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3D NAND Flash Memory
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Bit Density | 5.95Gb/mm?

Cost 4 Cent/Gb
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Organization

Read(tR) : 58us

Throughput
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Peripheral Circuits & PADS * (x,y,2) = (BL, SGD, WL)
— BL shared across multiple blocks

— WL is a shared plane (not line)
— SGD can be individually controlled

H. Maejima, Toshiba, ISSCC 2018
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Analog MAC in 3D NAND Array
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Analog MAC in 3D NAND Array
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Analog MAC in 3D NAND Array
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Analog MAC in 3D NAND Array
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Prototype Design in a Standard Logic Process
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* Flatten to 2D while preserving 3D NAND array architecture
* Unit block size: 4 SGD x 16 WL x 40 BL



65nm Die Photo and Feature Summary
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M. Kim, et al., IEDM 2018
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Technology 65nm Logic
Core Size 1100 X 600 um2
VDD
(Core / 10) 1.2V / 2.5V
# of 2,560
8bit Weights !
# of 20K
Synapses (=64x320)
Throughput O.Sp((:‘;rp:((::tls
w/oVCO | \\READ : 50ns)
- 4.95 pW
ower (per bitline)




Cell Current (pA)

NAND String Programming Results
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LeNet-5 CNN(Convolutional Neural Network) Architecture
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* 98.5% recognition accuracy (test chip data)



Two Sides of the In-Memory Computing Coin

https://www.bitglass.com/blog/naked-emperors

From a research appeal, publication, and From a GPU/FPGA/ASIC
attention-grabbing standpoint (~2015) replacement standpoint
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