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Flash Memory — we still depend on it

Sustainability and Reliability
Endurance limitation: wear-out by using (Program/Erase cycling)

Tesla Asked to Recall 158,000 Vehicles
P[: Over Flash Memory Failure Problem

Anissue with Model S and Model X flash memory storage can cause the media control unit to fail.

°By$tephanieMIot January 14, 2021 f y O -

https://www.pcmag.com/news/tesla-asked-to-recall-158000-vehicles-over-
flash-memory-failure

System-level and Device-level mitigation techniques
over-provisioning, wear-leveling, read-retry, etc. — Active or Passive Recovery
Can "bad” blocks be reused?

Page Isolation: enables the use of pages after life
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Outline

We like Flash Memory
'Device] Reliability of Flash
Circuit] Program Interference
Page Isolation

Experimental Results

System] SSD FTL Implementation
Conclusion
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Conventional use of Flash (no-isolation)
(w/wo any Additional Reliability Technique)
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Reliability of Flash

Electrons are forcibly moved during Program and Erase operations
Stress shifts and widens or only shifts threshold voltage pdf
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Programming Interference

Probability density

Threshold
I Voltage

Cells are not independent
Cell-to-cell interference is reported as dominant facto
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Page Isolation

Idea:
Using some pages for
Isolation to mititgate page
interference (and read
disturb)
Enables usage of blocks
(pages) otherwise declared
as «bad»
Calibrate read current for
low _level-to-high_level errors
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Conventional use of Flash (no-isolation)
(w/wo any Additional Reliability Technique)
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Page Isolation
for 2D and 3D
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Page Isolation Enhances Reliability — 2D

- Page isolation reduces the error rate

. Presents additional the lifetime
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Life After Death with Page Isolation — 2D

. 50% of pages gets 3.5x extra life
. 33% of gets more than 7.7x
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Read Disturb vs Program Interference — 2D

2.4x lifetime improvement with Read Disturb mitigation

2.3x lifetime improvement with equalized Read Disturb
1
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Retention and High Temperature — 2D

Low (zero) error rate even at high temperature retention error
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It still ages: Cycling Latency — 2D

. [.7x translates to 6.6x lifetime improvement for performance

demanding applications
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Life After Death with Page Isolation — 3D vs 2D (wip)

3D benefits Page Isolation less than 2D because of higher
dependency — Increasing number of isolation page is needed
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SSD FTL (Flash Translation Layer) Implementation
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Conclusion

Page Isolation:

For already aged blocks

At 50°C, 3.5x lifetime for half of the
capacity
>6x lifetime for 1/3 of the capacity
At 25°C -> 1.3x
Easy to implement in SSD FTL
Reduces the capacity loss, which
happens due to reliability (and the
waste)
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5 Conventional use of Flash (no-isolation)
(w/wo any Additional Reliability Technique)
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