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= How to bridge the GAP?

= Summary
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* Mobile and CE storage is increasing by leaps
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* Explosion in NAND based devices
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Worldwide NAND Flash Shipments, 2006-2011
(Millions of Megabytes)
33.5 trillion

CAGR: 114.6%

2006 2007 2008 2009 2010 2011

Source - Gartner, Inc., Memory, Worldwide, 2006-2011 (2Q07 Update)
By Richard Gordon, Andrew Norwood, Joseph Unsworth and Clare Hirst
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% Moving to advanced technology
sufmmiT Enabling high-capacity
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X4 technology - enables 4 bits per cell
Higher capacity at lower cost
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* MLC NAND challenges
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o Incompatibility between generations

= MLC Flash optimizes cost, but compromises systems’
performance and reliability

= Different applications require different performance and
reliability of storage
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NAND reliability parameters
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*“ MLC NAND challenging technology
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Bad Block

Endurance

Bit Errors

Data retention

Bit pairing & Power failures
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*“ Bad blocks
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= Initial BB: devices from
fabs are produced
including bad blocks

= Dynamic BB: new bad
blocks generated
during device life

Advanced flash management SW technology detect and isolates
initial and dynamic bad blocks
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* Limited Write / Erase Cycle & Wear Leveling
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* Flash needs to be erased before it can be written to

*  The number of Write / Erase is limited

. Blocks . . Blocks
No wear leveling With wear leveling

Advanced flash management technology provides
dynamic and static wear leveling:

* Dynamic wear leveling: updated files
 Static wear leveling: updated and static files
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* Bit Errors
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e Program disturb — The content of the cell is changed due to
programming of neighbor cells

« Data Retention - The charge in the cells leaks causing change of logical
state
= Requirements
« SLC - single bit ECC shifting to 2 bits
e MLC - 4 bits ECC shifting to 6-8 bits in 50nm and higher in 4Xnm

EDC/ECC beyond current flash needs
enables faster migration to future technologies
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Number

of errors

Data retention, endurance & EDC/ECC

10}§/programming

4 6 bits ECC
4 bits ECC
1b|/ 1K programming
Y » Time

Data retention:

number or errors increases with time
Endurance:

number or errors also increases with
number of programming

Stronger ECC corrects more errors,
improves endurance and data retention

Stronger EDC/ECC beyond required in specifications,
can increases device endurance & life span
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* Bit pairing
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* The arrangement is usually not documented in data sheets

» The knowledge of logical to physical is @ must in order to handle power
failure correctly

Vendor X Vendor Y Vendor Z

Upper Bit (/\) (/\) (/\) /\) /\) A Page 1 Page 2 Non monotonic
Lower Bit Y '& ‘y \J  Page0 Page 0
cells
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*“ Bit pairing impact on power failure
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Power failure

Upper Bit N\ N\
Lower Blt w
cells

Advanced flash management technology has optimized
power failure protection, including bit pairing
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Different Applications = Different requirements

[ MyPictures | Y\ My Digital
Content
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- J X » Traditional design is challenged with
- \ the worst-case of all applications’
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= Very high speed =  Very high speed
read & write read & write
=  Veryrareupdates "  High frequent
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‘* Booting from MLC Flash Disk
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How fast can the market
move from this?

To this!!!
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System
RAM
RAM

EFD MLC
EFD MLC
System

/Raw NAND

Reduced $
Reduced space

Reduced design complexity
Reduced height
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‘% Flash Storage Conflicting Trends
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NAND
management

Is challenging!

Block MLC

5Xnm

Endurance

Data .
Retention ~ Ewor ~ NAND Usability

Correction ~ 9oing DOWN
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Embedded Flash Drive (EFD) Evolution

Flash Flash
Host Mgmt SW
Example: Raw SLC NAND:

Flash

Embedded Flash Drive — Flash Management on Drive

Solving software complexity issues

Host
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* Embedded Flash Drive (EFD)
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management technology solves
* NAND reliability limitations

» Power failure protection
o Fast migration to MLC latest process

GFD enables advanced MLC technology usage for boot and storaga
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* Summary
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NAND market migrating from SLC to MLC technology and future X4

= MLC optimizes cost, but compromises systems’ performance and reliability

= Migration to advance NAND technology becomes more difficult and complex,
hence puts in risk the introduction of new models

= Mobile handset manufacturers need to design flash storage solutions that
overcome evolving NAND technology and challenges and support storage
hungry applications
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Thank you
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