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CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM
OVERLAYER PRE-CONTACT METALIZATION

Inventors:
Glenn A. Glass
Anand S. Murthy
Tahir Ghani

RELATED APPLICATIONS

[0001] This patent application is a continuation of U.S. Patent Application No. 16/164,445,
filed May 20, 2019, which is a continuation of U.S. Patent Application No. 15/339,308, filed
October 31, 2016, now U.S. Patent No. 10,297,670 issued may 21, 2019, which is a continuation
of U.S. Patent Application No. 14/673,143, filed March 30, 2015, now U.S. Patent No. 9,484,432
issued November 1, 2016, which is a continuation of U.S. Patent Application No. 13/990,224,
filed May 29, 2013, now U.S. Patent No. 8,994,104 issued March 31, 2015, which is a U.S.
National Phase application under 35 U.S.C. § 371 of International Application No.
PCT/US2011/054198, filed September 30, 2011, which is a continuation-in-part of U.S. Patent
Application No. 12/975,278 filed December 21, 2010, now U.S. Patent No. 8,901,537, each of

which are incorporated herein by reference in their entireties.

BACKGROUND

[0002] Increased performance of circuit devices including transistors, diodes, resistors,
capacitors, and other passive and active electronic devices formed on a semiconductor substrate
is typically a major factor considered during design, manufacture, and operation of those devices.
For example, during design and manufacture or forming of, metal oxide semiconductor (MOS)
transistor semiconductor devices, such as those used in a complementary metal oxide
semiconductor (CMOS), it is often desired to minimize the parasitic resistance associated with
contacts otherwise known as external resistance Rext. Decreased Rext enables higher current from

an equal transistor design.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Figure 1A illustrates a MOS device configured with a boron doped germanium layer
between the source/drain layer and contact metals, in accordance with an embodiment of the
present invention.

[0004] Figure 1B illustrates a MOS device configured with a boron doped germanium layer
between the source/drain layer and contact metals, in accordance with another embodiment of
the present invention.

[0005] Figure 1C illustrates a MOS device configured with a boron doped germanium layer
between the source/drain layer and contact metals, in accordance with another embodiment of
the present invention.

[0006] Figure 2 is a method for forming a transistor structure with low contact resistance in

accordance with an embodiment of the present invention.

[0007] Figures 3A to 31 illustrate structures that are formed when carrying out the method of
Figure 2, in accordance with various embodiment of the present invention.
[0008] Figure 4 is a method for forming a transistor structure with low contact resistance in

accordance with another embodiment of the present invention.

[0009] Figures SA to SF illustrate structures that are formed when carrying out the method of
Figure 4, in accordance with various embodiment of the present invention.

[0010] Figure 6 shows a perspective view of a FinFET transistor architecture, configured in

accordance with one embodiment of the present invention.

[0011] Figure 7 shows a plot of a split lot showing contact resistance for transistor structures
configured with in accordance with embodiments of the present invention and standard transistor
structures configured with no cap.

[0012] Figure 8 illustrates a computing system implemented with one or more transistor
structures in accordance with an example embodiment of the present invention.

[0013] As will be appreciated, the figures are not necessarily drawn to scale or intended to
limit the claimed invention to the specific configurations shown. For instance, while some
figures generally indicate straight lines, right angles, and smooth surfaces, an actual

implementation of a transistor structure may have less than perfect straight lines, right angles,
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and some features may have surface topology or otherwise be non-smooth, given real world
limitations of the processing equipment and techniques used. In short, the figures are provided

merely to show example structures.

DETAILED DESCRIPTION

[0014] Techniques are disclosed for forming transistor devices having reduced parasitic
contact resistance relative to conventional devices. The techniques can be implemented, for
example, using a standard contact stack such as a series of metals on silicon or silicon
germanium (SiGe) source/drain regions. In accordance with one example such embodiment, an
intermediate boron doped germanium layer is provided between the source/drain and contact
metals to significantly reduce contact resistance. Numerous transistor configurations and
suitable fabrication processes will be apparent in light of this disclosure, including both planar
and non-planar transistor structures (e.g., FInFETSs), as well as strained and unstrained channel
structures. The techniques are particularly well-suited for implementing p-type devices, but can

be used for n-type devices if so desired.

General Overview

[0015] As previously explained, increased drive current in the transistors can be achieved by
reducing device resistance. Contact resistance is one component of a device’s overall resistance.
A standard transistor contact stack typically includes, for example, a silicon or SiGe source/drain
layer, a nickel silicide layer, a titanium nitride adhesion layer, and a tungsten contact/pad. In
such configurations, the contact resistance is effectively limited by the silicon or SiGe valence
band alignment to the pinning level in the metal. Typically, using industry standard silicides
such as nickel (or other suitable silicides, such as titanium, cobalt, or platinum), this results in a
band misalignment of about 0.5 eV. Thus, and in accordance with an example embodiment of
the present invention, an intermediate boron doped germanium layer is provided between the
source/drain and contact metals to significantly reduce the band misalignment value and contact

resistance.

[0016] In one specific example embodiment, contacts configured with the intermediate boron
doped germanium layer exhibit a reduction in the band misalignment value to less than 0.2 eV
and a corresponding reduction in contact resistance of about 3X (relative to a conventional

contact stack similarly configured, but without the intermediate boron doped germanium layer
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between the source/drain regions and contact metal). A transmission electron microscopy
(TEM) cross section or secondary ion mass spectrometry (SIMS) profile can be used to show the
germanium concentration throughout the vertical stack of the film structure, as profiles of
epitaxial alloys of silicon and SiGe can readily be distinguished from germanium concentration

profiles.

[0017] Thus, transistor structures configured in accordance with embodiments of the present
invention provide an improvement over conventional structures with respect to lower contact
resistance. Some such embodiments effectively marry superior contact properties of germanium
with superior semiconductor transistor properties of Si and SiGe to provide next generation low

resistance contacts.

[0018] Numerous transistor configurations and suitable fabrication processes will be apparent
in light of this disclosure, including both planar and non-planar transistor structures (e.g., such as
double-gate and trigate transistor structures), as well as strained and unstrained channel
structures. Any number of such structural features and material systems can be used in
conjunction with a germanium overlayer as described herein. The transistor structure may
include p-type source/drain regions, n-type source/drain regions, or both n-type and p-type
source/drain regions. In some example embodiments, the transistor structure includes dopant-
implanted source/drain regions or epitaxial (or poly) replacement source/drain regions of silicon,
SiGe alloys, or nominally pure germanium films (e.g., such as those with less than 10% silicon)
in a MOS structure. In any such implementations, an overlayer or cap of boron doped
germanium can be formed directly over the source/drain regions, in accordance with an
embodiment of the present invention. A contact metal (or series of metals) can then be deposited
and a subsequent reaction (annealing) can be carried out to form metal germanide source and
drain contacts. As will be appreciated, the contact may be implemented as a stack including one
or more of a silicide layer, an adhesion layer, and/or a metal pad layer. The boron doped
germanium overlayer can be formed directly over other parts of the transistor structure as well,

such as the poly gate and/or grounding tap regions, if so desired.

[0019] As is known, a MOS transistor may include source and drain tip regions that are
designed to decrease the overall resistance of the transistor while improving short channel effects
(SCE). Conventionally, these tip regions are portions of the substrate where a dopant such as

boron or carbon is implanted using an implant and diffusion technique. The source tip region is
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formed in the area between the source region and the channel region. Likewise, the drain tip
region is formed in the area between the drain region and the channel region. Some
embodiments of the present invention are configured with such conventionally formed tip
regions. In other example embodiments, fabrication techniques are employed to extend self-
aligned epitaxial tip (SET) transistors to achieve very near to the theoretical limit of uniaxial
strain. This can be accomplished, for instance, by selective epitaxial deposition in the source and
drain regions as well as their corresponding tip regions to form a bilayer construction of boron
doped silicon or SiGe (for the source/drain regions) capped with an overlayer of a boron doped
germanium layer in the source/drain and respective tip regions. The germanium and boron
concentrations can vary, but in some example embodiments, the germanium concentration is in
the range of 20 atomic % to 100 atomic %, and the boron concentration is in the range of 1E20
cm’3 to 2E21 ¢m™ (e.g., germanium concentration in excess of 50 atomic % and boron
concentration in excess of 2E20 cm=3). Note that the boron doped germanium layer may be
provided in the tip regions, but in other embodiments is just provided over the source/drain

regions (and not in the tip regions).

[0020] In still other example embodiments, an optional thin buffer with graded germanium
concentration and/or boron concentration can be used as an interfacial layer between the
underlying substrate with the source/drain layer (e.g., silicon or SiGe). Likewise, a thin buffer
with graded germanium concentration and/or boron concentration can be used as an interfacial
layer between the source/drain layer and the boron doped germanium cap. In still other
embodiments, the boron doped germanium overlayer or source/drain layer themselves can have a
graded germanium and/or boron concentration in a similar fashion as to the optional buffers. In
any such case, since boron diffusion is suppressed in germanium (the higher the concentration,
the greater the relative suppression), a high concentration of boron can be doped in the
germanium, which in turn results in lower parasitic resistance and without degrading tip
abruptness. In addition, the contact resistance is reduced from lowering of Schottky-barrier

height.

Architecture and Methodology

[0021] Figure 1A illustrates a MOS device 100A formed on a substrate 102 and configured
with a boron doped germanium layer between the source/drain layer and contact metals, in

accordance with an embodiment of the present invention. In particular, boron doped germanium
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layer 117 is provided between the source layer 110 and contact metals 125, and boron doped
germanium layer 119 is provided between the drain layer 112 and contact metals 127. The
source region 110 and the drain region 112 can be formed using any number of conventional
techniques. In this example embodiment, for instance, the source region 110 and the drain
region 112 are formed by etching the substrate and then epitaxially depositing a silicon or silicon
germanium material (e.g., with a germanium concentration in the range of, for instance, 10 to 70
atomic %o).

[0022] A gate stack 122 is formed over a channel region 120 of the transistor 100A. As can
further be seen, the gate stack 122 includes a gate dielectric layer 106 and a gate electrode 104,
and spacers 108 are formed adjacent to the gate stack 122. In some example cases, and
depending on the technology node, the spacers 108 create a distance of about 10 to 20
nanometers (nm) between the edges of the gate dielectric layer 106 and the edges of each of the
source and drain regions 110/112. It is within this space that a source tip region 110A and a
drain tip region 112A can be formed. In this example embodiment, the tip regions 110A/112A
are formed via a typical implantation-diffusion based process, and overlap the spacers 108 and
may also overlap or underdiffuse the gate dielectric layer 106 by a distance of, for instance, less
than 10 nm. In forming the implantation-diffusion based tip regions 110A/112A, a dopant such
as boron or carbon is implanted into the source region 110 and the drain region 112. The
transistor 100A is then annealed to cause the dopant to diffuse towards the channel region 120.
Angled ion implantation techniques may also be used to further implant dopants into those areas
between the gate dielectric layer 106 and the source/drain regions 110/112. Such implantation-

diffusion-based tip formation processes generally do not induce a strain on the channel region.

[0023] In any case, and as will be appreciated in light of this disclosure, whether a transistor
structure has a strained or unstrained channel, or source-drain tip regions or no source-drain tip
regions, is not particularly relevant to various embodiments of the present invention, and such
embodiments are not intended to be limited to any particular such structural features. Rather,
any number of transistor structures and types can benefit from employing a boron doped
germanium overlayer as described herein. The techniques provided herein are compatible, for
instance, with conventional dopant implanted silicon, raised source/drain, strained SiGe (or other

suitable materials), and any deposited epitaxial tip (sometimes referred to as source-drain
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extensions) that extend below the gate electrode dielectric or are spaced away from the vertical

line defined by the gate electrode dielectric.

[0024] The germanium overlayer 117/119 is generally provided after formation of the
source/drain regions 110/112 and prior to formation of the contacts 125/127. The thickness of
this overlayer 117/119 can vary from one embodiment to the next, but in one example
embodiment is in the range of 50 to 250 Angstroms (A). The boron concentration of overlayer
117/119 can also vary, but in one example embodiment is in the range of 1E20 cm-3 to 2E21 cm~
3 (e.g., in excess of 2E20 cm-3). The overlayer 117/119 can be selectively deposited over the
source/drain 110/112 regions (and/or other regions as desired, such as the poly gate or grounding
tap regions). Any number of suitable deposition techniques can be used to provide the overlayer
117/119 (e.g., chemical vapor deposition, molecular beam epitaxy, etc). In accordance with one
example embodiment, the contact metals 125 and 127 each comprise a stack a nickel silicide
layer, a titanium nitride adhesion layer, and a tungsten contact/pad, and although any number of
contact metal configurations can be used as will be appreciated in light of this disclosure.

Standard deposition techniques can be used in providing the contact metals 125/127.

[0025] Figure 1B illustrates an example MOS device 100B formed on a substrate 102 and
configured with a boron doped germanium layer 117/119 between the source/drain layer 110/112
and contact metals 125/127, in accordance with another embodiment of the present invention.
This example configuration includes source and drain epitaxial tips (generally referred to herein
as epi-tips). In more detail, the MOS transistor 100B uses an undercut etch to allow the source
region 110 and the drain region 112 to extend below the spacers 108, and in some cases, below
the gate dielectric layer 106. The portions of the source/drain regions 110/112 that extend below
the spacers 108 (and possibly the gate dielectric layer 106) are generally referred to as the source
epi-tip 110B and the drain epi-tip 112B, respectively. The source and drain epi-tips 110B/112B
replace the implantation/diffusion based tip regions 110A/112A described with regard to Figure
1A. In accordance with one embodiment, the source/drain regions 110/112 and the source/drain
epi-tips 110B/112B can be formed, for example, by etching the substrate 102, which includes
undercutting the spacers 108 (and possibly the gate dielectric layer 106), and then using selective
epitaxial deposition to provide, for instance, an in situ doped silicon, germanium, or SiGe to fill
the source/drain regions 110/112 and the source/drain epi-tips 110B/112B, as shown in Figure

1B. Note the epitaxial fill may be raised relative to the surface of substrate 102, as further shown
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in Figure 1B, although non-raised configurations can be used as well. The germanium overlayer
117/119 and the contact metals 125/127 can be implemented, for instance, as previously

described with respect to Figure 1A.

[0026] Figure 1C illustrates a MOS device 100C formed on a substrate 102 and configured
with boron doped germanium layers 117/119 between the respective source/drain layers 110/112
and contact metals 125/127, in accordance with another embodiment of the present invention.
The source region 110 and the drain region 112 in this example embodiment are formed by
implanting dopants such as boron into the substrate. The gate stack 122 is formed over a channel
region 120 of the transistor 100C and is this example case does not include sidewalls 108. Nor
does this example transistor structure include an undercut or tip regions like the embodiments
shown in Figures 1A and 1B. The germanium overlayer 117/119 and the contact metals 125/127

can be implemented, for instance, as previously described with respect to Figure 1A.

[0027] Numerous other variations and features can be implemented for transistor structures
configured in accordance with an embodiment of the present invention. For example, a graded
buffer may be used in one or more locations of the structure. For instance, the substrate 102 can
be a silicon substrate, or a silicon film of a silicon on insulator (SOI) substrate, or a multi-layered
substrate comprising silicon, silicon germanium, germanium, and/or III-V compound
semiconductors. Thus, and by way of example, in an embodiment having a silicon or silicon
germanium substrate 102 and an in situ boron doped SiGe fill in the source/drain regions
110/112 and the source/drain epi-tips 110B/112B, a buffer can be provided between the
underlying substrate 102 and the source/drain material. In one such embodiment, the buffer can
be a graded boron doped (or intrinsic) silicon germanium layer with the germanium
concentration graded from a base level compatible with the underlying substrate up to 100
atomic % (or near 100 atomic %, such as in excess of 90 atomic % or 95 atomic % or 98 atomic
%). The boron concentration within this buffer can be either fixed (e.g., at a high level) or
graded, for instance, from a base concentration at or otherwise compatible with the underlying
substrate up to a desired high concentration (e.g., in excess of 2E20 cm=). Note that
‘compatibility’ as used herein does not necessitate an overlap in concentration levels (for
instance, the germanium concentration of underlying substrate can be 0 to 20 atomic % and
initial germanium concentration of the buffer can be 30 to 40 atomic %). In addition, as used

herein, the term ‘fixed” with respect to a concentration level is intended to indicate a relatively
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constant concentration level (e.g., the lowest concentration level in the layer is within 10% of the
highest concentration level within that layer). In a more general sense, a fixed concentration
level is intended to indicate the lack of an intentionally graded concentration level. The
thickness of the buffer can vary depending on factors such as the range of concentrations being
buffered, but in some embodiments is in the range of 30 to 120 A, such as 50 to 100 A (e.g., 60
A or 65 A). As will be further appreciated in light of this disclosure, such a graded buffer
beneficially lowers the Schottky-barrier height.

[0028] Alternatively, rather than using a thin buffer between the substrate 102 and the
source/drain regions 110/112 and the source/drain epi-tips 110B/112B, the source/drain material
itself can be graded in a similar fashion. For example, and in accordance with one example
embodiment, boron doped SiGe source/drain regions 110/112 and the source/drain epi-tips
110B/112B can be configured with a germanium concentration graded from a base level
concentration compatible with the underlying substrate (e.g., in the range of 30 to 70 atomic %)
up to 100 atomic %. In some such embodiments, the boron concentration within this boron
doped germanium layer can range, for example, from a base concentration at or otherwise
compatible with the underlying substrate up to a desired high concentration (e.g., in excess of

2E20 cm3).

[0029] In other embodiments, a buffer can be provided between the source/drain material and
the boron doped germanium overlayer 117/119. In one such embodiment, the source/drain
material is a boron doped SiGe layer having a fixed concentration of germanium (e.g., in the
range of 30 to 70 atomic %) and the buffer can be a thin SiGe layer (e.g., 30 to 120 A, such as 50
to 100 A) having a germanium concentration graded from a base level concentration compatible
with the underlying boron doped SiGe layer up to 100 atomic % (or near 100 atomic %, such as
in excess of 90 atomic % or 95 atomic % or 98 atomic %). In some such cases, the boron
concentration within this buffer can be fixed at a desired high level or can range, for example,
from a base concentration at or otherwise compatible with the underlying SiGe layer up to the
desired high concentration (e.g., in excess of 1E20 c¢m=3, 2E20 cm=3, or 3E20 cm3).
Alternatively, rather than using a buffer between the source/drain material and the boron doped
germanium overlayer 117/119, the overlayer 117/119 itself can be graded in a similar fashion.
For example, and in accordance with one example embodiment, the boron doped overlayer

117/119 can be configured with a germanium concentration graded from a base level
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concentration compatible with the underlying substrate and/or source/drain regions (e.g., in the
range of 30 to 70 atomic %) up to 100 atomic % (or near 100 atomic %). The boron
concentration within this overlayer 117/119 layer can be fixed at a desired high level or can
range, for example, from a base concentration at or otherwise compatible with the underlying

substrate and/or source/drain regions up to the desired high level (e.g., in excess of 2E20 cm=3).

[0030] Thus, a low contact resistance architecture for numerous transistor devices is provided.
The devices may be formed in part using any number of conventional processes such as, for
example, by gate oxide, poly gate electrode, thin spacer, and an isotropic undercut etch in the
source/drain regions (or an ammonia etch to form faceted fin recess in monocrystalline substrate,
or other suitable etch to form fin recess). In accordance with some embodiments, selective
epitaxial deposition can be used to provide in situ doped silicon or alternatively, a fully strained
silicon germanium layer to form source/drain regions with or without tips. Optional buffers may
be used as previously explained. Any suitable high-k replacement metal gate (RMG) process
flow can also be used, where a high-k dielectric replaces the conventional gate oxide.
Silicidation with, for example, nickel, nickel-platinum, or titanium with or without germanium
pre-amorphization implants can be used to form a low resistance germanide. The techniques
provided herein can be applied, for example, to benefit any technology nodes (e.g., 90nm, 65nm,
45nm, 32nm, 22nm, 14nm, and 10nm transistors, and lower), and the claimed invention is not
intended to be limited to any particular such nodes or range of device geometries. Other

advantages will be apparent in light of this disclosure.

[0031] Figure 2 is a method for forming a transistor structure with low contact resistance in
accordance with an embodiment of the present invention. Figures 3A through 3I illustrate
example structures that are formed as the method is carried out, and in accordance with some

embodiments.

[0032] As can be seen, the method begins with forming 202 a gate stack on a semiconductor
substrate upon which a MOS device, such as a PMOS transistor, may be formed. The
semiconductor substrate may be implemented, for example, with a bulk silicon or a silicon-on-
insulator configuration. In other implementations, the semiconductor substrate may be formed
using alternate materials, which may or may not be combined with silicon, such as germanium,
silicon germanium, indium antimonide, lead telluride, indium arsenide, indium phosphide,

gallium arsenide, or gallium antimonide. In a more general sense, any material that may serve as

10
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a foundation upon which a semiconductor device may be built can be used in accordance with
embodiments of the present invention. The gate stack can be formed as conventionally done or
using any suitable custom techniques. In some embodiments of the present invention, the gate
stack may be formed by depositing and then patterning a gate dielectric layer and a gate
electrode layer. For instance, in one example case, a gate dielectric layer may be blanket
deposited onto the semiconductor substrate using conventional deposition processes such as
chemical vapor deposition (CVD), atomic layer deposition (ALD), spin-on deposition (SOD), or
physical vapor deposition (PVD). Alternate deposition techniques may be used as well, for
instance, the gate dielectric layer may be thermally grown. The gate dielectric material may be
formed, for example, from materials such as silicon dioxide or high-k dielectric materials.
Examples of high-k gate dielectric materials include, for instance, hafnium oxide, hafhium
silicon oxide, lanthanum oxide, lanthanum aluminum oxide, zirconium oxide, zirconium silicon
oxide, tantalum oxide, titanium oxide, barium strontium titanium oxide, barium titanium oxide,
strontium titanium oxide, yttrium oxide, aluminum oxide, lead scandium tantalum oxide, and
lead zinc niobate. In some specific example embodiments, the high-k gate dielectric layer may
be between around 5 A to around 200 A thick (e.g., 20 A to 50 A). In general, the thickness of
the gate dielectric layer should be sufficient to electrically isolate the gate electrode from the
neighboring source and drain contacts. In further embodiments, additional processing may be
performed on the high-k gate dielectric layer, such as an annealing process to improve the quality
of the high-k material. Next, a gate electrode material may be deposited on the gate dielectric
layer using similar deposition techniques such as ALD, CVD, or PVD. In some such specific
embodiments, the gate electrode material is polysilicon or a metal layer, although other suitable
gate electrode materials can be used as well. The gate electrode material, which is may be a
sacrificial material that is later removed for a replacement metal gate (RMG) process, has a
thickness in the range of SOA to SO0A (e.g., 100A), in some example embodiments. A
conventional patterning process may then be carried out to etch away portions of the gate
electrode layer and the gate dielectric layer to form the gate stack, as shown in Figure 3A. As
can be seen, Figure 3A illustrates a substrate 300 upon which a gate stack is formed. In this
example embodiment, the gate stack includes a gate dielectric layer 302 (which may be high-k
gate dielectric material) and a sacrificial gate electrode 304. In one specific example case, the

gate stack includes a silicon dioxide gate dielectric layer 302 and a polysilicon gate electrode
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304. The gate stack may also include a gate hard mask layer 306 that provides certain benefits or
uses during processing, such as protecting the gate electrode 304 from subsequent ion
implantation processes. The hard mask layer 306 may be formed using typical hard mask
materials, such as such as silicon dioxide, silicon nitride, and/or other conventional dielectric
materials. Figure 3A further illustrates spacers 310 formed on either side of the stack. The
spacers 310 may be formed, for example, using conventional materials such as silicon oxide,
silicon nitride, or other suitable spacer materials. The width of the spacers 310 may generally be
chosen based on design requirements for the transistor being formed. In accordance with some
embodiments, however, the width of the spacers 310 is not subject to design constraints imposed
by the formation of the source and drain epi-tips, given sufficiently high boron doped germanium

content in the source/drain tip regions, as described herein (boron won’t diffuse into channel).

[0033] With further reference to Figure 2, after the gate stack is formed, the method continues
with defining 204 the source/drain regions of the transistor structure. As previously explained,
the source/drain regions can be implemented with any number of suitable processes and
configurations. For example, the source/drain regions may be implanted, etched and epi filled,
raised, silicon or SiGe alloy, p-type and/or n-type, and have a planar or fin shaped diffusion
region. In the example embodiment shown in Figure 3A, substrate 300 has been etched to
provide cavities 312/314 as well as respective tip areas 312A/314A which undercuts the gate
dielectric 302. Figure 3B illustrates the substrate 300 after cavities 312/314 and tip areas
312A/314A have been filled to provide the source/drain regions 318/320 and tip regions
318A/320A. In accordance with some example embodiments, the source and drain region
cavities 312/314 along with their respective tip areas 312A/314A are filled with in situ doped
silicon or SiGe, thereby forming source region 318 (along with epi-tip 318A) and drain region
320 (along with drain epi-tip 320A). Any number of source/drain layer configurations can be
used here, with respect to materials (e.g., silicon, SiGe, III-V materials), dopant (e.g., boron in
excess of 2E21 cm3, or other suitable dopant/concentration), and dimension (e.g., thickness of
source/drain layer may range, for instance, from 50 to 500 nm so as to provide a flush or raised

source/drain region).

[0034] As previously explained, some such embodiments may include with a thin buffer
between the source/drain layer and the substrate or the source/drain and boron doped germanium

overlayer. For instance, and as can further be seen in the example embodiment shown in Figure
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3B, a source buffer 313 and a drain buffer 315 are deposited prior to depositing the source/drain
materials. In some embodiments, the buffers 313 and 315 can be a graded boron doped silicon
germanium layer with the germanium composition graded from a base level concentration
compatible with the underlying substrate 300 material up to 100 atomic % (or near to 100 atomic
% as previously described). The boron concentration can be appropriately graded as well.

Numerous buffer schemes will be apparent in light of this disclosure.

[0035] With further reference to Figure 2, after the source/drain regions are defined, the
method continues with depositing 206 boron doped germanium on the source/drain regions of
the transistor structure. Figure 3C shows the boron doped germanium layer 317/319. In some
example embodiments, the boron doped germanium layer 317/319, which may be epitaxially
deposited in one or more layers, has a germanium concentration in excess of 90 atomic %,
although other suitable concentration levels can be used as will be appreciated in light of this
disclosure (e.g., in excess of 91 atomic %, or 92 atomic %, ..., or 98 atomic %, or 99 atomic %o,
or truly pure germanium). As previously explained, this germanium concentration may be fixed
or graded so as to increase from a base level (near substrate 300) to a high level (e.g., in excess
of 90 atomic %). The boron concentration in some such embodiments can be in excess of 1E20
cm-3, such as higher than 2E20 cm-3 or 2E21 ¢cm3, and may also be graded so as to increase
from a base level near substrate 300 to a high level (e.g., in excess of 1E20 ¢cm=3 or 2E20 c¢m=3 or
3E20 cm=3, ..., 2E21 cm-3). In embodiments where the germanium concentration of the
underlying source/drain regions 318/320 is fixed or otherwise relatively low, a graded buffer
may be used to better interface source/drain regions 318/320 with the boron doped germanium
layer 317/319, as previously explained. The thickness of the boron doped germanium cap
317/319 may have a thickness in the range, for example, of 50 to 250 A, in accordance with
some specific example embodiments, although alternative embodiments may have other layer

thicknesses, as will be apparent in light of this disclosure.

[0036] In some embodiments, a CVD process or other suitable deposition technique may be
used for the depositing 206 or otherwise forming the boron doped germanium layer 317/319.
For example, the depositing 206 may be carried out in a CVD, or rapid thermal CVD (RT-CVD),
or low pressure CVD (LP-CVD), or ultra-high vacuum CVD (UHV-CVD), or gas source
molecular beam epitaxy (GS-MBE) tool using germanium and boron containing precursors such

as germane (GeH4) or digermane (Ge:Hs) and diborane (B2Hs) or boron difluoride (BF2). In
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some such embodiments, there may be a carrier gas such as, for instance, hydrogen, nitrogen, or
a noble gas (e.g., precursor is diluted at 1-5% concentration of carrier gas). There may also be an
etchant gas such as, for example, halogen-based gas such as hydrogen chloride (HCI), chlorine
(Cl), or, hydrogen bromide (HBr). The basic deposition of germanium and also boron doped
germanium is possible over a wide range of conditions using deposition temperature in the range,
for example, of 300°C to 800°C (e.g., 300-500°C) and reactor pressure, for instance, in the range
1 Torr to 760 Torr. Germanium is naturally selective in that it deposits on silicon or silicon-
germanium alloy, and does not deposit on other materials such as silicon dioxide and silicon
nitride. Since this natural selectivity is not entirely perfect, a small flow of etchant can be used
to increase the selectivity of the deposition, as previously noted. Each of the carrier and etchants
can have a flow in the range of 10 and 300 SCCM (typically, no more than 100 SCCM of flow is
required, but some embodiments may require higher flow rates). In one specific example
embodiment, the deposition 206 is carried out using GeHa that is diluted in hydrogen at a 1%
concentration and at a flow rate that ranges between 100 and 1000 SCCM. For an in situ doping
of boron, diluted B2Hs may be used (e.g., the BoHs may be diluted in Hz at 3% concentration and
at a flow rate that ranges between 100 and 600 SCCM. In some such specific example cases, an
etching agent of HCI or Clz is added at a flow rate that ranges, for example, between 10 and 100
SCCM, to increase the selectivity of the deposition.

[0037] As will be appreciated in light of this disclosure, the selectivity at which the boron
doped germanium layer 317/319 is deposited can vary as desired. In some cases, for instance,
the boron doped germanium layer 317/319 is deposited only on the source/drain regions 318/320
or a portion of the source/drain regions 318/320 (rather than across the entire structure). Any
number of masking/patterning techniques can be used to selectively deposit layer 317/319.
Moreover, other embodiments may benefit from layer 317/319 covering, for example, poly gate
regions or grounding tap regions. As will further be appreciated in light of this disclosure, the
combination of high germanium concentration (e.g., in excess of 90 atomic % and up to pure
germanium) and high boron concentration (e.g., in excess of 2E20 cm-3) can be used to realize
significantly lower contact resistance in the source and drain regions (and other areas where low
contact resistance is desirable, such as ground tap regions), in accordance with some example
embodiments. Further, and as previously explained, since boron diffusion is sufficiently

suppressed by pure germanium, no adverse SCE degradation is realized with subsequent thermal
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anneals despite any high boron concentration proximate the channel (if applicable). Barrier
height lowering is also enabled from the higher concentration of germanium at the contact
surface. In some example embodiments, a germanium concentration in excess of 95 atomic %

and up to pure germanium (100 atomic %) can be used to achieve such benefits.

[0038] With further reference to Figure 2, after the boron doped germanium layer 317/319 is
provided, the method continues with depositing 208 a dielectric over layer 317/319. Figure 3D
shows dielectric 322 as being flush with the hard mask 306 of the gate stack, but it need not be.
The dielectric can be configured in a number of ways. In some embodiments, dielectric 322 is
implemented with silicon dioxide (SiO:) or other low-k dielectric materials. In other
embodiments, dielectric 322 is implemented with a silicon nitride (SiN) liner followed by one or
more layers of SiO2, or any combination of nitride, oxide, oxynitride, carbide, oxycarbide, or
other suitable dielectric materials). The dielectric 322, which may be referred to as an interlayer
dielectric (ILD), may be planarized as commonly done. Other example dielectric materials
include, for instance, carbon doped oxide (CDO), organic polymers such as perfluorocyclobutane
or polytetrafluoroethylene, fluorosilicate glass (FSG), and organosilicates such as silsesquioxane,
siloxane, or organosilicate glass. In some example configurations, the ILD layer may include

pores or other voids to further reduce its dielectric constant.

[0039] Next, in some embodiments of the present invention where a replacement metal gate
(RMG) process is used and as best shown in Figure 3E, the method may further include
removing the gate stack (including the high-k gate dielectric layer 302, the sacrificial gate
electrode 304, and the hard mask layer 306) using an etching process as conventionally done. In
alternate implementations, only the sacrificial gate 304 and hard mask layer 306 are removed.
Figure 3E illustrates the trench opening that is formed when the gate stack is etched away, in
accordance with one such embodiment. If the gate dielectric layer is removed, the method may
continue with depositing a new gate dielectric layer into the trench opening (designated as 324 in
Figure 3F). Any suitable high-k dielectric materials such as those previously described may be
used here, such as hafnium oxide. The same deposition processes may also be used.
Replacement of the gate dielectric layer may be used, for example, to address any damage that
may have occurred to the original gate dielectric layer during application of the dry and wet etch
processes, and/or to replace a low-k or sacrificial dielectric material with a high-k or otherwise

desired gate dielectric material. As further shown in Figure 3F, the method may further continue
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with depositing the metal gate electrode layer 326 into the trench and over the gate dielectric
layer 324. Conventional metal deposition processes may be used to form the metal gate
electrode layer, such as CVD, ALD, PVD, electroless plating, or electroplating. The metal gate
electrode layer may include, for example, a P-type workfunction metal, such as ruthenium,
palladium, platinum, cobalt, nickel, and conductive metal oxides, e.g., ruthenium oxide. In some
example configurations, two or more metal gate electrode layers may be deposited. For instance,
a workfunction metal may be deposited in the gate trench followed by a suitable metal gate

electrode fill metal such as aluminum or silver.

[0040] With further reference to Figure 2, after dielectric layer 322 is provided over layer
317/319 (and any desired RMG process), the method continues with etching 210 to form the
source/drain contact trenches. Any suitable dry and/or wet etch processes can be used. Figure
3G shows the source/drain contact trenches after etching is complete, in accordance with one
example embodiment. The method then continues with depositing 212 contact resistance
reducing metal and annealing to form silicide/germanide, and then depositing 214 the
source/drain contact plugs. Figure 3H shows the contact metals 325/327, which in some
embodiments includes the silicide/germanide, although other embodiments may include
additional layers (e.g., adhesion layer). Figure 31 shows the contact plug metal 329/331, which
in some embodiments includes aluminum, although any suitably conductive contact metal or
alloy can be used for the contact plug 329/331, such as silver, nickel-platinum or nickel-
aluminum or other alloys of nickel and aluminum, or titanium, using conventional deposition
processes. The germanide/metalization 212 of the source and drain contacts can be carried out,
for instance, by silicidation with nickel, aluminum, nickel-platinum or nickel-aluminum or other
alloys of nickel and aluminum, or titanium with or without germanium pre-amorphization
implants to form a low resistance germanide. The boron doped germanium layer 317/319 allows
for metal-germanide formation (e.g., nickel-germanium). The germanide allows for significantly
lower Schottky-barrier height and improved contact resistance (including Rext) over that in
conventional metal-silicide systems. For instance, conventional transistors typically use a
source/drain SiGe epi process, with germanium concentration in the range of 30-40 atomic %.
Such conventional systems exhibit Rext values of about 140 Ohm*um, limited by epi/silicide
interfacial resistance, which is high and may impede future gate pitch scaling. Some

embodiments of the present invention allow for a significant improvement in Rext in PMOS
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devices (e.g., about a 2x improvement or better, such as a Rext of about 70 Ohm*um), which can
better support PMOS device scaling. Thus, transistors having a source/drain configured with
boron doped germanium cap 317/319 in accordance with an embodiment of the present, with a
boron concentration in excess of 1E20 ¢m™ and a germanium concentration in excess of 90
atomic % and up to or otherwise near pure germanium (100 atomic %) at the interface between
the source/drain regions 318/320 and the contact metals 325/327, can exhibit Rext values of less
than 100 Ohm*um, and in some cases less than 90 Ohm*um, and in some cases less than 80

Ohm*um, and in some cases less than 75 Ohm*um, or lower.

[0041] Figure 4 is a method for forming a transistor structure with low contact resistance in
accordance with another embodiment of the present invention. Figures SA through 5F illustrate
example structures that are formed as the method is carried out, and in accordance with some
embodiments. In general, this method is similar to the method described with reference to
Figures 2 and 3A-H, except that the deposition of the boron doped germanium layer 317/319 on
the source/drain regions is carried out after the dielectric 322 is deposited and etched to form the
contact trench. Thus, the method includes depositing 406 the dielectric 322 directly over the
source/drain regions 318/320, and then continues with etching 408 to form the source/drain
contact trench and then selectively deposting 410 the boron doped germanium layer 317/319 into
the trench (and directly onto the source/drain regions 318/320), as best shown in Figures 5C
through S5E. Deposting 410 can be carried out using any suitable deposition process, such as
selective epitaxy. Once layer 317/319 is provided, the contact metals 325/327 can be provided
on top of the layer 317/319, as shown in Figure SF. This alternate methodology provides the
same benefit of improved contact resistance, but is more selective in where the boron doped
germanium is deposited. Other such selective deposition processes will be apparent in light of
this disclosure, using any suitable combination of masking/patterning and selective deposition

techniques.

[0042] As will be further appreciated, the previous relevant discussion with respect to similar
parts of the method is equally applicable here. In particular, forming 402 a gate stack and
defining 404 the source/drain regions of the transistor structure can be carried as previously
discussed with reference to the forming 202 and defining 204 previously discussed with
reference to Figure 2. Likewise, depositing 412 contact resistance reducing metal and annealing

to form silicide/germanide, and then depositing 414 the source/drain contact plugs can be carried
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as previously discussed with reference to the forming 212 and defining 214 previously discussed

with reference to Figure 2.

FinFET Configuration

[0043] As is known, FinFET is a transistor built around a thin strip of semiconductor material
(generally referred to as the fin). The transistor includes the standard field effect transistor (FET)
nodes, including a gate, a gate dielectric, a source region, and a drain region. The conductive
channel of the device resides on the outer sides of the fin beneath the gate dielectric.
Specifically, current runs along both sidewalls of the fin (sides perpendicular to the substrate
surface) as well as along the top of the fin (side parallel to the substrate surface). Because the
conductive channel of such configurations essentially resides along the three different outer,
planar regions of the fin, such a FinFET design is sometimes referred to as a tri-gate FinFET.
Other types of FinFET configurations are also available, such as so-called double-gate FinFETs,
in which the conductive channel principally resides only along the two sidewalls of the fin (and

not along the top of the fin).

[0044] Figure 6 shows a perspective view of an example tri-gate architecture, configured in
accordance with one embodiment of the present invention. As can be seen, the tri-gate device
includes a substrate 600 having a semiconductor body or fin 660 (represented by dashed lines)
extending from the substrate 600 through isolation regions 610, 620. A gate electrode 640 is
formed over 3 surfaces of the fin 660 to form 3 gates. A hard mask 690 is formed on top of the
gate electrode 640. Gate spacers 670, 680 are formed at opposite sidewalls of the gate electrode
640.

[0045] A source region comprises the epitaxial region 631 formed on a recessed source
interface 650 and on one fin 660 sidewall, and a drain region comprises the epitaxial region 631
formed on a recessed source interface 650 and on the opposing fin 660 sidewall (not shown). A
cap layer 641 is deposited over the epitaxial regions 631. Note that the boron cap layer 641 may
be provided in the recessed (tip) regions, but in other embodiments is just provided over the
source/drain regions (and not in the recessed regions). In one embodiment, the isolation regions
610, 620 are shallow trench isolation (STT) regions formed using conventional techniques, such
as etching the substrate 600 to form trenches, and then depositing oxide material onto the
trenches to form the STI regions. The isolation regions 610, 620 can be made from any suitable

dielectric/insulative material, such as SiO2. The previous discussion with respect to the substrate
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102 is equally applicable here (e.g., substrate 600 may be a silicon substrate, or SOI substrate, or

a multi-layered substrate).

[0046] As will be appreciated in light of this disclosure, conventional processes and forming
techniques can be used to fabricate the FinFET transistor structure. However, and in accordance
with one example embodiment of the present invention, the bilayer structure of the epitaxial
region 631 and cap layer 641 can be implemented, for instance, using an in situ doped silicon or
SiGe (for 631) capped with a boron doped germanium (for 641), with an optional germanium
and/or boron graded buffer between the two bilayers. As previously explained, such a buffer
may be used to transition from a base level germanium/boron concentration compatible with the
epitaxial region 631 to the boron doped germanium cap 641. Alternatively, germanium and/or
boron concentration grading can be implemented directly in the epitaxial region 631 and/or the
cap 641, rather than in an intervening graded buffer arrangement. As will further be appreciated,
note that an alternative to the tri-gate configuration is a double-gate architecture, which includes

a dielectric/isolation layer on top of the fin 660.

[0047] Figure 7 shows a plot of a split lot showing contact resistance for transistor structures
configured with in accordance with embodiments of the present invention and standard transistor
structures configured with no cap. The transistor structures associated with the high resistance
numbers in excess of 0.18 are all implemented with standard SiGe alloy raised PMOS
source/drain regions with contact metal deposited directly thereon. The transistor structures
associated with the resistance numbers of 0.107 and lower are all similarly implemented but with
the addition a boron doped germanium cap between the source/drain regions and contact metal,
in accordance with various embodiments of the present invention. Table 1 shows the raw data
quantiles resulting from testing of the example structures with and without a boron doped

germanium cap as described herein.

Ge Cap | Min 10% 25% Median 75% | 90% | Max

Yes 0.032 | 0.032 | 0.033 0.040 0.078 | 0.105 | 0.107

No 0.183 | 0.183 | 0.192 0.239 0.250 | 0.265 | 0.265

Table 1
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As can be seen, this example lot actually shows an improvement (reduction) in contact resistance
of about a three to six times (3X to 6X) over conventional transistor structures. The units are

Ohms per arbitrary area.

[0048] Other improvements enabled by using a boron doped germanium cap in accordance
with an embodiment of the present invention will be apparent in light of this disclosure. In
particular, the resulting germanide materials and Schottky barrier height improvement enables
more than a 2x Rext improvement over that in conventional SiGe source/drain PMOS devices, in
accordance with some example embodiments of the present invention. As is known, the
Schottky barrier height is the barrier for electrical conduction across a semiconductor-metal
junction. The magnitude of the Schottky barrier height reflects a mismatch in the energy position
of the metal’s Fermi level and the majority carrier band edge of the semiconductor across the
semiconductor-metal interface. For a p-type semiconductor-metal interface, the Schottky barrier
height is the difference between the metal Fermi level and the valence band maximum of the

semiconductor.

Example System

[0049] Figure 8 illustrates a computing device 1000 configured in accordance with one
embodiment of the invention. As can be seen, the computing device 1000 houses a motherboard
1002. The motherboard 1002 may include a number of components, including but not limited to
a processor 1004 and at least one communication chip 1006, each of which can be physically and
electrically coupled to the motherboard 1002, or otherwise integrated therein. As will be
appreciated, the motherboard 1002 may be, for example, any printed circuit board, whether a
main board or a daughterboard mounted on a main board or the only board of device 1000, etc.
Depending on its applications, computing device 1000 may include one or more other
components that may or may not be physically and electrically coupled to the motherboard 1002.
These other components may include, but are not limited to, volatile memory (e.g., DRAM),
non-volatile memory (e.g., ROM), a graphics processor, a digital signal processor, a crypto
processor, a chipset, an antenna, a display, a touchscreen display, a touchscreen controller, a
battery, an audio codec, a video codec, a power amplifier, a global positioning system (GPS)
device, a compass, an accelerometer, a gyroscope, a speaker, a camera, and a mass storage
device (such as hard disk drive, compact disk (CD), digital versatile disk (DVD), and so forth).

Any of the components included in computing device 1000 may include one or more transistor
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structures as described herein. In some embodiments, multiple functions can be integrated into
one or more chips (e.g., for instance, note that the communication chip 1006 can be part of or

otherwise integrated into the processor 1004).

[0050] 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 a number 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, as well as any other wireless protocols that are designated as 3G, 4G, 5G,
and beyond. The computing device 1000 may include a plurality of communication chips 1006.
For instance, a first communication chip 1006 may be dedicated to shorter range wireless
communications such as Wi-Fi and Bluetooth and a second communication chip 1006 may be
dedicated to longer range wireless communications such as GPS, EDGE, GPRS, CDMA,
WIiMAX, LTE, Ev-DO, and others.

[0051] The processor 1004 of the computing device 1000 includes an integrated circuit die
packaged within the processor 1004. In some embodiments of the present invention, the
integrated circuit die of the processor includes an onboard non-volatile memory or cache, and/or
is otherwise communicatively coupled to off-chip memory that is implemented with one or more
transistor structures as described herein. The term “processor” may refer to any device or
portion of a device that processes, for instance, 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.

[0052] The communication chip 1006 may also include an integrated circuit die packaged
within the communication chip 1006. In accordance with some such example embodiments, the
integrated circuit die of the communication chip includes one or more devices implemented with
one or more transistor structures as described herein. As will be appreciated in light of this

disclosure, note that multi-standard wireless capability may be integrated directly into the
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processor 1004 (e.g., where functionality of any chips 1006 is integrated into processor 1004,
rather than having separate communication chips). Further note that processor 1004 may be a
chip set having such wireless capability. In short, any number of processor 1004 and/or
communication chips 1006 can be used. Likewise, any one chip or chip set can have multiple

functions integrated therein.

[0053] In various implementations, the computing device 1000 may be a laptop, a netbook, a
notebook, a smartphone, a tablet, a personal digital assistant (PDA), an ultra mobile PC, a mobile
phone, a desktop computer, a server, a printer, a scanner, a monitor, a set-top box, an
entertainment control unit, a digital camera, a portable music player, or a digital video recorder.
In further implementations, the device 1000 may be any other electronic device that processes

data or employs transistors.

[0054] Numerous embodiments will be apparent in light of this disclosure, and features
described herein can be combined in any number of configurations. One example embodiment
of the present invention provides a transistor device. The device includes a substrate having a
channel region, and a gate electrode above the channel region. A gate dielectric layer is provided
between the gate electrode and the channel region, and source and drain regions are provided in
the substrate and adjacent to the channel region. The device further includes a boron doped
germanium layer on at least a portion of the source and drain regions. This boron doped
germanium layer comprises a germanium concentration in excess of 90 atomic % and a boron
concentration in excess of 1E20 cm™3. The device further includes metal-germanide source and
drain contacts on the boron doped germanium layer. In one such example, the device is one of a
planar or FinFET transistor. In another example case, the device comprises a PMOS transistor.
In another example case, the device further includes an interlayer dielectric. In another example
case, the device further includes a graded buffer between the substrate and the source and drain
regions and/or a graded buffer between the source and drain regions and the boron doped
germanium layer. In one such case, the graded buffer between the source and drain regions and
the boron doped germanium layer has a germanium concentration that is graded from a base
level concentration compatible with the source and drain regions to a high concentration in
excess of 95 atomic %. In one such specific example case, the high concentration reflects pure
germanium. In another example case, the graded buffer between the source and drain regions and

the boron doped germanium layer has a boron concentration that is graded from a base level
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concentration compatible with the source and drain regions to a high concentration in excess of
1E20 ¢cm-3. In another example case, the boron doped germanium layer has a graded
concentration of at least one of germanium and boron. In another example case, the source and
drain regions comprise silicon germanium having a germanium concentration that is graded from
a base level concentration compatible with the substrate to a high concentration in excess of 50
atomic %, and the boron doped germanium layer has a germanium concentration in excess of 95
atomic %. In another example case, the source and drain regions comprise boron doped silicon
germanium having a boron concentration that is graded from a base level concentration
compatible with the substrate to a high concentration in excess of 1E20 cm=3. In another
example case, the source and drain regions comprise silicon or silicon germanium, and the
device further comprises a buffer between the source and drain regions and the boron doped
germanium layer, the buffer having a germanium concentration that is graded from a base level
concentration compatible with the source and drain regions to a high concentration in excess of
50 atomic %, and a boron concentration that is graded from a base level concentration
compatible with the source and drain regions to a high concentration in excess of 1E20 cm=3. In
another example case, the boron doped germanium layer comprises a germanium concentration
in excess of 98 atomic %, and a boron concentration in excess of 2E20 cm=3. Another
embodiment provides an electronic device that includes a printed circuit board having one or
more integrated circuits, wherein at least one of the one or more integrated circuits comprises
one or more transistor devices as variously defined in in this paragraph. In one such case, the
one or more integrated circuits includes at least one of a communication chip and/or a processor,
and at least one of the communication chip and/or processor comprises the one or more transistor
devices. In another such case, the device is a computing device (e.g., mobile telephone or

smartphone, laptop, tablet computer, etc).

[0055] Another embodiment of the present invention provides a transistor device. In this
example case, the device includes a substrate having a channel region, and a gate electrode above
the channel region, wherein a gate dielectric layer is provided between the gate electrode and the
channel region and spacers are provided on sides of the gate electrode. The device further
includes source and drain regions in the substrate and adjacent to the channel region, each of the
source and drain regions including a tip region that extends under the gate dielectric layer and/or

a corresponding one of the spacers. The device further includes a boron doped germanium layer
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on at least a portion of the source and drain regions, and comprising a germanium concentration
in excess of 95 atomic % and a boron concentration in excess of 2E20 cm-3. The device further
includes metal-germanide source and drain contacts on the boron doped germanium layer. The
device is one of a planar or FinFET transistor. In one such example case, the device further
includes a buffer between the source and drain regions and the boron doped germanium layer,
wherein the buffer has a germanium concentration that is graded from a base level concentration
compatible with the source and drain regions to a high concentration in excess of 95 atomic %,
and a boron concentration that is graded from a base level concentration compatible with the
source and drain regions to a high concentration in excess of 2E20 cm=3. In another example
case, the boron doped germanium layer has a graded concentration of at least one of germanium
and boron. In another example case, the source and drain regions comprise silicon germanium
having a germanium concentration that is graded from a base level concentration compatible
with the substrate to a high concentration in excess of 50 atomic %, and the boron doped
germanium layer has a germanium concentration in excess of 98 atomic %. In another example
case, the source and drain regions have a boron concentration that is graded from a base level
concentration compatible with the substrate to a high concentration in excess of 2E20 cm-3. In
another example case, the source and drain regions comprise silicon germanium having a fixed
germanium concentration, and the device further comprises a buffer between the source and
drain regions and the boron doped germanium layer, the buffer having a germanium
concentration that is graded from a base level concentration compatible with the source and drain
regions to a high concentration in excess of 50 atomic %, and a boron concentration that is
graded from a base level concentration compatible with the source and drain regions to a high
concentration in excess of 2E20 cm-3, the buffer having a thickness of less than 100 Angstroms.
Another embodiment provides a computing device (e.g., desktop or portable computer, etc) that
includes a printed circuit board having a communication chip and/or a processor, wherein at least
one of the communication chip and/or processor comprises one or more transistor devices as

variously defined in this paragraph.

[0056] Another embodiment of the present invention provides a method for forming a
transistor device. The method includes providing a substrate having a channel region, and
providing a gate electrode above the channel region, wherein a gate dielectric layer is provided

between the gate electrode and the channel region. The method continues with providing source

24

Page 33 of 1640



P38507USC2-C1-C1 111548

and drain regions in the substrate and adjacent to the channel region, and providing a boron
doped germanium layer on at least a portion of the source and drain regions. The boron doped
germanium layer comprises a germanium concentration in excess of 90 atomic % and a boron
concentration in excess of 1E20 cm-3. The method continues with providing metal-germanide
source and drain contacts on the boron doped germanium layer. In some example such cases, the
method further includes providing a graded buffer between the substrate and the source and drain
regions, and/or providing a graded buffer between the source and drain regions and the boron
doped germanium layer. In another example case, the boron doped germanium layer has a
graded concentration of at least one of germanium and boron (which may be used with or
without graded buffers). This method may be employed, for example, in the fabrication of any
electronic devices such as a computing device.

[0057] The foregoing description of example embodiments of the invention has been presented
for the purposes of illustration and description. It is not intended to be exhaustive or to limit the
invention to the precise forms disclosed. Many modifications and variations are possible in light
of this disclosure. It is intended that the scope of the invention be limited not by this detailed

description, but rather by the claims appended hereto.
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CLAIMS

What is claimed is:

1. A transistor device, comprising:
source and drain regions adjacent to a channel region;

a boron doped germanium layer on at least a portion of the source and drain regions, the

boron doped germanium layer comprising a germanium concentration in excess of
50 atomic % and a boron concentration in excess of 1E20 cm-3; and

a contact on the boron doped germanium layer, the contact including metal-germanide.
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ABSTRACT OF THE DISCLOSURE

Techniques are disclosed for forming transistor devices having reduced parasitic
contact resistance relative to conventional devices. The techniques can be implemented, for
example, using a standard contact stack such as a series of metals on, for example, silicon or
silicon germanium (SiGe) source/drain regions. In accordance with one example such
embodiment, an intermediate boron doped germanium layer is provided between the source/drain
and contact metals to significantly reduce contact resistance. Numerous transistor configurations
and suitable fabrication processes will be apparent in light of this disclosure, including both
planar and non-planar transistor structures (e.g., FInFETs), as well as strained and unstrained
channel structures. Graded buffering can be used to reduce misfit dislocation. The techniques
are particularly well-suited for implementing p-type devices, but can be used for n-type devices

if so desired.
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LEGAL NAME OF INVENTOR

GLENN A. GLASS  Date (Optionay S &2

frovantor:

Sighature’
Sign tlre\ :

: tommnssic&ner‘i‘or Patents, PO Beax 1368 mexan rin, Y& 22313 145{!
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ERSE ST R

DEGLARAT? N {37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET {3? CFR1.76}

mitent | CONTACT RESQSTANDEE REBULT!QN EMPLOYING GERMANIUM {)VL RLAYER
tnvention v PRE-CONTACT METALIZATION

Ag the below named invertor, Lheareby dedlars that

This declaration [ . N
i cirented t [!} The sttached application, or

[ } United States apphication or ROY mtamatmna appimatim rrumhas

filacd ony

The aboyvaseidentifind applicstion was mads or authorized o be msde by ma,

{ baliove that | am the original inventar or an original foint Inventor of a claimed invention in the appizicaﬁm.

thereby ackncwie&ge that any williul felse statermnant made in this declanstion s punishable ungder 18 LBLS.C. 1D
by fine or imprisonment of not miore than fve (8) yvears, ov hoth.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personst information in docurments filed in w patent application that may
contribute to identity thel. Personal information such us sociad sestity numbers, bank account numbers, or credit card nurmbers
{uther than s check or credil card ruthorization form PTG submitted for payment prarposest s nigver renuived by the USPTQ
to support a petition or an application. i this type of personal information s included in decuments submittad to the LISPT,
petitionersfapplicants should consider redacting such peraonal informmstion from the documents before submitting tham o the
USPTO. Peliticherfapplicantis advisad that the record of & patent application iw svadiable to the public after publication ofthe
application (urdess a non-publication reguestin compliance with 37 OFR 12139} iy made in the spplicabon) or bisuanes of a
patent. Furthermore, the record from arabandoned spplication iy alag be avallabde to the public ifthe application s
referenced in g pubhshed application or an iasusd patent {see 37 OFR 1.1d}. Chechs and oredit cwrd authorization formg
PTO-3038 subwmitted for payment purposes are not retained in the application fle and therefora sre not publicly available.

LEGAL NAME OF INVENTOR

ANAND S, MURTHY Date {Optional) ©

inventon
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DECLARATION {37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN N

invention | PRE-CONTACT METALIZATION

As the below named inventor, Fhereby declare that

This dechuralion  § ; o, N
i diracted & m The sttached application, or

[j Uinited States application or PCT internabional sppl

filedd on

The above-identified application was mads or authorized 1o be nvade by me.

} believe that { ant the origingl inverdor or an originad joint inventer of a clalved irvvention in the application,

i hereby acknowledge that any williul false staterosnt mads in this declaration is punishable undey 1B UEC 10N
by firne ot imprisonment of not more thae fve (8) ysars, or both,

WARNING:

Petitionsrfapplicant is cautionsd to avold submitting parsonal information in documents fled i a patent gpplication that may
contritute to identity theR. Fersonal information such as social security numbers, bank account numbers, or credit cord numbers
{nther than 8 chock or sredh card mithorization for PTO-2038 subrolttad for paymsnt purposesy fe rever required by the USPTQ
to support a patition or an application. If this type of personal inforraation 1s included in doruments subraltted to the USRTO,
petitioners/applicants should consider radacting such parsonat information from the documents before subrmitting them & the
USPTO. Patiionerfoppliicant is advived thet the record of o patent application is avallable to the public alter publication ofthe
application {unirss a norpublication requedt in campliance with 37 CFR 1.213() & made iy the application) arissuance ofa
patent. Furthnemore, the record from an abandonsd application rmay also be available to the public ifthe application s
refersnced in 8 published application or an issued patent {ses 37 CFR 114 Checks and credit card suthorization forms
PTO-2038 subnitted for payment purposas ars not reteined in the application file and therefore are not publicly availebls.

LEGAL MNAME OF INVENTOR

inventar; | AFIR GHANI N Date (Optionaly 5~ 2 %~13
El . »

Signature:

Alexandriy
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VY SEND TO: Commissioner
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER

PRE-CONTACT METALIZATION

First Named Inventor/Applicant Name:

Glenn A. GLASS

Filer:

Justin K. Brask/Sheri Villarreal

Attorney Docket Number:

P38507USC2-C1-C1 111548

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Suz—;l'g(t;)l in
Basic Filing:
UTILITY APPLICATION FILING 1011 1 300 300
UTILITY SEARCH FEE 1111 1 660 660
UTILITY EXAMINATION FEE 1311 1 760 760
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:
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Description Fee Code Quantity Amount USD($)
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1720
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Electronic Acknowledgement Receipt

EFS ID: 39518177
Application Number: 16881541
International Application Number:
Confirmation Number: 8383

Title of Invention:

CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER
PRE-CONTACT METALIZATION

First Named Inventor/Applicant Name:

Glenn A. GLASS

Customer Number:

31817

Filer:

Justin K. Brask/Sheri Villarreal

Filer Authorized By:

Justin K. Brask

Attorney Docket Number:

P38507USC2-C1-C1 111548

Receipt Date: 22-MAY-2020
Filing Date:
Time Stamp: 14:34:48

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type DA

Payment was successfully received in RAM $1720

RAM confirmation Number E20205LE35364117
Deposit Account 500393

Authorized User

Sheri Villarreal

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.16 (National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 (Document supply fees)

37 CFR 1.20 (Post Issuance fees)

37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:
s . File Si Iti
Document Document Description File Name es ze(B){tes)l Mu tl. _Pages
Number Message Digest | Part/.zip| (if appl.)
1823675
P38507USC2-C1-
icati 9
1 Application Data Sheet C1_ADS_05_22 20.pdf no
4fcaOb64ce4dc1629a7757076678067bfd 1
218e
Warnings:
Information:
201152
2 P38507USC2-C1- yes 27
C1_APP_05_22_20.pdf
e473e12cdbd079c9c571e84b33aee6c200b)
def87
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 25
Claims 26 26
Abstract 27 27
Warnings:
Information:
834128
3 Drawings-only black and white line P38507USC2-C1- no 1
drawings C1_FIGS_05_22_20.pdf . beted ———
9b17
Warnings:
Information:
1463377
. . P38507USC2-C1-
4 Oath or Declaration filed C1_DEC_05 22 20.pdf no 3
3083c1275816f91b3af0129724023cef3ba8]
cdd2
Warnings:
Information:
35059
5 Fee Worksheet (SB06) fee-info.pdf no 2

b14f0e9477f290962che4dc3a51e01ffée25
146f
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Warnings:

Information:

Total Files Size (in bytes){ 4357391

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Substitute for form 1448A/PTO

[Complete if Known

Application Number 16/881,541

INFORMATION DISCLOSURE | Filing Date May 22, 2020
STATEMENT BY APPLICANT | First Named Inventor Glenn A. GLASS, et al.
(Use as many sheets as necessary) Group Art Unlt 28 1 1
Examiner Name N/A
Sheet 10f3 Attorney Docket No: P38507USC2-C1-C1 111548
US PATENT DOCUMENTS
Pages, Columns,
Publication Lines, Where Relevant
Examiner Cite USP Document or Issue Date Name of Patentee or Applicant Passages or Relevant
Initial * No ' Number MM-DD-YYYY of cited Document Figures Appear
US-5,312,766 05-17-1994 Sheldon Aronowitz et al.
US-5,296,387 03-22-1994 Sheldon Aronowitz et al.
US-5,296,386 03-22-1994 Sheldon Aronowitz et al.
Us-7,821,044 10-26-2010 Mark T. Bohr et al.
US-8,575,652 11-05-2013 Yoshiki Kamata
US-7,221,006 05-22-2007 Marius Orlowski et al.
US-7,732,285 06-08-2010 Intel Corporation
Us-7,880,228 02-01-2011 Toshiba Corp.
US-7,683,362 03-23-2010 Fujitsu Ltd.
Us-7,667,227 02-23-2010 Fujitsu Ltd.
US-6,607,948 08-2003 Suigiyama, Naoharu
US-9,349,810 05-2016 Glass, Glenn A.
US-20030057416 03-27-2003 Matthew Currie
US-20050130454 06-16-2005 Anand Murthy et al.
US-20050184354 08-25-2005 Chu et al.
US-20060156080 07-13-2006 John P. Tellkamp et al
US-20060237746 10-26-2006 Marius Orlowski et al.
US-20060255330 11-16-2006 Chen et al.
US-20070187767 08-16-2007 Yasutake, Nobuaki
US-20070238236 10-11-2007 Ted Cook Jr. et al.
US-20070275548 11-29-2007 Lavoie et al.
US-20080135878 06-12-2008 Kim et al.
US-20080179752 07-31-2008 Takashi Yamauchi et al.
US-20080197412 08-21-2008 Zhang et al.
US-20080242037 10-02-2008 Bernhard Sell et al.
US-20090224369 09-10-2009 Harold Samuel Gamble et al.
US-20100148217 06-17-2010 Danielle Simonelli
US-20110062498 03-17-2011 Frank Yang et al.
US-20110068407 03-24-2011 Chih Chieh Yeh et al.
US-20120007051 01-12-2012 Sarunya Bangsaruntip et al.
US-20120037998 02-16-2012 Bedell et al.
US-20130240989 09-19-2013 Glenn Glass et al.
US-20140070377 03-13-2014 Yu et al.
EXAMINER DATE CONSIDERED

Based on PTO/SB/08A(08-08) - Substitute Disclosure Statement Form (PTO-1449)
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. Include copy of this form with next communication to
applicant.1 Applicant's unique citation designation number {optional) 2 Applicant is to place a check mark here if English language Translation is attached
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Substitute for form 1448A/PTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

(Use as many sheets as necessary)

[Complete if Known

Application Number

16/881,541

Filing Date

May 22, 2020

First Named Inventor

Glenn A. GLASS, et al.

Group Art Unit

2811

Examiner Name

N/A

Sheet 20f3 Attorney Docket No: P38507USC2-C1-C1 111548

US-20090206370 08-2009 Chu, Jack O.

US-20090302348 12-2009 Adam, Thomas N.

FOREIGN PATENT DOCUMENTS
Foreign Patent Document Pages, Columns, Lines,
Examiner Cite Country Code/Number/Kind Code Publication Date Name of Patentee or Applicant of Where Relevant Passages
Initials* No ' (if known) MM-DD-YYYY cited Document or Relevant Figures Appear | T?

JP-2007-165665 06-28-2007 Renesas Tech Corp

WO 2010-068530 06-17-2010 Intel Corporation

JP-2007-214481 08-23-2007 | Toshiba Corp

CN-101622690 01-06-2010 Intel Corporation

JPH-07-169958 07-04-1995 NEC Corp

JPH-05-183160 07-23-1993 | Toshiba Corp

JP-2007-318132 12-06-2007 IBM

JP-2007-036205 02-08-2007 Fujitsu Ltd.

JP-2006-186240 07-13-2006 Fujitsu Ltd.

JP-2012-510720 05-10-2012 Intel Corporation

OTHER DOCUMENTS -- NON PATENT LITERATURE DOCUMENTS

Examiner
Initials*

Cite
No '

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item {book,
magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or
country where published.

International Search Report and Written Opinion for International Patent Application
No. PCT/US11/054198 (Attorney Docket No. P38507PCT) mailed April 19, 2012, 13

Pgs.

International Preliminary Report Patentability for International Patent Application No.
PCT/US11/054198 (Attorney Docket No. P38507PCT) mailed July 4, 2013, 9 pgs.

Office Action for Korean Patent Application No. 2013-7016072 (Attorney Docket No.
P38507KR) mailed May 23, 2014, 4 pgs., with English translation

Notice of Allowance for Korean Patent Application No. 2013-7016072 (Attorney
Docket No. P38507KR) mailed November 13, 2014, 3 pgs., with English translation.

Office Action for Japanese Patent Application No. 2013-546134 (Attorney Docket No.
P38507JP) mailed August 26, 2014, 4 pgs. of English translation and 3 pgs. with no
translation.

Notice of Allowance for Japanese Patent Application No. 2013-546134 (Attorney
Docket No. P38507JP) mailed February 10, 2015, 3 pgs., no translation.

Extended European Search Report for European Patent Application No. 11852027.9
(Attorney Docket No. P38507EP) mailed August 11, 2014, 14 pgs.

"Metal/Semi conductor Ohmic Contacts Technology or Gate Length Series
Resistance (ohms)", 1997, XP055127433, Retrieved from the Internet:
URL:http://web.stanford.edu/class/ee311/NO TES/Ohmic_Contacts.pdf [retrieved on
2014-07-08] the whole document

EXAMINER

DATE CONSIDERED

Based on PTO/SB/08A(08-08) - Substitute Disclosure Statement Form (PTO-1449)

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. Include copy of this form with next communication to

applicant.1 Applicant's unique citation designation number {optional) 2 Applicant is to place a check mark here if English language Translation is attached
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Substitute for form 1448A/PTO Complete if Known
Application Number 16/881,541
INFORMATION DISCLOSURE | Filing Date May 22, 2020
STATEMENT BY APPLICANT | First Named Inventor Glenn A. GLASS, etal.
(Use as many sheets as necessary) Group Art Unlt 281 1
Examiner Name N/A
Sheet 30f3 Attorney Docket No: P38507USC2-C1-C1 111548

OTHER DOCUMENTS -- NON PATENT LITERATURE DOCUMENTS

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item {book, T2
Examiner Cite magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or
Initials* No ! country where published.

Office Action for European Patent Application No. 11852027.9 (Attorney Docket No.
P38507EP) mailed October 12, 2015, 4 pgs.

First Office Action for Chinese Patent Application No. 201180062116.2 (Attorney
Docket No. P38507CN) mailed May 5, 2015, 6 pgs., no translation

Second Office Action for Chinese Patent Application No. 201180062116.2 (Attorney
Docket No. P38507CN) mailed October 20, 2015, 3 pgs., no translation

Notice of Allowance for Chinese Patent Application No. 201180062116.2 (Attorney
Docket No. P38507CN) mailed February 26, 2016, 4 pgs., with English translation X

First Office Action for Chinese Patent Application No. 201610313170.4 (Attorney
Docket No. P38507CN-D) mailed May 4, 2018, 6 pgs., no translation

Second Office Action for Chinese Patent Application No. 201610313170.4 (Attorney
Docket No. P38507CN-D) mailed December 3, 2018, 5 pgs., no translation

Third Office Action for Chinese Patent Application No. 201610313170.4 (Attorney
Docket No. P38507CN-D) mailed April 10, 2019, 4 pgs., no translation

Office Action for Chinese Patent Application No. 201610313170.4 (Attorney Docket
No. P38507CN-D) mailed November 29, 2019, 6 pgs

Office Action for European Patent Application No. 11852027.9 (Attorney Docket No.
P38507EP) mailed December 12, 2019, 2 pgs.

Search Report for European Patent Application No. 19188924.5 (Attorney Docket No.
P38507EP-D1) mailed October 23, 2019, 2 pgs.

STANTON P. ASHBURN ET AL: FORMATION OF C54 TITANIUM GERMANOSILICIDE
USING RAPID THERMAL PROCESSING AND APPLICATION TO RAISED, ULTRASHALLOW
JUNCTIONS", MATERIALS RESEARCH SOCIETY SYMPOSIUM PROCEEDINGS, vol. 320, 1
January 1993, pages 311-316, XP055631293

Office Action for Chinese Patent Application No. 201610313170.4 (Attorney Docket
No. P38507CN-D) mailed March 24, 2020, 12 pgs.

Office Action for Chinese Patent Application No. 201610313170.4 (Attorney Docket
No. P38507CN-D) mailed April 24, 2020, 3 pgs.

EXAMINER DATE CONSIDERED

Based on PTO/SB/08A(08-08) - Substitute Disclosure Statement Form (PTO-1449)
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. Include copy of this form with next communication to
applicant.1 Applicant's unique citation designation number {optional) 2 Applicant is to place a check mark here if English language Translation is attached
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appicaton no. | 18/881 541 )
INFORMATION DISCLOSURE Fiing Date | May 23, 3030
STATEMENT BY APPLICANT Fwstiventor | Glonn AL SLASS ot al
At tini 2811
(ot for subnussion under 37 CFR 180} Exarainer Mame | N/A&
3§ Attornsy Dacket No. | PRBSOTUSCE-C1-01 111548
-

AN

DUTY OF DISCLOBURE STATEMENY
in accordanca with the duty of disclosure, snclosed is a nopy of an Information Discloaure Statamemt (DS} Cation Form
PTOISEOR or PTG-1448, togethsr with copies of the documents citad sy that form, except for copies not raquired to be
submitied {e8.g., copies of UL, patents and U5, published patent applications need not be enclesed). This IDS and 1D
CHation Form are being submilted hefore the mailing of the first Office Action on the meriis. | is respectiully requested that
tha cited refarencas e ronsiderad arad that the snoloser copy of PTOSECR be iritialed by the Examins to indizate such
consideration and a copy thereof returned o applicani{s}.

Pursuant to 37 CFR § L8811} vopies of the referencas weare providdad in prior applications 13/9880,224 filed Septemiber 30,

2011, 14873143 filad March 3{: 2015, 15/339,308 fifed Qofober 31, 2018, 16418 445 8led May 50, 2019 which are relied
on for pwiosity.

# ix respectiully requesied thal the examiner consider information which has been previcusly sulsmitted & the Patant Difice
it the parent application and any prior relaled applications.

The submission of this information Disclosure Slaternent is not o be construad as a represeniation that a search has been
made inn the subjsot applicstion and i not {0 be constusd @8 an admiasion that the infwmation clted i
this statemant is material o patentability,

\,
P

CERTIFICATION STATEMENT :
Pleass see 37 CFR 1.97 ared 1.88 to make the appropriate selactionis):

D That each itermn of information contained in the information disclosurs statement was first cited in any conmurication
from & foveign patent office iy a8 courterpant foreign applicatioes not mora than thrae months prior {o the fling o the
information disclosure siatement. See 37 CFR 1.87 el

OR

E:l That no item of ivfiemation contained ins the informating sliscloswre xtatemeant wax wited I & communicstion from & forelgn
pabard office in & counderpant foreign application, and, o the knowladge of tha person signing the cartification after making
ragxsonable inguiry, no Bem of informatinn condained in the information disclosure slatement was known 1o any individual

designated in 37 CFR 1.58{c) more than three months prior 1o the filing of the information disclosure staterment. See 37
CFR 1.87(e)2)

OR
Mone

E The DS Filing Fee in the amount of $240.00 as set forth in 37 CFR 1.17{p) has baan submittad herewith.
O uis raguastiad that any requisite fees be debited fromy Daposit Accnurst 58-0353.

SIGNATURE
A signaturs of the applicant o represantative is required in sccovdancs with CFR 133, 1318, Plexse see DFR 1.4{d} for the
form of signaturs.

Signature | /ustin K. Brask/ Date (MM-DD-YYYY) | 0s-38-2020
Mame/Print | Justin K Brask Registration Numbsr | 61080
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Sher! Villarreal [ S8%eqi Vilfoovead]

7485 SIaco O IS
\w

_Data DE-26-2020
mm is govesmen oy o o 5 eetmaten sse § Nt

e 00 o S
%\T\r*}hh;\(‘(}f‘a& SEND Tk Commdsesi

TR TR i

m.wm\z,mvwmmm\m\» £
L. T R g o

e 2zisasss OO NGT GEMD

2. WIDBE S
IR0 300 TEARTBN At of DRTRETE, PO, 90k TR, s $or Patents, PO Sy

1»‘158 Alsrandris, VA 33131856,

AW

v

Page 59 of 1640



Electronic Acknowledgement Receipt

EFS ID: 39540051
Application Number: 16881541
International Application Number:
Confirmation Number: 8383

Title of Invention:

CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER

PRE-CONTACT METALIZATION

First Named Inventor/Applicant Name:

Glenn A. GLASS

Customer Number:

31817

Filer:

Justin K. Brask/Sheri Villarreal

Filer Authorized By:

Justin K. Brask

Attorney Docket Number:

P38507USC2-C1-C1 111548

Receipt Date: 26-MAY-2020
Filing Date:
Time Stamp: 18:50:01

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document ... . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)
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Multipart Description/PDF files in .zip description
Document Description Start End
Information Disclosure Statement (IDS) Form (SB08) 2 4
Transmittal Letter 1 1
Warnings:
Information:
Total Files Size (in bytes){ 383191

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Under the Paperwork Reduction Act of 1995, no persons are req

ired to respond to a collection of informa

PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERGCE

tion unless it displays a valid OMB control number.

APPLICATION AS FILED - PART |

Application or Docket Number Filing Date
PATENT APPLICé;rggmtggrEFgE'lF"ngglATloN RECORD 16/881.541 05123/2020 (7o be Mailed
ENTITY: LARGE (JsmALL [ micrRO

(Column 1) (Column 2}
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
() BASIC FEE N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
(L] sEARCH FEE
(37 GFR 1.16(K), (i), or (m)) NiA NiA N/A
D EXAMINATION FEE
(37 CFR 1.16(0). (p), or (@) NiA NiA N/A
TOTAL CLAIMS . *
(37 GFR 1.16(i)) minus 20 = x $100 -
INDEPENDENT CLAIMS *
(37 CFR 1.16(h) minus 3 = x 3460 -
If the specification and drawings exceed 100 sheets
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of:
Glenn A. GLASS Examiner: Not Yet Assigned
Application No.: 16/881,541 Art Unit: 2811
Filed: May 22, 2020 Confirmation No.: 8383
For: CONTACT RESISTANCE
REDUCTION EMPLOYING

GERMANIUM OVERLAYER PRE-
CONTACT METALIZATION

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
PRELIMINARY AMENDMENT
Dear Examiner:
Prior to examination of the above-referenced application, applicants respectfully

request the Examiner to enter the following amendments and to consider the following

remarks.

The Listing of Claims begins on page 2 of this paper.

Remarks begin on page 9 of this paper.
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REMARKS

The Examiner is respectfully requested to contact the undersigned by telephone if
it is believed that such contact would further the examination of the present application.

Pursuant to 37 C.F.R. 1.136(a)(3), the Applicant(s) hereby request and authorize
the U.S. Patent and Trademark Office to (1) treat any concurrent or future reply that
requires a petition for extension of time as incorporating a petition for extension of time
for the appropriate length of time and (2) charge all required fees, including extension of
time fees and fees under 37 C.F.R. 1.16 and 1.17, to Deposit Account No. 50-0393.

Respectfully submitted,

SCHWABE, WILLIAMSON & WYATT, P.C.

May 29, 2020 /Justin K. Brask/

Date Justin K. Brask
Reg. No. 61,080

1211 SW 5% Ste. 1900

Portland, OR 97204

Telephone: (503) 222-9981

Facsimile: (503) 796-2900
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Amendments to the Claims:

This listing of claims will replace all prior versions and listings of claims in the

application.

Listing of Claims:

1. (Canceled)

2. (New) An integrated circuit structure, comprising;

a fin comprising silicon;

a gate electrode over the fin, the gate electrode having a first side, and the gate
electrode having a second side opposite the first side;

a first dielectric spacer along the first side of the gate electrode;

a first source or drain region in the fin proximate the first side of the gate
electrode, a portion of the first source or drain region beneath the first dielectric spacer,
wherein the first source or drain region comprises silicon and germanium having a
germanium concentration graded to a concentration in excess of 50%;

a second dielectric spacer along the second side of the gate electrode;

a second source or drain region in the fin proximate the second side of the gate
electrode, a portion of the second source or drain region beneath the second dielectric
spacer, wherein the second source or drain region comprises silicon and germanium

having a germanium concentration graded to a concentration in excess of 50%;

App. No. 16/881,541 2 Examiner: Not Yet Assigned
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a dielectric layer over the first source or drain region and over the second source
or drain region, the dielectric layer having a first opening exposing only a portion of the
first source or drain region, and the dielectric layer having a second opening exposing
only a portion of the second source or drain region;

a first germanide layer in the first opening and over the portion of the first source
or drain region, the first germanide layer comprising silicon, germanium and titanium,;

a second germanide layer in the second opening and over the portion of the
second source or drain region, the second germanide layer comprising silicon,
germanium and titanium;

a first contact plug in the first opening and on the first germanide layer; and

a second contact plug in the second opening and on the second germanide layer.

3. (New) The integrated circuit structure of claim 2, further comprising;:

a first boron doped germanium layer on the first source or drain region, wherein
the first germanide layer is on the first boron doped germanium layer, and wherein the
first boron doped germanium layer has a germanium concentration in excess of 90 atomic
% and a boron concentration in excess of 1E20cm-3; and

a second boron doped germanium layer on the second source or drain region,
wherein the second germanide layer is on the second boron doped germanium layer, and
wherein the second boron doped germanium layer has a germanium concentration in

excess of 90 atomic % and a boron concentration in excess of 1E20cm-3.

App. No. 16/881,541 3 Examiner: Not Yet Assigned
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4. (New) The integrated circuit structure of claim 3, wherein the first boron doped
germanium layer is in the first opening of the dielectric layer, and wherein the second

boron doped germanium layer is in the second opening of the dielectric layer.

5. (New) The integrated circuit structure of claim 3, wherein the first boron doped
germanium layer is below first opening of the dielectric layer and extends beyond the
first opening of the dielectric layer, and wherein the second boron doped germanium
layer is below the second opening of the dielectric layer and extends beyond the first

opening of the dielectric layer.

6. (New) The integrated circuit structure of claim 2, further comprising:
an isolation region, wherein the fin protrudes through the isolation region, and
wherein a portion of the gate electrode, a portion of the first dielectric spacer, and a

portion of the second dielectric spacer are over the isolation region.

7. (New) The integrated circuit structure of claim 2, further comprising:
a gate dielectric layer, wherein the gate electrode is on the gate dielectric layer,
wherein the gate dielectric layer comprises a high-k dielectric material, and wherein the

gate electrode comprises a metal layer.

App. No. 16/881,541 4 Examiner: Not Yet Assigned
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8. (New) The integrated circuit structure of claim 2, wherein the first source or drain
region comprises two or more facets, and the second source or drain region comprises

two or more facets.

9. (New) An integrated circuit structure, comprising;

a body comprising silicon;

a gate electrode over the body, the gate electrode having a first side, and the gate
electrode having a second side opposite the first side;

a first dielectric spacer along the first side of the gate electrode;

a first source or drain region in the body proximate the first side of the gate
electrode, a portion of the first source or drain region beneath the first dielectric spacer,
wherein the first source or drain region comprises silicon and germanium having a
germanium concentration graded to a concentration in excess of 50%;

a second dielectric spacer along the second side of the gate electrode;

a second source or drain region in the body proximate the second side of the gate
electrode, a portion of the second source or drain region beneath the second dielectric
spacer, wherein the second source or drain region comprises silicon and germanium
having a germanium concentration graded to a concentration in excess of 50%;

a dielectric layer over the first source or drain region and over the second source
or drain region, the dielectric layer having a first opening exposing only a portion of the
first source or drain region, and the dielectric layer having a second opening exposing

only a portion of the second source or drain region;

App. No. 16/881,541 5 Examiner: Not Yet Assigned
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a first germanide layer in the first opening and over the portion of the first source
or drain region, the first germanide layer comprising silicon, germanium and titanium;

a second germanide layer in the second opening and over the portion of the
second source or drain region, the second germanide layer comprising silicon,
germanium and titanium;

a first contact plug in the first opening and on the first germanide layer; and

a second contact plug in the second opening and on the second germanide layer.

10. (New) The integrated circuit structure of claim 9, further comprising:

a first boron doped germanium layer on the first source or drain region, wherein
the first germanide layer is on the first boron doped germanium layer, and wherein the
first boron doped germanium layer has a germanium concentration in excess of 90 atomic
% and a boron concentration in excess of 1E20cm-3; and

a second boron doped germanium layer on the second source or drain region,
wherein the second germanide layer is on the second boron doped germanium layer, and
wherein the second boron doped germanium layer has a germanium concentration in

excess of 90 atomic % and a boron concentration in excess of 1E20cm-3.
11. (New) The integrated circuit structure of claim 10, wherein the first boron doped

germanium layer is in the first opening of the dielectric layer, and wherein the second

boron doped germanium layer is in the second opening of the dielectric layer.

App. No. 16/881,541 6 Examiner: Not Yet Assigned
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12. (New) The integrated circuit structure of claim 10, wherein the first boron doped
germanium layer is below first opening of the dielectric layer and extends beyond the
first opening of the dielectric layer, and wherein the second boron doped germanium
layer is below the second opening of the dielectric layer and extends beyond the first

opening of the dielectric layer.

13. (New) A computing device, comprising:

a board; and

a component coupled to the board, the component including an integrated circuit
structure, comprising:

a fin comprising silicon;

a gate electrode over the fin, the gate electrode having a first side, and the gate
electrode having a second side opposite the first side;

a first dielectric spacer along the first side of the gate electrode;

a first source or drain region in the fin proximate the first side of the gate
electrode, a portion of the first source or drain region beneath the first dielectric spacer,
wherein the first source or drain region comprises silicon and germanium having a
germanium concentration graded to a concentration in excess of 50%;

a second dielectric spacer along the second side of the gate electrode;

a second source or drain region in the fin proximate the second side of the gate

electrode, a portion of the second source or drain region beneath the second dielectric

App. No. 16/881,541 7 Examiner: Not Yet Assigned
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spacer, wherein the second source or drain region comprises silicon and germanium
having a germanium concentration graded to a concentration in excess of 50%;

a dielectric layer over the first source or drain region and over the second source
or drain region, the dielectric layer having a first opening exposing only a portion of the
first source or drain region, and the dielectric layer having a second opening exposing
only a portion of the second source or drain region;

a first germanide layer in the first opening and over the portion of the first source
or drain region, the first germanide layer comprising silicon, germanium and titanium;

a second germanide layer in the second opening and over the portion of the
second source or drain region, the second germanide layer comprising silicon,
germanium and titanium;

a first contact plug in the first opening and on the first germanide layer; and

a second contact plug in the second opening and on the second germanide layer.

14. (New) The computing device of claim 13, further comprising:

a memory coupled to the board.

15. (New) The computing device of claim 13, further comprising:

a communication chip coupled to the board.

16. (New) The computing device of claim 13, further comprising:

a camera coupled to the board.

App. No. 16/881,541 8 Examiner: Not Yet Assigned
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17. (New) The computing device of claim 13, further comprising:

a battery coupled to the board.

18. (New) The computing device of claim 13, further comprising:

an antenna coupled to the board.

19. (New) The computing device of claim 13, wherein the component is a packaged

integrated circuit die.

20. (New) The computing device of claim 13, wherein the component is selected from
the group consisting of a processor, a communications chip, and a digital signal

processor.
21. (New) The computing device of claim 13, wherein the computing device is selected

from the group consisting of a mobile phone, a laptop, a desk top computer, a server, and

a set-top box.

App. No. 16/881,541 9 Examiner: Not Yet Assigned
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business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
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community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/881,541 05/22/2020 Glenn A. GLASS P38507USC2-C1-C1 111548
CONFIRMATION NO. 8383
31817 PUBLICATION NOTICE

SCHWABE, WILLIAMSON & WYATT, P.C.

1211 SW 5th Avenue, Suite 1600 R AP0 OO A
0 0119791813

Portland, OR 97204 0000

Title:CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER PRE-CONTACT
METALIZATION

Publication No.US-2020-0287011-A1
Publication Date:09/10/2020

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http:/www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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Substitute for form 1448A/PTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

(Use as many sheets as necessary)

[Complete if Known

Application Number

16/881,541

Filing Date

May 22, 2020

First Named Inventor

Glenn A. GLASS, et al.

Group Art Unit

2826

Examiner Name

ERDEM, FAZLI

Sheet 1 of 1

Attorney Docket No: P38507USC2-C1-C1 111548

US PATENT DOCUMENTS

USP Document
Number

Examiner Cite
Initial * No '

Publication
or Issue Date
MM-DD-YYYY

Name of Patentee or Applicant
of cited Document

Pages, Columns,
Lines, Where Relevant
Passages or Relevant

Figures Appear

FOREIGN PATEN

T DOCUMENTS

Foreign Patent Document

Examiner Cite

Country Code/Number/Kind Code
Initials* No '

(if known)

Publication Date
MM-DD-YYYY

Name of Patentee or Applicant of
cited Document

Pages, Columns, Lines,
Where Relevant Passages
or Relevant Figures Appear | T?

OTHER DOCUMENTS -- NON PATENT LITERATURE DOCUMENTS

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, T2
Examiner Cite magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or
Initials* No ' country where published.
Office Action for European Patent Application No. 19188924.5 (Attorney Docket No.
P38507EP-D1) mailed July 14, 2020, 5 pgs.
EXAMINER DATE CONSIDERED

Based on PTO/SB/08A(08-08) - Substitute Disclosure Statement Form (PTO-1449)
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. Include copy of this form with next communication to
applicant.1 Applicant's unique citation designation number {optional) 2 Applicant is to place a check mark here if English language Translation is attached

Page 81 of 1640




I

Application No. 16/881 ,541 h
INFORMATION DISCLOSURE Fiing Date | May 22, 2020
STATEMENT BY APPLICANT Fistiventor_| Glass. et al,
mtunit | 2828
{Not for submission under 37 CFR 1.89) Examiner Name | ERDEM, FAZLI
\_ Attorney Docket No. | P38507USC2-C1 ConfNo. 8383 )
( DUTY OF DISCLOSURE STATEMENT )

in accordance with the duty of disclosure, enclosed is a copy of an Information Disclosure Statement (1DS) Citation Form
PTO/SB/GS or PTO-1449, fogether with copies of the documents cited on that form, except for copies not required i be
submitied (e.q., copies of U.S. patents and U.S. published paient applications need not be enclosed). This IDS and DS
Citation Form are being submitied before the mailing of the first Office Action on the merils. [ is respectiully requested
that the cited references be considered and that the enclosed copy of PTO/SB/O8 be initialed by the Examiner o indicate
such consideration and a copy thereof returned to applicant(s).

The submission of this Information Disclosure Statement is not {0 be construed as a representation that a search has bee

n made in the subject application and is not to be construed as an admission that the information cited in this statement is
material to patentability.

\,
(

AN

CERTIFICATION STATEMENT
Please see 37 CFR 1.97 and 1.98 1o make the appropriate selection(s):

That each itemn of information contained in the information disclosure stalement was first cited in any communication

from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e){1).

OR

|:| That no item of information contained in the information disclosure statement was cited in a communication from a foreign
patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification after making
reasonable ingquiry, no item of information contained in the information disclosure statement was known to any individual

designated in 37 CFR 1.58{c) more than three months prior to the filing of the information disclosure statement. See 37
CFR1.97(e)}(2).

OR
None
|:| The 1DS Filing Fee in the amount of $240.00 as set forth in 37 CFR 1.17{p) has been submitted herewith.

Kiis requested that any requisite fees be debited from Deposit Account 58-0393.

SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Plesase see CFR 1.4(d)} for the
form of signature.

Signature | /Justin K. Brask/ Date (MM-DE-YYYY) | 10-14-2020
Name/Print | Justin K. Brask Registration Number | 61080

{ hereby certify that this correspondence is being submitted electronically via EFS Web on the dafe shown below.

Lisa Puccinelli [ Lisa Puccinellif

of infoimation is required by y i oF retain 2 benafit by tha pu
Time wif vary depending tpol
va 223131450 DO NOT &

Date 10-14-2020
by 35 U8, 22 and 27 CFR 1.14. This e ctios 10 tak! hourtc
stions for redacing this bu ! Btion

2nd/or su sha! he Ot nfor:
DRESE. SEND TO: Commissioner for Patents,; P.O, Box

J
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Electronic Acknowledgement Receipt

EFS ID: 40847121
Application Number: 16881541
International Application Number:
Confirmation Number: 8383

Title of Invention:

CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER
PRE-CONTACT METALIZATION

First Named Inventor/Applicant Name:

Glenn A. GLASS

Customer Number:

31817

Filer:

Justin K. Brask/Lisa Puccinelli

Filer Authorized By:

Justin K. Brask

Attorney Docket Number:

P38507USC2-C1-C1 111548

Receipt Date: 14-0CT-2020
Filing Date: 22-MAY-2020
Time Stamp: 19:44:30

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . . File Size(Bytes Multi Pages
u Document Description File Name ile Size( y M " I. . 9
Number Message Digest | Part/.zip| (if appl.)
248143
1 Other Reference-Patent/App/Search P38507EP-D1_OA_07-14-20.pd no 5
documents
4520f85f6e5b58d48811fb5201f0ede755¢e1

Warnings:
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Information:

493356

, P38507USC2-C1- o 5
C1_IDS_10-14-20.pdf y

f69f1fo09085d5e7b8e94ba187e618764e49
da28

Multipart Description/PDF files in .zip description

Document Description Start End
Information Disclosure Statement (IDS) Form (SB08) 2 2
Transmittal Letter 1 1
Warnings:
Information:
Total Files Size (in bytes){ 741499

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Substitute for form 1449A/PTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

(Use as many sheets as necessary)

[Complete if Known

Application Number

16/881,541

Filing Date

May 22, 2020

First Named Inventor

Glenn A. GLASS, et al.

Group Art Unit

2826

Examiner Name

ERDEM, FAZLI

Sheet 1 of 1

Attorney Docket No: P38507USC2-C1-C1 111548

US PATENT DOCUMENTS

USP Document
Number

Examiner Cite
Initial * No'

Publication
or Issue Date
MM-DD-YYYY

Name of Patentee or Applicant
of cited Document

Pages, Columns,
Lines, Where Relevant
Passages or Relevant

Figures Appear

FOREIGN PATEN

T DOCUMENTS

Foreign Patent Document

Examiner Cite

3 Country Code/Number/Kind Code
Initials* No'

(if known)

Publication Date
MM-DD-YYYY

Name of Patentee or Applicant of
cited Document

Pages, Columns, Lines,
Where Relevant Passages
or Relevant Figures Appear | T?

OTHER DOCUMENTS -- NON PATENT LITERATURE DOCUMENTS

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, T2
Examiner Cite magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or
Initials* No ' country where published.
Office Action for Chinese Patent Application No. 201610313170.4 (Attorney Docket
No. P38507CN-D) mailed October 23, 2020, 3 pgs
EXAMINER DATE CONSIDERED

Based on PTO/SB/08A(08-08) - Substitute Disclosure Statement Form (PTO-1449)
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. Include copy of this form with next communication to
applicant.1 Applicant's unique citation designation number {optional) 2 Applicant is to place a check mark here if English language Translation is attached
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s
Application No. 16/881 ,541 R
INFORMATION DISCLOSURE Fiing Date | May 22, 2020
STATEMENT BY APPLICANT Fstinventor | Glass. et gl
mtunit | 2828
{Not for submission under 37 CFR 1.89) Examiner Name | ERDEM. FAZLI
\_ Attomney Docket No. | P38507USC2-C1 ConfNo. 8383 )
( DUTY OF DISCLOSURE STATEMENT )
In accordance with the duty of disclosure, snclosed is a copy of an information Disclosure Siatement (IDS) Citation Form
PTO/SBAS or PTO-1448, together with copies of the documents cited on that form, except for copies not required 1o be
submitied (e.q., copies of U.S. patenis and U.8. published palent applications need notl be enclosed). This iDS and IDS
Citation Form are being submitied before the mailing of the first Office Action on the merils. [t is respectiully requested
that the cited references be considered and that the enclosed copy of PTO/SB/O8 be initialed by the Examiner o indicate
such consideration and a copy thereof returned to applicant(s}.
The subimission of this Information Disclosure Statement is not {0 be construsd as a representation that a search has bee
n made in the subject application and is not to be construed as an admission that the information cited in this statement is
material to patentability.
\ J
( )

CERTIFICATION STATEMENT
Please see 37 CFR 1.97 and 1.98 10 make the appropriate selection(s):

That each item of information contained in the information disclosure stalement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.87(e){1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a foreign
patent office in a counterpart foreign application, and, 1o the knowledge of the person signing the certification atter making
regasonable inguiry, no item of information contained in the information disclosure statement was known 1o any individual
designated in 37 CFR 1.58{c) more than three months prior {o the filing of the information disclosure statement. See 37
CFR 1.97(e}{(2).

OR
None
|:| The IDS Filing Fee in the amount of $240.00 as set forth in 37 CFR 1.17{p) has been submiltted herewith.

Kiis requested that any requisite fees be debited from Deposit Account 58-0393.

SIGNATURE
A signaturs of the applicant or representative is required in accordance with CFR 1.33, 10.18. Plsase see CFR 1.4(d} for the
form of signature.

Signature | /Justin K. Brask/ Date (MM-DD-YYYY) | 01-22-2021
Name/Print | Justin K. Brask Registration Number | 61080

{ hereby cerlify that this correspondence is being submitted efectronically via EFS Web on the dafe shown below.

Dafe 31-22-2021

5U8.C. 122 and 37 GFR 1.4, This cotsctios wtake | hourts
stions for ceucing this bagsr. sho: he O ation

iror su o
DRESE. SEND TO: Commissioner for Patents; P.O. Box

Lisa Puccinelli  fPisa Puccinellif

This
comy lucisig gathering, prepasing anc
cer. U.S. Poten!

vk Offce, 1.3 i
1450, Alexandria, VA 22313-148

\. J

i or retsin  benafit by th
Time wif vary dependin
vh 223131480 DO
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Electronic Acknowledgement Receipt

EFS ID: 41721827
Application Number: 16881541
International Application Number:
Confirmation Number: 8383

Title of Invention:

CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER
PRE-CONTACT METALIZATION

First Named Inventor/Applicant Name:

Glenn A. GLASS

Customer Number:

31817

Filer:

Justin K. Brask/Lisa Puccinelli

Filer Authorized By:

Justin K. Brask

Attorney Docket Number: P38507USC2-C1-C1 111548
Receipt Date: 22-JAN-2021
Filing Date: 22-MAY-2020
Time Stamp: 18:35:19

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document ... . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)

396705

P38507USC2-C1-

2
C1_IDS_01-22-21.pdf yes

5607059160159e90820c30c4d92c4212a2!
45e8e
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Multipart Description/PDF files in .zip description
Document Description Start End
Information Disclosure Statement (IDS) Form (SB08) 2 2
Transmittal Letter 1 1
Warnings:
Information:
97880
) Other Reference-Patent/App/Search CN_OA_10-23-20.pdf no 3
documents
3cd87705ad44396%61ac6670729b6502a8
6cdee
Warnings:
Information:
Total Files Size (in bytes):| 494585

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Doc Code: PA..
PTO/AIA/82A (07-13)

Document Description: Power of Attorney Approved for use through 03/31/2021. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is
directed, the Power of Attorney will not be recognized in the application.

Application Number 16/881,541

Filing Date May 22, 2020

First Named Inventor Glenn A. GLASS

Title CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM
OVERLAYER PRE-CONTACT METALIZATION

Art Unit 2826

Examiner Name Faz“ ERDEM

Attorney Docket Number |97259.00223

SIGNATURE of Applicant or Patent Practitioner

Signature /LUC'US L LOCkWOOd/ Date (Optional)
Name Lucius L. Lockwood Eﬁﬂité?tion 53231

Title (if Applicant is a Attorney for Apphcant
juristic entity)

Applicant Name (if Applicant is a juristic entity) Intel COFpOratlon

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If
more than one applicant, use multiple forms.

*Total of ] forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.11 and 1.14. This collection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Electronic Acknowledgement Receipt

EFS ID: 42920580
Application Number: 16881541
International Application Number:
Confirmation Number: 8383

Title of Invention:

CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER

PRE-CONTACT METALIZATION

First Named Inventor/Applicant Name:

Glenn A. GLASS

Customer Number:

31817

Filer:

Lucius Lavoisier Lockwood/Ariana Sanchez

Filer Authorized By:

Lucius Lavoisier Lockwood

Attorney Docket Number: P38507USC2-C1-C1 111548
Receipt Date: 07-JUN-2021
Filing Date: 22-MAY-2020
Time Stamp: 18:56:15

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document ... . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)
1334814
1 Power of Attorney 541.pdf no 2
2df63624ad4c7e58d29fc
7e5
Warnings:
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Information:

Total Files Size (in bytes){ 1334814

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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2 UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
PQ. Box 1450
Alexandria, Virginia 22313-1450
WWW.uspto.gov’

APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |
16/881,541 05/22/2020 Glenn A. GLASS 97259.00223
CONFIRMATION NO. 8383
35161 POA ACCEPTANCE LETTER
Dickinson Wright PLLC - Washington, DC

1825 EYE ST., NW

1826 EVE N AT AN

WASHINGTON, DC 20006

Date Mailed: 06/10/2021

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 06/07/2021.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/dtdinh/

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

35161 7590 07/14/2021 | EXAMINER |
DICKINSON WRIGHT PLLC - WASHINGTON, DC ERDEM, FAZLI
1825 EYE ST., NW
SUITE 900 | ART UNIT PAPER NUMBER |
WASHINGTON, DC 20006 2826

DATE MAILED: 07/14/2021

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.

16/881.,541 05/22/2020 Glenn A. GLASS 97259.00223 8383

TITLE OF INVENTION: CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER PRE-CONTACT METALIZATION

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 10/14/2021

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at

www.uspto.gov/PatentMaintenanceFees.
Page 1 of 3
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.
Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

35161 7590 07/14/2021 Certificate of Mailing or Transmission
DICKINSON WRIGHT PLLC - WASHINGTON. DC I hereby certify that this Fee(s) Transmittal is being deposited with the United
’ States Postal Service with sufficient postage for first class mail in an envelope
1825 EYE ST., NW addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
SUITE 900 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
WASHINGTON, DC 20006 (Dpedor primed vanme)
(Signature)
(Date)l
I APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
16/881,541 05/22/2020 Glenn A. GLASS 97259.00223 8383
TITLE OF INVENTION: CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER PRE-CONTACT METALIZATION
| APPLN. TYPE | ENTITY STATUS I ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 10/14/2021

I EXAMINER | ART UNIT | CLASS-SUBCLASS |
ERDEM, FAZLI 2826 257-190000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

Address form PTO/SB/122) attached (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of upto 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

(] "Fee Address" indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

|95}

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individual [ Corporation or other private group entity (] Government

4a. Fees submitted: [MIssue Fee (JPublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Blectronic Payment via EFS-Web [ Enclosed check (] Non-electronic payment by credit card (Attach form PTO-2038)

[ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

I APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
16/881,541 05/22/2020 Glenn A. GLASS 97259.00223 8383
35161 7590 07/14/2021 | EXAMINER |
DICKINSON WRIGHT PLLC - WASHINGTON, DC ERDEM, FAZLI
1825 EYE ST., NW
SUITE 900 | ART UNIT PAPER NUMBER |
WASHINGTON, DC 20006 2826

DATE MAILED: 07/14/2021

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5§ U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
) B 16/881,541 GLASS et al.
Notice of Allowablility Examiner ArtUnit | AIA (FITF) Status
FAZLI ERDEM 2826 No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.4) This communication is responsive to Claims filed on 5/29/20.
[J A declaration(s)affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3¢ The allowed claim(s) is/are 2-21 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
4. Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) Al b) (JSome  *c) [J None of the:
1. [0 Certified copies of the priority documents have been received.
2. [J Certified copies of the priority documents have been received in Application No. ___
3. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(3O including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front {not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6..] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.} Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.V} Information Disclosure Statements (PTO/SB/08), 6. ¥} Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 5/26/20, 10/14/20, 1/22/21.

3.0J Examiner's Comment Regarding Requirement for Deposit 7. O Other .

of Biological Material
4.0 Interview Summary (PTO-413),
Paper No./Mail Date.

/FAZLI ERDEM/
Primary Examiner, Art Unit 2826

U.S. Patent and Trademark Office i
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20210703
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Application/Control Number: 16/881,54 1 Page 2
Art Unit: 2826

DETAILED ACTION
Notice of Pre-AlIA or AIA Status
1. The present application is being examined under the pre-AlA first to invent
provisions.

Allowable Subject Matter

2. Claims 2-21 are allowed.
3. The following is an examiner’'s statement of reasons for allowance:
4. Regarding Claim 2, prior art failed to disclose or fairly suggest an integrated

circuit structure comprising, along with other recited claim limitations,

5. a first garmanide layer in the fivst opening and over the portion of the first sowce
or drain region, the first germanide lgyer comprising silicon, germanium and lilanium; a
second germanide layer in the sscond apening and over the portion of the second
source or drain region, the second garmanide layer comprising silicon, germanium and
ttanium; a first confact plug in the first opening and on the firsi germanide layer; and a
second conlact plug in the gsecond opening and on the second germanids layer. Claims
3-8 depend from claim 2 and hence are allowed for the same reason therein.

6. Fegarding Claim 8, prior art {ailed o disclose or fairly suggest an integratsed
circuit structure comprising, along with other recited claim Hmitations,

7. a firsi germanide layer in the firs! opening and over the poriion of the first source
or drain region, the first germanide layer comprizing siicon, germanium and titanium; 3
sgcond germanide laver in the second opening and over the portion of the second
source or drain region, the second germanide layer comprising sificon, germanium and

Hiarium; a first contact plug in the first opening and on the first germanide layer; and a
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Application/Control Number: 16/881,54 1 Page 3
Art Unit: 2826

second contact plug in the second opening and on the second germanide layer, Claims
10-12 depend from claim 2 and hence are sliowed for the same reason therain.

8. Regarding Claim 13 prior art failed to disclose or fairly suggest an integrated
circuit structure comprising, along with other recited claim limitations, & first germanids
tayer in the first opening and over the portion of the first source or drain region, the first
germanide layer comprising siicon, germanium and tanium,; a second germanide layer
in the second opening and over the portion of the second source or drain region, the
second germanide layer comprising sticon, germaniuvm and Manium,; g first conlast plug
in the first opening and on the first germanide layer; and a second contact plug in the
second opening and on the second germanide layer. Claims 14-21 depend from claim
13 and hence are allowed for the same regson thersin

9.

10.  Parent case of this case, which is patented under 10,700,178 is not qualified for
a double patenting rejection because the claims for 10,700,178 fail to disclose opening
or plug limitations. Furthermore, Yasutake 20070187767 can be considered a close
prior art, however, this reference discloses that (see paragraphs 0024 and 0050),

germanide layer does not contain silicon (“without containing Si”).

Any comments considered necessary by applicant mustbe submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”
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Application/Control Number: 16/881,541 Page 4
Art Unit: 2826

Conclusion
11. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to FAZLI ERDEM whose telephone number is (571)272-
1914. The examiner can normally be reached on M-F, 8am-5pm.

Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Davienne Monbleau can be reached on 571-272-1945. The fax phone
number for the organization where this application or proceeding is assigned is 571-
273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see https:/ppair-
my.uspto.gov/pair/PrivatePair. Should you have questions on access to the Private
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).
If you would like assistance from a USPTO Customer Service Representative or access
to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-

272-1000.
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Application/Control Number: 16/881,541 Page 5
Art Unit: 2826

/FAZLI ERDEWY
Primary Examiner, Art Unit 2826
7/3/2021
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Notice of References Cited

Application/Control No. Applicant(s)/Patent Under
16/881,541 Reexamination
GLASS et al.
Examiner Art Unit
FAZLI ERDEM 2826 Page 1 of 1

U.S. PATENT DOCUMENTS

* Coumzoggggfaﬁ:r?bf:}z:; Code MIVEI)- ?}?{YY Name CPC Classification US Classification
* [ A [us-10700178-B2 06-2020 Glass; Glenn A. HO1L21/76864 11
* B | US-20070187767-A1 08-2007 Yasutake; Nobuaki HO1L29/7848 257/368
C
D
E
F
G
H
|
J
K
L
M
FOREIGN PATENT DOCUMENTS
* Countzog:gg?l\:]:n’:lbfrr-]?i:rci Code MIVID» ?}?{YY Country Name CPC Classification
N
O
P
Q
R
S]
T
NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
u
\
W
X

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001)
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |i¢ss1 541 GLASS et al.
H “ “ N Examiner Art Unit
FAZLI ERDEM 2826
CPC
Symbol Type Version
HO1L F 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
CPC Combination Sets
Symbol Type Set Ranking Version
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 20
/FAZLI ERDEM/ 03 July 2021 . . -
Primary Examiner, Art Unit 2826 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 2 SF

U.S. Patent and Trademark Office
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification |i¢ss1 541 GLASS et al.

H “ “ N Examiner Art Unit
FAZLI ERDEM 2826

INTERNATIONAL CLASSIFICATION
CLAIMED

HO1L
HO1L
HO1L
HO1L

NON-CLAIMED

US ORIGINAL CLASSIFICATION
CLASS SUBCLASS
257 190

CROSS REFERENCES(S)

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
NONE
Total Claims Allowed:

(Assistant Examiner) (Date) 20

/FAZLI ERDEM/ 03 July 2021 . . -
Primary Examiner, Art Unit 2826 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 2 SF
U.S. Patent and Trademark Office Part of Paper No.: 20210703
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/ssue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

16/881,541 GLASS et al.
Examiner Art Unit
FAZLI ERDEM 2826

[0 Claims renumbered in the same order as presented by applicant [J CPA (3 T.D. [J R.1.47

CLAIMS
Final |Original|Final OriginallFinaI Original|Final |Original|Final OriginallFinaI Original|Final |Original|Final |Original
1 2 10 11 19 20
2 3 11 12 20 21
3 4 12 13
4 5 13 14
5 6 14 15
6 7 15 16
7 8 16 17
8 9 17 18
9 10 18 19
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 20
/FAZLI ERDEM/ 03 July 2021

Primary Examiner, Art Unit 2826
(Primary Examiner)

O.G. Print Claim(s) | O.G. Print Figure
(Date) 2 SF

U.S. Patent and Trademark Office
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Search Nofles

Application/Control No.

Applicant(s)/Patent Under Reexamination

16/881,541 GLASS et al.
T Y
FAZLI ERDEM 2826
CPC - Searched*
Symbol Date Examiner
HO01L21/28, 28518, 28525, 76, 76805, 76843, 76864, 76895 7/3/2021 FE
HO1L29/45, 0847, 165, 66, 66545, 66636, 66795, 78, 7833, 7848, FE
7/3/2021
785, 7851
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner
257 190 7/3/2021 FE

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of

the search.

Search Notes

Search Notes Date Examiner
Inventors are searched 7/3/2021 FE
Assignee is searched 7/3/2021 FE
Searched 257/190 limited with text 7/3/2021 FE
Searchgd_H01L21/28, 28518, 28525, 76, 76805, 76843, 76864, 7/3/2021 FE

76895 limited with text

Searched H01L29/0847, 45, 165, 66, 66545, 66636, 66795, 78,7833, 7/3/2021 FE

7848, 785, 7851

Interference search is conducted 7/3/2021 FE

EAST Search History is attached 7/3/2021 FE

U.S. Patent and Trademark Office
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Application/Control No. Applicant(s)/Patent Under Reexamination
Search Nofes 16/881,541 GLASS et al.
T

FAZLI ERDEM 2826
Interference Search
US Class/CPC US Subclass/CPC Group Date Examiner
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EAST Search History

EAST Search History (Prior Art)

Ref  Hits Search Query ~ DBs  Default Plrals Time
T D Operator  Stamp

‘S1 4 :"16881541" ‘US-PGPUB; :OR ‘ON :2021/06/30:
: : % {USPAT; 111:20 '
‘USOCR; : f :
. FPRS; EPO;
- JPO;
: DERWENT;
IBM_TDB

52 1 - "16881541" and germanide same :US-PGPUB; :OR ‘ON  2021/06/30:
f :  titanium.clm. : USPAT; :111:20 :
| USOCR; %
: FPRS; EPO;
{JPO;
- DERWENT;
- IBM_TDB

S3 1 "16881541"and contact same - US-PGPUB;  OR ON  2021/06/30-
5 ! . germanide same titanium.cim. . USPAT; 11:21 :
: “USOCR; : ? :
. FPRS; EPO;
. IPO;
- DERWENT;
'IBM_TDB

'S4 1 - germanium same concentration | US-PGPUB; :OR ‘ON £ 2021/06/30:
f i . same contact same germanide | USPAT; 11:22 :
- same titanium.clm. {USOCR; : : :
: ' FPRS; EPO;
-JPO;
: DERWENT;
IBM_TDB

S5 44 - germanium same concentration  :US-PGPUB; :OR ‘ON £ 2021/06/30:
f : - same contact same germanide  : USPAT; 11:22 '
. same titanium : USOCR; : :
f . FPRS; EPO;
:JPO;
- DERWENT;
' IBM_TDB

:S6 27 - germanium same concentration  : US-PGPUB; OR ‘ON - 2021/06/30:
: : : same contact same germanide {USPAT; 111:23 5
‘ near10 titanium "USOCR; 3 ?
% . FPRS; EPO;
:JPO;
IBM_TDB : ; :
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:S7 1 . germanium same concentration US-PGPUB; :OR ‘ON 12021/06/30:
? 2 - same contact same germanide | USPAT; 11:24
- near10 germanium nearl0 silicon : USOCR; : : :
: near10 titanium {FPRS; EPO;
i - JPO;
- DERWENT;
z ; : {IBM_TDB : 3 : z
'S8 102 - germanide near10 germanium ‘US-PGPUB; :OR :ON - 2021/06/30
: : _near10 silicon near10titanium | USPAT; g § 11:24 '
%  USOCR; ' % %
' FPRS; EPO;
:JPO;
- DERWENT;
 IBM_TDB

:S9 5 - germanide near10 germanium ‘US-PGPUB; OR ‘ON 12021/06/30:
: : - near10 silicon near10 titanium.clm.: USPAT; 11:24 :
: ‘USOCR; : :
'FPRS; EPO;
IPO;
: DERWENT;
IBM_TDB

:S10 3 - second near2 germanidenearl0 US-PGPUB; :(OR ‘ON 12021/06/30°
: 5 - germanium near10 silicon near10 : USPAT; 111:28 :
- titanium.clm. ‘USOCR; : : :
5 . FPRS; EPO;
{JPO;
. DERWENT;
-IBM_TDB

S11 4 - second near2 germanidenearl0 US-PGPUB; OR ‘ON 12021/06/30:
5 3 - germanium near10 silicon near10 :USPAT; 111:29
titanium :USOCR; : 1 %
;  FPRS; EPO;
- JPO;
. DERWENT;
IBM_TDB

:S12 5 - second near2 germanide with (ge : US-PGPUB; :OR ‘ON 12021/06/30:
i : - or germanium) with (si or silicon) : USPAT; . 11:30 :
- with (ti or titanium) :USOCR; : : ?
: {FPRS; EPO;
- JPO;
- DERWENT;
IBM_TDB

:S13 2 _contact same plug same second  :US-PGPUB; :OR ‘ON :2021/06/30:
f : - near2 germanide with (ge or “USPAT; 111:31 :
- germanium) with (si or silicon) ~ : USOCR; : i
- with (ti or titanium) : FPRS; EPO;
: {JPO;
' DERWENT; : ; ;
'IBM_TDB : § :
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:S14 8 . contact same plug same US-PGPUB; :OR ‘ON . 2021/06/30:
: : - germanide with (ge or germanium) : USPAT; 11:31
- with (si or silicon) with (ti or :USOCR; : f :
 titanium) {FPRS; EPO;
2 -JPO;
. DERWENT;
- ; BM_TDB 3 ; 3
515 ‘1 _contact same concentration same :US-PGPUB; :OR ‘ON ©2021/06/30:
: _ germanide with (ge or germanium) : USPAT; 11:56 '
- with (si or silicon) with (ti or - USOCR; : :
: titanium) {FPRS; EPO;
: :JPO;
{ DERWENT;
IBM_TDB

516 4 - (ge or germanium) near2 ‘US-PGPUB; :{OR :ON . 2021/06/30
f : : concentration same germanide | USPAT; 111:57 :
- with (ge or germanium) with (si or { USOCR; f f
silicon) with (ti or titanium) :FPRS; EPO;
: IPO;
- DERWENT;
IBM_TDB

517 '3 - (ge or germanium) near2 ‘US-PGPUB; OR ‘ON 12021/06/30:
: é - concentration.clm. and germanide : USPAT; § : 112:03 :
- with (ge or germanium) with (si or | USOCR; ' : :
silicon) with (ti or titanium).clm.  : FPRS; EPO;
: :JPO;
. DERWENT;
IBM_TDB

1S18 29 - (ge or germanium) near2 'US-PGPUB;  OR 'ON  2021/06/30:
2 2 _ concentration.clm. and “USPAT; 112:03 :
- (germanium or germanide or ge)  USOCR; ' f %
- with (ge or germanium) with (si or : FPRS; EPO;
- silicon) with (ti or titanium).clm.  : JPO;
5 . DERWENT;
IBM_TDB

519 11 - (ge or germanium) near2 ‘US-PGPUB; OR ‘ON 12021/06/30:
i f . concentration.cim. and : USPAT; :12:03 :
: (germanium or germanide or ge) : USOCR; : : :
- with (ge or germanium) with (si or | FPRS; EPO;
 silicon) with (ti or titanium).clm.  : JPO;
- and contact near plug : DERWENT;
; ' IBM_TDB

1520 20 - (ge or germanium) near2 ‘US-PGPUB; :OR :ON . 2021/06/30:
f : : concentration.clm. and {USPAT; 114:47 i
- (germanium or germanide or ge) : USOCR; : :
- with (ge or germanium) with (si or : FPRS; EPO;
¢ silicon) with (ti or titanium) same  § JPO;
- contact near plug ‘DERWENT; g ; :
f 'IBM_TDB ; ; ;
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621 5 - (ge or germanium) near2 ‘US-PGPUB; :OR ‘ON £2021/06/30:
? 3 - concentration same (germanium or: USPAT; 14:47 :
: germanide or ge) same (ge or {USOCR; ' : :
: germanium) same (si or silicon)  { FPRS; EPO;
- same (ti or titanium) same contact ‘ JPO;
_near plug - DERWENT;
: ; f {IBM_TDB : : : :
1522 28 - (ge or germanium) near2 ‘US-PGPUB; :OR :ON - 2021/06/30
i : _ concentration same (germanium or : USPAT; - 14:48 :
- germanide or ge) near10 (ti or : USOCR; : :
- titanium) same contact near plug : FPRS; EPO;
: :JPO;
- DERWENT;
 IBM_TDB

1523 7 (ge or germanium) near2 'US-PGPUB;  OR ‘ON  2021/06/30:
: : : concentration.cim. and {USPAT; 114:49 1
- (germanium or germanide or ge) : USOCR; ? ;
- near10 (ti or titanium).clm. and  : FPRS; EPO;
: contact near plug.clm. :JPO;
; : DERWENT;
' 1BM_TDB

1S24 11 - (ge or germanium) near2 ‘US-PGPUB; OR ‘ON 12021/06/30:
: : - concentration.clm. and USPAT; 1 14:50 ‘
- (germanium or germanide or ge)  USOCR; : : :
- nearl0 (ti or titanium) near10 (si : FPRS; EPO;
: or silicon) and contact near :JPO;
: plug.cim. { DERWENT;
: 'IBM_TDB

825 9 - contact with (germanium or US-PGPUB; OR ‘ON 12021/06/30:
? 3 - germanide or ge) near10 (ti or “USPAT; 14:51 :
titanium) near10 (si or silicon) ‘USOCR; : : %
- same plug.clm. -FPRS; EPO;
: JPC;
- DERWENT;
-1BM_TDB

526 114 - contact with (germanium or ‘US-PGPUB; OR ‘ON 12021/06/30:
i f - germanide or ge) nearl0 (tior ~  USPAT; - 14:52 :
- titanium) near10 (si or silicon) :USOCR; : : ?
: same plug {FPRS; EPO;
: - JPO;
. DERWENT;
IBM_TDB

:S27 30 : contact near10 (germaniumor ‘US-PGPUB; :OR ‘ON :2021/06/30:
f : : germanide or ge) near10 (ti or {USPAT; 114:52 i
. titanium) near10 (si or silicon) - USOCR; ? i
: same plug : FPRS; EPO;
? {JPO;
' DERWENT; : ; ;
IBM_TDB § § ;

Page 112 of 1640



1528 4,346 - germanide ‘US-PGPUB; :OR ‘ON :2021/06/30°
5 ; - USPAT; 1 14:53 :

- USOCR; : : z

“FPRS; EPO;

JPO;

. DERWENT;
z ; : {IBM_TDB : 3 : z
1529 1223 : germanide near titanium ‘US-PGPUB; :OR :ON : 2021/06/30:
: ; - USPAT; 1 14:53 :

USOCR;

' FPRS; EPO;

:JPO;

{ DERWENT;

IBM_TDB

:S30 59 - germanide near titanium.dm. 'US-PGPUB;  OR ‘ON 12021/06/30:
s : é USPAT; 14:53 '
‘USOCR; : : i
'FPRS; EPO;
IPO;
DERWENT;
IBM_TDB

S31 0 - germanide near titanium same ' US-PGPUB; ' OR ‘ON 12021/06/30:
: : formula - USPAT; 14:54 :
: { USOCR; : f
 FPRS; EPO;
{JPO;
. DERWENT;
'IBM_TDB

1S32 11 - germanide near titanium and ‘US-PGPUB; :OR ‘ON 12021/06/30:
2 ; - (germanium or ge) near5 “USPAT; 1 14:54 :
- concentration.clm. ‘USOCR; : : %
i -FPRS; EPO;
- JPO;
- DERWENT;
‘IBM_TDB

833 2 - (source or drain or source/drain or : US-PGPUB;  : OR ‘ON 12021/06/30:
i : - 5/d) same germanide near titanium : USPAT; - 14:55 1
: and (germanium or ge) near5 {USOCR; : : ?
: concentration.cim. {FPRS; EPO;
: -JPO;
- DERWENT;
‘IBM_TDB

:S34 55 (source or drain or source/drain or : US-PGPUB;  : OR ‘ON - 2021/06/30:
: : : s/d) same germanide same {USPAT; - 14:56 i
titanium and (germanium or ge)  : USOCR; : :
: near5 concentration.clm. : FPRS; EPO;
: {JPO;
' DERWENT; g ; :
IBM_TDB
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S35 39 - (source or drain or source/drain or : US-PGPUB;  OR ‘ON £2021/06/30:
? 2 - s/d) same germanide same - USPAT; 1 14:56

 titanium same (si or silicon) and ;| USOCR; : f :

: (germanium or ge) near5 {FPRS; EPO;

- concentration.clm. 1JPO;

% - DERWENT;
z ; : {IBM_TDB : 3 : z
1S36 27 (source or drain or source/drain or : US-PGPUB;  : OR ‘ON ©2021/06/30:
i f - 5/d) same germanide same - USPAT; - 14:59 '

 titanium same (si or silicon) and  : USOCR; : : :

: (germanium or ge) near5 : FPRS; EPO;

: concentration.clm. and :JPO;

- germanide.clm. : DERWENT;

: -1BM_TDB

1837 25 - (source or drain or source/drain or : US-PGPUB; ' OR ‘ON £ 2021/06/30:
: : - s/d) same germanide same : USPAT; :14:59 :
* titanium same (si or silicon) and  { USOCR; ? ;
- (germanium or ge) near5 :FPRS; EPO;
: concentration.clm. and (contact or : JPO;
- source or drain or source/drain or | DERWENT;
- s/d) same germanide.cim. - IBM_TDB

538 496 (gesi or sige) near10 germanide  :US-PGPUB; :OR ‘ON 12021/06/30:
: 9 : USPAT; § g 15:58 :
{ USOCR; : : f
 FPRS; EPO;
{JPO;
- DERWENT;
'IBM_TDB

839 5 (gesi or sige) near10 germanide  :US-PGPUB; OR ‘ON 12021/06/30:
: 3 - and germanide near10 (ti or “USPAT; ' 15:59 '
- titanum) ‘USOCR; ' f %
; . FPRS; EPO;
- JPO;
- DERWENT;
-1BM_TDB

1S40 104 (gesi or sige) near10 germanide : US-PGPUB; :OR ‘ON 12021/06/30:
i f - and contact same (ti or titanium)  USPAT; -16:03 :
% {USOCR; : : ?
{FPRS; EPO;
- JPO;
- DERWENT;
IBM_TDB

:S41 10 (gesi or sige) near10 germanide  :US-PGPUB; :OR :ON . 2021/06/30:
: : ‘ and contact same (ti or {USPAT; :16:04 i
titanium).clm. - USOCR; 5 :
: : FPRS; EPO;
{JPO;
' DERWENT; g ; :
IBM_TDB § § §
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542 495 - sige near10 germanide ‘US-PGPUB; :OR ‘ON £2021/06/30:
L  USPAT; 117:00 '
: USOCR; : : :
'FPRS; EPO;
-JPO;
- DERWENT;
z ; : {IBM_TDB : 3 : z
1543 120 : sige near10 germanide near10 ‘US-PGPUB; :OR :ON : 2021/06/30:
: titanium - USPAT; 117:00 '
5 - USOCR; '
. FPRS; EPO;
:JPO;
- DERWENT;
 IBM_TDB

1544 14,324,504 sige near10 germanidenearl0  US-PGPUB; :OR ‘ON  2021/06/30:
: : - titanium samne (source or drain or : USPAT; 117:01 '
- source/drain or s/d) - USOCR; f :
:  FPRS; EPO;
- JPO;
' DERWENT;
' IBM_TDB

545 14 sige nearl0 germanidenearl0  :US-PGPUB; :OR ‘ON 12021/06/30:
? 5 titanium same (source or drain or : USPAT; 117:02 ‘
- source/drain or s/d) “USOCR; ' : 5
; _FPRS; EPO;
{JPO;
. DERWENT;
'IBM_TDB

1546 ‘14 resistance samecontactsame ~ :US-PGPUB; OR ‘ON  2021/06/30:
? !  (silicon near2 germanium or sige) : USPAT; :17:03
- near10 germanide near10 titanium : USOCR; : %
- same (source or drain or ‘FPRS; EPO;
. source/drain or s/d) - JPO;
5 - DERWENT;
-1BM_TDB

:547 14 - resistance same (silicon near2 ‘US-PGPUB; OR ‘ON 12021/06/30:
i f - germanium or sige) nearl0 : USPAT; :17:03 :
: germanide near10 titanium same : USOCR; : : ?
- (source or drain or source/drain or : FPRS; EPO;
s/d) -JPO;
? - DERWENT;
' 1BM_TDB

548 54  resistance same (silicon near2 ‘US-PGPUB; :OR ‘ON - 2021/06/30:
: : - germanium or sige) same “USPAT; 17:04 :
- germanide sametitanium same  : USOCR; 5 :
: (source or drain or source/drain or : FPRS; EPO;
s/d) - JPO;
: ' DERWENT; g ; :
IBM_TDB
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1S49 48 _contactnear2 resistance same ~ US-PGPUB;  OR ON  2021/06/30

 (silicon near2 germanium or sige) : USPAT; 117:04

: same germanide same titanium  { USOCR; : : :

: same (source or drain or {FPRS; EPO;

- source/drain or s/d) 1JPO;

% . DERWENT;
z ; : {IBM_TDB : 3 : z
S50 40 _contact near2 resistancesame ' US-PGPUB; OR ‘ON ©2021/06/30:
: - (silicon near2 germaniumor sige) : USPAT; :17:05 '

- same germanide same titanium  : USOCR; :

: same (source or drain or : FPRS; EPO;

- source/drain or s/d) same plug - JPO;

: - DERWENT;

IBM_TDB

'S51 9 - contact near2 resistance same | US-PGPUB; ' OR ‘ON £ 2021/06/30:
: : ¢ (silicon near2 germanium or sige) : USPAT; :17:06 '

‘ same germanide same titanium  { USOCR; f f

- same (source or drain or :FPRS; EPO;

: source/drain or s/d) same plug and: JPO;

_ (ti or titanium).cIm.  DERWENT;

5 ' IBM_TDB
:S52 40 _contact near2 resistance same ~ :US-PGPUB; :OR ‘ON  2021/06/30:
: : (silicon near2 germanium or sige) : USPAT; 117:07 :

: same germanide same titanium  { USOCR; ' : 5

- same (source or drain or “FPRS; EPO;

: source/drain or s/d) same plug :JPO;

: same (silicide or silicidation) : DERWENT;

: ‘IBM_TDB
1S53 53 (US-20190341464-$ or US- 'US-PGPUB;  OR 'ON  2021/06/30:
: : 120200287011-$ or US- USPAT; 117:08 :

1 20130277752-$ or US- DERWENT s ;

20150311204-$ or US-
20160118384-$ or US-
120200127091-$ or US-
120100093147-$ or US-
1 20190096885-$ or US-
20200135476-$ or US-
120100213538-$ or US-
1 20150206942-$ or US-
120120153387-$ or US-
20130248999-$ or US-
20070187767-$ or US-
120100213532-$ or US-
1 20100065886-$ or US-
120070286952-$ or US-
20130285155-$ or US-
1 20200006229-$ or US-
1 20170047419-$ or US-
120160027781-$ or US-
20160329431-$ or US-
20130240989-$ or US-
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S55

S56 41 S53and germanide sametitanium  US-PGPUB
: same (silicide or silicidation) same
- (nickel or ni)

45

. $53 and germanide same titanium
_same (silicide or silicidation)

$53 and germanide same (ti or
- titanium) same (silicide or
: silicidation) same (nickel or ni)

- S53 and germanide same (ti or
- titanium) same (silicide or

20130264639-$ or US-
20150333180- or US-
20160322359-$).did. or (US-
20160372547-$ or US-
20170373147-$ or US-
20190259835-$ or US-
20210005712-$).did. or (US-
110700178-$ or US-9059024-$ or
US-9224735-$ or US-9754940-$ or
US-6093968-$ or US-8334561-$ or -
US-9484432-$ or US-10297670-$
or US-9153583-§ or US-9397102-6
or US-9705000-$ or US-8994104-5
or US-9117791-$ or US-9349810-%
or US-9437691-$ or US-9722023-% -
or US-10090383-$ or US-
10304927-$ or US-10553680-$ or -
US-10811496-$ or US-10879353-
$).did. or (US-20200287011- or
US-20080311710-$).did.

S53 and germanide same titanium

'US-PGPUB;  OR
(USPAT;

USOCR;
-FPRS; EPO;
{JPO;

. DERWENT;
:IBM_TDB

'US-PGPUB;  OR
USPAT; 1
- USOCR;

. FPRS; EPO;
{JPO;
DERWENT;

'US-PGPUB; OR
- USPAT; 3

- USOCR;

FPRS; EPO;

- JPO;
. DERWENT;
IBM_TDB

‘US-PGPUB; :OR
: USPAT; :

: USOCR;

:FPRS; EPO;

-JPO;
. DERWENT;
- IBM_TDB

'US-PGPUB;  OR
 USPAT; :
 USOCR;

ON

ON

12021/06/30
117:08 f

12021/06/30
17:08

12021/06/30
17:09

12021/06/30°
17:09 :

12021/06/30°
£17:09 :
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silicidation) same (nickel or ni) “FPRS; EPO;

- same (sige or si or silicon) - JPO;

: : DERWENT;
IBM_TDB

:S59 (74 - contact near resistance same ‘US-PGPUB; OR ‘ON :2021/06/30:
: : - germanide same (ti or titanium)  : USPAT; 117:10 1
. same (silicide or silicidation) same : USOCR; : ? ;
: (nickel or ni) same (sigeorsior FPRS; EPO;
- silicon) {JPO;
: . DERWENT;
' 1BM_TDB

1S60 69 : contact near resistance same :US-PGPUB; OR ‘ON :2021/06/30:
= : - germanide same (ti or titanium) | USPAT; :17:10 ‘
- same (silicide or silicidation) same : USOCR; : 5 f
: (nickel or ni) same (sige orsior  : FPRS; EPQ;
¢ silicon) and (ge or germanium)  : JPO;
- near10 concentration { DERWENT;
z - IBM_TDB

1S61 20 - contact near resistance same ‘US-PGPUB; ' OR ‘ON  2021/06/30:
5 ! - germanide same (ti or titanium) USPAT; 17:11 :
- same (silicide or silicidation) same | USOCR; : : %
(nickel or ni) same (sigeorsior  :FPRS; EPO;
. silicon) and (ge or germanium)  : JPO;
- near10 concentrationand (tior ~ : DERWENT;
- titanium).clm. IBM_TDB

:S62 5 - contact near resistance same US-PGPUB; :OR ‘ON £ 2021/06/30:
i : - germanide same (ti or titanium) USPAT; 17:11 :
. same (silicide or silicidation) same : USOCR; : f ?
- (nickel or ni) same (sigeorsior  :FPRS; EPO;
: silicon) and (ge or germanium) {JPO;
- near10 concentrationand (tior ~ : DERWENT;
titanium).clm. and germanide.cim.  IBM_TDB

:S63 34 - contact near resistance same :US-PGPUB; :OR ‘ON :2021/06/30:
: : - germanide same (ti or titanium)  : USPAT; 17:12 1
: same (silicide or silicidation) same : USOCR; f 5 ;
(nickel or ni) same (sigeorsior : FPRS; EPO;
- silicon) same (ge or germanium)  JPC;
: near10 concentration same (tior | DERWENT;
 titanium) {IBM_TDB

S64 1 "12975178" and germanide 'US-PGPUB; OR ‘ON  2021/06/30
L 2 USPAT; § § 17:14
'USOCR; f f
FPRS; EPO;
{JPO;
 DERWENT;
:IBM_TDB

:S65 ‘0 : "7969784".pn. and germanide :US-PGPUB; :OR ‘ON :2021/06/30:
: : "USPAT; 117:15 3
- USOCR; 2 : : :
 FPRS; EPO; % % %
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JPO;
. DERWENT;
{IBM_TDB

1S66 2 - "7969784".pn. “US-PGPUB; OR :ON :2021/06/30:
: : "USPAT; 117:15 f
- USOCR; f :
. FPRS; EPO;
{JPO;
- DERWENT;
IBM_TDB

1S67 9 - "12975178" 'US-PGPUB; OR 'ON  2021/06/30:
: z - USPAT; 117:15 :
- USOCR; : :
. FPRS; EPO;
- JPO;
- DERWENT;
- 1BM_TDB

1568 430 "6373746" _US-PGPUB; : OR ON  2021/06/30°
- z USPAT; 17:16
i USOCR; : : :
 FPRS; EPO;
1JPO;
 DERWENT;
IBM_TD

S 694 ,,,,,,,,,,,,,,,,,,,,,,,, o= 73746"pn R hustolretita ON ,,,,,,,,,,,, 2021/06/30
; ; '17:16 E

. DERWENT;
IBM_TDB

'S70 1 :"16881541" and (germanide ‘US-PGPUB; :OR :ON : 2021/06/30:
? f - near10 titanium) "USPAT; 117:19 :
: - USOCR; : %
“FPRS; EPO;
-JPO;
- DERWENT;
' IBM_TDB

s71 1 "16881541" and contact with 'US-PGPUB; OR ON  2021/06/30
: : - (germanide near10 titanium) ‘USPAT; 117:20 :
: USOCR; : 5
 FPRS; EPO;
1 JPO;
- DERWENT;
IBM_TDB

1§72 1 - "16881541" and silicidation with ' US-PGPUB; ' OR :ON . 2021/06/30

: : . contact with (germanide nearl0 : USPAT; :17:20 :
* titanium) ‘USOCR; ' ? :

i _FPRS; EPO;

PO,
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. DERWENT;
IBV_TDB

5§73 23 silicidation with contact with ‘US-PGPUB; OR ‘ON 12021/06/30:
5 ! . (germanide near10 titanium) . USPAT; 17:21 :
: “USOCR; : ? f
-FPRS; EPO;
- IPO;
- DERWENT;
'IBM_TDB

574 101  (silicide or silicidation) with contact: US-PGPUB;  : OR ‘ON £ 2021/06/30:
i i . with (germanide near10 titanium) : USPAT; 17:21 f
: {USOCR; : : :
{FPRS; EPO;
-JPO;
: DERWENT;
IBM_TDB

:S75 139  resistance same (silicide or :US-PGPUB; :OR ‘ON :2021/06/30:
i f silicidation) with contact with - USPAT; 17:22 :
. (germanide near10 titanium) :USOCR; ' 3 2
; ' FPRS; EPO;
:JPO;
. DERWENT;
:IBM_TDB

576 34 - resistance same (silicide or :US-PGPUB; :OR ‘ON - 2021/06/30:
f :  silicidation) with contact with “USPAT; 117:23 '
- (germanide near10 titanium) same: USOCR; : :
- plug : FPRS; EPO;
% - JPO;
' DERWENT;
: _ 5 IBM_TDB 3 3 :
:S77 34 . resistance same (silicide or :US-PGPUB; :OR :ON :2021/06/30:
2 2 : silicidation) same contact same  : USPAT; :17:23 :
- (germanide near10 titanium) same: USOCR; : : f
- plug -FPRS; EPO;
: - JPO;
. DERWENT;
' IBM_TDB

:S78 75 - contact near resistance same ‘US-PGPUB; :OR ‘ON £2021/07/01°
f i - germanide same titanium : USPAT; - 08:30 :
: {USOCR; : 5 :
- FPRS; EPO;
- JPO;
. DERWENT;
- IBM_TDB

:S79 56 . contact near resistance same ‘US-PGPUB; OR ‘ON  2021/07/01:
i f . germanide sametitanium same  : USPAT; :08:31 :
nickel  USOCR; ' ; z
: 'FPRS; EPO;
:JPO;
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. DERWENT;
IBV_TDB

580 54 - contact near resistance same ‘US-PGPUB; OR ‘ON 12021/07/01
5 ! . germanide sametitanium same | USPAT; . 08:31 :
- nickel same aluminum “USOCR; 5 :
i  FPRS; EPO;
- IPO;
- DERWENT;
'IBM_TDB

:S81 12 - 13/990224 US-PGPUB; :OR ‘ON £2021/07/01:
o i USPAT; 108:32 f
:USOCR; : : :
‘FPRS; EPO;
-JPO;
: DERWENT;
IBM_TDB

1582 :32 - contact near resistance and ‘US-PGPUB; OR ‘ON 12021/07/01:
i f . silicidation same germanide same  USPAT; . 08:33 :
- titanium same nickel same :USOCR; ' 3 :
- aluminum {FPRS; EPO;
f JPC;
- DERWENT;
:IBM_TDB

:S83 |73 . contact near resistance and :US-PGPUB; :OR ‘ON . 2021/07/01:
f :  (silicide or silicidation) same “USPAT; 110:41 '
- germanide sametitanium same | USOCR; ' :
- nickel same aluminum : FPRS; EPO;
% - JPO;
- DERWENT;
: _ : IBM_TDB 3 3 :
1584 54 . contact near resistance same :US-PGPUB; :OR :ON :2021/07/01:
: 2  (silicide or silicidation) same - USPAT; - 10:43 :
- germanide sametitanium same  : USOCR; : : f
- nickel same aluminum -FPRS; EPO;
: :JPO;
. DERWENT;
5 : : ‘IBM.TDB : : :
585 :1,106  (silicide or silicidation) near10 (ti or: US-PGPUB;  OR ‘ON £2021/07/01°
i i titanium) near10 (ge or germanium : USPAT; :12:26 f
- or germanide) near10 (si or silicon): USOCR; : %
; . FPRS; EPO;
- IPO;
- DERWENT;
‘IBM_TDB

586 30  (silicide or silicidation) near10 (ti or: US-PGPUB;  : OR ‘ON 12021/07/01:
i f - titanium) near10 (ge or germanium : USPAT; :12:27 1
- or germanide) near10 (si or silicon) : USOCR; : : :
' same contact near resistance - FPRS; EPO;
: :JPO;
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. DERWENT;
IBV_TDB

587 15 (silicide or silicidation) near10 (ti or: US-PGPUB;  : OR ‘ON 12021/07/01:
5 ! titanium) near10 (ge or germanium : USPAT; 112:37 :
- or germanide) near10 (si or silicon) : USOCR; : ? :
- same contact near resistance and FPRS; EPO;
- tungsten with nickel with :JPO;
- aluminum { DERWENT;
: "IBM_TDB

588 0  (silicide or silicidation) near10 (ti or: US-PGPUB;  : OR ‘ON £2021/07/01:
i i . titanium) near10 (ge or germanium : USPAT; :12:37 :
¢ or germanide) near10 (si or silicon) : USOCR; : ? %
: same contact near resistance and : FPRS; EPO;
tungsten with nickel with -JPO;
- aluminum with germanide with ~ : DERWENT;
: : : contact adj resistance {IBM_TDB : 3 : :
1589 :0 - tungsten with nickel with :US-PGPUB; :OR ‘ON :2021/07/01
i : “aluminum with germanide with | USPAT; 112:37 :
- contact adj resistance :USOCR; : : :
{FPRS; EPO;
JPC;
- DERWENT;
:IBM_TDB

.S90 0 titanium with nickel with aluminum : US-PGPUB;  : OR :ON -2021/07/01:
: : : with germanide with contactadj  : USPAT; 112:37 5
. resistance - USOCR; ' ?
z . FPRS; EPO;
:JPO;
- DERWENT;
: _ : IBM_TDB 3 3 :
1591 36  titanium with nickel with aluminum : US-PGPUB; : OR ‘ON 12021/07/01
: 2 : with germanide same contactadj :USPAT; :12:38 :
: resistance { USOCR; : : f
i . FPRS; EPO;
:JPO;
. DERWENT;
' IBM_TDB

1592 34  titanium with nickel with aluminum : US-PGPUB; - OR ‘ON £2021/07/01°
i i - with germanide same (source or  USPAT; 112:48 :
- drain or source/drain or s/d) same | USOCR; : f ;
- plug - FPRS; EPO;
f JPO;
- DERWENT;
"IBM_TDB

593 (34 (i or titanium) same (ni or nickel) : US-PGPUB; :OR ‘ON 12021/07/01:
i ; - with (al or aluminum) with : USPAT; :12:49

: germanide same (sourceor drain  { USOCR; : ? :

- or source/drain or s/d) same plug : FPRS; EPQ;

: :JPO;
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. DERWENT;
IBV_TDB

1594 54 - (ti or titanium) same (ni or nickel) :US-PGPUB; :OR ‘ON 12021/07/01
5 ! - same (al or aluminum) same "USPAT; 112:49 :
- germanide same (sourceor drain : USOCR; : f :
_or source/drain or s/d) sameplug : FPRS; EPO;
; | IPO;
- DERWENT;
‘IBM_TDB

1595 :28 (i or titanium) same (ni or nickel) : US-PGPUB; :OR ‘ON £2021/07/01:
i i : same (al or aluminum) same : USPAT; :12:49 f
: germanide same (sourceor drain  { USOCR; : f %
: or source/drain or s/d) sameplug :FPRS; EPQ;
- same (opening or trench) -JPO;
: : DERWENT;
- 1BM_TDB

:S96 127  (ti or titanium) same (ni or nickel) :US-PGPUB; :OR ‘ON 12021/07/01°
i f - same (al or aluminum) same - USPAT; 112:50 :
. germanide same (sourceor drain : USOCR; : : :
: or source/drain or s/d) sameplug : FPRS; EPO;
- same (opening or trench) same  : JPO;
contact near resistance - DERWENT;
; :IBM_TDB

1597 188 _ (ti or titanium) same (ni or nickel) : US-PGPUB; OR :ON :2021/07/01:
f : : same (al or aluminum) same “USPAT; 117:52 '

- (germanide or sige or ge or - USOCR; : : :

- germanium) same (source or drain : FPRS; EPO;

: or source/drain or s/d) sameplug : JPO;

- same (opening or trench) same - DERWENT;
: . : contact near resistance :IBM_TDB : : 5 :
1598 98 - (ti or titanium) same (ni or nickel) :US-PGPUB; :OR ‘ON  2021/07/01:
: : - same (al or aluminum) same - USPAT; 17:52 :

- (germanide or sige or ge or :USOCR; ' f :

- germanium) same (source or drain : FPRS; EPO;

: or source/drain or s/d) same :JPO;

- (opening or trench) same contact : DERWENT;

near resistance ‘IBM_TDB

1599 :83 _ (ti or titanium) same (ni or nickel) :US-PGPUB; OR ‘ON £2021/07/01°
i i . same (al or aluminum) same - USPAT; . 17:53 f
- (germanide or sige or ge or ‘USOCR; : : %

- germanium) same (source or drain : FPRS; EPO;

- or source/drain or s/d) same :JPO;

: (opening or trench) same contact | DERWENT;

_near resistance same adhesion - IBM_TDB

:5100:95 (i or titanium) same (ni or nickel) : US-PGPUB; :OR ‘ON  2021/07/01:
i § : same (al or aluminum) same : USPAT; :18:06 1
: (germanide or sige or ge or ‘USOCR; ' : ?
- germanium) same (source or drain | FPRS; EPQ;
- or source/drain or s/d) same :JPO; : ; :
: (opening or trench) same adhesion: :
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- DERWENT;

Q : :IBM_TDB
15101 84 - 5100 and contact adj resistance  : US-PGPUB; :OR ‘ON 12021/07/01
: ; - USPAT; 118:06 1
‘USOCR; ' ? :
-FPRS; EPO;
| IPO;
- DERWENT;
: : ‘1BM_TDB
:5102:60 - (US-20190341464-$ or US- ‘US-PGPUB; OR ‘ON £2021/07/02:
i i :20200287011-$ or US- : USPAT; : 08:55 :
:20130277752-$ or US- {DERWENT : :
:20150311204-$ or US- 5

1 20160118384-$ or US-
120200127091-$ or US-

- 20100093147-$ or US-

- 20190096885-$ or US-
120200135476-$ or US-
120100213538-$ or US-

- 20150206942-$ or US-

- 20120153387-$ or US-

- 20130248999-$ or US-

- 20070187767-$ or US-

- 20100213532-$ or US-

1 20100065886-$ or US-

- 20070286952-$ or US-

- 20130285155-$ or US-

- 20200006229-$ or US-

1 20170047419-$ or US-

1 20160027781-$ or US-

1 20160329431-$ or US-

- 20130240989-$ or US-

1 20130264639-$ or US-
120150333180-$ or US-

1 20160322359-$).did. or (US-

- 20160372547-$ or US-

- 20170373147-$ or US-

- 20190259835-$ or US-

1 20210005712-$ or US-

- 20200006330-$ or US-
120210111246-$ or US-

- 20140001520-$ or US-

- 20160240534-$ or US-
120200303373-$ or US-

1 20180248011-$).did. or (US-

- 10700178-$ or US-9059024-$ or
- US-9224735-$ or US-9754940-$ or
- US-6093968-$ or US-8334561-$ or :
- US-9484432-$ or US-10297670-$
- or US-9153583-$ or US-9397102-% :
_or US-9705000-$ or US-8994104-%
or US-9117791-$ or US-9349810-$
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or US-9437691-$ or US-9722023-$
- or US-10090383-$ or US-
:10304927-$ or US-10553680-$ or
: US-10811496-$ or US-10879353-% :
- or US-7969784-$).did. or (US- :
- 20200287011-$ or US-
- 120080311710-$).did. ; 3 3 3 g
15103:6 - $102 and (germanide with ‘US-PGPUB; :OR :ON :2021/07/02
: : titanium).clm. {USPAT; :08:55 5
z _USOCR; % %
' FPRS; EPO;
:JPO;
- DERWENT;
IBM_TDB

15104:50 - 5102 and (germanide with ‘US-PGPUB; OR ‘ON  2021/07/02:
f 5  titanium) same (source or drain or : USPAT; :08:57 :
: source/drain or s/d) ‘USOCR; f :
; . FPRS; EPO;

:JPC;

: DERWENT;

' 1BM_TDB

:5105:25 - 5102 and (germanide with ‘US-PGPUB; OR ‘ON 12021/07/02:
? 5 titanium) same (source or drain or | USPAT; :08:57 :
- source/drain or s/d) same “USOCR; ' : 5
- (opening or trench) “FPRS; EPO;
: :JPO;
: ; - DERWENT;
: : 'IBM_TDB

:5106:25 - 5102 and (germanide with ‘US-PGPUB; :OR ‘ON 2021/07/02:
2 2 - titanium) same (source or drain or : USPAT; :08:58 :
- source/drain or s/d) same ‘USOCR; 1 %
 (opening or trench) same plug -FPRS; EPO;
: JPC;

- DERWENT;

‘IBM_TDB

:5107 .32 - $102 and (germanide same ‘US-PGPUB; OR ‘ON 12021/07/02:
i f  titanium) same (source or drain or : USPAT; - 08:58 :
: source/drain or s/d) same : USOCR; : : :
: (opening or trench) same plug {FPRS; EPO;
: - JPO;
- DERWENT;
' 1BM_TDB

51083 : 5102 and (germanide same ‘US-PGPUB; :OR ‘ON :2021/07/02:
: :  titanium same (silicon or si)) same | USPAT; 08:58 1
. (source or drain or source/drain or : USOCR; : f
: s/d) same (opening or trench) : FPRS; EPO;
‘ same plug {JPO;
; ' DERWENT; : ; ;
IBM_TDB : : ;
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:5109:23 - 5102 and (germanide same ‘US-PGPUB; :OR ‘ON £2021/07/02:
2 Q - titanium same (silicon or si or - USPAT; 1 08:58 :
. sige)) same (sourceordrainor  { USOCR; ' : ;
: source/drain or s/d) same {FPRS; EPO;
- (opening or trench) same plug -JPO;
; : DERWENT;
IBM_TDB

511021 : 5102 and (germanide same ‘US-PGPUB; :OR ‘ON :2021/07/02:
f - titanium same (silicon or si or sige): USPAT; 108:59 :
- same (silicide or silicidation)) same : USOCR; : : %
: (source or drain or source/drain or : FPRS; EPO;
- s/d) same (opening or trench) :JPO;
- same plug : DERWENT;
f IBM_TDB

;S111:21 . (germanide sametitanium same US-PGPUB; :OR :ON :2021/07/02:
: : - (silicon or si or sige) same (silicide : USPAT; - 09:00 '
- or silicidation)) same (source or  { USOCR; ? i
- drain or source/drain or s/d) same : FPRS; EPO;
: (opening or trench) same plug :JPO;
: : DERWENT;

' 1BM_TDB

:5112:17 - ((ti or titanium) same (silicon or si : US-PGPUB; :OR ‘ON 12021/07/02:
? 5 - or sige) same (silicide or “USPAT; -09:00 ‘
 silicidation)) same (source or drain : USOCR; : : f
. or source/drain or s/d) same :FPRS; EPO;
: (opening or trench) same plug and : JPO;
: : germanide.clm. { DERWENT;
i ; . IBM_TDB

1511322 - ((ti or titanium) same (silicon or si : US-PGPUB;  OR ‘ON 12021/07/02:
2 : _ or sige) same (silicide or “USPAT; :09:00
silicidation)) same (source or drain { USOCR; : : %

- or source/drain or s/d) same -FPRS; EPO;

. (opening or trench) and :JPO;

: germanide.clm. : DERWENT;

: ‘IBM_TDB

:5114:125 finfet and germanide.clm. ‘US-PGPUB; OR ‘ON 12021/07/02:
o f  USPAT; ; 3 109:01 %
:USOCR; : % %
{FPRS; EPO;
- JPO;
. DERWENT;
IBM_TDB

511517 - finfet and germanide.clm. and ‘US-PGPUB; :OR :ON . 2021/07/02
: : : germanide near10 (ti or {USPAT; 09:01 1
titanium).clm. - USOCR; 5
: : FPRS; EPO;
{JPO;
. DERWENT; : ; :
IBM_TDB § § §

Page 126 of 1640



:5116:15 - S115and contact adj resistance | US-PGPUB;  OR ‘ON £2021/07/02:
- i | USPAT; ; § 09:02
: USOCR; : : :
'FPRS; EPO;
1JPO;
. DERWENT;
z ; : {IBM_TDB : 3 : z
1 S117:124 finfet same (stack or stackingor ~ :US-PGPUB; :OR ‘ON $2021/07/02:
i f  stacked) same contact adj - USPAT; 109:03 :
- resistance : USOCR; : : :
: . FPRS; EPO;
:JPO;
- DERWENT;
-1BM_TDB

151185 - 5117 and (germanide or ge or sige : US-PGPUB; ' OR ‘ON $2021/07/02:
: : - or germanium) near10 (ti or : USPAT; . 09:03 '
- titanium).clm. ‘USOCR; : ? :
; . FPRS; EPO;

IPO;

- DERWENT;

IBM_TDB

:5119:27 - S117 and (germanide or ge or sige : US-PGPUB;  : OR ‘ON 12021/07/02:
? 5 - or germanium) near10 (ti or “USPAT; 09:04 ‘
 titanium) same contact adj “USOCR; : : :
. resistance : FPRS; EPO;
z . IPO;
- DERWENT;
'IBM_TDB

151202 - "20070187767" “US-PGPUB; OR ‘ON  2021/07/02:
? : : - USPAT; : : 109:05 :
- USOCR; : % g
“FPRS; EPO;
- JPO;
- DERWENT;
- IBM_TDB

:5121:2 - §120 and germanide ‘US-PGPUB; OR ‘ON 12021/07/02:
: f f USPAT; - 09:06 :
:USOCR; : : %
{FPRS; EPO;
:JPO;
. DERWENT;
IBM_TDB

1S122°1 - S120 and germanide with (sior ~ :US-PGPUB; :OR ‘ON :2021/07/02:
: : ¢ silicon or silicide or silicidation) {USPAT; :09:07 1
; - USOCR; : :
. FPRS; EPO;
{JPO;
' DERWENT; ; ; :
‘IBM_TDB ; § §
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:5123:0 . 5120 and germanide with (sior | US-PGPUB; :OR ‘ON :2021/07/02:
2 Q silicon or silicide or - USPAT; 109:08 :
 silicidation).clm. :USOCR; : f :
: {FPRS; EPO;
1JPO;
. DERWENT;
z ; : {IBM_TDB : 3 : z
15124 413 - germanide with (sior siliconor ~ :US-PGPUB; :OR :ON :2021/07/02
i f silicide or silicidation).clm. - USPAT; 109:08 :
% : USOCR; : : :
_FPRS; EPO;
:JPO;
- DERWENT;
IBM_TDB

:S125:104 - germanide with (sior siliconor ~ :US-PGPUB; :OR ‘ON  2021/07/02:
: :  silicide or silicidation).clm. and : USPAT; . 09:08 '
- germanide with (ti or ‘USOCR; ? ;
titanium).clm. :FPRS; EPO;
| - JPO;

: DERWENT;

IBM_TDB

5126 40 - S125and contact adj resistance  : US-PGPUB; : OR ‘ON 12021/07/02:
- ; USPAT; : g 09:08 :
{ USOCR; : : :
“FPRS; EPO;
{JPO;
: ; - DERWENT;
: : 'IBM_TDB

1512739 - S126 and germanide same(tior :US-PGPUB; :OR ‘ON  2021/07/02:
2 : _titanium) same (silicide or “USPAT; 109:10 :
- silicidation) ‘USOCR; : : %
; . FPRS; EPO;

- JPO;

- DERWENT;

-1BM_TDB

:5128 35 - S126 and germanide same(tior : US-PGPUB; :OR ‘ON 12021/07/02:
i f - titanium) same (silicide or : USPAT; 1 09:11 :
 silicidation).cIm. :USOCR; : : ?
: {FPRS; EPO;
- JPO;
. DERWENT;
IBM_TDB

:5129'3 - 126 and (source or drain or ‘US-PGPUB; :OR ‘ON $2021/07/02:
f : : source/drain or s/d) same {USPAT; 109:11 i
- germanide same (ti or titanium) | USOCR; :
. same (silicide or silicidation).clm. : FPRS; EPO;
% {JPO;

 DERWENT; ; ; g
BM_TDB ; ; ;
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:5130:23 - 5126 and (source or drain or ‘US-PGPUB; :OR ‘ON £2021/07/02:
2 2 - source/drain or s/d) same - USPAT; 109:11 :
- germanide same (ti or titanium) | USOCR; : : :
: same (silicide or silicidation) {FPRS; EPO;
: -JPO;
. DERWENT;
z ; : {IBM_TDB : 3 : z
151313 - 5126 and (source or drain or ‘US-PGPUB; :OR ‘ON $2021/07/02:
: : - source/drain or s/d) same {USPAT; :09:12 :
- germanide same (ti or titanium)  : USOCR; : :
: same (silicide or silicidation) same : FPRS; EPO;
- contact adj resistance :JPO;
: - DERWENT:
-IBM_TDB

1S132:71 - (source or drain or source/drain or : US-PGPUB; : OR ‘ON  2021/07/02:
: : . s/d) same germanidesame (tior : USPAT; :09:12 :
* titanium) same (silicide or ‘USOCR; ? ;
silicidation) same contact adj :FPRS; EPO;
‘ resistance 1JPO;
? - DERWENT;

IBM_TDB

1S5133:54 - (source or drain or source/drain or : US-PGPUB; : OR ‘ON  2021/07/02:
? 5 - s/d) same germanide same (tior  USPAT; 109:13 ‘
 titanium) same (silicide or “USOCR; : : f
. silicidation) same contact adj “FPRS; EPO;
: resistance same (opening or trench: JPO;
: - or plug or stack or stacking or ' DERWENT;
: - stacked) near2 contact ‘IBM_TDB

:5134:54 - (source or drain or source/drain or : US-PGPUB; :OR ‘ON :2021/07/02:
2 2 : s/d) same germanide same (tior : USPAT; :11:02

- titanium) same (silicide or :USOCR; : f %

silicidation) same contact adj ‘FPRS; EPO;

resistance same (opening or trench: JPO;

- or plug or stack or stacking or : DERWENT;

- stacked) near2 contact ‘IBM_TDB

:5135:31 - contact adj resistance same ‘US-PGPUB; OR ‘ON 12021/07/02:
i f - germanide same plug same USPAT; 113:03 :
- (opening or trench) same (s/dor : USOCR; : : :
- source or drain or source/drain)  : FPRS; EPO;
: -JPO;
- DERWENT;
IBM_TDB

:5136:23 - contact near resistance same ‘US-PGPUB; :OR ‘ON $2021/07/02:
? i - (source or drain or s/d or “USPAT; :16:00 :
- source/drain) same (ge or - USOCR; ? i
: germanium or sige or : FPRS; EPO;
¢ germanide).clm. {JPO;
: ' DERWENT; g ; :
IBM_TDB § § ;
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:5137:58 - contact near resistance same ‘US-PGPUB; :OR ‘ON £2021/07/02:
2 2 (source or drain or s/d or - USPAT; 118:50 :
: source/drain) same (ge or {USOCR; : : :
: germanium or sige or germanide) : FPRS; EPO;
- same contact near2 (stack or -JPO;
- stacking or stacked) : DERWENT; ; :
IBM_TDB

7/3/2021 2:39:50 PM
C:\Users\ferdem\Documents\EAST\Workspaces\16881541_case.wsp
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EAST Search History

EAST Search History (Interference)

‘Ref Hits Search Query  DBs  Default Plurals Time
. Operator Stamp
L1140 intel.as,aanm" us-  OR ‘ON  2021/07/03
P ; PGPUB; 14:34 :

L15 70,118 intel.as,aanm. Us-  OR 'ON  2021/07/03
L § PGPUB; 14:34 '

116 7,885 glass.in. or murthy.in. or ghani.in. us-  OR ‘ON  2021/07/03
1 i : -PGPUB; 514:34 :

117 1,602 257/190.ccls. Us-  OR ON  2021/07/03
- | PGPUB; 1435

'L18 - 84,003 < HO1L21/28.cpc. or HO1L21/28518.cpc.or  :US- :OR ‘ON 12021/07/03 :
5 i - HO01L21/28525.cpc. or HO1L21/76.cpc.or  PGPUB; 114:35 ‘
- HO01L21/76805.cpc. or HO1L.21/76895.cpc.or : USPAT : :

- HO1L21/76843.cpc. or HO1L21/76864.cpc. '
- or HO1L29/45.cpc. or HO1L29/0847.cpc. or

- HO1L29/165.cpc. or HO1L29/66.cpc. or

- HO1L29/66545.cpc. or HO1L.29/66636.cpc.

- or H01L.29/66795.cpc. or HO1L29/78.¢cpc. or
 H01L29/7833.cpc. or H01L29/7848.cpc. or

- HO1L29/785.cpc. or H01L29/7851.cpc.

1119 159,776 I150r |16 0r 117 or 118 Us-  OR 'ON  2021/07/03
- : 'PGPUB; 114:35 f

120 259  I19and (ge or germanium or sige) same (ti - US- ‘OR ‘ON :2021/07/03 :
Z ? - or titanium) same (silicide or silicidationor :PGPUB; 114:36 '
silicon) same (contact adj resistance) :USPAT : f

121 :48 119 and (fin or finfet) same (ge or :US- ‘OR ‘ON :2021/07/03
i : - germanium or sige) same (ti or titanium) ~ PGPUB; :14:36 :
- same (silicide or silicidation or silicon) same : USPAT f ?
. (contact adj resistance) f :

22121 ‘119 and (fin or finfet) and (ge or germanium : US- ‘OR ‘ON :2021/07/03
f % ‘ or sige) same (ti or titanium) same (silicide ‘PGPUB; ° :14:37 :
or silicidation or silicon) same (contactadj USPAT :

: resistance) and (ge or germanium) nearl0 : :

. concentration

122 and (ti or titanium) with (nickel or ni)

- same (al or aluminum)

T T T
: f 1437

2395
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EAST Search History (Prior Art)

‘Ref Hits Search Query DBs - Default Plurals  Time
# i ‘Operator: ~ Stamp
L1 223,271 intel.as,aanm. “US-PGPUB; OR ON  2021/07/03
: § - USPAT; 14:24 :

- USOCR; : : :

. FPRS; EPO;

- JPO;

- DERWENT;

- IBM_TDB

12 24,331 glass in. or murthy.in. or ghani.in. US-PGPUB; :OR ‘ON  2021/07/03:
: {USPAT,; :14:24 :
“USOCR; ' :
‘FPRS; EPO;
- JPO;
. DERWENT;
iIBM _TDB

L3 12,737  257/190.ccls. EUS PGPUB fOR :ON :2021/07/03 .
L ; USPAT; 14:24 :
- USOCR; ' ? :
- FPRS; EPO;
:JPO;
- DERWENT;
EIBM _TDB

L4 200, 494 H01L21/28 cpc. or H01L21/28518.cpc. : US-PGPUB; - OR ‘ON . 2021/07/03:
L - or H01L.21/28525.cpc. or - USPAT; 14:27 :
- HO1L21/76.cpc. or HO1L21/76805.cpc. : USOCR; : : %

:or HO1L21/76895.cpc.or : FPRS; EPO;
: HO1L.21/76843.cpc. or %JPO;

' H01L21/76864.cpc. or HO1L29/45.cpc. | DERWENT;
- or H01L.29/0847.cpc. or E IBM_TDB

: H01L29/165.cpc. or HO1L29/66.cpc. or.

: H01L29/66545.cpc. or :

. H011L.29/66636.cpc. or 3
 HO1L29/66795.cpc. or H01L29/78. cpc

- or H01L.29/7833.cpc. or

- HO1L29/7848.cpc. or HO1L29/785. cpc

- or HO1L29/7851.cpc.

L5 440 476 [Lorl2orl3orl4 :US-PGPUB; :OR ‘ON 2021/07/03
L | USPAT; 14:28 '
- USOCR; : : :
- FPRS; EPO;
:JPO;
- DERWENT;
. IBM_TDB

L6 1 466 15 and (ge or germanium or sigeor - US-PGPUB;  OR ON 2021/07/03
: : germanide) same contact adj : USPAT; : :14:28 :
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i resistance same (sourceor drainor  : USOCR;
- source/drain or s/d) ‘FPRS; EPO;
: - JPO;
- DERWENT;
, IBM_TDB ; ; ;
|5 and (ge or germanium or sigeor  : US-PGPUB; : OR ‘ON  2021/07/03:
- germanide) same contact adj :USPAT; :14:28 :
resistance same (sourceor drainor  : USOCR; ?
. source/drain or s/d) same (opening or : FPRS; EPO;
- trench or plug) :JPO;
: - DERWENT;
- : ‘BM_TDB 5 : ;
L8 213 |7 and(ge or germanium or sigeor  : US-PGPUB; :OR ‘ON 2021/07/03:
2 f - germanide) with (ti or titanium)  USPAT; 14:29 :
: - USOCR; f : :
. FPRS; EPQ;
:JPO;
- DERWENT;
P : IBM_TDB : ; :
L9 154 I8 and (ge or germanium) near10 “US-PGPUB; :OR :ON . 2021/07/03:
f : - concentration :USPAT; :14:31 :
: ‘USOCR; : : ;
- FPRS; EPO;
- JPO;
- DERWENT;
s ; BM_TDB 3 g ;
'L10 1132 19 and (fin or finfet) .US-PGPUB; :OR o\ 12021/07/03:
- § - USPAT; 14:31 '
- USOCR; : f
- FPRS; EPO;
- JPO;
- DERWENT;
“IBM_TDB

'L11 126 [10and (silicide or silicidation) US-PGPUB; :OR ‘ON 12021/07/03:
L : - USPAT; 14:32 '

: USOCR; : :

“FPRS; EPO;

:JPO;

- DERWENT;
L , IBM_TDB : : 5
:L12 108 -111 and (ti or titanium) same (nickel or : US-PGPUB;  :OR :ON :2021/07/03"
: ni) same (al or aluminum) - USPAT; 14:32 :

: :USOCR; f ? :

- FPRS; EPO;

:JPO;

- DERWENT;
L ; ‘IBM_TDB , ; :
113 :20 112 and (ti or titanium).clm. ‘US-PGPUB; OR ‘ON 1 2021/07/03:
L é - USPAT; 14:32 :

USOCR;
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EFS ID: 43326847
Application Number: 16881541
International Application Number:
Confirmation Number: 8383

Title of Invention:

CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER
PRE-CONTACT METALIZATION

First Named Inventor/Applicant Name:

Glenn A. GLASS

Customer Number:

35161

Filer:

lan David MacKinnon

Filer Authorized By:

Attorney Docket Number: 97259.00223
Receipt Date: 23-JUL-2021
Filing Date: 22-MAY-2020
Time Stamp: 17:43:09

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment
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File Listing:
Document . . File Size(Bytes Multi Pages
u Document Description File Name ile Size( y V " I. . 9
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Information:

Total Files Size (in bytes){ 3542229

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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2 UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
PQ. Box 1450
Alexandria, Virginia 22313-1450
WWW.uspto.gov’

APPLICATIONNUMBER | FILING OR 371(C) DATE [ FRSTNAMED APPLICANT | ATTY. DOCKETNO/TITLE |
16/881,541 05/22/2020 Glenn A. GLASS 97259.00223
CONFIRMATION NO. 8383
35161 POWER OF ATTORNEY NOTICE
DICKINSON WRIGHT PLLC - WASHINGTON, DC

1825 EYE ST., NW

B
SUITE 900

WASHINGTON, DC 20006

Date Mailed: 07/28/2021

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 07/23/2021.

* The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence
will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/rmohamed/
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/881,541 05/22/2020 Glenn A. GLASS D480-012044
CONFIRMATION NO. 8383
164 POA ACCEPTANCE LETTER
KINNEY & LANGE, P.A.
312 SOUTH THIRD STREET O L0 R
00000012725057

MINNEAPOLIS, MN 55415-1002
Date Mailed: 07/28/2021

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 07/23/2021.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/rmohamed/
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Doc code: RCEX PTO/SB/30EFS (02-18)

Doc description: Request for Continued Examination (RCE) Approved for use through 11/30/2020. OMB 0851-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL
(Submitted Only via EFS-Web)

Application | L0 544 Filing | b450.05-22 Docket Number | 1,44 45044 Art 1 beoe
Number Date (if applicable) Unit

First Named Glenn A_ Glass Examiner Fazli Erdem

Inventor Name

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application.
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8,
1995, or to any design application. The Instruction Sheet for this form is located at WWW . USPTO.GOV

SUBMISSION REQUIRED UNDER 37 CFR 1.114

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the order
in which they were filed unless applicant instructs otherwise. If applicant does not wish to have any previously filed unentered amendment(s)
entered, applicant must request non-entry of such amendment(s).

|:| Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be considered as a
submission even if this box is hot checked.

|:| Consider the arguments in the Appeal Brief or Reply Brief previously filed on

[ ] Other

X Enclosed

[] Amendment/Reply
g Information Disclosure Statement (IDS)

|:| Affidavit(s)/ Declaration{s)

[] Other

MISCELLANEOUS

|:| Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a period of months
{Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required)

[] Other

FEES

The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed.
|Z| The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to
Deposit Account No 110982

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED

X Patent Practitioner Signature

Applicant Signature

EFS - Web 2.1.16
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Doc code: RCEX

Doc description: Request for Continued Examination (RCE)

PTO/SB/30EFS {02-18)

Approved for use through 11/30/2020. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Signature of Registered U.S. Patent Practitioner

Signature

lan D. MacKinnon/

Date (YYYY-MM-DD)

E021 -10-08 I

Name

an D. MacKinnon

Registration Number

660

This collection of information is required by 37 CFR 1.114. The informaticn is required to obtain or retain a benefit by the public which is to
file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time
will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for
reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce,
P.O. Box 1450, Alexandria, VA 22313-1450.

If vou need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 {(P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be
advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information
solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office
is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information
Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, tc a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need
for the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization,
pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may
be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application cpen to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

EFS - Web 2.1.16
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11. —HFF4k,
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Heg-F4r. mA, BREERA—FRBHRTHORBZANETE S
BER, EAABRAEBEIZABEAY, SRARWAES TFTEANK
AR AL K ) = A

ERAAE

EXERAF, BUT—FHZEHILNE, REATEHB LN
SHRFE S —ANEBYF I RFFRE, RAANSELNBAR
FREABRB/BRENFFAREHNRERATR. ZEFALAS B2
ERAHBHEMER BB EASAAERBEZMEKFTT RFHF
B, EEHRAEFAKRBY TRFAEARAREIANT LR B/ FHEERH
1) = A B AEATT ARG BR RS,

BERLY, RET—HOULRLASL BRI E HBNF+HKE
#, e

EV—AGHEREE, AETXFEFAEEANG—AREBL; F

PEHBEINE, LEASBGBENGARES —ANF—HH
SpEFFRE, BN RFFRELATREV N PHEZKRETN EL
K (footprint) LA i ¥ F KA G URER, X+ AL S EEEN S
BERREY A GRERAETHAHAER LR B A,

BARAY—ANFEHRBF, ZE2Y—NBREKAEE (FET) £
pFET, £ % ERIEF B O SiGe. ERKAN I —AR#&EH T,
HEY—ANGHHEBEER oFET, 5 EEINHH O SI:C. £
ARBHFHIS—AEHbF, HEHROHEEY —A pFET £V —A
nFET, EMaRERSE, L P 574 pFET AW TES EEER
HB O SiGe, MiXHHA nFET AN EEERN H B G Si:C.

e LAk, EEERERNBEZVAEEBAETTFAAUBERA
BRI REFFRE, FSEFFERETURFEBRIBH LY.

6
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AERANSEEER N BLOEF S EFFRE, FEFE 42
FEREGTM L, BE S EFFREMSTTFE SN EFFRENS
RAKBERZHBL24.

A5 Si AR EHAR pFET 89 5%:&6%, £ EEEREHEG
HEBAETUREKE AR SiGe Efeli T H —5ME SiGe B TR
LR =5 SiGe B, RE/EAKHA, F 3L SiGe EREH KB
Biey. TR IME SiGe BT FH —IMAE SiGe BER FHiB.

A3 & Si AR EHAR nFET 8§ %£#4F, 2 EEERHEEG
BEBAETFTURENHE —E Si:C B FH—E Si:C BT
LR =L Si:C B, RBAKH, £ Si:C EREH LR
By, MF I SiiC Bl TE S Si:C ERFH 4.

RIELRGLEH, REXALRG—FrHEFZLEMG T E. X&KL,
RE B T ik Qs

RYPE) A GBERAEET, EEAFFREAG—ANRELAY
J 7]l 4F (extension spacer), iR ¥4 EXR AZEV— AN HHE &K
HREHEER EAURBEK;

EHRAVUBRARFFAREAORERA D LEHBAKE 4
REFHRE, MRS FXFRENEETRERAFFRERY
EEFHIRE;

BERAR I REFFRELHRE S EFFRE, LPHRER
ZHRFFRGEETRE RS REFFRENHR, FEE 5
REFEREQBEMNRELS;

BFAR—Ff 2SI FFREY LRAB AT KK,

A, BAF Sk (ep)FFARELSUBRAHIH A, Bkt
REBRGEERZERNE (Hllef—Ff S FFREHES) 5
HRTFFFARERAGURE SRR . ERALRH—RETEH T,
SEEENABERLEARAA.

B B BLEA
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H1RARFT—FEMBEF (HEH), E¥ R LTSS
FE RO REBAREN LR LHHR>R M,

BHo2RETHINEHMAERBALTE S EFFREZIENE
T (HEH), APEP S EFFREQEETRE LN U KK
AER G EETHRE.

B3RABETH 2 EHAEFLITE XS REZEHAT
(ER), A PE S EFXFREGEET RS IBREAS—
SPIEF FAR B EEF KRR .

HARRTHAINERAR —FF_FFRELRLSAHRBRK
IR EREHAGEBF (HFEHHE) .

BSEEFEHAGEMARRRSE —FRBFGE _KENR
HZEHET (NEH) .

Bk EkF X

NEFAE TIXAEH R HER M itefol B REPHEITE
HameHA, RAARBT —FE#H, Lo BaB4hda0 s 2E
EEANE, FERLALRB/THEIFFLEMYFTE, 28, WEAR
A THHER B 69324k 0Y, B FERABRILFI AL H].

ATXHHAY, BRETXERRGET, Sz H. &
. HH. R+, KBS RS, AMERFHRALBYTLER,
R, KRRGEEBRARELLEERE, AXATAELA X b4
HREATHEATER, EHAFALT, BASXARAGERRTE
FHRBAT MG, ABEEMAL A EGRHIE,

BEER, 4RI ATk, fle—AE. REBRIALL, 5T 3
— A LB R EFH, ETAABEE TS AL, X%
LT AF BTGB A, 2T, YRE—AAACHLBETFoRCLEL
FrR—AABG L@ R LF e, WAGEAREAH . EE L ERE,
BRI —ANAAKETHF —AABHTERCTH 0, CTURAESE
FA—AANTE, RELTUAFERSE 4. sk, LRI —A

8
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AHCHLBLET"RCBLBRL T H —AAKHGTEHRCTH70, WK
BB,

e EFE, AXFAERFARBTEEEZIEHIE, LLAIK
NP RN AFEBREIERBTEEAREA FPHUBEANE Y —
ARSI FRE, ATERAEEZY —A CMOS B4t SkeH
MR, REARKEEENBHARTFFREN P RA LA R/
FHRREGRIBA., SHARLPSEEIBRHBHEMER HEREF
BABBHZMERT RIFGFH, REBRIXKRBY TEELY
BRARBAR/RAR R F A G ToeeG4e s, ERLAG—ELHEH P,
FEARANSERIBNBEALROLEA.

HAREEER 1, RERTALARA Gk 10, B F,
AL EEM 10 QHFFHRER 12, ﬁq’ﬁ’&ﬁi/‘—-/\ﬁa% K14 (£
MEFEEEFT—RER) . WsH 10 LEFEURBE 16, &£
BRTHEAER 28—KSN. ZFUREK 1646 TFEY —ANBHEE
R E (FET) 188§ b2 K |k,

REB1IFARGWEAMEBTT £ —4 FET, 22 KL ALE &
ER—AFFHEEHR 12 EHBREAN FET. £A FET TREA AR &
T (LA L% nFET 4% pFET) . &84, $A FET T4
AAXFHFLKE (LA, —&H nFET M—% % pFET) . %%
BARMEAFETH, RASB 15 THRANGEARIE SR, R2
TOAR A LSRR B —4 4 FET, mRIH —44) FET.

ZEV—/ FET 18 €& MHEE, L MR AR 20, MR
TR 22 RARTE 24, EMBEEBY—ANB LA EE —FH Fm#
26, BHAE 2 ETER 2HEERYP.

AN 4G S5 ) 04 B AR A FAR BB ARA R B 894 G A .
FIL, et 10 94, BB F—FHARME 26 HHBR, EREH
WE K 16 ¢ A, HEA A RAABRBERAR Fr#tsmth FE K,

AKPPTRA QLN 10 9 FFARAR 12 QETES46H
¥, QLFEERFRMETF: Si. Ge. SiGe. SiC. SiGeC. Ga. GaAs. InAs.

9
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InP F By £€ MI/V X I/V eHFF4&, FFEER 2LTUE
BANE RIS EFFK, #lde SiSiGe. L4k LA (SOI) R4
%4k E SiGe (SGOI) . ARRPAM—EZHH T, Hiki, FF44K
AR 12 84 Si FF4HH, LR, SHRNGFSRHH, 15
HER 12 TARB LY. EBLEGEF A FPLAABLPESBLRK, £
BEARER, FFAREA N EAR - EH, AE5MEHANEES
EHE(IRE.

LRA SOT A AE, XEEROETFALIK, #lSi £,
CMEBELFEEYBREEZSHO4H. HEIHLEELE, b,
MR ERKRENY. RLHRALEERS., thikh, BFLELER
—F R, BE, BELYEEERBREGLNESILES T
BEAFRRAE, Hlde SIMOX (BEEREIFEARE) B UK
B

AR 12 TARFERARRE, JAGBFER, ETURALAE R
Fldh kIR @ ) R R e RAFFRER . RAZAAHF LT RK
BRe & FET, REMBRGKZE FET 4k, 4w, BRAELE A
R LN, LPeSEQ10AA LHBA pFET, F B £{100)
s L & nFET. S#ARASER N, ©TAEA LM SOI KT .
FAABAR (bulk-like) 89 B R R AH K% SOI Fo A 4R bR 69484~

FFEREA RETRAECHEF—H% (n-K p-) EFef =54 (n-
Hp-) B, AFBARL, ARZXVOWBEFEAALAKRTH LR, &
—BEEFR B EETUARARAY, RECNTRAEERARAK T4
M/ RIS RRE. RiH S RARARECH”,

R, RERAFXFAREA RABRES A RERX 14. BE
R4TARAHRBER (BT ) ABEAXDRER. ANRER
M BRARF A RABRBARAR TR GARBRELL, Hlde, T
AEHRANBE XA . RikFAARSANFBAAW. 1£
B, EAMALINTAEAWAT RN, EAWELZE IS
B ¥ K (densification) T B, AR EANAAZEHF P EHLLE. B

10
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FMHHEGHRTUARA R EFRAEMLE, 28, FEV /IR
BRXAARATMBEZ B RBLETRE, BFERCMEAAHRLSBH
% &, AAFWMEETAEAMEGFELE (LR, 24 n-K
p-E) , RA@ER, ENEBELFRRAHF LN (L3R, —ANb
n-B, F—AHKp-A).

AEXREAHIAF &, £H &R FET 18 87T 242 A 446 CMOS
IEZRAR, CHARMBIERGEFHHE. KA FfD bk, &,
AT FET 18 B T A& ) EH-AMIE L 2.

Jm L AR, FET 18 QL34 H MR EA/R 20 e R, MRS
122 ARG 24, MR EANT 20 FELEFFAESL 28—AX%
B, S ELRERLE, FlB. KRR TIAT K.
HH, MR AT 20 BB B IR R, 43t F AR CVD ).
FE TR CVD. £2EANLERAMIR (MOCVD) . BFER
AR (ALD) . &4, L E B . LFERRLAFLEC X MUY LRLE,
IevA B, M EAFR 20 LT AR L& eG4FE A Md AR,

WIEAR 20 AIHACFEAKY 4.0 REXGLEMH . KX
FIRBANFANCEFRMRAESAETH, REFRER. E—/A 5Lk
BlF, WMBEANK 20 €FF k AH. RiE<FH RN GFEHXT
4.0, LK T 7.0 oMK, AHARG, FELARAGHRLNT
20 LI R T: Bibdh. R . RN F/ R, 0L
B hie QAL B ALY, E—AERHP, Kk, WEESMT
20 ALY, #l4e Si0,. HfO,. ZrO,. AL,O;. TiO,. La,0;. SrTiO;-
LaAlOs;. Y05 Ga,0;. GdGaO A E&RAY.

WK 20 WHEBETAKE, 2R83%, WMEEANK 20
BENKY 05-KX4 10nm, ERBGFEH K% 0.5-X% 3nm.

BE, EMMENR 20 8 ERERE EH RAMETFK 22, WL
FiR 22 AFEF LMK, EHS A Si. SiGe. £ 5. £ 544
2RBAY . 2RALY. ERBENHIASALEENES. AL
BER, TAESNFAREZAREYKMEEEE(KEF), #3= TIN

11
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2 TaN,

MBFIR 22 BHERRFALEHRARLE, A, LFER
MR, FETFTAREBLFLMAR. RTFERR, KA. O, &
BRETECEMGAREE, E—AE#kbP, ZF#EASH S
R SiGe A MM LI, TAER RIETARLE, R A%, £EF
EANIEHATRMR, b, EREZAT, MEFER 22 TAELE Fiz
ABATH R, AREKEMBEBG D I, BERAGBLNE T
%41 €3 As. P. B. Sb. Bi. In. Al. Ga. TI XL RA%Y. MRS
W22 HBEMNTFARAREREHRESR., AR, MREFE 224
BEHR X% 20-X4 250nm.

% /~FET 18 4 M8 B L L2 T MR 22 A& Loy AJR
8 24, ERANAIE 24 G ELY . fRH. AR LTEEESL,
FRAERGRABLEEMATG R, @FEFld= CVD. PECVD FuikiE. &
ARG 24 69 BT AR ALY T8 B S A3 H K45 10-X 49 100nm.

AW BB EZN (EEBMBLEREY) 2B (EASE
% CMOS {FERELZT ) HBRYFE—F W@t 26, LHRMHE A
JRHE 24 R AAAHAERRE . EE—F FBH 26 28 38 itiR
BAR kAR, FELECHERARARRDYOTERITLS KY 1-X
# 50nm. ¥ F G4 26 LT AE AL ERABR. F—F 0 B4
26 LT RAET KRR, BAECRAFTHFETHB AR RRY RAEH
BHE. ,

AXLEER 12. BAFET 18 REZ—FH B4 2025, FAF
—F A B4 26 F ARG 24 AR AL ERA FET 18 B4 K E
HER 1N ABREY —AUKBE 16. MK 16 BB ATUERA LG
MR E, FloREETFHL (RIE) . &6 F 40 phat 2R 4
HURBK 16, AEA—ALREK 14 95tk egstidsk, &5
—NEF—F R 26 AR L AA%, RiF<EXAEsT AR,
@R R I EAE FET 18 QMR E T HRLR DA RELE
W A ERRB IR 16 HEB KK E & FH 2] 4T dy T3 AR

12
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BARREURAAESN TRERE. BT EARKNIEII, KLH
BHRAAEOR AL E, LRI ESEAN FET 18 MHE R
TEREKAAIE (RE2F) .

AB1ATREES RARBTURE 16ZXE, AUKBE 16
ABRE—SEFFRE 28, REMFTHE THGELFALL 12 &
HRHRR. 2&, FIEFFRE 8 5F S X FKRE30( L
TXREHMEYGHN) —RURRLANSEEEEHNB. HlE 2
BRT OIS X FIRE 28 R ALEH. HTHWARNL, FET
HENAHFLEE 2 AL AHE b A FTHF.

ARIBEALE, B EFFIRE 28 RIEHE. BR LR Lme,
“RBRORBE—IEFLFKRE 28 WBEFREH XY 1E18 BF
fem® 3H K, ERBGBEFREAKY lel4-1e18 BF/em®.
ERYBRBUHGERY, F—IEFFKRE 28 AHB LA TARZ n-&
X p-B A,

L¥FAREL 12 LR, FSEFFARE 28 AHE
SiGe & Si:C. BAR —IMEFFHRE 2 EEFREFFEREL 12
AR, BRAURBRR ISASSABNIEREE S, TR HIRH K
B Amd FET A B X, Hlde, 25 SiGe UREEHL HEEFE A
B, ATEPFETHAERAFAEEE Y. FETHAERZRAL 12
12T FET 18 MR B T KR, &8, fBEA Si:C BRI
BEABEEAB, AFTAEWFET HAWRBRAELBME S,

RFEREKR, FPEFFRE 28 FIARAHIEARKLEETLAY
B 16 AR, FIAEHIIERAEHRE —SIEFFKRE 8 H5RE
WK 16 M FFAREAR RHREFERDEY., L RH, HHBIELR
FAEUKBE 16 ARBTHEMBURBE 16 HREGE—SPREEERE
28.

B FFIRE 28 W BB TARIB I E £ 4 2 6 4 55 B4t
REE, ZBRAFTFRABGBERAR AT RRFFAsM, ALK
XARBAI AR EHRATE R MR, A%, st EHKh

13
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B2 BEH KR 1-KY 30nm, ERBVGEEAHKXY 2-K% 15nm.

Bk, PEHIMT, BRI EFFREHALEYUBE 16 K
BRF S F 54K 30, BB 3RBETELEM., REBALH, 2=
SMEFFREIBEAEE S EFFRE AN EEEK, FE
RO EE R X FRE 28 B GEFARHH. K, £ =4
RFFHREIOEE S EXFRE Y ARAZILLET, £ stk
FRER B Ht), “HB LR, BLENRE (p-FH - ) X F
1E18 R F/em’, £ 3R 6935 2 FRE A K F 1e18-X % 1e22 B F/em®.
ERERG—ARAGIT, SHALDSIKAN, FostBETHE
30 351K SiGe & Si:C.

FoSMRF A 30 B GHIEARKAE, AR LGRS
KRBT, MR

B4 BT AERB/RBYTREGEFEANREGLEH, LI
RETF N2 ATEHBRBEB/RBY AR RANET. 2&, BRI
BY REHRBF S FFKRE 30 LRSI AR TFEFH4K
AR R2E6ERSMELGE S EFFRE 8 EHRSZ T, B
RRY RE QB TFEANGIATH RN G RAAARBRAT ot drh
. R, FIRBEGBRB/IRBYT REF—ANERE, BEFKREH
le19-1€23 B F/em’. BB FEANZE TARATE R K AZLEANL
DR, RAETIAEMETEHRRA QR E b RB/REY RATE
1.

E—BEEHFY, TUAFY REAN—RIATERLIEA (halo
implant), ZEREZ AN H — L EkHF, BREATALE KL
AURBZAIAT. REAFRALGH B ENLH.

BSRETHEMOELTR —Ff S FFRELRSAHR
BIRBYT RE 34, BSERFTTEBRTALRE—FRARF 260898
—RE R 36 L EHEM. B KRR 36 AR MRS B R G
EF—F Rt 26 FRMLEMNH. Z_FRRE 6 TELLE
RARER S FFRE 30 ARG AREN, XY 5-K%

14
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100nm.

BAS S FFHE 30 RHBLY, MARBSEEARNE
BB/ ETFEN, ARESEIL NS (LA, SEF 4L 28
F230) ARG AB. RAE—EERMAP, LTARTHRGE
BRI E FIEN,

FROKBRB{T —F LM, LOEEFTHLEBSHALSLE S
BHBRANSAGSEREN HB(H3E, SPEFF4KE 28 #30),
“IEFKL R, FAPHEHABEBHAENIESHKXY 30nm X
AENBIAEBBEFTRRE-—FARH 260 QK E. EAFHEARALE S,
BEBABBEBMHALER, RV LR —FoF W BT E.

AEAFHQGF —ARELET, AEPEF BB LM HH Fa
FBABELEUREANESE S EF S RENSERERINE, 5
R EMARLL, RAET BE6) BMEL & EE B (roll-off), JEMRY Rk
FEAERE, ERABIMEHHIREY, HFEHE—FHLs
BREFIMEE, FRIANABHBENEZ VRS, ANEAZHS
HAEEFELE, REFRRTEAERE, AR TIARLSD.

BB AR AR BISE L RL ) LG And LIKR FF3L08 49,
PERIFBOABARARLZLER, ERFELALARAFEBHGITR
Ty TANB XA FTHTTEG Lo E. A LEd, A
ERF TR THBREFHLANHEAY X o@D, LEER &R
FlERRE.
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(191 P AREFEERIIR~ARG

. ] RAEFBFELHIREH
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A [21] BRIFS

[43] ~FFH 2008 411 A5 H

200680040454. 5

[51] Int. Cl.
HOIL 21/20 (£006.01 )
HOIL 217205 (2006.01 )

[11] 2AF = CN 101300664 A

[22] BRiEH 2006.10.23
[21] BiES 200680040454. 5
[30] f£5e4%

[327 2005.10.31 [33] DE [31] 102005051994. 6

[32] 2006. 8.18 [33] US [31] 11/465,592
(861 EfReaiE PCT/US2006,/041559 2006. 10.23
[87] EfEa%  WO02007/053381 # 2007.5.10
[85] HEANERME A 2008.4.28
[71] BRiE A SCIEHEEE A )

etk 3 [ N FIAE Je A
[72] %A C-jfifeEw V- *P%
A - DR

[74] R BN

REA

AR AL AR B EEAT [R 2
]

BREERAS 2 T W45 16 TT M 4 7T

[54] RBREMR

FEEMEN S AR el m R T K
AR TREFE B E T TN AR

Z/N

[57] f%E

FHTINRIE KILAT 212 ( covalent radius) H 7
FFH2E (atomicspecies) , 1% 5 FFP AT F 2> H 4 HL
5, R R BOR N AR, EiyLE b RS R
#E ( conglomeration ) 55 i 4 Gk B4 BT 51 A2 1R WY 7 B¢ TEUI)
KBS TR, BRI RME T, Glns,
AR HETENEMIMNEE KB ARRES TN
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200680040454. 5 N O E Kk B $1/270

1. —Fv, B

LR (104,236, 336) IR AL £ /0 —F B AT L4
ALK TR R AN A2 (R At SRRt N FERI I 4 i 54 DA

A8 F B ik 1 45 L 5 M (E BTk (1 2 SR 2 IR 28— X (110, 235, 335)
tpEEE AR (107, 207, 307).

2 WIBUREESR 1 BRIk 758, e, T2 BITIR I 45 Sk A5 K 3 .
AR/ LA BT IR B 5 BT 1) 28 20— b A S 288 DL AR Tk 1) Ak
5 IB ) 23 0 — T Al g SR I R b2

3+ QIBCRIZLSR 1| i it 75k, Horb, TR RRITIR I 45 S5 A F8TE
AN IR 1) 22 20 — i H A g 7 b 2 A o ) 5 e TR IS )
L RARAS BT i) 45 &~ AR SE A D &5 B BOARIT P45 T (K178 43

4L WIS 3 AR, T (LRI 45 K T b
fh, URTE TR A R TR LA I3 — X b

5. WIBUCR)ELSK 3 BTk v:, A FEENFRIR I &b —Fh HoAth )i
FRRRE IR ah, DIERTARR & SRS X g
NAE (307A), iR —NAR SRS — N (307) AR

6« MIBCFIEER 1 Frdit vk, DEBERRRE ST E K
A AL (108, 208, 308), Mo, FTIRHEE &SRR BCE N TR Y
WAk (108, 208, 308) [HNIL{RF .

7 WIBURVEESR 6 Frak B T7 ik, B A0 HE T i AR FE B ik fy il iz (108,

208, 308) MUIMIEE (234), LLATERTIRRIMFE AR E/DER4 (236,
336) IR I 4, S 45 4
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200680040454. 5 oA E sk PoH22m|

8. —Hp- TR, B
SRR (104, 236, 336), BH GRS E/0—FEG M
PR TR AN AR AR RS — N8R X (335),

9. UALHIZESK 8 BRI Sk gett, BALE:
MWt (108,208, 308), T MTEFTIA IS &l S48 (104) -,

DL
NARYRIEDK (110, 235, 335), H, PrRBIE N Hol R KB
FERAL AR X

10~ WBCRIEK 8 Frkitf- Sk 3 0F, Hrb, Prkigss—m b5
RIXEFES .

T WBCRI SR 10 Brid - ks 4k, b, Prkmss—mih s
KX AR

12, WABCRI SR 8 Frid i) r SRR, EaREE N 5 RIX
(3350, JrIRAEE N 0 51 R IX ARG k5 BTk (1 28 2 — Fof 0 A [ 7 o
Ko e, TERTIRIOSE— 1 )y 51R X P B i) 8 /> —Fe oAt JoR A2k
(ISR B = MBI RIK (335) Tk i F /b Fh oAb J5
PO LA o
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200680040454. 5 ﬁf. HH :I:; 1/1675L

AR AS BARIMLEREN R T R S5 R S T
A TR AR I BOR

He ARG

AR KBS T TR R %, LR, oG T-5#8 th A FH ik
NIEE/BE T T B R ARV E X (strained channel region) FIAS[A] d AR
R, DUAR i H AR TE AR PR IE DO IR B (mobility ) o

BRER

SRR I G, RS S A R, AR e s AR R B
BOREHER oM. KIRLE, HATNMAHZ LTZEEOR, Hf, dFEa
PR T N AL RS . il S, CMOS 3R B TR E s B A /8
JIHFE R BU AR 2 TT A AL PERE, oA H AU i s I 7 7%
{iH CMOS HRHIE B G s BRI, #E T RsE, JRRI N-v41E
mAE S P-INTE A E TR O F 455 SR N ATE o MOS &b
B, AEHON N-EMEESR P-IgEGEE, S8 E PN 4
(junction), J& HHEJEB MR SUER X B OB, ezt 5 U5
X Z (81 A A R 45 2 VA IE X

VHIEXHFHIE, JRE0S I E R B Ee ), A2 IR R 1%
WIEX b H A S S R AR el . SRIIE— IR, BT
Tt & i H M AR (gate electrode), VAIEIX SHEEIR 15
WP IE . ZEBET ARSI . DR SRR TR T el BB X A e
FEAH I YA S A X [B] B BS (IRRRATHIEK ). Rk, HEmniE 0]
HRTEM AR, JF 8-S TE4%Z NPl - I E R RE ), B
X SHMSA e T MOS SRS RITERE. FTEL, 4afiimiE K&l
VEE R P R B A, Gk b R AR A L S A R R T VTR R Y
FE R

SR, AR ROTHe L4/, W2 5 R @bz, LA
A i BEHCIE A bR 50 MOS S B VAE A BE AT S A o b5 T
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200680040454. 5 PoH P ZE2/16m

H—AS E B KRB ZFi AR (photolithography ) 5 1% 5
B, LU s — SR Pl S 0 A A M ) B OB R IR R BR T

Bl AR O A . PR, TR AR X R AE A BT TR S A T
] B =R B 2% 00 A Cprofile),  PLBR A Y v A4 finh v FH 2R 24
(sheet and contact resistivity ), LAXFraNIEEHIRE . WAL, HEiR
Wt i, X TR AL 202 1) PN 4538 A0 B IR S8 v pndfE. pr LA,
240 55 YR T K B T RS N T Bk O T A AR 48 2% 2 5 Y 1 X B T R 1
(IR AR 5 AR X YR B, DAL 75 A T AR A . ARFRH ATV, AhaE
AKX CRRA T i AR S DA ) B A X Al ri AR B s 58 i A% Coffiset),
DI I A w5 AR X 0 S v, RIS R oe T R 4 2 2 ) i
PN 4.

B S R, IR I R BERF 246 /0, By LR 2B &
TR TF R R T U EPrd TEX R R B R T ERAR, H AR
eV IR, FE PRGN VA I8 X E ey AR RS B M T R AR AR T
PRRVETE S, FE DRI e SR PE BRI AT REAE, AT S AR EORT
AP TTARVLEC,  JF 8 S B 4 D RERVF 2 5 s RS 4780 (scaling)
A B T2 . B0 g B sh M — N LS A B
VR TE X [F) S A S50, A9k A VA T DX B30 7 A A B s 4 Y. T e 7
TEX PR AA N A, A S S s 2 BHE B i, A
VATE D P AL R N AR RN RS BN, TITTT RS 50%ul 5 & R sl ik
Bn, AN KNS TR E, MRS s MK AT ARk
AN SR . ST, VAT DX R AR AR RS s A B P,
TR AL s PO SR P RERY O] AE T o X B — DA B 88 4F i 5
WG D) N AR TR S N R B & R, R RS vk, A,
B UNZE N AFkE (strained silicon) IR [#7] KA SR, T
A5 PR SR K1) 2= S AR A S B A T RE T G 75 A8 H B0 B2 2 R ARA KL,
[l 1 2 Vg ar 5E & HO il HeoR T PTAT

Rk, AR H TRV E X P BT T S e/ = B/ B2
DL A B R e R 48 N ), TR SN NAR . F8 B A7 T8 X e e
TSN PR, AR YRR R R AR R, PTEARAME K
B2 30 FE R I R ) 2 SIS AE X S AT A A MOS Bk . 5,

5
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200680040454. 5 PoH P ZE3/16m

KR H AN AN AL A K F AR I I E R AR T, U IE X i a e i
YO BT B E N D JE o

oAb VA2 N R s th 78 75 )2 (overlaying layer). [AJSgAF

SOk e A AN Ty, LAAEVAE X N PR AR TR . AR, RS N e
AMEBI )R e ARV TE X P ARG L, ] RIS B AN ) TG Rk FE
P RETE DX N AR A, BT, BRAREL BT IR RV X N F7 2404t
iR Jy ik, 0T 258 4 M T B 3, R A LR
HATRESZ % L2 S8 FEr T M, ] G208 g — Tl it A 25 44
FItE e .
P TR T SRR AR S R AR X T SR RS S
PMOS @i s sntt, Hfr, 2 R4 N A RTRR X 5IEHT X A
ARV IE XX e A R N AR . A E R, PMOS  sa R itk IR
R DR ML P, 177 NMOS gl PR R 20, SRIGFE AP AL AL
Tk /B EE R H TR At PMOS SAVE D o ILEERXS PMOS Ardf s DL
Rl I EEAS CMOS Ze R tEgesemr, TRt 2 &4k,

BTLL, RN SCE SAMRDUH R /B 0 RN AR, TPTERY)
AR G AR B AR TR, IR IR AN E B iR S AR AT
B k. SR, 55, ANREEX IS RPN AR, Tk T
FARRE S AR SR f A AL AL & . TR/ 5, Harg
SERIANMEAEKEIR, R RIRERREIN ) 25%, &WFRER LR,
T A] B S EUE A N AR A SR A AR D AR BN D ERR, B
VEARBRARA VA & X (KNS

ZEM ESRTE DL, SR RN - AR R R 0 i b A2 B 5 152
AR, R SE R bkl 2 Db — B AN DL BT Rl R, SEAT K

il

KANA

DUR R A R B (K fa] S8, FHRAI25 T AR IR A — L2354
BERER I AR M TR 58, LR R BAEA R R A i s 22
Jofk, BORSRFEL AR WINEHE . HE— H R UL 2L
WEAE AR E BRG] S

KIRME, ARYRERT M-S PR R R E X

6
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200680040454. 5 oWl P ZE4/16m

AN, ikt H Y, EREEOR PRI (silicon-based) &
B CIRRLEATALES A Ak S5 R I A 5 A 5 LG R A% ) KR ) 2 5
PRALE IR A AN UE L (lattice mismatch)o XN 5 AR H 7EAH 24 7
Wikt MOS AR o P A N RV I, Hod, nETRTIR, kL
TP A 1 AR U Y 5 52 BR AT T e Sh At T ) B 2 7 AR S AR IR
RO BRI IZ . DL, AR, B2 A el B4 M F B2 S 4k —
IR, AT T ek g v as iR, HEk4E (bonding) 4R HA
BFE ISR R H AR TR, FELLEE A DI 4 e b
R I3 /D ek Ji T4 % e P PRI AR (diistortion) B AT BE . AR B
PIREEplh, MTMRTESH, BRTFEGHABRERE TN
(valence), 1My FLURREIL B ZHRILM 42, FTL4E (Sn) mIfEMAE K
AN I B AR

WIRA R B — BRI, —Fh b A 2RO, %4
T LA B aE S M 45 e SRR . %S e SRR
FE )51 RIX (stress-inducing region), #N 5| kX ASHERRS

LG A 51 TR AR 8] R B LA R AR, % A R T R A
FBIA PR KT A, XA B IE T T4 4G
fn AR M AR (gate electrode), LA N ARVAIEX .

WIEA KR 53— IRE SRR, — P SR B AR AE 45 5 - 544
7, ZE R SRR EREGNE S, UATIZE RSk

JEP R — AR X

WIEA R I GIRESEd], — MBI 4 & FIRE P
WM 5 52 D — P AT 3L A2 R TR I IR 142 1 B SR 2
A FARI)ES G o BeA, 2R A R 4G G 454 LR B4k
JRHER R X P A AR

s Pl 5

S ES LIRS T RRAR Y, Hoh, ARRUTIERE SRR AR
Lloett, HHAp:

Bl 1a & 1d SEE R RRGE AR W IR SE il fp), 76 LA LA P
TETERE R 2 i vp AR T8 B B KU A2 10 HAR R T R 2y 2

7
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200680040454. 5 PoHl P ZEs/16m

Bili ) &5 v 2 SRR A, TR O R DX AN [ o 36 o B AT ) S AR AT
AT P

K 2a 2 2d BEZE W KIRA R W I X — LB RBE SEIli], RV itk
Rt N I A e 5 PR DX i e A ATE S A S X 7 A R 48 R A [
AN RIS BOYI A AR DL

B 3 MR AS I 75— BB ST, MR on 2 R 2R I
T, iz ARSI R & DL A AN R R AR RN AN 7]
W Toft.

AR AR A Sy e PP AE B 284k, TRy s ST 1] LA B 1 25451 1
T on, FFEARSCHRMOEA MR . AR, N T, ARSCTPRRSE SE
P B B R I F T R IR FRAA R WA P48 7 (R e B, T2 = L
SRR i 7 T A Q01 i RO 2 SR A5 P 575 A e RS vt 55 Y TR P9 IR 48
. FREZE.

AT R,

DL LB R QRS M. S A AR 0., 36 4 S b 47
R S5 AT A UL b o AR, BETTERAR, 7 bk S B £
HOTT b, AR RV 25 R SOM) DA BT R B 2 FL G, B
N5 F G e B R eI B, 2245 1 (1) AN SE M 28 5 — S i
PISAARR . Bebb, BT, B TFR TR A AR, i
TRRACR WHRR N A BRI R B TS, R 90 R AT ()
T

LAY SR AR R AT B . J e AR A . RGeS0
BEELMEAUA, DUHZERRRE, DME R 2 KR T R 57 8 4 A 5
TR R 0T, R, A BB S B, LA F Sk 36 ) 5
FAR W GIBR M. P T A SC AR 55 i, S5
5P R A 2 A R 1 S R T T AR
S BRI EARTE R E X, R, ST s R A T
O 3 5 ST LR S, A FEA SR E B 1 — BUHYE .
RATE AR RS, RE, R AT R ARSI LA
RS, R s SO LR LR AR S R B 2 T

8
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200680040454. 5 PoH P ZEe/16m

(19 M7 AEA UL AT B

UG, AR B LA F AR T R R AR Tk R T AT AN /) R A
V) 57 P18 i A 20 A 5 A 8 I AR B A Gt Y= S A 4 R Sk G 3E AR | R L
o WIRTHTIR, FREERL SRS I IE 2400 B P R AL BYORA stk /8 2
FIALL, SR AR TR AR HR, DO N4 iy v iy A 31
JEFGRTEA Y B MOS & 8 S84 IV IE X P o I BORUOB T Sh 1E
ARKTTZ, AT 2P Rl T RN AR alAs i/ e 2, LA AR A SRIE -

AL, B R R R BE A AN AR A FE A, A R R A AR
PORAEA BB IR, SR A A AR M IUAR Ak L /85 25 T 5 BR ik B ALL A
KA. W, FAE/ OB S SaEE b, eI ReE/sakl, BUE
B EWRE4E TR Gemplate) | —FER) SRS IR, T2
N AR/ R, UM T 2R A, RS2 PREL e/ B b A P AT T
KNI et BB /%5 2 SHE R 1 Ak (A B 22 Tk T4 Lo PTEL,
FEAETERE/ S (P N A BRI R TR R . SR, WETAA, K B AP
FAANGEAR KA, dor KB AT ik 2 25 & 30%, AHH /= Ik S B
ERREREGEIREE, Fem I A P ER G, AR AR R
FATBAL

WHRA R, PrEk k&AL ECAE B LR R IR AR, mf e HAA EL
BRI AR R R EE RS B LA, SO, AR sk
W, T A S e SR rh A B S A, g R B R
PRI R T s B L SRR AR E . FE— IR SR, B IRk
104 1% (A W8 I IE S EFR2E . Bl an, BRI 117
Bk 5 BATHA A2 122 mnsa A A, B, SiAhel A —
SE IR UL AR BB R S s AL L. B rE S8 ki itk =
WERTHESE RSP E T, BRI B> e R 78 H W IE
X EEA B SR AE o itk —k, 8RB P 4E R AR BIEL 2T 25%
AT, FFEH A —E &80 15 3] EAS A VAR = o

B, TE—EIRE ST, ] 50 A S H TG TR R AR
B, FEICTRALE s AR R BB (Qattice modification) 75 18 2 kb
ertli 4 H . i, E—LsTpEsith, BT USMEAKTTGIAG
24, IR R HARE ARG miE ARSI — e &S, Bul — 77

9
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200680040454. 5 U I Y AT Y1)

—fF . Rk, BRI R A B R SRR IR AR AR 3 DT,
FLZ R B A NSRBI RRIR B J5 T BE TR 7 AR R E VAR B R
YR S ANTCER, AT DAFE R BNE N AR . R B TR T
SR, DIOGZIBORPTIE B ZIHERE (resist mask) gy EEAil, W]
fEEWRH T AN, FICERAAEN A TTH & EE RS R m R
Jais 7 FORIA R, AR AL T R R b A i . filn, W)
A B BT 7 N B RIE IR 21 1020 85053 1/5275 25 435 A af
BEAT AR A /B0 B B B 4 v A AR A PR A R R T 3 B S

DL V40 3D T 22 O A R DH BR BE (s sE N, JREE, SINEAT
B A 242 (0 R PP DA 45 B SR PR A N AR . R, Y
BT, R mAE Sl SOT BifE . A4U (bulk)
sty BT iR i S U5 X B AR S AT ART PR T, BRARAE SR Ty
TS AR B 15 o tef bR S B AR A

SR 1a 2 1d. B 2a 2 2d 5 3, AR5 15156
NG ST VE A0 [k

Bl 1a M2 B ORTEYI RIS B, 2 SR8 100 BRI
ST 100 WIEATE 101, ZATE 101 APRALAT 1A SKE 102
I8 MR, FEAPJER 101 HhEkdl b Al A al B B oA R R . R
5. HFHASEE. Bltn, AR 101 af RAM LSRR R IERR, B
I FRATATAE A I B, SOT 4R, Hor, k)= 102 AT TERGAEHE
gz CRER) BN T, BERA R 45 G st A E R By CMOS
FAR, FIEH 50 4K (nm) FE 5 TN R K B 1R AR AR T SR 11 1
JEGR/ME MOS ddiRE, H R MK, (AR B R38R T R A
ARV I, DMEAEEAE Yook kB B M RR RS n.

R 102 AOARERS R AR, Ho P — I R AR
SREWRBEE /D R EF S0%IM R . FEBIREsEip P, L5442 102
WERBAEE, A FH TR R AR R, TR R S A
MR RS E R Y T A ) SRR T B AR . R 102 B
B PR R 452 103, %4552 103 Al R TIBMEMNZE, 1ok
ginlEr,  Sh UL DA RGBS 58 TR A S an s . 5 Ik e T
BRI, DAELEIL B RS L EAA S N ) B R 4 i )= 104, BERY

10
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200680040454. 5 PwoH P E8/16T

TR RETEE RS ABAT I AT RN 2 10 TPk
SEEMA G . EBIRSEIEE, M ABIRSEE 104 TTEEEE.
58, Hrb, $REEMET 1%5 4 25%, M8 E T hy
0.1 % 25%. 1E—SESEfIT, WiEdes S it T 25%, Fla 1 &
10%, M8 & BrERETEL 0.1 T 10%5F N . 70X — 320w, N7
IR A F R 104 ATELE ik S8 S2 5 oA 145

JZ 104 PRSI FRVIZ, HATHKE 102 Bt atas Ssim s A
IEEH, 124 MBRE S ZE 103 B EE 104, ki, 2 104
Ar A ) (5 ) S T 102 A IRI B, Sl o8 5 50k B 1T 52

W 1a P, WAKER T 5 L S48 100. F2454E 101
Jo, ATIE 101 VR H R E 102 A S Rk 42 2 FREw
J&, 2102 BEFEFAMEALKTE, 22 103 A HAMEL K T
20105 TUUBR, TERLANET B 105 th, —a AN IEREFh KAl A A
WPEEBATUIRLUB RN E 103 fltn, 7ESAbES (GeH4) ZERE I-TK
A/ D2 0P JE IR BN 84, HF H U 7ESE R 103 TG 5 4
JEF RSB a5 2wt , T R IE I 103, 70 HABSzip) F, nl7e
HAb g 5 RSB an g R F T a2 103, G202 103 AT EE H LA
W) (SnH4) fENAMEAEK T 105 TR IR, b, S48 ar
PLan S A5 1 AR 1) Dy R A B

HEIE SRR ZEP 103 (APRL, ol AR BT, AR SR 45
P ATZEWH FE 102 (AR S AR P AT 2L ke, 45 104 S5 0]
TIRUNARELT 2 102 W J iy & T 8, ELAT 189 DK s 1) BT S |
NARI SR, IREIFA S S0k R . ko %, fEAMEEK T
2105 1, AT, WA AR 18 A MR 15 S A1
MRS JE 104 TSR RL. IXITEZ RS, TTpMisb A KT
20105, RS AT T HABAMEA K TR R 104 FyiRsn i I g Bk
Jowo FEHAMSEHESIT, AHEIAMEA KT E 105 LRSS0 2uhE
BORB AN, WFRME, b, SR ERT0E 104 20 45 SRR .
WK, PUAFEH BRRE T B S0 EAR R 45 a5, 1545 et
R T ARG RELEGIWE 102, NNAL G4, R, a7pe s
SE M RE A A

11
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200680040454. 5 PoH P ZE9/16m

Kl 1b ME22 oAl — D s b B o SR E 1000 R AT
s WG R ANE AR KIS AALE 104 PIE RS — 45 R 106, Wth—
M, B 106 BIRAFHANNAR, FoRA 107, FHUAREMBESIZE 106
W ARSI . A, JE 106 _EIERCAMRAR 108, I H LA HR4s
) 109 93K&. MK 108 HAMHMRA4ZZE 109 762 106 11V FLE il
X 110, WPk, 2 106 2IPAPRNAR 107, F5 LG hnfs) s i X
110 "PHF#shtE. 4, MNSEE TSR 108 5HEX
110 MHERT B m, Hrpsb K TE 105 FEak L, fipyas
107 PR TR T LA S S b, Kk, RN 50K &2 104
772, ATERAU= R RIS 106 rf R A S AR (147 R N AR = A AL o

B 1c BEZE o A0 HE o — R St ) R AR 85 100, EULRS 1
b, g AR R IR DO BT A R N . SR, R
D151 RE IR 104 MTHERRALERZE 102 L, F 102 fEAMEAERKT
20105 PEOAE NS BB, AR 102 8 S A 104 el
LR, PTG BRI B &R, E15R 104 A AR ks
R NARRE, FELLERIL AR AR TR, AEARVAEIX 110 A0 R4a Y.
X, FELMESCE 7S, AR FAEWIEX 110 SHdtlk 108 K
fibl BT AR P-VA) T8 FR AR

ZJa, BHWE 16 5E 1c Hasft 100 JTih, R LA RS
U AR ROREERE b, WA SR RIS, MEESHE 2a
2 2d fEEE VRN UL .

WRr AT, BRI e R R E R, AR s
0™ A2 IR 4 B R 28 B 75 AR Y. S A% AN USRS, a1l 1a 2 1c ik
Ho UL, (L—SolRe syl b, AT RIBRAMEAE K T & 105 AMAET
SREOTSAMEAEKTE 105 F—AHKHAMT I IR -FREER, Filln
PREGEAN . W, ATShEEAN L E GBS R TINJZ 104, #5
DA IIAE SRS, BAK RIS I ANV AR,

K 1d MR s B SR — 24 EIX 150 558 28 E X 160 B4k 28
fF 100 BURESLHEM], A 8AEX 150 TRl R MK 108, MAERF X
160 N TEEE MR A8 %2 119 _LTE el Mt eiAk 118, b, 528
FEIX 160 ATAIE AR 121 FLIE R, FEBL 121 AR 2R, It

12
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200680040454. 5 oWl B E10/160

Gh, AR 100 TR TIEAN 120 LURFITRSIAG . Wi, 75
Prossil, AR AIHANEA K TE 105 BRRE 104 (BBE
le iy, #EDHRMERAAFNAE 107 K972 104. FE Wik 108
MLt — BN B T, AN 0 T LA, o, AE s
BPIW 1016 2 1017 BT/ V7 A0, AE)Z 104 PR ALE B i ai s
BRI N TIRIER 104 WSER Byt B FREANRER, 1
ARLESIE TEZ | 102, nlKHE O 8 57 58 A AR A ki 36 1 2
120 [FEA S

HEALZ 120 58RUE . WTFRZZIHAL 121, K5 84F 100 Ar#E%
BATIEK T Z, DME)R 104 0 323535040 B 45 o A S5 _EAE ks o B
BIZEARSE, UUHEAE 104 PGS . HTRIEX 110 s
JERE I, DRITTAL Y A = AR 3 S 08 I 4 B A, 3 1T i 1R A A%
MBS R BB B .

RNRT, ERS BARIRE T, ) T 2 B
B, DAHRARL 121 A ZEREAETE Al Ak 108 5 118 2, ATHETEA
T2 120, 152 104 FEABOGH o WHARCE N8 & . B st
FEEI T, AT 2 120 BINARRE LM A4 FrakN 38 107 [FE
JERS, PIABEAMEAEA T2 105, XAt pIRE S5 -, AI7ERE 54
FER EHHTAMEAERK T Z 105, MEA LY 120 Al JHKFHGI NS5
T A DR UL AR i Ja PR R Tk B, S— 55 88 FX 150,
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X F7E 25 £ 200 3 2 [A) 5 7] ZE4F .

20 AR ESR 16 Frid (Il &, HAFMEET, Frd R XK AR X a2
FHZE T EA 100 3] 1500 B2 A K EEHIEE .

21.INAR LR 16 Frid ks, HAFIEET, Pl ET SF% K.

22 WA ER 16 Frd k&, HFMEET, BHAGEHEE 5%F 50% 2
Ve F) 8% 4R B o ~

23. MR B K 22 Frid ik &, HAFIETE T, FrideEdg & A 10% 5] 40
% VB B 58 21 Bl o

24 AR E K 23 iR ik &, HAFAEET, ridiEtaeRA 15% % 30
9% Z1A) A58 40 J o
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25 BRI SR 16 ik % &, HISHET, kS E&mititH
HHSE o

26. MANFIE K 16 ik &, HAFMEET, TR & SRuTRZ RN
I S S AR TR .

7R E SR 16 ik &, HAFMEAET, ridE#E e SmuiRE RS
12 E S AR TR

28 MM FER 16 Frik e s, HAFHELET, FAEHESESNIREER
BB SAH DI .

20 MR ER 16 TR TS, HEEET, NREEGEE-LEES
RG4S

30. AR E R 29 FRR ik &, HEFEET, IRBREIRESS S
8] 7E JR AL AT B .

3LAARIER SR 30 Frid &, HASMEE T, BRYEM.

32 MANAE SR 31 iR &, HASMEET, BRYIKIRER BHe.

33 AR SR 31 Bk e 4, FASMEZE T, 8 B A 1%10"%/em® A1 3*10% /em”
ZIH] )3 2R LK

MWW AER 33 FFROERS, HEBEET, MRBIRIREKFE
1*10%%cm’.

35. AR E Sk 16 FTid R &, HFMEET, FridBEA 50 3] 200 B2 18
(2
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FA T8 o Rk 18 o v Ak A4 ) 57 T PR 5 R A R R T VR

A% WA LR BE 2 B B iE S A PCT/US2004/038986, [E Fx HI1E H A 2004 4
11 B 19 H, #EAAEEZEH BRI HIES X 200480033557.X, ZFR4 “ T @8
/b B S HEREAL ) ST EE PR o 3 AR B BRI R BRI R HER S R B

BRI
AR AR SE RG] R R R, JUH RO R A R AN L SO
77 R IR T R A A

HRER

HANEBEMNYE S (CMOS) HARREFEMMEFHA. CMOS #{t
TEAEEE. EERE. RIMBEFERA . X TFRICAENNT, CMOS & fE
RN FENE AR AR, BHTHETFRF/EBRRET CMOS /147 A T
U1 B AR TR R BT O T A AR h AR 2 B A A AV L

—AN R BRSO R RAT SRS WA E I IV IREERBE K TR -2
1, XEAEWTTLLRE KR (Zn f1Cd) -« L& (B, Al. GaflIn) . IV &k (C.
Sifl Ge) . V& (P. As #1Sb) F1 VI & (S, Se ¥ Te) ;mEM M =4 N
WG . R M-V - REEFEME (GaAs) « LK (GaP) AL (InP) .
R, LR AME 1.43 BTREE (eV) FRRINIE AL IR AR AR 0T
Ve T2 B Bk . REEESGER TR CMOS 834, 12 GaAs X T
K 22 BN SR U SR B AR B 1 — TR VR B 1995 SE I EF T B KR T, it CMOS
545 4 $0.01 T GaAs ZME ) A4S 5$2.00,

—FHHEIR At GaAs BIB AL EARE CMOS I A BRI BB 1T i
KPRk g% (AR B AN AR, T8 5 R b B SiyGe, AT BR A BRIIARE DY SiGe)
M/ RE. BERGIREE (BD, JEFIEEE) HREK 4.2%. SRR ARBARIGR
R, HAFREEER T A 0. SIERE DK, EAENEMT, £
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FE/RESE S T AL TE A K LU S REBE 1 SRS ARIC G . 7ERE AR REERERS, EES
M4 T RERE RS . W T BV, FAAEAKE (B MNEFEE,
4 R R B BN AR KR R R I e R

JN AR T RO S Bt el BRI 8 B SR O IR AR AT P R . 50T
FREMLL, W EABIKHMETAH R EMERNZAARRE (FERFENE I
BEABRENZ/TEEE)  BEAEDRE TR EEMEIBR. o, &
BR AR B R A RAE (O B RPRFI AR ) T BUsS3AT R 0 3 T 5 B 25 1R 5 1
ity BEREAFEMBEENILELSERE (B, FRE) dan, TURITSW
R 35 AN FELE LUB AT S8 B R 37 DUINE B T o S R B -

A DU 45 5 MU RESE TR & N CMOS L& . fltn, BOKHIMRAEE N
(AR RESE SN E ST IN. BUE B A S BT REFIRERE (fln, SREE. SREERE
AR EZERD RBRW, W —MEERAEA R (SOD A LiiliE
ARG BEVERIVL Y R AR T BAE MR — 1 LR ER . ) F.
HEIM AR CMOS. 7 B4 WAk db R FE 121+

1] 20 b A5 A S B ek AT/ R B S AN SLEN SR AR R I 880 . R BT 7R B 224K,
ot 13 A Bk VR 5 4 A N 24T (9 3 S AL BE VR AR TU I T LA R AT 10— 4L )

Pt I 5 A

Bl 1a 7R H T AR E LY BR DTG S5 2 R AT

B 1b 78 T ERANE i R IR f A R R 5 R .

B 1 7R H T H HLA BT A R SR 9 T DL B L R AR AN R AR X 2 S 2 O
I -

] 2 7 T VR AR AR AR X RV % 2 JE 2 OB

Bl 3 R T AU B O YR AR N IR AR X P DR ER 2 S B ) BT

B da 7 T TR 2 2Ly IR BT

] 4b 75 Y T TR RGHR K LA T B VA U R DX SRR AR X F) 2 T L 7 iR A 2
fih 2 2 J5 i R ARTED

B dc /R T X BRAR RIS € 8 JE A OB EE

B S a T p BURELRERE AR S

6
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B 6~ T 5 & BB p HEE RS,
B 7 7~ T 5 S R AR EE AR RORE RS 1 BE T A .
B 8 Rt T RR G BEMNYE A RAER SR (Rext) KIZE R RIS .

N

HAESE R

T SO R T BGE SR T B R DT VR SE G . IRTE S S B TR A R X 2
SEREE], B R BT . BARKEBE R LU B R R SE M), HIFAR B R AT
B T BB R s RO PR B . AH IR, B OFE T8 55 T3 S 81 PO R s FRL A O B R
ALk, BEMERY, TR E R BT RER .

A RS A & H TR RIRAR X DA R AR Rk 48 B vEREAL (BN, B XHHE
EEALA) BRI RIS AR R AR X (AR T, AR BRI SE BB/ T di i i S e
FH . 3 T RESE ALY Z 1810/ 19 42 R 1 TR T ek B LA % ek 8 LU RE P38 N B T
TR, FEEEFERRE S REL Y I AT R A B A L Rk e B R . AR B8 98 2% DAt
— R B . A S e PR I AR S5 18] T SR BE AN T R A U7 T R A 1 e
(Tt

1947 SEHIERS — DN REE . B2, A 0.67 BFRIFNEENER (L
ZFRER 111 BERES . RIAMRENSE p-n SFEIB KR ER. XEEKNT
TER BRI TK T 100° C. b4k, RAERBEHAE, WF FELCEBARFTTEERN.
fltn, FAEEEKWKIIFAE 80° C Mo E, XESHRERHMALFEER— I 4E
R A RAS B B T 8 S B B IR SR B AR iR T TR .

BR, FAMLEEATL. G, E=RT, SEK 1350cm’/V-s FI8-FT
BWHRARLL, 4% BH 3600cm¥V-s M TFEBR. BERAKE, SEM 480cm”/V-s
BB EME, #HHERTBER 1800cm’/V-s. BT 300K FHAH
2.5%10%cm-3 WAL R FIRE R AR 1.5%10%m-3, BEESREEBRZAE
AALRIR TR B LS), BT R EE SRR, W T#H— Pk
(], RAAERMERE SAMRAA R, BT HEREFHENEE, FUERAERSE
EHMR BRI T SRS RV RS . (FRERSE BN & SR TR AR RE 21 AR A
AR PR L. S FHARRYIEHEGRIRE, FERME KL ARG EERE
= G4 B A SRR T IR I B .
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B 1a 7Rt THEITHRTE A B ALY 54 (MOS) BAEH&MLETS TG
BB HREARTE « ASUR M BGRER A RO INR BT T4 03558, BEtE £
AR, EARBIRISCHEG, SRR p B MOS 8 PMOS. #5100 2. FRE
BHE4JZE 101 FIEBRERS (stop) LART (4 A F e B A o SR R 51 O FR AR 2 1] Y
LN . FBEEFHIYE 101 Bl AT LA RIFERRE (STD X, EREdMHmZIER
100 Hf v 1 9 F TR M 5846 400 B 5 A KL 78 iV R T T AR« WAR: 102 PR 4 44
104 EREOFHERER, ik 102 FAEDBIWRL &k Mk 102 592 SiEnT 4
BBk, MK 102 S0 L, FET BB R AR B ) 103,
BB RS B4 103 #AIEA T /5 4k B X e 32 20 BRI HE AR « A ST PR BOR
N B HA , 1 an (N BERR S 4 103 2 1 T8 28 T 00 B (R 50 (K A2 B S8 2 TR AR R 1A i
WitRE e R EFEMANERER, WASIRAFE,

MRLE 1a FT7s BB R, BT (1 A0 3 2 A 45U 24 S A A7 v CMOS KB AR .
la JG T CMOS W R T — ML 5 TR B B TS 2R AR R X R
& MOS A MR MR . (AR, XA L, KXRFEHGRILEANR T
HE CMOS AHHRAR. FEARRHM—A LIS, EHENAH T PMOS &f. RBHE
AN AR XA CBP, bRUE CMOS A BRAZF I T — NP B, , PN Sio, 3% Si;Ny
BN FEESRAWRERE, WE 16 PRBEANEE 105 FiR. 4R 450
M2 BRAR K R RBEARG BN TR BB SR, LA T PMOS #HRIUEMK
XA, W 1c fin, HIREIUAK NMOS 85w 2BEE. W5, SFE
f 2 B TR ph g B 2 2 Bk PMOS 234 YR AR FNIRAR X A 58 H REZE /100 A4
Bl bz R2EREMER, Hfebham TREMZIAEERER Sio, B Si;N, B FE
105 AN EERG B4 103 MR R B K EREE R 100 #8). BEJE, AREH (E—
SEHEEI P, EAB AR AR MAIRERARREX . BEE, BIamAET HF B
R % 22 s A VE SR AR RN AR X Pl Z) Ak S5 UTAR R HE B A FB A U2 105 TR RGREAL
Y2 LAt 5 PMOS #1 NMOS ORI IRIRAIMME X . B8, BATE5
FIRM CMOS ZF S BUATE G 28 F AR SO 1F. BB R AR YL
it P R RS I b BRRE AR o

2 AR A B AR A B R D)z 201 LA PMOS 284 FIUR AR A f Ak X
FRIEF 100 2 5 B 1o B BRI . hZIM AR EREBEE R 100 74K MR RS

8
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W) 103 FHEER. £—Smlifd, KMz 201 FEMHR 102 FEM. KA
201 [RIEE H) 42 Xt A< & B ST BT 76 B I 1k e 28 b A S BT 20 o

KRR, W 2 B, RYIRZ 201 FERTEEA 100 SR RS R 102 /)
FEAHXS N BE . FE—SEMIFI, A4 1 I A bl ) T2 SR T U B i %) 201 5 1A
7] Pk (0 P ) AN T B A N 3 B K CBE ) e B BE R 294 103 T BLfE
— A SEHEA TR AE MR 102 TF BEAT R . mT LB ) F % i TR 1 i) DA an
HFAE SF A/ SARIRE Mo LUK SR [/ I T 254 (19 P47 RF
&8 B8 F R ) 2R G P AR R T A ) JES D) Pk ) o X e A R A e I PR RF DO R B o
FE—AsefFth, F RS 900mT KIESR. 1.lem fIEBR. 100W ) RF Zh&,
150scem [IE IR B 100scem B SFe BT S %, RF ThRF WA E 50W F|
200W TSR AR AL, BACERESE T LA AR IR N K T4 500mT. fE—SERf+, K
Pz 201 BA 2 H 100 B3R 1T R 100 3 1500 #5222 18] i 5 K 3 B B HAE2E Fr 100/
2%k 104 FLTACHR 102 18 T /KB 7E 25 31 200 SR I 5Ef . AT LAHE
R, WFEEE, TEAACEE &R A b B (B, EiERD WA TAERRE
Y Z 201 J LA 4545005 -

BAEZ] L E AL AMEE R Y 103 F BAE—SCHif] P 7EHE 102 T
TR ), B4k 2 kb B ST T ek 4k 104 E AL AN BERR B4 103 EALYIHE
B R T . XK, R AI AR A A A BERR 254 103 ML HLARE T
P IRC =T A

SRR TR AR MZ 201 MIMZILERSY . R AR FAE
B D) h 1 A0 7 1 18) 58 L ) — SR 4 2 1K 104 2215 L 4a 414 104 2 HIR R R AR 7
HE, iR 102 BRIk 104 ERERE, AT AR>S THES X 4L
(IR AR 120 5 iR MR 102 JB 2 AL H 8 B 4% 4 104 BB B T3 ma - s F e k.

IR 201 KLHR 5 — 40 A AE Tl iR BN B AP 5 B 30 Sz iE], fE
FEEE A R AN o SRR F LT 450, ST RmER, 78 MOS & 48 I
IR UE L) BAASEIL T KM Lyer GASWERKERYERERE) FN#E
MOS S A i SRS ST T BN Lyer. FERSHAENE Lypr B
AR g 85/ BV T P RELRTAH R OB = B Tono

B 3 s TR %) 201 PEAR AR AR X R TAREESE 301 5 B 2 B A OB AR

9

Page 282 of 1640



200910205003. 8 PoH P ZEe/10m

o ERTIR, REEE AT H Sip,Ge, RoR. x [MHEUR T B ik B 2085 19 [0, 1], HFATLAA
DA B ARSI  F B R A S RN, E—SSHEFIT, x 2978 0.1 ) 04 Z[H]
B, BT 10 T % T 40 BT % M) . SEEHE 301 & AARXB
it B A B 0] 1 DA S = aE AR
E,(x)= (1.155-0.43x+0.0206x>) eV %} F 0<x<0.85 (1)

E(x)= (2.010-1.27x) eV Xt F 0.85<x<1 (2)

Hk, fE—SCiEmit, MIESER (1), T 301 MFRERLE 1.11eV 3|
0.99eV Z[8], 2y A%t 10 JRT % 85 R 40 JR T % (154 .

TeE4% 301 385 3 B M0 A EST R A UT AR, H P R T th R Y1z 201
g HEA TR 105 KBS KBRS Rl L. &4 301 BEAERT Si0, B
SisNg AN Lo #E— L, TARE AR RS E RS AETR (CVD)
SMEVTIR . FEHE SRR, JIRMBAREIERS CVD SMEMBERE A CVD SHE.
U RRESS 301 ZE$BBE/‘J ﬁlfﬂ’bb*ﬂﬁ*%ﬁm'ﬁ“ﬁ%ﬁﬁ@ SHHSME .

wn EFTR, E—SERP T, BT CVD M. S35 B, SMER AT 600
° C#)800° C ZIAFH7E 10 F| 760 £ (M1 5E T o AI°Kf H, B8 He AIVEEUA 44 .
Pk YRR AR S 4 AT AR SiHLCIL SiHy 8% SipHeo 7E—SEHESIH , GeH, 28R AT /514
AR N HCY 8% Cl, 78 o thZ 77 LA AR A B Bt o A6 —SEHEfI P, TR DD
201 EARMIHARL X TR K B RESS 301 B 500 #2000 R BN ERE. E—
SEHER R, FEAE 301 PIARZERE A 100 ORI _BIE(R. IXRE, RESE 301 RN R RT3
K100 EHZ B2 T iR A 100 FRE DR REEH 301, BRT LAH
Kk, W T iZAMKESE. MREH 015 SR X E TS0k

w4 301 TE— LB AT HBSMKERME. BRUMNAEMNSRY)
&R B AT, B, 5% 301 WA p BZREMBLE 1510 em’
1 3*10% fom® Z (B 4B 2R KT, 3P4y 1%10%%em’ IOIREE RIRIE M . 7E—SL0E
B, LR PMOS 2848, BiTEmEES 301 SMEEGTRR RA A0S bk AR F0 B n i) BoH,
WIS ARAE DB 224, A ANE R R TR A 35 2 eS8 301. JRAZIB Z4RESE 301
(L Ab/E TSI EhZ] 201 RIR VI RAE /S 1R AMEAE & VTR TN BE RR B 4 B i 1)
Xtk 2 S5 5 24Tk E 301. 1R 5 2% e I BE B 25470 BT 308 R F4 Tk 8 PO — ol T BE OO AR R
TTE, AAEREARD T FTIRE M PMOS 234 R E M RE

10
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7E -SEMIBI T, ZERESE 301 YA EA IRV IN (K A148 2L B0 — B8 3 B ARG
B, ZEGURUE, TR T4 TRESE 301 EHETIRS AT T 7T, sRAOHT)
(¥ 57k Th O REARL A5 FE—SEHEBI, BRYNRBIERIERERFELESR, &
18 7 SARAERD T =2 B 209 B LA B TE BAR BE VR AR AR AR 45, I TT e B 28 1F
MRE.

bR, FIRMEESE 301 RARAMSEEEE, HIBREH R T 301 &
SRR FE . MR TEA 100 5E_ R, B8 301 M BRBEYE LS 45
fi A L TR 301 R AIIR AR X B0 FE 43k — B TR R T 1 FRESE 301 IR AR X 2
] I FE4E 2 1A 104 KHR T %R 100 KB ESE (BD, MOS #Fr)EiE) - %
FE 45 T B T VAIE X A & 1) e PO B 54, B3R VAt L 1 e AU i o IR Y )
B TEA 100 B X PSR BURE, NN 7 2RIEB R %%
FHHZS 7OT B RN T BT3RS HI MOS &R Mt ANVA 18 B UL, AT 250 B3 1 1 RE

Bl 4a. 4b A 4c A TREAYE T SRR K 3 3 fdkm . SE R,
%2R AR ER B S BREAYZ . AP RGDARN B R, &
TR A v 4 B T R T ZE AR 4% 301 LR IE 402, FE—AN LR HiXRA
WU B AR (D, ZEASMIAE PVD) , MERREAESBERERE. i
MR E4E. U 403 RRZATETRAY A€ 0¥ A TR T
102 FIRF kLS

A B AR AR, £ LR S, dBeRER. BBERN
R E B THEIEES 301 MR AR ECE S B A3 A
Ve, RS 301 AMRL G T R —& R LA NMOS 244 V)% 201 IR AN
W DX N B 1 VB AR . IR AR X . B, REAHIE 402 b AURESERI A S,
LS Bk D REAL A 2 402 1 T ROTESE 301 2 (8] ) S TH B RE . SR T HREFISEPI A
B RN, TERAE 2 = Ni(SiGe)AH, T4l FIERAR st Sk i NI B BT iESs 301 &
LSSy . AL, SERRESEREILIAR LY, BRI (O RESE REAL MR T HAR 2 1.
REIEI A S B R L TR AN SR 2 (B AR E, ST A5
FHEZ R R 0 ST F P .

B 4a R TEBRITPAMR SR 401 58 3 EE . Pk, 7£—SLHidl
i, RSB ZPVD 4. 5L, PVD BUTHAKET 20° C %) 200° C ZIEFHFE

11
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/NT 50 EHERIIEIR T . 4RMEETE 50 B 200 B2 i8], RV /G, 7 325° CH
450° C Z M7 /NTFEET 60 B P4l o A HRIEHGR K (RTA) RAREATRETE R
B k. TETERGRAIE, RESE 301 AR 102 T LR 48 401 RN, BLorslie
RREEAL S 402 FiREALY) 403, W 4b FiR. MRTTRTHE A 100 RN ERE
R, R H H,0, FH HoSO, HR A PR %4k 2 R 40 R = B AR (BRI,
FEVUAR TN BE RS B 103 BALY BRR B 101 X 48T L e o 5 /e sl R4 e Y U R R
A H TR £ . iESE 301 JRARATRHKIX DL K& MR 102 X TH L )5
£ 1 R NI BRI S 225% 400° C A 550° C 22 181 B e AR Ak LA SE AR S R AL 1)
402 FEEALY) 403 BOTERK, W 4c Fim. TR BB MR s — 2 AR
2, LB IR RESE AL 2 402 FIREULI 2 403 7RG 4R b BB R AL, anAR4iis
NEI

B S B 7 T T M R R AR-UR AR XA L) 3 AR R Ty >
M EE A PR R, B SR TR &8, p AEAEERRETE. &
JB (3 K BEAARTE N Brmo p BIREFNEESE ) FROK BB S A 22 Epsi M Ersice.  2NEIPI7R,
RAG R LB 454, ABREE I S 110 % Ecsice MV TREM 714 % Ecsio IS,
FESE N B 10% Evsice 1 THEMIM H10 %% Bys, FHETHESESPHNE 2 LA K
TR LB A R . Rk, A SRR BN TR A IR, AR T
E&FHIES AR, MSEEA (1D M Q) Frdan.

Bl 6 R T SR SBA p BEEZ RIKEMAEXERNEH S, R 2K
KARMEBEREN. XA p 22464, £FERESTHEIRKEREREEN LK
TF BT R S AL S b o 2 SRR I A R P R B R R E AR RS TR ME
BRI X SRR S EB AT

B 7Rl T SRS BN 301 A8 BRFEMAERERMRETSH. R
AR AP RIEBERN, U TERES p AN EE S ENRER
LEEPHMMENE. RAER, £BFFHRIREX T 301 EiitteR
p-BUREREAE /N . B PR AE B PR SR EU B R R R R W

40y | ms
p. xe » Y ey 3

ZR 3 FHEENZERERE-LFBIIREOs, FFHBHR Nur UK

12
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SRR EE O T RE m*. W RATR, RS S R E R 0.34m,
FCRER) 0.37my, FH mo KR LT MR IERE

b RSER 3) RS B-ESUR O EMBEEETERR TR
SERATHERE. R RBREENRRTHIESRE. XS ETHE
—AREENIMESH Mg B, i bR, AR 301 Wb 7 &8
. SARTH B RL TBRIR TR SRR, ST, BEEE—SBR W
2% 3 Iridi.

FE% 301 FREALY 402 22 8] B ST AT 4 428 -2 SR BR U e Rl — P ik
—FFUR, FEALYI AN SR 2 1) OB AL 1) e B 3 22 O RBUR L U B 7 11 B oK
% o ANARATIE A G0, WL SR B B R R R PTE B R LARA Z B RIAT N
EEALH-2F SR AT T R B A2 T I E A RE SRS L. T X
TRTFAHETFRBNAEHLEENATALEE, FE—ENBEERBETH
W2 HILT A — M. X F RS RE B BT e R EEYL.

B Rk, AR ERMNMAESRE SRR ERERE. iR
RO, R E S, FAEN—F IR 5] — Rkl — KB N EREL D 402
FEESE 301 Z 1AM 2 SRR T IR SZREAS (M358 . It AT LA 7R A 2R 1 1 Fi - FE
EAEE. AESR-FPEAMOERT, £ SVUHIR S A0 T Eefh 5 1 215
FERX MTEAE . RS AREMUFEBR (P, BXRRERNELET L%
BB WABI T HLLRE) , RRRZHEE R, /8B FERMNMEMMEZ
R R ME— iR R BTS2 B R EU FRIRE PR K H 2. 83F, mRET
R E B R (FOKRRERHE n BN WA RERHFELD p MM via% R
FREXAREWHRE, 85 R SR T EE N FZESINE . DR MAE
TR S R R TR A (4% S 9 R LA A B AR R AB 2R SRR .

K8 Rl T ARG A RS 402 BIRESE 301 TEARANIRAR X AIA
RS . ShEFH R, 801 ZYFEMR (BUIRR) Befd FIAE F 7R B (VA E 2 (A1 A &
I rE P . fEH 301 FIRELA 402 Z (A1 SR F P 2 1% SR EK R B B r . T
SAF IR SR p BV TR AR X AH LA T Re801. BESL, HEALYIE
402 ARG B A SR E (FE—ADEHFIH R TR T FRYUMHR A2
B-ESPUHRE, EAERRIHEN Rex801, WMZ%E 4 FTiAHT,

13
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AT G RARN BRI R B BT /R SEFEGI R, Forp el i G Bt
FE R AR AR D T R IR AR AR AR X AR B A% B R A TR T
s FRBH R o R T A e BEL SR B M R A O B A FRBEL R, O DL A e BEL R B
HE) T SRS P B IERENET .

14
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eBHERREYS., COXIHRTREICED . SIARHLERRmICOAS 1 Ge %
ERWICRRES L L TES.

[0040]

E. F—FEEOXREIF v v 7E33CELRTVWADT ., F— FEBREDS i
GeEDPBRERILTE A,

[0041]

SiGeBEnf#klt, BHREMNS 1 LOTEY F L wILRENET, GelBERF1E
T2%~4 OB FXRDHEHEICREINAZ EFFEL L. SET%~4 0FEFRICEES I
BIEBRLIFZT LW,

[0042]

BB, S1V—AHALLT, SiH,C 1, A20%bN S 1H, Si,Hg . 8
i3Hg, 23S 13C 1 AZHAWTL LS. Zhoni 2% 28 L ERAWTL L,
GeY—AHAELT, Ge H A 2ADBELNICGe HyC 1, A AZHWTL LS, Zh
SNHAERRELTHWTIL IV, HC LA ZADOFELNIZC 1, AAEHWTL LI R
HELTHWTL LW, Fol HC L AABIUC 1 A ZAFHAWESEL W, HC 1A

Page 365 of 1640



(9) FEFA2006-13428 (P2006-134284)

ABHHEWIC 1, H2ARFEMTAZ LT, EH 1 1 - 2LORMEICHELLZS 1 Gell
FEBEETAZEHFTES,

[0043]

$7. EEGHEIER 2 0E s 2y ) arER 1 1oKEL D LE<RESER, »
HW2BEN LIF7-#5E (Elevated S/D) E LTL LW, 3502, EHIGHEEE2 04k S
iGe CEEMOBRINTL L, C (HEFR) BEFOFTFRLDLAEL, O2FT
RLITIBETAIEDPHFZ LV, S1GeCEZFAVWAILICINSiGe LD LA
BEEEEOLZENTEL, CREP2HETFXZEBL AL S 1 Ge CEMHEMEPET
5,

[0044]

FNT, M1 1oTETE. M1 onfEEss#E ) Lo, LYArE (BIRET) %
WL, 7 bUYZI 745D L YA NED N —MO SHEIE3 0 b ICHOE 2 g
L.RIEFECLD, ¥VaryEE35-1B8LUvyariiE34 -1 00y
HEIR1 1 oRmPELT 5 TEMET v+ 7% T, 7F— MEEER 1 8 ommilllm: #
33 VBB ST 25 1 HEESERIES 4 & . ZOFMANZY ) O VSl 57 25
CHHERERE S S AR E NS, RIESEE., BfEmizii. M7OTEEFRIZITI . &K
W, LYANERRRET A,

[0045]

FNT, R 20TETIE, 7Ly "Ly o728zt Bl 1 0EEROx v 7
B33, E2ERERES S . BRAUE L IESERE S 4 2kEL. U YERLI 1O
Tz r— FMEBER RS, S, ) arESErLT Ay v TEIIBIY
B2 HIBEERANE 3 S I3 S EKIET. ) a2 VML S 70 255 L AIBEERRIE S 4
&, Bl v EEABRERWTRET 5,

[0046]

FNT, M1 30TETIE. M1 20@EREFEI Lo, LYANE (BRET) %
BRL . 72 MUY ZI37 40BN L YA EOn—MOSEK3I 0 b 2045, &K
W A AVEAERZED . n-MOSHEE3 0 bz —MEBEE 227 L LT, F—
FERH 1 SOWMO ) 2L 1z, U ERL 1iTH L THdIZ o TIAH
FEALTHS v FMER2 3 b 2T 5. BRI, pBEREE LTt A2 ]
nZMv, IEZANLF—%50keV, F—XB#5X10%cmi:753,

[0047]

X1 3DIETIES L. AAVEAEICLY . n—MOSH#HEE3 0 b2y — Bk
BRAZELT. FA—MREEERL SOl 2 ER L 11 n BRI EAL T
WIS 2 2 b BB T A . BARMICIZ. nBIRREE LTE. FIZIEA st 2N,
MELANF—%F5keV, R—ZABF 1 X108 cm2Ld5, ¥, v K2
3hIFBRLTL LS. BRLAESTL vy,

[0048]

FNT, M1 4DTETIE. B1 3OMBEERDL Y AMES 8 %REL. Bl 30TE
EREIZLTp —MOSHEE3 0 afFOT 4L YA RNE3 ORPRT 5, RWT, 44
CEAEIZED. p—MOSH#HIE30alcy— EBR1 8% v A2 LT, ¥~ B
1 8Dmfllny JaYEMR 1 1 nBAMMEFAL TR v ME2 3 a %
K35, BECE. nBAEmE LT, fIZIES b+ AW, IBEZALX—%60
keV, F—Z8%5X101Bcm:T5h,

[0049]

H14nIRETIEI s, A4 yFEAERL Y —MOSHE3 0 alcy — Bk 1
8F2A7 L LT, F—MEREKL SOWIMDL ) 2 EM 1 Licp Rl Z T AL T
FBVREER2 2 a%BRT 5, BRI, p B LT, Fl2IEB 20N,
IMELANF—%5keV, F—AB% 1 xX10%cm k45,

[0050]

KT H1I5OIRETIE. M14nL VA MMES 9 2EL | fHEfROFKMICCVD
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HEIZEDES S0 nmdi ) 2 FLIE (Bbrtd) 2Bk 5., Bamzid. Fl2IE8
CVDEIRLY, A AL LT, BTBAS (Bis(Tertiary-butylamino)Silane, C,
Hy N, Si) #2L0,#AZMWT, FHO. 1Pa~1000Pa, HEKHEZS50
0°C~580CIzZa&EL . ¥V avEbELRBRT 2.

[0051]

H150IETIE, a6, RIEEICED ) arEbEZ Va3 1 10RE
PRETAIETEyF 7 (Dy Ny 7)) L p—MOSHEE30aBL¥n—MOS
i3 0 by — MEER 1 S OWlHE %78 5 55 3 IERERE 1 O BRI N5 . Bk
i2iE. RIEEOZ v F 7 AR LTE. FIZIE. ¥7AnXyy (CHF,) L 1
, 1=y 7)Annyy (C,H Fy) Fond Fazidnh—Rr2Hvns,

[0052]

KT, H16nITRETIE, H1 SofEntE > Lo, LYARME (Brdd) %
WL, 74 MUY 757420 L VA NED D —MO STEIK3 0 al2BOE %k
Lo AAYEAEZEY . p—MOSHIE3 0 alzsy — MERK 1 83 XU 3 B ER
JE19%2x2E LT, BIMESEIE L OOmElL ) 20 ER 1 112 BAMi % i
ALT. S1iGelfiirss s EIGHEIE 2 0 DEL O LIERWIIE E TH VIR RS 2
Aa®BRL., V=2 Rl A EB28atd5, BEFMICIL. pEAHHE LTI,
BIZIEB 2V, T AN F—%8keV, F—XB%25X 105 cm2xd5, &
W, LA NERRET A,

[0053]

H16nTETIZ. 35612, p—MOSHE30aBRKICLT. LYANEAL %
BRL. 74 IV 74 FEIDLPAMNEO n —MOSH#HIE3 0b%BO4 1 —
1EBRL. A4 FEAEICLY . F— MERBR 1 SBIUE 3 llEEgREL w27 L
T 3B 1 oMl ) 1 FAR 1 12 n BRI 2 A L Ol G A
24bEPRL. V=2 FLA  ER28bET %, Bz, nBAAE LT
PIZIEA s F203P 2V, IBEZAN ¥ —%6keV, F—ZX8%1x10%cm?
75,

[0054]

KT, K1 7OTRETE. 1 6 nTROEER4A 1OV A NERBEL . WT
. RTA (Rapid Thermal Annealing) &zt D&M AT\ RVWIESHEK2 2 a, 2
2b. BWESEE24a, 24b. BXUKEr v M2 3 a, 23 boRHiziEt
T3,

[0055]

1 70IRTIZS LI, BERORBMEES L5, FIZEESS nmONiIfE T
i, BBWIC oBEERBRL | MBI EST > T U BMEL, V=2 FLA v
B28a, 28bdIVaryEiR]l 10ORA. BLIUF—1EE1 6ORAIINISI,
. TiSi i, CoSi ol yd KE26%BKT S, RWT, U R
L7 Ni i, Til, $5WEC oliZRET 5. COBDITREIZBIRE LUGF
LWHEAZEIET 258, B 7 OfEkZ BEREFESIC L DE W, BRMGEZ EEL
V—A/FlLA yiEif28a, 28brEMITLa 77 MEBRL . EBRERERE LA
WMERZERL T2 FEERMICERL . 352 BOBRRGSECHME. EEA
HEFERL . PERREESERTS,

[0056]

FREMOTGREICR L BEFETIE. S 1 G el o7 2 HEIGHENEE 2 0 2L /-
BTHRWEEGHEE22a, 22bBIUVEVRAHEBZ23a, 23bEBRTAIHOT
HMMEAZIT>TWEDT, SiGeEE2BETLEOMEUSL DR, HloRk s
W2 2a. 22 bORHMSA S — MEREL SOE MRS S Z L R2HETES, L
2T BFr ANEREHIET 5. p—MOSII2 ¥ 2% 1 3 adEHEAS
HEER2 1 (Fy Vi) OLEfFEE2E0. p-MOSFZ> VA% 1 3 adn@ifER
ErEHbIrizkD. n—MOSEF P24 1 3 bBEEIE: DBz LD | M
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RINPEFREE 1 ODRENLEERESRZDL I EHTES, 3. p—MOSEFI >
VA 13aDRLA VEREEINTAZESTE, FLAVERDETL0n—MOS |k
FrTAZ 1 3b LREERIZAZEBTES,

[0057]

$70 . REMOBRIZEAELETETIE. SiG el a2 G2 0.
V=2, R4 K28 alzBRL . F—FEEK 1 SOME,rLSERIATVWADT
. SiGeBEEBHRLGOFMMIZL D F—MEREL S X OFEICG e F0HET
B #HIL . FREEG OB L 2 FILBESENK T2 Ts 5,

[0058]

Z7e . REEOFRECFE L EEFETIE. H7BLUH8HTRIZBWp —MOSHH
30 an@FERRT ARy v B3 3L N F—FEBI IPFEEIATVAD
T, F—hEB3 3ORENL v F I EHIEL TS MNER3 3DEXE n—-MOSH
B30bDF—+EMI3INEILFALLIEHTEL, FOER. p—MOSH#HE3 0
arn—MOSHE30b LT, BE3MEERE 1 ODEFMNES ZIZFE—ICBRT
& BROWEHO 2 OOFECESTER24a, 24 b DR ERICHIAZEHTES
. FORR FABEBOREIRHALZLITE S,

[0059]

(5 2 DEMDTERE)

RN 2 DEFEOTREI (7 5 FEHREEOEE FHEICOWT, M1 8EM22 %
FWTEBT A, B1 8JYER2 213, B2 DEMOBREICHR S B E OEE TR %
RIHTH S, Bb. FiSBE L G 2 0 ciZA—0SiEs 2L . 3
PHEET D,

[0060]

AFEANDE 2 DESEOBREL . EREHENERE BRI 2@t 2 > 7T 5K,
B 1 OEMOWHE L 1IEBA 27 A7 2 WA SIZEBEPH S,

[0061]

wz, B1 8aIRETIE. W1 OEMOBENM 3 ~X 6 TREFAKROTIEEZTW
L aryER] 1ofRRE. F-MEBRLS . BIURry B33 EEI VIV
L3 4 — 1 BIU) 2 BB3 5 — 1 SR LSk E BRd 5.

[0062]

M1 8NIFETIES LI, p—MOSHE30asn—MOSHE30b2FAKIZ. R
TEHEIEDS Y ar S35 - 18IV avblE34 - 1230 a2 31 1
DREHRLTHZTERAEL v F 27270, F— MNEBR ] SOmUEZES )2
RIS ST A58 1 IBEHRRIE 3 4 & . ZYMANz ) 2 S (LI &7 558 2 1B
BIE3 5 2Bk 4, BEffEicia, R1IEEOZ v Fr 27 H 2L LT, FZiE., @711
ALy (CHyFy) . 1, 1-Y7idnzsy (CH, Fy) Font Raz)bg
TA—RyEFHGE,

[0063]

KT, F190THETE, M1 8OBEHREE S LHICL Y ARES 1 (HIZIZES
500nm) BRL. 7+ MUV ZF74FECEIN LI ANES 1D p — MO SHHEK3
0 alzHOH%BET S,

[0064]

1 9NTETIZE LI, Ty ry7#ELHG, 7024 AL LTCF, A 2L0,
H2ARMEHLTp —MOSFHIE3 0 am ) arHiF 1 1 OXREEHREIUETE (LT,
M1 REET ) LUER) . 31 EELAMEn —MOSH#E30 b ) aVEF1 10
FHEVBEHLZWEERTS . S1REECED . p—MOSH#BE30an ) a3
W11V =2 FLA U ERE G AREHFRESH., Ty 7WEHES 2 (Sio7
yALBESER STV L H#EESNE ) PBRINS.

[0065]

1 REOEL . BARIClE. BEERM S A2 7 v VoS EERHWT . Fe N
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—AOEHE100Pa~1000Pa, CF, /A AB#%4dscem~50scacm,
O, 2AHEX*500s8cem~1000sccecm, RFEA300W~300 0WIZE
FEL. 20MEETS. 4B, CF 20fbhic, CH,F,, CH, F,EZH\WTL
v, Bl LYARMES 1id, RIWEIZ X DREPL » F2 7 E3NTES PRI LT
LYARMES 11875,

[0066]

KT, F200TETIE., Ty yZEEZRAWT, 70t AH AL LTO, 2%
EALTLYARELS — 1 #5722z, p—MOSHEHBR30aBLn—MOS
3 0 b ) A ER 1 1 oR\mEREIVEST S (LT, THE2ERmMIVE) ZIR3)
, BE2FREMEIZED . p-MOSHE30amI )V ar#R1 1V —2 K14 4
W2 2REHPE HICWESNT T vy WS 2 - 1A ERShA, E/2. n—M
OSFHE3 0 bV aYEIR1 1 OREHEELS ., PV a3 F{LES 38BRINAS
. FEERIAFEOBEHC LIUE, 7o v VIREES 202, ) 2 BES 3L DLy
vEEESE Y . 7 v BOKETRICE D B RICRETE 5 Z L BAEREEN TV,
[0067]

B2RmIVEL. BT, 1 OOTRERKRD 7T vy 7EBEXHWT, Fv
N—MNOFEHNI%2100Pa~1000Pa, O, #2{B%*500scem~1000s
cem, RFEH300W~3000WIZHEEL ., 20FHEETS.

[0068]

FWT, M2 1 0TETIE., 7 vBrkiEREHWT, p—MOSHE30adT v
FUEBENAZBEEL . p-—MOSHE30adnI VarHER1 1 DFRIEBH SIS,
ZOE. n—MOSHIE3 0D U ayBHEEL, 7y ZWEEE D Lt 7 v B
BN AT 2 VB LEIIRET 4 .

[0069]

M2 1HOITETIZSSHIZ. n-MOSHEE3I0bBLN e —MOSHEHE3I 0anFr v
B33, B1HEEERE S 4. BLUE2HEERERRE35 . n—MOSHE30bDY
Jary@gtEs 32227 LT, 51 0EHOBREANSHTIRLFKICLT. p—M
OSHEIE30 a2 1 1 ORE (FE2MEERE3 5 L B FodiER1 220
BofEl) #RIEFEICLDEFET y Fo 7 %450, FIZIES5 0 nmOEIHER1 1
—1%Bkd 5,

[0070]

M2 1OTETIEEHIZ. B1OEHROBEDHONDTRLEFAKICL T, #EH%273h
WRFA Ly F o PELCENERCL v F 272475, Bl 1 — 20135 2 [{HIBSERE
3 5oL DL WNEIZA DRAZHEIEE THHIS s,

[0071]

TN, M2 20TETIE. B1OEFEOBEOR O0TREERERRKRIZLT. H219
WEEOESE 1 1 — 20RMICC VDECEI DEREHEE 2 0 %5 S 1 Ge i i
mREE ¢S,

[0072]

H2 20IRTIES 6, BEREPES OV YA ME (BRd) 2BRL. 7
FIYZS7aECEYL YA NED N —MOSHEB30b 2O, RIEEIZEN Y
DarBbEs 3% ) aryERl 1 oRAHPELTAETEFET v F27%475 . B
T v F > 7B 7 OTR E FRRIZAT) . RWTL YA MR RET S,

[0073]

PIToIfiE. 81 0oKEomEAR 1 2~31 7 Ao BEETw. B1icRTE
BEEERT S,

[0074]

REFREOFRECFRHEE T ETIE. B 1 REVEB LUE 2RI L Y n—MOS
WHE30bDI Y AVERL 1OREICT Y IVEEES 32BRTL 4. p—MO
S#ik3 0adkmic. LU aAVBES 3LINLWM 7 vBEDEL LT v I WERS
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2—1%BKT2. bbb, 7yBRERICHET AL v F 2 7B L HT2EL A
#p—MOSHHE30atn—MOSHEIObNI Y I ER 1 1 DRAITHKT S .
Lichi-T, 7yBIEIzEDp —MOSHK3 0 afiitE V) oy BRmMEFHFNTE
LEEH11-1. 11 -2%RBIBRTES,

[0075])

Fhe . AEEOWREICHEASEFETIE., VU2 VEMUE34 - 1BL ) avEl
35— 10B Ly F> 7% p —MOSHBE30an—MOSHEEE3 0bEFHEIC
20T, ZRFIBNCIT I8 1 OFEROBREOEE FEL ) L TEEZEETE . 2
. P—MOS{HE30arn—MOSHHEE3 0 b 1 {HIESEREE S 4 X 5 2 [AIBERE
35 FRIFELTECBRTE 20T, 81 BB S 4 - 58 2 HEEaRE 3 5 2k
THBOFEDORENEL L B OBEDL LOREFINITE S, 2B, AEMHOBREIZR
AEGE LS. 81 OEROBREICFHEL BEFEOR L AROPREST LI LIZWD
FTL4WNn,

[0076]

(B 3 DEMNDIERE)

AFEAHOEE 3 DEFEDBREI (7 5 HRAEEBEOELE T EICO>WT. M2 3ER29 %
FAWTEIAT 2, F2 3T4EM2 9k, H3DOEMEOIHEICIRA ERET RS TR
AIFTHS . HFR, EZHA L NG A A IZFA—0BRFS 2L Fi
BEET S,

[0077]

FFEHDEE 3 DEREOIREL. RVEATRES 2BTH L APE 1 OEROPREL IR
b,

[0078]

B3 OEFOTBREI R A P EHREEOBE FEIL. HI2NERM 1 4 2 TEHE 1 OEHED
BREXRLTHE, T72bb. H1 3OTRIZBWT., A AYEAEIZED. n—MOS
HHR3 Oblzr—FEERE A7 L LT, F—1MEBR 1 SOmlloL ) a1 1
nBEITHPEEAL TEWESHEE2 2b 2B L. K1 40T cEWT, /43
AFHCEDp —MOSHE3 0ale—MEBHR1 8%v A7 LT, ¥~ MEEK1 8
DD ) BRI VI p BRI EFEAL TRVEAER 2 2 a2 BRT2. 48
LRy FMER2 3D L TL LS BRLA<TL L,

[0079]

TNT. H230TETE. M140L VA MNE3 9%KkEL | #iEkOXMmMICCVD
FEIZENEES~50nmdD ) 2V LE (Brrd) 2BRd 5. EREci, #lz
IFRCVDEL D, FEA 2L LT, BTBAS (Bis(Tertiary-butylamino)Silane .
CoHyy N, S i) HREO,HAZERAWT, EHO. 1Pa~1000Pa., #REES
500°C~580°CizieEl . ¥ UaYBLEZBRTS.

[0080]

H230TETIE. 6. RIEERREID ) avBbEr ) a 3R 1 1 oR|
PRETAETZyF LY (ZyFN e 7)) L, p—MOSHE30aBL¥n—MOS
#if3 0 by — FEER 1 SOWHIE 27 > EW S4B EREC ORI, B
Bz, RIEEDZ vF 27 H 2L LT, #lZiE, ¥7nAnxsy> (CHFy)
1L 1=Yunsaryy (CHF,) o Faziltaly—Rrzfng,
[0081]

KT, H240TETIE. M230@EREES L. LYVANES 1 2BL .
ARV T 4 FECID LY ARES 1op —MO SHEIE3 0 alzRNEEHE®L .
AFyFAECLID, p—MOSH#iIE3 0 alzy— MEBH 1 845 LU 4 B IE 6
%227 L LT, HEAREBEEREC O omllons ) 2 EHR 1 1izp B EEAL
T. SiGellfb7Z 2 BHUGHEIES 2 0 DED D LEGE £ T4 LEWESHER6
2a®BRT5, BEICE. pEAHTE LTI, AIZIEB W, IR AILF —
6keV, F—Z8%2X10! 5% cmtt95, ZWT., LYAMES1Z2METSL
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[0082]

FNT, H25D0THETIE. p—MOSHFE3I0a kWKL T, LYAMEC3 #
BRL. 74 FUV I 7 4 EICED LI ARMES 300 —MO SHEig3 0 b 2504
1-1%2BERL. A AEAECED . F— MBI 8BLUHE A Bl 0 %<
22% LT, BANEERES Ol ) 21 1 icnBRHMEEALTHL
HORETHEIN 2 4 b % BRI 5, BRI, nBAsie UTESF2IEA s F 223 Pr
RV, IELAN¥—%TkeV, F—XB%2xX10!' 5% cm &34, RNWT. L
VARG 3%RET D,

[0083]

TNT, H26DTETE. BEEOEMCCVDEICLNEE30~100nmdHy
a2 R (BRYs) 23 4. BReCid. FIZIEBCVDEIRLD | FEA 2
LT, BTBAS (Bis(Tertiary-butylamino)Silane, CyH,, N, S i) H 2L O, %
2EHWTC, FHO. 1Pa~1000Pa. EFEE4#500C~580°CIZHEL .
VBRI T S,

[0084]

M2 onIfETIZ. 362, RIEERED ) aVEEUER ) aXEH 1 10ORE
PEHTAIETZ v F o7 (ZyFNv 7)) L, p—MOSHIE30aBLU¥n—MOS
i3 0 by — MEER 1 8O %27 5 B\ B4 B ERE 6 0 oMl % 5HicE
IS IR O ABR EN A, BRIz, RIEFEDZ v+ 74 A LTI,
FIZIE, ¥ondnaAyy (CH,F) 01, 1-¥7idnznyy (C,H F,) ZFD
N ERZLARA—R 2 HWS,

[0085]

KNT, H270TETIE. B2 6 0fEREES L. LY AMNES S ZBRL .
AP UVII 7 AEICIDLIAREG 5O p —MO SRS 0 a RO BRL .
AFrFEANEZEND, p-MOSHEK3 0 alzyr— FMEBH1 8. FEAMEEREC 0B
LU SHERERIEG 4 2 <227 L LT, B5HESRREG 4 oMo J o E4K1 1
PR ZEAL T, S1iGeEProARMERCHENE2 0DKRL DEWIESE T
WWEEHEEO 6 aZBRL . V—A FLA VEKR28akd 5%, BEayicis. oA
BifpE LT3 FIZIEB 2, AL ¥—%8keV, F—XB%5x1015
em trTh, KWTC. LYARMES 1 kKT,

[0086]

FNWT, F28DITHETIE, p—MOSHK30atBERIZLT, LYAMNECO6Z
WL, 7 bUVYZI 74D L PAMNEG6 6D n—MO SHEK3 0 b 2RI 4
1-13BRL . A FEAECED . F—MEBk1 8. F4BEEREO6 0B LUE
SlalEE R 4 27 L LT, B AESERE 6 Aol Va#ER1 1icn#
Tl &2 E AL TEHEVEETHR6 6 b2 BEL . V=2 "FL A4 »Hg28b L35, B
IziE . nBEE Y LM IEA s 3P 2V T AL F—%6ke V
RE=ZXBEF1X10! 6 cmikdd, {WT, LYARES 6 2ET S,

[0087]

FNWT, HM290TETIE. M2 80THEMEERL 1OLYANME6 6 2BEL. K
W, RTA (Rapid Thermal Annealing) iz X DM ZIT\\ FRWESHEE2 2 a
, 22b, HLEVESHRGO2a, 6 2b, BWEAHIKG 6 a, 66 bDOIHIMEE
AT 2, ZRlckD . BWELSTER2 2a, 22bk . ALEVESEEG62a,. 62
bizk . 2BOBRVESHEIER2ETLp—MOS kI ¥2%13akn—MOSHS
VAL 1 3bPEHEING,

[0088]

M2 9NTRETIZIS Sz, HEERORMEPEI LI, FIZIFESS nmdONIE, T
P BBWEC o R BRL | MEULIEEIT -T2 U4 FEL . V=2 KL 4 1
W28a, 28bd ) ary#ER1 1oK@, BLUF—MER1 6DORMIINI S i,
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. TiSi; . CoSiBLrai 94 RE26%BKRT 5. XWT., JUPAR
Lo/ NifE, TiE, H50IIC olxRrET 5.

[0089]

( Fhfsl)

FHEIDE 1 DEMOFREIZ R L FERREOREFEICE Y p —MOS Iy 28
13an—MOSKF>¥ 2% 13b%2ETHYEMEE (DT TEEH, i) %
L,

[0090]

HHgn/=liz, p—MOSFZ VA% 13alzS 1 Geh b7 EMHEIGHENZE2 O
AR L2 DIANE . B8 1 e R L R L s R EOBE I L Y p —MO S
FIoYAF13abn-—MOSKrIVERAY 13 bEETLIEEEE (DIT T HEF
1) BEEEL:,

[0091]

TS EREAE LU oW TR 2 TERMREE R EE L 72, ZOflEEREX 3
OTMZERM3 215RT, M3 0HENS3 228w, @IEEMAIOEESTHD . OlF&
HEFOERSTHS .

[0092]

X3 03, HEEFIELCERBRAICEITIEp —MOS I Y AFNDE —>F L ER
(Ion) ¥—>A7EM (Loff) DERERTZZ7THSE., EREHOUESL @
Tl HEEOHESZ2OTRT,

[0093]

H30BWT, #—2AT7ER (Loff) PPUTE-8 [nAum] THbp—M
OShIr¥AZNY—rF yERFLETLE . HBA(O)NL#H0. 35 [mA um
1 THBEOICHL . Eith (@13350. 46 [mA um] 40 REHCLDH3 1
KW/ SN2 Z EHbipoiz,

[0094])

3 163, SEMAE L USHEFAICEITA2p —MOS I ¥ 2905 —bELg (
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