166166 24 June 2005 METHOD OF MULTI PLE PULSE LASER ANNEALI NG TO ACTI VATE
ULTRA- SHALLOW JUNCTI ONS BACKGROUND OF THE I NVENTION (1) Field of the

| nventi on Thay ' el ates to processes for the manufacture of

sem conduct Oﬁ""wmmmmmul nore particularly to processes to the formation
of MOSFETs (net a'-158§§~de silicon field effect transistors). (2% J8agkaogund
of the invention and description of previous art Integrated circuits(lCs)

are manufactured by first formng discrete sem conductor devices within the
surface of silicon wafers. A nmulti-level netall urEi cal interconnection

network i s theMETHOR@RVAILTIREERW-SELASERANNEALINGIOQ AQTIVATEe| enent s
and wiring themtogether togr € i Wafdlits. Most of the ICs
produced today utilize the m%ﬂﬂﬁhég\zggﬁé@bﬁconduct i ve devi ce.
MOSFETs are chosen over their bipolar counterparts because they can be
easily manufactured and, because they operate at |ow voltages and

currents, they generate |IBACKGROUNIEOFYHEBNVENTIONM Wel | suited for high
density circuit designs. The basic MOSFET (Metal Oxide Sem conductor Field

Ef fect Transistor) is 1 000002

(1) Field of the Invention

The invention relates to processes for the manufacture of semiconductor
devices and more particularly to processes to the formation of MOSFETs (metal

oxide silicon field effect transistors).
(2) Background of the invention and description of previous art

Integrated circuits(ICs) are manufactured by first forming discrete
semiconductor devices within the surface of silicon wafers. A multi-level
metallurgical interconnection network is then formed over the devices contacting
their active elements and wiring them together to create the desired circuits. Most of
the ICs produced today utilize the MOSFET as the basic semiconductive device.
MOSFETSs are chosen over their bipolar counterparts because they can be easily
manufactured and, because they operate at low voltages and currents, they

generate less heat thereby making them well suited for high density circuit designs.

The basic MOSFET (Metal Oxide Semiconductor Field Effect Transistor) is
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24 June 2005 typically formed by a self-aligned polysilicon gate process
wherein source and drain regions are fornmed adjacent to the polysilicon
gate by ion inplantation using the gate as a mask. The source/drain is
thereby self-aligned to the gate electrode. A channel region directly
under the polysilicon gate is thereby al so defined by the gabg jyak@gpgode.
In order to reduce hot electron injection into the channel region, a | ow
concentration of source/drain dopant is first inplanted with the gate as a
mask. This is comonly referred to as a lightly doped drain (LDD) inplant.
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t he channe| evi ce dji nensign continue to shrink, short channel
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conventional LDD ﬁkocesses short channel effects are conpensated by
i mpl ant i ngleshade.olberdel f fadies hathelastropdnigctian intethexghanne! eggion. gnlownpuri ty
concentrations. As a consequence, the resultant |ower inpurity
concent r acongentratios of andreeidrainl dopaing Is firslimpdantad withdhe gateas asmasisi st ance.
It is therefore desirable to formshallow LDD regions with highly
act i vat edThisps cotrynardy cefatredto asz lgghtly @bpegidrainfcDDyiaplant. Sidewalls are
then formed alongside the gate electrode and a second substantially deeper and
higher dosage implant is then applied to form the main source/drain regions which
are spaced laterally away from the edge of the polysilicon gate by the sidewall
thickness. The completed source/drain regions then each consist of a main heavily
doped portion to which external contact is made and a lightly doped extended

portion which abuts the channel region.

As device dimension continue to shrink, short channel effects become
significant and begin to affect device performance. n conventional LDD processes
short channel effects are compensated by implanting shallower junctions which
come at the expense of high impurity concentrations. As a consequence, the
resultant lower impurity concentrations cause undesirably high source and drain
series resistance. It is therefore desirable to form shallow LDD regions with highly
activated impurity concentrations and abrupt junctions.

Ishida, U.S. Patent number 5,966,605 cites a method for infusing dopant



I shida, U S. Patent nunber 5,966,605 cites a nmethod for infusing dopant 2
24 June 2005 into a polysilicon gate structure by first blanket depositing
a dopant enriched | ayer over the wafer after the polysilicon gate
structure has been forned. Laser irradiation is then applied to nelt the
polysilicon and thereby causing the dopant to be infused theseyRe 2008

| aser energy is not sufficient to nelt and cause dopant infusion into the
source/drain regions. Yu, U S Patent nunber 6,372,585 131 shows that
nitrogen, inplanted into silicon can be induced to bond within the silicon

by pul sedpkQ5&jolysiitBR Yatd SrudDSy fit hhket &b itﬁ@@%pé’rﬂ@?ﬁfchgﬂ i 761 Bl
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shows that annealing “of 1on 1 nplanted source/draln regions Wt exci mer
| aser inp ) Yalo IS | i . .
0TS par eotehin SiatSias il pbivaeth bERAF Gl B Dest A8 a8REIrBlaBly .
met hod for . sinultanepusly formng silicide contact regi,ons and .
sour cer dr 5 ep apPBRERDeH th€ PO aedh and ieb B fbbe Mihaiindq Pe datused on
i npl ant at j,on . of , As, or Ar, next depositing a refractory netal |ayer,
ot hen. INRBFIBNCTNGGESHeENEIRY Ot SURCIATH Ko TeaH AlthEaise JRANt Iymian Jpe o ed
regions are then nelted b§ | aser irradiation, causing the dopant atoms to
qui ckly dsedreelsiaip regions.e i W.&d Patenjinsimber & 31888 Brieshowsedhat nigrogenr act ory
netal reacts with the upper surfaces of the nolten anorphized silicon
regi ons t imnplantedantoetilidonsddn kne thelucddhéo behd adthinsthersilizodtyi pulsezbiases t hen
re-crystallize to formactive source/drain el enents.

annealing. Zhang, et.al., U.S. Patent number 6,319,761 B1 shows that annealing

of ion implanted source/drain regions with an excimer laser improves crystallinity

and repairs implant damage.

Chong, et.al. U.S. Patent number 6,365,446 B1, issued to the present
assignee, shows a method for simultaneously forming silicide contact regions and
source/drain regions by first, amorphizing the designated regions by ion implantation
of Ge, As, or Ar, next depositing a refractory metal layer, and then implanting the
dopant ions through a metal layer. The amorphized regions are then melted by
laser irradiation, causing the dopant atoms to quickly distribute in the melted
regions. At the same time, the refractory metal reacts with the upper surfaces of
the molten amorphized silicon regions to form a metal silicide. The melted

source/drain regions then re-crystallize to form active source/drain elements.

In a related patent Chong, et.al. U.S. Patent number 6,391,731 B1,

amorphize both the deep source/drain regions and the shallow source/drain



In a related patent Chong, et.al. U S. Patent nunber 6,391,731 131,

anor phi ze both the deep source/drain regions and the shal |l ow source/drain
3 24 June 2005 extensions using two Ge, As, or Ar inplantations. After
dopant inplantation, a single |aser anneal then nelts these regions and
caused the dopant to distribute. After the anneal the regioRng june 2005
re-crystallize epitaxially fromthe subjacent single crystalline silicon.
to formhighly activated, very shall ow doped regions with abrupt
junctions. It is found by the present inventors that, while a high degree

of activagiieRsiBh€ us mk)}&%'@é RLTIIR .@gpﬁ@gﬂg@ﬂ@@%ﬁhp%&mﬁ liggs#

measures, junction venent' revert aser anﬂeallng
process, | ecti.vel l,t ed t hen
e eryet afoledateratfiedfRien g H@%A%&%ﬁﬁd XBuffe iagodi a0 et rlitluﬂsbl e for
ultra sha sour ce/ I n. extensi qn . This is.illustrate
in Fig. 1J°\/¥§ glqpr}el%ﬂw rpgwn&rrgfqry%aﬁ‘lg t%a@ef?wgﬁ%éugﬁae'&tﬁ"%gl spi ke
rapi d therma] anneal nd after aser nelting anneal 54 at a
| aser enE¥§RIBE Sions o sy oy aPBYatSQp\LﬁrXéhalﬁ"&f’PBﬂd sgiampwith 2brupt
nanoseconds. Estimating the junction begins at a point where the boron
concent raluinGHO’Eﬁ-m' ni shes to about 2x1 018 atons/cnB , the as inplanted
junction is at a depth of about 35nm After the spike RTA at 1,080E C,
the junction has noved to about 58nm After the laser anneal the junction
depth has essentially doubl ed, dropping dowmn to about 65nm
It is found by the present inventors that, while a high degree of activation and
superior abrupt junctions are obtained by these measures, junction movement
nevertheless occurs during the laser annealing process, wherein the amorphous
regions are selectively melted and then re-crystallized. This becomes increasingly
significant and measurable for ultra shallow source/drain extensions or LDD regions.
This is illustrated in Fig. 1 wherein the boron profile is shown before 50 and after a
spike rapid thermal anneal 52 and after a single laser melting anneal 54 at a laser
energy of 0.4 Joules/cm? for a pulse duration of about 23 nanoseconds. Estimating
the junction begins at a point where the boron concentration diminishes to about
2x10"® atoms/cm?®, the as implanted junction is at a depth of about 35nm. After the
spike RTA at 1,080EC , the junction has moved to about 58nm. After the laser
anneal the junction depth has essentially doubled, dropping down to about 65nm.
The profile 54 after the single pulse laser anneal is typical and clearly shows the
uniform boron distribution which occurs during period when the silicon is molten.

The point 56 is believed to be the bottom boundary of the amorphous silicon which

is molten during the laser anneal. The boron beyond this point has diffused out of
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The profile 54 after the single pulse |aser anneal is typical and clearly
shows the uniform boron distribution which occurs during period when the
siliconis nolten. The point 56 is believed to be the bottom boundary of
t he anmorphous silicon which is nmolten during the | aser anneal. The boron
beyond this point has diffused out of 4 24 June 2005 the anobghgHs Jpoegi on
and into the subjacent single crystal silicon during the nolten period,
resulting in a deeper junction. the junction profile is decidedly nore
abrupt than the as deposited boron. The sheet resistance recorded for the

| aser ann i I IS hial FQ{}EIB% - whi t of
the RTA sg?kﬂqg%pﬁgglglr%\ggﬁ%gggﬁ?qgggggﬁﬁgﬁgﬁﬂé%g i I@?%\l‘g‘ny}%&%%aser
anneal exfjibi i ghe act i t han . . .Spi ke RTA anneal ,
e i capeibdyefulihesiE AdeBEGoRlart TheyiictH R BpodRiToR Bl n i &
not a wel go o] omse. It is therefore desirabl achieve | o

resi stivi ﬁ?ﬁh? ﬁgp epgaﬁ?‘? PP@"LISTIT%th(SﬂS'ﬁ@BP% recy eé?@é@ﬁhaﬁ\%ﬁﬁéﬁ\é\lﬁlﬁﬁ cites
an activation anneal ing procedure which results in a high degree of

acti vat i oRrof#g shown infign} wase2 hsohmpisarareawhilspthat opther RT/g spikecanneal was
unchanged. 5 24 June 2005 SUMVARY OF THE INVENTION It is an object of this
i nvent i onabeutE0d\ohras/aquarenod for activating an ion

While single pulse laser anneal exhibits a higher degree of activation than the
spike RTA anneal, as indicated by the lower resistivity, the increase of junction
depth is not a welcome compromise. It is therefore desirable to achieve low
resistivity without sacrificing junction depth. The present invention cites an
activation annealing procedure which results in a high degree of activation while

leaving the as-implanted dopant profile essentially unchanged.



i npl anted dopant inpurity wthout shifting the dopant concentration
profile. It is another object of this invention to provide a nethod for
forming for formng highly activated, ultra shall ow sem conductive el ement
of a first conductive type enbedded in a sem conductive region of a second
conductive type. It is yet another object of this invention bajdaedppge a
nmet hod for form ng a MOSFET device having ultra shallow lightly doped
source/ drai n extensions. These objects are acconplished by first defining
an active silicon region on a silicon wafer, then defining source/drain
regions in the active silicymfArRY o THEONVENTI®NAt € el ectrode over a
gate oxide. The source/drain regirons are then selectively anorphized by
ion inplantation followed by inplantation of the desired dopant species
into these regions. The dopant is next activated by pul sed | aser annealing
wher eby t he pull se fl enﬁe fr.eguenc ,and duratjon are chosen to nmaintain
the anmor phi zed' 137 SRIECE St thisdn¥entiarto nravide yme pRAckv@ting@nignt ound t hat
just below the nelti ngj_ tenperature there is sufficient |ocal ion nobility
to secur eMplantedsiorant impyity without shikingite dopartrrancentation prefile. nat ri x to
achieve a high degree of activation with essentially no change in
concentration profile. The selection of the 6 24 June 2005 proper |aser
anneal ing paraneters is optim zed by observation of the reduction of sheet
resi stance andlt isoarather abjectofihisfinventian topasvided meathadtfersformirgefor [t is yet
anot her object of this invention to describe a nethod for formng a

forming highly activated, ultra shallow semiconductive element of a first conductive

type embedded in a semiconductive region of a second conductive type.

It is yet another object of this invention to describe a method for forming a

MOSFET device having ultra shallow lightly doped source/drain extensions.

These objects are accomplished by first defining an active silicon region on a
silicon wafer, then defining source/drain regions in the active silicon region by
forming a gate electrode over a gate oxide. The source/drain regions are then
selectively amorphized by ion implantation followed by implantation of the desired
dopant species into these regions. The dopant is next activated by pulsed laser
annealing whereby the pulse fluence, frequency, and duration are chosen to
maintain the amorphized region just below it=s melting temperature. It is found that
just below the melting temperature there is sufficient local ion mobility to secure the
dopant into active positions within the silicon matrix to achieve a high degree of

activation with essentially no change in concentration profile. The selection of the



CMOS device having ultra shallow lightly doped source/drain extensions.
These objects are acconplished by first defining an active silicon region
for an n-channel MOSFET and anot her nearby silicon active region for a

p- channel MOSFET, on a silicon wafer. Source/drain regions for each device
are then defined in the active silicon regions by form ng a2@3tige @ogst r ode
over a gate oxide for each device. The source/drain regions for both
devices are then selectively anorphized by ion inplantation followed by

i npl antation of the desired dopant species into these regions. The dopant

i npl ant at R%%(ra Pa(rigr Qhﬁé‘émlﬁltﬁréfmiefg?éWB%IEgdtgpeob%Qﬂlﬁghi?g% redmﬂg@?[]by

prot ecti ng evi ce e I nplanting t her. pant I n
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anor phi zed region just belowit=s nelting tenperature. 7 24 June 2005

BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a graph show ng the behavi or of
the concentration profile of boron _inplanted into an pre-anorphized
silicon regi onltifsyeimneties PoiRct phthis invenfieretn @?ﬁj’”b?r%'é‘ﬁﬁié’rﬁf@.r farmiRg asA t hru
2E are cross sectional views of an in-process wafer which illustrate the

process sEMSS gevigethaving Wirgshatamiightily denedynaises/drainextensions. Fig. 3 is a

graph show ng t he behavior of the concentration profile of boron

These objects are accomplished by first defining an active silicon region for
an n-channel MOSFET and another nearby silicon active region for a p-channel
MOSFET, on a silicon wafer. Source/drain regions for each device are then defined
in the active silicon regions by forming a gate electrode over a gate oxide for each
device. The source/drain regions for both devices are then selectively amorphized
by ion implantation followed by implantation of the desired dopant species into these
regions. The dopant implantations are alternately implanted in the conventional
manner by protecting one device while implanting the other. The dopant in both
devices is then simultaneously activated by pulsed laser annealing whereby the
pulse fluence, frequency, and duration are chosen to maintain the amorphized

region just below it=s melting temperature.



inplanted into a pre-anorphized silicon region as affected by various

pul sed | aser annealing treatnents in which the |aser fluence is maintained
| ow enough to avoid nelting of the pre-anorphized silicon according to the
teaching of the present invention. Fig. 4 is a graph show ng the behavi or
of the sheet resistance of a boron inplanted pre- anDrphlzedzauhthOOaner
as a function of the nunber of |aser pulses applied according to the

met hod of the present invention. Figs. 5A thru 5G are cross sectional views
of an in-process wafer which illustrate the process steps of a second

enbodi nent of the presem IN&%°RI PTI ON OF THE
PREFERRED EMBODI MENTS I n RIE YI?E%C(;R"PT@@@P]T'H I?ﬁlﬂgll nvent| on a p-channel

sel f-aligned g it h. an tra sh ht doped
sour ce/ drai n r@ 15%@9@8%@@@% @V'oélﬁ’éﬁ}? ?W“@&ffah f@‘? * %{of’o Fi g.
2a, an n-t Q0> oriented nonocrystalline licon wafer 10 with a

resi stivi Y’Yjﬁﬁ?teéé'ﬂt\?@éhp@bﬂﬂf’rpi"z&ﬁ’os' YRS PAS ?fiecﬁ?‘é)Wd'éﬂous gNeeaindsol at i on
12 preferably shallow trench isolation (STI) is forned, defining an

encl osed ¥eatMas.regi on 8 wherein the device will be formed. The STI
regions 12 is forned by the well known nethod of anisotropically etching a
trench surrounding the active silicon device region, growi ng a between
about 100 and 500 Angstromthick thernmal oxide in the trench and then
filling the trEgsh2A¥hrdegBaid ¢rogs 8actiomlivietwis\et an in-process wafer which

illustrate the process steps of a first embodiment of the present invention.

Fig. 3 is a graph showing the behavior of the concentration profile of boron
implanted into a pre-amorphized silicon region as affected by various pulsed laser
annealing treatments in which the laser fluence is maintained low enough to avoid
melting of the pre-amorphized silicon according to the teaching of the present

invention.

Fig. 4 is a graph showing the behavior of the sheet resistance of a boron
implanted pre-amorphized silicon layer as a function of the number of laser pulses

applied according to the method of the present invention.

Figs. 5A thru 5G are cross sectional views of an in-process wafer which

illustrate the process steps of a second embodiment of the present invention.



| ayer, preferably silicon oxide. The excess silicon oxide above the trench
Is then renoved by CWP (chem cal nechanical planarization). Alternately
the field isolation 12 may be forned by the famliar LOCOS (I ocal
oxidation of silicon) method. A gate oxide 14 is grown on the exposed
active silicon and polysilicon is blanket deposited over thg4Qahe 2085de
and patterned to define a polysilicon gate el ectrode 16. The wafer 10 is
next inplanted with germaniumions 17 at a dose of between about 1x1014
and 1x1016 ions/cnR2 at an energy of between about 0.5 and 20 keV. This

i npl ant ati on anor phpgE’e ERR ' of the active
silicon wherein the sour%lgﬁéggptgfgﬁ*négﬁgﬁent ségﬂﬁmﬁéare to be

formed. 9 24 June 2005 Alternately, another ion, for exanple silicon or
argon ions may be inplanted to cause the anorphization of these regions.
The thi ckness of h{gfsarmr hi zeq region, refeyrred togpﬁreafter as the PAl

e

(pr e- anor phi ze# 3 mppdimgnt;of this Tpanfign @ RiGBaRne self;aligned qate N@SFRknhed
line 25 indicates_the a&proxi mat e depth of the anorphized regions
Ref er ri ngisiewedwith@n ylsa shallow lighthsdanedsseuree/drain fegian oseachtside pkthe
anor phous silicon regions 18 where they formlightly doped regions 20
havi ng anchanel rggiemt eQefesring:ta Figt 2aampndype s100xodented rbgnadnystallinee 60 in
Fig. 3. The boron ions are inplanted at a dose of between about 5x1 014
and 1x101§licamwafend 0akitrea resistivity of between about 2 and 50 ohm cm. is provided.

Field isolation 12 preferably shallow trench isolation (STI) is formed, defining an

enclosed silicon region 8 wherein the device will be formed. The STI regions 12 is

formed by the well known method of anisotropically etching a trench surrounding the

active silicon device region, growing a between about 100 and 500 Angstrom thick

thermal oxide in the trench and then filling the trench by depositing an insulative

layer, preferably silicon oxide. The excess silicon oxide above the trench is then

removed by CMP (chemical mechanical planarization). Alternately the field isolation

12 may be formed by the familiar LOCOS (local oxidation of silicon) method. A

gate oxide 14 is grown on the exposed active silicon and polysilicon is blanket

deposited over the gate oxide and patterned to define a polysilicon gate electrode

16.

The wafer 10 is next implanted with germanium ions 17 at a dose of between
about 1x10™ and 1x10'® ions/cm? at an energy of between about 0.5 and 20 keV.
This implantation amorphizes the exposed upper surface regions 18 of the active
silicon wherein the source and drain elements of the MOSFET are to be formed.

9



energy of between about 0.2 and 0.7 keV. This places the centroid of the
boron distribution at a depth of between about 2 and 5 nm below the
silicon surface, well wthin the anorphous region. Alternately, the boron
dose can be incorporated by inplanting BF2 + ions at an inplantation
energy of between about 5 and 30 keV. After inplantation, the4bgremoasons
must be activated in order to performas sem conductive acceptor

i mpurity. Activation is acconplished by providing energy to encourage
bondi ng of the boron atons with the silicon matrix. In the present

i nventi ONARE/naYeH, | AHbtheT I8, ToP ¥RsmBI SIS drg8n § impjdra&Ptd © pul sed
| aser irradi at?%n, preflerabl y usPng an nexcdlrgre? %s’ﬁ?;s%ﬁ’z‘g[afasert%sed I n
t hi s enbodi [ : i r ol |
Fad: at 1 oncainete'dinoringafof 8 AR TERHS TS IRHes Bt S Flop MR B
Pul ses of het n_about 10.and,.40 ns. 10,24 Jun 05 duration are plied
at a repefql??rir%ﬁ?q g?rgaﬁ.gr s B’_‘i‘l &H?'%‘PFPPBPQ "BBEQ@ AFIS W@@Eﬁb\?é'fa
applied to the wafer surface, taking care that the |aser fluence is kept
just | ow 8Rdedmm.olhedashedding 2R)ingicatesthe Arpsaximate dept afithe amasphized
Alternately other pulsed |asers may be used having different energies and
pul se dur&diNgs. However, the key consideration is to maintain the |aser
fluence just below the PAl |ayer nelt regine. During the adm nistration of
this |laser annealing the boron atons have sufficient nobility to becone
activated within the silicon matrix. The activation process is narked by a
decrease in shRefertitghowas Fey. @b, bbeorsiohs 39Mare fedt irplanted into the

amorphous silicon regions 18 where they form lightly doped regions 20 having an

as-implanted concentration profile indicated by the curve 60 in Fig. 3. The boron

ions are implanted at a dose of between about 5x10'* and 1x10'® ions/cm? at an

energy of between about 0.2 and 0.7 keV. This places the centroid of the boron

distribution at a depth of between about 2 and 5 nm. below the silicon surface, well

within the amorphous region. Alternately, the boron dose can be incorporated by

implanting BF;" ions at an implantation energy of between about 5 and 30 keV.

After implantation, the boron atoms must be activated in order to perform as
semiconductive acceptor impurity. Activation is accomplished by providing energy
to encourage bonding of the boron atoms with the silicon matrix. In the present
invention activation is achieved by subjecting the wafer surface to pulsed laser
irradiation, preferably using an excimer laser. The laser used in this embodiment is
a 248 nm. wavelength KrF excimer laser producing radiation energy at a fluence of

between about 0.1 and 0.8 Joules/cm?®. Pulses of between about 10 and 40 ns.
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Is a graph which shows the behavior of the sheet resistance of a boron

I npl anted PAlI |ayer on a test site which has been subjected to the sane
processing steps as described supra to formthe MOSFET. The graph shows
that at |east ten pulses are required to effect the major portion of the
activation process. However, application of a total of 50 pphggne2pp5i Nues
to inprove the activation but to a far |esser extent (less than 2% nore
after the first 10 pul ses). Referring back to Fig. 3, the boron profile 62
remai ns essentially unchanged over the range of 1 to 50 pul ses. Table |

summar i zegyhien E?@rﬁrg?lﬁgi ﬁ%?étpe’iiﬁéﬁ Faterf ap8ltiHEe bﬂLul’tg)g)é Pﬁlgégtﬁgt?l OPAI layer.

Not only does the do he present 1 nvention w
junction |j ; : 1 ' [ Lhvat.i 4 e 2005
rabi e | SsPSRSy Al W e whieh K. ge 1 FRNG LEF B WEEEET el el S cer
Resi st anc hns/ s re) . >After neal Spi ke Anneal to 108 C A) 300
Laser nmel JﬁgéB(VOe ’if’iﬁ!iﬁﬁ)%’?? @Sitg'gdﬁ&%% E’lAI ("%5’ B lé%%'ﬁcorbl.aﬁg'i c %?ﬁ@eﬁ;h e
activation of the shallow boron |nplantation of the in process MOSFET is
i |l ustrat %@ebg?ug?a.?a% MRyrRe g Egvlgaslffeagrétrenqrglsaiaaﬂim&lﬁ%«}urgmom% shown.
The shallow source/drain regions 20a are now fully activated. The Laser
anneal i ngHpwe¥enhe keeonsiggration is tpanaistaim éheplesenflisnasdusirhetowithg Pév ed
bondi ng of the boron atonms into the

layer melt regime. During the administration of this laser annealing the boron

atoms have sufficient mobility to become activated within the silicon matrix. The

activation process is marked by a decrease in sheet resistance of the silicon. Fig. 4

is a graph which shows the behavior of the sheet resistance of a boron implanted

PAl layer on a test site which has been subjected to the same processing steps as

described supra to form the MOSFET. The graph shows that at least ten pulses

are required to effect the major portion of the activation process. However,

application of a total of 50 pulses continues to improve the activation but to a far

lesser extent (less than 2% more after the first 10 pulses). Referring back to Fig. 3,

the boron profile 62 remains essentially unchanged over the range of 1 to 50 pulses.

Table | summarizes the measured sheet resistance of the boron implanted
PAl layer. Not only does the method of the present invention keep the shallow

junction in place but also it provides improved activation.
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silicon matrix, but also repairs silicon damage (high stress regions)
caused by the germaniuminplant 17. Wiile the | aser treatnent does not
allow nelting of the anorphized region, enough energy is inparted to

permt

stress.

channel

| ocal i zed bonding rearrangenent thereby significantly reducing
This is particularly inportant to reduce junction |eakgde 2008 the
region. Referring nowto Fig. 2D, insulative sidewalls 22 are

formed along the polysilicon gate stack 16. Procedures for form ng
insulative sidewalls are well known in the art. They are formed by first
deposi ting a com#ll et Repitanasfof beren implahted eomhirevsiicent layee mat erial , using a
CVD net hod, andthen-anisotropically etching back the layer wwith R E or

pl asma et chi ng, i;lﬁb%vméb@tatnbé? (&hﬁ&w@dré)bZZAﬂePAm{egwr ed  insulative material s

i ncl ude siliconfoxide, SrtTconm i tride,or_srticon oxynitride. The 12 24
June 2005 desi r pePksrAnieal i iP8PRGERTA) of tlhe B3ght Iy doped source/drain

ext ensi ons deter[gfsgrerﬁ%lltegiw‘?é#ivvall t hi ckng%s whi ¢h, in turn, determ nes

the t hickness o

posited | layer—After the sidewalls 22 are

fornmed the main B@sud&eéaﬂr(eopUIsreeguzun;ﬁq arle fogared by inplanting boron into
t he exposed silicon regions, now nmasked at the gate electrode, by the

si dewal | s.

The main source/drai n el ements are considerably deeper and

extend bel ow the bottom of the anorphized region, indicated by the dashed
| ine 25. The source/drain extensions 20b lie within the initial anorphized

The activation of the shallow boron implantation of the in process MOSFET is
illustrated by Fig. 2C where the pulsed laser irradiation hv 21 is shown. The shallow
source/drain regions 20a are now fully activated. The Laser annealing treatment not
only activates the boron by securing improved bonding of the boron atoms into the
silicon matrix, but also repairs silicon damage (high stress regions) caused by the
germanium implant 17. While the laser treatment does not allow melting of the
amorphized region, enough energy is imparted to permit localized bonding
rearrangement thereby significantly reducing stress. This is particularly important to

reduce junction leakage near the channel region.

Referring now to Fig. 2D, insulative sidewalls 22 are formed along the
polysilicon gate stack 16. Procedures for forming insulative sidewalls are well
known in the art. They are formed by first depositing a conformal layer of the
selective insulative material, using a CVD method, and then anisotropically etching
back the layer with RIE or plasma etching, leaving the sidewalls 22. Preferred

insulative materials include silicon oxide, silicon nitride, or silicon oxynitride. The

12



region and therefore, the portions of the p-n junctions which |ie under the
extensions 20b remains in the PAl region 18a. However, because the | aser
activation annealing treatnent has significantly reduced the |ocal stress
in this region, stress induced junction |eakage is neliorated. Referring
next to Fig. 2E, salicide (self-aligned silicide) contacts 2843(ge 2005ned
on the source/drain regions 24 and on the gate el ectrode 16, conpleting the
formati on of the p-channel MOSFET 30. Methods for form ng salicide contacts
are well known and wi dely practiced. The thermal treatnent used to form

the sali Cbéﬁremé@drﬁleﬁﬁtrﬁéﬁﬁembﬁw 465eP 56 drceideaih exfdrsigHs ddtefrfihed Afe MaiI N

source/drain regions Wiile the frrst enbodinent of this invention utilizes
an n-typegigbivaf ) o WDy B [ | t gt 5
11 con supeked HloGlesR iR in tirk aBtehpies (8 NERES FHEBRnKEL BediEd | . oo
be used V\faggput departing fromthe concepts therein provided. It should be
further undérstood that the substrate conductivity type as referred to
herein does not necessarily refer to the conductivity of the starting
waf er but could also be the conductivity of a diffused region within a
waf er wherein the sem conductor devices are incorporated. In a second
embodi ment of ARerthesidawalls22 are farmee the @ain seiyRe/draintregions age formedodi ment
are applied to forma conplimentary MOS transistor pair. The main teaching
of the sebyinplantingbomontiniosthelexposéd siticare regions) mowf mabked atthergaten, namel y

electrode, by the sidewalls. The main source/drain elements are considerably

deeper and extend below the bottom of the amorphized region, indicated by the

dashed line 25. The source/drain extensions 20b lie within the initial amorphized

region and therefore, the portions of the p-n junctions which lie under the extensions

20b remains in the PAI region 18a. However, because the laser activation

annealing treatment has significantly reduced the local stress in this region, stress

induced junction leakage is meliorated.

Referring next to Fig. 2E, salicide (self-aligned silicide) contacts 28 are
formed on the source/drain regions 24 and on the gate electrode 16, completing the
formation of the p-channel MOSFET 30. Methods for forming salicide contacts are
well known and widely practiced. The thermal treatment used to form the salicide

contacts 28 also provides sufficient activation for the main source/drain regions

While the first embodiment of this invention utilizes an n-type silicon substrate

with p-type ion implantations, a p-type silicon substrate with n-type ion implantations
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t he pre-anorphization and the ultraviolet activation are sinmultaneously
applied to both nB and p- MOS devi ces, thus, although both B and p-channel
devices are forned, the novel steps added by this invention need only be
applied once. Referring to Fig. 5A, an n-type <100> oriented
nonocrystalline silicon wafer 40 with a resistivity of betwegQyuaeo®eps2 and
50 ohmcm is provided. Using well known ion inplant procedures, pB and B
wel l's, 42 and 44 respectively, are formed in the wafer surface in regions
where the CMOS device pair is to be forned. The n- channel device will be

formed i nedd1g alo/Bd LiséPwRGut dpaiirid BMthe LBNI iﬁg@{he vl 1t dbuid el d
I sol ati onc46 Sr gf era (f]t?y sﬁaﬁ&ob\% t #@@ﬁ [ sgl at F%ﬁses I ﬁ’s"%%r metdé]rfEJ efining
encl osed ' j L ' . Vi : { he
oGS deb 1tk s 84 o R bohdl e me ¥ teftndih eI Sher
cited in the first. e i jent . ernately . the field isolation 46 my be
For med byMesneceiirily STetip B Canclobfhidt e bieriiia Wafe tut 3V E 4T pE e
grown on the, expose ive silicon.regigns and polysilicon is, blanket
deposi ¢ cdoOTETFRE St AisH ARTRMDIT § ratwhe S Re R BORGLED! S at o
el ectrodes 56a and 56b respectively for the nB and p- MOS devi ces. The wafer
40 is nex@reippPrRefatadwi t h ger mani umions 57 at a dose of between about
1x1014 and 1x1016 ions/cn2 at an energy of between about 0.5 and 2.0 keV.
This i nplantation anorphi zes the exposed upper surface regions 58 of the
active silicon wherein the source and drain elenents of the MOS devices
are to be fornimda second embodiment of this invention the principles taught in the first

embodiment are applied to form a complimentary MOS transistor pair. The main

teaching of the second embodiment is that the novel steps of this invention, namely

the pre-amorphization and the ultraviolet activation are simultaneously applied to

both nB and p-MOS devices, thus, although both B and p-channel devices are

formed, the novel steps added by this invention need only be applied once.

Referring to Fig. 5A, an n-type <100> oriented monocrystalline silicon wafer
40 with a resistivity of between about 2 and 50 ohm cm. is provided. Using well
known ion implant procedures, pB and B wells, 42 and 44 respectively, are formed
in the wafer surface in regions where the CMOS device pair is to be formed. The n-
channel device will be formed in the p-well 42 and the p-channel device in the n-well
44. Field isolation 46 preferably shallow trench isolation (STI) is formed, defining
enclosed active silicon regions 48a for the n-MOS device and 48b for the p-MOS
device. The STI 46 is formed by a well known method such as that cited in the first
embodiment. Alternately the field isolation 46 may be formed by the familiar
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Alternately, another ion, for exanple silicon or argon ions may be

I npl anted to cause the anorphization of these regions. The thickness of

t he anorphi zed region, referred to hereafter as the PAl (pre-anorphized

i mplant) |ayer, is between about 2 and 20 nm The dashed |ine 75 indicates
t he approxi mate depth of the anorphized regions Referring ngyJuRe Pogs 5B,
photoresist is patterned to forma mask 60, protecting the region 48b.
Boron ions 61 are next inplanted into the anorphous silicon regions 58
exposed in the region 48a where they formlightly doped p-type regions 62

havi ng an gggdRiemded lg gffﬁg?é%ﬁqg gpémabh?hé @Qﬂl;&%oeéjctﬁ¥ stilggﬂﬁ'ggiéﬁ 60 in

Fig. 3. e boron ions ant ed~“at ose 0 etween a %)14 and

the cont r B RiiRn RIS ReoBhigf oV ine B hafe AnB BN Briad R el °, una 2
nm below the silicon surface, well wthin the_ anorphous region. |
Al t er nat eP9lysitign gaie Sledndes 582 and 36b oppechvely fridhe ABANKLP-M@S dgyices.

i nplanting BF2+ ions at an inplantation energy of between about 5 and 30
keV. After the shallow boron inplantation, the photoresist 60 is stripped,
preferably with a chem cal stripper, and a second photoresist |ayer is
deposi ted and Tipawaérddistnext onprantediwitvigemuniuniions Shat adose of betwvesn 48a.
as illustrated in Fig. 5C. Arsenic ions 65 are next inplanted into the

anor phousabati 1620 i P SHnsronostash émerghof beBveth Adut 0B aRd RiEKey.or m
lightly doped n-type regions 66. having
This implantation amorphizes the exposed upper surface regions 58 of the active
silicon wherein the source and drain elements of the MOS devices are to be formed.
Alternately, another ion, for example silicon or argon ions may be implanted to
cause the amorphization of these regions. The thickness of the amorphized region,
referred to hereafter as the PAI (pre-amorphized implant) layer, is between about 2

and 20 nm. The dashed line 75 indicates the approximate depth of the amorphized

regions

Referring now to Fig. 5B, photoresist is patterned to form a mask 60,
protecting the region 48b. Boron ions 61 are next implanted into the amorphous
silicon regions 58 exposed in the region 48a where they form lightly doped p-type
regions 62 having an as-implanted concentration profile indicated by the curve 60 in
Fig. 3. The boron ions are implanted at a dose of between about 5x10" and 1x10"°
ions/cm? at an energy of between about 0.2 and 0.7 keV. This places the centroid
of the boron distribution at a depth of between about 2 and 5 nm. below the silicon
surface, well within the amorphous region. Alternately, the boron dose can be
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an as-inplanted concentration profile indicated by the curve 60 in Fig. 3.
The Arsenic boron ions are inplanted at a dose of between about 5x1014 and
1x1016 ions/cn2 at an energy of between about 5 and 30 keV. This places
the centroid of the arsenic distribution at a depth of between about 3 and
8 nm below the silicon surface, well w thin the anorphous pg&gyLA82005

Al ternately, phosphorous ions can be inplanted at an inplantation energy
of between about 2 and 7 keV. After inplantation, the boron and arsenic
dopant atons nust be activated in order to performas sem conductive

accept or PRl by ig@‘ﬁintiﬁatél*’zatiér%atia% infASNERbH t%ﬂgfbgﬁfib%&\ﬁéérq'b\ﬂ&ut@e

rgy
t o encourage bondi ng he“dopant atons wthin con matrix. In the

D e RNE30RY, e AL ARIG pBEIH e Yo HRE BROIS 60 ' GifRed " | 200

to pulsed Taser irr prererabl'y using a | aser

used in this enpodinment is 48 nm vel ength KrF. excinmer |aser producing
i at § onPETRARY WS chelisal sTPep e RSB PeIOesial s i JeRren g

Pul ses of Dbetween _about 10 and 40 ns. duration are applied at a repetition
rate of ab@itRrnedyo form mask Gdrotestingthe agive regicsctBan s ilstatessindgy5Gppl i ed
to the wafer surface, taking care that the |laser fluence is kept just |ow
enough to avoid nelting of the PAl anorphous silicon |ayer. The nunber of

pul ses nmay be determ ned experinentally and depends upon the dopants used.
Al ternat el y ot Amenjaibag65|ans @est implatited istedhdaviorphelid ikcamniegicizesgyi es and

pul se durations. However, the key consideration is to maintain the
exposed in the region 48b where they form lightly doped n-type regions 66. having
an as-implanted concentration profile indicated by the curve 60 in Fig. 3. The
Arsenic boron ions are implanted at a dose of between about 5x10" and 1x10'®
ions/cm? at an energy of between about 5 and 30 keV. This places the centroid of
the arsenic distribution at a depth of between about 3 and 8 nm. below the silicon

surface, well within the amorphous region. Alternately, phosphorous ions can be

implanted at an implantation energy of between about 2 and 7 keV.

After implantation, the boron and arsenic dopant atoms must be activated in
order to perform as semiconductive acceptor and donor sites. Activation is
accomplished by providing energy to encourage bonding of the dopant atoms within
the silicon matrix. In the present invention activation is achieved by subjecting the
wafer surface to pulsed laser irradiation, preferably using an excimer laser. The
laser used in this embodiment is a 248 nm. wavelength KrF excimer laser producing
radiation energy at a fluence of between about 0.1 and 0.8 Joules/cm?.  Pulses of

between about 10 and 40 ns. duration are applied at a repetition rate of about1Hz.
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| aser fluence just below the PAl layer nelt reginme. During the

adm nistration of this |aser annealing the dopant atons have sufficient
nobility to becone activated within the silicon matrix. The activation
process is marked by a decrease in sheet resistance of the silicon. The
activation of the shallow dopant inplantation of the in procgggykd®005
transistor pair is illustrated by Fig. 5D where the pul sed | aser
irradiation by 67 is shown. The shall ow source/drain regions 62 and 66 are
now fully activated. The Laser annealing treatnment not only activates the

dopant at o iIesAuEd B LUBRERyGEly BT o Vb AHAL FGHE chrY flal

silicon matrix, but also repairs con danmage regl ons
caused by ' i i . reat d not
a1 ow ot PrRGacRRE B EPb inoligy, (S Vb kB E e o BRIy bt i ¢
| ocal i zed,_bonding rearra ment thereby significantly reducin stress.
Thie i o pBVET cLEPVGReh BERTSEY may e detut gl epermenathand dekbncR rtRanne)
regi on. Iﬁe&fe ring nowto Fig. 5E, insulative sidewalls 70 are formed al ong
the 17 24N$HRPaS %S%%W tebnolhar pulsed lasars manPe peert Bavine diffesent or ni ng
insulative sidewalls are well known in the art. They are fornmed by first
deposi t i ngne[aesHANsk prise dutadionss Homevesdhe key gensideiatianiis to maindaindhe using a
CVvD nmet hod, and then anisotropically etching back the layer with RIE or
pl asma et @Reniyencedustrhglow éhe PAdlayer meltoregiPnef dduring the administration of this

laser annealing the dopant atoms have sufficient mobility to become activated within

the silicon matrix. The activation process is marked by a decrease in sheet

resistance of the silicon.

The activation of the shallow dopant implantation of the in process CMOS
transistor pair is illustrated by Fig. 5D where the pulsed laser irradiation hv 67 is
shown. The shallow source/drain regions 62 and 66 are now fully activated. The
Laser annealing treatment not only activates the dopant atoms by securing
improved bonding of the boron atoms into the silicon matrix, but also repairs silicon
damage (high stress regions) caused by the germanium implant 73. While the laser
treatment does not allow melting of the amorphized region, enough energy is
imparted to permit localized bonding rearrangement thereby significantly reducing
stress. This is particularly important to reduce junction leakage near the channel

region.

Referring now to Fig. 5E, insulative sidewalls 70 are formed along the
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i nsul ative materials include silicon oxide, silicon nitride, or silicon
oxynitride. The desired or design length of the lightly doped source/drain
ext ensi ons determ nes the sidewall thickness which, in turn, determ nes
the thickness of the blanket deposited |ayer. After the sidewalls 70 are
formed the main source/drain regions are formed by inplantipgJQpé2nognd
arsenic into the respective exposed silicon regions 48a and 48b
respectively. The procedures for inplanting the nain source/drain regions
are simlar to those previously applied to formthe lightly doped

ext ensi Onﬁo@@ﬁccﬁi’%at@%a afd 58BOWtob&y k8 forXbr Vmi?@ HsﬂM&eﬂQWé & &I on

48b is prot ected photoresi st pattern 72 e p-type nmain

sour ce/ dr 7. e 48a. Then,
as ill ust?ﬁ ﬁ%&g%ﬂg ﬁ%%{g h@ﬁh?@%ﬁqlrét%gﬁggggg. Og'{fm%é%&? ephot or esi st
mask 76 is tterndto rot ct .t he Lon. Th nel devi ce
mai n sour %%P’ i'ASY @Eﬁ‘f% Ysigha; Cﬁﬂf cﬁﬁhﬁﬂ aév%ifmptca@ etching
al ternately, phosphorous. T e main source/dral n el ements are consi derably
deeper anbAgkdherayasavithuRIE Aeplgsmesicling: lsavingdhe Rideuals 49; Geferiedi cat ed by
the dashed line 75. The 18 24 June 2005 source/drain extensions 62a and 66a
| i e wit hiinsuladve materals inohydehsilican oxige wilicobgutridandr siliearedxynitride hdhpor ti ons
of the p-n junctions which Iie under those extensions remrmain in the PAI
regi on 58desitdavendmsjgrbleagtiseaf thadighths dopet $owratidrain @xtesionsgletermines the
sidewall thickness which, in turn, determines the thickness of the blanket deposited

layer.

After the sidewalls 70 are formed the main source/drain regions are formed
by implanting boron and arsenic into the respective exposed silicon regions 48a and
48b respectively. The procedures for implanting the main source/drain regions are
similar to those previously applied to form the lightly doped extensions 62a and 66a.
As shown in Fig. 5E the n-channel device region 48b is protected by photoresist
pattern 72 while the p-type main source/drain regions 74 are implanted into the p-
channel device 48a. Then, as illustrated by Fig. 5F, photoresist mask 72 is stripped
and photoresist mask 76 is patterned to protect the p-channel region. The n-
channel device main source/drain regions are then implanted 77 with arsenic or

alternately, phosphorous.

The main source/drain elements are considerably deeper and extend below
the bottom of the amorphized region, indicated by the dashed line 75. The
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treatnment has significantly reduced the |ocal stress in these regions,
stress induced junction |leakage is neliorated. Referring next to Fig. 5G
salicide (self-aligned silicide) contacts 80 are formed on the main
source/drain regions 74 and 78 and on the gate el ectrodes 56a and 56b,
conpleting the formation of a p-channel MOSFET 90 and an n-chanpgé 2006SFET
92, together formng a CMOS pair. Methods for formng salicide contacts

are well known and wi dely practiced. The thernmal treatnent used to formthe
salicide contacts al so provides sufficient activation for the main

sour ce/ dréau?c§/99é.ﬁ>@§teng onS&%A gﬁyeéaeu.e W%hlnembhm. i érﬁsrﬁ%ﬁ%gﬁ% sgh this

invention utilizes an n-type silicon SUbstrat

i mpl ant at j I|c on| Iantatlons
coul d a1 <8 erEioke e Refllons 3??#3‘@%?@%%@%6‘%&%@?& e B dea. 11
should be further ersto at the substr conduct j vi t e as
referred Wﬂ%ﬂ%ﬁﬁ" I?i‘ggr?g'%gg%e aweyer pcasethe; ﬁﬁsﬁrtﬁ:?t'(‘!ﬁme neﬁ/ﬁg of the
starting wafer but could also be the conductivity of a diffused region

wi thi n a ieateenihas significastly eeduceddbe lanal geesscindhese eegdionssispesainsticetni | e
this invention has been particularly shown and described with 19 24 June
2005 r ef guootien keakageeispnelieatestl enbodi nents thereof, it will be understood

by those skilled in the art that various changes in formand details may
be made w t hout

Referring next to Fig. 5G, salicide (self-aligned silicide) contacts 80 are
formed on the main source/drain regions 74 and 78 and on the gate electrodes 56a
and 56b, completing the formation of a p-channel MOSFET 90 and an n-channel
MOSFET 92, together forming a CMOS pair. Methods for forming salicide contacts
are well known and widely practiced. The thermal treatment used to form the

salicide contacts also provides sufficient activation for the main source/drain regions

of each device.

While the first embodiment of this invention utilizes an n-type silicon substrate
with p-type ion implantations, a p-type silicon substrate with n-type ion implantations
could also be used without departing from the concepts therein provided. It should
be further understood that the substrate conductivity type as referred to herein does
not necessarily refer to the conductivity of the starting wafer but could also be the
conductivity of a diffused region within a wafer wherein the semiconductor devices
are incorporated.

While this invention has been particularly shown and described with
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departing fromthe spirit and scope of the invention. Wat is clainmed is:
20 24 June 2005 1. A nmethod for formng for formng highly activated, ultra
shal | ow sem conductive elenent of a first conductive type enbedded in a
sem conductive region of a second conductive type conprising: (a)

provi ding a sem conductor substrate having an active region 24 Jgak@osgcond
conductive type; (b) anorphizing an upper portion of said active region by
ion inplantation; (c) inplanting an inpurity of said first type into said
upper portion; and (d) activating said inpurity, thereby form ng said

sem C0”dU@féﬁéﬁc@'t@f@ére?érré@éﬂboaﬁ%}ﬂgt cf)f@@f it IIPH'%@rété@@P i dgadtt ation

wher eby the fluence, pulse duration, pul se frequency of "~ sal

i rradi ati gayd fing Eea%tﬁgt ﬁh(%u\%;@%négg H f?)?ﬁ\laﬁoeg@tg I@Mgﬂqegr%aﬁg vﬂthoﬂ?per

portion to Just eI ow aching or "exceed

tenperatu ized u 2. The net hod of cIa| m 1
wherein sé?%aégiﬁ(?ﬁ'h cﬁpgrll agﬁig%c[oi%gtogt em%%n 3. The method of claim?2
wherein said first conductive type is p-type and said second conductive

type is n-type. 4. The nethod of claim1l wherein said anorphizing is
performed by ion inplantation of germaniumor silicon ions.

What is claimed is:
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5. The method of claim4 wherein said anorphizing is perfornmed by

i mplanting germaniumor silicon ions at a dose of between about 1x1014 and
1x1016 ions /cn2 at an energy of between about 0.5 and 20 keV. 21 24 June
2005 6. The method of claim 1l wherein said upper portion is between about
2 and 20 nm thick. 7. The nethod of claim3 wherein said i np@4i JuheddooHRi d
first type is boron inplanted as boron ions at a dose of between about
5x1014 and 1x1016 ions/cn2 at an energy of between about 0.2 and 0.7 keV.
8. The method of claim3 wherein said inpurity of said first type is boron
I mpl ant ¢d asA rBéthod fooiasmatg far éraenghighbt aetivateal alita shalldddsemnidodduddivé
lons/cnR at an energy of between about 5 and 30 keV. 9. The nethod of

cl ai m lelemantioh adustccomdustive tyne @mbiaddadiinia samicengumtive regidn lof assezdB8d nm
wavel ength KrF excimer | aser producing radiation energy at a fluence of

bet weencorgstive type egiapisiBd:Joul es/cn? i n pul ses of between about 10 and 40
ns. duration, applied at a repetition rate of about 1 Hz. 10. The nethod
of claifA)o V\W@t"@[‘)’?@ asemicanduetor sypsisateiaving,an astive regionefesai 8N ¢l ai m
2 wherein sai dJi st conductive type is n-type and said second conductive
type is p-typRNAULHVe HPE: et hod of claim 11 wherein said inpurity of said

first t ?’tﬁe | §mBP;§iﬁ£F1‘8 ra(r)1uuspper portion of said active region by ion implantation;
(c) implanting an impurity of said first type into said upper portion; and
(d)  activating said impurity, thereby forming said semiconductive element of said
second type, by pulsed laser irradiation whereby the fluence, pulse duration, and
pulse frequency of said irradiation is selected to raise the local temperature of said
upper portion to just below but never reaching or exceeding the melting

temperature of said amorphized upper region.
2. The method of claim 1 wherein said semiconductor substrate is silicon.

3. The method of claim 2 wherein said first conductive type is p-type and said second

conductive type is n-type.

4. The method of claim 1 wherein said amorphizing is performed by ion implantation of

germanium or silicon ions.

5. The method of claim 4 wherein said amorphizing is performed by implanting
germanium or silicon ions at a dose of between about 1x10'" and 1x10'® ions/cm? at an

energy of between about 0.5 and 20 keV.
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i npl anted at a dose of between about 5x1014 and 1x1016 ions/cnR2 at an
energy of between about 2 and 10 keV. 13. The nethod of claim 11 wherein
said inmpurity of said first type is arsenic inplanted 22 24 June 2005 at a
dose of between about 5x1014 and 1x1016 ions/cnR2 at an energy of between
about 5 and 30 keV. 14. A nethod for form ng a MOSFET devi ce hayvjuHe 2005 a
shallow |ightly doped source/drain extensions, conprising: (e) providing a

seni conguct orhewhsthbalof chimi Nghereirisait \(@pef pbABNAE batviddrsabsiAPdatd 20 am,t ype
encl osed by field isolation; (f) formng a gate oxide on said active

regi on; tigk. form ng a gate el ectrode on said gate oxide, thereby defining
source/drain regions separated by a gate stack; (h) anorphizing an upper
portion of said source/drain regions by ion inplantation; (i) inplanting a
first dose of an inpurity of a second type into said upper portion; (j)

f or mi ng7sourthe methaod ekelains B avherein said impurity gf said dirstippe istyoron ispladtackasnd
type by pulsed |aser irradiation wherehy the ence, pulse duration, and

fl
pul se f PRHNIABY aba dosgia betwean abousPx19 s@%&x@ymsmm%tam@nergmr
tenperature of sai r. portion to just below but never reaching or
exceedi ?‘IS{"YEP?@ mqt%gﬁgﬂfék%\{ure of said anorphized upper region;

8. The method of claim 3 wherein said impurity of said first type is boron implanted as
BF," ions at a dose of between about 5x10"* and 1x10'® ions/cm? at an energy of between

about 5 and 30 keV.

9. The method of claim 1 wherein said pulsed laser irradiation is performed by a 248
nm. wavelength KrF excimer laser producing radiation energy at a fluence of between
about 0.1 and 0.8 Joules/cm? in pulses of between about 10 and 40 ns. duration, applied

at a repetition rate of about 1Hz.
10. The method of claim 9 wherein at least 10 pulses are applied.

11. The method of claim 2 wherein said first conductive type is n-type and said second

conductive type is p-type.

12. The method of claim 11 wherein said impurity of said first type is phosphorous
implanted at a dose of between about 5x10™ and 1x10" ions/cm? at an energy of
between about 2 and 10 keV.

13. The method of claim 11 wherein said impurity of said first type is arsenic implanted
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(k) form ng sidewalls alongside said gate stack; and (lI) inplanting a
second dose of an inpurity of said second type thereby formng
source/drain contact elenments. 15. The nethod of claim 14 wherein said

sem conductor substrate is silicon. 16. The nethod of claim 14 wherein said
anmorphi zing is performed by ion inplantation of germanium or 4 jyHerdoHNS.
23 24 June 2005 17. The nethod of claim 16 wherein said anorphizing is

per f or matla Bysé GPbéMidentaboi® BRI Widorx19'9 ibAseni> el andneig P efisetiecheinaREes
about 1x104 and 1x1016 ions/cnR2 at an energy of between about 0.5 and 20

keV. 18andB6 ke®t hod of claim 14 wherein said upper portion is between about
2 and 20 nm thick. 19. The nmethod of claim 15 wherein said first
conductive type is n-type and said second conductive type is p-type. 20.
The nethod of claim 15 wherein said inpurity of said second type is boron

i npl ant &4 as Amethrd fonforming addOSFET dericebaving vitta Shallonlightlyl doped 16
ions/cn2 at an energy of between about 0.2 and 0.7 keV. 21. The nethod of
cl ai m 18ouiReidERin extaN$IaNsp GeMPYisiBn: sai d second type is boron inplanted as
BF2+ ions at a dose of between about 5x1 014 and 1x1016 ions/cnR at an
ener gy ?ﬁ) bePRRNIING R §aMiepngdygtos suRaljate having an active region of a first conductive

type enclosed by field isolation;

(H forming a gate oxide on said active region;

(9) forming a gate electrode on said gate oxide, thereby defining source/drain regions
separated by a gate stack;

(h)  amorphizing an upper portion of said source/drain regions by ion implantation:

(i) implanting a first dose of an impurity of a second type into said upper portion;

1)) forming source/drain extensions by activating said impurity of said second type by
pulsed laser irradiation whereby the fluence, pulse duration, and pulse frequency of
said irradiation is selected to raise the local temperature of said upper portion to
just below but never reaching or exceeding the melting temperature of said
amorphized upper region;

(k)  forming sidewalls alongside said gate stack; and

{)] implanting a second dose of an impurity of said second type thereby forming

source/drain contact elements.
15. The method of claim 14 wherein said semiconductor substrate is silicon.

16.  The method of claim 14 wherein said amorphizing is performed by ion implantation

of germanium or silicon ions.
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22. The nethod of claim 14 wherein said pulsed laser irradiation is
performed by a 248 nm wavel ength KrF exciner |aser producing radiation
energy at a fluence of between about 0.1 and 0.8 Joules/cn2 in pul ses of
bet ween about 10 and 40 ns. duration, applied at a repetition rate of
about 1 Hz. 23. The nethod of claim 22 wherein at |east 10 pul 2RsJiMee2005
applied. 24 24 June 2005 24. The nethod of claim 15 wherein said first
conductive type is p-type and said second conductive type is n-type. 25.
The nethod of claim 24 wherein said inpurity of said second type is
phosphondus Themkethddest cldinal6loseraih shit avaerphidinglis Feridivedandindpidfiigy
ions/cn2 at an energy of between about 2 and 10 keV 26. The net hod of

cl ai m 2demhariemmorssiliconiiomsiaf 4 dosé of hetvesacabuiit ik pe'*iamdahd 6/ ionsicmilataned at
a dose of between about 5x1014 and 1x1016 ions/cnR at an energy of between
about 5energy3d betneerpaboutikd apd20ckeM. cl ai m 14 wherein said gate el ectrode
is formed of polysilicon. 28. The nethod of claim 14 wherein said
source/drain el enments extend bel ow said anorphi zed region 29. A nethod for

form ng, a CMOg device having ultra shallow [ightly doped source/drain
ext ensi 6Bs, codhpmeathagd of gjplm 14 wherein said upper portion is between about 2 and 20

nm, thick.

19.  The method of claim 15 wherein said first conductive type is n-type and said

second conductive type is p-type.

20.  The method of claim 15 wherein said impurity of said second type is boron
implanted as boron ions at a dose of between about 5x10"* and 1x10'® ions/cm? at an

energy of between about 0.2 and 0.7 keV.

21.  The method of claim 15 wherein said impurity of said second type is boron
implanted as BF," ions at a dose of between about 5x10™ and 1x10'° ions/cm? at an

energy of between about 5 and 30 keV.

22. The method of claim 14 wherein said pulsed laser irradiation is performed by a 248
nm. wavelength KrF excimer laser producing radiation energy at a fluence of between
about 0.1 and 0.8 Joules/cm? in pulses of between about 10 and 40 ns. duration, applied

at a repetition rate of about 1Hz.

23. The method of claim 22 wherein at least 10 pulses are applied.
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provi ding a sem conductor substrate having an n-type active region and a
p-type active region, each of said active regions enclosed by field
isolation; formng a gate oxide on each of said active regions; formng a
first gate electrode on said gate oxide on said n-type active region and a
second gate el ectrode on said gate oxide on said p-type activeueRine2005
thereby defining first source/drain regions separated by a first gate
stack on said n-type 25 24 June 2005 active region and second source drain
regi ons separated by a second gate stack on said p-type active region; (m
anor phi 24ng The wpAR6d PPElaire 5atharainisaid fisticOndwitiveays i prtypediransaiddy i on

I npl antation; (n) patterning a first |ayer of photoresist on said wafer to
form a $ecorid dondukstivg typedkn-tppet ect i ng sai d second source/drain regions;

(o) inplanting a first dose of a p-type inpurity into said upper portion of
said first source/drain regions; (p) striping said first blockout nask;

(g) patterning a second | ayer of photoresist on said wafer to forma second
bl ockou®b. rras"%eﬁﬂ@tf@@tquéﬁlﬁh?ﬁwhﬁfeém saigumperit ofi said sgeansktype iy phesih@usg a
first dose of an n-type inpurity into said uqug_portipn of said second
sour ce/ mp&arhtep@diacggs:e of between about 5x10 ™ and 1x10 " ions/cm* at an energy of

between about 2 and 10 keV.

26. The method of claim 24 wherein said impurity of said second type is arsenic
implanted at a dose of between about 5x10™ and 1x10'® ions/cm? at an energy of

between about 5 and 30 keV.
27. The method of claim 14 wherein said gate electrode is formed of polysilicon.

28. The method of claim 14 wherein said source/drain elements extend below said

amorphized region

29. A method for forming a CMOS device having ultra shallow lightly doped

source/drain extensions, comprising:

)] providing a semiconductor substrate having an n-type active region and a p-type
active region, each of said active regions enclosed by field isolation;

(k) forming a gate oxide on each of said active regions;

()] forming a first gate electrode on said gate oxide on said n-type active region and a
second gate electrode on said gate oxide on said p-type active region, thereby

defining first source/drain regions separated by a first gate stack on said n-type
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(s) striping said second bl ockout mask; (t) form ng sidewalls al ongside
each of said first and second gate stacks; (u) patterning a third | ayer of
phot oresi st on said wafer to forma third bl ockout nask protecting said
second source/drain regions; (v) inplanting a second dose of a p-type
inpurity into said upper portion of said first source/drain regfne2d08
striping said third bl ockout mask; 26 24 June 2005 (x) patterning a fourth
| ayer of photoresist on said wafer to forma fourth bl ockout mask
protecting said first source/drain regions; (y) inplanting a second dose of

an n-type i nactivetrggiontamdsssiodnd Bparcepdrain @yics sepatiated Secondr §até dtgkn
regions; (z) striping said fourth bl ockout mask; (aa) form ng source/drain
cont act el enemtaidp-typecadtieasegios; by activating said first and second doses
of said p-type inpurity and said first and second doses of said n-type

i mpuri t(mby ambrizihgasrupper pditani dfreashof ebid sduscd/tedm cegiomribg ®n dur at i on,
and pul se frequency of said irradiation is selected to raise the |ocal
tenperature mp|%l§ﬂé0mipper portion to just bel ow but never reaching or
exceeding the nelting tenperature of said am)rgqhi zed upper region; and (bb)

f or mi ng(i | | RAURNPGT fist layRr ebritrtgresistion saidiwatsrde & adinstdleckaubmasks and
on protecting said second source/drain regions;
(o) implanting a first dose of a p-type impurity into said upper portion of said first
source/drain regions;
(p)  striping said first blockout mask;
() patterning a second layer of photoresist on said wafer to form a second blockout
mask protecting said first source/drain regions;
(r implanting a first dose of an n-type impurity into said upper portion of said second
source/drain regions;
(s) striping said second blockout mask;
(® forming sidewalls alongside each of said first and second gate stacks:;
(u) patterning a third layer of photoresist on said wafer to form a third blockout mask
protecting said second source/drain regions;
(V) implanting a second dose of a p-type impurity into said upper portion of said first

source/drain regions;

(w)  striping said third blockout mask;
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each of said gate stacks. 30. The nethod of claim 29 wherein said

sem conductor substrate is silicon. 31. The nmethod of claim?29 wherein said
anor phizing is perforned by ion inplantation of germaniumor silicon ions.
32. The nethod of claim 29 wherein said anorphizing is perfornmed by

I npl anting germaniumor silicon ions at a dose of between apgyynd»bd0s4 and
1x1016 ions/cn2 at an energy of between about 0.5 and 20 keV. 27 24 June

2005 33. (Kye npéttmdm fa futhmayst offphbeirasisbonl saidReife PR forrdr fourthallvg@ut about
2 and 20 nm thick 4. The nethod of claim?29 wherein said first dose of

said p-type |nnnaskp;oteetlnd)smmﬁrstrsphmeticﬁdlmghmson ions at a dose of between
about 5x1 014 and 1x1016 ions/cn2 at an energy of between about 0.2 and
0.7 keV. (315 Timgplangtinigoal sedord dose Aamhdype impLaitylintd ssid uppse poftionadfdsaid t ype
impurity is boron inplanted as BF2+ ions at a dose of between about
5x1014 and 1x1gE@ndisousseidmimtegionsener gy of bet ween about 5 and 30 keV. 36.
The method of claim?29 wherein said first dose of said n-type inpurity is
phosphorous inplanted at a dose of between about 5x1014 and 1x1016 ions/cnR
at an ener gy of between about 2 and 10 keV. 37. The nethod of claim 29

wherei n s d f$FBINIFRHETRIMNLIPGRKWE MASK: i npurity is

(aa) forming source/drain contact elements with extensions by activating said first
and second doses of said p-type impurity and said first and second doses of
said n-type impurity by pulsed laser irradiation whereby the fluence, pulse
duration, and pulse frequency of said irradiation is selected to raise the local
temperature of said upper portion to just below but never reaching or
exceeding the melting temperature of said amorphized upper region; and

(bb) forming silicide contact on each of said source/drain contact elements and on

each of said gate stacks.
30. The method of claim 29 wherein said semiconductor substrate is silicon.

31.  The method of claim 29 wherein said amorphizing is performed by ion

implantation of germanium or silicon ions.

32. The method of claim 29 wherein said amorphizing is performed by implanting
germanium or silicon ions at a dose of between about 1x10™ and 1x10'® ions/cm? at

an energy of between about 0.5 and 20 keV.
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arsenic inplanted at a dose of between about 5x1014 and 1x1016 ions/cn? at
an energy of between about 5 and 30 keV. 38. The nethod of claim 29
wherein said source/drain contact el enents extend bel ow sai d anorphi zed
region. 28

24 June 2005

33. The method of claim 29 wherein said upper portion is between about 2 and

20 nm, thick.

34. The method of claim 29 wherein said first dose of said p-type impurity is
boron implanted as boron ions at a dose of between about 5x1 0" and 1x10"

ions/cm? at an energy of between about 0.2 and 0.7 keV.

35. The method of claim 29 wherein said first dose of said p-type impurity is
boron implanted as BF," ions at a dose of between about 5x10™* and 1x10'°

ions/cm? at an energy of between about 5 and 30 keV.

36. The method of claim 29 wherein said first dose of said n-type impurity is
phosphorous implanted at a dose of between about 5x10' and 1x10'® ions/cm? at

an energy of between about 2 and 10 keV.

37. The method of claim 29 wherein said first dose of said n-type impurity is
arsenic implanted at a dose of between about 5x10™ and 1x10'® ions/cm? at an

energy of between about 5 and 30 keV.

38. The method of claim 29 wherein said source/drain contact elements extend

below said amorphized region.
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