Extending NAND Characterization into Storage Systems Space

NAND error correction is the central challenge to making reliable and performing storage
products. Errors grow over the SSD lifetime depending on fraffic workloads and operating
conditions, making it progressively more difficult for the error correction unit to correct
and decode the data in a quick way.

Built-in NAND capabilities, advanced error correction solutions, and an understanding of
the application workloads are crucial storage system-level aspects to designing NAND
characterization procedures and data analysis to develop NAND management solutions
for high-performance and reliable storage products.

NplusT NanoCycler offers capabilities and tools to extend the NAND characterization to
include:
* Application workloads with their corner cases;
* NAND's advanced built-in features and capabilities to reduce read data errors;
e Testresults data analysis in correlation with the error correction capabilities;
» Support error management policies to guide SSD FW development and system
validation.

Below is an example of the flash blocks error profile by page at a given Read Vt
condition (default in the example) with the LDPC error correction threshold as reference.
It shows how the different pages of the block’s word lines have very different error levels.

Page 1 of 3



e Extendingthe characterization to account for different Workload's Data Retention
(DR#), Read Disturbance (RD#) conditions, NAND Read Vt conditions (Default,
Read Reftry enfries, ....), Hard and Soft decoded correction capabilities, etfc.,
several metrics and statistics can be collected. Below a simplified example is

shown.
Average Bitin Error
Data Retention
Read Vt DRO DR1 DR2 DR3 DR4 DR5 DR6 DR7
Default 6 24 31 41 48 59 63 73
RR x 11 15 20 27 33 38 43 48
DR3 + Read Disturb
Read Vt DR3+RD1 DR3+RD2 DR3+RD3
Default 51 59 81
RRy 39 42 52
Max Bit in Error
Data Retention
Read Vt DRO DR1 DR2 DR3 DR4 DR5 DR6 DR7
Default 19 97 138 204 277 298 368 402
RR x 43 37 53 74 91 120 128 171
DR3 + Read Disturb
Read Vt DR3+RD1 DR3+RD2 DR3+RD3
Default 195 235 311
RRy 162 159 184
% Hard LDPC correction
Data Retention
Read Vt DRO DR1 DR2 DR3 DR4 DR5 DR6 DR7
Default 100% | 100% | 100% 100% 99.93% 99.67% 99.72% 99.17%
RR x 100% | 100% | 100% 100% 100% 100% 100% 100%
DR3 + Read Disturb
Read Vt DR3+RD1 DR3+RD2 DR3+RD3
Default 100% 100% 98.20%
RRy 100% 100% 100%
% Soft LDPC correction
Data Retention
Read Vt DRO DR1 DR2 DR3 DR4 DR5 DR6 DR7
Default 0% 0% 0% 0% 0.07% 0.07% 0.33% 0.76%
RR x 0% 0% 0% 0% 0% 0% 0% 0%
DR3 + Read Disturb
Read Vt DR3+RD1 DR3+RD2 DR3+RD3
Default 0% 0% 1.80%
RRy 0% 0% 0%
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% Uncorrectable

Data Retention

Read Vt DRO DR1 DR2 DR3 DR4 DR5 DR6 DR7
Default 0% 0% 0% 0% 0% 0% 0% 0.07%
RR x 0% 0% 0% 0% 0% 0% 0% 0%
DR3 + Read Disturb
Read Vt DR3+RD1 DR3+RD2 DR3+RD3

Default 0% 0% 0%
RRy 0% 0% 0%

Analysis of these characterizations data enables the definition at the system level of

NAND methodologies, often referred to as policies, to optimally manage the NAND
over the product lifetime.

In conclusion, extending the typical NAND characterization and data analysis by

including system-level and application aspects enables the understanding, definition,
and validation of NAND management solutions to deliver reliable, robust and

performing storage systems tailored to the application’s requirements.

NplusT NanoCycler is the leader in delivering comprehensive NAND characterization
solutions to extend and close the gap of NAND characterization into Storage Systems

applications and product solutions.
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