ﬁm@" Industry Innovation GW

with Samsung’s
Next Generation V-NAND

Aug. 2014

Jim Elliott (Corporate Vice President, Memory Marketing,
Samsung Semiconductor, Inc.)

Bob Brennan (Senior Vice President, Memory Solutions Lab,
Samsung Semiconductor, Inc.

Flash Memory
Summit 2014
Santa Clara, CA



Legal Disclaimer

This presentation is intended to provide information concerning SSD and memory industry. We do our best
to make sure that information presented is accurate and fully up-to-date. However, the presentation may be
subject to technical inaccuracies, information that is not up-to-date or typographical errors. As a consequence,
Samsung does not in any way guarantee the accuracy or completeness of information provided on this
presentation.

The information in this presentation or accompanying oral statements may include forward-looking
statements. These forward-looking statements include all matters that are not historical facts, statements
regarding the Samsung Electronics' intentions, beliefs or current expectations concerning, among other things,
market prospects, growth, strategies, and the industry in which Samsung operates. By their nature, forward-
looking statements involve risks and uncertainties, because they relate to events and depend on
circumstances that may or may not occur in the future. Samsung cautions you that forward looking statements
are not guarantees of future performance and that the actual developments of Samsung, the market, or
industry in which Samsung operates may differ materially from those made or suggested by the forward-
looking statements contained in this presentation or in the accompanying oral statements. In addition, even if
the information contained herein or the oral statements are shown to be accurate, those developments may

not be indicative developments in future periods.
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IT Growth Drivers: PC — Mobile — IoT

Unit, M

Internet of
Things .
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Mobile Internet
10,000
Wired Internet
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100 % 3
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Source: KPCB, Cisco

50 Billion Devices by 2020 @



Mobile Data Traffic Growth

Faster Speeds
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More Connectlon

" More Video
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More Users

f&!ﬁﬁf&f‘i S5EB The total data created between the dawn of civilization and 2003

Global Mobile Data Traffic Forecast, 2013-2018 AMSUN



Mobile Era - Data Explosion

Mobile Traffic . IT Storage N
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More video is uploaded to YouTube in one month than
the 3 major US networks created in 60 years Source: Samsung




Social Networking Changing Everything

Facebook WhatsApp Twitter SnapChat

e &

>8.7B Pages / day = >50B Messages /day  >500M Tweets /day >1.2B Messages / day

3 Source: Gooile

Phones Checked 100B Times / Day



Social Networking: Then and Now...
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First Selfie (1839) Pope Francis (2013)

100M+ “Selfies” Taken / Day

X Source: Google
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Space: Then and Now




Viral Selfies in the News...

* Ellen DeGeneres x v
N o e If only Bradley'
W AN [ ey's arm was longer. B
March 2, 2014 AN AN, D) photo ever. #oscars . est

pic.twitter.com/CQU5NOtGaD
During the 86th Academy Awards B e
Ellen DeGeneres’ Selfie shuts down Twitter

The Selfie that shut down Twitter with a record |
1.2 million retweets in 15 minutes...



What Selfie Will Break the Record?

LSl Jim Elliott @Jimelliott70 - Aug 1
" Great view of the new 49er stadium from the roof of our
new building. Can’t wait for the ribbon cutting in mid-2015!

SRR NEW STADIUM
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“Winning” Selfie Creates New Record:

>32M Re-Tweets @




Exponential Growth: 3.6B Photos / Day in 2014
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2% 2014 YTD as of May. FCST is extrapolation of public data.

91% of Mobile Internet Access Is for Social Media



New Era for Flash




NAND at the core of the data center
and every consumer device

NAND Flash Ubiquity




NAND Growth Outlook

NAND Demand Growth (Bit) Portion Change by Application

I Mobile Storage SSD Card | UFD [ Others
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Exponential Growth Continues @




SSD Growth Outlook

PC Market Data Center / Enterprise Market
Million TB Million TB ]
M Desktop i Notebook M Enterprise i Data Center
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Exponential Growth Continues PEamsuncd




Samsung NAND
Leadership




Samsung Memory Market Share Leadership

Samsung Samsung

NAN D SSD *Source: Samsung 2013
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2006: Launched our First SSD

Brought SSD’s to the mainstream market

2006

1st Samsung
SSD




2008: World’s 1st MLC SSD

Lowered cost by 40%!

SSD$/ GB
Reduced Cost and Higher Density for wide spread adoption

o

2006 2008

15t Samsung 15t 2bit MLC
SSD SSD

PEamsuncd



2012: World’s 1st 3bit SSD

Higher capacity to compete with HDD

2006 2008
W/ 1t Samsung 15t 2bit MLC
SSD SSD




2013: World’s 1st PCIe SSD for PC

4GB/s
X 1/3X
/ 3ls
SATA  PCle SATA  PCle
Bandwidth Latency

2006 2008 2013

15t Samsung 15t 2bit MLC 15t 3bi 15t PCle PC
SSD SSD SSD




2013: World’s 1st 3D V-NAND SSD

.. AEEiivy, More Capacity
P == More Speed
i | More Power Efficiency

2006 2008 2012 2013 2013

1st Samsung 1st 2bit MLC 1t 3bit 1st PCle PC 1st3D
SSD SSD SSD SSD V-NAND SSD




How Can We Satisfy Insatiable NAND Demand?

New Technology
New Products
Industry Collaboration

2006 2008 2012 2013 2013 =i —

1st Samsung 1st 2bit MLC 15t 3bit 1st PCle PC 13D 2014
SSD SSD SSD SSD V-NAND SSD
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NAND Flash Challenges

nm 2Gb

y

60nm 8Gb

50nm 16Gb

40nm 16Gb

Technology
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We Need a Breakthrough...



Breakthrough Technology
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2013: World’s 1st 3D V-NAND
128Gb : 24 stack 2bit

& ol ~—~q

Aug, 2013

Samsung 3D V-NAND SSD Announced

Samsung mass produces industry's first 3D
NLWD ﬂaSh Chips August 5, 2012 07-08 FM ET

The 3D flash technology lays a foundation for next generation 1Thit chips

Broke Through 10nm Process Barrier



2014:
2"d Generation




2"d Generation 3D V-NAND
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Integration Innovation

New 3D V-NAND

Control

. = = = =

2008-2009 2011 2013 2014

Scaling Continues PP s uncg

Insulator




Cell to Cell Interference-Free Structure

32 Stack = 24 Stack

24 - 32 Stack V-NAND Maintains Low Interference w




2014: 850 PRO : World’s 1st 32 Stack V-NAND SSD

‘3D V-NAND created the ‘Vertical NAND opens up a whole new world when we ‘3D V-NAND ensures
fastest ATA 600 SSD’ look at SSD endurance, density, battery life for portables, better performance and
and last but not least, SSD performance. durability’

@Iﬂ

2006 2008 2013 2013 - 2014
15t Samsung 15t 2bit MLC 15t PCle PC 1st3D 15t 32 Stack

SSD SSD SSD V-NAND SSD V-NAND SSD



V-NAND 850 Pro

Performance
[ Planar 3D V-NAND
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8.2K 8.2K 8.2K
g
§ 7,000
~
=
[4°]
>
(@)
o
5,000
1 1 1
\ 128GB 256GB 512GB

V-NAND Performance Leadership




V-NAND 850 Pro

Active Power[W]

Planar 3D V-NAND
Y340 PRO - 850 PRO .
4 I
2 I
0 T
12868 25668 51ZGB

Up to 38% Lower Power



V-NAND 850 Pro

Twice the Lifetime




V-NAND
But Wait, There’s More...




Announcing World’s 1st;: 32 Stack, 3bit V-NAND

32 stack 3bit cell

1xnm Planar 3bit 32 Stack 3bit
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= = = 101 California Street
DISI‘U ptlve DenSIty (~48 Floors) Effectively

32  One California

24 Stack (32 Floors)
Stack Three Sixty Residences 2bit :
2bit (24 Floors) 32 Stack
a 3bit

15t 3D V-NAND Mass Product 2"d 3D V-NAND Innovation New Innovation (3bit)

PR P8 9 P8¢0 ®
L:f\,.r'h L""‘\/‘"\ M\f\b’\[

New Era of 3D V-NAND PP s uncg



//upload.wikimedia.org/wikipedia/commons/4/4d/One_California_Street,_San_Francisco.jpg
//upload.wikimedia.org/wikipedia/commons/0/01/101_California_Street.JPG

V-NAND Density

A
Design
R I [ [
" One Terabit Density
ayer)
" ........ ‘ 1Tb
24 Layers 32 Layers ~ 100 Layers
128Gb
403 ------------ ,11 ,12 ,13 Year’

3bit 3D V-NAND Enables Capacity to Scale...  Bfsiued



V-NAND Reliability

Voltage Distribution Comparison Planar 3bit
V32 3bit

10X |
Reduction
|

Lower Overlaps = Fewer Errors

vt
3bit V-NAND Improves Bit Error Rate PP s uncg




V-NAND Speed

tPROG

- 50%

Planar 3D V-NAND
(1xnm/3bit) (32 stack/3bit)

*Lower is better

2X Faster PRhmsunce




V-NAND Power

Consumption @ Read
-40%

1

PIanar 3D V-NAND
(Ixnm/3bit) (32 stack/3bit)

*Lower is better

—*7———’6(_\

~40% Lower Power



Coming Soon : 1st 32 Stack Cell 3bit-based SSD

The World's First 3bit-based
3D Vertical NAND Flash Memory

Breaking Through the 10nm Process Barrier
with Innovative 3D V-NAND Technology

2006 2008 2013 2013 2014
) 1t Samsung 15t 2bit MLC i 1t PCle PC 1st3D 15t 32 Stack
SY) SSD SSD

V-NAND SSD 3bit V-.NAND



Overview

1. Industry Trends 2. 3D V-NAND

SAIEUND




2014: World’s 1st NVMe SSD in Production

Xs1715 it

SM1715
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NVMe SSD: High Performance, Low Latency

- 7
Bandwidth """ '

Crapx 3 ps
Latency

&‘\ NVMe Unleashes V-NAND T

4GB/s




Better Together

30 V-NAND -

High Capacity High Performance Best TCO




NVMe Performance

= Server Application Performance SDVNAND 20T
% M Planar 2bit SATA SSD (480GB)
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@ SSD IOPS > Application Speedup s uncg



NVMe Enterprise Leadership

SM1715/ XS1715

—___HHHL 25" -

Performance Power
3000/1400 MB/s  10-25W
750K/115K

(A\ World’s 1st, Available

Now: Dell PowerEdge Series Piusug



Video: What can XS1715 do?
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NVMe Datacenter Leadership

SM953

,

— M2 25"

Performance Power
2200/850 MB/s <6W
300K/14K

@ Datacenter TCO Optimized, Available Soon PP s uncg



Leadership V-NAND, Leadership Solutions

\\\ 2014
15t V-NAND
NVMe SSDs /

2006 2008 2012 2013 2013 2014

1st Samsung 1st 2bit MLC 15t 3bit 1st PCle PC 1st 3D 1st 32 Stack
SSD SSD SSD SSD V-NAND SSD 3bit V-NAND


http://www.google.co.kr/url?url=http://digimind.com/blog/best-practices/how-to-map-sources-for-a-competitive-intelligence-project/&rct=j&frm=1&q=&esrc=s&sa=U&ei=sbDbU57LA8eC8gXQ8IHoDQ&ved=0CBcQ9QEwAThk&sig2=NGLtsJDDtl_QRQBKSKi9yQ&usg=AFQjCNEOqCUBP--gDKWk-RKlfJdFwc4TlA

Overview

1. Industry Trends 2. 3D V-NAND

3. NVMe SSD 4. New Solutions

Ca

SAIEUND ’ ; o
'



http://www.google.co.kr/url?url=http://digimind.com/blog/best-practices/how-to-map-sources-for-a-competitive-intelligence-project/&rct=j&frm=1&q=&esrc=s&sa=U&ei=sbDbU57LA8eC8gXQ8IHoDQ&ved=0CBcQ9QEwAThk&sig2=NGLtsJDDtl_QRQBKSKi9yQ&usg=AFQjCNEOqCUBP--gDKWk-RKlfJdFwc4TlA

A | Storage
nte||ige|,;~
" ’:zlce

-y

v‘\-\\’\\'ﬂ



http://www.google.co.kr/url?url=http://digimind.com/blog/best-practices/how-to-map-sources-for-a-competitive-intelligence-project/&rct=j&frm=1&q=&esrc=s&sa=U&ei=sbDbU57LA8eC8gXQ8IHoDQ&ved=0CBcQ9QEwAThk&sig2=NGLtsJDDtl_QRQBKSKi9yQ&usg=AFQjCNEOqCUBP--gDKWk-RKlfJdFwc4TlA

Storage Intelligence: What if?

100% |
Busy

Aggregate
% Busy

Idle

? T
3 Harness SSD Compute Capacity” Pemsunog
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Storage Intelligence: Garbage Collection

—-Legacy SSD -=Intelligent SSD
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Storage Intelligence : Multi-Stream

__legacySSD 2
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Multi-Stream Results
Legacy SSD

Multi-stream SSD
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S 40,000
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3 Deterministic Latency PP msunce
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Multi-Stream Advantages

Read IOPs WAF

0.66x

50000
40000
30000
20000
10000

Average Worst

M Legacy M Multi-stream

Legacy Multi-stream

Deterministic Performance 1/3 Less Write Amplification

Performance and Endurance
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Opportunity for Industry-wide Collaboration

T10 cincits; ERCACAEN aincts: T13
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Final Thoughts

1. Insatiable NAND Demand

SAIEUND

2. 32 Stack 3bit V-NAND

4. Open Storage Intelligence
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Thank you!




