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Executive summary

 Tape remains the most cost-efficient and greenest technology for archival storage

– Total cost of ownership advantage of tape over disk >20x

– Very long lifetime of 30+ years

 Tape has a sustainable roadmap for at least another decade 

– 29.5 Gbit/in2 areal density demonstration shows feasibility of several future tape generations

– LTO roadmap has just been extended to 8 generations with up to 12.8 TB native capacity

 Long Term File System enables self-contained tape cartridges

– Makes tape look and work like any removable media

– File system available now with standalone LTO5 tape drives

– Opens significant new use cases such as video archive and individual scene access

 Tape is alive and doing well
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Rapidly increasing demand for storage
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Archival storage challenges and tape roadmap

Tape 2002-2010 

demos ~60%/yr

29.5 Gbit/in2

demo

100 Gbit/in2

feasible?

 Tape has a viable roadmap (LTO)

 Recent areal density demo of 29.5 Gbit/in2

shows feasibility of tape roadmap for the 

next 10+ years

 HDD is going to face severe scaling 

challenges at around 1 Tbit/in2
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Tape advantages for long-term archival storage

 Very energy efficient: no power needed once 

data is recorded

 Very secure:

– Data is inaccessible when cartridge is not 

mounted

– Drive level encryption

 Very long expected media lifetime (30+ years)

 Very reliable: Typically no data loss in case of 

drive failure  

 Main net advantage of tape for archival storage is 

cost

23X
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TCO of VTL Dedupe vs. Tape

VTL Dedupe Tape

5X

“Tape continues to provide the fiscal responsibility and functional value that enterprises require 

in the twenty-first century.”  The Clipper Group
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Magnetic tape (r)evolution

Product / Year: IBM 726 /1952 LTO5 / 2010 Demo 2010

Capacity: 2.3MByte 1.6TByte 35TByte

Areal Density: 1400 bit/in2 1.21Gbit/in2 29.5Gbit/in2

Linear Density: 100 bit/in 385 kbit/in 518 kbit/in

Track Density: 14 tracks/in 3.14 ktracks/in 57 ktracks/in

Track density increase will be the 

key contributor for future tape 

capacity increase 

18x
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Demonstration of 29.5 Gb/in2 on tape

This demonstration shows that tape can sustain the roadmap for at least another 
decade while maintaining a cost advantage over other storage technologies.
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Highlights of 29.5 Gb/in2 tape areal density demo

 Record storage density on magnetic tape 

of  29.5Gbit/in2

– 39x increase over LTO 4 drives

– A bit is 49 nm wide and 446 nm high

– Made possible thanks to 

• advanced BaFe media

• improved signal processing 

(Noise predictive maximum 

likelihood detection)

• better head position control

• enhanced mechanics

 Strawman operating point for 100 Gbit/in2

– Linear Density = 800 kbit/in 

– Track Density = 125 ktrack/in

– Bit area = 32 nm × 200 nm

– Only 36 magnetic particles per bit!
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Long Term File System (LTFS) to make tape even 
more attractive for archival storage

File system implemented on dual-partition linear tape (LTO 5)

 Makes tape look and work like any removable media 

– Files and directories show up on desktop, directory listing

– Drag-and-drop files to/from tape

– Run applications written to use disk files

 Supports data exchange

 Includes simple, easy to understand file index (XML)

 Supports stand-alone drives and libraries (coming later this year)

– In library mode, allows listing contents and searching of all 

volumes in library without mounting

LTO5

Cartridge

File

Attributes

Directory

Structure

File system info.

File bodies

Exchangeable

File List Display

DiskLTO

Drag&Drop

Application

LTFS

LTFS installed PC
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LTFS main features

 File system available with standalone LTO5 tape drives

– Two tape partitions: data partition, index partition

 Self-describing tape cartridge

– index enables recovery w/o external information

– directory structure, file attributes, multiple file extends

 Directory and file structure available after tape mount

 Helps reduce tape, file management and archive costs

– Eliminates dependency on middleware layer

– Lower cost per GB stored with higher efficiency

 Supports sharing of data between platforms

 Tape is cross-platform portable (Linux/Mac/Windows)

 Opens significant new use cases 

(video archives, medical images, etc.)

CD/DVD disc

HDD

USB Memory

Portability
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