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Outline

* Background
* NAND Development
e SLC-mode Error Characterization

e SMI Solution: SLC-mode Decoder

e Ultra-low-power LDPC Decoder
* Performance

e Application: SLC mode decoder with dynamic SLC
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NAND Flash Trend

* QLC NAND Flash is becoming more common

e H igher Storage density Annual Market Share of TLC and QLC NAND Flash (2022-2025)
* Lower cost 60- - o
* QLC root cause: Density vs Reliability -
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SLC Mode (pseudo-SLC)

 SLC mode reduces the number -
SLC Mode QLC Mode

of bits stored in each cell to
one High
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e Reduce the amount of stored Performance Capacity

bits in each cell

* Increase the reliability and
D d/write lat
ecrease read/write latency NAND NAND
FLASH - FLASH

lifetime

TIME

N
= ©2025 Conference Concepts, Inc. All Rights Reserved U S”'COHMOtIOH

N the Future of Memory and Storage



SLC Mode Decoder

/ Traditional SLC-aware methods \ True SLC-aware methods

/Less accurate
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SLC Error Characterization

» Keep very low error bit number through life-time

10°
, *3
© 20000
40000
1075 - * 60000
: * 80000
E *100000
10-10 L _
10-15

Chunk Error

P
I:_I\ﬁs ©2025 Conference Concepts, Inc. All Rights Reserved U S"'COHMOtlon

the Future of Memory and Storage



SLC Error Characterization

Chunk size is 4KiB
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Conventional LDPC Decoder in SLC mode

* At least three memory blocks are

required to be moved during the [ MEM, . ]_
decoding process.

* The powerful LDPC decoder calculates

(Powerful LDPC Decoder\

Ve

IVIEI\/lLDPC ‘ IVIEI\/Ioutput ]

the syndrome and decodes within 1-2
Iterations.

60% memory power consumption
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SMI SLC Mode Solution

e Ultra-low power bit flipping
decoder only provide the limited
correction capacity.

* Only 10bit correction ability

* Advantages:

* Reduce memory power on data
transfer

* Reduce logic dynamic power

* The activation rate of powerful
LDPC decoder is 5.08x10~
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Comparison and Performance
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Leverage The SLC-aware Decoder

 Dynamic SLC/ TLC / QLC

SLC TLC QLC
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Read-hot data strategy with SLC-mode Decoder

* Smart dynamic SLC / TLC / QLC

SLC o, TLC |, ac INTELLIGENT GARBAGE COLLECTION

Hot Warm , Cold BI-DIRECTIONA L ey /&7

DATA MOVING

Impact on Read-Hot Data Strategy with SLC-aware decoder
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