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Legal Disclaimer

INFORMATION IN THIS DOCUMENT IS PROVIDED IN CONNECTION WITH MICRON™ PRODUCTS. NO LICENSE, EXPRESS OR
IMPLIED, BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS DOCUMENT. EXCEPT
AS PROVIDED IN MICRON'S TERMS AND CONDITIONS OF SALE FOR SUCH PRODUCTS, MICRON ASSUMES NO LIABILITY
WHATSOEVER, AND MICRON DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY, RELATING TO SALE AND/OR USE OF

MICRON PRODUCTS INCLUDING LIABILITY OR WARRANTIES RELATING TO FITNESS FOR A PARTICULAR PURPOSE,
MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

Micron products are not intended for use in medical, life saving, life sustaining, critical control or safety systems, or in nuclear facility

applications.

Micron may make changes to specifications and product descriptions at any time, without notice.
Micron may have patents or pending patent applications, trademarks, copyrights, or other intellectual property rights that relate to

the presented subject matter. The furnishing of documents and other materials and information does not provide any license,
express or implied, by estoppel or otherwise, to any such patents, trademarks, copyrights, or other intellectual property rights.

Designers must not rely on the absence or characteristics of any features or instructions marked “reserved” or “undefined.” Micron
reserves these for future definition and shall have no responsibility whatsoever for conflicts or incompatibilities arising from future
changes to them.

Contact your local Micron sales office or your distributor to obtain the latest specifications and before placing your product order.

Copies of documents which have an order number and are referenced in this document, or other Micron literature may be obtained
by visiting Micron's website at http://www.Micron.com.
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NOR Scaling
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NAND Scaling

NAND Electron Scaling Endurance & ECC Scaling

120 30
10000
100 +—— 25
\‘tzopﬁ —_ /
1000 X 80 20
* @ 2006 8 / 13
S I £ 60 /s Q
'.E Q 2008 = //
o 100 2% 2000 O
I Y0 LT * / / "
H* 49,2012
| ’ /4< 5
10 0 T T T T T T 0
100 80 Li h60N 40 20 90 70 60 50 40 30 20
itho Node Litho Node
2008 2009 2010 2011 2012 2013 2014 2015+

Cﬁlcron. July 27, 2010 © 2010 Micron Technology, Inc. | 5



NOR / NAND / DRAM

The technology “Brick Wall”
What can /should we do about it?

What’s beyond the brick wall?
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Phase Change Memory

Storage
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Memory Characteristics
PCM Offers Attributes of RAM & NAND
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Performance & Density Comparisons
Circa 2011, 45nm Silicon

Non-Volatile No Yes Yes Yes
|dle Power ~100mW/GB| ~1 mW/GB ~1 mW/GB ~10W
: No /
Erase / Page Size | No/64Byte | No/32Byte | Yes/256KB 512Byte
Write Bandwidth ~GB/§ 50-100 MB/s 5-40 M.B/s ~200M.B/s
per die per die per die per drive
Page Write 20-50 ns ~1 us ~500 us ~5 ms
Latency
Page Read 20-50 ns ~70 ns ~25 Us ~5 ms
Latency
Endurance 00 106> 107 10° > 104 00
Maximum Density 4Gbit 4Gbit 64 Gbit 2TByte
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Theoretical Cost



Theoretical Chip Cost Factors

Die Size Cell Size (F?) 5.5 6.0 5.0
4G Prod Example 1.0x 1.2X 1.0x
Wafer Total Process ~35 ~34 30
Complexity Mask Count
300mm 1.2x 1.2X 1.0x
cost structure
Theoretical Die Cost Summary 1.2X 1.4x 1.0x

PCM will be cheaper than DRAM at lithography parity

PCM scales to lower densities better than NAND

PCM attributes can also save cost at system level
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Bit Alterability
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Bit Alterability
Ridiculously Simple

NAND

T Read4AiB-Irom-NAND WEGCEL —

) YJTrITe ] fal =2_AN ]

4. Locate new NAND page

5. Write new NAND page
6. Calculate & Write ECC

7. Mark old NAND page “dirty”
8. Eventually erase NAND block

July 27, 2010

Much less bus traffic
“Hidden” Power

Ridiculously Simple
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Endurance & Retention



Reliability
System Implications
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Endurance
Scalability

PCM
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Data Retention
Historical View

200k year?

200 ka E E 1971 1998 2006

IEEE 1005-1998
Pevision of IEEE St 1005-1091)

IEEE Standard Definitions and
Characterization of Floating Gate
Semiconductor Arrays

Sponsor
Standards Commitiee

of the
IEEE Electron Devices Society

Approved 25 June 1998
IEEE-SA Standards Board

“Endurance is a measure of
the ability of a nonvolatile
memory device to meet its
data sheet specifications as
a function of accumulated
nonvolatile data rewrites or
program/erase cycles.”

JEDEC
STANDARD

Electrically Erasable Programmable
ROM (EEPROM) Program/Erase
Endurance and Data Retention Stress
Test

JESD22-A117A

ko Associntion

10 yr at “low cycles”
1 yr at data sheet

News Flash: PCM Retention is NOT a function of endurance
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Endurance
SSD: Fast Growing Segment
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Interfaces
Getting Faster
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4GB/s at 90/10 Read/Write Equates to 34TB’s per day

Note: PCle x8
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System Solutions

Clen Endurance vs. Density
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Latency
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Performance

Bandwidth vs. Latency
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Application to Compute
Approach is Changing

ns/ GB ms/ TB s/ PB

Bandwidth Improvement mp |

Latency Improvement mp

us/ GB ms/ TB s/ PB
All logos or trademarks are the property of their respective owners
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Performance
Relatively Speaking
PCli
SSD
HDLC

scm

Storage Class PCM can perform >800 data
base searches in the time it takes an SSD to do 1
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Latency
Value goes up with information growth

amazoncom

|~ “...an extra 500ms in search page
GO Ugle generation time traffic by 20% ”

17

a broker could lose $4 Million Dollars per
AWM -1 millisecond if their electronic trading platform is
GROUP 5ms behind the competition”

ns/ GB ns/ GB us/ GB ms/ TB s/ PB

All logos or trademarks are the property of their respective owners
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Latency
Still Not Convinced?

High Frequency Trader: Trading In Mere
"Millisconds” Is Like, So Last Century

Courtney Comstock | Mar. 4, 2010, 10:07AM | § 852 B 5

Tags: Wall Street, High Frequency Trading

When we made the mistake of saying
"milliseconds," instead of "microseconds” at a
Mankoff Group HFT conference the other night,
we were quickly corrected.

“Trading in milliseconds is from like, last
century," a trader told us.

"The new frontier is microseconds,” ancther

added.

"We're trying to get to a speed where we can
trade in 5 microseconds - actually it might even
be down to 3 now."
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PCM
Industry Demands Will Drive Change

PCM
Value Proposition
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