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IBM’s 3592 Storage Solution: 
A Taste of the Future

Increased Capacity ... Record Speed ...
Frequent Access to Data ... Intensive Use of the Drive

Fujifilm Recording Media 
Tel: 00 33 (0)1 47 15 84 54
E-Mail: elisabeth.gameiro@fr.fujifilm-rme.com

mailto:elisabeth.gameiro@fr.fujifilm-rme.com
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Every month, the equivalent of one exabyte on tape is 
delivered by tape vendors across Europe

1 000 000

…that makes 1 Million hard disks                      
of  1TB capacity
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Data Storage Tapes = A Growing Market

100

124

151

159

207

271

2012 2013 2014 2015 2016 2017

Second year in a row with 30% 
growth

Evolution of the storage capacity delivered on 
tape technology between 2012 and 2017.                                                                             
All figures are indexed to the base value of 
100 for the year 2012.                           

Which tape coating technology is the most 
requested? 
Shown below are the global manufacturing 
shares of magnetic tapes per technology - all 
figures are in share % of storage capacity 
delivered.
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The 3592 Tape Storage Solution 
in a Few Ideas ....

50% more storage 
capacity than LTO8

IBM’s TS 4500 Library

30% faster write 
speed than LTO8

3X faster write speed 
than newer hard drive 

generations

Allows for an intensive 
use of the drive - LTO 

does not allow this

A data access system 
that is far superior to 

that of LTO

A roadmap established 
until the 2030s (SrFe

technology)

IBM's new TMR-
Terzetto write/read 

head

10X higher data 
integrity level than 

LTO tape (less data 
loss)

The lifespan of the 
hardware is longer 

than for LTO8

A less frequent, 
easier and faster 
migration process

Cost of use – 3592 
reduces the hard disk 

capacity needed to 
access data

(*) All specifications of new tape technology 
confirmed by the technology owners,
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Increasing the 
Storage Capacity 

depends on 
Securing the Data 

Integrity

1
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LTO5 3592JC LTO6 3592JD
TS1150

LTO7 3592JD
TS1155

LTO8 3592JE
TS1160 (*)

1.5TB

4TB

2.5TB

10TB

6TB

15TB

12TB

18TB/20TB 
(*)

Limit of the development 
of the MP technology

Use of the BaFe 1 technology

Use of the BaFe 2  technology 
(10-15% smaller particles)

2010 2013 2016 2019

The Tape Market 
Segmentation

Large companies or large data users

SMBs

(*) All specifications of new tape technology
must be confirmed by the technology
owners, and can be changed
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Height
180 cm

4.23 m2 of floor space occupancy 
can carry 9.9 PB of data (550 slots).

TS 4500 = The Best Capacity / Floor Space 
Ratio in the IT Market

Service clearance 76.2 cm

78.2 cm

121.2 cm

180 cm

A TS 4500 Library Frame

9.9 PB

Speed: this library can produce a transfer rate of up to 4.8GB/s
(up to 12 TS1160 (*) drives).

(*) All specifications of new tape technology 
confirmed by the technology owners,
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LTO7 
6 TB

LTO8 
12 TB

Drive

Tape

CHANGE NO CHANGE

CHANGE NO CHANGE

GMR Head TMR Head

1st Gen. of BaFe particles 2nd Gen. of BaFe particles = 10/15% smaller

How can we Increase the Storage Capacity of New Tape 
Generations? 

Increasing the performance of the hardware generates a form of warming 
in the head elements. This warming disturbs the magnetic field.

The use of smaller particles may represent a risk for the SNR. Therefore, it will be 
necessary to correct and properly calibrate the magnetic output of the new particles.

3592JE ( *)
18 TB/20TB

(*) All specifications of new tape
technology must be confirmed by the
technology owners

IBM’s Terzetto
head



Improving Data Integrity by Improving SNR Levels

SIGNAL-TO-NOISE RATIO

MP Particles 

High speedTime (long-term)

Horizontal 
polarization

IBM’s Terzetto
head

Barium Ferrite 
tapes

Bring the tape 
close to the head

WHAT CAN IMPROVE THE SNR …  WHAT CAN HURT THE SNR …  

CONSEQUENCES OF A LOW SNR

Read & Write 
errors

Capacity Loss 
Low Read/Write 

speed
Lifespan of the 

Hardware

Vertical 
polarization
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The magnetic properties of Strontium Ferrite are 
such that they allow a magnetic output equivalent 
to that of BaFe to be obtained with particles that are 
40% smaller. 
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MP

BaFe

SrFe

Large particle 
size

Small particle 
size

Superior 
magnetic 
properties

Lower 
magnetic 
properties

4 000 nm3

2 000 nm3

1 600 nm3

900 nm3

MP BaFe 1 BaFe   
next gen

SrFe

Strontium Ferrite - Smaller Particles with 
Higher Magnetic Output

BaFe can 
produce tapes 

of 220TB 
capacity

SrFe can produce tapes of 400TB 
capacity
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Evolution of Particle Size

• Current BaFe particles (used for 
LTO7, for instance)

• Volume of a particle: 1900 nm3

• BaFe particles used for a technical 
demonstration in 2015 (220TB for 
one single tape cartridge)

• Volume of a particle: 1600nm3

• Strontium Ferrite particles
• Volume of a particle: 900nm3
• Capacity = 400TB for a single tape

Barium Ferrite 
First generation

Barium Ferrite 
220TB record 

Strontium Ferrite 
First generation
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Yesterday

The period prior to 
Barium Ferrite: LTO4, 

LTO5, LTO6 until 2012.

Today

Beginning of the 
Barium Ferrite era: 6TB 
(LTO7) for SMEs, 15TB 

(3592JD) for large 
companies.

Tomorrow

Breaking new records 
at the end of 2018 with  

3592JE: 18TB and 
400MB/s (*).

The day after
tomorrow

Development of tapes 
of more than 50TB-
60TB, planned for 

2022-2023.

The 2030s

Use of Strontium 
Ferrite technology: 

tapes of native 
capacities above 

100TB!

Our Vision of the Future, in 5 Phases ...

(*) All specifications of new tape technology
must be confirmed by the technology owners



What are the BER (Bit Error Rates) of 
Tape Technology and Hard Disk? 

1 X 1014 1 X 1015 1 X 1016 1 X 1017

1 X 1019

1 X 1020

You can write 1 000 X more data 
on a 3592JD tape than on an 
LTO6 tape or an SSD before you
risk a write error.

This means that you can write 10,000 
times more data on an LTO7 tape than 
on a SATA hard disk before you risk a 
write error.

13

HDD 
Desktop

HDD 
Enterprise 

SATA

HDD 
Enterprise 
FC/SAS

LTO6 
SSD

LTO7 3592JD



14

What storage capacity can you 
save before risking a write error?

How many tape cartridges or 6TB Hard Disks 
can we use before risking a write error?

100 TB

1250 PB

12 500 PB

How can we Translate the BER into Concrete Information? 

1250 PB

1.3 PB 12.5 PB

DISK                 
SATA

DISK                 
FUTURE

LTO6 LTO7 LTO8 3592 JD DISK                 
SATA

DISK                 
FUTURE

LTO6 LTO7 LTO8 3592 JD

830 000

104 000

208 000

5 00010421



15

The Write Speed 
will Reach
400MB/s ...

2



120

170

140

210

160

300

360 360

400

48 51

70
84

96

180

216

252

280

LTO4 HDD 

Standard

LTO5 HDD 

Futur

LTO6 LTO7 LTO8 3592JD 3592JE

Taux de transfert officiel en MB/s Vitesse opérationnelle d'écriture en MB/s
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Official Transfer Rate vs 
Operational Writing Speed

1. Stagnation of the technology

2. Acceleration of the technology

3. Second wave of acceleration of the technology

When saving 1GB files

Official Transfer Rate in MB/si Operational Write Speed in MB/si (*) All specifications of new tape technology 
confirmed by the technology owners,
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IBM‘s Skip Sync system
For writing files of sizes between 200MB and 500MB

• The Skip Sync is a system developed by IBM.
• The principle of this is to consider that when the system is confronted 

to a write stop, the restarting of the drive generates an additional loss 
of a few seconds. Therefore, an ideal situation is that the drive should 
never end in a ‘’stopping’’ mode.

• In this case, the drive acts like it is writing during the few seconds of 
stops. In other words, the head keeps moving without saving any new 
data, in order to avoid the process of restarting the writing process 
once new files are ready to be recorded. 

• On this specific point, both 3592 and LTO technology carry this feature.

IBM‘s Fast Sync system
For writing files of sizes below 204MB 

• The Fast Sync is a system developed by IBM.
• It follows the same principle as Skip Sync, but with a different solution: 

the common point is that it must avoid stopping writing, even if the 
drive is in a waiting situation.

• In this case, the drive will write the data twice. Therefore, it re-writes 
the data that has already been recorded on another track or wrap of 
the tape. 

• Fast Sync is a feature that only exists on 3592. Therefore, the loss of 
time generated by an LTO8 drive is even more important when saving 
small files. 

How to Optimize the 
Backup Time? 
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Data Migration – 3 Key Ideas

Easier Data Migrations
IBM provides more backward 
compatibility than LTO 
technology.

Less Data Migration
The 3592 technology reduces 
data migration cycles: the 
capacity growth of 3592 is 
greater than that of LTO 
technology.

Faster Data Migrations
The higher write speed, 
coupled with the fact that a 
3592 drive can be used for a 
longer period of time over the 
day.
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JC 
4TB

7TB

JD
10TB

7TB

15TB 15TB

JF
40TB (*)

JE
20TB (*)

10TB 10TB

TS 1140
2011

TS 1150
2014

TS 1155
2017

TS 1160
2019

TS 1170

Data Migration - Enhanced Backward 
Compatibility

3592JC

3592JD

3592JE

3592JF

Main itemIn bold

Projects: all specifications and launch 
dates remain to be confirmed.

What storage capacity do we get for 
different generations of 3592 tapes 
and drives ?

30TB

15TB
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Intensive Use and 
Frequent Access to Data

3
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LTO6 LTO7 LTO8 3592JD 3592JE

100 000   100 000   

300 000   300 000   300 000   

Maximum Number of Loads and Unloads 
of a Tape Cartridge: 

How Many Times can we Access a 
File Saved on a Tape?

The official term 
is MSBF

The official term is SLD 
(short length durability)

LTO 3592

40 000

20 000

(*) All specifications of new tape technology 
confirmed by the technology owners,
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LTO tapes

Thickness of the shell: 1.65 mm
Thickness of the shell: 3.15 mm
+ strengthened shell (ribs)

IBM 3592 tapes

More Robust Tape Cartridges
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Access to data: 3592JE (*) 
compared to LTO8

RAO (Recommended 
(Access Ordering)

GPS : High Resolution 
Tape Directory (HRTD)

Motion Speed of the Drive 
Head (Unwind/Rewind)

Official Transfer Rate 
(11% faster)

50%

The sum of the 4 advantages of 3592JE (*) 
on LTO8 makes the data access time on 
3592JE 50% shorter.

(*) All specifications of new tape technology 
confirmed by the technology owners,
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The HRTD Tape Directory of 3592 Speeds 
Up the Access to your Files

1-The file search in the traditional mode

Beginning of 
the tape

Middle of the 
tape

End of the 
tape

Location of the fileSegment dismissed from the file 
search process

2-With the 3592 Tape Directory system

Location of the fileSegments dismissed from the file 
search process

• During the unwinding process, the system can help the head to locate the file.
• It informs the head of whereabouts on the segment of the tape the file is positioned.
• When the head reaches the segment in question, it just remains for it to search for the file 

by capturing the magnetic signals emitted by said file.
• It is as if, in the search for an address, the system indicates the name of the street and 

that what is left for the head is to look for the number of the building.
• On the other hand, the system is relatively limited since it only works with three points of 

reference: the beginning, the middle and the end of the tape. As a result, the system can 
only divide the tape into two segments. Therefore, this is not a particularly effective help. 

• The Tape Directory system on the IBM 3592 performs the same operation.
• The advantage is that it is able to divide the tape into 64 segments.
• In fact, it will determine the 63 segments that the head will eliminate from its search.
• The area that the head needs to explore is reduced, which considerably speeds up the 

search for files. Instead of a long avenue, the head only has to explore a small alley.
• More importantly, the head will be able to move at maximum speed on the ‘’grey’’ areas 

that are removed from the search, while it must slow down on the white area where the 
file is located, in order to be able to capture the signals emitted by the particles.

✓ In some cases, we find that the search for files, and therefore, the overall unwinding time 
is reduced by 35%.

Fast motion of the head

Fast motion of the head

HRTD = High Resolution Tape Directory 
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IBM's RAO System Generates a Quick File Search Order when 
Accessing Multiple Files on a Single Tape Cartridge

Recommended Access Ordering – an example: 
• The recall of multiple files on the same tape cartridge is the trickiest operation on tape.

• The drive must unwind/rewind, find the first file, open it, then go back to the beginning of the tape and unwind again in 
order to locate the second file etc ...

• With the 3592 RAO system, the drive calculates and produces the list of file recall orders in its optimal version. In other 
words, the RAO calculates the fastest scenario or file recall path.

• The RAO performs its calculation by taking several criteria into account, such as the size of the file, its positioning (on 
which wrap, which databand etc. ..), as well as the attributes of the system (transfer rate).

Files to access

A B

C

E F

D

Ideal order of access to files
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  500

 1 000

 1 500

 2 000

 2 500

 3 000

 3 500

2015 2014 2013 2012

IBM's RAO System - Some Examples of the Reduction of the 
Access Time in the Scientific Environment

• 20% faster access to the data when it comes to 
opening  a small number of files: 2 or 3 files. 

• Access to data 30% faster when it comes to 
opening fifteen files of 10GB on average.

• Finally, for an almost constant access to the data, a major 
European research centre explained that the time of use of 
the drive is halved, thanks to the RAO system. Please see 
the graph opposite:
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Positioning time (days)

Positioning time (RAO)

The RAO system reduces the time of 
use of the drives by 50%. This also 
contributes to increasing the lifespan of 
the hardware.  
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Thank you!


