A MATERI AL ARCHI TECTURE FOR THE FABRI CATI ON OF LOW
TEMPERATURE TRANSI STOR Background of Invention 1)
Field of the Invention This invention rel ates
generally to the structure and fabrication of a

sem conduct or device and nore particularly to the
fabrication of a carbon containing |ayer near doped
regions in a transistor. 2) Description of the Prior
Art Sem conductor devices such as field effect

transi stors (FETs) have a source region, and a drain
region fornmed in a sem conductor substrate and a gate
formed over the channel region. The source and drain
are formed in a sem conductor substrate by
introducing inpurities (dopants) into the substrate.
The sem conductor body separates the source region
and the drain region. The dopants used to formthe
source and drain regions are of a different polarity
(n-t ypevMalERIAly ARTHIHAN W ie FORMIEO RABBIOXTIONISE &1
body surrounding the source and drain regions.
Consequent | y, subsEEMitERATYRAGRANSISENR wi | | pass from
the source to the sem conductor body or fromthe drain
to the sem conductor body. There is a space-charge

| ayer (or channel) which separates both the source
region fromthe sem conductor body and the drain
region fromthe sem conductor body. The usual nethod
of introduci ng dopanBackionmdiosIiivoitionTpl ant at i on.
During ion inplantation, dopant atons are ionized,

ac Crlesfahethvamibndi rected at a silicon

This invention relates generally to the structure and fabrication of a
semiconductor device and more particularly to the fabrication of a carbon containing layer

near doped regions in a transistor.

2} Description of the Prior Art

Semiconductor devices such as field effect transistors (FETs) have a
source region, and a drain region formed in a semiconductor substrate and a gate formed
over the channel region. The source and drain are formed in a semiconductor substrate by
introducing impurities (dopants} into the substrate. The semiconductor body separates the
source region and the drain region. The dopants used to form the source and drain regions

are of a different polarity (n-type or p-type) than the semiconductor substrate body



substrate. They enter the crystal lattice of the
silicon substrate, collide with silicon atons and
gradually |l ose energy, finally comng to rest at sone
depth within the lattice. The average depth can be
controlled by adjusting the accel eration energy. The
dopant dose can be controlled by nonitoring the ion
current during inplantation. The principal side
effect-- disruption of the silicon lattice caused by
ion collisions--is renoved by subsequent heat
treatnent, i.e., annealing- Annealing is required to
repair |attice damage and pl ace dopant atoms on
substitutional sites within the silicon substrate
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be controlled by monitoring the ion current during implantation. The principal side effect-—
disruption of the silicon lattice caused by jon collisions--is removed by subsequent heat
treatment, i.¢., annealing. Anncaling is required to repair lattice damage and place dopant
atoms on substitutional sites within the silicon substrate where they will be electrically
active. Rapid thermal annealing is a term that covers various methods of heating wafers for
short periods of time, e.g., 100 seconds, which enable almost complete electrical activation
with diffusion of dopanf atoms occurring within what had been previously regarded as
tolerable limits.

However, during the anneal, damage from the ion implantation process,
in the form of point defects, migrates laterally from the source and/or drain and into the

semiconductor body and enhances dopant diffusion. This enhanced diffusion, known as
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phenonmenon herein referred to as dynam c clustering
wher eby i npl anted dopant atonms formclusters or

aggl onerates in a sem conductor |ayer. These clusters
or agglonerates are imobile and electrically

i nactive. Recent investigations have been ai ned at
untangling the nechani sns of dopant diffusion in

order to provide a sound basis for sinmulation prograns
designed to predict dopant diffusion during device
processi ng. An additional challenge is the

devel opnent of processing-conpati bl e nethods of
controlling the diffusion of dopant atons. The figure
10 shows a typical inplant doping profile at different
iriRlcanth Bink @i ENEFgireD) ciRpgosthechardfgiytiRqregfae tiabe balg@éthe
of the inplantation is neasured fromthe surface of
thgesubstrate in to the maxi mum regi on where the

dopant lies. The nore relevant techni cal devel opnents

I n the patentadsich@hBdndé®diTasioecug ieangostiyplant anncaling and
considering the followng : 3 US 6,153,920 Gossnmann,
Siseatrom MeVITbRl h28iffud PP 6 dopit @RS Spafinlarlg bebs (B)landg
dopant diffusion in a sem conductor |ayer and

Eﬁﬂ'ﬁ)kﬁ)ﬂﬁdﬂp sQihd @RI € enthaeaBd exdehierirby (SHUBH BndiSdtjab2@nerated
agl esham et al and US 6, 043, 139 Eagl esham et al. -

BY o6 a8Sarf omegenidioh bi HGed Gpantin@istifialsbyome inmiant also leads to a
sem conductor layer - Diffusion of ion- inplanted

piRRantnoh See@ntkeotd ©ds ByhamRCOisRoin g ivhaghehetihtct dapdnyatoms

I nactive inpurity in a sem conductor |ayer by at
Feasius@Rer N Shardicgh @WthichiRiabtod lgute. These clusters or agglomerates are
immobile and electricaliy inactive.

Recent investigations have been aimed at untangling the mechanisms of
dopant diffusion in order to provide a sound basis for simulation programs designed to
predict dopant diffusion during device processing. An additional challenge is the
development of processing-compatible methods of controlling the diffusion of dopant
atoms.

The figure 10 shows a typical implant doping profile at different
implantation energies. Rp which is the projected range of the implantation is measured
from the s‘urface of the substrate in to the maximum region where the dopant lies.

The more relevant technical developments in the patent literature can be

gleaned by considering the following :




US 6,576,535 Drobny, et al. June 10, 2003 - doped
epitaxial layer. Chung Foong Tan, Eng Fong Chor,
Jinping Liu, Hyeokjae Lee, Elgin Quek, and Lap Chan,
"“Influence of substitutional carbon incorporation on
i mpl anted- indiumrel ated defects and transient
enhanced diffusion", Applied Physics Letters Vol
83(20) pp. 4169-4171. Novenber 17, 2003. Ni shi kawa,

S., et al., "Reduction of transient boron diffusion in
preanor phi zed Si by carbon inplantation,” Appl. Phys.
Lett., 60(18), May 4, 1992. King et al., "Defect

evol ution of |ow energy, anorphizing gernmani um
inmplanted in silicon”, Journal of Applied Physics,
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US 6,576,535 Drobny, et al. June 10, 2003 - doped epitaxial Jayer.

Chung Foong Tan, Eng Fong Chor, Jinping Liu, Hyeokjae Lee, Elgin
Quek, and Lap Chan, “Influence of substitutional carbon incorporation on implanted-
indium-related defects and transient enhanced diffusion”, Applied Physics Letters \‘10]
83(20) pp. 4109-4171. November 17, 2003.

Nishikawa, S, et al., "Reduction of transient boron diffusion in
preamorphized Si by carbon implantation,” Appl. Phys. Lett., 060(18), May 4, 1992,

King ct al., “Defect evolution of low energy, amorphizing germanium
implanted in silicon”, Journal of Applied Physics, Vol. 93, # 5, march 2003, pp 2449-2452.

Nishikawa et al., “Elimination of secondary defects in preamorphized Si
by C+ implantation™, Appl. Phys. Lett 62 (3) 18 Jan 1993, pp 303 - 305.

Noda, Indium segregation into dislocation loops induced by ion
implanted damage in Si”, Journal Of Applied Physics v. 93, # 3, | Feb. 2003, pp. 1428 -

1431,




conprised of crystalline structure including silicon;
inplanting ions to forma first region and a first
end-of -range region in the substrate; at |east a
portion of said first end-of-range region is in said
carbon containing layer; inplanting ions to forma
second region and a second end-of-range region in the
substrate; at |east a portion of said second region
end-of -range region is in said carbon containing

| ayer. Anot her exanple enbodinent is a sem conductor
structure conprising: first and second regions and a
carbon containing |ayer conprising: 5 a carbon
containing layer in a substrate; said substrate
conprised of crystalline structure including silicon;
a first region and a first end-of-range region in the
substrate; said first end-of-range region is in said
carbon contai ning |ayer; a second region a second

end- of -range regi on Sumiing of tieshratten said second
regi on end-of -range region in said carbon containing

| ayer. Ot her exanple enbodi nents are defined in the
claims and specification below The above and bel ow
advant ages ahdbddeadutyr & shegr@emfineaimgsendeat isvgture and a method
enbodi nents only, and are not exhaustive and/ or
eKohusicueing Tdeycambicpisshenttadkednb yolloesassi st i n

under standi ng the invention. It should be understood
that they are not F

An example embodiment is a method to form first and second regions
and a carbon containing layer using implantation processes comprising:

forming a carbon containing layer in a substrate; said substrate
comprised of crystglline structure including silicon;

implanting ions to form a first region and a first end-of-range region in
the substrate; at least a portion of said first end-of-range region is in said carbon
containing layer;

implanting ions to form a second region and a second end-of-range
region in the substrate; at least a portion of said second region end-of-range region is in

said carbon containing layer.

Another example embodiment is a semiconductor structure comprising:

first and second regions and a carbon containing layer comprising:




representative of all the inventions defined by the
clainms, to be considered |imtations on the invention
as defined by the clains, or limtations on

equi valents to the clains. For instance, sonme of

t hese advantages may be nutually contradictory, in
that they cannot be sinultaneously present in a
single enbodinment. Simlarly, sone advantages are
applicable to one aspect of the invention, and

i napplicable to others. Furthernore, certain aspects
of the clained invention have not been di scussed
herei n. However, no inference should be drawn
regardi ng those di scussed herein relative to those not

di scussed herein qther than for ur poses %i S e and

r SCREEION §OTHEPIBE 1PTIGR 3 SHBYLYS: SpiFSebsy &ﬁﬁ%P@FSS‘F © “e‘é{%@ﬁ%%s‘mcm"e
and advantages should not be considered diapositive

i indedies S ng equi val ence. Additional features and 6
advant ages of the invention will beconme apparent in .
the fol | owi ng2d&seeioprpdaiinst smiTee '@ ‘ﬁ§§?SHH8’SMdﬁm‘
fromthe clainms. 7 Brief Description of the Draw ngs
Thadfobatnge egicandn 8¢ sHPAY@EBINEd2¥Eni conduct or devi ce
according to the present invention and further o
details of a ﬁﬁ%ﬁ@é‘g§3g6’f‘ apeagpd e qiHeneg rgprgn the substrate; said
sem conductor device in accordance with the present

i nseemdi sgionprd-ofyangssemorcp 63if FYPUNWEREY WO r om t he
foll owi ng description taken in conjunction with the
acconpanyi ng drawings in which |[ike reference

nuner al s desiggate simlar or correspondi ng el ene

regi ons and péikdrexsnpihEnbadmaRiiaE ety F*@?W“’N“iﬂtﬁﬁ%ﬁcaﬁo“
IA-2, 1B, ]CID show a nethod and structure
below.

The above and below advantages and features are of representative
embodiments only, and are not exhaustive and/or exclusive. They are presented only to
assist in understanding the invention. It should be understood that they are not
representative of all the inventions defined by the claims, to be considered limitations on
the invention as defined by the claims, or limitations on equivalents to the claims. For
instance, some of these advantages may be mutually contradictory, in that they cannot be
simultaneously present in a single embodiment, Simi}arly, some advantages are applicable
10 one aspect of the invention, and inapplicable to others. Furthermore, certain aspects of
the claimed invention have not been discussed herein. However, no inference should be
drawn regarding those discussed herein relative to those not discussed herein other than for
purposes of space and reducing repetition. Thus, this summary of features and advantages

should not be considered dispositive in determining equivalence. Additional features and
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according to first exanple enbodi nent of the
invention. Figures A-1 and | A-2 show the formation
of the doped or inplanted region 104 and the
carbon-contai ning |ayer 112 according to an exanple
enbodi nents of the invention. Figure 2A, 2B, 2C 2C-|
2D, 2E and 2F and 2G show a nethod and structure
according to exanpl e enbodi nent of the invention.
Figures 3A, 3B, 3C show a nethod and structure where
the G containing layer is in different

posi ti ons/ dept hs according to exanpl e enbodi nents of
the invention. 8 Figure 4A and 4B show a second
aspect of an enbodi ment, where the carbon containing
ddayrerpc?OF tcamvbe of oflhiedoby agaregriowWelTolbrwiske@osiftivorirom the
process. Figures 5A, 5B, 5C 5D, 5E, 5F, 513 and 5H
dhewga amerdhocheahudns. st ruct ure for an exanpl e enbodi nent
where the substrate structure conprises a strained

| ayer. Figures 6A, 6B, 6C and 6D show a net hod and
structure for an exanple enbodi nent wherein the
carbon-containing | ayer diffuses up towards the
surface and clown towards the substrate center to
create a "retrograded C-containing layer"” Figure 7A
shows an exanpl e enbodi nent for a structure and net hod
for formng inplanted C-containing regions in a

sem conductor device in the projected range and FOR
ranges of inplanted (doped or PAl) regions such as
SDE, S/ D, pocket inplant regions.




Figures 7B-1, 7B-2 and 7B-3 illustrate in general, an
aspect of the exanple enbodi nent where we form an

i npl anted C-containing region and a FOR region wthin
t he doped region. Figure 7B-1 shows an inpl anted doped
region and an FOR region. Figure 7B-2 shows a rough
concentration profile on an inplanted region. Figure
7B-3, shows we forma C-containing | ayer about in the
projected region and the FOR region. Figures 8A 8B
and 8C show an exanpl e enbodi nent where a C
containing layer is forned in the FOR of a

pre-anorphi zation inplant (PAI). 9 Figures 9A and 9B
are XTEM I mages showi ng sanpl es prepared after
annealing at RTP 650 'C for 20 sec according to

exanpl e enbodi nents. Figure 9A has a C-containing

| ayer that reduced defects. Figure 9Cillustrates the
TOF- SI M5 nmeasur enment perforned on sanples with and

W t hout the enbodi ngnts C-cont aif I ng | ayer . Fi gure 9D
is an XTEM i mage th {leéﬂfgﬁgp?%ﬂ Bjﬂ"e}g‘é‘ﬁ"é *of FOR

di sl ocations in the sanple w thout the incorporation

of carbon. Figure 9E is an XTEM i mage show ng the
absence of FOR def ect ,bgng with the .presence of the .o the
embodi ment ' s SUBSETFHAPD AR REFIHE A SRR Y Y Ca g orne
F eMbEr U BB i e D RBRE S R @ o Shauctor
nmeasurenents of i.ndiumion for saniq)l es Withl and

Wi HHEGEN f95ardance d\ﬁt[héli\ei,ﬁrﬁcﬁntl 15\938}1(_);1 will be more cléarly understood from the

following description taken in conjunction with the accompanying drawings in which like

reference numerals designate similar or corresponding elements, regions and portions and

in which:

Figures 1A-1 and 1A-2, 1B, 1C1D show a method and structure
according to first example embodiment of the invention.  TFigures 1A-1 and 1A-2 show the
formation of the doped or implanted region 104 and the carbon-containing layer 112
according to an example embodiments of the invention.

Figure 2A, 2B, 2C 2C-1, 2D, 2E and 2F and 2G show a method and
structure according to exam;ﬁé embodiment of the invention.

Figures 3A, 3B, 3C show a method and structure where the C-
containing layer is in different positions/depths according to example embodiments of the

invention.



Fi gure 90, shows a graph conparing the junction

| eakage of a diode wth and without the enbodi nent's
carbon containing layer (SilyCr). Figure 9H shows a
graph of |1 leak v Vi"as for a FET with a carbon-
containing | ayer and without. Figure 10 shows a
typical inplant doping profile at different

i npl antati on energies according to the prior art. 10
)}f Detailed Description of the Exanple Enbodi nents
The present invention will be described in detail with
reference to the acconpanying drawi ngs. The exanpl e
enbodi ments of the present invention provide
structures and nethods of form ng a device having a
carbon (C) donteatMimigh diypera scting asperbolinmerbbdintgel ehere the
are exanpl es and can be nodified. The invention is
cheifonrmedaibing tdyer 20clamnber®rmdd byQrarewbw difpotihe exa@npl e
enbodi nents Sone maj or exanpl e enbodi nents conprise

t he foll ow riggured sénbdhithEntSE; HLFGwhd BH show a method and
carbon-contai ning | ayer between the Rp of a first
stplugrfoech cxpegle embédmeh evhbot hesmbefatd heckEERomegseon sofinal
second inplanted region at a | ower depth than said
fayarst i nplanted region (e.g., Figure I-D). enbodi nent

- FET wth carbon-containing |layer (e.g., Figure 211)
a) (first asjmats O, 6Rrdsoandc@nttaim mghddapd strfcorerd aby
ion inplant (e.g., Figures

example embodiment wherein the carbon-containing layer diffuses up towards the surface

and down towards the substrate center to create a “retrograded C-containing fayer”

Figure 7A shows an example embodiment for a structure and method
for forming implanted C-containing regions in a semiconductor device in the projected
range and EOR ranges of implanted (doped or PAI) regions such as SDE, S/D, pocket
implant regions.

Figures 7B-1, 7B-2 and 7B-3 illustrate in general, an aspect of the
example embodiment where we form an implanted C-containing region and a EOR region
within the doped region. Figure 7B-1 shows an implanted doped region and an EOR
region. Figure 7B-2 shows a rough concentration profile on an implanted region. Figure
7B-3, shows w'e form a C-containing layer about in the projected region and the EOR
region.

Figures 8A 8B and 8C show an example embodiment where a C-

containing layer is formed in the EOR of a pre-amorphization implant (PAI).




2A-2D) Db) (second aspect ) carbon-containing |ayer
formed by a growh process (e.g., Figures 4A-4B) Il U
enbodi ment - FET with carbon-containing | ayer and
Strained region (e.g., Figures 5E- 5H) a) first
aspect - strained region formed by growh or cvd
process. (e.g., Figures 5A- 5D) b) second aspect -
strained region fornmed by inplant process. (e.g.,
Figure 5E) " enbodinment - C-containing |layer that is
di ffuses during an anneal to forma retrograde C
concentration profile C-containing |ayer (e.g.,
Figures 6A - 6D ) ”~ enbodi nent - |nplanted

C- cont ai ni ng Iayers in the projected regions and FOR

nglkg? Sr g;l OII’TQJ)I %?ets CIBE areug”gll’l\%g%a e%‘sﬁ%r?%%%ﬁ]gﬁ:?%ﬁepared after
C_C%n%ﬁzéaé éﬂﬁﬁ%??ﬁ&?{?r%é SEK Xaé:c i;ég L& xgrrr] Slccﬁﬁlpgdifglgigé.g‘ygru?e OA has a
| ai ned bel ow. Add| tional major
gﬁﬁﬁ‘%‘“@ﬁﬁ%’&%ﬁf@”%ﬁgk& Pso described in t he
spect ca o U L A i e
f ol‘llm%\]l\g with and w}/tﬁout the li) ;Qm&?? tc%intg{np !ay%}/.er 12

Figure 9D is an XTEM image that shows the presence of EOR
dislocations in the sample without the incorporation of carbon.

Figure 9E is an X TEM image showing the absence of EOR defect band
with the presence of the embodiment’s substitutional carbon tayer for 0.1% carbon
incorporation subjected to spike annealing temperature of 1050 °C.

Figure OF shows SIMS measurements of indium ion for samples with
and without the c-containing lz_lyer.

Figure 9G, s‘hows a graph comparing the junction leakage of a diode
with and without the embodiment’s carbon containing layer (S1.,C,).

Figure 9H shows a graph of e v 'V s for a FET with a carbon-
containing layer and without.

Figure 10 shows a typical implant doping profile at different

implantation energies according to the prior art.
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carbon | ayer - carbon containing |ayer projected range
(Rp) is the nedian depth of the inplanted ions (before
anneal ). FOR (end of range) region is a region
typically below the Rp that contains defects from the
ion inplantation that creates an anorphous region. The
| ocation of the FOR region is highly depend on the

i npl ant process. An estinmate of the region of the FOR
defects location is the region between 1.0 Rp and 2.0
Rp, but does not have to extend totally between 1.0
Rp and 2.0 Rp. For larger inplant species and at high
doses of greater than IE5 ions/sq- cm the FOR range
may extend from1l.5 Rp to 1.8 Rp or from1.5 Rp to

2.0 Rp. The FOR region typically begins at the 1.0* Rp
and extends clown to a depth where nost of the FOR
def ect s ar e Detdlad Bgscriptign of @ fapple A nghwdtmengt bet ween
.5 Rp to 2.0 Rp). End of range region (EOR region)
is the region in or under an inplanted region that
preferably contains 90% or nore of the FOR defects. In
t he f|gures7“?H@“FCRWw@P%Wﬂémékéxﬁﬂbwmm@ﬁNV“ Feitgnegdo the
the doped regions (e.g., source drain and halo
HEYNONTNE BEEHS eTfB"rfé‘alFJEi‘?C@‘é?‘é@F%S HHenprpreaidpyspUomRiPEfite
and /or bel ow these doped region causes severe
teiglegend prihpheolfoRigef deics hareg 3 @bope) Wepbielsgr ohbe
the | eakage is considerable |ess. 13 End of range
deifadipepts-belograse pyppteafdeas pempdlchy hamvenpn ritef Hﬂ%&y the
anor phri zed the crystal (e.g., Si) structure. The FOR
¢laimsypi cal |y bel ow the crystal/annrphous interface in
an inplanted region.

I Overview of the example embodiments

Some major example embodiments comprise the following:

{1 embodiment —FET with carbon-containing layer between the Rp of a first implanted
region to the bottom of the EOR region of a second implanted region at a lower depth
than said first implanted region (e.g., Figure 1-D).

It embodiment - FET with carbon-containing layer (e.g., Figure 2H)

+ a) {first aspect ) carbon-containing layer formed by ion implant (e.g., Figures
2A-2D)
* b} (second aspect } carbon-containing layer formed by a growth process (e.g.,

Figures 4A-4B)




Junction depth or depth of doped region - defined as
depth from substrate surface where the n and p
concentration are about equal. Schematically, the

drawn junctions represent the boundary at which the
n-type and p-type dopant are equal. These can be
adjusted wth adjusting the inplant profiles either

with different inplant energy, dose and species type.
In general, in the figures, the junction depth of the
doped regions corresponds to a dopant concentration
about 1E17 atonmicc. SDT - source drain extension PAI
region - pre-anorphization inplant region I11.
Overview - general exanple enmbodi nent Sone exanpl e
enbodi nents form a carbon-containing |layer in the FOR

r egii sRgo@menin FEApY drfedgn-centging ‘%@é@ SP@@% ReIphleg Figures SE-
silicon containing substrate. The carbon- contai ni ng

| ayePHand the inplanted region can be formed in any
order. The carbon 14 containing |ayer hel ps reduce
defects'fﬁkﬁmqﬂm@drﬂﬁWHﬁﬂﬂ%hﬁﬁmﬁﬁﬁﬁb@“ﬁﬁé“FWbWQﬁﬁéd or{e-8,
(loped region. Figures A- | and | A-2 show the

f or mat i onFighres hé- Ydped (can be active or non-active
ion) or inplanted region 104 and the carbon-contai ni ng

| ayer 142b) sehedespest-epsinmaysibeldroehisdniphinapyeest dérg., Figure SE)
Referring to figure I A-1, a region 104 is forned by

an i npdnaotlineEnoc@sentainifg Guerahdt A-diffusshbwse phenndd e fpripf
the projected range (Rp) or (1 *Rp) of the inplant and

2 tireegradh € wepnhatoh prdfde Propesimdaycartge. fizamp)s - 6D )

{1 embodiment - Implanted C-containing layers in the projected regions and EOR
regions of implanted doped regions (E.g. 8.D, SDE, Pocket regions). (e.g., Figure 7A)

[1 embodiment — C-layer in EOR Regions of PAI regions (e.g., Figure 8C)
These non-limiting example embodiments are explained in more detail

below. Additional major example embodiments are also described in the specification and

claims.

II1. Definitions and abbreviations:

The terms are defined and explained as follows:

c-layer - carbon containing layer




Figure I A-2 shows a carbon-containing layer 112 in a
substrate. The carbon-containing layer 112 is
preferably formed at in at |east the FOR region of the
i mpl anted region. The FOR region is estimated to be at
about at depth between 1*Rp and 2.0*Rp of the
subsequently fornmed doped region. Preferably the
substrate is a crystalline Si substrate. Preferably
the substrate is conprised of silicon. In an exanple
enbodi nent the substrate is conprised of a |ower
strai ned region and an upper silicon cap; the | ower
strain region is conprised of Sij _yGey or Sii_y Cy
where y is between 0.01 and 0.3. The substrate can be
enpos layet raatben catiriviog bye used i n sem conduct or

manuf acture , such as, but not limted to SO
substrates. Preferably the C-containing | ayer has a
concentration between 5E18 and |E 20 Atons/cc. 15
Praéatedaiohge (Rpe icdr bodiac dmttadinhaigiplaaipd rons beéoppmicded of
Sij-,C . alloy wth y between about 0.001 and 0. 005.
POK @ndbf ppngdiere@on avvt raiini ngichiyletow e Bosthaticorads dufects from
| east in the FOR region of the doped region or
rregirong(asiptiomhe cdoped rregplons regan. Thedbartden ofhlee AR region is
SDE, pocket, and/or S/ D regions in any conbination.
Pizlyelegentl pn the epl@itportai Anrgirhayerihd eiposi thi BRBdlefects
bet ween the projected range of the doped region
(Rpebh)is dncdeRnOetvieore 50 Rhenp?.ORechuedoas angevofo ckisad doped
region (2 Rpd ). Mre preferably, the C containing
bayem i.ERposi 24 Bpdtr bateweahnt frecipr ojlethielldrsangereaf than
the doped region (Rpd') and 1.5 tinmes the projected

1 Bhgenefy-tche tddgdtirmegnancx{crdbrom L5 Rp to 1.8 Rp or from .5 Rp to

2.0 Rp. The EOR region typically begins at the 1.0* Rp and extends down to a depth
where most of the EOR defects are located {¢.g., down to a depth of between 1.5 Rp t0 2.0
Rp).

End of range region (EOR region) is the region in or under an implanted
region that preferably contains 90% or more of the EOR defects.

In the figures, the EOR defects are drawn only outside the doped
regions (e.g., source drain and halo regions) because the EOR defects when present
outside and /or below these doped region causes severe leakage. If the EOR defects are in

the doped region the leakage is considerable less.




Rpd ) Referring to figure 1B, the doped regi on 104,
the end-of -range (EOR) defects 108, and the
carbon-containing | ayer are shown. Referring to figure
IC, the substrate is anneal ed and the end-of-range
(EOR) defects 108 are reduce because of the
carbon-contai ning | ayer. The doped region and the
carbon-containing |ayer are preferably annealed at a
tenperature between 625 and 900 C and nore preferably
bet ween 650 and 850C ; and nost preferably between
650 and 800 C _ The anneal is preferably perforned
for atinme between | and 60 seconds and nore
preferably between 10 and 30 seconds. The carbon
containing |ayer 112 (Sii_yCy) getters defects and
al et hge defever --annalcall eerperddtyn émphpp dhacaperplzegfhiclcrystal
di ffuse during the anneal and may diffuse up above 1.0
Rp(e.gabd) scosmre bEhaolR 18y Rpallydelayo bt crostg/amerphqip interface in an
Preferably, the carbon-containing |ayer is not
posiplanexieckion a channel region of an FET. A
C-containing | ayer between Two inplanted regi ons The
C-containing |l ayer can extend over and between the FOR
regions two or nore inplanted regions. For exanple,
r ef@rctibndegth of iiguk ef ddped acgion s tdefimgiap Aeptioiora prpstraie surface
second region 105 are inplanted in a substrate 100. A
c ath@athe anhap niongniraioe rrelabButiegual f Srhmeatiqalatthealavanigactions
fromthe top of the shallower FOR region (e.g., second
r egbeRenl 05 beurtdhve aRphioh the eawprknd edymrippint arlsaud. Thikg can be
bottom of the lower FOR region (e.g., first region
adjusted with adjusting the implant profiles either with different implant energy, dose and

species type. In general, in the figures, the junction depth of the doped regions

corresponds to a dopant concentration about 1E17 atom/cc.
SDE - source drain extension

PAI region - pre-amorphization implant region

IIl. Overview — general example embodiment
Some example embodiments form a carbon-containing layer in the EOR
regions of an implanted {e.g.,) doped region in a silicon contatning substrate. The carbon-

containing layer and the implanted region can be formed in any order. The carbon-




104 - 1.5 * Rp-1 region). The inplanted regi ons and
carbon-containing | ayer can be forned in any order.
Fig. IDis shown post anneal. As a further exanple,

the first region could be a source/drain region and

t he second region could be a pre-anorphization region
(PAI region), pocket or SDE region. The regions are
shown is a sinplified layout only for illustration and
can be configured/positioned differently in a device.
The follow ng are non-limting exanples of the

| ocati on of carbon- containing |layer in different
aspects of the enbodi nent: C aspect -

carbon-contai ning | ayer only extends from Rp-PAl to
PRy eSpyer hgpreeduce defcdtalyen Ui mpladisthd hiviych drevweplantRborSDE:d
and 1.5*Rp SD 17 1 aspect - c-layer only extends
isetiveen Rp- pocket and 1.5*Rp SD " aspect - c-layer
only extends between Rp-SD and 1.5*Rp SD ™ aspect -
c-layer only extends between Rp-SD and 1.5*Rp SD |
aspect -carbon-containing |ayer only extends between

| Rp- PAI to Tiggrerp APAINdL AR2 Hepebg forpaobohthe olepeal (hin active
| ayer only extends between I Rp-SDE to 1.5*Rp- SDE ~
Agpeettive ¢y boimpeorst atamnnid4 | ay dre corpoy-centaiving Brytreltl deknsd
Rp- pocket to 1.5*Rp- pocket |i aspect

sigpa riag e Eomedinghngrdemyer only ext ends between | Rp- SD

to 1.5*Rp- SD 1V. enbodinment - first Aspect - , tT

Wi t h G cont &elsirhg 1 Sgee 1A-lea geeionflD irfersneg Ay a knplant process.

Figure TA-1 shows the depth of the projected range (Rp) or (1*Rp) of the implant and 2
times the depth of the projected range (2*Rp).

Figure TA-2 shows a carbon-containing layer 112 in a substrate, The
carbon-containing layer 112 is preferably formed at in at feast the EOR region of the
implanted region. The EOR region is estimated to be at about at depth between 1*Rp and
2.0%Rp of the subsequently formed doped region.

Preferably the substrate is a crystalline Si substrate. Preferably the
substrate is comprised of silicon. In an example embodiment the substrate is comprised of
a lower strained region and an upper silicon cap; the lower strain region is comprised of
SipyGey or Sipy Cy wh'ere y is between 0.01 and 0.3. The substrate can be any substrate

structure used in semiconductor manufacture , such as, but not limited to SOI substrates.

Preferably the C-containing layer has a concentration between 5E18 and
1E 20 Atoms/cc.
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A main feature of the aspect shown in figure 211 is
that preferably a carbon containing |ayer 20
(Sii_yCy) extends at |least fromthe projected range of
the SDE (Rp-SDE or Rpsoc) through to the bottom of
t he source/drain end-of-range (EOR) region (e.g., 1.5
to 2.0 tines Rpso) The dopant end of range (EOR)
region is typically found at a depth at |east between
about | to 1.5 tinmes the Rp inplanted species and nore
preferably between found at a depth between about |
to 1.8 tines the Rp inplanted species and coul d be
found at a depth between about | to 2.0 tinmes the Rp
i mpl anted species. 18 In a first aspect of the
enbodi nent, the carbon containing |ayer 20.c be
formed by an PHSFaNY b cHbasenta @é‘?e’a@r@wmf’?ﬁaroé§”2% qlgy
2D). In a second asPect of the enbodi nent, the carbon
cotitiay hemiger ayert 098 a’@é)nooée for msd by an gr owth or
deposi tion process. e. res 4A to %ﬂ h§
carbon cont ai ﬁrqﬁfjalﬂag}?@ﬂ %@‘%@F% I“XF@%POQ‘E?‘%EQF‘%}‘:@& dg EOR
fromthe SDE, pocket and S/D inplants. The car b%
congiai Af g dorsy sxeicpor (esionp(sly &) dapsd fseiresaptrdR g il SPE
the channel region. The post  S/D formation anneal, is
pr it atyiipr HEt ePmed aat COAntBiPT-t enper at ure bel ow 800 C
and preferably between 650 and 850 A C for between 5
seconds and FoeferphiyttesC-cPHEMEa fy oS B‘&HP&F%‘?%‘@ECP Q&‘?é’F ojected
20 (Sii. etters defects and all ows the .
anmnes ofttt ‘F(gllcgﬂpé (RpA) a1 3 Stimasperipicard e @k%frfm’%’ region (2
enbodi ment -carbon containing N _

Rp®). More preferably, the C-containing layer is positioned between the projected range

of the doped region (Rp™) and 1.5 times the projected range of the doped region (1.5 *
Rp™).

Referring to figure 1B, the doped region 104, the end-of-range (EOR}
defects 108, and the carbon-containing layer are shown.

Referring to figure 1C, the substrate is annealed and the end-of-range
(EOR) defects 108 are reduce because of the carbon-containing layer.

The doped region and the carbon-containing layer are preferably
annealed at a temperature between 625 and 900 °C and more preferably between 650 and
850°C : and most preferably between 650 and 800 °C. The anncal is preferably performed
for atime between 1 and 60 seconds and more preferably between 10 and 30 seconds. The
carbon containing layer 112 (Siy.,C,) getters defects and allows the fower anneal
temperature. The C-layer will diffuse during the anneal and may diffuse up above 1.0 Rp

and down below 1.5 Rp to about 2.0 Rp.
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| ayer can be forned by an inplant process Form ng A
Carbon Contai ning Layer 20 In A Substrate Referring
to figure 2A, a substrate 10 that has an upper
crystalline silicon surface is shown. The substrate
may be a substrate enployed within a mcroel ectronics
fabrication. Al though not specifically illustrated
within the schematic cross-sectional 19 di agram of
Fig. I A the substrate 10 may be the substrate itself
enpl oyed within the mcroelectronics fabrication, or
in the alternative, the substrate may be the substrate
enpl oyed within tile mcroel ectronics fabrication,
where the substrate has formed thereupon or thereover
any of severlirfeablgi ©f sHbn-oPEPEE BET 18 9RT ROSIPRAPaR & chyancl
are conventionally enployed within the

cenoérel t-oni cs fabrication. The substrate is
preferably a silicon wafer. The substrate may further
conprise wells. Inplantation to forma C- contai ning

| ayer As shown in figure 2B, a carbon containing |ayer
20 is,forned by. .inplanting carbon ipns into the
substfiat c. C-PPRILIEGT) S Fetvies b O TRP B oS SRS aps
wth the FOR of the a subsequent (dopant) inplanted
regi on. The Harkbomtatoselayes cpyafead g pndlatvigse theiOR Eapgs
atoms/sq-cm and | E20 atons/sqg-cm The carbon inpl ant
temoteoreineievedapgianvolr g lssueple refernog o rephb a Sirst fagload P4 and
and is preferably a non-anorphous inpl ant.

a second region 105 are implanted in a substrate 100. A carbon-containing layer 112 is

formed that extends from the top of the shallower EOR region {e.g., second region 105 -
the Rp of second region) to about the bottom of the lower EOR region (e.g., first region
104 — 1.5 * Rp-1* region). The implanted regions and carbon-containing layer can be
formed 10 any order. Fig. 1D is shown post anneal.

As a further example, the first region could be a source/drain region and
the second region could be a pre-amorphization region {PAI region), pocket or SDE
region. The regions are shown is a simplified layout only for illustration and can be

configured/positioned differently in a device.

The following are non-limiting examples of the location of carbon-
containing layer in different aspects of the embodiment:
[ aspect - carbon-containing layer only extends from Rp-PAl to 1.5Rp SD

aspect - c-layer extends only between Rp-SDE and 1.5¥Rp SD
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As shown in figure 2C, the preferably the carbon

i npl ant projected range (Rp) overlaps the entire FOR
of the dopant region (s) that we are using the c-I|ayer
to getter defects. Preferably the carbon layer Rp (Rp
c) is extents to depths between about | Rp- dopant to
2 tinmes Rp- dopant (2*Rpopant)and about preferably
extends between 1.0 and 1.8 Rp- dopant and nost
preferably between 1.0 and 1.5 Rp- dopant. 20 As shown
in figure 2C-1, the carbon |ayer preferably has a

t hi ckness (where the C concentration is greater than
about 5E18 atonicc) relative to the dopant region of
bet ween about 1.0 Rp o""' to 2. O Rp ‘101" The

Ro- dop AN GrIe B L P ABr o HBout HeTALSY 1.0 and
PAT Fe@‘?‘%"ﬁ“(‘é}aéer ony %P“@%‘ﬁg’%%f‘ rg%ﬁsi%ré*&ge the.

{he. Soaree) of Ui g one g Rg%‘é*‘ o ERp 2
AR N N e R e
compt | SHRECOTISRy e A B ESA TG 4y &g D
or of &1 4015 THLOR DB DTS %XWWG"%e?a@ghkea dir R

0. 001 and 0.005. The carbon containing layer 20 is

preferéBFW3conpr|sed of SiyG.y aIon and preferably
has a C concentration. o

at ons/ APShFAHEP: éon*ﬁfnéslwgfb? %‘C%’E % e ‘%E%@ i 5 5P

19 atons/cc.

IV. embodiment - first Aspect - FET with C-containing layer — e.g., figures 2A-
2H

A main feature of the aspect shown in figure 2H is that preferably a
carbon containing layer 20 (8i,.,C,) extends at least from the projected range of the SDE
(Rp-SDE or RpSD”) through to the bottom of the source/drain end-of-range (EOR} region
(e.g., 1.5 to 2.0 times Rp°P).

The dopant end of range (EOR) region is typically found at a depth at
least between about 1 to 1.5 times the Rp implanted species and more preferably between
found at a depth between about 1 to 1.8 times the Rp implanted species and could be

found at a depth between about 1 to 2.0 times the Rp implanted species.
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Fi gure 2E shows the carbon-containing layer 20 at a
depth below the substrate 10 surface with a region
30A of silicon-containing region above the carbon-
contai ning |ayer 20. 21 Form A Gate Structure
Referring to figure 2E, we forma gate structure 40

over the substrate 10. A channel region 42 is in the
substrate 10 under the gate structure. The gate
structure is preferably conprised of a gate dielectric
34, a gate electrode 36 and first gate spacers 38.

I npl anting lons To Form A Pocket Region Referring to
figure 2F, we inplant ions to forma pocket region 44,
a pocket FOR region and pocket FOR interstitials 45
in the pockdeaf GR’EWP%PBW crh@lipetiiat categiconainiag lqyer Zcan
| east partially in the carbon contalnlng | ayer 20.
Thierpridiven inRlgh orreay: (Rese EheewppdsPt®)i npurity type as
the SDE and Sit) regions. The ocket regions 44
preferably Hassspulrsperef §léﬁé]b@<gﬁ‘é@n[f‘? aztrb%woa@""t%éaycr 20
substrate or well and channel region. The depth for
e foakeé by pegPuth o dengpi o Hectd ciRet o FARYEJi o 4§épends
on the technol ogy node of the device being forne

Form S/ D Extl®asibe Retinetid2yss 28 howh/j 85190 grlpds fizqrm Ui DE,
formsource drain extension regions (S/D extension.
pesitand SEOmpBDE. The gyrbpp sondiitiag Fatre V4 doeitrral¢iably aetdn the
structure.

channel region.

The post S/D formation anneal, is preferably performed at a low
temperature below 800° C and preferably between 650 and 850 ° C for between 5 seconds
and 10 minutes. The carbon containing layer 20 (S1,.,C,) getters defects and allows the

fower anneal temperature,

A. first aspect of the example embodiment —carbon containing

layer can be formed by an implant process

Forming A Carbon Containing Layer 20 In A Substrate
Referring to figure 2A, a substrate 10 that has an upper crystaliine
silicon surface is shown.
The substratc may be a substrate employed within a microelectronics

fabrication. Although not specifically iHustrated within the schematic cross-sectional
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22 The SDE regions preferably have a depth between 10
and 50 nmand a concentration between | E19 and | E21
atonicc. The SDE inplant also fornms FOR defects (not
shown) in a SDE FOR region. Form ng S/ D Spacers As
shown in figure 2G we form S/ D spacers 52 on the
sidewalls of the gate structure 40. The S/ D spacers
52 can be formed over existing spacers 28. Form ng
Source/ Drain Regions As shown in figure 2G we form
source/drain regions 54 in the substrate adjacent the
gate structure. Schematically, the drawn junctions
represent the boundary at which the n-type and p-type
dopant are equal. These can be adjusted Wi th adjusting

en‘g??j npb%§el/§ﬁ}al sy Sé% ggtn%l@ggvﬁe.ls}%%g%% e ?r%p]oaynE LAY te

o B BEH T RS SALOR P TSN B WO G Eabar g
P Cé‘@%T66H°%t“Efetrwatltﬂomh§§ftlgét S*ﬁ%é?pf %

| ayer 20. The.re

es%ﬂﬁﬁ?g

For | arger inplant sp eci at. dos§ )

t hESTRRHRY Opfy™e Wé%" SPEM id‘g“%ﬁ %’“Of%é”‘t%“ tyﬁ“tz‘ﬁ%re
figures, the FOR gefects are drawn g g outside 23
th%m§%UP¥@YdFQFW“ @“HHF&WP88FBHmBéE$U'@0Phe def ects
when present ese regi.on cau: .sever

| eakage cowpajgagg%”W?“t rierally ¢l w?gwg%éggﬁtm¥ﬁ§?W§yﬁ"mer

source -drain region itself.
comprise wells.

E15

Implantation to form a C-containing layer
As shown in figure 2B, a carbon containing layer 20 is formed by
implanting carbon ions into the substrate.
Prefl era_bly the carbon layer 20 overlaps with the EOR of the a
subsequent {clopant) impla_ntcd region. The carbon dose is preferably between 7.5 £ 18
atoms/sq-cm and 1E20 atoms/sg-cm. The carbon implant can be either an amorphous or

non-amorphous implant, and is preferably a non-amorphous implant.

As shown in figure 2C, the preferably the carbon implant projected
range (Rp) overlaps the entire EOR of the dopant region (s} that we are using the c-layer to
getter defects. Preferably the carbon layer Rp (Rp Y is extents to depths between about 1

Poraty and about preferably extends between 1.0

Rp- dopant to 2 times Rp- dopant (2*Rp
and 1.8 Rp- dopant and most preferably between 1.0 and 1.5 Rp- dopant.
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Position O The C -containing Layer Preferably the
dopant regions and carbon-containing | ayer are
positioned so that the carbon containing |ayer extends
between the Rp SDE to the bottomof the S/D FOR
region (e.g., 2.0 * RpsO). Substantially all of the
channel region is preferably not the carbon
containing layer. The depths of the source/drain
regions 54, source/drain projected range source/drain
FOR regi ons depend on the technol ogy. The projected
range and end-or-range regions for the SDE regions,
pocket inplant region, and the source/drain inplant
regions are preferably in the carbon containing

| ayer. |n ot'HePouspdebs 26F L ife2end Sapisserablyhys 4 thickness
conbi nation of the projected range and end-or-range
fdgreohsC coceRtmEon Berepil thag gPak sSP(lg)'rﬂoschE relgifieghdie dppapt
pocket inplant region, and éd%mghe source/drain

fegon ahbetyegiabis 1&rer i n thé-UcBP bon dbaRAICALAYCanaydprably he
Anneal ing The Substrate Still referring to figure 2H,
bsvesned ragh L Rarvaat axheospiderptly 8f v bstvsesi U agl B Rp-
anneal ) whereby the carbon containing |ayer acts as a
d9MRt f or defects (e.g., interstitials) fromthe
pocket inplant, and source/drain inplant. The c-I| ayer
anneal performed at a tenperature between 650 and 850
degree C and for a tinme between | and 60 seconds and
nmore pr ef er I §*aB@levide AOPEOt @A de 50, PAIGEHNHS.2- B e FRm
this G containing |layer anneal is the higher ] )
toé?‘}pépﬁ't(wgcélﬁﬂlé%LC‘ISWQS)* the pocket region, and/or the source/drain regions.

The substrate and C-containing layer is preferably annealed after the
dopant implant, such as after the source/drain implant.

The carbon containing layer 20 can be comprised of 51,C,., The
carbon containing layer 20 is preferably comprised of Si,C;., alloy and preferably has a
concentration with y between about 0.001 and 0.005.

The carbon containing layer 20 is preferably comprised of Si,Cy.,;
alloy and preferably has a C concentration of between 5E18 and 1E20 atoms/cc and more

preferably of between 1E19 and 2E19 atoms/cc.

Figure 2E shows the carbon-containing layer 20 at a depth below the
substrate 10 surface with a region 30A of silicon-containing region above the carbon-

containing layer 20.
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device is subjected to. Depending on the technol ogy,
there may be anneals before the post S/D anneal, such
as post SDE. The carbon containing layer 20 (Sii_yCy)
getters defects fromthe SDE, pocket and SID

i npl ants. The carbon containing layer 20 (Sii_yCy) is
preferably not in the channel region. The channe
region depth is a function of the device and
technology and varies with the electric field.
Currently, the channel region has a depth of from
about 3 A to about 10 A 25 B. Exanpl e positions of
the Carbon containing |ayer Figure 3A shows an aspect
where the SDE FOR region is in the c-layer. Figure 3B
shows an aspect where the pocket FOR region is in the

Kk
c- layer. Figure 3C shdﬁgmﬁhaﬁg tt%fere the SD FOR

region is in the G containing_layer., Oher ) 5
Combi nat f ons JrIEPBEY B AL BESETHA taie 0 68 46 Ry At uyrte
of _exanpl e enbodi nent -8§-contaiqln% | ayer formed by a

gr oWt ﬁ%@@%@on 18 58 Y s P tder Fgf%f"ﬁi‘*ﬁ‘é&t he
carbon-contai ning | ayer, a growth rocess is %ed.to
form the car boHeEdKEHIHMAY Ard§arly Cﬂgffrégfe P ﬁbgafeéHff pelyify B @ gate

4A, we form a_carbon containing | ayer 20 over or on
electrode 36 and first gate spacers 38.

Implanting Ions To Form: A Pocket Region

Referring to figure 2F, we implant ions to form a pocket region 44, a
pocket EOR region and pocket EOR interstitials 45 in the pocket EOR region.

The pocket rcgi.ons 44 is at least partially in the carbon containing layer
20. The pocket region 44 has the opposite impurity type as the SDE and S/D regions. The
pocket regions 44 preferably has about the same concentration as the ;llbstrzite or well and
channel region.

The depth for the pocket region 44 and the pocket EOR region depends

on the technology node of the device being formed.
Form S/D Extension Regions
As shown in figure 2F, we form source drain extension regions (S/1

extension regions 5(, SDI ) in the substrate adjacent the gate structure.
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a substrate 10. The carbon containing |ayer 20 can be
formed by a growth nmethod such as chem cal vapor
deposition or epitaxy growh. Mst preferably the
carbon containing |ayer 20 conprised of Si,Cl,.is
formed by a epitaxial growh process. The carbon
containing |layer 20 preferably has paraneters (e.g.,

t hi ckness, concentration) as described above. 26
Referring to figure 4B, we forma silicon |ayer 30 (or
silicon containing |ayer) over or on the carbon
containing layer 20. The silicon layer 30 is
preferably conprised of a silicon epitaxy |ayer

formed by an epitaxy process. The silicon layer is
pref erabl y dheBPEtredigns meefeibly Roe a degh bencamdOlind POy and 2
the silicon layer 30 (e.g., silicon cap |ayer)
pmedngrn@i hetvegs LRI 4nd dKdkgsmiset ween 200 and 500 A. The
silicon layer 30 preferably has a thickness about 0.5
* t hi ckness 1of SDEn@plgeitaiso dorind EOR defects (nag slmyyvng gt 9 Siplg FOR
exanple if tax (Thickness of gate oxide) = 20 A

Rpour = 20 run then Ts"ai) = 31 urn. The process

conti nues as expl ained above in the first aspect and
shown in figures 2E Formin28D SMaceExanpl e Enbodi nent -
substrate structure further conprises a strained

regi on I n a‘sshopt @ feptsddi. memerm SRopscis A2 ph erelswai of gie
5H, the substrate

gate structure 40. The S/D spacers 52 can be formed over existing spacers 28.

o

Forming Source/Drain Regions

As shown in figure 2G, we form source/drain regions 54 in the substrate
adjacent the gate structure. Schematically, the drawn junctions represent the boundary at
which the n-type and p-type dopant are equal. These can be adjusted with adjusting the
implant profiles either with different implant energy, dose and species type.

The source/drain regions 54 formed by an ion implant process where

preferably the S/D EOR region are in the C-containing layer 20.

The region between about Rp and 1.5 Rp is an estimate of the region of
the EOR defects location. For larger implant species and at high doses of >1E135 the EOR

may extend from 1.5 Rp to 1.8 Rp. In the figures, the EOR defects are drawn only outside
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structure includes a strained |ayer. The structure is
preferably conprised of a |lower strained region (110)
and overlying upper (unstrained) silicon cap 116. The
| ower strain region 110 is preferably conprised of
Sii.yGy or Sil .y Cy where y is between 0.001 and
0.0003. 27 In a first aspect, the strained region is
formed by growth or chem cal vapor deposition
process. (e.g., figure 5Ato 5H) In a second aspect,
the strained region is fornmed by inplant process. The
enbodi nent is discussed in nore detail below A. first
aspect- grown strained |layer In the first aspect of

t he enbodi nent, as shown figures 5A to 5D, 5E to 5H,

substrate structure.is co i sed of a subst.rate.
 dherougersn e g a0 ok SR ih B iy B
116. Referring to figure b a substrate 10 is, shown. . .
Re’fl%‘?hrsie%e {E%kc ¢ (é(hﬂ}pél’@%é(’) % éhe?{eFeéti 13 8r§sernll’e1éxi []genSOPerb -c{r%m ré’é@on itself.
fornmed over the substrate 10. The strained inducing
material is preferably grown on the substrate to a

t hi ckness sufficiepnt to induce strai.n in silicon i.e.,
Sii",Ge, or Sit C.Eos@ﬂ?@r@ﬁ“i(g_ﬁ’é’fwgﬁhaﬁgﬁout 1 and 30
% and nore preferably x is between about | and 10%
Referring to figure 5C, a carbon containing |ayer 120
is formed over_the g%rained re

€ : gion 10.ng% c%rggga
contai ni ng | ay &Y BRSPRS Rl EBISEPEEOBI G G
along wth the strained.region Mﬂﬁ e“kqt§gg$@mt the bottom of
pokdstions! sodhay His SRR TG th YT T RSB h t he
the S/D EOR region (e.g., 2.0 * RpSD). Substantially all of the channel region is
preferably not the carbon containing layer.
The depths of the source/drain regions 54, source/drain projected range

source/drain EOR regions depend on the technology.

The projected range and end-or-range regions for the SDE regions,
pocket implant region, and the source/drain implant regions are preferably in the carbon
containing layer.

In other aspects of the embodiment, any combination of the projected
range and end-or-range regions for the (a) PAI regions (b) SDE regions, (c) pocket implant

region, and (d) the source/drain implant regions are in the carbon containing layer.
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S/D SDE. Referring to figure 5D, an optional silicon

| ayer 116 is forned over the carbon containing |ayer
120. The silicon layer is preferably conprised of
silicon, but can 28 have other elenents. The carbon
containing |ayer is conprised of a upper silicon |ayer
116 and a | ower carbon containing |ayer 120.
Preferably in this technol ogy, the silicon
(containing) layer 116 has a thickness between 0 and
100 A and nore preferably between 5 and 100A. The
silicon layer is preferably not strained. The desired
channel | ocation and stress/strain can determ ne

t hi ckness of the silicon |ayer. For exanple, for a
conpr essi ve strain chamgabhg Thobulgtr8le j  yGey strained
region 110, a Si-layer is not fornmed. For exanple, for
a conpr essi Willstleming o fodvanHblwe prderaldly ShtjealilBysubstragd (redpost
region 110, a Si-layer preferably has a thickness

Bét mpen) wigG:bsitig ca®On fontdipng kxarph es 2 figy loadefensielse
strain channel, for a Sii.yCGey strained region 110, a
BierftigiyleY frpp Bf @l yrphas awd ohiceresisipbet. ween 60 and 100
A. For exanple, for a tensile strain channel, for a
Sii-yCy strdihnedayeegined pad@medatSjtehppyane betwagt 650andhdd)
B. Second aspect - strained region is fornmed by
fleppiedhanddpiogesshetwden | and et snehdagpbwere ptafreatdy baverad O and 30
region is fornmed by an inplant process. For exanple,
Geowks. Befcody wah-detaimpl Jart echeplng e hizberderygratert anncThbe
process continues as discussed bel ow. For exanpl e,
defeny pwgected td.i gure 5D, a strained |ayer 110 forned by
an inplanted. Also referring to figure 5D, the
C-containing layer 120 can al so be a strained

Depending on the technology, there may be anneals before the post S/D

anneal, such as post SDE.

The carben containing layer 20 (Si,.,C,) getters defects from the SDE,
pocket and S/D implants. The carbon containing layer 20 (51,.,C,) is preferably not in the
channel region. The channel region depth is a function of the device and technology and
varies with the electric field. Currently, the channel region has a depth of from about 3 A

to about 10 A.
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| ayer. 29 C. steps to fromdevice - figures 5E to 5H
Referring to figure 5E, processes are perforned to
forma structure preferably has a carbon contai ni ng
region 120 (carbon rich region) and strain region 110,
a silicon cap 116, a gate dielectric 34, a gate

el ectrode 36 and gate spacers 38. The carbon

contai ning region 120 and the strained region 110 are
preferably formed using an epitaxy process and nore
preferably a RPCVD process. The strained region 110 is
preferably conprised of Sii_xGe, or Sii_xC, where x
is between about | and 30 % and nore preferably x is
bet ween about | and 10% and preferably has thickness
of about I pm (0.8 to 1.2 tqQ i.nduce strain in the
channel5- Reﬁé?ﬂﬂ’\"gp?ﬁﬂ’f’f’ﬁﬂ?jg"esé? bon GARIPING{BY St i s
perforned to forma pocket region 44. A pocket
end- of - range (FEOR) 34 dgivonn aspdctpdicicate FIHE BOBregi¢nab & thec-layer.
are undesirably formed. Referring to figure 5G
spacers 52 ar ¢ifur Biehooven atphe vdateshespockes EQRgegion is in the c-
sidewal | s. The spacers 52 can be forned over the
(flayst) spaces 38. Next, source/drains 54 are forned
by a SSDinplant. S/IDinterstitials 55 are

undesi rabl y f diigree3¢€ shoavs 8h Bxperidvhefe-thaa$lg EOREGR)N is éghof-
Referring to figure 511, the structure is anneal ed
whemmexiprieherrabl y the interstitials are renoved. The
carbon rich | ayer 120 preferably extents between (a)
Ito 1.5 Other combinations of aspects are possible.

V. Second Aspect of example embodiment — C-containing layer formed by a
growth process
In a second aspect for forming the carbon-containing layer, a growth

process is used to form the carbon-containing layer.

Referring to figure 4A, we form a carbon containing layer 20 over or on

a substrate 10,

The carbon containing layer 20 can be formed by a growth method such
as chemical vapor deposition or epitaxy growth. Most preferably the carbon containing
fayer 20 comprised of Si,C).,is formed by a epitaxial growth process. The carbon
containing layer 20 preferably has parameters {e.g., thickness, concentration) as described

above,

26




Rp SDE and 1.0 to 2.0 Rp SID 30 3E VII. Enbodi nent -
"retrograded C-containing |layer" In another exanple
enbodi ment, a "thin" C-containing layer is formed in
a substrate. Wien the thin Ccontaining |layer is
anneal , the carbon-containing |layer diffuses up
towards the surface and down towards the substrate
center to create a "retrograded C- containing |ayer
This reduces the Cin or near the channel region of
the PET. Referring to figure 6A, the thin
C-containing layer 220 is forned in or on a substrate
220. The C-containing layer 220 is preferably forned

by an epitaxy process. As shown in figure 6B, a
silicon | ay®ecfeR8Q t §girorFede brmopsiliowelrydr g (arkiligon containing
C-containing | ayer 220. The "thin" C-containing |ayer
1220) ¢ocranniealajbopceftanablayeriids a  t hi ckness bet ween

-30 and 60 nm The carbon-containing | ayer (before
anneal ) pr dhesiliginjayrad0 o podneEntaarisgholBetiveerpitax Halg
and | E20 atonfcc. As shown in figure 6C, we annea
fiolneedt Hyi an e@tappteatni W dibgpe day2Ri@ preterabyor erysieliistSiogr ade
C-containing |l ayer 220A. The retrograde retrograde

C- cont ai ni ndiof agieen QR0 has: sdighalilfyeudl (ons sP2QCaatter)
center part 220B. The thin C-containing |ayer

priefablydiet ythidkgest betweah 108 avhed0sibst rate in the

subsequently fornmed FOR region of the source/drain
region. The silicon layer 30 preferably has a thickness about (1.5 * thickness of

the gate oxide + (1- 1.5%Rp SPEy For example if t,, (Thickness of gate oxide) = 20 A,
Rp*"" = 20 nm then TV = 3} pm.

The process continues as explained above in the first aspect and shown

in figures 2E thru 2G.
VL Example Embodiment - substrate structure further comprises a strained
region

In a example embodiment, shown in figures 5A to 5H, the substrate
structure ineludes a strained layer. The structure is preferably comprised of a lower
strained region (110) and overlying upper (unstrained) silicon cap 116. The lower strain
region 110 is preferably comprised of Siy.,Gey or Si.y Cy where y is between 0.001 and

0.0003.
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31 The carbon-contai ning | ayer (after anneal)
preferably has a concentration between | El 8 and |
E20 atom cc. The carbon-containing | ayer

concentration is reduced after anneal because the C

di ffuses during the anneal. The carbon-contai ning

| ayer 220A (after anneal) preferably extends at | east
bet ween RpSDE and 1.8* Rpsm Figure 6D shows a FET
device fornmed on a substrate. Referring to figure 6E,
the following are fornmed: gate structure, SDE, pocket
region, S/D regions. The retrograde C-containing

| ayer 220A is shown after the anneal. The retrograde
C containing | ayer 220A preferably extends fromthe
Rp of the SIDregion to 1.5 Rp of the S/D region. The
C concentrat i dn 2dstemect §p sHnEchsEPD ! Pa Brgropéh or chemical
preferably between | EI8 and | F 19 and the C

c omendapatiionprpeest Feg demtetA B>1Phe regi on 1E19 to |
E20 atonms/cc. Preferably the retrograde C containing

| ayer 220A is ld@eprophasphd. thayipacd muenangyredrtyinplyst process.
channel region and preferably in the FOR region of the
sour ce/ drai n reyi arhodiat sdisbesed in moredcld bpio-
containing |ayer diffuses up into the Si layer 30 and
down into the substrate during subsequent heat
processes thereby the carbon contain |layer has a
retro grade grofile. Duri ng subseéyent t her ma

processfing stissgsPedle 9reWPsBIRINes/B¥eti f f uses both way,
both upward towards the surface of the silicon and
deeper In the first aspect of the embodiment, as shown figures 5A to 5D, 5E to

5H, substrate structure is comprised of a substrate 10, a lower strained region 110 and a
upper silicon cap 116.

Referring to figure 5A, a substrate 10 is shown.

Referring to figure 5B, a strained region 110 is formed over the
substrate 10. The strained inducing material is preferably grown on the substrate to a
thickness sufficient to induce strain in silicon i.e., S1,.,Ge, or 51,.C, where x is between

about | and 30 % and more preferably x is between about I and 10%.

Referring to figure 5C, a carbon containing layer 120 is formed over the
strained region 110. The carbon containing layer is preferably deposited or grown along
with the strained region whosc intended position is dependent on the implantations of the
S/ SDE.

Referring to figure 5D, an optional silicon layer 116 is formed over the

carbon containing layer 120. The silicon layer is preferably comprised of silicon, but can
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into the silicon substrate. The upward diffusion of
the carbon inpurity would cause graded 32 profile
where high concentration is obtained at the region
where carbon is grown and its concentration decreases
towards the silicon surface, decreasing the occurrence
of accunul ati on of carbon species at the channe
region. I n another enbodi nent, preferably the
retrograde carbon containing region extends between
the Rp -SDE and the bottomof the S/D FOR region

(e.g., 1.5to 2.0 * RP-SD). VIII. enbodinent - nethod
for formng an inplanted Cregions in FOR regions A
Overview Referring to figure 7A, in an exanple

SR QM NBEHentA TR dabih Wb Raiang 1aybEt Batprateofdapetrshran fager 116
formng inplanted C-containing regions in a

SRINM 16NAAUSHR Eontdd@ME B@eriinot he proj ected range and FOR
ranges of inplanted (doped or PAl) regions such as

SDE, S/ D, pocket inplant regions. As shown in figures
7B-1, 7B-2 and 7B-3, in general, an aspect is that we
form an i nplatesy G GRNE@LALAY HeTikcan(cangndg AR 1 eghein
within the doped region. Figure 7B-1 shows an
irrhanbededapsd 10edi a0 nardthralrabOR:egl Dind 1088, Fhegillcen layer
7B-2 shows a rough concentration profile on an

ARl f@al19 dot si-88¢d Mehe TREF GRnh@ YicalonUsd atkdsyfstiasn (R @6efitine
at a depth between 1 Rp and 1.8 Rp or nore wusually

betnee Br @PQUtonl1aBR FRANEkakpl, FPa compressive strain channel, for a Si;.,Ge,
strained region 110, a Si-layer is not formed. For example, fqr a compressive strain
channel, for a S1,,Cy strained region 110, a Si-layer preferal;ly has a thickness between
60 and 100 A.

For example, for a tensile strain channel, for a Sij.,Gey strained region
110, a Si-layer preferably has a thickness between 60 and 100 A. For example, for a tensile

strain channel, for a Si,.,Cy strained region 110, a Si-layer is not formed.

B. Second aspect - strained region is formed by implant process.

In a second aspect, the strained region is formed by an implant process.
For example, Ge or C ions can be implanted into the substrate. The process continues as
discussed below. For example, referring to figure 5D, a strained layer 110 formed by an
implanted. Also referring to figure 5D, the C-containing layer 120 can also be a strained

layer.
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As shown in figure 7B-3, we forma C-containing |ayer
about in the projected region and the FOR region. The
C-containing layer is preferably forned by an i nplant
process. The C-containing |ayer getters defects from
t he doped regi on and FOR region. The
carbon-contai ning | ayer extends from between a depth
1.0 Rpand 2.0*Rp dopant. The carbon-containing | ayer
preferably has a concentration above 5E 18 atons/cc
from between a depth at the Rpdopa"" and 2.0 Rp dopa"
The carbon-containing | ayer nore preferably has a
concentration between 5E 18 and 1 E20 atons/cc from
between a depth at the Rpdpa"' and 2.0 Rp dopant. The
carbon-containing |ayer preferably as a Rp ¢
To"' a' 'C." gi sipes tb froan davicet igeres Fpdpahh and 1.5 Rpdpm
For the enbodi ment, the paraneters for the Cinplant
and C-cont ai NRB@rridgay Bf e 8F ragssdesc peihetedbduen unhess:
otherwi se noted. B. forma gate structure Referring to
f i GereRbifAas NRrINQUAERInG r&uISI) ataebBQ2h rebiie) stbstaidegion 110, a
is preferably a pure sem conductor material (s) such
aSgjloPbapBhES gadf didedBlid B, a ghte dlcnadic 36 andiatdiphdtre3g. 34 W
forma gate structure 340 over the substrate. A
channel regi orhd4dbdnTontaiideherisiimstahatie staseretife! gate
structure. C. forma pocket region and a pocket FOR
I eGERALNEo¥BANE ul YREx Roder dtanROFKREabIEIRIBTVIS fbcess.
pocket projected range

The strained region 110 is preferably comprised of Si,.,Ge, or Si,,C;

where x is between about 1 and 30 % and more preferably x is between about 1 and 10%

and preferably has thickness of about Ium (0.8 to 1.2 pm) to induce strain in the channel.
Referring to figure SF, a pocket implant is performed to form a pocket
region 44. A pocket end-of-range (EOR) region and pocket interstitials 45 are undesirably

formed.

Referring to figure 5G, spacers 52 are formed over the gate structure

Next, source/drains 54 are formed by a S/D implant. S/ interstitials 55
are undesirably formed in a $/D end-of-range (EOR) region.

Referring to figure 5H, the structure is annealed where preferably the

interstitials are removed.

|
sidewalls. The spacers 52 can be formed over the (first) spaces 38. .
|
|
|
The carbon rich layer 120 preferably extents between (a) [ to 1.5 }

Rp **% and 1.0t02.0Rp *°,
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region and a pocket FOR region (not shown but roughly
| ocated in the carbon-containing pocket FOR | ayer 345
) in the substrate. The pocket inplant process can
conprise As, B, BF2 +. P or Pions at a dose between
| E13 and 1E14 ions/sg-cm at an energy sufficient to

| ocated the pocket inplant region bel ow the SDE but
shal l ower than the S/ID region. D. forma

car bon-cont ai ni ng pocket FOR region W inplant C ions
preferably at |east into the pocket FOR regions to
forma carbon-contai ning pocket FOR region 345. The Rp
of the C-containing pocket region is preferably

bet ween 1*Rppocket and 2*Rppocket and nore preferably
between | *Rppocket and 1.5 Rppockct The
carbon-cont ai ni ng pocket FOR region 345 preferably a
carbon concentration between 5E18 and | E20 at oni cc.
For egabpdifent OfretroBra@od Kedontamihankerof 1E15/sg-cm at
30 Kev, an exanple of the C-inplant process
parameters af %oth%ﬁéa?’uﬂ SRR ifell §t‘1hﬁe%ﬁﬂmﬁ id)ﬂ’l@l@lfgl\{‘led

at sane tw st and t||t angl e as the pocket i nplant

", sgm{ea‘!’&/hcr{ th@ th P! lc@ﬁ&ﬁmgfay&h?arq{%@e[ge E&an%%tam layer

car bon- cont al ni ng regions can be perfornmed in any

ghﬁ%ﬁ n%r%uﬁ AR amﬁw& tsg%@uh@k;ngtrmgang%ééée gan

anted before the pocket region 344. E. form

SQEogrrﬁlgﬂi @%nt@ﬂ%g$% FER FC@QE!LQ 2 (,Mﬁ of" Qcamh§%nf199&é?(§}§of the
0 “and ORregi ons preferably using an
FET.

Referring to figure 0A, the thin C-containing layer 220 is formed in or
on a substrate 220. The C-containing fayer 220 is preferably formed by an epitaxy
process.

As shown in figure 6B, a silicon layer 230 is formed on or over the thin
C-containing layer 220. The “thin” C-containing layer 220 (no anneal) preferably has a
thickness between ~30 and 60 nm.  The carbon-containing layer (before anneal)
preferably has a concentration between 1E19 and 1E20 atom/cc.

As shown in figure 6C, we anneal the thin C-containing layer 220 to
form a retrograde C-containing layer 220A. The retrograde retrograde C-containing layer
220A has outdiffusions 220C and center part 220B. The thin C-containing layer preferably

is formed in the substrate in the subsequently formed EOR region of the source/drain
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i mpl ant process in the substrate adjacent the gate
structure. The inplant process for the SDE s can form
FOR regi ons where FOR defects are forned in the

crystal lattice. F. inplant Cions into the substrate
in the SDE FOR region to form carbon-containi ng SDE
FOR regions 351 Then we inplanting Cions into the
substrate in the SDE FOR region to form

car bon-contai ni ng SDE FOR regions 351. The preferred
paraneters for the C containing |ayer and the
C-inplant are described above. For exanple, for an As
SDE i nplant of: inplant angle of 7 degrees, 22 degree
tw st, 2 keV, 1.51315 dose and An exanpl e of the
C—|nplant process arameters, are: C dges 7E

at oms/ sq- cm atihp W‘FH“%‘FWY%I(afiev\ﬁ“‘é‘t:dlbﬁ{?f‘ir?qiﬁf haga

SDE. G formS/D s ers m S/ D spacers, 352 on

t hePnsgniravial hesvasp ]t‘JO Heé a'@‘b’cFewéit(’I”M’%Ct qu'eC‘@WO CO“‘%‘GmH’aYFbr m
source/drain regions and source/drain FOR regi ons W

f opoRrEHRAY P Hdared aftegnamsbasse disd SBuee évrmgah“wnp@h The
regi ons 355 adjacent the gate structure. se
sotrlesrgrainmeragr S GBer agpcal predaihupiignds o ﬁ?ébb%‘yeeaﬁp
ion inplant process. The channel region is preferably
not-8f RPany carbon containing layer. 1. form

car bon- contalnlng source/drain FOR regi ons W inpl ant
C ions into tHéwud3thoarse HE depige Danpdey umhititerpering to

regions to form carbon-containing source/drain FOR
r ebitwin&E.3gsfoltowing are formccl gate structure, SDE, pocket region, S/D regions. The

retrograde C-containing layer 220A is shown after the anneal. The retrograde C-
containing layer 220A preferably extends from the Rp of the 5/I) region to 1.5 Rp of the
S/D region.

The C concéntration on the top and bottom regions is preferably
between 1E18 and [E 19 and the C concentration in the center of the region IE19 to TE20
atoms/cc.

Preferably the retrograde C-containing layer 220A is deep in the
substrate away from the channel region and preferably in the EOR region of the
source/drain region.

The carbon in the carbon containing layer diffuses up into the St layer
30 and down into the substrate during subsequent heat processes thereby the carbon
contain layer has a retro grade profile. During subsequent thermal processing steps, the
carbon layer diffuses both way, both upward towards the surface of the silicon and deeper
into the silicon substrate. The upward diffusion of the carbon impurity would cause graded
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The carbon-contai ni ng source/drain FOR regi ons 355
preferably have a carbon concentration between 5E18
and 1E20 atomcc, and a thickness related to the
RPdOP °~ as descri bed above. An exanple of the
C-inplant process paraneters are: 7 degree angle, 22
degree twi st, 10-50 KeV energy, and 1E14 atons/sg-cm
dose. J. anneal W preferably anneal the substrate
wher eby the carbon containing |ayers act as a sink
for defects (interstitials) fromthe pocket inplant,
the SDE inplant and source/drain inplant. Preferably
the end-or-range regions for the pocket inplant, the
SDE inplant and the source/drain inplant are in the
[ﬁéﬁl@ Qiferé AthabkRguibAeb&ined £t (ke g@dRR@ale chisopk @fe@madat yis
perfornmed at a tenperature between 650 and 899 degree
Gnandaf@rdeaedstsewhet iveelcdn @aptkeb@:cretants candem® bl
preferably between 10 and 30 seconds. More

REfefiiRbloy carbdie paii@bdhe tisanpeidpgsned at a tenperature
bet ween 650 and 850 degree C and for a tine between |
and 60 seconds and nore preferably between 10 and 30

seconds. This aqneal as a I Mﬁﬂ & q?erature t han
standar d anfeHO RIS PETEHNERE © %ﬁﬁg??%VW€8mgP”§
T between 900 and_ 1 0 degree e .of

BHBY BT DR O R RORD TS0 At B Pl B EM Bt frgt 15 o0
gﬁéket FOR regi on 345, pocket region 344, C-layer 351,

C—Iayer 355, and S/D regions 354. However,
t he |nplants can be perforned in other orders.

VIII. embodiment — method for forming an implanted C-regions in EOR regions

A. Overview
Referring to figure 7A, in an example embodiment, a structure and
method are described for forming implanted C-containing regions in a semiconductor
device in the projected range and EOR ranges of implanted (doped or PAI) regions such as

SDE, S/D, pocket implant regions.

As shown in figures 7B-1, 7B-2 and 7B-3, in general, an aspect is that
we form an implanted C-containing region and a EOR region within the doped region.

Figure 7B-1 shows an implanted doped region and an EOR region.
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| X. exanpl e enbodi nent - C-containing layer in FOR of

PAl inmplants In an exanpl e enbodi nent, a C contai ni ng

| ayer is formed in the FOR of a pre-anorphization

i mpl ant (PAI). See, for exanple, figures 8A thru 8C.

Anor phous | ayers created using non-dopant inplants are
used in conjunction with shallow inplants to reduce
channeling and to affect TED and dopant activation.

To prevent the channeling of boron inplant, a Ge

i mpl antation is introduced prior to Boron

i npl antation foll owed by an anneal i ng process which
conditions are just sufficient for solid phase

epitaxy regromh (SPEG of the silicon crystal,

typically at 600- 800 C for several seconds. The

anneal i ng condﬁ$F%ﬁB?s*ﬁ866“E§hFW“%V@VWH@@“ﬁﬁﬁH“““Nmmm
activation and mnimzed boron diffusion

si fepeBnt s dHsYE regtor UsaB e AETS e Rl SPHICHTF AL |R(Bﬁ‘”‘bf* Sc%“ ynose
38 itself introduces massive FOR defects at the tai
entsusly EAYep AP EREPON -1 BYi on which 1eads to | eakage
current in the MOSFET. In this enbodlnent a | ayer of
carbon rich rebfi 9avD B fRuECEY3 are fPre? ﬁﬁontai“ﬁ’tﬁll%ﬁfﬁf about in the
profile region. and subsequently anneal ed at SPEC
copdiceiedrrgionjapd the EoFsrepign e Thed -c@tyips iy it piefepbyr formed by an
defects which are typically associated with the | ow

t empxé?nap@cw I IG-sRglaimte vy getes desie diemuhi ¢dped eign and EOR
smal | ﬁant speci es experiences channelln%1 g enomre
whegionnphasred-Gonrminehayes prgds Homdetieer? dephi k0 Roul dand % 0*Rp
result in the boron dopant landing in a prOJected
depernof Thesatben-gontaipiag lyproprefapkly dig 2 prrspectetiboande!d a
phenomena which is undesiraple for the conpliance to

t hetowb/ee AosHENY ivajdente & tbhRe oadipdp:0 fsbr

The carbon-containing layer more preferably has a concentration
between SE 18 and 1E20 atoms/cc from between a depth at the Rp™"™™ and 2.0 Rp

C containing-layer

dopant. The carbon-containing layer preferably as a Rp located between

lopa fopant
Rp( Opant alld ]’5 Rp( opan .

For the embodiment, the parameters for the C-implant and C=containing

layers are as described above unless otherwise noted.

B. form a gate structure

Referring to figure 7A, we provide a substrate 300. The substrate is
preferably a pure semiconductor material(s) such as a Si wafer or a Si/Si strained Si

structure.
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inmplant is often perforned at doses of > EI 5 and energy
of <1 keV. An approach to PAl is as follows. Prior to
the B inplant, a pre- anorphization inplant (PAl) step
is perfornmed to i nduce anorphization to the
crystalline substrate to induce disorder. The
prevents the B channeling phenonenon. PAlI inplants are
currently typically performed for p-type regions, but
PAl inplant could be used al so. One probl em associ at ed
Is the annealing at |ow tenperatures for boron
activation after the inplantations in a CMOS
fabrication process. The EOR defects resulted from
the aggressive PAl inplant (typically with Ge species
of 5 - 10 kX @tm 498€Sructud340bR)r thesbhitak. ARthingegion 342 is
density of residual FOR defects after anneal. The
RuRsensacoindtNesau: $ef@rt s results in high | eakage
current when present in the reverse biased PN
junction. 39 A. Form C-containing |layer in PA FOR
regi an Ref@fi & packdst rehpur andBad\poekagdi@A s¢giomt ure 840 is
formed on a substrate 800. A PAl inplant is perforned
to forma P%ei g!nPi%n@t@QoﬁWpd%ﬁ!t r(E;grD‘r ﬂ@fﬂ%@]&e@ f)x%ﬁ:@ted éaznge

Referring to figure 8B, a carbon-containing |ayer

%gioﬁ Gndha pock&@b@%?gﬁ (nfgpa{h%g ot Loy REALEARI e Wirbdh-&ntaining

ncentration preferably less than 0.5% at a depth

EJLE&%G*@IW&Q@W% shbsea@Nd 2.0 Rp of the PAI inplanted
: e

gion. In a preferred enbodi ment the

car bon- cont qihg.beg@etli@%ﬁﬁt &quec)&ﬁ @@Q{%is@ﬁ%,\@ﬁ@% a gt ﬂi}p@zft a
1.5 and 2.0 Rp of the PAl inplanted region. Referring

L QUL B8 CancPy EIRG dsRRAM ah SndP8S uBiiBboliQafe@ ko poblke:
%gap%ng&SSO.u%referégﬁch-fipen(gFg.f bo?oan doggnts

gﬁp@anit FQ@loﬂ'B&SQ the SDE but shallower than the S/D region.

D. form a carbon-containing pocket EOR region

We implant C ions preferably at least into the pocket EOR regions to
form a carbon-containing pocket EOR region 345. The Rp of the C-containing pocket
region is preferably between 1*Rp™™*' and 2#Rp"** and more preferably between
1*¥RpP™* and 1.5 Rp™* .

The carbon-containing pocket EOR region 345 preferably a carbon
concentration between SE18 and 1E20 atom/cc.

For example, for a B pocket implant of 1E15/sq-cm at 30 Kev, an
example of the C-implant process parameters are: 7B13 jons/sq-cm at between 35 -40 KeV

at same twist and tilt angle as the pocket implant.
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Referring to figure 8C, an SDE anneal is perforned
preferably at a tenperature |ess than 950C. The
residual defects that are typically fornmed are
elimnated due to the carbon-containing |ayer. 40 X
Exanpl e Benefits Rel ated To Sonme Exanpl e Enbodi nents

A. Hi gh tenperature anneal s of inplant danmage have
undesirable effects An annealing process is typically
performed after inplantation at significantly high
tenperatures to renove the inplantation i nduced damage
fromthe silicon. Three considerations for annealing
of the inplantation damage are as follows. 1)
Reconstruction of the crystalline lattice due to
anor phi zation This process involves a solid phase

epi t axy proceé%g?spgﬁmlmﬁﬁﬂﬁhW@d?mﬁfﬁ%%%dﬁ%?@ﬁ@ﬁpﬁﬁnmg
of the silicon crystalline |attice and_occurs at

t efepieRBLan Le p@réaﬁ@lrf%gl apy eites 0T SrerBo e C-apiapyFgiony i can be
growth rate of the anorphous layer is strongly

d eprnkoadtbetore thepocketapgie Hdure, with higher growth rate
for higher annealing tenperatures. 2) Renoval of

Def ects_During SPE, cluster] 0 ilicon

i nt er sthti alf® ?D?H@95H518¥JgﬁﬁgéOPEEQP"Sregion causes
the formati on of secondary defect%géég% Di sl ocati on

pl anes and deﬁ@%ﬁ“@égﬁ§fgom#ﬁ@§%1 I%“ﬂﬁ@hpﬁﬁﬁg%hﬁﬂ%a”
in the depletion region of the pn junction caus

seliat pegagehe %]B?‘faé‘fnf‘dli“@“‘t‘h%g‘ﬁ‘%%‘?t?’ifrn Taﬁa“wé proygs for the
renmoved. However, the renpval of these defec

r ek P &uhiogR EQ& eyians Wil gyfeq e fgmedp t?%fdw"ﬂ Hagre-

H GH TEMPERATURES ( Typi cal |y

F. implant C ions into the substrate in the SDE EOR region to form

carbon-containing SDE EOR regions 351

Then we implanting C ions into the substrate in the SDE EOR region to
form carbon-containing SDE EOR regions 351. The preferred parameters for the C-
containing layer and the C-implant are described above.

For example, for an As SDE implant of: implant angle of 7 degrees, 22
degree twist, 2 keV, 1.5E15 dose and An example of the C-implant process parameters

are: C does 7E13 atoms/sg-cm at 2KeV with similar twist and tilt as SDE.

G. form S/D spacers

We form S/D spacers 352 on the sidewalls of the gate structure 340.
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>950 C) processing conditions. 3) Activation of the
dopants 41 | nplanted dopants into the silicon
substrate occupy interstitial sites and nust be
activated before it can function as acceptors or donor
ions in silicon. The activation of dopant ions
i nvol ves pl acing or noving the dopants | ocated at the
interstitial sites back into the substitutional sites
in silicon. Generally, the higher the annealing
tenperature, the higher the activation. However, a
| arge percentage of the inplanted dopant ions are
activated during the SPE process, where the dopants
are incorporated to the substitutional silicon sites
al ongy Wi t B, 1o dRefdriidtid }dné%tda%bﬂé@/ﬁﬁ]n ®on P&yions
silicon lattice. The pro eﬁ1MAth the anneal i ng of ion
IGQ?L :msa: gg,g\%(!r &{IBFoulceﬂég%% x0n<‘, ’5%402}%1 tS?l}T(I;]C ram%%!? 11;3501\(56{53
%ﬁﬁ q Ey Bld Thernal Anneal (RTA) of > 1000 C for
R VeSO ™ "8Es for effective annealing, usually
Such hi'gh ¢ pavarareh fe oeseé%. wefefa%ﬁ‘ft“? "SR dptan
BRer o b HER LG ﬁf@'f]eﬁﬁbsf LSRR B PR e E#' it o
the nano- net er channel |ength reglne Al so the | oss
in the desired strain in the strained silicon
substrate. B. Exanple Enbodinents By neans of the
LT oduct ki Yarflon- @ﬁﬁ{w g SBERRNurairF EORBLRIns SOMTE of
the enbodi AEnt s of ntlon can elimnate the

g;foglcteg] ass%é :%Ep?am V& ions 1mto tPc ';eugzsuatc n Itthr{gurcc!,/dra!fn EOR regions to

form carbon-containing source/drain EOR regions 355.

The carbon-containing sour;:e/drain EOR regions 355 preferably have a
carbon concentration between SE18 and 1E20 atom/ce, and a thickaess related to the
Rp™™" 45 described above.

An example of the C-implant process parameters are: 7 degree angle, 22

degree twist, 10-50 KeV energy, and 1E14 atoms/sq-cm dose.

J anneal

We preferably anneal the substrate whereby the carbon containing
layers act as a sink for defects (interstitials) from the pocket imptant, the SDE implant and
source/drain implant.

Preferably the end-or-range regions for the pocket implant, the SDE

implant and the source/drain implant are in the carbon containing layers.
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42 Carbon species when present in the silicon lattice

can act as sink for interstitials. By incorporating

carbon into silicon, the carbon can reduce the

presence of FOR defects. Also, the activation energy

for carbon to performas silicon sinks is in the

range of 2.5 to 3 eV. This is about simlar activation

energy for the regrowh of anorphization | ayers.

Hence, there is an indication of possibility of the

reduction in thermal budget. This would reduce the

requi red anneal i ng tenperature condition, reducing

the overall thermal budget of the MOSFET device

fabrication process. Carbon which performs as silicon

interstitial S| nks rev hanced dopant

a1 usion (e d G“Wég‘ﬁﬁ e %@aﬂua%a*ﬁ“waﬁaw%’ Bepgga0 and
f usi on on the

CoRBufterafl R 160 (2 PRBReY MU STPRaGY b Sdaiiiahy beaygen 10

regi on. cont er . can have the follqw n

AR %@f‘e%ﬁs (fy'orﬁg(ﬁ R ORIGH U PG e%‘ﬁ?fﬁ‘ﬂ??gi“i‘”&ﬁ“ 650

fornatlon r .control ansi stor, sh

rette IS { c&jlmar?a“fvﬁ@vb?@eg@gﬁw S BH R ohp deteen

(RSCE)  as Iomer t.enper at ur rocessi ng, condi ti

ded? #usOseapant s ARERIer B IR SR S AT *f%nsaﬁ arregt A

the MOSFET. 3) Retention of the de strain in

st PATHEETY r%&s O ﬁhi‘){‘]&iwee“%@a 7! {@ﬂﬁ é

EXPERI MENTAL RESULTS ON ANNI%ALI NG (]: SAl

| MPLANTED W THMHES&WP!e QiBieura! Besdeerdar &F 5 ‘Sé%‘%%ﬁ%&a‘“mg

pocket EOR region 345, pocket region 344, C-layer 351, SDE 350, C-layer 355, and 5/D

regions 354. However, the implants can be performed in other orders.

IX. example embediment — C-containing layer in EOR of PA] implants

In an example embodiment, a C-containing layer is formed in the EOR
of a pre-amorphization implant (PAI). See, for example, figures 8A thru 8C.

Amorphous layers created using non-dopant implants are used in
conjunction with shallow implants to reduce channeling and to affect TED and dopant
activation. To prevent the channeling of boron implant, a Ge implantation is intreduced
prior to Boron implantation followed by an annealing process which conditions are just
sufficient for solid phase epitaxy regrowth (SPEG}) of the silicon crystal, typically at 600-
800 C for several seconds. The annealing condition is good as it provides high activation

and minimized boron diffusion in the silicon subsirate. However, the implantation of Ge by
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Source Drain Inmplantation (SDE) An | ndium i nplant

mar ker was used as an indicator of the presence of
FOR defects, as indiumions behaves to segregate into
FOR di sl ocation | oops during annealing. The HEAVY

I NDI UM (I n) DOSE was about Ix i 0" cm' The As Source
Drain Inplantation was at dose of 1.5 El 5 and an
energy of 2Kev. Enbodi nent's Carbon containing | ayer
reduces defects with Low T anneal Figures 9A and 9B
are XTEM I mages showi ng sanpl es prepared after
annealing at RI1P 650C for 20 sec. Figure 9A - (a.)
shows substantial elimnation of the FOR defect band
with the presence of -0.5 % of substitutional carbon

igsél@m()ﬁl[%@@hfﬁsﬁlélf b\f{ (ﬁ?cc{sh@thh ml (ﬁ@%ﬁtlifgnmpl':%l&ﬂgggn which
reglon in the silicon substrate. Flgure -

EHJ@m@gggﬂgﬁqnW%q@@yﬁypresence of carbon The EOR
ct band is clearly visible. For both inmages, no

v' si bl e def gchisRamdainas, § AYads G5 SSRORM] ng;dt:&; & bR pAl
SDE i npl antation. 44 Referrlng to figure 9C

Iﬁinﬁg %u{r@r@%( ﬁﬁﬁ; Q{ngﬁg(f Q%th%ond;{‘&kum:! [Qﬂ‘;lb!e to
subt e segregation of indiuminto FOR peaks at

xtﬁﬁnagb t%ngﬁQf@@:@tl '\Jﬂ&h a&qgﬂb tlfyol%cﬂaéd SAHR LQO\WtctnK}JQPﬁc annealing

carbon |ncorporat|on |nd|cat|ng the presence of
(gef . 111, Enbodi nment's Carbon containing | ayer
ces defects with Hi gher T annea

Boron which is a small dopant species experiences channeling
phenomena when implanted into the silicon Jattice. This would result in the boron dopant
tanding in a projected depth of up to 4 times its intended projected range, a phenomena
which is undesirable for the compliance to the Ultra-shallow junction roadmap. Boron

implant is often performed at doses of >1E15 and energy of <1 keV.

An approach to PAI is as follows. Prior to the B implant, a pre-
amorphization implant (PAI) step is performed to induce amorphization to the crystalline
substrate to induce disorder. The prevents the B channeling phenomenon. PAI implants are

currently typically performed for p-type regions, but PAI implant could be used also.

One problem associated is the annealing at low temperatures for boron
activation after the implantations in a CMOS fabrication process. The EOR defects
resulted from the aggressive PAI implant (typically with Ge species of 5 - 10 keV at doses
> 1E15) results in high density of residual EOR defects after anneal. The presence of these

defects results in high leakage current when present in the reverse biased PN junction.
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At substantially even higher annealing conditions, no
i ndication of FOR { | oops was observed. Figures 9D
and 9E, are XTEM i nmges. Figure 9D shows the presence
of FOR di sl ocations without the incorporation of
carbon. Figure 9E shows the absence of FOR defect band
wWith the presence of the enbodi nent's substitutional
carbon layer for 0.1 % carbon incorporation subjected
to spike annealing tenperature of 1050 C. Figure 9F
shows SI M5 neasurenents perforned on the indiumion
for sanples with and without the c-containing | ayer.
The two experinental results suggest with the presence
of carbon; the absence of clustering of silicon
interstitials for FOR defect formation is achi eved
through the entire annealing process, indicating no
need for the typical high tenperature annealing step.
45 Therg is_al sg, no defect corr ing.to the | ow
oner 0y At BRIRG-BAMERGS Ay ety ERLEH FlBat Thi's i s
possi bly due to the surface enhancenent effect where
the silicon siefeadw b &gum S4f f ade bpstusd $id if ormed qnj asghstrate
interstitials, preventin? FOR di sl ocation | oops from
be$URgA Pdd irerlant BLECTRICAD [ OARA Hirgupes@a@nd EAbULR alcigea -
conparing the junction | eakage of a diode

Referring to figure 8B, a carbon-containing layer 820 is (e.g.,

implanted) formed with preferably with a concentration preferably less than 0.5% at a
depth preferably between 1.5 and 2.0 Rp of the PAlimplanted region. In a preferred
embodiment the carbon-containing layer 820 extends between a depth of 1.5 and 2.0 Rp of
the PAl implanted region.

Referring to figure 8§C, a SDE implant is performed to form SDE
regions 850, Preferably P-type (e.g., boron ) dopants are implanted.

R{ET erring to figure 8C, an SDE anneal is performed preferably at a
temperature less than 950°C. The residual defects that are typically formed are eliminated

due to the carbon-containing layer.
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with and w thout the enbodi ment's carbon contai ning

| ayer (Sii_yCy). The enbodi nents C-containing |ayer
with an anneal in the range of 700 to 900, has
significantly | ower junction | eakage than the other
processes. Figure 91-1 shows a graph of | ie,k v V
bias for a FET with a carbon- containing |ayer and

wi t hout. The graph shows the enbodi nent's
carbon-containing layer significantly inproves

| eakage. XII. Non-limting enbodi ments In the above
description nunerous specific details are set forth
such as flow rates, pressure settings, thicknesses,
etc., in order to provide a nore thorough

snderstandl BheRis ielRe LTSN FLANAP ER@Adintdacii | | be
obvi ous, "however, to one skilled in the art that the
present invention nay be practiced w thout these

detai js. | i I r

not b'!(‘a'e n ﬂ%@?%ﬁaﬁ% 3@?’ g?ﬁls ?f\gﬁg kacﬁg r%p%g%of%%%d&@%ble
unnecessa%hgg%pbscure the present invention. 46 G ven
the variety of enbodi nents of the present invention,
the above description and iLLﬂstr?tioiﬁrshoq!qtnot he
taken as | i rftti"AG PREOSEOFBIY RETPPESERY MR AVERTi"on
defineﬂ g% the cl ai ns. V%ile.tge jnven(}iodhaspeet
BEPEFRLY BiED SFORGICS AN S BF BRI A P S R RRT T 0
the preferredq enbodi ments thereof, it will be ‘
CiHchgr Eft’fB‘b‘a’”B@e“i“w&é o SRier s i el e o s Plipy
changes in formand details nay be nade w t hout
departing fromthe spirit and scope of the invention.

It is intend?qlto cover var,i ous anLchations and
é} %qcp%‘s}ructmn of the crystaliine lattice due to amorphization

This process involves a solid phase epitaxy process (SPE), requiring the
reconstruction of the silicon crystalline lattice and occurs at temperature ranging from 500
to 800 °C and above. The growth rate of the amorphous layer is strongly dependent on the
temperature, with higher growth rate for higher annecaling temperatures.
2) Removal of Defects

During SPE, clustering of silicon interstitials at the end-of-range (EOR)
region causes the formation of secondary defects (eg. Dislocation planes and defect loops).
These defects when present in the depletion region of the pn junction cause severe leakage
current to the junction and must be removed. However, the removal of these defects
require high activation energy (Ea ~5 eV) requiring HIGH TEMPERATURES (Typically
>950 °C) processing conditions.

3) Activation of the dopants
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arrangenents and procedures, and the scope of the
appended cl ains therefore should be accorded the
broadest interpretation so as to enconpass all such
nodi fications and simlar arrangenents and

procedures. 47 What is clained is: 1. A nethod to form
first and second regions and a carbon containing |ayer
using inplantation processes in a substrate
conprising: a) formng a carbon containing |layer in a
substrate; said carbon containing |ayer has a carbon
concentration between 5E18 and | E20 at om cc; D)
implanting ions to forma first region and a first

end-of -range region in the substrate (1) at least a
portion of sai end onis in

carbon contaﬁﬁpﬁﬁaig Wg”§5h85$? %Wﬁcﬁ?wygﬁﬁgnmpﬂwg“m

egion is dept h
" bR it BT s et gregho ey Q?WbioawRﬂgon i
to forma.second re |on and a secong Sn -o&)rC %%
r e@mﬁzﬁlop Hf cfpﬂlét 12059 Véf BLam gg_?l Jg?wrrget g opgnlﬁ iltF t}gfmtem[ma]
sai.d second en -range region IS sai d rbon
conEaPaTk e | hﬁ?@’r‘"’“‘“&%{f“&g{%f’ﬁg‘ﬁoﬁ oﬁ‘&“&rﬁﬁi’ Ay I %&‘7% ¢ BEdings
at least from the first regiqn.to
* ‘RES‘P‘HF‘“’E%@E%B%BG ?Cazj‘"f”&ﬂ R?%%eéf:‘f E)*%dm%“f“é‘ﬁgeg@fél‘{:ém?%‘e‘?

separate different inplant steps.
opant ions are activated during the SPE process, where the dopants are incorporated to the

substitutional silicon sites along with the re-crystallization growth of the silicon lattice.

The problem with the annealing of ton implantation induced damage is
that they require very extreme temperature processing conditions with typically Rapid
Thermal Anneal (RTA) of >. 1000 °C for times of 30 — 60s for effective annealing, usually
the highest temperature in the fabrication process. Such high temperature processing
conditions causes dopant diffusion which is undesirable and difficult to control for the
continuous scaling of the MOSFET into the nano-meter channel Jength regime. Also the

toss in the desired strain in the strajned silicon substrate.

B. Example Embodiments

By means of the introduction of a layer of carbon rich region, some of
the embodiments of the invention can eliminate the problem associated with problem 2 -

Removal of Defects.
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2. The nmethod of claimI| wherein said carbon
containing layer is forned by a growth process; said
substrate conprised of crystalline structure including
silicon. 3. The nmethod of claim1l wherein said carbon
containing layer is formed by inplanting carbon ions
into said substrate. 4. The nmethod of claim 1l wherein
said carbon containing |ayer has a carbon
concentration between |E19 and 2E19 atonfcc. 5. The
met hod of claim| wherein said carbon containing |ayer
is conprised of Sij.yCy alloy with y between about
0.001 and 0.005. 6. The nmethod of claim1 which
further includes: said second region is deeper than
said first c@gh %cieéﬂ%h&r pra:sbﬁ' ek Bigebmafiiied @b Aviks vk 6n
further includes: said carbon containing | ayer extends
hepmidiheny @Rorfdrad i afbbk Slko Siddn Ohe f0GRad RGi@Mhd Pesafice of
| east the bottom of said second end-of - range region.
1BOR defdhie AR e dctRhi& @by lordhies iopeSaithsSBeONdnks is in the
end-of -range region is at |east at a depth between
@ oF Pl dVS i @OHHER saithr dtRatfonRRerf i Fo thelr@@bwam of 9.

The nmethod of claim 1 which further i ncludes:
L0015k dent) 8lereat g MinesRRY bRAEbiliGas M@ Teduction in
containing layer acts as a sink for defects; (1) the

@EReabudpar T19¢ WBEd aldu@ theRparatiiealiRatneenu G 2ohamne, 85ing
degrees C and for a tine between 1 and 60 seconds;

b2 by S HerGAl AR GPME MORITY deaiyefabrakionpscat. | east from
the projected
Carbon which performs as silicon interstitial sinks, prevents the

enhanced dopant diffusion (e.g., Phosphorus, Boron and Indium), whose mode of
enhanced diffusion is dependent on the concentration of silicon interstitials present in the
region. The C-containing layer can have the following advantages:

1) Facilitation of Ultra-Shallow Junction formation

2) Better control of transistor short channel effect (SCE) and reverse short channel

effect (RSCE) as fower temperature processing condition decreases dopant

diffusion in the channel region of the MOSFET.

3) Retention of the desired strain in strained silicon technology.
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range of the first region to the bottomof the second
end- of -range region. 10. The nethod of claiml wherein
said first region is a pocket region and said second
region is a source/drain region and a transistor is
conprised of said first and said second regions. 11. A
nmet hod to forma | ow tenperature MOSFET using a carbon
doped region conprising: a) formng a carbon
containing layer in or on a substrate; said substrate
conprised of a crystalline silicon; b) formng a gate
structure over said substrate; a channel region in
said substrate under said gate structure; c)

i mpl anting ions to form pocket regions and pocket FOR
regions; 49 (1) said pocket regions at |east

pardi al Expmpessai d substrate and said carbon

containing layer; (2) said pocket FOR regions have a
depth at | east between 1.0* RpPcket and 1.5* RpPOckct
;. (3) séid gotHRIMEDRAleGEGHE TOrON ANNRAINGNOF SAMPLES
containing layer; d) formng S/D extension regions in
sai d subst r dMELANTEE WITH &ER \GAINDIYM DOSE(@x10'6ym™) > As
form ng spacers on the sidewalls of said gate
structure; SouropDamni/mylardation (SPy m source/ drain

regi ons and source/drain end-of-range regions in said
substrate adj ageniusdingl@ednerkStwA4Ghddra8 an indicator of the presence of

EOR defects, as indium ions behaves to segregate into EOR dislocation loops during
annealing. The HEAVY INDIUM (In) DOSE was about 1x10" em™
The As Source Drain Implantation was at dose of 1.5 E15 and an energy

of 2Kev.

Embediment’s Carbon containing layer reduces defects with Low T anneal

Figures 9A and 9B are XTEM Images showing samples prepared after
anncaling at RTP 650 ° C for 20 sec.

Figure 9A — (a.) shows substantial elimination of the EOR defect band
with the presence of ~0.5 % of substitutional carbon grown specifically at the implantation
EOR range region in the silicon substrate.

Figure 9B — (b.) sample annealed without presence of carbon. The EOR
defect band is clearly visible. For both images, no visible defect band was found

corresponding to the SDE implantation.
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(1) said source/drain regions formed by an ion inplant
process where the source/drain end-of-range regions
are within said carbon containing |ayer; g) annealing
sai d substrate whereby the carbon containing | ayer
acts as a sink for defects. 12. The nethod of claim1l
| wherein said substrate is conprised of a | ower
strained region and an upper silicon cap; said | ower
strained region is conprised of Sii.yGy or Si _ >-

C. where y is between 0.1 and 0.3. 13. . The nethod of
claiml1l | wherein said carbon containing |layer is
grown using an epitaxy process on the surface of said
substrate; said carbon containing |ayer diffuses up
into a Si | &érrimndfigowaC tht BOTHEMS nlzsturateat ghuformgt on the
subsequent heat processes so that the carbon
mointmabmihoged apae sdgagatanro€ tndanginadéOp paks drehe givkn afinaling
method of claiml| 1 wherein said carbon containing
tcmyi@nnd is sdhquianeichobycarbwp lirmntporugion, Galidaong the pesdnpg of dkicd.
substrate and said carbon containing |ayer has a
carbon concentration between 5E 18 and 1 E20 atoni cc.
15. The nethod of claim 11 wherein said carbon
EmbbdinehigChidbge cortaiming 1egr balucesodefieentitlatigber Debwabn

| E19 and 2E19 atonmfcc. 50 16. The nmethod of claiml 1
wherei n said carbon containing |layer is conprised of

Si 1-yCy alloy with bet ween about 0.001 and 0.005.
17 The net had séfstagliadly gy ahigiise praic s ing gpwiliysoe e tindigen of EOR
regi ons have a depth between 1.0 *

loops was observed. Figures 9D and 9E, are XTEM images.

Figure 9D shows the presence of EOR dislocations without the
incorporation of carbon.

Figure 9E shows the absence of EOR defect band with the presence of
the embodiment’s substitutional carbon layer for 0.1% carbon incorporation subjected to
spike annealing temperature of 1050 °C.

Figure 9F shows SIMS measurements performed on the indium ion for

samples with and without the c-containing layer.

The two experimental results suggest with the presence of carbon; the
absence of clustering of silicon interstitials for EOR defect formation is achieved through
the entire annealing process, indicating no need for the typical high temperature anncaling

step.
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Rppocket and 2.0 * Rp')Ccket 18. The nethod of claim
11 wherein the carbon containing | ayer extends at
| east fromthe pocket projected range to the bottom
of the source/drain end-of-range regions . 19. The
met hod of claim 11 wherein said source/drain FOR
regions are located at |east between the depths of
1.0 * Rpso and 1.5 * RpSD; and said carbon cont ai ni ng
| ayer extends between 1.0 and 2.0 tines the depth of
the projected range of the source/drain regions. 20.
The nethod of claim1 | wherein the anneal is
performed at a tenperature between 650 and 850
degrees C and for a tinme between 1 and 60 seconds. 21.
The method of claim1l I wherein said carbon containing
| ayer extends #&ker¢ Baksp np ddpst comepgdojzde thedow ervgey ipRjghtation
of the SDE regions to the bottom of the source/drain
endauadd-byrthnGe im@gitofkis is RgsiblTHee trdichsodacsfenlminednment effect where
wherein substantially all of said channel region is
notheisiticgraiudfacecia pbefifect oarstini fnf Nigroh aperptitial3prevnieg HOHW distpcation
forma | ow tenperature MOSFET using a carbon doped
r efpicpnfrorgbapg fewinmy: a) form ng a carbon contai ni ng
| ayer on a substrate; said substrate conprised of a
crystalline silicon; (1ELEGIRICALBBYIAonNt ai ning | ayer
formed by a growth nethod selected fromchem ca
vapor deposi tibgroPGepbtyaxygragr emparindihe fuprtmndepkage of a diode
silicon | ayer over said carbon containing |ayer; c)
f omith Aol |itigat e stnbubhers cenosainthisnd lapwSil. &)k rThegmbodiments
channel region in said silicon

C-containing layer with an anneal in the range of 700° to 900°, has significantly lower

junction leakage than the other processes.
Figure 9H shows a graph of T jeax v 'V pins for a FET with a carbon-
containing layer and without, The graph shows the embodiment’s carbon-containing layer

significantly improves leakage.

XL  Non-limiting embodiments

In the above description numerous specific details are set forth such as
flow rates, pressure settings, thicknesses, etc., in order to provide a more thorough
understanding of the present invention. It will be obvious, however, to one skilled in the
art that the present invention may be practiced without these details. In other instances,
well known process have not been described in detail in order to not unnecessarily obscure

the present invention.
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| ayer under said gate structure; d) inplanting ions to
form pocket regions and pocket FOR regions in said
substrate; (1) said pocket regions at |east partially
in said substrate and at |least partially in said
carbon containing |ayer; 51 e) formng S/ D extension
regions in said silicon | ayer adjacent said gate
structure; f) formng spacers on the sidewalls of
said gate structure; g) inplanting ions to form
source/drain regions and source/drain FOR regions in
said silicon | ayer adjacent said gate structure; (1)
said source/drain regions fornmed by an ion inplant
process where said source/drain FOR regions are

wi t hi n sai d (@ambenv.geniaembaigndnayetle prédsgntamreddi, g above
sai d substrate whereby the carbon containing |ayer
&Gtrptias adl iBighddtionk eioutibfoe b¢ Gkdnrae Mntifhe (xoeket of iiranit
and source/drain inplant. 24. The nethod of claim 23
whaitien Befgad by tachom. cont ai ni ng | ayer has a carbon
concentration between 5E18 and 1E20 atom cc. 25. The
met hod of clvahimtZ3inwdaeoehad bsai fdrizanbeshopanhdiacmgd with

| ayer is conprised of Sii_YCY alloy with y between
abaite 0. (OOcned GutiddbnenR6hercbiigt wititHa@ddwmdiow! taitms2 Skilled in
wherein the step of. formng a silicon |ayer over said
Gahi Gt veiond @bibich i tbay &1d; defalls thhebe atkepriisesicpsangdrom the
silicon layer is conprised of a silicon epitaxy

bpaytend s@pelof the invention. It is intended to cover various modifications and similar

arrangements and procedures, and the scope of the appended claims therefore should be
accorded the broadest interpretation so as to encompass all such modifications and simtlar

arrangements and procedures.
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said silicon |ayer has a thickness between 200 and 500

A. 27. The nethod of claim 23 wherein said silicon

| ayer is conprised of a |ower strained region and a
upper silicon cap; said |ower strained region is
conprised of Sii_YGy or Sii_Y Cy where y is between
0.01 and 0.3. 28. The nethod of claim23 wherein said
pocket regions have a projected region with a depth

in the range of between the RpSDE and RpsD; and said
ocket FOR regions have a depth between 1.0 Rpk" and

%@@fﬁwb@n%b$329. The method of claim23 wherein said
pocket FOR regions are in said carbon containing

| ayer; said channel region is not in said carbon

IcoAtmdtindig fbmy first argiiechriaugiory dhdal dardoRof@ i 18y Sing

.l ocated at | east between the depths of RpSD and

1P RRBHAPIOgEssesgn A PHRSIH RBWISINEC| ai m 23 wherein t he

car bg h Bdr fi i ini :
P O] e et St et (fiaiaing ever
bot t s dearbdecoserntebptbeivacreHilSoind 1Fahgenveyi ons. 31.

[ ayer apanfle Buflolhd s Mo ith 58 R PR Bt e

t he pulsireel ed range of the source and drain regions.
32. The hod of claim23 wherein said carbon
EEH%

n 0 . .
cont ai ni L 4Baromyel satd frgh erd-pirighgg feaion py igjsaidicadpon

range of 5@@@§@%k5@gions to the bottom of the
source/drain end-of-range regions. 33. A nethod to

form a | oweiddiigenatoliransk/SERT isus laast 24 a clptdrtdepdd) * Rp-first
region region and 1.5 * Rp-first region;
¢) implanting ions to form a second region and a second end-of-range region in
the substrate;
(1) atleast a portion of said second end-of-range region isin  said
carbon containing layer; said carbon containing layer extends at least from
the 1.0 * Rp of the first regionto 1.5 * Rp of the second region;
step b and step ¢ are two separate different implant steps.
2. The method of claim 1 wherein said carbon containing layer is formed by a growth
process; said substrate comprised of crystalline structure including silicon.
3. The method of claim | wherein said carbon containing layer is formed by
implanting carbon ions into said substrate.
4. The method of claim I wherein said carbon containing layer has a carbon concentration
between 1E19 and 2E19 atom/cc.
5. The method of claim [ wherein said carbon containing layer is comprised of
Si1yCy alloy with y between about 0.001 and 0.005.
6. The method of claim 1 which further includes: said second region is deeper than said

first region.
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conprising: a) formng a strained region over a
substrate; b) form ng a carbon containing |ayer over

the strained region; <c¢) forming a silicon cap |ayer
over said carbon containing layer; d) formng a gate
structure over said substrate; a channel regi on under
said gate structure; e) inplanting ions to form

pocket regions, and pocket FOR regions in said
substrate; (1) said pocket regions at least partially

In said substrate and said carbon containing |ayer;

7 2hhegagtbodyeictam IPORCh &gtheninciudes adid corhobomigoing dyei egends

NP BLTLRENPE, 8 IR0, 8 ARy 3R4 eqyt ncer

rspEaegisnon the sidewal s of said gate structure; h)
inplanting ions to form source/drain regions and
source/ drai n end-of-Range regions in said substrate

2d] Acantths@bek1gal BwAbEMGhir %cox(d IndS&H R V\%Sf?{sdd% ?Ei%lgt at a depth
regions fornmed by an ion inplant process ere

k@éﬁﬁééﬂﬁ?gpﬁh@ﬁﬁé@ﬁ3m%h@éIh%@%bwsmmre within said
%‘g[krﬂgg@ éo%lg%'}xﬁgnw}%% ﬁlg‘ihﬁl: 121cia e%ea?r{nlqu‘tggsaléi sugsl%%a?e \%ﬁelgby the
chibon derteinirs:. lafeB acts as a sink for defects

(1) the anneal performed at a temperature between 650 and 850 degrees

C and for a time between 1 and 60 seconds;

(2} said carbon containing layer extends at least from the projected

range of the first region to the bottom of the second end-of-range region.

[0.  The method of claim 1 wherein said first region is a pocket region and said second
region is a source/drain region and a transistor is comprised of said first and said

second regions.

IT. A method to form a low temperature MOSFET using a carbon doped region
comprising:
a) forming a carbon containing layer in or on a substrate; said substrate
comprised of a crystalline silicon;
b) forming a gate structure over said substrate; a channel region in said
substrate under said gate structure;

¢) implanting ions to form pocket regions and pocket EOR regions;
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34. The nethod of claim 33 wherein said carbon
containing |layer extends at |east fromthe projected
range of the SDE regions to the bottom of the

source/ drai n end-of-range regions. 35. The nethod of
claim 33 wherein the carbon containing |ayer is
deposited or grown along with the strained region.

36. The nethod of claim 33 wherein said strained
region is conprised of Sii_YGey or Sit_ y Cy wherey
IS between 0.1 and 0.3. 37. The nethod of claim33
wherein the strained region is conprised of Sii_xGex
or Sii. Cx where x is between about | and 10% 38.
The met hod of claim 33 wherein the strained region has
a thi cknefly wmid feeketeregiod. B leapimattall i2 sqpdrsub3@ate Tiesaid carbon
met hod of cl aim 33 wherein said carbon containing

| ayer has*YEAPBSCconcentrati on bet ween S5E18 and

1E20 at om{XcsaicdtPocid FORRGLoAHavE @UBHA Gt leiPbakadl | .0 RpPok
Cregions in qgsqg&qonductor devi ce conprising the

Cl

st eps of:aQéi-o M ng>a gate structure on a silicon

| ayer; a eqican . i . e id
gate st ubpupaockickflad PURFLLR Lol HiGL 08,
r egi dhdoramuk pddkdensoORegiewyiinnad subsgaieddjasend sdid ghte stredture;

D! B0 e 2BS it SERRLAA Saitin o0
regi gnsimphaiigh Pl GBukeidNSgids 8@ sburce/drain end-of-range
regions in said substrate adjacent said gate structure;
(1) said source/drain regions formed by an ion implant process where
the source/drain end-of-range regions are within said carbon containing
layer;
g) annealing said substrate whereby the carbon containing layer acts as a sink

for defects,

12. The method of claim 11 wherein said substrate is comprised of a lower strained
region and an upper silicon cap; said lower strained region is comprised of Si).,Gey or Si;.
y Cy where y is between 0.1 and 0.3.

13.. The method of claim 11 wherein said carbon containing layer is grown using an
epitaxy process on the surface of said substrate; said carbon containing layer diffuses

up into a Si layer and down into the substrate during subsequent heat processes so that the
carbon containing layer has a retro grade profile.

14. The method of claim [ 1 wherein said carbon containing layer is formed by implanting
carbon ions into said substrate and said carbon containing layer has a carbon concentration
between SE18 and 1E20 atom/cc.

15.  The method of claim 11 wherein said carbon containing layer has a carbon

concentration between 1E19 and 2E19 atom/cc.
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car bon-cont ai ni ng pocket FOR regions; d) form ng SDE
regi ons and SDE FOR regions in said substrate adjacent
said gate structure; e) inplanting Cions into said
substrate in said SDE FOR regions to form
car bon-cont ai ni ng SDE FOR regi ons; said SDE FOR
regions in said carbon- containing SDE FOR regions; f)
form ng spacers on the sidewalls of said gate
structure; 54 g) form ng source/drain regions and
source/drain FOR regions in said substrate under said
I@at Ehanethed o dairh) | wheskiaseidiegrbon comtginingtiayes &i agmprised of
r j: [ i.n -of -range regions
AL R B R B U P2 o FOR et one
iFailble msthud of¢ldinal hwhedinofaid prudet F@RireisnsiHavs aiddpth between 1.0 *

akkon-.cont gi plkAg source/drain FOR regions; (1) said
I%hrbéwggéﬂtgpning source/drain FOR regi ons have a

1®ar P metBONSRMiIAL I ORerBg iMEQRR R oRBirAN d ader %%{%% RAWaSChom the

and (2) said carbon-containing source/drain {
noekft Brrdecatderapgssip theohnbigmeat the soegstdiaib endverange Bgicnses

hCrER TR, P OLSERSHE ANES KR SBUEERL I g cos
befwdeh ¢hesizpths of d0a Rp* raedil SrisRpF) arginaRiadaiiog cémaithing layer extends
b%y\!gq%%a%ta%d%be{h%gy th% Iagptﬁ %% ttl?lg r;])ro(jgcr’gft: rlarr;éeno tkllea syoggc%/d?gig rc—:ag?ons.
20.. The method of claim 11 wherein the anneal is performed at a temperature between
650 and 850 degrees C and for a time between | and 60 seconds.
21. The method of claim 11 wherein said carbon containing layer extends at least from
the projected range (Rp) of the SDE regions to the bottom of the source/drain end-of-
range regions .
22.  The method of claim 11 wherein substantially all of said channel region is not in said
carbon containing layer.
23. A method to form a low temperature MOSFET using a carbon doped region
comprising:

a) forming a carbon containing layer on a substrate; said substrate comprised of

a crystalline silicon;

(1) said carbon containing layer formed by a growth method selected
from chemical vapor deposition or epitaxy growth;

b) forming a silicon layer over said carbon containing layer;

¢} forming a gate structure on said silicon layer; a channel region in said silicon

layer under said gate structure;

d) implanting ions to form pocket regions and pocket EOR regions in said

substrate;

(1) said pocket regions at least partially in said substrate and at least

partially in said carbon containing layer;
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for defects fromthe pocket inplant, the SDE inpl ant

and source/drain inplant; (1) the projected range and
end- of -range regions for the pocket inplant, the SDE

i nplant and the source/drain inplant are in the carbon
containing |layers. 41. The nmethod of claim40 wherein

t he anneal perforned at a tenperature between 650 and

850 degrees C and for a time between 1 and 60 seconds.

42. The nethod of claim40 wherein said

carbon-containin% pocket FOR regions have a carbon
conc&htiPEEtind R Ihetivwsin rsEess ianddsitizon dexsmadiecens sdidigate structure;

car benpxgont ai.nj | _posi tioned

. o R S0 RISl 100y LEOLBE RGP DS

proj e¢tmglanamyiens 6f fotrhesopeeldetin i‘ﬂgﬁinaﬁ?]d md:eﬁirﬁln_tﬂﬂﬂli‘ﬁagions
the depth .of the projected range of the pocket inplant
regigﬁ§$?§gﬁﬁl%g?55%£§@ﬁ?gﬁﬁgﬁgugﬁﬁ’FOR regi ons have a
car bon coppegid futRniriletNesn Sk b3 ol LR bRITEE Hhere
55 43. The nethod of claim40 whereéein sai

car bon- coPtia P prydramE ioregieng aemithip said gadpe pon@dingtayar;

. or ai et _
O B) BRSPS AR o O L PAEEL R i
t he poraleéctsdbm thegocie ihplentSDE sowegi/dms. implant. A met hod

for formng inplanted C-regions in a sem conductor
device conprising the steps of. a) formng a gate

281 MYe hieltDd @ ciains UD ST Kcadi@ said caBanNaRkaihiBH 188 hR 2230
cgrlfctéﬁttrgt?(}nebetwyegg%%lg %ri}dd 1 2a0t aetonsi}cg.uc;t ure.

25. The method of claim 23 wherein said carbon containing layer is comprised of

Sij4Cyalloy withy between about 0.001 and 0.005.

26. The method of claim 23 wherein the step of: forming a silicon layer over said carbon
containing layer; further comprises: said silicon layer is comprised of a silicon epitaxy
[ayer; and

said silicon layer has a thickness between 200 and 500 A.
27. The method of claim 23 wherein said silicon layer is comprised of a lower strained
region and a upper silicon cap; said lower strained region is comprised of Siy.,Ge, or Sij.,
Cywhere y is between 0.01 and 0.3.
28. The method of claim 23 wherein said pocket regions have a projected region with a
depth in the range of between the Rp®”" and Rp®"; and said pocket EOR regions have a
depth between 1.0 RpP*** and 2.0 RpPoe!,
29. The method of claim 23 wherein said pocket EOR regions are in said carbon
containing layer;

said channel region is not in said carbon containing layer;

said source/drain EOR regions are located at least between the depths
of Rp*” and 1.5*Rp™".

52




b) inplanting dopant ions to form pocket regions and
pocket FOR regions in said substrate; c) inplanting C
ions into said substrate in said pocket FOR regions to
form carbon-containing pocket FOR regions; said

pocket FOR regions are in said carbon-containing

pocket FOR regions; steps b) and c) are distinct

i npl ant steps; said carbon-containing pocket FOR

regi onshave a carbon concentrati on between 5E 18 and

1 E20 atonfcc; d) form ng SDE regi ons and SDE FOR

e ditemesthad af'glagm Saydweredn theadibat emttaismizdayegattends at least from the

. : ' . . h [ [ | f.said
SHPAEL 58350 TP SPRERh 1D iR PR gl

rsggerregbelr ai N end- of -range regions in said substrate
g) .annealing said substrate

' ture;,
e ke 2l oo i SHE LoD RGO R DAE HaTSS RRIwecn 1.0
han (lahachsderior RO profetdathRlor loiRed ntiSilRioRal d

car bon- cont ai ni ng pocke - regirons are positl oned
33t Tae guphod Belepdh whemin sabearbdnecodtapting lafertantends at least from the

.0i f t. ' t 2.0, t] .
S EOOSERL08 FOE g O P B
3Brpl antmeth6d toSonet hod tdhiperdine MOSFETRiANA e0b&r 4@ 88%on

in a_.sem conductor device conprising the steps of: a)
“POWHI'AG a gate structure on a substrate; a channe

regi Qp fbrinifdh SraistAStEiBh Gvetnfkisai d gate structure;
b) forming a carbon containing layer over the strained region;
¢} forming a silicon cap layer over said carbon containing layer;
d) forming a gate structure over said substrate; a channel region under said gate
structure;
¢) implanting ions to form pocket regions, and pocket EOR regions in said
substrate;
(1) said pocket regions at least partially in said substrate and said carbon
containing layer;
(2) said pocket EOR regions in said carbon containing layer;
f) forming $/D extension regions in said substrate adjacent said gate structure;
g) forming spacers on the sidewalls of said gate structure;
h) implanting ions to form source/drain regions and source/drain end-of-Range
regions in said substrate adjacent said gate structure;
(1) said source/drain regions formed by an ion implant process where
the source/drain end-of-range regions are within said carbon containing
layer;
i) annealing said substrate whereby the carbon containing layer acts as a sink

for defects.
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56 b) inplanting ions to form pocket regions and

pocket FOR regions in said substrate; c) form ng SDE
regions and SDE FOR regions in said substrate adjacent

said gate structure; d) inplanting Cions into said
substrate in said SDE FOR regions to form
carbon-contai ning SDE FOR regi ons; said SDE FOR

regions in said carbon- containing SDE FOR regions;

sai d carbon-contai ning SDE FOR regions are positioned

at a depth between 1.0 tines the depth of the

Y &’héém%@ad@fﬁ@émdﬁ wheeciispEd carbeyi eméaizing lageiextdnde gt imrse from the

pq(gieétcd Pan E hfeth@ rSﬂEer%%Egﬁzwg %o&gm o?ﬁ‘g%g)uEr é/g%lnb%lﬁl of et ange

regions
xegnmentratlon betmeen 5E18 and I E20 atom cc; e)
gate

f | |s of d
orﬂ%{] (8?@83 f)gclfugf Wgeelglglld S y ogtapgxg lgﬁgr 15 flgposited or  grown

il fediin&ndpRh- range regions in said substrate
under said gate structure; g) annealing said substrate

Whetlsppethpnéotapinot? ‘(Yb‘ﬁ@'&lSﬁlldﬁgailfl@@gg)na@w@ylsgd of Bik.,Ge, or Sij.y
(gyg&%qeﬁg?ﬁcgeﬁvggnom taEEGngDE inplant. 47. A method for

régions in a sem conductor device
onPid methgd of dainsilepbereih. thegtrafred negign B cg@p@scaitor $6t, Gegor Si;.

xg¥&@96§g§ g%%@%g@¥46€P%n@$| region in said substrate
38. The method of claim 33 wherein the strained region has a thickness of between 0.8
umto 1.2 pm.
39. The method of claim 33 wherein said carbon containing layer has a carbon
concentration between SE18 and 1E20 atom/ce.
40. A method for forming implanted C-regions in a semiconductor device comprising the
steps of:
a) forming a gate structure on a silicon layer; a channel region in a substrate
under said gate structure;
b) implanting ions to form pocket regions and pocket EOR regions in said
substrate;
c) implanting C ions into said substrate in said pocket EOR regions to form
carbon-containing pocket EOR regions; said pocket EOR regions in said
carbon-containing pocket EOR regions;
d) forming SDE regions and SDE EOR regions in said substrate adjacent said
gate structure;
¢) implanting C ions into said substrate in said SDE EOR regions to form
carbon-containing SDE EOR regions; said SDE EOR regions in said carbon-
containing SDE EOR regions;

f) forming spacers on the sidewalls of said gate structure;
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b) inplanting ions to form pocket regions and pocket
FOR regions in said substrate; c) form ng SDE regions
in said substrate adjacent said gate structure; d)
form ng spacers on the sidewalls of said gate
structure; e) form ng source/drain regions and
source/drain FOR regions in said substrate under said
gate structure; f) inplanting Cions into said
substrate in said source/drain FOR regions to fonn
car bon-cont ai ni ng source/drain FOR regions; said

sour ¢/ fgraing spore/ diegiegings 4nd seaicd/dean BOR-regintaimiangsubstrate
sour ge/ i ons; 57 (1) said
carbgg?ggﬁkg¥%$§EE§%%rce/drain FOR regi ons have a

car bdn impbmdenCriats iotw sbﬁlts’nbﬂmﬁﬁk&dam/itgéﬁ%& %ig%fflrﬁ@e
and (2). said carbon-cont.aj ni ng squrce/ drai.n 4
regi%ﬁ%mﬁﬁ8%ﬂgéfﬁﬁ8ﬁﬁﬂﬁﬂpmﬁSoggﬁﬁﬁmb%@ﬁé@HWFEGm@ines
the deptlagin éﬂ&%fﬁﬁl@éﬁe&ﬁﬁwﬁﬂs [iRRHE cBhot-LEntaiR Y GELHUAL
regions and 2.0 tinmes the depth of the projécted range
of tWORE&gifmee/ drain regions; Q) anneaIin sai d
substrate - . ai ni Jayers act as
R A e el )
I mpl ant ardncsotrtee/bdtveaden SEMPhaht E20 #A&n/cEhendret hod of

i npl anti ng,.a carbon-containing |ayer_ in the FOR region
of a PA %%)niﬁ“g?ﬂfg%?""&‘%ﬁs‘f”gbﬁf AINdEAp FIeams gratpsitioned at a

steps of : dapth bewkeki 8.08ingR kIR &ptHHGHE SroR¥RH réhge of the source/drain

substrate;

regions and 2.0 times the depth of the projected range of the source/drain

regions;
1) annealing said substrate whereby the carbon containing layers act as a sink
for defects from the pocket implant, the SDE implant and source/drain implant;

(1) the projected range and end-of-range regions for the pocket implant,

the SDE implant and the source/drain implant are in the carbon containing

layers.

41. The method of claim 40 wherein the anneal performed at a temperature between 650

and 850 degrees C and for a time between | and 60 seconds.

42. The method of claim 40 wherein said carbon-containing pocket EOR regions have a

carbon concentration between SE18 and 1E20 atom/cc;  said carbon-containing pocket

EOR regions are positioned at a depth between 1.0 times the depth of the projected range
of the pocket implant and 2.0 times the depth of the projected range of the pocket implant

regions;

said carbon-containing SDE EOR regions have a carbon concentration between 5E18 and

1E20 atomvcc.
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b) performng a PAl inplant to inplant a non-dopant to
form PAl regions and PAl end-of-range regions; c)
inmplanting Cto form Ccontai ning PAl |ayers; said PA
end-of -range regions are in said C- containing PAl

| ayers; steps b) and c) are two separate and distinct
i npl antations; said Ccontaining PAl |ayers have a
carbon concentrati on between 5E18 and 1E20 atonf cc;

d) performng a SDE inplant to form SDE regi ons; e)
anneal i ng said substrate. 49. The nethod of claim 48

Whéhemsthoref alaime 4 wihgrepe rspigrasdynapniaining il EOR rgicas ere
pt)g]ﬁ&led%.sgd%th B&ween 1.0 times the depth of the projected range of the SDE
regions and 2.0 times the depth of the projected range of the SDE regions.
44. A method for forming implanted C-regions in a semiconductor device comprising the
steps of?
a) forming a gate structure on a substrate; a channel region in said substrate
under said gate structure;
b) implanting dopant ions to form pocket regions and pocket EOR regions in said
substrate;
c) implanting C ions into said substrate in said pocket EOR regions to form
carbon-containing pocket EOR regions; said pocket EOR regions are in said
carbon-containing pocket EOR regions; steps b) and ¢) are distinct implant steps;
said carbon-containing pocket EOR regionshave a carbon concentration between
5E18 and [ E20 atom/cc;
d) forming SDE regions and SDE EOR regions in said substrate adjacent said
gate structure;
e) forming spacers on the sidewalls of said gate structure;
f) forming source/drain regions and source/drain end-of-range regions in said
substrate under said gate structure;
g) annealing said substrate whereby the carbon containing layers act as a sink
for defects.
45, The method of claim 44 wherein said carbon-containing pocket EOR regions are
positioned at a depth between 1.0 times the depth of the projected range of the pocket
implant and 2.0 times the depth of the projected range of the pocket implant.

46. A method for forming implanted C-regions in a semiconductor device comprising the
steps of:
a) forming a gate structure on a substrate; a channel region in said substrate

under said gate structure;
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b) implanting ions to form pocket regions and pocket EOR regions in said
substrate;
¢) forming SDE regions and SDE EOR regions in said substrate adjacent said
gate structure;
d) implanting C ions into said substrate in said SDE EOR regions to form
carbon-containing SDE EOR regions; said SDE EOR regions in said carbon-
containing SDE EOR regions; said carbon-containing SDE EOR regions are
positioned at a depth between 1.0 times the depth of the projected range of the SDE
regions and 2.0 times the depth of the projected range of the SDE regions;  said
carbon-containing SDE EOR regions have a carbon concentration between SE18
and 1E20 atom/ce;
¢) forming spacers on the sidewalls of said gate structure;
f) forming source/drain regions and source/drain end-of-range regions in said
substrate under said gate structure;
g} annealing said substrate whereby the carbon containing layers act as a sink
for defects from the SDE implant.

47. A method for forming implanted C-regions in a semiconductor device comprising

the steps of:

a) forming a gate structure over a substrate; a channel region in said substrate
under said gate structure;
b) implanting ions to form pocket regions and pocket EOR regions in said
substrate;
¢) forming SDE regions in said substrate adjacent said gate structure;
d) forming spacers on the sidewalls of said gate structure;
e} forming source/drain regions and source/drain EOR regions in said substrate
under said gate structure;
f) implanting C ions into said substrate in said source/drain EOR regions to
form carbon-containing source/drain EOR regions; said source/drain EOR

regions in said carbon-containing source/drain EOR regions;
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(1) said carbon-containing source/drain EOR regions have a carbon
concentration between SE18 and 1520 atom/cc; and
(2) said carbon-containing source/drain EOR regions are positioned at a
depth between 1.0 times the depth of the projected range of the
source/drain regions and 2.0 times the depth of the projected range of the
source/drain regions;

g) annealing said substrate whereby the carbon containing layers act as a sink

for defects from the pocket implant, the SDE implant and source/drain implant.

48. The method of implanting a carbon-containing layer in the EOR region of a PAI
implant for a SDE region comprising the steps of?
a) forming a gate structure over a substrate;
b) performing a PAI implant to implant a non-dopant to form PAI regions and
PAI end-of-range regions;
¢) implanting C to form C-containing PAI layers; said PAI end-of-range
regions are in said C-containing PAI layers; steps b) and c) are two separate and
distinct implantations;
said C-containing PAI layers have a carbon concentration between 5E18 and 1520
atom/cc;
d) performing a SDE implant to form SDE regions;

¢) annealing said substrate.

49. The method of claim 48 wherein the anneal is performed at a temperature less than
950° C.
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