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 4 THE ROLE OF BARIUM FERRITE TECHNOLOGY

GREATER STORAGE CAPACITY 
BUT NOT AT ANY PRICE. 

THE DATA INTEGRITY OF 
BAFE TAPES IS 10.000 

TIMES HIGHER THAN THAT 
OF THE HARD DISK.

BAFE TAPES OFFER AN 
UNPRECEDENTED LEVEL 

OF PERFORMANCE IN THE 
HISTORY OF DATA STORAGE.

DISK AND MP TAPES NO LONGER 
MEET CURRENT USER

REQUIREMENTS FOR DATA
RETENTION.

Introduction

IN 6 YEARS AND TWO GENERATIONS, 
LTO HAS MULTIPLIED ITS CAPACITY BY 

4,8 TIMES AND ITS SPEED BY 2,25 
TIMES.
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No other storage technology has succeeded in such a feat within two 
generations and within such a short time.

Introduction

1. Challenges - what is the role of a 
manufacturer of data storage media?

2. What is the priority for technological 
innovation in the field of long-term
retention of data?
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Description of a
technological revolution:
IBM 3592JE
compared to its predecessors.

DATA INTEGRITY: AMOUNT OF DATA THAT
CAN BE SAVED BEFORE A WRITE ERROR

IS ENCOUNTERED

OPERATIONAL WRITE
SPEED FOR FILES

OF 1 GB OR AVERAGE
(FIGURES IN MB/s)

STORAGE
CAPACITY IN TB

ONE 3592JE DRIVE =
3,65 X FASTER THAN AN
LTO6 DRIVE

ONE 3592JE TAPE =
EIGHT LTO6 TAPES

LTO7
3592JE

3592JE

LTO6

LTO6

LTO6

LTO7

LTO7 3592JE

HDD

,
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When it became necessary to increase the capacity of tapes,
manufacturers were confronted to multiple problems:

3. Greater storage capacity but 
not at any price
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Data Integrity

Basic principles: 

Data integrity depends essentially 

Improved data integrity = 

The SNR of Barium Ferrite 

Another way to measure 

The new IBM Terzetto 

MP Particle oxidation 

ON THE SNR LEVEL OF YOUR STORAGE SYSTEM. 

LESS DATA LOSS AND LESS WRITE ERRORS.

TAPES IS HIGHER THAN THE SNR OF MP 
TAPES.

AN OFFICIAL MEASURE OF DATA INTEGRITY, IS THE BIT ERROR RATE (BER).

THE DATA INTEGRITY OF LTO TAPES IS THE DUDBL.

.6

.7

HEAD IS A REVOLUTION IN THE FIELD OF DATA INTEGRITY.

IS ANOTHER FACTOR THAT AFFECTS DATA INTEGRITY. 
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Data integrity 

Data Integrity

Requires
Generates
Can hurt
Improves
Is a solution to

Horizontal
Polarization

Low SNR
Level

Contact between
the Head & the 
Tape

More Tracks
on a Tape

Higher
Transfer
Rate

Smaller
Particles

Vertical
Polarization

Tape Closer
to the Head

Lifespan
of the Drive

IBM’s
Terzetto Head

Lubricant

Metal
Particles
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DISK DESKTOP

DISK ENTERPRISE SATA

DISK ENTERPRISE FC/SAS

LTO6
LTO7

3592

1. Basic principles: an 
official measurement of 
data integrity, the BER

1x10 20

PRINCIPLE OF THE BER

A WRITE ERROR GENERATED … …10  DATA WRITTEN.…FOR...
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Please Note:

A. What is the SNR?

B. On the importance of SNR:

2. Data integrity depends
essentially on the SNR level of 
your storage system.
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The Data Integrity depends 
largely on the
readability of the written data
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data written with a low 
level of SNR can be declared as readable at the time of writing, but 
become a write/read error in the space of a few weeks.

SNR.

C. Measuring data integrity over time



 14 THE ROLE OF BARIUM FERRITE TECHNOLOGY
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D. Weak SNR

To conclude this point, 
errors, which will cause, among other things, a loss of storage capacity 

on the tape cartridge.
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A. LTO6 BaFe Tapes SNR compared to LTO6 MP tapes

LTO6 
BARIUM
FERRITE

B. What is the risk when using an MP (Metal Particle) LTO6 tape?

3. The SNR of Barium Ferrite 
tapes is higher than the SNR of 
MP tapes
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It is, in fact, impossible to prevent a deviation of the electromagnetic properties of a
tape cartridge during its manufacture. 

only qualify for the minimum level of quality required by the Consortium.
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C. Why is the SNR of LTO6 BaFe tapes higher than that of the MP tapes?

higher output power than MP, thanks to its vertical 
polarization.

the head.
This is a revolution in the area of 

-

Data Integrity.

MP (Metal Particles) Barium Ferrite

Drive HeadDrive Head
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4. Barium Ferrite technology provides 
a better dispersion, a better alignment 
and a better orientation of particles on 
the surface of the tape.



 20 THE ROLE OF BARIUM FERRITE TECHNOLOGY



21

- Capacity:

- The clarity of the signal: 

- Recording stability:

- More importantly

      

5. Another way to measure
the Data Integrity of LTO
tapes: DUDBL.
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A. Increasing the capacity of a tape cartridge can hurt its SNR:

LTO4

LTO5

LTO6 MP/a

LTO6 MP/b

LTO6 BARIUM
 FERRITE

4.800

2.426

2.816
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It is unthinkable to increase 

1X10

- It remains for us to guess which could be the true operational BER of the LTO6 BaFe.

1X10
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If we were to summarize the contribution of Terzetto with a simple image, we could 
say that Terzetto = SNR.

A. Drive heads up to the LTO6:

6. Mechanism of the
IBM Terzetto write
and read head.

The IBM Terzetto-
GMR head.
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 BER.

Operating mechanism with a double head system

PHASE 1

PHASE 2
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PHASE 1

PHASE 2

B. LTO7 drives Terzetto head:

Please see below:

Operating mechanism with a three-headed Terzetto system
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+ Bit Cell

+ Bit Cell

+ Bit Cell

+ Bit Cell

This oxidation phenomenon also plays an 
important role in that MP tapes are less reliable than BaFe tapes. 

A. Metal Particles (MP) are made from Iron (Fe).

B. Since Barium Ferrite is already an oxide,

7. MP Particles oxidation: 
another factor that
affects data integrity.
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Data storage capacity

2021

LTO8



29

1. Barium Ferrite = 
greater storage capacity

500nm

500nm

Barium Ferrite particles
(BaFe)

Metal Particles

Data storage capacity

1nm = 10  m

1nm = 0, 000 000 001 m

100

40

20

10
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Any LTO6 tape user is, thus, subject to a choice between these two technologies. In 
the ‘data integrity’ chapter we saw that there is a difference in approach between 
two schools:

0,1 0,2 0,4 0,8 1,5
2,5

6

12

LTO1 LT02 LT03 LT04 LT05 LT06 LT07 LT08 3592JE

Launches
planned for

2018*

limit of MP



31

That is an average 
gain of storage capacity of 0,2TB per year.

So, an average gain in storage capacity of 2,9TB per year.

MP TECHNOLOGY

BaFe TECHNOLOGY

12 YEARS

6 YEARS

6 GENERATIONS

4 GENERATIONS

WITH MP

WITH BaFe

2,4 TB

17,5 TB
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A. Linear density

2. How to increase the capacity 
of tape cartridges?

LTO1

19,1

13,3

9,6

7,4

4,9

15,1   15,1  

LTO2 LTO3 LTO4 LTO5 LTO6 LTO7

LTO1
LTO2

512

1.280

LTO4
LTO5

LTO6
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BLOCK A

B. The number of tracks.

From the Data Band to the particle: the composition of the tape in six steps.
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LTO1 LTO2 LTO3 LTO4 LTO5 LTO6 LTO7

960

680

609
609

846846

820

- The risks associated with the increase in the number of tracks.

C. Increase the length of the tape. 

thus reducing the level of the SNR.
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A. Tape technology’s roadmap. 

3. Current situation
and roadmap

2015

X10

2025

LTO BaFe

LTO5 LTO6 LTO8

50TB

TS1140

2018

TS1150 TS1155 TS1160

20TB20

12
15

6
10

4 2,51,5
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B. Barium Ferrite is the winning format.

is the gradual disappearance of MP technology from the tape stora-
ge market.

Tape demand is growing fast

2012

2014 2016

200

151
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2016 2018

A. Large companies that store between 1PB and 10PB of data, 

4. Tape market
segmentation update.
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B. Large companies that store capacities greater than 10PB.

C. SMBs: 

Why is LTO7 the ideal storage solution for small and medium-sized businesses?

RELIABILITY SPEED FLOOR SPACE LONGEVITY

LTO6
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A. Large companies

5. The fundamental
question of floor space

0,13 € per
cartridge per

month

LTO5 LTO6

2.000 1.000

8.000

0,13 €
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10.000

LTO6

6.000

Some notes on the tables above:

Migration from LTO6 to 3592JE:

Oc
t1

8

Oc
t2

0

Oc
t2

1

Oc
t2

2

100.000

50.000
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B. What about SMBs?

The Oracle SL-150 tape library
consists of modules.

What size in Rack Unit (U) do we need to store 
data on LTO7 tapes?

100 150 200 250 400 450

5 5 5 55 5

1111

15

21

LTO5
LTO6
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- Example with a full backup mode.

* What is a Full Backup?

Server or NAS Hard Disk Tape

3RD TIER 2ND TIER1ST TIER
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* How to calculate the needs of a company in terms of library size or number 
of slots?

This is, more-
over, an advantage of tape technology over disk: the tape is a system that 
adapts to the needs of users.

21

LTO7
7

13
LTO6

LTO5



 44 THE ROLE OF BARIUM FERRITE TECHNOLOGY

Other Benefits of
Barium Ferrite.
Focus On Speed

LTO8 drives write data more 
than twice as fast as
 LTO5 & LTO6 drives.

High SNR leads to high 
writing speed and high Data 

integrity.

more than 3X faster than 
Hard Disk.

IBM terzetto head is comprised 
of 32 channels instead of the 

traditional 16 channels.

Higher speed = combination 
of the BaFe tape and the 

IBM Terzetto head.
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1. The Archive Life or
lifetime of data recorded
on magnetic tape.

According to the law, for how many years are we required to retain data in UK?

Other Benefits of
Barium Ferrite

40 30 21 30 40 40 40 30Permanent

Dental

meeting

Legal 

Permanent Permanent
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HDD LTO MP LTO BaFe

OVER 20 YEARS

2. The lifespan
of the drive

How long can we keep data on the following storage device?
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Recording stability 

OK

MP

BaFe

OK OK

Error
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80

2004 
LT04 
2006

LT05 
2010

LT06 
2012 2015

LT08 
2018 2018

120
140

160

500

A. The major role of IBM

- The use of a 32-channel head

3. Writing
Speed
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- The Terzetto head: 

B. The contribution of Barium Ferrite

Evolution of the roughness of the tape surface

BaFe1
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The description of a Phenomenal Progression

Conclusion
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1st step - LTO6 MP and LTO6 BaFe tapes.

SNR

LTO6 MP
LTO6 BaFe

1

2

3

4

5
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LTO6.

LTO6.

SNR

LTO6 MP
LTO6 BaFe

1

2

3

4

5

2nd step – LTO7
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We know, above all, that IBM will launch a new write head (the TMR-Terzetto), 
which will offer properties superior to any previous tape drive head.

SNR

LTO6 MP
LTO6 BaFe

1

2

3

4

5

3rd step – 3592JE. 







Julia Schmuck

Rajithan Srikantharajah


