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TRENCH GATE METAL OXDE 
SEMCONDUCTOR FIELD EFFECT 

TRANSISTOR AND FABRICATING METHOD 
THEREOF 

FIELD OF THE INVENTION 

0001. The present invention relates to a semiconductor 
device and a fabricating method thereof, and more particu 
larly to a trench gate metal oxide semiconductor field effect 
transistor and a fabricating method thereof. 

BACKGROUND OF THE INVENTION 

0002. A conventional trench gate metal oxide semicon 
ductor field effect transistor comprises a gate structure, which 
is disposed within a trench. For fabricating the conventional 
trench gate metal oxide semiconductor field effect transistor, 
a trench is firstly formed in a semiconductor Substrate, and 
then a gate dielectric layer is formed on a sidewall of the 
trench by thermal oxidation. Then, a polysilicon semiconduc 
tor material is filled into the trench. After a planarization 
process is performed, a polysilicon gate is formed in the 
trench. 
0003 Recently, since the integrated circuit becomes more 
complicated, the feature size and wiring space of the semi 
conductor device are gradually decreased, and the size of the 
polysilicon gate is reduced. After the polysilicon gate is 
formed, a metal contact plug is formed on the polysilicon gate 
in the Subsequent process. As known, the size reduction of the 
polysilicon gate may result in misalignment between the 
polysilicon gate and the metal contact plug. If the metal 
contact plug is deviated because of misalignment, the metal 
contact plug and the neighboring circuits may be suffered 
from charge breakdown. 
0004. Therefore, there is a need of providing an improved 
trench gate metal oxide semiconductor field effect transistor 
and a fabricating method thereof in order to obviate the draw 
backs encountered from the prior art. 

SUMMARY OF THE INVENTION 

0005. In accordance with an aspect, the present invention 
provides a trench gate metal oxide semiconductor field effect 
transistor. The trench gate metal oxide semiconductor field 
effect transistor includes a Substrate and a gate. The Substrate 
has a trench. The trench is extended downwardly from a 
Surface of the Substrate. The gate includes an insertion portion 
and a symmetrical protrusion portion. The insertion portion is 
embedded in the trench. The symmetrical protrusion portion 
is symmetrically protruded over the surface of the substrate. 
0006. In an embodiment, the symmetrical protrusion por 
tion is wider than the trench. 
0007. In an embodiment, the gate is a T-shaped gate, which 

is symmetrical with respect to a central line of the trench. 
0008. In an embodiment, the trench has a width smaller 
than or equal to 0.8 um and a depth of about 1.6 Lm. 
0009. In an embodiment, the trench gate metal oxide semi 
conductor field effect transistor includes a dielectric material 
layer and a contact plug. The dielectric material layer is 
disposed over the surface of the substrate and the gate. The 
contact plug is penetrated through the dielectric material 
layer and electrically contacted with the symmetrical protru 
sion portion of the gate. 
0010. In an embodiment, the trench gate metal oxide semi 
conductor field effect transistor includes a first-conductive 
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doped region, a second-conductive doped region, a gate 
dielectric layer, and a source region. The first-conductive 
doped region is formed in the Substrate. The second-conduc 
tive doped region is formed in the substrate. AP/Njunction is 
formed between the first-conductive doped region and the 
second-conductive doped region. The trench is extended 
downwardly from the surface of the trench, penetrated 
through the first-conductive doped region and the P/N junc 
tion, and inserted into the second-conductive doped region. 
The gate dielectric layer is formed on a sidewall of the trench. 
The source region is formed in the substrate and located 
beside the gate dielectric layer. 
0011. In an embodiment, the first-conductive doped 
region is a P-type body region, and the second-conductive 
doped region is an N-type well region. 
0012. In an embodiment, the trench gate metal oxide semi 
conductor field effect transistor further includes an N-type 
buried layer, which is disposed under the second-conductive 
doped region. 
0013. In an embodiment, the source region is an N-type 
well region, and the source region is extended from the Sur 
face of the substrate into the first-conductive doped region. 
0014. In accordance with an aspect, the present invention 
provides a method for fabricating a trench gate metal oxide 
semiconductor field effect transistor. The method includes the 
following steps. Firstly, a substrate is provided. Then, a hard 
mask layer is formed on the Substrate. Then, an etching pro 
cess is performed to remove a part of the hard mask layer and 
form a trench in the Substrate. Then, an etching back process 
is performed to remove a part of the hard mask layer. Then, a 
conductive layer is formed on the hard mask layer and filled 
into the trench. Then, a planarization process is performed to 
remove the conductive layer by using the hard mask layer as 
a stop layer. 
0015. In an embodiment, before the hard mask layer is 
formed, the method further includes a step of forming a pad 
silicon oxide layer on the substrate. 
0016. In an embodiment, after the hard mask layer is 
formed, the method further includes a step of forming a 
sacrificial layer on the hard mask layer. 
0017. In an embodiment, before the conductive layer is 
formed, the method further comprises a step of forming a gate 
dielectric layer on a sidewall of the trench by a thermal 
oxidation process. 
0018. In an embodiment, the hard mask layer is a silicon 
oxide layer or a silicon nitride layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019. The above objects and advantages of the present 
invention will become more readily apparent to those ordi 
narily skilled in the art after reviewing the following detailed 
description and accompanying drawings, in which: 
0020 FIGS. 1A-1F are schematic cross-sectional views 
illustrating a method for fabricating a trench gate metal oxide 
semiconductor field effect transistor according to an embodi 
ment of the present invention; 
0021 FIGS. 2A-2E are schematic cross-sectional views 
illustrating a method for fabricating a trench gate metal oxide 
semiconductor field effect transistor according to another 
embodiment of the present invention; and 
0022 FIG. 3 is a schematic cross-sectional view illustrat 
ing an optional step of the method for fabricating the trench 
gate metal oxide semiconductor field effect transistor of the 
present invention. 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0023 The present invention will now be described more 
specifically with reference to the following embodiments. It 
is to be noted that the following descriptions of preferred 
embodiments of this invention are presented herein for pur 
pose of illustration and description only. It is not intended to 
be exhaustive or to be limited to the precise form disclosed. 
0024 FIGS. 1A-1F are schematic cross-sectional views 
illustrating a method for fabricating a trench gate metal oxide 
semiconductor field effect transistor according to an embodi 
ment of the present invention. The method for fabricating the 
trench gate metal oxide semiconductor field effect transistor 
100 comprises the following steps. 
0025. Firstly, as shown in FIG. 1A, a substrate 101 is 
provided. In an embodiment, the substrate 101 is a silicon 
substrate. In addition, the substrate 101 comprises a first 
conductive doped region 101a, a second-conductive doped 
region 101b, a source region 120, and a second-conductive 
deep well region 101c. 
0026. The first-conductive doped region 101a, the second 
conductive doped region 101b, the source region 120 and the 
second-conductive deep well region 101c are formed in the 
substrate 101 by a plurality of ion implantation processes. 
The second-conductive doped region 101b is formed in the 
substrate 101. The first-conductive doped region 101a is dis 
posed over the second-conductive doped region 101b, and 
extended downwardly from a surface 101d of the substrate 
101 to be contacted with the second-conductive doped region 
101b. Consequently, a P/N junction 102 is formed between 
the first-conductive doped region 101a and the second-con 
ductive doped region 101b. The source region 120 is extended 
downwardly from the surface 101d of the substrate 101, and 
formed in the first-conductive doped region 101a. The sec 
ond-conductive deep well region 101c is formed in the sub 
strate 101, and extended downwardly from the surface 101d 
of the substrate 101, serving as the drain of the trench gate 
metal oxide semiconductor field effect transistor 100. More 
over, the second-conductive deep well region 101c is con 
tacted with the second-conductive doped region 101b. Fur 
thermore, a buried layer 119 with the same conductivity as the 
second-conductive doped region 101b is disposed under the 
second-conductive doped region 101b. 
0027. In this embodiment, the second-conductive doped 
region 101b is an N-type well region with a lower dopant 
concentration. The first-conductive doped region 101a is a 
P-type body region. The source region 120 is an N-type well 
region with a higher dopant concentration. The second-con 
ductive deep well region 101c is an N-type deep well region. 
The second-conductive deep well region 101c is isolated 
from the first-conductive doped region 101 a through a shal 
low trench isolation structure 103. The buried layer 119 is an 
N-type doped region with a higher dopant concentration. The 
buried layer 119 is disposed under the second-conductive 
doped region 101b and contacted with the second-conductive 
deep well region 101c. Preferably, an N-type well region 101e 
with a dopant concentration greater than that of the N-type 
(second-conductive) deep well region 101c, maybe formed in 
the N-type (second-conductive) deep well region 101C, and 
extended downwardly from the surface 101d of the substrate 
101. 
0028. Then, as shown in FIG. 1B, by film deposition pro 
cesses or any other Suitable processes, a pad silicon oxide 
layer 104, a hard mask layer 105 and a patterned photoresist 
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layer 106 are formed on the surface 101d of the substrate101 
to cover the second-conductive deep well region 101c, the 
source region 120 and the first-conductive doped region 101a. 
For example, the hard mask layer 105 is made of silicon 
nitride. Alternatively, the hard mask layer 105 may be made of 
silicon oxide. 
0029. Then, as shown in FIG. 1C, by using the patterned 
photoresist layer 106 as an etching mask, an etching process 
107 is performed to remove a part of the hard mask layer 105, 
a part of the pad silicon oxide layer 104 and a part of the 
substrate 101. Consequently, a trench 108 is formed in the 
substrate 101. The trench 108 is extended downwardly from 
the surface 101d of the substrate 101, penetrated through the 
Source region 120, and extended into the second-conductive 
doped region 101b. For example, the etching process 107 is a 
dry etching process. The trench 108 has a width smaller than 
or equal to 0.8 um and a depth of about 1.6 Lum. 
0030. After the patterned photoresist layer 106 and the 
remaining hard mask layer 105 are removed, a thermal oxi 
dation process is performed to form a gate dielectric layer 109 
on a sidewall 108a of the trench 108 (see FIG. 1D). Then, a 
conductive layer, preferably a polysilicon layer 110, is 
formed on the pad silicon oxide layer 104, and filled into the 
trench 108. Then, a planarization process 111 (e.g. a chemical 
mechanical polishing process) is performed to partially 
remove the polysilicon layer 110. 
0031. After the planarization process 111 is performed, a 
patterned photoresist layer 112 is formed on the polysilicon 
layer 110. By using the pad silicon oxide layer 104 as an etch 
stop layer, another etching process 113 is performed to 
remove a part of the planarized polysilicon layer 110. Con 
sequently, a T-shaped portion of the planarized polysilicon 
layer 110 is remained and serves as a T-shaped polysilicon 
gate 114 of the trench gate metal oxide semiconductor field 
effect transistor 100(see FIG. 1E). The T-shaped polysilicon 
gate 114 comprises an insertion portion 114a and a protrusion 
portion 114b. The insertion portion 114a is embedded in the 
trench 108. The protrusion portion 114b is protruded over the 
surface 101d of the substrate 101 and externally and trans 
versely extended from a central line 108b of the trench 108. 
0032. Then, a metal interconnection process is performed. 
Consequently, a dielectric material layer 117 is firstly formed 
over the surface 101d of the substrate 101 and the polysilicon 
gate 114, and then a plurality of metal contact plugs 118 are 
formed in the dielectric material layer 117. Meanwhile, the 
trench gate metal oxide semiconductor field effect transistor 
100 is produced. The resulting structure of the trench gate 
metal oxide semiconductor field effect transistor 100 is 
shown in FIG.1F. 
0033 Please refer to FIG. 1F again. In the T-shaped poly 
silicon gate 114, the transversely-extending width of the pro 
trusion portion 114b is greater than the width of the insertion 
portion 114a. Consequently, the protrusion portion 114b can 
provide a larger process window for the Subsequently form 
ing of the metal contact plug 118 on the polysilicon gate 114. 
0034. However, the above-mentioned method for fabricat 
ing the trench gate metal oxide semiconductor field effect 
transistor 100 still has some drawbacks. For example, since 
two photolithography and etching processes are required to 
form the polysilicon gate 114, every misalignmenterror of the 
photomask may further decrease the alignment accuracy. 
Moreover, during the performing of the etching process 113, 
the surface 101d of the substrate 101 is still completely cov 
ered by the planarized polysilicon layer 110. Since the align 
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ment mark for the etching process 113 is possibly hindered by 
the planarized polysilicon layer 110, the misalignment error 
of the photomask is thereby increased. Due to the misalign 
ment error of the photomask, the protrusion portion 114b of 
the polysilicon gate 114 may be unexpectedly and asym 
metrically extended in the transverse direction. If the (align 
ment) process errors in the process of forming the metal 
contact plug 118 are taken into consideration, the total cumu 
lative misalignment error of the semiconductor device is very 
large. Under this circumstance, the metal contact plug 118 
and the neighboring circuits may be suffered from charge 
breakdown. 

0035. For solving the above drawbacks, the method of 
forming the polysilicon gate 114 needs to be further 
improved. 
0.036 FIGS. 2A-2E are schematic cross-sectional views 
illustrating a method for fabricating a trench gate metal oxide 
semiconductor field effect transistor according to another 
embodiment of the present invention. The method for fabri 
cating the trench gate metal oxide semiconductor field effect 
transistor 200 comprises the following steps. 
0037 Firstly, the steps as shown in FIGS. 1A, 1B and 1C 
are sequentially performed. After the trench 108 is formed 
(see FIG. 1C), the remaining hard mask layer 105 is not 
removed immediately. On the other hand, as shown in FIG. 
2A according to the embodiment of present invention, after 
the patterned photoresist layer 106 is removed, an etching 
back process 215 is performed to remove the patterned pho 
toresist layer 106 and a part of the hard mask layer 105, and a 
part of the pad silicon oxide layer 104 at an entrance 108c of 
the trench 108 that is exposed. In an embodiment, the hard 
mask layer 105 is made of silicon nitride, and the etching back 
process 215 is a wet etching process by using a phosphoric 
acid solution as an etchant Solution to remove a part of the 
hard mask layer 105. Alternatively, in another embodiment, 
the hard mask layer 105 is made of silicon dioxide, and the 
etching back process 215 is a wet etching process by using a 
buffer oxide etcher (BOE) solution as an etchant solution to 
remove a part of the hard mask layer 105. 
0038. Furthermore, for improved control of the etching 
back process 215, before the patterned photoresist layer 106 
is formed, another silicon dioxide layer 316 may be option 
ally formed on the hard mask layer 105 (see FIG. 3). The 
silicon dioxide layer 316 is served as a sacrificial layer for the 
etching back process 215 in order to adjust the etching depth 
and range of the etching back process 215. 
0039. Then, a thermal oxidation process is performed to 
form a gate dielectric layer 109 on a sidewall 108a of the 
trench 108 (see FIG. 2B). Then, as shown in FIG. 2C, a 
polysilicon layer 110 is formed on the remaining hard mask 
layer 105 and the exposed pad silicon oxide layer 104, and 
filled into the trench 108. 
0040. Then, a planarization process 111 (e.g. a chemical 
mechanical polishing process) is performed to remove the 
polysilicon layer 110 by using the hard mask layer 105 as a 
polish stop layer. After the remaining hard mask layer 105 is 
removed, a T-shaped polysilicon gate 214 is formed (see FIG. 
2D). The T-shaped polysilicon gate 214 is configured sym 
metrical with respect to a central line 108b of the trench 108. 
The T-shaped polysilicon gate 214 comprises an insertion 
portion 214a and a symmetrical protrusion portion 214b. The 
insertion portion 214a is embedded in the trench 108. The 
symmetrical protrusion portion 214b is protruded over the 
surface 101d of the substrate 101, symmetrical with respect to 
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the central line 108b of the trench 108, and externally and 
transversely extended from the central line 108b of the trench 
108. 
0041. Then, a metal interconnection process is performed. 
Consequently, a dielectric material layer 117 is firstly formed 
over the surface 101d of the substrate 101 and the polysilicon 
gate 214, and then a plurality of metal contact plugs 118 are 
formed in the dielectric material layer 117. Meanwhile, the 
trench gate metal oxide semiconductor field effect transistor 
200 is produced. The resulting structure of the trench gate 
metal oxide semiconductor field effect transistor 200 is 
shown in FIG. 2E. 

0042. From the above discussions, the structure of the 
polysilicon gate 214 of the trench gate metal oxide semicon 
ductor field effect transistor 200 is improved in comparison to 
the trench gate MOSFET 100 shown in FIGS. 1A-1F. For 
forming the polysilicon gate 214, a part of the hard mask layer 
105 at the entrance 108c of the trench 108 is firstly removed 
by an etching back process (e.g. an anisotropic etching pro 
cess) (see FIG. 2A), then the polysilicon layer 110 is filled 
into the trench 108, and finally a planarization process is 
performed. Consequently, the symmetrical protrusion por 
tion 214b of the polysilicon gate 214 can be symmetrically 
configured with respect to the central line 108b of the trench 
108 and transversely extended from the central line 108b of 
the trench 108 (see FIG. 2D). The symmetrical protrusion 
portion 114b can provide a larger process window for Subse 
quently forming of the metal contact plug 118 on the poly 
silicon gate 214. Consequently, even if the feature size of the 
semiconductor device is shrunken down, the misalignment 
error thereof will be largely reduced. 
0043 Moreover, according to the embodiments of the fab 
ricating method of the present invention, only a single pho 
tolithography and etching process is sufficient to form a poly 
silicon gate, instead of requiring two photolithography and 
etching processes to form the same. Consequently, the fabri 
cating method of the present invention is simplified, the pho 
tomask number is reduced, and the misalignment error of the 
semiconductor device is largely reduced. Since the misalign 
ment error is largely reduced, the symmetrical protrusion 
portion of the polysilicon gate is no longer unexpectedly and 
asymmetrically extended in the transverse direction, and the 
total cumulative misalignment error of the semiconductor 
device is reduced. 

0044) From the above discussions, the present invention 
provides a trench gate metal oxide semiconductor field effect 
transistor and a fabricating method thereof. The fabricating 
method comprises the following steps. Firstly, a Substrate is 
provided. Then, a hard mask layer is formed on the substrate. 
Then, an etching process is performed to remove a part of the 
hard mask layer and form a trench in the Substrate. Then, an 
etching back process is performed to remove a part of the hard 
mask layer. Then, a polysilicon layer is formed on the hard 
mask layer and filled into the trench. Then, by using the hard 
mask layer as a stop layer, a planarization process is per 
formed to remove the polysilicon layer. Consequently, a poly 
silicon gate with the symmetrical protrusion portion is 
formed. 
0045. The symmetrical protrusion portion of the polysili 
con gate can provide a larger process window for Subse 
quently forming the metal contact plug on the polysilicon 
gate. Consequently, even if the feature size of the device is 
shrunken down, the misalignment error will be largely 
reduced. 
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0046. From the above descriptions, the symmetrical pro 
trusion portion of the polysilicon gate is formed by etching 
back the hard mask layer to widen the entrance of the trench 
and then filling the polysilicon layer. Consequently, it is not 
necessary to perform an additional photolithography and 
etching process. In other words, the fabricating method of the 
present invention is simplified and cost-effective. Since it is 
not necessary to repeatedly use the photomask for alignment, 
the precision of the alignment between the metal contact plug 
and the polysilicon gate is enhanced. 
0047. While the invention has been described in terms of 
what is presently considered to be the most practical and 
preferred embodiments, it is to be understood that the inven 
tion needs not be limited to the disclosed embodiment. On the 
contrary, it is intended to cover various modifications and 
similar arrangements included within the spirit and scope of 
the appended claims which are to be accorded with the broad 
est interpretation so as to encompass all Such modifications 
and similar structures. 

1. A trench gate metal oxide semiconductor field effect 
transistor, comprising: 

a substrate having a trench formed therein, wherein the 
trench is extended downwardly from a surface of the 
Substrate; and 

a gate comprising an insertion portion and a symmetrical 
protrusion portion, wherein the insertion portion is 
embedded in the trench, and the symmetrical protrusion 
portion is symmetrically protruded over the surface of 
the substrate. 

2. The trench gate metal oxide semiconductor field effect 
transistor according to claim 1, wherein the symmetrical pro 
trusion portion is wider than the trench. 

3. The trench gate metal oxide semiconductor field effect 
transistor according to claim 1, wherein the gate is a T-shaped 
gate, which is symmetrical with respect to a central line of the 
trench. 

4. The trench gate metal oxide semiconductor field effect 
transistor according to claim 1, wherein the trench has a width 
Smaller than or equal to 0.8 um and a depth of about 1.6 um. 

5. The trench gate metal oxide semiconductor field effect 
transistor according to claim 1, further comprising: 

a dielectric material layer disposed over the surface of the 
Substrate and the gate; and 

at least one contact plug penetrated through the dielectric 
material layer and electrically contacted with the sym 
metrical protrusion portion of the gate. 

6. The trench gate metal oxide semiconductor field effect 
transistor according to claim 1, further comprising: 
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a first-conductive doped region formed in the Substrate; 
a second-conductive doped region formed in the Substrate, 

wherein a P/N junction is formed between the first 
conductive doped region and the second-conductive 
doped region, the trench is extended downwardly from 
the surface of the trench, penetrated through the first 
conductive doped region and the PVN junction, and 
inserted into the second-conductive doped region; 

a gate dielectric layer formed on a sidewall of the trench; 
and 

a source region formed in the Substrate and located beside 
the gate dielectric layer. 

7. The trench gate metal oxide semiconductor field effect 
transistor according to claim 6, wherein the first-conductive 
doped region is a P-type body region, and the second-con 
ductive doped region is an N-type well region. 

8. The trench gate metal oxide semiconductor field effect 
transistor according to claim 6, further comprising an N-type 
buried layer, which is disposed under the second-conductive 
doped region. 

9. The trench gate metal oxide semiconductor field effect 
transistor according to claim 6, wherein the source region is 
an N-type well region, and the source region is extended from 
the surface of the substrate into the first-conductive doped 
region. 

10. A method for fabricating a trench gate metal oxide 
semiconductor field effect transistor, the method comprising 
steps of: 

providing a Substrate; 
forming a hard mask layer on the Substrate; 
performing an etching process to remove a part of the hard 
mask layer and forming a trench in the Substrate; 

performing an etching back process to remove a part of the 
hard mask layer; 

forming a conductive layer on the hard mask layer, and 
filling the polysilicon layer into the trench; and 

performing a planarization process to remove the conduc 
tive layer by using the hard mask layer as a stop layer. 

11. The method according to claim 10, wherein before the 
hard mask layer is formed, the method further comprises a 
step of forming a pad silicon oxide layer on the Substrate. 

12. The method according to claim 10, wherein after the 
hard mask layer is formed, the method further comprises a 
step of forming a sacrificial layer on the hard mask layer. 

13. The method according to claim 10, wherein before the 
conductive layer is formed, the method further comprises a 
step of forming a gate dielectric layer on a sidewall of the 
trench by a thermal oxidation process. 

14. The method according to claim 10, wherein the hard 
mask layer is a silicon oxide layer or a silicon nitride layer. 
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