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FlashMemory Legal Disclaimer

This presentation is intended to provide information concerning NAND Flash 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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Do you own or have ever owned a . . .
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How many devices do you own?



PC - Mobile Era

¥ Smart Phones & Tablets are facilitating the transition to Mobile Era
« PC & Tablet converging into Hybrid f
« Mobile is driving Server Growth

Mobile Era
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Smartphones Continue To Grow

¥ Despite fast growth & surpassing feature phone sales. ..

Global Smartphone Penetration

WW Population 7B
1.5B SP re Phones

> 5B Mobile Phone

21% WW penetration!

Mobile Phone Users
Smartphone Users

Smartphone adoption still has huge upside for global penetration

m ry Sources: BI Intelligence, Morgan Stanley Research @




Smartphones Continue To Grow

¥ Despite fast growth & surpassing feature phone sales. ..
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Tablet Growth Faster Than Smartphones

Global PC (Desktop / Notebook) and Tablet Shipments by Quarter

" anse - ats ¥ Tablet shipments surpassed
, y DT/NB PC’s in Q4-12

- < 3Yrs from Intro!

40 A AA
v\l

30 A A A‘ .
SNVWE W Large Screen Computing

» A A//v / Device Demand is strong

10 P /‘ - Mix favors Tablets, not PC’s

Q1:95 Q1:97 Q1:99 Q101 Q1:03 Q1:05 Q1:07 Q1:09 Q111 Q1:13

Global Units Shipped (MMs)

——Desktop PCs  —Notebook PCs  —Tablets Global PC (Desktop / Notebook) and Tablet Shipments by Quarter

Q1:1995 - Q1:2013
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What’s Next for Mobile: Wearable Devices?

® Smartphones & Tablets still in early stage, but see strong onset
of wearables and potential for future devices

T |

 Sensor Enabled

« Environment-Aware
« Hands-Free
. Easy Access »
« Always On/Always Connected ’
 Development Platforms

« Wider Markets/Applications

eeeeeeeeee

FlasmllMemory ... And they all need NAND Flash




Where Will Users Spend Their Time?

¥ Average Traffic Per Mobile Device Type

Non-Smartphone L\

M2M
smartphone
4G Smartphone

Tablet




Digital Information Growth Exploding

¥ Content increasingly created, findable, shared, tagged, etc.
¥ Created & Shared content up 9x in 5 years

Global Digital Information Created & Shared, 2005 - 2015E

8 L
Amount of global digital information created & shared

— from documents to pictures to tweets —
6 —— grew 9xin five years to nearly 2 zettabytes* in 2011, per IDC. -

Digital Information Created &
Shared (zettabytes)
N

2005 2007 2009 2011 2013E 2015E
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Digital Information Growth Exploding

¥ Content increasingly created, findable, shared, tagged, etc.
¥ Created & Shared content up 9x in 5 years

Global Digital Information Created & Shared, 2005 - 2015E

8 L
Amount of global digital information created & shared

— from documents to pictures to tweets —
6 —— grew 9x in five years to nearly 2 zettabytes™ in 2011, per IDC. -

;—.r I

127B = 1 Tril GB = 1024 EB '

Digital Information Created &
Shared (zettabytes)
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Mobile Era Continues Evolving: IoE

99% of things in the physical world still not yet connected . . .

Social

Internet of WSVl Internet of Networking
Kl'hings J Internet People Sco:[lol‘ggg

MogiLE

2010: # Connected Devices Surpassed # of People in the world
20201 50+ Billion things will be connected & will talk to each other

FlashMemory And they will all need Flash . . .
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Mobile Era Continues Evolving: IoE

99% of things in the physical world still not yet connected . . .

<

- ™~ { = &
W o= I ey,
INEGERG AN Devic CONNEGTED Ji- ¥ ...; -y

‘ InterJ a3 . =
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)' ' ’,

125 25
BILLION  BILLION

CONNECTED
DEVICES
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": - > ; Cisco Systems Inc 3.47
1.84'
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MogiLE

2010: # Connected Devices Surpassed # of People in the world
2020: 50+ Billion things will be connected & will talk to each other

HﬂS'IMeIIIOI’y And they will all need Flash . W
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Mobile Devices: Then

Feature
phone

Smart
phone

Touchscreen
from ‘07

| Start of Apps
in ‘07

N B ‘ s
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Mobile Devices: Then

Simple Usage, Simple Features
Simple Memory Requirements

S N -~

't Touchscreen
from ‘07

Start of Apps
in ‘07

FlashMemory




Mobile Devices: Now

Productivity/Creation

( NME[CE
e gg LE/ —
LTI, 3 -\ﬁ \I r

HD Video Editing/Rendering Computing

True Multit </ Productivity

| The New W
| Personal \é

Camera
3D Graphics Content
PC/Console-like Gaming

13MP, Burst Mode
Photo Editing e .
4K Content . Security

Reliabilit
g |a 1113%
Apps for Everything

~ A4 s

:W Mobile Shopping

FlashMemory Punmsunce




Mobile Devices: Now

Productivity/Creation
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HD Video Editing/Rendering Computing ; Connectivity
True Multite« / % v Productivit ) AOAC
o 0 s I 7 roauctivity / .

Smarter, faster, & more powerful devices
- Require Smarter & faster memory

3D Graphics ST Platforms "> ¢}

PC/Console-like Gaming j% <° |

13MP, Burst Mode o -
Photo Editingr BN
4K Content ‘ : Fe Security

Reliabilit
> y

-& Mobile Shopping
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Tablet Evolution: Consumption > Creation + More

(4] .I‘r '@:‘” ‘4

— = SRS 0ITCn 4, 3
Nn D afrid
a < t:o 3 n <0 @f @ ‘7{
- \ My - FoY)
NFC ;J IIE;' + - @2/}1‘0/ ’

 3DGRX
'S:‘ ® _ Rich PC-like Gaming
' Fast, Real-time response

» Bigger/Richer Display

 Thinner & Lighter
* Secure & Reliable
* Long Battery Life




Performance Improves But Power Still An Issue

Smartphone performance exploding - Battery capacity not keeping up

2010 (vs. 2010) 2020

Cellular 2~5Mbps x20 50~100Mbps

Key Mobile Memory Requirements
- Faster Performance & More Capability
- While Maintaining Low Power Consumption

~y-

' 4Kp H.265
ozcn

[Battery Eﬁ 5.76W/h x2.2 E}i 13W/h ]
==

é@)
Source hARY, w
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Mobile Storage — What’s Needed?

High Performance Low Power
Efficiency/Responsiveness Longer Battery Life

g Octa Core CPU

Instant &

High Capacity
More Memory
More Apps, Richer Apps

HD Video, High Res Photos
3D Graphics/4K Content

_ Small Package
Security

Rehabnny

FlashMemory
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Mobile-centric Storage: eMMC = UFS

JEDEC Defined Storage Solutions Optimized for Mobile Devices
= eMMC: Open Mobile Storage w/ Low Power (Mature, Not Scalable)
= UFS : Scalable, Higher Performance while maintaining Low Power

o T
i ! gy

p— UFS2.0
TVTEA A, eMMC4.5,5.0

I/F Sp 100MBps 200MBps 400MBps 600MBps x 2 Lane
End Products 2010 2012

Booting Interface vExpandability/Scalability
Partitioning Improvement v'Serial interface, Multi-lane
Security Performance v'Higher Random IOPS

Data integrity Enhancement v'Low Latency, High Efficiency

\ / 7~ UFS = Evolutionary progression of JEDEC standards for Mobile Storage

FlashMemory Punmsunce




What is UFS . ..

eMMC SSD
Features Features

FlashMemory Ponmsuncg




UFS: Next Gen High Performance Mobile Storage

UFS: Universal Flash Storage

SSD/SAS

* High Speed Serial I/F
» Asynchronous operation
* Proven Architecture

(SCsI)
FS

 Low Power
- Optimized for mobile
 Flash Oriented features

eMMC =) SSD for Mobile Devices
- Better User Experience

- Fast Boot, Fast Response
. - Lower Latency, Higher Efficiency
My - High-speed PC Sync

‘,/ Melﬁory - Low Power Consumption @

(SuMMIT |




UFS: The Fastest Interface

« UFS 2.0 exceeds current SSD interface of SATA 3.0 (6Gbps).

« No change in SW is required for supporting multi-lane.
- Handled by UniPro IP transparently.

| 2lane | L. If 2 lanes used.
1
1
i 2400 |
! MB/s |
-
i i
i i
i i
1 ]
1 ]
1 ]
1 ]
1 ]
1 ]
1 ]
""" it B ===t
i 2lane i 51200 E
! 1200 | 1 MB/s i
| MB/s | :
1 | I 1
1 | I 1
1 I !
1 1 : t
600 | | |
MB/s | | E
300 |
o) [ ]
= N —

eMMC UFS eMMC SATA UFS UFS
4.51 11 5.0 3.0 2.0 3.0

FlashMemory Primisunce




UFS: Selectable & Scalable Speed

« UFS supports multiple interface speeds
— Host can adjust interface based on its needs in real time

° ST
s »

PWM G2

PWM G1
3~9Mb/s 6~18Mb/s 12~36Mb/s 24~72Mb/s  1.25~1.5Gb/s 2.5~3Gb/s 6 Gb/s

|
< Less Power consumption More Performance>

FlashMemory Primisunce




eMMC vs. UFS: Interface Race

Which do you prefer for your next mobile device?

Simpler & Faster
Serial Interface

 High Speed Serial Interface
WMy  Future expandability/Scalability built-in
FlashMemory « Multi-Lane Support PRhmsunog
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eMMC vs UFS: Queuing & Asynch I/O

« Multiple Commands/Tasks, Multi-processing Demands
Inefficiencies of eMMC = Traffic Jam & back-up

FlashMemory Primisunce




eMMC vs UFS: Queuing & Asynch I/O

« Multiple Commands/Tasks, Multi-processing Demands
Inefficiencies of eMMC = Traffic Jam & back-up

'.“-v‘“ —:':;:S_-.M ¥ i B

*A

- g s

UFS Solution:

* Async I/O, Command Queuing & Reordering
 Higher Efficiency, Faster Completion

FlashMemory PSnmsunce




eMMC vs. UFS : Sync vs. Async

« Set it and forget it
— Optimal for multi-processing

Sync I/0 (e-MMC) : One-by-one

| CMD I RSP I TRANSACTION I CMD RSP I

Async I/O ( UFS ) : Send it and forget it Plus Queuing & Re-ordering

Minimize latency, Maximize Efficiency
Process transactions faster

TRANSACTION

v

HasllMemory I&I TRANSACTION | w’




UFS: Overall Feature Comparison

= UFS includes both { mobile + computing } features

= Performance, Efficiency, Scalability for future mobile designs

S e 0 UFS2.0 SATA

Interface Operation
Future Expandability
H/W reset
Alternative Boot
Multi-Partition
Trim
Discard
Security feature RPMB
Secure Erase
Secure Trim

High Priority Interrupt

Back Ground
Operation
Operation Mode
Packed CMD
Data Tag
Context ID
Cache Operation
Dynamic Capacity

Performance
Feature

Power off notification
Real Time Clock

Reliability

FlashMemory
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~400MB/s
Yes
Yes
Yes(4)
Yes
Yes
Yes

Sanitize

Yes

Yes

Sync
Simple Queuing
Yes
Yes
Yes
Yes

Yes

Yes

Full Duplex
6Gbps, Multi-Lane
Yes
Yes
Yes(8)

Yes
Yes
Yes

Sanitize

Yes
(LU/Queue)

Yes

Async
Command Queuing
Yes
Yes
Yes
Yes

Yes

Yes

1

u Comm

Dual Simplex

6Gbps
No

Ne = Rom

No
Yes
No
No

No

No

No

Async
and Queuing
No
No
Yes
No

No
No



UFS Surpasses eMMC Performance

--------------------------------------------- [
.

Random Write . Sequential Read
Mobile OS Storage Pattern Analysis

S

Random Read

Better
End USE'I‘ Source: Samsung
Experience

NA s

FlashMemory
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UFS2.0 Satisfying All Bandwidth Requirements

« UFS will overcome the interface bottleneck between WiFi
(802.11ac, 3.5 Gbps) and USB3.0( 4 Gbps)
— At least 6 Gbps Interface speed is needed for better UX as of ‘13.

MB/s Mobile Interface Trend

2500

=== \ifi Roadmap
2000

=fl=JSB Roadmap
Jedec Roadmap
1500
USBS 5
1000 / / 802.11ac
, & Antenna
USB3.0 802 1ac 802.11ad
4 Antenna

e

P — e E—
2007 2008 2000 2010 2011 2012 2013 2014 2015 2016
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UFS: Faster With Less Power

« UFS consumes less total power(=power X time)
despite much higher performance
— Completes tasks sooner
— Stays in standby mode longer

Power Power

eMMC Total Power UFS Total Power

& > & >

Active Standby

& > & >

Time Time

Active Standby

FlashMemory PEnmsuncd




Higher Energy Efficiency

Higher Energy Efficiency — Lower 10 Energy per bit , even with higher performance

4 AT . |
m——————— |
I 1
| 1200M8/s |
al 1
A : [
s - 1
I 1
I |
400MB/s ! :
200MB/s 300MB/s | ! ' ]
T 1 I
o B I
ay = = u B
R4 . ’ 1 : : :
eMMC4.5 eMMC5.0  UFSL1 | UFS2.0 ! eMMC4.5 eMMC5.0  UFSL1 1 UFS2.0 1
|
] s !
R |
% v 4 o o
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Easy to Implement: Standard HCI

« Support Standard UFSHCI (UFS Host Controller Interface)

— Standard UFS Driver (e.g. Linux) works on all Aps
— Simplify Host Design

Wi o E

INAOWS

OS anszo01d phone ..
Devi

Host

Samsung

FviimAae 77770 EENES A
hl\Sl Ivo
PROCESSOR

FlashMemory PEnmsuncd




UFES: Natural Migration for Mobile Evolution

« Higher Performance & Efficiency with lower total power
« Continued Scalability for future

a

UFS 3.0

2.4 GB/s (tentative)

SCSI Based Async 4
Protocol |

UFS 2.x
UFS 2.0 (tentative)

1.2GB/s T_

Memory Card Based Sync

Protocol /
A eMMC5.0 eMMC(C5.1

W (tentative

eMMC4.5
eMMC4.3 eMMC44 eMMC441

2009 2010 2011 2012 2013 2014 2015~16

400 MB/s

[
y 4 L
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UFS In Summary . ..

less IS more.




UFS In Summary . ..

UFS: Next Gen Mobile Storage beyond eMMC

— Less Total Power Consumption More Performance
— Less Latency More Efficiency
— Less time to complete tasks More Features

UFS enables the next generation of smart &

powerful devices for mobile & beyond . ..

FlashMemory PEnmsuncd
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