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M/ Megabytes (MB) per Unit
FlashMemory by Application

(Chart capped at 250,000 to better show all applications)

SSD (Solid State Disk)

250,000 / - m’
| = Tablet PCs
168,969
/ MP3 players/PMP (Flash based)
200.000 - 143,647
123914 = Video Camcorders (Flash embedded)
Personal Navigation Devices (Flash
150 000 - embedded)
’ , = Mobile Handset (Embedded Flash)
—Er l_ USB Flash Drive
100,000 - :
”3 736' .' ® Removable Flash Storage Cards
28,670
17,478 ’ A '_ ’_ AU ’_ E-Book Readers
15,229 ’
13,251
50,000 ! 11'035’ ’ %’ m Digital Picture Frames
10,998 ’
i 11,429
9,735 11,498 '
g i ’ %’ Video Game Console
— 8,869 — ’
‘ T LT et
- ' ' ' ' ®m Handheld Games

2010 2011 2012 2013 2014 2015

Flash Memory Summit 2011
Santa Clara, CA 3

Source: iSuppli Q1 2011



4

4

b
“‘t_"__ -

ashMemory y App
25 000 _/ Mobile Handset (Embedded Flash)
= Removable Flash Storage Cards
SSD (Solid State Disk)
20,000 ® Tablet PCs
USB Flash Drive
4,266 ,
N m MP3 players/PMP (Flash based)
15,000 < . .
Personal Navigation Devices (Flash
embedded)
m Video Camcorders (Flash embedded)
10.000 l E-Book Readers
1372 ’ = Digital Picture Frames
Video Game Console
5,000 - 3207 mLCDTV
Digital Set top B
l ' igital Set top Box
, ﬁ_ 4 7 m Digital Still Camera (Embedded Flash)

» Handheld Games
2010 2011 2012 2013 2014 2015

_ Source: iSuppli Q1 2011
Flash Memory Summit 2011

Santa Clara, CA 4



\ 4

Most Important Attributes
FlashMemory for Mobile Products
 SuUMMIT |

= Performance
= Power

= Price
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High-Level System Comparison

Fully Managed NAND

NAND Controller

Low-level Driver

MMC or
SATA bus
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Solution

Embedded
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Internal NAND
Management
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management
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« ECC

None
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management

* Error management
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Internal
Controller
Architecture

» 32-bit
* 200KB SRAM
* 4 channels

» 32-bit
* Large SRAM
» 1 or 2 channels

N/A

* 8-hit

* Small SRAM
e 1 or 2 channels

Protocol

SATA

ONFI
NAND,
EZ-NAND

ONFI
NAND

MMC

High-Level System Comparison

Performance Power

10,0, 0.0 GRS ¢

FTL-optimized
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FTL-optimized
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Notes

CMD queuing:
* No LP modes
* No DRAM

* CMD queuing
* Sync I/F

N/A

Usage model
optimizations
can improve

performance



M/ Nonvolatile (NV) Storage
FlashMemory Solution Estimates

 SUMMIT
Parameter S gegeis CIeEaCr(I\:I:Z\rI\elIIe)T'VI
SATA Flash
Sequential READ (MB/s) 60 160 150
Sequential WRITE(MB/s) 40 100 80
Random READ (4K I0OPs) 2K—-4K 2K-10K 40K
Random WRITE (4K I0Ps) 0.2K-0.4K 0.5K-1.0K 3K
Active Power (W) 0.5 1.0 1.0
Standby Power (mW) 30 60 30
Sleep Power (mW) 1 1 1
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Flas_nMemory NV Power-State Management
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ECC-free
e-MMC Embedded | o (NAND™
SATA
Flash
1.0

Active Power (W)

Standby Power (mW) 30 60 30
Sleep Power (mW) 1 1 1
Time to Sleep (us) 500 500,000 10
Time to Wake (us) 1000 10,000 10
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FlashMemory Conclusions
(SUMMIT

= Micron offers a full portfolio of Flash-based storage solutions:
e eMMC
« Raw NAND Flash
e« ClearNAND™ Flash
e SSDs

= ClearNAND Flash provides a compelling combination of solid
performance and low power consumption

Revisit Micron’s FMS 2011 presentations at:
www.micron.com/fms
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