STRESSED DIELECTRIC LAYER WITH STABLE STRESS FIELD OF
THE INVENTION [0001] The present invention relates generally to
integrated circuits (ICs), and more particularly to forming stressed
dielectric layers in ICs. BACKGROUND OF THE INVENTION [0002]

IntegrateSTRESSEDCIRIE CIRKDhANGER WFHSTABLESHRIESSnts

interconnected to perform the desired functions. Such circuit components
include, for example, trahBiibrOEUCHRINEENFéDN transistors (FETS).
Dielectric materials have been employed to generate strain in the channel
[0001 }egichhefpiivectransistdiotorelaarmsaaattjetormib@iyedorextniiile), tedgilere
stress may be applied to the channel region of n-type FETs to enhance
partic@arhetorfrobiling stresked cheleabfip laysesFETSs. compressive stress may be
applied to the channel region. [0003] It is desirable to provide enhanced
strain generation in BAEAKREIRERIOAS O trEEidboYENT EnNance carrier

mobility. SUMMARY OF THE INVENTION [0004] The present invention
[0002}e|atdattgridechinity witred Sed i kadkyicoaymatseinuderdus siis U s|osep @fctie
_ invention, an IC comprises a substrate having active and isolation regions.
interconungefadigiaeiavinghs dpsirnseivegiionsis Bispssedibeotheongpstiauidettier example,

_active region. In one embodiment, the isolation region comprises O3

transiSTEO®dXidd1pkhafiget saessstoatalfidgd dpatctighagsinaleh@d Perpsmployed to

oxide induces a first stress in the channel region of the transistor. In
generzip otfiah Bhiboehtine] wBaCH ik drssiipriseenhatieteemiterapebidiisp dseigexample,

_on the substrate and the transistor. At least one of the isolation region or

tensileacgfetetrie RERedom risdnorineg sniving ra EFEssorerliviag @opanmobility.

the O3 TEOS oxide inducing a first stress in the channel region of the
In the case of p-type FETSs, 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 Oz 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 O3 TEOS having
a stress retaining dopant, the Oz 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
1



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 O3 TEOS oxide having a stress
form aptadhitigrdmgarm to tHeforbstentd soidtiomaegion in thensdhstrithtesEnt aie in the active
transistor is formed on the substrate in the active region. In another
regionerhibaalithenenhedompeninthésofitechwithfdl fidsy dhetelatsicdmbierial matoral tarform an
isolation region in the substrate. A transistor is formed on the substrate in
isolatitineregitive rélonbatrgiee- i otaististe ctrier (R DY ayenls fatmiedonathiee region. A
substrate and the transistor, wherein the PMD layer comprises a second
pre-melididuthic tmat@NED)Ae yenst ommest tetiivsubstsdicond theleatiistonatdideadsn the PMD
comprises O3 TEOS oxide having a stress retaining dopant. [0006] These
layer comapoities acbjsnd dadtaetyiwithptedizdn thpleeshed dedtbrelss the srosdrticlectric
invention herein disclosed, will become apparent through reference to the
materifdH owingy idesOriptida anti ded gt ariseasyireipdragidgarturthermore, it is
to be understood that the features of the various embodiments described
[0006 hereihhase wst etaguatyeestchlengveatitachanssgss inndaldausccartisinagitans invention
and permutations. BRIEF DESCRIPTION OF THE DRAWINGS [0007] In
hereintiscddpaoding s bikeraferppaeHiraesdr sctrsneeally feddpto tHasdereriptiag and the
throughout the different views. Also, the drawings are not necessarily to
accomgeabang gjpMaBEs indtehdrgwierdlly tbéingnslercstadd g thadeaitirg eéhe various
principles of the invention. In the following description, various
embodmpipeideesiibask IRechrarenetinvenaby are wese Abé dajyier iré farerieutoceipbinations

following drawings, in which:
and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. In the following description,
various embodiments of the present invention are described with reference to the following
drawings, in which:
[0008] Fig. 1 shows a cross-section of portion of an IC in accordance with one embodiment
of the invention;
[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.



[0008] Fig. 1 shows a cross-section of portion of an IC in accordance with
one embodiment of the invention; [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 depositignE {GQYDD PoESERIP TIONaO¥ tepetNeBENE@ oxide film,
in accordance with one embodiment of the invention. 2 DETAILED

[0011 PESCirI Brekai i¥erldidn HMENS IION [80k2 [phhepresgnhépesdianiedatas relates
to ICs. More patrticularly, the present invention relates to stressed

to stregietediciedaiersytos straingeaenaiiomindoexamipk, chamnngrsggiarndi &ansistor.
transistor. The invention can be applied to various types of ICs, such as
The invenionygievicesphiciudingridynanpies sdandeonustcssadnematisscddRaMehg dynamic
static random access memories (SRAMSs), non-volatile memories
randoinaludingriagraa(baie reaskonl yamdnoies (PiRéMyian B askis), non-volatile
memories, optoelectronic devices, logic devices, communication devices,
memodlightalchidingl progessorsb(ESREhnInicranorito(lERS) slsiainfaskchipn@ses,
well as other types of devices. [0012] Fig. 1 shows a cross-sectional view
optoelet@opds tienicd o iic Haive g contdamieniihdene eendigdimentabbtbeessors (DSPs),
invention. The IC comprises a substrate 105. The substrate comprises a
microsaradbsrductae matesihlp suctvds silicher. tphenfyfeesced. semiconductor
substrates are also useful. Defined on the substrate is an active region
[0012]108. Hike latitwesre giossinattides] a idepethwelttibh bHind @rsd € harngeocdanier with one
type. In one embodiment, the first charge carrier type comprises p-type.
embodiorexampdantratiopetihedd comprisssapitppeado pahtThuachas itoram(i3)ses a
aluminum (Al) or a
semiconductor material, such as silicon. Other types of semiconductor substrates are also useful.

Defined on the substrate is an active region 108. The active region includes a doped well 111 of
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



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.

as phokpifogate (Bjagk«an 8 pairi cnguUSIy wvhiebridimsiandhwaldy Filicide contacts 158
transistors having a common gate. The gate stack comprises a gate

can beghestidee @veeagadtt dielect imddiergats elgirnde réduexaplecsistance.
comprises polysilicon while the gate dielectric comprises silicon oxide.

[0014Dthelstypesnaleghies ebecirogeoaidtatasdiate chicattpieriglioafeoatsether device
useful. Dielectric spacers 154 are typically provided on sidewalls of the

regiongath siackmbisdiraad, she ondadidiv sigivne gionprist s ave tpraatideslations (STIs).
adjacent to the gate stack. The diffusion regions comprise second type or

STIs doriypésclapactiss soiched AsthbospiereuadPllar satc (@is)artmanyithbYhe depth of
or a combination thereof. Silicide contacts 158 can be provided on the top

the STif ikggrialanabdiffusion regionsto0educegheataasistandel. [Qbt4loped well
Isolation regions 130 are provided to isolate the active region from other

typicatlg\icerlipgbnhonoanefehel D enphentsol aticlacegi APSIDO M eis€90 is provided
shallow trench isolations (STIs). STIs comprise trenches formed in the

over tistbstrateoandlidl @ity dieleptiiesnadériadtrihmdepth dDpienSTysastress liner
generally about 1500 - 4500 A. Other depths are also useful. The doped

layer (wedlsliypicatynovepapsditedyottdm wiikistSTHslodv piie Phéial dietedtie stress liner
(PMD) layer 190 is provided over the transistor. The PMD layer

appliesarymride steesliele chidkchaatetiat gOptidnbdy-eystrasssiister. layer (not shown)
can be provided over the transistor below the PMD layer. The stress liner

[0015hpplibsaadensilestradsoon chbothamnme lofedomofithen) thypdidtansistonterial of the
[0015] In accordance with one embodiment of the invention, the dielectric

STI amiaePildfitldeces a first stress. For example, either the STI trenches, PMD layer, or both,

comprise a material which induces the first stress. In one embodiment, the first stress comprises
tensile stress. The dielectric material, in a preferred embodiment, comprises an ozone-
tetraethoxysilane (O3-TEOS) oxide with a stress retaining dopant. The stress retaining dopant, in
one embodiment, comprises nitrogen (N). Other types of dopants are also useful. Doping the
O3-TEOS oxide with N enhances its resistance to moisture absorption. This is because the N
dopants react with Si in the O3-TEOS oxide to form stable Si-N bonds, thereby preventing the Si
from reacting with atmospheric moisture (to form the less stable Si-OH bonds). As moisture can
lead to stress degradation in the Os-TEOS oxide, providing N dopants enhances the ability of the
0O3-TEOS oxide to retain its stress.

[0016] The dopant concentration of N should be sufficient to retard stress degradation of the
silicon oxide film. In one embodiment, the N concentration in the O3-TEOS oxide is about 1E6

— 1E15 c/s (using Secondary Ion Mass Spectrometry (SIMS) measurement). Other



STI and/or PMD induces a first stress. For example, either the STI

trenches, PMD layer, or both, comprise a material which induces the first

stress. In one embodiment, the first stress comprises tensile stress. The

dielectric material, in a preferred embodiment, comprises an ozone
conceii@tifietRoxy silanestl- Th @SkaxidBeitbharsie st Jaiadningidapamie TRETEOS, the

stress retaining dopant, in one embodiment, comprises nitrogen (N).

higherQiasstyagseab dopsnis am daatousaful. PopingoketABR: TS oxide with
N enhances its resistance to moisture absorption. This is because the N
[0017PopantsieaaibyithBhintReNaRJdd ©6-0KI0S txid¢rosiphike SirNmands! doped Os-
thereby preventing the Si from reacting with atmospheric moisture (to

TEOSfokiad¢h& e s sighte St homos)oAs maisidiel eauiclaadeitabirebsde O;, TEOS and
degradation in the O3-TEOS oxide, providing N dopants enhances the
a N soabilty THEDe s@Bed EOG o it ddineiaincits béredsc{@OEOTNEIgpaMbr a combination
concentration of N should be sufficient to retard stress degradation of the
thereosiliCoheoxygesfibfiiNIsoone embadimesfuthe N concentration in the
O3-TEOS oxide is about 1E6 - 1E15 c/s (using Secondary lon Mass
[0018Bpedtigimetry (M S )proeasui@nienit)n@ihdiCAL00rcert@idanscaretialate embodiment
useful. In general, the higher the N concentration in the O3-TEOS, the
of the hghetidis. rBsteiameetddigolsiuredhaarpon,ithisfaleds Tiereubtakie, in one
stress. [0017] In one embodiment, the N doped O3-TEOS oxide
embodiamisesmprisis-sifutibdejiedOBbIEDRS Oxide tfpes eXanbpteatgyeautsass
for forming the dielectric material include O3, TEOS and a N source. The
germahlisatisessdngaliansnabedidte ntlicam te issldated SO diH3pPHE arbatrate, are also
combination thereof. Other types of N sources are also useful. [0018]
usefulFigs. 2a-f show a process for forming an IC 200 in accordance with one
embodiment of the invention. Referring to Fig. 2a, a substrate 205 is
[0019brovidedaskhzs8ubsorated ionahe surface of the substrate. The mask is patterned to form

openings corresponding to locations where STI trenches are to be formed. The mask, for
example, comprises a soft mask such as photoresist. The photoresist can be patterned by
conventional lithographic techniques. An antireflective coating (ARC) is typically provided
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



embodiment, comprises a p-type silicon substrate. Other types of
substrates, such as a germanium-based, gallium arsenide,
silicon-on-insulator (SOI), or sapphire substrate, are also useful. [0019] A
mask 280 is formed on the surface of the substrate. The mask is

formifaikernestie farnaopersigs dprRspendinddptiosatirnsentiRkeiSablout 1500 — 4500
trenches are to be formed. The mask, for example, comprises a soft

A. Otmasksuichrapbaivksisidheyphoteresisteapbe pattenaad by
conventional lithographic techniques. An antireflective coating (ARC) is
[00221ypicRiYcprioy dediheneallidhe pboigre 8t {O00]sReafenahly sibemnask fill the
comprises a hard mask and a soft mask. The hard mask can include a

trenchpadThddiclayefclngeria silitormilyidedaye enQikerdyiptaofinarg sndskaenches. A
are also useful. An ARC can be disposed between the hard mask and

dielecstftlimadkydhes ol foaskdsphiehesuhising antventhaaptibragraghicaing the
techniques to form openings. The soft mask is then used to pattern the
dielectrarthpeask hisings feryex amiples s dduad ttapip e ok set dampedetareh@iocess and
etch (RIE). The soft mask can be removed after patterning the hard
providewsknf@dihdRegerring to Fig. 2b, the substrate is etched to form trenches
275 in regions unprotected by the mask. The trenches are etched using,
[0023For eXhnplelcRitc. I@fberprmesssbsdione bt foomimgsthe tenaties argealsbwhich
useful. Typically, the depth of the trenches is about 1500 - 4500 A. Other
applieslafihs stresalsbhegséitiiéand maygrité penchermdbsigmenqupphes ateQR22tess.
Referring to Fig. 2c, a dielectric layer 285 is deposited on the substrate to
Preferfiilfhehdrérbhesc Teedidl eatniprisyeOis HEFIR idnyibgd thick 4G teersureaining dopant.
complete filling of the trenches. A dielectric liner layer can be formed to
Other lipeethd diddstretenancrinénoleedspricefiol dépositieg theining dopant, in one
embodiment, comprises N. The concentration of N should be sufficient to retard stress
degradation of the silicon oxide film. The N concentration in the O3-TEOS oxide is, for
example, about 1E6 — 1E15 c/s (using SIMS measurement). Other N concentrations are also
useful. In general, the higher the N concentration in the O3-TEOS, the higher its resistance to
moisture absorption, thus forms more stable stress.
[0024] Chemical vapor deposition (CVD) process is used to form the O3-TEOS oxide. In
one embodiment, the O3-TEOS oxide is formed by sub-atmospheric CVD (SACVD) process.
The O3-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
NH3;, N;O, or both. Other nitrogen-containing species such as N, NO,, NCl;, NF3, 3N and

N,Os3 are also useful. The carrier gas can comprise, for example, He, N,, Ar, or any other useful

inert gas.



dielectric layer. The liner layer removes residual damage created during

the etch process and provides corner rounding. [0023] The dielectric

layer, in one embodiment, comprises a dielectric material which applies a

first stress. The dielectric material, in one embodiment, applies a tensile
[0025Btresk oneafenaklimtne, dielRciipdn @erfEOSmpidsas QoS atdopathaviifare of

a stress retaining dopant. Other types of dielectric materials are also

about 83S6fUGODNE. Shiess Bl M SRR feOIpRrLiO ACIMRN W OO MFFISES Nhe deposition
The concentration of N should be sufficient to retard stress degradation of

pressuiild ssilbon 3xids) b TorT ke dNpesfieegsiirationt inothe 306-TdrO TRXITUEGS fsw rate is
example, about 1E6 - 1E15 c/s (using SIMS measurement). Other N

about ¢000&iFatieNS0Arecalno Puskeiublly) gereralSthevhigietsthisobt 6000eEIIscem.
in the O3-TEOS, the higher its resistance to moisture absorption, thus

The TROS sdiivegstafitavstiess. {6024]00bermitaivapar sleppsifioab(C ¥t 3000 - 30000
process is used to form the O3-TEOS oxide. In one embodiment, the

scem. Ol BB axiake is dbometDd suboatsosphdriefGy(SHCY,D)owaeerss.about 10000
The O3-TEOS oxide, in one embodiment, is in-situ doped with N. To form

- 3500t ecbhdopech®©3mbadibeakide, gaseotistjpieoliBois dholudin@ @3 arESerably
TEOS carrier gas, and a nitrogen source are provided in the deposition

about ¢haifiser. Ahfonitiogeen source, tire dhlsvamtb ddiamant 6o mpHoHGe schiHa)dNRBferably
or both. Other nitrogen-containing species such as N2, NO2, NCI3, NF3,

about 3G0-BVOON2@B are also useful. The carrier gas can comprise, for
example, He, N2, Ar, or any other useful inert gas. 6 [0025] In one

[0026 Emb ddifaentg thd Y. dal edc@3-diElRQS oxideds depositededt ditempardtodenent, the
of about 350 - 600C. Preferably, the deposition temperature is about 400

excess dbRCriTheadepdsitiemoved by, for example, chemical mechanical polishing (CMP).

Other processes for removing excess dielectric materials are also useful. The CMP removes the

excess dielectric material and form a planar substrate surface, forming STIs 230. Typically, a

polish stop layer is provided on the substrate surface. The polish stop layer, for example,

comprises silicon nitride or a material which the dielectric layer can be polished selective

thereto. The polish stop layer can be the hard mask layer used to form the trenches.

[0027] A doped well 211 is formed after the STIs are formed. The doped well comprises

first type dopants. In one embodiment, the first type dopants comprise p-type dopants which

forms a p-type doped well. The p-type dopants can include, for example, B. Typically, the

dopant concentration of the doped well is about 1E10 — 1E14 /cm®. Conventional ion

implantation 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

STlIs.

[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



pressure is about 50 - 600 Tort, and preferably about 100 - 500 Torr. The
TEOS flow rate is about 1000sccm - 30000 sccm. Preferably, the TEOS
flow rate is about 3000 - 25000 sccm. The TEOS carrier gas flow rate is
about 1000 - 50000 sccm and preferably about 3000 - 30000 sccm. The

substr@3.floneraie isaRaul &9 R medf00EL8G6Me RigiBrahbartheai® 31 BavodatRyer over a
about 10000 - 35000 sccm. In one embodiment, the concentration of 03

thermi$ @bdutchte di¥ectncl Ipreferoyr ageytol @attbdacihmfersukogen s@ifiite The gate
the flow rate is about 200 - 5000 sccm and preferably about 500 - 3000

layers Se€pat[Oea]useietongeitibigl Athsexeasadietettiquaate ialisagaovedk 245, The
one embodiment, the excess dielectric material is removed by, for

gate s@xRIdechgmicalnchechanigizhpoistungn@MRy: fQthehpaticessesificrstors.
removing excess dielectric materials are also useful. The CMP removes

[0029the &xoessdlidlediffosivatesinbandmiih aplasareuhsiratensudacerregion of the
forming STIs 230. Typically, a polish stop layer is provided on the

substrstghsljaiens witeezaid elpolishesibpdiayatt, ibe exaropliraicahifirises islicdcomprises
nitride or a material which the dielectric layer can be polished selective

dopantkefetohtie graiks hypto pHay ex aaplbhaltbeduacel drdakdifysicnseditm fasmpities n-type
trenches. [0027] A doped well 211 is formed after the STls are formed.

dopanikhe flopen-ypd camprisesTiicst-type dtipaivts rénioneagerfoadirddiytjiipdafitsig n-type
type dopants comprise p-type dopants which forms a p-type doped well.

dopanheupktyp® depaltiocardindideoiothexastiple, B. Typically, the dopant
concentration of the doped well is about 1E10 -1E14 /cm2. Conventional

[0030]on iiplachatiopatech Aigues, feuakdasnithplsidtatidis witthe gaeskachn Hee dielectric
used to form the doped well. Other techniques are also useful. Optionally,

spacet)daiegenhplelcoarpheefaitined ptiateto Goaring th ef 8iElsc{G028it&efisraegiso useful
to Fig. 2e, the process continues to form a transistor 240 in the active

to form the spacers. To form the spacers, a spacer layer is deposited on the substrate which

covers the gate and substrate surface. An etch removes the horizontal components of the spacer
layer, leaving spacers on the sidewalls of the gate stack.

[0031] The diffusion regions can include shallow source/drain extensions (not shown) and
deep source/drain portions. The source/drain extensions can be formed before the formation of
sidewall spacers while 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



region 208 defined by the STls. To form the transistor, gate stack layers
are formed on the 7 substrate. The gate stack layers generally comprise
a polysilicon gate electrode layer over a thermal oxide gate dielectric
layer. Other types of gate stack layers are also useful. The gate layers

channélrecpitiesNe@ usingsearbertionalenask and gichsteshnfatiestapetomgates a
stack 245. The gate stack can be a gate conductor which is a common

tensilegatestofoa phirabitytahbisnsisths s{R02 Gh&o ieaie e slitfusinncegienrss silicon
247a-b are then formed in the active region of the substrate adjacent to

nitridéhe gate. In one embodiment, the source/drain diffusion region comprises
dopants of second carrier type. For example, the source/drain diffusion

[0033TegionhedMiDsesen dypa s departisitad@ii maipadrandistbMDheyertyebe planarized
diffusion regions are formed by implanting n-type dopants, such as P, As,

by, foSdx ahplecoNinatohethasdaid {FO8P]dniel eicisichs FMEY $a3bhlaa¢anliar metudnIn one
the sidewalls of the gate stack. The dielectric spacers, for example,

embodiaraip;isiec FNEDN it de p Rt dretyipa s vé die letideanigl einti cdeetatsmatsdfillcomprises
to form the spacers. To form the spacers, a spacer layer is deposited on

0O5-THOS dupsdratehvhichs cavars th e gate ancdstbsirdiadssufiee. Adtletctypes of dielectric
removes the horizontal components of the spacer layer, leaving spacers

materials Hre sliciewsatis ofliiesgate siadkin03igntha diffusidodagionscoatprises N.
include shallow source/drain extensions (not shown) and deep

[0034 sour d&d paoe e rtianmubh é g burtaéidiakkerextersions carthbedormosdbeioreansistors.
the formation of sidewall spacers while the deep source/drain portions are

For extonpledthét@Mbel spade isaeental nedeaM etaltsdidide conteate?a@ baledbare then
formed on the gate and diffusion regions. The metal silicide contacts, for

filled exdmpieluconeprisenitkeldilicidengsietactsf @ihereypenaftsnetaldsilimdbprocesses
contacts are also useful. To form the metal silicide contacts, a metal layer

are pergoiongibe onnipéesuthsti@tef@nckample, additional interconnect levels, final passivation,

dicing, and packaging.

[0035] Providing a high tensile PMD layer increases electron mobility, leading to improved
nFET performance. Alternatively, a compressive layer can be used to enhance hole mobility and
pFET performance. As described, introducing dopants into the high tensile silicon oxide film,
according to one embodiment of the invention, retards moisture absorption of the film to prevent
degradation of its tensile stress characteristics.

[0036] The process continues to complete fabricating the IC. For example, the process
continues to form interconnects, additional interconnect levels, passivation layer, dicing,
assembly and packaging.

[0037] Fig. 3 shows the chemical reactions that occur during the CVD process to form the N-
doped high tensile O3-TEOS oxide film. First, O3 and TEOS react to form silanol (Si(OH)y).
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



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
condefRnmadHRMEE) Bulispeateil dive todscoafoByatyhoRs: D8] Subspaba @ atoms, there
transistor and applies a first stress on the 8 channel region of the
are ledd aNsidardvedidativtipe. Jas . rdde dv sheressyitarrexamplengsnmppses with O atoms
tensile stress for a n-type transistor. The stress liner, in one embodiment,
from ©@9ropugadHsaon wiiteidenfRIEsT res Rivilsulayge codepsdi@;sDbSisdigsantroved
transistor. The PMD layer can be planarized by, for example, CMP. Other
resistamethgaia fomplanasiabing e P MBildyemadegadgde thsafubshra@betion of the layer.
embodiment, the PMD layer applies the first stress. Preferably, the
[0038]ieleptsidavaiesinlthoaypiss; J3:DE OS dtappdisvithiensikessesstainirzgchannel of n-
dopant, as previously described. Other types of dielectric materials are
type tralsgsusefid emhenséreasicetiavhili yopealettiomnd renhgdi@nTEOS prikischh be used
[0034] The process continues by forming interconnections to the contacts
to forrafShés tiadeisRIVED . Fdicdxample; then Mz ihyaensipatigrod @ jolEi©8texide can be
contact holes. The contact holes are then filled with conductive material,
used osuchyas teumgstens toidorm adietcelyndtistiAg ditionai-finocessesThee-type transistors
performed to complete the IC, for example, additional interconnect levels,
may bfimakpassivatiooy, wditingidan g-pgekaging: B0 3Bhdretmiclitg: aldpgh @ASHOS oxide
PMD layer increases electron mobility, leading to improved nFET
can adpenfiapeante bAlisrddtivbhtha¢gpepnes pirgpayancariie used to enhance
hole mobility and pFET performance. As described, introducing dopants
[0039]nto thkehigletansilasillsoentadedilm other specific forms without departing from the

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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according to one embodiment of the invention, retards moisture
absorption of the film to prevent degradation of its tensile stress
characteristics. [0036] The process continues to complete fabricating the
IC. For example, the process continues to form interconnects, additional

What iptgiemraect levels, passivation layer, dicing, assembly and packaging.
[0037] Fig. 3 shows the chemical reactions that occur during the CVD
process to form the N- doped hightensid$O3-TEOS oxide film. First, 03
and TEOS react to form silanol (Si(OH)4). Some of the hydroxyl (OH)

1. groupsdprifelsiand de) wphpeschpy nitrogen (N) derived from the
nitrogen source, forming N doped silanol. Thereafter, N doped O3-TEOS
oxisiebisriosmed fparmiS cond apsaianrbaiweembll doped silanol molecules.
By replacing OH groups with N atoms, there are less nhumber of OH
groipsistbisiigadiee o tinaepatentiat for t-hgioe pseiom dndtisithi @ aaRiag a channel
from O3 to form H20 (or water) molecules. As a result, the N doped

regionQ3-TEOS has improved resistance against moisture absorption, which
can degrade the stress retention of the layer. [0038] As described, the
dopectin 3¢ OISt i degapplies priensile BEHOSsoid db @ chagnshebnrctyeng dopant,
transistors to enhance carrier mobility of electrons. The doped O3-TEOS

the O-ORit@Scaxi dei udedt s to fiosrstiE§is mtiad/oh D rdMderhaf/ehalsanfiitod that the
tensile doped O3-TEOS oxide can be used on p-type transistors without
adversely affecting their performance. The p-type transistors may be
narrow-width or wide-width p-type transistors. Therefore, the doped

2. OBRd EO& okinte 1oaheativahtagess styabengséchimit bobhpridyom aogkp-type
transistors. [0039] The invention may be embodied in other specific forms
without departing from the spirit or essential characteristics thereof. The
foregoing embodiments, therefore, are to be

3. The IC of claim 2 wherein the nitrogen comprises a concentration of about 1E6-1E15 c/s.

4. The IC of claim 1 wherein the transistor comprises n-type transistor and the first stress is

tensile stress.

5. The IC of claim 1 wherein the transistor comprises p-type transistor and the first stress is

tensile stress.

6. An integrated circuit (IC) comprising:

a substrate having active and isolation regions;

a transistor disposed on the substrate in the active region, the transistor having a channel
region; and

a dielectric layer disposed on the substrate and the transistor,

11



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
clhaliseiaretiriandad 40 dae soIbiaaedddidareinhd QiVideati ¢S Hjaiveshpsises O; TEOS
CLAIMS 1. An integrated circuit (IC) comprising: a substrate having active
oxide anviigalatiRBsRYIDNISalha iy rsGIONEKixposkid anlteessubsirateds iinéhe channel
active region, the transistor having a channel region, wherein the isolation
region’egiae eampriges O3-TEOS oxide having a stress retaining dopant, the
O3-TEOS oxide induces a first stress in the channel region of the
transistor. 2. The IC of claim 1 wherein the stress retaining dopant
comprises nitrogen. 3. The IC of claim 2 wherein the nitrogen comprises a
7.  cOhedaikstinof @bdetclic thd Eitfecisc Mydih@ipofaiaiprdmgraisidbaic (PMD)
transistor comprises n-type transistor and the first stress is tensile stress.
layer. 5. The IC of claim 1 wherein the transistor comprises p-type transistor and
the first stress is tensile stress. 6. An integrated circuit (IC) comprising: a
substrate having active and isolation regions; a transistor disposed on the
substrate in the active region, the transistor having a channel

8. The IC of claim 7 wherein the stress retaining dopant comprises nitrogen.
0. The IC of claim 8 wherein the nitrogen comprises a concentration of about 1E6-1E15 c/s.
10. The IC of claim 6 wherein the transistor comprises n-type transistor and the first stress

is tensile stress.

11. The IC of claim 6 wherein the isolation region comprises shallow trench isolation region.

12. 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 O3 TEOS oxide having a stress retaining dopant to form an
isolation region in the substrate; and

forming a transistor on the substrate in the active region.

13. The method of claim 12 wherein the stress retaining dopant comprises nitrogen.
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region; and a dielectric layer disposed on the substrate and the transistor,
11 wherein at least one of the isolation region or the dielectric layer
comprises O3-TEOS oxide having a stress retaining dopant, the
O3-TEOS oxide induces a first stress in the channel region of the

14. trEnsisiehod Jheakch oBclaistetnwienair tbe cialpeilis lay@iceampiisestabout 1E6-
pre-metal dielectric (PMD) layer. 8. The IC of claim 7 wherein the stress

1E15 ¢gtaining dopant comprises nitrogen. 9. The IC of claim 8 wherein the
nitrogen comprises a concentration of about 1E6-1E15 c/s. 10. The IC of
claim 6 wherein the transistor comprises n-type transistor and the first
stress is tensile stress. 11. The IC of claim 6 wherein the isolation region

15. camprhigesodhdlawirireachhseliatiie GRIBIOSlekideiathoduaidplticatingi@dgen to
integrated circuit (IC) comprising: providing a substrate having an active

form NegppedaDg BRQpexitg in the substrate adjacent to the active region;
filling the opening with O3-TEOS oxide having a stress retaining dopant to
form an isolation region in the substrate; and forming a transistor on the
substrate in the active region. 13. The method of claim 12 wherein the

16. srassiataidiofjcttapant edmpiisbsdoiptag®n THAS 4xithesrfigihed ©f claifical vapor
13 wherein the nitrogen comprises a concentration of about 1E6-

deposition.

17. The method of claim 16 wherein the N doped O3 TEOS oxide id deposited at a

temperature of about 350 — 600°C and pressure of about 50-600 Torr.

18. 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 O3 TEOS oxide

having a stress retaining dopant.

19. The method of claim 18 wherein the stress retaining dopant comprises nitrogen.
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1E15 c/s. 15. The method of claim 12 wherein the O3-TEOS oxide is
in-situ doped with nitrogen to form N doped O3-TEOS oxide. 16. The
method of claim 15 wherein N doped O3-TEOS oxide is formed by
chemical vapor deposition. 17. The method of claim 16 wherein the N

20. dopetBolDSxids fhdepasiestiataptempariulie el @iauteddthd @ iner
and pressure of about 50-600 Torr. 18. A method of fabricating an

layer dntegraiesteircuid ieansBmppaingodmvidiaghz supBtiaiehaving 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 O3-TEOS
oxide having a stress retaining dopant. 19. The method of claim 18
wherein the stress retaining dopant comprises nitrogen. 13 20. The
method of claim 18 further comprises providing a dielectric stress inducing
liner layer on the substrate and transistor prior to forming the PMD layer.
14
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