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[0002] Integrated circuits (ICs) typically comprise numerous circuit components interconnected
to perform the desired functions. Such circuit components include, for example, transistors such as
field effect transistors (FETs). 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 FETSs 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
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[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.
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[0012] Pr OR& NERdEa EreadscRtibyal Mesvp O PREddioaRd afi [@3 00 ireambidasce with one
embodiment of the invention. The IC comprises a substrate 105. The substrate comprises 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
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[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



openi ngs corresponding to |ocations where STl trenches
are to be funned. The nask, for exanple, conprises a
soft mask such as photoresist. The photo resist can be
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materi al which
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 O;-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, N and

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

inert gas.
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dopants ﬁg&lﬂfs lgfz}g %? R YRS b ﬁ%r?ﬂ"le?e% nt to the gate. In one

he “source/ dr ai n ffusion region
ses dopant

ri arrjer.t . For a
(00301 e DIk Re APEr ASARTY HERGNoR LG el el br e ééteﬁtafg R Sielcctric
dopants to formn-type tranS|stor The n-ty
spacersy ffgrfexgmple. pegpoyessiligoa mtsidere @thsy tynep Phdicl eﬁfgwﬁn%t%fés are also useful
dopants, such as P, As, Sb or a conbination thereof.
to formilhe 3pdderse Iiéncformahsﬂacas,sa Pdéerazyer fsaddppettdon thdhabstrate which
sidewal I s of the gate stack. The dielectric spacers,

covers ftlQ’I %a@dﬂ{mﬂu@strﬁ@ Bfice e ASi dtdtC@thoRtd the Gierizddidl @bmpypess 6f the spacer
ectric materials are also useful to formthe

iRk BuLharsR e stiekSpacer layer is
layer, lg %lgl%%g%fzgﬁ t{]e subsstrg;;egév\%?ch COVETS the gate and

sur noves_the.hor t
oo 3 R s b PP s BlskER ot prwm and
sidewal I s of the gate stack 0031] The diff 0 .

deep SquBE G ROAHON YFAEUE B TS S P e e Bisformation of
(not shown) and deep source/drain portions. The

sidewatlpacsey whidé thealeer smirevidraioqertvensfage e afterrthe sqeers are formed.
foirnation of sidewall spacers while the deep

Metal shitide edrdias 2S5 Peant bedbamat @ the paedind fdiféusidnhegiopa cEismatabsilicide
formed. Metal suicide contacts 258 can be forned on

contactshr 9R4rEplan@nehirlst Wadkersili @& @sacts! NOtheEllypés SFuh&hldelicide contacts
contacts for exanple, conprise nickel “suicide

are als§ ﬁ&tﬁ?lc by fo&@m&%ﬁ?rﬁnﬁ?ﬁé c&ﬁ%&% a5 lgfer%)fyi’xﬂ‘é& on ﬂgeesubstrate and

SO usefu sul ci de cont acts,
on th e, and, anne

: s fpo .
annealfoggyee? ot T s iR eHE Tl R UBR S GuBPPL e RSB, taving the
~Unreacted netal are renoved, |eaving the suicide
silicideenmtasts: s .
[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



[0032]In Fig. 2f, a PMD layer 290 is tbtiiied on the
substrate. In one enbodi nent, prior to formng the PMD
| ayer, a dielectric stress inducing liner |ayer (not
shown) can be fotined on the substrate The |i ner

conf or s the.sub tr nsi stor. and .
channefZ8RoR e raastot Sepealf il dhedindifrars ?%rgﬁxswpéef ke
transi stor beneath the gate The first stress
tensile grespiire n-BERPRNLE ST aTlaee%geﬁ linegy inagig epbpod wwt,t%?wnses silicon
transi stor. The stress liner, in one enbodi nent,
nitride.conpri ses silicon nitride. [0033] The ENID | ayer covers
the substrate and transistor. The PMD | ayer can be
[0033] pl anarPMedabat,cot o tiexaitpthrae akdMPansdtdre IThedtVIDdsydr @an be planarized
pianarizing the PIVID | ayer are al so useful, in one

by, for EXRQSE E@AP, Gth& IM:tPO(Il@ﬁ()?f)laﬁﬁ’fﬁ’ilhﬁﬁletﬂMDflb}Ve?tareﬁl&ﬁ%ﬁﬂ In one

Prefeerably, the dielectric material conprises

embodlgléaglg Sheo Igllib %I?S,lrtar %fés t@gt@ t@gl 3| ec%%l%ap:fyl’ra Sdl@lr | gr?ﬁgér}/al comprises

eria

seful. The stress retainin, ant, ne . )
0+ TEGH s a SEEHBFRINTE 4gpaply e%arf‘ﬁ??&gps Htibe Qﬁtﬁr fipss of dielectric
by fornlng i nterconnections to the contacts of the
materialy agp glsg uartsl. Horstissarepieing dheantipona gabodisophcomprers N.
to create contact holes. The contact holes are then
[0034] f i | Tledbrokdsh camimliwe by Yantimg etéradnnestiogls tashet aongstsarf the toansistors.
forminterconnects. Additional processes are perforned

For exalfpl& IPPRILE1akEE s hGiterhd torored®Léntact®eliek] TRAkontact holes are then
i nterconnect | evels, final passivation, dicing, and

filled w@lﬂ%ﬁ@ﬁ&ig/e ét}a%}?h@] s%%ﬂgl%g*ng&er‘? t{;' 'f(ggwl ﬁl&@g‘ddn%ctyl Rdhg%g){ﬂ: pé%cesses

I NCr eases ectroon no ng to I nprove

t tivel ssive | an be. .

are perfiBec i B e Fona samn eg0 SR srerobet BYRn Rt piGivation,
descri bed, introducing dopants into the high tensile

dicing, gnq pekagidgi de film according to one embodi nent of the
invention, retards noi sture absorption of the filmto

[0035] pr eRmn'tdiItEfghigU atrisda PMD ilayst inermsdselestnon swobility, leading to improved
characteristics.

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 Os-TEOS oxide film. First, O; and TEOS react to form silanol (Si(OH)4).
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



100361The process continues to conplete fabricating

the I1C. For exanple, the process continues to form

i nterconnects, additional interconnect |evels,

passi vation | ayer, dicing, assenbly and packagi ng.
conden@fthlbiatgeen3N slopedsdaani waleculeacBy oapsacirtpa®Haroups vdtir Nagpms, there

the CVD process to formthe N doped high tensile

are less%’mﬂ_g@%f (%\flb §.I'This fekdli&ds thdpotanial fe B ERABE td Borldaril O atoms
si | anol onme of the hydroxyl (OH) groups in the

from O3 't(]) A H% orW@ﬂéﬁ?ﬁﬂeéﬁYesn AsT299 ﬂ}DN qgjl‘;édv@ dTEb@'ﬂaB lﬂﬁproved

I trogen source orm ng ope er ea

03- TE cond
reswtalbc&e\%%@ﬁt ROSHE C@ngﬁgﬁowﬁw%fa%ﬁ?%@e tﬁ"s Streéar‘?%fﬁl %ﬁw layer.
W th N atons, there are |ess nunber of
[0038] gr an gosoriged, thedorad O REOS srklerapalicsraienis syesp gt,hq @annel of n-
bond with 0 atonms fromO03 to form H2O (or water
type transistusiiceenhanes e guehilitytdieletrowsp sheoRPTECS oxide can be used
i nproved resistance agai nst noi sture absorption, which
to fornc8&NIsdagoad® D .hwy shave aiorfelreithatahe thsilddopedyBfTEOS oxide can be
[ 00381As descri bed, the doped 03- TECS oxi de applies a

used oﬁ Bppd arSistR$ §/1th9utta{dee@él9%ﬂ%tu%f th&r Féﬂ&ﬁiahf:@nﬁhesﬁ transistors
to enhance carrier nobility of el ectrons. The dope

may bR R o G P o R Ll P TR e R B TR TEDS ovice
can be 0 e transjs vvlthout adversely

R ad‘éﬂnfaegf?‘ﬂ%ég H%ﬂgrfgblé‘ilﬁgft%‘?ﬂ’:‘@ %515’8%6 DFISIOES- ¢ r ansi stor s

be narroww dth or w de-w dth E type transistors,

[0039] Th em pventionHaay| bp embodied rrmhensperilie {Hms avithohgrpatingfrom the
be used for both n-type and p-type transistors.

spirit ot 6§88tal lebaracterstics drerey The fewpang entbbdimsntsetherspee; 4ré to be
forms without departing fromthe spirit or essential

consid&Ba gl R&p&ts illastidtiee esther thitelihingghé igesiviodbserbitd hierein. Scope
therefore, are to be considered in all respects

of the 1'njvérﬂﬁ>'hr1§ﬂfu¥ triSed byink laPPerldBE clafh¥E %th&'ih'ﬂ?l%pﬂﬂe hsd %om g

herein. Scope of tHe invention is thus indicated

descnpglge g p n% ge%lt tgﬁ‘ne eﬁm?g [hetl‘{;l%% r%yanﬁl}gr\ﬁ rf%ﬁl? IV[fl:l%ncy of the

st |on anges

nmeani n nd range of_ equivalency of e clains are
claims jafg @W&gﬁﬁi‘)ﬂ)e q%ﬁ‘iﬁdéh%r 1% her ei n.
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is clained is: A nethod of fabricating an integrated

circuit (1C conprising: provi ding a substrate
havi ng an active region and an opening in the
substrate adjacent to the active region; filling

the opening with a first stress layer of 03 TEOCS oxide
having a stress retaining &ant to forman isolation
region in the substrate, the concentration of stress

i N dopant being sufficient to retard stress
Wh%‘é%?‘éﬁ%@%n of the first stress layer; and formng a

trapsi star .qn the substra LN actjve region. The
L et B}T%ogf()fgqb&c g %H%‘F%ﬁake tcﬁrgmép ‘régg(gm "ot &t ni ng &pain
conprises nitrogen.. 3. The nethod,of claim vvhgrein
{ NPT IEP8 GEHOBRAY Bedh 2CRGHEBRE AL FopPeginedp i Substate
~1E6-1E15 cis. 4. The nmethod of claim| wherein the 03
adjapEdo Hie 436 Ve BLIoRs si t u doped with nitrogen to formN
doped 03 TEGCS oxide. 5. The nethod of claim4 wherein
N ddpegthedpdifng Bithexirgetress liysr n£@s B OSwatdedaivinggpgess
deposition. 6. The nethod of claim5 wherein the N
retattOpedodat (HHEG axisdatibsregipas iteewibstate teawpemattioreosress
about 350 --- 600C and pressure of about 50-600 Torr.
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 c/s.

4. The method of claim 1 wherein the O3 TEOS oxide is in-situ doped with nitrogen

to form N doped O; TEOS oxide.

5. The method of claim 4 wherein N doped O3 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.

11



7. A nmethod of fabricating an integrated circa (1C)
conprising: providing a substrate having an active
regi on and an opening.e adjacent to the active region;
filling the opening with a filst dielectric materi al
to on an isolation region in the substrate; formng a
transi stor on he substrate in the active region; and
formng a pre-netal dielectrjc ﬁ&&D | ayer on the

7. suﬁ’smﬁfg‘f’é ng?énﬁqﬁ’é‘gtaﬁéﬂggrétleéﬂm‘? 7 conpri ses
a second dielectric material, . wherein at | east
ongrofidinge stbsirgte heying e aeitye regien ad 31 QPemiae &t thy|sybstrate
conprises a stressed 03 TECS oxi de |l ayer having a

adjas¢nt és theraetiwd mgiog; dopant, the concentration of stress
retaining &pant being sufliciern to retard stress
degilagtati operdiig #hie a Sikdt disediOBattiGo focinde ibelytém. reGoil hrethe
nmet hod of claim7 wherein the stress retaining dopant

sub&PPr i ses ni trogen. The nethod of claim?7
further conprises providing a. dielectric stress in

A ff@ﬁnih@ﬁ%fang%gfcfh%g ?ihﬁ&ﬁt@*ix?th%%&é Rpshsh@r prior to

formng~the
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
O; TEOS oxide layer having a stress retaining dopant, the concentration of stress

retaining dopant being sufficient to retard stress degradation of the stressed O3 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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