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Fig. 1. Schematic illustration of the 3D NAND TSG Deck
structure: (a) Complete TSG Deck structure; (b) longitu-
dinal cross-sectional view of the complete TSG Deck struc-

ture.

080804-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 75, No. 8 (2026) 080804
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Table 1. Parameter table of TCAD.
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Fig. 2. Comparison between the measured I4-Vy transfer

characteristics and the simulation results at Vg =1.5V.
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Fig. 3. TCAD simulation results: (a) Conduction band energy and current density profiles at a position 1 nm from the oxide/chan-

&

nel interface into the channel under different grain boundary trap densities, the solid lines represent conduction band energy, and

the dashed lines represent current density; (b) variation of the current distribution under different grain-boundary trap densities.
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Fig. 4. Schematic diagram of the experimental grouping under different process conditions.
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Fig. 7. Comparative analysis of MVM calculation errors un-
der current-distribution inputs across different fabrication
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SPECIAL TOPIC— Semiconductor physics and devices

Process optimization and validation of the polysilicon
grain-boundary barrier for high-accuracy 3-dimensional
NAND compute-in-memory chips
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Abstract

With the rapid development of artificial intelligence and edge computing, the computing-in-memory (CIM)
architecture is considered a crucial technical path to alleviate the von Neumann bottleneck. While 3-
dimensional (3D) NAND-based CIM schemes offer distinct advantages in high storage density and process
maturity, their execution of analog computing tasks, such as matrix-vector multiplication (MVM), suffers from
calculation accuracy degradation. This is primarily caused by the broadening of the string current distribution,
which leads to accumulated current deviations. In particular, the polysilicon grain boundaries (GBs) within the
top select gate (TSG) channel of 3D NAND strings play a decisive role in determining this current distribution.

To address this challenge, this study utilizes technology computer-aided design (TCAD) to construct a
mature TSG Deck device model, analyzing the influence mechanism of potential barriers induced by GB traps
on on-state current fluctuations. Simulation results demonstrate that acceptor-like traps at grain boundaries
induce local potential barriers, and the variance of these barriers is the dominant physical source of on-state
current instability. Guided by these physical insights, a novel process optimization strategy is proposed to
modulate the equivalent hydrogen passivation window by combining polysilicon precursors with distinct
nucleation and hydrogen-content characteristics (denoted as NS, MS, and DS). Specifically, innovatively
inserting a 9 nm DS precursor interlayer between the NS nucleation layer and the MS bulk-fill layer creates a
low-defect buffer zone, achieving in-situ hydrogen passivation of deep-level traps without compromising
interface smoothness.

Wafer-scale statistical analysis of on-state current distributions across different process splits confirms that
the optimal precursor combination reduces the normalized standard deviation of the bit-line current by 50%
compared to the baseline process. Furthermore, to evaluate the system-level impact, the measured current
distributions were fitted to a skew-t distribution and injected as multiplication noise into a custom CIM
simulation framework. System-level simulations of INT8 quantization inference for the GPT-2 124M model
indicate that the optimized device characteristics significantly reduce MVM calculation errors by 14.7% to
66.8%, depending on the weight matrix dimensions. In conclusion, this work bridges device-level process
optimization with system-level performance, providing a highly manufacturable design basis for high-precision
3D NAND CIM chips.

Keywords: 3-dimensional NAND, computing-in-memory, top select gate (TSG), polysilicon grain boundary,

current distribution
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