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forming a fin structure on a substrate 300 

forming a dielectric layer on the fin structure 302 

forming a dummy gate on a first portion of 304 
the dielectric layer 

forming two spacers on two opposite 306 
sidewalls of the dummy gate 

performing a first etching operation on the 
dielectric layer and the fin structure to form 308 
two first recesses respectively in the spacers 

performing a second etching operation on the 
fin structure to form two second recesses in 310 

the dielectric layer 

performing a wet clean operation on the first 312 
recesses and the second recesses 

performing an epitaxy operation on the 314 
Substrate to form a source and a drain 

replacing the dummy gate with a metal gate 316 

FIG. 4 
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1. 

SOURCE AND DRAN PROCESS FOR 
FINFET 

BACKGROUND 

The semiconductor integrated circuit (IC) industry has 
experienced rapid growth. In the course of the IC evolution, 
functional density (defined as the number of interconnected 
devices per chip area) has generally increased while geom 
etry size (i.e., the Smallest component (or line) that can be 
created using a fabrication process) has decreased. A scaling 
down process generally provides benefits by increasing 
production efficiency and lowering associated costs. But, 
Such scaling down has increased the complexity of process 
ing and manufacturing ICs. For these advances to be real 
ized, similar developments in IC manufacturing are needed. 

For example, as the semiconductor IC industry has pro 
gressed into nanometer technology process nodes in pursuit 
of higher device density, higher performance, and lower 
costs, challenges from both fabrication and design have 
resulted in the development of three-dimensional (3D) 
devices such a fin-like field effect transistors (FinFETs). 
However, conventional FinFET devices and methods of 
fabricating the FinFET devices have not been entirely sat 
isfactory in every aspect. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Aspects of the present disclosure are best understood from 
the following detailed description when read with the 
accompanying figures. It is noted that, in accordance with 
the standard practice in the industry, various features are not 
drawn to scale. In fact, the dimensions of the various 
features may be arbitrarily increased or reduced for clarity of 
discussion. 

FIG. 1A is schematic three-dimensional diagram of a 
FinFET in accordance with various embodiments. 

FIG. 1B is schematic top view of the FinFET taken along 
line A-A of FIG. 1A. 

FIG. 2A through FIG. 2G are three-dimensional diagrams 
of intermediate stages showing a method for manufacturing 
a FinFET in accordance with various embodiments. 

FIG. 3A through FIG. 3G are schematic top views of the 
FinFET taken along line A-A of FIG. 2A through 2G 
respectively. 

FIG. 4 is a flow chart of a method for manufacturing a 
FinFET in accordance with various embodiments. 

DETAILED DESCRIPTION 

The following disclosure provides many different 
embodiments, or examples, for implementing different fea 
tures of the provided subject matter. Specific examples of 
components and arrangements are described below to sim 
plify the present disclosure. These are, of course, merely 
examples and are not intended to be limiting. For example, 
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 addi 
tional features may be formed between the first and second 
features, such that the first and second features may not be 
in direct contact. 

Terms used herein are only used to describe the specific 
embodiments, which are not used to limit the claims 
appended herewith. For example, unless limited otherwise, 
the term “one' or “the of the single form may also represent 
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2 
the plural form. The terms such as “first and “second are 
used for describing various devices, areas and layers, etc., 
though Such terms are only used for distinguishing one 
device, one area or one layer from another device, another 
area or another layer. Therefore, the first area can also be 
referred to as the second area without departing from the 
spirit of the claimed subject matter, and the others are 
deduced by analogy. In addition, the present disclosure may 
repeat reference numerals and/or letters in the various 
examples. This repetition is for the purpose of simplicity and 
clarity and does not in itself dictate a relationship between 
the various embodiments and/or configurations discussed. 
As used herein, the term “and/or includes any and all 
combinations of one or more of the associated listed items. 

In a typical FinFET replacement polysilicon gate (RPG) 
technology with a high-k metal gate last (HKMG) process, 
an operation of removing of a portion of a fin structure and 
a portion of a dielectric layer covering the fin structure needs 
a high over-etching amount of the fin structure and the 
dielectric layer, thereby enlarging a process window for each 
of sequential deposition process of a high-k dielectric layer 
and a metal gate, thus enhancing a performance of the 
FinFET. However, the high over-etching amount of the 
dielectric layer shortens a portion of the dielectric layer that 
is used for blocking a dummy gate which covers a portion 
of the dielectric layer and the underlying fin structure, such 
that an extrusion path is decreased to result in footing of the 
dummy gate, and thus causing a metal gate extrusion issue. 

Embodiments of the present disclosure are directed to 
providing a FinFET and a method for manufacturing the 
FinFET, in which a first etching operation is performed on 
a fin structure and a dielectric layer covering the fin structure 
to recess the fin structure and the dielectric layer, so as to 
form two first recesses respectively in two spacers which 
cover the dielectric layer and the fin structure, and then a 
second etching operation is performed on the fin structure to 
further recess the fin structure to form two second recesses 
in the dielectric layer, in which the seconds respectively 
communicate with the first recesses. Thus, portions of the 
dielectric layer used for blocking a dummy gate are length 
ened, the dummy gate covering the dielectric layer and the 
fin structure and being sandwiched between the spacers, 
Such that each extrusion path is increased, thereby enhanc 
ing the yield of the FinFET. 

Referring to FIG. 1A and FIG. 1B, FIG. 1A is schematic 
three-dimensional diagram of a FinFET in accordance with 
various embodiments, and FIG. 1B is schematic top view of 
the FinFET taken along line A-A of FIG. 1A. In some 
embodiments, a FinFET 100 includes a substrate 102, a fin 
structure 104, a dielectric layer 106, a metal gate 110, two 
spacers 108, a source 112 and a drain 114. The fin structure 
104, the dielectric layer 106, the metal gate 110, the spacers 
108, the source 112 and the drain 114 are disposed on the 
substrate 102. 
The fin structure 104 is disposed on the substrate 102. In 

some exemplary examples, the fin structure 104 is formed by 
recessing the substrate 102, and thus the fin structure 104 
protrudes from a recessed surface 116 of the substrate 102. 
and the fin structure 104 and the substrate 102 are formed 
from the same material. The substrate 102 and the fin 
structure 104 may be composed of a single-crystalline 
semiconductor material or a compound semiconductor 
material. For example, silicon, germanium or glass may be 
used as a material of the substrate 102 and the fin structure 
104. In some exemplary examples, the substrate 102 and the 
fin structure 104 are composed of silicon. 
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Referring to FIG. 1B again, the dielectric layer 106 is 
disposed on the fin structure 104 and covers two opposite 
side surfaces 118 of the fin structure 104. The dielectric layer 
106 includes two first portions 120, in which the first 
portions 120 disposed at two opposite ends of the dielectric 
layer 106. A cross-section of each of the first portions 120 is 
in an inverted U-shape. Each of the first portions 120 of the 
dielectric layer 106 protrudes from the side surfaces 118 of 
the fin structure 104 to form a first recess 122 in the 
dielectric layer 106. Thus, the first recesses 122 are opposite 
to each other. In some examples, the fin structure 104 and the 
dielectric layer 106 are formed from different materials, such 
that the dielectric layer 106 has an etching selectivity with 
respect to the fin structure 104 during an operation of etching 
the fin structure 104. For example, the fin structure 104 may 
be formed from silicon, and the dielectric layer 106 may be 
formed from silicon oxide. 

Referring to FIG. 1A and FIG. 1B, the metal gate 110 is 
disposed on a second portion 126 of the dielectric layer 106. 
In the dielectric layer 106, the second portion 126 is adjacent 
to the first portions 120, in which the first portions 120 are 
located at two opposite ends of the second portion 126, Such 
that the second portion 126 is sandwiched between the first 
portions 120. A cross-section of the metal gate 110 is in an 
inverted U-shape. 
As shown in FIG. 1A and FIG. 1B, the spacers 108 are 

respectively disposed on the first portions 120 of the dielec 
tric layer 106. A cross-section of each of the spacers 108 is 
in an inverted U-shape. The spacers 108 respectively pro 
trude from the first portions 120 of the dielectric layer 106 
which are covered by the spacer 108, so as to form two 
second recesses 124 in the spacers 108. The second recesses 
124 correspondingly communicate with the first recesses 
122. In some examples, the spacers 108 and the fin structure 
104 are formed from different materials, such that the 
spacers 108 have an etching selectivity with respect to the fin 
structure 104 during an operation of etching the fin structure 
104. In some exemplary examples, the spacers 108, the 
dielectric layer 106 and the fin structure 104 are formed from 
different materials. For example, the spacers 108 may be 
formed from silicon nitride, while the fin structure 104 may 
be formed from silicon, and the dielectric layer 106 may be 
formed from silicon oxide. 
As shown in FIG. 1B, the fin structure 104 is further 

recessed to form the first recesses 122, such that a length L1 
of each spacer 108 is greater than a length L2 of each second 
recess 124, and a length L3 of a combination of the first 
recess 122 and the corresponding second recess 124 is 
greater than the length L1 of each spacer 108. In some 
exemplary examples, the length L1, the length L2 and the 
length L3 are within a range from 0.5 A to 100 A. 
As shown in FIG. 1A and FIG. 1B, the source 112 is 

disposed in one of the first recess 122 and the corresponding 
second recess 124 on the substrate 102, and protrudes from 
the second recess 124. In addition, the drain 114 is disposed 
in the other one of the first recess 122 and the corresponding 
second recess 124 on the substrate 102, and protrudes from 
the second recess 124. In some examples, the Source 112 and 
the drain 114 may extend through the recessed surface 116 
into the substrate 102. For example, each of the source 112 
and the drain 114 may include an epitaxy layer. In some 
exemplary examples, the source 112 and the drain 114 are 
formed from silicon germanium (SiGe). 

Referring to FIG. 1B again, the first recesses 122 are 
respectively formed in the first portions 120 of the dielectric 
layer 106, such that extrusion paths of the metal gate 110 are 
increased with the existence of the first portions 120 of the 
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4 
dielectric layer 106, and thus the metal gate 110 can be 
effectively blocked by the first portions 120 of the dielectric 
layer 106, thereby enhancing the yield of the FinFET 100. 

Referring to FIG. 2A through FIG. 2G and FIG. 3A 
through FIG. 3G, FIG. 2A through FIG. 2G are three 
dimensional diagrams of intermediate stages showing a 
method for manufacturing a FinFET in accordance with 
various embodiments, and FIG. 3A through FIG. 3G are 
schematic top views of the FinFET taken along line A-A of 
FIG. 2A through 2G respectively. As shown in FIG. 2A and 
FIG. 3A, a substrate 200 is provided. In some examples, the 
substrate 200 may be optionally recessed to form a fin 
structure 202 on a surface 204 of the substrate 200 by using, 
for example, a photolithography process and an etching 
process. 

In the operation of recessing the substrate 200, a portion 
of the substrate 200 is removed. In such examples, the fin 
structure 202 is composed of a portion of the substrate 200, 
such that the fin structure 202 is formed from a material the 
same as that of the substrate 200. The substrate 200 and the 
fin structure 202 may be composed of a single-crystalline 
semiconductor material or a compound semiconductor 
material. In some examples, silicon, germanium or glass 
may be used as a material of the substrate 200 and the fin 
structure 202. In some exemplary examples, the Substrate 
200 and the fin structure 202 are formed from silicon. 
As shown in FIG. 2B and FIG. 3B, a dielectric layer 206 

is formed on a top surface 208 and two opposite side 
surfaces 210 of the fin structure 202. In the fin structure 202, 
the side surfaces 210 are connected to two opposite edges of 
the top surface 208. For example, the side surfaces 210 may 
extend along an extending direction of the fin structure. 
Thus, a cross-section of each of the dielectric layer 206 is in 
an inverted U-shape. For example, the dielectric layer 206 
may be formed by using a deposition process or a thermal 
oxidation process. The deposition process may be a chemi 
cal vapor deposition (CVD) process or a plasma-enhanced 
chemical vapor deposition (PECVD) process. In some 
examples, the fin structure 202 and the dielectric layer 206 
are formed from different materials, such that the dielectric 
layer 206 has an etching selectivity with respect to the fin 
structure 202 during an operation of etching the fin structure 
202. For example, the fin structure 202 may be formed from 
silicon, and the dielectric layer 206 may be formed from 
silicon oxide. 
As shown in FIG. 2C and FIG. 3C, a dummy gate 212 is 

formed on a first portion 214 of the dielectric layer 206. In 
Some exemplary examples, the dummy gate 212 extends 
from one of the side surfaces 210 to the other one of the side 
surfaces 210 through the top surface 208 of the fin structure 
202. Such that a cross-section of the dummy gate 212 is in 
an inverted U-shape. In some examples, the dummy gate 
212 is formed by using a deposition process and an etching 
process. The deposition process may be a chemical vapor 
deposition process or a plasma-enhanced chemical vapor 
deposition process, for example. In some exemplary 
examples, the dummy gate 212 is formed from polysilicon. 
As shown in FIG. 2D and FIG. 3D, two spacers 216a and 

216b are respectively formed on two opposite sidewalls 
218a and 218b of the dummy gate 212. In some examples, 
an operation of forming the spacers 216a and 216b includes 
forming the spacers 216a and 216b on two second portions 
220a and 220b of the dielectric layer 206 respectively, and 
exposing two third portions 222a and 222b of the dielectric 
layer 206. In the dielectric layer 206, the second portion 
220a is located between the first portion 214 and the third 
portion 222a, and the second portion 220b is located 
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between the first portion 214 and the third portion 222b. For 
example, the second portions 220a and 220b are closely 
adjacent to opposite sides of the first portion 214 respec 
tively, and the third portions 222a and 222b are closely 
adjacent to the second portions 220a and 220b respectively. 
As shown in FIG. 2D, each of the spacers 216a and 216b 

extends from one of the side surfaces 210 to the other one 
of the side surfaces 210 through the top surface 208 of the 
fin structure 202, such that a cross-section of each of the 
spacers 216a and 216b is in an inverted U-shape. For 
example, the spacers 216a and 216b are formed by using a 
deposition process and an etching process. The deposition 
process may be a chemical vapor deposition process or a 
physical vapor deposition (PVD) process, for example. The 
etching process may be an etching back process. In some 
examples, the spacers 216a and 216b and the fin structure 
202 are formed from different materials, such that the 
spacers 216a and 216b have an etching selectivity with 
respect to the fin structure 202 during an operation of etching 
the fin structure 202. In some exemplary examples, the 
spacers 216a and 216b, the dielectric layer 206 and the fin 
structure 202 are formed from different materials. For 
example, the spacers 216a and 216b may be formed from 
silicon nitride, while the fin structure 202 may be formed 
from silicon, and the dielectric layer 206 may be formed 
from silicon oxide. 

Referring to FIG. 3D, a first etching operation is per 
formed on the dielectric layer 206 and the fin structure 202 
to remove the third portions 222a and 222b and a portion of 
each of the second portions 220a and 220b of the dielectric 
layer 206, and two first portions 224a and 224b of the fin 
structure 202 underlying the third portions 222a and 222b 
and the portions of the second portions 220a and 220b of the 
dielectric layer 206. As shown in FIG. 2E and FIG.3E, after 
the first etching operation is completed, the spacers 216a and 
216b respectively protrude from the first portions 220a and 
220b of the dielectric layer 206, so as to form two first 
recesses 226a and 226b in the spacers 216a and 216b 
respectively. In some examples, the first etching operation is 
a high bias etching operation. The first etching operation 
may be performed by using a dry etching technique. 

Referring to FIG. 3D and FIG. 3E simultaneously, a 
second etching operation is performed on the fin structure 
202 to remove two second portions 228a and 228b of the fin 
structure 202 which are respectively adjacent to the first 
portions 224a and 224b of the fin structure 202. As shown 
in FIG. 2F and FIG. 3F, after the second etching operation 
is completed, the remaining second portions 220a and 220b 
of the dielectric layer 206 protrude from two opposite ends 
of the fin structure 202 to respectively form second recesses 
230a and 230b in the dielectric layer 206. The second 
recesses 230a and 230b correspondingly communicate with 
the first recesses 226a and 226b. In some examples, the 
second etching operation is a high selectivity etching opera 
tion, and the dielectric layer 206 has an etching selectivity 
with respect to the fin structure 202 during the second 
etching operation. Thus, a cross-section of each of the 
second portions 220a and 220b of the dielectric layer may be 
in an inverted U-shape after the second etching operation is 
completed. The second etching operation may be performed 
by using a dry etching technique. 

Referring to FIG. 3F again, with a two-step etching 
process, the fin structure 202 is further recessed to form the 
second recesses 230a and 230b during the second etching 
operation, such that a length D1 of each of the spacers 216a 
and 216b is greater than a length D2 of each of the first 
recesses 226a and 226b, and a length D3 of a combination 
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6 
of the first recess 226a and the second recess 230a or a 
combination of the first recess 226b and the second recess 
230b is greater than the length D1 of each of the spacers 
216a and 216b. In some exemplary examples, the length D1, 
the length D2 and the length D3 are within a range from 0.5 
A to 100 A. 
By using a two-step etching process, the second recesses 

230a and 230b are respectively formed in the second por 
tions 220a and 220b of the dielectric layer 206, such that 
extrusion paths of the dummy gate 212 are increased with 
the existence of the second portions 220a and 220b of the 
dielectric layer 206, and thus the dummy gate 212 can be 
effectively blocked by the second portions 220a and 220b of 
the dielectric layer 206. 

In some examples, after the second etching operation is 
completed, a wet clean operation may be optionally per 
formed on the first recesses 226a and 226b and the second 
recesses 230a and 230b to remove particles, products and/or 
contaminants from the first recesses 226a and 226b and the 
second recesses 230a and 230b. During the wet clean 
operation, the dummy gate 212 can be effectively protected 
by the second portions 220a and 220b of the dielectric layer 
206, thereby preventing the dummy gate 212 from extrud 
1ng. 
As shown in FIG. 2G and FIG. 3G, a source 232 may be 

formed in the first recess 226a and the second recess 230a 
on the substrate 200, and a drain 234 may be formed in the 
first recess 226b and the second recess 230b on the substrate 
200. For example, the source 232 may be formed to fill the 
first recess 226a and the second recess 230a and protrude 
from the spacer 216a, such that the source 232 may cover a 
portion of an outer surface 236a of the spacer 216a and a 
portion of the surface 204 of the substrate 200. The drain 234 
may be formed to fill the first recess 226b and the second 
recess 230b and protrude from the spacer 216b, such that the 
drain 234 may cover a portion of an outer surface 236b of 
the spacer 216b and a portion of the surface 204 of the 
Substrate 200. In some examples, an operation of forming 
the source 232 and the drain 234 is performed by using an 
epitaxy process. In some exemplary examples, each of the 
source 232 and the drain 234 is formed to include a silicon 
germanium (SiGe) layer. 

Referring to FIG. 2F and FIG. 2G simultaneously, after 
the source 232 and the drain 234 are completed, the dummy 
212 are replaced with a metal gate 238 to complete a FinFET 
240. In some examples, an operation of replacing the 
dummy gate 212 includes removing the dummy gate 212 to 
form a recess between the spacers 216a and 216b and expose 
the first portion 214 of the dielectric layer 206, and forming 
the metal gate 238 fill the recess and cover the first portion 
214 of the dielectric layer 206. For example, an operation of 
removing the dummy gate 212 may be performed using a 
dry etching technique or a wet etching technique. An opera 
tion of forming the metal gate 238 may be performed by 
using a deposition process and a patterning process, in which 
the deposition process may be a chemical vapor deposition 
process or a physical vapor deposition process, and the 
patterning process may include a chemical mechanical pol 
ishing process. 

Referring to FIG. 4 with FIG. 2A through FIG. 2G and 
FIG. 3A through FIG. 3G, FIG. 4 is a flow chart of a method 
for manufacturing a FinFET in accordance with various 
embodiments. The method begins at operation 300, where a 
substrate 200 is provided. In some examples, the substrate 
200 may be optionally recessed to form a fin structure 202 
on a surface 204 of the substrate 200 by using, for example, 
a photolithography process and an etching process. In the 
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operation of recessing the substrate 200, a portion of the 
substrate 200 is removed. In such examples, the fin structure 
202 is composed of a portion of the substrate 200, such that 
the fin structure 202 is formed from a material the same as 
that of the Substrate 200. In some examples, silicon, germa 
nium or glass may be used as a material of the substrate 200 
and the fin structure 202. 

At operation 302, as shown in FIG. 2B and FIG. 3B, a 
dielectric layer 206 is formed on a top surface 208 and two 
opposite side surfaces 210 of the fin structure 202. In the fin 
structure 202, the side surfaces 210 are connected to two 
opposite edges of the top surface 208. For example, the 
dielectric layer 206 may be formed by using a deposition 
process or a thermal oxidation process. The deposition 
process may be a chemical vapor deposition process or a 
plasma-enhanced chemical vapor deposition process. The 
fin structure 202 and the dielectric layer 206 are formed from 
different materials, such that the dielectric layer 206 has an 
etching selectivity with respect to the fin structure 202 
during an operation of etching the fin structure 202. 

At operation 304, as shown in FIG. 2C and FIG. 3C, a 
dummy gate 212 is formed on a first portion 214 of the 
dielectric layer 206 by using, for example, a deposition 
process and an etching process. The deposition process may 
be a chemical vapor deposition process or a plasma-en 
hanced chemical vapor deposition process. In some exem 
plary examples, the dummy gate 212 extends from one of 
the side surfaces 210 to the other one of the side surfaces 210 
through the top surface 208 of the fin structure 202, such that 
a cross-section of the dummy gate 212 is in an inverted 
U-shape. In some exemplary examples, the dummy gate 212 
is formed from polysilicon. 

At operation 306, as shown in FIG. 2D and FIG. 3D, two 
spacers 216a and 216b are respectively formed on two 
opposite sidewalls 218a and 218b of the dummy gate 212 by 
using for example, a deposition process and an etching 
process. The deposition process may be a chemical vapor 
deposition process or a physical vapor deposition process. 
The etching process may be an etching back process. In 
Some examples, an operation of forming the spacers 216a 
and 216b includes forming the spacers 216a and 216b on 
two second portions 220a and 220b of the dielectric layer 
206 respectively, and exposing two third portions 222a and 
222b of the dielectric layer 206. In the dielectric layer 206, 
the second portion 220a is located between the first portion 
214 and the third portion 222a, and the second portion 220b 
is located between the first portion 214 and the third portion 
222b. For example, the second portions 220a and 220b are 
closely adjacent to opposite sides of the first portion 214 
respectively, and the third portions 222a and 222b are 
closely adjacent to the second portions 220a and 220b 
respectively, such that the second portion 220a is sand 
wiched between the first portion 214 and the third portion 
222a, and the second portion 220b is sandwiched between 
the first portion 214 and the third portion 222b. 

Referring to FIG. 2D again, each of the spacers 216a and 
216b extends from one of the side surfaces 210 to the other 
one of the side surfaces 210 through the top surface 208 of 
the fin structure 202, such that a cross-section of each of the 
spacers 216a and 216b is in an inverted U-shape. In some 
examples, the spacers 216a and 216b and the fin structure 
202 are formed from different materials, such that the 
spacers 216a and 216b have an etching selectivity with 
respect to the fin structure 202 during an operation of etching 
the fin structure 202. In some exemplary examples, the 
spacers 216a and 216b, the dielectric layer 206 and the fin 
structure 202 are formed from different materials. For 
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8 
example, the spacers 216a and 216b may be formed from 
silicon nitride, the fin structure 202 may be formed from 
silicon, and the dielectric layer 206 may be formed from 
silicon oxide. 
At operation 308, as shown in FIG. 3D, a first etching 

operation is performed on the dielectric layer 206 and the fin 
structure 202 to remove the third portions 222a and 222b 
and a portion of each of the second portions 220a and 220b 
of the dielectric layer 206, and two first portions 224a and 
224b of the fin structure 202 underlying the third portions 
222a and 222b and the portions of the second portions 220a 
and 220b of the dielectric layer 206. In some examples, the 
first etching operation is a high bias etching operation. The 
first etching operation may be performed by using a dry 
etching technique. As shown in FIG. 2E and FIG. 3E, after 
the first etching operation is completed, the spacers 216a and 
216b respectively protrude from the first portions 220a and 
220b of the dielectric layer 206, so as to form two first 
recesses 226a and 226b in the spacers 216a and 216b 
respectively. 
At operation 310, referring to FIG. 3D and FIG. 3E 

simultaneously, a second etching operation is performed on 
the fin structure 202 to remove two second portions 228a 
and 228b of the fin structure 202 which are respectively 
adjacent to the first portions 224a and 224b of the fin 
structure 202. As shown in FIG. 2F and FIG. 3F, after the 
second etching operation is completed, the remaining sec 
ond portions 220a and 220b of the dielectric layer 206 
protrude from two opposite ends of the fin structure 202 to 
respectively form second recesses 230a and 230b in the 
dielectric layer 206. The second recesses 230a and 230b 
respectively communicate with the first recesses 226a and 
226b. In some examples, the second etching operation is a 
high selectivity etching operation, and the dielectric layer 
206 has an etching selectivity with respect to the fin structure 
202 during the second etching operation. Thus, a cross 
section of each of the remaining second portions 220a and 
220b of the dielectric layer may be in an inverted U-shape. 
The second etching operation may be performed by using a 
dry etching technique. 
At operation 312, referring to FIG. 2F and FIG. 3F again, 

after the second etching operation is completed, a wet clean 
operation may be optionally performed on the first recesses 
226a and 226b and the second recesses 230a and 230b to 
remove particles, products and/or contaminants from the 
first recesses 226a and 226b and the second recesses 230a 
and 230b. During the wet clean operation, the dummy gate 
212 can be effectively protected by the second portions 220a 
and 220b of the dielectric layer 206, thereby preventing the 
dummy gate 212 from extruding. 
At operation 314, as shown in FIG. 2G and FIG. 3G, a 

source 232 may be formed in the first recess 226a and the 
second recess 230a on the substrate 200, and a drain 234 
may be formed in the first recess 226b and the second recess 
230b on the substrate 200 by using an epitaxy process. For 
example, the source 232 may be formed to fill the first recess 
226a and the second recess 230a and protrude from the 
spacer 216a, such that the source 232 may cover a portion 
of an outer surface 236a of the spacer 216a and a portion of 
the surface 204 of the substrate 200. The drain 234 may be 
formed to fill the first recess 226b and the second recess 
230b and protrude from the spacer 216b, such that the drain 
234 may cover a portion of an outer surface 236b of the 
spacer 216b and a portion of the surface 204 of the substrate 
200. In some exemplary examples, each of the source 232 
and the drain 234 is formed to include a silicon germanium 
layer. 
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At operation 316, referring to FIG. 2F and FIG. 2G 
simultaneously, after the epitaxy process is completed, the 
dummy 212 are replaced with a metal gate 238 to complete 
a FinFET 240. In some examples, an operation of replacing 
the dummy gate 212 includes removing the dummy gate 212 
to form a recess between the spacers 216a and 216b and 
expose the first portion 214 of the dielectric layer 206, and 
forming the metal gate 238 fill the recess and cover the first 
portion 214 of the dielectric layer 206. For example, an 
operation of removing the dummy gate 212 may be per 
formed using a dry etching technique or a wet etching 
technique. An operation of forming the metal gate 238 may 
be performed by using a deposition process and a patterning 
process, in which the deposition process may be a chemical 
vapor deposition process or a physical vapor deposition 
process, and the patterning process may include a chemical 
mechanical polishing process. 

In accordance with an embodiment, the present disclosure 
discloses a method for manufacturing a FinFET. In this 
method, a fin structure is formed on a substrate. A dielectric 
layer is formed on a top surface and two side Surfaces of the 
fin structure, in which the side surfaces are connected to two 
opposite edges of the top Surface, and the fin structure and 
the dielectric layer are formed from different materials. A 
dummy gate is formed on a first portion of the dielectric 
layer. Two spacers are respectively formed on two opposite 
sidewalls of the dummy gate. An operation of forming the 
spacers includes forming the spacers respectively on two 
second portions of the dielectric layer and exposing two 
third portions of the dielectric layer, in which each of the 
second portions of the dielectric layer is located between the 
first portion and one of the third portions of the dielectric 
layer. A first etching operation is performed on the dielectric 
layer and the fin structure to remove the third portions and 
a portion of each of the second portions of the dielectric 
layer, and two first portions of the fin structure underlying 
the third portions and the portions of the second portions of 
the dielectric layer, thereby forming two first recesses 
respectively in the spacers. A second etching operation is 
performed on the fin structure to remove two second por 
tions of the fin structure which are respectively adjacent to 
the first portions of the fin structure, thereby forming two 
second recesses in the dielectric layer, in which the second 
recesses respectively communicate with the first recesses. 

In accordance with another embodiment, the present 
disclosure discloses a method for manufacturing a FinFET. 
In this method, a fin structure is formed on a substrate. A 
dielectric layer is formed on a top Surface and two side 
surfaces of the fin structure, in which the side surfaces are 
connected to two opposite edges of the top Surface, and the 
fin structure and the dielectric layer are formed from differ 
ent materials. A dummy gate is formed on a first portion of 
the dielectric layer. Two spacers are respectively formed on 
two opposite sidewalls of the dummy gate. An operation of 
forming the spacers includes forming the spacers respec 
tively on two second portions of the dielectric layer and 
exposing two third portions of the dielectric layer, in which 
each of the second portions of the dielectric layer is located 
between the first portion and one of the third portions of the 
dielectric layer. A first etching operation is performed on the 
dielectric layer and the fin structure to remove the third 
portions of the dielectric layer, a portion of each of the 
second portions of the dielectric layer, and two first portions 
of the fin structure underlying the third portions of the 
dielectric layer and the portions of the second portions of the 
dielectric layer, thereby forming two first recesses respec 
tively in the spacers. A second etching operation is per 
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10 
formed on the fin structure to remove two second portions of 
the fin structure which are respectively adjacent to the first 
portions of the fin structure, thereby forming two second 
recesses in the dielectric layer, wherein the second recesses 
respectively communicate with the first recesses. A wet 
clean operation is performed on the first recesses and the 
second recesses. An epitaxy operation is performed on the 
Substrate to form a source in one of the first recesses and one 
of the second recesses on the Substrate, and to form a drain 
in the other one of the first recesses and the other one of the 
second recesses on the Substrate. 

In accordance with yet another embodiment, the present 
disclosure discloses a FinFET. The FinFET includes a sub 
strate, a fin structure, a dielectric layer, a metal gate, two 
spacers, a Source and a drain. The fin structure is disposed 
on the substrate. The dielectric layer is disposed on the fin 
structure and covers two opposite side Surfaces of the fin 
structure, in which the dielectric layer includes two first 
portions protruding from the side Surfaces of the fin struc 
ture, such that two first recesses are formed in the dielectric 
layer, and the first recesses are opposite to each other. The 
metal gate is disposed on a second portion of the dielectric 
layer, in which the second portion is sandwiched between 
the first portions of the dielectric layer. The spacers are 
disposed on the first portions of the dielectric layer respec 
tively, in which the spacers respectively protrude from the 
first portions of the dielectric layer, such that two second 
recesses are formed in the spacers. The source is disposed in 
one of the first recesses and one of the second recesses on the 
substrate. The drain is disposed in the other one of the first 
recesses and the other one of the second recesses on the 
substrate. 
The foregoing outlines features of several embodiments 

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 
introduced herein. Those skilled in the art should also realize 
that such equivalent constructions do not depart from the 
spirit and scope of the present disclosure, and that they may 
make various changes, Substitutions, and alterations herein 
without departing from the spirit and scope of the present 
disclosure. 
What is claimed is: 
1. A method for manufacturing a FinPET, the method 

comprising: 
forming a fin structure on a Substrate; 
forming a dielectric layer on a top Surface and two side 

surfaces of the fin structure, wherein the side surfaces 
are connected to two opposite edges of the top Surface, 
and the fin structure and the dielectric layer are formed 
from different materials; 

forming a dummy gate on a first portion of the dielectric 
layer; 

forming two spacers respectively on two opposite side 
walls of the dummy gate, wherein an operation of 
forming the spacers comprises forming the spacers 
respectively on two second portions of the dielectric 
layer and exposing two third portions of the dielectric 
layer, wherein each of the second portions of the 
dielectric layer is located between the first portion and 
one of the third portions of the dielectric layer; 

performing a first etching operation on the dielectric layer 
and the fin structure to remove the third portions and a 
portion of each of the second portions of the dielectric 
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layer, and two first portions of the fin structure under 
lying the third portions and the portions of the second 
portions of the dielectric layer, thereby forming two 
first recesses respectively in the spacers; and 

performing a second etching operation on the fin structure 
to remove two second portions of the fin structure 
which are respectively adjacent to the first portions of 
the fin structure, thereby forming two second recesses 
in the dielectric layer, wherein the second recesses 
respectively communicate with the first recesses. 

2. The method of claim 1, wherein an operation of 
forming the fin structure forms the fin structure from silicon, 
and an operation of forming the dielectric layer forms the 
dielectric layer from silicon oxide. 

3. The method of claim 1, wherein the operation of 
forming the spacers forms the spacers from silicon nitride. 

4. The method of claim 1, wherein an operation of 
forming the dummy gate forms the dummy gate from 
polysilicon. 

5. The method of claim 1, the method further comprising 
performing a wet clean operation on the first recesses and the 
second recesses after the second etching operation is com 
pleted. 

6. The method of claim 1, the method further comprising 
performing an epitaxy operation on the Substrate to form a 
Source in one of the first recesses and one of the second 
recesses on the Substrate, and to form a drain in the other one 
of the first recesses and the other one of the second recesses 
on the Substrate after the second etching operation is com 
pleted. 

7. The method of claim 6, wherein the epitaxy operation 
forms the source and the drain each of which comprises a 
silicon germanium (SiGe) layer. 

8. The method of claim 6, the method further comprising 
replacing the dummy gate with a metal gate after the epitaxy 
operation is completed. 

9. A method for manufacturing a FinFET, the method 
comprising: 

forming a fin structure on a Substrate; 
forming a dielectric layer on a top surface and two side 

surfaces of the fin structure, wherein the side surfaces 
are connected to two opposite edges of the top Surface, 
and the fin structure and the dielectric layer are formed 
from different materials; 

forming a dummy gate on a first portion of the dielectric 
layer; 

forming two spacers respectively on two opposite side 
walls of the dummy gate, wherein an operation of 
forming the spacers comprises forming the spacers 
respectively on two second portions of the dielectric 
layer and exposing two third portions of the dielectric 
layer, wherein each of the second portions of the 
dielectric layer is located between the first portion and 
one of the third portions of the dielectric layer; 

performing a first etching operation on the dielectric layer 
and the fin structure to remove the third portions of the 
dielectric layer, a portion of each of the second portions 
of the dielectric layer, and two first portions of the fin 
structure underlying the third portions of the dielectric 
layer and the portions of the second portions of the 
dielectric layer, thereby forming two first recesses 
respectively in the spacers; 

performing a second etching operation on the fin structure 
to remove two second portions of the fin structure 
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which are respectively adjacent to the first portions of 
the fin structure, thereby forming two second recesses 
in the dielectric layer, wherein the second recesses 
respectively communicate with the first recesses; 

performing a wet clean operation on the first recesses and 
the second recesses; and 

performing an epitaxy operation on the Substrate to form 
a source in one of the first recesses and one of the 
second recesses on the Substrate, and to form a drain in 
the other one of the first recesses and the other one of 
the second recesses on the Substrate. 

10. The method of claim 9, wherein an operation of 
forming the fin structure forms the fin structure from silicon, 
and an operation of forming the dielectric layer forms the 
dielectric layer from silicon oxide. 

11. The method of claim 9, wherein the operation of 
forming the spacers forms the spacers from silicon nitride. 

12. The method of claim 9, wherein an operation of 
forming the dummy gate forms the dummy gate from 
polysilicon. 

13. The method of claim 9, wherein the epitaxy operation 
is performed to form the source and the drain each of which 
comprises a silicon germanium (SiGe) layer. 

14. The method of claim 9, wherein an operation of 
forming the fin structure is performed by recessing the 
substrate. 

15. The method of claim 9, the method further comprising 
replacing the dummy gate with a metal gate after the epitaxy 
operation is completed. 

16. A FinFET comprising: 
a Substrate; 
a fin structure on the substrate; 
a dielectric layer which is disposed on the fin structure and 

covers a top surface and two opposite side surfaces of 
the fin structure, wherein the dielectric layer comprises 
two first portions protruding from the side surfaces of 
the fin structure such that two first recesses are formed 
in the dielectric layer, each of the first recesses is 
surrounded by the dielectric layer and the substrate, and 
the first recesses are opposite to each other, 

a metal gate on a second portion of the dielectric layer, 
wherein the second portion is sandwiched between the 
first portions of the dielectric layer; 

two spacers on the first portions of the dielectric layer 
respectively, wherein the spacers respectively protrude 
from the first portions of the dielectric layer such that 
two second recesses are formed in the spacers; 

a source which is disposed in one of the first recesses and 
one of the second recesses on the Substrate; and 

a drain which is disposed in the other one of the first 
recesses and the other one of the second recesses on the 
Substrate. 

17. The FinFET of claim 16, wherein the fin structure is 
formed from silicon, and the dielectric layer is formed from 
silicon oxide. 

18. The FinFET of claim 16, wherein the spacers are 
formed from silicon nitride. 

19. The FinFET of claim 16, wherein the source and the 
drain are formed from silicon germanium. 

20. The FinfET of claim 16, wherein each of the source 
and the drain comprises an epitaxy layer. 

k k k k k 
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