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Abstract
In this work the analysis of noise especially the transition jitter noise is used to evaluate the
areal density which are consider as one of the most important characteristics in magnetic recording systems. This is possible through the analytical evaluation of the signal noise ratio (SNR)
using kink soliton as domain wall profile and assuming that, the transition noise are the dominant noise in recording media. The intrinsic parameters and experimental values for magnetic
recording media especially the domain wall width are chosen to emphasize the impact of noise
in a certain simple materials and compounds materials used to manufacture recording media.
The comparative study on evolution of areal density is done to reinforce the fact that noise
can governed the magnetic density, where the values of 180 Gb/inch2 is attaint for kink soliton
profile here compare to 100 Gb/inch2 obtain in 2008. The study is complete with numerical
investigation of areal density where the value about 1.8 × 1011 bits/inch2 can be attaint when
SNR is about 4300 dB, this results are obtain with a basic compound CoF2 having a domain wall
width of 95.992 nm just to strengthen the work.
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Introduction
It is not a secret that magnetic recording systems are best devices to store and recall information. Then, it becomes important to have a good
knowledge on properties of magnetic materials
that made up many class of recording system. The
most important property no doubt is the one possess by magnetic materials to orientate naturally
its magnetization. This magnetization orientation is

according to a certain direction said easy anisotropic axes; allowing the formation of regions called
domains where that magnetization is constant.
Note that, two consecutive magnetic regions are
separated by the transition region called domain
wall. In other word the region separating the consecutive domains, where the direction of magnetization changes are called magnetic domain wall
(DW). Study of magnetic domain walls is remaining
at the forefront of the recoding memory activity
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and attracts a lot of attention from engineering and
physical communities.
From domain walls an application point of view,
their use is very promising with regard to magnetic memories and many other fields of engineering
[1,2]. It is one of the driving forces of the memristor
spintronics, artificial neuron network and for carrying out neuromorphic tasks [3]. Domain walls are
therefore at the center of several studies and it is
for this reason it has been widely studied in the literature for about thirty years [1,4-7]. It should be
noted that there are mainly two types of domain
wall: The Bloch wall where the magnetization rotate in three directions of space, and the so-called
Néel wall where the rotation of magnetic moments
occur in a single plane. The type of wall encountered depends both on the material used and on its
structure. It depends in particular on the privileged
direction of the magnetization as we said above.
This is called an easy magnetization axis, which can
have different sources, such as the crystallographic
structure of the material (crystalline anisotropy), or
even its shape (form anisotropy). The thickness of
the domain wall is very often a function of the competition that exists between these two energies.
In a domain wall there exist competitions, one of
them is between the exchange and the anisotropy
energy where the first tend to increase the thickness of domain wall and the second tend to reduce
that thickness, then the competition can determine
the domain wall width. Here we see that the type
of material, the shape and the crystal structure play
a major role in the development of support which
can offer us several advantageous domains and domain walls. This is part of what is done in the work
of [8] which presents a correlation between the
magnetization easy axis, the magnetic domains and
thin film stacks.
These studies are in part motivated by a new
field of applied physics (spintronics) offering a
great promise for creating the new (Racetrack) and
next generation of data storage, logic devices combining spin dependent effects with conventional
charge based electronics. Most of these devices
work or function with perturbations and disturbances where the most relevant perturbation is
noise. Noise in continuous magnetic thin-film me-
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dia is mainly due to the random fluctuations in the
micro and macroscopic properties of the magnetic
layer [9]. Noise in recording medium comes from
three predominant sources: The playback amplifier (electronics noises), the playback head (head
noises), and the recording medium (medium noises). The last one arises from transition, particulate
and modulation. Transition noise has two principal
components the transition jitter and the transition
width fluctuations: They both occur in the writing
process whenever a transition in the writing current polarity takes place. Transition jitter is a fluctuation of a transition’s position, this effect results
in a shift of the pulse position at the output of the
reading head. According to [10,11] the transition
noise could account for as much as 90 percent of
the total noise power in recording systems.
Another opinion [12,13] conclude that the noise
is concentrated in the transition regions and the increase of the noise voltage spectrum with reduced
bit spacing is due to the increase of the fluctuations
in the transition regions where the transition free
zones are reduced to a minimum, this reinforce the
idea that domain wall should look with particular
attention. One important observation did by Belk,
et al. [13], is the way concerning the physical representation of the transition noise and they stipulate that, the physical basis of transition noise is the
irregular zig-zag domain structures. As transition
noise is the dominant noise in the magnetic recording media, this work will concentrate on transition
noise modes particularly the position jitter. The
magnetic domains structure and that of domain
walls would be responsible for the magnetic behavior of ferromagnetic materials like Iron, Nickel,
Cobalt and their alloys [14]. This domain structure
would also be responsible for the magnetic behavior of ferrimagnetic materials and even composite
materials such as NdFeB which is an alloy used in
neodymium magnets [15]. A composite material also called a composition material is a material
which is produced from two or more constituent
materials. These constituent materials have notably dissimilar chemical or physical properties and
are merged to create a material with properties
unlike the individual elements. Within the finished
structure, the individual elements remain separate
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and distinct, distinguishing composites from mixtures and solid solutions [16,17]. These composite
materials have brought significant advances in the
field of engineering in general but much more in
magnetism and materials science. For illustrative
purposes, Ferroelectric materials are used in the
formation of thin films, single crystals, and bulk
ceramics for different applications [18]. In view of
importance of this type of material in the manufacture of magnetic tapes, it is more than urgent
to work on obtaining composite materials that can
make it possible to have small wall widths and thus
reach high density and also minimize noise (especially transition noise). Fortunately, excellent work
is already underway to produce this type of composite material for us. This is the case of Potassium niobate KNbO3 (KN) well-known as lead-free
ferroelectric material with high-quality, which has
recently been developed into excellent work led
by V. B. Korde and collaborators [8,19]. It must be
said that according to [8], Potassium niobate (KN;
chemical formula: KNbO3) is a ferroelectric perovskite oxide which has enormous potential in various applications. For proof, according to [20] the
perspectives concerning the future direction of ferroelectric nanomaterial’s research and its potential
application is renewable energy. In view of all the
above, we note that crystals, compounds, materials in general and particularly composite materials
have a very important role both in the field of micro
magnetism and engineering with numerous applications.
In this work the kink soliton profile, is used to
find analytical results concerning the magnetic digital density through the calculation of the jitter position and signal-to-noise ratio (SNR). Knowing that
the digital density can be governed by the SNR of
recording system [21] and using that SNR, we obtain the analytical linear density (LD) of storage media. Most results in this work are compared with
the previous results [22] where researchers use
old DW profile. Then, using numerical simulation
and by help of experimental values parameters
used in recording system, we can valid the uses
of this magnetic transition shape or magnetic domain walls (DW). These comparative works aim at
a good application in magnetic recording systems.
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This work emphasis then the fact that, by carefully choosing the crystals or materials for the fabrication of recording media and the use of a soliton
profile preferably the Arctan(exp) profile, it possible to obtain the much reduced domain wall widths
which give the possibility of having a satisfactory
signal-to-noise ratio and a marked improvement in
storage density.
The paper is organized as follows. In Sec.4, this
work describes the model by presenting the predominant source of noise (transition noise) and
showing the real impact of crystallographic direction on DW width. In Sec.5, the analytical and numerical investigation of signal noise ratio are well
done while in Sec.6, the analysis of some intrinsic
magnetic recording parameters are exploited to
emphasis the necessity of researchers to look carefully materials use in fabrication of media. Sec.7
is consecrated to magnetic linear or areal density
when considering noise as key phenomenon this is
by the aids of the numerical simulation. The next
section allows us to give a constructive discussion
which brings out the main observation of this work.
Final part of the paper is devoted to concluding remarks with some opening axes of futures researches work.

Model Description and Transition Noise in
Magnetic Recording Media
The basic constituents for magnetic recording
are a head system to write the signal, a magnetic
medium to store and a playback system to detect
and reproduce the recorded signal. As domain wall,
transition noise and linear density are the main objectives of this work, it is very simple to focus all our
effort on the magnetic medium.
It has long been observed that most of the noise
in thin film magnetic recording media occurs in
the transitional regions between two oppositely
magnetized magnetization patterns in the media.
Domain wall plays an important and major role in
physics of magnet in general but in the magnetic
recording devices in particular. Knowing the fact
that several domain wall profiles exist, it is imperative for an optimization of the results to choose
the right profile. It should be able at least to have
a small width or good stability if used in racetracks.
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Figure 1: Comparative graph of some magnetic domain wall profiles. The value=
of a 4.6954 ×10−10 m used is
considered as inter atomic distance.

Figure 2: Domain Wall representation in longitudinal recording media: (a) Infinitely sharp transition in the
horizontal magnetization; and (b) Zig zag domain wall structure representing the source of transition noise.

[22,23] presented the most popular profiles name2
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 y
arctan   ; tanh 
 and erf   where
π
π
a
πa 
a
a is the transition length (Figure 1).
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2

The source of this noise lies in the irregularity
of the transition boundary, where the importance
of choosing appropriate DW for the recording media. The Figure 2a above shows the infinitely sharp
transition in the horizontal magnetization and Fig-

ure 2b the zig-zag structure of domain wall which
certainly be the source of transition noise.
Several works present this irregularity as a zigzag wall and due to this zigzag nature of domain
wall in thin film disks, the transition center defined
as the average transition center across data track,
becomes also uncertain. This uncertainty, usually
called transition position jitter, will lead to transition noise. The zig-zag boundary itself is a realization of a random process, which is why the ob-
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served media noise is random. In the past, there
have been many studies of zig-zag wall shapes.
Several zig-zag models have been suggested [24].
These models cluster in two groups: Deterministic
and stochastic models. Examples of deterministic
models are described in [25-28]. While deterministic models are useful in understanding the physical
mechanisms involved in the recording process, they
cannot explain the random character of noise. The
stochastic models [29-33] model the zig-zag transition line as a random process, thus accounting for
the random character of media noise. Hence, simplified modeling assuming zigzag walls can give reasonable models of transition shape as well as noise
[25,26,34,35].
For the simplicity of this problem we consider
that the average profile described by the zigzag
wall is of a well known shape and represented by
a soliton profile. The shape of domain wall used in
this work is the kink soliton profile given by [36]


 y − y0  
 ;
 ∆ 

θ ( y ) = 2 arctan exp 


(1)

Where y0 is the domain wall center corresponding
to the position coordinate y in recording media, ∆ is
the domain wall width or the transition parameter
1


2
Ja 2
2

 , where
and can be express as ∆ =
 K 31 + K 21 sin 2 ϕ 



J, a and ϕ represent respectively the exchange coupling constant, lattice spacing and azimuthal angle
which in general describes the chirality of the soliton solution [37]. The domain wall width of 180°

Bloch wall is most commonly defined in the literA
ature by π
; where A and K are the exchange
K
constant and the anisotropy energy respectively.
Notice that we assume that the magnetization
pasted on the media has the same profile as DW
and for the simplicity K 31 → K1 , K 21 → K 2 with
K1 refer to the strength of longitudinal anisotropy
while K2 the strength of the transverse anisotropy.
Let us note that transition length or width do-
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main wall is a key parameter for the study of domain wall. The ∆ parameter is needed to specify
the transition characteristics: A small value of ∆
corresponds to a rapid transition, and this favors
high-density recording [38]. In this work, we are going to shows that through this profile it is possible
to have the signal noise ratio (SNR) and evaluate
the linear density of the recording media.
For that, the transition length ∆ and more others
experimental parameters values should be used to
confirm the veracity of this work. The importance
of ∆ is well view when plotting the domain wall
width versus anisotropy constant Ki. In Figure 3, it is
observed that the DW may decreases rapidly as the
anisotropy in the first direction increases and tend
to stabilize as K1 approaches a certain limit value.
In this work the focal object is the magnetic recording medium as we said where the quantities as
magnetic domain, the magnetic domain wall, the
magnetization and probably noises coexist together. The recording media is assumed to have an easy
axis along Z (with K1 as anisotropy constant) and a
hard axis along Y (with K2 as anisotropy constant
in that direction). Many researchers assumed that
recording media are isotropic and used a uniformly
and single anisotropy constant Ku. This consideration does not reflect the reality, because to make
a magnetic material with uniform anisotropy is not
easy. We realize that when anisotropy in the first
direction K1 (due to Z axis) increases while that
of second direction (K2) remain constant, the DW
width decrease rapidly and its value range remain
very small compare to the second case. When doing the inverse (e.g. increasing K2 when K1 remain
constant), we also obtain the low decreasing of DW
width but the decreasing appear slowly and the
range of DW width value is large compare to the first
case. The most remark in that Figure 3 shows that,
in the first case, (e.g. increasing K1 when K2 remain
constant) the DW width value is smaller than in the
second case (e.g. increasing K2 when K1 remain constant) which is favorable for the formation of many
magnetic domain in a smaller recording medium
area and issue the higher the magnetic recording
density this is possible and good for perpendicular
magnetic anisotropy (PMA). Highly by all this, we
realize that, when manufacturing a recording medi-
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Figure 3: Variation of domain wall width versus anisotropic constant K due to first and second anisotropy
directions (Variation of K1 when K2 remains constant, and vice versa).

um the choice of crystallographic axis are predominant, also the selection of easy and hard direction
of magnetization are very important in the aim of
having the most denser particle (PMA), the reducing magnetic Domain Wall width and prevent the
media from large transition noise. The decrease of
DW width needs a normal value of K2, which is possible in practical contrary to the second case (e.g.
increasing K2 when K1 remain constant). Here the
decrease of DW width needs a very low value of K1
which is not possible in practical. Observations of
Figure 3 are in good agreement with results tabulated by A. H. Morris1965, presenting an experimental values of different anisotropy constants
due to different crystallographic axes of some ma-

terials as Fe, Co and Ni [39]. The most remark that
can be made here first is that, magnetic anisotropy
sets an axis not a direction; secondly the anisotropy
constant depends strongly on the type of magnetic material, its crystallographic structure as well as
the density of particle in the unit volume. Looking
the exchange parameter, we observe that the DW
width strongly depends on the anisotropy plane
parameters. We then conclude that the increase
of anisotropy constant in y-direction favorites the
decrease of DW width thus impacts on DW width
parameter and transition noise. From this observation, it is necessary to consider anisotropy at least
in two directions of recording material since the
width of transition DW limits the maximum linear
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density possible in media, it is useful for our recording medium to have a very high anisotropy constant
in the direction of medium (y-direction), so that
the most efforts should be done to make that DW
as thin as possible because, "The lower the width
DW, the higher the linear or areal density" [28,40].
The previous observation comes as to make a fixation or an emphasis on the fact that domain wall in
particular its width is a key element for the theory,
this as to conclude this part. Also as introduction to
the next two sections which is devoted to SNR and
density. These SNR and density are also significant
quantities in the evaluation of the performance of
a recording system. Finally this affirmation comes
as if to mark the close link that could exist between
the domain wall width and the density.

Signal Noise Ratio: Analytical and Numerical
Investigation
As we said early, the principle focused in this
theory is to use a particular kink soliton DW profile
instead of others and then look if this DW shape is
good for improving or to ameliorate as far as possible the recording density through the calculation
of SNR. From all previous observations it is clearly
that the higher density depends drastically from
DW. Magnetic recording system cannot function
as perfect system but there exist some undesirable
effect and the most relevant are noises were the
principals are medium noise, electronic noise and
head noise. Hence it is clearly that the evaluation
of recording system is not possible without an evaluation of perturbations. Adding to the fact that,
signal-noise-ratio (SNR) can govern the magnetic
density; it can also be used to evaluate the performance of the recording system. Knowing that "the
small the size of information, the more the noise
in the signal" and using certain theoretical consideration as, in reality, signal always coexists with
noise, the transition noise is the dominant noise
or the most perturbation in the recording media
theory [41]. It is then necessary to use transition
shape and transition noise (SNR) to determine and
evaluate the density of recording media system.
From the definition of SNR (the ratio of single pulse
peak signal power over integrated transition noise
power) a correlation exists between the voltage
and noise as two principal elements in the deter-

mination of digital density. Mallinson (1974) proposed an extraordinary two expressions giving linear density (LD) and areal density (AD) versus SNR.
Bertram, et al. (1998) [42] proposed a general expression of SNR for tanh transition shape. However
Bertram (2005) [43] stipulated the general relation
for SNR corresponding to all transition shape. That
SNR Expression is given in the form of
SNR =

+

σ 2j

B
2

2
BVmax
2

 ∂V ( y ) 
 dy
∂y 
B

		

(2)

∫ 

−

2

2
Where V ( y ) , Vmax
and σ 2j are respectively the
output voltage, the square peak voltage and the jitter transition noise. The simple form of Eq. (2) can
be given by the following expression [40,42]

SNR =

2 ⋅ B ⋅ PW50

πσ 2j

,			

(3)

Where B is the bit length, PW50 is the half pulse
width of output voltage V ( y ) .
The jitter transition noise due to the position is
given by
2

σ =
2
j

 V ( y )  

.			
(4)
2
 ∂V ( y ) 


 ∂y 
It should be noted that B is mostly time proportional to the transition width e.g. B ∝ π∆ . In a
magnetic thin film medium, the magnetic DW does
not have rigorous and smooth form but has a certain distortion and rough aspect. Therefore, it is not
possible to represent carefully by a single point the
center of the magnetic transition. We then consider the average transition center over all the media
cross track as the transition center as in [44]. The
position of the transition center becomes unpredictable and this creates the transition noise called
the transition position jitter. According to [45] the
more irregular transitions in thin-film media are referred to as zigzag or sawtooth transitions. Noise in
thin-film media is due primarily to the formation of
zigzag transitions between bits. In addition to the
fact that fluctuations or variation concentrated in
the transition domain are another source of noise
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in magnetic thin film recording media [41]. It therefore becomes necessary to see even important to envision a study not of the noise alone, but also by taking into account the domain or then the domain wall.
From all the above, we note that the search for an interconnection or a correlation between domain wall,
signal to noise ratio and density becomes essential in the good realization and good conduct of this work.
Because a vector spin cannot rotate, and occupy the same position, it would have a smaller shift in term
of position; all this will contribute and reinforce the existence of position jitter. It should be noted that the
output voltage V ( y ) used here is the same replay voltage obtained by the Karlqvist method [46,47]. Now
the SNR relation which takes into account V (y), PW50 and σ 2j can be given by
2

 ∂V ( y ) 
2 ⋅ B ⋅ PW50 ⋅ 

∂y 

SNR =
.		
2
π  V ( y )  

							

(5)

At this step the remaining problem is only to obtain the jitter transition noise where their components
2

+∞
 ∂V ( y ) 
2
2
are presented bellow. 
 and  V ( y )   = ∫ V ( y )  dy = F + G + H
−∞
 ∂y 
In this part of work we have consider the output voltage as [48],

V ( y)

NEvµ0 M rδ

+w 2

∫

−w 2

+∞

dx ' ∫ dy ' hy ( y '+ y, d ) ⋅
−∞

∂m y ( y ', y )
∂y '

					

(6)

Where N is the number of turn coil, w the width track of recording media, δ the media thickness, E
the efficiency of the head, M r the saturation remanent magnetization and y is the position (coordinate
in magnetic media).
The magnetic field h ( y ) is the horizontal component of the head field and can be expressing as [36]:
h( y)


( y − y ) + g
0
1 
2
arctan 
πg 
z




( y − y ) − g
0
2
 + arctan 


z




  					

 

(7)

Where z= d + δ represent the head-medium separation, d the empty space between the poles and
2
the media while g is the gap length (distance between magnetic poles of read write head). As mention
above, assuming that the magnetization paste on the media has the Kink soliton form indicate that

 y '− y0  
m y ( y ') = 2 M s arctan exp 
 .
 ∆ 


							

(8)

2

The terms F, G and H in  V ( y )   are results of the integral of [V (y)]2 over the recording media, g
is the distance between the magnetic poles of read write head also called gap length and y represent the
position on the recording media. This enables us to represent the intrinsic SNR versus position, where results are very close to the reality and more accurate. The most observation is the break point which occurs
near y0  0 , representing the center of transition and which is in agreement with previous results of [49]
and [50]. In those previous works, they present the schematic illustration of full noise spectrum density
ka
(PSD) versus normalized wave number
, or Normalize voltage versus density for square wave record2π
g
ing . [51] Represent the measure of the fundamental voltage component versus frequency, where the
B
thickness loss is very important for the short wavelength, while this do not appear in the present work. At
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Figure 4: Illustration of SNR (dB) versus the position media. The values are computed arbitrary, with Head-media
separation d = 0.06 µ m , the transition width parameter ∆ =0.095 µ m , the media thickness δ = 30 µ m
and the gap length g = 0.25 µ m (From [54]).

the starting transition, the SNR amplitude decreases at a constant rate and it is not fair to represent
the measure of the fundamental normalize voltage
versus density. Since in this case, the thickness loss
is very important for short wavelengths. This results fall on to the predictions of AZIZ (1999), in his
PhD thesis come out with a result to reinforce our
own, by plotting an intrinsic SNR (dB) for a tanh
1
transition versus density   where B is the magB
netic bit length [52,53]. In Figure 4, we observe that
the total transition noise or transition jitter noise
is mostly concentrated at the center of transition,
where the break point occurs at y ≈ 0.0 domain
wall middle. Otherwise, the probability for which
that noise can disturb the information present in
magnetic domain is very small this also; confirm the
fact that total transition jitter noise is concentrated
at the transition center. Because of the jitter relation components ( σ 2j ), we realize that the term affecting the transition jitter is the square of the first
derivative of output voltage. This "square of first
derivative" predicts the behavior of the "roll-off"
curve and shows very well the zero of the curve. It

should be noted that similar results were obtained
[50], as they work in spectral domain. We can then
conclude that the transition kink soliton shape can
be valid for use in magnetic digital recording systems.
With this graph the discontinuity point is closer
to the transition centre than when the same graph
is plotted with other transition shape. We also observe that, the gap loss in [51] is just slight and far
away from the center; which is not fair when made
devices to become small in size yet. But, by looking our plot of SNR versus position we observe that
the gap loss is most important and this help devices maker to produce smaller recording systems in
term of size. Remember that, we allowed the other
sources of noise and consider only the transition
noise (transition jitter noise) in the system. Finally the SNR can be written as seen below and, by
the help of this we can express the linear density
(LD) or the area density (AD) of the system using
the actual arctan exp profile as in relation (5). The
strength of that SNR is given in (dB) when applying
the 20 log function. This is for good appreciation of

Citation: TEFOUET JDN, YEMELE D (2021) Signal Noise Ratio and Magnetic Density in Digital Magnetic Recording System: Analytical and
Numerical Investigation. Int J Magnetics Electromagnetism 7:034

ISSN: 2631-5068 |• Page 10 of 19 •

TEFOUET and YEMELE. Int J Magnetics Electromagnetism 2021, 7:034

Table 1: Experimental crystal parameters values for two useful compound in manufacturing magnetic recording
media.
Material Properties

Compound 1
CoF2

Lattice parameter a  A 

4.695

Compound 2
NiF2 and Ki from [65]

  0 3 
Cell volume V   A  
  



70.15

66.68

Exchange parameter J(J)

9.0304 ×10−23

2.76058 ×10−22

First anisotropy constant K1 (J.m-3)

2.1×104

1.1×105

Second anisotropy constant K2 (J.m-3)

5.6 ×104

0.52 ×105

0

4.6506

 

≈ 2.0443 × a

0
 

DW width ∆  A 

≈ 2.5276 × a

0

0

= 9.5992 A

= 11.7550 A

Table 2: Experimental crystal parameters values for two magnetic metals used to made magnetic recording media.
Material Properties

Metal 1
Fe (bcc)

Metal 2
Co (hcp)

2.8665

2.5071

11.7807

11.2175

Exchange parameter J(J) [68]

1.1694 ×10−19

8.01×10−20

First anisotropy K1 (J.m-3) [58]

4.8 ×104

45 ×104

Second anisotropy K2 (J.m-3) [58]

0.5 ×104

15 ×10

DW width ∆  A 

≈ 216.4 × a

0
 

Lattice parameter a  A  [66]

  0 3 
  

Cell volume V   A   [67]



0

 

= 620.284 A

behavior and best quantization of the SNR of the
system in term of amplitude.

Intrinsic Recording
Parameters Values

≈ 54.5494 × a
0

Magnetic

Media

In the purpose of this work, we find and obtain experimental values of read-write magnetic
recording head parameters, made by engineers
and present in many scientific reviews. As [54] thin
polycrystalline film recording media form the basis
of high density digital disk systems for this intrinsic

0

= 136.752 A

parameter should be look carefully. In this work we
have reported some parameters in Table 1 of compounds and Table 2 for single crystal metal. The
most examples of parameters used in this study
are the lattice distance a, the exchange interaction
J and the anisotropy constant K where the experimental values are well done in [55-60].
Note that these three parameters are very essential when made or manufacturing the magnetic
recording media, because they are intrinsic char-

Citation: TEFOUET JDN, YEMELE D (2021) Signal Noise Ratio and Magnetic Density in Digital Magnetic Recording System: Analytical and
Numerical Investigation. Int J Magnetics Electromagnetism 7:034

ISSN: 2631-5068 |• Page 11 of 19 •

TEFOUET and YEMELE. Int J Magnetics Electromagnetism 2021, 7:034

acteristics of the natural material used to fabric
media. It should be noted with force that, recently
there are very advanced composite materials such
as Nd2Fe14B and many others which are presented with their magnetic properties by G. P. Zhao,
et al. in their excellent works [61,62]. These new
compounds are both rare-earth permanent magnets (Rare earth) and composite materials which
integrate all the magnetic properties and make it
possible to obtain domain wall widths with a fairly
fine range. As an example the Nd2Fe14B which could
have a wall width of 4.2 nm [63], would be a major
advance in the field.
We could note here that, we used simple compounds just to start the study and get an idea of
how compounds behave compare to single crystal,
but only in the work that we are already doing and
therefore the results will be proposed in the very
near future we will use the properties of new materials like Nd2Fe14B, Pr2Fe14B and many more materials which are well presented in some best works
[61-64].

Amplitude SNR (dB)

Thus the experimental values for CoF2 compound, NiF2 crystal parameters with first and sec-

4450

∆ =95.992 (nm) for CoF2

ond magnetic anisotropy constants of the crystal
formed by the compound [65] are given bellow:
The material selection for the ferromagnetic
old (HDD) and new (Racetrack) recording systems
plays a large role in determining the manipulation
of magnetization or the dynamics of domain wall
motion creation and movement. For Hard type (cobalt), they have ability to manipulate domain walls
and its width. For Soft type like Crystalline Cobalt
Iron (CoFe), the uses of advantage of crystallographic anisotropic direction to control the Domain
Wall width and predict the preferred direction of
propagation of DW when making ferromagnetic
nanowire for recording media.
For single metals like Iron (Fe), Cobalt (Co)
or Nickel (Ni) which constitute the most useful
metal in forming compound and in manufacturing
industry of magnetic recording media, parameters
used of fabrication of magnetic recording media
with single atom are reported in Table 2 [58,66-68].
To reinforce the fact that, for the manufacturing
magnetic recording media, compound materials
are best for, we draw comparative graphs for fundamental quantities of recoding systems like, signal

3100

4400

3050

4350

3000

4300

2950

4250

2900

4200
-1

-0.5

0

Position y (m)

0.5

1

x 10

-9

∆ =1367.5 (nm) for Co

150

2850
-1

50

-150

0

-200

-50

-250
0

0.5

1

x 10

-9

0

0.5

1

-300
-1

-9

∆ =6202.84 (nm) for Fe

-50
-100

-0.5

-0.5

x 10

100

-100
-1

∆ =117.550 (nm) for NiF2

-0.5

0

0.5

1

x 10

-9

Figure 5: Comparative graph of SNR versus position (y) according to different values of domain wall width for
CoF2, NiF2 compounds, Cobalt (Co) and Iron (Fe) single metal.
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to noise ratio (SNR) versus position Figure 5. In those
comparative graphs, we emphasize and highlight
the fact that DW width (∆) is the key parameter
when evaluating the performances of the storage
media, and work with that ∆ to evaluate the appropriate material or compound used to manufacture
the recording media. The choice of variation of ∆
used in those comparative graphs, is not fortuitous
because, by looking the DW width it is obvious to
see that, the quantity depend mostly to the parameters which can characterize a compound, metal or
a single crystal. Recall that those crystal parameters are: Lattice distance a, Exchange interaction J
and anisotropy constant Ki.

Linear and Areal Density

As we said early the noise in magnetic recording
media can affect the recording density. It is for that
John C. Mallinson in 1974 Propose the relation between the SNR and Density as [21]
n
LD =
and
18 ⋅ N ⋅ SNR(dB)

Linear Density (Bits/inch)

AD =

n⋅ N
,				
18 ⋅ SNR(dB)
x 10

(9)

Where n and N are respectively number of
particle per unit volume (e.g. for standard tape
n  2 ×1015 particles per cubic inch) and number of
track per distance (track density for standard tape
is about 100 tracks per inch, here 1 inch = 2.54 Cm)
[21]. The numbers n and N used in numerical simulation can affect the behavior of LD as the number
of particle per unit volume is directly proportional
to linear density mean while the number of track
per distance is inversely proportional to magnetic
linear density. To appreciate this result, we plot the
signal-noise-ratio (SNR) versus linear density (LD)
in Figure 6 and realize that our results are in good
agreement with previous results [69] as the total
noise affects the LD. Also [70] really conclude that
the medium noise power increases with increasing
linear density and this result confirm the validity of
this work. The smaller the noise, the lower the linear density or the smaller the signal, the higher the
density.
The same comparative study can be done with
areal density by plotting SNR against AD then, Figure 7 illustrate very well the fact that the high den-
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Figure 6: Comparative graph of linear density (LD) versus signal noise ratio (SNR) according to different values
of domain wall width for CoF2, NiF2 compounds, Iron (Fe) and Cobalt (Co) single metal (note that DW width is
the factor taking into consideration all crystal parameters due to each compound or metal).
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Figure 7: Area density (AD) versus SNR graph, using experimental values of read-write recording head parameters
(the materials here are basic compound and metal used in fabrication of magnetic recording media).
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Figure 8: Comparison of linear density (LD) versus signal-noise-ratio (SNR) graph for present Arctanexp and
Tanh transition profile. The graphs are plot with the same magnetic recording head key parameters for both
profile and curve.
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sity can be attained but for that achievement the
noises should be reduces.
To justify the choice of the present DW model
and reinforce the fact that most researchers consider this model as the preferable one. For that we
compare in Figure 8 the linear density of magnetic
digital recording system obtained by the present
Arctanexp model and the Tanh model where the
LD is plotted against SNR. The simple conclusion is
that, at the same SNR amplitude, the LD of the DW
model used here is greater than LD obtained with
Tanh model.

Concerning prediction of areal density (AD),
there are many researchers who give prediction on
the recording density of some prototype with different track density and grain or particles density.
The Table 3 gives a few areal density (AD) and track
density (N) during evolution period of magnetic recording systems. Note that the grain density
propose in the Table 3 [21,71-73] are just a simple
conjecture.
With this Table 3, we realize that evolution or
the growing of digital density is also due to amelioration of track density (N) consequently the im-

Table 3: Prediction of Areal density and Track Density during the magnetic recording density evolution with Grain
Density or particles density conjecture.
Linear Density or Areal Density

Track Density (tpi)
(tracks per inch)

Particle Density (ppci)
(particles per cubic inch

LD = 104 bits/in [21]

100

2 × 1015

17 × 103

2 × 1017

90 × 103

2 × 1020

125 × 103

2 × 1023

AD = 106 bits/in2 (1974)
LD = 120 × 103 bits/in [71]
AD = 2 GBits/in2 (1992)
LD = 52.2 × 104 bits/in [72]
AD = 50.2 GBits/in2 (2000)
LD = 80 × 104 bits/in [73]
AD = 100 GBits/in2 (2008)
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Figure 9: Area density (AD) versus SNR graph, using experimental values of read-write recording head
parameters compare with the old transition profile and density values obtain at this period with those old
profile. (The materials here are basic compound and metal used in fabrication of magnetic recording media).
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provement on number of particle per unit volume
or the grain density (n). For that, we plot Figure
9 with the characteristics of the same compound
(CoF2), areal density using different track density and corresponding grain density. The diagram
sketch just to show or compare the range of (AD)
obtain with the Arctanexp(y/∆) transition shape
that is transition used in this work with the old results obtain with the aids of other transition shape.
By the observation of this graph, it is clearly that
the DW transition used in this work is appropriate
for the recording systems and offer the possibilities
to achieve the high magnetic recording density.
Finally, we incorporate all the experimental read
write head parameters in the model presented in
this work, and compare the linear density versus
SNR graph with an arbitrary parameters and final
results are presented in Figure 10. All this reinforce,
agree and confirm the rights of adopting this Arctanexp model as magnetic domain wall profile that
can be used in magnetic recording systems, prove
the necessity of choosing an appropriate material or compound when making magnetic recording
media and also proof that with well chosen material it is possible to have reasonable AD or LD with

12

Discussion
Looking carefully Figure 3 we observe that in
the first direction (K1 varied when K2 remain constant) the values range of DW width ∆ is smaller
( ]1 → 2.4] nm ) than when chosen the second direction (K2 varied when K1 remain constant); the
∆ range is ( ]1 → 4] nm ) . This tell us that it is preferable and benefit to adopt the first direction as
crystallographic axis or when selected the type of
recording materials.
Follow this, Figure 4 for its part confirms our
predictions and proposals because the signal to
noise ratio is low at the center of the wall, thus signifying the high noise rate. This result is somewhat
satisfactory in the sense that this signal-to-noise
ratio increases as one moves away from the center
of the wall, thus demonstrating that the noise rate
decreases when one approaches the magnetic domain which should welcome a data. So, therefore
we can be convinced of the fact that in the magnetic domain, noise will not be able to disturb too
much the information written on the media.
The look at Figure 5 is not insignificant because
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Figure 10: LD versus SNR graph, using experimental values of read-write recording head parameters used in
this work and compare with arbitrary parameters values.
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the noise is even smaller if we are in the presence of
a composite material than of a simple crystal. Since
this same graph already shows us that the materials
compounds already offer a very small magnetic domain wall width thus giving the possibility of having
a high storage density. This therefore reveals that
it would be desirable to have more advanced composite materials for the manufacture of recording
media because this type of material will have to offer a high signal to noise ratio and therefore a low
disturbance rate due to noise, in addition they will
offer walls of low width thus giving the possibility
of reaching high density.
The next part deals with the storage density (linear or areal) as it shows that the density is proportional to the noise (the more the noise is, the more
the density increases). It is therefore not a reason
to absolutely seek high densities, but to seek the
noise margin that cannot alter the information
while remaining within an acceptable proportion
reached by the density. This challenge is indeed
ours because Figure 6 and Figure 7 show us the
linear and areal density as a function of the signal
to noise ratio. This comparison carried out for two
compounds and two simple materials gives us to
see that the storage density can reach large proportions while the noise remains moderately low. The
confirmation of this is clearly visible with the COF2
where areal density can reach 2.1×107 bits / in 2
while the signal to noise ratio remains low (signifying a low rate of disturbance).
The whole study is confirmed when a comparative study is made between an old transition profile (Tanh) and the soliton kink profile (Arctanexp)
used in this work. The observation in this comparison is startling because even if we look at the past,
the densities opted with this profile are far superior to those obtained at the time and with other
transition models. For example in 2008 [74] researchers could reach 180
100Gbits / in 2 while with the approach developed here we could at that time reach
180Gbits / in 2 . This observation therefore reinforces our study and gives us reasons to believe that
the improvement of composite materials used in
the manufacture of read write heads, mastery and
knowledge of attenuation and noise control factors will allow us to develop in the very near future

more efficient recording and storage systems with
very large storage capacities.

Conclusions
The aim of this work was to obtain the linear and
areal density, by considering the magnetic recording media as continuous medium where exist noises and the most predominant are transition noise
jitter. Using the signal noise ratio relation, we prove
that, using the domain wall (DW) kink soliton transition in recording systems it is possible to improve
de linear and areal density. For that, we have made
a certain comparison of key parameters of recording systems using the signal-noise-ratio (SNR) of
the system and used the experimental parameters
values taken in the literature to agree the model
shape. The important verification that should be
made is asking what type of material or compound
are good for optimization of our recording media
and systems. In other word, which materials can be
used to manufacture Racetrack memory considers
as the promising recording systems? The answers
of these questions are one of most challenges for
many researchers in magnetic recording systems
since the Racetrack memory are now the focal
point of many works.
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