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(57) Abstract

The present invention is for providing a non-volatile memory device and a method of manufacturing the same that may prevent a
degradation of charge retention properties caused by lateral spreading of a charge in the non-volatile memory device of a three-
dimensional structure, wherein the method of manufacturing the non-volatile memory device of the present invention comprises: a
step of forming a memory cell stack with insulating layer and conductive film stacked alternately on the substrate; a step of etching
the memory cell stack to form a hole; a step of forming a blocking film on the entire surface including the hole; a step of forming
a charge trap layer comprising a trap layer and an interlayer on the block film; a step of forming a tunnel insulating layer on the
charge trap layer; a step of selectively etching the tunnel insulating layer, charge trap layer and blocking film to expose the surface
of the substrate; and a step of forming a channel film to fill the hole, and the present invention described above is effective in
improving the data retention characteristics of non-volatile memory device by applying a charge trap layer of multilayered structure
comprising a plurality of trap layers and interlayers.
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Scope of Patent Claims
Claim 1,

A non-volatile memory device comprising a memory cell string in which insulating layer and control gate electrode are alternately
stacked, and a hole is formed;

a channel film filling the hole;

a multi-layer charge trap layer formed between the channel film and the control gate electrode and comprising an interlayer and a
trap layer;

a blocking film formed between the charge trap layer and the control gate electrode; and

a tunnel insulating layer formed between the channel film and the charge trap layer.

Claim 2
The non-volatile memory device of Claim 1,
wherein the charge trap layer comprises

a structure alternately stacked with the trap layer and the interlayer.

Claim 3
The non-volatile memory device of Claim 1,
wherein the charge trap layer has

a triple structure with the interlayer inserted between the two layers of trap layer.

Claim 4
The non-volatile memory device of Claim 1,

wherein the trap layer includes a nitride film and the interlayer includes an oxide film or an oxynitride film.

Claim 5
The non-volatile memory device of Claim 1,

wherein the trap layer includes a silicon nitride film and the interlayer includes a silicon oxide film or a silicon oxynitride film.

Claim 6
The non-volatile memory device of Claim 1,

wherein the interlayer has a thickness of 5-20A.

Claim 7
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A method of manufacturing non-volatile memory devices comprising: a step of forming a memory cell stack with an insulating
layer and a conductive film stacked alternately on the substrate;

a step of etching the memory cell stack to form a hole;

a step of forming a blocking film on the front including the hole;

a step of forming a charge trap layer comprising a trap layer and an interlayer on the block film;
a step of forming a tunnel insulating layer on the charge trap layer;

a step of selectively etching the tunnel insulating layer, charge trap layer and blocking film to expose the surface of the substrate;
and

a step of forming a channel film to fill the hole.

Claim 8
The method of manufacturing non-volatile memory devices of Claim 7,
wherein the step of forming the charge trap layer

forms it by alternatingly stacking the trap layer and the interlayer.

Claim 9
The method of manufacturing non-volatile memory devices of Claim 7,
wherein the step of forming the charge trap

forms it in a triple structure forming the interlayer between the two layers of trap layer.

Claim 10
The method of manufacturing non-volatile memory devices of Claim 7,
wherein at the step of forming the charge trap,

the trap layer includes a nitride film and the interlayer includes an oxide film or an oxynitride film.

Claim 11
The method of manufacturing non-volatile memory devices of Claim 7,
wherein at the step of forming the charge trap,

the trap layer includes a silicon nitride film and the interlayer includes a silicon oxide film or a silicon oxynitride film.

Claim 12
The method of manufacturing non-volatile memory devices of Claim 7,
wherein the interlayer is formed at a thickness of 5-20A.

Specifications
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Technical Field

The present invention relates to non-volatile memory devices, particularly to non-volatile memory devices of three-dimensional
structures and methods of manufacturing the same.

Background Art

Recently, three-dimensional structures such as Silicon oxide nitride oxide silicon (SONOS) or metal oxide nitride oxide silicon
(MONOS)have been extensively studied for non-volatile memory devices such as NAND flash memory devices of 20 nm or less.
A non-volatile memory device employing a SONOS or MONOS structure is called a charge trap type non-volatile memory device.

FIG. 1 is a diagram illustrating a non-volatile memory device of charge trap type according to the prior art.

Referring to FIG. 1, a memory cell string (MS) is formed on the substrate (11). A memory cell string (MS) includes an insulating
layer (12) and a control gate electrode (13) which have been alternately stacked, and includes a channel (17), a blocking film (14),
a charge trap layer (15), and a tunnel insulating layer (16). The channel (17) and any one of the control gate electrodes (13) make
up one memory cell, whereby the memory cell string (MS) becomes a three-dimensional structure in which a plurality of memory
cells are stacked.

In the prior art of FIG. 1, a silicon nitride film is mainly used as a charge trap layer (15).

In the case of a non-volatile memory device of a three-dimensional charge trap type shown in FIG. 1, unlike a two-dimensional
structure, the charge trap layer (15) in which the charge is trapped is not disconnected between memory cells in a vertical direction
and must have a continuous layer. In this case, the charge retention characteristic, which is one of the important characteristics of
a nonvolatile memory device, is deteriorated by lateral spreading of the charge trapped in the silicon nitride film.

Contents of the Invention
Problems to be Solved

The present invention has been proposed to address the problems caused by the prior art described above and is intended to provide
a non-volatile memory device and method of manufacturing the same that can prevent the degradation of charge retention
properties caused by lateral spreading of the charge in a charge trap type non-volatile memory device of a three-dimensional
structure.

Means to Solve the Problems

The non-volatile memory devices of the present invention for achieving the above purpose comprise: a memory cell string in
which an insulating layer and a control gate electrode are alternately stacked and which has a hole; a channel film to fill the hole;
a multi-layer charge trap layer formed between the channel film and the control gate electrode, comprising an interlayer and a trap
layer; a blocking film formed between the multi-layer charge trap layer and the control gate electrode; and a tunnel insulating layer
formed between the channel film and the multi-layer charge trap layer.

In addition, the method of manufacturing a non-volatile memory device of the present invention comprises: a step of forming a
memory cell stack with an insulating layer and a conductive film stacked alternately on the substrate; a step of etching the memory
cell stack to form a hole; a step of forming a blocking film on the front including the hole; a step of forming a charge trap layer
comprising a trap layer and an interlayer on the block film; a step of forming a tunnel insulating layer on the charge trap layer; a
step of selectively etching the tunnel insulating layer, multi-layer charge trap layer and blocking film to expose the surface of the
substrate; and a step of forming a channel film to fill the hole.

Effects of the Invention

The present invention described above has the effect of improving the data retention properties of non-volatile memory devices
by applying a multilayered charge trap layer comprising a plurality of trap layers and interlayers.

4 -
Sandisk Technologies, Inc. - Ex. 1005, Page 000004



[0011]

[0012]

[0013]

[0014]

[0015]

[0016]

[0017]

[0018]

[0019]

[0020]

Published Patent Application 10-2011-0118961

Brief Description of the Drawings
FIG. 1 is a diagram illustrating a non-volatile memory device of a charge trap type according to the prior art.

FIG. 2a is a diagram illustrating a non-volatile memory device of a charge trap type in accordance with an embodiment of the
present invention.

FIG. 2b is a detailed view showing an example of a charge trap layer.

FIGS. 3a - 3f are process cross-sectional views illustrating methods of manufacturing non-volatile memory devices of a charge
trap type in accordance with an embodiment of the present invention.

Concrete Contents for the Implementation of the Invention

Hereinafter, in order to explain in detail in such a way that those of ordinary skill in the art to which the present invention belongs
can readily practice the technical idea of the present invention, the most preferred embodiments of the present invention will be
described with reference to the accompanying drawings.

The present invention relates to a Silicon-Oxide-Nitride-Oxide-Silicon (SONOS) structure or a Metal-Oxide-Nitride-Oxide-
Silicon (MONOS) structure used in a non-volatile memory device of a three-dimensional structure, in particular a highly integrated
NAND flash memory device. It relates to a method of improving the charge retention characteristics of a non-volatile memory
device of a three-dimensional structure by applying a charge trap layer in which interlayers and trap layers are alternately stacked.

The charge retention characteristics of the NAND flash memory device of a three-dimensional structure are influenced by the trap
level is of the charge trap layer. In this case, the retention characteristics are influenced most by the composition of the silicon
nitride film, which is mainly used as a charge trap layer.

In the present invention, a multi-layer charge trap layer, in which interlayers and trap layers are alternately stacked, is applied as
the charge trap layer. For example, the charge trap layer comprises a triple structure of NON (Nitride Oxide Nitride) structure
including a nitride film, an oxide film and a nitride film. The charge trap layer may comprise a triple structure consisting of a
silicon nitride film, a silicon oxide film and a silicon nitride film, or may comprise a triple structure of a silicon nitride film, a
silicon oxynitride film and a silicon nitride film.

FIG. 2a is a diagram illustrating a non-volatile memory device of a charge trap type according to an embodiment of the present
invention, and FIG. 2b is a detailed diagram illustrating an example of a charge trap layer.

As shown in FIG. 2a, a memory cell string (MS) is formed on the substrate (21). The memory cell string (MS) comprises an
insulating layer (22A), a control gate electrode (23A), a blocking film (25A), a multilayered charge trap layer (202A), a tunnel
insulating layer (29A), and a channel film (30A). The memory cell string has a hole (24), within which a blocking film (25A), a
multilayered charge trap layer (202A), a tunnel insulating layer (29A), and a channel film (30A) are filled.

The substrate (21) includes a silicon substrate, and the insulating layer (22A) and the control gate electrode (23A) are stacked
alternately several times to form a memory cell stack (201). The insulating layer (22A) includes a silicon oxide film. The control
gate electrode (23A) includes a polysilicon film, particularly a doped polysilicon film doped with N-type impurities or P-type
impurities. The insulating layer (22A) and the control gate electrode (23A) are stacked vertically on the substrate (21) to provide
a three-dimensional structure. In the hole (24), a channel film (30A), a blocking film (25A), a charge trap layer (202A), and a
tunnel insulating layer (29A) are filled. It is a structure in which the blocking film (25A), the charge trap layer (202A) and the
tunnel insulating layer (29A) enclose the channel film (30A). The channel film (30A) is a vertical type.

The tunnel insulating layer (29A) and the blocking film (25A) include a silicon oxide film. The channel film (30A) comprises a
polysilicon film, in particular a doped polysilicon film doped with N-type impurities. The channel film (30A) becomes a vertical
channel.

The charge trap layer (202A) has a multilayer structure in which the interlayers and the trap layers are repeatedly stacked. In
embodiments, the charge trap layer (202A) has a structure in which one interlayer (27) is inserted between the first trap layer (26)
and the second trap layer (28). This structure is called a triple structure. The interlayer (27) comprises an oxide film, and the first
and second trap layers (26, 28) comprise a nitride film such that the charge trap layer (202A) forms an ONO (Oxide-Nitride-
Oxide) [sic: NON (Nitride-Oxide-Nitride)] structure. Preferably, the interlayer (27) includes a silicon oxide film and the first and
second trap layers (26, 28) include a silicon nitride film. The interlayer (27) may include a silicon oxynitride film. Thus, the charge
trap layer (202A) of triple structure is a NON structure consisting of a silicon nitride film, a silicon oxide film and a silicon nitride
film (see FIG. 2b, which has an enlarged view of the A portion of FIG. 2a). In addition, the charge trap layer (202A) of the triple
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structure comprises a silicon nitride film, a silicon oxynitride film, and a silicon nitride film. In another embodiment, the charge
trap layer (202A) includes a multilayer structure in which the trap layer is stacked at least three times. For example, a five-layer
structure may be used, which comprises a trap layer, interlayer, trap layer, interlayer, and trap layer.

As described above, the charge trap layer (202A) of the multilayer structure has a plurality of trap areas due to the interlayer,
whereby charge trapping is separated. In this case, the electric field generated by the trapped charges is dispersed. In addition, by
applying a charge trap layer of a multilayered structure, the trapped charges are separated, which disperses the electric field and
can weaken the driving force by which the charge is spread in the lateral direction.

FIGS. 3a - 3f are process cross-sectional views illustrating methods of manufacturing non-volatile memory devices of charge trap
type in accordance with an embodiment of the present invention.

As shown in FIG. 3a, an insulating layer (22) and a conductive film (23) are alternately stacked several times on a substrate (21),
such as a silicon substrate. This stacked structure shall be abbreviated as memory cell stack (200).

The insulating layer (22) is for mutually separating a plurality of memory cells stacked in a vertical direction, preferably consisting
of an oxide film. In addition, the conductive film (23) is for forming a control gate electrode of a memory cell, and it preferably
consists of a polysilicon film doped with P-type impurities or N-type impurities. An insulating layer (22) and a conductive film
(23) are formed repeatedly depending on the number of memory cells to be stacked, but in this embodiment, an example of stacking
four memory cells is shown for the convenience of description.

As shown in FIG. 3b, a memory cell stack (200) is etched to form a hole (24) exposing the surface of the substrate (21). By way
of the hole (24), the memory cell stack (201) becomes a structure in which a plurality of insulating layers (22A) and control gate
electrodes (23A) are stacked several times. The upper and lower control gate electrodes (23A) are insulated by the insulating layer
(22A). On the other hand, the end of the control gate electrode (23A) can be pre-formed in the form of stairways by using a
slimming etching before forming the hole (24).

As shown in FIG. 3c, a blocking film (25), a multilayered charge trap layer (202), and a tunnel insulating layer (29) are sequentially
stacked onto a memory cell stack (201) including a hole (24).

The blocking film (25) acts as a shield that prevents the charges that have passed through the tunnel insulating layer (27) from
moving to the control gate electrode (23A) in the process of being trapped in the charge trap layer (202). The blocking film (27
[sic: 25]) includes an oxide film such as silicon oxide film. In addition, the blocking film (25) may comprise a high-k dielectric
film that blocks charge movement while lowering the equivalent oxide film thickness.

The tunnel insulating layer (29) includes a material having a larger energy band gap than the charge trap layer (202). Preferably,
the tunnel insulating layer (29) may comprise an oxide film or an oxide film with a mixture of nitrogen, so it may comprise a
silicon oxide film (SiO2) or a silicon oxynitride film (SiON), for example. As such, when the tunnel insulating layer (29) has a
large energy band gap, the charge trapped in the charge trap layer (202) cannot move easily.

The charge trap layer (202) is a layer with the function of trapping electrons or holes injected through the tunnel insulating layer
(29). The charge trap layer (202) includes a material mixed with nitrogen such that the trap site density is high, so it may include
a silicon nitride film, for example. The silicon nitride film includes Si3Na.

In the present invention, the charge trap layer (202) has a multi-layer structure. Preferably, the charge trap layer (202) comprises
a multilayer structure in which the trap layers and the interlayers are alternately stacked. In an embodiment, the charge trap layer
(202) comprises a triple structure with one interlayer (27) inserted between the first trap layer (26) and the second trap layer (28).
The first trap layer (26) and the second trap layer (28) may be of the same material, and the interlayer (27) may be of a different
material from that of the first and second trap layers (26, 28). The first and second trap layers (26, 28) comprise a nitride film, and
the interlayer (27) comprises an oxide film. In particular, the first and second trap layers (26, 28) comprise a silicon nitride film,
and the interlayer (27) comprises a silicon oxide film or a silicon oxynitride film. Thus, the charge trap layer (202) may consist of
a first silicon nitride film, a silicon oxide film and a second silicon nitride film or may consist of a first silicon nitride film, a silicon
oxynitride film and a second silicon nitride film.

As described above, when the charge trap layer (202) is formed in a multilayer structure, data retention properties are improved.

In the area where trap sites are most prevalent in a typical SONOS structure, charges are mainly trapped in deep traps in the
interface region of the blocking film and charge trap layer. This is called “trap interface.”

In the case of a multilayer charge trap layer (202) in which the interlayer is located between the plurality of trap layers, the trap
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area, in which the charges are mainly trapped, becomes separated, while the trap concentration of charges increases further as the
trap area is increased by the plurality of trap layers. In this case, the electric field will be dispersed by the trapped charge. In the
case of the three-dimensional SONOS structure, it becomes difficult to structurally isolate the charge trap layer. In this case, charge
loss caused by lateral spreading is inevitable, and the data retention characteristics must depend on the unique trap characteristics
of the charge trap layer. On the other hand, by applying a multilayered charge trap layer (202), the charges are separated by a
plurality of trap layers, which disperses the electric field and can weaken the driving force by which the charge is spread in the
lateral direction.

In conclusion, according to an embodiment of the present invention, the data retention characteristics of the 3-dimensional non-
volatile memory device of charge trap type is enhanced.

As shown in FIG. 3d, the blocking film (25), the charge trap layer (202) and the tunnel insulating layer (29) are selectively removed
to expose the surface of the substrate (21). Accordingly, the blocking film (25A), the charge trap layer (202A) and the tunnel
insulating layer (29A) remain only on the two side walls of the hole.

As shown in FIG. 3e, a channel film (30) is formed on the front to fill a hole (24). The channel film (30) includes a silicon film.
In particular, the channel film (30) includes a polysilicon film. The polysilicon film used as the channel film (30) is formed into
polycrystalline by the chemical vapor deposition (CVD) method. It can be deposited in amorphous form by the CVD method and
conducted with a method that crystallizes by heat treatment in order to form polycrystalline.

As shown in FIG. 3f, the channel film (30) is selectively removed using chemical mechanical polishing (CMP) or dry etching.
Accordingly, the channel film (30A) remains inside the hole (24).

Because the channel film (30A) is a polysilicon film and the control gate electrode (23A) is a polysilicon film, the non-volatile
memory device according to an embodiment of the present invention has a SONOS structure. In another embodiment, when the
gate is a metallic film, it has a MONOS structure.

Although the embodiments stated above describe a charge trap layer of a triple structure, in other embodiments of the present
invention, a multilayer charge trap layer having at least three layers of trap layer can be applied. For example, a multi-layer charge
trap layer includes a structure in which the trap layer has been used at least twice. As an example, a five-layer structure consisting
of a silicon nitride film, a silicon oxide film, a silicon nitride film, a silicon oxide film, and a silicon nitride film is also applicable.

It will be apparent to those of ordinary skill in the art to which the invention belongs that the invention described above is not
limited by the foregoing embodiments and the accompanying drawings but is capable of various substitutions, modifications, and
variations within the extent not exceeding the technical idea of the invention.

Description of the Codes
21: Substrate 22A: Insulating layer

23A: Control gate electrode 24: Hole
25A: Blocking film 26: First trap layer
27: Interlayer 28: Second trap layer

29A: Tunnel insulating 30A: Channel film
layer
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[, James Choi, pursuant to 28 U.S.C. § 1746 and 37 C.F.R. § 1.68, hereby declare as

follows:

1. [ am a Translator at TransPerfect, Inc.

2. [ submit this declaration to certify the accuracy of the English translation of
KR20110118961A.

3. I am qualified to perform Korean to English translations and certify the

accuracy of Korean to English translations.

4, My statements are based on personal knowledge and my review of
KR20110118961A and its Korean to English translation. If called as a witness about the
facts contained in these statements, I could testify competently based on such personal
knowledge and the investigation I have conducted.

S. Attached as Exhibit A is a true and accurate copy of KR20110118961A.

6. Attached as Exhibit B is a true and accurate copy of an English translation of
KR20110118961A (“the KR20110118961ATranslation™).

% The KR20110118961A Translation is a true and accurate translation of
KR20110118961A from Korean to English.

8. All statements made herein of my own knowledge are true, and all statements
made on information and belief are believed to be true. Further, I am aware that these
statements are made with the knowledge that willful false statements and the like so made

are punishable by fine or imprisonment, or both, under 18 U.S.C. § 1001.

I declare under penalty of perjury under the laws of the United States of America that

the foregoing is true and correct. Executed on August 22, 2025, at New York, New York.
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7] & # o
o mag el gAd e Ao, S8 3349 Pze] wHMAdwe g 2 1 Az el w
# Zolt}

W o =

20nm ©]8} WA= ZePA v =)= (NAND Flash Memory device) 5<] RISEAM = dAE 98 334 %9
SONOS(Silicon Oxide Nitride Oxide Silicon) Hi= MONOS(Metal Oxide Nitride Oxide Silicon) T+Z&7} #H*
ol A7 Qdrk. SONOS HEE MONOS x5 A&ste W3 dumed2 e HeEH T (Charge Trap type)
H| 3w =] =] 2 ghr),

= 1e FAled mE ASERY v RZAE =AE =t

= 1 x|, 713 (11) Zgel WEZAAETH (Memory cell string, MS)o] FAHG. wHEIAAEZH(MS)
Hzol A58 dA(12)T AAAC|EAS(13)& 2Fstar, AE(17), &5 H(14), JEHL(15) 2 HY
dAu(16)S x2St D7) o= dte] AfACIEAS(13) 3lte] WEZAS o|FH, o]d uje}
HEA~EHNS)S 559 wWEgdo]l AFH 3xd 271 €t}

I 7z @8] dék(charge) 7t EW(trap) =
vkl §lt). o

A3} F*(charge retention) 542 AgZdshe

¥ Aste] SH A= (lateral spreading)ell 98] Vw1 A A},

(continuous layer)& 7+ = Hhol
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o
=
b
i)
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2
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I
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Q(_g
¥ oy

B4 7 F¢

47 BAL GASy] AF B oagel wHua R gas ddus Aol el EaTe] Wl
]

e uAsEY; 47 F hse AdS 3] A 3 2
Wohe EPHTEe ARERE: 4] ASERUR Ao AN EAT Aol FHE RSP 2L 4] AY
o ASET Aol P4 HYAARS TFIE A 5o A,

W) 57
AEd B oRe Bee Ednl 2092 TPt dF PR AREFRS AgSHnEA WY ne
AAo] wlolel i BHE FAHAD S i wat Ak

Sandisk Technologies, Inc. - Ex. 1005, Page 000015



[0011]

[0012]

[0013]

[0014]

[0015]

[0016]

[0017]

[0018]

[0019]

[0020]

SIHS3l 10-2011-0118961

b1
N
e
r
T

=
& 2bes ASEH ] A& AR A=
& 3a WA = 3f el ool mE HStEHY n SR Ax IS BAE 3 dHe

vy HAlp7] fe FAF A YE

o, ¥ Wl Sahiz 7% Roold Bakel A4 b2l A7k ¥ wwe] 7 AFS golabA AN 5
e AEZ PAS AP sistel, L wmel Jbg wEA WAdE AT =W Fxsle] Agslz @
o).

wowge 3 pxe] WIHWAWMEAGA, 55 n9A We FaAume Aol AHgE s SON0S(Silicon-

Oxide-Nitride-Oxide-Silicon) 7% ¥+ MONOS(Metal-Oxide-Nitride-Oxide-Silicon) —-Zol =3l AHo|t}. =
2k (Inter layer)? E# 9 (Trap layer)o] Wzo} A5H HstEHuS 14&—5—}3;/%1 3akel grze] vl
g9l A3F X (charge retention) 542 &FA|7]= Wil &3k Ao},
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2
H

leveDol ofa] FaF& WA ®rk. o] 5 MEGe T2 AgE= He2dsiue] 24 et 4 =

el 7V 2 &S WA A

r>~1
Ol

2 oA E HIERHo A Fd Efute] wWzol HFE vhFeo] HASFEH=(Multi charge trap
layer)S &3ttt oA, AsfEHLS dAsiar Absiel F Asiubs ¥ Esk= NON(Nitride Oxide Nitride)
TZo EYE 1XE ¥t} HtEFYL Ag#ZA3 9 (Silicon nitride), A4k} (Silicon oxide)
2 A ZAst(Silicon nitride)® o]FojF EFE 25 EXstAY, &e AgI2dsy, AgEitsids)
“H(Silicon oxy nitride) B Ag|Zds}ete] EfE F2E Egelr}.

o] Aol mE AstERY W F AR GRS BARE mHolal

% 2t ¥
dE Z=AIF Ao,

vlmE AsER(S)o] BN vlme]AsE(0S)S AEH(224),

Ao Al EASF(234), EF79H(254), t5< Xd%}E 2H(2024), EEAdA9(294) 2 AE9H(300)S EF3T).
HEagAAElL Z(24)S 2ta & Yo EE279(25h), thE ASIENTH(2024), BlEAA(204) 2 2
wH(30A) 0] g},

I, AAu(228)9 AAACIEAF(230)L 3] Aol HFH o] wrgase
(201)01 %E}. Xécﬁ_@}(zzA)g A Zatstete s Ao Al EAF(230) 2 YA Ewe 283k, &
3, Ng E¢E EE Py FE =ezZe ZAYEds st ddd(220) 3 AojAelEA
(230)& 719 (21) AollA FRAWEEo e AEHuax 321 T35 ATdt. E(24)de ALeh304), £
uH(25A), ASFEREH2020) B EHYEEAT(204)0] wigHEH Tk, E579H(250), ASFEHTH(2020) B HEAEA
(29A) 0] AEEHB30A) S ANGR= Fxolth. AETH(304)S 2 (Vertical type)o|t}.
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=

E&Au(2024)2 Sy Efiute] wHiEsle] AHFHE tF F2E ZHeth. AA]doA, HASFERE(2024)2

EAu(26)7 A2EWTH(28) 3]

%&v}. SN AEes xEsta, Al 9 A)RE
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Z9o] HMIEHT(2020)> AjZdsiet, Ag|Zatsiet 2 oA
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3ac] EAIE whe} o], Wel@rlw Seo] 71w21) Al AAuh(22)3 wA(23)E wo}l 58 AFwT).
o g AFTEE vime|Asu (200008 e Hrt,

2 AZE HE49 vrEgAS FE BEA7)7] 98 HAozA, Absieto g o =

EAuk(23)S MR Aol Ao]Ao]EHZ(Control gate electrode)S FAst7] 93k A

Ng E¢Eo] gy ZdgIEuto s o]Fofx= Zo| vt sitt. H5stuxt st
An)

gt dadvh(22) B =AU(23)S W FAsked, B AAddA e, Ao HeE 9st

L 3bol mAJE wpe} go], wREAAE(200)S AZste]l 7](21)e] xS =FAYIE 2(24)S AT
Z(20)°l ofs] mEA2B(201)S 5 AAU(224) 7 X*MHIO]E%i%(ZSA)O] T3 Asd T2 9. A
H-oF apof Aol A ]Exd%(ZSA)—Q dAuH(224) ] ] A< %E} Lj, = %

of AojAle]ES(230) 9] S At FEl(Stairway) = 7] F4% 4 Slt.

& 3coll E=AIE kol o], E(24)& I W AAE(201) ol E5AEH25), Tl ASFEH(202),

EfE s oA Ao Aol EXI=(234)

] | =
e s Aol BHAReNE dezusy o gsve ¥
A

gy 4%
ot wm A2vh £ NSNS TFE £ e, A8 B, AAsuhSio) T A @is s

(SiON)& g3}, ofe} o], HadA(29)0] oA mi=Alc] AW dstEHTH(202)] EHE ] = st

AFEMN(202)S HEEA(29)S F& 98 AAHElectron)Y A& (Hole)E E#(trap)dts 7]
‘1}0]1’4—. HASENI(202)2 E}|ALO)E A (Trap site density)’} 255 ALVl E3td E2S ¥3st=d,

oAE Eo, H]ZA3(Silicon nitride)S E8E 4 Jo}. A2 g2 SipN,E EE3c),

Efuh(202)0] e F2E zZevh. v A, HIEREH(202)> EfY
g o5 Fx2E X AAdeA, AEH(202)2 ATEH(26) I A2E
39 (Inter layer, 27)o] A¥ E#Z F+%(Tripple structure)E E¢H3th, A1ENL(26)3 A2
2= TY 549 F i, WS AL 2EHY(26, 28)HE= thE EAY  dnk. Al 2 Xﬂ
(26, 28)2 Astus xstalal, S22 Ass x3snh. 53], #l1 9 A2EH (26, 28)> 4
I, S (27)S A& Akslek(Silicon oxide) EE A &AFsFAsEH(Silicon oxymtrlde)
EEkeith. weba, ASFEREH202)S Al ZAsE, Adgikste 92 Az 2dste o g o] Fojx AL |
= Alde 24, AeEatsidsiet 9@ A2 Edgute R o] Fojd 4 gl

(26) olel shiel

[¢}

o o

JE 1m lm
Moo a2 2

AUSl SONOS ol A EAR Etrap site)7h 73 ol EAlshe e BEuint AstEYute Awd
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pu. — H

9 (interface region)2| Z

o] EHur Alold] F7teho] f)X|sh= vthE HIFERHTN(202) 0] S B Efivt o3 Efidoe] ¢ F
7VebE A Hsle] E#lsE(trap concentration)7} 5718 b olyzel, Hsle Effo
of #drt. o] A5 EfE Adstell gk "7 (electric field)o] #4tH= =%
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harge loss)< E71H 3, dlo]E X ’]—ET/BL\% ZstEH ] 1
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=M (lateral) WeFo g2 ATy E= ?L Z(driving force)=

Al e 0ol

SEH walol 32+ 13wk v E )
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pxo] dolEfH A

2 gHyadduh(29)S MeEH oz AASS 7%
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