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VERTICAL NON-VOLATILE MEMORY AND
MANUFACTURING METHOD THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention is related to a vertical non-
volatile memory and a manufacturing method thereof. More
particularly, the invention is related to a vertical non-volatile
memory which can prevent dopant from diffusing and a
method of manufacturing the same.

[0003] 2. Description of Related Art

[0004] The non-volatile memory is a memory that can
retain stored data after its power supply is shut down. Nowa-
days, the manufacturing method of the non-volatile read-only
memory is mostly forming a trapping layer constituted of
oxide-nitride-oxide (ONO) first. A memory adopting an
ONO layer as the trapping layer is called a trapping layer
memory. Afterwards, a poly-silicon gate is formed on the
ONO layer, and finally a source region and a drain region are
formed at the two sides of the ONO layer on a substrate.
[0005] However, as the size of components gets smaller, the
trapping layer in the trapping layer memory also gets nar-
rower. Consequently, charges stored in different bit positions
are drawn closer such that the reliability is reduced. Accord-
ingly, a vertical non-volatile memory is developed. A vertical
non-volatile memory is constituted of several stacked semi-
conductor layers fabricated as a vertical source, a vertical
drain and a vertical channel region. An ONO layer served as
a trapping layer covers a top surface of the stacked semicon-
ductor layers, and lastly word lines are used as a control gate.
Thus, more non-volatile memories can be manufactured
within a limited area.

[0006] However, since the source, the drain and the channel
region are adjacent to one another in the vertical non-volatile
memory, dopant diffusion tends to happen in junctions among
the source, the drain and the channel region in a subsequent
thermal treatment so as to change the sizes of the source, the
drain and/or the channel region.

SUMMARY OF THE INVENTION

[0007] The present invention is directed to a vertical non-
volatile memory having a vertical active stacked structure
including barriers so as to control junction locations.

[0008] The invention is further directed to a manufacturing
method of a vertical non-volatile memory. A vertical non-
volatile memory can be easily formed in the manufacturing
method and improper diffusion of dopant can thus be pre-
vented.

[0009] The invention is directed to a vertical non-volatile
memory including a substrate, a plurality of strips of active
stacked structures, a plurality of word lines and a storage
structure layer. The active stacked structures are disposed on
the substrate in parallel to a first direction. Each of the active
stacked structures includes a first, a second, a third semicon-
ductor layer and a first and a second barriers. The first semi-
conductor layer is disposed on the substrate; the second semi-
conductor layer is disposed on the first semiconductor layer;
the third semiconductor layer is disposed on the second semi-
conductor layer; the first barrier is disposed between the first
and the second semiconductor layers and the second barrier is
disposed between the second and the third semiconductor
layers. The first and the third semiconductor layers have a first
conductive state, whereas the second semiconductor layer has
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a second conductive state. The word lines are arranged in
parallel to a second direction. Each of the word lines crosses
the active stacked structure and fills spaces among the active
stacked structures. The storage structure is disposed between
the word lines and the active stacked structures.

[0010] According to one embodiment of the invention, the
first barrier is a thin film, and a material thereof is, for
example, oxide, nitride or oxynitride.

[0011] According to one embodiment of the invention, a
thickness of the first barrier is about 10-20 angstroms.
[0012] According to one embodiment of the invention, the
second barrier is a thin film, and a material thereof is, for
example, oxide, nitride or oxynitride.

[0013] According to one embodiment of the invention, a
thickness of the second barrier is about 10-20 angstroms.
[0014] According to one embodiment of invention, the first
semiconductor layer/the second semiconductor layer/the
third semiconductor layer is, for example, N+/P/N+ doped
layer, P+/N/P+ doped layer or SiGe/Si/SiGe layer.

[0015] In one embodiment of the invention, the first semi-
conductor layer, the second semiconductor layer and the third
semiconductor layer are, for example, poly-silicon layers.
[0016] In one embodiment of the invention, the first con-
ductive state can be N-type, and the second conductive state
can be P-type. Alternatively, the first conductive state is
P-type and the second conductive state is N-type.

[0017] In one embodiment of the invention, the storage
structure includes a first dielectric layer, a storage layer and a
second dielectric layer. The first dielectric layer covers a
surface of the active stacked structures; the storage layer
covers the first dielectric layer and the second dielectric layer
covers the storage layer. Moreover, the storage layer may be
a charge-trapping layer, a floating gate or a nano-crystal. A
material of the charge-trapping layer may be silicon nitride or
a high dielectric constant material. A material of the nano-
crystal may be silicon, germanium or metal nano-crystal.
[0018] Inoneembodiment of the invention, the first dielec-
tric layer/the storage layer/the second dielectric layer in the
storage structure may be oxide-nitride-oxide (ONO).

[0019] In one embodiment of the invention, the storage
structure includes a first oxide layer (O1), a first nitride layer
(N1), a second oxide layer (O2), a second nitride layer (N2)
and a third oxide layer (O3) covering the active stacked struc-
tures orderly. Thicknesses of the first and the second oxide
layers and the first nitride layer are independently less than 2
nm, for example, and preferably, the thickness of the first
oxide layer (O1) is between 0.5 nm and 2 nm, and the thick-
ness of the first nitride layer (N1) is between 1 nm and 2 nm,
and the thickness of the second oxide layer (O2) is between
1.5 nm and 2 nm. More preferably, the thickness of the first
oxide layer (O1) is less than 1.5 nm.

[0020] In one embodiment of the invention, a material of
the word lines is, for example, doped poly-silicon, metal
silicide, ruthenium (Ru), molybdenum (Mo) or wolfram (W).
[0021] According to one embodiment of the invention, the
substrate may be a silicon substrate, a silicon oxide substrate
or a silicon nitride substrate.

[0022] A manufacturing method of a vertical non-volatile
memory includes forming a first semiconductor layer on a
substrate. The first semiconductor layer has a first conductive
state. Next, a first barrier is formed on the first semiconductor
layer, and a second semiconductor layer is further formed on
the first barrier. The second semiconductor layer has the sec-
ond conductive state. Thereafter, a second barrier is formed
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onthe second semiconductor layer, and a third semiconductor
layer is further formed on the second barrier. The third semi-
conductor layer has the same first conductive state as the first
semiconductor layer. Afterwards, portions of the third semi-
conductor layer, the second barrier, the second semiconduc-
tor layer, the first barrier and the first semiconductor layer are
removed sequentially so as to form a plurality of strips of
active stacked structures. Next, a storage structure is formed
on the substrate to cover the surface of the active stacked
structure. Afterwards, a conductive layer is formed on the
substrate to cover the storage structure and fill spaces among
the active stacked structures. Then, a portion of the conduc-
tive layer is removed to form a plurality of word lines crossing
the active stacked structures.

[0023] According to another embodiment of the invention,
a method of forming the first semiconductor layer is, for
example, depositing a high dosage N-type poly-silicon layer
(an N™ poly Si layer).

[0024] According to another embodiment of the invention,
amethod of forming the second semiconductor layer includes
first depositing a poly-silicon layer and then injecting P-type
dopant into the poly-silicon layer.

[0025] According to another embodiment of the invention,
a method of forming the third semiconductor layer is, for
example, depositing a high dosage N-type poly-silicon layer.
[0026] According to another embodiment of the invention,
a method of forming the active stacked structure is, for
example, forming a pad oxide layer on the third semiconduc-
tor layer first, and then forming a hard mask layer on the pad
oxide layer. Next, a plurality of strips of active stacked struc-
ture regions is defined in the hard mask layer using a photo-
lithographic process and an etching process so as to expose a
portion of the pad oxide layer. Finally, portions of the pad
oxide layer, the third semiconductor layer, the second barrier,
the second semiconductor layer, the first barrier and the first
semiconductor layer are removed sequentially using the hard
mask layer as an etching mask.

[0027] According to another embodiment of the invention,
the first barrier is a thin film and a material thereof is, for
example, oxide, nitride or oxynitride.

[0028] According to another embodiment of the invention,
the second barrier is a thin film and a material thereof is, for
example, oxide, nitride or oxynitride.

[0029] According to another embodiment of the invention,
the first semiconductor layer/the second semiconductor layer/
the third semiconductor layer is, for example, N+/P/N+ doped
layer, P+/N/P+ doped layer or SiGe/Si/SiGe layer.

[0030] In another embodiment of the invention, the first
conductive state is N-type, and the second conductive state is
P-type. Alternatively, the first conductive state is P-type and
the second conductive state is N-type.

[0031] According to another embodiment of the invention,
a method of forming the storage structure is, for example,
forming a first dielectric layer on the substrate to cover the
surface of the active stacked structure, forming a storage layer
to cover the first dielectric layer and then forming a second
dielectric layer to cover the storage layer. The storage layer
may be a charge-trapping layer, a floating gate or a nano-
crystal. A material of the charge-trapping layer may be silicon
nitride or a high dielectric constant material. A material of the
nano-crystal may be silicon, germanium or metal nano-crys-
tal.
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[0032] In another embodiment of the invention, the first
dielectric layer/the storage layer/the second dielectric layer
may be ONO.

[0033] According to another embodiment of the invention,
a method of forming the storage structure is, for example,
orderly forming a first oxide layer (O1), a first nitride layer
(N1), a second oxide layer (O2), a second nitride layer (N2)
and a third oxide layer (O3) on the substrate so as to cover the
active stacked structures.

[0034] In another embodiment of the invention, a material
of the conductive layer is, for example, doped poly-silicon,
metal silicide, ruthenium (Ru), molybdenum (Mo) or wol-
fram (W).

[0035] According to another embodiment of the invention,
the substrate may be a silicon substrate, a silicon oxide sub-
strate or a silicon nitride substrate.

[0036] Since a barrier is disposed between semiconductor
layers, dopant in the semiconductor layers can be prevented
from diffusing improperly in a subsequent thermal treatment.
In addition, with the barriers, junction locations of the vertical
non-volatile memory of the invention can be accurately con-
trolled. Furthermore, the vertical non-volatile memory can be
easily formed in the manufacturing method of the invention.
[0037] In order to make the aforementioned and other
objects, features and advantages of the present invention
more comprehensible, preferred embodiments accompanied
with figures are described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIG. 1is a schematic three-dimensional view of the
vertical non-volatile memory according to the first embodi-
ment of the present invention.

[0039] FIGS. 2A through 2L are schematic cross-sectional
views illustrating a manufacturing process of the non-volatile
memory according to the second embodiment of the inven-
tion.

[0040] FIG. 3 is a schematic three-dimensional view of the
vertical non-volatile memory according to the third embodi-
ment of the present invention.

[0041] FIGS. 4A through 4B are schematic cross-sectional
views illustrating a back-end manufacturing process of the
vertical non-volatile memory in FIG. 3.

DESCRIPTION OF EMBODIMENTS

[0042] Please refer to the attached figures in the following
disclosure so as to better describe the present invention. Sev-
eral embodiments of the invention are illustrated in the fig-
ures. Nevertheless, the invention may be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein. In reality, the embodiments are
provided to render the invention more explicit and complete
and fully convey the scope of the invention to people ordi-
narily skilled in the art. For the purpose of clarity, the sizes
and relative sizes of each of the layers and regions in the
figures may be illustrated in exaggerated proportions corre-
spondingly.

[0043] It should be known that the terminology used in the
present disclosure adopts the first, the second and the third to
describe each of the components, regions, layers and/or por-
tions, but such terminology should not limit the components,
regions, layers and/or portions. The terminology is only
applied to differentiate a certain component, region, layer or
portion from another component, region, layer or portion.
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[0044] FIG.1is a schematic three-dimensional view of the
vertical non-volatile memory according to the first embodi-
ment of the present invention.

[0045] Referring to FIG. 1, a vertical non-volatile memory
of the first embodiment of the invention includes a substrate
100, a plurality of strips of active stacked structures 110, a
plurality of word lines 120 and a storage structure 130. The
substrate 100 may be a silicon substrate, a silicon oxide
substrate or a silicon nitride substrate. The active stacked
structure 110 is disposed on the substrate 100 in parallel to a
first direction. Each of the active stacked structures 110
includes a first semiconductor layer 102, a second semicon-
ductor layer 104, a third semiconductor layer 106, a first
barrier 112 and a second barrier 114. The first semiconductor
layer 102 is disposed on the substrate 100. The second semi-
conductor layer 104 is disposed on the first semiconductor
layer 102. The third semiconductor layer 106 is disposed on
the second semiconductor layer 104. The first barrier 112 is
disposed between the first and the second semiconductor
layers 102 and 104. The second barrier 114 is disposed
between the second and the third semiconductor layers 104
and 106.

[0046] Referring to FIG. 1, the first and the third semicon-
ductor layers 102 and 106 have a first conductive state,
whereas the second semiconductor layer 104 has a second
conductive state. The first barrier 112 and the second barrier
114 are thin films, for example. And, materials of the first
barrier 112 and the second barrier 114 are such as oxide,
nitride or oxynitride, and the materials of the first and the
second barriers 112 and 114 can be the same or different.
Furthermore, thicknesses of the first and the second barriers
112 and 114 should be controlled within such a range that
dopants in the first, the second and the third semiconductor
layers 102,104 and 106 are blocked from diffusing and direct
tunneling of charges are prevented from being affected, such
as within 10-20 angstroms. According to the first embodiment
of'the present invention, a structure of the first semiconductor
layer 102/the second semiconductor layer 104/the third semi-
conductor layer 106 can be N+/P/N+ doped layer, P+/N/P+
doped layer or SiGe/Si/SiGe layer. The first semiconductor
layer 102, the second semiconductor layer 104 and the third
semiconductor layer 106 may be poly-silicon layers. The first
conductive state can be N-type, and the second conductive
state can be P-type. Alternatively, the first conductive state is
P-type, and the second conductive state is N-type.

[0047] Referring to FIG. 1 again, the word lines 120 are
arranged in parallel to a second direction. Each of the word
lines 120 crosses the active stacked structures 110 and fills
spaces among the active stacked structures 110. The storage
structure 130 is disposed between the word lines 120 and the
active stacked structures 110. The storage structure 130
includes a first dielectric layer 132, a storage layer 134 and a
second dielectric layer 136. The first dielectric layer 132
covers a surface of the active stacked structures 110; the
storage layer 134 covers the first dielectric layer 132 and the
second dielectric layer 136 covers the storage layer 134. The
storage layer 134 may be a charge-trapping layer, a floating
gate or a nano-crystal. When the storage layer 134 is a charge-
trapping layer, a material thereof can be chosen among silicon
nitride or other high dielectric constant materials. When the
storage layer 134 is a nano-crystal, a material thereof can be
silicon, germanium or metal nano-crystal. According to the
first embodiment, the first dielectric layer 132/the storage
layer 134/the second dielectric layer 136 of the storage struc-
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ture 130 is oxide-nitride-oxide (ONO). A material of the word
lines 120 is, for example, doped poly-silicon, metal silicide,
ruthenium (Ru), molybdenum (Mo) or wolfram (W).

[0048] FIGS. 2A through 2L are schematic cross-sectional
views illustrating a manufacturing process flowchart of the
non-volatile memory according to the second embodiment of
the invention.

[0049] Referring to FIG. 2A, the manufacturing method in
the second embodiment includes forming a first semiconduc-
tor layer 202 on a substrate 200. The first semiconductor layer
202 has a first conductive state. The substrate 200 may be a
silicon substrate, a silicon oxide substrate or a silicon nitride
substrate. A method of forming the first semiconductor layer
202 is, for example, depositing a high dosage N-type poly-
silicon layer (an N* poly Si layer).

[0050] Afterwards, referring to FIG. 2B, a thin-film-like
first barrier 204 is formed on the first semiconductor layer
202, and a material of the first barrier 204 may be oxide,
nitride or oxynitride.

[0051] Next, referring to FIG. 2C, a poly-silicon layer 205
is first deposited to form a second semiconductor layer on the
first barrier 204 so as to form subsequently a second semi-
conductor layer.

[0052] Referring to FIG. 2D, a P-type dopant is injected
into the poly-silicon layer 205 to form a second semiconduc-
tor layer 206 having a second conductive state. It should be
known to people skilled in the art of the present invention that
the first conductive state can be N-type, and the second con-
ductive state can be P-type. Alternatively, the first conductive
state is P-type and the second conductive state is N-type.
[0053] Thereafter, referring to FIG. 2E, a thin-film-like sec-
ond barrier 208 is formed on the second semiconductor layer
206, and a material of the second barrier 208 may be oxide,
nitride or oxynitride.

[0054] Referring to FIG. 2F, a third semiconductor layer
210 is formed on the second barrier 208, and the third semi-
conductor layer 210 has the same first conductive state as the
first semiconductor layer 202. A method of forming the third
semiconductor layer 210 is, for example, depositing a high
dosage N-type poly-silicon layer (an N* poly Si layer).
[0055] According to the second embodiment of the inven-
tion, the first semiconductor layer 202/the second semicon-
ductor layer 206/the third semiconductor layer 210 is, for
example, N+/P/N+ doped layer, P+/N/P+ doped layer or
SiGe/Si/SiGe layer.

[0056] Referring to FIG. 2G, in order to form a plurality of
strips of active stacked structures, a pad oxide layer 212 may
be first formed on the third semiconductor layer 210, and a
hard mask layer 214 is further formed on the pad oxide layer
212. Afterwards, a patterned photoresist layer 216 is formed
on the hard mask layer 214 by a photolithographic process
and an etching process.

[0057] Referring to FIG. 2H, the hard mask layer 214 is
etched using the patterned photoresist layer 216 as an etching
mask so as to define a plurality of strips of active stacked
structure regions 218 in the hard mask layer 214 so that a
portion of the pad oxide layer 212 is exposed. Finally, the
patterned photoresist layer 216 is completely removed.
[0058] Thereafter, referring to FIG. 21, the exposed pad
oxide layer 212 is removed first by etching with the hard mask
layer 214 as an etching mask. Then, portions of the third
semiconductor layer 210, the second barrier 208, the second
semiconductor layer 206, the first barrier 204 and the first
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semiconductor layer 202 are sequentially removed to form a
plurality of strips of active stacked structures 220.

[0059] Referring to FIG. 2], the hard mask layer 214 as
illustrated in FIG. 21 may be removed first, and the pad oxide
layer 212 be retained if necessary.

[0060] Next, referring to FIG. 2K, a first dielectric layer
222 is formed on the substrate 200 to cover a surface of an
active stacked structure 220. The first dielectric layer 222 is
covered with a storage layer 224, and then the storage layer
224 is covered with a second dielectric layer 226. The storage
layer 224 is, for example, a charge-trapping layer, a floating
gate or a nano-crystal. A material of the charge-trapping layer
may be silicon nitride or a high dielectric constant material,
and a material of the nano-crystal may be silicon, germanium
or metal nano-crystal. According to the second embodiment,
the first dielectric layer 222/the storage layer 224/the second
dielectric layer 226 may be ONO so as to manufacture a
vertical non-volatile memory in which every single memory
cell stores two bits.

[0061] Referring to FIG. 2L, a conductive layer 228 is
formed on the substrate 200 to cover the second dielectric
layer 226 and fill spaces among the active stacked structures
220. A material of the conductive layer 228 is, for example,
doped poly-silicon, metal silicide, ruthenium (Ru), molybde-
num (Mo) or wolfram (W). Lastly, a portion of the conductive
layer 228 is removed to form a plurality of word lines. The
word lines cross the active stacked structures 220 (as 110 in
FIG. 1) as the word lines 120 illustrated in FIG. 1.

[0062] FIG. 3 is a schematic three-dimensional view of the
vertical non-volatile memory according to the third embodi-
ment of the present invention. The vertical non-volatile
memory is a kind of BE-SONOS (bandgap engineered
SONOS) memory.

[0063] Referring to FIG. 3, the vertical non-volatile
memory of the third embodiment of the invention includes a
substrate 300, a plurality of strips of active stacked structures
310, a plurality of word lines 320 and a storage structure 330.
Each of the active stacked structures 310 includes a first
semiconductor layer 302, a second semiconductor layer 304,
a third semiconductor layer 306, a first barrier 312 and a
second barrier 314. Furthermore, thicknesses of the first and
the second barriers 312 and 314 should be controlled within
such a range that dopants in the first, the second and the third
semiconductor layers 302, 304 and 306 are blocked from
diffusing and direct tunneling of charges are prevented from
being affected, such as within 10-20 angstroms.

[0064] Referring to FIG. 3 again, the arrangements, posi-
tions and materials of the layers and structures in the third
embodiment are similar to or the same as those in the first
embodiment of the present invention. Additionally, the dif-
ference between the first and the third embodiments is the
storage structure 330 therein. The storage structure 330
includes, for example, a first oxide layer (O1) 331, a first
nitride layer (N1) 332, a second oxide layer (O2) 333, a
second nitride layer (N2) 334 and a third oxide layer (O3) 335
covering the active stacked structures 310 orderly. A thick-
ness of an O1\N1\O2 in the storage structure needs to be
controlled as very thin so that a force of an exterior voltage
can be used to control entry and exit of electrons and holes.
For example, thicknesses of the first and the second oxide
layer and the first nitride layer are independently less than 2
nm, and preferably, the thickness of the first oxide layer (O1)
331 1s between 0.5 nm and 2 nm, and the thickness of the first
nitride layer (N1) 332 is between 1 nm and 2 nm, and the
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thickness of the second oxide layer (O2) 333 is between 1.5
nm and 2 nm. More preferably, the thickness of the first oxide
layer (O1) 331 is less than 1.5 nm.

[0065] FIGS. 4A through 4B are schematic cross-sectional
views illustrating a back-end manufacturing process of the
non-volatile memory in FIG. 3. For the preceding manufac-
turing process of the vertical non-volatile memory in FIG. 3,
please refer to FIGS. 2A through 2J in the second embodi-
ment of the present invention. The same element reference
labels in FIGS. 4A and 4B represent the same or similar
elements as those in FIGS. 2A through 2J.

[0066] Referringto FIG. 4A, a first oxide layer (O1) 401 is
formed on the substrate 200 to cover a surface of an active
stacked structure 220 after forming the active stacked struc-
tures 220. The first oxide layer (O1) 401 is covered with a first
nitride layer (N1) 402, and then the first nitride layer (N 1) 402
is covered with a second oxide layer (02) 403. The second
oxide layer (O2) 403 is covered with a second nitride layer
(N2) 404, and then the second nitride layer (N2) 404 is cov-
ered with a third oxide layer (O3) 405. The formation of the
storage structure 400 consisting of OIN\NT\O2\N2\O3 is fin-
ished.

[0067] Next, referring to FIG. 4B, a conductive layer 228 is
formed on the substrate 200 to cover the third oxide layer (O3)
405 and fill spaces among the active stacked structures 220. A
material of the conductive layer 228 is, for example, doped
poly-silicon, metal silicide, ruthenium (Ru), molybdenum
(Mo) or wolfram (W). Lastly, a portion of the conductive
layer 228 is removed to form a plurality of word lines.
[0068] In conclusion, since the barriers in the structure of
the present invention are used as barriers among the semicon-
ductor layers serving as the source, the drain and the channel
region, the dopant in the semiconductor layers is prevented
from diffusing improperly in a subsequent thermal treatment.
In addition, with existence of the barriers in the vertical non-
volatile memory of the present invention, junction locations
in the vertical non-volatile memory are accurately controlled.
Furthermore, a vertical non-volatile memory can be easily
fabricated in the manufacturing method disclosed by the
present invention.

[0069] Although the present invention has been disclosed
above by the embodiments, they are not intended to limit the
present invention. Anybody ordinarily skilled in the art can
make some modifications and alterations without departing
from the spirit and scope of the present invention. Therefore,
the protecting range of the present invention falls in the
appended claims.

1. A vertical non-volatile memory, comprising:
a substrate;
a plurality of strips of active stacked structures disposed on
the substrate in parallel to a first direction, wherein each
of the active stacked structures comprises:
afirst semiconductor layer disposed on the substrate and
having a first conductive state;

a second semiconductor layer disposed on the first semi-
conductor layer and having a second conductive state;

a third semiconductor layer disposed on the second
semiconductor layer and having the first conductive
state;

a first barrier disposed between the first semiconductor
layer and the second semiconductor layer; and

a second barrier disposed between the second semicon-
ductor layer and the third semiconductor layer;
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a plurality of word lines arranged in parallel to a second
direction, wherein each of the word lines crosses the
active stacked structures and fills spaces among the
active stacked structures; and

astorage structure disposed between the word lines and the
active stacked structures.

2. The vertical non-volatile memory of claim 1, wherein
the first barrier is a thin film and a material thereof comprises
oxide, nitride or oxynitride.

3. The vertical non-volatile memory of claim 2, wherein a
thickness of the first barrier is 10-20 angstroms.

4. The vertical non-volatile memory of claim 1, wherein
the second barrier is a thin film and a material thereof com-
prises oxide, nitride or oxynitride.

5. The vertical non-volatile memory of claim 4, wherein a
thickness of the second barrier is 10-20 angstroms.

6. The vertical non-volatile memory of claim 1, wherein a
structure of the first semiconductor layer/the second semicon-
ductor layer/the third semiconductor layer comprises N+/P/
N+ doped layer, P+N/P+ doped layer or SiGe/Si/SiGe layer.

7. The vertical non-volatile memory of claim 1, wherein
the first semiconductor layer, the second semiconductor layer
and the third semiconductor layer comprise poly-silicon lay-
ers.

8. The vertical non-volatile memory of claim 1, wherein
the first conductive state is N-type and the second conductive
state is P-type.

9. The vertical non-volatile memory of claim 1, wherein
the first conductive state is P-type and the second conductive
state is N-type.

10. The vertical non-volatile memory of claim 1, wherein
the storage structure comprises:

a first dielectric layer covering a surface of the active

stacked structures;

a storage layer covering the first dielectric layer; and

a second dielectric layer covering the storage layer.

11. The vertical non-volatile memory of claim 10, wherein
the storage layer comprises a charge-trapping layer, a floating
gate or a nano-crystal.

12. The vertical non-volatile memory of claim 11, wherein
a material of the charge-trapping layer comprises silicon
nitride or a high dielectric constant material.
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13. The vertical non-volatile memory of claim 11, wherein
a material of the nano-crystal comprises silicon, germanium
or metal nano-crystal.

14. The vertical non-volatile memory of claim 10, wherein
the first dielectric layer/the storage layer/the second dielectric
layer of the storage structure comprises oxide-nitride-oxide
(ONO).

15. The vertical non-volatile memory of claim 1, wherein
the storage structure comprises:

a first oxide layer (O1) covering a surface of the active

stacked structures;
a first nitride layer (N1) covering the first oxide layer (O1);
a second oxide layer (O2) covering the first nitride layer
(N1);

a second nitride layer (N2) covering the second oxide layer
(02); and

a third oxide layer (O3) covering the second nitride layer
(N2).

16. The vertical non-volatile memory of claim 15, wherein
a thickness of the first oxide layer (O1) is less than 2 nm.

17. The vertical non-volatile memory of claim 16, wherein
the thickness of the first oxide layer (O1) is between 0.5 nm
and 2 nm.

18. The vertical non-volatile memory of claim 16, wherein
the thickness of the first oxide layer (O1) is less than 1.5 nm.

19. The vertical non-volatile memory of claim 15, wherein
a thickness of the first nitride layer (N1) is less than 2 nm.

20. The vertical non-volatile memory of claim 19, wherein
the thickness of the first nitride layer (N1) is between 1 nm
and 2 nm.

21. The vertical nan-volatile memory of claim 15, wherein
a thickness of the second oxide layer (O2) is less than 2 nm.

22. The vertical non-volatile memory of claim 21, wherein
the thickness of the second oxide layer (O2) is between 1.5
nm and 2 nm.

23. The vertical non-volatile memory of claim 1, wherein a
material of the word lines comprises doped poly-silicon,
metal silicide, ruthenium (Ru), molybdenum (Mo) or wol-
fram (W).

24. The vertical non-volatile memory of claim 1, wherein
the substrate comprises a silicon substrate, a silicon oxide
substrate or a silicon nitride substrate.

25-42. (canceled)
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