon nijtrtde liner, and a second active region is located adjacent a trench with an im‘;tlanted
-3 silicon nitrtde liner, the method further comprising:

4 forming an n-channel transistor in the first active region; and

5 -  forming a p-channel transistor in the second active region.

1 64. Themethod of claim 63 and further comprising forming a high stress film over one of the

2 n-~channel transistor or the p-channel fransistor.

1 65.  The method of claim 64 wherein the high stress film is formed over the n-channel

‘2 transistor and wherein the high stress film comprises a silicon nitride film with intrinsic tensile.

3  stress.

1 66.  The method of claim 64 wherein the high stress film is formed by plasma-enhanced

chemical vapor deposition.
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2 substrate. 1 71. The nethod of claim61l wherein the trenches are forned
by ani sotropic plasma etching and.the depth of the trenches is in the range
of about 200 to about 6000 angstrons. 1 72. The nmethod of claim 61 wherein
the silicon nitride liner layer is formed by chemical 2 vapor deposition. 1
73, A nethod of form ng a sem conductor structure, the nmethod conprising:

2 providing a sem conductor substrate; 3 formng a plurality of trenches in

the sepi C@pdueﬁrerm&m&;ﬁc@aﬁrﬁsl %E&mmganﬁbdﬂdﬁ&er Mbgﬁétgeoéb&%g ah 8¥Rkntal
overlylng a silicon oxide liner layer in the trenc renovi ng the

silico dudib &l al ity of the trenches;
and fi bé%b each t%e C n ﬁﬁ%n urg#k? %R(ng %%L with a trench
filling material. 1 74. The nethod of cIa|n173 wherein a first active
region, I Sgd for mgd Del WES 180 BF e Rin ok ?é?ﬁ@oq%u 10 subts{ga\tg1 1ssalt I 1co?1@u€§ﬁtalé | de
l'iner, and a second active region 1S et e arr

W thout a silicon nitride Ilner 1 75. The net hod of cIa|n174 and further
conpri si ng, for F st.or 4.0 th first ion
and f f (%g a Ig} C nneqqr ? E}gﬁg %’%1 mat:ﬂ§ ‘L’etnﬁcond 8 het' 5%?25 v%mP%f’eg%ﬁhmin {f%'gr
nethod of cIa.wn??C r E@r conprising formng a high stress f|In1over
the n-2 2 YRERRERS ?3$§?§F§P P"¥he p-channel transistor. 1 77. The method
of cIa|n176 wherein the high stress filmis formed over the n-channel 2

r ansi n rei,n r film ri [ i n. nitri
]E i ?msv\]st O’{O ﬁt ﬁ'lwg:&eék?o[d Itl]atng I%'l hersegn ggemlcondugt%r ubstsra6tg 1saa si con(-:c(»)n-msul%torde

2  substrate.

: 1 7L The method of claim 61 wherein the trenches z_—ﬁe formed by énisotropic plasma stching

2 and the depth of the trenches is in the range of about 200 to about 6000 angstfoms.

1 72, The method bf claim 61 wherein the silicon nitride liner layer is formed by chemical

2  vapor deposition.
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3 stress. 1 78. The nethod of claim 76 wherein the high stress filmis
formed by plasna enhanced 2 chem cal vapor deposition. 1 79. The nethod of
claim 73 wherein the sem conductor substrate conprises a silicon 2
substrate. -33 | sp. The nethod of claim 73 wherein the sem conductor
substrate conprises a silicon layer 2 overlying a silicon germanium | ayer.
1 81. The nethod of claim 73 wherein the sem conductor substrate conprises

a silicon,pon 2 h@gh%&*%ﬁg@%&%ﬁmc&%sﬁ&&eﬁﬁ& hedAfcofpAbing:73 wherein the

trenchés ate for by ani sotropic plasma etching 2 and the depth of the

trenches is in the range of 0 ) to about 6000 angstrons. 9 . 83. The
met hod? of cl aiRW‘?gmﬁﬁ«g%%ﬁcﬁn%uﬁ@rgbﬁt%%gn nitride liner ‘layer is fornmed by

chem cal 2 vapor deposition, 1 84. nmet hod, of farm ng a sem conduct or
structére, -thefoﬁ%‘Pﬁgé‘ﬁE%‘r%Pf%?nﬁge.s1“9‘“’6?’8\?%‘?% ré‘(ﬂésgﬁ{%conduct or substrate; 3
formng trenches in the sem conductor substrate; 4 forpiqg n oxipe,lrner
in t he4t r encheagrming silicon nitride liner layer overlying a silicon oxide liner layerin the frenches;

5 removing the silicon nitride liner in some but not all of the plurality of the trenches; and

6 filling each trench in the plurality of trenches with a trench: filling material.

4 74. The method of claim 73 wherein a first active region is formed between 2 pair of trenches
2 . with a silicon nitride liner, and a second active region is formed between a pair of frenches

3 without a silicon nitride liner.

1 75.  The method of claim 74 and firther comprising forming an n-channel transistor in the

2 - first active region and forming a p-channet transistor in the second active region.

1 76.  The method of claim 75 and further comprising.formﬁW.g a high stress film over the n-

2 channel transistor or the p-channel transistor.

1 77.  The method of claim 76 wherein the high stress film is formed over the n-channel
2 tansistor and wherein the high_strcss film compriseé a silicon nitride film with intrinsic tensile

3 stress.

-1 78, The method of claim 76 wherein the 'high' stress film is formed by plasma-enhanced

2 chemical vapor deposition.

T 79.  The method of claim 73 wherein the semiconductor substrate comprises a silicon

2 substrate.
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5 nitriding the "oxide liner in selected ones of the trenches but not
nitriding the oxide liner in s unelected ones of the trenches; and 7
filling the selected and 'the unel ected ones of the trenches with a trench
filling material: .1 85. The nethod of claim®84 wherein"a first active
region is located adjacent a trench with a 2 nitrided oxide liner, and a
second active region is |located adjacent a trench with an oxide liner, 3

t he nej hogh f urihesketicdraptiagh MY whdrefQhdBeRScadlutoChBRRR! cdoiRist 85ifkor Bydhe
first active region; and 5 formng a p-channel transistor in the second

activezrqgkggn 1 sB8on J¥RamBLNQR Of claim 85 and further conprising form ng
a high“stres FI|H\OV€T one of" the 2 n-channel transistor or the p-channel

transistor. 1 87. The method of claim86 wherein the high stress filmis

f or med, Ovey. ! MieRadiftM 8lair? 73 WABRISh LB aHOB! GG Edih s SUliESSOET LM
conprises a silicon nitride filmwth intrinsic tensile”® 3 stress. 1 88. "
The nethodmﬁ&oﬁﬁg' 86 wherein the high stress filmis forned by
plasnagenWance cheni cal vapor deposition. 1 89. The nethod of claim 84
wherein the sem conductor substrate conprises a silicon 2 substrate. -35 1
20 | ahe e N QG ol Y5 FhElolh 0GR SERHENRY oFHBR DB OBBL TS 2

silicoh

2 - and the depth of the trenches is in the range of about 200 to about 6000 angstroms.

1. 83.  Themethod of claim 73 wherein the silicon nitride liner layer is formed by chemical

2  vapor deposition.
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2 overlying a silicon germaniumlayer. 1 91. The nethod of claim 84 wherein
the sem conductor substrate conprises a silicon-on 2 insulator substrate. 1
92. The nmethod of claim 84 wherein the trenches are formed by ani sotropic
pl asma etching 2 and the depth of the trenches is in the range of about
200 to about 6000 angstrans. 1 93. The nmethod of claim 84 wherein the oxide
liner is formed by thermal oxidation of a 2 surface within the trench. 1
94. Thet medhod bmegiod ohfcgmingieemicendicteristtivfres the noetiddeokipigihg CONPr i ses
inplanting a nitrogen 2 containing species. 1 95. The rret hod of claim 84
wher ei n2 ni t ri diprgviginga exiidenductoesubsivatpr i ses exposing the oxide 2 dinar to
a ttrogen. containing plasma. 1 96. The nethod of claim 84 wherein

nitridiang the dwndegiremhes iacpehsesdaineabdag: the oxide 2 liner in a
nitrogen-containing anbient. 1 97. A nethod of forming a seni conduct or

devi ce, 4 t he netioetngan@idsiingin the ubMhed;ng a plurality of trenches in a
sem conductor region; 3 lining each trench in the plurality of trenches

with a4iner; ﬁﬁﬁﬁgftﬁé' B inl BREtef Qnei%@{ﬁle%%cl%g;b ? %H&tﬁg@h%e[pclﬁli%ﬂmep{n of

trenches; 5 f||||ng each trench in t e plurali
i nsul atyg ngmé]gg@rdn@g ftﬂucg'@nc %43 grethod of claim97 wherein filling each

trench conprises fil | ng each’trench with an
7 filling the selected and the unselected ones of the trenches with a trench filling material:

1. 85.  Themethod of claim 84 wherein'a first active region is located adjacent a trench with a -
2 nitrided oxicie liner, and a second active Tegion is located adjacent a trench with an oxide liner,
3 | the method further comprising:

4 forming an n-channel Franéistor in the first active region; and

-5 forming a p-channel transistor in the second active region.

1 86.  The method of claim 85 and further cornprising forming a high stress film over one of the

2 n-chanpel transistor or the p-channel transistor.

1 87.  The method of claim 86 wherein the high stress film is formed over the n-channel

2 transistor and wherein the high stress film comprises a silicon nitride film with intrinsic tensile

3 stress,

1 88, - The method of claim 86 wherein the high stress film is formed by plasma—enhénced

2 chemical vapor deposition.

1 . . . i
89.  The method of claim 84 wherein the semiconductor substrate comprises a silicon

2 substrate
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2 oxide. 1 99. The nethod of claim 97 wherein lining each trench conprises
lining each trench in the 2 plurality of trenches with a nitride liner. 1
100. The nethod of claim 99 wherein nodifying the |iner conprises
inplanting ions into the 2 liner. 1 101. The nethod of claim 100 wherein
the ions are selected fromthe group consisting of 2 silicon, germanium
nitrogen, helium neon, argon, and xenon, and conbinations thereof. 1 102.
The nmethodlof PR afflsire 8 wiodicf e sngmbdnﬁlubﬁoflﬁfbsﬁﬂ%&hﬁﬁs%s %‘%m‘éh{ﬁ Hl%el-t he
liner from 2 sonme but not all of the plurality of trenches.

met hod ©f eedying 9 ¥iligpregaminanibinriayeg each trench conpri ses I|n|ng each trench
wth-an 2 oxide liner. 1 104, The nethod of claim 103 wherein nodifying the
|l i ner conprises nitriding some but not 2 all of the oxide liners. -37 1
105. The rfdt hodhometiodioficBim 8 ehek the §dnfisdndaGhi 4B shRILAN ﬁs%s L 9saLe Qn-

adj acent a trench with a 2 nodified liner, and a second Bctive regron

| ocat ed adpsabdmtsulstitittench with an unnDdlfled liner, - 3 the nethod farther
conprising: 4 formng an n-channel transistor in the first active region;
and 5 forming a p-cham el transistor in the second active region, 1 146.
The method2of ThamethdT orblemes Mverbinfid rdihds4fe FosllefBy LtisdiRSR! gka0l A58 @

2 and the depth of the trenches is in the range of about 200 to about 6000 angstroms.

1 93, The method of ¢laim 84 wherein the oxide liner is formed by thermal oxidation of a

2  surface within the trench,

1 94.  The method of claim 84 wherein nitriding the oxide liner comprises implanting a nitrogen

2  containing species.

1 95, The method of claim 84 wherein nitriding the oxide liner comprises cxposihg the oxide

2 liner fo 2 nitrogen-containing plasma.

1 96.  Themethod of claim 84 wherein nitriding the oxide liner compnses annealing the 0x1de

2 liner in a nitro gen~contammg ambient.
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2 nodified liner, and a second active region is |ocated adjacent a trench
with an unnodified liner, 3 the nethod further conprising: 4 formng are
p- channel transistor in the first active region, and 5 form ng a n-channel

transistor in the second active region.

i 97. A method of.fon'm’ng a semiconductor device, the method comprising:

5 forming a plurality of frenches in a semiconductor region;

3 ' lining each french in the plurality of trenches with a liﬁer;

4 modifying the liner in some but not all of the plurality of trenches;

5 filling each trench in the plurality of trenches with an insulating material,

-1 98 Themethod of claim 97 wherein filling each trench comprises filling each trench with an

2 oxide.

1 99.  Themethod of claim 97 wherein lining each trénch comprises lining each trench in the

2 plurality of trenches with a nitride liner.

1 100. The method of claim 99 wherain modifying the liner comprises implanting jons into the

2 liner.

1 101, The method of claim 100 wherein the ions are selected from the group consisting of

2 silicon, germanium, nitrogen, helium, neon, argon, and Xenon, and combinations thereof.

1 102,  The method of claim 97 wherein modifying the liner comprises removing the liner from -

2 some but not ail of the plurality of trenches.

1 103. The method of claim 97 wherein lining each trench comprises lining each trench with an

2 oxide Hner.

1 - - . 1] N
104, The method of claim 103 wherein modifying the liner comprises nitriding some but not

2 all of the oxide liners,
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105.  The method of clajm 97 wher.ein a first active region is locafed adjacent a french with a
modified liner, aﬁd a second active region is located adjacent a trench with an unmodified liner,
the method further comprising:

forming an n-channel transistor in the first active region; and

~ forming a p-channel transistor in the second active region.

106.  The method of claim. 97 wherein a first active region is located adjacent a trench with a
modified liner, and a second active region is located adjacent a trench with an unmodified liner,
the method further cémprising: |

| forming an p-channe! transistor in the first active region; and

forming a n-channe] transistor in the second active region.
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