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Abstract

In this paper, we analyzed the current path in the O/N/O (Oxide/Nitride/Oxide) structure of 3D NAND Flash
memory and in the O/N/F (Oxide/Nitride/Ferroelectric) structure where the blocking oxide is replaced by a
ferroelectric. In the O/N/O structure, when Vs is applied, a current path is formed on the backside of the
channel due to the E-fields of neighboring cells. In contrast, the O/N/F structure exhibits a current path formed
on the front side due to the polarization of the ferroelectric material, causing electrons to move toward the
channel front. Additionally, we performed an examination of device characteristics considering channel thickness
and channel length. The analysis results showed that the front electron current density in the O/N/F structure
increased by 2.8 times compared to the O/N/O structure, and the front electron current density ratio of the O/N/F
structure was 17.7% higher. Therefore, the front current path is formed more effectively in the O/N/F structure
than in the O/N/O structure.
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Fig. 1. Cross-section of the O/N/F structure designed
in the TCAD simulation.
J2 1. TCAD simulation@& A&t O/N/F 7LX9| HHT

I¥9 12 O/N/O FZoA blocking oxide®
ferroelectric material2 At O/N/F & W%
olty. WL(Word-Line)d} spacer length¥™ channel
length®t 5YsHH O/N/O T2} O/N/F F+29] 24
282 FUsHA AAFTE ELE channelollA] WL W&
< channel®] AHOZ filler B3-S channel®] TH
o AAFt. O/N/F F-2& WLo| 7ol AYS
Z7MAZ+E ferroelectric material® polarization
o] Zlsto] ¥sle E-field’t 718ttt O/N/F %
£ polarization® & QI8 O/N/O #+-XHt} gytxog
program, read operationg & = 9o AlEHolA
oAl A3t ferroelectric material®] polarization
parameters= P2°] 15uC/cm? P77} 30uC/cm®o|ch.
O/N/O%} O/N/F #+& B5F selected cell®] Vs 4V
2 AAF} Neighboring cellol= V.5 7VE Q17F
SHAL Va2 0.5VE Q171519 read operation IHol|A]

channel9] electron current densityE %3l current
pathE 43t

Snm__ 4nm Snm_ 4nm

e-Current Density(A/em?)

==

I

Wing
Wi

Channel Tunneling oxide Cha.nrbtl‘ll'unndLnﬁmldt

(@ (b)

Fig. 2. (@) In an O/N/O structure, when Vread is 4V, the
electron current density (b) In an O/N/F structure,
when Vread is 4V, the electron current density
O/N/F structure.

T2 2. (@) O/N/O FZ0M Vread?t 4V I electron current
density (b) O/N/F TZO0N VreadZt 4V [Iff electron
current density

% 2= O/N/O%F O/N/F F20MA Views7F 4V
o electron current densitye|tt. 19 2(a)2} I1¥H
2(b) X5 neighboring cellol]l JI7FE 1. = A33E
E-field”} channel $HoIA HFHo FHAA HF
& E-field2 {13} electron channel FHOZ O] FA]
# current path= $Ho| 49t} I8 20Xt 19

(400)



34 j.inst.Korean.electr.electron.eng.Vol.27,No.4,399~404,December 2023

2(b)ollAl  channel AHI FHO| electron current
density’} © =tt. O/N/F #&%& polarization® 2
Q18] channelol] A== E-field7} © £715}9] electron
< AWyt S0 o go] o] 5Al7]7] HiZe] electron

current density”} © &t

Snm__ 4nm

i

e-Current Density(A/em?)
==

wugg
wugge

Electron current density[A/cmZ]

I_
g

Snm __ _4nm
T Y
|

Channel Tunneling oxide Channel Tunneling oxide

(a) (b)

Fig. 3. (@ In an O/N/O structure, when Vread is BV, the
electron current density (b) In an O/N/F structure,
when Vread is 5V, the electron current density.

J2 3. (a) O/N/O TX0IM Vread?t 5V I electron current
density (0) O/N/F TZ0lM Vread?t BV I electron
current density

119 32 O/N/O%F O/N/F #2904 Views 7t 5V
] electron current density®|tt. 1™ 3(a)= current
path7} channel $Ho| AFE= E-field2 QUsf &
o] A=t 19 3(b)= current path”} channel
HAHo =t O/N/F F2RONA Views 7t S710HH
ferroelectric material®] polarization®] &7}t &
HO| E-fielddtt ¥o] E-field7} =oMA7] wiZel
electron® channel AWO = o]F5A|A current path
7} o] =

T9 4= View”t 4VE W O/N/O2}F O/N/F 29
channel thickness7} $7Fgtel]l W& electron current
density°]t}. & F+% B5F channel thickness?} 5nm,
10nm, 15nm € 9 channel ol F=E= E-field
2 QI8 current path7} $Ho= FAHt 1H 4(b)
= Viead7F 5VE © O/N/O2F O/N/F +22] channel
thickness7} $718to] W= electron current density
oltt, O/N/O FZ9|A channel thickness’} 5nm,
10nm € 9 current path’} THo| FAd%t SHAW
channel thickness”} 78l W2t neighboring cell
9] E-field7} THo| ot 4ol o] channel

thickness7t 15nm € ©| electron current density”}
channel $HXEC} MHo| &} O/N/F -2+ channel
thickness7} 5nm, 10nm, 15nm € @ 2% current
path7} AWof| FAEM channel AWY] electron
current density”} $7FRHE}. O/N/F 2%+ polarization
o2 Q8] electron®] HHOZ ©0]E3tal channel
thickness”} 715l 9| E-field”} #4s7] W&
o MH9] electron current density”} S7}stc}.

Viead™V

—O0/N/O
====0/NF

n
>
=]

400 -

(%)

>

>
T

[

=3

>
T

e

=3

=)
T

=
T

Position(nm)
(a)

Viead=3V

read™

500

——T @T ,=15nm ‘.'

«e=sQ/N/F 3

Electron current densi1ty[A/cm2]

0 1 2 3 4 5
Position(nm)
(b)

I
©
~

. (@) Electron current density with increasing channel
thickness when Vread is 4V (b) Electron current
density with increasing channel thickness when
Vread is BV.

2 4. (a) Vread?}t 4V I channel thickness?t S71&H0]|

M2 electron current density (b) Vread7t 5V [}

channel thickness?t Z7I&0l [MZ electron current

density

(401)



Improvement of Current Path by Using Ferroelectric Material in 3D NAND Flash Memory 35

V=tV

rea

s
=

— 0D
----0/N/F

200 -

E

|i+].ch=')0nm

0 1 2 3 4 5
Position(nm)

(@)

Electron current density[Afcmzl

300 Vl.md=5V

& — 0N

E --=-0/NFF

E 00 @L ,=30nm
'@ e
=

) e

e e @L,=60nm
B00f -memeeemeeestd

v cea

B | T Reemmi

T I

= .

3] o

"I | PO -

E @L,=90nm
b

1 \ | | . |
5 0 1 2 3 4 5
Position(nm)

(b)

. (@) Electron current density with increasing channel
length when Vread is 4V (b) Electron current density
with increasing channel length when Vread is 5V.

. (@ Vread7} 4V I channel length?t S7t8l0| M2
electron current density (b) Vread7t 5V [f
channel length7t Z71et0| MZE electron current
density

T
@
ol

I
o
ol

I% 5@ View 7t 4VE © O/N/O}F O/N/F +2
ollA channel length7} 713}l ©E electron current
densitye]c}l. O/N/O %04 channel length”} 30nm,
60nm, 90nm ¥ @ channel ¥H9] electron current
density”} © =t}. sHA9 channel length”t S718o]
w2} channel AHY O] electron current density
2tol7b Agtt. O/N/F F+29] channel length7}
30nm, 60nm ¥ W current path”} FHol| A=t
SFA|Tt channel length?7t 718l we} channel 9

9] E-field7} A&=7] o1g€7] W&ol channel length
7F 90nm € W current path7} AHHo| 49t 19
5 Va7t 5VE W O/N/OLE O/N/F F-Rof|A]
channel length7} S719te] WE electron current
density°o]tt. O/N/O #2x9] channel length”7} 30nm
2 W current path’l $9Ho| A%t Channel
length7t 60nm 4 © AW electron current
density”} THEC} =t} Channel length7} 90nm ¥
o $HO E-field7} ®SE7] oJ@7] Wzl current
path7} Ao FAHL. O/N/F %9 channel
length”7} 60nm ¥ W electron current density”} &
Ho] =t} SHA|W channel length?t 30nm, 90nm ¥4

+ channel length7} S7Fgtol o2t &9 E-field7h
AFE7] of¥il polarization®& QI3 electrons
channel AHO & o]FA]7]7] W&of current path”}
o] g€k

600 F————
— 500
£ |
=
E _ @L ;=90
= 300}
)
|
=
w 200F
'E ! @Lg4=60nm
3 10} r
SO T aym
0t l_l_"———r—’-lr ] !

Position(nm)

Fig. 6. Electric field as a function of increasing channel
length when Vread is 5V in the O/N/F structure.
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