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Abstract

Discrete track recording (DTR) is a new application technology that utilizes a separate physical storage disk with
grooves and ridges comprised of radial and circumferential direction in order to achieve higher data transfer rates and
storage densities on a hard disk drive (HDD). However, the grooves and ridges on the DTR media cause flying stability
issues. Therefore, we analyze and compare the dynamic performance of a head slider with three types of DTR media in
which different DTR parameters are defined, such as groove width and pitch. Prior to simulations, we propose the DTR
flying height (FH) loss equation which estimates a loss of FH on the DTR media using the defined DTR parameters.
The accuracy and creditability of this equation is then predicted by comparing the results of the equation to those of the
simulation. Consequently, we propose a method for designing the air bearing surface (ABS) on the DTR media using
the static performance of the ABS on a continuous track recording (CTR) along with the proposed DTR FH loss equa-

tion.

Keywords: DTR (Discrete Track Recording); DTR FH loss; Flying stability

1. Introduction

A hard disk drive (HDD) constantly requires higher
storage densities and data transfer. It is possible for a
higher track density to make narrow write/read head
elements because it depends on the write/read head
width. However, the decrease in the width of the
write/read head elements causes critical issues to oc-
cur, such as the side-fringe effect of the write head,
cross-talk from adjacent tracks, and difficulty fabri-
cating the narrow write/head. It may be possible to
overcome these drawbacks using discrete track re-
cording (DTR) technology because the bits are stored
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on single tracks that are physically separated by
grooves and ridges [1-3].

However, even though DTR technology offers
many advantages, there are still design difficulties to
consider. The flying behavior of a slider on the DTR
media is different from that on continuous track re-
cording (CTR) media due to the grooves and ridges
covering the entire recording band. The loss of flying
height (FH) and the fluctuation of a head slider when
it is in steady-state with the DTR media and that of a
head slider with the CTR media were comparatively
investigated [4-6].

In this study, we analyzed the performance of a
head slider on three types of DTR media modeled via
defined parameters using the CML air bearing simu-
lator. We determined the effect of the groove size and
area ratio on the flying attitudes of a head slider from
these results. In addition, we checked the empirical
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equation to estimate the FH loss on the DTR media
[6] and proposed an equation for the loss of FH on the
embossed pattern. Specifically, we proposed an effi-
cient simulation method which makes it possible to
check the performance of a head slider on the DTR
media. According to this proposed method, we can
design the head slider’s efficiency to improve and
satisfy the suitable range of a slider’s performance on
the DTR media.

2. Numerical methods

2.1 DTR pattern modeling

In this paper, the DTR pattern is modeled using
five parameters as a function of discrete track media
parameters, where wamp is the depth of the groove,
wthx and wpdx are the pitch and width of the
groove in the circumferential direction, respectively,
and wthy and wpdy are the pitch and width of the
groove in the radial direction, respectively, as shown
in Fig. 1 below.

Fig. 2 shows a schematic of the three different
types of discrete track media. We call them the
Circumferential Infinite Groove (CIG), where the
groove only occurs in the circumferential direction as
shown in Fig. 2(a), the Radial Infinite Groove (RIG),
where the groove only occurs in the radial direction as
shown in Fig. 2(b), and the Embossed Groove (EG),
where the groove is both in the circumferential and
radial directions as shown in Fig. 2(c). Fig. 3 shows
the Pemto slider (measuring 1.235%<0.7><0.23mm)
used in this investigation.
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Fig. 1. Parameters for defining the disk model.
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Fig. 2. A variety of DTR patterns.

2.2 Effect of the groove scale

In this study, we determined that the groove scale
has an effect on the dynamic performance of a head
slider. We modeled the DTR pattern by changing the
normalized scale of the groove width and groove
pitch from 1 to 100 for numerical convenience, with
the fixed groove area ratio comprised of a defined
groove width and pitch. In addition, the normalized
average value was calculated as the ratio of the aver-
age flying attitudes on the DTR to the average value
of the flying attitudes on the CTR. That is, the nor-
malized average value “1” represents the average
flying attitudes on CTR.

There are three cases of groove scales for each type
of DTR pattern, as shown Table 1. The normalized
groove scale “1” represents the nanoscale, which
signifies a realistic DTR pattern, and “100” represents
the centuple scale.

Fig. 4(a) shows the normalized values for flying at-
titudes on each DTR pattern in comparison to those
on the CTR media.

In the case of the CIG, if the groove area ratio and
the groove depth are uniform, then a slider has a simi-
lar loss of FH with a different groove scale. This
means that the groove scale has no effect on the loss
of FH. Even with pitch and roll angle, there is no
change over CIG when compared to the CTR media.

Next, we simulated a head slider on RIG while
keeping the groove area ratio fixed at 1:2. Fig. 4(a)
shows that if the resulting groove area ratio and the
groove depth are uniform, the loss of FH is approxi-
mately the same.

The third type, EG, also gives the same result as
that of CIG and RIG. The loss of FH is nearly uni-
form, with a variety of EG fixed at the same groove
depth and groove area ratio. Once again, the pitch and
roll angle remain nearly constant.

We likewise checked the fluctuation of a head
slider for the flying stability, as shown in Fig. 4(b).
There is no effect on the fluctuation of FH, pitch, and

Fig. 3. ABS model for simulation.
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Table 1. DTR patterns for the effect of groove scale.

Table 2. CIG and RIG for the effect of groove area ratio.

Pattern Normalized groove scale| Groove area ratio Pattern Normalized groove scale| Groove area ratio
1 13
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Fig. 4. Effect of the groove scale.

roll angle over CIG and RIG as the groove scale
changes. The largest possible variation of FH and
pitch angle occurs at them “100” scale in EG. How-
ever, as the groove scale decreases to a realistic DTR
pattern, the variation of the head slider decreases dra-
matically.

2.3 Effect of the groove area ratio

This study has determined the effect of the groove
area ratio on the change of groove width and fixed
groove pitch. The groove depth is also uniform. We
likewise compared the flying attitudes of a head slider
on CIG and RIG, as shown Table 2.

titudes on CIG and RIG in comparison to those on the
CTR media. With CIG, the patterns were defined to
have a variety of groove area ratios of 1:3, 1:2, and
2:3, as shown in Table 2. These results were then
used to compare the flying attitudes of a head slider,
as shown in Fig. 5(a). The FH of a head slider de-
creases as the groove area ratio linearly increases. The
groove area ratio has no effect on pitch or roll angle.
In addition, the groove area ratio has an insignificant
influence on the variation of a head slider with the
CIG in Fig. 5(b).

With RIG, we also modeled DTR patterns with a
variety of groove area ratios. Fig. 5(b) shows that, as
the groove area ratio increases, the FH of a head
slider linearly decreases, and there is no effect on the
pitch or roll angle. However, the variation of flying
attitudes over RIG is different than that over CIG.
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There is a small amount of linear variation according
to the change in groove area ratio. Since the direction
of RIG is perpendicular to the flying direction of a
head slider, RIG has a greater effect on the perform-
ance of a head slider.

EG is considered in Table 3. We have defined the
groove area ratio, (wpdx/ wthx) or (wpdy/ wthy), in
RIG and CIG. When these groove area ratios are ap-
plied, the loss of FH and the ensuing variation is
compared. The result is shown in Fig. 6 (a) . In the
figure, the loss of FH and the variation change
nonlinearly according to the variations in the groove
area ratio. Therefore, we propose a new groove area
ratio for EG as follows in Eq. (1):

(wpdx | wthx) x (wpdy | wthy) @)
We recognized that the loss of FH and the fluctua-
tion of a head slider linearly changes according to the

proposed groove area ratio, as shown in Fig. 6(b).

Table 3. EG for the effect of groove area ratio.

Normalized Groove Area Ratio
Pattern
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Fig. 6. Effect of groove area ratio on EG.
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2.4 Application of the DTR FH loss equation

As discussed above, the FH of a head slider on the
DTR media is affected by the groove. Therefore, we
pre-estimate the loss of FH through the following
empirical Eq. [6]:

AH = [W] -d 2
p

where w/p is the groove area ratio and d is the groove
depth.

In order to determine the application of this DTR
FH loss equation, we simulated a head slider with a
variety of DTR patterns which have a uniform groove
depth as shown in Table 4. We compared the results
between the DTR FH loss equation and the real simu-
lation results. As shown in Fig. 7, the investigated
case of CIG shows that the result from the DTR FH
loss equation matches the real simulation in five cases
of the DTR patterns. Similar to CIG, we checked the
application against RIG. As shown in Fig. 8, the re-
sult of FH loss from the equation nearly matches the
result of the simulation.

Finally, we simulated a head slider on each of the
five cases of EG. The DTR FH loss equation must be
updated to define the new groove area ratios for EG.
The DTR FH loss equation for EG is as follows in Eq.

3):
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Table 4. DTR patterns for the DTR FH loss equation.

Pattern Normalized Groove Groove Area Ratio
Scale
1 2/3
10 2/3
CIG 100 2/3
100 172
100 1/3
1 12
10 12
RIG 100 12
100 3/4
100 1/4
1 1/4 (12 & 1/2)
10 1/4 (12 & 1/2)
EG 100 1/4(12 & 1/2)
100 9/16 (3/4 & 3/4)
100 1/16 (1/4 & 1/4)
10
E .
z
E B
o=
= =] O Simulation
= O Equation
0
0 112 1
w/p ratio

Fig. 7. Simulation results on CIG.

10

~_
o
£
=
N’
w2
& 8
| o
osi .

= a Simulation
= OEquation

0

0 12 . 1
w/p ratio

Fig. 8. Simulation results on RIG.
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When we applied the new equation for EG, the results

are similar to both the DTR FH loss equation and the
simulation shown in Fig. 9.
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Fig. 9. Simulation results on EG.

2.5 Effective simulation

The proposed loss of FH equation is very efficient
in predicting the dynamic performance of a head
slider on the DTR by using those on the CTR.

However, the CTR slider simulation still requires a
lengthy computation time. Therefore, in order to find
a more efficient analysis method, we compared the
dynamic simulation, which takes a long CPU time,
and the static simulation, which has a shorter calcula-
tion time. We analyzed the FH of a head slider at both
the sea level and the altitude, as shown in Fig. 10(a).
The FH is nearly the same from both the static simu-
lation and the dynamic simulation with CTR.

Previously, we examined the relation of FH with
CTR and DTR. Therefore, we can define the relation
of FH with the static simulation results of CTR and
the dynamic simulation results of DTR, as shown in

Eq. (4).

FHp = FHg o = AH b o

FH e @ait = FH g g @alt — AH pyrp

The subscript S-CTR indicates the static simula-
tion on CTR. Similarly, we have given recognition to
the fact that the pitch and roll angle are the same as
the results of both CTR and DTR, as shown in Figs.
10(b) and (c). Consequently, we define an equation
with both the pitch and roll angle, as shown in Eq. (5)
and (6).

Pitchy, = Pitchg )

Pitchpy, @aie = Pitchg cpp @att

Rollpr, = Rollg rp ©

Roll g @ait = Roll g o @alt

Simply by using the static simulation, a good esti-
mate can be reached for the flying attitudes of a head
slider on the DTR media, both at sea level and at
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Fig. 10. Relation between the static simulation and the dy-
namic simulation.

higher altitudes.

3. Conclusions

We simulated the dynamic performance of a slider
on three types of DTR media as follows: the circum-
ferential infinite groove along the track, the radial
infinite groove across the track, and the embossed
groove both along and across the track.

We demonstrated that with a uniform groove area
ratio and groove depth, the groove scale has no effect
on the loss of flying attitudes for a head slider. Even if
the variation is increased via a larger groove scale, the
true scale of a DTR pattern has little influence on the
variation.

The loss of FH changes linearly as the groove area
ratio changes on CIG and RIG. In addition, the loss of
FH changes linearly on EG if the proposed groove
area ratio is applied.

Finally, with the proposed simulation technique,
we can evaluate the flying attitudes of a slider on the
DTR media without using the dynamic simulation,
which takes a long time. Instead, we can use the static
simulation, which requires a shorter computation time
at both sea level and at higher altitudes. In conclusion,
our results will allow the optimal head slider to be
utilized more efficiently in order to improve the
slider’s performance on the DTR media.
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