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(57) ABSTRACT 

A method for fabricating semiconductor device includes the 
steps of: forming a fin-shaped structure on a substrate; 
forming a shallow trench isolation (STI) around the fin­
shaped structure; forming a gate layer on the fin-shaped 
structure and the STI; removing part of the gate layer, part 
of the fin-shaped structure, and part of the STI to form a 
trench; and forming a dielectric layer into the trench to form 
a single diffusion break (SDB) structure. 

12 Claims, 5 Drawing Sheets 
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SEMICONDUCTOR DEVICE AND METHOD 
FOR FABRICATING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to a method for fabricating semi­
conductor device, and more particularly to a method for 
dividing fin-shaped structure to form single diffusion break 
(SDB) structure. 

2. Description of the Prior Art 

With the trend in the industry being towards scaling down 
the size of the metal oxide semiconductor transistors (MOS), 
three-dimensional or non-planar transistor technology, such 
as fin field effect transistor technology (FinFET) has been 
developed to replace planar MOS transistors. Since the 
three-dimensional structure of a FinFET increases the over­
lapping area between the gate and the fin-shaped structure of 
the silicon substrate, the channel region can therefore be 
more effectively controlled. This way, the drain-induced 
barrier lowering (DIBL) effect and the short channel effect 
are reduced. The channel region is also longer for an 
equivalent gate length, thus the current between the source 
and the drain is increased. In addition, the threshold voltage 
of the fin FET can be controlled by adjusting the work 
function of the gate. 

In current FinFET fabrication, after shallow trench isola­
tion (STI) is formed around the fin-shaped structure part of 
the fin-shaped structure and part of the STI could be 
removed to form a trench, and insulating material is depos­
ited into the trench to form single diffusion break (SDB) 
structure or isolation structure. However, the integration of 
the SDB structure and metal gate fabrication still remains 
numerous problems. Hence how to improve the current 
FinFET fabrication and structure has become an important 
task in this field. 

SUMMARY OF THE INVENTION 

According to an embodiment of the present invention, a 
method for fabricating semiconductor device includes the 
steps of: forming a fin-shaped structure on a substrate; 
forming a shallow trench isolation (STI) around the fin­
shaped structure; forming a gate layer on the fin-shaped 
structure and the STI; removing part of the gate layer, part 
of the fin-shaped structure, and part of the STI to form a 
trench; and forming a dielectric layer into the trench to form 
a single diffusion break (SDB) structure. 

According to another aspect of the present invention, a 
semiconductor device includes: a fin-shaped structure on a 
substrate; a single diffusion break (SDB) structure in the 
fin-shaped structure to divide the fin-shaped structure into a 
first portion and a second portion; a gate structure on the first 
portion; and a contact etch stop layer (CESL) adjacent to the 
gate structure and extending to cover the SDB structure. 

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. 

2 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1-10 illustrate a method for fabricating a semicon­
ductor device according to an embodiment of the present 

5 invention. 

DETAILED DESCRIPTION 

Referring to FIGS. 1-2, in which FIG. 1 is a top view 
10 illustrating a method for fabricating a semiconductor device 

according to an embodiment of the present invention, the left 
portion of FIG. 2 illustrates a cross-sectional view of FIG. 1 
for fabricating the semiconductor device along the sectional 

15 
line AA', and the right portion of FIG. 2 illustrates a 
cross-sectional view of FIG. 1 for fabricating the semicon­
ductor device along the sectional line BB'. As shown in 
FIGS. 1-2, a substrate 12, such as a silicon substrate or 
silicon-on-insulator (SOI) substrate is first provided, and a 

20 plurality of fin-shaped structures 14 are formed on the 
substrate 12. It should be noted that even though four 
fin-shaped structures 14 are disposed on the substrate 12 in 
this embodiment, it would also be desirable to adjust the 
number of fin-shaped structures 14 depending on the 

25 demand of the product, which is also within the scope of the 
present invention. 

Preferably, the fin-shaped structures 14 of this embodi­
ment could be obtained by a sidewall image transfer (SIT) 
process. For instance, a layout pattern is first input into a 

30 computer system and is modified through suitable calcula­
tion. The modified layout is then defined in a mask and 
further transferred to a layer of sacrificial layer on a substrate 
through a photolithographic and an etching process. In this 
way, several sacrificial layers distributed with a same spac-

35 ing and of a same width are formed on a substrate. Each of 
the sacrificial layers may be stripe-shaped. Subsequently, a 
deposition process and an etching process are carried out 
such that spacers are formed on the sidewalls of the pat­
terned sacrificial layers. In a next step, sacrificial layers can 

40 be removed completely by performing an etching process. 
Through the etching process, the pattern defined by the 
spacers can be transferred into the substrate underneath, and 
through additional fin cut processes, desirable pattern struc­
tures, such as stripe patterned fin-shaped structures could be 

45 obtained. 
Alternatively, the fin-shaped structures 14 could also be 

obtained by first forming a patterned mask (not shown) on 
the substrate, 12, and through an etching process, the pattern 
of the patterned mask is transferred to the substrate 12 to 

50 form the fin-shaped structures 14. Moreover, the formation 
of the fin-shaped structures 14 could also be accomplished 
by first forming a patterned hard mask (not shown) on the 
substrate 12, and a semiconductor layer composed of silicon 
germanium is grown from the substrate 12 through exposed 

55 patterned hard mask via selective epitaxial growth process to 
form the corresponding fin-shaped structures 14. These 
approaches for forming fin-shaped structure are all within 
the scope of the present invention. 

Next, a shallow trench isolation (STI) 16 is formed around 
60 the fin-shaped structures 14. In this embodiment, the for­

mation of the STI 16 could be accomplished by conducting 
a flowable chemical vapor deposition (FCVD) process to 
form a silicon oxide layer on the substrate 12 and covering 
the fin-shaped structures 14 entirely. Next, a chemical 

65 mechanical polishing (CMP) process along with an etching 
process are conducted to remove part of the silicon oxide 
layer so that the top surface of the remaining silicon oxide 
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is even with or slightly lower than the top surface of the 
fin-shaped structures 14 for forming the STI 16. 

4 

Next, agate dielectric layer 18 and a gate layer 20 are 
formed to cover the fin-shaped structures 14 and the STI 16 
entirely, and a patterned mask 22 is formed on the gate layer 5 

20, in which the patterned mask 22 includes an opening 24 

silicon oxide, but not limited thereto. The patterned hard 
mask 40 could be a single patterned resist or could be made 
of same material as the patterned mask 22 from FIG. 2, and 
in such instance, the patterned mask 40 could include a 
tri-layered structure such as an organic dielectric layer 
(ODL), a silicon-containing hard mask bottom anti-reflec­
tive coating (SHB), and a patterned resist. to expose part of the gate layer 20 surface. In this embodi­

ment, the gate dielectric layer 18 preferably includes silicon 
oxide and the gate layer 20 is selected from the group 
consisting of amorphous silicon and polysilicon. The pat- 10 

terned mask 22 could additionally include an organic dielec-

Next, as shown in FIG. 8, one or multiple etching pro­
cesses are conducted by using the patterned mask 40 as mask 
to remove part of the second hard mask 38, part of the first 
hard mask 36, part of the gate layer 20, and part of the gate 
dielectric layer 18 to form a gate structure 42 adjacent to the 
SDB structure 34. It should be noted that no additional gate 

tric layer (ODL), a silicon-containing hard mask bottom 
anti-reflective coating (SHB), and a patterned resist and the 
step of forming the opening 24 in the patterned mask 22 
could be accomplished by using the patterned resist as mask 15 

to remove part of the SHB and part of the ODL. 

structure is formed directly on top of the SDB structure 34 
during the formation of gate structure 42, however, dummy 
gate (not shown) could be disposed on an edge of the 
fin-shaped structures 14 to stand on top of both the fin­
shaped structures 14 and the STI 16 at the same time, in 

Next, as shown in FIG. 3, an etching process is conducted 
by using the patterned mask 22 as mask to remove part of the 
gate layer 20, part of the gate dielectric layer 18, and part of 
the fin-shaped structures 14 to form a trench 26. The trench 20 

26 preferably divides the fin-shaped structures 14 into two 
portions including a first portion 28 on the left side of the 
trench 26 and a second portion 30 on the right side of the 
trench 26. 

which the top surface of the durmny gate is even with the top 
surface of the gate structure 42. Preferably, the top surface 
of the STI 16 is slightly lower than the top surface of the 
fin-shaped structure 14 while the top surface of the SDB 
structure 34 is higher than both the top surface of the 

Next, as shown in FIG. 4, a planar dielectric layer 32 is 
formed into the trench 26 and on the gate layer 20, in which 
the dielectric layer 32 preferably fills the trench 26 entirely 
so that the top surface of the dielectric layer 32 is slightly 
higher than the top surface of the gate layer 20. In this 
embodiment, the dielectric layer 32 and the STI 16 are 
preferably made of different material, in which the dielectric 
layer 32 filled into the trench 26 preferably includes silicon 
nitride while the STI 16 preferably includes silicon oxide, 

25 fin-shaped structures 14 and the STI 16. Moreover, the 
height of the SDB 34 protruding above the fin-shaped 
structures 14 is reduced slightly during the etching process 
so that the top surface of the SDB 34 would become slightly 
lower than the top surface of the gate layer 20. Next, a cap 

30 layer 44 is formed on the fin-shaped structures 14 to cover 
the gate structure 42 and the SDB structure 34 at the same 
time. In this embodiment, the cap layer 44 could include 
material such as SiN, SiO2 , SiON, SiCN, or combination 
thereof. but not limited thereto. Nevertheless, according to an 

embodiment of the present invention, the dielectric layer 32 35 

and the STI 16 could also include same material such as 
Next, as shown in FIG. 9, an etching process is conducted 

to remove part of the cap layer 44 for forming a first spacer 
46 adjacent to the sidewalls of the gate structure 42 and at 
the same time forming a second spacer 48 on the sidewalls 
of the SDB structure 34. Next, source/drain regions 50 

silicon oxide, which is also within the scope of the present 
invention. 

Referring to FIGS. 5-6, in which FIG. 5 is a top view 
illustrating the fabrication of the semiconductor device 
following FIG. 4, the left portion of FIG. 6 illustrates a 
cross-sectional view of FIG. 5 along the sectional line CC' 
and the right portion of FIG. 6 illustrates a cross-sectional 
view of FIG. 5 along the sectional line DD'. As shown in 
FIGS. 5-6, a planarizing process such as CMP is conducted 
to remove part of the dielectric layer 32 so that the top 
surface of the remaining dielectric layer 32 is even with the 
top surface of the gate layer 20. This forms a single diffusion 
break (SDB) structure 34 protruding above the fin-shaped 
structures 14, in which the top surfaces of the SDB structure 
32 and the gate layer 20 are coplanar. As shown in FIG. 5, 
the fin-shaped structures 14 are disposed extending along a 
first direction (such as X-direction) and the SDB structure 34 
is disposed extending along a second direction (such as 
Y-direction), in which the SDB structure 34 preferably 
separates each of the fin-shaped structures into two portions, 
including a first portion 28 on the left side of the SDB 
structure 34 and a second portion 30 on the right side of the 
SDB structure 34. 

Next, as shown in FIG. 7, a pattern transfer process is 
conducted by first forming a first hard mask 36, a second 
hard mask 38, and a patterned mask 40 on the gate layer 20 
while the patterned mask 40 not covering the SDB structure 
34. In this embodiment, the first hard mask 36 and the 
second hard mask 38 are composed of different material, in 
which the first had mask 36 preferably includes silicon 
nitride and the second hard mask 38 preferably includes 

40 and/or epitaxial layers (not shown) are formed in the fin­
shaped structures 14 adjacent to two sides of the first spacer 
46 and second spacer 48, and silicides (not shown) could be 
selectively formed on the surface of the source/drain regions 
50 and/or epitaxial layers afterwards. In this embodiment, 

45 each of the first spacer 46 and second spacer 48 could be a 
single spacer or a composite spacer, such as a spacer 
including but not limited to for example an offset spacer and 
a main spacer. Preferably, the offset spacer and the main 
spacer could include same material or different material 

50 while both the offset spacer and the main spacer could be 
made of material including but not limited to for example 
SiO2 , SiN, SiON, SiCN, or combination thereof. The source/ 
drain regions 50 could include dopants and epitaxial mate­
rial of different conductive type depending on the type of 

55 device being fabricated. For example, the source/drain 
regions 50 on an NMOS region could include SiC or SiP 
while the source/drain regions 50 on an PMOS region could 
include SiGe, but not limited thereto. 

Next, a contact etch stop layer (CESL) 52 is formed on the 
60 surface of the fin-shaped structures 14 and covering the gate 

structure 42 and the SDB structure 34, and an interlayer 
dielectric (ILD) layer 54 is formed on the CESL 52. Next, 
a planarizing process such as CMP is conducted to remove 
part of the ILD layer 54 and part of the CESL 52 for 

65 exposing the gate layer 20 made of polysilicon, in which the 
top surface of the gate layer 20 is even with the top surface 
of the ILD layer 52. 
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Next, a replacement metal gate (RMG) process is con­
ducted to transform the gate structure 42 into a metal gate. 

6 
source/drain regions 50 underneath. Next, metals including 
a barrier layer selected from the group consisting of Ti, TiN, 
Ta, and TaN and a low resistance metal layer selected from 
the group consisting of W, Cu, Al, TiAI, and Co WP are 
deposited into the contact holes, and a planarizing process 
such as CMP is conducted to remove part of aforementioned 
barrier layer and low resistance metal layer for forming 
contact plugs 70 electrically connecting the source/drain 
regions 50. This completes the fabrication of a semiconduc-

For instance, the RMG process could be accomplished by 
first performing a selective dry etching or wet etching 
process using etchants including but not limited to for 5 

example ammonium hydroxide (NH4 OH) or tetramethylam­
monium hydroxide (TMAH) to remove the second hard 
mask 38, first hard mask 36, gate layer 20, and even gate 
dielectric layer 18 from gate structure 42 for forming a 
recess 56 in the ILD layer 54. 10 tor device according to a preferred embodiment of the 

Next, as shown in FIG. 10, a selective interfacial layer 58 
or gate dielectric layer (not shown), a high-k dielectric layer 
60, a work function metal layer 62, and a low resistance 
metal layer 64 are formed in the recess 56, and a planarizing 
process such as CMP is conducted to remove part of low 15 

resistance metal layer 64, part of work function metal layer 
62, and part ofhigh-k dielectric layer 60 to form metal gate 
66. Next, part of the low resistance metal layer 64, part of 
the work function metal layer 62, and part of the high-k 
dielectric layer 60 are removed to form another recess (not 20 

shown), and a hard mask 68 made of dielectric material 
including but not limited to for example silicon nitride is 
deposited into the recess so that the top surfaces of the hard 
mask 68 and ILD layer 54 are coplanar. In this embodiment, 
the gate structure or metal gate 66 fabricated through high-k 25 

last process of a gate last process preferably includes an 
interfacial layer 58 or gate dielectric layer (not shown), a 
U-shaped high-k dielectric layer 60, a U-shaped work func­
tion metal layer 62, and a low resistance metal layer 64. 

In this embodiment, the high-k dielectric layer 60 is 30 

preferably selected from dielectric materials having dielec-
tric constant (k value) larger than 4. For instance, the high-k 
dielectric layer 60 may be selected from hafnium oxide 
(HfD2), hafnium silicon oxide (HfSiO4), hafnium silicon 
oxynitride (HfSiON), aluminum oxide (Al

2

O
3

), lanthanum 35 

oxide (La
2

O
3

), tantalum oxide (Ta
2

O
5

), yttrium oxide 
(Y 

2

0
3

), zirconium oxide (Zr02), strontium titanate oxide 
(SrTiO3), zirconium silicon oxide (ZrSiO4 ), hafnium zirco­
nium oxide (HfZr04 ), strontium bismuth tantalate 
(SrBi

2 

Ta
2

O
9

, SBT), lead zirconate titanate (PbZrxTi
1

_xO
3

, 40 

PZT), barium strontium titanate (BaxSr1_xTiO3 , BST) or a 
combination thereof. 

In this embodiment, the work function metal layer 62 is 
formed for tuning the work function of the metal gate in 
accordance with the conductivity of the device. For an 45 

NMOS transistor, the work function metal layer 62 having 
a work function ranging between 3.9 eV and 4.3 eV may 
include titanium aluminide (TiAI), zirconium aluminide 
(ZrAI), tungsten aluminide (WAI), tantalum aluminide 
(TaAI), hafnium aluminide (HfAI), or titanium aluminum 50 

carbide (TiAIC), but it is not limited thereto. For a PMOS 
transistor, the work function metal layer 62 having a work 
function ranging between 4.8 eV and 5.2 eV may include 
titanium nitride (TiN), tantalum nitride (TaN), tantalum 
carbide (TaC), but it is not limited thereto. An optional 55 

barrier layer (not shown) could be formed between the work 
function metal layer 62 and the low resistance metal layer 
64, in which the material of the barrier layer may include 
titanium (Ti), titanium nitride (TiN), tantalum (Ta) or tan­
talum nitride (TaN). Furthermore, the material of the low- 60 

resistance metal layer 64 may include copper (Cu), alumi­
num (Al), titanium aluminum (TiAI), cobalt tungsten 
phosphide (Co WP) or any combination thereof. 

Next, a pattern transfer process is conducted by using a 
patterned mask (not shown) as mask to remove part of the 65 

ILD layer 54 adjacent to the metal gate 66 and SDB structure 
34 for forming contact holes (not shown) exposing the 

present invention. 
Referring again to FIG. 10, which further illustrates a 

structural view of a semiconductor device according to an 
embodiment of the present invention. As shown in FIG. 10, 
the semiconductor device preferably includes a fin-shaped 
structure 14 disposed on the substrate 12, a SDB structure 34 
disposed within the fin-shaped structure 14 while protruding 
above the fin-shaped structure 14 and dividing the fin­
shaped structure 14 into a first portion 28 and a second 
portion 30, and a gate structure or metal gate 66 disposed on 
the first portion 28. Preferably, the top surface of the metal 
gate 66 is even with or slightly higher than the top surface 
of the SDB structure 34, the fin-shaped structure 14 is 
disposed extending along a first direction while the SDB 
structure 34 is disposed extending along a second direction, 
in which the first direction is orthogonal to the second 
direction as shown in FIG. 5. 

The semiconductor device also includes a first spacer 46 
on the sidewalls of the metal gate 66, a second spacer 48 on 
the sidewalls of the SDB structure 34, a CESL 52 disposed 
adjacent to the first spacer 46 and extending to cover the 
second spacer 48 and SDB structure 34 while contacting the 
SDB structure 34 directly, and source/drain regions 50 
disposed in the fin-shaped structure 14 adjacent to two sides 
of the first spacer 46 and second spacer 48. 

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 method for fabricating semiconductor device, com­

prising: 
forming a fin-shaped structure on a substrate; 
forming a shallow trench isolation (STI) around the 

fin-shaped structure; 
forming a gate layer on the fin-shaped structure and the 

STI; 
removing part of the gate layer, part of the fin-shaped 

structure, and part of the STI to form a trench; 
forming a dielectric layer into the trench to form a single 

diffusion break (SDB) structure; and 
after forming the SDB structure forming an interlayer 

dielectric (ILD) layer on the SDB structure. 
2. The method of claim 1, further comprising forming a 

gate dielectric layer on the fin-shaped structure before 
forming the gate layer. 

3. The method of claim 2, further comprising: 
forming a patterned mask on the gate layer; and 
using the patterned mask as mask to remove part of the 

gate layer, part of the gate dielectric layer, and part of 
the fin-shaped structure to form the trench. 

4. The method of claim 1, further comprising: 
forming the dielectric layer into the trench and on the gate 

layer; and 
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planarizing the dielectric layer so that the top surfaces of 
the dielectric layer and the gate layer are coplanar. 

5. The method of claim 1, further comprising removing 
part of the gate layer after forming the SDB structure to form 
a gate structure adjacent to the SDB structure. 5 

6. The method of claim 5, further comprising: 
forming a cap layer on the gate structure and the SDB 

structure; and 
removing part of the cap layer to form a first spacer 

adjacent to the gate structure and a second spacer 10 

adjacent to the SDB structure. 
7. The method of claim 1, wherein the fin-shaped structure 

is disposed extending along a first direction and the SDB 
structure is disposed extending along a second direction. 

8. The method of claim 7, wherein the first direction is 15 

orthogonal to the second direction. 
9. The method of claim 1, wherein the gate layer com­

prises amorphous silicon. 
10. The method of claim 1, wherein the gate layer 

comprises polysilicon. 20 

11. The method of claim 1, wherein the dielectric layer 
comprises silicon nitride. 

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

* * * * * 
25 

8 




