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IBM Server HDD Access/Seek Time
Performance Increase
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IBM 9.1GB Ultra 2XP
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HDD DRAM Flash Paper/Film

Average Price of Storage 

IBM 18.2GB Ultrastar

IBM Deskstar 37GB

Toshiba 6.4GB
IBM Deskstar4
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IBM 16.8GB Deskstar
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 Travelstar
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IBM 1 GB Microdrive

1" HDD Projection
DataQuest 2000

Flash Projection
DataQuest 2000

Range of Paper/Film
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Flash
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Maxtor 60GB

Desktop HDD Projection 
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Ultrastar 36ZX 
Ultrastar 36XP 
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3 Gbits/in2 

5 Gbits/in2 

12.1 Gbits/in2 
20.3 Gbits/in2 
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Travelstar 6GN 

Travelstar 4GT 

Travelstar 4LP 
Travelstar 2XP 

Server Products-3.5 Inches
Mobile Products-2.5 
Lab Demos

 Physical spacing and disk surface 
evolution

Travelstar 6GT 

Textured Disk

Smooth Disk
Load/Unload
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35.3 Gbits/in2 demo 

High ID/low OD air bearing 
surface
Supersmooth disk/substrate 

Magnetic Spacing

Lube

Slider Overcoat

Magnetic 
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Recession

Physical Spacing
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Disk Substrate

Overcoat
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IBM Advanced Storage Roadmap

Superparamagnetic Effect

1 Gbit/in2 Demo

 3 Gbits/in2 Demo
 5 Gbits/in2 Demo
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       Disk Drive 
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                                                                            Milliactuator
                                                                          AFC media
                                                                        15K RPM
                                                                  Microdrive    
                                                           10K RPM
                                                        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
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Non-Volatile Magnetic Memory
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Moving Atoms





"Millipede"   Nanoscale  Mechanical  Data  StorageNanoscale  Mechanical  Data  Storage
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PrinciplePrinciple

Video AnimationVideo Animation
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IBM Zurich Research LaboratoryIBM Zurich Research Laboratory
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"Millipede"   Nanoscale  Mechanical  Data  StorageNanoscale  Mechanical  Data  Storage

Highly Parallel Highly Parallel 
RecordingRecording
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Thermomechanical read/write 
Results

400 Gbits/inch2

40 nm bit size

120 nm pitch



"Millipede"   Nanoscale  Mechanical  Data  StorageNanoscale  Mechanical  Data  Storage

erasing two lines erasing two lines 



"Millipede"   Nanoscale  Mechanical  Data  StorageNanoscale  Mechanical  Data  Storage



"Millipede"   Nanoscale  Mechanical  Data  StorageNanoscale  Mechanical  Data  Storage

keeping one line keeping one line 



"Millipede"   Nanoscale  Mechanical  Data  StorageNanoscale  Mechanical  Data  Storage

erasing line but keeping one lineerasing line but keeping one line



"Millipede"   Nanoscale  Mechanical  Data  StorageNanoscale  Mechanical  Data  Storage



Fabricated "Millipede" Chip
Integration in a 7 × 14 mm2 chip size of:
• An array of 32 × 32 (1024) Cantilever
• Approaching, leveling sensors (4)
• Thermal sensors (4)
• Heaters 



Microfabricated Si / Cu Scanner 

30 mm

suspended
platform

fixed frameCu springs



Experimental System

Millepede

Magnetic xyz
actuators

Magnets
coated in 
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Science & Technology  
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Holographic Storage - Recording Data
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Science & Technology  M. Sanchez - ln98.prz
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Associative Retrieval
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Holographic Storage
4 Product Scenarios
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(DASD) Product

    
     High Capacity: 1 TB

     Access Time: 10 ms     

     High Reliability/Availability  

Hard Disk Drive 
(CDROM-Type) Product

    
     High Capacity: 1 TB

     Access Time: 10 ms      

     High Capacity/Low Cost  
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     Total Capacity: 25 GB

     Access Time: 10 s 

     Non Volatile Cache

l

Extended DRAM 
Product

     

IBM Advanced Technology

     High Capacity: 1 PB

     Access Time: 10 s 

     High Volumetric Density

Rack Mounted
 Archive Product

     



Demon IDemon I
(first test bed)(first test bed)

Associative Associative 
RetrievalRetrieval

PRISMPRISM

(media tester)(media tester)

Optical BeamOptical Beam

 Apodizer Apodizer
Demon IIDemon II

(second test bed)(second test bed)
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IBM Advanced Storage Roadmap

Superparamagnetic Effect

1 Gbit/in2 Demo

 3 Gbits/in2 Demo
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