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Ultimate Goal

Flash
(messy)

Applications

Optimized
Designs
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Test Setup

• Custom-Built Daughter Board

• Xilinx XUP Board

• Full-fledge Linux

• Kernel module

Erase
Read

Program
Read

Repeat 
10x Lifetime
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The Test Subjects

Chip Name Max PE 
Cycles

Tech 
Node

Capacity
(Gb)

Bytes
Page

Pages
Block

Blocks
Plane

Planes
Die

Dies

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 5,000 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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• MLC Device Trends

• Data Lifetime

• Benefits of Relaxation

• Modeling Flash

• New Application

Outline
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Patterns in BER

0.0E+00

5.0E-07

1.0E-06

1.5E-06

2.0E-06

2.5E-06

0 16 32 48 64 80 96 112

B
it

 E
rr

o
r 

R
at

e

F-MLC16

0.E+00

1.E-05

2.E-05

3.E-05

4.E-05

5.E-05

32 36 40 44 48 52 56 60 64

B
it

 E
rr

o
r 

R
at

e

Page Number

B-MLC32-2, 32nm

http://images.google.com/images?q=flash+gordon&sourceid=mozilla2&ie=UTF-8&oe=UTF-8&um=1&sa=N&tab=wi&oi=property_suggestions&resnum=0&ct=property-revision&cd=3


11

Outline

• MLC Device Trends

• Data Lifetime

• Benefits of Relaxation

• Modeling Flash

• New Application
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Data Retention

How long does flash store data?

EraseProgram Read

9.3 hours @ 125 °C
=

1 year @ 55 °CNew

Modeled after JEDEC Standard 47G

http://images.google.com/images?q=flash+gordon&sourceid=mozilla2&ie=UTF-8&oe=UTF-8&um=1&sa=N&tab=wi&oi=property_suggestions&resnum=0&ct=property-revision&cd=3


13

0.00E+00

5.00E-07

1.00E-06

1.50E-06

2.00E-06

2.50E-06

0 5 10

B
it

 E
rr

o
r 

R
at

e

Time (years)

B-SLC4, 72nm

400% of Max Cycles

200% of Max Cycles

100% of Max Cycles

50% of Max Cycles

25% of Max Cycles

0.0E+00

5.0E-07

1.0E-06

1.5E-06

2.0E-06

2.5E-06

0 2 4 6 8 10

Time (years)

B-MLC8, 72nm

Data Retention

http://images.google.com/images?q=flash+gordon&sourceid=mozilla2&ie=UTF-8&oe=UTF-8&um=1&sa=N&tab=wi&oi=property_suggestions&resnum=0&ct=property-revision&cd=3


14

Outline

• MLC Device Trends

• Data Lifetime

• Benefits of Relaxation

• Modeling Flash

• New Application

http://images.google.com/images?q=flash+gordon&sourceid=mozilla2&ie=UTF-8&oe=UTF-8&um=1&sa=N&tab=wi&oi=property_suggestions&resnum=0&ct=property-revision&cd=3


15

Delay

Program

ReadErase

Read

http://images.google.com/images?q=flash+gordon&sourceid=mozilla2&ie=UTF-8&oe=UTF-8&um=1&sa=N&tab=wi&oi=property_suggestions&resnum=0&ct=property-revision&cd=3


16

Delay

Program

Read

Delay

Erase

Read

http://images.google.com/images?q=flash+gordon&sourceid=mozilla2&ie=UTF-8&oe=UTF-8&um=1&sa=N&tab=wi&oi=property_suggestions&resnum=0&ct=property-revision&cd=3


17

Delay

0.0E+00

1.0E-07

2.0E-07

3.0E-07

4.0E-07

5.0E-07

6.0E-07

7.0E-07

8.0E-07

9.0E-07

0 2000 4000 6000 8000 10000

B
it

 E
rr

o
r 

R
at

e

P/E Cycles

B-MLC32-2, 34nm

No Delay

5 Second Delay

http://images.google.com/images?q=flash+gordon&sourceid=mozilla2&ie=UTF-8&oe=UTF-8&um=1&sa=N&tab=wi&oi=property_suggestions&resnum=0&ct=property-revision&cd=3


18

Outline

• MLC Device Trends

• Data Lifetime

• Benefits of Relaxation

• Modeling Flash

• New Application

http://images.google.com/images?q=flash+gordon&sourceid=mozilla2&ie=UTF-8&oe=UTF-8&um=1&sa=N&tab=wi&oi=property_suggestions&resnum=0&ct=property-revision&cd=3


19

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

– Low power

– High Density

– Limited ECC

– High Radiation

• Advantages

– Specified BERs

– Full System Design
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Specialized Storage

Personalized SSD

Low 
Power

Few 
Writes

High 
BER
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• MLC Trends: Sophisticated ECC

• Data’s Shelf Life: Cycling Matters

• Low Overhead ECC: Delay

• Rapid Development: Flash Model

• Well Specified: Well Optimized

Conclusion
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Thank You
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