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SELECTIVE LASER ANNEALING PROCESS FOR BURIED REGIONSIN A MOS DEVICE

TECHNICAL FIELD

[0001] Embodiments of the present invention relate to MOS transistors and
more particularly relate to selectively annealing regions after they are buried by
subsequently formed layers.

BACKGROUND

[0002] While laser "melt" anneal processes for transistors are known, they
are not typical in high volume logic device manufacturing. One forecasted
application of apulsed laser anneal process isto melt material and advantageously
increase the activation of dopants relative to other forms of anneal where the
semiconductor is not melted. Transistor parametrics, such as external resistance
(R.x), Specific contact resistance (R.), etc. may be improved through such melt
anneals. However, one challenge isretaining the high activation levels achieved by
the melt anneal as the transistor is processed through aremainder of the
manufacturing process because post-melt thermal processes tend to deactivate
super-activated regions.

[0003] Other challenges of laser melt anneal include pattern effects,
maintaining gate metal integrity and/or gate oxide integrity during the melt process,
and retaining morphology post-melt (particularly where the transistor has anon-
planar architecture).

[0004] Techniques and the resulting structures that overcome some or all of

these challenges is therefore advantageous.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Embodiments of the present invention are illustrated by way of
example, and not by way of limitation, and can be more fully understood with
reference to the following detailed description when considered in connection with

the figures in which:
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[0006] Figure lisaflow diagram illustrating amethod including alaser
anneal of aburied gate electrode, in accordance with an embodiment;

[0007] Figures 2A-2E are cross-sectional depictions of an exemplary
embodiment of the method illustrated in Figure 1;

[0008] Figure 3isaflow diagram illustrating a method including a laser
anneal of aburied source/drain, in accordance with an embodiment;

[0009] Figure 4 isaflow diagram illustrating a method of selectively
annealing aburied source/drain, in accordance with embodiments;

[0010] Figures 5A-5E are cross-sectional depictions of an exemplary
embodiment of the method illustrated in Figure 3;

[0011] Figures 6A, 6B are cross-sectional depictions of an exemplary
embodiment of the method illustrated in Figure 3;

[0012] Figures 6C, 6D are cross-sectional depictions of an exemplary
embodiment of the method illustrated in Figure 3;

[0013] Figures 7A, 7B are cross-sectional depictions of an exemplary
embodiment of the method illustrated in Figure 3; and

[0014] Figure 8isafunctiona block diagram of acomputing device
employing MOS transistors fabricated in accordance with an embodiment of the

present invention.

DETAILED DESCRIPTION

[0015] In the following description, numerous details are set forth, however,
it will be apparent to one skilled in the art, that the present invention may be
practiced without these specific details. In some instances, well-known methods
and devices are shown in block diagram form, rather than in detail, to avoid
obscuring the present invention. Reference throughout this specification to "an
embodiment” means that aparticular feature, structure, function, or characteristic
described in connection with the embodiment isincluded in at least one embodiment
of the invention. Thus, the appearances of the phrase "in an embodiment” in
various places throughout this specification are not necessarily referring to the same
embodiment of the invention. Furthermore, the particular features, structures,

functions, or characteristics may be combined in any suitable manner in one or more
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embodiments. For example, afirst embodiment may be combined with a second
embodiment anywhere the two embodiments are not mutually exclusive.

[0016] The terms "coupled" and "connected,” along with their derivatives,
may be used herein to describe structural relationships between components. It
should be understood that these terms are not intended as synonyms for each other.
Rather, in particular embodiments, "connected” may be used to indicate that two or
more elements are in direct physical or electrical contact with each other.
"Coupled" my be used to indicated that two or more elements are in either direct or
indirect (with other intervening elements between them) physical or electrical
contact with each other, and/or that the two or more elements co-operate or interact
with each other (e.g., asin acause an effect relationship).

[0017] Theterms"over," "under," "between," and "on" asused herein refer
to arelative position of one material layer with respect to other layers. Assuch, for
example, one layer disposed over or under another layer may be directly in contact
with the other layer or may have one or more intervening layers. Moreover, one
layer disposed between two layers may be directly in contact with the two layers or
may have one or more intervening layers. In contrast, afirst layer "on" a second
layer isin direct contact with that second layer.

[0018] Described herein are microelectronic devices fabricated with
techniques includes alaser anneal of regions of the device that are buried under
overlying materials, such as an interlayer dielectric (ILD). In embodiments, melting
temperature differentiation is employed to selectively melt aburied region. In
embodiments, aburied region includes at least aportion of agate electrode, or a
least aportion of a source/drain region. In embodiments, laser anneal is performed
after contact formation with contact metal coupling energy into the buried layer for
the anneal.

[0019] Whereas in conventional laser anneal, aregion to be annealed is
directly irradiated with laser energy, for the embodiments described herein, laser
annealing is performed later in the manufacturing process such that the region to be
annealed is buried beneath subsequently deposited thin films. In first embodiments,
an overlying thin film isirradiated with energy being coupled through the overlying

thin film to the region to be annealed. In other embodiments the overlying layers
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may be transparent to the incident laser and serve only to maintain the morphology
of the buried region. By performing the laser anneal later in the manufacturing
process one or more of dopant activation, crystallinity, morphology, or phase of the
annealed region is set after other thermal treatments that would otherwise degrade
the region are completed (e.g., apmos anneal is performed after an nmos
formation). One or more of dopant activation, crystallinity, morphology, or phase
of the annealed region may therefore be improved in the completed device to affect
reduced R_, or reduced series
resistance (Ry), etc. Pattern effects associated with laser anneal are also reduced in

aparametric improvement, such asreduced R,
the embodiments where a deposited metal thin film (e.g., contact metal) serves to
couple the laser energy into the buried region(s). With ametal thin film, laser
energy isreadily coupled into localized regions of the microelectronic device with
which the metal thin film isin contact with. As such, techniques described herein
are applicable for laser annealing any buried region disposed below a deposited
layer, whether transparent or opague to the laser employed.

[0020] Figure lisaflow diagram illustrating amethod 100 including a
laser anneal of aburied gate electrode, in accordance with an embodiment.
Although method 100 isdirected at aexemplary metal-oxide-semiconductor (MOS)
field effect transistor (FET), one of ordinary skill may readily apply the techniques
described in the context of the MOS transistor to the fabrication of other
microelectronic devices. Figures 2A-2E are cross-sectional depictions of an
exemplary planar MOSFET embodiment of the method illustrated in Figure 1. One
of skill in the art will appreciate that aplanar FET ismerely for illustration as other
FET architectures, including non-planar (fin)FETs, nanowire FETSs, and the like.

[0021] Referring to Figure 1, method 100 begins with forming a gate stack
at operation 105. The gate stack includes at least a gate electrode material disposed
over a semiconductor channel region with agate dielectric disposed there between.
The gate electrode material may include one or more doped semiconductors (e.g., p-
type or n-type poly-silicon) and/or include one or more metals. Figure 2A illustrates
one exemplary embodiment where a gate stack 206 includes a gate metal 205A
disposed on agate dielectric 204 over a semiconductor channel region 203. Inthe

exemplary embodiment, the semiconductor channel region 203 consists essentially
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of silicon, but may also be an alloy of silicon (e.g., SiGe), consist essentially of
germanium, consist essentially of agroup 111-V semiconductor”. g., GaAs, InGaAs,
etc.), or agroup I11-N (eg., GaNJnGaN, etc.). Inthe exemplary embodiment, the
gate dielectric 204 is a high-k dielectric having adielectric constant above that of
silicon nitride (e.g.,Hf02, etc.), though silicon dioxide and silicon nitride may also
be utilized. Disposed on either side of the gate stack 206 is adielectric spacer 208
and a source/drain 210. In the exemplary embodiment, the source/drain 210 is
doped and activated (e.g., n-type for an NMOS device and p-type for aPMOS
device introduced with aconventional implant and activated by any conventional
furnace thermal anneal, rapid thermal anneal, microwave anneal, flash anneal, or
laser anneal). An ILD 220 (e.g., carbon doped silicon dioxide) is disposed over the
source/drain 210.

[0022] The gate electrode may either be a single material (e.g., poly-Si or a
single metal) or include aplurality of material layers to form a gate electrode
stack(e.g., astack of metals). For embodiments where the gate electrode isasingle
material, post-gate electrode formation processing, such as implantation and
alloying, may be utilized to tailor the effects or limit the extent of a subsequent laser
anneal to the entire gate electrode thickness or to only aportion of the gate
electrode. Such processing may be performed while the entire length of gate
electrodes are exposed (e.g., out of the page in Figure 2B) or while only portions to
be contacted by upper levels of metal are exposed to the post processing (e.g., after
formation of a contact opening exposing the gate electrode). 1n the embodiment
illustrated by Fig. 2B for example, while atop surface of the gate metal 205A is
entirely exposed, an implant 230 is performed to modulate the melting temperature
of aleast aportion of the thickness of the gate metal 205A. In one such
embodiment, the implant reduces the melting temperature of atop portion of the
gate metal 205A above an implant depth D; (e.g., a Xenon implant may be
performed to lower the melting temperature of agate metal 205A comprising
Tantalum.

[0023] In an alternative embodiment, an alloying metal may be deposited on
the gate 205A to modulate the melting temperature of at least a portion of the gate

metal 205A. Such modulation may serve to render a subsequent laser anneal
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selective to the gate electrode relative to surround material, or selective to afirst
portion of the gate electrode relative to a second portion. The alloy formed may
render the alloyed portion with ahigher melting temperature than the unalloyed
portion, or render the alloyed portion with alower melting temperature than the
unalloyed portion. In one embodiment, an aluminide of the gate metal isformed on
atop thickness of the gate metal and the aluminide has alower melting temperature
than an underlying portion of the gate metal 205A.

[0024] For embodiments where the gate electrode includes aplurality of
gate metals, selection of the particular gate metals may be utilized to achieve one or
more of gate metal grain growth, gate metal phase change, gate metal reflow, or
gate metal work function modulation over only aportion of the gate electrode
thickness during a subsequent anneal. For example, in one embodiment where a
gate electrode includes awork function metal and a capping metal, the capping
metal has alower melting temperature than the work function metal so that a
subsequent laser anneal affects the capping layer without significantly altering the
work function metal. For either single material gate electrode embodiments or
multi-layered gate electrode embodiments, the gate stack 206 may further entail a
silicidation (salicidation) of the gate electrode where asilicide isformed on atop
thickness of the gate metal (e.g., for forming acontact to the gate stack 206).

[0025] Returning to Figure 1, at operation 110, the gate electrode is covered
over with adeposited thin film, such asan ILD. Figure 2C illustrates an exemplary
embodiment where the ILD 240 is deposited on the gate metal 205A , thereby
burying the gate metal 205A. Any contact patterning process known in the art (e.g.,
aphotolithographic patterning and plasma etch of the ILD 240) may then be
performed to expose aportion of the top surface area of the gate electrode. Pre-
anneal processing of this exposed gate metal may then be performed. For example,
agate electrode implant may be performed to modulate a melting temperature of the
exposed surface of the gate electrode in preparation for alloying of an interface
between the gate electrode and a subsequently deposited gate contact metal.

[0026] At operation 120 (Figure 1), agate contact metal is deposited over
the gate electrode to make contact with the gate electrode. Asshown in Figure 2D,

acontact opening formed in the ILD 240 isfilled with a gate contact metal, such as
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tungsten, a stack of metals, etc. Following ablanket metal film deposition, thereis
acontiguous metal thin film 250 disposed over the substrate (e.g., over entire wafer
area) with the gate via 250A making contact down to the gate stack.

[0027] In an embodiment, the gate electrode is annealed by exposing the
gate contact metal to pulsed laser energy during operation 140 (Figure 1) and as
further illustrated for a gate metal embodiment in Figure 2D. The pulsed laser
energy may be provided by any laser anneal technique known in the art, employing
acommercialy available laser with the desired fluence, wavelength, pulse
frequency, etc., known to be applicable for achieving the desired annealing effect
(e.g., grain growth, phase change, reflow, work function modulation) in aparticular
gate electrode material.

[0028] Although the gate electrode isburied during the laser anneal,
material distinctions render the laser anneal selective. For example, a
semiconductor channel region 203 (Figure 2A) is not melted by the annealing of the
gate metal during the laser irradiation 260, although an entire thickness of the gate
metal 205A is melted and resolidified as annealed gate metal 205B. In other
embodiments, only aportion the gate electrode material having alowest melting
temperature ismelted. For example, where the gate electrode stack comprises a
capping metal disposed on awork function metal, the laser anneal at operation 140
melts only one of the capping metal or work function metal. As another example,
where the gate electrode comprises an implanted region only where the contact
opening is, an alloying between the gate contact metal and gate electrode is spatially
confied to the implant depth and to the surface area of the contact. It should also be
noted that even where no portion of the gate electrode thickness is melted, effects
such as changes in gate electrode work function, grain growth, etc. may ill be
achieved during operation 140. Because the laser anneal is performed after the gate
via 25n isformed, thermally induced degradation of the gate electrode material
properties that would otherwise be attributable to thermal cycles occurring between
the formation of the gate stack 206 and the formation of the gate via 250A may be
avoided.

[0029] Although the laser anneal of operation 140 may be performed after

patterning the contact metal, in advantageous embodiments the laser anneal is
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performed prior to patterning the contact metal to reducing patterning effects
typicaly associated with laser anneals. Retuning to Figure 1for example, the
device is completed at operation 150 using any techniques conventional to the
particular device (e.g., conventional MOSFET fabrication) beginning with
patterning the gate contact metal 250. Conventional techniques such as etching
(e.g., plasma) or planarization (e.g., CMP polishing) may be employed to remove
the gate contact metal overburden from the surface of the ILD 240 and leave the
metal filled gate via250A. Although a single damascene process isillustrated in
Figure 2E, other embodiments entail adual damascene process.

[0030] Figure 3isaflow diagram illustrating a method 300 including a
laser anneal of aburied source/drain, in accordance with embodiments. The method
300 begins at operation 301 with the formation of a source/drain. A gate stack is
then formed at operation 105, substantially as described elsewhere herein. At
operation 327, an ILD isdeposited and planarized. Depending on the embodiment,
an anneal of the barrier iseither performed prior to opening source/drain contacts in
the deposited ILD, or subsequent to deposition of source/drain contact metallization
into such openings in the ILD. These aternate embodiments are illustrated in
Figure 3 as operation 329 and operation 340 with source/drain contact metal being
deposited to contact the source/drain at operation 330. While it would be possible
to perform alaser annea at both operations 329 and 340, exemplary embodiments
employ alaser anneal at either operation 329 or operation 340.

[0031] Depending on the source/drain formation process at operation 301,
the subsequent laser anneal process at operations 329/340 may be made selective to
the source/drain or to only aportion thereof. Figure 4 isaflow diagram illustrating
amethod 400 of selectively annealing aburied source/drain as dependent on
whether operation 301 entails adoping of aportion of a semiconductor substrate
(e.g., to form aplanar source/drain in aMOSFET) at the operation 415A or entails a
deposition and doping of a semiconductor material on a substrate (e.g., to form a
raised source/drain of aplanar or non-planar MOSFET) at the operation 415B. As
shown in Figure 4, for embodiments where the source/drain comprises a single
semiconductor material, apre-amorphizing implant is performed at operation 440 to

amorphize the semiconductor material to adesired depth. Then at operation 442,
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the laser anneal melts only the pre-amorphized portion of the semiconductor
material.

[0032] Figures 5A-5E are cross-sectional depictions of an exemplary
embodiment of the method illustrated in Figure 3, where the pre-amorphizing
implant of operation 442 is employed in aplanar transistor architecture. In Figure
5A, the source/drain 510A isformed in the substrate on opposite sides of agate
stack 506 disposed over achannel region 203 and including agate dielectric 504
and gate electrode 505. For example, in an NMOSFET, an N-type dopant, such as
phosphorus or arsenic, may be implanted into the substrate 201. Or, ina
PMOSFET, an P-type dopant, such asboron, may be implanted into the substrate
210. An activation anneal isthen performed to electrically activate dopants within
the source/drain 510A. In embodiments, the activation anneal is at least one of a
furnace thermal anneal, arapid thermal anneal, amicrowave anneal, aflash anned,
or laser annedl.

[0033] In Figure 5B apre-amorphizing implant 530 (e.g., performed at
operation 442) includes one or more of abeamline ion implantation, an angled
implantation, or aconformal plasma implantation of an amorphizing species (e.g.,
silicon, germanium, xenon, etc.). The pre-amorphizing implant 530 forms an
amorphized region 510B down to an implant depth p2. In theillustrative
embodiment, the pre-amorphizing implant 530 is performed at apoint in the device
fabrication process where the source/drain 510A is un-buried (i.e., exposed) so that
substantially all of the surface area of the source/drain 510A is amorphized.

[0034] Asshown in Figure 5C, ILD layers 220 and 240 are deposited over
the source/drain 510A, burying the amorphized region 510B. A contact open
process (e.g., photolithographic patterning and plasma etch of the ILD layers 220
and 240) is then performed to expose a portion of the source/drain. In
embodiments, the pre-amorphizing implant 530 is performed following the contact
open process (e.g., with or without a sacrificial masking material) such that only the
portion of the source/drain surface area exposed by the contact opening is
amorphized. For example, where a selective aloying of acontact metal-to-
source/drain interface is desired, the pre-amorphizing implant may be limited in area

to only the area of the contact opening.
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[0035] A source/drain contact metal isthen formed to contact the
source/drain (e.g., at operation 330 in Figure. 3). Asillustrated in Figure 5D, a
source/drain contact metal 550 isblanket deposited over an entire surface of a
substrate and contacts the amorphized region of the source/drain through metal
filled openings (vias) 550B inthe ILD layers 220 and 240. In the exemplary
embodiment, with the source/drain contact metal still a contiguous metal thin film, a
pulsed laser anneal isperformed (e.g., at operation 442) exposing the source/drain
contact metal to energy 560 from any conventional laser source (e.g., pulsed)
operating with any conditions known in the art applicable for achieving the desired
anneal effect for the particular source/drain material state. For example, any of
melt, reflow, grain growth, activation of dopants, etc. may be achieved as dependent
on the irradiation parameters and the initial state of the source/drain material. In the
exemplary embodiment, effects of the laser anneal are selective to the amorphized
source/drain region 510B, for example causing the amorphized source/drain region
510B to melt and re-solidify to form a super-activated source/drain region 510C.

[0036] Retuning to Figure 3, the device is continued at operation 150 using
any techniques conventional to complete fabrication of the particular device (e.g.,
conventional MOSFET fabrication) beginning with patterning the source/drain
contact metal 250. Conventional techniques such as etching (e.g., plasma) or
planarization (e.g., CMP polishing) may be employed to remove the source/drain
contact metal overburden from the surface of the ILD 240 and leave the metal filled
source/drain via 250B. Although a single damascene process isillustrated in Figure
2E, other embodiments entail adual damascene process. Furthermore, while the
laser anneal of operation 330 is performed prior to patterning the source/drain
contact metal to reduce patterning effects of the laser irradiation, the laser anneal
may also be performed after patterning of the source/drain contact metal.

[0037] Figures 6A-6B are cross-sectional depictions of an exemplary
embodiment of the method illustrated in Figure 3, where the pre-amorphizing
implant of operation 442 is employed with anon-planar transistor architecture. As
shown in Figure 6A, on either side of a gate stack 606 a source/drain is formed
including adeposited source/drain semiconductor 610A raised above the

surrounding substrate 201. The deposited source/drain semiconductor 610A is
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formed on at least one surface of the substrate 201 which may itself be planar or a
fin structure. 1n embodiments, the deposited source/drain semiconductor 610A
includes an electrically activated dopants (e.g., n-type for an NMOS device and p-
type for aPMOS device) which may have been incorporated in-situ during the
deposition of the source/drain semiconductor 6 10A or implanted subsequent to the
deposition of the source/drain semiconductor 610A using conventional techniques.

[0038] In Figure 6A apre-amorphizing implant (e.g., performed at
operation 442) including one or more of abeamline ion implantation, an angled
implantation, or aconformal plasma implantation of an amorphizing species (e.g.,
silicon, germanium, xenon, etc.) is performed substantially as described for the
planar transistor embodiment to form an amorphize the deposited semiconductor
down to an implant depth 615 (which may be below atop surface of the substrate
201 as depicted in Figure 6A where the source/drain formation entails a backfilling
of source/drain recesses etched into the substrate 201).

[0039] Processing then proceeds substantially as described el sewhere herein
for the planar embodiment with deposition of ILD (e.g., layers 220 and 240),
contact opening, and source/drain contact metal deposition to form the source/drain
contact metal 550 and source/drain vias 550B. Laser anneal (e.g., at operation 442)
is then performed to expose the source/drain contact metal to energy 560 to achieve
any of melt, reflow, grain growth, activation of dopants, etc. within the now buried
source/drain semiconductor 610A. In the exemplary embodiment, effects of the
laser anneal are selective to the amorphized region above the implant depth 615, for
example causing the amorphized region to melt and re-solidify selectively to
surrounding deposited semiconductor and/or surrounding substrate 201 to form a
super-activated raised source/drain region 6 10B.

[0040] In one advantageous embodiment, where an amorphizing implant
amorphizes the entire semiconductor volume of araised source/drain, the entire
raised source/drain volume is melted by the laser anneal performed at operation 443
to form the super-activated raised source/drain semiconductor 610B. While it
would be difficult to melt an entire volume of the source/drain semiconductor 610A
immediately following deposition of the source/drain semiconductor 610A without

flowing the melt losing the raised morphology, with the laser anneal performed later
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in the process as described herein, the raised source/drain morphology of amelt is
maintained by surrounding dielectrics (e.g., ILD 220).

[0041] Figures 6C-6D are cross-sectional depictions of an exemplary
embodiment of the method illustrated in Figure 3, where the pre-amorphizing
implant of operation 442 is employed with anon-planar transistor architecture to
provide the structure in Figure 6C substantially as described elsewhere herein for
Figure 6A.

[0042] Asshown in Figure 6D, alaser anneal 5600f the source-drain is
performed after deposition of the inter-layer dielectric (ILD). Inthe exemplary
embodiment wherein the ILD is transparent to the incident radiation (e.g., when a
visible or C(% laser is employed), the source/drain 601B is melt annealed by direct
heating selective to the amorphized region/region with the lowest melting point. In
this embodiment, the ILD 240 (and any other intervening layers) encapsulate the
melted region and preserve morphology before and after the melt anneal process.
Depending on the implementation, other advantages may include dose preservation
(by encapsulating the source-drain 610A prior to anneal) or increased activation (by
performing the anneal after other high temperature processes are complete).

[0043] In one such embodiment, a SiGe raised source-drain 610A with high
in-situ boron isformed in aPMOS device. Fabrication continues through
conventional NMOS formation in which afurnace anneal activates an As-implanted
conventional source-drain (e.g., at operation 301). A pulsed laser anneal with a
visible laser is performed after ILD oxide deposition (e.g., at operation 327),
directly heating the PMOS source/drain 610A and selectively melting the low T |
SiGeregion. The encapsulating ILD 240 prevents SiGe deformation during annesal
and prevents boron dose loss. Because the laser anneal is performed after NMOS
formation, the NMOS activation anneal does not affect the active boron dose.

[0044] Figures 7A-7B are cross-sectional depictions of an exemplary
embodiment of the method illustrated in Figure 3, where the source/drain includes a
plurality of semiconductor material layers formed at operation 415B (Figure 4).
The deposited source/drain semiconductors 710, 711A are formed on at least one
surface of the substrate 201 which may itself be planar, recessed, or afin structure.

Asshown in Figure 7A, on either side of a gate stack 706, a source/drain isformed
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including aplurality of deposited source/drain semiconductors 710 and 711A, one
or more of which israised above the surrounding substrate 201. In such
embodiments, the source/drain semiconductors 710 and 711 A are chosen to contain
the effect of the subsequent laser anneal to within aportion of the source/drain. For
example, in an embodiment source/drain semiconductors 710 and 7 11A have
melting temperatures which are different (e.g., by at least 100°C and preferably by
200°C or more) so that less than an entire thickness of the deposited source/drain
semiconductor is melted by the subsequent laser anneal. In one exemplary
embodiment, asilicon layer isfirst deposited (e.g., as source/drain semiconductor
710) followed by a GaAs layer (e.g., as source/drain semiconductor 711A). In
another exemplary embodiment, a silicon layer isfirst deposited (e.g., as
source/drain semiconductor 710) followed by a SiGe layer (e.g., as source/drain
semiconductor 711A). In another exemplary embodiment, an InP layer isfirst
deposited (e.g., as source/drain semiconductor 710) followed by a GaP layer (e.g.,
as source/drain semiconductor 711A).

[0045] Following deposition of the source/drain semiconductor layers, an
activation anneal may be performed to electrically activate any in-situ deposited
dopants (and/or subsequently implanted dopants), such as n-type dopants for an
NMOS device and p-type dopants for a PMOS device, within the source/drain
semiconductors. However, depending on the deposition process employed at
operation 415B, in-situ deposited dopants may aready be electrically activated in
which case an activation anneal is not employed.

[0046] Processing then proceeds substantially as described elsewhere herein
with deposition of ILD (e.g., layers 220 and 240), contact opening, and source/drain
contact metal deposition to form the source/drain contact metal 550 and
source/drain vias 550B. Laser anneal (e.g., a operation 443) isthen performed to
expose the source/drain contact metal to energy 560 to achieve any of melt, reflow,
grain growth, activation of dopants, etc. within the now buried source/drain
semiconductor 710 or 711A. In the exemplary embodiment, effects of the laser
anneal are selective to the semiconductor 711A, for example causing the
semiconductor 710 to melt and re-solidify selectively to the underlying source/drain

semiconductor 710, surrounding dielectric, and/or surrounding substrate 201 to form
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a super-activated source/drain region 711B.

[0047] In one advantageous embodiment, the super-activate source/drain
region 711B israised relative to surrounding semiconductor layers (e.g., substrate
201 and source/drain semiconductor 710). While it would be difficult to melt an
entire volume of the source/drain semiconductor 711 A immediately following
deposition of the source/drain semiconductor 711A without flowing the melt and
losing the raised morphology, with the laser anneal performed later in the process as
described herein, the raised source/drain morphology of amelt is maintained by
surrounding dielectrics (e.g., ILD 220).

[0048] In further embodiments, the method 100 is combined with the
method 300 to laser anneal both aburied gate electrode and aburied source/drain
subsequent to forming contact metal to each. For certain such embodiments, a
single contact metal may be advantageously employed for both the gate electrode
and the source/drain (e.g., gate contact metal 250 is the source/drain contact metal
550) and therefore a single laser anneal process may be utilized to concurrently
anneal both the both aburied gate electrode and aburied source/drain. Of course,
where gate contact metal and the source/drain contact metal are distinct and
separately formed, a combination of the method 100 and method 300 may entail
performing aplurality of laser anneal processes (e.g., operations 140, 329 and 340)
in sequence with either one of aburied gate electrode anneal or aburied
source/drain anneal performed prior to the anneal of the other.

[0049] Figure 8illustrates a computing device 1000 in accordance with one
implementation of the invention. The computing device 1000 houses aboard 1002.
The board 1002 may include a number of components, including but not limited to a
processor 1004 and at least one communication chip 1006. The processor 1004 is
physically and electrically coupled to the board 1002. In some implementations the
at least one communication chip 1006 is also physically and electrically coupled to
the board 1002. In further implementations, the communication chip 1006 is part of
the processor 1004.

[0050] Depending on its applications, computing device 1000 may include
other components that may or may not be physically and electrically coupled to the

board 1002. These other components include, but are not limited to, volatile
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memory (e.g., DRAM), non-volatile memory (e.g., ROM), flash memory, agraphics
processor, adigital signal processor, acrypto processor, achipset, an antenna, a
display, atouchscreen display, atouchscreen controller, abattery, an audio codec, a
video codec, apower amplifier, aglobal positioning system (GPS) device, a
compass, an accelerometer, agyroscope, a speaker, acamera, and a mass storage
device (such as hard disk drive, compact disk (CD), digital versatile disk (DVD),
and so forth).

[0051] The communication chip 1006 enables wireless communications for
the transfer of data to and from the computing device 1000. The term "wireless'
and its derivatives may be used to describe circuits, devices, systems, methods,
techniques, communications channels, etc., that may communicate data through the
use of modulated electromagnetic radiation through a non-solid medium. The term
does not imply that the associated devices do not contain any wires, although in
some embodiments they might not. The communication chip 1006 may implement
any of anumber of wireless standards or protocols, including but not limited to Wi-
Fi (IEEE 802.11 family), WiMAX (IEEE 802.16 family), IEEE 802.20, long term
evolution (LTE), Ev-DO, HSPA+, HSDPA+, HSUPA+, EDGE, GSM, GPRS,
CDMA, TDMA, DECT, Bluetooth, derivatives thereof, aswell as any other wireless
protocols that are designated as 3G, 4G, 5G, and beyond. The computing device
1000 may include aplurality of communication chips 1006. For instance, afirst
communication chip 1006 may be dedicated to shorter range wireless
communications such asWi-Fi and Bluetooth and a second communication chip
1006 may be dedicated to longer range wireless communications such as GPS,
EDGE, GPRS, CDMA, WiMAX, LTE, Ev-DO, and others.

[0052] The processor 1004 of the computing device 1000 includes an
integrated circuit die packaged within the processor 1004. In some implementations
of the invention, the integrated circuit die of the processor includes one or more
devices, such astransistors that are formed, in part, with melts of buried regions.
The term "processor" may refer to any device or portion of adevice that processes
electronic data from registers and/or memory to transform that electronic data into

other electronic data that may be stored in registers and/or memory.
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[0053] The communication chip 1006 also includes an integrated circuit die
packaged within the communication chip 1006. In accordance with another
implementation of the invention, the integrated circuit die of the communication
chip includes one or more devices, such astransistors that are formed, in part, with
melts of buried regions.

[0054] In further implementations, another component housed within the
computing device 1000 may contain an integrated circuit die that includes one or
more devices, such astransistors that are formed, in part, with melts of buried
regions.

[0055] In various implementations, the computing device 1000 may be a
laptop, a netbook, a notebook, an ultrabook, a smartphone, atablet, a personal
digital assistant (PDA), an ultra mobile PC, a mobile phone, a desktop computer, a
server, aprinter, a scanner, amonitor, a set-top box, an entertainment control unit, a
digital camera, aportable music player, or adigital video recorder. In further
implementations, the computing device 1000 may be any other electronic device
that processes data.

[0056] The above description isillustrative, and not restrictive. For
example, while flow diagrams in the figures show a particular order of operations
performed by certain embodiments of the invention, it should be understood that
such order may not be required (e.g., alternative embodiments may perform the
operations in adifferent order, combine certain operations, overlap certain
operations, etc.). Furthermore, many other embodiments will be apparent to those
of skill in the art upon reading and understanding the above description. Although
the present invention has been described with reference to specific exemplary
embodiments, it will be recognized that the invention is not limited to the
embodiments described, but can be practiced with modification and alteration
within the spirit and scope of the appended claims. The scope of the invention
should, therefore, be determined with reference to the appended claims, along with

the full scope of equivalents to which such claims are entitled.
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CLAIMS

What isclaimed is;

1. A method of forming microelectronic device, the method comprising:

forming on a substrate a gate stack including agate metal disposed over a
gate dielectric;

depositing an interlayer dielectric to cover the gate metal;

forming a gate contact metal through the interlayer dielectric (ILD) to the
gate metal; and

annealing the gate metal by exposing the gate contact metal to pulsed laser

energy.

2. The method of claim 1, wherein annealing the gate metal comprises melting
at least aportion of the gate metal.

3. The method of claim 2, wherein a semiconductor channel region disposed
below the gate stack is not melted by the annealing of the gate metal.

4. The method of claim 1, wherein forming the gate contact metal further

comprises patterning a contact opening in the ILD; and

blanket depositing the gate contact metal into the opening and covering the
entire substrate; and

wherein exposing the gate contact metal to the pulsed laser energy further
comprises irradiating the gate contact metal with the pulsed laser energy prior to

patterning the gate contact metal by an etch or polish.

5. The method of claim 1, further comprising modulating the melting
temperature of at least aportion of the gate metal by implanting dopants into the
gate metal prior to the annealing.

6. The method of claim 5, wherein the implanting is performed prior to
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depositing the ILD and lowers the melting temperature of the gate metal.

7. The method of claim 1, wherein forming the gate stack further comprises:
depositing a gate dielectric on achannel region of the substrate
semiconductor;
depositing the gate metal over the gate dielectric; and
patterning the gate metal by etch or polish.

8. The method of claim 7, wherein depositing the gate metal further comprises
depositing a gate metal stack including aplurality of compositionally distinct metals
having different melting temperatures, and wherein annealing the gate metal further

comprises melting fewer than all of the metals in the stack.

9. The method of claim 7, further comprising:

forming a source/drain on opposite sides of the channel region prior to
forming the gate stack

covering the source/drain with the ILD;

annealing the source/drain by melting at least aportion of the source/drain

by exposing the ILD or a source drain contact metal to the pulsed laser energy.

10. The method of claim 9, further comprising:
amorphizing at least aportion of the source/drain prior to forming the gate
stack, wherein annealing the source/drain comprises melting the amorphized portion

of the source/drain.

11.  The method of claim 9, wherein forming the source/drain further comprises
depositing a semiconductor material on the substrate, the semiconductor material
having alower melting temperature than the substrate, and wherein annealing the

source/drain comprises melting the deposited semiconductor material.

12. A method of forming microelectronic device, the method comprising:
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forming a source/drain on opposite sides of a semiconductor channel region;

depositing a gate stack over the channel region;

covering the source/drain with an interlayer dielectric (ILD); and

annealing the source/drain by exposing the ILD disposed over the
source/drain or exposing a source/drain contact metal coupled to the source/drain

with pulsed laser energy.

13. The method of claim 12, wherein annealing the source/drain comprises

melting at least aportion of the source/drain.

14. The method of claim 13, further comprising:
amorphizing at least aportion of the source/drain, and wherein annealing the

source/drain comprises melting the amorphized portion of the source/drain.

15. The method of claim 14, wherein the amorphizing further comprises
implanting an amorphizing species into a contact opening through the ILD exposing

the source/drain.

16. The method of claim 13, wherein forming the source/drain further comprises
depositing a second semiconductor material over afirst semiconductor material, the
second semiconductor material having alower melting temperature than afirst
semiconductor material, and wherein annealing the source/drain comprises melting

the second semiconductor material without melting the first semiconductor material.

17. The method of claim 16, wherein the second semiconductor material has a
melting temperature that is at least 200 °C below a melting temperature of the first

semiconductor.
18. The method of claim 17, wherein depositing the second semiconductor

comprises depositing GaAs or InP over afirst semiconductor material consisting

essentialy of silicon.
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19. The method of claim 12, further comprising:

patterning the ILD to form a contact opening exposing the source/drain; and

blanket depositing the source/drain contact metal into the opening and
covering the entire substrate; and

wherein exposing the source/drain contact metal to the pulsed laser energy
further comprises irradiating the source/drain contact metal with the pulsed laser

energy prior to patterning the source/drain contact metal by an etch or polish.

20. The method of claim 12, further comprising:
depositing a gate dielectric on the semiconductor channel region;
depositing the gate metal over the gate dielectric;
patterning the gate metal by etch or polish;
covering the gate metal with the ILD;
forming a gate contact metal through the ILD to the gate metal; and
annealing the gate metal by exposing the gate contact metal to pulsed laser

energy.
21. The method of claim 20, wherein the gate contact metal and the source/drain

contact metal are of a single contiguous metal film, wherein the annealing of the

gate metal and the annealing of the source/drain is performed concurrently.

20



WO 2013/095347 PCT/US2011/065926

111
100
FORM GATE STACK
105

COVER GATE ELECTRODE WITH ILD
110

A

FORM GATE CONTACT METAL
THROUGH ILD TO GATE ELECTRODE
120

A

EXPOSE GATE CONTACT METAL TO
LASER TO ANNEAL GATE ELECTRODE
140

COMPLETE
DEVICE
150

FIG. 1



WO 2013/095347

2/11

PCT/US2011/065926




PCT/US2011/065926

WO 2013/095347

3/11

FIG. 2D

N

N

N

205B

N

. 2E

FIG



WO 2013/095347 PCT/US2011/065926

4111
300

\/\ FROM SOURCE/DRAIN
301

v

FORM GATE STACK
105

DEPOSIT ILD
327

BY EXPOSING TO LASER ILD
329

~
|
: ANNEAL SOURCE/DRAIN
l
1
|
|

v

FORM SOURCE/DRAIN CONTACT
METAL THROUGH ILD TO
SOURCE/DRAIN
330

1 EXPOSE SOURCE/DRAIN CONTACT
| METAL TO LASER TO ANNEAL

: SOURCE/DRAIN

I 340

|

Y

COMPLETE
DEVICE
150

FIG. 3



WO 2013/095347

400

PCT/US2011/065926

5/11

RECEIVE
SUBSTRATE
401

____________ S S—

r
DOPE A SINGLE SEMICONDUCTOR : FORM A SEMICONDUCTOR
MATERIAL AS S/D ! MATERIAL STACK AS S/ID
1

—

PRE-AMORPHIZING IMPLANT OF
SINGLE SEMICONDUCTOR MATERI
TO IMPLANT DEPTH
440

AL
LASER MELT TOP LAYER OF
THE SEMICONDUCTOR MATERIAL
STACK WITHOUT MELTING AN

[ e ——

LASER MELT ONLY PRE-AMORPHIZED

PORTION OF THE SINGLE
SEMICONDUCTOR MATERIAL
442

HAVING A HIGHER MELTING
TEMPERATURE
443

I
I
I
I
I
I
I
I
I
I UNDERLYING LAYER OF THE STACK
I
I
I
I
I
I
I
I

!

COMPLETE
DEVICE
150

FIG. 4



WO 2013/095347

PCT/US2011/065926
6/11
506
\ 208
505
510A / 03 510A | 201
504




WO 2013/095347

PCT/US2011/065926

7111

o
o
o
o
N
=~
o

s

IN®]

N
&y
>
1




WO 2013/095347 PCT/US2011/065926

8/11

6108 [ 1 o 610A
‘) """ 2 T 01
® FIG. 6A
hv 560
550
50B 240 5508 220
505
f A=A 45 2 3 ----- ?
615 4 6108
6108



WO 2013/095347

PCT/US2011/065926
9/11
606\
610A 505 610A
\‘) _____ 4 ﬁ ________ u
615
FIG. 6C
240 hv 560
LA\ N )
@ \/
615 ya 203 - “61OB
610B

FIG. 6D



WO 2013/095347

PCT/US2011/065926
10/11
706\
2 71\1A 7 71\1A 7.
Y AN AN é
710 710
201
FIG. 7A
220
hv 560
V3V
550
711B 508 240 55083 — 7118
7 205A
2 /.
gl 710

FIG. 7B



WO 2013/095347 PCT/US2011/065926

1111

CAMERA

COMMUNICATION
CHIP
1006

PROCESSOR
404

COMMUNICATION
CHIP
1006

CHIPSET
DRAM DRAM

GRAPHICS
AMP CPU

ROM

ANTENNA

TOUCHSCREEN
CONTROLLER

GPS COMPASS

MOTHERBOARD
1002

TOUCHSCREEN

SPEAKER DISPLAY

BATTERY

COMPUTING DEVICE
1000

FIG. 8



INTERNATIONAL SEARCH REPORT

International  application No.

PCT/US2011/065926

A. CLASSIFICATION OF SUBJECT MATTER

According to International Patent Classification

HOLL 21/336(2006.01)i, HO1L 29/78(2006.01)i, HOLL 21/324(2006.01)1

(IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation
HO1L 21/336, HO1L 21/20; HO1L 21/8238

searched (classification system followed by classification symbols)

Documentation  searched other than minimum documentation to the
Korean utility models and applications for utility models

Japanese utility models and applications for utility models

extent that such documents are included in the fields searched

eKOMPASS(KIPO internal) & Keywords: gate, metal, annealing,

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

interlayer, dielectric, stack, laser, channel, source, drain.

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to clam No.
A Us 2008-0220581 Al (SCOTT D. ALLEN et al.) 11 September 2008 1-21
See abstract , paragraphs  [0044] -[0056] , clams 1,8,14 and figures 8-12.
A Lis 2002-0160592 Al (YONG SUN SOHN) 31 October 2002 1-21
See abstract , paragraphs [0036] -[0040] and figures  5A-5D.
A US 2008-0242038 Al (MARK LIU et al.) 02 October 2008 1-21
See abstract , paragraphs [0009] -[0014] and figures lald.
A US 6743687 Bl (BIN YU) 01 June 2004 1-21
See abstract , column 3, line 6-column 4, liNe 34, clams 1,2 and
figures  3-8.

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

30 JULY 2012 (30.07.2012)

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A"  document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" earlier gpplication or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
I"L" document which may throw doubts on priority claim(s) or which is step when the document istaken alone
citedto establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
specia reason (as specified) considered to involve an inventive step when the document is
"O"  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to aperson skilled inthe art
"P*  document published prior to the international filing date but later "&"  document member of the same patent family
than the priority date claimed
IDate of the actual completion of the international scarch Date of mailing of the international search report

30 JULY 2012 (30.07.2012)

Name and mailing address of the ISA/KR

Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Dagjeon Metropolitan
City, 302-701, Republic of Korea

82-42-472-7140

Facsimile No.

Authorized officer

KIM, Jung Jin

Telephone No.  82-42-481-5962

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2011/065926

Patent document Publication Patent family Publication

cited in search report date member(s) date

us 2008-0220581 A1 11.09.2008 us 2007-0249 131 A1 25. 10. 2007
Us 7410852 B2 12.08. 2008
us 8039331 B2 18. 10.201 1

us 2002-0160592 A1 31.10.2002 JP 2002-343734 A 29. 11.2002
JP 4128771 B2 30. 07. 2008
KR 10-0365414 B1 18. 12.2002

us 2008-0242038 Af 02.10.2008 us 7767509 B2 03. 08. 2010

US 6743687 B1 01.06.2004 None

Form PCT/ISA/210 (patent family annex) (July 2009)



	abstract
	description
	claims
	drawings
	wo-search-report

