The Future of Data Storage

Principles, Potential and Problems

Hans Coufal

IBM Almaden Research
Center



. Travelstar 40GN
IBM Areal Density 1st AEC Media

Rersmes tily€echnology Progress

Microdrive Il GXP

1st GMR Heac.i \\o ® Ultrdstar 73L.Z
¢ 100% CGR

1st MR Head 60% CGR

1st Thin Film Head

~17 Million X Increase
25% CGR

/ ® |BM Disk Drive Products

/ ® |ndustry Lab Demos

AM RAMAC (First Hard Disk Drive)
| ! | ! |




SEEK2001A.PRZ

Time, milliseconds

100

=
o

=

IBM Server HDD Access/Seek Time
Performance Increase

ACCeSSinQ

Ultrastar 2>(FEJItrastar 18XP

° .Ultrastar 36XP

AV

........... Rotating

1/3 2/3
seek time ~(inertia/power)  x (data band) }
rotational time ~ (RPM)

(latency)

1995 2000 2005
Availability Year

2010




Magnetic Hard Disk Drive Internal Data Rate
IBM Products

—1 GHZz
0 100 = Data Channel Ultrastar 73 LZX ° ’ p o
~ B Ultrastar 36215 o P
7p] B Performance Deskstar 120GXj
&) - P
; i . Ultrastar 36 LZX Deskstar 75GXP o
0 I 3.5inch Server Ultrastar 362X .
z PI‘Od u CtS Ultrastar 36X5 @ Travelstar 60GH
_ — 40 0/ CGR Ultrastar 182 @® Travelstar 48GH
() 0 Ultrastar 92X ravelstar 32GH
-lc—sl i Ultrastar 18XP” @ Tavelstar 25GS
D: ravelstar 14GS
ravelstar 10GT
S +— 100 MHz Ultrastar XP @ @ ravelstar 6GT
®© ravelstar 3GN
D 10 B Fravetstar4GT
— - - ® Travelstar VP 2.5 inch Mobile
© i Spitfire Travelstar 2LP
c - _ Allicat Products
| Sawmill
8 0 Travelstar LP
c L ® Travelstar
- o) o
E Corsair 1,2
- —
< Data rate = ngar x RPM_X Disk
c>é 10 MH Density Diam.
— Z
= 1 l l l l | l l l l | l l l l
90 95 2000 2005

Availability Year Ed Grochowski at Almaden




B

Average Price of Storage
B HDD ® DRAM @ Flash = pgpe

seagate ST500

gaM6150 120KB 56KB Flash
128kB Flash @ KB Flash

B | o) 1B
Wren i eagate%gs VB ‘r ~ 4MB Flash

e /0615 1éWEBF|ash NWG4VB Flash
Maxt170 : 96 MB Flash Camera

L
IBMO663 o e 520 v micr SV Tl m ML Flash

IBM 9.1GB Ultrastar ! B Microdrive

Range of Paper/Film Seagate g‘g‘iﬁ‘;tar?, -y Flash Projection
E DataQuest 2000

%@% ) 0 @oshiba 6.4GB _ 1" HDD Projection
I%%lfe 8GB Sggﬁg?;r - N aVe||i‘°§f"’Ir 25GS __ DataQuest 2000
Seal 8.6GB_

agate eagate 36GB 15K

IBVIrDESKSTar 2568 _ Travelstar 30GN
IBM Deskstar 37GB = 8 ravelstar 60GH 1 " HDD
IBM Deskstar 75GXP

Maxtor 60GB i n
IBM Deskstar 120 GXP 2.5" HDD

" Desktop HDD Projection
3.5" HDD . :




Physical Spacing, nm

spac2000f.prz

Physical spacing and disk surface

evolution
100 \
: ® Ultrastag XP
B @ |Ultrastar 2XP
Travelstar e Ultrastar 18XP
3 Ghits/in2 Travelstar ® Ultrastar 18ZX Textured Disk
- Tr Ultrastar 36XP
5$b't /Imt2 . L ® o Ultrastar 362X
A ravelstar
Travelstar 6GT \ ° Ult.rastar o
Travelstar 6GN ® ravgllgt%Srt%E Z;%_LZX
- 12.1 Gbitsfind ® TraMGT
B 203 Ghitsfim2—¢—¢ :
- 35.3 Ghits/in2 demo N Smooth Disk
| /Unload
- | Slider Overcoat
B \ Magnetic
SEnE
B '—\'Recession
- Magnetic Spacing ‘ Physical Spacing
@ Server Products-3.5 Inches
B -W_- Mobile Products-2.5
agnetic Film
Lube Disk Substrate ‘ Lab DemOS
1 | | | | | | | | | |
92 94 96 o8 2000 02 04
Year




uperparamagnetic Effect

:
106 Gbhits/in2 O
0
35.3 Ghits/in2

20.3 Gbhitsfin2 @
12.1 Ghits/in2 (o) Qo

5Gbitsfin2Demo @ °

3 Gbits/in2 Demo o) .. ... Milliactyator
97 & AFCafedia
1 Gbit/in2 Demo_ RPM

M licrodrive
creaH/e

A4

10K RPM
Integrated Head/Suspension
Giant MR Head/Pico Slider
Ramp Load/Unload, Glass Substrates
e No-ID

® MR HeadiNamo=stider
PY PRML Data Channel
Thin Film/High Coercivity Disks
Small Form Factor

O Lab Demos
@® 35inchFF
® 25inch FF
® >10inchFF




-
O
=
Q
=
O
=
@
-
o
S
=
9
=
©
O
=
-
O
Z




MTJ MRAM Demonstration

— flIl ——s SUPPORT MTJ MRAM

M3 BT LINE As fast as SRAM, As dense as DRAM and
Non -volatile - no power needed to maintain memory

MRAM1 Characteristics

u 77 chiplets, 1 mm x 1.6 mm, 1K bit to 4K bit arrays
m Access time achieved: 2.25 ns

m Write time demonstrated: 2.3 ns

m Cycle time exercised: 10 ns (tester limited)

Via/ROM Cell1 Cell 2 Cell 3

f- Sisubeticte Metal 3

Tunnel
Junetion

/B
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front end

MRAM1 Processing
m CMOS 65SF fabricated in BTV on 200 mm Si, 3 special steps
m Wafers diced into 1" squares
e MTJ and MX materials (B layers) deposited in Almaden
mMX, TJ, Vz, and M3 processed in Yorktown with e-beam lith




GRCHWSKI at ALMADEN

APRCHA7.COR

IBM's Exploration Of High Density Recording

—
o
oh

Areal Density (MBits/in?}
Qa
F-N

-
=
[ %3

MR Tape Head
Elements

AFM Piezaresistive
Cantilever Array

W Currant
Demaonstratlon
O Year 2000
Projectign
O Year 2004 — 108
Projection
HulographicD
AFM /EFI
Thema. Holographic
| _mechanical | 104 D e
MO-Blue Laser
Magnetic
— . SIL D?sks —
co-roME B
Magneto-
optical 102
Magnetic
ape
| | | I I
102 109 102 104
Data Rate {MBits/sec) }I?Iui 2Lﬁ:ens:—:tr
= nm

Multilayer
Magneto-optical

Flying/Near Field
Solid Immersicn Lens

IBM Advanced Technology




Moving Atoms
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"Millipede" Nanoscale Mechanical Data Storage

Single Lever Write / Read
Principle

Nanoscience and Nanotechnology
IBM Zurich Research Laboratory

Nanoscale Mechanical
Data Storage

Single Lever Write / Read Principle

Video Animation



"Millipede" Nanoscale Mechanical Data Storage

Single Lever Write / Read
Principle

Video Animation



"Millipede" Nanoscale Mechanical Data Storage

Highly Parallel
Recording

Nanoscience and Nanotechnology
IBM Zurich Research Laboratory

Nanoscale Mechanical
Data Storage

Highly Parallel Recording

Video Animation



"Millipede" Nanoscale Mechanical Data Storage

Highly Parallel
Recording

Video Animation



Thermomechanical read/write
Results

40 nm bit size
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400 Gbits/inch’ 120 nm pitch



"Millipede" Nanoscale Mechanical Data Storage

erasing two lines



Nanoscale Mechanical Data Storage

"Millipede"
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Nanoscale Mechanical Data Storage

"Millipede"

keeping one line
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"Millipede" Nanoscale Mechanical Data Storage

erasing line but keeping one line



Nanoscale Mechanical Data Storage

"Millipede"
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Fabricated "Millipede" Chip

Integration in a 7 x 14 mm? chip size of:
e An array of 32 x 32 (1024) Cantilever
 Approaching, leveling sensors (4)
 Thermal sensors (4)

* Heaters
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Microfabricated Si/ Cu Scanner

Cu springs fixed frame

suspended
platform




Experimental System

<= #Data medium, -

~ Milepede ™ \ |
“1 = e s\ -
-\ Polymer ) -




Point + 1111}
source

Wave
S Plane
Al wave

"
. i
S an gty \
gk L
; ]
%

b)

The photoresistive medium
replicates the fringes as a
change In.

<|||

(€)

>» dbsorplion
» refractive index
» thickness




Point P
source D) it NN

(b)
x Ill]ﬁ,"]l]]

Point
source

T ‘11‘:“:
,L.”nm)}ﬁ%))m i

1
g
I

(c)

=
=
=
3

=
T
w
e
B
g




Holographic Storage - Recording Data
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Holographic Storage - Retrieving Data

recording
medium

§§ retrieve one page from many

reference : :
by using corresponding reference beam

beam detector
array
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Holographic
data storage at Almaden
250 Gbit/sq.in. Research

Center
Geoffrey Burr Mike Jefferson
Hans Coufal Mark Jurich
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Almaden Research Center

High density, high speed
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Retrieve by Content
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Associative Retrieval

Search
pattern

Correlation
peaks
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Decoded images
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Holographic Storage
4 Product Scenarios

LIL
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Extended DRAM Hard Disk Drive Hard Disk Drive Rack Mounted
Product (DASD) Product (CDROM-Type) Product  Archive Product
® Total Capacity: 25 GB @ High Capacity: 1 TB @ High Capacity: 1 TB @ High Capacity: 1 PB
® Access Time: 10 us ® Access Time: 10 ms ® Access Time: 10 ms ® Access Time: 10's
® Non Volatile Cache ® High Reliability/Availability @ High Capacity/Low Cost @ High Volumetric Density

4“‘!:

IBM Advanced Technology




|aser I'ncus
Worldi- oo

2t D v, el iy i i

¥ Bk 1o sk ol ol
Holographic’ t
storage 5 '
promises
high data
density

Demon |
(first test bed)

Information

OpthS Processing

m 5 M L ‘1 I_ﬁ
MEMOIRES OPTIQUES & SYSTEMES

Hodak s'offre .

Wang Software

el ges solutions
GED workflow

La technologie
SDX de Western
Digital pour les
CD-ROM ot DVD

csoLuvrTian DWVD:les travaux du TWG

Le logiciel m“ = ™
WinOn(G i

CeQua App-ll&d

Lasers, Photonics, m-.f

Opt (=Y Environmental Iptics

. 1

OptoslaserEurope ‘Sl

Associative
Retrieval

A -
o T o Tl
Y o

'
- o

SA
Optical Beam
Apodizer

Storage Management

New Chidllenges

R
i €1ns

(media tester)

i ! ra
L] i

rid

=~ [ e
e

P |

Memhm S
~ustor Eprumlﬁ“ﬂs,

high data ﬂans,n!%.

*L

. Hnlugraplnr imis At
. ooty

&

L fim)

P #

'*Ix
o

|
o
Bursstes T

DENSITY

. um-!\-
= DAIASIORAGE

b'-II"F'PIhG BEHAVIOR ONLINE
RTUAL ORGANIZATIONS

P

Case Studies

Demon li

B (second test bed)




advrdmp2la.prz

>60 Ghits/in2 O
35.3 Ghits/in2 -

Superparamagnetic Effect

20.3 Gbits/in2
12.1 Gbits/in2
(@)

5 Gbits/in2 Demo  Q
3 Gbits/in2 Demo o)

1 Gbit/in2 Demo
A

Integrated Head/Suspension
Giant MR Head/Pico Slider
Ramp Load/Unload, Glass Substrates
No-ID
MR Head/Nano-slider

® PRML Data Channel
Thin Film/High Coercivity Disks
Small Form Factor

© Lab Demos
@ 35Inch FF
@ 25Inch FF
@® >10Inch FF




