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Abstract 

Bit Patterned Media (BPM) recording is one of the potential means of reaching areal 

densities of 4 2bit /T in  in hard disk drives. However the non-planarity of bit patterns on a 

disk can lead to a change of the slider’s flying performance compare to that on a traditional 

“smooth” disk, especially when the bit pattern types on the data zones and servo zones are 

different. In this investigation, the bit aspect ratio (BAR) and pattern arrangement effects 

are studied and found to be minimal. A slider’s dynamics across a servo zone with various 

kinds of pattern designs are also studied. The simulation results indicate that the slider’s 

flying attitude depends on the servo pattern area ratio, pattern height, servo zone 

circumferential length and servo pattern array. 
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Introduction 

In BPM recording an individual recorded bit is stored on distinct nano-scale magnetic 

islands in order to overcome the thermal stability problems caused by continuously 

increasing the areal density in hard disk drives. Several numerical techniques have been 

proposed to solve the slider’s flying attitude on small-scale surface textures. Mitsuya et al. 

[1-3] studied the effects of two-dimensional roughness on the slider’s flying characteristics 

using an averaged Reynolds equation. Jai [4] and Buscaglia et al. [5] used a 

homogenization method based on a double-scale approach to solve the hard disk problem 

with a rough slider and a rough disk. 

Several works have been reported on the slider’s flying characteristics over a BPM 

disk. Gupta et al. [6] applied the Homogenization method to simulate the static problem of 

the head disk interface (HDI) with a BPM disk. Li et al. [7] investigated the flying 

characteristics of air bearing sliders over BPM disk using direct simulation. Li et al. [8] 

used the direct simulation Monte Carlo method to study the head/disk interface with BPM. 

Knigge et al. [9] performed experiments on a disk with a half flat zone and a half patterned 

zone. 

Recently, some works have been reported considering the pattern type difference on 

data and servo zones. Li et al. [10] identified the Taylor Expansion Homogenization to be 

an economical and accurate method for studying a slider dynamics on a BPM disk with 

identical or different pattern types on the data and servo zones. Hanchi et al. [11] 

investigated the impact of discrete track pattern orientation shift at data-servo transitions on 

air bearing dynamic flying stability. The dynamic characteristics of a slider flying over 

various servo patterns were studied in Li et al. [12].  



In this work the Bit Aspect Ratio (BAR) and bit pattern arrangement orientation effects 

on a slider’s flying attitude are investigated numerically. The impacts of the bit pattern 

types that define the configuration of the servo zone are also studied, including the pattern 

area ratio, pattern height, servo zone circumferential length and servo pattern array.  

 

  Numerical Modeling 

The model of a slider flying on a BPM disk which is defined as uniformly distributed 

cylinders on a flat disk is show in Fig.1. The bit pattern parameters are shown in Fig.2, in 

which h is the pattern height, p is the wavelength and d is the diameter. So the area of one 

bit island is πd
2
/4.  

Bit aspect ratio (BAR) is defined as the ratio of the track pitch W and bit cell length L. 

Fig.3 is a regular BPM model with a BAR of one. For higher BAR, there are two kinds of 

models: one has a fixed bit pattern size (Fig.4) which is the same as BAR of one and the 

other has a fixed bit cell ratio in the width and length directions (Fig.5). For the pattern 

arrangement effects we study two kinds of pattern arrangement models: the first one is 

shown in Fig.6, and the second one has a parallelogram pattern arrangement (Fig.7).  

 

  

Fig. 1 Model of  a slider flying on a BPM disk Fig. 2 Parameters of  BPM 
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Fig. 3 Regular BPM model with BAR=1 Fig.4  BAR model I 

 

               

Fig.5 BAR model II 
Fig.6   pattern arrangement model I 

 

 
 

Fig.7  Parallelogram pattern arrangement (model II) Fig. 8 Femto slider design used in this investigation 

 

The femto-sized slider (0.85mm×0.7mm×0.23mm) used in this study is shown in Fig.8. 

The minimum flying height of this slider flying over a smooth disk is about 11.5 nm.  

In the next section we first investigate the bit aspect ratio and bit pattern arrangement 

effects on a slider’s flying attitude using the Taylor Expansion Homogenization method 

Track direction 



[10]. After that the slider’s flying condition when experiencing transitions between data 

zones and servo zones is also studied. 

 

Simulation results and analysis 

Bit aspect ratio and bit pattern arrangement effects 

The slider’s flying attitude on BPM disks with the above two different bit aspect ratio 

models (Fig.4 and Fig.5) is shown in Fig.9. In Fig.9(a), we increased the BAR but fixed the 

bit size (BAR Model I) while in Fig.9(b), we fixed the bit cell ratio (BAR Model II), but the 

pattern area ratio was kept the same for both cases. It shows that the minimum spacing 

decreases slightly as the BAR increases for the slider we studied. But the decreases are very 

small for both cases.   

Fig.10 shows a comparison of the slider’s flying height when it flies on two different bit 

pattern types, which were shown in Fig.5 and Fig.6. It indicates a negligible difference when 

the slider is flying on these two patterned model disks.  Fig.11 is a comparison of the slider’s 

flying heights on a rectangular pattern (Fig.3) and a parallelogram pattern (Fig.7) at three 

different radial positions. It shows that the two pattern types lead to almost the same result.  

From these results we conclude that the BAR and bit pattern arrangement effects are very 

small on the slider’s flying attitude. So these pattern designs can be the choices for the 

pattern type on data zones or servo zones in order to reduce the transition oscillation.  The 

result of one of these applications can be found in Fig.12 which shows the slider’s minimum 

flying height response when it experiences transitions between data zones and servo zones. 

These two zones have different pattern arrangements but the same pattern height. The pattern 



types on the data zones are rectangular (Fig.3) and parallelogram (Fig.7) on the servo zones. 

Fig.  12 shows that the oscillations are negligible during transitions. 
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Fix bit size, Area Ratio=0.12

(a) 
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Fix bit cell ratio, Area Ratio=0.12

(b) 
Fig.9  Slider’s minimum spacing from disk top surface as a function of the BAR 
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Model in Fig. 5

Model in Fig. 6
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square arrangement

parallelogram arrangement

Fig.10  Slider’s flying height on two bit pattern types 

shown in Fig.5 and Fig. 6  

Fig.11  Slider’s flying height on two bit pattern types 

shown in Fig.3 and Fig. 7 

                      

Fig.12 Slider’s transitions between data zones and servo zones which have different pattern arrangements  
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Transition between data zones and servo zones 

Fig.13 is a schematic diagram of a slider flying at the transition between a data zone 

and servo zone. We assume the servo zone is composed of six blocks (listed in Table 1): 

sync/ automatic gain control, servo address mark (SAM), cylinder (gray), sector, bursts and 

post amble. The cycles of bit pattern and degrees for each block are also listed in the table. 

In our previous study [10] we investigated the slider’s flying attitude when it 

experiences transitions between data zones and servo zones which have different pattern 

heights or pattern area ratios, and we found the slider-disk spacing increased and decreased 

periodically. Here the slider’s flying height response when flying from a data zone to a 

servo zone and then back to a data zone is simulated in order to study the slider’s flying 

attitude change in more detail when the servo zone bit patterns are different, for example, 

different pattern area ratio, pattern height, and servo zone length. 

 

Fig.13 A slider flying at transition between data zone and servo zone  

Table1. Servo zone configuration (6 blocks) 

 

Index of block 1 2 3 4 5 6 

Servo zone  

configuration 

Sync/Automatic 

gain control 

Servo address 

mark (SAM) 

Cylinder 

(gray) 

Sector 

 

bursts  

A B C D 

Post 

amble 

Cycles of bit pattern 53 21 10 5 192 11 

Degrees 0.0858 0.0340 0.0162 0.0081 0.3111 0.01782 

 



     Fig.14 shows the slider’s flying height response on servo zones with pattern height 3 nm 

and pattern area ratios of 0.25 and 0.5. The pattern area ratio is 0.1 on the data zones for all 

the following cases. One sees that the maximum flying height, which is defined as the 

flying height at the peak point, as well as the flying height oscillation during the transition 

increase with the increase of the pattern area ratio. This is easy to understand since the 

slider’s flying height increases with the increase of pattern area ratio according to [10]. 

Fig.15 shows the slider’s flying height response on servo zones with pattern heights 3 and 6 

nm and pattern area ratio 0.5. It shows that the maximum flying height decreases with the 

increase of the pattern height, but the flying height oscillation increases as the pattern 

height increases. Fig.16 shows the slider’s flying height response over two servo zones 

with different circumferential lengths (one is twice the other). From this result one can see 

that both the maximum flying height and flying height oscillation increase with the increase 

of servo zone length. 
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Area Ratio=0.25
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Fig.14 Comparison of minimum flying height when servo zones have pattern area ratios 0.25 and 0.5 

Pattern Height =3 nm 
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Fig.15 Comparison of minimum flying height when servo zones have pattern heights 3 and 6 nm  
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Fig.16 Comparison of minimum flying height over two servo zones with different circumferential lengths 

 

For all the above cases we assumed the pattern types on the six blocks of the servo 

zone are the same. We also investigated cases when the pattern types are not the same for 

the six blocks. The three servo zone designs we studied are shown in Table 2. The slider’s 

flying height responses on these servo zones are shown in Fig.17. Fig.17(a) compares the 

Pattern area ratio=0.5 



results for the first two cases. The color bars under the flying height response curves show 

the position of the slider’s trailing edge: red indicates the slider’s trailing edge is on the 

data zone; green means it is transferring between a data zone and servo zone; the other 

colors indicate the transitions between different blocks of the servo zone. The numbers 

under the amplified color bar are the cycles of bit pattern for each block. From Fig.17(a) 

one can see that the minimum flying heights begin to show a difference when the slider’s 

trailing edge is still on the data zone. That’s because at this moment the other part of the 

slider has already transferred to the servo zone and the pattern area ratios are different for 

these two cases.  The flying height difference increases as the slider moves more to the 

servo zone until the slider’s trailing edge has transferred to the fifth block since the pattern 

area ratio is the same on this block for the first two cases. Oscillation occurs when the 

slider is transferring from the servo zone back to data zone. Fig.17(b) shows the 

comparison of the first and third cases. The minimum flying height difference is very small 

when the slider’s trailing edge is on the first four blocks, while the difference begins to 

increase when it transfers to the fifth block since the pattern area ratios are different on the 

last two blocks for these two cases. 

 

Table 2.  Three servo zone designs 

 

Block index 1 2 3 4 5 6 

Type I  AR=0.5 AR=0.5 AR=0.5 AR=0.5 AR=0.5 AR=0.5 

Type II AR=0.25 AR=0.25 AR=0.25 AR=0.25 AR=0.5 AR=0.5 

Type III AR=0.5 AR=0.5 AR=0.5 AR=0.5 AR=0.25 AR=0.25 

 



 

                                                (a)                                                                                   (b) 

Fig.17 Minimum flying height responses over three servo zone designs 

 

Conclusion 

In this paper we investigated the BAR and bit pattern arrangement effects on the 

slider’s flying attitude and found that both of them have very small effects. So the bit 

pattern designs with different BAR or bit pattern arrangement can be used on different 

zones of the disk in order to reduce the transition oscillations.  

The slider’s flying height response is different when the servo pattern area ratio, 

pattern height, circumferential length or pattern array on six blocks are different. The 

maximum flying height on the servo zone increases with increases of the servo pattern area 

ratio and servo zone length, but decreases with the increase of pattern height. The flying 

height oscillation increases with increases of the servo pattern area ratio, pattern height or 

servo zone length. 
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