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Test Setup

e Custom-Built Daughter Board
* Xilinx XUP Board

* Full-fledge Linux

* Kernel module

Erase
Read Repeat
Program 10x Lifetime

Read
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The Test Subjects AN numonyx

Chip Name MaxPE Tech | Capacity Planes | Dies
Cycles i
B-MLC128-2 5,000 | 34nm 128 4096 256 2048 2 4
B-MLC32-2 5,000 | 34nm 32 4096 256 2048 2 1
B-MLC128 5,000 | 34nm 128 4096 128 4096 2 4
F-MLC16 5000 | 41nm 16 4096 128 2048 2 1
C-MLC64 10,000 | 43nm 64 8192 128 4096 1 2
A-MLC16 10,000 16 4096 128 2048 2 1
B-MLC32 10,000 | 50nm 32 4096 128 2048 2 2
D-MLC32 10,000 32 4096 128 4096 1 2
B-MLC8 10,000 | 72nm 8 2048 128 4096 1 1
E-MLC8 10,000 8 4096 128 1024 1 2
B-SLC4 100,000 | 72nm 4 2048 64 2048 2 1
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Decreasing Technology Node
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Bit Error Rate

Bit Error Rate
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Data Retention

9.3 hours @ 125 °C

1year @ 55 °C

Program Erase

-~

Modeled after JEDEC Standard 47G 12
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Validation of Power Model
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Data Dependence - Transfer
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Data Dependence - Cells
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Flash in Space

* Goals
— Short-term: Earth-Orbiting Mission
— Long-term: Space Flight Domination!

* Constraints * Advantages
— Low power — Specified BERs
— High Density — Full System Design
— Limited ECC

— High Radiation
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Specialized Storage

Personalized SSD
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Conclusion

e MLC Trends: Sophisticated ECC %"

e Data’s Shelf Life: Cycling Matters
* Low Overhead ECC: Delay

* Rapid Development: Flash Model

Well Specified: Well Optimized

PN
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Thank You

Non-volatile Systems Laboratory
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