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Abstract 
A new way to characterize asperities on metallic surfaces at the nanometer 
scale is proposed. Asperities are often treated using conventional statistical 
descriptors such as average and root mean square roughness, which do not 
provide adequate mechanistic insight into surface defect formation and mi-
tigation. The new rationale revolves around developing a mathematical de-
scription of the evolution of the area occupied by asperities at each height 
slice on a topography image, with direct implications on how asperity in-
stances are tracked and their risk of breakage leading to potential exposure 
and degradation of the metal surface upon thermo-mechanical stresses dur-
ing the operation of read/write heads is assessed. The technique was shown 
to be disruptive by surpassing all other surface quality metrics, such as con-
ventional roughness and static area % asperity at 0.5 nm height, in its ability 
to statistically differentiate surfaces coming from various manufacturing 
process iterations tailored to produce different surface conditions in the hard 
disk drive industry. A theoretical formulation proposing that the static as-
perity technique is fundamentally insufficient, is presented and validated ex-
perimentally.  
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1. Introduction 

Hard disk drives (HDD) are widely known for their large storage capacities and 
relative affordability compared to solid state devices and are placed centerstage in 
the data-driven world. HDD manufacturing involves intricate processes and 
stringent quality control measures while ensuring reliable performance and high 
data integrity. The head-media interface, where a slider that carries the read/write 
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head elements flies several nanometers distant from the media at high speeds, 
concentrates most failure modes that impact HDD reliability such as thermal 
asperities, corrosion, and scratched media [1] [2] [3]. Thermal asperities refer 
more generically to surface obstructions that cause localized contact between 
head and media and generate heat leading to further surface wear and degrada-
tion. Corrosion can take place on either head or media, or on both, often be-
cause of exposing the bare metals to air under thermal-mechanical stresses asso-
ciated with flying the head against the media. Scratched media obviously creates 
tall ridges that come into contact with the head during drive operation. Head 
scratches are also common, but whether they will cause failure often depends on 
whether they pass through critical device components. All these failure mechan-
isms often initiate upon contact with foreign objects such as dust/contamination, 
hard and/or embedded particles, but may also be related to intrinsic manufac-
turing defects such as bumps and rough surfaces. 

To improve areal density or write/read performance at the smallest possible 
bit size on the media, the head/media spacing is further reduced upon applying a 
controlled, thermally induced deformation of the read/write elements during 
read and/or write operations [4]. Head and media are coated with an ultra-thin 
(<2 nm) diamond-like carbon (DLC) film that helps preserve the elements 
both chemically and mechanically throughout the lifetime of the HDD [5] [6]. 
Head and media top surfaces are also separated by a thin lubricant layer. The 
read/write block of a magnetic head is shown in Figure 1 by Atomic Force  
 

 

Figure 1. AFM image of the read/write block of a magnetic head, revealing nano-scale 
roughness on the NiFe shield surfaces. Reader and writer elements are too small to be 
shown in the image, and only their approximate locations are indicated. The x axis paral-
lel to shields and the y axis perpendicular to shields have um units, whereas the z axis is 
the z-height of the AFM scan, in nm units. 
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Microscopy (AFM) topographic image, where it is obvious that surfaces are not 
atomically flat but instead have various degrees of roughness. The reader sensor 
stack and the writer pole are less than 50 and 300 nm across, respectively, when 
looked from a top-down perspective, while most of the read/write block surface 
is dominated by parallel, rectangular NiFe shields. The shields around the reader 
are made of electroplated (Ni-rich) Ni80Fe20 permalloy with high magnetic per-
meability and low coercivity to assure the reader sensor detects only the mag-
netic field from a single bit transition in the disk at a time [7] [8]. The writer 
pole has a wrap-around structure to help generate a strong and precise magnetic 
field that effectively alters the magnetic state of the disk's surface during the data 
writing process. However, the larger portion of the writer block is made of a 
high magnetic moment (Fe-rich) Ni20Fe80 alloy which functions as the return 
pole for the parallel magnetic recording writer device [9]. Although in the head 
manufacturing process NiFe surfaces are subjected to lapping, chemical/me- 
chanical cleaning and plasma etching to produce smooth, clean surfaces, the 
Ni20Fe80 shield material is even more prone to localized corrosion, degradation, 
and surface roughness increase over time due to its higher Fe content compared 
to the reader shield. 

In the context of reader and writer shields, which account for almost the total-
ity of the bearing area in proximity with the disk during read/write operations, 
shield asperity can be quantitatively defined as the area % of material at a given 
height slice of an AFM topography scan, which means at least one asperity in-
stance would exist with that specific, minimum height, sticking up from the sur-
face. For example, one can define area % at the 0.5 nm height slice as shield as-
perity metric, which translates to the relative amount of asperity area equal or 
higher than 0.5 nm at that surface with respect to the mean topography. In ex-
treme cases where higher asperities are expected, such as when developing lap-
ping and/or plasma etch recipes that define the nano-scale topography at writer 
and reader elements, for example, higher slices such as 1.0 nm can be utilized to 
make sure tall asperities are also tracked, taking into consideration they legiti-
mately pose higher quality risk to the magnetic head. Arguably, such view of as-
perity can only be interpreted in conjunction with established surface topogra-
phy descriptors [10] such as average roughness (Ra), or the arithmetic mean of 
the absolute values of the height, and root mean square roughness (Rq), or the 
mean squared absolute values of the surface roughness profile. Rq is more sensi-
tive to peaks and valleys than Ra due to the squaring of the peak amplitudes. 
Other common descriptors can also be readily derived from the AFM scan, such 
as waviness, maximum height, and maximum valley depth, but these as well as 
the other conventional surface descriptors will not flag the existence of (tall) as-
perity entities as defined earlier. The focus on area % asperities at a certain 
height relates to the fact that a tall asperity instance will potentially be in contact 
with the disk before the rest of the surface, leading to breakage and exposure of 
the bare metal underneath, thus increasing the risk of subsequent surface degra-
dation, as illustrated in Figure 2. Oxidation of the metal substrate creates localized  
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Figure 2. Breakage of tall asperity instances leading to exposure of bare metal, oxidation, 
and shield degradation. 
 
volume expansion and subsequent, cascading damage to the DLC layer. These 
effects are amplified by the continuous need to decrease head-to-disk spacing to 
enable higher capacity drives, which is often achieved by a combination of thin-
ner DLC layers and lower flight heights that dramatically increase the risk of 
contact. Thinner DLC means less coverage of ridges formed by tall asperities, as 
well as overall higher risk of oxygen diffusion into the Fe-rich alloy even without 
film breach [11]. Tall asperities also have a higher tendency to pick up lubricant 
and contamination, potentially increasing the flight height and decreasing HDD 
performance. New HDD technologies designed to increase areal densities and 
storage capacities per platter, such as heat-assisted magnetic recording (HAMR) 
[12], may impose even more stringent requirements with respect to surface flat-
ness and shield asperities, and as a result the asperity problem will continue to be 
relevant in the future of the HDD industry. In the present study, the conven-
tional understanding of shield asperity characterization is revisited and con-
fronted with a novel, potentially disruptive rationale. 

2. Materials and Methods 

The samples used in this study are actual magnetic heads that underwent a va-
riety of different process steps to intentionally produce various NiFe surface 
conditions in terms of asperities. It is important to disclose that the intent is to 
produce different surface conditions to evaluate different asperity characteriza-
tion methods. Detailed information of process parameters is out of the scope of 
the presence study, and instead only a high-level guide of the implications of 
each different process on the surface condition is listed below and discussed 
throughout the text where applicable. 

The final processes that define the surface condition of a magnetic head with 
respect to roughness and asperities are chemical/mechanical cleaning (post lap-
ping), ion-beam etch (IBE), and subsequent DLC film deposition. The DLC is 
produced via the filtered cathodic arc (FCA) process [9]. The samples used in 
this study can be grouped as follows: 
 DLC thickness: DLC1 < DLC2 < DLC3; DLC4 is a thinner film with different 

carbon properties not related to the others. 
 IBE: This process is intended to remove native oxides from the prior lapping 

and cleaning step. IBE2 uses Ar-O plasma and is expected to produce rough-
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er NiFe surfaces compared IBE1. 
 CLEANING: This group has four sub-groups permutating between two dif-

ferent post-lapping/cleaning processes and two target removals of oxide layer 
i.e. REM High/CL2, REM Low/CL1, REM Low/CL2, and REM High/CL1. 

 VOLTAGE: This group has three sub-groups with different IBE voltage levels 
i.e. IBE-V High, IBE-V Low, and IBE-V Med. This group is different from the 
IBE group above, since only the voltage itself is varied, whereas the IBE group 
uses a combination of incidence beam angle, etch time and voltage to deliver 
widely different surface conditions. 

All the experimental data in this study consists of AFM scans on the NiFe 
writer shield that includes the writer pole. The data was acquired using a Park 
Systems XE series AFM tool in non-contact mode. The scan size was 1.0 μm × 
1.0 μm, with a down-track resolution of 2048 pixels. The AFM scans are levelled 
using well known procedures. All subsequent data analysis, shown in this ma-
nuscript, derive solely from the acquired/leveled data matrix from the AFM. A 
custom-made Python script was coded by the author to automatically produce 
the height slice analysis and modeling, which will be described in detail on the 
next section, as well as conventional roughness analysis. Here, the concept of a 
height slice consists of all the material present at and above a given height on the 
topography derived from an AFM scan. For example, a 0.7 nm asperity instance 
would be visible at the 0.5 nm height slice but would not be visible at the 1.0 nm 
height slice. The area % occupied by that material at that height slice can be 
measured, for example. Mathematical simulations were also implemented in Py-
thon. Asperities and roughness results were consolidated comparatively using 
SAS JMP software. 

3. Results 
3.1. Shield Asperities Characterization Methods Compared 

The area % asperities approach at a fixed height slide is illustrated in Figure 3. 
The standard AFM topography scan of the writer pole and surrounding writer 
shield is shown in Figure 3(a), where the brighter the appearance the taller the 
corresponding surface feature with respect to the mean surface. Figure 3(b) is 
the 0.5 nm height slice, where in yellow are only the asperities equal or higher 
than 0.5 nm. The area % of asperities corresponding to this height slice is ~3.1% 
and, based on the fixed area % definition, this is the metric that will differentiate 
between a “good” and a “bad” surface with respect to asperities i.e. the higher the 
area % value at a fixed height slice the worse the surface. Figure 4(a) shows, for 
the same writer shield shown in Figure 3, a few additional height slices 
representing the full stack of height slices up to 0.5 nm, plus the 1.0 nm slice for 
comparison, which is a more dynamical picture of the area % asperity evolution 
with height slice. In this case there was significant decrease in asperities area % 
between 0.2 nm and 0.4 nm, and only two or three very thin asperity instances 
are higher than 1.0 nm, barely detectable. These taller asperities are much higher  
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(a)                                 (b) 

Figure 3. (a) Original AFM topography image. (b) For the same AFM scan, the area % of 
asperities at the 0.5 nm height slice (~3.1%). Image size is 1.0 μm × 1.0 μm. 
 
than the V-shaped writer pole device, which also stands out from the surface. 
Other surface features such as lapping scratches decreased rapidly within the 
first height slices and are no longer visible at the 0.5 nm slice. The complete 
evolution of the area % asperities with discrete height slice steps of 0.02 nm is 
shown on the plot in Figure 4(b), confirming the semi-quantitative inferences 
made for Figure 4(a) and providing a much more thorough description of the 
surface. The asperity decay with height slice plot can be modeled with a logistic 
decay fit [13] of the form (Equation (1)): 

( )
1 e bx

cf x
a −=

+
                       (1) 

In Equation (1), a (a > 0), b (b < 0 is the decay rate) and c (c > 0) are fitting 
parameters that will be explored throughout this study. The model is derived 
from the Verhulst-Pearl equation of population growth over time (when b > 0), 
except in this case it refers to a decay with parameter b assuming negative values, 
and the decaying population is that of asperities at a given height slice x. As the 
model describes processes that exhibit initial rapid decay followed by a slower 
decline until reaching a stable minimum value, the first approach was to use the 
decay rate b to parameterize the risk of asperity breakage i.e. the faster the asper-
ities transition from a high area % (strong bearing area) to only a few instances 
sticking up against the disk, as the HDD operates, the less robust is the NiFe 
shield with respect to asperities. Other permutations using a, b and c were eva-
luated. One of them was related to the initial bearing area at x = 0 i.e. c/(1 + a). 
Since c does not carry any significant meaning for decay curves (for growth 
curves this is called carrying capacity i.e. the function approaches c as x goes to 
infinity), the logical path is to combine only the denominator (1 + a) with b as a 
multiplying factor i.e. b(1 + a). 

The asperity area % at a given height slice is static and deliberate (Figure 
3(b)). The new rational attempts to provide a dynamical view of asperity, start-
ing from the tallest asperity instances first in contact with the disk and ending at  
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(a) 

 
(b) 

Figure 4. (a) A few discrete height slices for the same AFM scan of Figure 3. (b) Evolution of the area % asperities as a function 
height slice with 0.02 nm step. The curve was fitted with a logistic decay model. 

 
the NiFe surface roughness and waviness including scratch marks (Figure 4). 
Using experimental values for a, b and c in Equation (1) after fitting the logistic 
decay model for all samples utilized in this study, as well as the grand mean of 
area % at 0.5 nm height representative of all samples equal to ~4.6%, it is possi-
ble to simulate infinite surfaces that pass through the x = 0.5 nm, y = 4.6 area % 
point. This analysis, shown in Figure 5(a) and Figure 5(b), suggests that the 
static asperity definition is fundamentally insufficient to describe the nature of 
surface asperities and its relation to quality risk, since any static measurement of 
asperities (i.e. fixed slice height) can represent a multitude of surfaces with vari-
ous risk levels based on either b or b(a + 1). To illustrate this analysis, the slices  
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(a) 

 
(b) 

    
(c)                                 (d) 

Figure 5. (a) Simulation of infinite surfaces that pass through the x = 0.5 nm, y = 4.6 
area % point based on the logistic decay model. (b) Same curve zoomed in. (c) and (d) 
have the same area % asperities at the 0.5 nm (~3.1%), but (c) had the overall asperities 
artificially decreased and six rectangular asperity instances were added to the top part of 
the NiFe. Image size is 1.0 μm × 1.0 μm. 
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shown in Figure 5(c) and Figure 5(d) have the same area % asperities at the 0.5 
nm (~3.1%), but the one on Figure 5(d) had the overall asperities artificially de-
creased by an arbitrary factor and subsequently six rectangular (for simplicity) 
asperity instances were added to the top part of the NiFe. Based on the static as-
perity definition, those two surfaces would have the same quality risk, although 
the one on Figure 5(d) is clearly more prone to damage upon contact with the 
disk than the one on Figure 5(c) due to the tall asperity instances (artificially) 
added to the surface. As the overall shield topography analysis would also take 
into consideration roughness (Ra and Rq), the surface shown in Figure 5(c) 
would be considered flatter compared to the one on Figure 5(d), further com-
promising the risk assessment correctness. 

3.2. Applying Different Rationales Comparatively on Different  
NiFe Surfaces 

Ra and Rq roughness metrics for all samples utilized in this study are shown in 
Figure 6(a) and Figure 6(b). Student’s statistical parameter was used to quantify 
the extent of statistically meaningful separation between the sample groups with 
respect to roughness. The more separated the circles the more statistically dis-
tinguishable are the groups from one another. DLC2 and IBE1 have distinctively 
lower asperity levels. DLC4 and IBE2 have higher roughness levels, but the dif-
ferences are not so significant. There are inconsistencies between Ra and Rq, the 
most significant being for the CLEANING group which has higher roughness 
with respect to Rq but lower roughness with respect to Ra. The roughness analy-
sis is somewhat insufficient to clearly differentiate sample groups that are ex-
pected to show clear differences, which leads to the reasoning that the asperity 
analysis is critical to understanding surface conditions. Figure 7 shows the com-
parison between the static asperity definition and the dynamical rationale, here 
represented by both the fitting parameter b and the combined b(1 + a). It is im-
portant to note that the asperity area % at the 0.5 nm height slice brings better 
differentiation between the groups compared to Ra and Rq, also addressing the 
distinctiveness of the CLEANING group, for example, which was poorly defined 
from the roughness perspective alone (Figure 6). However, the static asperity 
definition does not distinguish the various sample groups as effectively as either 
b or b(a + 1) from the logistic decay fit. The b parameter does not perform so 
well for the first group on the left of Figure 7(b), but clearly shows less variabil-
ity among samples of a same group. This improvement is even better for b(1 + a) 
in Figure 7(c), where the parameterization resolves differences between groups 
even more evidently. This result suggests that the curve fitting approach is less 
sensitive to localized variations between samples within the same group repre- 
senting any given surface or manufacturing process, thus capturing the true, 
representative features of each surface group. The data also reveals that the DLC 
thickness has a smaller effect to the NiFe surfaces studied, with the DLC2 group 
standing out with less asperities and/or risk associated with asperities. This re-
sult suggests that the DLC3 group, although having a thicker DLC film, may 
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have undergone unintentionally a more aggressive plasma etch exposure, here 
assigned to natural process variation. IBE1 and IBE2 groups are the most statis-
tically separated pairwise, which is expected since different etch recipes can strong-
ly change the metal surface [14]. It is postulated that non-uniform oxidation of 
the original surface prior to IBE leads to preferential etching of those more oxi-
dized spots, exacerbating the non-uniformity and surface roughness (and asperi-
ties). Here it is important to note that both oxidation and etching creates a mag-
netically dead layer either by damaging the atomic (NiFe) lattice or by replacing 
it with oxides, or both. At the nano-meter scale, the altered surface will have 
lower density than the bulk. 
 

 
       (a) 

 
       (b) 

Figure 6. (a) Ra and (b) Rq roughness measurements for all samples. 
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(a) 

 
(b) 

 
(c) 

Figure 7. Asperity metrics compared: (a) static metric area % at the 0.5 nm height slice, (b) dynamical 
metric using the b parameter from the logistic decay fit, and (c) b(a + 1). 
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The CLEANING and VOLTAGE groups have a higher variability. Sub-groups 
within these groups are examined in detail in Figure 8(a) using the static asper-
ity definition and in Figure 8(b) using the parameterization b(a + 1). The low 
IBE voltage samples have evidently poorer surfaces compared to mid and high 
voltage samples. The new rational resolves these groups more effectively com-
pared with the conventional definition. Using b(a + 1), it is possible to, at least 
marginally, suggest that the high voltage sub-group has the best NiFe surface. 
This further validates the usefulness of the new rationale in designing IBE recipes  
 

 
(a) 

 
(b) 

Figure 8. Sub-groups within the CLEANING and VOLTAGE groups are examined in 
detail using (a) the static asperity definition and (b) the parameterization b(a + 1). 

-1

0

1

2

3

4

5

6

7

8

CLEANING VOLTAGE

Sub-group_

Group_

Sub-group_

IBE-V High

IBE-V Low

IBE-V Med

REM High/CL1

REM High/CL2

REM Low/CL1

REM Low/CL2

-25

-20

-15

-10

CLEANING VOLTAGE

Sub-group_

Group_

Sub-group_

IBE-V High

IBE-V Low

IBE-V Med

REM High/CL1

REM High/CL2

REM Low/CL1

REM Low/CL2

https://doi.org/10.4236/msa.2023.149029


G. P. Souza 
 

 

DOI: 10.4236/msa.2023.149029 451 Materials Sciences and Applications 
 

for HDD applications. The CLEANING group has a more complex framework 
with a mix of cleaning processes and oxide removal targets. In terms of oxide 
removal, the new asperity rational places the two high removal sub-groups REM 
High/CL1 and REM High/CL2 at the lower bottom of b(a + 1), which is consis-
tent with the goal of removing more of the oxide layer to create a flatter and 
more uniform surface. This is also in line with the observations made for the low 
vs. mid vs. high voltage sub-groups. In terms of different cleaning processes, 
none of the metrics seems to be a suitable differentiator, which suggests that the 
cleaning processes evaluated do not pose, comparatively, radically different risks. 

The results confirm that the new asperity rationale brings new light on the 
surface quality assessment, as well as can resolve differences between various 
groups and/or sub-groups of samples, highlighting differences among various 
manufacturing processes. By plotting the new rationale vs. static asperity defini-
tion (Figure 9), it is clear that at a high level the two definitions are correlated 
i.e. the higher the area % at the 0.5 nm height slice the higher b(1 + a). The cor-
relation is reasonably linear above the 2 - 3 area % asperities, with a stronger 
curvature as the asperity levels approach zero. However, when viewed in terms 
of the risk posed by a tall asperity instance, such as in the case highlighted with a 
red circle and its corresponding AFM image with a white dot near the center (a 
very tall, solitary asperity instance), compared with a relatively good surface cir-
cled in green, one can observe that both surfaces are considered to be “low as-
perity risk” using the static definition, whereas with the new rationale there is a 
clear separation between good vs. bad surfaces. The other outliers to the correla-
tion mostly follow the same logic i.e. the new rationale can detect representative 
characteristics that affect asperity breakage risk. This experimental fact validates 
the theoretical approach presented in Figure 5. 
 

 

Figure 9. New b(1 + a) vs. static area % at the 0.5 nm slice height asperity definition plot. AFM topography im-
ages for selected samples on the plot are shown on the left. Image size is 1.0 um × 1.0 um. 
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4. Discussion 

The area under the area % asperities curve fitted with the logistic decay function 
should yield the vol % asperities. Using that mathematical intuition and an inte-
gration interval of 0 - 2 nm height (and not 0 - 1 nm) to compensate for the fact 
that only asperities above the mean contribute to the area % plot, it is possible to 
obtain the approximate vol % asperities per nanometer (height). The integration 
interval also covers a reasonably broad range of slices even for unreasonably tall 
asperities, thus preventing information suppression. Figure 10 shows a plot of 
vol % asperities for all samples analyzed in the present study. Expectedly, since 
the metric derives from area %, the results show the same trend as in Figure 7. 
One potential differentiator between vol % asperities and b(a + 1) is that, in 
principle, vol % does not care about how fast any given asperity instance would 
disappear with increasing height slice, but only about the totality of volume (space) 
occupied by asperities, including short, tall, and even scratch marks, which could 
be useful for some applications such as flatness assessment and monitoring for the 
lapping process. 

Another parameter that can be extracted from each height slice is the number 
of asperities. In the present work, the computational implementation utilized 
was a Blob Detector algorithm based on The Laplacian of Gaussian formulation 
[15]. Essentially, the algorithm detects regions in the (AFM height slice) image 
that differ in color in this case yellow vs. dark blue, compared to surrounding 
regions. The evolution of the number of asperities with discrete height steps of 
0.02 nm is shown in Figure 11(a). Number of asperities can be described using a 
more complex, five-parameter logistic model [16] of the asymmetrical sigmoidal 
form (Equation (2)): 
 

 

Figure 10. Comparative plot of the vol % asperities for all samples. 
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(a) 

 
(b) 

Figure 11. (a) Evolution of the number of asperities as a function height slice with 0.02 
nm step. The curve was modeled with an asymmetrical sigmoidal fit. (b) Modeled num-
ber of asperities using the asymmetrical sigmoidal fit vs. the modeled area% using the lo-
gistic decay fit. 
 

( )
( )( )1

mb

a df x d
x c

−
= −

+
                   (2) 

In Equation (2), 2d − a is the number of asperities at the zeroth height slice, b 
is the steepness of the curve, c is the inflection point, and m is the asymmetry 
factor. This fit was chosen since it can accommodate the fact that at the first few 
height slices the number of asperities tends to be largely unchanged until the 
shortest asperities (which comprise surface roughness) start to disappear. This 
effect is evidenced by the plot of modeled number of asperities using the asym-
metrical sigmoidal fit vs. the modeled area % using the logistic decay fit, shown 
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in Figure 11(b), where it becomes evident that the number of asperities drops 
slower than area % near the mean plane (right-hand side of the plot), but as only 
a few, tall asperity instances populate the (tallest) height slices, those asperities 
will undergo rapid decrease in area % (i.e. equivalent diameter) while the num-
bers will remain relatively unchanged (left-hand side of the plot). An interesting 
insight that can be drawn from this result is that the average asperity diameter 
can be calculated by dividing the area % by the number of asperities i.e. the av-
erage diameter of each asperity instance at each height slice. With that, one can 
estimate the average aspect-ratio (i.e. height/diameter) for the asperity instances 
at each height slice, which could potentially offer an even more realistic picture 
of the risk of the asperities to fracture and expose the bare metal underneath. 
Such a plot of average aspect ratio vs. height slice is shown in Figure 12. For this 
sample, which is the one shown in Figures 3-5, the aspect ratio calculation 
breaks down as it approaches the ~1.3 nm height slice and the algorithm can no 
longer track asperity instances effectively. The discontinuity shown at the ~0.9 
nm height slice corresponds to a discrete transition into just two (possibly three) 
asperity instances with marginally small diameter. These asperities correspond 
to the highest risk entities within that area of the NiFe shield where the AFM 
scan was performed, believed to be representative of the rest of the bearing sur-
face. It is possible to add intelligence to the algorithm to track, for example, the 
evolution of the one or two highest asperity entities throughout the entire height 
profile. This would be, in many ways, equivalent to the average aspect ratio pro-
file, but just more accurate and would not change the assessment of severity level 
of surface spikes. A compromise could be made between scan speed, matrix size 
and resolution to detect more asperity instances at the risk of blurring their as-
pect ratio. As part of a quality inspection, failure analysis, and/or process devel-
opment scheme, it is crucial to define and maintain those key data acquisition 
parameters. 
 

 

Figure 12. Estimate of the average aspect-ratio for the asperity instances present at each 
height slice. 
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A final consideration for the height slice modeling technique is whether this 
could benefit other types of surfaces, such as media (disk) in the HDD industry, 
as well as outside. First and foremost, the same concern about the presence and 
risk level of (tall) asperities on a magnetic head can be directly translated to me-
dia, since at the end the head will fly over the media at very close proximity. The 
only requirement for media asperity quantification is to set up appropriate ac-
quisition parameters to cover the most possible disk area at the shortest possible 
time, and to apply the rationale including evaluating whether the same parame-
terization would be adequate (i.e. b(a + 1)) or not. The disk surface is infinitely 
larger than that of the head or the NiFe shield surface, and thus an appropriate 
sampling scheme needs to be developed for media. The same could be said to 
other industries such as automotive and aerospace including metalworking and 
machining, where surface friction is a crucial aspect of the quality and perfor-
mance of parts and of integrated systems. The optics industry, including optical 
components, lenses, mirrors, and precision instruments rely on asperity quanti-
fication to maintain high-quality surfaces, minimize scattering, and improve 
optical performance. Orthopedic implants in the medical sector where biological 
and inorganic surfaces will interact could be a potential candidate as well. In the 
consumer electronics sector, smartphones and tablets rely on high-quality sur-
faces that translate touch sensitivity and enhance user experience. Moreover, the 
type of fitting model, whether it will be a three-, four- or five-parameter logistic 
model, depends on the characteristics of the surface, although I would expect the 
methodology itself to be disruptive in the sense that it will provide additional in-
sight into manufacturing processes and failure modes related to engineered sur-
faces compared to more conventional roughness metrics. 

5. Conclusion 

This work compares conventional surface roughness metrics such as Ra and Rq 
with asperity metrics by evaluating metal shields that fly in close proximity of 
the rotating media disks. The static asperity definition based on area % of ma-
terial higher than a height threshold or slice was shown to resolve differences 
between sample groups somewhat better than conventional roughness metrics. 
A new rationale, in which the entire range of height slices from the mean surface 
to the tallest asperity instances is described mathematically, offers a more dy-
namical view of the surface condition in terms of the risk posed by a few, tall as-
perity instances to function as the bearing area on head-disk contact. The new 
idea was capable to differentiate various types of NiFe surfaces coming from a 
range of manufacturing processes adjustments, in a way that surpasses all the 
other surface descriptors analyzed. The experimental results validated a theoret-
ical approach, which was also proposed in this study. The area % asperity as a 
function of height slice was modeled with a three-parameter logistic function. 
The parameterization b(a + 1) was the most promising in terms of capturing 
process representative features and distinguishing sample groups more effec-
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tively. A vol % asperities model was also defined. In terms of sample group dif-
ferentiation, the ion-beam etch process was expectedly shown to promote the 
highest surface change, and the cleaning process the least change with respect to 
asperities. The number of asperities for each height slice was calculated using a 
computer vision algorithm and required a more complex, five-parameter model 
to fit the experimental data. With area % and number of asperities, a path was 
established to estimate and track the average asperity diameter and aspect-ratio 
for each height slice. 
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