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(57) ABSTRACT 

A method of manufacturing a metal oxide semiconductor 
transistor having a metal gate is provided. The method firstly 
includes a step of providing a substrate. A dummy gate is 
formed on the substrate, a spacer is formed around the 
dummy gate, and doped regions are formed in the substrate 
outside of the dummy gate. A bevel edge is formed on the 
spacer, and a trench is formed in the inner sidewall of the 
spacer. A barrier layer, and a metal gate are formed in the 
trench and on the bevel edge, and the barrier layer will not 
form poor step coverage. 
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METAL OXIDE SEMICONDUCTOR 
TRANSISTOR WITHY SHAPE METAL GATE 

AND FABRICATING METHOD THEREOF 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention relates to a method of manu­
facturing a metal oxide semiconductor (MOS) transistor, and 
more particularly to a method of manufacturing a metal oxide 
semiconductor transistor with a Y structure metal gate. 
[0003] 2. Description of the Prior Art 
[0004] As semiconductor technology improves, 45 nm 
semiconductor devices are now being manufactured. Current 
metal-oxide-semiconductor field-effect transistors (MOS­
FETs) often utilize poly-silicon to make a gate. A doped 
poly-silicon gate has problems, however, such as a depletion 
effect of the poly-silicon gate, and boron penetrates through a 
channel. 
[0005] Take the depletion effect of the poly-silicon gate as 
an example. When the poly-silicon gate is in an inversion, 
carrier depletion occurs between the poly-silicon gate and the 
gate dielectric layer. If this poly-silicon gate has the afore­
mentioned depletion effect, the effect of the gate capacitance 
will decrease, but a high quality metal oxide semiconductor 
transistor should have a high gate capacitance. If the gate 
capacitance is high, more electric charge will accumulate in 
two sides of the gate capacitance. More electric charge there­
fore accumulates in the channel, so when the metal oxide 
semiconductor transistor has a bias voltage, the speed of the 
electric current between the source/drain will be improved. 
[0006] Please refer to FIG. l(a). FIG. l(a) is a schematic 
diagram, which illustrates the metal oxide semiconductor 
transistor having a depletion effect. A substrate 10 has a gate 
structure 12 thereof in FIG. l(a). A gate dielectric layer 15 is 
positioned between the gate structure 12 and the substrate 10. 
The source/drain 14 are in the two sides of the gate structure 
12 in the substrate IO.Around the gate structure 12 is a spacer 
16. The gate structure 12, the source/drain 14 form the metal 
oxide semiconductor transistor 18. The gate structure 12 is 
made from poly-silicon. When the metal oxide semiconduc­
tor transistor 18 has a depletion effect, carrier charges will 
accumulate between the gate structure 12 and the gate dielec­
tric layer 15. Therefore, the thickness of the equivalent gate 
dielectric layer increases, while the gate capacitance 
decreases. The total capacitance decreases, and the drive 
effect of the metal oxide semiconductor transistor is reduced. 
[0007] To avoid the above-mentioned depletion effect of 
the poly-silicon gate, the current industry utilizes a metal gate 
to replace the poly-silicon gate. A so-called replacement 
metal gate approach is processed with a dummy poly-silicon 
gate is formed first, and the dummy poly-silicon gate is then 
removed to form a recess. A metal gate is formed in the recess. 
Furthermore, a barrier layer and a High-k material layer are 
formed between the metal gate and the substrate to avoid the 
leakage of the gate structure and to increase the flexibility of 
the process. This structure is usually utilized in technology 
generation equal to or less than 45 nm to decrease the deple­
tion effect of the poly-silicon. Since the source/drain 14 
implantation and activation processes have been processed 
prior to the metal gate formation, the less thermal budget 
concern of the replacement metal gate could be achieved. 
[0008] Before the metal fills the recess in the replacement 
gate process, a barrier layer must be deposited on the inner 
sidewalls of the recess. The depth/width (L/W) ratio of the 
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recess is too high due to the narrow channel length, so the 
barrier layer is easy to form poor step coverage in the recess 
inner sidewall and would cause overhang effect on top of the 
recess as referred to FIG. l(b). The recess opening becomes 
smaller with the overhang formation, and the metal filling 
step is easy to form void in the recess as shown in FIG. l(c). 
The poor step coverage and the void formed after metal gate 
process would cause the issues such as the work function 
deviation and the chemical damage during planarity process. 
Therefore, to manufacture a metal oxide semiconductor tran­
sistor with no poor barrier layer step coverage is an important 
issue in the semiconductor industry. 

SUMMARY OF THE INVENTION 

[0009] The purpose of the present invention is to provide a 
metal oxide semiconductor transistor with a Y structure metal 
gate and manufacturing method thereof to solve the above­
mentioned problems. 

[0010] According to the claimed present invention, a 
method of manufacturing a metal oxide semiconductor tran­
sistor with a Y shape metal gate is provided. The method 
includes providing a substrate, a gate temporary layer being 
formed on the substrate, and a spacer being around the gate 
temporary layer, where each side of the gate temporary layer 
has a doping region in the substrate. Then, an insulating layer, 
and a dielectric layer are formed on the gate temporary layer, 
the spacer, and the substrate in sequence. The partial dielec­
tric layer is removed to expose the insulating layer. The insu­
lating layer on the gate temporary layer and the gate tempo­
rary layer are removed to form a bevel edge covering the 
spacer, and a recess inside the spacer. A barrier layer is formed 
in the inner sidewall of the recess, and on the bevel edge and 
the remaining dielectric layer. A conductive layer is sequen­
tially formed on the barrier layer. The barrier layer and the 
conductive layer are formed on the inner sidewall of the 
recess to form a metal gate. 

[0011] According to the claimed present invention, a metal 
oxide semiconductor (MOS) transistor with a Y structure 
metal gate is provided. The MOS transistor includes a sub­
strate, a Y structure metal gate positioned on the substrate, 
two doping regions disposed in the substrate on two sides of 
the Y structure metal structure, a spacer, an insulating layer 
positioned outside the spacer, a dielectric layer positioned 
outside the insulating layer and a bevel edge covering the 
spacer. The spacer has a vertical sidewall, and the vertical 
sidewall surrounds a recess. A part of the Y structure metal 
gate is disposed in the recess, and a part of the Y structure 
metal gate is positioned on the bevel edge. 

[0012] When the barrier layer of the present invention fills 
into the recess, the barrier layer will not have poor step cov­
erage, because the recess with wider opening has the bevel 
edge and the depth/width is less than in the prior art. More­
over, the metal gate is formed completely without void into 
the recess for manufacturing a good quality metal oxide semi­
conductor transistor with a metal gate. 
[0013] 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 
preferred embodiment that is illustrated in the various figures 
and drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. l(a) illustrates a schematic diagram of a prior 
art metal oxide semiconductor transistor. 
[0015] FIGS. l(b) to l(c) are schematic diagrams that illus­
trate the conventional metal oxide semiconductor transistor 
of metal gate having a overhang and a void effects. 
[0016] FIGS. 2 to 6 are schematic diagrams of the manu­
facturing method of a replacement gate according to a first 
embodiment of the present invention. 
[0017] FIGS. 7 to 10 are schematic diagrams of the manu­
facturing method of a replacement gate according to a second 
embodiment of the present invention. 

DETAILED DESCRIPTION 

[0018] Please refer to FIGS. 2 to 6. FIGS. 2 to 6 are sche­
matic diagrams of the manufacturing method of a replace­
ment gate according to a first embodiment of the present 
invention. As FIG. 2 shows, a substrate 50 has a gate structure 
57 thereof. The gate structure 57 includes a gate insulating 
layer 52, a gate temporary layer 54, and a cap layer 56. The 
substrate 50 is made from semiconductor materials, such as 
silicon substrate, Si-containing substrate, or silicon-on-insu­
lator (SOI). The gate insulating layer 52 is made from insu­
lating materials including oxygen or nitrogen or oxygen/ 
nitrogen components, such as oxide, oxy-nitride etc. 
Otherwise, the gate temporary layer 54 is made by poly­
silicon in the first embodiment. The cap layer 56 can comprise 
oxide layer, oxy-nitride layer, or nitride layer in the first 
embodiment. 
[0019] The lightly doped drains 58 (LDDs, also called 
lightly doped sources) and source/drain dopants 62 are 
formed in two sides of the gate structure 57 in the substrate 50. 
Furthermore, the silicide 63 is formed in the surfaces of the 
source/drain 62 depending on the process requirements and 
the component characteristics. Furthermore, a spacer 60 
made by silicon nitride, or silicon oxide, or silicon nitride/ 
silicon oxide compound material is formed around the gate 
structure 57. A contact etch stop layer (CESL) 64 covers the 
gate structure 57, the silicide 63, the spacer 60 and the sub­
strate 50. The purpose of forming the CESL 64 is not only for 
utilizing it as an etch stop layer of the continuous contact hole 
etch process, but also for generating compressive or tensile 
stress for forming a strained structure in the channel between 
the source/drain 62 under the gate structure 57, so the hole or 
electron moving speed will increase in the channel. Further­
more, an inter-level dielectric (ILD) layer 66 covers the CESL 
64. The CESL 64 can comprise a insulating layer, such as a 
silicon nitride layer, or a silicon nitride layer with carbon or 
fluorine doped, and the ILD layer 66 is made by silicon oxide, 
or doped silicon oxide comprising phosphosilicate glass 
(PSG) or borophosposilicate glass (BPSG). 
[0020] Please refer to FIG. 3. Next, a planarity process 
comprising chemical mechanical polishing (CMP) process 
and an etching process are performed to expose the gate 
temporary layer 54. For example, a CMP process removes the 
ILD layer 66 until the CESL 64 is exposed, and the CESL 64 
is the polishing stop layer for the CMP process. Of course, the 
CMP process could also partially remove the ILD layer 66 to 
remain portion of the ILD layer 66 on the CESL 64. Next, an 
etching process is performed so the CESL 64 on the gate 
temporary layer 54 is removed, and a bevel edge 68 is formed 
covering the remains of the ILD layer 66, the CESL 64 and the 
spacer 60. In this embodiment, the bevel edge 68 is substan-
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tially disposed on the ILD layer 66, the CESL 64 and the 
spacer 60 around the gate temporary layer 54. However, the 
size, the position and the slant angle of the bevel edge 68 
should not be limited. In anther embodiment of the present 
invention, the bevel edge 68 can be merely disposed on the 
CESL 64 and the spacer 60 around the gate temporary layer 
54, and not cover the ILD layer 66. 
[0021] In the above-mentioned embodiment, the etching 
process to form the bevel edge 68 is achieved by a wet etching 
process or a dry etching process. The wet etching process 
utilizes a wet etching solution, which has high etching selec­
tivity between the silicon nitride and the oxide, such as a 
phosphoric acid solution, to remove the CESL 64 made by the 
silicon nitride. The wet etching is an isotropic etching, and it 
not only etches in a vertical direction, but also etches in a 
crosswise direction. Moreover, the speed of etching the ILD 
layer 66 near the CESL 64 is slower than the speed of etching 
the CESL 64, so the bevel edge 68 is formed naturally. 
[0022] The dry etching process forms the bevel edge 68 
utilizing a dry etching gas, which has high etching selectivity 
between the silicon nitride and the oxide, such as a mixed gas 
including chlorine, hexafluoroethane, and hydrogen bromide. 
It could etch the CESL 64, and a portion of ILD layer 66 to 
form the bevel edge 68. No matter whether the bevel edge is 
formed by the dry or wet etching process, the cap layer 56 can 
be removed by adjusting the etching recipe. 
[0023] Please refer to FIG. 4. After the bevel edge 68 is 
finished and the cap layer 56 is removed, a recess 72 is formed 
by an etching process to remove the gate temporary layer 54 
and the gate insulating layer 52. The substantially vertical 
sidewalls of the spacer 60 surround the recess 72, and the 
bottom of the recess 72 is the substrate 50. The etching pro­
cess to remove the gate temporary layer 54 could utilize the 
wet etching process or the dry etching process. If the wet 
etching process is utilized, a chemical etching solution, which 
is made by nitric acid and hydrogen-fluoride acid, can be 
utilized as the etching solution. If the dry etching process is 
utilized, a gas made by chlorine or hydrogen bromide can be 
utilized to remove the gate temporary layer 54. Please note 
that the material of the gate temporary layer 54 is not limited 
to poly-silicon, any material having appropriate etching 
selectivity from the gate insulating layer 52 can be utilized. 
The gate insulating layer 52 is subsequently removed by the 
etching process comprising dry etching and wet etching 
method. The etching process can be implemented prior to the 
final gate dielectric layer formation such as the pre-clean step 
by the wet etching chemical solution comprising hydrogen­
fluoride acid. 
[0024] Please refer to FIG. 5. A chemical vapor deposition 
process or other deposition process is performed to form a 
high dielectric constant (High-k) material layer 82 in the inter 
sidewall of the recess 72, and on the bevel edge 68 and the 
ILD layer 66. The High-k material layer 82 is selected from a 
group of metal comprising refractory, noble, and rear-earth 
series elements such as hafnium (Hf) and their aluminates and 
silicates and nitrogen incorporated in their aluminates and 
silicates such as HfSiON, Gd2O3 , Dy2O3 . Prior to the High-k 
materials layer 82 formation, an interfacial layer (not shown) 
comprising SiON, Si3N4 or SiO2 is formed between High-k 
material layer 82 and the substrate 50. After the High-k mate­
rial layer 82 is formed, a barrier layer 84 is formed on the 
High-k material layer 82 surface. The forming method of the 
barrier layer 84 includes atomic layer deposition (ALD), 
chemical vapor deposition (CVD), or physical vapor deposi-
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tion (PVD). The barrier layer 84 material could be selected 
from a group of metal comprising refractory, noble, and lan­
thanide series elements such as Ti, Ta, Mo, Ru, and W and 
their aluminates and silicates and nitrogen or carbon incor­
porated, such as TiN, TaN, TaSiN, TaC, MoAlN, ... etc. Some 
of the barrier layer 84 has the work function adjustment 
properties for threshold voltage tuning. In the first embodi­
ment, for those barrier layer 84 without work function adjust­
ment properties, a work function adjusting layer (not shown) 
is formed on the barrier layer 84. The work function adjusting 
layer (not shown) is made from a material containing metal, 
like ruthenium (Ru). 
[0025] As the bevel edge 68 is formed on the recess 72 
around the first embodiment, and the opening of the recess 72 
is wider in the first embodiment, the effective depth/width 
(L'/W) ratio of the recess 72 is therefore decreased. In addi­
tion, when the High-k material layer 82 and the barrier layer 
84 are formed in the recess 72, the barrier layer 84 will have 
better step coverage and won't cause the overhang issue. 
[0026] Please refer to FIG. 6. After the barrier layer 84 is 
formed, a conductive layer (not shown) is formed on the ILD 
layer 66 and the bevel edge 68, where the recess 72 is filled 
with the conductive layer. The conductive layer (not shown) is 
made by a metal material or compound comprising tungsten 
(W), titanium nitride (TiN), and titanium tungsten (TiW), ... 
etc. The conductive layer (not shown), barrier layer 84 and 
High-k material layer 82 are then processed by a planarity 
process comprising CMP to expose the remaining ILD layer 
66. The metal gate 92 is formed and consists of the remaining 
High-k materials layer 82', the remaining barrier layer 84', 
and the remaining conductive layer 90 in the recess 72 and the 
bevel edge 68. In the first embodiment, the metal gate 92 fills 
the recess 72 and the bevel edge 68, so the cross-section of the 
metal gate 92 has a Y structure. The metal gate 92 and the 
source/drain 62 form the metal-oxide semiconductor transis­
tor. Afterwards, a dielectric layer is deposited and the demand 
interconnects are formed in sequence to finish the manufac­
ture of the semiconductor component. 
[0027] Otherwise, in a modification of the first embodi­
ment, when the ILD layer 66 of FIG. 2 is removed to expose 
the CESL 64, an ion bombardment process is performed to 
remove the gate temporary layer 54 and the exposed CESL 
64. A bevel edge 68 is formed covering the remaining ILD 
layer 66, the CESL 64 and the gate temporary layer 54. When 
the ion bombardment process is performed to remove the 
CESL 64, a dry etching process is performed at the same time 
to remove cap layer 56, and then the recipe of the dry etching 
process is adjusted to remove the gate temporary layer 54 and 
the gate insulating layer 52 to form the recess 72. In other 
words, the first embodiment could perform the ion bombard­
ment process and the dry etching process at the same time and 
individually forms the bevel edge 68 and the recess 72. After­
wards, the High-k material layer 82 and the barrier layer 84 
are formed in sequence, and the metal gate 92 is thereafter 
formed as illustrated in the first embodiment. The detailed 
description of the manufacturing method is omitted here for 
brevity. 
[0028] Please refer to FIGS. 7 to 10. FIGS. 7 to 10 are 
schematic diagrams of the manufacturing method of a 
replacement gate according to a second embodiment of the 
present invention. As FIG. 7 shows, a substrate 100 has a gate 
insulating layer 102, a gate temporary layer 104, and a cap 
layer (not shown). The substrate 100 is made from semicon­
ductor materials, such as silicon substrate or silicon-on-insu-
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lator (SOI). The gate insulating layer 102 is made from insu­
lating materials having oxygen or nitrogen or oxygen/ 
nitrogen components, such as oxide, oxy-nitride etc. 
Otherwise, the gate temporary layer 104 is made by poly­
silicon in the second embodiment. 
[0029] The lightly doped drains 108 and source/drain 112 
are formed in the substrate 100 on two sides of the gate 
insulating layer 102 and the gate temporary layer 104. Fur­
thermore, the source/drain 112 has the silicide 113, and a 
silicon nitride spacer 110 surrounds the gate insulating layer 
102 and the gate temporary layer 104. 
[0030] An insulating CESL 114 covers the gate temporary 
layer 104, the spacer 110 and the substrate 100.An ILD layer 
116 covers the CESL 114. The CESL 114 can comprise a 
insulating layer, such as a silicon nitride layer, or a silicon 
nitride layer with carbon or fluorine doped, and the ILD layer 
116 comprises silicon oxide, or doped silicon oxide compris­
ing boron or phosphorous. Afterwards, the CMP process and 
the etching process are performed to expose the gate tempo­
rary layer 104. For example, a CMP process removes the 
partial ILD layer 116 firstly, and the etching back process is 
then performed to remove a part of the remaining ILD 116 to 
expose the CESL 114. Next, the etching recipe is adjusted to 
remove the cap layer (not shown) and the CESL 114 posi­
tioned on the gate temporary layer 104 until the poly-silicon 
gate temporary layer 104 is exposed. 
[0031] Next, please refer to FIG. 8. A recess 118 is formed 
by an etching process to remove the gate temporary layer 104 
and the gate insulating layer 102. The substantially vertical 
sidewalls of the spacer 110 surround the recess 118, and the 
bottom of the recess 118 is the substrate 100. The etching 
process to remove the gate temporary layer 104 could be the 
wet etching process or the dry etching process. If the wet 
etching process is utilized, a chemical etching solution, which 
is made by nitric acid and the hydrogen-fluoride could be 
utilized as the etching solution. If the dry etching process is 
utilized, a gas made by chlorine or hydrogen bromide could 
be utilized to remove the gate temporary layer 104. Please 
note that the materials of the gate temporary layer 104 are not 
limited to poly-silicon, any material having appropriate etch­
ing selectivity from the gate insulating layer 102 can be 
utilized. The gate insulating layer 102 is subsequently 
removed by the etching process comprising dry etching and 
wet etching method. The etching process can be implemented 
prior to the final gate dielectric layer formation such as the 
pre-clean step by the wet etching chemical solution compris­
ing hydrogen-fluoride acid. 
[0032] Please refer to FIG. 9. An ion bombardment process 
or an etching process is performed on the opening of the 
recess 118. The portion of the spacer 110 around the recess 
118 opening and the portion of the CESL 114 are removed to 
form a bevel edge 120. Since the bevel edge 120 is formed 
around the recess 118, the effective depth/width (L'/W) ratio 
of the recess 118 can be decreased. 
[0033] Please refer to FIG.10.A gate dielectric layer 132 is 
formed in the bottom of the recess 118 and on the substrate 
100. The gate dielectric layer 132 is formed by an oxidation 
comprising thermal and chemical processes. The silicon sub­
strate 100 is oxidized to form the gate dielectric layer 132 in 
the recess 118. Next, a High-k material layer (not shown in the 
figure) is formed entirely in the recess 118, on the bevel edge 
120, and on the remaining ILD 116.Afterthe High-kmaterial 
layer is deposited, a barrier layer (not shown) is formed on the 
surface of the High-k material layer. After the barrier layer is 
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formed, a conductive layer (not shown) is formed on the ILD 
116 and the bevel edge 120, and the recess 118 is filled with 
the conductive layer (not shown). Thereafter, a CMP process 
is carried out on the conductive layer (not shown) to expose 
the remaining ILD 116, the remaining High-k material layer 
134' and the remaining conductive layer 136'. The remaining 
metal material 138, the remaining barrier layer 136' and the 
remaining High-k material layer 134' positioned in the recess 
118 and on the bevel edge 120 can form a metal gate 140. 
Afterwards, a dielectric layer is deposited and the demand 
interconnects are formed in sequence, to complete the manu­
facture of the semiconductor component. 
[0034] The forming method of the High-k material layer 
includes ALD, chemical vapor deposition (CVD), or physical 
vapor deposition (PVD). The High-k dielectric material is 
selected from a group of metal comprising refractory, noble, 
and rear-earth series elements such as hafnium (Hf) and their 
aluminates and silicates and nitrogen incorporated in their 
aluminates and silicates such as HfSiON. The forming 
method of the barrier layer includes ALD, chemical vapor 
deposition, or physical vapor deposition. The material of the 
barrier layer is selected from a group of metal comprising 
refractory, noble, and rear-earth series elements such as Ti, 
Ta, Mo, Ru, and W and their aluminates and silicates and 
nitrogen or carbon incorporated such as TiN, TaN, TaSiN, 
TaC, MoAlN, ... etc. Some of the barrier layer 136 has the 
work function adjustment properties for threshold voltage 
tuning. In the second embodiment, for the barrier layer with­
out work function adjustment properties, a work function 
adjusting layer is formed on the barrier layer 136. The work 
function adjusting layer is made from a material containing 
metal, like ruthenium (Ru). 
[0035] As the bevel edge 120 is formed around the recess 
118 in the second embodiment, the effective depth/width 
(L'/W) of the recess 118 decreases as in the second embodi­
ment. When the High-k material layer 134 and the barrier 
layer 136 are formed, the barrier layer 136 will have the better 
step coverage. The conductive layer is made by a metal mate­
rial comprises tungsten (W), titanium nitride (TiN), and tita­
nium tungsten (TiW). In the second embodiment, the metal 
gate 138 fills the recess 118 and the bevel edge 120, so the 
cross-section of the metal gate 138 has a Y structure. The 
metal gate 138 and the source/drain 112 form the metal-oxide 
semiconductor transistor. 
[0036] When the barrier layer of the present invention is 
formed in the recess, the barrier layer will have the better step 
coverage than the prior art, because the recess opening has the 
bevel edge and the depth/width is less than the prior art. 
Accordingly, the metal gate filling the recess can have a better 
structure for manufacturing a good quality metal oxide semi­
conductor transistor with a metal gate. 
[0037] 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 con­
strued as limited only by the metes and bounds of the 
appended claims. 

What is claimed is: 
1. A method of manufacturing a metal oxide semiconduc­

tor transistor with a metal gate, comprising: 
providing a substrate, a gate temporary layer formed on the 

substrate, a spacer surrounding the gate temporary layer, 
the substrate having two doping regions on two sides of 
the gate temporary layer respectively; 
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forming an insulating layer on the gate temporary layer, the 
spacer and the substrate forming a dielectric layer on the 
insulating layer; 

removing the partial dielectric layer to expose the insulat­
ing layer; 

removing the gate temporary layer and the insulating layer 
positioned on the gate temporary layer, and forming a 
bevel edge and a recess, the bevel edge covering the 
spacer, and the recess being surrounded by the spacer; 

forming a barrier layer covering the inner sidewall of the 
recess, the bevel edge and the remaining dielectric layer; 

forming a conductive layer in the recess, and on the bevel 
edge and the remaining dielectric layer; and 

removing the barrier layer and the conductive layer posi­
tioned on the remaining dielectric layer to form a metal 
gate. 

2. The method of claim 1, wherein the step of removing the 
partial dielectric layer to expose the insulating layer utilizes 
either a chemical mechanical polishing process, an etching 
process, or a combination of the chemical mechanical polish­
ing process and etching process. 

3. The method of claim 1, wherein the insulating layer and 
the dielectric layer, and the gate temporary layer and the 
spacer have high etching selectivity. 

4. The method of claim 1, wherein the step of forming the 
bevel edge is an ion bombard process, and the step of forming 
the recess is a dry etching process, and the two steps are 
performed at the same time. 

5. The method of claim 1, wherein the steps of forming the 
bevel edge and forming the recess are processed in the same 
instrument. 

6. The method of claim 1, wherein the recess is formed 
after the step of forming the bevel edge. 

7. The method of claim 6, wherein the step of forming the 
bevel edge utilizes either a dry etching process or a wet 
etching process. 

8. The method of claim 6, wherein the step of forming the 
recess utilizes either a dry etching process or a wet etching 
process. 

9. The method of claim 1, wherein the bevel edge is formed 
after the step of forming the recess. 

10. The method of claim 9, wherein the step of forming the 
recess utilizes either a dry etching process or a wet etching 
process. 

11. The method of claim 9, wherein the step of forming the 
bevel edge is an ion bombard process. 

12. The method of claim 1, wherein the insulating layer 
comprises a silicon nitride layer, the dielectric layer com­
prises an oxide layer, and the gate temporary layer comprises 
poly-silicon. 

13. The method of claim 1, wherein the insulating layer 
comprises a carbon or fluorine incorporated silicon-contain­
ing layer. 

14. The method of claim 1, further comprising: 
forming a high k material layer in the inner sidewall of the 

recess, on the bevel edge, and the remaining dielectric 
layer prior to the barrier layer formation. 

15. The method of claim 1, further comprising: 
forming a work function adjusting layer on the barrier layer 

after the barrier layer is formed. 
16. The method of claim 1, wherein the step ofremoving 

the barrier layer and the conductive layer on the remaining 
dielectric layer utilizes a chemical mechanical polishing pro­
cess. 
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17. A metal oxide semiconductor (MOS) transistor with Y 
structure metal gate, comprising: 

a substrate; 
a Y structure metal gate on the substrate; 
two doping regions positioned in the substrate on two sides 

of the Y structure metal structure; 
a spacer, the spacer having a vertical sidewall, the vertical 

sidewall of the spacer surrounding a recess, and the 
partial Y structure metal gate disposed in the recess; 

an insulating layer positioned outside the spacer; 
a dielectric layer positioned outside the insulating layer; 

and 
a bevel edge covering the spacer, and the partial Y structure 

metal gate positioned on the bevel edge. 
18. The MOS transistor of claim 17, wherein the bevel edge 

covers the spacer and the insulating layer. 
19. The MOS transistorof claim 17, wherein the bevel edge 

covers the spacer, the insulating layer and the dielectric layer. 
20. The MOS transistor of claim 17, wherein the substrate 

is silicon or silicon-on-insulator (SOI). 
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21. The MOS transistor of claim 17, wherein two doping 
regions are the source/drain of the MOS transistor. 

22. The MOS transistor of claim 17, wherein the insulating 
layer and the dielectric layer have high etching selectivity. 

23. The MOS transistorof claim 17, wherein the insulating 
layer is silicon nitride, and the dielectric layer is oxide layer. 

24. The MOS transistor of claim 17, wherein the insulating 
layer comprises a carbon and fluorine incorporated silicon­
containing layer. 

25. The MOS transistor of claim 17, further comprising a 
high k material layer between the Y structure metal gate, the 
spacer and the insulating layer. 

26. The MOS transistor of claim 25, further comprising a 
barrier layer between the Y structure metal gate and the high 
k material layer. 

27. The MOS transistor of claim 26, further comprising a 
work function adjusting layer between the Y structure metal 
gate and the barrier layer. 

* * * * * 
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