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Semiconductor device with epitaxial structures

Abstract

A semiconductor device includes at least two fin-shaped structures, a gate structure, at least two
epitaxial structures and a cap. The fin-shaped structures are disposed on a substrate and are
covered by the gate structure. The epitaxial structures spaced apart from each other are disposed at
one side of the gate structure and respectively directly contact each fin-shaped structure. The cap
simultaneously surrounds the epitaxial structures, and at least two adjacent caps are merged

together.
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semiconducting layers, e.g. on Si wafers or on GaAs-on-Si wafers characterised by the integration
of at least one component covered by groups H10D12/00 or H10D30/00, e.g. integration of IGFETs
of only field-effect components of only insulated-gate FETs [IGFET] comprising FinFETs
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Claims (11)
What is claimed is:
1. A semiconductor device, comprising:
at least two fin-shaped structures, disposed on a substrate;

a gate structure, covering the fin-shaped structures;
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at least two epitaxial structures, disposed at one side of the gate structure and respectively directly contacting each fin-shaped structure, wherein the epitaxial structures are

spaced apart from each other; and

at least two caps, respectively surrounding the epitaxial structures, wherein at least two adjacent caps are merged together.

2. The semiconductor device according to claim 1, further comprising at least two recesses, respectively disposed at an end of each of the fin-shaped structures, wherein

each of the epitaxial structures respectively fills up each of the recesses.

3. The semiconductor device according to claim 1, wherein the epitaxial structures respectively cover an end of each of the fin-shaped structures

4. The semiconductor device according to claim 1, further comprising at least an insulating layer, disposed between the epitaxial structures.

5. The semiconductor device according to claim 4, wherein the caps directly cover the insulating layer between the epitaxial structures.

6. The semiconductor device according to claim 1, wherein each of the epitaxial structures comprises a low doped epitaxial layer, a high doped epitaxial layer and a liner.

7. The semiconductor device according to claim 1, wherein a composition of each of the epitaxial structures comprises silicon germanium, silicon phosphide or silicon

carbide.

8. The semiconductor device according to claim 1, wherein each of the epitaxial structures comprises a top portion and the top portions are substantially in a same

plane.
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9. The semiconductor device according to claim 1, wherein the caps have a concavo-convex profile.
10. The semiconductor device according to claim 1, wherein the caps are made of monocrystalline silicon.
11. The semiconductor device according to claim 1, further comprising:

a dielectric layer, covering the gate structure and the cap; and

at least a contact structure, disposed in the dielectric layer and in direct contact with the caps.

Description
CROSS REFERENCE TO RELATED APPLICATIONS

This application is a continuation of U.S. application Ser. No. 13/960,816, filed on Aug. 7, 2013, the disclosure of which is hereby incorporated herein by reference in its
entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to non-planar semiconductor devices, and more particular to non-planar semiconductor devices with epitaxial structures.
2. Description of the Prior Art

With the trend in the industry being towards scaling down the size of metal oxide semiconductor transistors (MOS), three-dimensional or non-planar transistor
technology, such as the fin field effect transistor technology (Fin FET) has been developed to replace planar MOS transistors. The three-dimensional structure of a fin FET
increases the overlapping area between the gate and the fin-shaped structure of the silicon substrate, and, accordingly, the channel region is more effectively controlled.
The drain-induced barrier lowering (DIBL) effect and short channel effect (SCE) are therefore reduced. The channel region is also longer under the same gate length, and
thus the current between the source and the drain is increased.

In another aspect, in order to further improve the devices performances, a strained-silicon technology has also been developed. The main principle in the strained-silicon
technology is that strains are applied to predetermined regions within the semiconductor device which in turn make the semiconductor device work better by enabling
charge carriers, such as electrons or holes, to pass through the lattice of the channel more easily. In detail, one main technology generally used in the strained-silicon
technology is to dispose epitaxial structures with lattice constants different from that of the crystal silicon in the source/drain regions of the semiconductor devices. The
epitaxial structures are preferably composed of silicon germanium (SiGe), carbon-doped silicon (SiC) and so forth, which have lattice constants different from that of the
crystal silicon. Since the epitaxial structures have lattice constants larger or smaller than that of the crystal silicon, carrier channel regions adjacent to those epitaxial
structures could sense external stresses and both the lattice structure and the band structure within these regions are altered. As a result, the carrier mobility and the
performances of the corresponding semiconductor devices are improved effectively.

However, along with the continuous decrease in the size and dimensions of the semiconductor devices, there are still some newly generated technological problems that
need to be overcome, even though the non-planar transistor and the strained-silicon technology are already adopted. For example, two adjacent epitaxial structures within
the semiconductor device often generate unwanted lattice defects on their interfaces. Therefore, how to effectively eliminate these defects and improve the performance
of the semiconductor devices are important issues in this field.

SUMMARY OF THE INVENTION

One purpose of the present invention is to provide a semiconductor device with epitaxial structures, which has few lattice defects in the epitaxial structures and has
enhanced stresses imposed onto the channel region.

To this end, a semiconductor device is provided according to a preferred embodiment of the present invention. The semiconductor device includes at least two fin-
shaped structures, a gate structure, at least two epilaxial structures and a cap. The fin-shaped structures are disposed on a substrate and are covered by the gate
structure. The epitaxial structures spaced apart from each other are disposed at one side of the gate structure and respectively directly contact each fin-shaped
structure. The cap simultaneously surrounds the epitaxial structures, and at least two adjacent caps are merged together.

These and other objectives of the present invention will no doubt become obvious to those of ordinary skill in the art after reading the following detailed description of
the preferred embodiment that is illustrated in the various figures and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 to FIG. 8 are schematic diagrams showing a method for fabricating a MOSFET according to a preferred embodiment of the present invention.

FIG. 9 to FIG. 10 are schematic diagrams showing a method for fabricating a MOSFET according to another preferred embodiment of the present invention.
FIG. 11 is a schematic diagram showing a method for fabricating a MOSFET according to still another preferred embodiment of the present invention.
DETAILED DESCRIPTION

In the following description, numerous specific details are given to provide a thorough understanding of the invention. It will, however, be apparent to one skilled in the art
that the invention may be practiced without these specific details. Furthermore, some well-known system configurations and process steps are not disclosed in detail, as
these should be well-known to those skilled in the art.

Likewise, the drawings showing embodiments of the apparatus are not to scale and some dimensions are exaggerated for clarity of presentation. Also, where multiple
embodiments are disclosed and described as having some features in common, like or similar features will usually be described with same reference numerals for ease
of illustration and description thereof.

FIG. 1 to FIG. 8 are schematic diagrams showing a method for fabricating a semiconductor device according to a first preferred embodiment of the present invention.
Please refer to FIG. 1. FIG. 1 is a schematic perspectlive view showing a semiconductor device al the beginning of the fabrication process. As this stage, a semiconductor
device having a substrate 10 and a plurality of fin-shaped structures 12 disposed thereon is provided. The main surface 10 a of the substrate may have a specific
orientation and the long axial direction of each fin-shaped structure 12 is aligned with a predetermined direction. For example, for a bulk silicon substrate, the main
surface 10 a of the substrate may have a orientation (100) and the long axial direction of each fin-shaped structure 12 is aligned with a direction (110), but not limited

https://patents.google.com/patent/US9337193B2/en?0q=9%2c¢337%2c193 2/9
Marlin Semiconductor Ltd., Exhibit No. 2103
Case No. IPR2025-01054

Page 2 of 9



10/27/25, 9:01 AM US9337193B2 - Semiconductor device with epitaxial structures - Google Patents

thereto. In addition to the bulk silicon substrate, the substrate 10 may be chosen from another semiconductor substrate such as a silicon containing substrate, a lll-V
semiconductor-on-silicon (such as GaAs-on-silicon) substrate, or a graphene-on-silicon substrate. Preferably, the substrate 10 is not a silicon-on-insulator (SOI) substrate.

More precisely, the method for fabricating the fin-shaped structures 12 may include the following processes, but not limited thereto. First, a bulk substrate (not shown) is
provided and a hard mask layer (not shown) is formed thereon. The hard mask layer is then patterned through a photolithographic and an etching process, so as to define
the location for forming fin-shaped structures 12 in the bulk substrate. Afterwards, an etching process is performed to form fin-shaped structures 12 in the bulk
substrate. After the above processes, the fabrication method for the fin-shaped structures 12 is complete. In this case, the fin-shaped structures 12 may be regarded as
protruding from the surface 10 a of the substrate 10 and the compositions of the fin-shaped structures 12 and the substrate 10 may be the same, such as
monocrystalline silicon. In another case, when the substrate is chosen from a Ill-V semiconductor-on-silicon substrate rather than the above-mentioned bulk silicon
substrate, the main compositions of the fin-shaped structures may be the same as that of the I1l-V semiconductor and differ from that of the underlying substrate.

In this embodiment, the hard mask layer (not shown) is optionally removed in a later process after the formation of the fin-shaped structures 12, so that a tri-gate
MOSFET can be formed in the following processes. There are three contact faces 14 and 16 between each fin-shaped structure 12 and the following formed dielectric
layer serving as a carrier channel region. Compared with planar MOSFETS, the tri-gate MOSFETs have a wider channel width for a same channel length. When a driving
voltage is applied, the tri-gate MOSFET may produce an on-current twice higher than conventional planar MOSFETs. Alternatively, the hard mask layer (not shown) may be
reserved to form a fin field effect transistor (FinFET), which is another kind of multi-gate MOSFET. Since the hard mask layer is reserved in the fin field effect transistor,
there are only two contact surfaces between each fin-shaped structure 12 and the following formed dielectric layer.

Please refer to FIG. 2. FIG. 2 is a schematic perspective diagram showing the semiconductor device after the formation of a dummy gate structure. An isolating structure
10 is formed on the substrate 10 and the lower portion of each fin-shaped structure 12 is embedded in the isolating structure 20. In this way, subsequently-formed
transistors may be electrically isolated from one another by the isolating structure 20. The isolating structure 20 may have the configuration shown in FIG. 2. The
isolating structure 10, for example, may be a shallow trench isolation (STI) structure, which may be formed through a STl fabrication process. Since the fabrication
process for the STI structure is well-known to those skilled in the art, the detailed description of this is therefore omitted, and is not limited thereto.

Still referring to FIG. 2, in a following step, a gate dielectric layer (not shown), a sacrificial electrode layer (not shown) and a cap layer (not shown) are sequentially formed
to cover the substrate 10 and the fin-shaped structures 12. Then, the gate dielectric layer, the sacrificial electrode layer and the cap layer are patterned to form a stack
structure. The stack structure may be regarded as a gate structure 30 including the gate dielectric layer (not shown), the sacrificial electrode layer 32 and the cap layer
38. The gate structure 30 crosses over at least two fin-shaped structures 12 and covers the isolating structure 20 between them. Specifically, the gate structure 30 may
cover a top surface 14 and two side surfaces 16 of portions of each fin-shaped structure 12, and may cover a top surface of portions of the isolating structure 20.
Additionally, the gate structure 30 is preferably aligned along a first direction X, while the fin-shaped structures 12 are preferably aligned along a second direction Y and
protruding from the substrate 10 along a third direction Z. In this embodiment, the first direction X, the second direction Y, and the third direction Z are mutually
orthogonal to one another, but not limited thereto.

For the sake of clarity, only one gate structure 30 is depicted in FIG. 2 to FIG. 8. The number of which, however, may be increased depending on the requirements for
different products. For example, more than one mutually parallel gate structure may be disposed on the substrate so that one fin-shaped structure may be concurrently
covered by more than one gate structure. Besides, the same mono gate structure 30 is preferably used as a gate for transistors with the same conductivity type, like
gates for PMOS transistors or gates for NMOS transistors.

In this embodiment, a gate-last for high-k last process is used so that the gate structure 30 may be regarded as a dummy gate structure. In other words, the gate
dielectric layer will be replaced with a gate dielectric layer having a high dielectric constant in later processes and the sacrificial electrode layer 32 will be replaced with a
conductive metal layer. Therefore, the material of the gate dielectric layer may be just a sacrificial material suitable for being removed in later processes. The sacrificial
electrode layer 32 may be made of polysilicon, but not limited thereto. The cap layer 38 may be a single-layered or a multi-layered structure composed of a nitride layer or
an oxide layer used to serve as a patterned hard mask. In this embodiment, the cap layer 38 is a double-layered structure composed of a bottom layer 34 and a top layer
36. The bottom layer 34 may be a nitride layer and the top layer 36 may be an oxide layer, but not limited thereto.

In the above paragraphs, a gate-last for high-k first process is used. However, the present embodiment may also adopt a gate-last for high-k last process. In this case, the
gate dielectric layer is a gate dielectric layer having a high dielectric constant, which may be the group selected from hafnium oxide (HfO,), hafnium silicate (HfSiOy4),

hafnium silicon oxynitride (HfSION), aluminum oxide (Al,03), lanthanum oxide (La,03), tantalum oxide (Ta,0s), yttrium oxide (Y,03), zirconium oxide (Zr0,), strontium
titanate (SrTiOg), zirconium silicate (ZrSi0,), hafnium zirconate (HfZr0,), strontium bismuth tantalate (SrBi,Ta,;0g, SBT), lead zirconate titanate (PbZr,Tiy O3, PZT) and
barium strontium titanate (BaxSrq.,TiO3, BST), but it is not limited thereto. Additionally, a barrier layer (not shown) may be formed on the gate dielectric layer to serve as

an etching stop layer to protect the gate dielectric layer during the removal of the sacrificial electrode layer and to prevent above disposed metals from diffusing
downwards to the gate dielectric layer and from polluting the gate dielectric layer. The barrier layer (not shown) may be a single layer structure or a multilayer structure
composed of tantalum nitride (TaN) or titanium nitride (TiN) etc.

Please refer to FIG. 3. After the formation of the gate structure, at least a spacer 40 is formed on the sidewalls of the gate structure 30 to define the position of epitaxial
structures. In this embodiment, the spacers 40 are respectively formed on each side of the gate structure 30 and cover portions of the isolating structure 20. More
precisely, the method for forming the spacers 40 may include the following steps. A material layer (not shown) is deposited on the gate structure 30 and the substrate 10,
and then an etching process is performed to form the spacers 40. The spacers 40 may be single-layered structures, such as a silicon nitride layer or a silicon oxynitride
layer, or double-layered structures, such as a silicon oxide/silicon nitride layer, but not limited thereto. In this embodiment, the spacers 40 represent spacers for defining
and forming epitaxial structures, so that other spacers may be formed before/after the spacers 40 are formed to form a lightly doped source/drain region (not shown) or
a source/drain region (not shown).

Please refer to FIG. 4. FIG. 4 is a schematic perspective view showing the semiconductor device after etching the fin-shaped structures. As shown in FIG. 4, an etching
process 46 is carried out to etch the fin-shaped structures 12 under the gate structure 30 and the spacers 40. After the etching process, recesses 60 may be respectively
formed in each fin structure 12 at at least one side of the gate structure 30. In detail, the above etching process may include at least a dry etching step and/or at least a
wet etching step. For example, the substrate 10 may be etched down to a predetermined depth through a dry etching step and then laterally etched to forma desired
profile of the recess 60 through a wet etching step, but not limited thereto. In this embodiment, each recess 60 has an upwardly-curved cross-sectional profile, but not
limited thereto, as the cross-sectional profile of the recess depends upon the specific requirements.

Please refer to FIG. 5 and FIG. 6. FIG. 5 is a schematic perspective view showing the semiconductor device after the formation of epitaxial structure. FIG. 6 is a schematic
cross-sectional diagram taken along a line A-A'in FIG. 5. Referring to FIG. 5, after the formation of the optional recesses 60, epitaxial structures 66 are respectively
formed in the corresponding recesses 60 through performing an epitaxial growth process. Preferably, two adjacent epitaxial structures 66 are disposed individually and
spaced apart from each other so as to ensure that they don't merge together according to this embodiment. For example, in a case where a pitch ranges from 10
nanometers (nm) to 14 nm between two adjacent fin-shaped structures 12, when the epitaxial structures 66 have a height H1 ranging from 300 Angstroms to 600
Angstroms, a distance S ranging from 30 Angstroms to 150 Angstroms may exist between two adjacent epitaxial structures 66; that is to say, two adjacent epitaxial
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structures 66 don't merge together, but it is not limited thereto. In detail, the above-described epitaxial growth process may be a molecular beam epitaxy (MBE) process, a
co-flow epitaxial growth process, a cyclic selective epitaxial growth process or the likes.

Furthermore, the composition of the epitaxial structure 66 may be correspondingly modified according to the conductivity types of the semiconductor devices. In this
way, proper stresses could be imposed on certain regions within the semiconductor devices. For example, for a P-type semiconductor device, the epitaxial structure 66
may be a structure used to apply compressive stresses to the adjacent channel regions so that its composition may be doped or un-doped silicon germanium layer.
Besides, the epitaxial structure 66 may include a multilayer or a surrounding structure with a different germanium concentration gradually varying from the inside to the
outside or/and from bottom to top. For example, the epitaxial layer 66 may include epitaxial Si, at least a layer of epitaxial SiGe with a relatively low concentration of Ge,
at least a layer of epitaxial SiGe with a relatively high concentration of Ge, an epitaxial Si layer and so forth, which are disposed sequentially from bottom to top. In
another case, in an N-type semiconductor device, the compaosition of the epitaxial structure 66 may include silicon phosphorous (SiP), silicon carbide (SiC), phosphorus-
doped silicon carbide or the likes, so as to provide tensile stresses to the channel regions.

Please refer to FIG. 7. After the formation of the epitaxial structures 66, another epitaxial layer, such as a silicon cap 68 composed of monocrystalline silicon, may be
formed on the surface of each of the epitaxial structures 66 through another epitaxial growth process. During the epitaxial growth process for the silicon cap 68, the
silicon cap 68 continuously grows on the surface of each of epitaxial structure 66 and gradually fills up the space between two adjacent epitaxial structures 66 until two
adjacent silicon caps 68 merge together as shown in FIG. 7. In other words, in order to obtain a merged silicon cap 68, the thickness T1 of the silicon cap 68 is at least
greater than one-half of the distance S. For example, when the distance S ranges from 10 nm to 20 nm, the thickness T1 of the silicon cap 68 may range from 6 nm to 11
nm or may be greater than 11 nm. The actual thickness of the silicon cap 68 depends on different requirements. Still referring to FIG. 7, the merged silicon cap 68 may
cover the entire surface of the epitaxial structures 66 and has an approximately periodic concavo-convex profile. In detail, the merged silicon cap 68 may have top
portions 68 a having the same height H2 or being in the same plane P. Besides, the plane P is substantially parallel to the main surface 10 a of the substrate 10 or the
isolating structure 20, but not limited thereto.

Please refer to FIG. 8. After the formation of the above epitaxial structures, the following semiconductor processes may be optionally carried out. For example, a
replacement metal gate (RMG) process and a process for contact structures may be carried out sequentially. Through the RMG process, the gate structure composed of
polysilicon inside may be replaced with a metal gate structure. Besides, the RMG process may be further classified into two types: a high-k first RMG process and a high-
k last RMG process. The high-k last RMG process may include the following processes: (1) depositing an interlayer dielectric 70 to surround the gate structure (not
shown); (2) removing the gate structure to leave a trench (not shown); (3) forming a gate dielectric layer (not shown) to conformally cover the sidewalls and the bottom
of the trench; and (4) forming a metal gate (not shown) to fill up the trench. The metal gate may contain one or a plurality of metal layers such as a barrier layer (not
shown), a work function metal layer (not shown), and a low-resistance metal layer (not shown), but not limited thereto.

Still referring to FIG. 8, after the RMG process, a subsequent process for contact structures may be further carried out so as to form a structure shown in FIG. 8. Precisely,
the contact structures may be contact plugs 74 and are used to electrically connect the epitaxial structures 66 to the subsequently formed external circuit (not shown).
The steps of forming the contact plugs 72 are described below. For example, first, at least a contact hole 72 with a circular or a slot opening is formed in the interlayer
dielectric 70 so as to expose the corresponding silicon cap 68. Then, a barrier/adhesive layer (not shown) and a seed layer (not shown) are conformally filled into the
contact hole 72 to cover the silicon cap 68. Afterwards, a conductive layer (not shown) is deposited to fill up the contact hole 72. In this way, a contact plug 74 filling up
the contact hole 72 is obtained.

It should be noted that, in order to increase the conductivity of the silicon cap 68, a salicide process may be performed optionally during the process for forming the
contact structures. For example, at the timing between forming the contact hole and filling up the contact hole with the conductive layer, a metal source layer (not shown)
may be filled into the contact hole 72 and a rapid thermal anneal (RTA) process may be conducted. In this way, the metal source layer adjacent to the silicon cap 68 may
partially or entirely react with the underlying silicon cap 68 so as to produce a layer of silicide layer (not shown). Then, the residual metal source layer is removed and the
salicide process is accomplished. After the salicide process, the remaining process for forming contact structure may be further carried out. The metal source layer may
consist of cobalt (Co), titanium (Ti), nickel (Ni), platinum (Pt), or an alloy thereof, but not limited thereto.

In the following paragraphs, several modified embodiments of the above embodiment are disclosed and the description below is mainly focused on their differences. In
addition, like or similar features will usually be described with same reference numerals for ease of illustration and description thereof.

Please refer to FIG. 9 and FIG. 10. Another semiconductor device with epitaxial structures similar to the one previously described is also provided according to a
modification embodiment of the present invention. However, one main difference between this modification embodiment and the above first preferred embodiment is
that the epitaxial structures may merge together during the corresponding epitaxial growth process. Precisely, referring to FIG. 9, after the epitaxial growth process
similar to that described in the first preferred embodiment, the epitaxial structures 66 in the respective recesses 60 may be slightly merged and constitute a consecutive
epitaxial structure. Furthermore, there may be an overlapped portion O, also called connecting portion, defined between the two adjacent epitaxial structures 66 and used
to physically connect them. Besides, there may be a proportional relationship between the overlapped portion O and the width W of each of the epitaxial structures 66.
For example, the ratio between these dimensions (O/W) may range from 0.007 to 0.25, and preferably from 0.007 to 0.05. Under this specific ratio, even if the two
adjacent epitaxial structures 66 are slightly merged, each of the epitaxial structures 66 may keep a monocrystalline structure without generating unwanted lattice
defects.

Please refer to FIG. 10. After the process corresponding to FIG. 9, another epitaxial layer similar to that described in the first preferred embodiment, such as a silicon cap
68 composed of monocrystalline silicon, may be formed on the surface of each of the epitaxial structures 66 through another epitaxial growth process. It should be
noted that the silicon cap 68 depicted in FIG. 10 is a consecutive layer disposed on the surface of the epitaxial structures 66 according to this modification embodiment.
Therefore, the thickness T1 of the silicon cap 68 is not restricted to any specific value as long as it can constitute a consecutive layer. Similarly, the silicon cap 68 may
cover the entire surface of the epitaxial structures 66 and has an approximate periodic concavo-convex profile. In detail, the merged silicon cap 68 may also have the top
portions 68 a having the same height H2 or being in the same plane P. Besides, the plane P is substantially parallel to the main surface 10 a of the substrate 10 or the
isolating structure 20, but not limited thereto.

Please refer to FIG. 11. A semiconductor device with epitaxial structures similar to those of the first preferred embodiment is also provided according to another
modification embodiment. However, one main difference between this modification embodiment and the above-described first preferred embodiment is that the epitaxial
structures respectively directly grow on the surface of the corresponding fin-shaped structures. That is to say, there are no recesses in the fin-shaped structures.
Precisely, referring to FIG. 11, since an etching process for forming the recesses is not carried out according to this modification embodiment, the epitaxial structures 66
formed in the subsequent epitaxial growth process may directly cover the corresponding fin-shaped structures 12 and there is a distance between two adjacent epitaxial
structures 66. Similarly, another epitaxial layer, such as silicon cap 68 composed of monocrystalline silicon, may be formed on each of the epitaxial structures 66 in a
subsequent process. The silicon caps 68 may continuously grow on the epitaxial structures 66 so that the two adjacent silicon caps 68 could merge together. This
structure is depicted in FIG. 11. Alternatively, the epitaxial structures may be slightly merged prior to the formation of the silicon cap so that the subsequent formed
silicon cap is no longer merged in this case. Since the structure and the fabrication processes described in this modification embodiment are mostly similar to those
described in the first preferred embodiment, the detailed description of those is therefore omitted for the sake of clarity.
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It should be noted that, according to the above embodiments, the epitaxial structures and the silicon cap covering thereon are preferably disposed in source/drain
regions of semiconductor devices with the same conductivity type. For example, the epitaxial structures made of SiGe and the overlaying silicon caps are all disposed in
P-type semiconductor devices and are at least disposed in source/drain regions at one side of the gate structures.

To summarize, each preferred embodiment or modification embodiment of the present invention provides a semiconductor device. In these semiconductor devices, the

two adjacent epitaxial structures are spaced apart from each other or slightly merged together. In the first case, another epitaxial layer disposed on the epitaxial
structures may fill up the space between the two adjacent epitaxial structures. In the latter case, another epitaxial layer may constitute a continuous layer disposed on
the surface of the epitaxial structures. In either case, no lattice defects exist in the epitaxial structures or in the overlapped region between two adjacent epitaxial
structures. As a result, stresses provided by the epitaxial structures are increased and the performances of the semiconductor devices are enhanced.

Those skilled in the art will readily observe that numerous modifications and alterations of the device and method may be made while retaining the teachings of the

invention. Accordingly, the above disclosure should be construed as limited only by the metes and bounds of the appended claims.
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Strained silicon fin field effect transistor

Semiconductor device and manufacturing method thereof
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forming
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Threshold voltage control for mixed-type non-planar semiconductor
devices

Low resistance and defect free epitaxial semiconductor material for
providing merged FinFETs

Method of manufacturing semiconductor device having active fins

Low parasitic capacitance and resistance finFET device

Epitaxial and silicide layer formation at top and bottom surfaces of
semiconductor fins

FiNnFET device and fabricating method thereof
FinFET device and method for fabricating the same
FETS AND METHODS OF FORMING FETS

FETS and methods of forming FETs

Forming wrap-around silicide contact on finFET

Method of forming a fin transistor

Semiconductor device and manufacturing method thereof by forming
thin uniform silicide on epitaxial source/drain structure

Semiconductor element and manufacturing method thereof

FinFETs and methods of forming FinFETs

Fabrication of a pair of vertical fin field effect transistors having a
merged top source/drain

Semiconductor component and fabricating method thereof

Semiconductor device and method of forming semiconductor fin
thereof

Semiconductor structure and method of forming the same, and SRAM

Method of forming epitaxial fin structures of finFET

Source and drain contacts in fin- or nanowire- based semiconductor
devices.

Semiconductor device
Semiconductor device

FinFET device with wrapped-around epitaxial structure and
manufacturing method thereof

Method of manufacturing a semiconductor device and a
semiconductor device

FinFET device and method of forming the same

Semiconductor device and method of forming the same

Method of manufacturing FinFET with reduced parasitic capacitance
and FinFET structure formed thereby

Oxygen reservoir for low threshold voltage P-type MOSFET

Fin loss prevention
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