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Beyond Mega and Giga…

What is the highest defined unit of 
measurement (Metric Prefix)?
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What is the highest defined unit of 
measurement (Metric Prefix)?

Beyond Mega and Giga…

SI Prefix Symbol 10n Short Scale Decimal

None None 1 One 1

Deca- Da 101 Ten 10

Hecto- H 102 Hundred 100

Kilo- K 103 Thousand 1,000

Mega- M 106 Million 1,000,000

Giga- G 109 Billion 1,000,000,000

Tera- T 1012 Trillion 1,000,000,000,000

Peta- P 1015 Quadrillion 1,000,000,000,000,000

Exa- E 1018 Quintillion 1,000,000,000,000,000,000

Zetta- Z 1021 Sextillion 1,000,000,000,000,000,000,000

Yotta- Y 1024 Septillion 1,000,000,000,000,000,000,000,000
?
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Beyond Mega and Giga…

SI Prefix Symbol 10n Short Scale Decimal

None None 1 One 1

Deca- Da 101 Ten 10

Hecto- H 102 Hundred 100

Kilo- K 103 Thousand 1,000

Mega- M 106 Million 1,000,000

Giga- G 109 Billion 1,000,000,000

Tera- T 1012 Trillion 1,000,000,000,000

Peta- P 1015 Quadrillion 1,000,000,000,000,000

Exa- E 1018 Quintillion 1,000,000,000,000,000,000

Zetta- Z 1021 Sextillion 1,000,000,000,000,000,000,000

Yotta- Y 1024 Septillion 1,000,000,000,000,000,000,000,000And Finally?

What is the highest defined unit of 
measurement (Metric Prefix)?
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Beyond Mega and Giga…

SI Prefix Symbol 10n Short Scale Decimal

None None 1 One 1

Deca- Da 101 Ten 10

Hecto- H 102 Hundred 100

Kilo- K 103 Thousand 1,000

Mega- M 106 Million 1,000,000

Giga G 109 Billion 1,000,000,000

Tera- T 1012 Trillion 1,000,000,000,000

Peta- P 1015 Quadrillion 1,000,000,000,000,000

Exa- E 1018 Quintillion 1,000,000,000,000,000,000

Zetta- Z 1021 Sextillion 1,000,000,000,000,000,000,000

Yotta- Y 1024 Septillion 1,000,000,000,000,000,000,000,000

What comes next???
The combined space of all hard drives in the world does not amount to one yottabyte. 

As of 2009 the entire Internet was estimated to contain close to 500 exabytes 

What is the highest defined unit of 
measurement (Metric Prefix)?



www.samsung.com/greenmemory

 Googa-Byte?

 Jedi-Byte?  

 Woza-Byte?

 Hella-Byte ?

What Comes Next?
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Hella?

Forget 15 minutes of fame. Austin Sendek is getting hella minutes.

The UC Davis physics undergraduate has reaped international attention since March, when 
The Sacramento Bee wrote about his campaign to establish a new, scientifically accepted 
prefix, "hella," to be used in front of units of weight, distance or just about anything.

The sun's mass would be 2.2 hellatons releasing energy at 0.3 hellawatts

Hella has >63,000 Facebook Fans.

The international committee that decides such matters is expected to hear the idea at its 
September meeting in Paris. Chances of approval are considered to be hella slim.

http://www.facebook.com/album.php?profile=1&id=277479937276�
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Market in recovery as of late 2009 (after 10 consecutive quarters in the red)

Memory Makers’ Financial Health Status

-$23.4B

-4.2

-1.9
-0.7

-2.0
-3.1

-2.2 -2.8

-6.5

-0.10.0 1.5 2.1
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CAPEX Investment Rebound in 2010 to ~$6.1B
Still Well Below Levels Seen This Decade…

17.6

6.135%

12.3
11.8

14.5

12.9

11.1

6.7

2.4

8.3
9.6

8.0

6.1

3.7 20%

71%
66%

62%
55%55%

$9.6B $8.3B $2.4B $6.1B

NAND CAPEX vs. Revenue Trends

* Source : Gartner, Company Reports, Samsung

Presenter
Presentation Notes
* Version : 3.1* Contents : General PT > Flash* Customer : ALL* Subject : NAND Flash General PT* Approved Date : 2010-04-06 오후 4:58:24* Writer : Gyohun Ku(구교훈)* Group : Nand Marketing Group                              * S/N : GPT_2596_20100406
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NAND Flash ASP / GB

NAND Flash Pricing Trends

Source:  Forward Insight

13

2008: -64% Y/Y
2009: -26% Y/Y
2010: -18% Y/Y
2011: -38% Y/Y

> 50% Y/Y
era

< 40% Y/Y
era

2008 2009 2010 2011

Factors Affecting Price per GB Trends:
 Supply Increases, Transition to 64Gb Mono
 3bpc growth
 SSD Demand Elasticity Effect…
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NAND Application trends  More Diversification  More Stability
Cards and USB Flash Drives no Longer the Driving Force
Tablets Coming into the Mix this Year…

End Application Diversification

*Source: Samsung

Tablet

12%

11%
2%

53%

15%

16%

6%

44%

8%

25%

18%

31%

10%
22% 16%

3%
8%

4.8B2.7B2.1B 8.4B 13.9B
NAND Total

16Gb Eq

Presenter
Presentation Notes
* Version : 1.0* Contents : Others > Marketing* Customer : ALL* Subject : 중국용 NAND PT* Approved Date : 2010-04-05 오후 3:56:09* Writer : Gyohun Ku(구교훈)* Group : Nand Marketing Group                              * S/N : OTH_2591_20100403
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154%

37%

74%

221%
245%

222%

129%

More Applications Driving NAND Growth

166%

9.5B GB

BREAKDOWN of 2010 NAND DEMAND GROWTH

Card/UFD Handset MP3 SSD Other

Portion of 
Growth

27% 17% 9% 6% 17%

(Growth Rate) 54% 120% 48% 142% 115%

74%

NAND demand is expected to reach 9.5B GB’s in 2010
Handset, SSD and Emerging Applications are Key Growth Drivers
Sharp Rebound since 2009, but well off historical levels…
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Computing Growth Drivers Over Time

Mobile Internet will be 10X Desktop Internet

Web 3.0:          
Social Networking

1

10

1,000

100

10,000

100,000

1960 1970 1980 1990 2000 2010 2020

1MM+ Units

10MM+ Units

100MM+ 
Units

1B+ Units / 
Users

10B+ 
Units 
???

Mainframe

Minicomputer

PC

Desktop  
Internet 

Mobile   
Internet 

Source:  Morgan Stanley

Stand-Alone           Wired            Seamless/Cloud

http://images.google.com/imgres?imgurl=http://cebong.com/wp-content/uploads/2009/07/facebook-logo-300x300.png&imgrefurl=http://cebong.com/facebook-application-for-blog-promotion&usg=__ywfDkF5nYrkFroa5fHu_89oWct0=&h=300&w=300&sz=78&hl=en&start=1&itbs=1&tbnid=rQ0RsTahu4owlM:&tbnh=116&tbnw=116&prev=/images%3Fq%3Dfacebook%2Bapp%2Blogo%26gbv%3D2%26hl%3Den�
http://www.google.com/imgres?imgurl=http://www.shanghaisideways.net/wp-content/uploads/2009/02/logo-youtube.jpg&imgrefurl=http://www.shanghaisideways.net/wp-content/uploads/2009/02/&usg=__1_tlQu4VCWGFEzDp2L-L-M5Fl7U=&h=905&w=1280&sz=56&hl=en&start=1&itbs=1&tbnid=JK3T0Bi266AFaM:&tbnh=106&tbnw=150&prev=/images%3Fq%3DYoutube%2Blogo%26hl%3Den%26gbv%3D2%26tbs%3Disch:1�
http://www.google.com/imgres?imgurl=http://www.ideachampions.com/weblogs/Twitter-Logo.png&imgrefurl=http://www.ideachampions.com/weblogs/archives/2009/10/stop_beating_yo.shtml&usg=__BUjelRb1WIgC63mW2U03XH10cS8=&h=367&w=367&sz=142&hl=en&start=2&itbs=1&tbnid=z4vosMNPNlbTIM:&tbnh=122&tbnw=122&prev=/images%3Fq%3DTwitter%2Blogo%26hl%3Den%26gbv%3D2%26tbs%3Disch:1�
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Impact of facebook Keeps Growing…

'09 '10
Rank #3 #2
Active Users 250M >500M

Use Daily 120M 200M
Photos / month 1B 3B
Videos / month 10M >12M
Mobile Access 30M >150M
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Internet Usage Driven by Social Networking

Social Networking Users > Email Users as of July ’09
Time Spent on Social Networking Crossed over in Nov ’07

Source:  Morgan Stanley Research
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Web 3.0 Impact on Traffic Load

(Petabytes Per Month)

10,160
14,743

21,367

30,811

42,165

55,560

2008
2009

2010

2011

2012

2013

40% CAGR

Ever-increasing
Data Traffic Load

The Cisco Visual Networking Index

1PB = 13.3 yrs of HD Video or 4.7B eBooks

50PB = Entire written works of mankind, from beginning of recorded history, in all languages

By 2020 = ~600,000 PB of data traffic per month (or 600 Exabytes)

By 2040 = ~0.5 YB of data traffic per month (0.0005HB)

Profound Impact on Connected 
Devices, Infrastructure, 

Ecosystem, Usage Models …

Web
3.0

Presenter
Presentation Notes
Performance improvement of IT hardware and software has enabled virtualization that gave birth to cloud computing.Today, companies can outsource services including software, infrastructure and platform from the web. This frees up significant resources that otherwise would have been invested in building IT infrastructure. Further, they now have access to powerful tools and services based on pay-as-you-go. Consequently companies can now make a better use of their resources and have more strategic options.This mega trend will continue throughout the decade. As you can see from Cisco’s forecasts, data traffic is expected to grow exponentially due to the proliferation of cloud computing and the build-up of a huge eco-system around it.This trend is affecting our daily life too. Thanks to the proliferation of smart mobile devices, we are connected at home, at work and on the go. And we use our mobile devices for business, communication, entertainment and even socialization. Much of this is done on the web, somewhere in the cloud.

http://images.google.com/imgres?imgurl=http://www.windows-now.com/blogs/dougknox/WindowsLiveWriter/HPMediaSmartWindowsHomeServer_B79/hpwhs%255B7%255D.jpg&imgrefurl=http://www.windows-now.com/blogs/dougknox/hp-mediasmart-windows-home-server.aspx&usg=__GzBn6HTFI0_UDyjEVu6UZwbXAtw=&h=480&w=370&sz=68&hl=en&start=1&tbnid=Oo-hCFMROjfzoM:&tbnh=129&tbnw=99&prev=/images%3Fq%3DHP%2BServer%26gbv%3D2%26hl%3Den�
http://images.google.com/imgres?imgurl=http://www.cyberindian.net/wp-content/uploads/hp-pavilion-tx1200-notebook.jpg&imgrefurl=http://www.cyberindian.net/2007/11/04/hp-pavilion-tx1218au-tablet-notebook-pc/&usg=__oWUIZRWj0r0n1OlH7-c0STT_9Do=&h=404&w=425&sz=22&hl=en&start=6&tbnid=smymxi5TfaRGXM:&tbnh=120&tbnw=126&prev=/images%3Fq%3DHP%2BNotebook%26gbv%3D2%26hl%3Den�
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2009 2010 2011 2012 2013

Tablet % of US PC Market

Netbook

Notebook

Desktop

Tablet

Tablet Revolution 2010

WW Tablet Market

Source:  iSuppli Source:  Forrester Research

Tablets vs PC Sales 2010 2011

Total Cannibalization 40% 40%

Netbook Portion 95% 50%

Notebook Portion 5% 20%

>20%

Goldman Sachs Research Estimates

 PC Paradigm Shift  New Product Category

 ~60% of Sales are Incremental

 Industry Crossroads:  Mobile, PC, Networking

Presenter
Presentation Notes
Forrester Research:  By 2015, slates will outsell netbooks and desktops, according to Forrester. However, the latter are not going away anytime soon. Gaming and 3D content, such as movies and games, are expected to keep desktops viable for some time. By 2015, tablets will account for 23% of all PCs sold to consumers, Forrester said in releasing its report Thursday. Laptops will constitute the largest share of the PC market. 
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eBook Readers: Growth Despite Tablet

22

 Unit CAGR = 70% despite Tablets.  100% NAND Based.
 Razor and Razor Blade Business Model ($139)
 Tablet & Smartphone sales increasing content sales (Kindle App)
 Amazon eBooks outsell hardcover now & vectoring to outsell paperback in 1 yr
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Source: Forward Insight
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Smartphones Driving Mobile Experience

Mobile Phone Production

Smartphones Non-Smartphones

VOICE
47%

TEXT
15%

EMAIL
10%

INTERNET
12%

MUSIC
12%

GAME
2%

iSuppli, Gartner

Breakdown of Smartphone Usage Time 

Others
2%

Seamless 
Connectivity
At Home,
At Work &
On the Go

1.0

0.2

1.0

0.3

1.0

0.4

1.0

0.5

2009 2010 2011 2012

1.2
1.3 1.4 1.5

Unit in Billions

36%

0%

8%

CAGR

“For Class of 2014, Email is Already Dead…”

Presenter
Presentation Notes
As the web becomes increasingly powerful and resourceful, mobile users are quickly changing their behavior to take advantage of it. According to iSuppli’s smartphone usage time analysis, smartphone users spend more than half of their usage time on non-voice activities including texting, internet browsing, gaming, and so on. Another analysis by Cisco indicates that the heavy use of multimedia on the mobile Internet is quickly becoming the habit of mobile phone users, which would account for almost 70% of mobile data traffic within several years.These analyses lead to the conclusion that the prevalent use of smartphones is broadening and deepening the mobile experience, and that smartphones are quickly to replace conventional mobile phones. Gartner’s forecasts for global mobile phone production tells us that the production of smart and powerful mobile devices are growing at 36% annually.This is good news to chip makers because semiconductor components make up more than 20% of smartphone bill of materials.
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Smartphones Driving NAND Growth

188%
111%

173%

26 70
148

1.4GB

6.23.81.00.02

DRAM

NAND

273%

426

744

89%
74%

Web 3.0: Multi-tasking, HD Content, Web Browsing & Apps

Smartphone:  Embedded NAND Content

* Source: Forward Insight

16GB eMMC     
+                       

16GB µSD

32GB Flash 
Content!

All Phone: 
Embedded Content
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5 Classes of SSD: All Driving Growth

0

20

40
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80

100

2009 2010 2011 2012 2013 2014

Entry-Level PC
Mainstream PC 
Enterprise Server
Enterprise Storage
Industrial

• Entry-Level PC 2009:  2.0M Units,   $64M    2014: 34.1M Units, $0.7B
• Mainstream PC 2009:  2.3M Units, $541M    2014: 51.9M Units, $3.8B
• Enterprise Server 2009:  0.2M Units, $167M    2014:  5.2M Units,  $1.9B
• Enterprise Storage 2009:  0.1M Units, $318M    2014:  1.1M Units,  $1.7B
• Industrial 2009:  0.9M Units, $133M    2014:  1.5M Units, $166M

2009:  5.5M Units, $1.2B    2014:  93.8M Units, $8.3B

SSD SegmentationUnits (M) 

TOTAL SSD 
5 Year Outlook (09-14)
- Unit Growth:  76%
- MB Growth:  127%

2014: NB Attach Rate ~22%

Gartner July 2010

Presenter
Presentation Notes
NAND flash vendors have made sweeping claims that their technology will replace HDDs in notebook and desktop PCs. There are three main options for using NAND flash in PCs — chipset module technology, hybrid HDDs (both of which use NAND flash to complement HDDs) and SSDs.While some penetration of SSD will occur later in the forecast, NAND flash will be used mainly to complement HDDs, not replace them. Market traction for complementary solutions will get under way in 2008, and adoption will be dictated by industry support and user understanding.• Software plays an essential role in both the chipset and HHD solutions. The chipset solution is being pushed by Intel as a means to reduce the latency of a hard disk drive by offering faster speeds when resuming from hibernate mode and switching between applications. The HHD solution is supported by Microsoft and serves to provide similar benefits. While both solutions are already available, adoption has been disappointing and PC OEM support tepid.  SSDs are prohibitively expensive and reserved for only select niche markets because of the tremendous price premium for its benefits. The main benefits of SSDs are reliability and performance with power efficiency (5% advantage); form factor is secondary. As price erosion continues, SSDs for PCs begin to have greater appeal in markets that have low storage requirements or that have other, specialized needs (ruggedness, shock tolerance). User Advice: Enterprise IT departments should weigh the performance benefits of this technology against the cost to determine the scale of deployment. Initially, enterprises should refrain from using this approach until it is further refined and costs decline.
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PC SSD Market Segmentation
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$500 $1,000 $1,500 $2,000

Netbook

Consumer
“My Main PC”

Commercial PC
- For SMB
- Replacing DT

Business 
Thin & Light

Consumer
“Cost Fighters”

Consumer 
Thin & Light
“Fashion Leader” 

Enterprise-Class
Specialties 

Small 
Capacity SSD

Optional SSD SSD Only

Hybrid Storage

Each PC segment requires different SSD solution
• High-End: SSD Only Candidate
• Mid-Range: SSD Option (Commercial) / Hybrid Solution (Consumer)
• Low-End: Small Capacity SSD (Netbook)
• Summary: NAND will Proliferate into PC Applications…
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Toggle Mode NAND Driving SSD Performance

Flash Components Aligned with SSD market trends:
 Step 1: Performance Improvement with Toggle-mode NAND

• Interface: 40Mbps  133Mbps (Current)  300/400Mbps

 Step 2: Low Power Consumption
 I/O operating voltage (VccQ) 3.3V  1.8V (Future)

 Step 3: Enhancing MLC endurance for Enterprise applications
 3K P/E cycle (Legacy)  30K P/E cycle (Enterprise)

28

100Mbps DDR 133Mbps DDR 300Mbps DDR 100Mbps SDR 133Mbps DDR 300Mbps DDR

10%

35% 

20% 

60%

1X

1.1X

1X
1.35X

SSD Random Read (IOPS) SSD Random Write (IOPS)

1.32X

2.2X

Latest Generation
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Samsung’s Branded SSD

Available Capacity: 64GB / 128GB / 256GB in SATA II

Sequential Read/Write: 250MB / sec Read.   200/220MB/sec Write

Benchmark Score: 52000 (PC Mark 05), 40000 (PC Vantage)

1st SSD to Incorporate Toggle Mode NAND

Better Performance

Thinner Form Factor

Lower Idle Power

World Class Performance

 36% faster than Previous

35% down

PM800 PM810

 Save 16% of Idle current

 Dominant factor in battery time

 Thickness 9.5mm  7mm 

Slim Form Factor

PCMark05
(Score)

36% up

PM810PM800

9.5mm 7mm

Idle Current
(mA)

16% down

PM810PM800

Major 
Improvements 

vs. Prior 
Generation
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Samsung Brand SSD

campaign creative:

Tech Trendsetter
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Samsung Brand SSD

campaign creative:

Digital Thrill Seeker
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Samsung Brand SSD

campaign creative:

Demanding Productive
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Green IT Update

 U.S. DOE funds $16.8B for energy efficiency and renewable energy
 Surging oil prices have made Green IT a focal point

 Green IT starts with Energy Efficient Components

1) DOE:  U.S. Department of  Energy
2) DOE RECOVERY ACT FUNDING, Source: http://www.energy.gov/recovery/index.htm

Oil price

100
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TCO

Green IT

SSD TCO  ‘Instantaneous Breakeven’

Source:  Storagereview.com, March, 2009, IOPS calculated by IOMeter File Server average 1 I/O to 128 I/O 
w/ RR70% and RW30%

SSD 2.5”
SATA

15K HDD 
2.5” SAS

Capacity 120 GB 73 GB

Max Read 230 MB/s 108 MB/s

Avg. IOPS 15,000 358

Active Power ~ 1.7 W 4.6 W

GB/W 71 16

IOPS/$ 15.00 0.90

IOPS/W 9000 75

17X

120X

4X

http://images.google.com/imgres?imgurl=http://www.oaktree43.freeserve.co.uk/images/tree2.gif&imgrefurl=http://www.oaktree43.freeserve.co.uk/&h=680&w=601&sz=50&hl=en&start=9&usg=__RSK2S-dbQHNdNq1lILkNLybkyZQ=&tbnid=9VaKMwjahHnyxM:&tbnh=139&tbnw=123&prev=/images?q=Oak+Tree&gbv=2&hl=en�
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Samsung/HP Enterprise SSD Solution

HP DL380 G7:  #1 score using Samsung Enterprise SSD on TPC Benchmark
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[Source : TPC website, http://www.tpc.org]
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Delivering World-Record HP ProLiant Performance

HP ProLiant DL585 G7 - #1 non-clustered  result for 300GB TPC-H benchmark – June 2010
HP ProLiant DL380 G7 - Highest x86 2-socket performance world record on TPC-C benchmark
HP ProLiant SL2x170z G6 - Upholds #1 on SPECpower_ssj2008 benchmark – July 2010

Achieving #1 benchmarks with HP memory and storage options 
using Samsung Green DDR3 and Enterprise SSD technology

http://www.tpc.org/tpcc/results/tpcc_result_detail.asp?id=110040801�
http://www.tpc.org/tpcc/results/tpcc_result_detail.asp?id=110040801�
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SSD Controller Announcement Feedback…

Let’s hear what the experts have to say:

Joe Unsworth (Gartner)

Business Wire
August 12, 2010

Seagate Technology plc (NASDAQ: STX), the world leader in hard disk drives and storage solutions, and Samsung Electronics Co., Ltd., the world 
leader in advanced memory technology, today announced that they have entered into a joint development and licensing agreement.

Under the agreement, the two companies will jointly develop and cross-license related controller technologies for solid state drive ("SSD") storage 
devices to attain the high levels of performance, reliability and endurance demanded by enterprise storage applications.

The joint development effort builds on the existing SSD capabilities of each company while combining Seagate's leadership in enterprise storage 
technology with Samsung's flash memory technology specific to 30 nanometer-class MLC NAND. The jointly developed controller will be utilized in 
Seagate's enterprise-class SSDs.

“It’s About Time!”

Seagate and Samsung Announce Agreement to Jointly Develop Controller Technology for Enterprise SSDs
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SSD Controller Announcement Feedback…

Let’s hear what the experts have to say:

Joe Unsworth (Gartner)

Jeff Janukowicz, John Rydning (IDC)

John Monroe (Gartner)

Business Wire
August 12, 2010

Seagate Technology plc (NASDAQ: STX), the world leader in hard disk drives and storage solutions, and Samsung Electronics Co., Ltd., the world 
leader in advanced memory technology, today announced that they have entered into a joint development and licensing agreement.

Under the agreement, the two companies will jointly develop and cross-license related controller technologies for solid state drive ("SSD") storage 
devices to attain the high levels of performance, reliability and endurance demanded by enterprise storage applications.

The joint development effort builds on the existing SSD capabilities of each company while combining Seagate's leadership in enterprise storage 
technology with Samsung's flash memory technology specific to 30 nanometer-class MLC NAND. The jointly developed controller will be utilized in 
Seagate's enterprise-class SSDs.

MLC memory adoption for SSDs in the enterprise is an unequivocal must and Samsung’s 
jointly developing controller technology with Seagate presents a real opportunity to deliver 
truly compelling, cost-effective enterprise SSD controller solutions.

IDC believes that Seagate and Samsung’s agreement represents a win-win situation for   
both companies...we expect future SSD products for enterprise markets leveraging the     
strengths of both companies.

They are sending a signal to be prepared for a new class of enterprise-quality SSDs.

Seagate and Samsung Announce Agreement to Jointly Develop Controller Technology for Enterprise SSDs
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