drinveananan NIRNINAIAIAnNsET

THE SUSPENSION STUDY FOR DECREASING THE CLEARANCE OF HEAD
GIMBAL ASSEMBLY

i

NONGNOQOT DEETU

1o o Tl i ki . IR 2 Y T

LY. Cneeee sseesshusitsdid b ; 1
laune ;ﬁwnz&" O 72. 1" N/ {
SusiouhliN BLAL. 758 = o7 ¥ sl

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF ENGINEERING IN DATA STORAGE TECHNOLOGY
INTERNATIONAL COLLEGE
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2016
KMITL-2016-1C-M-005-003



COPYRIGHT 2016
INTERNATIONAL COLLEGE
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



ol

e Y 'l w & @ @ o wr
UDINYUWUDS AsAnwANSUSUTEEENISUSEnaLalamas v AUt IR a Uy

anssgsn1siusiiiduiinduusiuiuiindeya

vindnwn UNLAYY AR
siaUszni 54600714

WEGTLTY Frnssunansumdudio
8191391 - alula@insUuiindaya

W.FL 2559

2191sEUI N INeinus  WeasSeius leeuila

UNANED

Tunsfinwnil asyhmsfinemanseny vesssaziuinnuueutesiudla (dimple location

EY - 2

(%] QIJ 4 1 1 = 1 s o =P o )
X) U FEWUYYE VASHANDTYeEnsURT eIt U ULNuILnTeua( clearance) N5

u
= ot =] I '

vaaesifashnisUussssmsvsznavalamed luuudamudy wiaondnethirsvsiuunu
uaurasdlames( x-aligcnment)

InTemnaauiivianisasIaTnquas RNl voamafeuuaznsstuvasiatuiin
Foyavzsamaglunszuruntsmaasuszssinvesnistuluaded Feaduiindeyasviinis
nagaunsliiesazainfinananiaiu@Ennusymatosnituiviudasefidngareund) mine
vassvarusenitnfidudinfuniutuiindeyafaurluuns dmivindomaroufiunda 14
dmuns9ApUTETLIALN L NIBY ST U a salat e S uTaiudy wiaeildinde
fadlums

HBNITVARBITY LAAITEEENMTIUAIBNTEEEYNsEnIne Tuiinduusudufindaya
mudimsvesalamasiuuuiunuuoy Fasdsssiiinduiilossoruwiunuueuvesalanos
wdsuiilulufisveuin uasasanas esssrhudandoululufianmeiuay agalsimufiania
augshudagiluwnunufeunuuey (PSA) wasfiamsvasarudades (Rsa) laifidaud

dandnwlunisneanadl



Thesis Title: The Suspension Study For Decreasing The Clearance of Head

Gimbatl Assembly
Student: Nongnoot Deetu
Student ID: 54500714
Degree: Master of Engineering
- Program: Data Storage Technology
Year: 2016
Thesis Advisor: Asst.Prof.Dr.Chaiyan Jettanasen
ABSTRACT

In this study, the effect of Dimple x-location on suspension to Clearance is
experimentally investigated. The experiment is set by varying the location of slider
placement along the suspension, called Slider x-Alignment. A Contact Spin Stand (CSS)
tester is used to measure electrical parameter of read/write performance of Head Gimbal
Assembly (HGA) which is included the clearance test. Head Gimbal Assembly (HGA) is
tested at class 1000 cleanroom (< 1000 particles/cubic foot/minute). The unit of Clearance
is “nanometer”. The Pinnacle tester is used to confirm the Slider x-alighment position
along the suspension, the unit of Slider x-alignment is “millimeter”. The experimental
results showed that the Clearance reading follows as Slider x-alisnment direction, i.e.,
Clearance increases when the Slider x-alignment moves to the positive direction and the
clearance decreases when the Dimple x-location moves to negative direction. However,

Pitch Static Attitude (PSA) and Roll Static Attitude (RSA) are not coniributed in this study.
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CHAPTER 1
INTRODUCTION

1.1 Background and Problem Statement

Hard Disk Drive (HDD) is important equipment of data storage devices for computer
and consumer electronic systems. In another words called ,‘‘Hard Disk'‘, ‘‘Hard Drive” or
, ‘Disk Drive’”. It has been used for storing and providing the quick access to large data on
an electromagnetic charged surface or set of surfaces [7]. The components inside Hard Disk
Drive (HDD) consist of a rotation disk, motor servo and Head Stack Assembly (HSA). The
disk or platter is an imagination like a phonograph records which has data recorded
electromagnetic in concentric circle or in another hand called “*Tracks’’. The Head Stack
Assembly (HSA) is composed of the Actuator Arm and the Head. The Head Gimbal
Assembly (HGA) is the subset of Head Stack Assembly (HSA), consisting of slider and
stainless steel suspension. It was called , ‘head”. A ,“héad “was recorded (Write) or reads
the information on the track of the disc. Each side of a disk has a head which reads or
writes the data when the disk spins. The rotation spindle speed is varied from 5400 - 7200
rpm. When the disk rotates with spindle speed, the head is flying above the disk.

Figure 1.1 shows HDD structure focusing on the mechanical parts. Inside the HDD, there
are platter or disk, spindle, actuator, actuato.r axis, actuator arm and the head.

Figure 1.2 shows the HDD innovation from the past to the current date. In the picture,
it has a ruler (scale) to show the length of platter and the size of read/ write head. The
HDD keeps small and smaller every year. It means, all components of HDD are physically
decreased including the size of head [8].

As previous explanation, when the disk rotates with spindle speed, the head is flying
above the disk. With this, the gap between the head and the disk is occurred, called
“Clearance” or “Fly height” or “CHIRP (Contact Heater-Induced Reader Protrusion).

A gap between the head and the disk or in another hand called “clearance” is verified
as one of various factors effected to the recording density, small gap reported high

recording density while large gap was opposite direction.



Spindle  Head

Actuator Arm

Actuator Axis

Power Connector

Jumper Block
Actuator

IDE Connector

Figure 1.1 HDD structure (mechanical parts) [29]
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of platters and read-write heads [30]
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1.1.1 What is Clearance?

Clearance is the minimum spacing between head and Disk as in Figure 1.3. To
improve the read/ write ability, the spacing between head and disk must be reduce.
However, the gap measurement is very important for Head Gimbal Assembly (HGA).
Nowadays, the gap has been achieved in nanometer space. In the past, the Fly height
measurement was tested with Dynamic test flying over the disk. With this measurement,
it causes to physically scratches at the slider surface. The reason is shown in Figure 1.3
the roughness of disk can cause scratched slider surface.

To prevent the scratches of slider and disk, the new technology of clearance is
explored and called “CHIRP”, (Contact Heater-Induced Reader Protrusion). It has been a

static test. The new clearance concept is to apply the heater power into the head, when



heater on the writer and reader will be protrusion. It is measured when the close point
is in contact with the disk.

In the other hand, the clearance is the distance of the reader protruded toward
the disk before some parts of the transducer hit the disk. By this, it would help reducing
overall part to part variation by allowing all heads to operate with more similar write

and read Head Media Spacing (HMS).

— — — —— —— — o —

Lube

Disc carbon overcoat — J= Ly

Figure 1.3 Cross section image of disk and head showing Clearance position [2]

Moreover, since the recording density of HDD keeps increasing every year. To
increase the density rate, several studies have focused on head design and innovation of
technology development. However, some studies have also physically focused on the
mechanical side of Hard Disk Drive (HDD) system. The mechanism between Head Gimbal
Assembly (HGA) and disk must be reduced until it eventually reaches contact recording.
The mechanic lower gap becomes high signal ratio and results with high density [1]-[2].
The reduction between head and disk is critical for mechanical design which must have
the gap less than 10 nm. The head which flies less than 3 nm causes scratches /
damages on the disk and head degradation [3]. Simulation studies focusing on the

suspension area to decrease the gap between head and disk have been reported [1]-[7].



The coupling vibration of air bearing slider and suspension system affecting the slider
flying ability and head position have been investigated at several states[15),[17]. The
contact/friction force on the dynamics of slider air bearing, the suspension vibration and
the dimple gimbal interaction force are characterized and they affect surfing states. A
new design was for reducing the interaction force at surfing states (4],

However, few studies have been completed on the suspension area for
decreasing the clearance at Head Gimbal Assembly (HGA). Many components of
suspension factors affect the clearance, including suspension stiffness, size of the dimple
suspension and position of the dimple at suspension. Thus, the purpose of this study is
to investigate the effect of dimple x-location of suspension area which may decrease the
clearance of Head Gimbal Assembly (HGA). This study may lead to a better understanding
of dimple x-location to the clearance at Head Gimbal Assembly (HGA). It is hoped that

information from this study may be useful in the suspension design.

1.1.2 What is the Head Gimbal Assembly (HGA)?

Head Gimbal Assembly (HGA) is composed of stainless steel suspension and slider
mounted together by using glue and gold. Physically, it uses to hold the read / write head
on the disk. Electrically, it uses to carry the electrical signal from the head to the pre-
amplifier and vice-versa. In the fly ability, it is the component which allows the head to
follow the contours of disk without contacting it.

Figure 1.4 shows the overview of HGA separated by top side view and disk side
view, The Flex circuit was used to connect into the gold bond pad of the slider to
connect the electrical circuit for read/ write signal. The baseplate and load beam was

made from stainless steel used for holding slider and flexure during hard disk operated.
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Shder

.........

Disc Side View

Top Side View

Load Beam

Figure 1.4 The image of Head Gimbal Assembly and Dimple position

1.1.3 What is the Dimple?

Figure 1.5 shows the overview of Head Gimbal Assembly (HGA), consisting of
Slider, suspension (Flexure) and indicated location of dimple at the suspension. The
dimple is located at the back side of slider, between slider and baseplate. The dimple
transfers the load beam preload down to the slider through a point contact. The dimple
is located at the center of slider to minimize any induced roll or pitch torque.

Figure 1.6 shows the dimple direction schematic of Head Gimbal Assembly (HGA),

(a) down tab mean the head is located under the disk and (b) up tab mean the head is

located above the disk.

|

Base plate Load - Beam

Dimple

Flexure I
Slider

Figure 1.5 The image of Head Gimbal Assembly and Dimple position
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(a)
Down Tab
+X
(b)
Up Tab
+X

Figure 1.6 Typical Dimple Direction Definition Schematic, (a) head located under the disc (b)
head located above the disk [2]

1.2 Objectives

1.2.1 To study the dimple location at the suspension can cause of the clearance
of Head Gimbal Assembly (HGA) change.

1.2.2 To understand the relation between distance of dimple location and the

clearance change.



1.3 Scope of work
Focus on the dimple location of the suspension area of Head Gimbal Assembly

(HGA) by varying the slider placement with different locations along an x-axis direction.

1.4 Expected Benefits
1.4.1 To understand the effect of dimple location at x-direction to clearance of
Head Gimbal Assembly (HGA).

1.4.2 Cost saving management with machine adjustment in steading of new

suspension design revision.
1.4.3 The new innovation of suspension design based on experiment resuilts.



CHAPTER 2
LITERATURE REVIEW AND THEORY

2.1 Literature review

Literature review summarized the researches on the effect of the suspension to
the clearance of Head Gimbal Assembly (HGA). There are several research papers that
studied at the slider Advance Air Bearing (AAB) design to see the Fly height affected. As far
as | can see, in term of suspension affected to the clearance of Head Gimbal Assembtly
(HGA), the researchers have been trying to study and focus on the vibration in various
conditions. Moreover another group of researchers had proposed with new suspension
design development.

In 2006, Kuwajima, Kita, Hashi, Miyvamoto, Ueno and Matsuoka [9] proposed a novel
shockproof head gimbal assembly (HGA) structure by using a “balanced-type head
suspension” for 0.85-in hard disk drives (HDDs) with the size of 32 x 24 x 3.3 mm?, after
then, they are investigated performance on external shock resistance during read/write
operations of HDDs. It was used for supporting mobile device application. The comparison
between conventional suspension and balanced- type suspension is shown in Figure 2.1.
The concept for improving from conventional suspension to batance ~ type suspension is
lighten the equivalent mass of the suspension and increase the spring mode of the
suspension. In Figure 2.1(b), the balance-type suspension has three main characteristics:

(1) The slider was supported by an actuator arm for substantially as a rigid
body.

(2) The actuator arm was pivoted on the pivot for providing the freedom of
rotation in a direction out of the disk, the reaction force was generated by
springs which can prove that it is large enough to support the arm under
high shock.

(3) The balance mass of VCM coil with resulting in the center of gravity of the

movement part.
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Figure 2.1 Fundamental dynamic models of (a) the conventional suspension and (b) the

balanced-type suspension [9]

Figure 2.2 shows the design concept of the balanced - type suspenéion which
considered of a mechanical can rotationally support the arm with high rigidity and a means
for applying the spring load bias the arm by constantly toward the disk surface. Figure
2.2(a) shows load Free State, the leaf spring was flat without force bias applied. Figure
2.2(b).th_e pivot presses the arm downward, then, the pivot and leaf spring are relatively

down and end of the head slider move down to the disk.
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Fig. 2.2 Tangible configuration of the balanced-type suspension [9]

In Figure 2.3, it shows the result on the resonance mode using the finite-element
method. All four modes, first - third bending mode and fist torsion mode have high enough

considering frequency responsibility.

s

2™ hending mode, B2 : 2.95 kHz 1#torsion mode, T1:7.6 kHz

Figure 2.3 Resonance mode analysis [9]
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In Figure 2.4, it shows the drop impact test, it was used to qualitatively confirm
the arm behavior itself to external shock. The results showed that higher than 1.0 ms

duration the tip portion is very small.

Eddy sensor  Shock sensor
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Figure 2.4 Drop impact test method at the actuator component device level. (a) Schematic
illustration of a testing unit. (b) Example of detected acceleration and displacement of

dimple.[$]

They concluded that the new suspension design did not induce any disk surface
defects. They also strongly concluded that the main resonance frequency was found to
be 8 kHz and had ne serious problem to off-track performance.

In 2008, Shiramatsu, Atsumi, Kurita, Shimizu and Tanaka [10] developed a thermal
flying-height control (TFC) slider with carrying a micro-thermal actuator. Previously, the
TFC slider was controlled by a constant power supply for the heater. In their research, the
focusing area was on the write current induced thermal protrusion which assumed that it
was the largest obstacle in reducing the flying height, There are focused to dernonstrate
dynamic control of the TFC slider to compensate for high-speed magnetic signal
modulation using feed-forward control methods as shown in Figure 2.5 for the concept of

TFC.
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Their experiment method was set up as Figure 2.6. There are the magnetic disk
and head slider, set in a read/write spin stand that consists of spindle and read/write
function unit. The magnetic signal of TFC was measured by a magnetic signal detector and
an oscilloscope. The magnetic signal detector is a device used for measuring the

fluctuation time of read back signal frequency.

ﬁ Suspension \

ALOJTIC ALO, Heater
o (thermal actuator)

Write coil

Figure 2.5 Concept of TFC [10]

An experiment was started from writing the magnetic pattern on the disk, then,
measured the magnetic signal moderation without TFC compensation. After that, they
calculated the heater input waveform by using the result from the without TFC
compensation. For the final results, they measured the magnetic signal again with

dynamic TFC compensation.
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Figure 2.6 Experimental set up [10]

They have two methods for this studied. The first method, the TFC power was
adjusted by using tune domain information. The second method, the TFC power was
adjusted by using frequency domain information at addition to time domain information.

The results of their experiment were shown in Figure 2.7-2.9, They are focused on
the average magnetic signal modulation at 3-sigma comparing each other. Figure 2.7 shows
magnetic signal modulation without TFC compensation while Figure 2.8 and Figure 2.9
illustrate the first and second methods,respectively. They were concluded that the
second method was better than the first method regarding to average of magnetic signal,
which was reduced from 38 mV ( without TFC compensation) and 22 mV ( the first method)

to 18 mV (the second method).
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Figure 2.7 Magnetic signal modulation without TFC. [10]
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Figure 2.8 Magnetic signal modulation during the operation of first method. [10]
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Figure 2.9 Magnetic signal modulation during the operation of second method.[10]

They were confirmed by using the FET analysis, the result is show in Figure 2.10 -
2.11. The results shows that second method was better reduction than the first method,
especially in the frequencies from 2 to 5 kHz. They were concluded that the dynamically
controlled TFC slider is possible to compensate kilohertz ~order magnetic signal

modulation.
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Figure 2.10 FET analysis of the first method [10]
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Figure 2.11 FET analysis of second method [10]

In 2010, Park, Lim, Park, and Park [12] studied the dimple - flexure slip

phenomenon which was induced by the ramp contact of suspension that could affect the

078072
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load / unload performance and load / unload area. In these studies, they have focused
on the reduction of load/ unload area at outer diameter (OD). They used finite element
model for ramp contact in load / unload process and analyzed the sensitivity of dimple
flexure slip phenomenon. The focused parameters are ramp contact position and
suspension load beam stiffness. They fabricated ramp component with three kinds of
material and characteristics of dimple flexure slip in according to different ramp material
and angle study.

Their FE model is commercial software at 2.5 inch HDD head gimbal assembly
(HGA). The length is 15.6 mm and the ramp contact position is far away 15.3 mm from
pivot center of the HGA. They used the surface friction model for referencing the
interaction between the dimple and the flexure. They applied the contact force at the
ramp contact point instead of rotating HGA to simulate the ramp contact behavior of
unloading process as shown in Figure 2.12. The contact force they applied are 2d4mgf in

the off track and 80mef in the vertical direction.
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15.64mm
13.34mm

Figure 2.12 FE model tor LUL process {2.5inch HDD) [12]

The simulated results showed that the vertical force did not affect the dimple
flexure slip. Figure 2.13 shows that when the contact force increases, the dimple flexure
become larger. Considering at the contact force becomes 50% smaller the disptacement
of dimple flexure decreases under 20 um. They concluded that the small contact force
can improve the load/unload performance and decrease the head -disk interface
problems. By the way, they investigated the dominant factor to increase the dimple stip

in HDD as shown in Figure 2.14. It showed that the smaller ramp contact duration, the

larger dimple flexure slip happened.
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Figure 2.13 Dimple-flexure slip as a function of ramp contact force [12]

In this paper, they concluded that the characteristics of contact between ramp

and suspension lip-tab is important parameter to determine the performance of

load/unload. They can improve the characteristics of dimpte flexure slip by the ramp

material or load/unload speed.
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Figure 2.14 Dimple-flexure slip as a function of ramp contact duration [12]
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In 2005, Nakamura, Aduma, Takahashi, Wakatsuki and Hagiya [15] studied the effect
of the flow - induced vibration of Head Gimbal Assembly (HGA). They called windage.
They measured windage under various conditions for better understanding the windage
characteristics. They proved that windage is one of obstacle factors to increase track
densities. Their previous experiment and numerical simulation studies have shown that
sufficient damping, vibration-mode decoupling, and airflow control are important to
reduce windage. Their report can prove that the windage can be reduced by miniaturizing
the HGA and applying the Taguchi method to optimize the HGA ~arm configuration.

Their experiment was used a laser Doppler vibrometer (LDV) for windage
measuring. They are intended to avoid the results which may be effected from vibration
by using the rigid STST arm for these measurements. They have two conditions of HGA,
one condition was on the disk and another condition was between the disks. They
assumed the nominal setting conditions, the HGA has a first bending mode of 3.7 kHz, a
first torsion mode of 6.1 kHz, a sway mode of 11.6 kHz, and a secondary torsion mode of
14.5 kHz. Figure 2.15 shows the experimental setup used to measure windage. Figure 2.16
is a schematic view. This HGA has three main parts: the head suspension, head slider, and

tail.

LDV

T1.9mm

Figure 2.15 Experiment setup [15]



Swage portion

14.5 mm

Figure 2,16 Test Samples [15]

__ Sway

Figure 2.17 Vibration modes (simulation) [15]

Their experiment symptom was assumed the meaning of D1 and D2 as:

® D1 means the HGA was positioned on the disk,

® D2 means the HGA was positioned between the disks.

Their experiment results can be categorized the effect into five items by

Effect of HGA Position, the Shroud, and Slider Radius Position: The HGA positioned

1.

22

between disk has windage greater than when it was on the disk. Because when it
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is positioned between the disks, the first bending mode (3.7 kHz) and the first
torsion mode (6.1 kHz) were excited and peaks appeared. |

2. Effect of Disk Rotational Speed: The results could not explain regarding to 4 HGAs
of sample size cannot capture the vibration of 2 kHz.

3. Effect of Slider Radius Position: The result showed that when radius increased,
the normalized amplitude of windage increased, but the trend was not
corretated with disk rotation speed that was increased. It was proved that the
inherent vibration of HGA itself must be reduced to realize the small windage
which is important to control the wind hitting the HGA by application of a spoiler
that can help for less flow induced vibration.

4. Effect of Temperature: The result showed that when the temperature increased,
the oscillation amplitude increased. They concluded that this phenomenon was
caused by the viscous elastic material (VEM) becoming less rigid than
temperature then resulting in a lower rate of attenuation. To reduce this, the
thickness and /or material of VEM and damper must be carefully selected.

5. Effect of Z Height: The result showed that when the z height is changed, the
amplitude and resonance frequency of the windage change. It was proved that
the Z Height is important to windage as shown in Figure 2.18

From the results, they concluded that the windage depended on how the wind hits

the HGA and the Z height. Then to control the airflow in an HDD, it was important to
reduce the Z height deviation and reduce vibration of the HGA itself.



24

e oy P9

R ey

ot o

@ om &
I

de frequency (kHz)
z

2 14,52 foem

11.50 b 5 3 f
0.45 0.50 0.55 0.60 0.65 0.70 0.75
Z-hejght (nm)
Figure 2.18 Effect of Z height (R = 38:8 mm) [15]
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In 2013, Yuan, Du, Chow, Zhang, Yu and Liu [26] proposed the sensor array
embedded on the slider for head disk contact detection. They were classified the HMS
fly-contact into three categories as

1. Wear - in state meaning as the slider is in contact with the highest asperity.

2. Proximity state or ensuring state meaning as the state that certainly period of
the wear - in state that can be further decreased and more asperities will
come into contact.

3. The continuous surfing contact meaning as the final state that occurred
when the HMS is reduced to level where the slider dips into the lubricant
and stays in continuous light contact with the media.

They had compared between three techniques in the past, the traditional
Acoustic Emission (AE), the Thermal asperity (TA) detection and the Variable Gain
Amplifier (VGA). The AE was used to detect the head-disk contact and found that main
disadvantage of AE is capable of only single head disk interface (HDI). For the VGA
technique the occasional contact cannot be detected. The TA which actually has been
used to calibrate the flying height for thermal fly height control (TFC) slider. But it

cannot be used for high-frequency real time detection because the contact has to last
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prolonged period of time. Their proposed is to integrate piezoelectric sensors onto the
slider. They were expected to be able to detect the dynamics stress and head disk
contact.

Their experiment used the Pico slider (1.25 x 1 x 0.3 mm?) with a piezoelectric
sensor array. The sensor array consists of a common ground electrode (Au), a ZnO layer
(1 pm thick), and three sensing pads (Au). The slider experiences elastic strain which
converted to voltage through piezoelectricity of ZnO layer. The contact location can be
identified by examining the output voltage of the left, central and right sensors. The air
bearing was simplified into spring-damper systems which have the spring constant of
1.25 x 10° N/m and damping coefficient of 0.24 N-s/m. A force was applied on the
trailing side of the slider to simulate head- disk contact as depicted in Figure 2.19-2.23.

(@) (b)

Slider

body  ZnO
[\5' sensor Overcoat

:msing
pads

Figure 2.19 Slider design: (a) slider in contact with disk and (b) triple-sensor array [26]
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(b)
Suspension ggssor
Springd
Slider. S F,

Figure 2.20 Finite element model: (a) sensor-slider-suspension assembly and (b) slider with

Zn0 sensor.

Their results showed that the output of the sensors array was in the millivolt level
which correlates to the contact location of head disk contact. They concluded that in the
final state (continuous light contact), the slider is highly excited by contact force with low
amplitude and high frequency. As that, a result of output voltage is high due to induction
by the wear - in and proximity contact. They were reported that the central sensor always
has the highest response under continuous contact. The final concluded that the
integrated piezoelectric ZnO 'sensor array on the trailing side is feasible design for

detection of head — disk contact.
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Figure 2.21 Transient response to a single asperity ( Wear- In) contacting the rear ABS pad: (a)
contact force; (b) voltage of left sensor; (c) voltage of central sensor; and (d) voltage of right

sensor [26]
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Figure 2.22 Transient response to multiple asperities contacting the left corner: (a) contact
force; (b) voltage of left sensor; (c) voltage of central sensor; and (d) voltage of right sensor

[26]
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Figure 2.23 Harmonic response to continuous contact on the left corner: (a) voltage of left

sensor; (b) voltage of central sensor; and (c) voltage of right sensor [26]

In 2013, Pan, Ovcharenko, Peng, Sanchez, Radicati and Yang [11] studied the effect
of flying pitch angle and flying roll angle on lubricant transfer from the disk to the slider.
They observed that when the slider flied close to the disk with distance of space between
the disk and slider less than 2 nm, lubricant transfer from the disk to slider becomes more
frequent because of the intermittent contact between the disk and slider. The lubricant
transfer is effective on slider flying ability because the lubricant pickup can cause
interaction between slider and lubricant on the disk which decrease slider flying ability.

That mean, unstable flying of slider affects the reliability of the head disk interface. In the
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other hand, lubricant transfer from the disk to slider can cause lubricant depk.etion on the
disk.

From their experiment, they found that lubricant transfer occurred even without
head to disk contact. It was assent to many researches which concluded that the effect
of lubricant transfer increased with an increase in absolute humidity. The lubricant picked
up by slider accumulates around the edges of air bearing surface pads and recession area.
It was found that the amount of lubricant transferred from the disk to the slider can be
decreased by minimizing the air bearing surface pad size. They also observed the amount
of lubricant transfer increaseing with the increase of slider pitch static angle, while non-
zero slider roll static angle results in more lubricant transfer than zero slider roil static
angle.

Their experiment used flying height tester (FHT) for measuring the flying pitch angle
and flying roll angle. For the transparent glass disk, two types were used for this
experiment; first one is coated with 3 A lubricant film thickness and the second one is
coated with 12 A thickness. The Time-of-Flight Secondary lon Mass Spectrometry (ToF-
SIMS) was used to analyze lubricant distribution on a slider. It was used to detect the
distribution of C,Fs, a fragment of a lubricant molecule, on a stider surface. They assume
that the existence of C,Fs on the slider surface can be indicates of lubricant transfer from
the disk to stider. In order to track lubricant transfer from a disk to a slider in-situ, a charge-
couple device (CCD) camera is placed above the disk. A schematic of measuring flying
pitch and roll angles is shown in Figure 2.24, explaining a schematic of measuring flying
pitch and roll angle (a) is laser focuses without slider, one at the top of disk and other
one focus at bottom surface of the disk (b) is laser focused with slider, the reference laser
still focus on the top surface while the other laser converges on the air bearing surface of
the slider. Figure 2.25 shows the flying pitch and rotl angle and measuring point on the
slider air bearing surface (a) shows the schematic of the flying pitch angle, the angle
between ABS and disk surface is defined as positive flying pitch angte (b} shows the positive
flying roll angle which is considered in xz plane between ABS and disk surface (c) shows
measurement point on the ABS which used to calculate flying pitch and roll stider with

respect the disk surface.
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Their experiment is set up under room temperature (22°c-24°c) and hurnidity (15%

RH-20% RH). The first step of their experiment is by measuring stider flying height (FH),

flying pitch angle, and flying roll angle using disks with 3A mobite lubricant and taken the

images of the slider at time 0 second, and after 30 seconds, 1 minute, 2 minutes, 3

minutes, and 4 minutes of flying using CCD camera. Then, did proceed the same at the 12

A group, comparing results together.
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Figure 224 A schematic of measuring flying height. (a) both lasers are on disk, (b) one laser is

on siider and the reference laser is on disk, {c) average phase difference, and (d) relationship

between flying height and reflected phase [11]
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Figure 2.25 Schematic of flying pitch and roll angles and measuring points on a slider ABS. (a)

(b) schematic of positive flying roll angle, ()
uter diameter of the disk, ID: inner

schematic of positive flying pitch angle,
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The air flow on the slider surface consists of two components; one is poiseuile
flow which is driven by the air bearing pressure gradient,forcing the lubricant to move from
high pressure area to low pressure area. The other one is Couette flow which is driven by
the disk velocity, making the lubricant flow follow the skew angle direction. They
concluded that the Couette flow had more significant effect than the Poiseuille flow as

shown in Figure 2.26.

Figure 2.26 Posttest optical image of a slider which flew at the OD skew of the 3 A lubricant
disk using Combination 4 (PSA=2.8/RSA=0/G.L.=2.2) [11]
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Figure 2.27 Posttest optical images of slider flying at the ID skew of the 12 A lubricant disk, (a)
Combination 1, (b) Combination 2, (c) Combination 3, and (d) Combination 4 [11]

From their experiment it can be concluded that lubricant flow follows the skew
direction, going towards outer trailing edge of the slider at ID skew and towards inner
trailing edge of the slider OD skew. Flying roll angle plays more dominant role than flying
pitch angle on the lubricant transfer from the disk to slider.

In 2014, Chen, Peng and Bogy [13] investigated the stability of thermal fly height
effects on the reliability of interface. Their reason of this study regarding to spacing of ~2

nm between disk and slider can cause instability in term of slider vibration and prominent
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\ubricant transfer. The experiment techniques and simulations are implemented to
investigate the thermal protrusion induced slider - disk at contact proximities. The
instability was used laser Doppler vibrometers (LDVs) for measuring at muttiple locations
of slider body to extract the dynamic content during contact. The simulations condition
considered both air-bearing and suspension designs. They used the finite volume and finite
element methods for experimentally simulating with two different designs of HGA. The
sample is different in both ABS and suspension structure as shown in Figure 2.28.

They were simulated the exciting force condition at slider-disk contact by
applying as point load at slider trailing edge center (TEC) on ABS. About the harmonic
analysis, the frequency sweep was from 1 to 400 kHz with 1 kHz increments. The
experimented results are compared at the leading edge center (LEC) and down-track

direction {DTD).
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Figure 2.28 Suspension design of (a) HGA#1 and (b) HGA#2. TEC is circled in white and LEC is
circled in red for both Figures [13]
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Figure 2.30 Frequency response of harmonic analysis for HGA#2 [13]
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The results shown in Figure 2.29 - 2.30 represent of HGA#1 & HGAH#Z respectively.
The HGA#1 result shows that the DTD trace featufes two prominent peaks at 75 and 79
kHz that are not seen on TEC and LEC. The HGA#2 result shows in Figure 2,30, With a
different suspension and ABS design, HGA#2 shows less frequency contents above 100
kHz and dominant modes at 72 and 80 kHz, which are view of first pitch mode in the
vertical direction seen in DTD mode. They were compared with HGA#1 on the DTD mode
and concluded that the HGA#2 are mechanically coupled with LEC modes which given
strong DTD modes as observed as first pitch mode vertical rather than roll modes. From
their results, it can be concluded that at thermal protrusion induced contact proximity
the in-plane force is most important excitation. It can be inferred from the similar DTD
modes shared by the different HGA designs. The designing to reduce LEC coupling from
D7D excitation is essential for slider instability.

Finally,as above from all researchers, review concerning the fly height of magnetic
recording. No research has been done at the slider placement location on the suspension.
However, this paper was focused at the slider placement location to see clearance effect,

The JMP software was used for experimentally model prediction and data analysis.
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2.2 Theory

The clearance is known as the distance between the slider and the disk. In the
other hand, clearance is the distance of the reader protruded toward the disk before some
parts of the transducer hit the disk as shown in Figure 2.31. It is very important for
evolution of magnetic data storage technology requirement. The continual increase in
areal density, now targeting 4 Thit per square inch [7] has several new technologies such
as shingled magnetic recording [3] and heat-assisted magnetic recording [4]. It has been
recognized that to achieve and resolve the future data storage needs, all of these
technologies have to be implemented altogether, and all technologies share a reliability
concern related to head-disk interactions. The head-disk contact raises concerns of
reliability at a minimum fly height of around 2 nm during a read-write process, and it is
expected to be at sub nanometer values in the near future, regardless of which of the
aforementioned technologies are used [13]. The closer of the slider or head to the disk is
better the BER (Bit error rate) and signal to noise ratio which the distance is measured in

Angstroms.
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Figure 2.31 Schematic of heater protrusion and clearance descript (a) when heater off status
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In the other hand, Figure 2.31 shows the schematic of heater protrusion and
clearance. A measure of clearance by measuring the change in amplitude between passive
fly and heater- induced contact and convert to be distance between head and disk. At

first step shown in Figure 2.31(a) heater off, writer and reader staying at its position without

any change. A track is written at a known frequency (and wavelength A) and read in
narrowband mode. The amplitude at {a) was 500 pV for an example case, called reference
amplitude. The second, shown at 2.31(b) when heater is turned on (during read), the
reader gets closer to the disk by the distance, Ay, and amplitude increases by AV (in db).
Then, measure AV and calculate Ay (clearance) by using Wallace spacing loss equation.
In term of the power applied to head, it was applied into head with a step by step varying
the power every 10 mW, start from zero to 200 mW, respectively. It means, heat is
increased until contact is detected. The amplitude just before contact is used for
calculating clearance as shown in Figure 2.31(c).

From above state, the Wallace spacing loss equation was used to correct
harmonics and calculated the spacing from ratio of fundamentals after correction for the
gap effect and transition width [29]. It was proved that fitting for confident accuracy

equation in HDD, can be written as below
AV = 20 x1og 10 (Heat amplitude + Reference amplitude) (2.1)
Ay =2 +54.6 X AV (2.2)
' So Ay = Clearance
Where
A is the wavelength of the signal = linear velocity / frequency

And fixed A as 75 nm

In Figure 2.31{b) when heat is turned on, the amplitude increased from 500 pV to 720 pv

(an example number)
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Then

Ay = 75 nm x 20 X log(720/500)/54.6 (2.3)

Ay = 4.3 nm (2.49)

In Figure 2.31(c) heat is increased until contact is detected, the amplitude
increased frorm 500 pV to 880 uV (an example number)

Then
Ay =75nm X 20 X log(880/500)/54.6 (2.5)

Ay =674 nm (2.6)

As the results of Ay, it would explain in term of amplitude change that, after apbly
heat into head. The reader and writer was protruded. With the protrusion, it caused the
reader and writer move close to the disk. With the closure point as descript, it becomes
high signal to noise ratio which actually affected with high amplitude which high rates of
data transfer require high frequency current in writer coil [34]. Mean that, high amplitude

was better for read and write for HDD.

2.3 Clearance cause and effect Diagram

Nowadays in the HDD manufacturing, there are a lot of parameters determined for -
affecting to clearance as shown in Figure 2.33, The main contribute was indicated into the
color rectangle such as slider, contamination, media / disk and TGA/ HGA. At the portion
of TGA/HGA, there are four parameters focusing on this paper which determined as main
contribution to cause clearance change. By the way, at the slider portion, it was

contributed on this study.
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Figure 2.32 Clearance cause and effect diagram



2.4 Clearance Prediction model

As previous by state, this paper was focused on the HGA at the slider x-alignment.
The prediction model was calculated based on all population of HGA dataset. The dataset
of sample size was more than 100,000 HGAs with including all parameters that might be
concerned to clearance. The top four parameters were ranking with high potential effected
to low or high clearance. The prediction model was created from JMP statistical discovery
software, version 10. More details of how to create clearance prediction model in

appendix B.

Clearance = 9.56144243704604 + (21.9575654600966 x A) + (15.8429228044625 x
B) + (—90.24934728951248 % P) + (0.272132423967986 X R) + [(4 +
0.0172798362068966)% % (—90.2493472895124)] + [(B + 00100501293103448)? x
344.603702930111] +{(P. — 2.56355693534483)% X 0.366831814966094] + [(R +

0.516499310344828)% x (—0.934901632221247)] (2.7)

Where
A = X _alignment
B =Y _alignment
P = PSA
R = RSA
Figure 2.34 shows the results of prediction model. An x-axis was x_alignment,
y alignment, PSA and RSA respectively. Y-axis was clearance number. The red dot line
from all parameter means the movement line which can move up or down in every
parameters by fixed Y_alignment, PSA and RSA. The X_alignment was varied as number
needed to see how clearance affected. Based on result in Figure 2.34, x_alighment was
given at 0.01916 mm, y_alignment at zero mm, PSA gave at 2.1 degree and RSA gave at -

0.5 degree, the clearance from given number was 8.99 nm.
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Figure 2.33 Clearance result of the prediction profiler model with fixed Y_alignment, PSA and
RSA value but input X_alignment as 0.01916 pinch

Based on result in Figure 2.34, x_alignment was given-at 0.01916 mm, y_alignment

at zero mm, PSA gave at 2.1 degree and RSA gave at -0.5 degree, the clearance from given

number was 8.99 nm.
Based on result in Figure 2.35, x_alignment was given at 0.001842 mm, y_alignment

at zero mm, PSA gave at 2.1 degree and RSA gave at -0.5 degree, the clearance from given

number was 8.70 nm.
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Figure 2.34 Clearance result of the prediction profiler model with fixed Y_alignment, PSA and

RSA value but input X_alignment as 0.0010842 pinch

Based on result in Figure 2.36, x alignment was given at -0.013149 mm,

y_alignment at zero mm, PSA gave at 2.1 degree and RSA gave at -0.5 degree, the clearance

from given number was 8.40 nm.



46

o ad 95::
28407838 o 1 et |
£ [8.11638, ?5;' ik R I L B j
Sowain 75 7 : a8 E N
85] " ' " ' ' ‘\ |
T T T T T | R A S Y gL
g ;3‘\ I:E E (& ] ; :-i;l‘b: Q § : g § 5 E':‘ :D ; - W ™ L' (] :‘ gl w0 :_:‘ F =y ] g w a
¥ X T =] (5] o (=] o
0.013149 0 el 05
X_Alignment Y_Alignment PSA RSA

Figure 2.35 Clearance result of the prediction profiler model with fixed Y_alignment, PSA and
RSA value but input X_alignment as
-0.013149 pinch

2.5 Definition

2.5.1 Clearance : At electrical side of HDD, it means the protusion
distance at the contact point of reader after applying power into the head.

2.5.2 Gap : It'is the space of head and disk during read / write operation
of HDD.

2.5.3 Fly Height : It is the distance between head and disk while flying.
Actually, at the Head Gimbal Assembly side, the fly height is represented at
mechanical algorithm of flyability of the head without any protrusion of reader.

2.5.4 PSA ( Pitch Static Attitude) : The pitch angle of the head after
slider is mounted onto flexure of the suspension. The angle can greatly affect
the magnitude of the pitch torque which is applied to slider when forced to
align with disk.[31]

2.5.5 RSA ( Roll Static Attitude) : The roll angle measurement of the
head which can use same masurement tool as PSA.

2.5.6 Slider x-alignment : The distance of prototype setting of slider
placement and real position of slider after placing onto the suspension on x-

direction.
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2.5.7 Slider y-alignment : The distance of prototype setting of slider
placement and real position of slider after placing onto the suspension on y-

direction.

{ Slider x-alignment

/
¥

| tider X Locatio

Dimple Location J

X- Direction

= Y- Direction
Suspension Load Beam

Figure 2.37 Indicated the slider x-alignment



CHAPTER 3

RESEARCH METHODOLOGY

3.1 The Slider Attach Tester

The Slider Attachment machine was used to support the experiment by
attachment of the slider and the suspension together. The suspension was placed using
the glue RTG1128 for attaching the slider and the suspension. Before placing the slider
into the suspension, UV cure was applied with high energy to pre-cure the glue preparing
for slider placement. In usual practice, the placing was focused at the center of Advance
Air Bearing (AAB) of the slider and the dimple of the suspension. The slider attach algorithm
was started from caption at the side edge of slider. it was caption into four positions along
the edge of slider as Figure 3.2 b. After that, the machine vision system program will be
calculated the center of slider by reference from four positions pointed and placed slider
into the suspension by focusing at the center of slider and reference of suspension area,

with this the slider can be fit for placing at the dimple area as in Figure 3.2 a.



Figure 3.1 The slider attach machine [2]

After completely placing slider, the second UV cure was activated. Then, flexure
circuit was connected with slider gimbal pad with Thermal Inter Connect machine (TIC).
The gold wire was used to connect the suspension and the slider was melted with high

energy power.
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Figure 3.2 Vision recognition of slider attach machine for placing slider into suspension (a)

Suspension recognition and (b) slider recognition [2]

3.2 The Pinnacle tester

The pinnacle tester was used for measuring the position of slider after completely
mounted slider and suspension together at XYT-alignment direction. The machine was
used the reference information set up and designed with uniqueness of own slider ABS
itself. The reference information was created and measured by the ABS prototype with
AUTOCAD program. The measurement algorithm is practical as same as slider attach
machine, but, a bit different just at the resulting of report because the machine software
read the real position from the sample and compare with reference information provided
, after then, the software will calculate the distance of each parameter concerned, in this

case is XYT_alignment.
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Figure 3.3 The pinnacle tester [2]

3.3 The Fly tester

Fly test is used to measure the distance between a glass disk and slider by using
reflective light. The Fly Tester takes spot readings at numerous slider locations and
calculates the following parameters:

1. ORTE = Quter Rail Trailing Edge

2. IRLE = Inner Rail Leading Edge

3. ORSLOPE = Quter Rail Slope = ORLE - ORTE
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4. ROLL = ORTE - IRTE
5. CP = Close Point

Differenctial Phase
Interferometer

Single LCD Monitor \

Keyboard with -
Integrated Trackball . —

Swing - Up Door

Wider Front Shelf

Front USB Ports

Figure 3.4 The Fly Tester [2]

Normally, the Fly was tested with five radius, ID1, ID2, MD, OD1 and OD2. Each
radius has different skew angle, starting from -15° for ID1 and -5° for ID2 respectively as

shown in Figure 3.5. The results of Fly test was reported by basing on the skew angle.
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Figure 3.5 Fly test skew location identification [2]

3.4 The Contact Spin Stand Tester

The contact Spin Stand Tester is used for both electrical and mechanical test at
HGA. The tester consists of disk, piezo, preamp assembly and channel board. It is used to
quantify the performance of HGAs which intend to be capable of measuring as same as in
HDD operation. With the same test approach can be used to understand media behavior
and performance of other components of recording subsystem. This tester is a highly
configurable test system that allows the user to place a head over a spin disk much like
in the HDD, but with greater flexibility over the electrical and mechanical details. In term
of electrical performance testing, it was covered on both reader and writer performance

to more understand design point and head performance. In term of mechanical
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performance testing, majority test was simulated the protrusion after apply heat into head
and measure how far of head and disk then convert back to distance as presented in

chapter 2.

HGA Clamp

Figure 3.6 The Contact Spin Stand tester overview [2]




1. HGA prepare for test at Test Nest position and lock
with Load Limitter
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£ \
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4. Test HGA ( Under media) :: Dimple at center of the
slider

Dimple

Figure 3.7 The simulation of head during test at Contact Spin Stand tester
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tn Figure 3.7, it shows the step by step of HGA measurement at Contact Spin Stand
tester. In normal praciice, the HGAs would sit at the nest waiting for picking to the slot
test area. Then, the first step would be started by test nest position as and lock with
load/unload limiter. Step two is tilt down the HGA into the position angle with safety
before moving to test under disk. This process was intended to minimize the scratch at
the end of suspension and disk which can be effected to head performance and cross
failure for other HGAs test. Then, once HGAs was moved to under the disk the load limiter
was unlocked, with these the HGAs will ready for step of testing. From step four, the HGAs
stayed parallel to the disk during test, this is assumed with the dimple location and slider
x_alignment at the zero position. This tester was measured and tested the read/ write
ability of head under the disk which was rotated with spindle speed between 5400 - 7200
rom. The radius in this research is ID (Inner radius).

In Figure 3.8, it shows the simulation of slider under the disk during test with
different slider x_alignment directions. In Figure 3.8a, an x_alignment at the (-) direction
which means the dimple was not located at the center of slider, but it has some bevel
slider position. Then, when it moves to under disk preparing for measurement the slider
is not in parallel with disk. With this, the writer will be close to media as picture state
which assumed that clearance will be low on this behavior moving. In the other hand, for
the Figure 3.8b an x_alignment at the (+) direction which means the dimple was not
located at the center of slider but it has some bevel slider position. Then, when it moves
to undér disk preparing for measurement the slider is not in parallel with disk. With this,
the writer will be fart from media which assumed that clearance will be high on this

behavior movine.
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HGA testing under media :: Dimple at "-" direction

Slider

Figure 3.8 The simulation of head during test at Contact Spin Stand tester with moving slider

x_alignment into (-) and (+) direction

This research purposes the altermative approach to adjust the clearance reading
prior to considering a new revision design of the suspension. As mentioned in chapter 1,
the unit of slider x-alignment is “millimeter”, hence, the machine adjustment is main
factors in this research.

There are two main parts of experiment in this research. The first part called “The
clearance impaction from varying range of the slider x_alignment” is concerning the
maximum adjustment on both higher side and lower side of the machine capability
limitation. The second part is called “The clearance impact study from slider x_alignment
on the negative range adjustment”, this part was intended to study the machine efficiency

adjustment and understand the clearance changed from this adjust.
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3.5 Experiment flow of the clearance impaction from varying range of the

slider x_alignment (part 1)
In the part |, it was set the experiment into three groups as
1. Groupl as the lower group. This group is intended to move the slider x-
alignment to the negative side, assumed as the slider x-alignment is low
2. Group2 as the center of dimple. This group is called normal which assumed
the slider x-alighment is zero
3. Group3 as the higher group. This group is intended to move the slider x-
alignment to the positive side, assumed as the slider x-alignment is high
To minimize the impact factors, the simulation of experimented environment was
determined. The experiment was arranged under cleanroom environment of class 1000
condition (< 1000 particles/cubic foot/minute). The temperature inside the cleanroom
environment was controlled. The room temperature was set between 17 — 27 °C and the
relative humidity was set between 40-60%. All group of experiment are set by using slider
of the same lot. The sample size was 120 HGAs per group. The manufacturing process was
controlied to use the same tester measurement. The disk of contact spin stand tester was
controlled by using only one surface. More detail of part |, the experiment flow is depicted
in Figure3.7.
The clearance results are determined by using mean and sigma analysis. In this

research, it uses JMP software for analyzing mean and sigma results.



Figure 3.9 Experiment’s flow chart of the clearance impaction from vary range of the slider

x_alignment ( part I)
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Figure 3.10 The top view image of slider and direction of slider x-alignment of each experiment

group on suspension

Figure 3.10 illustrates the top view image of Slider and the direction of x-alignment
of each group. The Trailing End (TE) is the top side of slider, containing Gold Bond Pad
used for bonding slider and the suspension together. The Leading End (LE) is the bottom
of slider, consisting of serial number of each individual of slider. The placement position
of slider and the suspension was at the centered of both slider and dimple area, assumed
as normal group. The placement of negative and positive directions was assumed as low
and high group.

On the other hand, in Figure 3.11, it shows the schematic of side view of the slider
and the dimple location. The 3.11a was slider x_alignment at zero location. This is baseline

group which actually used for factory production so far and beyond. With the alignment
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placing of slider at the center of dimple, this group would indicate with balance on both
pitch and roll as well as HGA was paralleled to the disk. In Figure 3.11b and 3.11c, they
indicated the location of slider which off from the dimple with different direction, negative

(-) and positive (+).

H
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H 1
Suspension E"! X - Alignment (-)

Figure 3.11 The schematic side view image of slider and direction of slider x-alignment of each

experiment group during testing by Contact Spin Stand tester
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3.6 Experiment flow of the clearance impact study from slider x_alignment

on the negative range adjustment (part II)

Figure 3.12 Experiment’s flow chart of the clearance impact study from slider x_alignment on

the negative range adjustment ( part Il)
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In the part Il, it was set the experiment into six groups and intended to study at
the negative direction. The purpose of this experiment part was to study the machine
minimizing adjustment and understand when clearance starting change after moving
x_alignment. Based on machine adjustment limitation, in this research, it can move at

minimum side only 0.003 mm as shown in Figure 3.12.
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CHAPTER 4
EXPERIMENTAL RESULTS AND DISCUSSION

4.1 The clearance impaction from varying range of the slider x_alignment

(Part I) result

The results of part one, consisting of three groups of varying range of slider
x_alignement impact to clearance, the results indicated that the Clearance keep changing
when dimple location changes.

Figure 4.1 shows the result of clearance by experiment group. The Y-axis was
clearance and the X-axis was experiment group, with three groups totally. This graph was
plotted by an average value of each population data set of each group. The Figure 4.2
and 4.3 show the result of x_alignment and y_alignment by experiment group respectively.
From the results of three Figures, at group one which is known as slider x_alignment was
on the positive direction given x_alignment at 0.01916 mm. With this, the clearance on
this group becomes an average at 3.07 nm. By the way, when comparing with group two
{normal) which x_alignment on zero slider x_alignment position, it becomes that clearance
result shows an average value at 8.43 nm (0.64 nm higher than group one). For the result
of group three which is known as slider x alignment at negative direction given slider
x_alignment at -0.01315 mm. With this, the clearance on this group becomes an average
value at 8.28 nm. Looking at the slider y alignment results in Figure 4.3, the group one
which is known as slider x_alignment at the positive side, this group is given slider
y_alignment an average value at 0.00283 mm. The group two which is known as slider
x_alignment at normal group, at zero position, this group is given stider y_alignment an
average value at 0.00165 mm while the last one is known as group three which is known
as slider x_alignment at negative side, this group is given slider y aligcnment an -average
value at 0.00408 mm,

Additionally, the Figure 4.3 and Figure 4.4, Y alignment and T alignment
respectively, have similarly trend Figure, group two is given lower than other while group

three given higher than other. This trend was as expected. The reason was this study is
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intended by varying the x_alignment along the suspension, but, it would be some chance,
causing to y_alignment change. By the way, both of them were at the acceptable range

since it was not out of specification. With this result, it would be reported that Y_alignment

was comparable on three group experiments.
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Figure 4.4 shows the Gramload result of all three group experiment, an x-axis was
identified by an experiment group with having three groups in total while y-axis is gramload
value and the unit of gramload is gram-force. The spec of gramload is 2.5 +0.2 gram-force,

from the chart shows that the group two given gramload value at 2.49 gram-force while
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group one and group three are given gramload value at 252 and 2.51 gram-force
respectively. In term of the spec and tolerance even group two was lower than other
group but it was within spec, with this, this report would conclud that gramload was
comparable. In the other hand, these experiments were assumed that along the slider
body the gramload force holding was 2.5 gram-force and the result was as expected.

In the Figure 4.5, it shows the PSA (Pitch Static Attitude) result by experiment group.
An x-axis was identify by an experiment group with having three groups in total while y-
axis is PSA value and the unit of PSA is degree. Regarding the PSA results, it was converse
trend when comparing with clearance chart. Based on the clearance sensitivity, getting
low clearance if PSA trend is high and same practice with high clearance if PSA trend is
low. In the Fieure 4.6, eroup one get PSA value at 2.07 degree while clearance results in
Figure 4.1 at 9.07nm, group two is baseline which gets PSA value at 2.08 degree while
clearance results in Figure 4.1 at 8.43 nm and the last one is group three which get PSA
value at 2.106 degree while clearance results in Figure 4.1 at 8.28 nm. In term of RSA (Roll
Static Aftitude} in Figure 4.6, an x-axis was identify by an experiment group with having
three groups in total while y-axis is RSA value and the unit of RSA is degree. The results
shows that group two was get low RSA than other group which getting RSA value at -0.475
degree white group one and group three get RSA value at -0.482 degree and -0.492 degree
respectively. Regarding to the RSA spec and tolerance, it would reported that the result
of three groups were comparable,

In Figure 4.7, it shows the trend of Fly testing, an x_axis was identified by skew
angle of disk while y_axis was identified PTFH (Pole Tip Fly Height) value which the unit
of PTFH was microinch. The experiment eroup was separated by colour and identified in
the top of right hand side. It was dynamic test which uses to verify the flying characteristics
of the head. There are three parameters interested at Fly test, PTFH, pitch and.roll. The
PTFH results were correlated with clearance result, when tooking at the profile of each
group, all group has same slope profile. But, when looking at the PTFH value by each
experiment group and comparing to clearance value in Figure 4.1, all three groups were
different flying profile which was significant correlated with clearance result, low clearance

also fly height become low PTFH and high clearance was become high PTFH as well. By
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the way, in term of each group result, the PTFH delta was only 0.1 microinch which would
conclude that it is not significantly different in term of static theory. But, it can be indicated
the flying feasibility of head. With this results it can be concluded that with the change
at clearance (around 0.4-0.8 nm) would be affected to real fly of head stability. Therefore,
fly height was most critical fly parameter in terms of electrical performance. Low fly height

provides better electrical performance, too low causes HDI (Head Disk Interference) and

becomes damages on both head and disk.
In Figure 4.8 show the pitch results. The result indicated that, all three groups were

comparable on all skew angle range.
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Figure 4.7 The mean of PTFH by experiment group

In Figure 4.9 show the roll results. The result indicated that, all three groups were
comparable on all skew angle range. With the result of both pitch and roll, it was indicated
that even the fly height profile looks different among three groups of experiment but pitch
and roll does not change. Both pitch and roll performance can indicated that the slider

and suspension were perform attached together with good balancing.
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Figure 4.9 The mean of ROLL by experiment group

In Figure 4.10, it show the amplitude results; an x_axis was identified by experiment
group while y axis was identified amplitude value which the unit of amplitude was
microvolt. The result indicated that, group one gets higher amplituder than other groups
while group two gets lowest amplitude when compared with other group. The amplitude

of group one was higher than group two by 400 pV and the amplitude of group three was

higher than group two by 150 pV.
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In Figure 4.11, it shows the Bit Error Rate result; an x_axis was identified by
experiment group while y axis was identified amplitude value which the unit of Bit Error
Rate was decade. The result indicated that, group one gets worst Bit Error Rate than other
groups while group two gets better Bit Error Rate when compared with other groups. The
Bit Error Rate of group one was poorer than group two by 0.07 decade and the Bit Error
Rate of group three was poorer than group two by 0.02 decade.

From Figure 4.11 and 4.10 results, it can be concluded that, the amplitude and Bit
Error Rate have no correlation to clearance. The reason of this phenomena came from
the algorithm of electrical test of the contact spin stand tester. In this study, the contact
spin stand software was programmed and focused at the target point of clearance, then,
applied power into head with only two or three steps to hit contact point. It is important
to keep in mind that-in this study, the Pole Tip Flyheight ( PTFH) result was the key

parametric which can  be preferred for head flying ability.
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Figure 4.10 The mean of amplitude by experiment group
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In Figure 4.12, it shows the W-curve at 1* torsion mode by an x_axis was Z-height
range and separated by experiment group by color of line while y_axis was average gain
of each experiment group by Z-height. The sample size was fifteen HGAs per experiment

group. The result shows all experiment group which are comparable on all Z_height range.
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Figure 4.12 The W-Curve at 1* torsion by experiment group
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In Figure 4.13, it shows the Frequency Response Functions (FRF) plot. An x_axis
was frequency range while y axis was the magnitude of gain which separate by an
experiment group. Figure 4.113, it shows the overall frequency from 1-100 kHz while Figure
4.11b was zoomed in the frequency from 1-50 kHz. The results shows all three groups of
experiment got peak of gain were comparable on every frequency modes, first torsion,
first sway and third torsion mode. But, in Figure 4.11a, observed the different peak at the
frequency from around 65 kHz to 75 kHz. It was occurred on the group one ( red line). By
the way, this study was studied at Head Gimbal Assembly (HGA) which was focused at
the frequency from range 1-40 kHz.

(a) (b)
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i i i T 11 15 < ¢ i i
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Figure 4.13 The Frequency Response Functions(FRF) plot by experiment group

In Figure 4.14, it shows the windage spectra plot. An x_axis was frequency range
while y axis was the magnitude of gain which was separated by an experiment group.
Figure 4.18a, it shows overall frequency from 1-100 kHz while Figure 4.18b was zoomed
in the frequency from 5-50 kHz. The results shows only two group of experiment ( group
two and group three) which were comparable on every frequency ranges except at the
first Bending and gimbal torsion mode which seen group one higher peak than other group.
With the phenomena of group two result, it was concluded that when varying the slider
into the positive direction of x-alignment it become clerance to be higher. With the

significant higher of clearance it may be cause of more ripple during the windage test.
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Figure 4.14 The windage spectra plot by experiment group




Table 1. The summary results of the clearance impaction from varying range of the slider

x_alienment (part I)

75

Papmeters | Spec [ oroup 2 Xnorma)] Group 3%¢)
X-Alignment 0 £0.02235 0.01916 0.00108 0.01315
{mm)
Y-Alignment 0 £0.02235 0.00283 0.00165 0.00408
{mm)
PEA 24102 2071 2083 2.106
{degree) J
RSA -0.5 0.6 -0.482 {0,475 -0.492
{degree}
Gramload 2.540.2 252 2498 2.518
{gram-force)
Clearance Min 3 9.07 8.43 3.28
{nm)
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4.2 The clearance impact study from slider x_alignment on the negative

range adjustment (Part Il) result

Figure 4.15 shows the result of clearance by group of experiment, an x-axis was
identify by an experiment group which contains six groups in total while y-axis was
clearance mean which unit of clearance was nanometres. The results show as expected,
starting from group one which is called “control group”, assumed slider x_alignment at
zero. With the reason needed to have better understanding in term of how many slider
x_alignment change can contribute to clearance starting change. This experiment was
intended to study at the negative range of slider x_alignment with only.

However, the results indicated that, group one which was control group got
clearance value at 8.32 nm-while got slider x_alignment value at -0.0049 mm (would
consider this is zero). Group two got clearance value at 8.24 nm while got slider
x_alignment value at -0.0111 mm. Group three got clearance value at 8.10 nm while got
slider x_alignment value at -0.0170 mm. Group four got clearance value at 7.98 nm while
got slider x_alignment value at -0.0193 mm. Group five got clearance value at 7.95 nm
while got slider x_aligcnment value at -0.0238 mm. The last one was group six got clearance

value at 7.71-nm while got slider x_alignment value at -0.0274 mm.
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Figure 4.15 The mean of clearance by experiment group
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Figure 4.16 The mean of X_Alignment by experiment group, specification 0 + 0.02235

In Figure 4.16, it shows the slider x_alignment value by experiment group, an x-axis
was identified by an experiment group, having six groups in total while y-axis was slider
x_alignment mean which unit of clearance was millimeters. The chart result shows that
group one was higher slider x_alignment than other group. For the group two untill group
five given the x-alignment lower and lower till -0.03 millimeters respectively. As a matter
of fact, it was as expected of this study.

In Figure 4.17, it shows the slider y_alignment value by experiment group, an x-
axis was identified by an experiment group, having six groups in total while y-axis was
slider y_alignment mean which unit of clearance was millimetres. The chart result shows
that group one and group5 have higher slidery alisnment than other group. By the way,

when comparing with slider y ‘alignment spec, there were comparable for all six groups

experiment.
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Figure 4.17 The mean of Y_Alignment by experiment group, specification 0 + 0.02235

Figure 4.18 shows the PSA (Pitch Static Attitude) result by experiment group. An
x_axis was identified by an experiment group while y_axis was identified PSA value which
the unit of PSA was degree. The results of PSA starting from group one to group six keep
increasing, group one was lower that other group while group six was also higher PSA than
other group. The PSA trend when-compared with Figure 4.13 and 4.14 looks opposite
direction of slope. Therefore, this phenomenon was correlated with prediction model and
clearance sensitivity. When taking about clearance and slider x_alignment sensitivity, the
clearance keep higher when slider x _alighment keep higher (at positive direction range).
As well as the clearance keep lower when slider x alignment keep lower (at negative
direction range). But for the PSA sensitivity, it was converse slope as clearance keep lower

when PSA becomes higher and on the other hand, clearance keep higher when PSA

becomes lower.
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Figure 4.18 The mean of PSA by experiment group , specification 2.1 £ 0.2

In Figure 4.19, it shows the RSA (Roll Static Attitude), an x_axis was identified by an
experiment group while y_axis was identified RSA value which the unit of PSA was degree.
The results shows that group one and group six have higher RSA than other group. By the
way, if looking at an RSA spec it would conclud that all six group are comparable. In the

other hand, an RSA had less correlation to clearance on this study.
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Figure 4.19 The mean of RSA by experiment group, specification -0.5 + 0.6
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In Figure 4.20, it shows the trend of Fly testing, an x_axis was identified by skew
angle of disk while y_axis was identified PTFH (Pole Tip Fly Height) value which the unit
of PTFH was microinch. The experiment group was separated by colour and identified in
the top of right hand side. It was dynamic test which uses to verify the flying characteristics
of the head. There are three parameters interested at Fly test, PTFH, pitch and roll. The
PTFH results were correlated with clearance result, when looking at the profile of each
group, all group has same slope profile. But, when locking at the PTFH value by each
experiment group and comparing to clearance value in Figure 4,12, only group six was
significant correlated with clearance result, low clearance also fly height become low PTFH
as well. By the way, in term of group one and group two result, the PTFH delta was only
0.1 microinch which would conclude thatit is not significantly different in term of static
theory.

The Figure 4.21 shows the combined group of experiment into three groups,
combined group one came from result of group one and group two, combined group two
came from result of group three and group four and combine eroup three came from
result of group five and group six. An important point is that, the Fly tester has variation
sigma by 0.3 nm, it turned out with only 0.1 = 0.2 nm change of clearance cannot see
PTFH significant difference. After combined, the result shows as same as PTFH profile of
experiment part [, high clearance getting high PTFH and low clearance getting low PTFH.

With this results it can be concluded that small change at clearance (around 0.08
nm) would not be affected to real fly of head stability. Therefore, fly height was most
critical fly parameter in terms of electrical performance. Low fly height provides better
electrical performance, too low causes HDI (Head Disk Interference) and becomes
damages on both head and disk.

In Figure 4.22 and 4.23 show the pitch results which Figure 4.22 represents overall
scale and 4.23 represents the zooming one respectively. The result indicated that, group
one and group six were correlated with clearance result in Figure 4.12 by, group one got

high clearance value while at fly test got low pitch value. In the other word, the group six
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got low clearance value while at fly test got high pitch value. By the way, the other group
experiment, group two to group five look comparable.

In Figure 4.24, it shows roll result by skew angle and experiment group. Based on
the result observed, group one and group three have same roll value on all skew angle
while seen same phenomenon at group four and group five as well. By the way, group
two and group six were have more significantly different than other group. Group two have
higher PTFH when compare with other group and seen high on all skew angle. For the
group six have lower PTFH when compare with other group and seen low on all skew
angle. It was still unknown the root cause of these phenomenon of group two and group

six due to they are no physical damage observed after inspection these parts.
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Figure 4.20 The mean of PTFH by experiment group
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Figure 4.26 The mean of Bit Error Rate by experiment group

In Figure 4.25, it shows the amplitude results; an x axis was identified by
experiment group while y axis was identified amplitude value which the unit of amplitude
was microvolt. The result indicated that; all six groups get the amplitude with high variation
value. The amplitude phenomena can be concluded as same as amplitude result of
experiment at part I.

In Figure 4.26, it shows the Bit Error Rate result; an x_axis was identified by

experiment group while y_axis was identified amplitude value which the unit of Bit Error
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Rate was decade. The result indicated that; all six groups get Bit Error Rate with high
variation value which can be concluded as same as amplitude phenomena.

From Figure 4.25 and 4.26 result, it can be concluded that, the amplitude and Bit
Error Rate have no correlation to clearance as same as experiment part | with same reason.
It is well known that; the Pole Tip Flyheight ( PTFH) result was the key parameter which
can be preferred for head flying ability.

In Figure 4.27, it shows the W-curve at 1% torsion mode by an x_axis was Z-height
range and separated by experiment group by color of line while y _axis was average gain
of each experiment group by Z-height. The sample size was ten HGAs per experiment

group. The result shows all experiment group which are comparable on all Z_height range.

Z-Height (mm.)

Figure 4.27 W-Curve at 1% torsion by experiment group
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Figure 4.28 Frequency Response Functions(FRF) plot by experiment group

In Figure 4.28, it shows the Frequency Response Functions (FRF) plot. An x_axis
was frequency range while y axis was the magnitude of gain which separate by an
experiment group. Figure 4,233, it shows the overall frequency from 1-100 kHz while Figure
4.28b was zoomed in the frequency from 2-50 kHz and Figure 4.28c was zoomed in the
frequency from 10-35 kHz. The results shows all six groups of experiment got peak of gain
were comparable on every frequency modes, first torsion, first sway and third torsion
mode.

In Figure 4.29, it shows the windage spectra plot. An x_axis was frequency range
while y_axis was the magnitude of gain which was separated by an experiment group.
Figure 4.29a, it shows overall frequency from 1-100 kHz while Figure 4.29b was zoomed
in the frequency from 1-50 kHz. The results shows all six group of experiment which were
comparable on every frequency ranges except at the first Bending mode which seen group

two higher peak than other group.
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Table 2, The summary results of the clearance impact study from slider x_allgnment on the

negative range adjustment (Part II}

Pdl_"a_me'térs' Spec |’ Groupt I Growp2 | Group3 | Group4 |- .é_._rdlips. " Group§
SRR E lze) -y tonosio00) ¢ 00080009 e Lagtoraona | contsieonts) x osmshiadze)
L-Alignment| 0:0.02235 | -0.00495 -0,01112 0.01703 «0.0193 +0.02378 -0,02741
{mm}

Y.Alignment| 040.02235 | 0.00007 | -0.00155 000186 -0.00154 -0,00001 £0,00116
(mm)

T-Alignment 0:156 | -0.02068 0.01321 -0.01894 -0.03059 -0,01291 -0.01343
{degree)

PSA 21102 2,043 2.062 2.067 2,045 2,071 2.029
{dagree)
RSA 0.5 10.6 -0.51 0,52 -0.52 +0.52 -0.53 0,52
(degree)
Gramload | 2.510.2 2.5 248 2.5 2.5 2.51 2.5
{gramsforce)
Clearance Min 3 8.32 8.24 8.1 7.98 7.95 1.1

{nmy}




CHAPTER 5
CONCLUSIONS AND SUGGESTION

5.1 Conclusions

This thesis proposed an alternative way for the minor adjustment of the clearance
at Head Gimbal Assembly (HGA) by focusing on the suspension area at the dimple location
instead of considering changing new suspension design. This method is called “slider
placement delta x_alignment” which placed slider into suspension by Slider Attach
Machine. In regularly practiced for placing the slider into the suspension, the focused area
was at the center of dimple area on the suspension and the center of the slider body. In
this method, it was intended to adjust the location of the slider x_alignment to place the
slider while dimple location was not changed. The stider x_alignment was measured by
the pinnacle machine. The clearance was measured by the contact spin stand machine
(CSS) and Fly height was measured by Fly test machine.

The prediction model had great accuracy for predicting with variation around =0.1-
0.2 nm. All parameters at Head Gimbal Assembly (HGA) that might be related to clearance
was determined and put into the prediction model, but, only top four parameters which
have high sensitivity to clearance were selected in this study.

The results from this study can be confirmed that the clearance range during 0.2-
0.5 nm was possibly to adjust by tweak the slider x_aliesnment method. The Fly height
profile was confirmed with no mechanical effect to head flying ability. Anyhow, an
amptitude and Bit Error Rate have no correlation with clearance on this study regarding to
the limitation of clearance target point of software at contact spin stand tester. Based on
an experimental results of both part I and part I, Pole Tip Fly height (PTFH) was correlated
with clearance result. It can be concluded that the low head flying with less than 7.7 nm
can be possibly without Air Bearing Surface (ABS) scratch or defect.

In term of vibration concerning, resonance measurement method test was used
for confirming the results which become comparable on all experiment group on both
two parts of experiment. Thus, the adjustment of slider x_alignment at HGA is capable of

practicing for helping clearance problem regarding to resonance that was not affected.
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5.2 Future suggestion

This experiment study was based on the sample size of Head Gimbal Assembly
(HGA) less than 500 pieces which has the clearance specification from 3 - 8 nm. It was
quite confident that at the factory standpoint, the tweak of machine adjustment at the
slider x_alignment will be helping for fastest action to solve either low or high clearance
problems. Actually, for more stability of head while flying above the disk, it was necessary
to make a change at suspension design regarding to robustness, vibration and other
contribution concerns. By the way, in term of future technology and HDD innovation, it
must be required very small spacing between head and disk to meet high recording
density. Hence, it would be more adding up contribution factor to clearance. With this
hoping that, the result from this experiment may be usefut for even factory minor

adjustment standpoint and suspension designing algorithm.
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The Suspension Study for Decreasing the Clearance of Head
Gimbal Assembly

Nongnoot Deetu 132* and Chaiyan Jettanasen?® *

Abstract

In this study, the effect of Dimple x-location on suspensionto Clearance is experimentally investigated. The
experiment is set by varying the location of slider placement along the suspension, called Slider x-Alignment. A Contact
Spin Stand (CSS) tester is used to measure electrical parameter of read /write performance of Head Gimbal Assembly
(HGA) which is included the clearance test. Head Gimbal Assembly (HGA) is tested at class 1000 cleanroom (< 1000
particles/cubic foot/minute). The unit of Clearance is "nanometer”. The Pinnacle tester is used to confirm the Slider x-
alignment positionalong the suspension, the unit of Sliderx-alignment is “millimeter". The experimental results showed
that the Clearance reading follows as Slider x-alignment direction. i., Clearance increases shen the Sliderx-alignment
moves to the positive direction and the clearance decreases when the Dimple x-location moves to negative direction.
However, Pitch Static Attitude (PSA) and Row Static Attitude (RSA) are not contributed in this study.

Keywords: Dimple location, Slider x- Alignment, Clearance, Suspension
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1. Introduction

Hard Disk Drive (HDD) is important part of datastorage

devices for computer and consumer electronic systems.
The components inside Hard Disk Drive (HDD) consist of a
rotation disk, serve motor and Head Stack Assembly (H SA)
The Head Gimbal Assembly (HGA) is the subset of Head
Stack Assembly (HSA). consisting of slider and stainless
steel suspension. When the disk rotates with spindle speed
of 7,200 rpm, the head flies above the disk.
A gap between the head and the disk is verified as one of
various factors affecting to the recording density; small gap
reports high recording density while large gap is opposite
direction.

Moreover, the recording density of HDD keeps
increasing every year. To increase the density rate, several
studies have focused on head design and imovation of
technology development. However, some studies have
physically focused on the mechanical side of Hard Disk
Drive (HDD) sy‘stemﬁmechaniﬂnbet\mﬂud&mbﬂl
Assembly (HGA) and disk must be reduced until it
eventually reaches contact recording. The mechanical
lower gap becomes high signal ratio and results with high
density [1]-[2): The reduction between Head and Disk is
critical for mechanical design whichmust have the gapless
than 10 nm. The head which flies less than 3 nm causes
scratches/damages on the disk and head degradation [3].
Simulation studies focusing on the suspension area to
decrease the gap between head and disk have been
reported. The coupling vibration of air bearing slider and
suspension system affecting the lider flying. ability and
head position have been investigated at several states. The
contact /friction force on the dynamics of slider air bearing
the suspension vibration and the dimple gimbal interaction
force are characterized and they affect surfing states. A new
dzsignhasbeentoredmetheinteracﬁonfnrceztsmﬁng
states [4].

456

98

pxere
The 25 International Conference on Enginsering Science and Innovative Eglﬂr
Technology (ESTT 2016), Phukes, Thailand, April 21- 23 2016 e 2

However, few studies have been completed on the
suspension area for decreasing the clearance at Head
Gimbal Assembly (HGA). Many components of suspension
factors affect the clearance, including suspension stiffness,
size of the dimple suspension and position of the dimple at
suspension. Thus, the purpose of this study is to investigate
the effect of dimple x-location of suspension area which
may decrease the clearance of Head Gimbal Assembly
(HGA). This study may lead to a better understanding of
dimple x-location to the clearance at Head Gimbal Assembly
(HGA). It is expected that information from this study may
be useful in the suspension design.

Figd shows the overview of Head Gimbal Assembly
{HGA) which is consisted of the Slider, and the suspension.
The suspension itself comprises flexure, base plate, and
load-beam. The dimple is indicated in the picture, and
normally located at almost the end of the suspension. The
slider is placed into flexure and dimple.

Shaer

Fig. 1. The image of Head Gimbal Assembly and Dimple
position

2. Experiment and Methodology

This study, focuses on the suspension area with a
hypothesis that moving the dimple location alongthe x-axis
of suspension might cause clearance change. The focusing
area is on the Dimple location at the suspension.

To minimize the impact factors, the simulation of
experiment environment was determined. The experiment



Paper D 102

was arranged under cleanroom environment at class 1000
condition (< 1000 particles/cubic foot/minute). The
temperature inside the cleanroom environment was
controlled. The room temperature was set between 17 - 27
°C and the relative humidity was set between 40-60%.

The Slider Attach machine was used for the attachment
of the slider and the suspension together. The suspension
was placed using the glue RTG1128 for attaching the slider
and the suspension. Before placing the slider into the
suspension, UV cure was applied with high energy to pre-
cure the glue preparing for slider placement. In usual
practice, the placing was focused at the center of Advance
Air Bearing (AAB) of the slider and the dimple of the
suspension. The slider attach algorithm was started from
caption at the side edge of slider. It was caption into four
position along the edge of slider. After then, the machine
vision system program will be calculated the center of dider
by reference from four positions point and placed slider
into the suspension by focusing at the center of slider and
the dimple location

The experiment had been arranged by warying the
location for placing the slider into the suspension. The
study’s intention was moving the slider placed into the
suspension along x-axis direction of dimple location,
starting from the center of dimple location. It was assumed
that the x-alignment is zero. The tolerance variation moved
from zero to beth positive and negative directions of x-
alignment from the center of dimple determining zero
location. The sample size was 120 pieces per each group.
Totally, there are 3 groups: the center of dimple locationas
the control group, the positive directionas the higher group
and the negative direction as the lower group.

After the placing of slider had been completed, the
second UV cure was activated. Then, flexure circuit was
connected with slider gimbal pad with Thermal Inter
Comnect machine (TIC). The gold wire was used to connect
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the suspension and the slider which was melted with high
energy power.

The pinnacle tester was used for measuring the position
of slider after completely mounted slider and suspension
together at XYT-alignment direction. The machine was used
the reference information set up and designed with unique
of own slider ABS itself. The reference information was
created and measured by the ABS prototype with AUTOCAD
program. The measurement algorithm is practical as same
as slider attach machine, but, a bit different just at the
resulting of report because the machine software read the
real position from the sample and compare with reference
information provided ., after then the software will
calculated the distance of each parameter concern, in this
case is XYT-alignment.

The Clearance of Head Gimbal Assembly was tested by
Compact Spin Stand machine (CSS) with disk rotation of
7.200 rpm. The unit of Clearance was nanometer. The
Statistical method was used to report the clearance results,
especially ‘on mean/sigma and - histogram of each
population group.

Fig2 illustrates the top view image of Slider and the
direction of x-alignment of each group. The Trailing End
(TE) is the top side of slider, containing Gold Bond Pad used
for bonding slider and the suspensiontogether. The Leading
End (LE) s the bottom of slider, consisting of serial number
of eachindividual of slider. The placement position of slider
and the suspension was at the centered of both slider and
dimple area, assumed as normal group. The placement of
negative and positive directions was assumed as low and

high group.
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Fig. 2. The image of slider and direction of slider x-
alignment of each experiment group

Fig3 shows the experiment’s flow chart. There are 3
groups with different directions of slider placement into the
suspension. The sample size of each group was 120 pieces.
The Slider was controlled by using the same lot to block the
impact factor. The Contact Spin Stand tester (CSS) was
controlled by using only one tester for minimizing the tester
variation.

[

Ty Thed e

Fig. 3. Experiment’s flow chart
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3. Result and Discussion

Fig, 4 and Fig. 5 show the following experimental results:
an X~ axisis identify by group of experiment and the Y -axdsis
identify by clearance and x-alignment respectively.

Group 1 as high x-alignment (positive direction) given
Clearance mean was 9.08 nanometers and given Clearance
sigmawas L.11. Group 2 as zero, normal x- alignment (Normal
baseline] given Clearance mean by 8.49 nanometers and
Clearance sigma was 0.71, The Group 3 as low x-alignment
(negative direction) given Clearance was 825 nanometersand
given Clearance sigma was 0.92,

Fig, 6 show the Y-alignment result by group of experiment.
AnX- axis isidentify the group of experiment and the Y -ads
isidentify the Y-alignment mean. With result, thegroup3was
highest Y-alignment mean than group 1 and group 2 by 0.001
mm and 0.002 mm respectively. It can concludedthatall three
grouplooks comparable evenmean was difference becauseit
within one sigma of Y-alignment spec.

Rig, 7 show the T-alignment result by groupof experiment.
AnX- axis is identify the group of experiment and the Y -axis
isidentify the T-alignment mean. With result, all three groups
have T-alignment mean at 0.4 degree. It can concluded that
even X& Y-alignment is changed, T-alignment wasnot affected.
It was proved that the reading from pinnacle testerisacaurate
for this experiment.

Additionally, the table 1 presents the results of each
experiment group of Slider XYT- alignment mean and
Clearance mean with Clearance delta when comparing with
normal group (baseline). The group 1 was higher Clearance
than baseline by 0.65 nanometer, Slider x-alignmentmeanwas
0.0191 micro inch. The group 3 was lower than baseline by
0.14 nanometer, Slider x-alignment mean was -0.0130 micro
inch.Interm of Y & T-alignment, the number of eachgroupdid
not changed. Based on results, it was assumed that Y & T-
alignment of three groups are comparable.
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Fig. 5. The Oneway Analysis of Slider x- Alignment
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Fig. 6. The Oneway Analysis of Slider Y- Alignment
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Fig. 7. The Oneway Analysis of Slider T- Alignment
results by experiment group

Table 1 The summary result of Mean of Slider XYT-
alignment and Clearance by experiment group
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4. Conclusion

From the experimental results, the Clearance can
decrease orincrease with the change of Dimple x-location.
The obtained results depended on which side of design
intention. In case of increasing the clearance, the Dimple x-
location should be changed into negative direction. On the
other hand, if the design is intended to decrease the
Clearance, the Dimple x-location should be changed into the
positive direction.

459




PaperID 102

However, thisis only an experiment that we try tostudy
the effect of Clearance & Slider x-alignment with simulation
by moving slider along with distance of suspension itself.
The further improvement would be considered the change
at the suspension design point for the stability results.
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APPENDIX B

Prediction Model by JMP software

Step1 : Click to open JMP 10 software

Step2 : At JMP Home Window, click open raw file of all data set interesting

% JMP Home Window - JMP
File Tables DOE Analyze Graph SixSigmaTools Tools Add-Ins View Window Help

Sasge0lbd |4X-alignment__coherem ~| B
ELE=fldhEv=0 82 A~ 30 B[R

RecentFiles 31 ¥v ¥ x Window List

‘ X-alignment_coherentjmp I :
‘=l Clearance_data_DOE1jmp E3) X-alignment_coherent
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Step3 : Click “Analyze” then go to “Fit Model”

T A T e e

File Edit Tables Rows Cols DOE | Analyze | Graph Six Sigma Tools To
daEd s 8
v X-alignment_coherent D[ <
‘= |Source (-l

Distribution }
Fit Y by X
Matched Pairs
Fit Model

W K=

i Modeling »
Multivariate Methods »
Quality and Process >
Reliability and Survival >

—pe

Stepd : Select “Clerance” from Select Columns”™ in to Y-axis. Then, select the “visibility

concern parameters” into “Add”, then click “Run”

4~ Model Specification

Select Columns ~ ~Pick Role Variables ‘Personatity:[Standa,d Least Squares .]
&Group vy | 4Clerance . r
4No ; [ \optional iEmPhasﬁ- IEffect Leverage 'l
HD_NUM 1
ﬁ*ﬁ::g?‘m:n: Weight loptionat numeric - | -Help 1 I Run |
& n N\ A STz~
AT_Alignment Freq | optional numeric | | Recall | ] Keep dialog open
A\/ulum Y )
AClerance | ’ By ]'opt.'onal [_Remove
flilote Salbuyct Mgl fiects { 7
:PSA Add ,
RSA p———
APTARGET [ Cross
ARTARGET [ Nest !

\
- [ Meaos~ |
 Degree [2] N
i Aftributes ~ |
. Transform = |

I No Intercept
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Step5 : Then, select the “visibility concern parameters” again, then click “Macro” then

“Polynomial to degree”, then “Run”

4~ Model Specification

Select Columns  Pick Role ‘Variables Personality: [Standard Least Squares ']
ik
‘S;oup | :p(r:flcc)a;?ce Emphasis: lEffect Leverage '}
HD_NUM
:é:ﬁ::g:?;::t Weight oeifina! numeric l Help l k Run J
4T_Alignment | Freq~|| optional fmeric-Recall l [ Keep dialog open
A\
cormes 7By |optine [Remove
LTMWI
kNote Construct Model Effects . B o
4PSA | [ add|A
ARSA ! B
APTARGET | Cross — {lp
ARTARGET L[> 1]
A e IA*B*P*S
4B 1 Macros ~ ['
4p : 1 Full Factorial
A4S i Factorial to degree
i ' Factorial sorted
! ! Response Surface
| Mixture Response Surface
- : Polynomial to Degree /1 Add the selected columns (say, X) T —
| Sehefte Cuibie [ﬂ and their powers (X*X, X*X#X etc)up |
to the specified degree.
Radial 1
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Step6 : Results poping up, the prediction equation can got from Prediction expression

and prediction profiler was the profile result of interesting parameters
4 = Response Clerance
4 Prediction Expression

9.56144243704604

+ 21.9575654600966 * A

+ 15.8429228044625 * B

+-0.3838773796782*P

+0.27213242396799 * S

[A-(-0.0172798362069 | |

+_|[A-[-0.0172798362069 ||
*-90.249347289512
(B-(-0.001005012931 ||
+_[[B-(-0.001005012931 ) ’
*344.603702930111
(P-2.56355693534483 |
+_|(P-2.56355693534483 |
*0.36683181496609
(S-(-0.5164993103448 | |
+ |[5-(-0.5164993103448 | |
*-0.9349016322212

[ Effect Details
4 = Prediction Profiler

8 8407894
£ 811638,
G 8.60941]

0.04
0.034
0.02+
Y,
0
0014
0.024
0.01 <
00154
0024
00254
0.034
0.035+
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