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present invention relates to the fabrication of integrated circuit devices,
and nore particularly, to a method of reduci ng secondary defect formation
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enhanced diffusion (TED) (see "Indium Transient Enhanced Diffusion", P.B.
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Indium, as a heavy ion, allows implantation to be carried out at higher energy with
smaller profile spread, providing better process control. The indium ion has large cross-
sectional area and, when implanted at high energy, causes much damage to the silicon lattices
compared to its boron counterpart. (See "Effect of End of Range on transient Enhanced
Diffusion of Indium Implanted in Silicon", T. Noda, Journal of Applied Physics, Vol. 88, No.
9, 1 November 2001.) This causes formation of the End of Range (EOR) secondary defect at

the tail end of the profile upon insufficient annealing. A prolonged soak anneal would cause
unuecessary dopant diffusion, undesirable for shallow junction formation. EOR defects when
present in the depletion region of the PN junction cause severe junction leakage. Additional
issues related to the indium ion include low dopant activation (see "Enhanced electrical
activation of indium coimplanted with carbon in a silicon substrate”, H. Noudinov, Journal of
Applied Physics, Vol. 86, No. 10, p. 5909, 15 November 1999) and transient enhanced
diffusion (TED) (see "Indium Transient Enhanced Diffusion”, P.B. Griffin, Applied Physics

Letters, Vol. 73, No 20, p. 2986, 16 November 1998 and "Evolution of end of range damage




Letters, Vol. 73, No 20, p. 2986, 16 Novenber 1998 and "Evol ution of end of
range damage | and transient enhanced diffusion of indiumin silicon", T.
Noda, Journal of Applied Physics, Vol. 91, No. 2, p. 639, 15 January
2002). Reports have shown that with the incorporation of carbon into the
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SUMMARY OF THE INVENTION

Accordingly, a primary object of the invention is to provide a method to prevent
formation of EOR secondary defects in the fabrication of integrated circuits.

A further object of the invention is to provide a method to prevent formation of EOR
secondary defects in connection with an indium halo implant.

Another object of the invention is to provide a method to prevent formation of EOR
secondary defects in connection with an indium halo implant through the presence of
substitutional carbon acting as a silicon interstitial sink.

Yet another object of the invention is to provide a method to prevent transient
enhanced diffusion of indium in connection with an indium halo implant.

Yet another object of the invention is to provide a method to prevent transient
enhanced diffusion of indium in connection with an indium halo implant through the

presence of substitutional carbon acting as a silicon interstitial sink.




Yet anot her object of the invention is to provide a nethod to prevent

transient enhanced diffusion of indiumin connection with an indium halo
i npl ant through the presence of substitutional carbon acting as a silicon
interstitial sink. 2 A still further object of the invention is to provide
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integrated circuit having a Substitutional carbon |ayer at the

i nt er sbitthabtadingrpifoud-THP ped apurcnend draic mgiomtaee iraplented in He starting wafer
adjacent to the gate electrode. Antimony or Indium is implanted to form halo implants
adjacent to the LDD regions and underlying the gate electrode wherein the halo implants
extend to an interface between the epitaxial silicon layer and the carbon-doped silicon layer
wherein carbon ions in the carbon-doped silicon layer act as a silicon interstitial sink for
silicon interstitials formed by the halo implants to prevent end of range secondary defect
formation.

Also in accordance with the objects of the invention, an integrated circuit having a
substitutional carbon layer at the interstitial amorphous-crystalline silicon interface of the
halo doping profile is achieved. The integrated circuit device comprises a starting wafer
comprising a bulk silicon substrate, a carbon-doped silicon layer overlying the bulk silicon
substrate, and an epitaxial silicon layer overlying the carbon-doped silicon layet. On the
starting wafer is a gate electrode. LDD and source and drain regions lie in the starting wafer
adjacent to the gate electrode. Indium halo implants lie adjacent to the LDD regions and
underlying the gate electrode wherein the halo implants extend to an interface between

epitaxial silicon layer and carbon-doped silicon layer wherein carbon ions in carbon-doped




hal o doping profile is achieved. The integrated circuit device conprises a
starting wafer conprising a bulk silicon substrate, a carbon-doped silicon
| ayer overlying the bulk silicon substrate, and an epitaxial silicon |ayer
overlying the carbon-doped silicon layer. On the starting wafer is a gate
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additional implant damage is introduced through this method.

A carbon implant by itself would inherently cause damage at the tail end of the
implantation profile. This causes additional damage which can be avoided if the carbon is
doped using the CVD method. Carbon doped by this method is substitutional and does not
require an additional annealing process. Fig. 4 illustrates the carbon implant profile 41 of the
prior art methods where carbon is implanted into silicon. The profile 41 is a skewed gaussian-
like distribution. Moreover, the smaller carbon atoms diffuse very fast making it difficult to
control the profile. Using the RPCVD method of the present invention, a much more precise
and accurate doping profile is obtained, as illustrated by 43 in Fig. 4.

In the process of the present invention, a layer of substitutional carbon is introduced
into the starting wafer before device fabrication. The method used is RPCVD to dope a layer
of the silicon with carbon prior to growth of a silicon epitaxy layer. The carbon-doped layer
is to be placed at the interstitial rich amorphous-crystalline silicon interface of the heavy ion
(antimony or indium) halo doping profile in order to prevent formation of FOR secondary
defects. The invention applies to both N and P MOSFETs; however, the halo dopant species
for PMOSFETs is usually antimony, a heavy ion.




and accurate doping profile is obtained, as illustrated by 43 in Fig. 4. In
the process of the present invention, a |layer of substitutional carbon is
introduced into the starting wafer before device fabrication. The nethod
used is RPCVD to dope a layer of the silicon with carbon prior to growth
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hal o i Apleants will be formed to the depth of the carbon-doped |ayer. This
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present invention. W 'sem conductor device s ures are cated in
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to Fig. 3, shallow trench isolation (STI) regions 16 may be fornmed in the
subst r & eonvgninshrgthodscti ve areas. A thernal gate oxide layer 18 is grown
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si licon subsightyedd@d source and drain regions (LDD) 22 are formed within the substrate
adjacent to the gate electrode. Spacers 24 are formed on the sidewalls of the gate electrode
and source and drain regions 26 are formed in the substrate. The source and drain regions
extend through the carbon-doped layer 12 and into the underlying bulk silicon substrate 10.
Now, the heavy ions (e.g. indium or antimony) are implanted into the silicon layer 14
to form the halo regions 30. The catbon-doped layer 12 acts as a silicon interstitial sink to
prevent the formation of FOR secondary defects. The carbon-doped layer 12 also prevents the
transient enhanced diffusion (TED) of dopants which diffuses as through an interstitially
enhanced mechanism. This also applies to other dopants such as boron and phosphorus.
Diffusion is affected mainly by high temperature steps. As the presence of the substitutional
carbon digests the available interstitials, enhanced diffusion of the dopant which diffuses
through an interstitial mechanism is suppressed. This allows for improved reverse short
channel effects of the MOSFET. Indium normally has a very low electrical activation of
0.5%, but when co-implanted with carbon, the electrical activation of indium can be

improved to 30-50%. Substitutional carbon is even more effective in improving indium

activation than co-implantation.




Now, the heavy ions (e.g. indiumor antinony) are inplanted into the
silicon layer 14 to formthe halo regions 30. The carbon-doped | ayer 12
acts as a silicon interstitial sink to prevent the formation of FOR
secondary defects. The carbon-doped | ayer 12 also prevents the transient
enhanced di ThekilonmpEREB)aretxadyantte cattionHaytirf buisksy msy tibaopgherafon the
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i nterf@ﬁ%nﬁ(ﬁnthe heavy ion hal o doping profl I e. Wiile the invention has
been particularly shown and described with reference to the preferred
enbodi nents thereof, it wll be understood by those skilled in the art that
various changes in formand details may be nade w thout departing fromthe
spirit and scope of the invention. 6 it Wat is clained is: 1. A nethod
of fabricating an integrated circuit device conprising: providing a bulk
silicon substrate,;




depositing a carbon-doped silicon |ayer on said bulk silicon substrate,;
growi ng an epitaxial silicon |ayer overlying said carbon-doped silicon

| ayer to provide a starting wafer for integrated circuit fabrication; and
fabricating said integrated circuit device on said starting wafer by the
steps conpWisi gclaifiednd:ng a gate el ectrode on said starting wafer;
inplanting LDD regions within said epitaxial silicon |ayer adjacent to said
gate @] egtictioel ofifaplicanhg ag irtegrated caodt devadencomggisoregs Wi t hin sai d epit axi al
silicon | ayer adjacent 10 sai ate el ectrode and extending through said
car bon- dope8'&? ‘P%%ﬁ“ll EPNSH %"ag%i d bulk silicon substrate; and
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car bon- doped si | FEBR™E B§ & “OT2THR PROGHEEST UG to Caim 1 wherein
said car bonfﬂﬂﬁeﬁngzlshidcmeg@mr cirbuiflaROREt 68 QI adHEedater 55 URe 4R cal
vapor deposition. 3. The method according to Claiml wherein said

car bon- doped si | cemnprisingier has a thi ckness of between about 100 and 200
Angst r ons. g The mett hfd a é:ordii(g%taltto d l]t:n 1 wherein said carbon-doped
silicon | ay&PHAS2 S LBERY EoRt 8’1’5%5846 o 0.5% atonic percent. 5. The
net hod accordpRatit® ISR sgibnhaneh Raklabsltaepil tsilxdoal lagéd bgjatent ay ehidh@stea

t hi ckness of between about 300 and 400 Angstrons. 6. The net hod according
to Caim1l wherekl§ced®hon i ons in said carbon-doped silicon layer act as a

silicon interstitial sink for. sili hintslsddidkal S i Sfyal o
o con, T bl BySb RS bR SRS sl c
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7 8. A nethod of fabrjcating an integrated circuit device conprising:
bulk silicon substrate; and
implanting a heavy ion to form halo implants within said epitaxial silicon layer
adjacent to said LDD regions and underlying said gate electrode whereimn said
halo implants extend downward through said epitaxial silicon layer to an
interface between said epitaxial silicon layer and said carbon-doped silicon

layer.

2. The method according to Claim | wherein said carbon-doped silicon layer is deposited by

reduced pressure chemical vapor deposition.

3. The method according to Claim 1 wherein said carbon-doped silicon tayer has a thickness

of between about 100 and 200 Angstroms.

4. The method according to Claim 1 wherein said carbon-doped silicon layer has a carbon

content of up to 0.5% atomic percent.

5. The method according to Claim 1 wherein said epitaxial silicon layer has a thickness of

between about 300 and 400 Angstroms.

6. The method according to Claim 1 wherein carbon ions in said carbon-doped silicon layer
act as a silicon interstitial sink for silicon interstitials formed by said halo implants to

prevent end of range secondary defect formation.

7. 'The method according to Claim 1 wherein said heavy ions comprise antimony or indium.




providing a bulk silicon substrate; depositing a carbon-doped silicon |ayer
on said bulk silicon substrate; growing an epitaxial silicon |ayer
overlying said carbon-doped silicon |ayer to provide a starting wafer for
said integrated circuit device fabrication; and fabricating said integrated
ci rcui 8. dévingkodel fehiickting ap intagrated folreuibgevierecospsang: conpri si ng: formng a
gate electrodqdén S hﬂ%gggﬁﬁ%ﬁgn%@fer; inplanting LDD regions in said
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drain regi odigpy¥itid Nepedrdd@eidtsdidonllaysh bh s48 blikytlicoadjubgaend; to said gate

el ectrode and extendi ng .t hrough said carbon-doped silicon layer into said
bul k sili corgf@ﬁlﬁgtaﬁézpé%m@iﬁd1C'|0ﬁﬂ#)é§’h9Y¢¥b’*%§ﬁl¢rﬁﬁf§0%ﬁlol?%ﬂéﬁﬁ“iI@ﬁ’% fQwHorids sai d
epitaxial silico r i ad] : aid LDD regions
and underlying S%sﬂ%xgﬁ%@%ﬁ?@ﬂ?@% tégﬁécgnggylggﬁgﬁg%on%%gﬁts ext end
downwar d t hifghtatisg@i @ide pitegoateall cithit cluvicel ayesaid ostaming nvefef adee thetawen sai d
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sai d carbon-doped si l'ayer 1s depositéd by reduced pressure chem cal
vapor depositi onimplintingheDPetgiods acwal dartigg tvafdladjaoe:8 tovbmd gitn ekairdde;

car bon-doped silicon |l.ayer has t.hi ckness. .of hetween, apout, 100 ,and 700
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met hod according to Caima3 wherein said epitaxial silicon [ayer has a
t hi ckness of bet weenlaybointo S0Dbuik¢ilB00 subsyystes ords. 14. The net hod accordi ng
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wherein said halo implants extend downward through said epitaxial silicon

layer to an interface between said epitaxial silicon layer and said carbon-doped

silicon layer.

9. The method according to Claim & wherein said carbon-doped silicon layer is deposited by

chemical vapor deposition.

10. The method according to Claim 8wherein said carbon-doped silicon layer is deposited by

reduced pressure chemical vapor deposition.

11. The method according to Claim 8 wherein said carbon-doped silicon layer has a thickness

of between about 100 and 700 Angstroms.

12. The method according to Claim 8 wherein said carbon-doped silicon layer has a carbon

content of up to 0.5% atomic percent.

13. The method according to Claim 8 wherein said epitaxial silicon layer has a thickness of

between about 300 and 500 Angstroms.

4. The method according to Claim 8 wherein carbon ions in said carbon-doped silicon
layer act as a silicon interstitial sink for silicon interstitials formed by said halo implants

to prevent end of range secondary defect formation.

15. A method of fabricating an integrated circuit device comprising:




8 providing a bulk silicon substrate; depositing a carbon-doped silicon

| ayer on said bulk silicon substrate; growi ng an epitaxial silicon |ayer
overlying said carbon-doped silicon |ayer to provide a starting wafer for
said integrated circuit device fabrication;, and fabricating said integrated
circuit devpuwidng s ik stlicentsubgtaigaf er by the steps conprising: formng a
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and underlying saird gate etfectrode wherein sal hal o~ i npl ant’'s exte
downwar d t hr ough cemptisiegi foaxingla gitd ¢learvdeayanidtsardmg wafeter f ace bet ween said
epitaxial silicon layer and said carbon-doped silicon |ayer wherein carbon
ions in sai&nﬁﬁﬁ%%%Lﬁ%b@&P§%FF§dWﬂP3?é cpatpxighst °@1EW@bﬁﬁ&ﬁﬁ{5¥§?$§W§l si nk
for silicon integﬁ%ﬁ&&gls formed by said halo inplants to prevent end of
range secondary defect formation. 16. The nethod according to Caim 15
wher ei n sai dmplanthonsaiog@echdsirkincegiohsayghini ssiddeptosiat eldcorblpysredircent tprsadsur e

chem cal vapor deposition. 17. Th t hod according t aim15.wher.ein
sai d car bon- dope@g@iqll?"%ae P’é‘i%’fte%ﬁgg 2ot %Rﬁ‘éaglgondg(’pﬁgts\%cé’ﬁmﬁ%m 0 f@‘g and
700 Angstroms. 18, xIdgcomaubasiaes@rding to Caim 15 wherein said

carbon-doped silicon layer has a carbon content of up to 0.5% atomic
per cent. 19imphetinethead dosordifery theloCimplmtsSwithiar edidh epilpgiak silicaxilayer
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or indium 9 halo implants extend downward through said epitaxial silicon layer to an
interface between said epitaxial silicon layer and said carbon-doped silicon
layer wherein carbon ions in said carbon-doped silicon layer act as a silicon
interstitial sink for silicon interstitials formed by said halo implants to prevent

end of range secondary defect formation.

16. The method according to Claim 15 wherein said carbon-doped silicon layer is deposited

by reduced pressure chemical vapor deposition.

17. The method according to Claim 15 wherein said carbon-doped silicon layer has a

thickness of between about 100 and 700 Angstroms.

18. The method according to Claim 15 wherein said carbon-doped silicon layer has a carbon

content of up to 0.5% atomic percent.

19. The method according to Claim 15 wherein said epitaxial silicon layer has a thickness of

between about 300 and 500 Angstroms.

20. The method according to Claim 15 wherein said heavy ions comprise antimony or

indium.




