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(57) ABSTRACT 

Non-volatile memory devices and fabrication methods 
thereof are provided. The device includes a plurality of 
isolation layerS formed at a Semiconductor device, a plural 
ity of Stacked gates crossing over an active region between 
the isolation layers, and an oxidation barrier layer covering 
the Stacked gate. Each of the Stacked gates has a control gate 
electrode crossing over the active region, a floating gate 
interposed between the control gate electrode and the active 
region, and an inter-gate dielectric layer interposed between 
the control gate electrode and the floating gate. Also, the 
inter-gate dielectric layer has a bottom dielectric layer, an 
intermediate dielectric layer and a top dielectric layer which 
are Sequentially Stacked. The oxidation barrier layer is 
formed prior to a Subsequent thermal oxidation process for 
curing etch damage that occurs during formation of the 
Stacked gates. 
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Fig. 1 
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Fig. 2A 
(Prior Art) 
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Fig. 3A 
(Prior Art) 
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Fig. 4A 
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Fig. 5A 

22 

19 
8X20 
17 

12 

10 

awawayaaaaaaaaaaaaaayaaaaaaaayawayawayaaaaaaayaayavarayawaaaass. 
- - - - - - - - - - - 

  



Patent Application Publication Jul. 28, 2005 Sheet 6 of 8 US 2005/0164457 A1 

Fig. 6A 
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Fig. 7A 
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Fig. 8A 
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NON-VOLATILE MEMORY DEVICES AND 
METHODS OF FABRICATING THE SAME 

RELATED APPLICATION 

0001) This application is a Divisional of U.S. Ser. No. 
10/160,875, filed on May 30, 2002, now pending, which 
relies for priority upon Korean Patent Application No. 
2001-31677, filed on Jun. 7, 2001, both of which are 
incorporated by reference in their entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates to semiconductor 
memory devices and methods of fabricating the same and, 
more specifically, to non-volatile memory devices and meth 
ods of fabricating the Same. 

BACKGROUND OF THE INVENTION 

0003) Semiconductor memory devices for storing data 
can typically be categorized as either volatile memory 
devices or non-volatile memory devices. The volatile 
memory devices lose their Stored data when their power 
Supplies are interrupted, however the non-volatile memory 
devices retain their Stored data even when their power 
Supplies are interrupted. Thus, the non-volatile memory 
devices are widely used in memory cards, mobile telecom 
munication Systems and the like. 
0004 Programming and erasing operations of the non 
volatile memory devices can be achieved by the F-N 
(Fowler-Nordheim) tunneling effect through a tunnel oxide 
layer interposed between a floating gate and a Substrate. The 
F-N tunneling occurs when an electric field of 6 MV/cm to 
8 MV/cm is applied to the tunnel oxide layer. The electric 
field between the floating gate and the Substrate is actually 
induced by applying a high voltage of 15 volts to 20 volts to 
a control gate electrode, which is located over the floating 
gate. Accordingly, it is necessary to increase the So-called 
coupling ratio of the non-volatile memory cell in order to 
reduce the programming Voltage or the erasing Voltage. The 
coupling ratio (CR) is given by the following equation. 

0005 wherein, “C.” represents inter-gate dielec 
tric capacitance between the floating gate and the 
control gate electrode, and “C.” represents tunnel 
oxide capacitance between the floating gate and the 
Substrate. 

0006 AS can be seen from the above equation, it is 
necessary to increase the inter-gate dielectric capacitance 
C. and/or to reduce the tunnel oxide capacitance C in 
order to obtain a higher coupling ratio. Accordingly, an 
oxide-nitride-oxide (ONO) layer is widely used as the 
inter-gate dielectric layer in order to increase the coupling 
ratio. However, in the event that the inter-gate dielectric 
layer is formed of the ONO layer, oxygen atoms can be 
continuously introduced into the interface between the 
nitride layer of the ONO layer and a top or a bottom oxide 
layer of the ONO layer during Subsequent processes. Thus, 
the ONO layer becomes thicker and the coupling ratio is 
undesirably reduced. 
0007 FIG. 1 is a typical top plan view showing a portion 
of a cell array region of the non-volatile memory device. 
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0008 Referring to FIG. 1, isolation layers 12 (or 52) are 
disposed at predetermined regions of a Semiconductor Sub 
Strate to define an active region. At least one control gate 
electrode 26 (or 66) runs across the isolation layers 12 (or 
52) and the active region therebetween. A floating gate 24 
(or 64) is interposed between the control gate electrode 26 
(or 66) and the active region. The floating gate 24 (or 64) is 
electrically insulated from the substrate by a tunnel oxide 
layer (not shown). Also, the floating gate 24 (or 64) is 
electrically insulated from the control gate electrode 26 (or 
66) by an inter-gate dielectric layer (not shown). Accord 
ingly, charges are Stored in the floating gate that acts as a 
Storage node. 
0009 FIGS. 2A and 3A are cross-sectional views for 
illustrating a conventional method of fabricating a non 
volatile memory device, taken along the line I-I" of FIG. 1. 
FIGS. 2B and 3B are cross-sectional views for illustrating 
a conventional method of fabricating a non-volatile memory 
device, taken along the line II-II' of FIG. 1. 
0010 Referring to FIGS. 2A and 2B, isolation layers 52 
are formed at a semiconductor Substrate 10 to define an 
active region and a Stacked gate 70 is formed on the 
substrate having the isolation layers 52. The stacked gate 70 
comprises a floating gate 64, an inter-gate dielectric layer 60 
and a control gate electrode 66, which are Sequentially 
stacked. In addition, a tunnel oxide layer 54 is formed 
between the Stacked gate 70 and the active region. 
0011. The method of forming the stacked gate 70 
includes forming a floating gate pattern that covers the 
active region. The inter-gate dielectric layer 60 is then 
formed on the entire Surface of the Substrate having the 
floating gate pattern. The inter-gate dielectric layer 60 is 
formed by sequentially stacking a bottom dielectric layer 57, 
an intermediate dielectric layer 58 and a top dielectric layer 
59. The bottom dielectric layer 57 and the top dielectric layer 
59 are formed of a CVD oxide layer, and the intermediate 
dielectric layer 58 is formed of a silicon nitride layer. A 
control gate conductive layer is then formed on the inter-gate 
dielectric layer 60. The control gate conductive layer, the 
inter-gate dielectric layer 60 and the floating gate pattern are 
successively etched to form the stacked gate 70. Undesir 
ably, etch damage occurs on the Semiconductor Substrate 10. 
0012 Referring to FIGS.3A and 3B, a thermal oxidation 
process is applied to the Substrate having the Stacked gate 70 
in order to cure the etch damage. As a result, the Surface of 
the semiconductor Substrate 10 between the adjacent stacked 
gates 70, and the Sidewalls and top Surfaces of the Stacked 
gates 70 are oxidized to form a thermal oxide layer 68. At 
this time, the edges of the inter-gate dielectric layer 60 and 
the tunnel oxide layer 64 become thicker, as shown in FIG. 
3B. In particular, the edges of the inter-gate dielectric layer 
60 become thicker as compared to the tunnel oxide layer. 
This is because the diffusibility of the oxygen atoms into the 
inter-gate dielectric layer 60 is higher than that into the 
tunnel oxide layer. 
0013 In more detail, the oxygen atoms are diffused along 
the interfaces among the Semiconductor Substrate 10, the 
tunnel oxide layer 54, the floating gate 64, the bottom oxide 
layer 57, the intermediate nitride layer 58, the top oxide 
layer 59 and the control gate electrode layer 66 during the 
thermal oxidation process. Thus, the edges of the floating 
gate 64 and the control gate electrode 66 are oxidized to 
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form birds beaks. As a result, the edges of the inter-gate 
dielectric layer 60 and the tunnel oxide layer 54 become 
thicker. 

0.014. In particular, the edge thickness of the inter-gate 
dielectric layer 60 becomes more increased as compared to 
that of the tunnel oxide layer 54. This is because the 
intermediate nitride layer 58 is formed of a silicon nitride 
layer having an oxidation-resistant characteristic. In other 
words, the sidewall of the intermediate nitride layer 58 is not 
oxidized even though the thermal oxidation process is 
performed. Therefore, the sidewall of the intermediate 
nitride layer 58 is still exposed, whereas the interface 
between the tunnel oxide layer 54 and the floating gate 64 is 
covered with the thermal oxide layer 68. Consequently, the 
oxygen atoms can be continuously Supplied into the edge 
(B) of the intermediate dielectric layer 58, i.e., the interfaces 
between the intermediate dielectric layer 58 and the top 
oxide layer 59 as well as between the intermediate dielectric 
layer 58 and the bottom oxide layer 57, during the thermal 
oxidation process. Accordingly, the edge thickness of the 
inter-gate dielectric layer 60 becomes more increased as 
compared to that of the tunnel oxide layer 54. 
0.015 According to the prior art as described above, the 
thickness of the inter-gate dielectric layer becomes more 
increased as compared to the tunnel oxide layer. Thus, the 
coupling ratio of the non-volatile memory cell is reduced. 
Also, the thickness deviations of the tunnel oxide layer and 
the inter-gate dielectric layer are increased. This leads to 
non-uniform characteristics of the memory cells throughout 
the Semiconductor Substrate. 

SUMMARY OF THE INVENTION 

0016. It is therefore a feature of the present invention to 
provide non-volatile memory devices having an oxidation 
barrier layer covering the Stacked gates. 

0.017. It is another feature of the present invention to 
provide a method of fabricating a non-volatile memory 
device that is capable of preventing the thickness of the 
inter-gate dielectric layer and the tunnel oxide layer from 
being increased during a Subsequent thermal process. 

0.018. One feature of the invention can be obtained in a 
non-volatile memory device. The non-volatile memory 
device includes a plurality of isolation layers formed at a 
Semiconductor Substrate, at least one Stacked gate crossing 
over an active region between the adjacent isolation layers, 
and an oxidation barrier layer covering the Sidewall and the 
top Surface of the Stacked gate. 
0019. The stacked gate comprises a control gate electrode 
crossing over the active region, a floating gate interposed 
between the control gate electrode and the active region, and 
an inter-gate dielectric layer interposed between the floating 
gate and the control gate electrode. The inter-gate dielectric 
layer includes a bottom dielectric layer, an intermediate 
dielectric layer and a top dielectric layer, which are Sequen 
tially Stacked. In more detail, the bottom dielectric layer and 
the top dielectric layer are a chemical vapor deposition 
(CVD) oxide layer, and the intermediate dielectric layer is a 
Silicon nitride layer. Also, it is preferable that the oxidation 
barrier layer is a CVD oxide layer that does not have adverse 
influence on the data retention characteristic of the non 
Volatile memory cell. 
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0020. Another feature of the invention can also be 
obtained in a non-volatile memory device. This invented 
method includes forming an isolation layer to define an 
active region. A floating gate pattern is formed to cover the 
active region. An inter-gate dielectric layer and a control 
gate conductive layer are Sequentially formed on the entire 
Surface of the Substrate having the floating gate pattern. The 
control gate conductive layer, the inter-gate dielectric layer 
and the floating gate pattern are Successively patterned to 
form a plurality of Stacked gates crossing over the active 
region. 

0021. A conformal oxidation barrier layer is then formed 
on the entire Surface of the Substrate including the plurality 
of Stacked gates. Subsequently, the Substrate having the 
oxidation barrier layer is thermally oxidized in order to cure 
any etch damage that occurs during the etching process for 
forming the Stacked gates. 
0022 Preferably, the oxidation barrier layer is formed of 
a CVD oxide layer Such as a medium temperature oxide 
(MTO) layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 The invention may be understood and its objects 
will become apparent to those skilled in the art by reference 
to the accompanying drawings as follows: 
0024 FIG. 1 is a typical top plan view showing a portion 
of a non-volatile memory device; 
0025 FIGS. 2A and 3A are cross-sectional views illus 
trating a conventional method of fabricating a non-volatile 
memory device, taken along the line I-I" of FIG. 1; 

0026 FIGS. 2B and 3B are cross-sectional views illus 
trating a conventional method of fabricating a non-volatile 
memory device, taken along the line II-II' of FIG. 1; 

0027 FIGS. 4A to 8Aare cross-sectional views illustrat 
ing a method of fabricating a non-volatile memory device 
according to a preferred embodiment of the present inven 
tion, taken along the line I-I" of FIG. 1; and 
0028 FIGS. 4B to 8B are cross-sectional views illustrat 
ing a method of fabricating a non-volatile memory device 
according to a preferred embodiment of the present inven 
tion, taken along the line II-II' of FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0029. The present invention will now be described more 
fully hereinafter with reference to the accompanying draw 
ings, in which preferred embodiments of the invention are 
shown. This invention may, however, be embodied in dif 
ferent forms and should not be constructed as limited to the 
embodiments set forth herein. Rather, these embodiments 
are provided so that this disclosure will be thorough and 
complete, and will fully convey the Scope of the invention 
to those skilled in the art. In the drawings, the thickness of 
layerS and regions are exaggerated for clarity. It will also be 
understood that when a layer is referred to as being “on” 
another layer or Substrate, it can be directly on the other 
layer or Substrate or intervening layerS may also be present. 
Like numbers refer to like elements throughout the Specifi 
cation. 
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0030 First, non-volatile memory devices according to 
the present invention are described with reference to FIGS. 
8A and 8B. FIG. 8A is a cross-sectional view taken along 
the line I-I" of FIG. 1, and FIG. 8B is a cross-sectional view 
taken along the line II-II' of FIG. 1. 
0031 Referring to FIGS. 8A and 8B, isolation layers 12 
are disposed at predetermined regions of a Semiconductor 
Substrate 10, thereby defining an active region. A plurality of 
Stacked gates 27 are disposed acroSS the active region 
between the adjacent isolation layerS 12. Each of the Stacked 
gates 27 comprises a control gate electrode 26 that crosses 
over the active region, floating gates 24 interposed between 
the control gate electrode 26 and the active region, and an 
inter-gate dielectric layer 20 intervened between the control 
gate electrode 26 and the floating gates 24. 
0032. A tunnel oxide layer 14 is interposed between the 
respective floating gates 24 and the active region. Both 
edges of the respective floating gates 24 are overlapped with 
the edges of the isolation layerS 12. The inter-gate dielectric 
layer 20 comprises a bottom dielectric layer 17, an inter 
mediate dielectric layer 18 and a top dielectric layer 19, 
which are Sequentially Stacked. The bottom dielectric layer 
17 and the top dielectric layer 19 are composed of a CVD 
oxide layer, and the intermediate dielectric layer 18 is 
composed of a Silicon nitride layer. 
0.033 Also, the top surfaces and the sidewalls of the 
respective Stacked gates 27 are covered with an oxidation 
barrier layer 28. The oxidation barrier layer 28 acts as an 
oxygen blocking layer that prevents oxygen atoms from 
being diffused into the interfaces among the top dielectric 
layer 19, the intermediate dielectric layer 18 and the bottom 
dielectric layer 17. Thus, the thickness of the inter-gate 
dielectric layer 20 is thinner than that of the conventional art, 
even though an oxidation proceSS is performed after forma 
tion of the oxidation barrier layer 28. As a result, the 
non-volatile memory device according to the present inven 
tion exhibits higher coupling ratio than the conventional art. 
0034. It is preferable that the tunnel oxide layer 14 has a 
thickness of 50 angstroms to 100 angstroms. The floating 
gate 24 is preferably composed of a conductive layer Such as 
a doped polysilicon layer. Also, the control gate electrode 26 
is preferably composed of a polycide layer or a doped 
polysilicon layer. In addition, it is preferable that the oxi 
dation barrier layer 28 is a CVD oxide layer or a silicon 
Oxynitride layer that does not adversely influence the data 
retention characteristic of the non-volatile memory cell. 
0035) Furthermore, source/drain regions 30 are formed at 
the active region between the stacked gates 27 (see FIG. 
8B). Also, though not shown in the figure, the oxidation 
barrier layer 28 on the sidewalls of the stacked gates 27 may 
be covered with a spacer which is formed of a silicon nitride 
layer or a Silicon oxide layer. 
0036) Next, methods of fabricating the non-volatile 
memory device according to the present invention are 
described with reference to FIGS. 4A to 8A and FIGS. 4B 
to 8B. FIGS. 4A to 8Aare cross-sectional views taken along 
the line I-I" of FIG. 1, and FIGS. 4B to 8B are cross 
sectional views taken along the line II-II' of FIG. 1. 
0037 Referring to FIGS. 4A and 4B, isolation layers 12 
are formed at predetermined regions of a Semiconductor 
Substrate 10, thereby defining an active region. In this 
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embodiment, the isolation layerS 12 are formed using a 
conventional trench isolation technology. An ion implanta 
tion proceSS for forming a well can be performed prior to 
formation of the isolation layers 12. A tunnel oxide layer 14 
is formed on the active region. The tunnel oxide layer 14 is 
preferably formed to a thickness of 50 angstroms to 100 
angstroms. However, the thickness of the tunnel oxide layer 
14 may be thinner than 50 angstroms in order to optimize the 
characteristic of the non-volatile memory device. A first 
conductive layer is then formed on the entire Surface of the 
substrate including the tunnel oxide layer 14. The first 
conductive layer is preferably formed of a doped polysilicon 
layer. The first conductive layer is patterned to form a 
floating gate pattern 16 covering the tunnel oxide layer 14. 
The edge of the floating gate pattern 16 may be seen to 
overlap the edges of the isolation layers 12 as shown in FIG. 
4A, a long one of two orthogonal axes of each Stacked gate. 
0038) Referring to FIGS. 5A and 5B, a conformal inter 
gate dielectric layer 20 and a Second conductive layer 22 are 
Sequentially formed on the entire Surface of the resultant 
Structure where the floating gate pattern 16 is formed. The 
inter-gate dielectric layer 20 is formed by Sequentially 
Stacking a bottom dielectric layer 17, an intermediate dielec 
tric layer 18 and a top dielectric layer 19. The bottom 
dielectric layer 17 and the top dielectric layer 19 are formed 
of a CVD oxide layer, and the intermediate dielectric layer 
18 is formed of a silicon nitride layer. The second conductive 
layer 22 is preferably formed of a doped polysilicon layer or 
a metal polycide layer. The metal polycide layer can be 
formed by Sequentially Stacking a doped polysilicon layer 
and a metal Silicide layer. 
0039) Referring to FIGS. 6A and 6B, the second con 
ductive layer (22 of FIG. 5), the inter-gate dielectric layer 20 
and the floating gate pattern 16 are Sequentially patterned to 
form a plurality of Stacked gates 27 crossing over the 
isolation layerS 12 and the active region between the adja 
cent isolation layerS 12. Each of the Stacked gates 27 
comprises a control gate electrode 26 crossing over the 
active region between the isolation layerS 12 and a plurality 
of floating gates 24 intervening between the control gate 
electrode 26 and the active region. The inter-gate dielectric 
layer 20 is interposed between the control gate electrode 26 
and the floating gates 24, and the tunnel oxide layer 14 is 
interposed between the floating gates 24 and the active 
region. 

0040. The semiconductor substrate 10 between the 
Stacked gates 27 can be exposed while the floating gate 
pattern 24 is etched to form the Stacked gates 27. As a result, 
etch damage is applied to the Surface of the exposed Sub 
Strate. In other words, crystalline defects may be generated 
at the Surface of the exposed Semiconductor Substrate. The 
crystalline defects lead to junction leakage current as well as 
non-uniform diffusion of ion impurities, which are 
implanted in a Subsequent process. Thus, the crystalline 
defects should be removed using a thermal oxidation process 
or the like. According to the conventional technology, the 
thermal oxidation process for curing the etch damage is 
performed after the patterning process for forming the 
stacked gates 27 as described in FIG. 3B. Therefore, the 
Sidewalls of the Stacked gates 27 are exposed at an initial 
Step of the thermal oxidation process. Accordingly, it is 
difficult to avoid the excessive increase of the thickness of 
the inter-gate dielectric layer. 
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0041. However, the present invention employs forming a 
conformal oxidation barrier layer 28 on the entire surface of 
the resultant Structure having the Stacked gates 27 prior to 
the thermal oxidation process. The oxidation barrier layer 28 
is preferably formed of a material layer that is deposited at 
a low temperature Such that the floating gates 24, the control 
gate electrodes 26 and the Semiconductor Substrate 10 are 
not oxidized. Also, the oxidation barrier layer 28 is prefer 
ably formed of a material layer that does not adversely 
influence the data retention characteristic of the non-volatile 
memory cell. For example, it is preferable that the oxidation 
barrier layer 28 is formed of a CVD oxide layer or a silicon 
oxynitride layer. The CVD oxide layer is preferably formed 
of a medium temperature oxide (MTO) layer. 
0042. Referring to FIGS. 7A and 7B, the substrate 
having the oxidation barrier layer 28 is thermally oxidized to 
cure any etch damage. The Sidewalls of the Stacked gates 27 
are covered with the oxidation barrier layer 28 during the 
thermal oxidation process. Thus, the number of oxygen 
atoms that are diffused into the inter-gate dielectric layer 20 
during the thermal oxidation process is remarkably reduced 
due to the presence of the oxidation barrier layer 28 as 
compared to the conventional art. As a result, it can prevent 
the coupling ratio of the memory cell from being reduced. 
0043 Referring to FIGS. 8A and 8B, ion impurities are 
implanted into the active region using the Stacked gates 27 
and the isolation layerS 12 as ion implantation masks, 
thereby forming source/drain regions 30 between the 
Stacked gates 27. 
0044) Thereafter, though not shown in the figure, an 
inter-layer insulating layer and interconnections are formed 
using a conventional manner on the Substrate having the 
Source/drain regions 30. 
0.045. From the foregoing it can readily be seen that, in 
accordance with the present invention, the oxidation barrier 
layer is formed on the Sidewalls and the top Surfaces of the 
Stacked gates prior to the thermal oxidation process for 
curing the etch damage. Thus, edges of the interfaces 
between the layers that constitute the Stacked gate are 
covered with the Oxidation barrier layer. As a result, it can 
SuppreSS the thickness of the inter-gate dielectric layer as 
well as the tunnel oxide layer from being increased during 
the Subsequent thermal oxidation process. In other words, it 
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can prevent the coupling ratio of the cell from being 
reduced. Therefore, it is possible to realize a reliable and 
high performance non-volatile memory device. 
0046 While the invention has been shown and described 
with reference to a certain preferred embodiment thereof, it 
will be understood by those skilled in the art that various 
changes in form and details may be made therein without 
departing from the Spirit and Scope of the invention as 
defined by the appended claims. 
What is claimed is: 

1. A method of fabricating a non-volatile memory device, 
comprising: 

forming a plurality of isolation layers at a Semiconductor 
Substrate to define an active region; 

forming a floating gate pattern covering the active region; 
Sequentially forming an inter-gate dielectric layer and a 

control gate conductive layer on the Substrate having 
the floating gate pattern; 

Successively patterning the control gate conductive layer, 
the inter-gate dielectric layer and the floating gate 
pattern to form a plurality of Stacked gates crossing 
Over the active region; 

forming a conformal oxidation barrier layer on the entire 
Surface of the resultant Structure where the Stacked 
gates are formed; and 

performing a thermal oxidation process to cure etch 
damage that occurs during formation of the Stacked 
gateS. 

2. The method of claim 1, wherein the control gate 
conductive layer is formed of a polysilicon layer or a metal 
polycide layer. 

3. The method of claim 1, wherein the oxidation barrier 
layer is formed of a CVD oxide layer. 

4. The method of claim 1, wherein the oxidation barrier 
layer is formed to a thickness of 50 angstroms and 100 
angStroms. 

5. The method of claim 1, wherein performing the thermal 
oxidation proceSS is followed by forming Source/drain 
regions at the active region between the Stacked gates. 

k k k k k 


