AN | NTEGRATED ClI RCUI T | NCLUDI NG A STRESSED DI ELECTRI C
LAYER W TH STABLE STRESS FI ELD OF THE | NVENTI ON

[ 0001] The present invention relates generally to
integated circuits (1Cs), and nore particularly to

f ANINYESIRALPEB T IR BCINCCUDEN € & STRESSED BATHIERNDLAYER
OF THE I NVENTI ON [0002]Integrated circuits (ICs)

typically conprise \UT 9PIBEE$HitEs§ONMPonent s
i nterconnected to performthe desired functions. Such

circuit conponents include, for exanple, transistors
such as field effect transistors (FETS). Dielectric

mat eri al s have beeﬁﬁﬁﬁ?ﬁ?%ﬁﬂsﬁﬁﬂﬁﬁfﬁf te strain, in
t he {ransl stor

the channel region © o0 enhance
tensile str

cartier mohility. For exanple,. y be |
10001) 0l et tpyRath IS P aaO (B ey R o g mor prticularly

enhance carrier nmobility. In the case of p-type FETs,
to formigg §7seekqiclectys faye’s iys- be applied to the channel

region. [0003]It is desirable to provide enhanced

strai n gener at ilHCKGRORBANOF TG ISHENGIONr ansi stors to

enhance carrier mobility. SUMVARY OF THE | NVENTI ON
[0002] [ 006%4Rted cpreissa(fit's) itypieaty icomprige mingssousgirb @t einmgpnents interconnected

stressed dielectric layers in ICs. In one aspect of
to perform the desired functions. Such circuit components include, for example, transistors such as
field effect transistors (FETSs). Dielectric materials have been employed to generate strain in the
channel region of the transistor to enhance carrier mobility. For example, tensile stress may be
applied to the channel region of n-type FETS to enhance carrier mobility. In the case of p-type FETs,
compressive stress may be applied to the channel region.
[0003] It is desirable to provide enhanced strain generation in channel regions of transistors to
enhance carrier mobility.

SUMMARY OF THE INVENTION

[0004] The present invention relates to forming stressed dielectric layers in ICs. In one aspect of
the invention, an IC comprises a substrate having active and isolation regions. A transistor having a
channel region is disposed on the substrate in the active region. In one embodiment, the isolation
region comprises O3 TEOS oxide having a stress retaining dopant, wherein the O; TEOS oxide
induces a first stress in the channel region of the transistor. In another embodiment, the IC further
comprises a dielectric layer disposed on the substrate and the transistor. At least one of the isolation
region or the dielectric layer comprises O; TEOS having a stress retaining dopant, the O; TEOS
oxide inducing a first stress in the channel region of the transistor.
[0005] In another aspect of the invention, a method of fabricating an IC comprises providing a

substrate having an active region and an opening in the substrate adjacent to the active region. In one

embodiment, the opening is filled with O; TEOS oxide having a stress retaining dopant to form an
1



the invention, an I C conprises a substrate having
active and isolation regions. A transistor having a
channel region is disposed on the substrate in the
) ~active region. hi one enbodinent, the isolation region .
isolationgagien dbthe gubstratasarsk Hangex ip formedondhe Sl?bétf%t? Ht thy active region.
dopant, wherein the 0; TECS oxide induces a first _ .
In anothér exsiwdimertt/the opemimels frikedivath afirst Hisleckenmsatstidrto farm an isolation
anot her enbodi ment, the I C unber conprises a
region ¢ @k egistrate. AN edisidbrSpagr@ddon thdeibstits i tieactdvedetior. A pre-metal
transistor. At |east one of the isolation region or

dielecthid fm\qb? |61 #5 SRV thE QBRIrhSend AR FHESRIIAVhAEinAhSPVES Byer
retal ning dopant, the 0; TECS oxide inducing a first

Stress i.. . negl f j - : .
compritE Rk UHSFHE PRRAEL FE RSt o Wi! SRk clpotic materals
fabri ng.an | C conprises.providing a substrate
compﬂﬁ%)éhggés Og@gih%mug@@%ﬁ rSWH“&‘??P&& ing in the
substrate adjacent to the active region. In one . .
[0006] e nb Bhi¢saend othenebiegermlang wish advapagesgndrfeaigrerEdes prgsegbinvention
having a stress retaining dopant to forman isolation
herein d3glosad, ivilbbéavatesppanedt thrdugh mefeshor to the fallnvang desciiptéon and the
substrate in the active region. In another enbodi nent,

accom% irQRRAVINgs.| Burtidrn6et, id 1 b Unidestooditkdtald febtarayf éfelvakious
o forman isolation region in the substrate. A

embodih @RS IREed Rerdif LABRt gﬁm%ﬁ‘l? cxHBSE 3h@ cAdextifi®n Hiidu¥ Bombinations

regi on. pre -neta lelectric (MAD) | ayer is forned
d on the substrate and the transistor, wherein the PMD

and peymufalions, i ses a second diel ectric material. At |east

one of the first or second diel ri jals

conpri ses OsBﬂng%giCcPe]PﬁgQNl@ i@ﬂ’ﬁé&%ﬁ I ni ng

dopant. 100061These and ot her objects, along with

[0007]adv Emthagesviags fiké eeferancs dbpractees ganerpdlivtrefentpdhe paspe parts throughout
herein disclosed, will becone apparent through

the diffeedne v2ne e Allw, thealriwingoutenyt desssaripy ioowalanemphasis instead generally
acconpanyi ng drawi ngs. Furtheituorc, it is to be

being pIRLRPHPARstrhtRig 8 pfisabls 86thefindditorMhode E(ﬁﬂivﬁrég description,
descri bed herein are not nutually exclusive and can

variouoqihd R (R 1o TR RGBT R iR (b lying
. reference characters generally refer to the same parts
drawingg g ¥ 8t the different views. Al so, the drags are
not necessarily to scale, enphasis instead generall )
[0008] hei Kig- pishestsgn efigensqctipyef partipmgl amiC By 4%9#%11%3%8} Oﬁq%nbodlment
invention. In the follow ng description, various
of the mrvbrgdinrent s of the present invention are described
with reference to the foll ow ng draw ngs, in which:
[0009] Figs. 2a-f show a process for forming an IC in accordance with one embodiment of

the invention; and
[0010] Fig. 3 shows the chemical reactions that occur during a chemical vapor deposition
(CVD) process to form a N doped O3-TEOS oxide film, in accordance with one embodiment of

the invention.

g



[ 00081Fi g, 1 shows a cross-section of portion of an IC
i n accordance with one enbodi nent of the invention;

[ 0009] Figs. 2a-f show a process for ortning an ICin
accordance wi th one enbodi nent of tion; and [00101Fi g,

3 shows th ' 1.cal N ition
(o) pr oc BE AL e PR BEpE Bro R PN T 1
accordance wth one_ enbodi ment of the invention. )

[0011] pETRRG e epERERAEN e TEE MauapartioNal o pesnt xyention relates
invention relates to ICs. Mire particularly, the

to strespgdedielattric tapers foostraie lgen@stidnonsfor esaepledétehedtregion of a transistor.
| ayers for strain, generation in, for exanple, channe

The inveRfb®Bare Bpplie@fsva1o0E typERBf IaLY Siithi Bin&adtyRRviRBPIntREing dynamic
to various types of ICs, such as nenory devices

ndon RSO TOR 2R 0T BN oot

noLi es includ rqgranmabl e r - onl ri es.
memor ISR 5 YO B e PR E e Bt B30 Bt BBt B
| ogi.c devi ces, communication devjces, digital signa
OPtoeleﬁF%‘&‘ég%F% kqsgiifwceﬁa HPBYHEF O d@w,es,éiy&l?aé FeaRl-nEgfepsors (DSPs),
as well as other types of devices. [0012]Ri g, | shows
microcenterllysss syséam-oorvhip, ws well @b otheptypes efdeficean 1 C 100 in
accordance with one enbodi ment of the invention, The
[0012] | C Eignpsliocsesa @ossdestiomid @1ehOSE a gditos ubsd @l €0 Boatpsidams with one
a sem conductor material, such as silicon. Qher types

emboditien$ 8Mh6 ANAHESOT TRURSESRHRRs 858bsRaf01 053 el subdRkd ARsbrises a
on the substrate is an active region 108. The active

semlcoécglg:'rté}glrﬁt%elpl,;%%ﬁ ﬁé%_ﬁg&g n%%%f h@ﬁ%%ﬁlﬁeﬁéccﬁ}dﬁfg oF Es:l}l]bgsﬂgtrgg §re also useful.
Detine B eSS R A, S o SR, A8 11 o

| um num (Al') or a conbination thereof. _
a first charge carrier type. In one embodiment, the first charge carrier type comprises p-type.

For example, the doped well comprises p-type dopants such as boron (B), aluminum (Al) or a
combination thereof.

[0013] A transistor 140 is disposed in the active region. The transistor, for example,
comprises a FET. The FET comprises a second charge carrier type. In one embodiment, the
second charge carrier type comprises n-type. The transistor includes a gate stack 145. The gate
stack can be gate conductor which forms a plurality of transistors having a common gate. The
gate stack comprises a gate electrode over a gate dielectric. The gate electrode, for example,
comprises polysilicon while the gate dielectric comprises silicon oxide. Other types of gate
electrode and gate dielectric materials are also useful. Dielectric spacers 154 are typically
provided on sidewalls of the gate stack. First and second diffusion regions 147a-b are provided

adjacent to the gate stack. The diffusion regions comprise second type or n-type dopants, such



[0013] A transistor 140 is disposed in the active
region. The transistor, for exanple, conprises a FET.
The FET conprises a second charge carrier type. in one
enbodi nent, the second charge carrier type conprises

as phospheioyip €@), dlenit (Ag)saginaenyi (8b) odesonabigation thermok Sil&ide Tongacts 158
gate stack can be gate conductor which |Iouus a

can be BtaviddidnhOfoptdfaNsEaaé MBdibRYibA degdorBamBluce slict refR@nce.
gate stack conprises a gate el ectrode over a gate

di ric. . , . e
[0014] pl eifg.ﬁ]h.{’fé ge 10\1%?'32%%?%%%%%8 Ecpflggllatef thE a8 R TRSEn o Rhérsfevice

ol gate d ectric conprises
silicon

. xi.de. her. t.ypes. of gate el.ectraode e

regionsy licBg PrPEd gL Lol L gl ofBbFof Hafp kR T R dB s TS
spacers 154 are typically provided on sjdewalls of_ the

STIs coyaprasedteaglkes fmmag mé%m%aé%@ﬁ ang ﬁ#lF‘g?,’iltgﬁ 4&‘35%& ?a?wh-ﬂw depth of
are provided adjacent to the gate stack. The diffusion

the STiség gomsallyaipni K@0set Ot Opier depths ypelserariu, Thaddped el
phosphorousarsenic (As), antinony (Sb) or a

typical BOsHRK18 the Bottdie o€ efe STk Al fe-nevdl tddedésrid VDA tybe190 is provided
provi ded on the top of the gate and diffusion regions

over thk $rah §HHE ETIRNBED l'hfé'i OhAPEEs a JiBRALISALAL OptioBAIYORStress liner
130 ded to

are provi isolate the active region from
ot.her devi b on ' ' Welp'H
tayer (RSO S A SR Ser Ly S ERBALTER P Mo R Akl iner
. conprjse tren heﬁ fOfnedsuS trab% ?nd.filled with a
applics) EhEISETERS Qe Fhamnel PRGN QLRI bPedRESERT s |
general |y about 1500 - 4500 A. Ot her depths are al so
[0015]us eiruac.cordn@ceo\m@leqnemnboctlylsnmaﬂthfylna@@rqnag@ diglectrgmptsgial of the
of the STlIs. A pre-netal dielectric (PVD) layer 190 is
STI angoo PMIR thdovesra fitsesttasanEorsixempleT bichePiR $BiteanchesrPMIslager, or both,
a dielectric material. Optionally, a stress |liner

compris@¥ @atdrH0 hsdhAdces e et daieery ild@de emdodiiteat, thefist stees comprises
bel ow the PVMD | ayer. The stress liner applies a

tensile{s&@s%i. e %‘éi&:?—gc ﬁ’iQte%'in? iﬁ?gi:ég&gl'edreﬁgioﬁﬁnéﬁt, doSpried #PSone-

ransi stor. 01511 n acc nce with one enbodi nent of

t he i nvenati the dielectric fer 0 o :
tractht Sl PR B FEHL FolBLE ok e Riping dopant, in
h Tl trench " MD_| r r h [ .

on iR Ve bt R b OB Doping
enbodi ment, the first stress conprises tensile stress.

O;-TEOSexdiceidle Nranbanees is Fesistancn teampiselre phsetbtionh ddisis Recause the N
conprises an ozonetetraethoxysilane (03- TEQS) oxide

dopanteirédet @itk St esthe Os{EEOS ngidd opfont. stableSisNrbesds, tetretiyrirenenting the Si
dopant, in one enbodi nent, conprises nitrogen (N)

from r%ﬁ%ﬁﬂﬁ&ﬁ_ﬁos‘bﬁeﬁ@ﬁ@fﬁlﬁe floSoh 82 lesatdble SIRORI Ho@d$)h s moisture can
03-TECS oxide with N enhances' stance to noi sture

ion.: Thi.s.i . : i -
tead 1o Bt B! fi 05 TREEC SR Rkl LR AR P feqt by of the
ere preventing the Si fromreacting with
OTTE&%HB%%%@Fg@' i¥E%re (to formthe | ess stable Si-011
bonds). As npisture can |l ead to stress degadatio iq .
(0016 he To8 drERDsCREREiasaiN Havs! he WOBSAIo RS qogeedation of the
ability of the 03-TECS oxide to retain its stress.
siliconld0dAlfh elndmp ambodiorrns the Midooeenthtion gHbeCd-EOS oxide is about 1E6
sufficient to retard stress degradati on of the
—1E15 c/s (using Secondary Ion Mass Spectrometry (SIMS) measurement). Other




silicon oxide film inenbodinent, the N concentration
in the 03-nbs oxide is about 1E6 - 1E15 els (using
Secondary |l on Mass Spextromdry (SIMS) neasurenent).
G her concentrations are also useful. In general, the
concen %@&ﬁreaé% Q?aﬁgceglﬁtn gﬁ n&[e%% lufr?lg hi %Se}épl%tl\?g%&% ats nfm%ugae ICl“Eg)S the
abl e stress. 10Ql. 71l n one errbodl men the N doped
higher tseﬁeeeenswdeoeeﬁep? sgguiognthiip farms gnqye a@é’@&trse TECS
de. For exanpl e, I\]precursors for formng th.e
[0017] d| elnememomwﬂtm droed - 1095 m@ecamanwssa@uneéu Nndnped Os-
N source, in one enbodi ment, can be selected from Nt E.
TEOS did0e.oF oreexemplz pmblhnsmrstthlefoemfng thk Bietectrjmasteﬁﬁl ihclade0g,eEOS and
are also useful. [018]Figs. 2a-t' show a process for

a N sour€d.i Tha 9 s@iitcé,Gn 3RO ethBo@fifehf, dANBEsalbdidl PHa m‘ﬁmmrat combination
of the invention. Referri ng to Fig. 2a, a substrate

thereof2 Sthdriy s QY NI@Hrced R afl&pﬁsteﬁﬁt e, in one embodi nent,

conprises a p-type silicon substrate. O her types of

00181 308 5B BB SaE0 ¥ BB ne embocimens
substrate, are also useful. [0019] A nask 280 is forntd
of the iBYENERE. BelorapElogierion suB s (RS quvsdeéaﬂihé sHesiratep in one

form openi ngs corresponding to | ocations where STI
emboditmreshchapriaesa p-typesilicon mebktrafh eOthrarstiypesf afrsubsteatys, eych as a
conprises a soft mask such as photoresist. The

germanplinibasels gsitiv@aseRRlepdtlit &1-0@hsjat G qROENbE pphire substrate, are also
I'ithographic techniques. An antireflective coating

useful. (ARC) is typically provided beneath the photoresist.
[ 0020] Preferably, t he mask conprises a hard nmask and a

J6915) Sod‘le‘rnq%ﬁ? P con ncl[?r | 32 uﬁéce ?#tﬁ E'a'iey gng%(s ﬁsg?%ta}(ned to form
opening R IR “ﬁgé%\'vber’é&;rﬁ%ﬁ%? 5 tp DpoRneds The mask for

patterned using conventional |ithographical techniques
example ocomeirisep eaft Mgsk surhas pbotorasiss k Thephdienssisisead bepatterned by
pattern the hard mask using, for exanple, an an sotrop
conventiowdl ¢ithoguaphicaschintques] Wa dntirefRictive {datiky (ARNY iswpical@piovided
can he renoved after patterning the hard mask.
beneath the photoresist.
[0020] Preferably, the mask comprises a hard mask and a soft mask. The hard mask can
include a pad oxide layer under a silicon nitride layer. Other types of hard masks are also useful.
An ARC can be disposed between the hard mask and soft mask. The soft mask is patterned
using conventional lithographical techniques to form openings. The soft mask is then used to
pattern the hard mask using, for example, an anisotropic etch such as reactive ion etch (RIE).
The soft mask can be removed after patterning the hard mask.

[0021] Referring to Fig. 2b, the substrate is etched to form trenches 275 in regions

unprotected by the mask. The trenches are etched using, for example, RIE. Other processes for



[00211Referring to Fig. 2b, the substrate is etched to

formcaches 275 in regions formng the trenches are

al so useful. Typically, the depth of the trenches is

about 1500 -4500 A. O her depths are al so useful and
formingehe tearechronlsdasifgin Typigaily ethe desth of 6@2&hBkdses abaug 1 5@ — 4500

Fig. 2c, a dielectric layer 285 is deposited on the

A. OtiRHBSHthak@ als® ukéful addBay H&a0088 desiBerddutaehisi ¢ | ayer
is sufficiently thick to ensure conplete filling of

[0022] : geﬁgﬁgﬁf Fig Acdh gﬂefe%{r[d;jlﬁ}/érrb@g fis Jleﬁ%ﬁiecﬁﬁf fhe RELSHRAHTB @1 the

e substrate an enches "prior to depositing

the dielectrjc l.a .. The .l.iner | ayer renpugs I esi I
wench TR erd RGBS T oY eanpERGH Il pledtifttes
) corner roundj ng. [00231The dielectric . i
dielectyig{iner laygs Gan h%gsmeé Emling hesubstigieand trenelaes priog fq dgpositing the
which applies a first stress. The dielectric material,
dielectiiolayee Bredour hayat renmpyps fesiiual dasrgk eeatedrdasiag the etch process and
Preferably, the dielectric material conprises 03-TECS
providélopegerwhirddig, st ress retaini ng dopant. Cther types of
dielectric materials are al so useful. The stress
[0023]" et @hOifatcRRNbyer] iR oRAB nAYBREINTRBpriSAWiERESicMhatdrik® which
concentration of N should he sufficient to retard
. Stre g i . 18 Si i X iLq:
applie L RF S0 B BBy y L RonE SRR Apbhih CAFNrss.
out -. 1E15. el s (usi neasurenment). O her . N
Preferabind it PR Fis REIGIA0 CAPEUSILer LEOS (PGS ARe et dgpent
the N concentration in the 03-TECS, the higher its
Other types eftdiglecitie matpsialstane alsaBssvlptihgsiressHp@impgiepapp ipone
stabl e stress. [00241Chemi cal vapor deposition (CVD)
embodpnateasnprsesiSe d ht coRntratidreo IS sHEGEbo xufficient to rotaed stress
enbodi nent, the 03-TECS oxide is feinted by

degrad@tidhr ot e Siploed b6 dENEh ( FAEXJonpéree€ies in the®;0BEFEGSIde is, for
oxi de, in one enbodinent, isin-situ doped with N. To

examplfeg %%Lg ReeN 1%@%% %g’ih%yﬁ% Iﬁé‘z{sgx%meﬁfj}s NS N E&th@4 ons are also

ing 03, T ECS carrier gas, and a nitrogen

spurce_ar rovided in the .deposiiy T -

useful o R FG 5 o Rl B el R R O TS e Blatggifresistance to
. N20, or, both. Oher nityogen-containing species such

moistuggalgprptiqapthuggerrs marg sta l-e%NeS&nd N203 are al so useful .

The ea |ler gas can conprise, for exanple, He N2, A,
[0024]or &hyméstzheariondenosijies. (CVIDaRejernisaned orfbpaitheR TEOSoxde. In

doped 03- TECS oxide is deposited at a tenperature of
one embodiment, the O3-TEOS oxide is formed by sub-atmospheric CVD (SACVD) process.

>

The Os-TEOS oxide, in one embodiment, is in-situ doped with N. To form the N doped Os-
TEOS oxide, gaseous precursors including O3, TEOS, TEOS carrier gas, and a nitrogen source
are provided in the deposition chamber. The nitrogen source, in one embodiment, comprises
NH;, N;O, or both. Other nitrogen-containing species such as N2, NO,, NCl;, NF3, ;N and
N,Oj are also useful. The carrier gas can comprise, for example, He, N, Ar, or any other useful

inert gas.



about 350 - 600C. Preferably, he deposition
tenperature is about 400 - 550C. The deposition
pressure is about 50- 600 Torn and preferably about
100- 500 Ton-. The 'LECS flow rate is about 1000scm -

300 O se Prefe a e te bout
00251 30 GOmdi: rhe e EafROL R bl ‘%%}nperamre of
;OOO - 50000 seem and preferaply about 300

about 3590@@@ (s elisferals thadenosition derararatuahis ¢bowdee - 5526%)0“6116 deposition
seem Preferably, the 03 flowrate is about 10000 -

pressurg 50g®us 8 np00 Hownadagmbisdibireattout 1 G- dhEemt The TERSolowp Bate is
is about 5 - 20% and preferably about 10 -15% As for

about 1000400 BHO0KEER. PReeriblowhe TIEOS Bowalpadis a0t 30060025000 scem.
seem and preferably about 500 - 3000 seem

The THOWZEL B L v Gitd 8 aﬁbﬂ 1086 S@Wmd&inﬁlp?%fabﬁl ARLESHAR - 30000
i's renpved, in one enbodi nent, the excess di el ectric

sccm. ﬁé ﬁrélﬂ%w r.a € 1S g?%;f %BO@ y??ﬁk&sc Xarﬁ%f@rab ess gh?w rate is about 10000
-35004*?%"%'&3'0%@Ee@sé%q%%%e?@%&%%@%@léaﬁ 3t e difprteably

forma planar substrate surface, form ng STls 230.

about 19yp$alAs/for aitipgen stpres, dis flew sate p%aqubmqje 80Qhscemeand preferably
substrate surface. The polish stop | ayer, for anple,

about 500rP30D8esnsi | i con nitride or a material which the
dielectric | ayer can be polished, selective thereto.

[0026] Ther BRIt 0TI LR dl 8¥REs GidRctie i8N A fnlRSH. [PMRSenbtsifiEinent, the
to formthe trenches. (00271 A doped well 21.1 is

d

e IRIERL ALLFIL Py E°Zn?%ﬂﬁ°%§§9%%&§?“&é§ﬁ"hsfﬁng )

Other péo%sé%«? ﬁ% %&g&%ﬁ?s% %ﬁi&%&hﬁg F{%Eé% ant %N%%Mg removes the
for exanple, B. 'Typically, the d arlt concentration

excess grelactéc Waisaal ) form & phssuubsiralg surtace, fesmingphiersP odypically, a
ion inplantation techniques, such as inplantation wth

polish stoprieykr isanohdedizetiesubstaternutfaece. dbipepblisk Istop 1@¥enelor example,
techni ques are also useful. Optionally, the doped well

compriSé&ila@nfrtiide dr Bia@drial Qhidh; tht Bldchec 1BYerlcan be polished selective
[0028] Referring to Fig. 2e, the process continues to

thereto] %tg‘ﬁ@lﬁ}f Q55 la?[o cgag%Qh%HarH heasRESyeY Bsdd@l i #3redehdsned

e STIss rmthe tranS|stor gate stack | ayers

ar e f

[0027] gens rdgp%wgg% |1ssté)rrge%81ft§/a&1 SI ar% eg1 gﬁg%e?y\ivelfcompnses
ver a thernmal e dielectric | aye

first "YR%/‘&P@méf Iy e eTEpaena s B SRS ROBIEISE PTHEE fqnagts which
| ayers are patterned using conventional mask and etch

forms & etynsidyped wel. Tbe mrizpgéenantstcas knchuds:, for[epamplet B. divatslly, the
can be a gate conductor which is comopn gate for a

dopant gbikteatration of the dapei welbisabolOIRYLSOBI £ ehdr Gonveitiohalsibon
regi ons 247a-b are then funned in the active region of

implanfalfl%n techniques, such as implantation with a mask can be used to form the doped well.
Other techniques are also useful. Optionally, the doped well can be formed prior to forming the
STIs.

[0028] Referring to Fig. 2e, the process continues to form a transistor 240 in the active

region 208 defined by the STIs. To form the transistor, gate stack layers are formed on the



substrate adjacent to the gate. In one enbodi nent, the
sourceidrain diffusion region conprises dopants of
second carrier type. For exanple, the source/drain
di ffusion regi on conprises n-type dopants to formtype

substrate. ditsd git©stackTlagers geypalydédniiprise apolyagicon gataretecfroderagetyver a
i npl anting n-type dopants, such as P, As, Sb or a

therma€ 6X1dk BatiddledthE 561, -Oﬂa@&@?éﬂf@aﬁé@t:ﬁk%ﬂﬁﬁﬁ afso 2B4fuR I Ehe gate
fornmed on the sidewalls ofe stack. The dielectric

layers ﬁ@%ﬁﬁ&‘ﬁfd Qhe XA Gnal ﬁﬁgipflﬂcf’&cﬁiekhﬁgﬁbs% Frhfge %atgsﬁglf 245. The
types o lefe.etc nmaterials are also useful to fo.m
t he spacers. Tq formthe spacers, .a.spacer.laver i

gate st a8 BE i eoput 8l Rhieh By SONRER ead PR Bl g
substrate surface. An etch renoves the horjzontal .

[0029] ¢ o npever i iftuiond paiewy 24 aette thea dormy 18 Sheeaqtive prgiemef the
sidewal | s of the gate stack. [0031] The diffusion _

substrategyjarest dhe gatel UdeneSinalhddiment, the source/drain diffusion region comprises
sour ce/ dr at ext ensi onsshown) and deep source/drain

dopantp 0f $dcond carflibetype UF oedxdmpla) tiexbaiesideais difAridnaefion kedprises n-type
before the formati on of sidewall spacers while the

dopantS RERSQHHE HARABr. PP A-BfpS dFhidrOieBRMs AfelfBfmdd ¥ implanting n-type
spacers are fom ed. Metal suicide contacts 258 can be

dopantg Q0% gs Pl k% &%tcgpﬁ)%tigh tfcpgicon regions. The netal
sui Cci de or exanpl e,

contacts, conpri se nickel suicide

o030 7o S5 P RS B LS GLSEB SR e il

nmetal layer is fornmed on the substrate and annealed to

spacers; 4efsexapples cowarisd sikcanutride) Oghsa tanes of diglestricupptendls arg also useful
netal are renoved, |eaving the suicide contacts,

to fornl D@ 3Bdders. Fiagforidfthe spabivB) 4 sppear 180 is depbsitedeal theisublsate which
substrate. In one enbodi nent, prior to formng the PMD

covers gy @it artl dibelre biiffaces tAnGS&h deftdved thg hbiinaitallcdy@ondmobdf the spacer
shown) can be forned on the substrate. The |iner

layer, 1%%5&55%&@@'&@@3&51& Styksidi@lgeand transistor and
applTes a first stress on the channel region of the

oo 5 R RSBBTh o 100 g BB AR o o
transi stor. The_stress, |liner, i.n one_ enbodi t, .
decp SQUSRAATTLROTPRY CEIF HIKFICHN CRiBBHensFRE b&%ﬂ}e&@g?ﬂe girdpgnation of

t he substrate and transistor. The PMD | ayer can be
sidewapl| spacars whide the deep source/drain portions are formed after the spacers are formed.

Metal silicide contacts 258 can be formed on the gate and diffusion regions. The metal silicide
contacts, for example, comprise nickel silicide contacts. Other types of metal silicide contacts
are also useful. To form the metal silicide contacts, a metal layer is formed on the substrate and
annealed to cause a reaction with the silicon substrate. Unreacted metal are removed, leaving the
silicide contacts.

[0032] In Fig. 2f, a PMD layer 290 is formed on the substrate. In one embodiment, prior to
forming the PMD layer, a dielectric stress inducing liner layer (not shown) can be formed on the

substrate. The liner conformally lines the substrate and transistor and applies a first stress on the



by, for exanple, GVI. O her nmethods for &nram ng the
ma) | ayer are also useful. In one enbodinent, the PNID
| ayer applies the first stress. Preferably, the
dielectric material conprises 03-TECS doped with a

tress retalnl dopan \Y escr , .
channeRyel B e L Gt tERERY e £2F, PR Pk, GRS popprises a
The stress retai.nin opant, in one enbadi nent
tensile sEash ForadistyRe tapysiar- gFﬂée Sg’feé%fé%‘%f BAweie Hﬂgglwt,ﬂ@mﬂrﬁ@ silicon
i nterconnections to the contacts of the transistors.
nitride.For exanpl e, the PMD |l ayer is patterned to create
contact holes. The contact holes are then filled wth
[0033] corDuckMPDelapatcerédlthssibbiras aidngsissr, The MMDMayer can be planarized
i nterconnects. Additional processes are perforned to

by, for G)Pcfﬁﬁﬂl@t@\/lph O thé métﬁédseﬁﬁﬁﬁhﬁ'mﬁgmetpl\@lj%yér RELA SPRBREL In one
| evel s, final paSS|vat|on di eing, and packagi ng.

embod1 Q8 ?llé:) 15191\6 %&%gip hgﬁeﬁll Lrgt%{} sI ?’r&%@bigﬁ}’lﬁrd@%‘%ﬁg Anfetial comprises

ectron no eadi ng o I mproved

O3-TE(§§H0[EF§1 i a@ rs]t?%s é%lﬁltger 3 ({Rlaq\l/teg%gsyqopfqyrgg N \é&h ¥ypes of dielectric
_performance. As described, introducing & ants into the
materiaffj 35p abse pesfik Bie stiearesiiiag dppanty in aae enbpdigenb comarises N.
enbodi nent of the invention, retards noisture
[0034] absBregirpoass obnttrues by Fomting inteemambctttmg tatetdootacefof thesransistors.
tensile stress characteristics. [0036] The process

For exa@&@, it BSID Ry&OFph@dred RUréfatdiigt hbRs! Che Eta %818 bR then
t he process continues to forminterconnect S,

filled wgﬂi%h&&@l@k: n{aﬁégﬁﬂ GRER Q&funkﬁt\!ﬂe ks foﬁg@éo@%tg nALi %ﬁal tpﬁocesses

I cing, asse y and pac

e RS e A D LR R s,

.. First, 03 and TECS react to formsilanol (Si(OCH)4).

dicing, apdrpackpeipge hydroxyl (OH) groups in the silanol are
repl aced by nitrogen (N) derived fromthe 'nitrogen

[0035] s ouRtroeidirfeonr migh ¢enisilel ByHY laget innhses Bhestreninability Neatbpg th improved
03-TECS oxide is forned from condensation between N

nFET pdffpethree] anemativtlgcat@tpreSyvelepdraah by utdd tgreabigite Woleindbility and
atons, there are | ess nunber of OH groups. This

pFET pEﬁgHﬁzﬁr%et g deQi®RY | ittrodRingAdpdhQ YRS tﬁ@hl?ﬁ Rchsité Elhc& ox1de film,

MOnsfrmnOStoformFQO(orvmtm ecul es.
accordlﬁg ?0%&6 exﬁn%?ié%luxggﬂalge 191§e e%?\ﬁ nljsc%%\ﬁ/ g r&%&%ﬁﬂcﬁ Im to prevent
stre s retention of the Iayer 100381As descrlbed t he
degradafignod 19 JenpieresR cRradppiticés a tensile stress to t he
channel of ii- type transistors to enhance carrier
[0036] npbihe nrgcass centsges repmprefe fdwisadnBe TECS op sk ameple.dhe pwcess
used to form STls andi or PMD. W have al so found that
continuth® foan sntbeooiogrer] aOBTi&ES ixicomecalevile, pissdatom Ipydrydieing,
transi stors wi thout adversely affecting their

mmmnbﬁ&ﬁhgﬁ 1%% The p-type transi stors may be
narrow w d or wide-width p-typers. Therefore, the

[0037] dOF’ﬁQ Dol T %ﬁnﬂ@al%&t@gy aal ?&%9 H&lliﬁfg fie C‘W‘Brgcggs to form the N-
bot h"n-type an transistors.

doped high tensile O3-TEOS oxide film. First, O3 and TEOS react to form silanol (Si(OH),).

Some of the hydroxyl (OH) groups in the silanol are replaced by nitrogen (N) derived from the

nitrogen source, forming N doped silanol. Thereafter, N doped O3-TEOS oxide is formed from



100391The invention may te enbodied in other specific

forms without departing fromthe spirit or essential

characteristics thereof The foregoi ng enbodi nents,

therefore,are to be considered in all respects
condensatidsstietatdnie dopécharanvhanlekiles. t Bygpptdemg O egn¢upswith N atoms, there

descri bed herein. Scope of the invention is thus

are lesd MEMBRLEDIPYroupe BRPRAGES tied }]ﬁitmi,al fori01e Erdupat kyadtwieh O atoms
foregoi ng description, and all changes that cone

e : a i ) '
Fom O RS TSARL )20, Oy bR 28 s ipoves
d of , f at i i nt

Wh
. | ai ned is., A h bri
oS e TR A 2 S 0 LS SR v

havi ng an_actjve regi on_and an opening i.n the

100381 3 A6 Aatcaibed e GReditos | RO RIS ABD IS BRSle Siress tolyq qhppge of n-
the opening with a first stress |layer of 03 TECS oxi de

type tranaistars teeendiancesrmiestradhilitypf&lsanens: I HeslopediR: {186 aeFidncan be used
region in the substrate, the concentration of stress

to fornt $TRiantog PNMIpame e nisoSulidd thatehé tehsile dipad d);STE@S sxide can be
degradation of the first stress layer; and form ng a.

used oﬁl_‘gﬁ?ﬁé 84rR1st R withButSidR s g tagebtihgl th&ir &b MRNES ITIp-typé transistors
e nethod of claiml. erein the stress retaining

may be\%ﬁ%@&-w'@ﬁgf hv?fe:-%vgitﬁ ngﬁ;@ptrr?ns%tor; e dFELRO %eojog%h ?ﬁ MEDS oxide

erern en ses a concentrati

about 1E6:-1E1 [ 4. The thod af claim 1l wherein
can adYﬁ‘i‘éagGQUS%EE%uﬁgi fgﬁg‘?tg IrtYPY f“fdupngf?ﬁ Z’&nwtf”f?' nitrogen to
form N doped 03 TEOCS oxi de. _The net hod of cl al rg
[0039]4 whbe BivantiergBpE Be oBbateti)thersPealls SrmsaviHiput ftig from the
vapor deposition.
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be

considered in all respects illustrative rather than limiting the invention described herein. Scope
of the invention is thus indicated by the appended claims, rather than by the foregoing
description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced therein.
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6. The nmethod of claim5 wherein the N doped 03 TECS
oxide is deposited at a tenperature of about 350 600C.
and pressure of about 50-600 Tom provi ding a
substrate having an active region and an opening in
the substrate adjacent to the active region;

tilling the opening with a first dielectric materi al
to forman isolation region in the substrate; tbrmng

: | stor on the substrate in the active region;
WhgtnlgEﬁHﬁéO%'form ng a pre-netal dielectric (PVD) |ayer

on the substrate.and .the {ransi. , the .PMD | ayer
i coréﬂegg);é Oztfasb@%tﬁj(? aﬁ’ilg'iegré"{eldicgc tlg/ﬁ FAPPIer ei n” at
| east .qne of the first or second dielectric materials
c orﬁs?Ylglélg aguiyrAEex e an agiSSePQR dRA PRORAITEHY thigsugstrate
_Stress retaining dopara, the concentration of stress
adjgcgntdp HierrglivIsain: bei ng sufficient to retard stress
degradation of the stressed 03 TEGCS oxide |ayer. The
metfibug the opermngrwith whesteirasshayes of @ AEOSmyidtdpemg astegn
ni trogen.
retaining dopant to form an isolation region in the substrate, the concentration of stress
retaining dopant being sufficient to retard stress degradation of the first stress layer; and

forming a transistor on the substrate in the active region.
2, The method of claim 1 wherein the stress retaining dopant comprises nitrogen.

3. The method of claim 2 wherein the nitrogen comprises a concentration of about

1E6-1E15 cfs.

4, The method of claim 1 wherein the O; TEOS oxide is in-situ doped with nitrogen

to form N doped O; TEOS oxide.

5. The method of claim 4 wherein N doped O; TEOS oxide is formed by chemical

vapor deposition.

6. The method of claim 5 wherein the N doped O3 TEOS oxide is deposited at a

temperature of about 350 — 600°C and pressure of about 50-600 Torr.
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The nmethod of claim7 further conprises providing a
dielectric stress inducing liner |layer on the
substrate and transistor prior formng the PMVMD | ayer.

7. A method of fabricating an integrated circuit (IC) comprising:

providing a substrate having an active region and an opening in the substrate
adjacent to the active region;

filling the opening with a first dielectric material to form an isolation region in the
substrate;

forming a transistor on the substrate in the active region; and

forming a pre-metal dielectric (PMD) layer on the substrate and the transistor, the
PMD layer comprises a second dielectric material,

wherein at least one of the first or second dielectric materials comprises a stressed
0O; TEOS oxide layer having a stress retaining dopant, the concentration of stress
retaining dopant being sufficient to retard stress degradation of the stressed O; TEOS

oxide layer.

8. The method of claim 7 wherein the stress retaining dopant comprises nitrogen.

9. The method of claim 7 further comprises providing a dielectric stress inducing

liner layer on the substrate and transistor prior to forming the PMD layer.
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