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(57) ABSTRACT

A semiconductor device including a Fin FET device
includes a fin structure extending in a first direction and
protruding from a substrate layer. The fin structure includes
a bulk stressor layer formed on the substrate layer and a
channel layer disposed over the bulk stressor layer. An oxide
layer is formed on the substrate layer extending away from
the channel layer. A source-drain (SD) stressor structure is
disposed on sidewalls of the channel layer over the oxide
layer. A gate stack including a gate electrode layer and a gate
dielectric layer covers a portion of the channel layer and
extends in a second direction perpendicular to the first
direction.
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S101 ——| Form a fin structure over a substrate
S102 — Form an isolation insulation layer
_ Form a gate structure over a portion
S103 of the fin structure

Remove a horizontal portion and a lateral

S104 portion of the fin structure

Form an oxide layer including a horizontal

5105 and vertical portion

Laterally Remove the vertical portion

S106 - of the oxide layer

S107 —— Form a lateral epitaxial layer
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SEMICONDUCTOR DEVICE AND
MANUFACTURING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority under
35 US.C. §119 from U.S. Provisional Patent Application
62/313,682, filed Mar. 25, 2016, which is incorporated
herein by reference in its entirety.

TECHNICAL FIELD

[0002] The disclosure relates to a semiconductor inte-
grated circuit, and more particularly to a semiconductor
device having a contact-all-around structure and its manu-
facturing process.

BACKGROUND

[0003] As the semiconductor industry has progressed into
nanometer technology process nodes in pursuit of higher
device density, higher performance, and lower costs, chal-
lenges from both fabrication and design issues have resulted
in the development of three-dimensional designs, such as a
fin field-effect transistors (Fin FETs). In a Fin FET, a gate
electrode is adjacent to two side surfaces of a channel region
with a gate dielectric layer interposed between them. On a
top surface of the channel of a Fin FET, a passivation layer
is formed between the gate electrode and the dielectric layer.
In a tri-gate Fin FET (T-Fin FET), the additional passive
layer is not formed and the gate structure surrounds (wraps)
the fin on three surfaces and the transistor essentially has
three gates controlling the current through the fin or channel
region. Beyond 14 nm technology node, the epi source or
drain structure introduces serious issues for fin pitch scaling.
The source and/or drain sheet resistance and contact resis-
tivity can play a critical role when the device area is scaling.
Solutions are required that can efficiently resolve the resis-
tance degradation by area shrinking.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The present disclosure is best understood from the
following detailed description when read with the accom-
panying figures. It is emphasized that, in accordance with
the standard practice in the industry, various features are not
drawn to scale and are used for illustration purposes only. In
fact, the dimensions of the various features may be arbi-
trarily increased or reduced for clarity of discussion.
[0005] FIG. 1 is an exemplary process flow chart of a
contact-all-around (CAA) T-Fin FET device according to
one or more embodiments of the present disclosure.
[0006] FIGS. 2A through 2H are exemplary three-dimen-
sional (3-D) views showing various processes for manufac-
turing of a CAA T-Fin FET device according to one or more
embodiments of the present disclosure.

[0007] FIGS. 3A through 3F are exemplary process steps
for the formation of a self-aligned oxide and a source-drain
(S/D) epitaxial layer of a CAA T-Fin FET device according
to one or more embodiments of the present disclosure.
[0008] FIGS. 4A and 4B are exemplary 3-D structural and
cross-sectional views of a CAA T-Fin FET device according
to one or more embodiments of the present disclosure.
[0009] FIGS. 5A through 5D are 3-D views showing the
formation of a lateral epitaxial layer and source and/or drain
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contacts of a CAA T-Fin FET device according to an
embodiment of the present disclosure.

[0010] FIG. 6 is a three-dimensional view of CAA T-Fin
FET device showing various structural elements according
to an embodiment of the present disclosure.

[0011] FIGS. 7A through 7D are diagrams showing vari-
ous parameters of a CAA T-Fin FET device versus effective
channel length according to embodiments of the present
disclosure.

[0012] FIGS. 8A and 8B are diagrams showing the results
of a 3-D simulation of a CAA T-Fin FET device according
to an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0013] It is to be understood that the following disclosure
provides many different embodiments, or examples, for
implementing different features of the invention. Specific
embodiments or examples of components and arrangements
are described below to simplify the present disclosure. These
are, of course, merely examples and are not intended to be
limiting. For example, dimensions of elements are not
limited to the disclosed range or values, but may depend
upon process conditions and/or desired properties of the
device. Moreover, the formation of a first feature over or on
a second feature in the description that follows may include
embodiments in which the first and second features are
formed in direct contact, and may also include embodiments
in which additional features may be formed interposing the
first and second features, such that the first and second
features may not be in direct contact. Various features may
be arbitrarily drawn in different scales for simplicity and
clarity.

[0014] Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. The spatially relative terms are
intended to encompass different orientations of the device in
use or operation in addition to the orientation depicted in the
figures. The apparatus may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly. In addition, the term “made of” may mean either
“comprising” or “consisting of.”

[0015] FIG. 1 is an exemplary process flow chart 100 for
manufacturing a contact-all-around (CAA) T-FinFET device
according to one or more embodiments of the present
disclosure. The flow chart 100 illustrates only a relevant part
of the entire manufacturing process. It is understood that
additional operations may be provided before, during, and
after the operations shown by FIG. 1, and some of the
operations described below can be replaced or eliminated for
additional embodiments of the method. The order of the
operations/processes may be interchangeable.

[0016] In S101 of FIG. 1, a fin structure 210 is formed
over a substrate. At first, stacked layers of semiconductor
material 200 are formed over the substrate as shown in FIG.
2A. The stacked layers of the semiconductor material
formed over the substrate include a first semiconductor layer
202, an intermediate semiconductor layer 204, and a second
semiconductor layer 206.

[0017] The substrate, not shown separately from the first
semiconductor layer 202, is for example, a p-type silicon
substrate with an impurity concentration in a range of about
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1x10"* cm™ to about 3x10"° cm™> in some embodiments. In
other embodiments, the substrate is an n-type silicon sub-
strate with an impurity concentration in a range of about
1x10* ¢cm™ to about 3x10"> cm™. The Si substrate has a
(100) upper surface in some embodiments.

[0018] Alternatively, the substrate may comprise another
elementary semiconductor, such as germanium; a compound
semiconductor including Group Iv-Iv compound semicon-
ductors such as silicon carbide (SiC) and silicon germanium
(SiGe), Group II-v compound semiconductors such as
GaAs, GaP, GaN, InP, InAs, InSb, GaAsP, AlGaN, AllnAs,
AlGaAs, GalnAs, GalnP, and/or GalnAsP; or combinations
thereof. In one or more embodiments, the substrate is a
silicon layer of an SOI (silicon-on-insulator) substrate.
Amorphous substrates, such as amorphous Si or amorphous
SiC, or insulating material, such as silicon oxide may also be
used as the substrate. The substrate may include various
regions that have been suitably doped with impurities (e.g.,
p-type or n-type conductivity).

[0019] The first semiconductor layer 202 may be part of
the substrate implanted with impurities. For instance, ion
implantation is performed to prevent a punch-through effect.
The dopants are, for example, boron (BF,) for an n-type Fin
FET and phosphorus for a p-type Fin FET. The first semi-
conductor layer 202 becomes a well layer of a Fin FET in
some embodiments.

[0020] In some embodiments, the first semiconductor
layer 202 is epitaxially grown over the substrate. The
epitaxial layer 202 may be doped by in-situ doping and/or
ion implantation.

[0021] The intermediate semiconductor layer 204, also
known as the bulk stressor, is epitaxially grown over the
surface of the first semiconductor layer 202, and a second
semiconductor layer 206 is epitaxially grown over the
intermediate semiconductor layer 204 in some embodi-
ments.

[0022] The intermediate semiconductor layer 204 is, for
example, Ge or Si, ,Ge,, where x is in a range of about 0.1
to about 0.9 in some embodiments. In a certain embodiment,
Si( G, is used as the intermediate semiconductor layer
204. In the present disclosure, Si, G, may be simply
referred to as SiGe. A thickness of the SiGe layer 204 is in
a range of about 10 nm to about 100 nm in some embodi-
ments. In certain embodiments, the thickness of the SiGe
layer 204 is in a range of about 1 nm to about 20 nm, or in
a range of about 2 nm to about 10 nm in other embodiments.

[0023] The epitaxial growth of the SiGe layer may be
performed by using SiH, and/or SiH,Cl, and GeH,, as source
gases at a temperature in a range of about 500° C. to about
700° C. and at a pressure in a range of about 10 to about 100
Torr (about 133 Pa to about 1333 Pa).

[0024] The second semiconductor layer 206 is, for
example, Si or Si;, G, where y<x. The second semicon-
ductor layer 206 is Si in this embodiment. The Si second
semiconductor layer 206 has a thickness in a range of about
20 nm to about 200 nm in some embodiments. In certain
embodiments, the thickness of the Si second semiconductor
layer 206 is in a range of about 50 nm to about 100 nm. The
epitaxial growth of the Si layer may be performed by using
SiH, and/or SiH,Cl, as source gases at a temperature in a
range of about 500° C. to 700° C. and at a pressure in a range
of about 10 to about 100 Torr (about 133 Pa to about 1333
Pa).
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[0025] After formation, the stacked layers of the semicon-
ductor material 200 are patterned using suitable mask layers
to remove portions of the stacked layers to create the fin
structure 210 of FIG. 2B. The removal of the portions of the
stacked layers can be performed by trench etching using a
dry etching method and/or a wet etching method.

[0026] InS102 of FIG. 1, an isolation insulation layer 214
is formed over the fin structure 210, as shown in FIGS. 2C
and 2D. First, an isolation insulating material 212 is formed
on the fin structure 210 as shown in FIG. 2C. The isolation
insulating material 212 includes one or more layers of
insulating materials such as silicon oxide, silicon oxynitride
or silicon nitride, formed by LPCVD (low pressure chemical
vapor deposition), plasma-CVD or flowable CVD. In the
flowable CVD, flowable dielectric materials instead of sili-
con oxide are deposited. Flowable dielectric materials, as
their name suggest, can “tlow” during deposition to fill gaps
or spaces with a high aspect ratio. Usually, various chem-
istries are added to silicon-containing precursors to allow the
deposited film to flow. In some embodiments, nitrogen
hydride bonds are added. Examples of flowable dielectric
precursors, particularly flowable silicon oxide precursors,
include a silicate, a siloxane, a methyl silsesquioxane
(MSQ), a hydrogen silsesquioxane (HSQ), an MSQ/HSQ, a
perhydrosilazane (TCPS), a perhydro-polysilazane (PSZ), a
tetraethyl orthosilicate (TEOS), or a silyl-amine, such as
trisilylamine (TSA). These flowable silicon oxide materials
are formed in a multiple-operation process. After the flow-
able film is deposited, it is cured and then annealed to
remove un-desired element(s) to form silicon oxide. When
the un-desired element(s) is removed, the flowable film
densifies and shrinks. In some embodiments, multiple
anneal processes are conducted. The flowable film is cured
and annealed more than once. The flowable film may be
doped with boron and/or phosphorous. The isolation insu-
lating layer 50 is formed by one or more layers of spin-on
glass (SOG), SiO, SiON, SiOCN and/or fluorine-doped
silicate glass (FSG) in some embodiments.

[0027] After forming the isolation insulating material 212,
a thermal process, for example, an anneal process, may be
performed to improve the quality of the isolation insulating
material 212. The thermal process may be performed before
or after planarization operations. In the planarization opera-
tions, the thickness of the isolation insulating material 212
is reduced by, for example, a planarization process including
a chemical mechanical polishing (CMP) method and/or an
etch-back process, so as to expose a part of the fin structures
210, as shown in FIG. 2D. During the planarization opera-
tions, a top portion of the isolation insulating material 212
is removed. Further, by an etch-back process, the thickness
of the isolation insulating material 212 on the sides of the
protruded portion of the fin structure 210 is reduced to form
the isolation insulating layer 214.

[0028] In S103 of FIG. 1, a gate structure 220 is formed
over a portion of the fin structure 210, as shown in FIG. 2E.
The gate structure 220 is formed over a channel layer 216 of
the fin structure 210. The gate structure 220 extends in the
Y direction and includes a gate dielectric layer 224 and an
electrode layer 222. In some embodiments, the gate structure
220 is formed over one or more fin structures.

[0029] A gate dielectric material and an electrode material
are formed over the isolation insulating layer 214 and the
channel layer 216, and then patterning operations are per-
formed so as to obtain gate structure 220 including the gate
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electrode layer 222 and the gate dielectric layer 224. The
gate electrode layer 222 is poly silicon in this embodiment.
The patterning of the poly silicon layer is performed by
using a hard mask including a silicon nitride layer and an
oxide layer in some embodiments. The gate dielectric mate-
rial may be silicon oxide formed by CVD, PVD, ALD
(atomic layer deposition), e-beam evaporation, or other
suitable process.

[0030] In one or more embodiments, a gate-last technol-
ogy (a gate replacement technology) is employed. In the
gate-last technology, the gate electrode layer 222 and the
gate dielectric layer 224 formed in the foregoing operations
are a dummy electrode layer and a dummy gate dielectric
layer, respectively, which are subsequently removed.
[0031] Insome embodiments, the gate dielectric layer 224
includes one or more layers of silicon oxide, silicon nitride,
silicon oxy-nitride, or high-k dielectric materials. High-k
dielectric materials comprise metal oxides. Examples of
metal oxides used for high-k dielectric materials include
oxides of Li, Be, Mg, Ca, Sr, Sc, Y, Zr, Hf, Al, La, Ce, Pr,
Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, and/or
mixtures thereof. In some embodiments, a thickness of the
gate dielectric layer 224 is in the range of about 1 nm to
about 5 nm. In some embodiments, the gate dielectric layer
224 includes an interfacial layer made of silicon dioxide. In
some embodiments, the gate electrode layer 222 includes a
single layer or a multilayer structure.

[0032] Further, the gate electrode layer 222 may be doped
poly-silicon with uniform or non-uniform doping. In some
alternative embodiments, the gate electrode layer 222
includes a metal such as Al, Cu, W, Ti, Ta, TiN, TiAl, TiAIN,
TaN, NiSi, CoSi, other conductive materials with a work
function compatible with the substrate material, or combi-
nations thereof. The electrode layer for the gate electrode
layer 222 may be formed using a suitable process such as
ALD, CVD, PVD, plating, or combinations thereof. The
width of the gate electrode layer 222 (in the X direction) is
in the range of about 30 nm to about 60 nm in some
embodiments.

[0033] In S104 of FIG. 1, a horizontal portion and a lateral
portion of the fin structure are removed as shown in FIG. 2E.
A more detailed description of the removal process is shown
in the cross-sectional views of FIGS. 3A and 3B. Removal
of the horizontal (e.g., in the XY plane) portion 230 and the
vertical (e.g., in the Z direction) portion 228 under the gate
structure 220 of FIG. 3A is performed by an isotropic etch,
for example, a wet etch process. In one or more embodi-
ments, the thickness t1 of the portion 228 is about 10-12 nm.
In some embodiments, a plasma etch such as an oxygen (O,)
plasma can be used. In an embodiment, the O, plasma etch
can be an O, plasma ion etch using, for example, charged
O*" or O'~ with an added bias connected to a bias electrode
302 to control the direction of the ionized O, plasma.

[0034] In S105 of FIG. 1 an oxide layer including a
horizontal portion 232 and a vertical portion 310 is formed
as shown in FIGS. 2F and 3C. FIG. 2F only shows the
horizontal portion 232 of the oxide layer. The oxide layer
includes a silicon oxide, such as SiO,. In an embodiment,
the horizontal portion 232 of the oxide layer, also referred to
as the self-aligned oxide layer, is formed using a high
density plasma CVD (HD PCVD) and the vertical portion
310 is an unwanted layer resulting from the deposition
process which has to be removed. In the self-aligned depo-
sition process, no mask is required and the silicon oxide is
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deposited on all exposed surfaces as seen in FIG. 3C. In
some embodiments, isotropic etching is used to remove
sidewalls isolation layer. In one embodiment, the unwanted
silicon oxide deposition is selectively removed from some
surfaces that were not the target for oxide layer deposition,
as necessary, although the use of selective etching may not
be efficient for this structure.

[0035] FIG. 3D is the same as FIG. 3C and shows the
horizontal portion 232 and the vertical portion 310 and is
reproduced for convenience only. In some embodiments,
high-density PCVD (HDPCVD) is used to allow adjustment
of different deposition rates along various directions. For
example, the HDPCVD can be used to achieve a nearly
anisotropic deposition by adjusting the physical factors of
the operation (e.g., plasma controlled by electrical field),
rather than the chemical factors of the operation (e.g.,
reactant gas) that is used for near isotropic deposition. In
some embodiments, the thickness of the isolation layers 310
on the sidewalls is about 25 percent to about 35 percent the
thickness of the isolation layers 232 on the surface of the
substrate 400. Consequently, a cleaning process (e.g., a wet
clean process) comprising the use of an etchant, such as
hydrofiuoric acid (HF) or diluted hydrofluoric acid (DHF),
may be effective in removing the entirety of or only portions
of the isolation layers 310 disposed on the sidewalls, while
leaving the portions of the isolation layers 232 on the
surfaces of the substrate 400.

[0036] In S106 of FIG. 1, the vertical portion 310 is
laterally removed as shown in FIG. 3E. The vertical portion
310 of the oxide layer can be laterally removed by using, for
example, a wet etch process that also reduces the thickness
of the horizontal portion 232 to the desired level, for
example, between 5-10 nm.

[0037] In S107 of FIG. 1 a lateral epitaxial layer 240 is
formed, as shown in FIGS. 2F and 3F. The lateral epitaxial
layer 240 can be formed by a selective epitaxial growth
process. The lateral epitaxial layer 240 is also referred to as
source and/or drain epitaxial layer or source and/or drain
stressor. The source and/or drain epitaxial layer can be a
silicon-based compound such as silicon phosphide or SiGe.
In some exemplary embodiments, the source and/or drain
epitaxial layer is a germanium compound, such a germa-
nium-tin compound (GeSn). A thickness t2 of the source
and/or drain epitaxial layer 240 is in a range of about 10-12
nm. In certain embodiments, other thicknesses are used.
[0038] Returning to FIG. 2G in continuation of the for-
mation of the CAA T-FinFET device, a interlayer dielectric
(ILD) layer 250 is formed over the isolation oxide layer 214
and the self-aligned oxide layer 232. Example materials for
the ILD layer 250 include silicon dioxide (Si0O,), silicon
oxynitride (SiON), or silicon oxycarbide (SiOC). The struc-
ture of FIG. 2G is then passed to a planarization operation
such CMP and gate contact formation.

[0039] The ILD layer 250 is patterned to remove portions
of'the interlayer dielectric layer 250 down to the self-aligned
oxide layer 214 to form holes for source and drain contacts
262 and 264 of a CAA T-FinFET device 260 as shown in
FIG. 2H. The holes are filled with source and drain contact
materials, such as metals including Al, Cu, W, Ti, Ta, TiN,
TiAl, TiAIN, TaN, NiSi, CoSi, other conductive materials
with a suitable work function, or combinations thereof. In
the context of the present disclosure, the CAA refers to the
source and/or drain contact metal replacing the diamond-
shape source and/or drain stressor structure instead of the
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source and/or drain contact metal wrapping around dia-
mond-shaped source and/or drain stressor structure. The
process concept described above can be integrated into
present Fin FET fabrication process, and can be imple-
mented in a number of technology nodes, such as 10, 7, and
5 nm technology nodes.

[0040] FIGS. 4A and 4B are exemplary 3-D structural 400
and cross-sectional views 410 of a CAA T-Fin FET device
according to one or more embodiments of the present
disclosure. The 3-D structure 400 of FIG. 4A, of which a
cross section across the line X is shown in FIG. 4B, is similar
to the structure of FIG. 2H. As shown in the cross-sectional
view 410, the CAA T-Fin FET device includes substrate 400,
bulk stressor layer 204, self-aligned oxide layer 232, SD
epitaxial layer 240, first semiconductor layer 202, gate
structure 220, ILD layer 250, and source and/or drain
contact metals 262 and 264. As explained above, the first
semiconductor layer may be part of the substrate 400
implanted with impurities. The gate structure 220 includes
the gate dielectric layer 224 and the gate electrode 222.
[0041] The SD epitaxial layer 240 may have an aspect
ratio (z/x) corresponding to the cross-sectional view 410
(e.g., in Z-X plane) of more than one. In some embodiments,
the aspect ratio of the SD epitaxial layer 240 is less than one.
In one or more embodiments, the self-aligned oxide layer
232 extends in the Y direction partially or fully under the SD
epitaxial layer 240. In some embodiments, SD epitaxial
layer 240 extends in the Z direction above or below the
height of the first semiconductor layer 202. In one or more
embodiments, the thickness of the SD epitaxial layer 240 in
the Y direction is less than or more than the thickness of the
ILD layer 250 in the Y direction.

[0042] The self-aligned oxide layer 232 under source
and/or drain contact metals 262 and 264 replaces the exem-
plary diamond-shape epitaxial S/D. The replacement
improves the source and/or drain resistance and mitigates
short channel issues and lowers source and/or drain junction
leakage, for example, to 1x107'° A. For the exemplary
diamond-shape epitaxial S/D, the source and/or drain size is
dependent on the shape of the epitaxial diamond-shape,
which also reduces fin pitch scaling. Further, from an
engineering standpoint, the source and/or drain resistance
increases as the device area is reduced. The subject tech-
nology provides reduced fin pitch, for example, lower than
40 nm for a 15 nm technology node, resulting in a high
integration density. The subject technology improves the
source and/or drain resistance to achieve higher device
performance by reducing leakage current from the source
and/or drain contact metals.

[0043] FIGS. 5A through 5D are 3-D views showing the
formation of a lateral epitaxial layer and source and/or drain
contacts of a CAA T-Fin FET device according to an
embodiment of the present disclosure. FIG. 5A shows a
CAA T-Fin FET structure 500A including an oxide layer 520
over the first semiconductor layer 510 and an opening 530
laterally etched for source and/or drain epitaxial formation.
FIG. 5B shows a CAA T-Fin FET structure 5008, where the
source and/or drain epitaxial formation 532 is formed in the
opening 530 of FIG. 5A. In the next step, as shown in the
CAA T-Fin FET structure 500C in FIG. 5C, one of source
and/or drain contact metals, 262, is formed. In the last step,
as shown in the CAA T-Fin FET structure 500D in FIG. 5D,
the other one of source and/or drain contact metals, 264, is
formed. The source and/or drain contact metals in FIGS. 5C
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and 5D are similar to the source and/or drain contact metals
used with the exemplary diamond-shape epitaxial S/D.

[0044] FIG. 6 is a three-dimensional view of CAA T-Fin
FET device 600 showing various structural elements accord-
ing to an embodiment of the present disclosure. The struc-
tural elements are similar to the structural elements shown in
the cross-sectional view 410 of FIG. 4B. The CAA Fin FET
device 600 includes the first semiconductor layer 202,
self-aligned oxide layer 232 formed between the first semi-
conductor layer 202 and the source and/or drain contact
metals 262 and 264, source and/or drain epitaxial layer 240
formed laterally between the channel portion of the semi-
conductor layer 202 and the source and/or drain contact
metals 262 and 264, the ILD layer 250, and the gate structure
220 formed over the channel.

[0045] As described above in more detail, the gate struc-
ture 220 is first created on a portion of the exposed fin 210
after formation of the isolation insulation layer 214, as
shown in FIG. 2E. Next, as shown in FIGS. 3A and 3B, the
horizontal (e.g., in the XY plane) portion 230 and the
vertical (e.g., in the Z direction) portion 228 under the gate
structure 220 are removed by an etch process, such as a wet
etch, or a plasma etch, such as an oxygen (O,) plasma. In
one or more embodiments, the O, plasma etch is an O,
plasma ion etch using, for example, charged O*~ or O'~ to
control the direction of the ionized O, plasma. After removal
of the horizontal portion 230 and the vertical portion 228 of
FIGS. 3A ands. 3A and B, the self-aligned oxide layer 232
is formed using, for example, a CVD deposition process
such as the HD PCVD process to deposit silicon oxide. The
self-aligned oxide formation process results in deposition of
the silicon oxide (310 of FIG. 3C) on the sidewalls of the
channel, as shown in FIG. 3C. The removal of the silicon
oxide 310 creates a place under the gate structure 220 and
over the oxide layer 232 for formation of the epitaxial layer
240. The lateral epitaxial layer 240 can be formed by a
selective epitaxial growth process. The lateral epitaxial layer
240, also referred to as source and/or drain epitaxial layer or
source and/or drain stressor, can be a silicon-based com-
pound such as silicon phosphide or SiGe. In some exemplary
embodiments, the source and/or drain epitaxial layer is a
germanium compound, such as a germanium-tin compound
(GeSn). A thickness of source and/or drain epitaxial layer is
in a range of about 10-12 nm. The source and/or drain
contact metals 262 and 264 are formed, as shown in FIG.
2H, after etching holes in the ILD layer 250 down to the top
surface of the self-aligned oxide 232.

[0046] FIGS. 7A through 7D are diagrams showing vari-
ous parameters of a CAA T-Fin FET device versus effective
channel length according to embodiments of the present
disclosure. The diagrams shown in FIGS. 7A and 7C include
plots for an exemplary Fin FET, a T-Fin FET, and a CAA
T-Fin FET showing the variation of the Fin FET threshold
voltage (Vth) versus effective length of the channel for
example values of drain voltage (VD), VD=0.05V and
VD=0.8V. The diagram shown in FIG. 7B includes plots for
the exemplary Fin FET, the T-Fin FET, and the CAA T-Fin
FET showing the variation of the Fin FET Vth roll-off versus
effective length of the channel for an example value of drain
voltage, VD=0.8V. The diagram shown in FIG. 7D includes
plots for the exemplary Fin FET, the T-Fin FET, and the
CAA T-Fin FET showing the variation of the Fin FET DIBL
(drain-induced barrier lowering) versus effective length of
the channel. Analyzing the results indicates that the CAA
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T-Fin FET achieves an improvement in Vth roll-off over the
Fin FET, which includes the self-aligned oxide but lacks the
source and/or drain epitaxial. Further, in the CAA T-Fin FET
the diamond-shape source and/or drain stressor is replaced
by a full contact metal that benefits the fin pitch scaling.
[0047] FIGS. 8A and 8B are diagrams showing results of
a 3-D simulation of a CAA T-Fin FET device according to
an embodiment of the present disclosure. The diagram of
FIG. 8A shows series resistance (RT) versus effective chan-
nel length for an exemplary Fin FET and a CAA T-Fin FET.
The result shows that the contact all around structure has less
total resistance (e.g., ~20%) and less source and/or drain
resistance (e.g., ~85%) than the exemplary case with the
diamond-shape source and/or drain stressor 810. The metal
source and/or drain region 264 can enlarge current flow and
reduce SD resistance (RSD), because in the CAA T-Fin FET
the metal (e.g., 264) replaces highly doped silicon of the
diamond shape structure (e.g., 810). The buried oxide (e.g.,
the self-aligned oxide 232 of FIG. 6) under the source and/or
drain contact metals can avoid the junction leakage below
the source and drain into the substrate.

[0048] It will be understood that not all advantages have
been necessarily discussed herein, no particular advantage is
required for all embodiments or examples, and other
embodiments or examples may offer different advantages.
[0049] In accordance with one aspect of the present dis-
closure, a method for manufacturing a semiconductor device
includes forming a fin structure including a first semicon-
ductor layer, an intermediate semiconductor layer disposed
over the first semiconductor layer, and a second semicon-
ductor layer disposed over the intermediate semiconductor
layer. An isolation insulating layer is formed so that the
second semiconductor layer of the fin structure protrudes
from the isolation insulating layer to form an exposed fin
portion while the intermediate semiconductor layer and the
first semiconductor layer are embedded in the isolation
insulating layer. A gate structure is formed over a first
portion of the exposed fin portion. A second portion of the
exposed fin portion is removed. The second portion includes
aportion of the exposed fin portion not covered with the gate
structure and an embedded portion including a portion of the
intermediate semiconductor layer and the first semiconduc-
tor layer. The embedded portion includes a first embedded
portion embedded in the isolation insulating layer extending
in a first direction and a second embedded portion under the
gate structure extending in a second direction. The second
direction is substantially perpendicular to the first direction.
An oxide layer is formed over first and second surfaces
exposed after the removal of the second portion of the
exposed fin portion. The first and second surfaces extend in
the first and second directions. A portion of the oxide layer
extending in the second direction is laterally removed, and
an epitaxial layer is formed in the laterally removed portion
of the oxide layer.

[0050] In accordance with another aspect of the present
disclosure, a method for manufacturing a semiconductor
device includes forming a fin structure by patterning a
multilayer structure comprising a first semiconductor layer
including a substrate, a bulk stressor layer, and a second
semiconductor layer. An isolation oxide layer is formed to
cover the fin structure. The isolation oxide layer is patterned
to expose the second semiconductor layer of the fin struc-
ture. A gate structure is formed over a middle portion the
exposed second semiconductor layer. A remaining portion of
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the exposed second semiconductor layer not covered with
the gate structure is removed. A portion of the bulk stressor
layer under the removed remaining portion of the exposed
second semiconductor layer and lateral portions under the
gate structure are removed. A self-aligned oxide layer cov-
ering first and second surfaces exposed after the removal of
the portion of the bulk stressor layer and the lateral portions
under the gate structure is formed. The first and second
surfaces extend in a first and a second direction, and the
second direction is substantially perpendicular to the first
direction. The self-aligned oxide layer covering the vertical
surfaces exposed after removal of the lateral portions under
the gate structure is laterally removed, and a source-drain
stressor layer is formed to replace the laterally removed
self-aligned oxide layer.

[0051] In accordance with yet another aspect of the pres-
ent disclosure, a semiconductor device includes a Fin FET
device including a fin structure extending in a first direction
and protruding from a substrate layer. The fin structure
includes a bulk stressor layer formed on the substrate layer,
a channel layer disposed over the bulk stressor layer. An
oxide layer is formed on the substrate layer extending away
from the channel layer. An SD stressor structure is disposed
on sidewalls of the channel layer over the oxide layer, and
a gate stack including a gate electrode layer and a gate
dielectric layer is formed. The gate stack covers a portion of
the channel layer and extends in a second direction perpen-
dicular to the first direction.

[0052] The foregoing outlines features of several embodi-
ments or examples so that those skilled in the art may better
understand the aspects of the present disclosure. Those
skilled in the art should appreciate that they may readily use
the present disclosure as a basis for designing or modifying
other processes and structures for carrying out the same
purposes and/or achieving the same advantages of the
embodiments or examples introduced herein. Those skilled
in the art should also realize that such equivalent construc-
tions do not depart from the spirit and scope of the present
disclosure, and that they may make various changes, sub-
stitutions, and alterations herein without departing from the
spirit and scope of the present disclosure.

1. A method for manufacturing a semiconductor device,
comprising:
forming a fin structure including a first semiconductor
layer, an intermediate semiconductor layer, and a sec-
ond semiconductor layer;

forming an isolation insulating layer so that the second
semiconductor layer of the fin structure protrudes from
the isolation insulating layer to form an exposed fin
portion;

forming a gate structure over a first portion of the exposed
fin portion;

removing a second portion of the exposed fin portion, the
second portion including a portion of the exposed fin
portion not covered with the gate structure and an
embedded portion including a portion of the interme-
diate semiconductor layer and the first semiconductor
layer, wherein the embedded portion includes a first
embedded portion embedded in the isolation insulating
layer extending in a first direction and a second embed-
ded portion under the gate structure extending in a
second direction, wherein the second direction is sub-
stantially perpendicular to the first direction;
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forming an oxide layer over first and second surfaces
exposed after the removal of the first portion of the
exposed fin portion, the first and second surfaces
extending in the first and second directions;

laterally removing a portion of the oxide layer extending

in the second direction; and

forming an epitaxial layer in the laterally removed portion

of the oxide layer.

2. The method of claim 1, further comprising forming an
interlayer dielectric layer over the isolation insulating layer
and the oxide layer.

3. The method of claim 2, further comprising removing
portions of the interlayer dielectric layer down to the oxide
layer to form holes for source and drain contacts, and filling
the holes with a metal to form the source and drain contacts.

4. The method of claim 1, wherein the first and the second
semiconductor layers comprise silicon or a silicon com-
pound.

5. The method of claim 1, wherein the oxide layer
comprises silicon oxide.

6. The method of claim 1, wherein the epitaxial layer
comprises a source and drain stressor formed using one of a
silicon-based compound or a germanium-based compound,
wherein the silicon-based compound includes silicon-phos-
phide and SiGe and the germanium-based compound
includes a germanium-tin (GeSn) compound.

7. The method of claim 1, wherein forming the gate
structure over a first portion of the exposed fin portion
comprises forming the gate structure over the exposed fin
portion and removing a portion of the gate structure.

8. The method of claim 1, wherein the intermediate
semiconductor layer comprises a bulk stressor, and wherein
the bulk stressor comprises a silicon-germanium (Si—Ge)
compound and is epitaxially formed on the first semicon-
ductor layer.

9. A method for manufacturing a semiconductor device,
comprising:

forming a fin structure comprising a first semiconductor

layer including a substrate, a bulk stressor layer, and a
second semiconductor layer;

forming an isolation oxide layer to cover a portion of the

fin structure, while the second semiconductor layer of
the fin structure is exposed;

forming a gate structure over a middle portion of the

exposed second semiconductor layer;

removing a remaining portion of the exposed second

semiconductor layer not covered with the gate struc-
ture;

removing a portion of the bulk stressor layer under the

removed remaining portion of the exposed second
semiconductor layer and lateral portions under the gate
structure;

forming a self-aligned oxide layer covering first and

second surfaces exposed after the removal of the por-
tion of the bulk stressor layer and the lateral portions
under the gate structure, the first and second surfaces
extending in a first and a second direction, wherein the
second direction is substantially perpendicular to the
first direction;

laterally removing the self-aligned oxide layer covering

the vertical surfaces exposed after removal of the
lateral portions under the gate structure; and

forming a source-drain stressor layer to replace the later-

ally removed self-aligned oxide layer.
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10. The method of claim 9, further comprising forming an
interlayer dielectric layer over the isolation oxide layer and
the self-aligned oxide layer.

11. The method of claim 10, further comprising patterning
the interlayer dielectric layer to remove portions of the
interlayer dielectric layer down to the self-aligned oxide
layer to form holes for source and drain contacts, and filling
the holes with fill-in metal to form source and drain contacts.

12. The method of claim 9, wherein the first and the
second semiconductor layers comprise silicon or a silicon
compound.

13. The method of claim 9, wherein the self-aligned oxide
layer comprises silicon oxide.

14. The method of claim 9, wherein the source-drain
stressor layer is an epitaxial layer formed using one of a
silicon-based compound or a germanium-based compound,
wherein the silicon-based compound includes silicon phos-
phide and SiGe and the germanium-based compound
includes a germanium-tin (GeSn) compound.

15. The method of claim 9, wherein the bulk stressor layer
comprises a silicon-germanium (Si—Ge) compound and is
epitaxially formed on the first semiconductor layer.

16-20. (canceled)

21. A method for manufacturing a semiconductor device,
comprising:

forming a fin structure extending in a first direction

including a semiconductor material having an impurity;
forming a first epitaxial layer on the fin structure, wherein
the first epitaxial layer comprises Ge or Si;,_,,Ge,,
where X is in a range of about 0.1 to about 0.9;
forming a second epitaxial layer over the first epitaxial
layer, wherein the second epitaxial layer comprises Si
or Siy;_,G,, where y<x;
forming an isolation insulating layer to cover a portion of
the fin structure, wherein the second epitaxial layer is
exposed;

forming a gate structure extending in a second direction

over a first portion of the second epitaxial layer,
wherein the second direction is substantially perpen-
dicular to the first direction;

removing a portion of the exposed second epitaxial layer

not covered by the gate structure;

removing a portion of the second epitaxial layer under-

lying the gate electrode structure from opposing sides
of the gate electrode structure, wherein the remaining
portion of the second epitaxial layer underlying the gate
electrode structure is a channel region;

forming an oxide layer on a portion of the fin structure not

covered by the gate electrode structure; and

forming third epitaxial layers on the remaining portion of

the second epitaxial layer underlying the gate electrode
structure on the opposing sides of the gate electrode
structure, wherein the third epitaxial layers are source/
drain regions.

22. The method of claim 21, further comprising forming
source and drain contacts in contact with the oxide layer on
the portion of the fin structure not covered by the gate
electrode structure and the third epitaxial layer.

23. The method of claim 21, wherein the portions of the
second epitaxial layer removed are removed using an O,
plasma ion etch.

24. The method of claim 21, further comprising forming
an interlayer dielectric layer over the semiconductor device
after forming the third epitaxial layer.
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25. The method of claim 21, wherein the third epitaxial
layer is made of a compound selected from the group
consisting of SiGe, SiP, and GeSn.
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