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Fig.1. Schematic diagram of Z-interference phenomenon: (a) Initial Vi distribution of WL;
(b) Vi distribution of WL, after being affected by Z-interference.
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Fig.2. Z-interference test flow and electrical operation waveforms: (a) conventional scheme

test flow; (b) proposed scheme test flow; (c) electrical operation waveforms of two schemes.
3. SEISFN TCAD (FEIRE

AR SN SE 56 AR A7 B AT PR A 4E BERIT T 608 7 383 Z FHREHm I ROR. —
JH, 2T FPGA KT &, 456K 2 (a) FE 2 (b) 1 Z FHAniE, 78
A 3D NAND [NAEEF FIF e sein ie ik 5 — 51, 3T TCAD i 5°F &,
BT Z TR EARERAL, 4T intercell DXISF 3R FLF-XF Z IG5 Al B A 25
J& T IERY BB O HEAL, ARSI TERL A . Shockley-Read-Hall & A5

7 P % Poole-Frenkel 5 7125 54 3D NAND A 77 2244 AR ) 475 20T S8 FH 1) 3 L

5



SRS LTI T O R — 2,

4. ERSFH

N T VS A B R ER AR i A 7 R AE intercell XIS NHLFIA XM, BT
TCAD flj 5~ G xf b ot 7 A7 2818 Z 90K AL BT L 720 A1 A Agr 50w 1
AR I A N E 3 PR, BT Rl B R S B ERE R, intercell
DX A A7 3R L IR B AR 4 7 S8 W 2 8N 1B 4 120 3R W, £ Agr #oed e
JAIE], QU7 RAE intercell XIS AN H T HRUFEK T Agr .t 5 Vic LT [H]
R HL 37 o P X AR T, 2 X 3 L 3 i P (Y B IR B ek 99 1 X A PN FB 5

(Fowler-Nordheim Tunneling) [JJLZE, MIA &3] 7 Vie o0 Agr .62

N S
1) Z Tk
@ —Conventional —— Proposed ®  Conventional Proposed
&
g 1017 eTrappedCharge (cm*-3)
° Vic Vic f.0et1s
= H & Tl
@ lov {' | Inter-cell { 1! Inter-cell
(6]
o 101 Agr Agr 5.5e+15
7] 4 Trapped electro
a2 increase & I
o 10 i |Inter-cell i ! Inter-cell
l'_ - e BT 1 st i ""T"f‘““”“
Vic cell | Inter-cell  Agrcell Boer2
10°
-2 0 2 4 6

Distance from Vic cell center [a.u.]

Kl 3 BT RAMEG T A AT Agr SO0 BT HIHL T A I L (@) B 73R 2 /RE 7 2
FUAF IR T AL () HAFF SR SR T4 5 1
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conventional scheme and proposed scheme.
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before and after programming Agr cell. (b) Vi width and Vi, shift difference.
N BE— PR AL B /INMEAE 50 R Nz =% Z TP 2 1, fEA

R AR AN S EI AT T, R EE T T AR 7 RAEA FAE G ST RS T
Z TIUFERE. & 6 Flros, BEE A S0 R I)y, BB S0 Z TP 2
R TG T R EI L EW N ES . RS, MHRSCREETHEE A 7.51%
BEINE 17.04%. 45 REH, BEE B IR i), B A R S G e iR

TEAE intercell X35 AAF 37X Z TP R30I ORI 21X A2 U Bl S A7 fifh 52

TGN, intercell XIS 735 L8 H & EUEEEERE I, X Agr B o FEi H

Y 1A D5 B8R 1 5,

-17.04%

o
o

o
o

-14.44%

-10.92%

e
~

-8.98%
-7.51%

Vic cell Vy, shift [a.u.]
o
o

0

35nm Cell pitch decrease 90 nm

B 6 BT RANME G RAEAF il o0 RCTIRIN T I Z T4 TCAD 45 R EL#R

Fig.6. Comparison of Z-interference TCAD results between the conventional scheme and the

proposed scheme under cell shrinking.

LR ERNE, ASCH R 7B B HERM RIS 3D NAND (NAF Z T
Ui S 7 2% 05 2B LE intercell DOBER AT 51 NFFIRELT, PR Agr 0T
I R I 12 DX L 9 B, AT 25cde] Z T35 TCAD 1 F AT Sl 1K 36

E 1 1%07 I ATATVE UGN, BE%E 3D NAND [NAF B0 ROT I AN T 4 A, 107 200



s Z FIRIRCR R 2 ATy 3D NAND [N A7 AT SEPEAR A S it 137 J

B, X HES R Al SEVEAE A BOR I R R R R B U E AN AR X

SR

[1] Inaba S 2018 IEEE International Memory Workshop (IMW) Kyoto, Japan,
May 13-16, 2018 p1

[2] Ishimaru K 2019 IEEE International Electron Devices Meeting (IEDM) San
Francisco, CA, USA, December 7-11, 2019 pl

[3] Yoon C W 2022 IEEE Solid-State Circuits Magazine. 14 56

[4] Ghilardi T 2021 5th IEEE Electron Devices Technology & Manufacture
Conference (EDTM) Chengdu, China, April 8-11, 2021 p1

[5] Park S, Lee J, Jang J, Lim J K, Kim H, Shim J J, Yu M T, Kang J K, Ahn S,
Song J 2021 Symposium on VLSI Technology Kyoto, Japan, June 13-19, 2021
pl

[6] Kang J, Lee J, Yim Y, Park S, KIimH S, Cho E S, Kim T, Lee JH, Kim J, Lee
R, Lim J, Hur S, Ahn S J, Song J 2021 IEEE International Electron Devices
Meeting (IEDM) San Francisco, CA, USA, December 13-15, 2021 p1011

[7] Kang D, Jeong W, Kim C, Kim D H, Cho Y S, Kang K T, Ryu J, Kung K M,
Lee SY, KimW, Lee H, YuJ, Choi N;Jang D S, Lee C A, Min Y S, Kim M
S,Park AS, Son J I, Kim I M, Kwak P, Jung B K, Lee D S, Kim H, Ihm J D,

Byeon D S, Lee J Y, Park K T, Kyung K H 2016 IEEE Journal of Solid-State

Circuits. 52 210



[8] Ahn S, Jo H, Park S, Kim J, Shin H 2025 IEEE Transactions on Electron
Devices. 72 1141

[9] Kim Y, Hong S K, Park J K 2024 Electronics. 13 1020

[10]Jung W J, Park J Y 2021 Micromachines. 12 1297

[11] Verreck D, Arreghini A, Bosch G V, Furnemont A, Rosmeulen M 2021
International Conference on Simulation of Semiconductor Processes and
Devices (SISPAD), Dallas, TX, USA, September 27-29, 2021 p268

[12]Song J, Sim J M, Kim B, Song Y H 2024 IEEE Transactions on Electron
Devices. 71 2810

[13]Chang Y W, Wu G W, Yang | C, Huang Y H, Lee Y J, Chen K F, Chen Y J,
LuTC, Chen KC, Lu CY 2023 IEEE Electron Device Letters. 44 1837

[14]Sim J M, Kang M, Song Y H 2020 Electronics. 9 1775

[15]Fan H, Tian X, Peng H, Shen Y, Li L, Li M, Gao L 2023 Sensors. 23 3212

[16]Choi Y J, Hong S K, Park J K 2024 Electronics. 13 3123

[17]Jia J, Jin L, Jia X, You K 2023 Micromachines. 14 584

[18]Yi S I, Kim J 2021 Micromachines. 12 584

[19]AhNn S, Jo H, Kim S, Park S, Lim K, Kim J, Shim H 2023 IEEE Transactions
on Electron Devices. 70 6695

[20]Jia X, Jin L, Zhou W, Lu J, Amoroso-S M, Brown AR, Lee K H, Asenov P,
Lin X W, Liu H, Zhang A, Huo Z 2022 IEEE Electron Device Letters. 43 878

[21]Zou X, Jin L, Yan L, Zhang Y, Ai D, Zhao C, Xu F, Li C, Huo Z 2019 Solid

10



State Electron. 153 67

11



Research on Electrical Suppression Scheme for

Z-Interference in 3D NAND Flash Memory
Wei Qingchang® Jia Jianquan?  Zhao Yiyang®? Li Kaiwei?® Li Chenhui?

Liu LuY Cheng Xiaomin®? Jin Lei2" Huo Zongliang?
1) (School of Integrated Circuits, Huazhong University of Science and Technology, Wuhan

430074, China)

2) (Yangtze Memory Technologies Co., LTD., Wuhan 430071, China)

Abstract

In this paper, we propose a novel scheme to mitigate z-direction
interference (Z-interference) in charge-trap-based 3D NAND flash
memory. Our approach reduces the electric field (E-field) in the inter-cell
region of the charge trapping layer during programming aggressor (Agr)
cell by increasing the trapped electrons concentration of the
charge-trapping layer in the inter-cell region. Specifically, prior to
programming the Agr cell, alternate erase and soft program operation is
employed to introduce a significant number of electrons into the inter-cell
region. We validate our proposed scheme using both technology
computer-aided design (TCAD) simulation and - experimental
measurements. The experimental results show that the proposed scheme
achieves a 14.62% reduction compared to the conventional method.
Besides, as the cell size of 3D NAND flash memory continues to scale
down, the proposed scheme exhibits a more pronounced suppression
effect on Z-interference. Using this approach can improve 3D NAND
Flash reliability.

Keywords: 3D NAND Flash, Z-interference, TCAD, Alternate erase and soft

program scheme
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