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Abstract 
  

 

 Thickness (d) and surface roughness (σ) of material thin films are inseparable characteristics 

engendered by the same deposition process. Both are crucial parameters for magnetic 

properties (p) of real mesoscopic scale thick ferromagnetic films. When condition (d/σ) <102 

is validated, sorting out samples of a series is possible only by means of τ = (d/σ) geometrical 

ratio which enables their coherent comparison. Their magnetic properties (p) are thereby 

expressed in a single function form p=f(τ). Application of that approach to a series of 

nanostructured Ni electrodeposits reveals that these samples are consistent with the ratio 

range 1.23 ≤ τ ≤ 82.00 concurring with the reported description. Their coercivity (Hc) and 

magnetic domain size (w) behave in agreement with their respective predicted general curve 

profile when d is substituted by τ, which depicts quite well the similar role of both parameters. 

The study of these properties evolution using the normalization model indicates a 

discontinuity in the magnetism of the investigated samples. Bloch magnetic domains (MD)B 

are associated with mixed domain walls (DWN+DWB) below a critical position (τ0 -1) ≈ 0.35, 

while Néel domain walls (DWN) coexist with mixed magnetic domains (MDB+MDN) beyond 

that position.  

 

       

 

 

 

Keywords:   

         Mesoscopic scale thick films; surface topography; thin film’s magnetic properties;  
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1. INTRODUCTION     
 

The behaviour of ferromagnetic material thin films submitted under a magnetic field is 

basically assigned to their chemical composition and structure phase. However, the studies   

on their actual properties always represent a complicated task either in theory or experiment. 

Decreasing the sample size, as currently executed nowadays, enhances the difficulty of 

entirely matching the results obtained from both different approaches. Once surface 

adsorption phenomenon and probable internal impurities are controlled, the film global 

geometry can play a determining role on its behaviour. Thickness and surface topography 

together represent quite well that geometrical feature. Thickness is the most commonly 

investigated film characteristic which mainly reflects its core or bulk content configuration. In 

the frame of nano science and technology, thinner specimens can produce better feed-back 

usually explored in the fabrication of sensors and many other modern device systems [1–3]. 

Surface topography depicts the material interruption zone, bearing for that reason a typical 

microstructure and morphology which engenders some modifications under the magnetic field 

effect compared to bulk. Its impact on magnetic film’s properties is nowadays widely 

evidenced [4–6]. By and large, the study of individual role of surface or bulk part on a film 

physical behaviour is undertaken by approximation, neglecting the little contribution of one of 

them [8–10]. This clearly indicates that their complete separation is impossible, regardless of 

experimental methods used for the samples deposition and characterization. We have to admit 

that such an approximation can never be systematic due to various situations linked to   

elaboration process of real material thin films. In actual fact, usual approximating procedures 

are very restrictive since one excludes the case of samples having equal impact of both film 

parts and also the situation when these procedures are impossible. In practice, the easier 

assumption is sometimes quickly adopted, stating for instance that surface topography aspects 

have a limited effect on the film behaviour. This explains the little attention paid so far to the 

mentioned unusual situations. The extensive solicitation of mesoscopic scale thick samples 

including nano-films and nano-structured specimens in the building of modern device systems 

prompts to carefully examine all other possible options keeping in mind that surface 

morphology and bulk interconnect closely as both of them result from the same film growth 

process. Consequently, only a clear and rational approach to their mutual relationship with 

film properties can emerge onto consistent interpretations. Theoretical studies on these 

properties evolution are tremendously improved when they remain as close as possible to a 

detailed description of the film behaviour, even though that description derive from simple 
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models. As a matter of fact, simplifications or approximations are always associated with 

strict conditions to be fulfilled in any theory application. Accordingly, reduction of 

simplifications in analytical treatments makes the theory potentially in better agreement with 

the film material reality. The calculated property is thereby more adapted to the actual 

behaviour of the investigated sample.        

In the present proposal, the study is focused on the evolution of nano-structured film’s 

magnetic properties, insisting on the particular case for which approximation or simplification 

in the relationship between bulk and surface contributions is impossible. This is a “non 

trivial” situation practically ignored in the literature of material thin films. An original 

approach to that evolution is proposed. Sections 2 and 3 are devoted to a concrete study of Ni 

films formed using a specific electro-deposition protocol. Application of that approach to 

these film’s magnetic properties is reported, followed by identification of the sample’s 

magnetic microstructures evolved that contribute to their ferromagnetism manifestation.       

 

2. EXPERIMENTAL DETAILS 

 

The Ni samples investigated are prepared by cathodic voltammetry (C-V) technique described 

previously [7] using a three-electrode cell system consisted of 1 M Ni(SO4)2 aqueous 

electrolyte (pH = 3.5) obtained from a FLUKA product. The working electrode or stationary 

deposition substrate as well as the counter electrode are both made of a 0.5 cm2 area platinum 

plates (Goodfellow SARL Company) while a METTLER TOLEDO saturated Calomel one 

serves as reference for potential measurements. The electrochemical system is completed by a 

radiometer PGP 201 potentiostat. The film deposition method is based on the drawing of 

cathodic hemi-cycle current-voltage (I-V) curves within a fixed potential interval [0.00; - 

1.00] V/SCE, the main variable of the process being the scan rate (r)  taken in the range 0.17 

≤ r ≤ 1.67 mV.s–1 usually considered as low values. A regular change of r in that selected 

range leads to the formation of samples having different thickness values measured from a 

SRATAGEM (SAMx, France) software associated with X-ray microanalysis, as reported 

elsewhere [11, 12]. The values obtained are corroborated by those provided by the sample 

cross-section images resulting from scanning electron microscopy (SEM). Global film’s 

magnetic properties are investigated by means of a LAKE SHORE COMPANY vibrating 

sample magnetometer (VSM). A Nanoscope IIa (VEECO) scanning probe microscope (SPM) 

set operating in dual-modes serves for examination of local film’s characteristics. It is then 
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tuned as atomic force microscope (AFM) for the film topography analyses and as a magnetic 

force microscope (MFM) for capturing the sample’s magnetic phase images from which their 

magnetic microstructures are measured. The general principle of the SPM experiments in both 

modes is based on the determining role of the tip-sample surface interaction. Magnetic CoCr-

coated tips of approximately 17 nm apex radius are connected to a cantilever of 6 Nm-1 spring 

coeficient. The system is used with a resonance frequency of about 70 Hz. SPM analyses are 

performed in the tapping/lift mode which allows the collection of both the topography and 

magnetic phase images of the same surface area. Further details on the use of each one of the 

applied modes are provided elsewhere [13].    

 

 

 3. RESULTS AND DISCUSSION  
 

The impact of deposition substrate on material thin film’s properties is well established by 

now even though it still remains a complex but open research topic due to interference of 

many other parameters [14-19]. We showed elsewhere that gold, Cu and ITO substrates 

respectively engender typical mechanical and microstructure features to our Ni 

electrodeposits whilst their fcc unit lattice remains unchanged [13, 20, 21]. Their measured 

strain and surface morphology including the grain’s shape and size are specific in each case. 

One knows how these characteristics affect the film’s magnetic properties. Pt substrate used 

in the present work keeps the same Ni film unit lattice and is then expected to bring its 

specific impact on the sample’s microstructure and magnetic features. In the present section, 

the study is focused on the particular relationship between thickness (d) and root mean square 

surface roughness (σ) of these Ni samples [22–24]. Only the saturated roughness value 

precisely defined elsewhere is retained here since it is more representative of the entire 

sample surface irregularities [25, 26]. Implication of that relationship on the films coercivity 

(Hc) and magnetic domain size (w) is examined. These two film magnetic properties are 

chosen due to the simplicity of their well known analytical dependence on d and also because 

they are involved here in investigation on the Ni samples’ magnetic microstructures. 

However, prior to the results presentation, an overview of our original approach to the film’s 

characteristics seems prerequisite.  

  

3.1. Characteristics of real mesoscopic scale thick films in a series  

  



6 

 

Evolution of a thin film property is commonly investigated from a sample’s series made of 

specimens obtained following a precise protocol. Bringing some change to their deposition 

conditions is the only way to produce different specimens neatly sorted out by means of a 

precise discrimination criterion. This objective is reached by acting on the film deposition 

parameters (x1, x2 ...... xn) including deposition time, t. A change in one of the selected xi ≠ t, 

keeping fixed all the other parameters, directly affects the growth rate of the film formation. 

That gives rise to a series of specimens having their individual (di, σi) couples. A similar 

result is also obtained by solely changing t value although the origin of modification in (di, σi) 

couples differs since the film growth rate is maintained here. In both cases, the selected xi 

simultaneously affects d and σ of the specimens. Accordingly, d1 ≠ d2 ≠ d3 ... ≠ dn and also σ1 

≠ σ2 ≠ σ3 ... ≠ σn. It can be deduced that neither d nor σ is separately controlled by any xi 

parameter. Besides, if evolution of d can be theoretically predicted like in electrodeposition 

(i.e. Faraday law), anticipating the one of σ remains very difficult. One concludes that sorting 

out specimens of a series only by means of their thickness d value is impossible since their 

surface roughness σ differs. Similarly, taking exclusively roughness criterion σ for the same 

operation is equally unacceptable due to the variation of their d value. When the condition σ 

<<< d (with d/σ ≥102) widely admitted for macroscopic scale thick samples is fulfilled, d is 

their only one main contributing geometrical characteristic. The sorting out operation is then 

executed referring to d, as commonly encountered. Under the effect of a constant physical 

field (E), the dependence of the resulting film property (p) on d is then nearly similar to the 

one of ideally flat films (d ≠ 0, σ  = 0) such as   

 

                                                            p ≈ f (d)                                      (1). 

 

In principle, the condition (d/σ ≥102) as proposed is always expected to be possibly fulfilled, 

regardless of the film thickness category. In actual fact, only specific growth modes can lead 

to its achievement with concrete microscopic scale thick samples [27, 28]. This achievement 

becomes very problematic for real mesoscopic scale thick samples, including nanoscopic 

scale thick ones and nano-structured specimens that exhibit a lower chance to directly satisfy 

that condition. The literature on the last sample’s category seldom discusses on experimental 

results concurring with the condition d/σ <102, which depicts impossible approximation 

between σ and d [29–33]. In that precise case, the extremely reduced d measurements 

combined with unavoidable σ values requires considering the sample’s global geometrical 
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feature with both characteristics in term of (d ≠ 0, σ ≠ 0) couple, as mentioned above. 

Accordingly, each one of them has to be simultaneously considered for a consistent sample’s 

sorting out operation. This particular situation is practically denied or eluded in the studies of 

material thin films. A solution can be found for that operation by using the sample non 

dimensional thickness to surface roughness ratio, simply named by sample geometrical ratio 

τi, expressed as 

 

                    τi = (di /σi) = (d /σ )i                            (2).    

 

In that precise case, τi appears a relevant and well adapted characteristic of each real material 

thin film. In the series, this ratio enables a safe sample’s sorting out operation, keeping or not 

the initial ordering. Ultimately, τ can serve as the only one coherent variable of p 

corresponding to the following single function 

 

                                                             p = f (τ)                                   (3).  

 

A comparison of individual sample pi values can be safely done here, which permits a study 

of p evolution in an interval of τ values. As long as σ can never be higher than d, our approach 

unambiguously demonstrates that only two options correlating d andσ can lead to a sorting 

out operation in a series of real thin films. The first one, mostly adapted to mesoscopic scale 

thick samples, uses τ as demonstrated here; the second option, more common to macroscopic 

and microscopic scale thick samples, uses d. It can thus be deduced that d is an extension of τ 

in that operation.  

By and large, sophisticate developments are praised for interpreting the evolution of thin film 

properties. We here show that the basic role of film geometrical feature is wrongly neglected 

most of the time due to some quick approximations. As reported, the impact of τ may 

markedly affect a sample p value whenever condition d/σ <102 is validated, which is not 

concretely as rare as it seems to be with real mesoscopic scale thick films [29–33]. This 

impact reflects the material feed-back under a physical field (E) effect and then it directly 

contributes to the film experimental data. Consequently, the replacement of d by τ in 

analytical expressions of p, when required, should lead to a better closeness between 

calculated and measured p values.       
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3.2. Topography and thickness of investigated Ni samples   

  

 The visible impact of Pt substrate on Ni film’s microstructure feature is provided by the 

surface topography images of Fig. 1 corresponding to the samples having the two extreme d 

and τ values, as ordered in Table 1. In both cases, the result obtained quite differs from the 

needle-like grains or local conglomerates respectively engendered by Cu and ITO substrates 

shown elsewhere [13]. The grains repartition is here more regular, their size being almost 

uniform and their global shape almost preserved all over the entire film surface. The reported 

sample’s topography images allow a rapid examination of the grain size evolution. Indeed, 

one notes in Fig. 1(b) that image magnification is performed for the smoothest sample (σ = 10 

nm) in order to enhance the visibility of the sample surface morphology. This operation 

appears here necessary to satisfactorily compare it’s microstructure with the one of the most 

disturbed surface (σ = 85 nm) of Fig. 1(a). A priori, this fact suggests that the evolution of 

grain size or surface irregularities is significantly quicker with Pt substrate.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. – 3D-AFM surface topography images of the two Ni samples having the extreme 

characteristics as shown in Table 1): a) – Sample 1 (with d = 102 nm and σ = 85 nm); b) – Sample 6 

(with d = 820 nm and σ = 10 nm).  

 

(a) 

(b) 
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The results reported in Table 1 have some common features with those observed earlier with 

the other mentioned substrates, which are mainly assigned to the film deposition technique 

involved. Although the thickness limits always differ with the substrate used, the values 

obtained here are located in the interval 102 ≤ d ≤ 820 nm, which is typical of mesoscopic 

scale thick samples (d <1 μm). Their measured surface roughness values are ranged in the 

region 10 ≤ σ ≤ 85 nm. As depicted in Fig. 2, thinner samples have the higher roughness 

values and vice versa in agreement with previous experimental observations [13]. We already 

explained that evolution by the determining role of scan rate in the dynamics of the film 

deposition process, which confirms the relevancy of (C–V) technique used for elaboration of 

smoother thick samples. The behavior of sample geometrical ratio τ versus d reported in the 

same figure provides a new feature of the film characteristic’s modification. Although τ 

regularly follows the increase of d, its evolution exhibits two different regimes in the 

investigated d values. The first one corresponds to a moderate increase of that ratio below d ≈ 

530 nm while the second step depicts a tremendous enhancement of its value beyond that 

sample thickness. As shown in Table 1, the thinnest sample leads to τ = 1.23, which evidences 

the fact that σ cannot be neglected compared to d. The ratio τ = 82.00 of the thicker sample 

implies that approximation σ <<< d is not yet acceptable although that condition is about to be 

fulfilled, knowing that τ = 100 represents our accepted minimal limit of negligibility. One 

deduces from the obtained ratio evolution that the individual role of d and σ is never identical 

for all the Ni samples of the series. The range of the reported τ values implies that σ can never 

be neglected compared to d for all our investigated samples. This result clearly justifies the 

use of our approach of sub-section 3.1 and leads to neatly sort out the Ni samples of the series 

as proposed in Table 1 referring to τ, their only one common characteristic.  

 

 

d (nm) 

 

102 

 

127 

 

160 

 

320 

 

530 

 

820 

 

 

σ (nm) 

 

85 

 

72 

 

56 

 

43 

 

25 

 

10 

 

 

τ = (d/σ) 

 

1.23 

 

1.76 

 

2.85 

 

7.44 

 

21.22 

 

82.00 

 

Samples       

order 

 

1 

 

 

2 

 

3 

 

4 

 

5 

 

6 
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  Table 1 – Thickness, roughness and ordering of the investigated Ni samples sorted out by their 

geometrical ratio characteristic (τ). 
 

              
Figure 2. – Dependence of sample surface roughness (σ) and geometrical ratio (τ) on the investigated 

Ni film thickness value (d).  
 

3.3. Study of global and local magnetic characteristics of Ni samples  

 

The significance of the ratio interval 1.23 ≤ τ ≤ 82.00 reported above confirms the fact that the 

properties of the investigated Ni samples are more correctly studied from the approach 

expressed by equation (3). In that case, τ affects all their global magnetic properties including 

the saturation magnetization (Ms), remanence (Mr) and coercivity (Hc). The role of τ is clearly 

depicted in Fig. 3 from the effect of a parallel magnetization M (H║) of the two samples 

numbered 1 (τ = 1.23) and 6 (τ = 82.00) in the applied field region -1≤ H║ ≤ +1 KOe. The 

resulting hysteresis loop of the sample corresponding to the higher ratio τ = 82.00 is more tilt 

than the one associated with τ = 1.23. This fact suggests the occurrence of some change in the 

Ni sample’s global magnetic properties within the region 1.23 ≤ τ ≤ 82.00.  
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Figure 3. – Normalized magnetization (M/Ms) versus applied parallel magnetic field (H║): hysteresis 

loops of the two Ni samples having the extreme geometrical ratio values (τ = 1.23 and 82.00). 

 

A confirmation of change is provided in Fig. 4 by the study of film’s coercivity and magnetic 

squareness S = (Mr/Ms).  The impact of the film geometrical feature induced by Pt substrate 

on the behaviour of each magnetic property is here evidenced. One sees in Fig. 4(a) that all 

the obtained S values are superior to 0.50. This experimental S = f(τ) curve profile can be 

directly and exclusively compared only with those of similar mesoscopic scale thick samples 

for which τ characteristic is also established. However, as long as d is considered as an 

extension of τ for the same material thin film taken from macroscopic till mesoscopic scale 

thick forms, the evolution of S versus τ or d has the same physical interpretation. One knows 

that higher squareness values (S > 0.50) of ferromagnetic films indicate that the sample’s 

magnetic reversal is ruled by DW nucleation and motion mechanism [34, 35]. Consequently, 

the S = f(τ) curve profile of Fig. 4(a) has the same meaning. The dependence of film’s 

coercivity Hc on τ in Fig. 4(b) depicts a regular decreasing profile which experimentally 

corresponds to the exponent law 

 

              Hc = 85.11 (τ) – 0.12                            (4). 

 

As it appears, that curve profile concurs quite well with Néel prediction law Hc = A d – n (with 

A and n, the fitting constants) assigned to ferromagnetic films for which coercivity proceeds 

from DW motion mechanism [36], as found here. Owing to the close link established above 

between τ and d, one deduces that experimental Hc = f(τ) curve of Eq. 4 describes the same 

physical property behaviour .                                       

τ = 82.00 
τ = 1.23 
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Figure 4. – Dependence of the global magnetic properties of Ni samples on their geometrical ratio:  

a) – Evolution of magnetic squareness (S=Mr/Ms); b) – Evolution of film’s coercivity (Hc).  

        

The local topography and magnetic imaging studies of the two samples corresponding to τ = 

1.23 (labelled I) and 82.00 (labelled II) are proposed in Fig. 5. Strictly the same locale surface 

zones are examined by AFM and MFM for each one of them. Their individual SPM images, 

topography and magnetic line profiles are equally drawn from the same surface. One sees 

with each of the samples that topography images of Figs. 5(a) and (c) quite differs from those 

of their magnetic phase ones of Figs. 5(b) and (d). The bright and dark dots of each image 

type have specific meanings. In the topography images, they reflect the sample’s grain height 

or size features. The bigger grains of the sample labelled τ = 1.23 (I) provide the higher and 

larger profile signals along the selected line as shown in Fig. 5(a). This somehow contrasts 

with the smaller profile signals of Fig. 5(c) linked to the sample labelled τ = 82.00 (II). Note 

that these topography profiles concur quite well with the film surface features proposed in 

Fig. 1. The bright and dark dots of magnetic phase images rather represent the electron spin 

states which respectively correspond to the repulsive (up) and attractive (down) interactions. 

The results proposed in Figs. 5(b) and (d) clearly reveal that the magnetic phase images and 

the related profile signals of the two samples are specific and do not systematically reproduce 

their topography configurations. The two magnetic phase images depict a variety of 

interconnected serpentine patterns consisted of magnetic domains (MD) and domain walls 

(DW) of different sizes. Their presence suggests that the investigated Ni films always have a 

predominant in-plane magnetic anisotropy along with a little component of out-of-plane one, 

as explained elsewhere [37, 38].   
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All the investigated sample magnetic phase images served for the determination the film 

magnetic domain size (w) using the measurement method proposed by Hsieh et al [39] and 

also Dumas-Bouchiat et al [37].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. – Local SPM analyses of Ni samples related to the two extreme geometrical ratio values: 

(I) – (a) topography image and profile; (b) magnetic phase image and profile for the sample labeled τ = 

1.23. (II) – (c) topography image and profile; (d) magnetic phase image and profile for the sample 

labeled τ = 82.00.   

(I) 

(II) 

(a) (b) 

(c) (d) 
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It should be pointed out that the dependence of w on d expressed as w = K (d1/2), with K the 

direct proportionality constant, has been proposed by Kittel for ferromagnetic films whose 

coercivity has the DW motion origin [39, 40]. In agreement with the relationship suggested 

above between d and τ, we here test the real w dependence of Ni samples with respect to (τ1/2), 

without any modification of Ni/Pt system.   

Figure 6. – Dependence of the investigated Ni samples magnetic domain size (w) on their 

geometrical ratio (τ). 
 

 

The corresponding curve proposed in Fig. 6 clearly shows a dependence obeying the law  

 

             w = 147 f (τ1/2)                           (5)   

 

with K=147, whose profile is quite similar to the one expected from the mentioned Kittel w = 

f(d) prediction. Indeed, the straight line feature obtained for the large beginning part of this 

curve depicts a proportionality previously reported in the study of the w = f (d1/2) curve profile  

of Ni and Co samples [36]. One deduces from the present result that the use of d or τ keeps 

unchanged the linear dependence of w magnetic property, which confirms the common role 

played by each one of these two film geometrical characteristics. The deviation from the 

straight line zone reported at (τ1/2) ≈ 4.60 has been also observed with w = f (d1/2) curves and 

assigned to some changes in the sample’s magnetic patterns [34]. The same phenomenon is 

then likely to be the origin of the mentioned modification.  
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3.4. Magnetic microstructures evolved in Ni nanostructured films  

 

 The behavior of ferromagnetic sample’s global and local magnetic characteristics is 

determined by their magnetic microstructure’s types. As observed above from the studies of 

Ni samples surface morphology and magnetic properties, Pt deposition substrate is expected 

also to impact the Ni sample’s magnetic microstructures. By and large, their types are 

examined from the film magnetic properties for which thickness has a prominent role. The 

influence of roughness in that matter got a late attention while the combined contribution of 

thickness and roughness, as proposed in the present work, still remains poorly investigated. 

Regarding our particular mesoscopic scale thick Ni sample’s category, the study requires 

considering the dependence of their magnetic properties on τ, as shown above. This study is 

here deduced from the well adapted analytical treatment devoted to relative or normalized 

characteristics of ferromagnetic samples detailed elsewhere [11]. This treatment is based on 

the behavior of the film’s normalized magnetic properties, referring to unit film thickness 

versus normalized film roughness (σ’= σ/d), which corresponds to reciprocal non dimensional 

geometrical ratio (τ -1) of the present approach. Magnetic microstructure types are then 

directly correlated to evolution of normalized coercivity (Hc’) and magnetic domain size (w’). 

In that case, the re-written film normalized magnetic domain size (w’=w/d) corresponds to 

 

                                                       �� = � � ��	  
��
�� � � �����/�

                         (6) 

 

where EDW represents the domain wall (DW) surface energy; N, the demagnetizing factor; K1, 

the in-plane anisotropy constant and Ms, the saturation magnetization. Due to DW nucleation 

and motion mechanism of the investigated Ni samples, their normalized coercivity (Hc’ = 

Hc/d) is expressed as    

 

                         ��′ = �
���

�� ��
�� +    ��

� + ���� ���


�� ����  ! "#�$ %&�              (7) 

 

with δ’ the normalized DW thickness, Kv and A being respectively the in-plane volume 

anisotropy and the exchange constants.  
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Figure 7. – Dependence of the normalized magnetic domain size (w’) of the investigated Ni samples 

on their reciprocal geometrical ratio (τ -1). 
 

The reported experimental result of figure 7 shows that the samples w’= f (τ -1) curve profile 

exhibits two different regimes depending on (τ -1) region. A regular increase of w’ is observed 

below (τ0 -1) ≈ 0.35, which is followed by a stabilization onset located beyond that value. The 

study of the samples Hc’ versus (τ -1) proposed in figure 8 depicts an opposite curve profile 

since a moderate increasing regime of Hc’ value precedes an abrupt enhancement of that 

property occurred also at (τ0 -1) ≈ 0.35 or τ0 ≈ 2.86. One deduces from both resulting curve 

profiles that different magnetic microstructure types evolved both side hands of (τ -1)0 value.  

In the frame of the analytical treatment considered, evolution of (w’) or (Hc’) with respect to 

(τ -1) provides a signature of the active magnetic microstructure type. The abrupt increasing 

trend of w’ obtained below (τ0 -1) in Fig. 7 is interpreted as the contribution of Bloch magnetic  

domain (MD)B. The increasing trend of Hc’ is rather assigned to the Néel domain walls (DW)N 

activity. The moderate increasing regime of this property at the same (τ0 -1) region reported in 

Fig. 8, can thus be consistently explained by the simultaneous contributions of (DW)N and 

Bloch domain walls (DW)B, the last type being gradually replaced by the first one. According 

to the same treatment, the marked increase of w’ versus (τ -1) is a signature of active (MD)B 

while its decrease is associated with Néel magnetic domain (MD)N. Consequently, the 

moderate increase of w’= f (τ -1) curve profile towards a plateau as obtained beyond (τ -1)0 in 

Fig. 7 can be assigned to the presence of both magnetic domain types. The reported 

stabilization onset of w’ in the same figure hence corresponds to an attenuation of (MD)B 

activity which is gradually replaced by an enhanced role of (MD)N type. The marked increase 
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of Hc’ in the same (τ -1) region, as shown in Fig 8, can then be exclusively ascribed to the only 

one role of (DW)N type. 

 

Figure 8. – Dependence of the normalized coercivity (Hc’) of the investigated Ni samples on their 

reciprocal geometrical ratio (τ -1). 
 

 

4. SUMMARIZE AND CONCLUSION  

      

Due to the unavoidable interconnection of thickness d and roughness σ resulting from thin 

film growth process, the study of nano-structured samples’ magnetic properties is problematic 

when condition (d/σ)<102 is fully validated. Defining a new film non dimensional geometrical 

ratio τ = (d/σ) is prerequisite in that case in order to sort out the specimens of a sample’s 

series. That ratio safely serves as a consistent variable for the study of these properties which 

can be expressed in a general single function form p = f (τ). That new approach is 

experimented here for studying coercivity (Hc) and magnetic domain size (w) of Ni 

electrodeposits for which the condition (d/σ) <102 is clearly fulfilled. When τ substitutes d, the 

results obtained with both properties are in agreement with theoretical predictions, implying 

that τ is equivalent to d and then well-adapted to the real geometry of investigated samples. 

Updated normalized treatment applied to these Ni films shows a discontinuity in the 

magnetism of these samples at τ0 ≈ 2.86. Below (τ0 -1), Bloch magnetic domains (MD)B 

coexist with mixed domain walls (DWN + DWB) while Néel domain walls (DW)N are 

associated with mixed magnetic domains (MDB + MDN) beyond that critical value. This 

preliminary contribution unambiguously reveals that τ concurs quite well with the study of 
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ferromagnetic samples for which approximation between d and σ is impossible. An 

appropriate use of τ in theoretical analyses is expected leading to more accurate results in 

better closeness with experimental data. In the light of the present approach, examination of 

different ferromagnetic material thin films remains the main concern of next investigation 

steps aims at confirming the real practical interest of the present proposal. 
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