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as dunng deposmon of the s1hcon oxide liner 15 by low pressure chemical vapor deposition, typically 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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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 laiér 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. Anisoiropic 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 reduption 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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layer 25 is then deposited by decoupled plasma deposition at a temperature less than about 400°C on silicon

TS

~ 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 etching 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 (X)), 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, efc., in order to provide a better understanding of the present invention,



t he upper surface of gate electrode 21. Another inventive aspect conprises
the formation of CMOS devices with an NP drive current ratio 1in an
acceptabl e range, e.g., about 1.8 to about 2.5. This objectiyg ipipghi eved

by e”bOd'Wﬁgﬁﬁmﬁﬂg ein the 10 anmount of Si, Ge and Cin tﬁqj gfzg?tmeen
a strained cap Tayer and substrate is adjusted to bal ance 't fectron
and hole nobilities. The anpbunt of strain can be englneered by speC|f|c

concentration adjustments to keep the transistors matched. For exanpl e,
adverti H@W‘TVB‘ fer pfesent invgntioR/ess @PF“&‘&“P‘EJ Fithopresorting toghe detatly specificpllysset fathn o other
conpri Simgnas, Pwalianwme [procdsans natefidls andl t@fniqies RaBN®t bbnadsdrbbdlin bremaet BN
substr aglgne%dsmt ﬁgscmkheﬁment ot l ayer 51 of Si-Ge-Cis forned on Si

substrate A Mg (?a er 52 is forned on | ayer 51. Layer 51 may
be 15 for med Qaly thnprefprnd opbodiment oﬂthecxlnmscsl ang b la fexsexatppiestof ite Qersatility aglseptn 200

A Wil and &ycﬁibecﬁg eséﬂ?dlgcw’sﬁf@ dre &t to B undBRIBELRA iR (pfesdnPinCBESIS capRbICHF BSinabout
100 A to abo p-channel transistor conprises. a gate el ectrode

u
54A f or m’%ﬂ}“’g a?nébn&fl@ns é‘t"t"r“?"@“f“&%’% prdsig oapaile of canges Pifpdifisatiqud s fbp scope of
ext ensi drsnvefife amckprmdarated hatin. heavy source/drain regions 57A typically
after formng sidewall spacers 55A. The n-channel transistor conprises
gate electrode 54B fornmed on gate dielectric |ayer 53B, shallow
source/drai n extensions 56B and 20 noderate or heavy source/drain regions
57B, typically formed after formng sidewall spacers 55B. Alternatively,
ion inplantation may be inplenented prior to etching to formthe sidewal |
spacers. Layer 51 conprises Si at a concentration of about 60 to about 90
atom c percent, Ge at a concentration of about 10 to about 40 atomc
percent and C at a concentration of about 1 to about 10 atomic percent. By
adjusting the anpbunts of Si, Ge and C within these conpositional ranges,
the strain in the Si layer 52 can be adjusted to 25 bal ance el ectron and
hol e mobility, thereby maintaining the NVP 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 conductor devices
exhi biting i nproved transistor performance and shall ow junction depths
(Xi), 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 avoid exposing the
substrate to el evated tenperatures and plasma conditions during |iner
depositions, with an attendant inprovenent in transistor perfornance
consistent with the continuous drive for mniaturization. The present
invention enjoys industrial utility in fabricating any various types of
.sem conductor devices. The present invention enjoys particular industrial
utilizing fabricating high density sem conductor 35 devices with a design
rul e of about 0.12 mcron and under having increased operating speed. In
the previous description, nunerous specific details are set forth, such as
specific materials, structures, reactants, processes, etc., in order to
provi de a better understanding of the present invention, 5 WO 03/054952 16
JUN 2006 .




PCT[ USO02/ 41331 however, the present invention can be practiced w thout
resorting to the details specifically set forth. In other instances,

wel | - known processing materials and techni ques have not been described in
order not to wunnecessarily obscure the present invention. gjgmgmﬁ
preferred enbodi nent of the invention and but a few exanples of Its
versatility are shown and described in the present disclosure. It is to be
undersgﬁgg¥§nat the present invention is capable of use in various other
conbi n and environnments, and is capable of changes or nodifications
Wi thin the scope of the inventive concept as expressed herein. 6 16 JUN

2006 AINB 1. té? W? of manuf ur $g tﬁ%n ucteg devi ce, the

net hod Conpﬁ@?ﬂ ofnbaP ﬁ&f"é%agfa%c"é“ ¢t ¥0Ge %2‘&6)‘ UEVPNY i de surf aces,
over an uppemnﬁmgigﬂeebauﬁe$MQSMngemezmﬁmmmthemtgﬁﬂemﬂmebeamecmbayer
(24) therebet a_.conp osite liner conprising: an oxide liner
(24) on’v@l‘i‘&a?\g%gecg’lﬁﬁyﬁ&%qg eb(eﬂ”é Yate el ectrode (21) and the upper surface
of the substfsmiigg { ddposi@tider@omprisirigde | i ner (25) on the oxide liner (24);
and formng a sidewall .s r (,40), on_the Si.t r aracteri.zed in
That the oxi de. | (GRS R (Fftan HitohedutirraRape ysFris 2 ond "RaRieAGF e no
greater thanfalewsuAdR0Gan?. The method according to claim1l, wherein: the
oxi de liner (24) conprjse the nitride |iner (25)
conprises a s.|.&&#1%tWt§%)maha “@tégMEWI spacer (40) conprises a
silicon oxi Cf@rmlﬁg | slamursptdét @le) ﬁﬁ'ths lcd)rhp‘c@ne meynhatrdtcte@teed i3 thal e okl Miaet and
accordllngl g f nkl or claim?2 gp rﬂi the sidewal|l spacer
(40) ofeIIgs {17 i %??6@3H3W$ﬁﬁnﬁnﬁ g@ﬁ'?‘émﬁé tant (k) no greater than
about 3.9. 4. The nethod according to any one of clains 1 - 3, conprising

dep05|t|ng the silicon nitride |iner (25) and silicon oxide |liner (24) by
decoupl ed plLemshad pserdmngdpclag 1, thmﬁethod according to claim?2, further

conpri si Ng ity oxid¥Pina4)Remprised HfiMdos BRAIE,O0W source/ drain extensions in the
upper surface qof .t t he ate el ectrode as a nmask, before

strate, usin
forming the RoHpgE! ?%%ﬁgﬁgﬁﬁm@aﬁgﬁglﬁgFﬁﬁﬁ according to any of the

precedi ng clid sidewald SREr $40) dorhiHled A 8ilicai bkt siflcdirityifkeor silidiiddyhiyrideo f orm
shal | ow source/drain extensions (23) in the upper surface of the substrate

(20), using the gate electrode (21) as a nask, before formng the
conposist e | imhefmethod according to claim 1 or claim 2, comprising forming the sidewall spacer (40) of a

silicon oxide having a dielectric constant (k) no greater than about 3.9.

4. The method according to any one of claims 1 — 3, comprising depositing the silicon nitride

liner (25) and silicon oxide liner (24) by decoupled plasma deposition.

5. The method according to claim 2, further comprising ion implanting to form shallow
source/drain extensions in the upper surface of the substrate, using the gate electrode as a mask, before

forming the composite liner.
6. The method according to any of the preceding claims comprising ion implanting a P-type
impurity to form shallow source/drain extensions (23) in the upper surface of the substrate (20), using

the gate electrode (21) as a mask, before forming the composite liner.

7. The method according to claim 6, wherein the P-type impurity comprises boron.



7. The nethod according to claim®6, wherein the P-type inpurity conprises
boron. 7 16 JUN 2006 8. The nethod according to claim7, conprising formng
the source/drain extensions at a junction depth (X ) of about 200 to
about 300 A. 9. The nethod according to claim2, conprisi ng:]ﬁdéiﬂb@ﬂ ing the
silicon oxide liner at a thickness of about 10 A to about 50 A 10. The

nmet hod according to cl ai m 1, corrpri sing depositi ng the nitride | i ner at a
tsglmcggﬁiizﬁcggl}he gxegl%té élécg)ro 11, to cﬁu Oytcorzng()%lrelg ec{r]rrentélh our %(]_l)afn%ﬁtenswns ata Jalnctlon
urfaceEpth@@eofaamtap(pénomntfﬁ)oé of a substrate (20) with a gate dielectric
| ayer (24) therebetween; an oxide liner (24) on the side surfaces of the
gate el ectrode (21) and the upper surface of the substrate (20); a nitride
i ner (25) dihetrethodxdcdeirgitnenim(249mpriaing: a si dewal | spacer (40) on the
nitride lines ractelzed hat and nitride I|iner
re formed dEPaTTeHBATECLREBeGH A liapR abtPudB A S bt AT, The

sem conduct or device according to claim 11, vvherel n: the oxide Iiner (24)

and.t nadsi aclBTouReEF s Bt FEwtGeieb e Bninas e bbb e or

si | i conbaxgnidtts aigat 2003 onlthe odéntireonduct or devi ce according to claim 11l or
claim12, wherein the sidewall spacer (40) conprises a silicon oxide. 14.
The sem conduct or device according to any one of clains 11 - 14, wherein
t he siliicon Aoseirrd@mdl(cﬂ#)ie\acred:ombﬂisiimgon nitride (25) lines are deposited by
decoupl ed pl as enm conduct o

PP sy PP UsRBRD: Plinesh shlre B SORTEr LPeeco 4S5y R 12 RANG 548,

SurfaCeiidlﬁctrtch@/esalb)sﬂléraﬁeawc(eRO) on each side of the gate el ectrode (21) under

;hg_ tS ;ggwlalrrlﬁl] %(ﬁ (&éﬁ (?n "the side surfgces o?thse%g{e%?/ 9(]; eI (91) re]:Sulpgerllssur(fzg)of &ont ain
substrate (20);

a nitride liner (25) on the oxide liner (24); and
a sidewall spacer (40) on the nitride liner (25) characterized in that the oxide liner and nitride

liner are formed at a temperature no greater than about 400 °C.

12. The semiconductor device according to claim 11, wherein:
the oxide liner (24) comprises silicon oxide;
the nitride liner (25) comprises silicon nitride; and

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

13. The semiconductor device according to claim 11 or claim 12, wherein the sidewall spacer (40)

comprises a silicon oxide.

14. The semiconductor device according to any one of claims 11 — 14, wherein the silicon oxide

(24) and silicon nitride (25) lines are deposited by decoupled plasma deposition.

15. The semiconductor device according to claim 12, 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.




