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Technology Drivers

• Application pull
– What do current markets demand?
– Especially relevant to removable media.

• Entertainment market
• Backwards compatibility

• Technology push
– Crossover technology

• $$$
– Magnetic Disk:  $30 billion (1996)
– Optical disk: $6 billion (1996)     ($4.6 billion for CDROM)

– Tape: $4.6 billion (1996)



Storage Trends

• Disk is rapidly getting cheaper.
• Trend line : soon will be cheaper than tape.
• Which trend line

– Are we comparing apples to oranges?

• Predicting the future
– Will magnetic disk continue on its trend line?
– Will optical disk or tape start moving faster?



Trends: Magnetic Disk vs.
Semiconductor Memory



Trends: Magnetic Disk vs. Tape



Storage Subsystem Price Trends
(OEM price/equiv. unless otherwise noted)
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Trends: magnetic disk vs. tape



Magnetic Disk Trends

• Short term
– 60% per year improvement will continue

• Long term
– Fundamental limitations on bit density to be overcome.
– Expert opinion is that improvement will continue.

• Fundamental advantages:
– $$$
– No need for backwards compatibility
– Not limited by need for data interchange.



Magnetic disk trends



Magnetic Disk Technology Trends



Optical disk trends
• Need for compatibilty limits rate of change.

• Use for data interchange limits adoption of new technology.
• The driver is the application, not the technology.
• MO is already considered obsolete by many.

• But is considered more reliable than other technology.
• New technology to the rescue?



Optical Disk Technology Trends



Optical Disk Trends



New Technologies

• Terastor
– Solid immersion lens

• HDD-like flying head
• Smaller dot size than normal optics allow.

– 20 Gbyte/side
– clear path to increased densities.
– Quantum

• Norsam technologies
– Electron beam etching
– IBM



Optical Disk Technology Alternatives



Trends in Tape Storage

• Advantages of tape:
– Lots more surface area.
– Automated tape library.

• Disadvantages
– Need for backwards compatibility.
– Lower bit density.

• Tape head abrasion
• Problems in tracking
• Lower technology in RW heads.

• Improvements
– Use magnetic disk technology
– Laser assisted tracking, thinner tape substrate, etc.
– Optical tape.
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Current Drives



Next Generation



Some Projections



Projections

1998 1999 2000 2001 2002  2003

Mass Storage Tape (9480)

•Capacity GB 65 100 200 400

•Data Rate MB/s 10  30 30  40

Performance Tape (9840)

•Capacity GB 20 20 20 20 40 120

•Data Rate MB/s 10 10 20 20 20 40

Storagetek 9480



Vendor Projections
• Quantum : Super DLT

– End of ‘99: 100 GB/tape, 10 Mbyte/sec
– Evolve to : 1 TB/tape, 100 Mbyte/sec
– DLT 7000: 35 Gbyte/tape, 5 Mbyte/sec, 1997.

• Linear Tape - Open (IBM, HP, Seagate)
– ‘00: 100 Gbyte/tape, 10 Mbyte/sec
– 4th generation: 800 Gbyte/tape, 80 Mbyte/sec

• Sony AIT
– Double capacity every 2 years.

• Lots Technologies (Optical tape)
– End of ‘00: 1.4 Tbyte/tape, 25 Mbyte/sec
– Mid ‘01 : 2.0 Tbyte/tape, 40 Mbyte/sec

• Storagetek 9840
– 65 Gbyte/cartridge in ‘00, 400 Gbyte/cartridge ‘03



Conclusions

• Magnetic disk will continue getting cheaper at 60%/year.
• Optical disk improves at a much slower rate

– New technology.
• Tape systems are improving.

– Double capacity every 1-2 years?
– New technology

• Optical tape

• Will magnetic disk make optical, tape obsolete?
– Perhaps
– But not if vendors live up to their claims.
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