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as during deposition of the silicon 0x1de 11ner 15 by low pressure chemlcal vapor deposmon, typlcally at a

temperature of about 700°C or higher, dopant impurities implanted into the source/drain extensions 13, such as
25 P-type impurities, particularly boron (B) impurities, diffuse and segregate in the oxide liner 15. Such diffusion
loss from the source/drain extensions are manifestly disadvantageous, as by increasing the resistance of the
source/drain extensions. A prior attempt to resolve this problem comprises ion implanting the dopant
impurity, e.g., B or BF,, at an increased implantation dosage in order to compensate for the diffusion loss.
However, this approach disadvantageously results in a deeper junction depth (X;) which is inconsistent with

30  the continuous drive toward miniaturization.
Another disadvantage attendant upon conventional practices is that the use of oxide liner 15 to
prevent substrate surface damage requires the use of a material for the sidewall spacer which can be
selectively etched with respect to oxide liner 15, such as a silicon nitride or a silicon oxynitride which have a

high dielectric constant (k), e.g., in excess of about 7.
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t he corfjfellseacpionde comprtistindient s of the pr esent inventi on | ncI ude
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side surfaces of the gate electrode and the upper surface of the substrate by decoupled plasma deposition,

25 depositing a silicon nitride liner directly on the silicon oxide liner by decoupled plasma deposition, and then
forming a layer of spacer material on the silicon nitride liner. Decoupled plasma deposition of the silicon
oxide liner layer and silicon nitride liner layer is implemented at a temperature not greater than about 400°C,
thereby minimizing exposure of the substrate to an elevated temperature in order to reduce diffusion of
impurities out of the shallow source/drain extensions. Anisotropic etching is then conducted to form the

30 sidewall spacers. Etching is then implemented to selectively remove the portions of the silicon nitride layer
and silicon oxide layer from the upper surface of the gate electrode. Embodiments of the present invention
further include forming the sidewall spacer from silicon dioxide, thereby enabling a reduction in the
capacitance of the resulting structure vis-a-vis a structure comprising silicon nitride or silicon oxynitride
sidewall spacers, thereby enhancing operating speed.

35 Additional advantages and aspects of the present invention will become readily apparent to those
skilled in the art from the following detailed description, wherein only the preferred embodiment of the

present invention is shown and described, simply by way of illustration of the best mode contemplated for
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Decoupled plasma deposition basically comprises techniques wherein a plasma is generated in a

25  region or chamber remote from the region or chamber wherein actual deposition occurs, as in a separate
chamber. The plasma generated vapors are then transported to the deposition region or chamber. Hence,
deposition may be implemented at a lower temperature than the temperature at which the plasma is generated.

The use of such lower temperatures prevents diffusion of impurities out of the shallow source/drain
extensions, thereby enabling a small junction depth to be maintained. Moreover, by conducting decoupled

30  plasma deposition, the substrate is not exposed to plasma conditions, thereby minimizing substrate damage
with an attendant improvement in transistor performance/reliability. Thus, by depositing the oxide and nitride

liners by decoupled plasma deposition, the substrate is not exposed to the elevated temperature and plasma
conditions as when depositing the liners in the same chamber in which the plasma is generated, as when the
substrate is positioned under the generated plasma. And the oxide liner portion can be made very thin to

35  minimize dopant segregation into the oxide liner.
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pr oces $dyer@s netyenlziepasitgd| bg enatyda plasmadeposition at a temperature less than about 400°C on silicon
nitride layer 24, as at a thickness of about 50 A to 200 A. Advantageously, during such low temperature
30 decoupled plasma deposition techniques, substrate 20 is not exposed to plasma conditions with an attendant
improvement in transistor performance. Moreover, the use of a low temperature during decoupled plasma
deposition and thin oxide liner avoids diffusion of B from shallow source/drain extensions 23 into the
composite liner 24, 25, enabling the formation and maintenance of a shallow junction depth (X;) of about 200

A to about 300 A.
35 Subsequently, as schematically illustrated Fig. 3, a layer of spacer material 30 is deposited, such as
silicon dioxide. Adverting to Fig. 4, anisotropic eiching is then conducted to form sidewall spacers 40,

typically at a thickness at the substrate surface of about 600 A to about 1,200 A. Advantageously, silicon
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The present invention enables the fabrication of semiconductor devices exhibiting improved
transistor performance and shallow junction depths (Xj), e.g., of about 200 A to about 300 A, with reduced
capacitance and, hence, increased operating speed, by employing silicon oxide sidewall spacers.

30  Embodiments of the present invention avoid exposing the substrate to elevated temperatures and plasma
conditions during liner depositions, with an attendant improvement in transistor performance consistent with
the continuous drive for miniaturization.

The present invention enjoys industrial utility in fabricating any various types of semiconductor
devices. The present invention enjoys particular industrial utilizing fabricating high density semiconductor

35 devices with a design rule of about 0.12 micron and under having increased operating speed.
In the previous description, numerous specific details are set forth, such as specific materials,

structures, reactants, processes, etc., in order to provide a better understanding of the present invention,



damage to substrate 20. Subsequent processing includes selective renoval of
portions of the silicon nitride I|ayer 25, as by etching wwth HF or a

buf f er ed wwiodes#srh, and then renoval of silicon oxide | apemr/uddz/41831 Wit h
hot phosphoric acid, fromthe upper surface of gate el ectrode 21 and
substrate 20. lon inplantation is 5 conducted to form noderately or heavily

doped $OMVELMEFBlch ikve@ioR B bd prabR&dAithbMesbifind B ehe Abthild GhedtiBallly Isdt Upthr Bt &ke 1 N
Fig. 4 or or. subsequent to.renDV|g%w%he ortlgns o;ﬁglllco nitride

. Ppri
| ayer 2“3853‘??:1 Whreewh PESEEE PaGAls At PIBIfies: Fee aphhen <l e‘“o‘?rgegja‘ioé to
el ect r odeceshrily Absotrh e presamtdmneitive aspect conprises the formati on of CMOS
devices wit i . ' ' / ; :
ot raggg eifbafibth! @M i RhoR and Bt 2R LGSR @gllﬁsgvgg?m are Sofn

aboyt 1.8 to_abou . obj ective is achieved by enba nts wnerein
the? 16"hdeeRiRtd ipfhe greseniaisclopiie- At siie beiwdergigadthapibe pewpf iveation 4y Geadlest uedp | ayer
and subsiongdteer b@ntadfidhs hrddntiOnbéksamass dapidlelf eahge Ot naadicdtiohewimlhd dcbje@s. The
anount 4of straln. c ﬂeP%a%ﬁQ&?ﬁered by specific concentration adjustnents to
keep the transistors“matched, - For exanpl e, adverting to Fig. 5, a CMOS
structure is schematically illustrated conprising a p-channel transistor
and an n-channel transistor formed on substrate 50, typically Si. A layer
51 of Si-Ge-Cis fornmed on Si substrate 50 and a strained Si |layer 52 is
formed on | ayer 51. Layer 51 may be 15 formed at an appropriate thickness,
such as about 100 A to about 200 A, while layer 52 may be fornmed at an
appropriate thickness, such as about 100 A to about 300 A. The p-channel
transi stor conprises a gate electrode 54A fornmed on gate dielectric |ayer
53A with shal |l ow source/drain extensions 56A and noderate or heavy
source/drain regions 57A, typically after form ng sidewall spacers 55A The
n-channel transistor conprises gate electrode 54B fornmed on gate
dielectric layer 53B, shallow source/drain extensions 56B and 20 noderate
or heavy source/drain regions 57B, typically formed after form ng sidewal |
spacers 55B. Alternatively, ion inplantation may be inplenented prior to
etching to formthe sidewal|l spacers. Layer 51 conprises Si at a
concentration of about 60 to about 90 atomi c percent, Ge at a concentration
of about 10 to about 40 atom c percent and C at a concentration of about 1
to about 10 atom c percent. By adjusting the amounts of Si, Ge and C

Wi thin these conpositional ranges, the strain in the Si layer 52 can be
adjusted to 25 bal ance el ectron and hole nobility, thereby maintaining the
N P drive current ratios within an acceptable range of about 1.8 or, e.g.,
about 1.8 to about 2.5. The present invention enables the fabrication of
sem conduct or devices exhibiting i nproved transistor performance and

shal l ow junction depths (X), e.g., of about 200 A to about 300 A wth
reduced capacitance and, hence, increased operating speed, by enploying
silicon oxide sidewall spacers. 30 Enbodi nents of the present invention
avoi'd exposing the substrate to el evated tenperatures and pl asna

conditions during liner depositions, with an attendant inprovenent in
transi stor perfornmance consistent with the continuous drive for

m ni aturi zati on.



The present invention enjoys industrial utility in fabricating any various
types of sem conductor devices. The present invention enjoys particular

i ndust ri aWOuwBios4981 ng fabricating high density sem conduct ®CT/U382/¢89i ces
with a design rule of about 0.12 m cron and under having increased
operating speed. In the previous description, nunmerous specific details are
set forth, such as specific materials, structures, reactants, processes,
etc., wWporg@enraigepi®9vi de a better understandi ng of the present invention

5 WD 03/ 054952 PCT/ US02/ 41331 however, the present invention can be
practiced w.thout resortlnggto t he. detalls specifically set forth. In other

i nst ances, wel | - KSR PPEEELeP Sy B Eri al s and techni ques have not been
descri bed |mzﬁdeMnm@(ﬂmdmwunmkaa@garp%wambmmumuhmhéapwswﬁnﬂﬁhwﬂemEMQn

Only tgghgﬁ@gﬁgﬁgghgapgg&pent of the invention and but a few exanples of
its versatil are shown and described in the gresent di sclosure. It is

to be under ¢t 6866 tirea 24 KRR sl epracsriR) dift s3relicoddparrS M6 PRrs & fofe oh B i ous

ot her ewsthikenad)j ons and environnents, and is capabl e of changes or

nodi ficatio inventive concept as expressed
norein. 6 wbiEoR B O SRR e Eﬁ‘ééﬁ]’e WHAT IS CLAIMED IS: 1. A
seniconductéﬁmﬁﬁﬂﬁﬁﬁﬂéﬁ%ﬁnm%WW@?m@?@@te el ectrode (21), having side
surfaces, over an upper surface of a substrate (20) with a gate dielectric

| ayer (24) ther eltmaémmanduaardamedecofdmgecrclz(nM)wt@feni he side surfaces of the

gate el ectr 2 u rface of the substrate (20); a nitride
liner (25) gﬁ F& %%r %PE%S&% %gand a sidewall spacer (40) on the

nitride I|néﬁnﬁzEﬁmﬂﬁﬁﬂ¢W@ﬂ§éﬁ%@®nﬁﬁbﬁﬁﬁ devi ce according to claim1,

wherein:  t R sRxbAQpdeé M) cdngiges & QR bA&S sifdoh hiGRB oXicthxyditi@e. ni tri de |iner
(25) conprises silicon n|tr|de and the sidewal | spacer (40) conprises a

silicon oxi c:! ) SI"[lhe geoncorrll uct rcﬁjaw € acco?dm tC lecB(XIQer?l he 51dew31'1 Sp, %b 4§Fm Cos%g uct or
devi ce according to clalm erern e side T f frises a

si |i consiisongeide.4, The senlconductor devi ce accordlng to cla|n13 wherein
the silicon oxide sidewall spacer
4. The semiconductor device according to claim 3, wherein the silicon oxide sidewall spacer

(40) has a dielectric constant (k) no greater than about 3.9.

5. The semiconductor device according to claim 2, comprising shallow source/drain extensions
(23) in the upper surface of the substrate (20) on each side of the gate electrode (21) under the sidewall spacer

(40), wherein the source/drain extensions (23) contain a P-type impurity.

6. A method of manufacturing a semiconductor device, the method comprising:
forming a gate electrode (21), having side surfaces, over an upper surface of a substrate (20) with a
gate dielectric layer (24) therebetween;
forming a composite liner comprising:
an oxide liner (24) on the side surfaces of the gate electrode (21) and the upper surface of the
substrate (20); and
a nitride liner (25) on the oxide liner (24); and

forming a sidewall spacer (40) on the composite liner.

7. The method according to claim 6, wherein:
the oxide liner (24) comprises a silicon oxide;
the nitride liner (25) comprises a silicon nitride; and

the sidewall spacer (40) comprises a silicon oxide, silicon nitride or silicon oxynitride.



(40) has a dielectric constant (k) no greater than about 3.9. 5. The

sem conduct or device according to claim2, conprising shallow source/drain
ext ensi orw0 0383952 n t he upper surface of the substrate (20rTarsor#&ch si de of
the gate el ectrode (21) under the sidewall spacer (40), wherein the
source/drain extensions (23) contain a P-type inpurity. 6. A nethod of

manufacturing a %M@&ﬂé&@&&lﬁg a%nce cothRinFRI-RAE e QI ANSpA& (40) Of Milkgn 2 gat e
over an upper surface of a substrate

el ectrod n surf ac

(20) Wlotxﬁ avmé fh%e%l‘ %36?1?(§)nolgée§7t§?t§a(‘§ﬂ‘)“t% erebet ween; formng a conposite
| i ner conprising: an oxide liner (24) on the side surfaces of the gate

el ectrode (21) aride misthodipering (y flaod, ofmprikieg depodiig rizet WicoR @ride Hred () by t ri de

l'i ner (d&ﬁ))lpl&ﬂ)lgsﬂg d%él% alt h @e%fper(ltgﬁ)no gi%glq thrjn(%()(mt Bh-@ aﬁi &L@m%n& the Qiﬁéb%roxﬁéo) on
t he conposi met hod according to claim®6, wherein: the

oxi de I é%4t> ?WYOUB]BW?W«QEPOEW%&F?E‘BWW ’H’éreaieht@a“ﬁ‘ib?'ﬁ‘ f®eS1 i ner (25)
conprises a silicon nitride; and the sidewall spacer (40) conprises a
silicon oxide, siThgethohidcridgle i rlaigi 7, icommisiny yoni itwpletidg a FZtyMOmp3it) 4862

PCT/ USQ@JII%\;%e/dﬁm eItQ&loﬁP&quthéﬁﬁbQF s@!f%goi{tl% sﬁl!)sﬁbtgb ), i?r%rﬁ?er éaé 'el@&o&eo(ﬁmagg the
si dewal | spacer (40) a silicon oxi havi ng a ectric constant (k) no
greateﬁ”FW%H3%ﬁ@ﬂ?n%mQ“mQOWThg”nethod accordi ng to claim?7, conprising
depositing the silicon nitride liner (25) by decoupled plasna deposi tion
at a tenperature no greater than about 400C and depositing the silicon
oxide |liner (24) by decoupled plasma deposition at a tenperature no
greater than about 400C. 10. The nethod according to claim?7, conprising
ion inplanting a P-type inpurity to form shall ow source/drain extensions
(23) in the upper surface of the substrate (20), using the gate el ectrode
(21) as a nmask, before formng the conposite liner. 8



