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‘_. Outline

= How does a Hard Disk Drive work
= Challenges and Future of HDDs
= Storing and Retrieving Data



‘ Different Storage Types




‘_. HDD Industry and Market

World HDD Assembly Locations (US Firms Only) - 1998

Volume
Singapore
Worldwide
Market Share

1998
48.2 m
144.9 m

33%

1999
61.9 m
174.4 m

36%

China
10%0 ‘

Thailand
15%0 ‘

Malaysia ' Sln??sogore
25% °

Singapore HDD
Industry 2000
S$ 17.2 bn
(13% CAGR)
22,400 jobs




‘ Yesterday and Today
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1956 — IBM 305 RAMAC
First HDD Storage Unit

| S RAMAC f

¥

i = |

2000 — IBM 1GB Microdrive

Microdrive

Portable / Personal Storage Unit



‘ Basics of Hard Disk Drives

Based on:

= Magnetism

= “Spin” in Electrons

= Quantum Mechanics

But also includes:

= Mechanics

= Electronics

= Chemicals and Materials
= Fluid Dynamics

= and much more . ..




‘ Inside the HDD

Cover, Drive Electronics



Inside the HDD

Contact-Start-Stop HDD



Inside the HDD

Heads, Sliders, Actuators



] Inside the HDD

Platters, Media



] Inside the HDD

Motor



] Understanding Magnetic Storage
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a No magnetic field
Current

Non-magnetic - i

layer G | ! Ferromagnetic

Ferromagnetic -layer

EVE
4 Spin-polarized

current

With no magnetic field, the spin-
polarised current can flow through
the system

‘ A Spin-Valve In Action

b Magnetic field

Applled
magnetic field

But when a magnetic field is
applied, the spin-polarised
current cannot flow through
the Ferromagnetic layers,
thus breaking the curcuit



‘ Reading and Writing Data
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g The Main Assembly

Detent Position

SliderUnloaded
-~ Suspension/Actuator

S «-..,_ Fosmon
Sllder o “%.

Slider Loaded
Jdspension/Actuato
Position

Ramp

Revolutions / minute
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] Flying Height

Slider

Lubrication Layer (PFPE)

Lubricant )
. C:Nx Overcoat
Prot ective Overcoat {DLC) 'iCEﬂFtCI'B L
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- Media
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Slider
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“Flying Smoke Particle  Fingerprint Dust Particle Human Hair
Heiaht” 6 Microns 15 Microns 25 Microns 60 Microns
g
Media

1cm=10mm, Imm = 1000 Microns, 1 Micron = 1000nm, 1cm = 10,000,000nm



‘_. | Want to Store More!
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‘ Hard Disk Drive Challenges

Fly a Boeing 747 smoothly at 600mph only 1cm above the ground, then get a
fisherman to stand on top of it and use a spear to catch 300 million fish a second.



] Hard Disk Drive Challenges

Millimeter
Accuracy

Positioning the slider is like holding the
Republic Plaza by its base and then trying
to position the tip of the tower accurately

to within a few millimeters.

The Republic Plaza is 280m tall



‘ Hard Disk Drive Challenges

And to top it off — keep making it smaller and smaller . . .
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‘ Longitudinal vs Perpendicular

Longitudinal Recording Perpendicular Recording
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‘ Other Future Storage
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“» Storing and Retrieving Files



‘_. Un-common Common Sense

= Use Common Sense
= Decide on a Structure / Strategy

= Plan for future growth
= Be careful of assumptions

= Use avallable technology / features
= Learn it!

= Back-up and Restore
= And test your backups!

s Invest in the effort now, save time in the future



‘_. Structure / Strategy

= Use long file and folder names

= Number the files and folders

= Group same category files into one folder

= Group same category folders into another folder
= Keep all of the above Iin one place

= Make all these your “File Structure Rules”

= Category Types:
= Date and Time
= Topic / Subject Matter
= Project / Organisation
= People / Places



] Long File Names

™ My Documents
File Edit \View Favorites  Tools  Help

Folders = Marme

C3 My Documents ~ P GEM - MC Mamecard, JPi
2/ RECYCLED @GEN Membership ARI Form.doc

=) System Yolume Infarr .GEN Mensa Letkerhead. dot
) Temp =] INFO - Media Contacts.bxt

e NAUTILUS (E:) @F‘UELIC - I Testing - Joining Mensa, doc

< ZIPZ250 (F:)

s DVDJCD-RMW Drive (G:)
e NAUTILUS (T:)

S NAUTILUS (K

G‘ Control Panel

1 Shared Documents
I

HEHEEBEB

Be as descriptive as possible, and categorise the file in the name if possible



] File Numbering

™ My Documents

File Edit \View Favorites  Tools  Help

Faolders bt Marne

) My Documents A ¥ Mensa AGM Photo 2001 1.jpg
I System Yolume Inforr E Mensa AGM Phota 2001 3.jpg
) Temp " Mensa AGM Photo 2001 4.jpo
e NALTILUS (E2) " Mensa AGM Photo 2001 5.jpg

< ZIPZ250 (F:)

s DVDJCD-RMW Drive (G:)
e NAUTILUS (T:)

S NAUTILUS (K

G‘ Control Panel

1 Shared Documents
I

Same category files can also be numbered for sequence



] Group Files into Folders

& My Documents

File  Edit ‘“iew Favorites Tools  Help ff

Falders X % Flying Height tif ] INF& - Media Contacts. bxt P Mens:
& i 3% Flappy (A0 - GEM - MC Mamecard. PG @INFO - Mensa Editors Directory 99, xls I';fl Mens3
e WINKP (C:) = GEN - Membership ARI Form,doc r%’| INFC - Mensa Membership, bxk E Micro

5 < BACKUP (D1) '@GEN - Membership ARI Form. pdf INFO - Mensa Singapore Membership Skatistics 2001.xls @ Micro
= [T — ZEM - Mensa Daomain Mame Application, Bxk Ir~.IFICEI - Mensa Singapore.doc @ MO D

e B ] GEN - Mensa Letterhead.dat 3] INFO - MIL Directory 99.xls i cms

B B System Yolume Iforr [E1]GEN - MSMD - v1.3.mdb HYINFO - Potential Sponsors.xis Eoms

& ) Temp (21| GEM - MSMD - v2.1 - 2002-03-04.mdb IT Directars Report 2001, doc ) oms

B % NAUTILUS (E1) GEr'-.I - MSMD - v2,1,mdb P AN and SAN.GF #oms

H = 7IP250 (F:) GEN - Momination Prosxy Form,doc E Magnekic Spin. tif @ Cipkic
T —— M HOD Explode 1.4 P Media Complexity, P patte

@ @ NALTILUS (1) ™ HOD Explade 2.t P Media Organisation. ki M patte

5 @ NAUTLLE (ki) P HOD Explade 3.4 @ Memary Chip.kiF P patte
@ G' cControl Panel @ HOD Explode 4.k E: Mernory Skick, HF @ Probe
B O3 Shared Documents @ HOD Explode 5.kF @ Mensa Ad Campaign 1.jpg E Probe

[# |3 Patrick khoo's Documents @ HDD. F @; Mensa Ad Campaign 2.jpg @PROP
& "3 My Network Places E Heads. Lif . @1 Mensa Ad Campa?gn 3.9pg F‘UBLI
&) Norton Protected Recyde Bin P IBM RAMAC tF P Mensa Ad Campaign 4.pcx ] PUBLL

< I > 4 | >
e SR S

When there are too many files, group them into folders



] Group Folders

Follow your own File
Structure Rules

Group Files into Folders

Group Folders into Folders

Create a folder “Tree”

Keep everything in one place

& Desktop

File Edit ‘iew Favorites Tools  Help

Folders X

< My Documents

‘ﬂ My Mebwork Places
2] Morton Protected Recycle Bin

Into Folders

® My Documents

File

Folders

Edit  Wiew

Fawvarites  Tools  Help

= [ My Documents
— ) 1995
== 1999
I3 10th MC Meetings
IC5) Erainhunt
@ IBD-IG Meetings 1999
El Yurn Sing
== [T z000
= 5 IF12000
) IFI Posker and Flyer
) Image
i) POF
Ib Source
Ia Sent
-3 IFI-IBD-IGC 2000 Images
2 I5) 2001
B 12th A 18 Mar 2001
IC5) MI Elections 2001
= ) 2002
I I Annual Report 2001
B Committee Lists
| [[7) Graphics
[T Mensa Certificate
El Mensa Logos
IC) Print Ready TIFF
Ia Source
) web IPG
I3 Windaws BMP
e [) Mensa International
e |7} Mensa People

S[=1e3

F
= . — ’
A '—J '—J
1 1995 1999

5 R
2000 2001
5 R
2002 Commitkee
Lists
o
araphics Mensa
Inkernational

J

Mensa People  Thumbs.db

£




] Plan for the Future

File Edit ‘“iew Favorites Tools  Help

If you can predict it, build it first

Folders o
= 3 Menews »
) 02 Feb 01
Never underestimate how events of ) 02 Feb 0z
the future will affect the way you E Eﬁ m:: E;
organise and store your files D 04 Apr 01

) 04 Apr 02

) 05 May 01

) 05 May 02

) 06 Jun 01

) 07 Julot

) 08 Aug 01

) 09 Sep 01

) 10 Oct 01

) 11 Mew 01

) 12 Dec Ol

I0) AGM Photos
[E] Done
IL) Future Articles

) Menews Information

Example: Y2K Problem



e

I arme E«t
..

P Mensa AGM Phato 2007 1.jpa
P Mensa AGM Phata 2007 10.jpd
P Mensa AGM Phata 2007 11.jpg
P Menza AGM Photo 2001 12.jpg
™ Mensza AGM Photo 2§01 Zjpg
P Menza AGM Photo 2081 2.jng
P tensa AGM Phata 200MN4fg
P tensa AGM Phata 2001 S.jpg
P tensa AGM Phata 2001 Bjpg
™ Mensa AGM Phata 2001 7.jpg
" Mensa AGM Phata 2001 S.pg
M Mensa AGM Phata 2001 9pg

‘_. Numbering and the Future

e

I arne Eut

e

E tMenza AGM Photo 20071 07.)pg
E tMenza AGM Photo 2001 02.)pg
E tMenza AGM Photo 20071 03.)pg
E tMenza AGM Photo 2001 04.)pg
E tenza Ak Phaoto 2007 05.)pg
E tenza Ak Phaoto 2007 06.jpg
E tenza Ak Phaoto 20071 07 jpg
E tenza Ak Phaoto 2007 03.)pg
E tenza Ak Phaoto 2007 09.)pg
E tenza Ak Phaoto 2001 10.pg
E tenza Ak Phaoto 2007 171.jpg
E Menza bk Phaoto 2001 12.)pg

Plan for the future when using numbering

Number order might not be displayed properly



‘_I Dates and Ordering

£ zent-mail-apr-1999
zent-mail-apr-2000
gent-mail-apr-2001
zent-mail-aug-1999
gent-mail-aug-2000
zent-mail-aug-2007
gent-mail-dec-1933
zent-mail-dec-2000
gent-mail-dec-2001
zent-mail-feb-1399
sent-mail-feb-2000
sent-mail-feb-2001
sent-mail-jan-1333

Size
DIR
523,016
J82.244

321,336

[ ate

14/12/2000
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200

Time

12:00:20 P
12:00:00 P4
12:00:00 P
12:00:00 P4
12:00:00 P
12:00:00 P4
12:00:00 P
12:00:00 P4
12:00:00 P
12:00:00 P4
12:00:00 P
12:00:00 P4
12:00:00 P
12:00:00 P4
12:00:00 P
12:00:00 P4

Use numbers for date
YYYY-MM-DD format

Use Folders

Aakkr

N e N £ e o - e o S i

.4

£ sent-mail-1995-01
sent-mail-1993-02
sent-mail-1993-04
sent-mail-1993-08
sent-mail1333-12
sent-mai-2000-01
sent-mail-2000-02
sent-mail-2000-04
sent-mail-2000-08
sent-mail-2000-12
sent-mail-2001-01
sent-mail-2001-02
sent-mail-2001-04
sent-mail-2001-08

I Sent Mail 2001

i) Sent Mail 1339
I Sent Mail 2000

Size
DIR
993,032
A15.729
E39.016

1,955,703

Size

DIR
DIR
DIR
DIR

D ate

14/12/2000
25200
AA252001
125200
25200
AA252001
125200
25200
25200
AA252001
125200
25200
AA252001
125200
25200
25200

D ate

14122000
11/5/2002
11/5/2002
11/5/2002

Time

12:00:20 P
12:00:00 P
12:00:00 P
12:00:00 Phd
12:00:00 P
12:00:00 P
12:00:00 Phd
12:00:00 P
12:00:00 P
12:00:00 P
12:00:00 Phd
12:00:00 P
12:00:00 P
12:00:00 Phd
12:00:00 P
12:00:00 P

Time

12:00:20 Pk
11:27:38 Ak
11:27:42 Ak
11:27:46 Ak

Akt

B e N Y N = - R = o o = =



] New Technology Fixes Things

&% My Documents - B
File Edit Miew Fawarikes Tools  Help 11-’

Folders X Marmne

3 My Documents A ¥ Mensa AGM Phata 2001 1.jpg
2l RECYCLED E Mensa AGM Photo 2001 2.ipg

IL5) System Yolume Inforr ¥ Mensa AGM Phato 2001 3.jpg

D Temp M Mensa AGM Phato 2001 4.jpg
e NALTILLS (E2) M Mensa AGM Phota 2001 5.jpg
< 7IPZ50 () ™ Mensa AGM Photo 2001 6, jpo
L, DVDJCD-RMW Drive (G [ Mensa AGH Photo 200)/7 ]
Ze MALTILUS (I3 E Mensa &M Photo 2001 5.jpg
“e MALTILUS (K2 E Mensa &M Photo 2001 9.jpg
[ Cantrol Panel ™ Mensa AGM Phata 2041 10.jpg
) Shared Documents | ¥ Mensa AGM Photo 2003 11.jph
IL5) Patrick khoo's Documents 2 [ Mensa AGM Photo 2001 12

L i [ B PR N [P SR N o] P =

4 I > £ I

Windows XP fixes it, but what about CDs written and used on older systems?



] Use Existing Technology & Features

Ed Microsoft Excel - Pat and Eileen's CD Collection.xls

File Edit Wew Insert Format Tools Dakta Window Help Acrobat ;lilﬂ
EFEE &LV §BR & = A 2 Z P o -3,
avial -8 - BZIUSE=E=EH$%, %% EE -d-A-TE
Al | = Last Updated: 5 May 2002
A B C ] E F =
1 |Last Updated: 5 May 2002 ITotal: 188 —
2
3 Quality Review
4 # - Some Blotchy Sections # - Urless vou're really bored
5 #% - Good YD ##% - Entertaining
B #ad - High Guality HEd - Good Show
7 wndd - LD or DVD Ciuality Auid - Outstanding
g
8 Title Type Quality  Review |
10
11 112 Monkeys DwDHOTS | #s i
12 | & Beautiful Mind DwD+0D  fs it
13 [Abyss, Special Edition DD +THX Rt Ciaiaid
14 |Air Force One %20 e i
15 |Akira, pecial Edition CWDHTHx S e Anime
16 | Antitrust DwD+0D  aes B
17 |Amadeus W0 T T
18 |American Beauoty DwD+DD  #s i
19 | Apollo 13 w0 Tt it
20| Arry nfDarkness Evil Dead Il WD Liviacd Ciiiain
21 | Arificial In g
A L AwalemRinns kb pacimnsid
|4 » (]} Movies / Other Mavies £ CDs - Groups CDS Male / CDs - Fe |4
Ready LI




] Use Existing Technology & Features

Document1 Properties

General  SU Statiskics | Conkents | Cuskarn

|HHM Press Release

Subject: |HHM Project Press Release Information - 02-04-17

Author: |F‘atrin:k Khioo

Manager: |

|DeepWave.Net /

Cateqory: |

Kewwords: |

Commenks:

Hyperlink
base: |

Template:  Mormal,daok

| Save preview picture

] 4 Zancel




‘_. Backup and Restore

= You can use CDR/RW, or even Zip Disks for backup

= But always backup your data regularly
= Fix a schedule and stick to it

= Organise your backup the way you organise your
files
= Use one disk per category?
= Keep an index of your backups, label accordingly
= Consider how you will find the file you want in the sea of

backups

= Always restore your backup — Zip disks and

CDR/RWs do fall



=1 EditPad Lite
File Edit EBlock Cornwert Ophions  Wiew Help

O B |G~ o -
-:'i"b[% Q;".'1.3'-_'-& '-'i]‘:i 5'5_'

ZZZ -CD Listtat |

DeepWave Optical List:

Keep a List!

CDEW a50 bW _S¥Y3TEM 31712701
CDRIT 700 DW_APPE 01 31712701

CDEW &50 DW_APPS ARCH 01 31512701
CDEW 00 DU _EWowW 01 31712701

CDR 700 - DW VIDECO 01 o7/07/01
CDRW 700 - DW VWIDED 0OZ 31/12/01

CDRIN a50 bW MP3 01 31712701
CDREW 700 bW MP3 02 31/12/01

CDRIW a50 bW TMAGE 01 31712701
CDRIN a50 DWW POS EBE 01 31/1z/01

CDEW a50 DW_PAT GEN 0O1 31712701
CDRIN a50 DWW _PAT ORG 01 31712701

CDREW 650 DW _PAT ARCH D1 31512701

Last Updated: 31 December 2001

24: 1 Insert  EditPad Lite 4.5.0 -- Copyright © 1996-Z002 lar




‘_l Phew! A Lot of Work! — Why do it?

= If information is the key to the future, it is more important
than money, shouldn’t you spend the time to do it
properly?

= If in the event of an emergency, someone needs to know
something, will they be able to find it in your “pile of
mess”?

= In a company, people move from job to job, can you retain
this information from employee to employee, and can you
share it among employees?

= Storing information is never the problem, getting it back is
the real headache — So store and organise it properly, so
you can get the information you want when you need it
most with minimum fuss

= Invest in the time and effort to do it, and learn the new
techniques and features



Invest In It

MName

Start organising this many files today . ..  [¥&En-MCHamecard PG
GEN - Membership ARI Form,.doc

Or wait until tomorrow?

P Flying Height. tiF

P GEN - MC Namecard, JPG

IEEI"-J - Membership ARI Form, doc
'@GEN - Membership ARI Form, pdf

F{l i3EM - Mensa Domain Name Application. txk
GEN - Mensa Letterhead, dot

[E)GEM - MSMD - v1.3.mdb

[ GEM - MSMD - v2.1 - 2002-03-04.mdb
[E)GEN - MSMD - v2.1.mdb

@GEN - Mornination Proxy Formn,doc

% HOD Explode 1.t

% HOD Explode 2.tf

% HOD Explode 3.4

™ HOD Explode 4.t

% HDD Explode 5.t

] HOD L

E Heads. tif

] IBM RAMAC. LF

GEN - Mensa Letterhead, dat
IZ] INF - Media Contacks. bxt

B PUBLIC - 1G; Testing - Joining Mensa.dac

=] INFO - Media Contacts. bxt

@INFD - Mensa Editors Directory 99,xls
E’l INFO - Mensa Membership., bk
@INFD - Mensa Singapore Membership Statiskics 2001, xls
@INFD - Mensa Singapore, doc

B INFO - MIL Directary 99,xls
@INFD Pokential Sponsors. xls

.IT Directors Report 2001, doc

™ LAN and SAM,.LF

E Maagnetic Spin. kf

E Media Complexity . kf

E Media Crganisation, kif

E Mernory Chip, tif

E Mermoty Stick, kif

E Mensa Ad Campaign 1.jpg

E Mensa Ad Campaign 2.jpg

E Mensa Ad Campaign 3.jpg

E Mensa Ad Campaign 4.pcx

E Mens
I'.'éj Mens
E Micrc
E Micrc
M Mo
& ors
@ oz
oM
) oms
E iopkic
%] Patte
] Patte
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M PR
7 PuBL
PLIEL




] What Does Storage Mean to Me?

115 Video Tapes 1 HDD

e

ﬁfﬁﬁfi 3 100Gbit/in

?;;.-;i Y W By e ' (2003)

250 hours of video

or
80,000+ songs




‘_. What Does Storage Mean to Me?

= 100Ghit/in? means we can store
= 400 Bytes / second for 50 years

= We will most likely achieve 1000Gbit/in?

= Which will allow 400KB/sec for 50 years of combined
audio and video

= This will allow the development of the “Memory
Prosthesis” — A personal, always on, digital
audio/video diary

= Can you afford to the the only person in a meeting who
forgets things?



‘ Thank You



:. Heads and Sliders

Actuator Motion . alor Motor

Wiring Traces
Microactuator

Motion Suspension

Microactuator electrode structure
interposed between slider and suspension.
Electrostatic effect to give linear or rotary

micro-actuator motion.

Tracks Erom The Microactuator
Recording Medin




‘ Media Complexity

<«— Lubricant
C:Nx Overcoat

CoPtCrB
“*Magnetic Layer




@ Spindle-Disk Stack Assembly

Detent Position

SliderUnloaded
Suspension/Actuator

Rame e Position

Slider Loaded

Suspension/Actuato
= Position
£
C=De

Glass Disk Subs
(Untextured

Disk Clamp

%

Sy

L,
]

Revolutions / minute spindle Motor
5400 = 7200 = 10k = 15k —» 25k —» . ..
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