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* Recent Disk Trends
» Tape Storage Developments
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. Customer Challenge: “Big Data” is Explodmgb‘lir‘!w .
50%/yr Growth Rate .

2010
2009 Digital Data
Digital Data e

0.8
Zettabytes

1.2 4
Zettabytes

f * |IT budgets and headcounts can’t keep up
- Budget are projected to grow 2-3%/yr*
» Disk prices are not declining at this rate
« Customers can’t afford to just “put everything on disk”

k *Source: SearchStorage Magazine, July 2011

ORACLE

) ) - ) Source: IDC, White Paper Sponsored by EMC, The Digital Universe Decade - Are
4 | Copyright © 2013, Oracle and/or its affiliates. All rights reserved. You Ready? Doc.# IDC_925, May 2010




. Storage Technologles economlcs'
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= « Assuming a 10 TB HDD is available
- 000 P Storing 25% of the data created in

2016 on HDD would need:
I 2 T R « 250 million hard drives
100 e |dling at 1 watt over 5 years these

i A R would consume

« 39 Peta-Joules of energy
» Causing the emission of
o . 8mi||iontons of CO,
1+ttt

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
http://www.epa.gov/cleanenergy/energy-resources/calculator.html#results
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. Economics of Tiered Storage

Tape is the Foundation: Most of the Data Stored at the Lowest Cost

Single Disk Modern
Tier of Disk L Multi-tiered
Multi-tiered Storage
Storage Storage
Performance Disk
$5 - $10/GB
Capacity Disk
$1 - $4/GB

| Tape Storage
< $0.15/GB

Average Ave rage Ave rage Horison Information Strategies

The Era of Colossal Content Arrives

~$7.5M / PB ~$3.5M/PB ~$0.9M / PB Aug 2012
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. Storage Technologies Areal Density Trends
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Source: disk areal density growth: http://www.forbes.com/sites/tomcoughlin/2012/10/03/have-hard-disk-drives-peaked/
Tape gets its capacity by having 1000X the recording surface area comparing a 1/2 inch cartridge to a 3 1/2 inch disk.
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. Technology Price per GB Predictions

| - Disk

o | | | —a—Tape
T : : —e—Opftical Blu-ra
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...and Tape’s Advantage Is Accelerating
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Year Courtesy robert.raymond@oracle.com
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. Magnetic Recording Definitions

Track Pitch =
Track Width +
distance between
neighboring tracks

Longitudinal recording

~

Recording He{‘
Medla é;;)

Track Width

wn TR

Blt length N S
Tracks per inch (tpi) = (Track Pitch)
Perpendicular recordin
Bits per inch (bpi) = (Bit Length)? B 9
Areal density = (Tracks per inch) X (Bits per inch) A v, N Vs A
Bit aspect ratio (BAR) = (Track width) /(Bit length):1 Soft magnetic under-layer
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. Data Bit Size Comparison

NAND 250 Gb/inch?2 50nm X 50nm =]

Bacterium A
(2 um) : \ A2 ~s o \= Lisk Patterp€d Media future 1Th/inch? Bit aspect ratio 1:1 =
Disk 500Gb/inch? Bit aspect ratio 5:1 ==
S
€40 Bit aspect ratio 15:11 S '§
Blu-ray 405nm laser waves %
£
o
1 o ——|
tlo 26:1 5
£
T10KC 5.0 TB
Bit aspect ratio 46:1
(
1. Extrapolated from INSIC roadmap Track width direction
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Written Data Tracks on Tape (T10KC)
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. Tape Bit Size Roadmap

Tape future 40 TB  Bit aspect ratio — A
15:1t

Tape future 20 TB  Bit aspect ratio —

26:1%

TI0KC 5.0 TB Bitaspectratio46:1 =
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1. Extrapolated from INSIC roadmap Track width direction
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Recent Disk Trends
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. Disk Magnetic Recording Tri-Lemma

- Smaller bits => Smaller grains for required SNR
« Smaller grains => Higher Hc?! for thermal stability

« Higher Hc => Can not write on the media

1. Hc is the media Coercivity, which is the strength of the magnetic field required to flip the magnetization in the media

ORACLE"
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. Problem: The Super-Paramagnetic Effect

* In order to maintain the necessary signal to noise
ration, smaller bits require smaller grains
- Small grains are easier to de-magnetize

0

« Can result in loss of
information

« Overcoming this requires

* Higher anisotropy
recording materials

* Which need new
methods of writing data
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. Possible New Disk Technologies

 Areal Density Options?
— Discrete Track Recording (DTR) (~2 Tb/inch?)
— Shingled Recording (SWR) (~5 Tb/inch?)
— Heat Assisted Magnetic Recording (HAMR) (=5 Tb/inch?)
— Microwave Assisted Magnetic Recording (MAMR) (=5 Tb/inch?)
— Bit Patterned Media (BPMR) (~5 Th/inch?)
— 2-D Recording (TDMR)

 Capacity Options?
— Helium drive: more platters, 23% less power, 40% more capacity

1 Source: “Future Options For HDD Storage” Y. Shiroishi, et al, IEEE Trans. On Mag. Vol. 45, NO 10, Oct 2009
2 http://www.pcworld.com/article/262274/helium_filled_wd_drives_promise _huge boost_in_capacity.html
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. Disk Observations

Toshiba areal density (2 1/2): 744 Gb/inch?® or 500GB per platter
Seagate areal density (3 1/2): 625 Gb/inch? @ or 1TB per platter

- New disk technology areal density demo by Seagate®
- HAMR with granular media: >1 Tb/inch?

New disk technology demo by IMRE (Institute of Materials Research and

Engineering)®*>)

- BPM process only not a recording demo ~ 3.3 Th/inch?

New disk technology areal density demo by Toshiba(®)

- TDK realized an areal density of 1.5 Thits/(inch)? with a magnetic head technology that is based
on a thermal assist recording method and uses near-field light. The bit error rate (BER) is 10-2.

More and more consolidation

20 | Copyright © 2013, Oracle and/or its affiliates. All rights reserved.
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http://www.techpowerup.com/149967/Toshiba-Boosts-Performance-with-New-High-Areal-Density-1-TB-2.5-Inch-Hard-Drive.html
http://www.theinquirer.net/inquirer/news/2047313/seagate-unveils-3tb-external-hard-drive
http://arstechnica.com/business/news/2012/03/hamr-time-seagate-demos-terabyte-per-inch-hard-disk-technology.ars
http://arstechnica.com/gadgets/news/2011/10/researchers-increase-hard-drive-density-sixfold-with-salt.ars
http://iopscience.iop.org/0957-4484/22/38/385301/pdf/0957-4484 22 38 385301.pdf

http://techon.nikkeibp.co.jp/english/NEWS_EN/20121002/243229/
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http://iopscience.iop.org/0957-4484/22/38/385301/pdf/0957-4484_22_38_385301.pdf
http://iopscience.iop.org/0957-4484/22/38/385301/pdf/0957-4484_22_38_385301.pdf
http://iopscience.iop.org/0957-4484/22/38/385301/pdf/0957-4484_22_38_385301.pdf
http://iopscience.iop.org/0957-4484/22/38/385301/pdf/0957-4484_22_38_385301.pdf
http://iopscience.iop.org/0957-4484/22/38/385301/pdf/0957-4484_22_38_385301.pdf
http://iopscience.iop.org/0957-4484/22/38/385301/pdf/0957-4484_22_38_385301.pdf

. Disk Drive Manufacturers Family Tree

IBM l
Hitachi

o 2003 1 o
Western Digital > Western Digital
2011
Quantum
Maxtor 1

2000 J{
Seagate 1296 2011 > Seagate

2006

Conner

Samsung

Toshiba ZQFQ > Toshiba

Fujitsu

Micropolis ——39)7(
HP 23%
1995 Source: http://en.wikipedia.org/wiki/History_of hard_disk_drives 2011
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Tape Storage Developments
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. Technology Marches Forward
10 TB Example Over 15 Years

It is good to upgrade technology!

1996 2011

* 6000 carts e 2 carts

e Timberline 9490 - 1.6 GB « T10000C-5.0TB
« 357 sqft « 0.3sqft

* 8200 Ibs « 1.21lbs

ORACLE
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. Large Libraries Provide Ideal Data Archiving Solutions

« The hardware costs are amortize over many tape cartridges providing
the lowest TCO for large data storage archive repositories.

« 15X less TCO and 238X less energy over 12 vears than disk?

Pictured: Ten string StorageTek SL8500 tape library,
capable of holding 100,000 media cartridges

1. “In Search of the Long-Term Archiving Solution —Tape Delivers Significant TCO Advantage over Disk”, Clipper Notes,
December 23 2010, Report #TCG2010054L0
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. It’s Not Only About Cost/TB

Disk Tape

Max shelf life (bit rot) 10 years 30 years

Best practices for data 3-5years 8-12 years
migration to new technology

Uncorrected Bit Error Rate, 10-14 1019
Probability (avg 1 error in x (~10’s of TB) (=1 million TB)
TB)

Power and cooling 238X X

Each technology refresh or migration has

a cost associated with it

ORACLE
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. Components of a Tape Drive

Recording heads

Take-up reel

Loader — The motor to
engage the cartridge is
beneath the loader

Tape cartridge

Red line shows tape

ORACLE
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. New Tape Technology Areas
 New Media (BaFe)

— More stable than ever before

* Magnetic (thermal), chemical, dimensional
— Smaller particles or grains
— Lower noise media structures

* New Recording Channels
— New LDPC and other codes
* New Heads
— MR (magneto resistive) >>>> GMR (giant magneto resistive)
— 32 channels
— Read older tapes back at least 2 drive generations

 Improved tape path / guiding
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. Media details — The Latest Technology

Top layer is magnetic layer (< 100 nm)
Bottom layer is non-magnetic iron-oxide layer
Magnetic layer
(MP or BaFe)

Underlayer
(non-magnetic)

Basefilm/Substrate
(PEN, PET, or Aramid)

Backcoat

- Barium Ferrite (BaFe,,0;,)
« Hexagonal, platelet

 Naturally stable oxide
* No corrosion
* Chemically un-reactive

Dis er5|o/n of BaFe TEM images
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. The Future of Tape Media

(Media tested at
Oracle)

Current BaFe
(T10000 T2)

Next GenBafFe

/

MPMediasamples

Relative Signal to Noise Ratio

Linear Density —
*  Further improvements in recording properties of barium ferrite particles /
media are possible
*  Challenge will be developing drive technology to exploit this media

development > new heads, guiding, R/W channels, servo positioning
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. Magnetic Degradation

Measuring Changes in Demagnetization

0 i
BaFe tape shows no change

« 60C/90% RH for 30 days (equivalent to
30 years ambient storage)

* No change in BaFe magnetic properties

- BaFe (BaFe,,0,,) already is fully
oxidized
* Non-reactive
« Extremely stable

* No impact to read or write performance
for BaFe or MP

Demagnetization rate{%)

e B 3F £ tape

woennne|_atest metal patticle tape

-20

0 10 20 30
Time dependent (day)

http://www.fujifilm.com/news/n100910.html
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. Thermal Stability of Magnetic Particles

No super-paramagnetic issues with tape!

Neel-Arrhenius law gives: Mean time to randomly flip the
magnetization of a grain due to thermal fluctuations

I{V V is the volume of the grain, T is

the temperature and K is the
JECET) grain’s magnetic anisotropy
energy

Tn — TpEXP (

KV

kgl > 90 for today’s tape! = Over a 30 year life!

1. Watson et al. Investigation of Thermal Demagnetization Effects in Data Recorded on Advanced Barium Ferrite

Recordinﬁ Media, IEEE Transactions on Maﬁnetics, Vol. 44, No. 11, November. 2008
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Tape Areal Density Trends
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. Tape Cartridge Capacity Trend

100000

INSIC 2008 Tape Roadmap /././
——
10000

o)
o
=
g 1000
-y All Linear Tape Products
* Increased linear densities
100 *|ncreased track densities
« Thinner, longer tapes
10 : T
1990 2010 2015 2020
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. Tape Data Rate Trend
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Summary

 Truly massive amounts of digital data are being created
every year — and the rate of creation Is increasing

* Managing / storing this data presents both problems and
opportunities

« Magnetic Tape is the ideal large volume / extended period
storage solution
— Magnetic Tape continues to grow in both capacity and data rate
— Tape has the lowest TCO over (any) other technologies
— Tape has at least a 30 year archive life
— New file systems (e.g. LTFS) are making tape much easier to use

ORACLE’
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