
2025 Non-Volatile Memory Technology Symposium (NVMTS 2025) 
 

 

 

A Confined Storage Nitride 3D NAND with Process Variation 

Effects on Cell Characteristics and Retention 

 
Seungmin Lee 1, Yong Sang Kim3 

1 Department of Semiconductor and Display Engineering, Sungkyunkwan University, 

Suwon 16419, Republic of  Korea 
2 Samsung Institute of Technology, Samsung electronics, Yongin 17113, Republic of  

Korea 
3 Department of Electrical Engineering, Sungkyunkwan University, Suwon 16419, 

Republic of  Korea 
 

The explosive growth of AI workloads is driving an unprecedented need for higher 

bit density in NAND Flash. Aggressive vertical stacking (Z‑scaling) has therefore 

become mandatory [1]. Confined charge storage‑nitride (Confined SN) structures help 

enable such scaling by physically segmenting the SN, thereby mitigating cell-to-cell 

interference and improving retention reliability [2], [3]. Gate etchback, blocking oxide 

deposition, Si3N4 fill, and nitride pullback with liner reoxidation inevitably vary the 

storage nitride length (Lsn) [2]. Using TCAD simulations, we quantified how ±5 nm 

variations in Lsn influence program/erase (P/E) operation voltages and retention 

reliability characteristics.  A ±5 nm shift in Lsn changes the P/E operation voltages by 

only about 0.5 V. In contrast, the same variation raises the Vertical Charge Loss 

(VCL—retention degradation caused by trapped charge leaking vertically from the 

SN into the channel) by roughly 10 %, showing that retention is far more sensitive to 

Lsn than P/E operation. Within this range, an optimal point emerges near Lsn≈ Lwl  

(WL Gate Length)+4nm, where the required P/E operation voltage is reduced by 

approximately 0.3 V and the vertical charge loss(VCL) is lowered by about 10 % 

compared with the Lsn=Lwl baseline. Consequently, variation in Lsn has little effect on 

P/E operation voltages, but it noticeably influences VCL, so optimizing Lsn is critical 

to reduce VCL degradation that inherently challenges Confined SN structures. This 

occurs because, when Lsn >  Lwl, the trapped-charge density per unit Lsn falls, 

lowering the vertical electric field from SN to the channel and thereby reducing 

vertical charge loss. This study clarifies how process-driven variations in Lsn 

influence cell behavior. The resulting insights give engineers concrete design 

guidance: they can set realistic tolerances and fine-tune Lsn to curb vertical charge loss 

without compromising P / E performance. This approach optimizes confined SN 

structures for extreme Z-scaled, ultra-high-stack 3D NAND. 
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