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ABSTRACT

As the areal density rapidly changes, the signal reflection increases. In order to avoid the
reflection between a magnetic recording head and a read/write driver on hard disk drive
interconnects (HDDIs), the windowing technique is used to keep low insertion loss and causes
the higher crosstalk between lines. In this work, the crosstalk on idealized HDDI with
windowing is investigated. The crosstalk represented by the scattering parameters is calculated
by using the full wave simulation software based on finite integral technique. From the results,
the improvement of insertion loss and transmission bandwidth (-3 dB bandwidth) can be found
when the window percentage is increased. For the 90% windowed structure, these are improved

as 4.27 dB at 1 GHz and 4.53 GHz comparing with the conventional structure, respectively.
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Besides, the crosstalk increases with the increasing of window percentage. However, it can be
suppressed up to 5.68 dB in a range of 0.24 - | GHz when the window percentage is 90%.
Furthermore, the 90% windowed structure with 8 mm window pitch possess the lowest
crosstalk about 30.22 dB in a range of 0.32 - 6.4 GHz. In addition, the placing position of
windows in a reference plane with a half of the rest length at both ends should be avoided

because it increases both crosstalk and insertion loss.

Keywords: Crosstalk reduction, Hard disk drive interconnect, Scattering parameters,

Windowing

1. INTRODUCTION

The hard disk drive interconnect, called trace suspension assembly interconnect
(TSAI), is used to transfer the data signals between a magnetic recording head and a
read/write (R/W) driver. As the data rate rapidly increases, a signal integrity issue plays an
important role. Consequently, an insertion loss of transmission lines should be kept low to
entirely maintain the detail of data signals transferred between the recording head and the
R/W driver [1].

Recently, a practical approach to reduce the insertion loss by removing a fixed
percentage of the reference plane, namely windowing, is presented by Jang [2]. The insertion
loss could be reduced with increasing a fixed percentage of windowing [2-5]. However, the
implementation of windowing with TSAI increases crosstalk between adjacent lines,
resulting to the higher crosstalk than the conventional TSAI [3,6]. It is well known that the
crosstalk phenomenon is an unintentionally coupled signal between signal lines. Several
works of crosstalk on hard disk drive interconnect have been reported in [4,5,7-11] and the
explanation of crosstalk mechanism on hard disk drive interconnect can be found in [7]. In

case of hard disk drives, the leakage of the signal power from the write lines into the read
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lines can cause electrical overstress (EOS) in the magnetic reader sensor [12]. As a result, the
malfunction and failure occur in the recording head and R/W driver operations [7,8]. Hence,
understanding of windowing in terms of crosstalk on the TSAI is necessitated.

In this work, the crosstalk effect on TSAI with rectangular apertures of windowing is
studied. The scattering parameters (S-parameters) are utilized as the crosstalk indicator and
calculated based on finite-integration technique (FIT) by using the 3D full-wave simulation
software. The dimensional of windowing is varied and the comparison with a conventional
TSAI is demonstrated. Finally, the optimal dimensional of windowing on crosstalk reduction

of TSAI is performed.

2. METHODOLOGY
2.1. The Hard Disk Drive Interconnect Structure with Windowing

The TSAI consists of four layers which are copper layer, based polyimide layer,
stainless steel layer, and cover-coat polyimide layer as shown in Figure 1 [2]. The TSAI
structure including two conductor lines with trace width of 100 pum, trace-to-trace spacing of
25 um, and length of 40 mm which has been used by Jang [2] is used in this study. The
thickness of copper, based polyimide, stainless steel, and cover-coat is 15, 10, 20, and 5 pm,
respectively. The conductivity of copper and stainless steel is 5.8%107 and 1.1x10° S/m,
respectively. A 1 mm window pitches are platted in the reference plane which is stainless
steel layer as shown in Fig. 1. This means that there are 40 apertures in the interconnect. The
window percentage is defined as the ratio of window length to window pitch [2]. Since, the
window pitch is fixed as 1 mm, the window length is varied from 0 to 0.9 mm. This means

that the window percentage is varied from 0% to 90%, respectively.
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2.2. The Scattering Parameters
The TSAI is defined as a 4-port network, as shown in Figure 2. The S-parameters are
used as the crosstalk indicator owing to its proper and accurate at high frequency [13]. The

parameters can be obtained and calculated by following equation:

V-
5,(dB)=20 log[V’+ J

i

V=0 for k=j (1

where §j; is the transmission coefficient from port j to port i and all remaining ports are
terminated in matching load (V; = 0 for k# j). V" and V' are a reflected voltage and an

incident voltage of lines, respectively.

The simulations were done by using the 3D full wave simulation of CST Microwave
Studio, which is based on FIT. The FIT discretizes an integral form of Maxwell’s equation in
the computational domain as described in [14]. The crosstalk is defined as the coupling of

signal from the i" write line to the j*

read line. In order to calculate the crosstalk in a
frequency range of 1 - 20 GHz, a Gaussian pulse with 40.7 ps of the full width at half-
maximum is fed into port 1 for broadband calculation. The initial mesh cell used in

simulation is 2x10° cells and the automatic adaptive mesh refinement is activated. The TSAI

is surrounded by air and the radiation is selected for the boundary condition in all directions.

3. RESULTS & DISCUSSIONS
3.1 The Window Percentage Variation

Firstly, the insertion loss is investigated and plotted in Figure 3. It is found that the
tendency of the insertion loss is improved with increasing of window percentage which is

consistent with the previous studies [2]. At the current operating frequency of TSATs which is
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1 GHz, the 0% windowed structure (conventional TSAI) has the insertion loss as -5.75 dB.
Meanwhile, the 90% windowed one has the insertion loss as -1.48 dB which is a 4.27 dB
improvement. For the TSAI with windowing, a dip occurs at around 10 GHz, except the 90%
windowed structure occurred at around 20 GHz according to resonance frequency of the
defected ground structure as described in [15-19]. Furthermore, the insertion loss in cases of
the TSAI with windowing is improved. Especially, the insertion loss is significantly
improved along the determined frequency range for the 90% windowed structure comparing
with the 0% structure. This can be noticed from the transmission bandwidth, also known as -
3 dB bandwidth, it is extended from 0.57 GHz to 5.1 GHz. As a result, the data signals could

be transferred between the R/W driver and the recording head in a higher frequency range

which facilitate the TSAI used in high speed hard disk drive in the future [20].

Figure 4 shows the crosstalk on the TSAI with percentage variation of window as a
function of frequency. It is observed that the crosstalk increases with increasing window
percentage. This is consistent with the results in [3,9]. Around mid-frequency range, the
crosstalk level of the 30% and 50% windowed structures is somewhat similar to the 70%
windowed structure and these have the higher crosstalk than the conventional TSAI around 5
dB. For the increment of crosstalk, it is believed that the windowed reference plane
contributing to the radiated fields from the write line can easily pass through the read line
[11]. In contrast, the 90% windowed structure shows a desirable result, it has a lower
crosstalk than the 0% windowed structure about 5.68 dB at 400 MHz which is the one in
frequency band of the HDD performance testing processes. Of course, the reducing of
crosstalk on the TSAI can improve the accuracy of test results and reduce a recording head
performance misinterpretation before being installed in a HDD as concerned in Ref [6] as

well.
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Since the interconnect structure is changed, the characteristic impedance (Z;) of the
lines is observed by using the time domain reflectometry in the CST simulation. A Gaussian
pulse with 43.8 ps rise time is applied [21]. Figure 5 shows the Z, of a signal line of the 0% to
90% windowed structures. It is observed that the tendency of Z. increases with increasing
window percentage [2,9]. In practice, the proper Z. of the line is determined from impedance
of terminated loads, i.e., the recording head and the R/W driver depending on each HDD
model. This is known as impedance matching to avoid reflection and distortion of signals [1].
3.2 The Window Pitch variation

A set of TSAI with window pitch variation is studied. The window percentage is fixed
as 90%, then the window pitch is varied from 1 to 8 mm resulting to the number of aperture
in a reference plane of line is varied from 40 to 5 slots, respectively. The crosstalk of the
windowed TSAI with window pitch variation is plotted and compared with the conventional
TSAI as shown in Figure 6. The figure indicates that the crosstalk levels decrease with
increasing window pitch. At below 300 MHz, the windowed structures have the crosstalk
level higher than that of the conventional one. However, the 90% windowed structure with 8
mm window pitch gives the lower crosstalk in a range of 320 MHZ - 6.5 GHz and suppresses
the crosstalk up to 30.22 dB at 1.04 GHz. In addition, an expansion of crosstalk immunity to
6.5 GHz means that this structure can be implemented to support TSAIs used in the future
HDD as well.

Figure 7 shows the insertion loss of the windowed TSAI with window pitch variation.
It is found that the insertion loss has no different at low frequency region. However, the
windowed structures show a great improvement of the insertion loss when the frequency
above 200 MHz. Again, the Z. of a line is observed and shown in Fig. 8. It is observed that
the Z. of the windowed structures is increased in a range about 40 - 50 Q. Furthermore, there

are dips and peaks which occur when the window pitch increased more than 4 mm. This is
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because of the geometry discontinuities along the interconnect length direction [2].
3.3 The Possible Positions of Windowing

In practice, there are many patterns to place the rectangular windows in a reference
plane of TSAI Since, the window percentage and window pitch of the four structures are set
as 90% and 1 mm, respectively. As a result, four possible window patterns are investigated,
denoted as pattern A, B, C and D, as shown in Figure 9. In addition, the remaining length
from windowing, called the rest length, in these cases are 0.1 mm.

Pattern A, it is the begun with the windows placed from left-hand side to the right-
hand side along the length of line. Note that this pattern is used with the TSAI for the above
results. Pattern B, this pattern is begun and ended with the half of the rest length of the first
window. Pattern C, this pattern is similar to the pattern A, but the placing of windows is
begun at the right-hand side of the reference plane rather than the left-hand side. Pattern D,
this pattern is begun with a half of the first window length and is ended with the rest of
window length.

The Z. of TSAI with each pattern is investigated and compared owing to the
difference structure of the reference plane as shown in Figure 10. From the result, it is found
that the pattern of placing windowing in a reference plane has no effect in Z.. The two last but
not least, the crosstalk and insertion loss, are also investigated as shown in Figure 11 and 12,
respectively. From the results, it is indicated that there is no difference in terms of the
crosstalk and insertion loss for the TSAI with pattern A, C and D. Except pattern B, it shows
the terrible results which are higher crosstalk and insertion loss than the others about 1 dB in
a high frequency range. This phenomenon is somewhat interesting which will be studied in

the next works.

185



186

4. Conclusions

The crosstalk on the TSAI with windowing is investigated. From the results, it is found
that the crosstalk increases with increasing window percentage. For the 90% windowed
structure possesses a lower crosstalk than the conventional TSAI about 5.68 dB in a range of
0.24 - 1 GHz. Furthermore, the crosstalk can be suppressed by increasing window pitch. As
can be seen, the 90% windowed TSAIT structure with 8 mm window pitch is suppressed the
crosstalk up to 30.22 dB in a range of 0.32 - 6.4 GHz which supported the using of TSAI in
the future HDD. In addition, the beginning to place windows with the rest length should be
avoided because it increases both crosstalk and insertion loss. Finally, the implementation of
windowing technique on TSAI can be used as an alternative method to improve the crosstalk
immunity as well as the insertion loss. However, the impedance matching should be

considered to avoid the signal integrity problem.
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Figure 1. (a) The top view of an idealized trace suspension assembly interconnect with windowing and
(b) the cross sectional view along A-B line.
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P o o - & o
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AV THENEN AL Houdu dansli Bunui i lumadn agaifu g g ifaitan gurzasiatuauslnnairans
LER AL BELE m-num'{ {head gimbal assembly) Fansoa AINTERAILN MUY wdn i gendn e TH A (Heuuas
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anfna ngﬂﬂqﬁnnmﬁwﬁamﬁu {suspension) (3) waLamﬁnmﬁumwmﬁr (head gimbal assembly) fam
mfpaumuin i whsee S uussdaeenluarissstlnflgnuansn gl 3
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mu;ﬁJﬁ 7 Fusamudi (suspension) saasautlatesne (7) Bane usduuunssunody Tneildandus
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deullfarsosmiigmenud 001 - 1 inndaedtadug el i unmaseuss Bnn e siaudin
utmEmn e lud Jul Inseamafauiieunsgroumausndnlnihsewdvdens douuas garegurasaafiu
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unagUnisissfng
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