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Introduction

Information storage: 1’s and 0’s

Magnetic recording:
$50 billion a year
150 million units shipped last year

Current Speed: 50 Mb/second

Current Density: 10 Gb/in?

= Bit size ~ 250 nm
= 200 bits = 1 hair



Magnetic Storage Roadmap

advrdmp20a.prz

10000

1000

100

10

Areal Density, Gbits/in2

0.01

IBM Advanced Storage Roadmap

T T TTITI] LI | T

T T TTTI]

i 12.1 Ghits

5 5 Gbits/in2 Demq,

[ 3 Gbits/in2 Demog RS

1 Gbit/in2 Demo o’y ° .. Microdrive

3 O v i : ' .

= ..l‘ PLa Integrated Head/Suspension

- e’ L= Giant MR Head/Pico Slider

o :_'. - Ramp Load/Unload, Glass Substrates

= .r:'.! No-ID - O Lab Demos

S P MR Head/Nano-slider @® 35 Inch FF

E . PRML Data Channel ® 75 Inch FE
Thin Film/High Coercivity Disks @ >10 Inch FF

[ . | smallForpFactor | ~ | —,

o
h

90 95 2000 05 10 15
Availability Year
ED GROCHOWSKI at ALMADEN




Introduction

Information storage: 1’s and 0’s

Magnetic recording:
$50 billion a year
150 million units shipped last year

Current Speed: 50 Mb/second

Current Density: 10 Gb/in?

= Bit size ~ 250 nm
= 200 bits = 1 hair

“There’s plenty of room at the bottom”
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Scanning Tunneling Microscope (STM)

High-Voltage

. Binnig & Roh
Ampllﬁeﬁl STM I;Iélilg .
Piezo Control :
Scanner N o IBM Zurich
(Feedback) Nobel Prize 1986
Ti Tunnel Current Atomic resolution
(PA-nA) on (semi-)
s | _ conducting
Sample o Bias Voltage samples
p K mv-v) p
g Resolution:

Vertical: 0.01 nm

v S (’“‘“05 nm) Lateral: 0.2 nm




STM on Si(111) 7x 7
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Atom Herding using STM

Quantum corral: Fe/Cu(111)

CO/Pt(111) http://www.almaden.ibm.com/vis/stm/gallery.html



Atomic Force Microscopy (AFM)

‘Replace’ tunneling tip with cantilever

Position :
Sensitive | | o
Detector I Laser e Sl
\/ Batch fabricated Si cantilevers:
V ‘-.‘______-.?n-
e f e 100 kHz - 10 MHz
ra k: 0.1 - 100 N/m

Applicable to insulators as well as conductors



AFM-based Nanorecording: The Millipede

"MILLIPEDE" Demonstrator:
Highly parallel, very dense AFM data storage system R ea d- O Illy 6 O Gb /inz
Multiplex-Driver Read-Write: 30 Gb/ iIl2
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2D Cantilever Array Chip o Read Speed: 10 Mb/s

B TR

Storage medium
{thin organic film) Zunch Rosearh Labarsiony 7

2D array of 32 X 32 cantilevers
on 3 mm X 3 mm area

http://www.zurich.ibm.com/news/99/milliped.html



AFM-based Nanorecording: The Millipede

50 um long Tip 1.7 um high

http://www.zurich.ibm.com/news/99/milliped.html



Thermomechanical Nanorecording
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Binnig et al. Appl. Phys. Lett. 74 9 (‘99) 1329



Thermomechanical Nanorecording

Heat transport
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More cooling Less cooling

Pit acts as heat sink = Monitor change in R while scanning (10-%)

Binnig et al. Appl. Phys. Lett. 74 9 (‘99) 1329



Outlook

Innovative Technology from nanoscale science
Nanorecording successfully demonstrated

Still some 1ssues remaining (wear, stability etc.)

300 Gb/in? ?



