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TRANSISTOR STRUCTURE 
CROSS REFERENCE TO RELATED 

APPLICATION 
[ 0001 ] This application is a continuation application of 
and claims the priority benefit of U . S . application Ser . No . 
15 / 299 , 268 , filed on Oct . 20 , 2016 . The entirety of the 
above - mentioned patent application is hereby incorporated 
by reference herein and made a part of specification . 

BACKGROUND OF THE INVENTION 

Field of the Invention 
[ 0002 ] The invention relates to a semiconductor device , 
and particularly relates to a transistor structure . 

Description of Related Art 
[ 0003 ] The high voltage transistor device ( such as lateral 
diffused metal - oxide semiconductor ( LDMOS ) etc . ) is 
broadly applied to various integrated circuits ( ICs ) . How 
ever , the charge and the electric field is easy to concentrate 
at the sharp edge or the sharp point of the high voltage 
transistor device , and thus the leakage current is occurred 
and the electrical performance is reduced . 

[ 0013 ] According to an embodiment of the invention , the 
transistor structure can further include a second dielectric 
layer . The second dielectric layer is disposed between the 
gate and the substrate . 
[ 0014 ] According to an embodiment of the invention , the 
transistor structure can further include a first doped region 
and a second doped region . The first doped region and the 
second doped region are respectively disposed in the sub 
strate at one side and another side of the gate and have a first 
conductive type . 
10015 ] According to an embodiment of the invention , in 
the transistor structure , the first doped region can be located 
at one side of the first dielectric layer away from the gate . 
[ 0016 ] According to an embodiment of the invention , the 
transistor structure can further include a third doped region . 
The third doped region is disposed in the substrate at the 
another side of the gate and has a second conductive type . 
The second doped region is located in the third doped 
region . 
[ 0017 ) According to an embodiment of the invention , the 
transistor structure can further include a fourth doped region . 
The fourth doped region is disposed in the substrate and has 
the first conductive type . The first doped region , the second 
doped region and the third doped region are located in the 
fourth doped region . 
[ 0018 ] . According to an embodiment of the invention , in 
the transistor structure , the first conductive type is one of an 
N - type and a P - type , and the second conductive type is 
another one of the N - type and the P - type , for example . 
[ 0019 ] According to an embodiment of the invention , the 
transistor structure can further include a third dielectric 
layer . The third dielectric layer covers the gate and the first 
dielectric layer . The first contact and the second contact are 
located in the third dielectric layer . 
10020 ] According to an embodiment of the invention , in 
the transistor structure , a material of the third dielectric layer 
is silicon oxide , silicon nitride or a combination thereof , for 
example . 

[ 0021 ] Based on the above description , in the transistor 
structure , the first contact is electrically connected to the 
gate , the second contact is disposed on the first dielectric 
layer , and the second contact is electrically connected with 
the first contact . Therefore , the second contact can prevent 
the charge and the electric field from concentrating at the 
sharp edge or the sharp point of the transistor structure , and 
thus the leakage current of the transistor structure can be 
inhibited and the transistor structure can have the superior 
electrical performance . 
[ 0022 ] In order to make the aforementioned and other 
objects , features and advantages of the present invention 
comprehensible , a preferred embodiment accompanied with 
figures is described in detail below . 

SUMMARY OF THE INVENTION 

[ 0004 ] The invention provides a transistor structure , 
wherein the leakage current of the transistor structure can be 
inhibited and the transistor structure can have the superior 
electrical performance . 
[ 0005 ] The invention provides a transistor structure 
including a substrate , a gate , a first dielectric layer , a first 
contact and a second contact . The gate is disposed on the 
substrate . The first dielectric layer is disposed on the sub 
strate . The first dielectric layer covers a portion of a top 
surface of the gate . The first contact is electrically connected 
to the gate . The second contact is disposed on the first 
dielectric layer . The second contact is electrically connected 
with the first contact . 
[ 0006 ] According to an embodiment of the invention , in 
the transistor structure , a material of the gate is doped 
polysilicon , for example . 
10007 ] According to an embodiment of the invention , in 
the transistor structure , the first dielectric layer can be a 
single layer structure or a multi - layer structure . 
[ 0008 ] . According to an embodiment of the invention , in 
the transistor structure , the single layer structure is an oxide 
layer , for example . 
[ 0009 ] According to an embodiment of the invention , in 
the transistor structure , the multi - layer structure is an ONO 
layer , for example . 
[ 0010 ] According to an embodiment of the invention , in 
the transistor structure , a material of the first contact is 
tungsten , for example . 
10011 ] . According to an embodiment of the invention , in 
the transistor structure , a distance between a bottom of the 
second contact and the substrate is 50 nm or more , for 
example . 
[ 0012 ] According to an embodiment of the invention , in 
the transistor structure , a material of the second contact is 
tungsten , for example . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0023 ] The accompanying drawings are included to pro 
vide a further understanding of the invention , and are 
incorporated in and constitute a part of this specification . 
The drawings illustrate embodiments of the invention and , 
together with the description , serve to explain the principles 
of the invention . 
[ 0024 ] FIG . 1 is a cross - sectional view illustrating a tran 
sistor structure according to an embodiment of the inven 
tion . 



US 2018 / 0114858 A1 Apr . 26 , 2018 

[ 0025 ] FIG . 2 is a cross - sectional view illustrating a tran 
sistor structure according to another embodiment of the 
invention . 

DESCRIPTION OF THE EMBODIMENTS 
[ 0026 ] FIG . 1 is a cross - sectional view illustrating a tran 
sistor structure according to an embodiment of the inven 
tion . 
[ 0027 ] Referring to FIG . 1 , a transistor structure 100 
including a substrate 102 , a gate 104 , a dielectric layer 106 , 
a contact 108 and a contact 110 . The transistor structure 100 
can be a high voltage transistor device . The high voltage 
transistor device is a lateral diffused metal - oxide semicon 
ductor ( LDMOS ) device or a double diffused drain metal 
oxide semiconductor ( DDDMOS ) device , for example . In 
this embodiment , the transistor structure 100 is exemplified 
as the LDMOS device , but the invention is not limited 
thereto . 
[ 0028 ] The substrate 102 is a silicon substrate , for 
example . The gate 104 is disposed on the substrate 102 . The 
material of the gate 104 is doped polysilicon , for example . 
The method for forming the gate 104 is a chemical vapor 
deposition ( CVD ) method , for example . 
[ 0029 ] The dielectric layer 106 is disposed on the substrate 
102 . The dielectric layer 106 covers a portion of a top 
surface of the gate 104 . The thickness of the dielectric layer 
106 is 50 nm to 150 nm , for example . The dielectric layer 
106 can be a single layer structure or a multi - layer structure . 
The single layer structure is an oxide layer , for example . The 
multi - layer structure is an ONO layer , for example . In this 
embodiment , the dielectric layer 106 is exemplified as the 
single layer structure , but the invention is not limited 
thereto . The method for forming the dielectric layer 106 is 
the CVD method , for example . 
[ 0030 ] The contact 108 is electrically connected to the 
gate 104 . The material of the contact 108 is tungsten , for 
example . The method for forming the contact 108 is a 
physical vapor deposition ( PVD ) method or the CVD 
method , for example . 
[ 0031 ] The contact 110 is disposed on the dielectric layer 
106 . The contact 110 is electrically connected with the 
contact 108 . The contact 110 can prevent the charge and the 
electric field from concentrating at the sharp edge or the 
sharp point of the transistor structure 100 . The distance D1 
between a bottom of the contact 110 and the substrate 102 
is 50 nm or more , for example . The material of the contact 
110 is tungsten , for example . The method for forming the 
contact 110 is the PVD method or the CVD method , for 
example . The contact 110 can be electrically connected with 
the contact 108 by an interconnect 112 . The interconnect 112 
includes a contact , a conductive line or a combination 
thereof . 
[ 0032 ] Furthermore , the transistor structure 100 can fur 
ther include at least one of a dielectric layer 114 , a spacer 
116 , a doped region 118 , a doped region 120 , a doped region 
122 , a doped region 124 , a contact 126 , a contact 128 and a 
dielectric layer 130 . 
[ 0033 ] The dielectric layer 114 is disposed between the 
gate 104 and the substrate 102 . The dielectric layer 114 can 
be used as gate dielectric layer . The material of the dielectric 
layer 114 is silicon oxide , for example . The method for 
forming the dielectric layer 114 is the CVD method or a 
thermal oxidation method , for example . 

[ 0034 ] The spacer 116 is disposed on sidewalls of the gate 
104 . The material of the spacer 116 is silicon nitride , for 
example . The method for forming the spacer 116 can include 
following steps . A spacer material layer covering the gate 
104 is formed first , and then an etching - back process is 
performed on the spacer material layer . Additionally , the 
dielectric layer 106 can cover the spacer 116 . 
[ 0035 ] The doped region 118 and the doped region 120 are 
respectively disposed in the substrate 102 at one side and 
another side of the gate 104 and have a first conductive type . 
One of the doped region 118 and the doped region 120 can 
be used as a source region , and the other one of the doped 
region 118 and the doped region 120 can be used as a drain 
region . The doped region 118 can be located at one side of 
the dielectric layer 106 away from the gate 104 . The doped 
region 122 is disposed in the substrate 102 at the another 
side of the gate 104 and has a second conductive type . The 
doped region 120 is located in the doped region 122 . The 
doped region 124 is disposed in the substrate 102 and has the 
first conductive type . The doped region 118 , the doped 
region 120 and the doped region 122 are located in the doped 
region 124 . The method for forming the doped region 118 , 
the doped region 120 , the doped region 122 and the doped 
region 124 is an ion implantation method , for example . 
[ 0036 ] Moreover , the terms “ first conductive type ” and 
" second conductive type ” used in this embodiment refer to 
different conductive types . The first conductive type is one 
of an N - type and a P - type , and the second conductive type 
is another one of the N - type and the P - type , for example . In 
this embodiment , the first conductive type is exemplified as 
the N - type , and the second conductive type is exemplified as 
the P - type , but the invention is not limited thereto . 
[ 0037 ] The contact 126 and the contact 128 are electrically 
connected to the doped region 118 and the doped region 120 
respectively . The material of the contact 126 and the contact 
128 is tungsten , for example . The method for forming the 
contact 126 and the contact 128 is the PVD method or the 
CVD method , for example . 
[ 0038 ] The dielectric layer 130 covers the gate 104 and the 
dielectric layer 106 . The contact 108 , the contact 110 , the 
contact 126 and the contact 128 are located in the dielectric 
layer 130 . The dielectric layer 130 can be a single layer 
structure or a multi - layer structure . In this embodiment , the 
dielectric layer 130 is exemplified as the single layer struc 
ture , but the invention is not limited thereto . The material of 
the dielectric layer 130 is silicon oxide , silicon nitride or a 
combination thereof , for example . The method for forming 
the dielectric layer 130 is the CVD method , for example . 
10039 ] Based on the aforementioned embodiment , in the 
transistor structure 100 , the contact 108 is electrically con 
nected to the gate 104 , the contact 110 is disposed on the 
dielectric layer 106 , and the contact 110 is electrically 
connected with the contact 108 . Therefore , the contact 110 
can prevent the charge and the electric field from concen 
trating at the sharp edge or the sharp point of the transistor 
structure 100 , and thus the leakage current of the transistor 
structure 100 can be inhibited and the transistor structure 
100 can have the superior electrical performance . 
[ 0040 ] FIG . 2 is a cross - sectional view illustrating a tran 
sistor structure according to another embodiment of the 
invention . 
[ 0041 ] Referring to FIG . 1 and FIG . 2 , a difference 
between the embodiments of FIG . 1 and FIG . 2 is described 
as follows . The transistor structure 200 can further include 
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an etch stop layer 132 . The etch stop layer 132 is disposed 
on the dielectric layer 106 . The contact 110 is disposed on 
the etch stop layer 132 . The distance D2 between the bottom 
of the contact 110 and the substrate 102 is 50 nm or more , 
for example . The thickness of the etch stop layer 132 is 20 
nm to 100 nm , for example . The material of the etch stop 
layer 132 is polysilicon , for example . The polysilicon can be 
undoped polysilicon or doped polysilicon . The etch stop 
layer 132 can be used as a filed plate when the material of 
the etch stop layer 132 is the polysilicon ( for example , doped 
polysilicon or undoped polysilicon ) and the filed plate is 
capable of further reducing the electric field . Components of 
the transistor structure 200 of FIG . 2 that are similar to those 
of the transistor structure 100 of FIG . 1 are assigned with the 
same reference numerals and detailed description thereof is 
omitted here . 
[ 0042 ] In summary , in the transistor structures 100 and 
200 of the aforementioned embodiments , the contact 110 
can prevent the charge and the electric field from concen 
trating at the sharp edge or the sharp point of the transistor 
structures 100 and 200 , and thus the leakage current of the 
transistor structures 100 and 200 can be inhibited and the 
transistor structures 100 and 200 can have the superior 
electrical performance . 
[ 0043 ] Although the invention has been described with 
reference to the above embodiments , it will be apparent to 
one of ordinary skill in the art that modifications to the 
described embodiments may be made without departing 
from the spirit of the invention . Accordingly , the scope of the 
invention is defined by the attached claims not by the above 
detailed descriptions . 
What is claimed is : 
1 . A transistor structure comprising : 
a gate disposed on a substrate ; 
a first dielectric layer disposed on the substrate , wherein 

the first dielectric layer covers a portion of a top surface 
of the gate ; 

a first contact electrically connected to the gate ; and 
a second contact disposed on the first dielectric layer , 

wherein the second contact is electrically connected 
with the first contact . 

2 . The transistor structure of claim 1 , wherein a material 
of the gate comprises doped polysilicon . 

3 . The transistor structure of claim 1 , wherein the first 
dielectric layer comprises a single layer structure or a 
multi - layer structure . 

4 . The transistor structure of claim 3 , wherein the single 
layer structure comprises an oxide layer . 

5 . The transistor structure of claim 3 , wherein the multi 
layer structure comprises an ONO layer . 

6 . The transistor structure of claim 1 , wherein a material 
of the first contact comprises tungsten . 

7 . The transistor structure of claim 1 , wherein a distance 
between a bottom of the second contact and the substrate is 
50 nm or more . 

8 . The transistor structure of claim 1 , wherein a material 
of the second contact comprises tungsten . 

9 . The transistor structure of claim 1 , further comprising 
a second dielectric layer disposed between the gate and the 
substrate . 

10 . The transistor structure of claim 1 , further comprising 
a first doped region and a second doped region respectively 
disposed in the substrate at one side and another side of the 
gate and having a first conductive type . 

11 . The transistor structure of claim 10 , wherein the first 
doped region is located at one side of the first dielectric layer 
away from the gate . 

12 . The transistor structure of claim 10 , further compris 
ing a third doped region disposed in the substrate at the 
another side of the gate and having a second conductive 
type , wherein the second doped region is located in the third 
doped region . 

13 . The transistor structure of claim 12 , further compris 
ing a fourth doped region disposed in the substrate and 
having the first conductive type , wherein the first doped 
region , the second doped region and the third doped region 
are located in the fourth doped region . 

14 . The transistor structure of claim 13 , wherein the first 
conductive type is one of an N - type and a P - type , and the 
second conductive type is another one of the N - type and the 
P - type . 

15 . The transistor structure of claim 1 , further comprising 
a third dielectric layer covering the gate and the first 
dielectric layer , wherein the first contact and the second 
contact are located in the third dielectric layer . 

16 . The transistor structure of claim 15 , wherein a mate 
rial of the third dielectric layer comprises silicon oxide , 
silicon nitride or a combination thereof . 

* * * * * 


