METHOD OF MANUFACTURING A SEMICONDUCTOR DEVICE WITH A
STRAINED CHANNEL TECHNICAL FIELD The present invention relates
generally to manufacturing semiconductors, and more particularly to
manufacturing semiconductors having a strained channel. BACKGROUND
ART Electronic products are used in almost every aspect of life, and the heart
of these elaCHOHIOPrONUIA NUNE CEURINGUWCEEMIUOEDBCECOR Cuit.
Semiconductor de%fgﬁ ‘;ﬁxf% ig §¥?JXENE%‘°£%A§H@§%”GS and televisions
to wristwatches. Semiconductor devices are made in and on wafers by
extremely complex systems that require the coordination of hundreds or
even thousands of precisely controlled processes to produce a finished
semiconductor wafer. Each finished semiconductor wafer has hundreds to
tens of thousands of semicondEEtdNies-&4ehvorth as much as hundreds
or thousands of .dollars. S miconducfor dies are made up of hunpdreds to
billions BTV LS 68?%%@?“8%‘%%’%?% ac?&%ﬁﬂ%r?g‘ﬁf“ig {EEnapddpore
padfieuldgtcormmbatanckisapidrdadtemiconductonitedlthalogy presently used
is silicon-based, and the most preferred silicon-based semiconductor
technology is a Complementary Metal Oxide Semiconductor (CMOS)

technology. The principal eleggﬁﬁﬁ{%&ﬁ%hnology generally consist of
a silicon substrate having trench isolation regions surrounding n-channel or
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a silicon oxide dielectric, or gate oxides, over the_silicon substrate. The
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usndustivehihpercapegimeiond eidhicisilicomwsuhsiraies are referred to as

"shallw, souree/drain realons, ot soyrceidrain exiensionregions, which afe.,

separatrélcf %y a channef region in the"substraté bendath the pOIP)PSﬁIC n gré]tse.
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heavily doped regions of the shallow source/drain re&ons, which are 1 called
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demikectively referred to as source/drain regions. To complete the transistor, a

diele%téhqi!:%}/lgﬂgtsog %ﬁgsai}gdn}gdg cl)l\[/)e{)ft klll%lpd?%glltlg %'Pllgc)af;[se of individual components.
One common component is the transistor. The most common and important semiconductor
technology presently used is silicon-based, and the most preferred silicon-based
semiconductor technology is a Complementary Metal Oxide Semiconductor (CMOS)
technology.

The principal elements of CMOS technology generally consist of a silicon substrate
having trench isolation regions surrounding n-channel or p-channel transistor areas. The
transistor areas contain polysilicon gates on a silicon oxide dielectric, or gate oxides, over the
silicon substrate. The silicon substrate adjacently opposite the polysilicon gate is doped to
become conductive. The doped regions of the silicon substrate are referred to as “shallow
source/drain regions,” or “source/drain extension regions” which are separated by a channel
region in the substrate beneath the polysilicon gate. An oxide or nitride spacer, referred to as
a “sidewall spacer,” on the sides of the polysilicon gate allows deposition of additional

doping to form more heavily doped regions of the shallow source/drain regions, which are



the spacer, and the silicon substrate. To provide electrical contacts for the
transistor, openings are etched in the dielectric layer to the polysilicon gate
and the source/drain regions. The openings are filled with metal to form

electrical contacts. To complete the integrated circuits, the contacts are
cadnshedeed teoagaitial tesiens-of witiagsiteBelditindaldespe sonfcdisigetregions are

catetial e theauwsideefdhe diglesis material. In operation, an input signal
to the gate contact to the polysilicon gate controls the flow of electric current
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MOSFET technology, the channel length and gate dielectric thickness are
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ﬁ(‘)Ciaer.ating MOSFETs. One existin? strained channel silicon semiconductor
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disadvantages of self- ' tight thermal budget window, A higher .
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(SiGeC) in the recess to strain the channel of the transistor. This method
apsRrNs I BHA IR SAL 8 tERRS S EIEP that adds to the cost of manufacturing the
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developments have not ,
relaxed Silicon/Germanium (SiGe) substrate to obtain the stresses needed. However, these

devices have the disadvantages of self-heating and a tight thermal budget window. A higher
strain also is required for pMOS transistors to obtain enhanced hole mobility.

One proposed solution involves etching a recess in the area of the source/drain regions
and depositing SiGe or silicon/germanium/carbon (SiGeC) in the recess to strain the channel
of the transistor. This method involves an additional etching step that adds to the cost of
manufacturing the devices.

Another proposed solution involves forming germanium (Ge) on an insulator by
oxidation of SiGe on an insulating material, such as an oxide. This approach employs Ge as
the channel of the transistor. This approach requires an insulating layer that also adds to the

cost of manufacturing the devices.



taught or suggested any solutions and, thus, solutions to these problems

have long eluded those skilled in the art. DISCLOSURE OF THE

INVENTION The present invention provides a method of manufacturing a
semiconductor device having a semiconductor substrate with a gate and a
numbBelwioss iecevseaimotdegioniags then kamisorbubiomsgbsiretopmdaldrave not
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source/drain regions. The strain-inducing element is driven from the layer

thoshekitieth A RE&h-inducing element into the number of source/drain regions.
A number of source/drains are formed in the number of source/drain regions.
The present invention provides a method for manufacturing a strained
channel semiconduct@IsevosURBON #SENINWENTODNISO avoids etching a
recess in the area of the source/drain regions and depositing SiGe or
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introduced by the additional Si recess etch step. Certain embodiments of the
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the present invention; FIG. 2 is the structure of FIG. 1 after formation of a
seEYeIHRiRiSRECE: strain-inducing element over source/drain regions; FIG. 3

is thﬂ%/%%%{léﬂt%%ﬁio%eﬁf@r sidvina:-thenstraipdpduging.clesment ﬂlﬁl}etosf&hﬂ;e/dram
source/drain reqions; FIG. 4 is the structure of FIG., . er removal of an |
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dielectric “layer;
Certain embodiments of the invention have other advantages in addition to or in place

of those mentioned above. The advantages will become apparent to those skilled in the art
from a reading of the following detailed description when taken with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross sectional view of a semiconductor at an intermediate stage of
manufacture in accordance with one embodiment of the present invention;

FIG. 2 is the structure of FIG. 1 after formation of a layer containing a strain-inducing
element over source/drain regions;

FIG. 3 is the structure of FIG. 2 after driving the strain-inducing element into the
source/drain regions;

FIG. 4 is the structure of FIG. 3 after removal of an oxide over the source/drain
regions layer and any of the remaining strain-inducing element that was not driven into the

source/drain regions;



FIG. 6 is a cross-sectional view of a semiconductor at an intermediate stage

of manufacture in accordance with another embodiment of the present

invention; FIG. 7 is the structure of FIG. 6 after formation of a layer containing

a strain-inducing element; FIG. 8 is the structure of FIG. 7 after driving the
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et P S e B g ncucing
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strain-inducing element and _removal of the cap layer and any of the
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semiconductor having source/drains at an intermediate stage of manufacture
diglestidotaieance with another embodiment of the present invention; FIG. 17 is
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element over the source/drains; FIG. 18 is the structure of FIG. 17 after
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. r&umber of contacts in a dielectric layer; and FIG. 21 is a flow chart of a
inducing elemen : . . .
methoa tor manufacturing a semiconductor in accordance with an

embddimdatiothsrpeasent Fivedtobtcs BESTMIBEAFGRICARRYING OUT
THE INYENTIONe structure of FIG. 13 after driving the strain-inducing element and

removal of the cap layer and any of the remaining strain-inducing element that was not driven
into the source/drain regions;

FIG. 15 is the structure of FIG. 14 after formation of a number of contacts in a
dielectric layer;

FIG. 16 is a cross-sectional view of a semiconductor having source/drains at an
intermediate stage of manufacture in accordance with another embodiment of the present
invention;

FIG. 17 is the structure of FIG. 16 after formation of a layer containing a strain-
inducing element over the source/drains;

FIG. 18 is the structure of FIG. 17 after formation of a silicide metal layer;

FIG. 19 is the structure of FIG. 18 after a silicidation process;

FIG. 20 is the structure of FIG 19 after formation of a number of contacts in a
dielectric layer; and

FIG. 21 is a flow chart of a method for manufacturing a semiconductor in accordance

with an embodiment of the present invention.



In the following description, numerous specific details are given to provide a

thorough understanding of the invention. However, it will be apparent that

the invention may be practiced without these specific details. In order to

avoid obscuring the present invention, some well-known process steps are

not disclosed BESStMIOREdIFEMR RN NEAANG S SRINENFHBYdiments of

the present invention are semi- diagrammatic and not to scale and,
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accordance with one embodiment of the present invention. The
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stops on the Surface of the semiconductor substrate 102 so that

agy se{R AL SFRYRFIs e ereccdBstamtaty e pldhals neth ﬂrf‘eau%bé?n-
OsUriaes thersemaensuciorgubelraicaleem istductivity type, such as an n-type

well, is formed in certain portions of the semiconductor substrate 102 by a diffusion and/or

implant process.

The semiconductor substrate 102 also has a number of shallow trench isolations
(STIs) 106 to isolate the transistors to be manufactured in and on the semiconductor substrate
102. The number of STIs 106 is provided by forming trenches, such as by etching, in the
semiconductor substrate 102. The trenches are then filled with an insulating material after
forming a liner to form the number of STIs 106. The surface may then be processed using a
chemical mechanical polishing (CMP) process which stops on the surface of the
semiconductor substrate 102 so that the upper surfaces of the number of STIs 106 are

substantially coplanar with the upper surface of the semiconductor substrate 102. A first
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5 insulating layer of oxide is then formed over the surface of the
semiconductor substrate 102. Alternatively, high-k dielectric materials, such
as hafnium/aluminum/oxide (HfA10), which have a higher dielectric constant
(k value) compared to silicon dioxide may be used to form the insulating
ingylaiing lgraeof 08k pydsddarmgdorvairibess wdlysifit 8ie keyeicordagine talbkisase 102.
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is formed over the polysilicon layer or the metal layer. The second insulating
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thailicanadigxige(SiO2) layer followed by the forming of a silicon nitride (SiN)

layer.,A photatesist layer is deposited on the secqnd. insulating ,layer,
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source/drain dopants at this step. Referring now to FIG. 2, therein is shown
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element is driven into the source/drain regions 116 of the semiconductor
MAYIr BeiRrs! AR SHEEF AR IRARYEf BIREMOS transistor. It has been

discorefadibabatenmsayithiaaatdsisosiaehéfiatenee Orealerataiomeaeauabia
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preferably is at least one of a Ge layer, a silicon germanium (SiGe) layer, a
S?ﬂf&ﬁ?ﬁ@%ﬂﬁmﬁ%éﬁ)goﬁ strain-inducing element creates a strain in the channel of an

MOS transistor in the semiconductor substrate 102 when the strain-inducing element is
driven into the source/drain regions 116 of the semiconductor substrate 102 adjacent to the
channel of the MOS transistor. It has been discovered that atoms with an atomic size
difference greater than or equal to about 2% of the atomic size of the substrate atoms, and
preferably with an atomic size difference greater than or equal to about 4% of the substrate
atoms, can be used to create a strain in the channel of an MOS transistor.

For example, if the semiconductor substrate 102 is Si, the layer 200 preferably is at
least one of a Ge layer, a silicon germanium (SiGe) layer, a silicon-germanium-carbon
(SiGeC) layer, and combinations thereof, over the source/drain regions 116, which both

contain Ge as a strain-inducing element. The SiGeC layer also contains carbon as a strain-



(SiGeC) layer, and combinations thereof, over the source/drain regions 116,
which both contain Ge as a strain-inducing element. The SiGeC layer also
contains carbon as a strain- 6 inducing element. The atomic size of Ge and C
is sufficiently different than the atomic size of Si to strain the channel of a
indypisis e meahuidctarediinsecdrdaned wWithsHégeadpdifferonntion thethatdayepize
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now to FIG, 3, therein is shown.the structure of FIG. 2. aft rﬂrivin the
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layer 200 drives the strain-inducing element into the source/drain regions

ORYYHhe oxidation occurs at a temperature of about 400C to about 1200C,
and mefetaiyhswatteRIe R ttkediarngsohaboet SR0GrtoATaG 168 Hioing the
sQpidize the Jayer & qn?té‘ driye the,strain-inducing elpment Into e o tement is
sourceldram regions 116. A oxide 3021 formed from the layer 206 as a
drigsultiwbtite cridatidmipracgioss THe bayexidBhadbd hotbadUlkporidizgd strain-
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upper surface of the semiconductor substrate 102. This will result in a lower
cleatfas uSiSta el foICtHE VOIS trANSistbhe Attt ety that priume it gfigheut
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step of between and 1000C, for éxample, anngalingin nitrogen
regmbiehto. MayobelySglirethfoefuitdre tidiffasio AlBraeadistribefidn ofithéeon process.
TRUARENIHEIRG: & R SR LA NG AP EN AL QUGR: dhARrELiRARIL regions being
raised slightly above the upper surface of the semiconductor substrate 102. This will result in
a lower series resistance for the MOS transistor.

Alternatively, the process that drives the strain-inducing element into the source/drain
regions 116 is a nitridation process or an oxygen-plasma treatment process. A subsequent
temperature step of between 700°C and 1000°C, for example, annealing in nitrogen ambient,
may be required for further diffusion or re-distribution of the strain-inducing element in the
number of source drain regions 116.

Referring now to FIG. 4, therein is shown the structure of FIG. 3 after removal of the
oxide 302 over the source/drain regions 116. The oxide 302 is selectively removed, such as

by etching, for example, using a dilute hydrofluoric acid (HF). Accordingly, the source/drain

regions 116 are substantially unetched. A number of source/drains 400 then is formed in the



Referring now to FIG. 4, therein is shown the structure of FIG. 3 after removal
of the oxide 302 over the source/drain regions 116. The oxide 302 is
selectively removed, such as by etching, for example, using a dilute
hydrofluoric acid (HF). Accordingly, the source/drain regions 116 are
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contacts. Referring now to FIG. 6 therein is shown a cross-sectional view of a
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second conductivity tﬁg, such as an n-type well, is formed in certain
ohBitisrsof tRecaEftcdMdeBicstbstidats B)lavtrdsion sspygpductor substrate

602, such as a lightly doped semiconductor substrate of a first conductivity type, for example
a p doped semiconductor substrate. The semiconductor substrate 602 also can be a Silicon-
On-Insulator (SOI) substrate. A well 604 of a second conductivity type, such as an n-type
well, is formed in certain portions of the semiconductor substrate 602 by a diffusion and/or
implant process.

The semiconductor substrate 602 also has a number of shallow trench isolations
(STIs) 606 to isolate the transistors to be manufactured in and on the semiconductor substrate
602. The number of STIs 606 is provided by forming trenches, such as by etching, in the
semiconductor substrate 602. The trenches are then filled with an insulating material after

forming a liner to form the number of (STIs) 606. The surface may then be processed using a



implant process. The semiconductor substrate 602 also has a number of
shallow trench isolations (STIs) 606 to isolate the transistors to be
manufactured in and on the semiconductor substrate 602. The number of
STIs 606 is provided by forming trenches, such as by etching, in the
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may then be processed using a 8 chemical mechanical polishing (CMP)
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_and processed to form a %ite mask. The gate mask is processed to form the
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616 is thus formed between the Insulating spacer 614 and the number of
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dopa at this step. Referring now to FIG,..7. therein is shown the structure
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e number of source/drain regions 616. The SiGeC layer also contains C as
layer iR §ifGudivg e RIAS A IHE A hrs Lol isHigMAst £5-RidAcigin-inducing

cklasentvis taemedtry of source/drain regions 616. The SiGeC layer also contains C as a
strain-inducing element. The layer 700 containing a strain-inducing element is formed by
deposition over the structure of FIG. 6. The layer 700 has a thickness between about 5 nm
and about 1000 nm, and preferably between about 50 nm and about 200 nm

Referring now to FIG. 8, therein is shown the structure of FIG. 7 after driving the
strain-inducing element into the number of source/drain regions 616. The strain-inducing
element is driven into the number of source/drain regions 616 by oxidizing the layer
700containing a strain-inducing element. The oxidation of the layer 700 containing a strain-
inducing element drives the strain-inducing element into the number of source/drain regions

616.



deposition over the structure of FIG. 6. The layer 700 has a thickness

between about 5 nm and about 1000 nm, and preferably between about 50

nm and about 200 nm Referring now to FIG. 8, therein is shown the structure

of FIG. 7 after driving the strain-inducing element into the number of

sourcBeifregiorrs 81 6t TiempeminrinelibatycesiahrantYdrive ationb tRROC, and
pfé‘ﬂ&ﬂ?@f sleurcediadoeoions il by exid wingAhgdaygs 7RPCAMAINIRY &rain-

_strain-inducing element. The oxidation of the layer 700 containing a strain-
ARG MAvES the SEmmMIYEEH §SIRAE M b HE RAR Y turce/drain
reeeiHceldrainred iz 261 Gorthdhaaxidatioyeoteucsatiaiterm pesatuneuing element
LEWCEN ARQU 400G, about 13086, and Rreferably beteen Aol 006 (0.,
about to oxidize the layer containing a strain- inducing element
elgngmrive the swmhsind seimepaiamangivns the ¢rinhberofcisursegtirasn nitridation

pfé‘&j&n& %%A&Q%é@%&%ﬁﬁém.ew r%éﬁﬁelﬂyt%ﬁlﬁ%tﬁ{%”@iﬁ iBYRtween about
strain-inducing element as a result of the oxidation process. Alternatively, the

Tt dcésd aRarHHNE S iRt A RIS HE R insEt AE" Mgt pe required for
fistheiceitigionregiend Hlbudan bether eatiiion &by adeaaiirichatienpneeess asurce

dlgnn%g%en @Igsma treatment. A subsequent temperature step of between
about 700C and about 1000C , for example, annealing in nitrogen ambient,

may Befratngraenfde FllptHthfiffusionomme thiksthibeititerod ke $uten ipmocshgf the
oSIEMPAL IR R HTIRE R SRYERs FIBINTRYIONE LD RRIRISIRE, 1O 1R FIGtRing

therein is shown the structure of FIG. 8 after removal of the oxide 802 over
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hot water at about 90C can be used to remove any layér having a Ge content
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processes. The source/drain ion implantation can be performed after
apgealmggrQsesses. The source/drain ion implantation can be performed after formation of
additional insulating spacers to further separate the source and drain junctions. The hard
mask 612 also needs to be removed. The hard mask 612 can be removed directly before or
after the source/drain implantation step.

Referring now to FIG. 10, therein is shown the structure of FIG. 9 after formation of a
number of contacts 1000 in an interlevel dielectric (ILD) layer 1002. The structures of the
transistors that will serve as locations for the contacts may have a silicide formed over them
in a conventional manner.

Accordingly, the number of source/drains 900 has a first silicide layer 1004 formed

over them. The gate 608 has a second silicide layer 1006 formed over it. The ILD layer

1002 is formed over the structure and processed using a CMP process to planarize the ILD
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additional insulating spacers to further separate the source and drain
junctions. The hard mask 612 also needs to be removed. The hard mask
612 can be removed directly before or after the source/drain implantation
step. Referring now to FIG. 10, therein is shown the structure of FIG. 9 after
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source and drain contacts 1008. Referring now to FIG. 11, therein is shown a
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inventi The semiconductor device includes a semicanductor
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substrate. A well 1104 of a second conductivity type, such as an n-type well,
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processed using a chemical mechanical polishing (CMP) process which stops on the surface

of the semiconductor substrate 1102 so that the upper surfaces of the number of STIs 1106
are substantially coplanar with the upper surface of the semiconductor substrate 1102. A first
insulating layer of oxide is then formed over the surface of the semiconductor substrate 102.
Alternatively, high-k dielectric materials, such as hafnium/aluminum/oxide (HfAlO), which
have a higher dielectric constant (k value) compared to silicon dioxide may be used.

A gate 1108 is provided by forming a polysilicon layer or a metal layer (to form a
metal gate) over the first insulating layer. A second insulating layer is formed over the
polysilicon layer or the metal layer. The second insulating layer can consist of more than one
layer of material, such as by forming a silicon dioxide (SiO,) layer followed by the forming

of a silicon nitride (SiN) layer. A photoresist layer is deposited on the second insulating
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material after forming a liner to form the number of (STIs) 1106. The surface
may then be processed using a chemical mechanical polishing (CMP)
process which stops on the surface of the semiconductor substrate 1102 so
that the upper surfaces of the number of STIs 1106 are substantially
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insulating spacer 1114 is formed around the gate dielectric 1110, the gate
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nm. Referring now to FIG. 13, therein is shown the structure of FIG. 12 after
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1cap layerchpgQayts fBDBaH@¥ets out-diffusion of the strain-inducing element as well as
other dopants, if present, during the annealing process.

Referring now to FIG. 14, therein is shown the structure of FIG. 13 after removal of
the cap layer 1303 and any of the layer 1200 remaining over the entire structure. The cap
layer 1303 is removed, such as by etching using a suitable etchant depending upon the
insulating material used to form the cap layer 1303. The remaining portion of layer 1200
containing a strain-inducing element, if any, is removed, such as by etching. For example, an
etchant of HyO, (e.g. 31%) has been found to selectively etch the layer 1200 containing a

strain-inducing element that has a Ge content greater than about 65%. Alternatively, hot
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the structure of FIG. 12 by depositing an insulating material, such as a nitride
or an oxide. The strain-inducing element is driven into the number of
source/drain regions 1116 by an annealing process. The annealing of the
layer 1200 drlves the strain-inducing element from the layer 1200 containing
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Referring now to FIG. 16, therein is shown a cross-sectional view of a semiconductor
device 1600 at an intermediate stage of manufacture in accordance with another embodiment
of the present invention. The semiconductor device 1600 includes a semiconductor substrate
1602, such as a lightly doped semiconductor substrate of a first conductivity type, for
example a p” doped semiconductor substrate. The semiconductor substrate 1602 also can be a
Silicon-On-Insulator (SOI) substrate. A well 1604 of a second conductivity type, such as an
n-type well, is formed in certain portions of the semiconductor substrate 1602 by a diffusion
and/or implant process.

The semiconductor substrate 1602 also has a number of shallow trench isolations

(STIs) 1606 to isolate the transistors to be manufactured in and on the semiconductor
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contact with the first silicide layer 1504 over the source/drains 1300. A gate
contact 1510 is formed through the ILD layer 1502 in contact with the second
silicide layer 1506 over the gate 1108. It will be apparent from a reading of
this description that FIG. 15 is for illustration purposes only. The gate contact
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ék value) compared to silicon dioxide may be used. A gate 1608 is provided

1R Emng B kintdn! Rifer brea Ak dapei o tdhnSac ndiaryatay Loer tRems

afiistinsulatinge layerhd gsaeomddnsataiingdaygsisdarnad aveiiihe polysilicogate

HENET2 R "Eheeta'e&%yféoér neeaand nsulatg jayer can consist of mote than
one Ilayer of matgerla, such as y forming a silicon ioXide |855 ayer
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saeResitereptihe secand inswatinglayer, patterned, and processed to form a
gate mask. The gate mask is processed to form the gate 1608 by etching the
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number of source/drain regions 1616 in accordance with standard semiconductor
manufacturing techniques including implanting the source/drain regions 1116 with an
appropriate dopant and performing an annealing process. The number of source/drains 1620
also may include a number of source/drain extension regions 1622 using conventional
processing techniques after the formation of the gate 1608.

Referring now to FIG. 17, therein is shown the structure of FIG. 16 after formation of
a layer 1700 containing a strain-inducing element, such as at least one of a Ge layer, a SiGe
layer, a SiGeC layer, and combinations thereof, which contain Ge as a strain-inducing
element, over the number of source/drain regions 1616. The SiGeC layer also contains C as a

strain-inducing element. The layer 1700 containing a strain-inducing element is formed by
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the first insulating layer. The unetched portion of the first insulating layer
beneath the gate 1608 forms a gate dielectric 1610. The unetched portion of
the second insulating layer forms a hard mask 1612 over the gate 1608. An
insulating spacer 1614 is formed around the gate dielectric 1610, the gate
daosioand the lazed avriske s1ztyeefniber bf. sulrcepdielifiorepioni] zenglisof the

RS frmed Letwaan s dnsUaing. sRRCE I 6AhBRA She kel PTSTISs 1616,

1606 at the surface of the semiconductor substrate 1602. A number of
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over the structure of FIG. 16, or bggelective epitaxial growth of the layer
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about. 1000 nm, and. preferably between about 50 nm and about 200 nm.
e, P R AR A e o
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layer 1803 is formed over the layer 1700 "containing a strain-inducin

elem8staHeARYG R E B8 Bhetap sy m ks &m&a&ﬁ&é%b%&ftﬁv%f%m of
a layebel QB EAIRINI0g @A siraiftlRdeicing-elemand pngdhmgate 1608. Examples

of the_silicide, metal inclu but are not limited to ast.one of nickel, (Ni
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of source/drain regions 1616 by the annealing step in the silicidation process.

Wit fethiRP GRPE RS MY S ST SHEWHCth& R TR Hhfe R RIECOME Ufter the

Thus, a number of source/drain contacts 2008 is formed through the ILD layer 2002 in
contact with the first silicide layer 1900 over the number of source/drains 1620. A gate
contact 2010 is formed through the ILD layer 2002 in contact with the second silicide layer
1902 over the gate 1608.

Referring now to FIG. 21, therein is shown a flow chart of a method 2100 for
manufacturing a semiconductor in accordance with an embodiment of the present invention.
The method 2100 includes providing a semiconductor substrate in a block 2102; forming a
gate and a number of source/drain regions on the semiconductor substrate in a block 2104;
providing a layer containing a strain-inducing element over the number of source/drain

regions in a block 2106; driving the strain-inducing element from the layer containing the
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silicidation process. The silicidation process drives the strain-inducing

element into the number of source/drains 1620 and forms a first silicide layer

1900 over the number of source/drain regions 1616 and a second silicide

layer 1902 over the gate 1608. Referring now to FIG. 20, therein is shown the
stsprdndrsiog Fianenoinfeehéarmmtgs nfcbucaidtabercatons meacetop @0 amd forming
a iRV ef diglegHigiALR IHaYSERI84in ReibDilAY6f,&0871is formed over the

structure of FIG. 19 and processed using a CMP process to'ganarize the
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fi26R8 QWMu(aximUshemm&ﬁ_’eanﬁasaﬂ';meh@tﬂﬁtimmedi@blﬂﬁyes,zaﬁa afienctional
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various contacts. Thus, & number o source/drain contacts 2008 is formed
prbeeitghdrrenfipialjers200 3tipightntaetdyithotieniiah silksawlisyied ool vveisatile,
atdepumberRt %H%ﬁ(@[ﬁhﬂé&ﬁgﬁrﬁqﬁg%ﬁi sRiaRt R ISR thiRkeBuring

the ILD layer 2002 in contact with the second silicide layer 1902 over the
SYREABTE RT3y WUV T RIE PR WHR &R YEERBI A HER BHAR Brogesses and
teitteiblogied 100 for manufacturing a semiconductor in accordance with an
embagiment ofihe preserh nyenion. e method 2400 Includes providing 2
semiconductor substrate in a block fgén for iIng a gate and a number of
tsbareedaizinedahivnsaon therseimisomthyttionsensstradevirriationsckv2h b apparent to
t}BrsQVéﬁiﬁ&tIGiﬂa}}{graﬁoiﬂtﬁigﬂPQfatlm“strﬁ‘niﬁ?éﬂf#@%@&ﬁ&mﬁ”‘A%G{d'iﬁglyr!Lim*é’%@ﬁded to
source/drain regions in a block 2106; driving the strain-inducing element
e el |8yt UbRAIRFY R He e AT AG et thtg tHR Bertser of the
irsOuee M. regians it asél 6ekh2HOE nand Howmingha sudomenoingaliteaigrains o
i e sauceidafn egions, i & Piack2310, Thus, it has been discovered that
the rmethod and apparatus o the prese% invention furnish important and
heretofore unavailable solutions, capabilities, and functional advantages for
manufacturing a semiconductor having a strained channel. The resulting
process and configurations are straightforward, economical, uncomplicated,
highly versatile, and effective, use conventional technologies, and are thus
readily suited for manufacturing semiconductors that are fully compatible
with conventional manufacturing processes and technologies. While the
invention has been described in conjunction with a specific best mode, itis to
be understood that many alternatives, modifications, and variations will be
apparent to those skilled in the art in light of the foregoing description.
Accordingly, it is intended to
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embrace all such alternatives, modifications, and variations that fall within the
scope of the included claims. All matters set forth herein or shown in the
accompanying drawings are to be interpreted in an illustrative and
non-limiting sense. 16 THE INVENTION CLAIMED IS: 1. A method of
manufacturing a semiconductor device comprising: providing a

T%%XHB{R &%bf*s%ﬁé) Fﬁ’rming a gate and a r_1umber of source/o_lrain
regions on tR%%%B&M%%%&‘%%%%@ﬁ%{9&’&91!9&%)%&(%&% Aigiping a

strain-inducing element over the er of source/drain regions, driving the
strairPintidéigg sfensenddesmstistialer containing the strain-inducing element

into the-RuPRehefSaWReilai DreaiReRIrANFLarmIRY AdRRSn@ctor substrate;
source/drains in the source/drain regions. 2. The method of manufacturing a

semi@ENA0ERDr Yeled SORAME th SR TN e FCBFBLidNY alhe number of
semiconduciarrstibsiitateganovides a silicon substrate; and providing a layer

Conta&%ﬂgﬁ?t%%@@gmq}%c%_@% ISRIGOLPEYIAGR A favet Cﬁ%ﬁ%@gﬁg&d&%ﬁ%ﬁ‘&ng

of germanfum, carbon, mixures thereof, compounds thereof,
combinatiorfdethgiteinfo SheTHankrs o BE parOfEREIaRT ¢ semiconductor

devicg asicsaimadn laimirle Mg einth e aRR)IGANAUSIRSubstrate

comprises at least one of a silicon substrate, a germanium substrate, a
semiQonduclae-ariingutdtorsufastiaiie; a silidomdenoraduvice shsiiake] iarthim 1
o %{Qlllo]i:nations thereof. 4. The method of manufacturing a semiconductor
evice as claimed in claim 1 wherein providing a layer containing a
straininddiiag etensendystovitibstattapion ssptiHingnaubsteie:inalicing element
having-andtemiaRize AERIRE thamerauah lo:Ridargriv inanathg e AIOMiGn$igeat

of the elements in the semiconductor substrate. 5. The method of

manufacturifig®a it SRETRABY HSARS Ls et d M EMins Ol AN fereof, and

providing a teyericotiaitiege.strain-inducing element provides a layer
containing a strain inducing element having an atomic size greater than or
equaPto 4%l gesthiedivearafonticingze shiivendleion deyiee thiecdamedondiatorl,

wildRstralR: GedhiRe NRIRPc A mAnUlBRINRY aSRMICARIUSION dGHIER aSbstrate, a

claimed in claim 1 ) ) . _
germanium substrate, a semiconductor-on-insulator substrate, a sﬂlcon—germamum substrate,

and combinations thereof.

4. The method of manufacturing a semiconductor device as claimed in claim 1
wherein providing a layer containing a strain-inducing element provides a layer containing a
strain inducing element having an atomic size greater than or equal to 2% larger than the

atomic size of the elements in the semiconductor substrate.

5. The method of manufacturing a semiconductor device as claimed in claim 1
wherein providing a layer containing a strain-inducing element provides a layer containing a
strain inducing element having an atomic size greater than or equal to 4% larger than the

atomic size of the elements in the semiconductor substrate.

6. The method of manufacturing a semiconductor device as claimed in claim 1
wherein the layer containing a strain-inducing element has a thickness in the range of

between about 50 nm to about 200 nm.
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wherein the layer containing a strain-inducing element has a thickness in the
range of between about 50 nm to about 200 nm. 17 7. The method of
manufacturing a semiconductor device as claimed in claim 1, wherein:
driving the strain-inducing element from the layer containing a strain-inducing
elemént uséanetod sianehvidiciation asamectivycsifidiiations pirridedionclaig 1,
whd&eimbination thereof. 8. The method of manufacturing a semiconductor
device as claimed in claim 1 further comprising: forming a cap layer over the
layer CoHESnhG Sretrairdhsificinlg BI8MERE altd USFefii ik ftrain-inducing
strain-inducingrelamentdidr v tload ayex critainingeal Sigasitidiucingnietdntient and
uses annealir&gm inT le r[}l%}ggp of manufacturing a semiconductor device as
claimed in claim 1 further comprising: forming a silicide metal layer over the

layer gontaifing 2§51 0rinAre it RIEE Enalsh RV diRgR RUEMRIATin claim 1
contacts through the interlevel dielectric layer to the gate and the number of

¢EVdFaI Fegions provides a number of contacts to the silicide layer over
the gadenang 4 bgpnuyabercofirauyeeidrmimegions.idthdiba featimest.afnd wherein:
manufaciuringa semicondustor devige as, Sigimed n elaim 4 WheEi aucin
providing §Iayer corllltalnlng § strain-in ucing clement over the number of g
source/draig!patgivnisqsrovidgdaa. layer containing a strain-inducing element
having dopants therein to form the number of source/drains. 11. The method
of mahufactiPhg S hCBRABEGI RS fEeTUORIHTRT i ol4ipgein claim 1
figeHareshpisiarming an n-well in the substrate; and wherein: forming a gate

and title number .of source/drain relgtign on the semicoqductor substrate
ormi a Slll { € meta zg/er ?Ve c er containing a.s r?}ln—lHdUC]ﬁlg €, er}&ent; and
forms a gate an e number of source/drain regions in the n-well."12;

methed)tiﬂmaﬁummh@é @ls@midbmbtdme\ﬁdevebMﬁSmQIamﬂdlmgg@te and
semiconducipr suhgtalg: {oRPINg AN RWEHL IBNBRYSHE ber of contacts to the

silicide layer over the gate and the number of source/drain regions.

10. The method of manufacturing a semiconductor device as claimed in claim 1

wherein:
providing a layer containing a strain-inducing element over the number of
source/drain regions provides a layer containing a strain-inducing element

having dopants therein to form the number of source/drains.

11. The method of manufacturing a semiconductor device as claimed in claim 1
further comprising:

forming an n-well in the substrate; and wherein:

forming a gate and the number of source/drain regions on the semiconductor substrate

forms a gate and the number of source/drain regions in the n-well.

12. A method of manufacturing a semiconductor device comprising:

providing a semiconductor substrate;

forming an n-well in the substrate;

forming a gate and a number of source/drain regions adjacent the gate over the n-well;

forming an insulating spacer adjacent to the gate;
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forming a gate and a number of source/drain regions adjacent the gate over
the n-well; forming an insulating spacer adjacent to the gate; 18 providing a
layer containing a strain-inducing element over the number of source/drain
regions; driving the strain-inducing element from the layer containing a
strairpinddeiag 2elebseneontolth namivemoldacinge/dansregioess; thermingbgr  of
number of sQuregLFiaiRSifhthe number of source/drain regions. 13. The
method of manufacturing a semiconductor device as claimed in claim 13 _
wherdiViBotiQing A HERS d BB LubSHat proviie A &iMidsn Subéifataducing
and providirteaday@itchatainiber afsisaite/adiiciagi@ement provides a layer
contajning at least one of germanium,.carbon, mixtures thereof, .compounds
thereb g B R R R
semiggnduciQr dRvica 88 GlaMRdIhEIINBonthese ik $Rld,SeMIFRAIHCIm 13
substrate comprises at least one of a silicon substrate, a germanium
W@Gﬁé’i‘fate, a semiconductor-on-insulator substrate, a silicon-germanium
substpateidiapd conbinationsibereeipdbidthe methodiofmeuiacturing a
semiconductor device ap laimed. i claim. 13 aherein e straiinducing. .. o
elem8ht nasan alomic size gréater than or qual to ZQ%)Yarger anthe g
atomic size lefithensupsgenpaiementhons Mkeugsetheydodf enampafadiuthegeef, and
semiconductgs, gevics esglaimed in claim 13 wherein the strain-inducing
element has an atomic size greater than or equal to 4% larger than the
atomietsize Tidhe:sisasifataraiReanig . alsémibdaediald it maruiagiaingl am 13,
wig@ﬁos%d dlor device as giaimed inclaim 13, yhereln: diVIng e cunsirate, =
strain-inducing SlEment from the Iayerpcon aining a s(frain-lnéucmg element”
gersesnanicabtione ofsoxidandretereenlinailioiiaten amitiichatigmaadum substrate,
250 0RipatARtheEeqfs 18. The method of manufacturing a semiconductor
device as claimed in claim 13 further comprising: forming a cap layer over

the layer comtainiag @ Sif anninEucing: elesnastnandovberRinas claimed in claim 13

wherein the strain-inducing element has an atomic size greater than or equal to 2% larger

than the atomic size of the substrate elements.

16. The method of manufacturing a semiconductor device as claimed in claim 13
wherein the strain-inducing element has an atomic size greater than or equal to 4% larger

than the atomic size of the substrate elements.

17. The method of manufacturing a semiconductor device as claimed in claim 13,

wherein:
driving the strain-inducing element from the layer containing a strain-inducing
element uses at least one of oxidation, annealing, silicidation, nitridation and a

combination thereof.

18. The method of manufacturing a semiconductor device as claimed in claim 13
further comprising:

forming a cap layer over the layer containing a strain-inducing element; and wherein:

driving the strain-inducing element from the layer containing a strain-inducing

element uses annealing.
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driving the strain-inducing element from the layer containing a strain-inducing
element uses annealing. 19 19. The method of manufacturing a
semiconductor device as claimed in claim 13 further comprising: forming a
silicide metal layer over the layer containing a strain-inducing element; and
providfhg a hieribethed ebniamitehrongh shaiivedis(w] didkectsiclkiyedio waim 13
reals @&glplt{gg@umber of source/drain regions provides a number of contacts

to the_ silicide layer over the gate and the number. of source/drain rer_iions. 20.

The rfStABE 6?%%?&%Fﬁﬁré’%eéﬁh%&ﬂéfahﬁ%faé}é%%S&élBrH}F’r‘r‘éHl%F tqapd

whereioyijoiayidingrébdayé comatainirgualsthal iriatiueing cddeme ntyeves the gate and

number of source/drainegions provides a layer.containing a strain-inducin
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silicide layer over the gate and the number of source/drain regions.

20. The method of manufacturing a semiconductor device as claimed in claim 13

wherein:
providing a layer containing a strain-inducing element over the number of
source/drain regions provides a layer containing a strain-inducing element

having dopants therein to form the number of source/drains.
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