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57 ABSTRACT

A manufacturing method of a semiconductor device includes
the following steps. A semiconductor substrate including at
least one fin structure is provided. A gate material layer is
formed on the semiconductor substrate, and the fin structure
is covered by the gate material layer. A trench is formed
partly in the gate material layer and partly in the fin
structure. An isolation structure is formed partly in the
trench and partly outside the trench. At least one gate
structure is formed straddling the fin structure by patterning
the gate material layer after the step of forming the isolation
structure. A top surface of the isolation structure is higher
than a top surface of the gate structure in a vertical direction
for enhancing the isolation performance of the isolation
structure. A sidewall spacer is formed on sidewalls of the
isolation structure, and there is no gate structure formed on
the isolation structure.

13 Claims, 15 Drawing Sheets

300

s

40S(40)
SW1 ) 40T 60S(60)
o

T

—Swi

Py%!

5
&5

oo
R

<

0%
0K
0%
30K

2%
S

%
%
b

%

SRR

%

XK
]
<

PR
Bode!
5
255

&
<
&5
3959,
3505
oo

55

%
5

HT1
10T

0F 1

IR
’0::‘0‘0’0‘
04

>
[>
<S5

I

>

949606 %%4%

[

)

—EF2(10F)

|39

/
F1(10F)

TSMC Exhibit 1038, Page 1 of 21

TSMC v. Marlin - IPR2025-00848



US 10,332,877 B2

Sheet 1 of 15

Jun. 25, 2019

U.S. Patent

401

401

401

401

401

401

¢d

L 5 q

TSMC Exhibit 1038, Page 2 of 21
TSMC v. Marlin - IPR2025-00848



U.S. Patent Jun. 25,2019 Sheet 2 of 15 US 10,332,877 B2

o @B =
)T )
\ |
=
(@N
O
T,
<
<

10F—
10F
20T

TSMC Exhibit 1038, Page 3 of 21
TSMC v. Marlin - IPR2025-00848



US 10,332,877 B2

Sheet 3 of 15

Jun. 25, 2019

U.S. Patent

401

401

401

401

401

401

TSMC Exhibit 1038, Page 4 of 21
TSMC v. Marlin - IPR2025-00848



U.S. Patent Jun. 25,2019 Sheet 4 of 15 US 10,332,877 B2

33
4—32P(32)

— 31
—10T
—T—10F

&S
K
Lol

v e e v~

FIG. 4

10F—
10F
20T

TSMC Exhibit 1038, Page 5 of 21
TSMC v. Marlin - IPR2025-00848



US 10,332,877 B2

Sheet 5 of 15

Jun. 25, 2019

U.S. Patent

¢ DI

@o\CE

HODTd -

0T+

[e

(COdTe—F

¢~

01

S EIIRTRG S RRIIRITRIS
R RIIRIALRAEERALRL
ORISR
RO RRIRIRIIKRIIRRHIRIISRKIEL
RRBEHKS SEXRIERLKS

TSMC Exhibit 1038, Page 6 of 21
TSMC v. Marlin - IPR2025-00848



U.S. Patent Jun. 25,2019 Sheet 6 of 15 US 10,332,877 B2

| 32P(32)
31
TR
10T

—T—F2(10F)

> /4OT

=
g g
v
= &
T - T=
—
fry
S
O
O
a2
(e}
o~
S
-
H
, o
S58
N=

TSMC Exhibit 1038, Page 7 of 21
TSMC v. Marlin - IPR2025-00848



U.S. Patent Jun. 25,2019 Sheet 7 of 15 US 10,332,877 B2

—~ N
e
< S
[aW — -~
N H ek 3
I )
— \ {
-
~F
5 4
=
%/_\__/
< 2
a8 =
1y
=
B
e
o
[
xR
o
N
{ )
K VU
< r, 4o
N 22(\1
A=—"

TSMC Exhibit 1038, Page 8 of 21
TSMC v. Marlin - IPR2025-00848



U.S. Patent Jun. 25,2019 Sheet 8 of 15 US 10,332,877 B2

N
-
=
= frl
—
)
\_ |
5
Y
3
—_
2 =
— [T —
= [
T
=1
o0
©
o
<l
N
=
IR
~ <l
2
o\,
w
)
VL
N N B LLLLS
88N
A=

TSMC Exhibit 1038, Page 9 of 21
TSMC v. Marlin - IPR2025-00848



& \

/

. LLE )
S— | \
)

> \k\\\\\\\%

N

Fry

o —

—

N’

—

F
N o
A A

FIG. 9




U.S. Patent

Jun. 25, 2019

Sheet 10 of 15 US 10,332,877 B2

100
60S(60) ,/

405(40)

W1 | 40T
]
/’\SWI

SW1

60S(60)
SW2 | 60S(60)

50T

5031

/~1OT

—T—F2(10F)

|

930
KL

O

5

%%
RHHEK
0075 % %
000505 %% %%
ho%ede! 5
LIRS 5
ho%e%e %

KK

::04’;4
G5
<

0“,::00
oS % %ele%
LRSS
RS

25
SRR
&5
5

(R
<R
Pede!

e

%
950,
XX

%
5
98
%
20

5
£
5
55
85
0%

{

%

L

F1(10F)

FIG. 10

TSMC Exhibit 1038, Page 11 of 21
TSMC v. Marlin - IPR2025-00848



U.S. Patent Jun. 25,2019 Sheet 11 of 15 US 10,332,877 B2

,/100

e L
%m % %Tﬁ %g
gg \\\\\\\\\\\Wi

115N

408 6OS

R

70 W
FIG. 11

Nty

‘ 60S
5 1(5())2

60 60S
53(50) K’

Tl
W2

~

_’ﬁ\
70

D

F1(10F)
D2
gem
D3

TSMC Exhibit 1038, Page 12 of 21
TSMC v. Marlin - IPR2025-00848



US 10,332,877 B2

Sheet 12 of 15

Jun. 25, 2019

U.S. Patent

¢l DI

EQ\CE

0TI~

L XX
R
L

XXX
%
SRR
Patatal

SO0
55
RO
RS

<

o
S

N

25
X
3
&3
e
%
%
K2
SRR
2R
Yo%
oo
ol

<X

&
RS
R
LSRRI

SRR IRLAIILKARS
S IKLRK

5
%
RS
e
%
5
RS
120
5
0
5
%
e
%
%
K
S

014"

5
X5
5
%
%
%
%
5
5
%
%5
X5
o3
XS
5
%5

&

X
5
e
%

20
5
%
K5
XS
RS
S
S

o

%
3
S

[.LH

5
X
X
0%
e

S

TSMC v. Marlin - IPR2025-00848

TSMC Exhibit 1038, Page 13 of 21

IMS—71 \ / )

L

—5 \K RTINS (09D

(09)S09

09)S09  10¥ [MS (09)S09

(OVSOY

00¢



U.S. Patent Jun. 25,2019 Sheet 13 of 15 US 10,332,877 B2

N N
N (1,
B <
—
SR S
— o o o I,
@? ) )T <)
e
R ~
[T,
]
[ —
N
E—— \/’_\ —
::o. [
— s = o
S
%050 —
[ ]
o
e <
N\ =
e
- |
—
S
[@\
e
]
VL
I, o
=E=hy
o
o

TSMC Exhibit 1038, Page 14 of 21
TSMC v. Marlin - IPR2025-00848



U.S. Patent Jun. 25,2019 Sheet 14 of 15 US 10,332,877 B2

——F2(10F)

/m
|39

=
SY N
N
72 S —~
s =
| \_/\\C
— —
%
a [
2‘ ANE
—
9
oW
Sl
- N
(-]
YRR
~ <l
Is8)
5\,
w
—
|
- . ol L%S
5 &ES
A<—"

TSMC Exhibit 1038, Page 15 of 21
TSMC v. Marlin - IPR2025-00848



U.S. Patent Jun. 25,2019 Sheet 15 of 15 US 10,332,877 B2

,/300

=
N
- o= _ =
=
5 |E = 2 o
o
N n () i
3\ N /
S \
SN
N
T =
¥ — B=
N
S o B o
D oo ~ — W
oD —
O O .
ZH &)
O B/“ e
v li
<
ISN
=
YaNg
~ <
o
w
p——g
(D\/
=
o

TSMC Exhibit 1038, Page 16 of 21
TSMC v. Marlin - IPR2025-00848



US 10,332,877 B2

1
SEMICONDUCTOR DEVICE AND
MANUFACTURING METHOD THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device
and a manufacturing method thereof, and more particularly,
to a semiconductor device having an isolation structure
higher than a gate structure and a manufacturing method
thereof.

2. Description of the Prior Art

The development of semiconductor integrated circuit
technology progresses continuously and circuit designs in
products of the new generation become smaller and more
complicated than those of the former generation. The
amount and the density of the functional devices in each chip
region are increased constantly according to the require-
ments of innovated products, and the size of each device has
to become smaller accordingly. For operating the integrated
circuit devices of different functions independently or coop-
eratively, a great electrical isolation design is required to
electrically isolating some of the integrated circuit devices
from one another for preventing unwanted electrical cou-
pling and/or unwanted electrical influence between adjacent
components and devices. Therefore, for the related fields
and industries, it is very important to improve the design of
the electrical isolation structure integrated in the advanced
process under the request for enhancing the integrity con-
tinuously.

SUMMARY OF THE INVENTION

It is one of the objectives of the present invention to
provide a semiconductor device and a manufacturing
method thereof. An isolation structure is partly formed in a
fin structure and partly formed in an interlayer dielectric
above the fin structure for provide an isolation effect
between different regions in the fin structure. The isolation
structure is higher than a gate structure formed on the fin
structure, and a sidewall spacer is formed on sidewalls of the
isolation structure. Therefore, there is no need to form a gate
structure on the isolation structure, and negative influence of
the gate structure formed on the isolation structure or
sinking into the isolation structure on the isolation perfor-
mance of the isolation structure may be avoided accordingly.

According to an embodiment of the present invention, a
manufacturing method of a semiconductor device is pro-
vided. The manufacturing method includes the following
steps. A semiconductor substrate is provided, and the semi-
conductor substrate includes at least one fin structure. A gate
material layer is formed on the semiconductor substrate, and
the fin structure is covered by the gate material layer. A
trench is formed partly in the gate material layer and partly
in the fin structure. An isolation structure is formed partly in
the trench and partly outside the trench. At least one gate
structure is formed straddling the fin structure by patterning
the gate material layer after the step of forming the isolation
structure.

According to an embodiment of the present invention, a
semiconductor device is provided. The semiconductor
device includes a semiconductor substrate, a plurality of
gate structures, an interlayer dielectric, and an isolation
structure. The semiconductor substrate includes at least one
fin structure. The gate structures are disposed straddling the
fin structure. The interlayer dielectric is disposed on the fin
structure. The isolation structure is partly disposed in the fin
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structure and partly disposed in the interlayer dielectric
above the fin structure. A top surface of the isolation
structure is higher than a top surface of each of the gate
structures in a vertical direction.

In the semiconductor device and the manufacturing
method thereof according to the present invention, the
trench is formed partly in the gate material layer and partly
in the fin structure, and the isolation structure is formed
partly in the trench and partly outside the trench for being
higher than the gate material layer and the gate structure
formed by patterning the gate material layer. The sidewall
spacer formed on the sidewall of the gate structure will also
be formed on the sidewall of the isolation structure, and
there is no need to formed a gate structure on the isolation
structure accordingly.

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

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-11 are schematic drawings illustrating a manu-
facturing method of a semiconductor device according to a
first embodiment of the present invention, wherein

FIG. 2 is a cross-sectional diagram taken along a line A-A'
in FIG. 1,

FIG. 3 and FIG. 4 are schematic drawings in a step
subsequent to FIG. 2,

FIG. 4 is a cross-sectional diagram taken along a line B-B'
in FIG. 3,

FIG. 5 is a schematic drawing in a step subsequent to FIG.
45

FIG. 6 is a schematic drawing in a step subsequent to FI1G.
55

FIG. 7 is a schematic drawing in a step subsequent to FI1G.
65

FIG. 8 and FIG. 9 are schematic drawings in a step
subsequent to FIG. 7,

FIG. 8 is a cross-sectional diagram taken along a line C-C'
in FIG. 9,

FIG. 10 and FIG. 11 are schematic drawings in a step
subsequent to FIG. 8, and

FIG. 10 is a cross-sectional diagram taken along a line
D-D' in FIG. 11.

FIG. 12 is a schematic drawing illustrating a semicon-
ductor device according to a second embodiment of the
present invention.

FIG. 13 is a schematic drawing illustrating a manufac-
turing method of a semiconductor device according to a
third embodiment of the present invention.

FIG. 14 and FIG. 15 are schematic drawings illustrating
a manufacturing method of a semiconductor device accord-
ing to a fourth embodiment of the present invention.

DETAILED DESCRIPTION

Please refer to FIGS. 1-11. FIGS. 1-11 are schematic
drawings illustrating a manufacturing method of a semicon-
ductor device according to a first embodiment of the present
invention. FIG. 1, FIG. 3, FIG. 9, and FIG. 11 are top-view
diagrams. FIG. 2 is a cross-sectional diagram taken along a
line A-A'in FIG. 1, FIG. 4 is a cross-sectional diagram taken
along a line B-B' in FIG. 3, FIG. 8 is a cross-sectional
diagram taken along a line C-C' in FIG. 9, and FIG. 10 is a
cross-sectional diagram taken along a line D-D' in FIG. 11.
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The manufacturing method of the semiconductor device in
this embodiment includes the following steps. As shown in
FIG. 1 and FIG. 2, a semiconductor substrate 10 is provided.
The semiconductor substrate 10 in this embodiment may
include a silicon substrate, an epitaxial silicon substrate, a
silicon germanium substrate, a silicon carbide substrate, or
a silicon-on-insulator (SOI) substrate, but not limited
thereto. The semiconductor substrate 10 includes at least one
fin structure 10F, and the fin structure 10F includes a
fin-shaped structure made of semiconductor material. In this
embodiment, the semiconductor substrate 10 may include a
plurality of the fin structures 10F. Each of the fin structures
10F is elongated in a first direction D1, and the fin structures
10F are repeatedly disposed in a second direction D2. The
first direction D1 may be substantially orthogonal to the
second direction D2, but not limited thereto. The fin struc-
tures 10F may be formed by performing a patterning pro-
cess, such as a multiple patterning process, to the semicon-
ductor substrate 10. The fin structures 10F may be separated
from one another by a shallow trench isolation (STI) struc-
ture 20. The shallow trench isolation structure 20 may be
composed of a single layer or multiple layers of insulation
materials, such as an oxide insulation material, but not
limited thereto. A top surface 20T of the shallow trench
isolation structure 20 is lower than a top surface 10T of the
fin structure 10F in a vertical direction D3 for exposing a
part of each of the fin structures 10F.

A gate material layer 31 is then formed on the semicon-
ductor substrate 10, and the fin structures 10F are covered by
the gate material layer 31. The gate material layer 31 is used
to form gate structures (not shown in FIG. 1 and FIG. 2) in
subsequent processes. The gate material layer 31 may
include amorphous silicon or other suitable conductive
materials, dielectric materials, or semiconductor materials.

As shown in FIGS. 1-6, a trench TR is then formed partly
in the gate material layer 31 and partly in the fin structure
10F. An isolation structure 408 is then formed partly in the
trench TR and partly outside the trench TR. Specifically, the
method of forming the isolation structure 40S may include
but is not limited to the following steps. As shown in FIG.
2, a mask layer 32 is formed on the gate material layer 31.
The mask layer 32 may include dielectric materials, such as
silicon nitride, or other suitable materials. As shown in
FIGS. 2-4, the mask layer 32 is then patterned to be a
patterned mask layer 32P. The patterned mask layer 32P may
be formed by an etching process with another patterned
mask layer (such as a first photoresist layer 33 shown in FIG.
4) formed on the mask layer 32 as a mask, but not limited
thereto. In some embodiments of the present invention, the
patterned mask layer 32P may also be formed by other
suitable processes, such as a photo patterning process (when
the mask layer 32 is a photo-patternable material), but not
limited thereto.

Accordingly, the patterned mask layer 32P is formed on
the gate material layer 31, and the patterned mask layer 32P
includes an opening H corresponding to a part of the fin
structure 10F in the vertical direction D3. As shown in FIG.
5, an etching process 91 is then performed with the patterned
mask layer 32P as a mask for removing a part of the gate
material layer 31 and a part of the fin structure 10F for
forming the trench TR. In this embodiment, the first photo-
resist layer 33 may remain on the patterned mask layer 32P
in the etching process 91 for protecting the patterned mask
layer 32P, but the present invention is not limited to this. In
some embodiments of the present invention, the first pho-
toresist layer may be removed before the etching process 91.
In addition, the etching process 91 may include one etching
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4

step or more etching steps with different process conditions
for etching the gate material layer 31 and the fin structure
10F respectively. The etching process 91 may include an
anisotropic etching process, such as an anisotropic dry
etching process, for forming the trench TR having a higher
aspect ratio, but not limited thereto. The trench TR pen-
etrates the gate material layer 31 in the vertical direction D3.
The fin structure 10F is cut by the trench TR and divided into
a first fin F1 and a second fin F2. The first fin F1 and the
second fin F2 are elongated in the same direction, and a part
of the trench TR is formed between the first fin F1 and the
second fin F2 of the same fin structure 10F.

As shown in FIG. 5 and FIG. 6, the isolation structure 40S
is formed in the trench TR and the opening H of the
patterned mask layer 32P, and the first photoresist layer 33
may be removed before the step of forming the isolation
structure 40S. The isolation structure 40S may be formed by
filling the trench TR and the opening H of the patterned
mask layer 32P with an isolation material 40. The isolation
material 40 may include insulation materials, such as an
oxide insulation material, or other suitable materials. Spe-
cifically, the isolation material 40 may be formed in the
trench TR, in the opening H of the patterned mask layer 32P,
and on the patterned mask layer 32P by a process such as a
flowable chemical vapor deposition (FCVD) process, and
the opening H and the trench TR are filled with the isolation
material 40. A planarization process, such as a chemical
mechanical polishing (CMP) process, may be performed to
remove the isolation material 40 on the patterned mask layer
32P for forming the isolation structure 40S. Because the
upper part of the isolation structure 40S is formed in the
opening H of the patterned mask layer 32P, the upper part of
the isolation structure 40S may be regarded as a part of the
isolation structure 40S formed outside the trench TR. There-
fore, a top surface 40T of the isolation structure 40S is
higher than a top surface of the gate material layer 31 in the
vertical direction D3, and a part of the isolation structure
40S formed outside the fin structure 10F may be formed
self-aligned with a part of the isolation structure 40S formed
in the fin structure 10F.

As shown in FIGS. 7-9, at least one gate structure 50 is
formed straddling the fin structure 10F by patterning the gate
material layer 31 after the step of forming the isolation
structure 40S. Specifically, a second photoresist layer 34
may be formed on the patterned mask layer 32P, and the gate
material layer 31 may then be patterned by a process such as
an etching process with the second photoresist layer 34 as a
mask, but not limited thereto. Other appropriate methods for
patterning the gate material layer 31 are within the contem-
plated scope of the present invention. Additionally, the
second photoresist layer 34 and the patterned mask layer
32P are removed after the step of forming the gate structure
50. As shown in FIG. 8 an FIG. 9, the top surface 40T of the
isolation structure 408 is higher than a top surface 50T of the
gate structure 50 in the vertical direction D3 because a part
of' the isolation structure 40S is formed in the opening of the
patterned mask layer above the gate material layer 31. In
other words, a distance between the top surface 40T of the
isolation structure 40S and the top surface 10T of the fin
structure 10F in the vertical direction D3 (such as a first
height HT1 shown in FIG. 8) is longer than a distance
between the top surface 50T of the gate structure 50 and the
top surface 10T of the fin structure 10F in the vertical
direction D3 (such as a second height HT2 shown in FIG. 8).

As shown in FIG. 8 and FIG. 9, in some embodiments of
the present invention, a plurality of the gate structures 50
may be formed, and each of the gate structures may be
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elongated in the second direction D2 and be formed strad-
dling the fin structures 10F. Each of the gate structures 50
may directly contact the top surface 10T and two side
surfaces of the fin structure 10F, but not limited thereto. The
gate structures 50 are separated from one another and
disposed parallel with one another, and the isolation struc-
ture 40S may also be elongated in the second direction D2
and be parallel with the gate structures 50, but not limited
thereto. For example, in some embodiments, the gate struc-
tures 50 may include a first gate structure 51, a second gate
structure 52, and a third gate structure 53 disposed separated
from one another and parallel with one another. The first gate
structure 51 is formed straddling the first fin F1, and the
second gate structure 52 is formed straddling the second fin
F1. The isolation structure 408 is disposed between the first
gate structure 51 and the second gate structure 52 in the first
direction D1. The third gate structure 53 may be formed at
an end of the first fin F1 while the isolation structure 40S is
formed at another end of the first fin F1 in the first direction
D1, or be formed at an end of the second fin F2 while the
isolation structure 40S is formed at another end of the
second fin F2 in the first direction D1. In some embodi-
ments, the first gate structure 51 and the second gate
structure 52 may be gate electrodes of different fin type
semiconductor units respectively, and the first gate structure
51 and the second gate structure 52 may include conductive
materials accordingly, but not limited thereto. In some
embodiments, the first gate structure 51, the second gate
structure 52, and the third gate structure 53 may be dummy
gate structures for a replacement metal gate (RMG) process
performed subsequently, and the materials of the first gate
structure 51, the second gate structure 52, and the third gate
structure 53 may include semiconductor materials such as
amorphous silicon or polysilicon, but not limited thereto.
Additionally, the gate structure 50 may include a gate
dielectric layer (not shown) formed on the fin structure 10F
and the structure 20, but not limited thereto.

As shown in FIG. 10 and FIG. 11, a sidewall spacer 60S
may be formed on sidewalls SW1 of the isolation structure
40S above the top surface 10T of the fin structure 10F. The
sidewall spacer 60S may be further formed on sidewalls
SW2 of the gate structure 50. The method of forming the
sidewall spacer 60S may include but is not limited to the
following steps. For example, a spacer material layer 60 may
be formed conformally on the surfaces of the gate structure
50, the isolation structure 40S, and the fin structure 10F first,
and an anisotropic etching process may then be performed to
remove a part of the spacer material layer 60 for forming the
sidewall spacer 60S on the sidewalls SW1 of the isolation
structure 40S and the sidewalls SW2 of the gate structures
50. The spacer material layer 60 may include oxide, nitride,
oxynitride, or other suitable insulation materials, and the
sidewall spacer 60S may be composed of a single spacer
material layer or multiple spacer material layers. Accord-
ingly, the sidewall spacer 60S is formed after the step of
forming the isolation structure 40S and the step of forming
the gate structures 50, and the sidewall spacer 60S formed
on the sidewalls SW1 of the isolation structure 408 is higher
than the sidewall spacer 60S formed on the sidewalls SW2
of the gate structure 50 because the top surface 40T of the
isolation structure 408 is higher than the top surface 50T of
the gate structure 50 in the vertical direction D3.

Subsequently, a plurality of source/drain regions 70 may
be formed in the fin structures 10F, and each of the source/
drain regions 70 is at least partially formed in the corre-
sponding fin structure 10F. For example, each of the source/
drain regions 70 may include an epitaxial structure
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6

extending upwards and beyond the top surface 10T of the fin
structure 10F, but not limited thereto. A part of the source/
drain regions 70 may be formed at two opposite sides of the
first gate structure 51 in the first direction D1, and the other
part of the source/drain regions 70 may be formed at two
opposite sides of the second gate structure 52 in the first
direction D1. Therefore, some of the source/drain regions 70
may be formed in the fin structure 10F between the isolation
structure 40S and one of the gate structures 50, and each of
these source/drain regions 70 may directly contact the
sidewall spacer 60S formed on the isolation structure 40S
and the sidewall spacer 60S formed on the corresponding
gate structure 50, but not limited thereto.

After the step of forming the source/drain regions 70, an
interlayer dielectric 80 may be formed to cover the isolation
structure 40S, the source/drain regions 70, and the gate
structures 50. The interlayer dielectric 80 may include oxide,
nitride, oxynitride, or other suitable dielectric materials.
After the manufacturing method described above, a semi-
conductor device 100 shown in FIG. 10 and FIG. 11 may be
formed. The semiconductor device 100 includes the semi-
conductor substrate 10, a plurality of the gate structures 50,
the interlayer dielectric 80, and the isolation structure 40S.
The semiconductor substrate 10 includes at least one fin
structure 10F. The gate structures 50 are disposed straddling
the fin structure 10F. The interlayer dielectric 80 is disposed
on the fin structure 10F. The isolation structure 408 is partly
disposed in the fin structure 10F and partly disposed in the
interlayer dielectric 80 above the fin structure 10F. The top
surface 40T of the isolation structure 408 is higher than the
top surface 50T of each of the gate structures 50 in the
vertical direction D3.

The semiconductor device 100 further includes the side-
wall spacer 60S and the source/drain regions 70. The side-
wall spacer 60S is disposed on the sidewalls SW1 of the
isolation structure 40S and the sidewalls SW2 of the gate
structures 50. The sidewall spacer 60S disposed on the
sidewalls SW1 of the isolation structure 408 is higher than
the sidewall spacer 60S disposed on the sidewalls SW2 of
the gate structures 50 in the vertical direction D3. Each of
the source/drain regions 70 is at least partially disposed in
the fin structure 10F. The source/drain regions 70 are dis-
posed on two sides of each of the gate structures 50 in the
extending direction of the fin structure 10F (such as the first
direction D1 shown in FIG. 11), and some of the source/
drain regions 70 are disposed between the isolation structure
40S and the gate structures 50. The gate structures 50 in the
semiconductor device 100 are separated from one another
and disposed parallel with one another. The isolation struc-
ture 40S may be elongated in the second direction D2 and
parallel with the gate structures 50, but not limited thereto.
In some embodiments, the gate structures 50 may include
the first gate structure 51, the second gate structure 52, and
the third gate structures 53. The first gate structure 51 is
disposed straddling the first fin F1, and the second gate
structure 52 is disposed straddling the second fin F1. The
isolation structure 40S is disposed between the first gate
structure 51 and the second gate structure 52 in the first
direction D1.

In some embodiments, the first gate structure 51, the first
fin F1, and the source/drain regions disposed in the first fin
F1 at two sides of the first gate structure 51 may form a first
semiconductor unit T1. The second gate structure 52, the
second fin F2, and the source/drain regions disposed in the
second fin F2 at two sides of the second gate structure 52
may form a second semiconductor unit T2. The first semi-
conductor unit T1 and the second semiconductor unit T2
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may be fin type semiconductor units, such as fin field effect
transistors, but not limited thereto. The isolation structure
408 is disposed between the first semiconductor unit T1 and
the second semiconductor unit T2 for electrically separating
the first fin F1 of the first semiconductor unit T1 from the
second fin F2 of the second semiconductor unit T2. In other
words, the isolation structure 40S may be regarded as a
diffusion break partly formed in the fin structure 10F and
formed between the first fin F1 and the second F2 of the fin
structure 10F. Because the top surface 40T of the isolation
structure 40S is higher than the top surface 50T of the gate
structure 50 and the sidewall spacer 60S, which is used in the
process of forming the source/drain regions 70, is formed on
the sidewalls SW1 of the isolation structure 40S, there is no
need to formed a gate structure on the isolation structure
408, and negative influence of the gate structure formed on
the isolation structure 40S on the isolation performance of
the isolation structure 40S may be avoided accordingly. For
example, when the isolation structure 40 does not protrude
and being formed partly above the fin structure 10F, a gate
structure has to be formed on the isolation structure 40 for
forming a sidewall spacer on the sidewall of the gate
structure on the isolation structure 40. However, problems,
such as leakage current between the first fin F1 and the
second fin F2, may be generated by the gate structure formed
on the isolation structure 40S especially when the gate
structure partially sink into the isolation structure 40S, and
the isolation performance of the isolation structure 40S will
be affected accordingly. Therefore, there is no need to
formed a gate structure on the isolation structure 408 in the
semiconductor device of the present invention because the
isolation structure 40 is partly formed in the fin structure 10F
and partly formed in the interlayer dielectric 80 above the fin
structure 10F, and the isolation structure 40 is higher than the
gate structures 50 for further enhancing the isolation per-
formance of the isolation structure 40S.

In some embodiments, the first gate structure 51, the
second gate structure 52, and the third gate structures 53
may be dummy gate structures for a replacement metal gate
process performed subsequently. In some embodiments, the
first gate structure 51 and the second gate structure 52 may
be the gate electrode of the first semiconductor unit T1 and
the gate electrode of the second semiconductor unit T2
respectively, and the semiconductor device 100 may include
a plurality of fin type semiconductor units, but not limited
thereto. It is worth noting that, in some embodiments, a
width W1 of the isolation structure 40S may be smaller than
a width W2 of each of the gate structures 50 in the extending
direction of the fin structure 50 (such as the first direction D1
shown in FIG. 11) for further reducing the distance between
the first semiconductor unit T1 and the second semiconduc-
tor unit T2, and the integrity of the semiconductor device
100 may be enhanced accordingly.

The following description will detail the different embodi-
ments of the present invention. To simplify the description,
identical components in each of the following embodiments
are marked with identical symbols. For making it easier to
understand the differences between the embodiments, the
following description will detail the dissimilarities among
different embodiments and the identical features will not be
redundantly described.

Please refer to FIG. 12. FIG. 12 is a schematic drawing
illustrating a semiconductor device according to a second
embodiment of the present invention. As shown in FIG. 12,
the difference between the semiconductor device 200 in this
embodiment and the semiconductor device in the first
embodiment mentioned above is that the gate material layer
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in the gate structure 50 is removed by the replacement metal
gate process for forming a metal gate structure MG. In other
words, the gate structure 50 in this embodiment may include
the metal gate structure MG, and the top surface 40T of the
isolation structure 408 is higher than the top surface 50T of
the metal gate structure MG. The distance between the top
surface 40T of the isolation structure 40S and the top surface
10T of'the fin structure 10F in the vertical direction D3 (such
as the first height HT1 shown in FIG. 12) is longer than the
distance between the top surface 50T of the metal gate
structure MG and the top surface 10T of the fin structure 10F
in the vertical direction D3 (such as the second height HT2
shown in FIG. 12). It is worth noting that a chemical
mechanical polishing process may be performed in the
replacement metal gate process, and the top surface 40T of
the isolation structure 40S is still higher than the top surface
50T of the gate structure 50 because the material of the
isolation structure 408 is harder than the interlayer dielectric
80 by thermal processes performed before the step of
forming the interlayer dielectric 80 and after the step of
forming the isolation structure 40S.

Please refer to FIG. 13. FIG. 13 is a schematic drawing
illustrating a manufacturing method of a semiconductor
device according to a third embodiment of the present
invention. As shown in FIG. 13, the difference between the
manufacturing method in this embodiment and the manu-
facturing method in the first embodiment mentioned above
is that, in the manufacturing method of this embodiment, the
first photoresist layer described in the first embodiment may
be removed before the etching process 91 of forming the
trench TR. The thickness of the patterned mask layer 32P
should be controlled for ensuring that the isolation structure
subsequently formed in the trench TR and the opening H of
the patterned mask layer 32P will be higher than the gate
structure formed by patterning the gate material layer 31
under the patterned mask layer 32P.

Please refer to FIG. 14 and FIG. 15. FIG. 14 and FIG. 15
are schematic drawings illustrating a manufacturing method
of a semiconductor device 300 according to a fourth
embodiment of the present invention. As shown in FIG. 14
and FIG. 15, the difference between the manufacturing
method in this embodiment and the manufacturing method
in the first embodiment mentioned above is that, a liner 39
may be formed surrounding the isolation structure 40S in the
fin structure 10F. The liner 39 may include dielectric mate-
rials such as silicon oxide, silicon nitride, or silicon oxyni-
tride, but not limited thereto. The liner 39 may be formed in
the trench before the step of forming the isolation material
40 by processes such as a thermal treatment or/and a
deposition process. A part of the liner 39 formed isolation
structure 408 outside the fin structure 10F may be removed
in the step of forming the gate structure 50. Therefore, the
semiconductor device 300 in this embodiment may further
include the liner 39 surrounding the isolation structure 40S
in the fin structure 10F, and the isolation structure 40S
outside the fin structure 10F may directly contact the side-
wall spacer 60S.

To summarize the above descriptions, in the semiconduc-
tor device and the manufacturing method thereof according
to the present invention, the isolation structure is partly
formed in the fin structure and partly formed in the interlayer
dielectric above the fin structure for provide the isolation
effect between the first fin and the second fin of the same fin
structure. The sidewall spacer is formed on the sidewalls of
the isolation structure, and there is no need to forma gate
structure on the isolation structure accordingly. The negative
influence of the gate structure formed on the isolation
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structure or sinking into the isolation structure may be
avoided. Additionally, the trench is formed in the fin struc-
ture and penetrates the gate material layer, the isolation
structure is formed partly in the trench and partly outside the
trench for being higher than the gate material layer and the
gate structure formed by patterning the gate material layer.
The isolation performance of the isolation structure may be
further enhanced accordingly.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended
claims.

What is claimed is:

1. A manufacturing method of a semiconductor device,
comprising:

providing a semiconductor substrate, wherein the semi-

conductor substrate comprises fin structures;

forming a shallow trench isolation between the fin struc-

tures, wherein a topmost surface of the shallow trench
isolation is lower than a topmost surface of each of the
fin structures;

forming a gate material layer on the semiconductor sub-

strate after the step of forming the shallow trench
isolation, wherein the fin structures are covered by the
gate material layer, and the fin structures are a portion
of the semiconductor substrate that protrudes into the
gate material layer;

forming a trench partly in the gate material layer and

partly in the fin structures after the step of forming the
shallow trench isolation, wherein a part of each of the
fin structures is exposed by the trench;

forming an isolation structure partly in the trench and

partly outside the trench, wherein the isolation structure
is in direct contact with a protruding portion of each of
the fin structures; and
forming at least one gate structure straddling the fin
structures by patterning the gate material layer after the
step of forming the isolation structure, wherein a width
of the isolation structure is smaller than a width of the
at least one gate structure in an extending direction of
each of the fin structures, and the extending direction of
each of the fin structures is different from an extending
direction of the gate structure.
2. The manufacturing method of claim 1, wherein the step
of forming the isolation structure comprises:
forming a patterned mask layer on the gate material layer,
wherein the patterned mask layer comprises an opening
corresponding to a part of each of the fin structures in
a vertical direction;

performing an etching process with the patterned mask
layer as a mask for removing a part of the gate material
layer and a part of each of the fin structures and forming
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the trench, wherein the trench penetrates the gate
material layer in the vertical direction; and

forming the isolation structure in the trench and the

opening of the patterned mask layer.

3. The manufacturing method of claim 2, wherein the step
of forming the isolation structure further comprises:

forming an isolation material in the trench, in the opening

of the patterned mask layer, and on the patterned mask
layer, wherein the opening and the trench are filled with
the isolation material; and

performing a planarization process to remove the isolation

material on the patterned mask layer.

4. The manufacturing method of claim 3, wherein the
isolation material is formed by a flowable chemical vapor
deposition (FCVD) process.

5. The manufacturing method of claim 1, further com-
prising:

forming a sidewall spacer on sidewalls of the isolation

structure above a top surface of each of the fin struc-
tures.

6. The manufacturing method of claim 5, wherein the
sidewall spacer is further formed on sidewalls of the at least
one gate structure.

7. The manufacturing method of claim 6, wherein the
sidewall spacer is formed after the step of forming the
isolation structure and the step of forming the at least one
gate structure.

8. The manufacturing method of claim 6, wherein the
sidewall spacer formed on the sidewalls of the isolation
structure is higher than the sidewall spacer formed on the
sidewalls of the at least one gate structure.

9. The manufacturing method of claim 1, wherein a
distance between a top surface of the isolation structure and
a top surface of each of the fin structures in a vertical
direction is longer than a distance between a top surface of
the at least one gate structure and the top surface of each of
the fin structures in the vertical direction.

10. The manufacturing method of claim 1, wherein a top
surface of the isolation structure is higher than a top surface
of the at least one gate structure in a vertical direction.

11. The manufacturing method of claim 1, wherein the at
least one gate structure and the isolation structure are
parallel to each other.

12. The manufacturing method of claim 1, further com-
prising:

forming a source/drain region in each of the fin structures

between the at least one gate structure and the isolation
structure.

13. The manufacturing method of claim 1, wherein the
gate material layer comprises amorphous silicon.

#* #* #* #* #*
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