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(57) ABSTRACT 

(21) Appl. No.: 14/629,537 A semiconductor device and a manufacturing method of a 
semiconductor device thereofare provided. The manufactur 

(22) Filed: Feb. 24, 2015 ing method includes the following steps. A bottom insulating 
layer is formed on a Substrate. Two stacked structures are 
formed on the bottom insulating layer. Each of the stacked 

Publication Classification structures includes a plurality of gate layers, a plurality of 
gate insulating layers, a top insulating layer and a conductive 

(51) Int. Cl. mask layer. Each of the charge trapping structures includes a 
HOIL 27/5 (2006.01) plurality of first dielectric layers and a plurality of second 
HOIL 2/3 II (2006.01) dielectric layers. Part of each of first dielectric layers is 
HOIL 29/04 (2006.01) etched. Part of each of second dielectric layers is etched to 
HOIL 29/49 (2006.01) expose part of the channel layer. Alanding pad layer is formed 
HOIL 29/6 (2006.01) on the conductive mask layer, the first dielectric layers and the 
HOIL 2L/28 (2006.01) second dielectric layers to connect the conductive mask layer 
HOIL 21/02 (2006.01) and the channel layer. 
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SEMCONDUCTORDEVICE AND 
MANUFACTURING METHOD THEREOF 

BACKGROUND 

0001 1. Technical Field 
0002 The disclosure relates in general to a semiconductor 
device and a manufacturing method thereof, and more par 
ticularly to a vertical channel semiconductor device and a 
manufacturing method thereof. 
0003 2. Description of the Related Art 
0004. In recent years, the structures of semiconductor 
devices have been changed constantly, and the storage capac 
ity of the devices has been increased continuously. Memory is 
used for storing varied electronic products such as MP3 files, 
digital images, computer documents, etc. As the application 
increases, the demand for the memory focuses on Small size 
and large memory capacity. For satisfying the requirement, a 
memory having a high element density and a small size and 
the manufacturing method thereof are in need. 
0005. As such, it is desirable to develop a vertical channel 
memory to achieve greater storage capacity, a small size, and 
yet having excellent property and stability. 

SUMMARY 

0006. The disclosure is directed to a semiconductor device 
and a manufacturing method thereof. Part of a charge trapping 
structure is etched and then a landing pad layer is formed to 
form a thicklanding pad for stably connecting with a bit line. 
0007 According to a first aspect of the present disclosure, 
a manufacturing method of a semiconductor device is pro 
vided. The manufacturing method includes the following 
steps. A bottom insulating layer is formed on a Substrate. Two 
stacked structures are formed on the bottom insulating layer. 
Each of the stacked structures includes a plurality of gate 
layers, a plurality of gate insulating layers, a top insulating 
layer and a conductive mask layer. The gate layers and the 
gate insulating layers are alternately disposed on the bottom 
insulating layer. The top insulating layer is disposed on the 
gate layers and the gate insulating layers. The conductive 
mask layer is disposed on the top insulating layer. A charge 
trapping structure and a channel layer are formed on a lateral 
Surface of each of the stacked structures and a top Surface of 
the bottom insulating layer. Each of the charge trapping struc 
tures includes a plurality of first dielectric layers and a plu 
rality of second dielectric layers. Part of each offirst dielectric 
layers is etched to expose part of each of the second dielectric 
layers. Part of each of second dielectric layers is etched to 
expose part of the channel layer. A landing pad layer is formed 
on the conductive mask layer, the first dielectric layers and the 
second dielectric layers to connect the conductive mask layer 
and the channel layer. 
0008 According to a second aspect of the present disclo 
Sure, a semiconductor device is provided. The semiconductor 
includes a Substrate, a bottom insulating layer, two stacked 
structures, a charge trapping structure and a landing pad layer. 
The bottom insulating layer is disposed on the substrate. The 
stacked structures are disposed on the bottom insulating layer. 
Each of the stacked structures includes a plurality of gate 
layers, a plurality of gate insulating layers and a conductive 
mask layer. The gate layers and the gate insulating layers are 
alternately disposed on the bottom insulating layer. The top 
insulating layer is disposed on the gate layers and the gate 
insulating layers. The conductive mask layer is disposed on 
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the top insulating layer. The charge trapping structure and a 
channel layer are disposed on a lateral Surface of each of the 
stacked structures and a top Surface of the bottom insulating 
layer. Each of the charge trapping structures includes a plu 
rality of first dielectric layers and a plurality of second dielec 
tric layers. A top of the channel layer is higher than a top of 
each of the first dielectric layers and a top of each of the 
second dielectric layers. The landing pad layer is disposed on 
the conductive mask layer, the first dielectric layers and the 
second dielectric layers for connecting the conductive mask 
layer and the channel layer. 
0009. The above and other aspects of the disclosure will 
become better understood with regard to the following 
detailed description of the non-limiting embodiment(s). The 
following description is made with reference to the accom 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 shows a semiconductor device. 
0011 FIGS. 2A to 2F show a flowchart of a manufacturing 
method of the semiconductor device according to one 
embodiment. 
0012 FIGS. 3A to 3F show a flowchart of a manufacturing 
method of the semiconductor device according to another 
embodiment. 

DETAILED DESCRIPTION 

0013 Preferred embodiments are disclosed below for 
elaborating the invention. Part of a charge trapping structure 
is etched and then a landing pad layer is formed to formathick 
landing pad for stably connecting with a bit line. The follow 
ing embodiments are for the purpose of elaboration only, not 
for limiting the scope of protection of the invention. Besides, 
secondary elements are omitted in the following embodi 
ments to highlight the technical features of the invention. 
0014. Please referring FIG. 1, a semiconductor device 100 

is shown. For example, the semiconductor device 100 is a 
three-dimensional vertical channel NAND device. The semi 
conductor device 100 includes a substrate 110, a bottom 
insulating layer 120, at least two stacked structures 130, a 
charge trapping structure 140, a channel layer 150, a landing 
pad layer 160 and a spaced insulating layer 170. 
00.15 Each stacked structure 130 includes a plurality of 
gate layers 131, a plurality of gate insulating layers 132, a top 
insulating layer 133 and a conductive mask layer 134. The 
charge trapping structure 140 includes a plurality of first 
dielectric layer 141 and a plurality of second dielectric layer 
142. Each gate layer 131 is connected to a gate G, the landing 
pad layer 160 is connected to a source S or a drain D. 
0016. The landing pad layer 160 is connected to a bit line. 
As shown in FIG. 1, because a thickness T1 of a combination 
of the conductive mask layer 134 and the landing pad layer 
160 is larger than a thickness T2 of the channel layer 150, a 
contact resistance between the bit line and the landing pad 
layer 160 can be reduced. Furthermore, it is easy to make a 
contact between the bit line and the landing pad layer 160. It 
is a self-aligned process without any additional lithography 
process. Moreover, the connect between the channel layer 
150 and the landing pad layer 160 is at the side-wall of the 
channel layer 150, not at the top of the channel layer 150. It 
will improve the process window and reduce the resistance. In 
addition, no corner edge effect will be happened in this struc 
ture. The reason is that there is no first dielectric layer 141 
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(SiN) at any corner edge which will be easily programmed/ 
erased due to the electric field enhancement. 
0017 Please referring to FIGS. 2A to 2F, a flowchart of a 
manufacturing method of the semiconductor device 100 
according to one embodiment is shown. As shown in FIG. 2A, 
the substrate 110 is provided. Then, as shown in FIG. 2A, the 
bottom insulating layer 120 is formed on the substrate 110. 
For example, a material of the bottom insulating layer 120 is 
silicon oxide. 
0018. Next, as shown in FIG. 2A, the gate layers 131 and 
the gate insulating layer 132 are alternately formed on the 
bottom insulating layer 120, such that the gate layers 131 are 
electrically insulated with each other. For example, a material 
of each gate layer 131 may be N-- or P+ doping polysilicon, 
preferred P+ doping polysilicon, and a material of each gate 
insulating layer 132 is silicon oxide. 
0019. Then, as shown in FIG. 2A, the top insulating layer 
133 is formed on the gate layers 131 and the gate insulating 
layers 132. For example, a material of the top insulating layer 
133 is silicon oxide. 
0020 Next, as shown in FIG. 2A, the conductive mask 
layer 134 is formed on the top insulating layer 133 for pre 
venting etching the top insulating layer 133 and connecting to 
the landing pad layer 160 (shown in FIG. 1) and the channel 
layer 150 (shown in FIG. 1). 
0021. Then, as shown in FIG. 2A, the insulating mask 
layer 135 is formed on the conductive mask layer 134. For 
example, a material of the insulating mask layer 135 is silicon 
nitride. 
0022. Next, as shown in FIG. 2B, the gate layers 131, the 
gate insulating layers 132, the top insulating layer 133, the 
conductive mask layer 134 and the insulating mask layer 135 
are etched to form two stacked structures 130 and a trench 
130a located therebetween. The insulating mask layer 135 is 
used for stabilizing the stacked structures 130 during the 
manufacturing process. 
0023 Then, as shown in FIG. 2C, the charge trapping 
structure 140 and the channel layer 150 are formed on a lateral 
surface 130b of each stacked structure 130 and a top surface 
120a of the bottom insulating layer 120. The charge trapping 
structure 140 and the channel layer 150 are U shaped. A 
material of the channel layer 150 may be an intrinsic or 
undoped polysilicon. For example, the charge trapping struc 
ture 140 may be an O1N1O2N2O3N3O4 structure (O1 is 
closer to the channel layer 150 and O4 is closer to the stacked 
layer 130). The 4 different silicon oxide layer (O1, O2, O3 
and O4) have different thicknesses and the 3 different silicon 
nitride layer (N1, N2, N3) have different thicknesses. Or, the 
charge trapping structure 140 may be an O1N1O2N2O3 (O1 
is closer to the channel layer 150 and O3 is closer to the 
stacked layer 130). The 3 different silicon oxide layer (O1, 
O2, O3) have different thicknesses and the 2 different silicon 
nitride layer (N1, N2) have different thicknesses. The differ 
ent thicknesses are based on the purpose of tunneling 
(O1N1O2), trapping (N2), blocking (O3 or O3N3N4). 
0024. Next, as shown in FIG. 2C, the spaced insulating 
layer 170 is filled in the trench 130a formed between the 
stacked structures 130. For example, a material of the spaced 
insulating layer 170 is silicon oxide. In this step, the spaced 
insulating layer 170 may not be fully filled in the trench 130a, 
and an air gap structure may be formed in the spaced insulat 
ing layer 170. Air can be a good insulator. 
0025. Afterwards, as shown in FIG. 2D, part of each first 
dielectric layer 141 is etched to expose part of each second 

Aug. 25, 2016 

dielectric layer 142. In this step, HPO, is used for etching 
silicon nitride. Because HPO has high selectivity to poly 
silicon and silicon oxide, the conductive mask layer 134, the 
channel layer 150, the second dielectric layers 142 and the 
spaced insulating layer 170 will not be etched. In this step, the 
insulating mask layer 135 is removed, so the surface of the 
conductive mask layer 134 is exposed. Part of the first dielec 
tric layer 141 is etched, so two lateral walls of at least one of 
the second dielectric layers 142 are partially exposed. 
0026. Because thicknesses of the first dielectric layers 141 
are different, the first dielectric layers 141 will be etched with 
different depths under the etching loading effect. 
0027 Next, as shown in FIG. 2E, part of each second 
dielectric layer 142 is etched to expose part of the channel 
layer 150. In this step, DHF is used for etching silicon oxide. 
Because DHF has high selectivity to polysilicon and silicon 
nitride, the conductive mask layer 134, the channel layer 150 
and the first dielectric layers 141 will not be etched. 
0028. In this step, part of each second dielectric layer 142 

is etched, so two lateral walls of each first dielectric layer 141 
are exposed. Furthermore, part of the spaced insulating layer 
170 is also etched, so two lateral walls of the channel layer 
150 are partially exposed, and a top of the channel layer 150 
is higher than tops of the first dielectric layers 141 and tops of 
the second dielectric layer 142. 
0029. Because thicknesses of the second dielectric layers 
142 are different, the second dielectric layers 142 will be 
etched with different depths under the etching loading effect. 
Moreover, the conductive mask layer 134 can prevent the top 
insulating layer 133 from damage. 
0030. Next, as shown in FIG. 2F, the landing pad layer 160 

is formed on the conductive mask layer 134, the first dielectric 
layers 141 and the second dielectric layers 142 to connect the 
conductive mask layer 134 and the channel layer 150. For 
example, a material of the landing pad layer 160 is N type 
doping polysilicon. 
0031. In this step, the landing pad layer 160 and the chan 
nel layer 150 are also polished, such that top surfaces of the 
landing pad layer 160, the channel layer 150 and spaced 
insulating layer 170 are located at the same level. The com 
bination of the conductive mask layer 134 and the landing pad 
layer 160 is used as a landing pad for connecting the bit line. 
The thickness T1 of the combination of the conductive mask 
layer 134 and the landing pad layer 160 is larger than the 
thickness T2 of the channel layer 150, such that the contact 
resistance between the bit line and the landing pad layer 160 
can be reduced. Moreover, the connect between the channel 
layer 150 and the landing pad layer 160 is at the side-wall of 
the channel layer 150, not at the top of the channel layer 150. 
It will improve the process window and reduce the resistance. 
Furthermore, it is easy to make a contact between the bit line 
and the landing pad layer 160. In addition, no corner edge 
effect will be happened in this structure. The reason is that no 
first dielectric layer 141 (SiN) at corner edge which will be 
easily programmedferased due to the electric field enhance 
ment. 

0032. In the manufacturing method described above, the 
insulating mask layer 135 is used for stabilizing the stacked 
structures 130 during the manufacturing process. In one 
embodiment, the manufacturing method can be performed 
without forming the insulating mask layer 135. Please refer 
ring to FIGS. 3A to 3F, a flowchart of a manufacturing method 
of a semiconductor device 200 according to another embodi 
ment is shown. In this embodiment, a thickness of a conduc 
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tive mask layer 234 is increased, such that the conductive 
mask layer 234 can be used for stabilizing the stacked struc 
ture 230. 
0033. In FIG. 3F, the landing pad layer 160 and the con 
ductive mask layer 234 are used as a landing pad for connect 
ing the bit line. A thickness T3 of the conductive mask layer 
234 and the landing pad layer 160 is larger than the thickness 
T2 of the channel layer 150, such that the contact resistance 
between the bit line and the landing pad layer 160 can be 
reduced. Furthermore, it is easy to make a contact between the 
bit line and the landing pad layer 160. 
0034) While the disclosure has been described by way of 
example and in terms of the exemplary embodiment(s), it is to 
be understood that the disclosure is not limited thereto. On the 
contrary, it is intended to cover various modifications and 
similar arrangements and procedures, and the scope of the 
appended claims therefore should be accorded the broadest 
interpretation so as to encompass all such modifications and 
similar arrangements and procedures. 

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

forming a bottom insulating layer on a Substrate; 
forming two stacked structures on the bottom insulating 

layer, wherein each of the stacked structures includes a 
plurality of gate layers, a plurality of gate insulating 
layers, a top insulating layer and a conductive mask 
layer, the gate layers and the gate insulating layers are 
alternately disposed on the bottom insulating layer, the 
top insulating layer is disposed on the gate layers and the 
gate insulating layers, and the conductive mask layer is 
disposed on the top insulating layer, 

forming a charge trapping structure and a channel layer on 
a lateral Surface of each of the Stacked structures and a 
top surface of the bottom insulating layer, wherein each 
of the charge trapping structures includes a plurality of 
first dielectric layers and a plurality of second dielectric 
layers; 

etching part of each of first dielectric layers to expose part 
of each of the second dielectric layers; 

etching part of each of second dielectric layers to expose 
part of the channel layer; and 

forming a landing pad layer on the conductive mask layer, 
the first dielectric layers and the second dielectric layers 
to connect the conductive mask layer and the channel 
layer. 

2. The manufacturing method of the semiconductor device 
according to claim 1, wherein each of the stacked structures 
further includes an insulating mask layer disposed on the 
conductive mask layer, in the step of etching part of each first 
dielectric layer, the insulating mask layer is removed. 

3. The manufacturing method of the semiconductor device 
according to claim 2, wherein a material of each of the first 
dielectric layers and a material of the insulating mask layer 
are the same. 

4. The manufacturing method of the semiconductor device 
according to claim 1, wherein a material of the conductive 
mask layer, a material of the channel layer and a material of 
the landing pad layer are the same. 

5. The manufacturing method of the semiconductor device 
according to claim 1, wherein in the step of etching part of 
each of the first dielectric layers, the first dielectric layers are 
etched with different depths. 

6. The manufacturing method of the semiconductor device 
according to claim 1, wherein in the step of etching part of 
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each of the first dielectric layers, two lateral walls of at least 
one of the second dielectric layers are partially exposed. 

7. The manufacturing method of the semiconductor device 
according to claim 1, wherein in the step of etching part of 
each of the second dielectric layers, the second dielectric 
layers are etched with different depths. 

8. The manufacturing method of the semiconductor device 
according to claim 1, further comprising: 

filling a spaced insulating layer in a trench formed between 
the stacked structures; 

wherein in the step of etching part of each of the second 
dielectric layers, part of the spaced insulating layer is 
also etched. Such that a top of the channel layer is higher 
than tops of the first dielectric layers and tops of the 
second dielectric layer. 

9. The manufacturing method of the semiconductor device 
according to claim 1, wherein the step of etching part of each 
of the second dielectric layers is performed after the step of 
etching part of each of the first dielectric layers. 

10. The manufacturing method of the semiconductor 
device according to claim 1, wherein a material of each of the 
first dielectric layers is silicon nitride, and a material of each 
of the second dielectric layers is silicon oxide. 

11. The manufacturing method of the semiconductor 
device according to claim 1, wherein a material of each of the 
gate layers is Ptype doping polysilicon, and a material of each 
of the conductive mask layer, the channel layer and the land 
ing pad layer is N type doping polysilicon. 

12. A semiconductor device, comprising: 
a Substrate; 
a bottom insulating layer disposed on the Substrate; 
two stacked structures disposed on the bottom insulating 

layer, wherein each of the stacked structures includes: 
a plurality of gate layers and a plurality of gate insulating 

layers alternately disposed on the bottom insulating 
layer; 

a top insulating layer disposed on the gate layers and the 
gate insulating layers; and 

a conductive mask layer disposed on the top insulating 
layer; 

a charge trapping structure and a channel layer disposed on 
a lateral Surface of each of the stacked structures and a 
top Surface of the bottom insulating layer, wherein each 
of the charge trapping structures includes a plurality of 
first dielectric layers and a plurality of second dielectric 
layers, a top of the channel layer is higher than a top of 
each of the first dielectric layers and a top of each of the 
second dielectric layers; and 

a landing pad layer disposed on the conductive mask layer, 
the first dielectric layers and the second dielectric layers 
for connecting the conductive mask layer and the chan 
nel layer. 

13. The semiconductor device according to claim 12, 
whereina thickness of a combination of the landing pad layer 
and the conductive mask layer is larger thana thickness of the 
channel layer. 

14. The semiconductor device according to claim 12, 
wherein a material of the conductive mask layer, a material of 
the channel layer and a material of the landing pad layer are 
the same. 

15. The semiconductor device according to claim 12, 
wherein tops the first dielectric layers are located at different 
levels. 
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16. The semiconductor device according to claim 12, 
wherein two lateral walls of each of the first dielectric layers 
partially contact the landing pad layer. 

17. The semiconductor device according to claim 12, 
wherein tops of the second dielectric layers are located at 
different levels. 

18. The semiconductor device according to claim 12, 
wherein the charge trapping structure and the channel layer 
are U shaped. 

19. The semiconductor device according to claim 12, 
wherein a material of each of the first dielectric layers is 
silicon nitride, and a material of each of the second dielectric 
layers is silicon oxide. 

20. The semiconductor device according to claim 12, 
wherein a material of each of the gate layers is Ptype doping 
polysilicon, and a material of each of the conductive mask 
layer, the channel layer and the landing pad layer is N type 
doping polysilicon. 
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