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Multi-dimensional Noise Coupling Error Detection and Channel

Modeling for 3D NAND Flash Memory

Li Yingzhao, Zhu Guangping, Han Guojun
(School of Information Engineering, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: 3D NAND Flash memory has emerged as a mainstream data storage medium due to its high
performance, high storage density and low power consumption. However, its reliability is significantly affected by
multiple factors such as limited program/erase endurance, data retention issues, read disturb, and inter-layer
variations, which introduce noise and degrade performance. To address these challenges, this paper performs noise
injection experiments on 3D NAND Flash memory to systematically investigate the bit error rate (BER) under
various noise coupling conditions. By analyzing the experimentalresults, the corresponding threshold voltage
distributions were extracted, and a reference voltage model tailored to different noise conditions was developed to
improve the reliability of the Flash memory. Experimental results demonstrate that the proposed reference voltage
model effectively reduces the BER of 3D NAND Flash memory under noise interference by up to 46% when
compared to the default reference voltage. The reference voltage model provides an effective technical solution to
improve the storage reliability of 3D NAND Flash memory in noisy environments, and it is expected to promote its

wide application in high-reliability storage domains.

Key words: 3D NAND flash; reference voltage; solid-state drive; reliability; flash memory testing; channel
modeling; threshold voltage distribution
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Fig.6 3D NAND flash noise experiment and error characteristic analysis flow diagram
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Table4 Optimal reference voltage model coefficients
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b 5.388x10° 6.008%10°° 7.810x10° 1.063x10™* 1.097x10™* 1.073x10™*
c 1.911x10™ 3.199x10™ 3.285x10™ 2.399x10™ 2.960x107" 3.397x10™
d —6.076x10"° 7.848x107° 4.225x10°° 1.030x10° 2.038x107° 1.128x107°
e —2.573%10° —2.143%10° ~1.748x10°° -1.251x10°° -8.152%10°° ~1.034x10
f 6.312x10™° —2.750%107° —9.218%107° —-1.684x10 —2.954x107° -3.879x107°
g 2.740x10°* 1.465x10°* 7.914x107° 3.828x107 8.855%107"° 2.283x107°
h 1.331x1077 —-2.116x107 -4.914x107 -8.007x1077 -1.340x10"° ~1.859%10°°
i —6.432x10 -1.124x10™" -1.294x10™" -1.177x10™ ~1.475%10™" -1.553%10""
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