LOW TEMPERATURE POST- DOPANT ACTI VATI ON PROCESS FI ELD OF THE | NVENTI ON The
present invention relates to the manufacturing of sem conductor devices,
and nore particularly, to post-laser anneal processes that prevent dopant
deactivation. BACKGROUND OF THE I NVENTION 5 Over the |ast few decades, the
sem conductor industry has undergone a revolution by the use of

sem conduct or technology to fabricate small, highly integrated el ectronic
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rr;aln_uf actured having various applications in nunerous disciplines. One
silicon- %‘Rﬂ%’i‘ﬁt device is a netal -oxi de-sem conductor (MOS) 10
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MOS sem conductor device generally includes a sem conductor substrate on

whi ch a %&@ﬁﬁﬁﬁb@ThﬁﬂVﬁﬁ? . The gate el ectrode, which acts as a
conductor, Teceives an 1 nput signal to control operation of the device.
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(e.g., boJO%(ﬁ‘l)CtiVity. The conductivity of the doped region depends on the type of impurity used to dope the

region. The typical MOS transistor is symmetrical, in that the source and drain are interchangeable.
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
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30 A type of device, commonly referred to as a M3XS field-effect-transistor
(MOSFET), includes a channel region forned in the sem conductor substrate
beneath the gate area or electrode 1 and between the source and drain
regions. The channel is typically lightly doped with a dopant having a
conductivity type opposite to that of the source/drain regions. The gate
electrode is generally separated fromthe substrate by an insulating
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As the distance between the source region and the drain region of the MOSFET (i.e., the
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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



using rapid thermal annealing. Rapid thermal annealing typically involves
heating the silicon wafer, 30 after inplanting, under high-intensity heat

| anps. I nplanting or doping creates an anorphitizes the silicon substrate,
and the activation annealing is used to recrystallize the anorphitized
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Accordingly, a need exists for inproved post -dopant activation processes
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dept h of 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 preferred 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.



about 5 to 30 nanoneters, and the source/drain regions can have a depth of
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substrate using | 50 at| on structures, such as a oxi de or
orientation and which has been slightly doped with n-type or p—type impurities. Separate MOS

20 devices are separated on the silicon substrate using isolation structures, such as a field oxide or a
shallow isolation trench (not shown).

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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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 Fig. 1D, the photoresist 22 is stripped, and lightly doped (LDD) source/drain extensions
30, 32 are formed by an ion implantation, as represented by arrows 34. The ion 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. Illustrative examples of implant energies and dosages for
doping respectively range from about 2 to 20 keV and from about 5%10™ 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.



the gate electrode. 20 In Fig. 1C, an etch, typically anisotropic, is
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although the 1nvent10n 18 not 11mlted 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 has 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 determines 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



heavily doped. Illustrative exanples of inplant energies and dosages for

dopi ng respectively range 15 from about 10 keV to 60 keV and from about 1 X

1014 to 5XI Ol4 dopants/cm~. The doping of the source/drain regions 40, 42

anorphitizes the silicon, which nust then be recrystallized to activate

t he source/drain regions 40, 42. In Fig. IF, after inplantation of the

source/drain regions 40, 42, these regions are activated using a |aser
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to nelt a anor pnous si an not ne crystalline silicon.
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 H,O at a temperature of about 100°C. The removal rate of nickel at the 3:1
ratio is about 1,000 nanometers/minute.
By forming 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



In Fig. 1G nickel silicide is formed follow ng the creation of the
source/drain regions 40, 10 42. This process invol ves 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 capabl e of
depositing the |ayer of nickel 46 is physical vapor deposition (PVD) froma
ni ckel target. The thickness of the nickel |ayer 46 can be fromabout 8 to
20 n an oneidersandiagdf tﬁlﬁ@tesqmlt efvemtmbl Hofveem it shiouldtbe Terogrizefighas e Phgserieventa |
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| ayer 46 can be renoved using a wet chenlcal etch The wet chem cal etch
preferably exhibits high selectivity for the unreacted netal 46 relative to
the silicide 25 48. In current enbodi ments of the invention, the etch is a
sul furic peroxide m xture H2ZSO4: H202 (3:1) with deionized H20 at a
tenperature of about 100'C. The renoval rate of nickel at the 3:1 ratio is
about 1,000 nanoneters/mnute. By formng nickel silicide over the
source/drain regions, which are activated by |aser 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 invention can be practiced by enpl oying conventional materials,

nmet hodol ogy and equi pnment. Accordingly, the details of such materials,

equi pnent and net hodol ogy are not set forth herein in detail. In the
previ ous descriptions, nunerous specific details are set forth, such as 35
specific materials, structures, chemcals, processes, etc., in order to

provi de a thorough 7 understandi ng of the present invention. However, it
shoul d be recogni zed that the present invention can be practiced w thout
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 ment of the present invention 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
conbi nati ons and environnents and is capable of changes or nodifications
wi thin the scope of the inventive concepts as expressed herein. Wat is
claimed is: 1. A nethod of manufacturing a sem conductor device, conprising
t he 5teD§¥ﬁ§isd£ﬁE Lhg a gate electrode 24 over a substrate 10 and a gate
oxi de 16 between the gate 5 electrode 24 and the substrate 10; inplanting
dopants 44 within the substrate 10 to form source/drain regions 40, 42 in
the substrate 10 PUOKLIRS 6 difhulddfirfah CenfibSiAkiBIRyieA vahfinaly iR
annealing to activate the source/drain regions 40, 42; ané formng a

ni ckel silicide | afeminss ghtsgensiode Fhovehesubsitate H) ahdai gateroige daketween thogata o 2.

The nethod of BN e@g%ﬂ{h@gﬂgu%g@bconductor devi ce according to claim1,
wherein said nickel silicide forning step includes a stzg of anneal ing at

t enper at ur es bel owimplartingaiopants 44 within {hiselistrefe 4 td fpam pawcelkaip FeiogpAArEdn i n
the source/dr g uﬁﬁﬁkﬂ%§>%%mméaﬂﬂgg#éda%gdg > method of manufacturing a -

sem conduct or 'gevi cé accor Ing to claim 2, erein the tenperature of said
ni ckel silicide fodasatthenmabanapaling tq gctimatatio geurghlaip seaBped), 425a01d.  The net hod

of manuf acturi ng af§ﬁﬁh§g¢§’ﬁi@l¥é‘f§iﬁ&fi€§y&g§ 4528 B 9 sbiBechdrth lons papei n - sai d

nickel silicide formng step Inc es a step o epositing about 8 to 20
nanoneters of nickel 46 over the source/drain regions 40, 42. 5. The
nmet hd@ of nand# act (Fhiemegthed SEMPRERIIEE G seHiEYIdBlondYise drRElingdo €l fn viherein

further .oq %’i{%}%hﬂgie%&%ﬁﬁ% Qbp Q08 A9 ¢ep QHAGRAINLA RuPXhRR} HORY a3Bmpidudet t he
jacent to th 0

substrate 10 adj ace e gate 20 electrode 24 and form ng sidewal
spacer s 36ichaBaciigptinne thetdopantian figtseured/dainpegens A9, 42@ccifhe et hod of
manuf acturi ng a sem conduct or device according to claimb5, wherein the

source/drai n ext ensiRRgda of AeniFa&ind ad6RicbhdattoPRRe aootdngdd cRENO WSS . 7.
The net hod of nanufacturlqg a sem conductor_device according to claimb5,

wher ei n  thefempeseireef sridnigkel aifpige Sormegionstep pfyem abge o 890" Sbout 40 to 100
nanonet ers.

15 4. 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.

5. The method of manufacturing a semiconductor device according to claim 1, further
comprising steps of forming source/drain extensions 30, 32 in the substrate 10 adjacent to the gate

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

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

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

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

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

25 8. The method of manufacturing a semiconductor device according to claim 1, wherein

said step of forming source/drain regions 40, 42 amorphitizes a region in the substrate 10.

9. The method of manufacturing a semiconductor device according to claim 8, wherein
said step of activating the source/drain regions 40, 42 by laser thermal annealing melts the

amorphitized region and not crystalline silicon.



25 8. The nethod of manufacturing a sem conductor device according to claim
1, wherein said step of form ng source/drain regions 40, 42 anorphitizes a
region in the substrate 10. 9. The nethod of manufacturing a sem conductor
device according to claim8, wherein said step of activating the
source/drain regions 40, 42 by laser thermal annealing nelts the
anorphitized region and not crystalline silicon. 9 10. A nethod of

manuf acturi ng a MOSFET sem conduct or device, conprising the steps_of: 5
forming a gatd0el edt meflied ofAnasutseturnguMOISFRT semigongyetondeyice <LoBRrisaS 18 St5Bt ween
the gate el ectrode 24 and the substrate 10; form ng source/drain
extensions 30, 32 in the substrate 10 adjacent to the gate _electrode 24 at
a depth of about 5 formirBe gréadentrods 24 oveio Fbsigater 1029 2 gAlg oyéeé%et@?fa]é&%%e

spacers 36, 3 Q. oiHie 19%8.€ el ectrode 24; 10 inplanti ng dopants 44
wi thin the su%??t?%?%%d&l S"% or%n source/drain regions 40, 42 in

substrate 10 adj acdorming squies/dsiial@wtghsions fife 87 §n 38 subgiraie 19 adispnk t‘thea%ﬁS‘?Jt 40
to 100 nano”%e@&%ie%%?%ﬁeﬁtﬂﬂ' F@dts@@%?ahb eIrso activate the source/drain
4

regions 40 ayer of ni c 46 over the source/drain
regi ons 40, 42; andOﬁ;Iﬁnaﬁmaf%uﬂ|S6:139ndaildq“"étifhﬁéﬁrcaltsGﬁe?sg affjaeant igboigatadestioqe ZH0C to

f4(2)r mlﬁ) nickel sili Cfngﬁném%yd%ﬁan%@l&l FHRPER Schsite 1O R BRN ERedefii@h ReolcBILOMS it 0,
- 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

15 annealing at temperatures from about 350 to 500°C to form a nickel silicide layer 46

disposed on the source/drain regions 40, 42.
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