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Whether a region acts as a source or drain typically depends on the respective applied voltages and
20 the type of device being made. The collective term source/drain region is used herein to generally
describe an active region used for the formation of either a source or drain.
MOS devices typically fall in one of two groups depending the type of dopants used to form
the source, drain and channel regions. The two groups are often referred to as n-channel and p-
channel devices. The type of channel is identified based on the conductivity type of the channel
25  which is developed under the transverse electric field. In an n-channel MOS (NMOS) device, for
example, the conductivity of the channel under a transverse electric field is of the conductivity type
associated with n-type impurities (e.g., arsenic or phosphorous). Conversely, the channel of a p-
channel MOS (PMOS) device under the transverse electric field is associated with p-type impurities
(e.g., boron).
30 A type of device, commonly referred to as a MOS field-effect-transistor (MOSFET),

includes a channel region formed in the semiconductor substrate beneath the gate area or electrode

1 .



30 A type of device, commonly referred to as a MOS field-effect-transistor
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As the distance between the source region and the drain region of the MOSFET (i.e., the

25 physical channel length) decreases, in the effort to increase circuit speed and complexity, the
junction depth of source/drain regions must also be reduced to prevent unwanted source/drain-to-
substrate junction capacitance. However, obtaining these smaller junction depths tests the
capabilities of current processing techniques, such as ion implantation with activation annealing
using rapid thermal annealing. Rapid thermal annealing typically involves heating the silicon wafer,

30 after implanting, under high-intensity heat lamps. Implanting or doping creates an amorphitizes the
silicon substrate, and the activation annealing is used to recrystallize the amorphitized silicon region.

As a result of the limitations of rapid thermal annealing, laser thermal annealing is being
implemented, particularly for ultra-shallow junction depths. Laser thermal annealing may be
performed after ion implantation of a dopant and involves heating the doped area with a laser. The

35 laser radiation rapidly heats the exposed silicon such that the silicon begins to melt. The diffusivity
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temperature to reduce dopant deactivation.

In a further aspect of the present invention, the source/drain extensions can have a depth of

about 5 to 30 nanometers, and the source/drain regions can have a depth of about 40 to 100
25 nanometers. Additionally, the temperature at which the nickel silicide is formed is from about 350
to 500°C.

Additional advantages of the present invention will become readily apparent to those skilled
in this art from the following detailed description, wherein only the iareferred embodiment of the
present invention is shown and described, simply by way of illustration of the best mode

30 contemplated for carrying out the present invention. As will be realized, the present invention is
capable of other and different embodiments, and its several details are capable of modifications in
various obvious respects, all without departing from the invention. Accordingly, the drawings and

description are to be regarded as illustrative in nature, and not as restrictive.
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20 devices are separated on the silicon substrate using isolation structures, such as a field oxide or a

shallow isolation trench (not shown). v
A shallow isolation trench, for example, can be formed by etching either isotropically with
wet techniques or anisotropically with dry etch techniques. An oxide is thereafter deposited within
the trench. As an alternative to the shallow isolation trench, a field oxide can be formed. A field
25 oxide is typically formed via thermal oxidation in an oxygen-steam ambient at temperatures from
about 850 to 1050°C. A patterned, oxidation-resistant mask can be used to prevent oxidation of non-
isolation device regions. After formation of the field oxide, the mask is removed using known
techniques, for example hot phosphoric acid for a silicon nitride mask or buffered hydrofluoric acid

. for a pad oxide mask.

30 In Fig. 1A, a gate oxide 16, comprised of silicon dioxide, is formed on the top surface of the
substrate 10, for example, using thermal oxidation at temperatures from about 700 to 1000°C in an

oxygen-steam ambient. Although not limited in this manner, the gate oxide 16 can have a thickness
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define ﬂoﬁ%ﬂﬂ@ﬁ ﬁy&l 18Ghé %eundeﬂymg portions of the gate oxide 16. After etching, the remaining
portion of the polysilicon layer 18 provides a gate electrode 24 having opposing vertical sidewalls
26, 28. Although not limited in this manner, the width of the gate electrode 24 between the
sidewalls 26, 28 can be from about 50 to 250 nanometers.
25 In Flg 1D, the photoresist 22 is stripped, and lightly doped (ILDD) source/drain extensions

30, 32 are formed by an ion implantation, as represented by arrows 34. The jon implantation may be

an n-type dopant, such as arsenic or phosphorus, if an NMOSFET is desired, or a p-type dopant,
such as boron, if a PMOSFET is desired. Ilustrative examples of implant energies and dosages for
doping respectively range from about 2 to 20 keV and from about 5x10** to 3x10" dopants/cm®.
30 The source/drain extensions 30, 32 are formed within the substrate 10 immediately adjacent to the
sidewalls 26, 28 and are self-aligned with the gate electrode 24. After implantation, annealing can
be conducted to activate the source/drain extensions 30, 32 and to recrystallize the extensions.
Alternatively, the annealing can occur after the formation of the source/drain regions. Typically, the
source/drain extensions 30, 32 extend down from the surface of the silicon substrate 10 to a depth of

35 about 5 nanometers to 30 nanometers.
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r espect i ali@pyghrtbmigeention is not limited in this manner, and the energy and power of the laser can vary

in accordance with different applications. Typically, the source/drain regions 40, 42 extend down
from the surface of the silicon substrate 10 to a depth of about 40 nanometers to about 100
25 nanometers. :

After the silicon bas been melted, which is for approximately 30-100 nanoseconds, the
silicon will cool rapidly, within about one microsecond, and the silicon will reform epitaxially. In
so doing, damage caused by the implant process will be removed. The energy fluence of the laser at
the surface determiﬁes the melt duration that occurs at the surface, and melt duration is related to

30 maximum melt depth. The relationship between melt time and maximum melt depth depends on the
temporal profile of the laser beam. Precise control of junction depth is possible due to the capability
of measuring the full width height maximum (FWHM) of the laser and the surface melt duration
during the process. Relatively large changes in the energy fluence are required to create small
changes in the maximum melt depth. The dosage is controlled by the total melt time. The total melt

35 time can be varied by varying the number and/or energy of the laser pulses. For example, a fluence



15 from about 10 keV to 60 keV and from about 1x1014 to 5x1014 dopants/cnR.
The doping of the source/drain regions 40, 42 anorphitizes the silicon,
whi ch nust then be recrystallized to activate the source/drain regions 40,
42. In Fig. iF, after inplantation of the source/drain regions 40, 42,
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In Fig. 11, the unreacted nickel layer 46 over the sidewall spacers 36, 38 is removed. For

example, the unreacted nickel layer 46 can be removed using a wet chemical etch. The wet
chemical etch preferably exhibits high selectivity for the unreacted metal 46 relative to the silicide
25 48. In current embodiments of the invention, the etch is a sulfuric peroxide mixture H,SO4:H,0,
(3:1) with deionized HyO at a temperature of about 100°C. The removal rate of nickel at the 3:1
ratio is about 1,000 nanometers/minute,
By fqrming nickel silicide over the source/drain regions, which are activated by laser
thermal annealing, the source/drain regions are subjected to a low post-activation temperature
30 furnace annealing process. Advantageously, this low-temperature process reduces deactivation of
dopants within the source/drain regions.
The present invention can be practiced by employing conventional materials, methodology
and equipment. Accordingly, the details of such materials, equipment and methodology are not set
forth herein in detail. In the previous descriptions, numerous specific details are set forth, such as

35 specific materials, structures, chemicals, processes, etc., in order to provide a thorough



10 42. This process involves bl anket depositing a | ayer of nickel 46 over
the gate electrode 24 and the source/drain regions 40, 42 of the substrate
10. An illustrative exanple of a process capable of depositing the |ayer
of nickel 46 is physical vapor deposition (PVD) froma nickel target. The

t hi ckness of the nickel |ayer 46 can be from about 8 tq%@gan@ﬁpneters, and
nost preferably from about 12 to 18 nanonmeters. 15 In t he ni ckel

| ayer 46 is transforned into nickel silicjde 48 b ther
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current enbodi ments of the invention, the etch is a sulfuric peroxide

m xture H2SO4: H202 (3:1) with deionized H20 at a tenperature of about

100C. The renoval rate of nickel at the 3:1 ratio is about 1,000

nanoneters/ mnute. By form ng nickel silicide over the source/drain

regions, which are activated by |laser thermal annealing, the source/drain

regions are subjected to a | ow post-activation tenperature 30 furnace

anneal i ng process. Advantageously, this | owtenperature process reduces

deactivation of dopants within the source/drain regions. The present

i nvention can be practiced by enpl oying conventional materials, nethodol ogy

and equi pment. Accordingly, the details of such materials, equipnment and

nmet hodol ogy are not set forth herein in detail. In the previous
descriptions, nunerous specific details are set forth, such as 35 specific
materials, structures, chem cals, processes, etc., in order to provide a

t horough 7 21 APR 2006 understanding of the present invention. However, it
shoul d be recogni zed that the present invention can be practiced wthout
resorting to the details specifically set forth. In other instances, well-
known processing structures have not been described in detail, in order not
to unnecessarily obscure




5 the present invention. Only the preferred enbodi nent of the present

i nvention and but a few exanples of its versatility are shown and
described in the present disclosure. It is to be understood that the
present invention is capable of use in various other conbinations and
environments and is capable of changes or nodifications within the scope
of the inventive concepts as expressed herein. 8 CLAIMS: 2 1 APR 2006 1. A
netgggéﬁéﬁganufacturing a sem conduct or devi ce, conprising1mp@gmgeps of :
for ate el ectrode 24 over a substrate 10 and a gate oxide 16 between
the gate electrode 24 and the substrate 10; inplanting dopants 44 within
the substrate 10 to form source/drain regions 40, 42 in the substrate 10
pr oxilnat e A methed of maauiaresing 8 gemxgndycieradevics eqomrisfigtbasepyei o activate the

i sposed ONTERG SBlY clPedthe PG 4 30088 0B ATaS RGP 1Bt g

f or meRg@rodePt amictho deisstratesioep of anneal ing at tenperatures from 350 to 500
T. 2. The _nethod of manufacturing a sem conductor d}avi,ce acco gto claim

) Ct | di
1, wher ei AMBRAHNE ApRand 44 MIthis the Sebvtiie ) o Bpm; SREIC BN FealPRsy %f“adéﬁ%%i ting
ni ck J [=1] j.ons 40, 42. 3. The nethod of
manugggsﬁgﬁeﬂ\r@rgglggaﬁ@gﬁggggtggrﬁbg%%cle%é according to claiml1, wherein said
ni ckel si llaser therrhal ramhending teactivatel thel ssuree/dhaeyregibonslépddi andhg about 8 to 20
nanonet ers, of, ni ckel 4§,, ver t%ﬁ sourﬁe/d ain regi ons 40, ﬁ§4.4. The
met hod of IPRENDE AcHeke] sHicideslanir s disRessH oo sause/ Bpyrsaiotsst ity S
cl ai o ifici g8 i 8PS aRPA RRA A5@tNsXxicensi ons
30, %d%ﬁél{?hgﬁg&%grﬁg{ﬁestl {Haag}dggggtteﬁbfgﬁ}[eﬁgn%%e gl gctrode 24 and form ng
sidewal | spacers 36, 38 adjacent to the gate electrode 24. 5. The method of

factur] 1 t devi i t 1 ai in th
our do! dr A eSthaFE) BRETGI S R on R B eeBpt s Foimd RARSHEE s. o
The grbRpdiiclic TBMAULASEYThdIEIER aSREP SONPUSIHAE nltRY] £0R% €Y SHuR@/dr@inaayiogae of

clainms 1 to 5, wherein the source/drain regions 40, 42 have a depth of
aboutt0442.t o 100 nanoneters. 9 21 APR 2006

3. The method of manufacturing a semiconductor device according to claim 1, wherein said
nickel silicide forming step includes a step of depositing about 8 to 20 nanometers of nickel 46

over the source/drain regions 40, 42.

4. The method of manufacturing a semiconductor device according to any one of claims 1 to
3, further comprising steps of forming source/drain extensions 30, 32 in the substrate 10 adjacent

to the gate electrode 24 and forming sidewall spacers 36, 38 adjacent to the gate electrode 24.

5. The method of manufacturing a semiconductor device according to claim 4, wherein the

source/drain extensions 30, 32 have a depth of about 5 to 30 nanometers.

6. The method of manufacturing a semiconductor device according to any one of claims 1 to

5, wherein the source/drain regions 40, 42 have a depth of about 40 to 100 nanometers.




7. The nmethod of manufacturing a sem conductor device according to any one
of claine 1 to 6, wherein said step of form ng source/drain regions 40, 42
anorphitizes a region in the substrate 10. 8. The method of manufacturing
a sem conductor device according to claim?7, wherein said step of
activating the source/drain regions 40, 42 by |aser thernal] fakiRe®li ng nelts
the anorphitized region and not crystalline silicon. 9. A nethod of

manuf.act ur.i n sem conduct or devi.ce accordi.ng to any. one of ¢l ains to 8,
wherdin 1 1S AT OR e TP e REET IO 1os BB lSBs B 1 o

manufea Ghbfeinéi@stef BT fFRMUMCIoRakceftR¥inGEgiaRsL AT, AR Rehdrphifika arBe%i,on\Mi\Qfe%thtﬁﬁé d
step of formng a nickel silicide |ayer 48 di sposed on the source/drain
regi dfs 40, 42 is after said step of l|aser thermal annealing of the
source/drain regions 40, 42. 11. The nmethod of manufacturing a

sem conductor device according to claim1, wherein said nickel silicide

fornmgng step nmdkddeRsatufséteiin®l sanieeadichd dvict abuediat v kit | vherein said
tenperature at _which deactivation of the dopants in the source/drain

regi 6P 2D activatingcthe sayree/Araipesi@nsi4Orlrubyciesen fyrmalvermaing dieks iRkict or
devi ISk of ... formng a gate el ectrode 24 over a
subs%?né) {}%Jdgﬁ%lggag&z;?% %gﬁggﬁlghﬁ%}fween the gate electrode 24 and the
substrate 10; form ng source/drain extensions 30, 32 in the substrate 10

adj acent to the gate el ectrode at dept h, of abqut 5 to 30 nonet ers;
formhg fik gﬂ@t}@ﬁ@?’%ﬁawﬂa@wﬁmﬁoglg%%& V%,acggggajtae@htmq %fn @%@ggét) &
el eCt&lfégﬁnﬁl%?serﬂiéHﬁldﬁ&Bfﬂ%M@B@E@%e%i%e.‘“‘ thin the substrate 10 to form

r

source ain regions 40, 42 in the substrate 10 adjacent to the sidewall
spacers 36, 38 at a depth of about 40 to 100 nanoneters; |aser therna

annealin O acfiyvate t squrce/drai n regjons 40, .42; epqsiting a.layer
o rbcor 118 raghed Bt R arER SrCPRhHLldne agralig o shRBdy Mgt aid °
t enPeEAL HESnihE ARIARP Silicide tayleP 48 Qgp&eaigfnrfgg séﬁlrgé? BlairStebidnk 46, 46 ftedbhid

di sposed on the source/drain regions
step of laser thermal annealing of the source/drain regions 40, 42.

11.  The method of manufacturing a semiconductor device according to claim 1, wherein said
nickel silicide forming step includes a step of annealing at temperatures below a temperature at

which deactivation of the dopants in the source/drain regions 40, 42 occur.

12. A method of manufacturing a MOSFET semiconductor device, comprising the steps of:
forming a gate electrode 24 over a substrate 10 and a gate oxide 16 between the gate
electrode 24 and the substrate 10;
forming source/drain extensions 30, 32 in the substrate 10 adjacent to the gate electrode at
a depth of about 5 to 30 nanometers;
forming first and second sidewall spacers 36, 38 adjacent to the gate electrode 24;
implanting dopants 44 within the substrate 10 to form source/drain regions 40, 42 in the
substrate 10 adjacent to the sidewall spacers 36, 38 at a depth of about 40 to 100 nanometers;
| laser thermal annealing to activate the source/drain regions 40, 42;
depositing a layer of nickel 46 over the source/drain regions 40, 42; and
annealing at temperatures from about 350 to 500 °C form a nickel silicide layer 46

-disposed on the source/drain regions 40, 42.
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