A MATERIAL ARCHITECTURE FOR THE FABRICATION OF LOW
TEMPERATURE TRANSISTOR Background of Invention 1) Field of the
Invention 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 1
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Background of Invention
1) Field of the Invention
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



body. The usual method of introducing dopant atoms is ion implantation.
During ion implantation, dopant atoms are ionized, accelerated and directed
at a silicon substrate. They enter the crystal lattice of the silicon substrate,
collide with silicon atoms and gradually lose energy, finally coming to rest at
some depth within the lattice. The average depth can be controlled by
adjusting the acceleration energy. The dopant dose can be controlled by
monitoring the ion current during implantation. The principal side effect--
disruption of the silicon lattice caused by ion collisions--is removed by
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enhances dopant diffusion. This enhanced diffusion, known as 2 transient
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During ion implantation, dopant atoms are ionized, accelerated and directed at a silicon
substrate. They enter the crystal lattice of the silicon substrate, collide with silicon atoms
and gradually lose energy, finally coming to rest at some depth within the lattice. The
average depth can be controlled by adjusting the acceleration energy. The dopant dose can
be controlled by monitoring the ion current during implantation. The principal side effect--
disruption of the silicon lattice caused by ion collisions--is removed by subsequent heat
treatment, i.e., annealing. Annealing 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 dopant 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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device. Transient enhanced diffusion occurs during post-implant annealing
and arises from the fact that the diffusion of dopant atoms, particularly boron
(B) and phosphorus (P), is undesirably enhanced by excess silicon (Si)
self-interstitials generated by the implant. The generation of excess Si
self-interstitials by the implant also leads to a phenomenon herein referred to
as dynamic clustering whereby implanted dopant atoms form clusters or
agglomerates in a semiconductor layer. These clusters or agglomerates are
immobile and electrically inactive. Recent investigations have been aimed at
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basis for simulation programs designed to predict dopant diffusion during
deviee processing. An additional challenge is the development of
processing-compatible methods of controlling the diffusion of dopant atoms.

The figure 10 shopysmityipisiat dnetanired apdnd praft @ aitiffereninprplaataéiamg and
energies. Rp which is the projected range of the implantation is measured
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lies. The more relevant technical developments in the patent literature can be
glerprerby (@onisidedaang-ibe, follemiad bg excess silicon (Si) self-interstitials generated
by the implant. The generation of excess Si self-interstitials by the implant also leads to a
phenomenon herein referred to as dynamic clustering whereby implanted dopant atoms
form clusters or agglomerates in a semiconductor layer. These clusters or agglomerates are
immobile and electrically 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 surface 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 6,153,920 Gossmann, et al. November 28, 2000 - Process for controlling
dopant diffusion in a semiconductor layer and semiconductor device formed
thereby. US 5,731,626 Eaglesham, et al and US 6,043,139 Eaglesham, et
al.- Process for controlling dopant diffusion in a semiconductor layer -
Diffusion of ion- implanted dopant is controlled by incorporating electrically
inactive impurity in a semiconductor layer by at least one crystal growth
technique. 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, "InfRieges3gfsulossitional @anbatonsare rsionem-inplasie tor
indium-related defects and transient enhanced diffusion”, Applied Physics
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"Reduction of transient boron diffusion in preamorphized Si by carbon
impkitation,” Appl. Phys. Lett., 60(18), May 4, 1992. King et al., "Defect
evolution of low energy, amorphizing germanium implanted in silicon”,

Journal of AppliedIBBysiase 260k Restta reesCnd008 i 3449-84BRsham, et al.-
Nishikawa et al., "Elimination of secondary defects in preamorphized Si by

CrbdepltatienollRlo Pl Hati 6Ri03) dfnieshd @93y RRE0DIFSoNetRn-
Indium segregation into dislocation loops induced by ion
implanted dopant is controlled by incorporating electrically inactive impurity in a
semiconductor layer by at least one crystal growth technique.

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 implanted-
indium-related defects and transient enhanced diffusion”, Applied Physics Letters Vol
83(20) pp. 4169-4171. November 17, 2003.

Nishikawa, S., et al., "Reduction of transient boron diffusion in
preamorphized Si by carbon implantation," Appl. Phys. Lett., 60(18), May 4, 1992.

King et 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, 1 Feb. 2003, pp. 1428 -

1431.



implanted damage in Si", Journal Of Applied Physics v. 93, # 3, 1 Feb. 2003,
pp. 1428 - 1431. 4 Summary of the Invention Embodiments of the present
invention provides a structure and a method of manufacturing a device which
is characterized as follows. 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 crystalline 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 comgigifgiry 6t thedsagafshregions and a carbon

containing layer comprising: 5
Embodiments of the present invention provides a structure and a method

of manufacturing a device which is characterized as follows.

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 crystalline 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:



a carbon containing layer in a substrate; said substrate comprised 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
containing layer; a second region a second end-of-range region in the
substrate; said second region end-of-range region in said carbon containing
layer. Other example embodiments are defined in the claims and
specification below. The above and below advantages and features are of
representative embodiments only, and are not exhaustive and/or exclusive.
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be understood that they are not representative of all the inventions defined by
thelemiysilieoe considered limitations on the invention as defined by the
claims, or limitations on equivalents to the claims. For instance, some of

these advantages may legivnuth@lbyreontradigtegdndbrintheyneanpatle, said first
simultaneously present in a single embodiment. Similarly, some advantages

ara-applisable gionanenspechdjoihedmventionayid inapplicable to others.
Furthermore, certain aspects of the claimed invention have not been

discussed hereinalJaweyesgim infetenaesholchhe: tHawn iregrreibgthessaid
discussed herein relative to those not discussed herein other than for
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Other example embodiments are defined in the claims and specification
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. Similarly, some advantages are applicable
to 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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should not be considered dispositive in determining equivalence. Additional
features and 6 advantages of the invention will become apparent in the
following description, from the drawings, and from the claims. 7 Brief
Description of the Drawings The features and advantages of a semiconductor
device according to the present invention and further details of a process of
fabricating such a semiconductor device in accordance with the present
invention will be more clearly understood from the following description taken
in conjunction with the accompanying drawings in which like reference
RVABTAIS AGSIEN A ecRITB AL T KQIseRPGPARESIEIE AiHolERAIO ASseAPHRAIIBAS the
and in which: Figures IA-1 and IA-2, 1B, 1C1D show a method and structure
AEsRTABYJatRl firshedrRopligrgMbodiment of the invention. Figures IA-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 example 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. 8 Figure 4A and 4B show a second aspect of
an embodiment, where the carbon containing layer 20 can be formed by an
growth or deposition process. Figures 5A, 5B, 5C 5D, 5E, 5F, 5G and 5H
show a method and structure for an example embodiment where the
substrate structure comprises a strained layer. Figures 6A, 6B, 6C and 6D
show a method and structure for an example embodiment wherein the
carbon-containing layer diffuses up towards the surface and down towards
the substrate center to create a "retrograded C-containing layer” 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 FOR ranges of implanted (doped or PAI) regions such as SDE,

SID, pocket implant regi@ygef ds@sptdn.of BrePReviks illustrate in

general, an aspect of the example embodiment where we form an implanted
C-containing region and a FOR region within the doped region. Figure 7B-1
shows an implanted doped region and an FOR region. Figure 7B-2 shows a

rough concentratipieFeafileeo araiplentedorgiemifdguie or device according to the
present invention and further details of a process of fabricating such a semiconductor
device in accordance with the present invention will be more clearly 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. Figures 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 example 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.



7B-3, shows we form a C-containing layer about in the projected region and
the FOR region. Figures 8A 8B and 8C show an example embodiment
where a C- containing layer is formed in the FOR of a pre-amorphization
implant (PAI). 9 Figures 9A and 9B are XTEM Images showing samples
prepared after annealing at RTP 650 'C for 20 sec according to example
embodiments. Figure 9A has a C-containing layer that reduced defects.
Figure 9C illustrates the TOF-SIMS measurement performed on samples
with and without the embodiments C-containing layer. Figure 9D is an XTEM

image that showstbgrpresenaeBf R Lislesatiatsein shasampainihowhere the
the incorporation of carbon. Figure 9E is an XTEM image showing the

ahspnce MhEAR Bstecthanthbivitinibe Presencaval Hheqphadinestsss.

substitutional carbon layer for 0.1% carbon incorporation subjected to spike

annealing tempergiitie o5 A0S8, BA-ipIrs B sswandIbIS sheasuestRts el
indium ion for samples with and without the c-containing layer. Figure 9G,

stravisra WiaphegamprIsmbhBHisncideieakagamtatdiade ik anprivéheutrained
the embodiment's carbon containing layer (Si1_yCy).
layer.

Figures 6A, 6B, 6C and 6D show a method and structure for an
example embodiment wherein the carbon-containing layer diffuses up towards the surface
and down towards the substrate center to create a “retrograded C-containing layer”

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 we 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).



Figure 9H shows a graph of | leak V V bias 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. 10 Detailed
Description of the Example Embodiments The present invention will be
described in detail with reference to the accompanying drawings. The
example embodiments of the present invention provide structures and
methods of forming a device having a carbon (C) containing layer. The
embodiments below are examples and can be modified. The invention is

defined by the claigiged QAvaRiow abtRa EXAMRIeeRRRABeAISpRAPRPARIA after

example embodiments comprise the following: * embodiment -FET with

GARRAANGANRITNG IBYeT hatuees thedrmsf & WalipRIapBstieeieN Fothe 9A has a

bottom of the FOR region of a second implanted region at a lower depth than
saiiirshimplapdechsegiancia defbigure 1-D). * embodiment - FET with

carbon-containing layer (e.g., Figure 2H) a) (first aspect ) carbon-containing
layer formed by igngip@ED1(@sgattigtHe TFFASIME measurement performed on
samples with and without the embodiments C-containing layer.

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 XTEM image showing 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 of indium ion for samples with
and without the c-containing layer.

Figure 9G, shows a graph comparing the junction leakage of a diode
with and without the embodiment’s carbon containing layer (Si;.,Cy).

Figure 9H shows a graph of I je;x V V pias 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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b) (second aspect ) carbon-containing layer formed by a growth process
(e.g., Figures 4A-4B) 11 ~ embodiment - FET with carbon-containing layer
and Strained region (e.g., Figures 5E- 5H) a) first aspect - strained region
formed by growth or cvd process. (e.g., Figures 5A- 5D) b) second aspect -
strained region formed by implant process. (e.g., Figure 5E) ~ embodiment -
C-containing layer that is diffuses during an anneal to form a retrograde C
concentration profile C-containing layer (e.g., Figures 6A - 6D ) * embodiment
- Implanted C-containing layers in the projected regions and FOR regions of
implanted doped regions (E.g. S.D, SDE, Pocket regions). (e.g., Figure 7A)
embodiment - C-layer in FOR Regions of PAI regions (e.g., Figure 8C) These
non-limiting exanpégagetPDAiRgpifonrerekpIBAHpR MaiBodEhénReloW.

Additional major example embodiments are also described in the
specification and claims. H. Definitions and abbreviations: The terms are
defined and explained as follows: c-layer - carbon containing layer

The present invention will be described in detail with reference to the
accompanying drawings. The example embodiments of the present invention provide
structures and methods of forming a device having a carbon (C) containing layer. The
embodiments below are examples and can be modified. The invention is defined by the

claims.

I Overview of the example embodiments

Some major example embodiments comprise the following:

'] 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).

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

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

Figures 4A-4B)
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12 carbon layer - carbon containing layer projected range (Rp) is the median
depth of the implanted ions (before anneal). FOR (end of range) region is a
region typically below the Rp that contains defects from the ion implantation
that creates an amorphous region. The location of the FOR region is highly
depend on the implant process. An estimate 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 implant species and at
high doses of greater than 1E15 ions/sqg- cm, the FOR range may extend

frorarisa Bidar 1. BHInAH @b dnc Rt ddid Q8- abuesh@i-nagiandypicalidigures SE-
begins at the 1.0* Rp and extends down to a depth where most of the FOR

defggts are located (e.g., down to a depth of between 1.5 Rp to 2.0 Rp). End
of range region (EOR region) is the region in or under an implanted region

that pf&fefﬁmﬁ%%&%%%q?ﬁﬂéﬁﬁ@ﬁﬁ§%tér Wihsdigyges, thee g
FOR defects are drawn only outside the doped regions (e.g., source drain
and halo regirs) $1ecapse the FOR defects when present outside and /or

below these doped region causes severe leakage. If the FOR defects are in
the doped geglepHngsieakage Jmeansids i ablglessy idplant process. (e.g., Figure SE)

'] embodiment - C-containing layer that is diffuses during an anneal to form a
retrograde C concentration profile C-containing layer (e.g., Figures 6A — 6D )

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

'] 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.

11. Definitions and abbreviations:

The terms are defined and explained as follows:

c-layer - carbon containing layer
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End of range defects -- are typically created by an implant that amorphrized
the crystal (e.g., Si) structure. The FOR is typically below the
crystal/amorphous interface in an implanted region. 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 with adjusting the implant profiles either with different implant
energy, dose and species type. In general, in the figures, the junction depth

chiberinRd reginns ceatsaspeNsheto a dopant concentration about 1E17
atom/cc. SDE - source drain extension PAI region - pre-amorphization

implant region Ill. Overview - general example embodiment Some example
embodiments form a carbon-containing layer in the FOR regions of an

prpjeciad ienge (Rppad fRoisUiBRdSIEQST RNfRIpINg &L AR OB asarpn-
containing layer and the implanted region can be formed in any order. The

GORO(eid 6PRiaBING-dalai Relpsdioduspidafesia diomdirpimplacinhaisasmed from
the implanted or doped region. Figures IA-1 and 1A-2 show the formation of
the Wapaphlaandda actieeates an amorphous region. The location of the EOR region is
highly depend on the implant process. An estimate of the region of the EOR 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 implant species and at high doses of greater than
1E15 ions/sq- cm, the EOR range may extend from 1.5 Rp to 1.8 Rp or from 1.5 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 (e.g., down to a depth of between 1.5 Rp to 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.
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or non-active ion) or implanted region 104 and the carbon-containing layer
112. These steps may be formed in any order. Referring to figure IA- 1, a
region 104 is formed by an implant process. Figure IA-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 1A-2 shows a carbon-containing layer 112
in a substrate. The carbon-containing layer 112 is preferably formed at in at
least the FOR region of the implanted region. The FOR region is estimated
to be at about at depth between 1*Rp and 2.0*Rp of the subsequently

et depededian - Pretakpviine subhstiateis a sastallingnrsHRSH@IRe crystal

Preferably the substrate is comprised of silicon. In an example embodiment

B sWhstiateisCoMMRITSOR &f tRpiew sy Sélaineskragivn antphdRAatesiieenn an
cap; the lower strain region is comprised of Sil_yGey or Sil_y Cy where y is

bapreesi@dloand 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 IF
20 Atoms/cc. 15 Preferably the carbon containing layer is comprised of

FilnyGonadeythndinde gt veaopaateiidbR0l @tth@dQR%lepth 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 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

III.  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 containing substrate. The carbon-

containing layer and the implanted region can be formed in any order. The carbon-
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Preferably the C-containing layer is positioned at least in the FOR region of
the doped region or regions(s). The doped regions can include the PAI, SDE,
pocket, and/or S/D regions in any combination. Preferably, the C-containing
layer is positioned between the projected range of the doped region (R pd’)
and 2.0 times the projected range of the doped region (2 Rpdr). More
preferably, the C-containing layer is positioned between the projected range
of the doped region (Rpd') and 1.5 times the projected range of the doped
region (1.5 Rpdr). Referring to figure 1B, the doped region 104, the

esskafiianae JERIR) Helketa-lss aochthe cafen-gentRRHg B¥emPIEsoW Hoped

Referring to figure 1C, the substrate is annealed and the end-of-range (EOR)
defRets 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
850C ; and most preferably between 650 and 800 C. The anneal is preferably

performed for a tmeketveamidang 8QacandHANINOE Prefesphly(can be active
between 10 and 30 seconds. The carbon containing layer 112 (Sii_yCy)

getiersadaieaisnandiallwgdheclavien anngdl dentatiahuenthiienG layer Will These
diffuse during the anneal and may diffuse up above 1.0 Rp and down below
H4&HRMA9 pd s iRAny order.

Referring to figure 1A-1, a region 104 is formed by an implant process.
Figure 1A-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 1A-2 shows a carbon-containing layer 112 in a substrate. The
carbon-containing layer 112 is preferably formed at in at least 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

Si1.yGey or Sij.y Cy where 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 SE18 and
1E 20 Atoms/cc.
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16 Preferably, the carbon-containing layer is not positioned in a channel
region of an FET. A. C-containing layer between Two implanted regions The
C-containing layer can extend over and between the FOR regions two or
more implanted regions. For example, referring to figure 1D, a first region 104
and 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 FOR region (e.g., second region 105 - the Rp of second region) to
about the bottom of the lower FOR region (e.g., first region 104 - 1.5 * Rp-I't

region). The implapiegddiagianscandsathensapiaipng yepcan be $oraedioy
any order. Fig. 1D is shown post anneal. As a further example, the first region

GatHd, beaveetrapiiiairnraging @ods the second region could be a
pre-amorphization region (PAI region), pocket or SDE region. The regions

are shown is a sipplied Ut Qi ikl stratienpasdicasi e least in the EOR

configured/positioned differently in a device. The following are non-limiting

exasipbesHef dbgeloeation 6f eaibais camMatipeday@nin difarRMaspeda DI,
embodiment: ~ aspect - carbon-containing layer only extends from Rp-PAlI to
bdeRer, QbY/O SR Es i enlaeaBxteRds mfknbetween Rp-SDE and 1.5*Rp SD

Preferably, the C-containing layer is positioned between the projected
range of the doped region (der) and 2.0 times the projected range of the doped region (2 *
der). More preferably, the C-containing layer is positioned between the projected range
of the doped region (der) 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 anneal is preferably performed
for a time between 1 and 60 seconds and more preferably between 10 and 30 seconds. The
carbon containing layer 112 (Si;.,C,) getters defects and allows the lower 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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17 ™ aspect - c-layer only extends between 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 layer only extends between IRp-PAI to 1.5*Rp-PAI *
aspect -carbon-containing layer only extends between IRp-SDE to 1.5*Rp-
SDE ~ aspect -carbon-containing layer only extends between IRp-pocket to
1.5*Rp- pocket " aspect -carbon-containing layer only extends between
IRp-SD to 1.5*Rp- SD V. embodiment - first Aspect - FET with C-containing

layer - e.g., figuresr@braBly, Anaitbtantioin o el asnas s puiitibifiguieaZidsnel
that preferably a carbon containing layer 20 (Sii_yCy) extends at least from
theiprajeatedrange of the SDE (Rp-SDE or Rpsor) through to the bottom of
the source/drain end-of-range (EOR) region (e.g., 1.5 to 2.0 times Rpso) 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
speciesand c@uzbindainingl layardbetivbennEwo amplahtedrégiors the Rp
implanted species.

The C-containing layer can extend over and between the EOR regions
two or more implanted regions. For example, referring to figure 1D, a first region 104 and
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 in 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-PAI to 1.5Rp SD

'] aspect — c-layer extends only between Rp-SDE and 1.5%Rp SD
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18 In a first aspect of the embodiment, the carbon containing layer 20 can be
formed by an implant process. (See e.g., figures 2A to 2D). In a second
aspect of the embodiment, the carbon containing layer 20 can be formed by
an growth or deposition process. (See e.g., figures 4A to 4B) The carbon
containing layer 20 (Sii_yCy) getters defects from the SDE, pocket and S/D
implants. The carbon containing layer 20 (Sii_yCy) is preferably not in the
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

betweenfsecondseadid Lok mBiidteswkes RAberkemiainingRaysn 20
(Sii_yCy) getters defects and allows the lower anneal temperature. A. first

aspect ghthe-exanypleoarinIe HetGREROR-SDtaIRN Y. SERpISEan be formed
by an implant process Forming A Carbon Containing Layer 20 In A Substrate

Referringptefigenaysh ol §UREihaiebtBibial RESEN APesERsSIine silicon
surface is shown. The substrate may be a substrate employed within a

microelggkanicarfairicationinglthpuainabapadificaliedustiea wihis tRe-PAI
schematic cross-sectional
] aspect —carbon-containing layer only extends between 1Rp-SDE to 1.5%*Rp- SDE
'] aspect —carbon-containing layer only extends between 1Rp-pocket to 1.5*Rp-

pocket

] aspect —carbon-containing layer only extends between 1Rp-SD to 1.5%Rp- SD

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 (Si;.yCy) extends at least from the projected range of the SDE
(Rp-SDE or Rp®™¥) 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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19 diagram of Fig. IA, the substrate 10 may be the substrate itself employed
within the microelectronics fabrication, or in the alternative, the substrate
may be the substrate employed within tile microelectronics fabrication, where
the substrate has formed thereupon or thereover any of several additional
microelectronics layers as are conventionally employed within the
microelectronics fabrication. The substrate is preferably a silicon wafer. The
substrate may further comprise wells. Implantation to form a C-containing
layer As shown in figure 2B, a carbon containing layer 20 is formed by

implanting carbonjonsrinta jbe: silbstrateRAipferabhe hevearbomndanas 28/er 20 can
overlaps with the FOR of the a subsequent (dopant) implanted region. The

earemelpse is pigfmbhobaivenn ¢.5 Hik8ratomsssepgm and 1E20

atoms/sg-cm. The carbon implant can be either an amorphous or

non-amorphous implastoandaiperedeiablyniboaimmonhessdmpdantindss layer 20
shown in figure 2C, the preferably the carbon implant projected range (Rp)

oxeHapsrihedaitise HORMbIneplopast [roiess(s)Ibat we fareresing ihesylayer
to getter defects. Preferably the carbon layer Rp (Rp c) is extents to depths

between about 1 TRpcg@paoiRdnifgasRp20lepant (L RpdPecrandfalaube SDE,
preferably extends between 1.0
pocket and S/D implants. The carbon containing layer 20 (Si;.,Cy) is preferably not in the
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 (Si;.,C,) getters defects and allows the

lower 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 crystalline
silicon surface is shown.
The substrate may be a substrate employed within a microelectronics

fabrication. Although not specifically illustrated within the schematic cross-sectional
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and 1.8 Rp- dopant and most preferably between 1.0 and 1.5 Rp- dopant. 20
As shown in figure 2C-1, the carbon layer preferably has a thickness (where
the C concentration is greater than about 5E18 atom/cc) relative to the
dopant region of between about 1.0 Rp dopant to 2.0 Rp dopant The
Rp-carbon can preferably be between 0.9 and 1.6 Rp-dopant and more
preferably of about between 1.0 and 1.5 Rp- dopant. For example, the dopant
can be the, PAI region (e.g., C or Si implant ions), SDE (source-drain
extensions), the pocket region, and/or the source/drain regions. The

gubstiaterangd. C2cantalnia-iay €0 iy eterpd i inealediabigiplogedanaih the
implant, such as after the source/drain implant. The carbon containing layer

A &8 Qe 6RAIPISEdR{oRI Ve the IR reAIRONIRONBIRIKE MRYLbEthiSsubstrate
preferably comprised of SiyC1_y alloy and preferably has a concentration

whitp1yRatwakm ado i 6:86dcadiBsdabri dhR £ ake R CRE tIR ng S fPnied

preferably comprised of SiyC1_y alloy and preferably has a C concentration

didveip&eor Wet8orslahly 90 tams/sedanshmeitrosriarahlysahhatvgemn:1E19
and 2E19 atoms/cc. Figure 2E shows the carbon-containing layer 20 at a

depibrivrion fhen slehstl ARKLR Sirfareoslitbtr iagitibadAieh silicon-containing
region above the carbon-
The substrate is preferably a silicon wafer. The substrate may further

comprise wells.

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.
Preferably the carbon layer 20 overlaps with the EOR of the a
subsequent (dopant) implanted region. The carbon dose is preferably between 7.5 E 18
atoms/sq-cm and 1E20 atoms/sq-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 ) is extents to depths between about 1

Dopant

Rp- dopant to 2 times Rp- dopant (2*Rp ) and about preferably extends between 1.0
and 1.8 Rp- dopant and most preferably between 1.0 and 1.5 Rp- dopant.
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containing layer 20. 21 Form A Gate Structure Referring to figure 2E, we form
a 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
comprised of a gate dielectric 34, a gate electrode 36 and first gate spacers
38. Implanting lons To Form A Pocket Region Referring to figure 2F, we
implant ions to form a pocket region 44, a pocket FOR region and pocket
FOR interstitials 45 in the pocket FOR region. The pocket regions 44 is at
least partially in the carbon containing layer 20. The pocket region 44 has

the opposite impysiyRyRe a8 ars DE andS/Rueians: Jlatrhoskels e dittiGiess
44 preferably has about the same concentration as the substrate or well and

chasrahiegiebnctha ArRpik farcte paskebirgion fgtand/he paaket kORe dopant

region depends on the technology node of the device being formed. Form
RIndepsiaadRasians ASEHORM i figoregFrive ORNBSEVECBINAIM preferably be
extension regions (S/D extension regions 50, SDE ) in the substrate adjacent
tevarie otouahde.6 Rp-dopant and more preferably of about between 1.0 and 1.5 Rp-

dopant.

For example, the dopant can be the, PAl region (e.g., C or Si implant
ions), SDE (source-drain extensions), 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 Si,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,C;.,
alloy and preferably has a C concentration of between SE18 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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22 The SDE regions preferably have a depth between 10 and 50 nm and a
concentration between 1E19 and 1E21 atom/cc. The SDE implant also forms
FOR defects (not shown) in a SDE FOR region. Forming 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.
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 beyagiustedtvbradiusting the implant profiles
either with different implant energy, dose and species type. The source/drain

regions 54 formeg &yrai sad feplammreegsmyheie: frefeiablotheSie hdRrate

region are in the C-containing layer 20. The region between about Rp and 1.5

Rp i3 2npstnatedsnf hesaging @bdhad ORatects logatianches larger
implant species and at high doses of >1E15 the FOR may extend from 1.5
Rp to 1.8 Rp. In tiradigittasnibek QR Redams ampiawn onlycatdsidecddc 34, a gate

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 regions 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 substrate 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/D
extension regions 50, SDE ) in the substrate adjacent the gate structure.
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the source drain and halo region because the defects when present in these
region causes much severe leakage compared to if the defect is present in
the source -drain region itself. Position Of The C -containing Layer
Preferably the dopant regions and carbon-containing layer are positioned so
that the carbon containing layer extends between the Rp SDE to the bottom
of 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

regions depend omhthsigchialagyrdibriprpiesied depdcanetendeoin@hgam and a
regions for the SDE regions, pocket implant region, and the source/drain

toenihegipBsRERPIETesally iEthetanan containing layer. In other
aspects of the embodiment, any combination of the projected range and

end-or-range regiphs SOBhe (ahPAL segiaRsHOR SR /8 giNSh(8)HaskES DE EOR
implant region, and (d) the source/drain implant regions are in the carbon

gentaining layer. 24 Annealing The Substrate Still referring to figure 2H, we
preferably anneal the substrate (in a post S/D anneal) whereby the carbon
containing layer acts as a sink fpoeafagts/(® 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.

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 >1E15 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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interstitials) from the pocket implant, and source/drain implant. The c-layer
anneal performed at a temperature between 650 and 850 degree C and for a
time between 1 and 60 seconds and more preferably between 10 and 30
seconds. Preferably this C-containing layer anneal is the higher temperature
anneal the device is subjected to. Depending on the technology, there may
be anneals before the post S/D anneal, such as post SDE. The carbon
containing layer 20 (Sii_yCy) getters defects from the SDE, pocket and S/D
implants. The carbon containing layer 20 (Sii_yCy) is preferably not in the

ghaaneLeeBian aldaabapsehredignsdartiadseafunetiv preldhe sl mdserapidn causes
technology and varies with the electric field. Currently, the channel region

RarR LoBptb Iehikin hgirédAo 1@ MBITLR K pi&adht xR phakestiansetihieitself.

Carbon containing layer 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 c- layer. Figure 3C shows an aspect where the SD FOR

region is in the C- contapys@iéay©F The C —containing Layer

Preferably the dopant regions and carbon-containing layer are

SPE {4 the bottom of

positioned so that the carbon containing layer extends between the Rp
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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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 layer 20 comprised of
SiyC1_y is formed by a epitaxial growth process. The carbon containing

layer 20 preferably has paramgigigalthg THiGREsagoNCentration) as
described above. 26 Referring to figure 4B, we form a silicon layer 30 (or

silicon containingstayeseangs @ ARRE RO REEHARIRdaYEheQuidifite (in a post
silicon layer 30 is preferably comprised of a silicon epitaxy layer formed by

Syrepiiady) Waerss: thbe Shiceodayetiisprgieraiily.s crystalinecRick 0 g given
technology, the silicon layer 30 (e.g., silicon cap layer) preferably has a
iRieldirRSsh Elvve e Y1 eh M and source/drain implant.

The c-layer anneal performed at a temperature between 650 and 850
degree C and for a time between 1 and 60 seconds and more preferably between 10 and 30

seconds. Preferably this C-containing layer anneal is the higher temperature anneal the

device is subjected to.

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

anneal, such as post SDE.

The carbon containing layer 20 (Si;.,Cy) getters defects from the SDE,
pocket and S/D implants. The carbon containing layer 20 (Si;.,Cy) 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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The silicon layer 30 preferably has a thickness about 0.5 * thickness of the
gate oxide + (1- 1.5*Rp SDE) For example if tox (Thickness of gate oxide) =
20 A, Rpsor = 20 nm then Ts'cap = 31 nm. The process continues as
explained above in the first aspect and shown in figures 2E thru 2G. VI.
Example Embodiment - substrate structure further comprises a strained
region In a example embodiment, shown in figures 5A to 5H, the substrate
structure includes a strained layer. The structure is preferably comprised of a
lower strained region (110) and overlying upper (unstrained) silicon cap 116.

The lovgr strafxgRipres Ba8Sitrorie6rably cartivisednifthiné ryyer Sii_y Cy
where y is between 0.001 and 0.0003. 27 In a first aspect, the strained

region is formed '?3(59?8‘@’55 Sl '&%eé’taﬁﬂérg?ﬁ’é’%%%@Rcl%g?oﬂ?sqn the ¢-layer.

figure 5A to 5H) In a second aspect, the strained region is formed by implant

process. The e”ﬁ%ﬁl’é‘?ﬁtsﬁo%% ddnamere de L RE B R iShas e e c-

grown strained layer In the first aspec of the embodiment, as shown figures

BAdp 51), 5E to

Figure 3C shows an aspect where the SD EOR region is in the C-
containing layer.

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
layer 20 comprised of Si,C;.,1s formed by a epitaxial growth process. The carbon
containing layer 20 preferably has parameters (e.g., thickness, concentration) as described

above.
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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 513, 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., Sii_xGex or
Sii_xC, where x is between about 1 and 30 % and more preferably x is

between about 1 and 10%. Referring to figure 5C, a carbon containing layer

120 is formed over the strained region 110. The carbon containing layer is
preferably depositegir aaw/n alengB With thensiraines 1egien e saitieeedining
position is dependent on the implantations of the S/D SDE. Referring to

figreie SR apaptienatsdicesntanand k6 és formed over the carbon containing
layer 120. The silicon layer is preferably comprised of silicon, but can 28

have other elemengs. sTik®abomoariainiagtay esispeRpAiSEd 1Rfoh UpREty layer
silicon layer 116 and a lower carbon containing layer 120. Preferably in this

Remaalpgyinthe aitic proteentaringitayeih 10 HgeRribicknassthinesin 0 and

100 A and more preferably between 5 and 100A. The silicon layer is

preferably not straisiedsilbe Wesisld shannsliesatiafeand &IessiB@intgahyer)
determine

preferably has a thickness between 200 and 500 A.
The silicon layer 30 preferably has a thickness about 0.5 * thickness of

SDE). For example if tox (Thickness of gate oxide) = 20 A,

the gate oxide + (1- 1.5*Rp
Rp*°E = 20 nm then T¥*? =31 nm.

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 SA to SH, the substrate
structure includes 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 Si;.,Gey or Sii.y Cy where y is between 0.001 and

0.0003.
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thickness of the silicon layer. For example, for a compressive strain channel,
for a Sii_yGey strained region 110, a Si-layer is not formed. For example, for
a compressive strain channel, for a Sii_yCy strained region 110, a Si-layer
preferably has a thickness between 60 and 100 A. For example, for a tensile
strain channel, for a Sii_yGey strained region 110, a Si-layer preferably has
a thickness between 60 and 100 A. For example, for a tensile strain channel,
for a Sii_yCy 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 isifpsmed fypan, itheankREICRSFonFOFRXAMBYE cfo® Y &¢ éBBical
can be implanted into the substrate. The process continues as discussed

RelRwdEsriaMpRiRcsefasingiaufigsretdBHa strained layer 110 formed by an
implanted. Also referring to figure 5D, the C-containing layer 120 can also be

a strained layer. R9Gessa@aIpelioMOaMaRd figutpsi ShoitpatbRaiprngp@cess.

figure 5E, processes are performed to form a structure preferably has a

carbon containing regigrbdbat{earkansickseagipmoandesirpbeggion 110, a
silicon cap 116, a gate dielectric 34, a gate electrode 36 and gate spacers 38.
The carbon containing region 120 and the strained region 110 are

A. first aspect- grown strained layer

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., Si;.xGeyx or Si;xCx where x is between
about 1 and 30 % and more preferably x is between about 1 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 whose intended position is dependent on the implantations of the
S/D 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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preferably formed using an epitaxy process and more preferably a RPCVD
process. The strained region 110 is preferably comprised of Sii_xGex or
Sii_xCx where x is between about 1 and 30 % and more preferably x is
between about 1 and 10% and preferably has thickness of about 1m (0.8 to
1.2 gm) to induce strain in the channel. Referring to figure 5F, 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 sidewalls. The

sSRACBta216a ke foRadudes Jhaillinst) SRACE 8oy MNed o SOURINRIBNISyer 116

are formed by a S/D implant. S/D interstitials 55 are undesirably formed in a

B enavelftanga tbRRiegigerReterring to figure SH, the structure is
annealed where preferably the interstitials are removed. The carbon rich

layer 120 preferably extents between (a) 1to 1.5 Rp SDE and 1.0to 2.0 Rp
sm. 30 VII. Embodiment - "retrograded C-containing layer" In another

example embodirpgiférgbI§him tHis ebi@iniag, el daroestainiAgURRFates has a
When the thin C-containingolayer is anneal, the carbon-containingolayer
thickness between 0 and 100 A and more preferably between 5 and 100A. The silicon layer
is preferably not strained. The desired channel location and stress/strain can determine
thickness of the silicon layer. For example, for a compressive strain channel, for a Si;.,Gey
strained region 110, a Si-layer is not formed. For example, for a compressive strain
channel, for a Si;.{Cy 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;.yGey 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;.yCy 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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diffuses up towards the surface and down towards the substrate center to
create a "retrograded C-containing layer". This reduces the C in or near the
channel region of the FET. Referring to figure 6A, the thin C-containing layer
220 is formed in or on a substrate 220. The C-containing layer 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

concengation SRS e froh? deHE2HGLreEcsEAS SHpwn in figure 6C, we

anneal the thin C-containing layer 220 to form a retrograde C-containing

layer 220A. The RURQIANSBIGEI3fle (0NN AYEM AT AR  sructure

outdiffusions 220C and centerpart 220B. The thin C-containing layer

g?@f@&ﬂﬁ%&% ‘:PEEE’@&U9&‘&%1%1}_&?1:]@2}8&ﬁéﬁ?&?@é&%ﬁ@@ﬁi&%ﬂﬁg G "1%%189 110, a

f the source/drain region. € carbon-containing layer (after annea

piisrably Pag Qgﬁ&r‘&%i@!}ﬁﬁié’@zpﬁtég‘?@ idetA86 o AI9MIGes The

carbon-containing layer concentration is reduced after anneal because the C
diffuses during th?&%%nﬂ&ﬂtaining region 120 and the strained region 110 are

preferably formed using an epitaxy process and more preferably a RPCVD process.

The strained region 110 is preferably comprised of Si; xGex or SijCx
where x is between about 1 and 30 % and more preferably x is between about 1 and 10%
and preferably has thickness of about 1um (0.8 to 1.2 wm) 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
sidewalls. The spacers 52 can be formed over the (first) spaces 38.

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

Referring to figure SH, the structure is annealed where preferably the
interstitials are removed.

The carbon rich layer 120 preferably extents between (a) 1 to 1.5

Rp **® and 1.0t0 2.0 Rp *.
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carbon-containing layer 220A (after anneal) preferably extends at least
between RpSDE and 1.8* RpS/D Figure 6D shows a FET device formed on
a substrate. Referring to figure 6E, the following are formed: 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 S/D region to 1.5 Rp of the S/D region. The C
concentration on the top and bottom regions is preferably between 1E18 and
1E 19 and the C concentration in the center of the region 1E19 to 1E20
atoms/cc. Preferably the retrograde C-containing layer 220A is deep in the
substrate away from the channel region and preferably in the FOR region of
the source/drain region. The carbon in the carbon containing layer diffuses
Milinto Emodayent30‘aet-ogrid ¢dtQ mmaaibsiiaiaydu’ing subsequent heat
processes thereby the carbon contain layer has a retro grade profile. During

subsequent thermahpepegssing siePmURE nfoePdavecdiffressiReth WaYs formed
both upward towards the surface of the silicon and deeper into the silicon

fgg hstiBiBatbhovuBKad Hiffusiamnafithe:; tayBPR MRRHIYHWRWEFRkSR Grastethyer
diffuses up towards the surface and down towards the substrate center to create a
“retrograded C-containing layer”. This reduces the C in or near the channel region of the
FET.

Referring to figure 6A, the thin C-containing layer 220 is formed in or
on a substrate 220. The C-containing layer 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

region.
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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 accumulation of carbon species at the channel
region. In another embodiment, preferably the retrograde carbon containing
region extends between the Rp -SDE and the bottom of the S/D FOR region
(e.g., 1.5to 2.0 * Rp-SD). VIIl. embodiment - method for forming an
implanted C-regions in FOR regions A. Overview Referring to figure 7A, in
an example embodiment, a structure and method are described for forming

implanted C-contqiing AReiQ0s ¢ Arsemepdustaineayi¢ede Mg raiected
range and FOR ranges of implanted (doped or PAI) regions such as SDE,

SHR: dROCIRh BUNAHN EgioBSnds BDOWR MY dQUNRS cABrdn-¢Bnéhinieh 1By in

general, an aspect is that we form an implanted C-containing region and a

E&Rregiemiithinihel dapegnirgicbcduigune (BaifsReyvsuandihelanied dopesd

region and an FOR region. 33 Figure 7B-2 shows a rough concentration
pretiba-eoraalimplrRyed IEgiRmcT henk QRpreRinlysiadydis p1esa etk acd PP and

between 1 Rp and 1.8 Rp or more usually between about 1 Rp and 1.5 Rp.
1.8* Rp®P

Figure 6D shows a FET device formed on a substrate. Referring to
figure 6E, the following are formed: 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 S/D region to 1.5 Rp of the
S/D region.

The C concentration on the top and bottom regions is preferably
between 1E18 and 1E 19 and the C concentration in the center of the region 1E19 to 1E20
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 Si 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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As shown in figure 7B-3, we form a C-containing layer about in the projected
region and the FOR region. The C-containing layer is preferably formed by an
implant process. The C-containing layer getters defects from the doped
region and FOR region. The carbon-containing layer extends from between
a depth 1.0 Rpdoparn and 2.0*Rp dopant. The carbon-containing layer
preferably has a concentration above 5E 18 atoms/cc from between a depth
at the Rpdopant and 2.0 Rp aopa t The carbon-containing layer more
preferably has a concentration between 5E 18 and 1E20 atoms/cc from

beiYyReNRdeRtA abibenRRIGPABded At AeRANhbhe GapBANRsGABIANNIAG its
layer preferably as a Rp C "o0" taim g-layer located between Rpdopant and

¢ RpGIPRINEREINS arhadimenilihg Rarpmei@is dasitheke tvRlarhaddf

C-containing layers are as described above unless otherwise noted. B. form

acgateusitusiwrcReleripe te; figuie ohAniee lREVide a substrate 300. The
substrate is preferably a pure semiconductor material(s) such as a Si wafer

or a Si/Si strained Si structure. 34 We form a gate structure 340 over the

substrate. A channel region 342 s in the substrate under thg gate structure,
In another embodiment, preferably the retrograde carbon containing

region extends between the Rp —SDE and the bottom of the S/D EOR region (e.g., 1.5 to

2.0 * Rp-SD).

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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C. form a pocket region and a pocket FOR region We implant ions to form a
pocket region 344, pocket projected range region and a pocket FOR region
(not shown but roughly located in the carbon-containing pocket FOR layer
345) in the substrate. The pocket implant process can comprise As, B, BF2
+. P or Pions at a dose between 1E13 and 1E14 ions/sg-cm, at an energy
sufficient to located the pocket implant region below the SDE but shallower
than the S/D region. D. form a carbon-containing pocket FOR region We
implant C ions preferably at least into the pocket FOR regions to form a

carbon-containingpRaekeBEO Bhisaian ik conednRloingroREo R NthpREkat
region is preferably between 1 *RpP ke™ and 2*Rp1°ka and more preferably

batiygenht ROk @NEsdadl RRPrkserng sahenwan@iningpaskel BRB or more

region 345 preferably a carbon concentration between 5E18 and 1E20

ateaN ¢ behwEeXavM e, Ry a8 Pooket implant of 1E15/sg-cm at 30 Kev, an
example of the C-implant process parameters are: 7E13 ions/sg-cm at

between 35 -40 KeVstatwsamei byist g tilicafele 26 thenReske! [ipptanbulSnlthe
general, the implants of the doped regions and carbon-containing

projected region and the EOR region. The C-containing layer is preferably formed by an
implant process. The C-containing layer getters defects from the doped region and EOR
region. The carbon-containing layer extends from between a depth 1.0 Rp*®™ and 2.0*Rp
dopant. The carbon-containing layer preferably has a concentration above SE 18
atoms/cc from between a depth at the Rp®*™ and 2.0 Rp ™.

The carbon-containing layer more preferably has a concentration
between SE 18 and 1E20 atoms/cc from between a depth at the Rp*P*™ and 2.0 Rp
dopant. The carbon-containing layer preferably as a Rp © €™M 18 |6cated between
Rp®™ and 1.5 Rp™P™™,

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.

34



regions can be performed in any order. For example, the C-containing
regions 345 can be implanted before the pocket region 344. E. form SDE
regions and SDE FOR regions We form SDE regions 350 and SDE FOR
regions preferably using an implant process in the substrate adjacent the
gate structure. The implant process for the SDE's can form FOR regions
where FOR defects are formed in the crystal lattice. F. implant C ions into the
substrate in the SDE FOR region to form carbon-containing SDE FOR
regions 351 Then we implanting C ions into the substrate in the SDE FOR

region to form caporsaantaitingretiE AR ¢eaions 3biudBePtateiietegion 342 is
parameters for the C- containing layer and the C-implant are described

abanesuborraxamale, e @aneAs RiREeimplant 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 ar@ tilt asosmta Bo bkt G cparada\pe et EQRsmyiers 352 on the
sidewalls of the gate structure 340. 36 H. form source/drain regions and

source/drain FORyegignaMVie fororsaH e piiainteaians35baind projected range
source/drain FOR regions 355
region and a pocket EOR region (not shown but roughly located in the carbon-containing
pocket EOR layer 345 ) in the substrate.

The pocket implant process can comprise As, B, BF, +. P or P ions at a

dose between 1E13 and 1E14 ions/sq-cm, at an energy sufficient to located the pocket

implant region below 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¥RpP** and 2*Rp****' and more preferably between
1#RpP** and 1.5 RpP**',

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: 7E13 ions/sq-cm at between 35 -40 KeV

at same twist and tilt angle as the pocket implant.
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adjacent the gate structure. The source/drain regions 354 are preferably
formed by an ion implant process. The channel region is preferably not in
any carbon containing layer. 1, form carbon-containing source/drain FOR
regions We implant C ions into the substrate in the source/drain FOR regions
to form carbon-containing source/drain FOR regions 355. The
carbon-containing source/drain FOR regions 355 preferably have a carbon
concentration between 5E18 and 1E20 atom/cc, and a thickness related to
the Rpdopa"t as described above. An example of the C-implant process

parameters are: fiiggiaqlaneengfndearar: MistdehehKen RARTEY-c8Athining
1E14 atoms/sqg-cm dose. J. anneal We preferably anneal the substrate

YRR BCRHBMRANIRINNG iRy e opck an @ Sitte for aafesksnintarsiitialay can be

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

Rrpienehlybtierend-pteragedeaions. for the pocket implant, the SDE implant
and the source/drain implant are in the carbon containing layers. 37 The

anneal is preferably performed at a temperature between 650 and
E. form SDE regions and SDE EOR regions
We form SDE regions 350 and SDE EOR regions preferably using an

implant process in the substrate adjacent the gate structure. The implant process for the

SDE’s can form EOR regions where EOR defects are formed in the crystal lattice.

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/sq-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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899 degree C and for a time between 1 and 60 seconds and more preferably
between 10 and 30 seconds. More preferably, the anneal is performed at a
temperature between 650 and 850 degree C and for a time between 1 and
60 seconds and more preferably between 10 and 30 seconds. This anneal
has a lower temperature than a standard anneal. A standard anneal is
performed at a T between 900 and 1100 degree C. An example of the
preferred order of implants is: carbon-containing pocket FOR region 345,
pocket region 344, C-layer 351, SDE 350, C-layer 355, and S/D regions 354.

Howevey, the foiipgGuUIve/ R A1AIRGIGHS BAY SoURRIHrdincEORegions

embodiment - C-containing layer in FOR of PAI implants In an example

embodiment, a CWQ'}@}H@&{%XE{A?JR%?&?S i@StngnﬁQ&lrQé/arain EOR regions 355

pre-amorphization implant (PAI). See, for example, figures 8A thru 8C.

W&R%é%%ﬁu@tﬁ?éed using non-dopant implants are used in
conjunctionwith shallow implants to reduce channeling and to affect TED and

dopant activation Lo, HEVeRLIG i&%“%ili‘grgfp?&re%bir’ﬂ%%tecﬁb?%n ion implant

implantation is introduced prior to Boron implantation followed by “an

in I iti j icient f lj epitaxy
e L sl e e ey e st e M e

seconds. The annealing condition is good as it provides high activation and
minimized boron diffusion in the silicon substrate. However, the implantation
of Ge by 38

L. form carbon-containing source/drain EOR regions

We implant C ions into the substrate in the source/drain EOR regions to
form carbon-containing source/drain EOR regions 355.

The carbon-containing source/drain EOR regions 355 preferably have a
carbon concentration between SE18 and 1E20 atom/cc, and a thickness related to the
Rp®P™ as 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 implant, 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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itself introduces massive FOR defects at the tail end of PAI implantation
region which leads to leakage current in the MOSFET. In this embodiment, a
layer of carbon rich region is placed at the PAI implant profile region. and
subsequently annealed at SPEG conditions. It is possible to eliminate the
FOR defects which are typically associated with the low temperate annealing
of <900 C. Boron which is a small dopant species experiences channeling
phenomena when implanted into the silicon lattice. This would result in the
boron dopant landing in a projected depth of up to 4 times its intended

projected range, TR &AL ProfidlySHeTeasI@RIa feriha ferplaneantes0 and
the Ultra-shallow junction roadmap. Boron implant is often performed at

goser ate thha anthenEgedl edn KEM I OD IDRIRACINED A isrée figWBstween 10
Prior to the B implant, a pre- amorphization implant (PAI) step is performed to

HALSE ROWIRNIZATRpieftientyy sialling SubptiateriR dnd waeHikeseet TdtReen 650

prevents the B channeling phenomenon. PAI implants are currently typically

RRAfHMEEHeE T HIREItRGItnT: bethRA IMpl@Bh et deaHaesoadssieRAMd1y between
problem associated is the annealing at low temperatures for boron activation

afienthsoisplatatianssiam MRS alicataparacasthahheshRrdeiads. A
resulted from the aggressive PAI implant (typically with Ge species of 5 - 10

keMatdasests Pelfoyiraultaim bigh dansity elresidual dreidefects after
anneal. The presence of these
An example of the preferred order of implants is: carbon-containing

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

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

IX. example embodiment — C-containing layer in EOR of PAI 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 introduced
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 substrate. However, the implantation of Ge by
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defects results in high leakage current when present in the reverse biased
PN junction. 39 A. Form C-containing layer in PAlI FOR region Referring to
figure 8A, a gate structure 840 is formed on a substrate 800. A PAI implant is
performed to form a PAI region 860 and PAI FOR defects 865. 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 PAI implanted region. In a preferred
embodiment the carbon-containing layer 820 extends between a depth of 1.5

a2 Bduets thakd npreated region Retang te AgupBetafoalPésion which
implant is performed to form SDE regions 850. Preferably P-type (e.g., boron

Jdapants.atedoplinied. (RefaoBeRD. figure 8C, an SDE anneal is performed
preferably at a temperature less than 950C. The residual defects that are

typically formed aigtrliyeinpirenehe 1048 catassvsortaienonayplad ¥ the PAI
Example Benefits Related To Some Example Embodiments A. High
igipRatptselanngats afdmeaafdamagmbave srsiEsGaldedietactst is possible to

eliminate the EOR defects which are typically associated with the low temperate annealing

of <900 °C.

Boron which is a small dopant species experiences channeling
phenomena when implanted into the silicon lattice. This would result in the boron dopant
landing 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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An annealing process is typically performed after implantation at significantly
high temperatures to remove the implantation induced damage from the
silicon. Three considerations for annealing of the implantation damage are as
follows. 1) Reconstruction of the crystalline 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 annealing 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 defectshonen@esataimitite/dgplein P A E@RFelyéopn junction cause
severe leakage current to the junction and must be removed. However, the

removal of these Refeelagieauie gl acivationane @o(EaoaRY biedyiltgate
HIGH TEMPERATURES (Typically >950 C) processing conditions. 3)

AGHVAIERIGHPRAGP BB fHh MBI sHad $opaRts JRIGCH eI ICQNEURUERSts 865.
occupy interstitial sites and must be activated before it can function as
acceptors or don@iRR$HR ©ilitalte BBS 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 PAI implanted region. In a preferred
embodiment the carbon-containing layer 820 extends between a depth of 1.5 and 2.0 Rp of
the PAI implanted region.

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

Referring 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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activation of dopant ions involves placing or moving the dopants located at
the interstitial sites back into the substitutional sites in silicon. Generally, the
higher the annealing temperature, the higher the activation. However, a large
percentage of the implanted dopant 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 ion implantation induced damage is that they require
very extreme temperature processing conditions with typically Rapid

Khermad Hhivmsie KRdetikORe11 016 SunieEsdipie Eftisotinfiestive

annealing, usually the highest temperature in the fabrication process. Such
high temperature processing conditions causes dopant diffusion which is

undesirable apgigfiffieigerepnobionéars eMinpRIM thatiageHapPaEETable

into the nano-meter channel length regime. Also the loss in the desired strain
in the straineda$pdeqg substrate. B. Example Embodiments By means of the
introduction of a layer of carbon rich region, some of the embodiments of the

invention can eIinAinate Eh Br lglem a%s[ i }5’1& Wi ? rolal% 2.- RF”}E{V%' oft
t
Dofects. 42 Carborn ehncaid proct iR THEaFy petforbact afe impliflatigh at

é}?%n%@%@ﬁ%’%ﬁ&ﬁ%%%&%@%geﬁi"cwé)Hqé”ﬁ%a'Qﬁt%HbH‘%&?c@cPﬁa%%éef%%‘%he

silicon. Three considerations for annealing of the implantation damage are as follows.

1) Reconstruction of the crystalline 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 annealing 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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FOR defects. Also, the activation energy for carbon to perform as silicon
sinks is in the range of 2.5 to 3 eV. This is about similar activation energy for
the regrowth of amorphization layers. Hence, there is an indication of
possibility of the reduction in thermal budget. This would reduce the required
annealing temperature condition, reducing the overall thermal budget of the
MOSFET device fabrication process. 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 giligbmipdersplinls infe sentinchiesusgian dhefytaatainigites and
layer can have the following advantages: 1) Facilitation of Ultra-Shallow

sunetiendéarmatiordrSieten aaniiohaktapsstas shashehairehetiew SGE)
and reverse short channel effect (RSCE) as lower temperature processing

aondition deerpaseRaRRLYEiffIsioniBithe channelxsgion RithedMQRHRE:stitial

3) Retention of the desired strain in strained silicon technology. 43 XI.

EixayBpies o EERERHENTALI REQHTESHOOE AR Ath N kI thAMREdER
IMPLANTED WITH HEAVY INDIUM DOSE (1 x 1014 cm 2) 4 As Source
ReapedmptankatiaeH Bhe)activation. However, a large percentage of the implanted

dopant 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 ion 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 length regime. Also the

loss in the desired strain in the strained 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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An Indium implant marker was used as an indicator of the presence of FOR
defects, as indium ions behaves to segregate into FOR dislocation loops
during annealing. The HEAVY INDIUM (In) DOSE was about Ix 1014 CM -2
The As Source Drain Implantation was at dose of 1.5 E15 and an energy of
2Kev. Embodiment's Carbon containing layer reduces defects with Low T
anneal Figures 9A and 9B are XTEM Images showing samples prepared
after annealing at RTP 650 'C for 20 sec. Figure 9A - (a.) shows substantial
elimination of the FOR defect band with the presence of -0.5 % of

substitutional carpargroypacsResitiGayeaddhi P lantaH AR ORI AL IGBIORdT
in the silicon substrate. Figure 9B - (b.) sample annealed without presence of

aaanialhesGR odsdeaiandusiclaayyilvicilerd@irbattinagese tie\isibéace of
defect band was found corresponding to the SDE implantation. 44 Referring

ROR degdfs, K1eo] AE BN SiviraruEMantpesioreeafoming sindsamiig is in the

showed subtle segregation of indium into FOR peaks at the given annealing
ean@itens sss3rvplennitioubsarbpni INcrpesatipRnitdicalingdhesriaseoee of

defects. Embodiment's Carbon containing layer reduces defects with Higher
AndbrpBddation layers. Hence, there is an indication of possibility of the reduction in
thermal budget. This would reduce the required annealing temperature condition, reducing
the overall thermal budget of the MOSFET device fabrication process.

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 lower 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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At substantially even higher annealing conditions, no indication of FOR loops
was observed. Figures 9D and 9E, are XTEM images. Figure 9D shows the
presence of FOR dislocations without the incorporation of carbon. Figure 9E
shows the absence of FOR defect band with the presence of the
embodiment's substitutional carbon layer for 0.1% carbon incorporation
subjected to spike annealing temperature of 1050 T. 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
sarbongtanphsence of clustering of silicon interstitials for FOR defect
formation is achieved through the entire annealing process, indicating no
need for the typical high temperature annealing step. 45 There is also no

defect gprrespERPERIMERTAY HESULTS ONARNEALING DR SANPLES

implant. This is possibly due to the surface enhancement effect where the

silicon surfaceyigpmarfEEDy 99TH MEAVPINDIRIM BOSEErENdHachY R > As
dislocation loops from being formed. ELECTRICAL DATA

Source Drain Implantation (SDE)

An Indium implant marker was used as 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"* cm™

The As Source Drain Implantation was at dose of 1.5 E15 and an energy

of 2Kev.

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

Figures 9A and 9B are XTEM Images showing samples prepared after
annealing 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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Figure 9G, shows a graph comparing the junction leakage of a diode with
and without the embodiment's carbon containing layer (Sii_yCy). The
embodiments 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 | leak v V bias for a FET with a carbon- containing layer
and without. The graph shows the embodiment's carbon-containing layer
significantly improves leakage. Xll. Non-limiting embodiments In the above
description numerous specific details are set forth such as flow rates,

pressure settingSRUTGINESSEB @C9N MEIROIR SR deeastrere: HQkREGhed on the
understanding of the present invention. It will be obvious, however, to one

sidiiesh dihaoaddRabike AresAbINYEHIRINMAOEOR GRS dwith gVt @SR aling

details. In other instances, well known process have not been described in
dehdilipnerd 8k MO URBECEaSA I ebgI#iE o enidie SNt tRY Pnéncé 6 @B,
the variety of embodiments of the present invention, the above description
and illustrations should not be taken as limiting the scope of the present
invention defined by the claims. While the invention has been particularly

shapsuanedescebpsnédntaining layer reduces defects with Higher T anneal

At substantially even higher annealing conditions, no indication of EOR
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 annealing

step.
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reference to the preferred embodiments thereof, it will be understood by
those skilled in the art that various changes in form and details may be made
without departing from the spirit and scope of 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 similar
arrangements and procedures. 47 What is claimed is: 1. A method to form
first and second regions and a carbon containing layer using implantation

processes in a sulysies GO PUSIBEECAL HRFERHAE BRI ik CORtaHRIG IayRhitation
a substrate; b) implanting ions to form a first region and a first end-of-range

tQgiea By ine sTubsipate:. (Thatiepsisspodienoihsaigfisd antnfcrangefRgionhere

is in said carbon containing layer; c) implanting ions to form a second region
ik RiseeendRBGsohramgRi (egioR M HiBcouhatealiatifly, pideaslReIanoaifbcation

said second region end-of-range region is in said carbon containing layer.
loops from being formed.
ELECTRICAL DATA

Figure 9G, shows a graph comparing the junction leakage of a diode
with and without the embodiment’s carbon containing layer (Si;.,Cy). The embodiments
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 I jcax V V pias for a FET with a carbon-

containing layer and without. The graph shows the embodiment’s carbon-containing layer

significantly improves leakage.

XII. 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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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 1 wherein said carbon containing layer is
formed by implanting carbon ions into said substrate. 4. The method of claim
1 wherein said carbon containing layer has a carbon concentration between
5E18 and 1E20 atom/cc. 48 5. The method of claim 1 wherein said carbon
containing layer has a carbon concentration between 1E19 and 2E19
atom/cc. 6. The method of claim 1 wherein said first end-of-range region is at

least at a depth leghwreRehaHefyRfiERiTeIRRANII kR DRI:AT Shvesion; thedbdve
method of claim 1 wherein said carbon containing layer is comprised of

Sdscrfpyiciiapanitnsyrhedwea sl GOk ansk 3R SihEhedpettareqlekaim

1 which further includes: said second region is deeper than said first region.

thvEhgonatTat@bolaigcladich further includes: said carbon containing layer
extends from the top of the first end-of-range region to at least the bottom of

said second end-wfhirnge iie@eion RasThe meihied]of ¢laiowh Wil feAb&r with
includes: said carbon containing layer extends

reference to the preferred embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made without departing from the
spirit and scope of 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 similar

arrangements and procedures.
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at least from the 1.0 * Rp of the first region to 1.5 * Rp of the second region.
if. The method of claim 1 wherein said second end-of-range region is at least
at a depth between 1.0 * Rp-first region and 1.5 * Rp-first region. 12. The
method of claim 1 which further includes: annealing said substrate whereby
the carbon containing layer 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 the first region to the bottom of the second
end-of-range region. 49 13. 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. 14. The device
fanped bpithedmethod of claim 1. 15. A semiconductor structure comprising
first and second regions and a carbon containing layer comprising: a) a
carbon containing layer in a substrate; said substrate comprised of

grystallinensétheduceftiaiuaing silicebom) e fishyagidn Qifsba H6steRGhOf R eLing
region in the substrate;
implantation processes in a substrate comprising:
a)  forming a carbon containing layer in a substrate;
b)  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;
(1) at least a portion of said second region end-of-range region is in
said carbon containing layer.
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 1 wherein said carbon containing layer is formed by
implanting carbon ions into said substrate.

4. The method of claim 1 wherein said carbon containing layer has a carbon

concentration between SE18 and 1E20 atom/cc.
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(1) said first end-of-range region is in said carbon containing layer; c) a
second region a second end-of-range region in the substrate; (1) said second
region end-of-range region in said carbon containing layer. 16. The
semiconductor structure claim 15 wherein said carbon containing layer has a
carbon concentration between 5E18 and 1E20 atom/cc. 17. The
semiconductor structure of claim 15 wherein said carbon containing layer has
a carbon concentration between 1E19 and 2E19 atom/cc. 50 18. The
semiconductor structure of claim 15 wherein said first region has a first

gnd-of-TRNGR AR ahifpshirivRand dapthkebinasmd 18y Rifikst f@gien
and 1.5 * Rp-first region. 19. The semiconductor structure of claim 15

whesgii siaid siateenceantBiringdarerdstearaprised of Sil_yCy alloy with y
between about 0.001 and 0.005. 20. The semiconductor structure of claim 15

which furbercincldesisaid sacoae kagiansistiecpeitbanaish kst 1egion: a depth
21. The semiconductor structure of claim 15 which further includes: said

carkaweepNtainirgplayer exiendadrom thgptapsofdb@first end-of-range region

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

7. The method of claim 1 wherein said carbon containing layer is comprised of

Si;.,C, alloy with'y between about 0.001 and 0.005.

8. The method of claim 1 which further includes: said second region is deeper than
said first region.

9. The method of claim 1 which further includes: said carbon containing layer extends
from the top of the first end-of-range region to at least the bottom of said second end-of-
range region.

10.  The method of claim 1 which further includes: said carbon containing layer extends
at least from the 1.0 * Rp of the first region to 1.5 * Rp of the second region.

11. The method of claim 1 wherein said second end-of-range region is at least at a
depth between 1.0 * Rp-first region and 1.5 * Rp-first region.

12. The method of claim 1 which further includes: annealing said substrate whereby
the carbon containing layer 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 the first region to the bottom of the second end-of-range region.
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22. The semiconductor structure of claim 15 said first region is a pocket
region and said second region is a source/drain region and further includes a
gate structure. 23. 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; c) implanting ions to form pocket regions and pocket FOR
regions; 51 (1) said pocket regions at least partially in said substrate and

$3id caripei&ABtRIT BRIAYEW KedesRidiaaeket iR regihkiavgisniaitRaad second
least between 1.0* RpP ke™ and 1.5* Rp) ket (3) said pocket FOR regions in

saiek RPN GontBENINg taxelofl hiar iR /e eBEIPA KRDWPREIINTERIGnd said
substrate adjacent said gate structure; e) forming spacers on the sidewalls of
saigkgaia spisidre; f) implanting ions to form source/drain regions and
source/drain end-of-range regions in said substrate adjacent said gate

SUUCturBie device formed by the method of claim 1.

15. A semiconductor structure comprising first and second regions and a carbon
containing layer comprising:
a)  acarbon containing layer in a substrate; said substrate comprised of
crystalline structure including silicon;
b)  afirst region and a first end-of-range region in the substrate;
(1) said first end-of-range region is in said carbon containing layer;
¢)  asecond region a second end-of-range region in the substrate;
(1) said second region end-of-range region in said carbon containing
layer.
16. The semiconductor structure claim 15 wherein said carbon containing layer has a
carbon concentration between SE18 and 1E20 atom/cc.
17.  The semiconductor structure of claim 15 wherein said carbon containing layer has

a carbon concentration between 1E19 and 2E19 atom/cc.
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(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; Q)
annealing said substrate whereby the carbon containing layer acts as a sink
for defects. 24. The method of claim 23 wherein said substrate is comprised
of a lower strained region and an upper silicon cap; said lower strain region
is comprised of Sii_yGey or Sii_y Cy where y is between 0.1 and 0.3. 25.
The method of claim 23 wherein said carbon containing layer is grown using
an epitaxy process on the surface of said substrate; said carbon containing

Ipger diffisesmid st shachitayecrnd dowWRdAIR IRISHRS iR B HENG first end-of-
subsequent heat processes so that the carbon contain layer has a retro

gradaderefipnh. 1dhe sueibesl pdghaimetwavharein sgidiearkMosQM@INMe Rp-first
layer is formed by implanting carbon ions into said substrate and said carbon
contaiiing layer has a carbon concentration between SE18 and 1E20

atom/cc. 27. The method of claim 23 wherein said carbon containing layer

has a cERbeBmeekRIRGI oM QatweLel diml B ansk il atemitm détdineng layer is

method of claim 23 wherein said carbon containing layer is comprised of
comprised of Si;,C, alloy with y between about 0.001 and 0.005.

20. The semiconductor structure of claim 15 which further includes: said second region
is deeper than said first region.

21. The semiconductor structure of claim 15 which further includes: said carbon
containing layer extends from the top of the first end-of-range region to the bottom of
said second end-of-range region.

22. The semiconductor structure of claim 15 said first region is a pocket region and

said second region is a source/drain region and further includes a gate structure.

23. 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;

c) implanting ions to form pocket regions and pocket EOR regions;
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Sii_yCy alloy with y between about 0.001 and 0.005. 29. The method of claim
23 wherein said pocket FOR region has a depth between 1.0 * Rppocket and
2.0 * RpPocke 30. The method of claim 23 wherein carbon containing layer
extends at least from the pocket projected range to the bottom of the
source/drain end-of-range region. 31. The method of claim 23 wherein said
source/drain FOR region is located at least between the depths of 1.0 * Rpso
and 1.5 * Rpso; and said carbon containing layer extends between 1.0 and
2.0 times the depth of the projected range of the source and drain regions.

32. The metheg)of clgim gscrdiesgiibe: anreshis NBriarearOsabartenpRI sl @arbon
between 650 and 850 degrees C and for a time between 1 and 60 seconds.

53 33. The methodwitlaiin Rgarherein said carbon containing layer extends
at least from the projected range (Rp) of the SDE range region to the bottom

of the source/drin eqidd GiuaRgE CVIRRIoH hhhe MrihRdabsiatBri3anhareiRp
substantially all of said channel region is not in said carbon containing layer.

35. A device having@ icarRprdbed region comprising: a) a carbon
containing layer in or on a substrate; said substrate comprised of a

3) said pocket EOR regions in said carbon containing layer;

d) forming S/D extension regions in said substrate adjacent said gate structure;

e) forming spacers on the sidewalls of said gate structure;

f) 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;

g) annealing said substrate whereby the carbon containing layer acts as a sink

for defects.

24, The method of claim 23 wherein said substrate is comprised of a lower strained
region and an upper silicon cap; said lower strain region is comprised of Si;.,Gey or
Sii.y Cy where y is between 0.1 and 0.3.

25. The method of claim 23 wherein said carbon containing layer is grown using an

epitaxy process on the surface of said substrate; said carbon containing layer diffuses
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crystalline structure including silicon; b) a gate structure over said substrate;
a channel region in said substrate under said gate structure; c) pocket
regions and pocket FOR regions in said substrate adjacent to said gate
structure; (1) said pocket regions at least partially in said substrate and said
carbon containing layer; (2) said pocket FOR regions have a depth at least
between 1.0* RpP ke" and 1.5* Rppocket (3) said pocket FOR regions at
least partially in said carbon containing layer; d) S/D extension regions in
said substrate adjacent said gate structure; 54 e) spacers on the sidewalls of

saigpiate stEustwesths@dseidabnregiansaedisansceiiajiand-al-po@8ses so that
regions in said substrate adjacent said gate structure; (1) the source/drain

enghefchangeJagion s.gbe Mihinesaid catmitontaining layer; 36. The device

of claim 35 wherein said substrate is comprised of a lower strained

26. The method of claim 23 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.

27. The method of claim 23 wherein said carbon containing layer has a carbon
concentration between 1E19 and 2E19 atom/cc.

28. The method of claim 23 wherein said carbon containing layer is comprised of
Si1yCy alloy with y between about 0.001 and 0.005.

29. The method of claim 23 wherein said pocket EOR region has a depth between 1.0
* RpP* and 2.0 * RpP*,

30. The method of claim 23 wherein carbon containing layer extends at least from the
pocket projected range to the bottom of the source/drain end-of-range region.

31. The method of claim 23 wherein said source/drain EOR region is located at least
between the depths of 1.0 * RpSD and 1.5 * RpSD; and said carbon containing layer
extends between 1.0 and 2.0 times the depth of the projected range of the source and
drain regions.

32. The method of claim 23 wherein the anneal is performed at a temperature between

650 and 850 degrees C and for a time between 1 and 60 seconds.
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region and a upper silicon cap; said lower strain region is comprised of
Sii_yGey or Sii_y Cy wherey is between 0.1 and 0.3. 37. The device of
claim 35 wherein said carbon containing layer is grown using an epitaxy
process on the surface of said substrate; said carbon containing layer
diffuses up into the Si layer and down into the substrate during subsequent
heat processes thereby the carbon contain layer has a retro grade profile.
38. The device of claim 35 wherein said carbon containing layer has a carbon
concentration between 5E18 and 1E20 atom/cc. 39. The device of claim 35

whereimsaid¢RsaQT ERMATTRGhaYR! {8i6QBHsRdAhRIhg MydrRK@NWALH Yeast from
between about 0.001 and 0.005. 40. The device of claim 35 wherein carbon

conkRinipg davarexients psterssEmie ResketPINasesmataadediiee/drain end-

bottom of the source/drain end-of-range regions. 41. The device of claim 35
whereihsaidgonrce/drain FOR regions are located at least between the
depths of 1.0 * Rpso and 1.5 * Rpso; and said carbon containing layer 55

gxtendsTietiedad 67 aath220 timesihsudeptigf fhel piojeicteHaiaryeeofdhes not in
source and drain regions. 42. The device of claim 35 wherein said carbon

cortainiaghlayesexigindd gleleast from the projected range of the S/D
extension region to the bottom of the source/drain end-

35. A device having a carbon doped region comprising:
a)  acarbon containing layer in or on a substrate; said substrate comprised of a
crystalline structure including silicon;
b)  a gate structure over said substrate; a channel region in said substrate under
said gate structure;
C) pocket regions and pocket EOR regions in said substrate adjacent to said
gate structure;
(1) said pocket regions at least partially in said substrate and said carbon
containing layer;
(2)  said pocket EOR regions have a depth at least between 1.0%* RpP*
and 1.5% RpP* ;
3) said pocket EOR regions at least partially in said carbon containing
layer;

d)  S/D extension regions in said substrate adjacent said gate structure;
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of-range regions. 43. 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; c) 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 FOR regions in said substrate; (1) said

pocket gpgiogsaatieasiRasialy nsssidasubstsaierngdat least partially in said
carbon containing layer; 56 e) forming S/D extension regions in said silicon

epitaxyrlayer @liReaHhBRigas afll etuEsidafarEaNg SRAee e 8310 En said substrate

sidewalls of said gate structure; g) implanting ions to form source/drain

regions andgackaesdi@isneQiutegions

(1) the source/drain end-of-range regions are within said carbon
containing layer;

36. The device of claim 35 wherein said substrate is comprised of a lower strained
region and a upper silicon cap; said lower strain region is comprised of Si;_.,Gey or Sij.y
C, where y is between 0.1 and 0.3.

37.  The device of claim 35 wherein said carbon containing layer is grown using an
epitaxy process on the surface of said substrate; said carbon containing layer diffuses
up into the Si layer and down into the substrate during subsequent heat processes
thereby the carbon contain layer has a retro grade profile.

38.  The device of claim 35 wherein said carbon containing layer has a carbon
concentration between SE18 and 1E20 atom/cc.

39.  The device of claim 35 wherein said carbon containing layer is comprised of Si;.
yCy alloy with y between about 0.001 and 0.005.

40. The device of claim 35 wherein carbon containing layer extends at least from the
pocket projected range to the bottom of the source/drain end-of-range regions.

41. The device of claim 35 wherein said source/drain EOR regions are located at least

between the depths of 1.0 * RpSD and 1.5 * RpSD; and said carbon containing layer
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in said silicon layer adjacent said gate structure; (1) said source/drain regions
formed by an ion implant process where said source/drain FOR regions are
within said carbon containing layer; h) annealing said substrate whereby the
carbon containing layer acts as a sink for defects from the pocket implant
and source/drain implant. 44. The method of claim 43 wherein said carbon
containing layer has a carbon concentration between 5E18 and 1E20
atom/cc. 45. The method of claim 43 wherein said carbon containing layer is
comprised of Sil_yCy alloy with y between about 0.001 and 0.005. 46. The

methea @f séasead WhaemothesiaRdefoibingcpsdjcoRdayesO¥emsaiburce and

carbon containing layer; further comprises: said silicon layer is comprised of
a siliganregpiiaxy layer; and said silicon layer has a thickness between 200
and 500 A. 47. The method of claim 43 wherein said silicon layer is

aompriged eéddewetlsinined keginRaddaaboRRON&IIGAR EaRi sSRiEh@VENeast from
strain region is comprised of Sii_yGey or Sii_y Cy where y is between 0.01

aneh@. pr&é4&d Thedeined ab elainsish Whesaifbsnidbpackebresiads iR an end-

projected region with a depth in the range of between the RpsoE and Rpso;
anedsaifgeaskrins OR region has

43. 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;
c¢) 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;

56



a depth between 1.0 Rppocket and 2.0 Rppocke 49. The method of claim 43
wherein said pocket FOR regions are in said carbon containing layer; said
channel region is not in said carbon containing layer; said source/drain FOR
regions are located at least between the depths of Rpso and 1.5*Rpso 50.
The method of claim 43 wherein carbon containing layer extends at least
from the projected range of the S/D extension regions to the bottom of the
source/drain end-of- range regions. 51. The method of claim 43 wherein said
carbon containing layer extends between 1.0 and 2.0 times the depth of the

projecteyl ramgeh s ISRUEERsAIk el RINsROiaIISsifidor BsitnSta@OfdlRie143id gate
wherein said carbon containing layer extends at least from the projected

range of thei@BEréegions to the bottom of the source/drain end-of-range

regions. 53. A method to form a low temperature MOSFET using a carbon

doped regiofoaamprignarS8ahosming RsifaledieauianQyey; the substrate;
b) forming a carbon containing layer over the strained region;
g)  implanting ions to form source/drain regions and source/drain EOR regions
in said silicon layer adjacent said gate structure;
(1) said source/drain regions formed by an ion implant process where
said source/drain EOR regions are within said carbon containing layer;

h)  annealing said substrate whereby the carbon containing layer acts as a sink

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

44.  The method of claim 43 wherein said carbon containing layer has a carbon
concentration between SE18 and 1E20 atom/cc.

45.  The method of claim 43 wherein said carbon containing layer is comprised of

Si;.,C, alloy with 'y between about 0.001 and 0.005.

46.  The method of claim 43 wherein the step of: forming a silicon layer over said
carbon containing layer; further comprises: said silicon layer is comprised of a silicon
epitaxy layer; and

said silicon layer has a thickness between 200 and 500 A.

47.  The method of claim 43 wherein said silicon layer is comprised of a lower strained
region and a upper silicon cap; said lower strain region is comprised of Si;_,Gey or Sij.y
C, where y is between 0.01 and 0.3.
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c) 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; e) implanting ions to form pocket regions, and pocket FOR regions
in said substrate structure; (1) said pocket regions at least partially in said
substrate and said carbon containing layer; (2) said pocket FOR regions in
said carbon containing layer; f) forming S/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

agurceftigim@nedaffiRrnae: I egiersnRsdisbekbsicalenstrisiv e Rejaaetrsgisth with
gate structure; (1) said source/drain regions formed by an ion implant

procgssivheie theseiseikainienkpifange rReolans @saiwifyeksaitorR e has

containing layer; i) annealing said substrate whereby the carbon containing

laygdagts Bswesink (apiefeciad 593 THE method of claim 53 wherein said
carbon containing layer extends at least from

49. The method of claim 43 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 RpSD and 1.5*RpSD.

50.  The method of claim 43 wherein carbon containing layer extends at least from the
projected range of the S/D extension regions to the bottom of the source/drain end-of-
range regions.

51. The method of claim 43 wherein said carbon containing layer extends between 1.0
and 2.0 times the depth of the projected range of the source and drain regions.

52. The method of claim 43 wherein said carbon containing layer extends at least from
the projected range of the SDE regions to the bottom of the source/drain end-of-range

regions.

53. A method to form a low temperature MOSFET using a carbon doped region

comprising:
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the projected range of the SDE range region to the bottom of the source/drain
end-of- range region. 55. The method of claim 53 wherein the carbon
containing layer is deposited or grow along with the strained region. 56. The
method of claim 53 wherein said strain region is comprised of Sii_yGey or
Sii_y Cy where y is between 0.1 and 0.3. 57. The method of claim 53 wherein
the strained region is comprised of Sii_xGex or Sii_XxCx where x is between
about 1 and 10%. 58. The method of claim 53 wherein the strained region
has a thickness of between 0.8 gm to 1.2 gm. 59. The method of claim 53

whereip)saidreanpenLORiAAING dayesNasiR cakeiteconcentration between
5E18 and 1E20 atom/cc. 60. A method for forming implanted C-regions in a

semicopductRrBewcecaaBRisngitie sigpsetrahéaimingdrgats structure on
said silicon layer; a channel region in a substrate under said gate structure;

60 b) igplantiignians ialfesmcapcketregionsi@osipackehlAR segjens in said
substrate;
d) forming a gate structure over said substrate; a channel region under said gate
structure;
e) implanting ions to form pocket regions, and pocket EOR regions in said
substrate structure;

(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 S/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 structure 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;

1) annealing said substrate whereby the carbon containing layer acts as a sink

for defects.
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c¢) implanting C ions into said substrate in said pocket FOR regions to form
carbon-containing pocket FOR regions; said pocket FOR regions in said
carbon-containing pocket FOR regions; d) forming SDE regions and SDE
FOR regions in said substrate adjacent said gate structure; e) implanting C
ions into said substrate in said SDE FOR regions to form carbon-containing
SDE FOR regions; said SDE FOR regions in said carbon- containing SDE
FOR regions; f) forming spacers on the sidewalls of said gate structure; g)
forming source/drain regions and source/drain FOR regions in said substrate

gader spid gRtAclBICi B3 INRiRAERE EaBsiihsaiduRsHAR thaaid least from
source/drain end-of-range regions to form carbon-containing source/drain

FORerqgtgaseaaith s e/ SRIN NG QESNAS RN SAide source/drain end-of-
carbon-containing source/drain FOR regions; (1) said carbon-containing

soyseeiiraiibifOR regions have a carbon concentration between SE18 and
1E20 atom/cc; and (2) said carbon-containing source/drain FOR regions are

pesitionegeahahdepihcheives i Adkkiimas thoeepdhaiihe projeeiedeprgedddr grow
the source-
along with the strained region.
56. The method of claim 53 wherein said strain region is comprised of Si;.,Gey or
Sij.y Cy where y is between 0.1 and 0.3.

57. The method of claim 53 wherein the strained region is comprised of Si;xGex or

Si;.xCx where x is between about 1 and 10%.

58. The method of claim 53 wherein the strained region has a thickness of between 0.8
pum to 1.2 um.
59. The method of claim 53 wherein said carbon containing layer has a carbon

concentration between SE18 and 1E20 atom/cc.

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

under said gate structure;
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61 drain regions and 2.0 times the depth of the projected range of the
source-drain regions; i) 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-or-range
regions for the pocket implant, the SDE implant and the source/drain implant
are in the carbon containing layers. 61. The method of claim 60 wherein the
anneal performed at a temperature between 650 and 850 degrees C and for
a time between 1 and 60 seconds. 62. The method of claim 60 wherein said

carbonyyontainpishnaskehie Foragighiskbaveich anagi ergEORatsHRE IiBsaid

and 1E20 atom/cc; said carbon-containing pocket FOR regions are
positioned aim@apth 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 ¢mplaptplSHARS; $aid BAHAMGABLAINE th SRE JoARIBORNS18NE8 form
carbon concentration between 5E18 and 1E20 atom/cc. 63. The method of

claim 60 wheredn-saift GaibOPocRBIHORG ISR [RElGI TR e gosKiaNedd
at a depth between 1.0 times the depth of the projected range of the SDE
carbon-containing pocket EOR regions;

d) forming SDE regions and SDE EOR regions in said substrate adjacent said
gate structure;

e)  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;

g)  forming source/drain regions and source/drain EOR regions in said substrate

under said gate structure;

h)  implanting C ions into said substrate in said source/drain end-of-range
regions to form carbon-containing source/drain EOR regions; said
source/drain end-of-range regions in said carbon-containing source/drain
EOR regions;

(1) said carbon-containing source/drain EOR regions have a carbon
concentration between SE18 and 1E20 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-
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regions and 2.0 times the depth of the projected range of the SDE regions.
62 64. 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 ions
to form pocket regions and pocket FOR regions in said substrate; c)
implanting C ions into said substrate in said pocket FOR regions to form
carbon-containing pocket FOR regions; said pocket FOR regions in said
carbon-containing pocket FOR regions; d) forming SDE regions and SDE

FOR regions in saighfivhstiaie atliace iinsaichoatphtoieherpicgademinge of the
spacers on the sidewalls of said gate structure; f) forming source/drain

regions and sourcgigrainieng-@Eiange regions in said substrate under said
gate structure; g) annealing said substrate whereby the carbon containing

layers act asaarieiilkn deadefesisafd whee:Bialinoeh i il on@h B exedssRiths a sink
carbon-containing pocket FOR regions have
for defects from the pocket implant, the SDE implant and source/drain implant;
(1) the projected range and end-or-range regions for the pocket implant,

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

containing layers.

61. The method of claim 60 wherein the anneal performed at a temperature between

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

62.  The method of claim 60 wherein said carbon-containing pocket EOR regions have
a carbon concentration 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 SE18
and 1E20 atom/cc.

63.  The method of claim 60 wherein said carbon-containing SDE EOR regions ares
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.
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a carbon concentration between 5E18 and 1E20 atom/cc. 63 66. The method
of claim 64 wherein said carbon-containing pocket FOR 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. 67. 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 ions to form pocket regions and pocket FOR regions in said
substrate; c) forming SDE regions and SDE FOR regions in said substrate
adjacent said gate structure; d) implanting C ions into said substrate in said

&PE FOQRniegisw SotOfdomith LanpRineartainiiéhS Rk k&Rctediens: 8aideSBmprising
FOR regions in said carbon- containing SDE FOR regions; e) forming

spagekseph she sidewalls of said gate structure; f) forming source/drain

regions and source/drain end-of-range regions in said substrate under said

gate steyCturgrming a gate structure on 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;

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;

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.

65.  The method of claim 64 wherein said carbon-containing pocket EOR regions have

a carbon concentration between SE18 and 1E20 atom/cc.
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g) annealing said substrate whereby the carbon containing layers act as a

sink for defects from the SDE implant. 64 68. The method of claim 67

wherein said carbon-containing SDE FOR 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. 69. 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

PO IONSTRBGNRARKELFR B N iBi Saichi S LBHHALR 0 A)AATAYI Y REYE (BRSO are
said substrate adjacent said gate structure; d) forming spacers on the
sidpuraiisretisaisl Gpie bivedeiie] ©)dareing aepiicerdrripigeiansrant of the pocket
source/drain FOR regions in said substrate under said gate structure; f)
IMpRIARIARG Ld NS titiesShid @pas At Propidis@ v eédpindabk e gignsnto

form carbon-containing source/drain FOR regions; said source/drain FOR
regions in said carbon-containing source/drain FOR regions;

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

the steps of:

a)

b)

c)

d)

€)

2)

forming a gate structure on a substrate; a channel region in said substrate
under said gate structure;

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;

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;

forming spacers on the sidewalls of said gate structure;

forming source/drain regions and source/drain end-of-range regions in said
substrate under said gate structure;

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

for defects from the SDE implant.
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(1) said carbon-containing source/drain FOR regions have a carbon
concentration between 5E18 and 1E20 atom/cc; and (2) said
carbon-containing source/drain FOR regions are positioned at a depth
between 1.0 times the depth of the projected range of the source- 65 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. 70. The method of implanting a carbon-containing layer

wethe FOR fraion of afhlcTmalaniichrl SRBoEEIRGANPSBINEDR &ieRsOire

a) forming a gate structure over a substrate; b) performing a PAI implant to
forpbRAbiegiansiaph Béhesa-Dhidnge tHeais oE X PIa ¥Rl Cat@ d@Nthe SDE

C-containing PAI layers; said PAI end-of-range regions are in said

C-gepiainingiPA layes shelligrromisgaiteran SI2E IMplasbP fesonS DE
regions; e) annealing said substrate. 71. The method of claim 70 wherein the
C-containing layer has a C concentration less

69. 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;

c¢)  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;

() said carbon-containing source/drain EOR regions have a carbon
concentration between SE18 and 1E20 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-
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than 0.5 atomic %. 72. The method of claim 70 wherein the anneal is
performed at a temperature less than 950C. 66

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.

70. 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 form PAIlregions and PAI end-of-range
regions;
c¢)  implanting C to form C-containing PAI layers; said PAI end-of-range
regions are in said C-containing PAI layers;
d) performing a boron SDE implant to form SDE regions;
e) annealing said substrate.
71. The method of claim 70 wherein the C-containing layer has a C concentration less
than 0.5 atomic %.
72. The method of claim 70 wherein the anneal is performed at a temperature less than

950°C.

66



