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(57) ABSTRACT

The present invention relates generally to semiconductor
devices, and more particularly, to a structure and method of
reducing external resistance within fin field effect transistor
(finFET) devices. A first spacer and a second spacer may be
formed adjacent to a gate which may reduce capacitance in a
substantial portion of a epitaxial source-drain region while
also permitting a portion of the epitaxial source-drain region
to be located close to a channel. By reducing capacitance
from the gate on the substantial portion of the epitaxial
source-drain region, resistance in the epitaxial source-drain
region may be reduced which may result in increased device
performance.

19 Claims, 10 Drawing Sheets
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1
REDUCED EXTERNAL RESISTANCE FINFET
DEVICE

BACKGROUND

The present invention relates generally to semiconductor
devices, and more particularly, to a structure and method for
forming a fin field effect transistor (finFET) device having a
low external resistance.

FinFET devices have been proposed to enable continued
scaling of complementary metal oxide semiconductor
(CMOS) technology at under 20 nm gate lengths. As the
dimensions within finFET devices become ever smaller,
undesirable parasitic effects such as capacitance from a gate
to a source-drain and parasitic resistance in the source-drain
may severely impact the performance of finFET devices.

SUMMARY

According to an embodiment, a method is disclosed. The
method may include: forming an epitaxial source-drain
region around a fin, the epitaxial source-drain region having a
first epitaxial layer adjacent to and contacting a sidewall of a
first spacer and below a second spacer and a second epitaxial
layer on the first epitaxial layer adjacent to and contacting a
sidewall of the second spacer, wherein the first spacer is
adjacent to and contacting a sidewall of a gate.

According to another embodiment, a method is disclosed.
The method may include: forming a fin on an upper surface of
a substrate; forming a gate around the fin, wherein the gate is
orthogonal to a length of'the fin; forming a first spacer around
the fin adjacent to and contacting a sidewall of the gate;
forming a first epitaxial layer around the fin adjacent to and
contacting a sidewall of the first spacer, the first epitaxial layer
having an upper surface below an upper surface of the first
spacer; forming a second spacer around the first epitaxial
layer adjacent to and contacting a sidewall of the first spacer,
the second spacer having a bottom surface in contact with an
upper surface of the first epitaxial layer; and forming a second
epitaxial layer around the first epitaxial layer adjacent to and
contacting a sidewall of the second spacer.

According to an embodiment, a structure is disclosed. The
structure may include: a fin on an upper surface of a substrate;
a gate around the fin, wherein the gate is orthogonal to a
length of the fin; a first spacer around the fin adjacent to and
contacting a sidewall of the gate; a first epitaxial layer around
the fin adjacent to and contacting a sidewall of the first spacer,
the first epitaxial layer having an upper surface below an
upper surface of the first spacer; a second spacer around the
first epitaxial layer adjacent to and contacting a sidewall of
the first spacer, the second spacer having a bottom surface in
contact with an upper surface of the first epitaxial layer; and
a second epitaxial layer around the first epitaxial layer adja-
cent to and contacting a sidewall of the second spacer.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The following detailed description, given by way of
example and not intended to limit the invention solely thereto,
will best be appreciated in conjunction with the accompany-
ing drawings, in which not all structures may be shown.

FIG. 1A is an isometric view illustrating a structure,
according to an embodiment of the present invention.

FIG. 1B is a cross section view of the structure shown in
FIG. 1A taken along a section line A-A', according to an
embodiment of the present invention.
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FIG. 2A is an isometric view illustrating forming a first
spacer, according to an embodiment of the present invention.

FIG. 2B is a cross section view of the structure shown in
FIG. 2A taken along the section line A-A', according to an
embodiment of the present invention.

FIG. 3A is an isometric view illustrating forming a first
epitaxial layer, according to an embodiment of the present
invention.

FIG. 3B is a cross section view of the structure shown in
FIG. 3A taken along the section line A-A', according to an
embodiment of the present invention.

FIG. 4A is an isometric view illustrating forming a second
spacer, according to an embodiment of the present invention.

FIG. 4B is a cross section view of the structure shown in
FIG. 4A taken along the section line A-A', according to an
embodiment of the present invention.

FIG. 5A is an isometric view illustrating forming a second
epitaxial layer, according to an embodiment of the present
invention.

FIG. 5B is a cross section view of the structure shown in
FIG. 5A taken along the section line A-A', according to an
embodiment of the present invention.

The drawings are not necessarily to scale. The drawings are
merely schematic representations, not intended to portray
specific parameters of the invention. The drawings are
intended to depict only typical embodiments of the invention.
In the drawings, like numbering represents like elements.

DETAILED DESCRIPTION

Detailed embodiments of the claimed structures and meth-
ods are disclosed herein; however, it can be understood that
the disclosed embodiments are merely illustrative of the
claimed structures and methods that may be embodied in
various forms. This invention may, however, be embodied in
many different forms and should not be construed as limited
to the exemplary embodiments set forth herein. Rather, these
exemplary embodiments are provided so that this disclosure
will be thorough and complete and will fully convey the scope
of this invention to those skilled in the art.

For purposes of the description hereinafter, the terms
“upper”, “lower”, “right”, “left”, “vertical”, “horizontal”,
“top”, “bottom™, and derivatives thereof shall relate to the
disclosed structures and methods, as oriented in the drawing
figures. It will be understood that when an element such as a
layer, region, or substrate is referred to as being “on”, “over”,
“beneath”, “below”, or “under” another element, it may be
present on or below the other element or intervening elements
may also be present. In contrast, when an element is referred
to as being “directly on”, “directly over”, “directly beneath”,
“directly below”, or “directly contacting” another element,
there may be no intervening elements present. Furthermore,
the terminology used herein is for the purpose of describing
particular embodiments only and is not intended to be limit-
ing of the invention. As used herein, the singular forms “a,”
“an,” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise.

Inthe interest of not obscuring the presentation of embodi-
ments of the present invention, in the following detailed
description, some processing steps or operations that are
known in the art may have been combined together for pre-
sentation and for illustration purposes and in some instances
may have not been described in detail. In other instances,
some processing steps or operations that are known in the art
may not be described at all. It should be understood that the
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following description is rather focused on the distinctive fea-
tures or elements of various embodiments of the present
invention.

The terms “epitaxial growth and/or deposition” and “epi-
taxially formed and/or grown” are used throughout the
present application to denote the growth of a semiconductor
material on a deposition surface of a semiconductor material,
in which the semiconductor material being grown has the
same crystalline characteristics as the semiconductor mate-
rial of the deposition surface. Selective epitaxy is a local
growth of a epitaxial layer that is generally accomplished by
using a patterned mask to prevent material from depositing in
certain areas covered by the patterned mask while permitting
the material to deposit in areas not covered by the patterned
mask. In an epitaxial deposition process, the chemical reac-
tants provided by the source gases are controlled and the
system parameters are set so that the depositing atoms arrive
at the deposition surface of a semiconductor material with
sufficient energy to move around on the surface and orient
themselves to the crystal arrangement of the atoms of the
deposition surface. Therefore, an epitaxial semiconductor
material that is formed by an epitaxial deposition process has
the same crystalline characteristics as the deposition surface
on which it is formed. The temperature for epitaxial deposi-
tion typically ranges from 550° C.to 900° C. Although higher
temperature typically results in faster deposition, the faster
deposition may result in crystal defects and film cracking.

The present invention relates generally to semiconductor
devices and more particularly, to a structure and method for
forming a fin field effect transistor (finFET) device having a
low external resistance. In conventional finFET devices, a
epitaxial source-drain region may be formed as close to the
channel as may be possible without degrading a junction
gradient. However, a epitaxial source-drain region formed
close to a channel has the disadvantage of capacitance from a
gate which may cause resistance within the epitaxial source-
drain region. Resistance within the epitaxial source-drain
region may reduce current through the channel, which may
reduce device performance.

To form a epitaxial source-drain region as close as possible
to the channel while minimizing the effect of capacitance
from the gate upon the epitaxial source-drain region, embodi-
ments of the present invention may utilize a second spacer
formed adjacent to a first spacer which may reduce capaci-
tance in a substantial portion of the epitaxial source-drain
region. More specifically, the finFET device may include a
epitaxial source-drain region composed of a first epitaxial
layer and a second epitaxial layer. The first epitaxial layer
may form a lower portion of the epitaxial source-drain region,
and the second epitaxial layer may form a upper portion of the
epitaxial source-drain region. A portion of the first epitaxial
layer may be under the second spacer and adjacent to the first
spacer so that the first epitaxial layer may be as close to the
channel as possible. The second spacer may shield the epi-
taxial source-drain region from capacitance from the gate so
that external resistance within the epitaxial source-drain
region may be reduced. By reducing capacitance from the
gate to a substantial portion of the epitaxial source-drain
region, resistance in the epitaxial source-drain region may be
reduced which may result in increased device performance. A
method of reducing external resistance caused by capacitance
from a gate is described below with reference to FIGS.
1A-5B.

Referring now to FIG. 1A, an isometric view of a finFET
100 is shown. In an embodiment, the finFET 100 may be
comprised of one or more fins 104 (hereinafter “fins’) on an
upper surface of an insulating layer 102. The fins 104 may be
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4

composed of a semiconducting material, such as, for
example, silicon. The insulating layer 102 may be composed
of an electrically insulating material, such as, for example,
silicon dioxide. The finFET 100 may also include a gate 106
on the upper surface of the insulating layer 102 which may be
oriented perpendicularly to the fins 104. The gate 106 may be
composed of one or more layers of conducting materials
which may include, for example, polycrystalline silicon or
ruthenium oxide. The gate 106 may have a height greater than
the fins 104. The gate 106 may be formed around the fins 104
so that the gate 106 may be in contact with a first sidewall, a
second sidewall (hereinafter “sidewalls™), and a top of the fins
104.

Referring now to FIG. 1B, a cross section view of the
finFET 100 taken along a section line A-A' (FIG. 1A) is
shown. In an embodiment, the finFET 100 may be comprised
of'the fins 104 on the upper surface of the insulating layer 102.
The finFET 100 may also include the gate 106 on the fins 104.
Since the section line A-A' (FIG. 1A) is located along the fins
104, only a top portion of the gate 106 located above the fins
104 is visible in the cross section view. The gate 106 may be
formed around the fin 104 so that the gate 106 may in contact
with the sidewalls (not shown) and the top of the fins 104.

Referring now to FIG. 2A, an isometric view illustrating
forming a first spacer 206 is shown. In an embodiment, the
first spacer 206 may be adjacent to and contacting a sidewall
of'the gate 106. The first spacer 206 may be formed around the
fins 104 so that the first spacer 206 may be in contact with the
sidewalls and top of the fins 104. The first spacer 206 may be
formed using a conventional deposition technique, such as,
for example, chemical vapor deposition (CVD), physical
vapor deposition (PVD), plasma enhanced CVD (PECVD),
molecular beam deposition (MBD), pulsed laser deposition
(PLD), liquid source misted chemical deposition (LSMCD),
or spin on deposition. In a preferred embodiment, the first
spacer 206 may be formed using atomic layer deposition
(ALD). The first spacer 206 may be composed of a dielectric
material, such as, for example, silicon oxide or silicon nitride.
The first spacer 206 may have a thickness ranging from
approximately 3 nm to approximately 7 nm. The thickness of
the first spacer 206 and use of a dielectric material within the
first spacer 206 may reduce a capacitance from the gate 106 to
a epitaxial source-drain region formed in subsequent process-
ing steps.

Referring now to FIG. 2B, a cross section view illustrating
forming the first spacer 206 along the section line A-A' (FIG.
2A) is shown. In an embodiment, the first spacer 206 may be
adjacent to and contacting the sidewall of the gate 106. Since
the section line A-A' (FIG. 2A) is located along the fins 104,
only a top portion of the first spacer 206 located above the fins
104 is visible in the cross section view. The first spacer 206
may be formed around the fins 104 so that the first spacer 206
may be in contact with the sidewalls (not shown) and top of
the fins 104.

Referring now to FIG. 3A, an isometric view illustrating
forming a first epitaxial layer 304 on the fins 104 adjacent to
and contacting a sidewall of the first spacer 206 is shown. The
first epitaxial layer 304 may be formed conformally around
the fins 104. The first epitaxial layer 304 may be in contact
with the sidewalls and top of the fins 104. The first epitaxial
layer 304 may be formed using a conventional deposition
process known in the art, such as, for example, rapid thermal
chemical vapor deposition (RTCVD), low-energy plasma
deposition (LEPD), ultra-high vacuum chemical vapor depo-
sition (UHVCVD), or atmospheric pressure chemical vapor
deposition (APCVD). In a preferred embodiment, the first
epitaxial layer 304 may be formed using a conventional epi-
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taxial deposition process, such as molecular beam epitaxy
(MBE). The first epitaxial layer 304 may comprise silicon
germanium with a germanium concentration ranging from
approximately 0 atomic percent to approximately 80 atomic
percent. The first epitaxial layer 304 may have a thickness
ranging from approximately 3 nm to approximately 7 nm. In
a preferred embodiment, the first epitaxial layer may have a
thickness of approximately 5 nm.

Referring now to FIG. 3B, a cross section view illustrating
forming the first epitaxial layer 304 taken along the section
line A-A' (FIG. 3A) is shown. Since the section line A-A'
(FIG. 2A) is located along the fins 104, only a top portion of
the first epitaxial layer 304 located above the fins 104 is
visible in the cross section view. The first epitaxial layer 304
may be formed around the fins 104 so that the first epitaxial
layer 304 is in contact with the sidewalls (not shown) and top
of the fins 104. A sidewall of the first epitaxial layer 304
nearest to the gate 106 may be adjacent to and contacting the
first spacer 206.

Referring now to FIG. 4A, an isometric view illustrating
forming a second spacer 406 on the first epitaxial layer 304 is
shown. In an embodiment, the second spacer 406 may be
adjacent to and contacting a sidewall of the first spacer 206.
The second spacer 406 may be formed around the first epi-
taxial layer 304 so that the second spacer is in contact with a
first sidewall, second sidewall (hereinafter “sidewalls™) and
top of the first epitaxial layer 304. The second spacer 406 may
be formed using a conventional deposition technique, such as,
for example, CVD, PVD, PECVD, MBD, PLD, LSMCD, or
spin on deposition. In a preferred embodiment, the second
spacer 406 may be formed using ALD. The second spacer 406
may be composed of a dielectric material, such as, for
example, silicon oxide or silicon nitride. The second spacer
406 may have a thickness ranging from approximately 3 nm
to approximately 7 nm. The thickness and composition of the
second spacer 406 may reduce a capacitance from the gate
106 to a epitaxial source-drain region composed of the first
epitaxial layer 304 and an additional layer formed in subse-
quent processing steps.

Referring now to FIG. 4B, a cross section view illustrating
forming the second spacer 406 taken along a section line A-A'
(FIG.4A) is shown. In an embodiment, the second spacer 406
may be formed on the first epitaxial layer 304 and may be
adjacent to and contacting a sidewall of the first spacer 206.
Since the section line A-A' (FIG. 2A) is located along the fins
104, only a portion of the second spacer 406 above the first
epitaxial layer 304 is visible in the cross section view. The
second spacer 406 may be formed around the first epitaxial
layer 304 so that the second spacer 406 is in contact with the
sidewalls and top of the first epitaxial layer 304.

Referring now to FIG. 5A, an isometric view illustrating
forming a second epitaxial layer 504 is shown. The second
epitaxial layer 504 may be formed on the insulating layer 102
and around the first epitaxial layer 304. The second epitaxial
layer 504 may be formed around the first epitaxial layer 304
such that the second epitaxial layer 504 may be in contact
with the sidewalls and top of the first epitaxial layer 304. The
second epitaxial layer 504 may be formed using a conven-
tional deposition process known in the art, such as, for
example, RTCVD, LEPD, UHVCVD, or APCVD. In a pre-
ferred embodiment, the second epitaxial layer 504 may be
formed using a conventional epitaxial deposition process,
such as MBE. The second epitaxial layer 504 may comprise
silicon germanium with a germanium concentration ranging
from approximately 0 atomic percent to approximately 80
atomic percent. A portion of the second epitaxial layer 504
above the first epitaxial layer 304 may have a thickness rang-
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ing from approximately 3 nm to approximately 7 nm. In a
preferred embodiment, the portion of the second epitaxial
layer 504 above the first epitaxial layer 304 may have a
thickness of approximately 5 nm.

Referring now to FIG. 5B, a cross section view illustrating
forming the second epitaxial layer 504 taken along a section
line A-A' (FIG. 5A) is shown. Since the section line A-A'
(FIG. 1A) is located along the fins 104, only a top portion of
the second epitaxial layer 504 located above the fins 104 is
visible in the cross section view. A portion of the second
epitaxial layer 504 may be formed on the insulating layer 102.
The second epitaxial layer 504 may be formed around the first
epitaxial layer 304 so that the second epitaxial layer 504 is in
contact with the sidewalls (not shown) and top of the first
epitaxial layer 304.

The present invention permits a epitaxial source-drain
region to be formed close to a channel while also shielding a
substantial portion of the epitaxial source-drain region from
capacitance from the gate. Since a portion of the epitaxial
source-drain region may be formed near to the channel, resis-
tance in the region between the epitaxial source-drain region
and channel may be minimized. In addition, by forming a
second spacer, capacitance from the gate to the epitaxial
source-drain region may be reduced compared to a conven-
tional single spacer configuration. By reducing capacitance
on the epitaxial source-drain region, external resistance upon
the epitaxial source-drain region in the present invention may
be less than the external resistance upon a epitaxial source-
drain region in conventional finFET devises. Thus, the
present invention has the advantage of the epitaxial source-
drain region formed near a channel as well as the first spacer
and the second spacer to shield the epitaxial source-drain
region from capacitance from the gate to minimize resistance.

The descriptions of the various embodiments ofthe present
invention have been presented for purposes of illustration, but
are not intended to be exhaustive or limited to the embodi-
ments disclosed. Many modifications and variations will be
apparent to those of ordinary skill in the art without departing
from the scope and spirit of the described embodiments. The
terminology used herein was chosen to best explain the prin-
ciples of the embodiment, the practical application or techni-
cal improvement over technologies found in the marketplace,
orto enable others of ordinary skill in the art to understand the
embodiments disclosed herein.

What is claimed is:

1. A method comprising:

forming an epitaxial source-drain region around a fin, the

epitaxial source-drain region having a first epitaxial
layer adjacent to and contacting a sidewall of a first
spacer and below a second spacer and a second epitaxial
layer on the first epitaxial layer adjacent to and contact-
ing a sidewall of the second spacer, wherein the first
spacer is adjacent to and contacting a sidewall of a gate,
wherein the second epitaxial layer is formed on an upper
surface of a substrate and around the first epitaxial layer.

2. The method of claim 1, wherein the first spacer is formed
on an upper surface of a substrate and around the fin.

3. The method of claim 1, wherein the first epitaxial layer
is formed on an upper surface of a substrate and around the
fin.

4. The method of claim 1, wherein the second spacer is
formed on an upper surface of a substrate and around the first
epitaxial layer.

5. The method of claim 1, wherein the forming the epitaxial
source-drain region around the fin comprises a epitaxial
growth of silicon germanium.
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6. The method of claim 1, wherein the first epitaxial layer
is formed conformally around the fin.

7. The method of claim 1, wherein the second epitaxial
layer has a thickness ranging from approximately 3 nm to
approximately 7 nm above an upper surface of the first epi-
taxial layer.

8. A method comprising:

forming a fin on an upper surface of a substrate;

forming a gate around the fin, wherein the gate is orthogo-

nal to a length of the fin;

forming a first spacer around the fin adjacent to and con-

tacting a sidewall of the gate;

forming a first epitaxial layer around the fin adjacent to and

contacting a sidewall of the first spacer, the first epitaxial
layer having an upper surface below an upper surface of
the first spacer;

forming a second spacer around the first epitaxial layer

adjacent to and contacting a sidewall of the first spacer,
the second spacer having a bottom surface in contact
with an upper surface of the first epitaxial layer; and

forming a second epitaxial layer on an upper surface of a

substrate and around the first epitaxial layer adjacent to
and contacting a sidewall of the second spacer.

9. The method of claim 8, wherein the forming the first
spacer comprises:

depositing a dielectric material on the upper surface of the

substrate and around the fin.

10. The method of claim 8, wherein the first epitaxial layer
and the second epitaxial layer comprise an epitaxial source-
drain region.

11. The method of claim 10, wherein the epitaxial source-
drain region comprises silicon germanium with a germanium
concentration ranging from approximately 0 atomic percent
to approximately 80 atomic percent.

12. The method of claim 8, wherein the forming the first
epitaxial layer comprises: conformally growing silicon ger-
manium on the fin using epitaxy.

13. The method of claim 8, wherein the forming the second
spacer comprises:

depositing a dielectric material on the upper surface of the

substrate and around the first epitaxial layer.
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14. The method of claim 8, wherein the forming the second
epitaxial layer comprises:

growing silicon germanium on the first epitaxial layer
using epitaxy such that the second epitaxial layer has a
thickness ranging from approximately 3 nm to approxi-
mately 7 nm above an upper surface of the first epitaxial
layer.

15. A structure comprising:

a fin on an upper surface of a substrate;

a gate around the fin, wherein the gate is orthogonal to a
length of the fin;

a first spacer around the fin adjacent to and contacting a
sidewall of the gate;

a first epitaxial layer around the fin adjacent to and con-
tacting a sidewall of the first spacer, the first epitaxial
layer having an upper surface below an upper surface of
the first spacer;

a second spacer around the first epitaxial layer adjacent to
and contacting a sidewall of the first spacer, the second
spacer having a bottom surface in contact with an upper
surface of the first epitaxial layer; and

a second epitaxial layer on an upper surface of a substrate
and around the first epitaxial layer adjacent to and con-
tacting a sidewall of the second spacer.

16. The structure of claim 15, wherein the first spacer

comprises:

a dielectric material on the upper surface of the substrate
and around the fin.

17. The structure of claim 15, wherein the first epitaxial
layer and the second epitaxial layer comprise an epitaxial
source-drain region.

18. The structure of claim 17, wherein the epitaxial source-
drain region comprises silicon germanium with a germanium
concentration ranging from approximately 0 atomic percent
to approximately 80 atomic percent.

19. The structure of claim 15, wherein the second spacer
comprises:

a dielectric material on the upper surface of the substrate

and around the first epitaxial layer.
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