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i X B B Signal Quality Improvement of Data Transmission
System in Magnetic Hard Disk Drives

The industry’s digital transformation continues to drive the data storage
demand for hard-disk drives. This data storage demand requires large data
capacity HDDs with high data-rate transfer.

This paper provides analysis and design techniques to maintain signal
quality of the user’s data to support HDD’s high data-rate transfer
requirements. Signal quality is maintained by limiting the amount of
interference signals that can impact the signal-to-noise ratio (SNR). The study
focuses on the mechanism of extrinsic interference signal resonances and
propagation which can degrade the user’s data SNR. First, this paper studies
the interference signal propagation mechanism of these electromagnetic (EM)
waves outside the Disk Enclosure (DE) of the HDD and provides a structural
mitigation technique that can reduce interference signal’s amplitude that can
couple inside the DE. Second, this paper provides the mechanisms of electrical
resonances inside the DE, and another structural mitigation technique that
can reduce the electrical resonances. The following 6 chapters support these
two parts.

Chapter 1 provides the mechanical structure and electrical architecture of]
HDD and the locations where interference signals can contaminate the user’s
data signal. This chapter also provides the necessity and purpose of the study.

Chapter 2 analyzes the mechanism of EM wave propagating outside and into
the DE and provides proposals to reduce the interference signal’s propagation.
Shorting the path of the induced current is an effective way to reduce the
propagation of the EM wave into the DE at the specific frequency.

(1) The DE’s top cover, mounted to its base, creates an open gap that is
effectively a slot antenna, which has a resonance frequency related the
slot’s dimensions.

(2) A DE’s gap resonance frequency can be lowered by adjusting the gap’s
dimensions or by influencing the surrounding structures, such as the VCM.|

Chapter 3 covers the interference signals mechanism of EM wave
propagation inside the DE and onto the data differential signal’s paths and
provides layout techniques of single-ended traces to reduce the interference
signal on differential transmission line structures. It can reduce the noise
propagation to make the region surrounded by the single-ended line and its
ground return path smaller :

(1) Interference EM waves can be coupled into the DE, which can propagate
the interference signal onto the suspension. Improperly designed
suspensions allow interference signals on the read differential path.
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(2) The amount of interference coupling of a single-ended line depends on the
area of the region surrounded by it and its ground return path.

Chapter 4 describes the electrical resonance on the actuator’s electrical path
that propagates onto the differential lines ingside the DE. An interconnect
layout proposal provides a means to suppress the electrical resonance. A
shorting type connection in the actuator can suppress the electrical resonance.
Also, balancing the parasitic capacitance reduces the common-to-differential
mode signal transfer, which can help reduce common-mode signal interference
into differential interference. '

(1) The system’s ground path has an electrical resonance because of the return
path’s capacitance (C) and the inductance (L) in the flex cable that has a
mounted Preamyp on the actuator. ~

(2) The suspension’s lead wires connect to the read/write transducers’ slider.
The read transducer’s slider has parasitic capacitance to the slider’s
substrate. The transfer of the common-mode interference to differential
interference depends on the balance of the parasitic capacitance on each
lead of the differential path.

Chapter 5 reviews the mechanism of the suspension’s electrical resonance =
2 GHz that can pick-up signals through the suspension tail that is attached to
the flex inside the DE. The grounding at the open ground end, of the suspension
to the flex, suppresses the electrical resonance and pick-up on the sensitive
read-path conductors that are supported by the suspension.

(1) The suspension tail, with an open ground end, makes the suspension
effectively an antenna. The electrical standing wave of one-quarter
-wavelength is the resonance pick-up of the suspension tail. Additional
ground return paths can also influence the resonance frequency.

(2) The suspension can be modeled as a parallel-resonant circuit of the L. and

C, which can explain the electrical standing wave on the suspension tail.

 The L and C express the magnetic field and the electric field respectively,
which are calculated by the electromagnetic field analysis.

Chapter 6 provides a summary of the thesis. There are two significances of
engineering as follows.

(1) The review of interference signal sources and propagation paths that can
impact the user’s data signal’s SNR and error-rate in an HDD.

(2) The design guidelines to mitigate interference signals from impacting SNR,
with a description of the interference signal’s path and mechanism of
coupling on the user’s data signal. These studies contribute to the
advancement of the HDD signal integrity by applying these design
guidelines.
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