100

100 100C

L ks b i 1B
9 10 osass ! hococend Bocooed! i seeeed isceseecoesed) er
L e o i ; ¥R | RRRRKXXKKRNNY RXKXXKRRN

] Aoy

OCTROTRN s ) I o OO AR
i SISO 3 S 35 Sy mmme

OIS (X

49, - z
ST X B 5 e B0
E HOY

o
3

i

e
R
o

™~

FiG. 1A X ¢

1/21



100

100C

1008

1004

SUB-BLK?

AY

\

8 50
AW

U UG UG UV UG U N

il
N

N

56

-

o

/,.3

A
\

30

i
i

S

A
e
AN

§ a2

40

JU—

&G
3 ooc
el L3 G
LYY
G000
§ O 0% © 04y
\\ SNM
ka4
i
e T p——
mm &

FIG. 1B

X

2/21



FiG. 1D-1 FiG. 10-2

3/21



TR R
T T el T E T E e S N :::(:w:fu:.u.rfkm. .

e ey R IR e FRERE

S

t

FiG. 1E

4/21



[5500500000066555099000045
««««hnuuunuuuunuuuunn

3! 3

e
g 4
% 6%

s

%

£

,,
[ Ssotssssssitintss £
gL
AR

Ry

X
st

0233599990009999999, 299941 e_‘

p= Siasiisasnists bisssistas i)

521



cer £ &I £ £
B P G L ]
oy WS B 4
L
V3 -
T 1

1 b

AN L b

e
e
.-"()

l e
.// Pt
-

/ ”

e
PR
//'
-
P
[

-
o

i
o
-~

300

| —

——

;

e
e

e

e

o

-

[erems £33

-~

=

!

i }
lllll > el =

P M I ]

35 SR R 5 nN\.

an
B

e

>

FIG. 3A

6/21



m.\,\.\w
£

g

o B e B

FIG. 3B

7/21



2 & Erasing
a5 ! i
[>Me] | i
< = [ V1 a
} i
! |
| i
HVPW —m— oV
[ W i
f / ™\ :
E i
Selected BIG ,__________;; a Qv
! ]
! i
| i
* :
§
Selected WL ! ! v
! i N
! i >
Time
9 M
% E Erasing
2 j
- VI
i i
} i
HYPW E ‘ oV
I y f
i i
i i
Selected BSG mmmm{/ﬂ— v
i
| |
Unselected BSG ! i oV
i i
Selected WL : , v
i i
E 5 i
: Time

8/21



. T2 [rodiat o
g 8 .- &3 oo o
o = o £ &N ...wt
Y %
,(1. ", "~ 7
k 0 4 P =
bt m o
- g e 52
o L2 Gloden e
; Pz
& o m Ge |
m
g
N 4
=< g
4
4
g
m
e, X “ i, §
= 4 =
g
4
m
2 7
g
g
g
. m
F m
m o T
m jon S22
- g
e €T g
e G
g
g
g
3 m
. €
_—
by m . m«.m
g
g
. o m
A o j3e3
o e g b3
<y 7 :
g
A
m <
- L2
SN i
Bl g byl
7
y \u_
-
e
EAS N . 7 g £
o s fx xS - £ .
P R a.v‘n £y € AN

PSR S & =t 3 ]

3
al
&
&
“
&

9/21

FiG. 5B



%2 5 =5 58
M\m memm Juew FEG & B8
Y A A e
< A NN 2
ST \\\\ P o

Y

Q
16

X-cross-sectional view

| view

60n

ey
TS L

10/21



100A

100C
N

1008

P S
e T2y
Pl hin
o~ v D
B tits
e

FEETTIT IR SRS AT L LUNEE,
i)
3
i
\ i
3 i as A a4
243 ™ o 3‘-‘, £

FIG. 7A

11/21



Ry . 603

774y S\ S

s

A - - - - - T Y

L,

50 o o’y L - oy /’/,f'/ oy
A : : : :
[Ny

.
05— I T © T T S
iy
FEGH - - AR
s

12/21



62a-1 62a-2 62a-3

28
3
P P s a 4
&2~ St~ &g~ B
Sl tel 845 e ;
- AN - ~ A L o (\
3 ~ N \4 \

iT3 EI"IJ <
RSN

.,Q,.
-
3

5SS
e 1

=
e N
3

X

\\“h“h“h“h“h“h“h“h“h“h“h“hvh.A“h“h“h“h“h“h“h“h“a“a“a“a“a“a“a“a“a“avx

\ t'
A

=
l; N
<

o

P

T
T T T T T T ey

ST EETIEI TSt EH A TREReFES AR ENERTE

2N i
T AT T IS IS A IS S FPLEL] 7
¥
i

o
v

]
)

N \ \\ A ;
4 { i % {

. 8B

13/21



1008 100

naasésmmz
i
i
i
!
i
i
i
i
i
i
i
i
!
;
;
i
;
!
i
i
i
i
!
i
i
i
i
i
i
i
!
i
¥

M3IA I

Y

FIG. 8C

14/21



-y T
o 3z s -
i TR AN FH
4
AW e 5
R

P

By e | 3
By :

s e
PoSIIII [ SSSSSsaas

OSSR e e

RSS! S

P
feesonoocoroned

A
S S

e,
| e
i Rifoct

an

- A0
e QUG
R
MRTHY

e
i3

L

g

<

g —

15/21



— R S [ Mo
- A R R ST s R o ue Rl ekt > oo I o
CCOoOBOO ! Y g
ocoboo i g
loXoXeY XoXo) “ Va
oXoXe oXslel m
coopoce P .
CoOpOon ; ™ g
¥ oXo): XoXol :
coohoo m .,
COOROO : T e S
xoxe Xe1e ; 2K :
1N eXe] @ Co0BOO .ffw..‘.....e_,.u.u., . ~
oo oo ; P -
COOBOC ! AN
coolhoo m mw
COOROO : &
oXoXe oXsNel m
ccopoeo s i
NS AN m MM %x} ..................................
cooBOO m 5 .
COODOO ; N o
leXsXeY YoXeol “ . el dds g
[oXeXs sXoXs! m v
COOROC ”
COODCOC ;
P . cooboo ;
{ SO O0 nonhoo
- ﬂ w O OZ-cruss-sectionsl view o o i
e ; < G-~ OBl
v M\ii/@ CO0 ococopoo i
2 o] G0 CQOROOC !
S QROROCO _000BGO | ___
| J———— e AR “
o i {
SE I
A "
- |
or | e e e e e e e e e e e e - 7
2 /
_W ",
% 4

z
xlmmmav

16/21

FIG. 10A



1008

“
1

00A

! ;
“ | ecococon Q000CCO ”
_WW\.:{GOOOGO 060000 i

_Ae’| Foooos 000000 m

w 00000
i
i

POOO00 000000
\\FW\ QCO000  0GOU0O0O0
i

17/21

FiG. 10B



e

.
\
}
o
o
Y

s

P

~
~.
S
et S
.

< ] {
A J
oLy bt e
L ﬂf -
../ 5, / \ f
AR <z
SN Sy -
NN S A L]
WY
3 /... [
./f 5 Y wtﬂ.
e £
W
i
e
71
g —
.
=
’ g
At

S

e

o £222
- g

s SO
o

oo T3
B3

.

HUEI S

e
)

L

an
5

Z
X[..................& ‘Y‘

FIG. 11A

18/21



150C

100A

~

PR
Rttt et
\w GBI GO
t o o
m mw@
§ sxeXel
i do
i o} o ¥o)
e}
§ MWD
] %)
m nio 0
i %%v
m://.. nmnz.
m )
m wuw
§
H@H% [¢X>)
b quiboo
AN booBoo
i do o0C
pipoB oo
M L ¥oo
o Boo
| dSiboo
o%m_oo
-4 go s}
§ plooB oy
do o0
! oXel XeXo)
§ go Q0
e 008 SOk !
§ soUnon
i P 0 Q000
y OGN0
i §
e [ S N

FiG. 11B

100

100C

1G0A

58
i

fexn o s cxmn oond B am o e Gax am e e aEn o e Gax o G G G M an e D G G

FiG. 11C

19/21



e €3
“t

=

aen 557

-5
.

o

R I d
oy s

FIG. 11D

20/21



1200

k“-~m%§! 3 ; $1204
Forming a BSG and one or more dummy f

BSG over a substrate

§ 1206
Forming one or more first trenches to |

separate the BSG and dummy BSGs.

TSG seguentially

Forming word lines, dummy TSGs, and J\

-

Forming one or more second trenches to
separate the dummy TSGs and TSG

51214

Forming channel structures, dummy L/\
channel structures, and a common
source region

21/21



