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METHOD FOR FABRICATING NON-VOLATILE 
MEMORY 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the priority bene?t of Tai 
Wan application serial no. 94100698, ?led on Jan. 11, 2005. 
All disclosure of the TaiWan application is incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention generally relates to a fabri 
cation method for a semiconductor memory. More particu 
larly, the present invention relates to a fabrication method 
for a non-volatile memory. 

[0004] 2. Description of Related Art 

1. Field of the Invention 

[0005] Upon various non-volatile memories, electronic 
erasing programming read only memory (EEPROM), Which 
can provide the advantages of multiple data Writing, reading, 
erasing and the data maintained even after the disconnection 
or the poWer supply, has been Widely applied to the personal 
computers and electronic equipments. 

[0006] The material for the ?oating gate and the control 
gate of the conventional erasable and programmable read 
only memory is normally doped polysilicon. In order to 
prevent an over erasing Which may lead to misinterpretation 
of data, a select gate is set-up on the side Walls of the control 
gate and the ?oating gate, and the substrate to form a 
split-gate structure. 

[0007] Conventionally, a charge trapping layer is applied 
to replace the polysilicon ?oating gate, and the material for 
the charge trapping layer can be, for example, silicon nitride. 
Normally, there are tWo silicon oxide layers above and under 
the charge trapping layer to form the oxide-nitride-oxide 
(ONO) structure. This kind of device is normally knoWn as 
a silicon/silicon oxide/ silicon nitride/silicon oxide/ silicon 
(SONOS) device. The split-gate SNONS device has already 
been disclosed, for example, in Us. Pat. No. 5,930,631. 

[0008] HoWever, the above mentioned split-gate SONOS 
devices require a larger spilt-gate region and a bigger siZe of 
the memory cell in order to set up the spilt-gate structure; 
therefore, the siZe of the split-gate SONOS device is bigger 
than that of the electrical erasable and programmable read 
only memory With a stacked gate. Therefore, the level of 
integration can not be increased. 

[0009] TA non-volatile memory has been disclosed in the 
TaiWan patent application no: 93125069. As shoWn in the 
FIG. 1, the non-volatile memory is comprised of a feW 
memory cells 102 and 116 to form a memory cell array. The 
memory cell 102 and memory cell 116 are separated by the 
spacer 110. The memory cell 102 is formed With a bottom 
dielectric layer 10411, a charge trapping layer 104b, a top 
dielectric layer 1040 (the composite dielectric layer 104 is 
comprised of a bottom dielectric 10411, a charge trapping 
layer 1041) and a top dielectric layer 1040), a gate 106 and 
a mask 108, and the above mentioned components are 
stacked sequentially from the substrate 100. Memory cell 
116 is located betWeen tWo memory cells 102. In a similar 
manner, the memory cell 116 is stacked, in order form the 
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substrate 100, a bottom dielectric layer 112a, a charge 
trapping layer 112b, a top dielectric layer 1120 (the com 
posite dielectric layer 112 is further comprised of a bottom 
dielectric layer 112a, a charge trapping layer 1121) and a top 
dielectric layer 1120), and a gate 214. As there is no spacer 
betWeen the memory cells, the level of integration for this 
non-volatile memory can be increased. 

[0010] HoWever, according to the fabrication method dis 
closed by the prior art, the composite dielectric layer 104 of 
the memory cell 102 and the composite dielectric layer 112 
of the memory cell 116 are manufactured under different 
processes; therefore the fabrication is more complex. 
Besides, the memory cell is formed in betWeen tWo memory 
cells. Therefore, the composite dielectric layer 112 of the 
memory cell 116 is formed on a non-planar surface. An 
inconsistency betWeen the memory cell 102 and memory 
cell 116 may occur due to the non-uniform thickness of the 
composite dielectric layer 112 of the memory cell 116. The 
reliability of the memory cell 116 is compromised. 

SUMMARY OF THE INVENTION 

[0011] Accordingly, the present invention is directed to a 
fabrication method of a non-volatile memory to increase the 
level of integration and e?iciency of the devices With 
simpli?ed process and reduced cost. 

[0012] According to an embodiment of the present inven 
tion, the fabrication method for a non-volatile memory is 
comprised of providing a substrate and forming a ?rst 
dielectric layer, a charge trapping layer and the second 
dielectric layer sequentially. Then, a plurality of stacked gate 
structures is formed above the second dielectric layer, Where 
each of the stacked gate structures is further comprised of a 
?rst gate. Further, the tWo adjacent stacked gate structures 
are separated by a spacer. Then, the second dielectric layer 
that is not covered by the stacked gate structures is removed 
to expose the charge trapping layer. Thereafter, a third 
dielectric layer is formed above the substrate to cover the 
surface of the stacked gate structure and expose the charge 
trapping layer. Furthermore, a second conducting layer is 
formed and a portion of the second conducting layer is 
removed to form a plurality of second gates Which ?lls the 
gaps betWeen the stacked gate structures. The second gates 
and the stacked gate structures constitute a column of 
memory cell. 

[0013] In accordance to the fabrication method for the 
above mentioned non-volatile memory, each gate structure 
is further comprised of a cap layer, Which is located above 
the ?rst gate. 

[0014] In accordance to the fabrication method for the 
above mentioned non-volatile memory, the method of form 
ing a plurality of stacked gate structures above the second 
dielectric layer includes forming a ?rst conducting layer. 
Then an insulating layer is formed above the ?rst conducting 
layer. Both the insulating layer and the ?rst conducting layer 
are further patterned. 

[0015] The fabrication method of the above mentioned 
non-volatile memory is further comprised of forming a 
fourth dielectric layer on the side Walls of the ?rst gate. 

[0016] In accordance to the fabrication method for the 
above mentioned non-volatile memory, the formation of the 
fourth dielectric layer includes, for example, performing a 
thermal oxidation. 
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[0017] In accordance to the fabrication method for the 
above mentioned non-volatile memory, the material for the 
fourth dielectric layer is, for example, silicon oxide. 

[0018] In accordance to the fabrication method for the 
above mentioned non-volatile memory, the method for 
removing a portion of the second dielectric layer Which is 
not covered by the stacked gate structure can be, for 
example, dry etching. 
[0019] In accordance of the fabrication method for the 
above mentioned non-volatile memory, the method for 
forming the ?rst dielectric layer includes but not limited to 
thermal oxidation. 

[0020] In accordance to the fabrication method for the 
above mentioned non-volatile memory, the method for 
forming the charge trapping layer above the ?rst dielectric 
layer is, for example, chemical vapor deposition. 

[0021] In accordance to the fabrication method for the 
above mentioned non-volatile memory, the method for 
forming the second dielectric layer above the charge trap 
ping layer is, for example, chemical vapor deposition. 

[0022] In accordance to the fabrication method for the 
above mentioned non-volatile memory, the method for 
forming the second conducting layer above the substrate is, 
for example, chemical vapor deposition. 

[0023] In accordance of the fabrication method for the 
above mentioned non-volatile memory, the method for 
removing a portion of the second conducting layer includes, 
for example, dry etching or chemical mechanical polishing. 

[0024] In accordance to the fabrication method for the 
above mentioned non-volatile memory, the method for 
forming a source region and drain region is, for example, ion 
implantation. 

[0025] In accordance to the fabrication method for the 
above mentioned non-volatile memory, the material for the 
?rst dielectric layer is, for example, silicon oxide. 

[0026] In accordance to the fabrication method for the 
above mentioned non-volatile memory, the material for the 
charge trapping layer is, for example, silicon nitride. 

[0027] In accordance of the fabrication method for the 
above mentioned non-volatile memory, the material for the 
second dielectric layer is, for example, silicon oxide. 

[0028] In accordance to the fabrication method for the 
above mentioned non-volatile memory, the material for the 
third dielectric layer is, for example, silicon oxide. 

[0029] In accordance of the fabrication method for the 
above mentioned non-volatile memory, the material for the 
?rst conducting layer is, for example, doped polysilicon. 

[0030] In accordance to the fabrication method for the 
above mentioned non-volatile memory, the material for the 
second conducting layer is, for example, doped polysilicon. 

[0031] In accordance to the fabrication method for the 
non-volatile memory of the present invention, there is no 
demand for the lithography and etching processes for form 
ing the gate structures betWeen the stacked gate structures. 
Therefore, the fabrication process is simpli?ed and the cost 
is reduced. On the other hand, the ?rst memory cell consti 
tuted by the ?rst gate and the second memory cell consti 
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tuted by the second gate share the ?rst dielectric layer and 
the charge trapping layer. Not only the fabrication process is 
simpli?ed, the quality of the bottom oxide layer for the 
second memory cell, Which is alWays undesirable When 
formed With the conventional method, is also improved. 

[0032] It is to be understood that the foregoing general 
description and the folloWing detailed description are exem 
plary and explanatory only and are not restrictive of the 
invention, as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] FIG. 1 illustrates a cross sectional vieW of a 
non-volatile memory according to the prior art. 

[0034] FIG. 2A to FIG. 2D are schematic cross-sectional 
vieWs shoWing the steps for fabricating a non-volatile 
memory according to one embodiment of the present inven 
tion. 

DESCRIPTION OF THE EMBODIMENTS 

[0035] FIG. 2A to FIG. 2D are schematic cross-sectional 
vieWs shoWing the steps for fabricating a non-volatile 
memory according to one embodiment of the present inven 
tion 

[0036] Referring to FIG. 2A, a substrate 200 is provided, 
and the material for the substrate can be, for example, 
silicon. Then, a bottom dielectric layer 202, a charge trap 
ping layer 204 and a top dielectric layer 206 are subse 
quently formed on the substrate 200. The material for the 
bottom dielectric layer 202 is, for example, silicon oxide, 
and the fabrication method can be, for example, thermal 
oxidation. The material for the charge trapping layer 204 is, 
for example, silicon nitride, and the fabrication method is, 
for example, chemical vapor deposition. The material for the 
top dielectric layer 206 is, for example, silicon oxide, and 
the fabrication method is, for example, chemical vapor 
deposition. The material for the bottom dielectric layer 202 
and the top dielectric layer 206 can be other similar mate 
rials. The material for the charge trapping layer 204 is not 
limited to the silicon nitride, and can be the other materials, 
for example, tantalum oxide layer, strontium titanate layer, 
hafnia oxide layer . . . etc., that can trap charges. 

[0037] Thereafter, as shoWn in FIG. 2B, a plurality of 
stacked gate structures 208 is formed above the substrate 
200, and a gap 214 is present betWeen tWo adjacent stacked 
gate structures. Each of the stacked gate structures 208 is 
comprised of a conducting layer 210 (gate) and a cap layer 
212. The fabricating method for the stacked gate structure 
208 is, for example, by forming a conducting material layer 
(not shoWn in the ?gures) and an insulating material layer 
(not shoWn in the ?gures) accordingly. Then, using a top 
dielectric layer 206 as an etching stop layer to perform the 
lithography and etching process to pattern the conducting 
material layer and the insulating material layer. The material 
for the conducting layer is, for example, doped polysilicon, 
and the formation method is, for example, by forming a 
non-doped polysilicon ?rst, folloWed by performing an ion 
implantation process. The material for the cap layer is, for 
example, silicon nitride; and the formation method is, for 
example, chemical vapor deposition. 

[0038] Thereafter, an oxide layer 216 is formed aside the 
conducting layer 210. The material for the oxide layer 216 
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is, for example, silicon oxide, and the fabrication method is, 
for example, thermal oxidation. 

[0039] Afterwards, the portion of top dielectric layer 206 
Which is not covered by stacked gate structures 208 is 
removed, for example, by using the charge trapping layer 
204 as etch stop layer to perform a dry etching. 

[0040] Turning to FIG. 2C, a dielectric layer 218 is 
formed over the entire surface to cover the stacked gate 
structures 208, the oxide layer 216 and the exposed charge 
trapping layer 204. The material for the dielectric layer 218 
is, for example, silicon oxide, and the fabrication method is, 
for example, chemical vapor deposition. Noteworthy to be 
mentioned is that these tWo conducting layers, the dielectric 
layer 218 and the oxide layer 216 can be electrically 
isolated. 

[0041] AfterWards, a conducting material layer 220 is 
formed above the substrate 200 and ?lled into the gaps 214 
betWeen the stacked gate structures 208. The conducting 
material layer 220 is formed by, for example, a non-doped 
polysilicon through chemical vapor deposition and then 
folloWed by performing an ion implantation process. 

[0042] Referring next to FIG. 2D, a portion of the con 
ducting material layer 220 is removed to form conducting 
layer (gate) 22011 that ?lls the gaps 214 betWeen the stacked 
gate structures 208. The memory array is formed With the 
conducting layer 220a and the stacked gate structures 208, 
Wherein the stacked gate structures 208 are connected 
together. The method for removing a portion of the con 
ducting layer 220 is, for example, by using the dielectric 
layer 218 Which covers the stacked gate structure 208 as an 
etching stop layer or a polishing stop layer to conduct a dry 
etching process or a chemical mechanical polishing process. 
In the other embodiment, in order to reduce the resistance of 
the conducting layer 22011, a silicide layer can be formed 
above the conducting layer 220a. 

[0043] The manufacturing process is continued by form 
ing a patterned mask layer 222 on the substrate, Wherein the 
regions predetermined for the source region and the drain 
region are exposed. Then, an etching process is performed to 
remove a residual of the conducting layer 22011 on the 
regions predetermined for the source region and the drain 
region, the top dielectric layer 206, the charge trapping layer 
204, and the bottom dielectric layer 202. 

[0044] AfterWards, an ion implantation process is per 
formed using the mask layer 222 as a mask to form a source 
region 224 and the drain region 226 in the substrate 200. The 
source region 224 and the drain region are located beside the 
tWo sides of the connecting stacked gate structures 208 and 
conducting layer 22011 in the substrate 200. Then, the mask 
layer 222 is removed. The remaining process of the fabri 
cation of the non-volatile memory is Well knoWn in the art 
a detailed description thereof Will be omitted. 

[0045] In above mentioned embodiments, another type of 
the gate structure can be formed inside the stacked gate 
structure 208 to improve the level of integration for the 
memory device. In addition, the memory cell constituted 
With the stacked gate structure 208, the conducting layer 
220a, and the stacked gate structure 208 share the same 
bottom dielectric layer 202 and the charge trapping layer 204 
on a planar substrate 200. A better quality of the ?lms and 
improved reliability for the memory cell can be obtained. 
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[0046] The above mentioned embodiment applies 8 
memory cells structure as the example. HoWever, the fab 
rication for the memory cell array of the present invention 
can be adjusted according to the appropriate number of the 
memory cell, for example, the same bit line is alloWed to 
connect 32 to 64 memory cell structures. And the fabrication 
of the non-volatile memory can be, in fact, applied to the 
fabrication of the Whole memory cell array. 

[0047] In conclusion of the above description, the present 
invention provides at least the folloWing advantages. 

[0048] 1. In accordance to the fabrication method for the 
present invention, additional type of the gate structure can be 
formed inside the stacked gate structure. Not only the 
fabrication process is simpli?ed, but the level of integration 
of the memory devices is also improved. 

[0049] 2. In accordance to the fabrication method for the 
non-volatile memory of the present invention, the memory 
cells formed With different types of gate structures share the 
bottom oxide layer and the charge trapping layer. Therefore 
the fabrication processes are shortened and the cost is 
reduced. 

[0050] 3. In accordance to the fabrication method for the 
non-volatile memory of the present invention, the memory 
cells formed With different types of gate structures share the 
bottom oxide layer and the charge trapping layer on the 
planar surface of the substrate Therefore, the quality is 
consistent and the reliability of the memory devices can be 
improved. 
[0051] 4. In accordance to the fabrication method for the 
non-volatile memory of the present invention, the memory 
cells formed With different types of gate structures share the 
bottom oxide layer and the charge trapping layer to save the 
thermal budget effectively. 

[0052] It Will be apparent to those skilled in the art that 
various modi?cations and variations can be made to the 
structure of the present invention Without departing from the 
scope or spirit of the invention. In vieW of the foregoing, it 
is intended that the present invention cover modi?cations 
and variations of this invention provided they fall Within the 
scope of the folloWing claims and their equivalents. 

What is claimed is: 
1. A fabrication method of a non-volatile memory, the 

fabrication method of a non-volatile memory comprising: 

forming a ?rst dielectric layer over a substrate; 

forming a charge trapping layer; 

forming a second dielectric layer; 

forming a plurality of stacked gate structures above the 
second dielectric layer, Wherein each stacked gate 
structures further comprises a ?rst gate and every tWo 
of the adjacent stacked gate structures comprises a gap 
there betWeen; 

removing the second dielectric layer not covered by the 
stacked gate structures to expose the charge trapping 
layer; 

forming a third dielectric layer to cover a surface of the 
stacked gate structures and the exposed surface of the 
charge trapping layer; 
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forming a second conducting layer above the substrate; 

removing a portion of the second conducting layer to form 
a plurality of second gates Which each ?lls the gap 
betWeen the stacked gate structures, and the second 
gates and the stacked gate structures form a column of 
memory cells; and 

forming a source region and a drain region beside tWo 
sides of the column of memory cells in the substrate. 

2. The fabrication method for the non-volatile memory as 
recited in claim 2, Wherein each stacked gate structure 
further comprises a cap layer disposed above the ?rst gate. 

3. The fabrication method for the non-volatile memory as 
recited in claim 1, Wherein the step of forming the plurality 
of the stacked gate structures above the second dielectric 
layer comprises: 

forming a ?rst conducting layer over the second dielectric 
layer; 

forming an insulating layer above the ?rst conducting 
layer; and 

patterning both the insulating layer and the ?rst conduct 
ing layer to form the cap layers and the ?rst gates. 

4. The fabrication method for the non-volatile memory as 
recited in claim 1 further comprises a step of forming a 
fourth dielectric layer on side Walls of the ?rst gate. 

5. The fabrication method for the non-volatile memory as 
recited in claim 4, Wherein the formation of the fourth 
dielectric layer comprises a thermal oxidation process. 

6. The fabrication method for the non-volatile memory as 
recited in claim 4, Wherein a material constituting the fourth 
dielectric layer comprises silicon oxide. 

7. The fabrication method for the non-volatile memory as 
recited in claim 1, Where the step for removing the portion 
of the second dielectric layer not covered by the stacked gate 
structures comprises a dry etching process. 

8. The fabrication method for the non-volatile memory as 
recited in claim 1, Wherein the step for forming the ?rst 
dielectric layer comprises of a thermal oxidation process. 

9. The fabrication method for the non-volatile memory as 
recited in claim 1, Wherein the step for forming the charge 
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trapping layer above the ?rst dielectric layer comprises a 
chemical vapor deposition process. 

10. The fabrication method for the non-volatile memory 
as recited in claim 1, Wherein the step for forming the second 
dielectric layer above the charge trapping layer comprises a 
chemical vapor deposition process. 

11. The fabrication method for the non-volatile memory 
as recited in claim 1, Wherein the step for forming the second 
conducting layer above the substrate comprises performing 
a chemical vapor deposition process. 

12. The fabrication method for the non-volatile memory 
as recited in claim 1, Wherein the step for removing the 
portion of the second conducting layer comprises perform 
ing a dry etching process or a chemical mechanical polishing 
process. 

13. The fabrication method for the non-volatile memory 
as recited in claim 1, Wherein the step for forming a source 
region and drain region comprises an ion implantation 
process. 

14. The fabrication method for the non-volatile memory 
as recited in claim 1, Wherein a material constituting the ?rst 
dielectric layer comprises silicon oxide. 

15. The fabrication method for the non-volatile memory 
as recited in claim 1, Wherein a material constituting the 
charge trapping layer comprises silicon nitride. 

16. The fabrication method for the non-volatile memory 
as recited in claim 1, Wherein a material constituting the 
second dielectric layer comprises silicon oxide. 

17. The fabrication method for the non-volatile memory 
as recited in claim 1, Wherein a material constituting the 
third dielectric layer comprises silicon oxide. 

18. The fabrication method for the non-volatile memory 
as recited in claim 1, Where a material constituting the ?rst 
conducting layer comprises doped polysilicon. 

19. The fabrication method for the non-volatile memory 
as recited in claim 1, Wherein a material constituting the 
second conducting layer comprises doped polysilicon. 


