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ABSTRACT

In this study, effect of head overcoat (HOC) thickness of head gimbal
assembly (HGA) for head media spacing (HMS) reduction was investigated. HOC
consists of diamond-like carbon (DLC) layer and adhesion layer for bonding DLC and
magnetic layer. Three types of HOC thickness were used in this study; HOC 16, 20
and 24 A. HOC 16 A consists of adhesion layer type A and DLC layer type C. HOC 20
A consists of adhesion layer type B and DLC layer type C. HOC 24 A consist of
adhesion layer type B and DLC layer type D. Thickness of adhesion layer type A is
thinner than that of type B and thickness of DLC layer type C is thinner than that of
type D. Each HOC was characterized its reliability properties in terms of corrosion,
read/write performance and wear. For corrosion characterization, each HOC was
treated by high accelerate stress test (HAST). After HAST, all HOCs show a number of
corrosion position in acceptable range. For read/write performance characterization,
each HOC was treated on spin-stand tester for electrical measurement of HGA by
burnishing at interference level from +1 to -4 nm. Each HOC was characterized its
electrical properties in terms of power to contact (PtC), clearance, bit error rate (BER),
overwrite (OVW), amplitude (AMP) and reader resistance (RD_RES) before and after
burnishing. HOC 16 A showed the least delta value of each electrical property at
interference level of -4 nm. Its delta BER, OVW, AMP and RD_RES are 0.22 decade,
2.70 dB, 3.84% and 2.38%, respectively. These results imply a stable read/write
performance of HOC 16 A. For wear characterization, HGA after burnishing process

was characterized by atomic force microscopy (AFM) and field emission scanning



electron microscopy (FESEM). HOC 16 A showed the shallowest wear depth of writer
and reader as 1.6 and 1.7 nm, respectively. Moreover, HOC 16 A shows the smallest
wear area of writer and reader as 21 and 54 pmz, respectively. From all reliability test
results, HOC 16 A is the optimum condition for head media spacing reduction. Thin
adhesion layer and a good bonding between DLC and magnetic layer is a key for a

good reliability.
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CHAPTER 1
INTRODUCTION

1.1 Significance and Background

Currently, due to a need to increase areal density of hard disk drive (HDD),
many technologies have been developed. The main development is focused on
transducer design. However, transducer design for perpendicular magnetic recording
(PMR) is nearly to reach its limitation, and technology will be switched to heat assist
magnetic recording (HAMR) in the near future. Figurel.1 shows areal density trend.
Prior to changing to HAMR technology, the critical approach to reach higher areal
density for PMR technology is head media spacing (HMS) reduction. HMS is head
overcoat including touch down height, clearance, media lubricant and media
overcoat [1].There are many technologies have been developed to reduce HMS such
as air bearing design, thermo mechanical design, media overcoat and head overcoat

(HOQ).
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Figure 1.1 Areal density trend [1].



Currently, HMS is ca. 12-15 nm and fly height is ca. 10 nm. To increase areal
density, it is estimated that the HMS should be lower than 10 nm. There were many
studied on HMS reduction such as media overcoat reduction.

To reach a goal of areal density of 1 Tb/in” or higher, overcoat is required to
be less than 2 nm. Y. Nobuto et al. studied on head overcoat reduction. Diamond
like carbon (DLC) forming technique, thickness, and substrate materials were focused,
and corrosion and wear resistance of DLC on head were investigated [2]. It was found
that the performance of DLC films with a few nanometers thick largely depended on
their interface and substrate. SP3 fraction, a key parameter of DLC films, can be
improved by modifying substrate materials, which will improve the performance of
overcoat in terms of both corrosion and wear.

Another example is media overcoat studied by K. Phetdee et al [3]. Wear
resistance and life time of media overcoat were studied. Various adhesion layers
with 15 nm DLC were used for study. Wear resistance of media overcoat was
investigated by triboindentor. Life time measurement was evaluated by flying height
tester. It was found that wear resistance and wear depth improved for 15 nm of DLC
thickness as compare to uncoated media. Adhesion layer thickness increment is not
significant for wear resistance but wear depth decrease with increment of adhesion
layer. Life time has been drastically improved more than 30 times as compare to an
uncoated media.

At present, media over coat still have been continuously researched to
achieve the thinnest thickness with good reliability. The thickness of media over coat
might be reach limitation in the near future. Thus, HOC is another factor to achieve
minimum HMS and increase areal density

Although HOC is another factor to achieve minimum HMS, however,
extremely thin HOC might lead to poor long term reliability. Thus, it is necessary to
study the optimum thickness of HOC which maintains it is good reliability.

Previously, HOC consisted of only DLC layer, but now, HOC is DLC layer
included adhesion layer. The function of adhesion layer which laid between DLC and
head is to provide good bonding surface for carbon in DLC layer. The function of DLC
layer is to protect head from wear and corrosion. Thus, bi-layers (DLC and adhesion
layers) of HOC provide more improvement for HMS reduction such as good bonding

between DLC and adhesion layer. Typically, a thickness range of HOC is ca. 20-30 A,



which included DLC layer with a thickness of ca. 15-25 A and adhesion layer with a
thickness of ca. 5-8 A.

In this study, taking a decrease in HOC thickness as a strategy for HMS
reduction, the effect of HOC thickness on HDD performance was investigated. The
reliability in terms of corrosion, read/write ability, topography and wear resistance

was characterized.

1.2 Objectives

To study effect of head overcoat thickness and adhesion layer type on HGA
reliability. Reliability was evaluated in terms of corrosion behavior by high accelerate
stress test (HAST), read/write ability by stress burnishing on spin-stand tester,
topography by atomic force microscopy and wear resistance by field emission

scanning electron microscopy.

1.3 Scopes

1.3.1 Investigate corrosion behavior on transducer of various HOC thicknesses.
1.3.2 Investigate read/write ability of various HOC thicknesses.
1.3.4 Investigate wear of HOC after read/write process.

1.3.4 Investigate morphology of HOC after read/write process.

1.4 Expected Benefits

1.4.1 Obtain information of corrosion of HOC.

1.4.2 Understand read/write ability of various head overcoat thicknesses.

1.4.3 Obtain the optimum HOC thickness for the desired fly height.

1.4.4 Obtain information of wear resistance and morphology of HOC after
read/write process.

1.4.5 Understand adhesion layer ability.



CHAPTER 2
THEORY AND LITERATURE REVIEWS

2.1 Head Gimbal Assemble (HGA)

In hard disk drive, there are many components included which head-gimbal
assembly (HGA) is one component of hard disk drive. HGA consist of slider, flexure,
load-beam, hinge and baseplate. A schematic of HGA and completed HGA is shown
in Figures 2.1 and 2.2, respectively. Numbers 11, 12, 13, 14, 15 and 16 are magnetic

head, slider, flexure, hinge, load-beam and baseplate, respectively.

Figure 2.2 Schematic of completed HGA

[www.global.tdk.com].



2.2 Head Media Spacing (HMS)

Definition of HMS is spacing between top of slider magnetic layer and media
magnetic layer as shown in equation (2.1).
HMS = Media overcoat + Media lubricant + Fly height + Head overcoat  (2.1)

The schematic of HMS is shown in Figure 2.3.

Slider Magnetic Layer

Head overcoat

HMS Fly height

Media Lubricant

Media overcoat

Media Magnetic Layer

Figure 2.3 Schematic of head media spacing (HMS).

2.3 Head Overcoat (HOC)

Head overcoat is diamond-like carbon (DLC) layer including adhesion layer. A

schematic of HOC layer is shown in Figure 2.4.



Media Side

Substrate

Figure 2.4 Schematic of head overcoat (HOQ).

Diamond-like carbon (DLC) layer is metastable form of amorphous carbon
with significant sp3 bonding as function of DLC is used for being protective layers such
as corrosion and wear for transducer because it’s high mechanical hardness,
chemical inertness, continuous and optical transparency.

Normally, DLC is not unique material so it is able to have any mixture of sp3
and sp2 site with possible presence hydrogen and nitrogen. The composition of

nitrogen-free carbon films are conveniently as shown in Figure 2.5.
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Figure 2.5 Ternary phase diagram of amorphous carbons [6].

Adhesion layer is an amorphous blend of silicon with additional elements
such as carbon and nitrogen. Silicon had selected as main material for adhesion layer
because it is easily adheres to metal [7]. Adhesion layer required for overcoat
because DLC layer does not sufficiently adhere to metal surface.

However, silicon works well to attach DLC so it is formed as silicon-carbon
bond. Adhesion layer is formed as CSiC or CSiN. The function of adhesion layer is
used to attach the DLC layer to the metal surface. Although silicon adheres well with
carbon but it provides limited very thin silicon thickness will provide limited

corrosion protection.

2.4 Corrosion

Corrosion is the electrochemical reaction between metal and environment. In
thin film of magnetic layer, it contains metal materials. Corrosion can be occurred as
galvanic corrosion. Galvanic corrosion is an electrochemical interaction of two or

more materials having a sufficiently distinct ealvanic potential difference.



In general, metal corrosion is oxidation in aqueous solution. The possible
reaction for corrosion of thin film magnetic head can be representing reaction as

shows in Figure 2.6.

Air
Water

Rust deposit droplet

(F'Ezo_q *vH 20]

Iron

¢
(Cathode) (Anode)

O, +4H" +4e"——>2H,0 Fe—>Fe?**+2e”
or
0,+2H,0+4e —>40H

Figure 2.6 Reaction of galvanic corrosion [8].

2.5 Electrical Parameters

Read/write performance can be measured by electrical tester as parametric

tests that characterize the fundamental parameters.

2.5.1 Clearance

Clearance is a space between top of media and slider surface when heater is

turned on. Figure 2.7 shows schematic of clearance.



Slider Magnetic Layer

Head overcoat

Transducer protrusion
by heater on

Clearance

Media Lubricant
Media overcoat

Media Magnetic Layer

Figure 2.7 Schematic of clearance

Clearance measurement is measured by amplitude changing between passive
fly (heater off) and heater induced contact (heater on). A schematic shows in Figure

2.8

Figure 2.8 Schematic of clearance measurements

2.5.2 Amplitude

The amplitude of a recording system is characterized by writing single-
frequency patterns and averaging the peak-to-peak amplitude of the read-back

waveform around the track.
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These measurements are referred to track-averaged amplitude (TAA). The
most common measurements are “low frequency” (LFA) and “high frequency”

(HFA). Amplitude average calculation is shown in equation (2.2),

Amplitude Average = Total amplitude of each cycle test / Number of cycle test
(2.2)

where A is peak to peak

Amplitude measurement is shown in Figure 2.9

0.5 4

Amplitude
o

o
n
A

-1.5
Time

Figure 2.9 Amplitude Measurement

2.5.3 Overwrite (OVW)

In a hard disk drive, new data is written directly over old data, without erasing
the old data. So overwrite is a characterization to show the ability of a writer to write

over old data. Overwrite calculation is shown in equation (2.3),
OVW (dB) = 20*Log10 (residual HF fundamental / original HF fundamental) (2.3)

where HF is high frequency.

2.5.4 Bit error rate (BER)

For data transmission, it is possible for getting error in system especially for
recording system as data transmission is noisy then the integrity of the system may

be compromised.
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Bit error rate (BER) is defined as errors occur in a transmission system. BER
measurement is done by writing encoded data of known data as random sequence
onto media. After that, data was read back to compare with written data sequence.

The errors were counted as shown in equation (2.4),
BER = bits errors detected/ total bits passed (2.4)

Since in hard disk drive, there is only as a small number of error occurs from

many data patterns, BER is expressed as log value as shown in equation (2.5),
BER = log (bits errors detected/ total bits passed) (2.5)

2.6 Literature reviews

2.6.1 “The Head-Disk Interference Roadmap to an Areal Density of 4
Thits/in"” by M. B. Marchon et al. [1]

In 2013, M. B. Marchon et al [1] reviewed “The Head-Disk Interference

”»

Roadmap to an Areal Density of 4 Thits/in””. Areal density (AD) in bits per square inch

is the product of the linear density in bit per inch (BPI) and track density (TPI) as

shown in equation (2.6),
AD = BPI* TP (2.6)
Furthermore, the bit aspect ratio BAR is usually defined as
BAR = BPI/TPI (2.7)

The head media spacing (HMS) have a very convenient expression linking HMS

(in nm) to AD (in Tb/inz), for a given BAR:
HMS (nm) ~ 15 + (AD * BAR) " (2.8)

Numerical HMS values based on (2.8) are reproduced in Table 2.1.
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Table 2.1 Estimated HMS (nm) values as a function of AD and BAR.

BAR
AD (Tb/in?) 3.0 35 4.0 i3
2 6.2 58 5.4 5.1
& 4.4 41 ER. 16

As shown in Table 2.1, achieving a 4 Tb/in” areal density will require an HMS

in the vicinity of ~4.4 nm. Table 2.2 offers two scenarios for the HMS breakdown

into its various components.

Table2.2 HMS breakdown scenarios for 4 Tb/in2

HMS Budget 1 Thiin® 4 Thfin® HMS adder
Components INSIC 2010 Target HMS by ~2014 INSIC 2010 Target HMS by ~2020-21 (effect of HAME, BPM)
Component Hi Lo Medium risk High risk BPM HAMR
TDH 18 2.0 Lo L4 11 0.6 0.3 05

Disc overcoat 0.9 25 20 0.6 L8 L5 0.3 0.6

Disk lubricant 0.9 1.2 1.0 0.8 L0 0.8

Clearance 1.3 1.2 Lo 0.6 0.6 05 02 0.3
Head overcoat 1.0 20 15 0.7 L1 0.9

Total 58 8.9 6.5 4.0 5.6 43 0.8 14

() Disk and Head Overcoat. It is clear from Table 2.2 that the biggest
contributor to HMS is the carbon overcoat, both on the disk and on the head.
Historically, overcoat thickness reduction on both components has been enabled
by denser carbon, as well as smoother underlying surfaces for the magnetic
media and read/write elements (head). Head carbon has evolved from sputtered
to plasma-enhanced chemical vapor deposition (PE-CVD) to filtered cathodic arc
(f-CAC) carbon, which increased the density, sp3/sp2 ratio, and hardness. On the
disk side are coated with some sort of PE-CVD deposited amorphous carbon
overcoat. On the head side, evolutionary optimization of the overcoat
technology might allow to reach the 4 Tb/in’ goal of ~1 nm. Our estimate of

such benefit is in the range of 0.2-0.3 nm or greater, for an overall reduction of

~0.5 nm. That is a substantial amount of about 10% of the total HMS.
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(I) Disk Lubricant. Table 2.2 shows that a 0.2 nm reduction of lubricant
thickness from 1.0-1.2 to 0.8-1.0 is needed. This does not seem like much, but
extremely tight reliability/HMS margins. This change is actually significant. It
remains to be seen whether conventional lubricant chemistries (functionalized
perfluoropolyether) will be able to achieve this thickness goal. Perhaps
unconventional approaches, such as direct surface treatment/functionalization of

the disk overcoat will be needed.

() Touchdown height (TDH). Touchdown height (TDH) globally defines all
residual disk and head topographies that prevent the head from coming into
close proximity to the magnetic media. It is affected by waviness and roughness
(<1 pum) of the substrate. TDH is not a requirement for proper HDD reliability and

could, in theory, be brought to zero.

(IV) Head-Disk Clearance. Of all the HMS contributors, clearance has probably
exhibited the largest decrease in the last 10 years. This revolutionary approach
has allowed the HDD industry to achieve a 10-fold reduction in clearance from
ca. 10 nm ten years ago to ~ 1.5 nm today (Table 2.2). To achieve the 0.6 nm,
clearance goal and to easily compensate for clearance changes induced by
temperature, altitude, or humidity, further enhancement of clearance control will

be needed such as closed-loop control.

2.6.2 “Investigation of wear resistance and life time of diamond-like
carbon (DLC) coated glass disk in flying height measurement

process” by K. Phetdee et al [3].

In 2011, K. Phetdee et al studied “Investication of wear resistance and life
time of diamond-like carbon (DLC) coated glass disk in flying height measurement
process” They investigated durability and lifetime of the DLC coated glass disk in
flying height measurement process. First, they studied about adhesion layer thickness
as they found that the adhesion layer decreased the visibility of pole tips which it

will be reference position in flying height tester. Then, they selected 5 thicknesses of
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adhesion layer with 15 nm of DLC thickness that not decreased visibility of pole tip

to investigate lifetime of DLC coating.

Figure 2.10 Position of pole-tip on slider a) shows pole-tip image captured
through a commercial glass disk. b) glass disk coated with 9 nm thick

silicon and 15 nm thick DLC [3].

Adhesion layer as various thickness with 15 nm of DLC were subjected to
wear and visibility test. Wear test, triboindentor was used for testing and then wear
profile were obtained by AFM. Visibility test and lifetime measurement were done in
flying height tester which they do test until head scratch or wear appeared on disk
surface. The result for wear resistance, they found that DLC overcoat significantly
improved wear resistance and also wear depth decreased as compared with glass

disk without DLC overcoat.
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Figure 2.11 Average wear depths measured on the DLC coated disks as a

function of silicon thickness. The dotted line represents the average

wear depth measured on an uncoated disk [3].
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Wear resistance is slightly increase with increment of adhesion layer but it’s
not significant while wear depth decreased with increment of adhesion layer.
Visibility of pole tip will be poorer as thickness of adhesion layer increased. DLC

overcoat disk improved lifetime as compared with glass disk without DLC overcoat.

Figure 2.12 Pole-tip images captured through: a) the coated disk (3-nm Si/15-nm
DLC) and b) the other coated disk (9-nm Si/15-nm DLC [3].

2.6.3 “Adhesion Layer For Protective Overcoat” by C. Fang et al. [4]

In 2011, C. Fang et al. [4] developed “Adhesion Layer For Protective
Overcoat”. An amorphous adhesion layer on metal substrate and a protective DLC
layer over the adhesion layer. The adhesion layer has thickness less than 8 A with
composition of carbon silicon carbide or carbon silicon nitride. The composition of
adhesion layer provides corrosion resistance for metal substrate. Figure 2.12 is

schematic of portion of slider.
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Figure 2.13 Schematic of portion of slider [4].

Protective overcoat (20) is applied to surface (22) of slider. Primary functions
of overcoat are to protect against wear and corrosion. In particular, it is important
to protect the exposed metal parts of transducer (18). Diamond like carbon (24)
preferred for protective overcoat due to high hardness, high wear resistance, low
coefficient of friction and chemical inertness. Adhesion layer (26) used silicon as
main component. Silicon is easily to adhere to metal when deposited on metal
surface. The silicon reacts with surface and form silicide. Thus, adhesion layer
formed primarily of silicon, adhesion would adhere well on metal surface.
Moreover, diamond like carbon (DLC) adheres well to silicon as forming silicon-
carbon bond. However, silicon contributes minimal corrosion resistance to
overcoat because diffused into surface then required more silicon to be
deposited on metal surface. Alternatively, the overall thickness of overcoat may
remain similar in thickness to current overcoat design, yet exhibit greater
corrosion resistance.  Adhesion layer is an amorphous blend of silicon with
additional components but not limited to carbon and nitrogen. Adhesion layer is
labeled as Si,Cu,N. where a, b and c represent compositional range of each
element in atomic percent.

In another embodiment, adhesion layer is formed of silicon and carbon.

Adhesion layer may be formed from target of silicon carbide blended with additional
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carbon, resulting in carbon silicon carbide (CSiC). In another embodiment, adhesion
layer is formed of carbon silicon nitride (CSiN). When adhesion layer is an amorphous
blend of silicon mixed with second or third element, adhesion layer exhibit
significant advantage. Moreover, there is minimal diffusion of silicon to surface. Due
to the unique composition of adhesion layer, it is possible for protective overcoat to
be thinner compare to current configuration of protective overcoat. Head media
spacing is reduced as reduction of total thickness of overcoat. An additional benefit
of adhesion layer is its improved oxidation resistance. To achieve thinner overcoat to
reduced HMS range of adhesion layer is 4 to 10 A and DLC layer is 7 to 15 A.
Adhesion layer may be formed using unknown thin film deposition technique but not
limited to evaporation, sputtering or plasma deposition. Commonly, adhesion layer

is deposited onto surface by physical vapor deposition.



CHAPTER 3
RESEARCH METHODOLOGY

This chapter describes reliability characterization of head overcoat (HOC).
Corrosion, read/write performance, topography and wear behaviors were evaluated.
High accelerated stress tests (HAST) to characterize corrosion were performed on
HGA based on 3 different HOC thicknesses. Read/write performance was evaluated in
terms of a change in electrical parameter due to stress burnishing using spin-stand
tester. Topography was characterized after electrical measurement by atomic force
microscopy (AFM). Last, wear on pole tip was observed by field-emission electron

microscopy (FESEM).
3.1 Design of HOC Thickness

Four techniques were used to investicate effect of HOC thickness on
reliability. There are three types of HOC thickness were used in this study; 16 A, 20 A
and 24 A. Figures 3.1 and 3.2 show schematic views of HOC structure and HOC
details of each HOC thickness, respectively. Table 3.1 shows details of HOC for each

ﬁ

HOC16 A HOC 20 A HOC 24 A

thickness.

Figures 3.1 Schematic view of HOC structure

DLC DLC
Adhesion Adhesion Adhesion
HOC16 A HOC 20 A HOC 24 A

Figures 3.2 Details of HOC for each thickness



Table 3.1 The details of HOC for each thickness

Details of HOC HOC 16 A | HOC 20 A | HOC 24 A
Adhesion type A A B
Adhesion layer thickness <Y Y Y
DLC type C C D
DLC layer thickness X X >X

3.2 Corrosion Characterization by High Accelerated Stress Test (HAST)

19

High accelerated stress test (HAST) was used to characterize corrosion

behavior which may be directly influenced by thin HOC layer.

HAST is a technique that applies stress test on HGA to stimulate corrosion.

HGA was tested in HAST chamber (EHS - 411MD ESPEC) and subsequently observed

by field emission scanning electron microscope (FESEM) (Hitachi S4800-Il). In HAST

chambers, severe environment was created to accelerate early corrosion on HGA.

FESEM was used to capture image of corrosion after HAST. The test procedure is as

follows.

Step 1: Preparation of HGA for HAST. 4 HGAs were prepared for each HOC

thickness. The conditions for HAST were controlled under elevated temperature, high

humidity for designated hours. Figure 3.3 shows a photo of HAST chamber.
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Figure 3.3 Photo of HAST Chamber (EHS - 411MD ESPEC)

[Wwww.espec.co.jp]

Step 2: FESEM characterization. After HAST, HGAs were characterized by
FESEM for corrosion measurement. Standard condition for FESEM observation was
magnification of 2.0 kX and an accelerated voltage of 2.0 kV. Figures 3.4 and 3.5
show photos of FESEM machine and an example of FESEM image of HGA after HAST,

respectively.

Figure 3.4 Photo of FESEM (Hitachi S4800-I1)
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Figure 3.5 Example of FESEM image of HGA after HAST

Step 3: FESEM image was used for corrosion analysis. Bright needle and spot
will be considered as corrosion. Corrosion position will be counted and determined

as the failure if it is not in the acceptable range.

3.3 Read/Write Performance Characterization

To investigate read/write performance of each HOC thickness, electrical
measurement was done on spin-stand tester for reliability test with stressed

burnishing. Figure 3.6 shows a photo of spin-stand tester.

Figure 3.6 Photo of spin-stand testers
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The test algorithm is dwelling the head interference by stepping clearance
level from +1 nm to -4 nm with a step size of 0.5 nm and monitoring degradation of
electrical performance at each interference level. The test procedure is as follows.

Step 1: Preparation of HGA for electrical measurement on spin-stand tester.
15 HGAs were prepared for each HOC thickness.

Step 2: Characterization by spin-stand tester.

2.1: Measure clearance performance for head screening. Head will be
moved to next step, if it passes criteria for clearance performance screening.
Output from this step provides clearance (nm) and power to contact; PtC
(mW) data.

2.2: Calculate fixed power for electrical parameters testing. Fixed
power was used for head flying at read/write target for electrical
measurement.

2.3: Measure electrical parameters. In this study focused on electrical
parameters as
- Clearance: Space between top of media and slider surface.

- Power to contact (PtC): Total power that been used since head start to

protrude until contact media.

- Overwrite (OVW): Ability of a writer to write over old data.

- Bit error rate (BER): Ratio between error bit detected and total bit passed.

- Amplitude (AMP): Averaged of read back signal.

- Reader resistance (RD_RES): is the property of a reader to change the

value of its electrical resistance.

All electrical parameters were measured at reference track on fly height

target. Output from this step was used as reference data and was used to

compare with other data from difference interference in latter step.

2.4: Move head to dwell track for stress burnishing at dwell
interference level starting from +1 nm. Dwell power for burnishing was
calculated based on PtC.

2.5: Move head back to reference track again and electrical
parameters at read/write target were measured. At this step, the electrical
parameters were measured again and compared with reference data to

estimate degradation rate. Degradation rate is delta of electrical parameters
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between data after interference and reference data. The degradation of each
parameter calculated as follows.
Delta Clearance (nm):
Clearance at interference level -reference clearance (2.1)
Delta PtC (mW):
PtC at interference level - reference PtC (2.2)
Delta BER (dcd):
BER at interference level - reference BER (2.3)
Delta OVW (dB):
OVW at interference level - reference OVW (2.4)
Delta RD_RES (%):
{(RD_RES at interference level - reference RD_RES)/ reference RD_RES} *100
(2.5)
Delta AMP (%):
{(AMP at interference level - reference AMP)/ reference AMP} *100 (2.6)

2.6: Increase interference level with step size of 0.5 nm and then
repeat steps 2.4 and 2.5 until dwell interference reaching -4 nm. Figure 3.7

shows flow of test algorithm.
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Figure 3.7 Flow of test algorithm

Step 3: Analyze the data by JMP software. Figure 3.8 shows a photo of a

screen of JMP software.

r_'r'ﬂ e ,_..f F:] | Eﬁ E {no tables) =

Figure 3.8 Photo of a screen of JMP software

Analysis procedure by JMP software is as follows.

3.1: Open excel file that containing all electrical data to transform to

JMP file for analyze. Figure 3.9 shows example data on JMP software.
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[3 sheet - JMP S A
File Edit Tables Rows Cols DOE Analyze Graph Tools View Window Help LOX
Hedd @ B e pbedbe % E MM S
= Sheett D[ < ~
= Column 1 Column 2  Column 3 Column 4
1 - -
2| ET Performance . .
3 WR_RD_OFF Mean 56.06077 56.732447
4 'WR_WDT Mean 2412845 26942316
5 RD_WDT Mean 1.580025 1.7239
6 BL_NOISE Mean 0.85647 0.7640737
7 Contact Power (V4) Mean 89.02952 123.18997

Figure 3.9 Example data on JMP software

3.2: Analyze electrical data before burnishing. These data were used
to confirm read/write performance before burnishing by Tabulate function.

Figure 3.10 shows a photo of a screen of Tabulate function.

72l sheetl - JMP D . . —
File Edit Tables_] Rows Cols DOE Analyze Graph Tools View Window Help LOx
€3 &3 ] B2 summary Be BE =g Be =, B B8 B 00 00
= Sheet1 B Subset
- umn 1 Column 2 Column 3 Column 4
ElR Sort . -
®\f Stack ance - -
B=  spiit F Mean 56 06077 56 732447
Mean 2412845 2 6942316
%% Transpose Mean 1.5680025 1.7239
B Concatenate Mean 0.85647 0.7640737
——————— =48 Join er (V4) Mean 89.02952 123.18997
[~ Columns Mean 11.52454 10.034342
i Golumn 1| B Update Mean 0.51189 0
sl Column 2| Mean 0.465675 11.677679
- Colurmn 3|| T Tabulate[} - -
| - — Mean 5749605 3 2893842
ILE MissinglDatalBatem Mean 0169145 0.7705526
. Column 5

Figure 3.10 Photo of a screen of Tabulate function

3.3: Read out electrical data from Tabulate before burnishing. Figure

3.11 shows example of result from Tabulate function.
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4 (= Tabulate
To add to the table, drag and drop columns or statistics into the
column header or row label area of the table.
Control Panel
[ Undo J {Start OverH Daone ] ETPar s
 eTEEEETEEEEEE AA AB
BIFYET parameters N
Aa Mean A Mean 48.89 493
Std Dev | 44.163698894 | 5.7594878245
4B Std Dev
Ac B Mean 347 058
i Min Std Dev | 5.2764002881| 0.8669486721
501.10_LCT 2 Max G |Mean | 60.546666667 4.4933333333
A Column & Range Std Dev | 60.82487512 48910360184
. Column 7 % of Total
A Column 8 N Missing
A Column 9 Sum
A Column 10 Sum Wat
ik Column 11 Variance
ik Column 12 Std Err
A Column 13 cv
A Column 14 Median
4 Column 15 Quantiles
ik Column 16 Column %
ik Column 17 Row %
All
Change Format
[T Include missing for grouping columns
["] Order by count of grouping columns
["] Show tool tip
Show Shading
(28 [v

Figure 3.11 Example of result from Tabulate function

3.4: Plot the graph using function; Analyze (Fit Y by X). Figure 3.12

shows a photo of a screen of Analyze function.

File Edit Tables Rows Cols DOE Analyza Graph Tools View Window Help LO(

HeEd a8 [= Distribution L“ fes
[w|Sheet1 Dl 4 L] hlgit\’byx
= = Matched Pairs mn 3 | Column 4
1 i . .
2 ETE su  Fit Model . .
3/WR_| Modeling y [B077 56732447
4 WR_] o 2845 26942316
5 RO\ Multivariate Methods 3 0025 17239
6 BL_N Reliability and Survival » [B6B4T 07640737

Figure 3.12 Photo of a screen of Analyze function

3.5: Select all electrical parameters for plotting as Y-axis is electrical
parameters and X-axis is interference level. Figure 3.13 shows a photo of a

screen of Fit Y by X function.
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Figure 3.13 Photo of a screen of Fit Y by X function
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3.6: Select “Group By” for grouping the data to analyze. Figure 3.14

shows example for data grouping.

%2 Sheetl - Fit ¥ by X of Column 3 by Colum...cc=l (=) P
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Figure 3.14 Example of data grouping

3.7: Plot all electrical parameters. The data were separated for each

HOC thickness. Figure 3.15 shows example of final plotting graph
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Figure 3.15 Example of final graph plotting

3.4 Topography Characterization

Topography was characterized by atomic force microscope (AFM) after

read/write process. Figure 3.16 shows a photo of AFM (BRUKER; Dimension Icon).

- L T T TR LRI

Figure 3.16 Photo of AFM (BRUKER; Dimension Icon)

The test procedure on spin-stand tester is as follows.

Step 1: Sample preparation. After electrical measurement, the same sample

was further characterized by AFM.
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Step 2: AFM measurement conditions is as follows.

AFM mode  : Tapping mode

Scan size : 60 pm x 60 pm
Scan angle  :0°
Scan rate :0.4 Hz

Step 3: Image analysis by “Nano Scope Analysis” software.

3.1 Open “Nano Scope Analysis” software. Figure 3.17 shows a photo

of a screen of “Nano Scope Analysis” software.

T o a | —
File Workspace Analysis Filters Commands Opiions History Help
-,

Vi@,

Figure 3.17 Photo of a screen of “Nano Scope Analysis” software

3.2 Open file for analysis. File type is .001 file. Figure 3.18 shows a

photo of file selection for analysis

¥ Nanoscope Analys= T

File Workspace Analysis Filters Commands Options History Help

-
J 9 A
® op -
UL) ). » Computer » DATA (D) + Master Degree b THI0034 » HO1-EDUOZBOCNO [ 4 || Search Ho1-EDUOZBO.. O
Org New folde (]

Documen it “  Name

HO1-EDUOZBOCNOQOL

Figure 3.18 Photo of file selection for analysis

nnnnnnnnnnn

3.3 Start to analyze by select “High sensor” tab. Figure 3.19 shows a

photo of selected image for analysis.
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Figure 3.19 Photo of selected image for analysis

3.4 Flatten image with 2" order for clearly imaging. Figure 3.20 shows
a photo of a screen of image flattening. Figure 3.21 shows a photo of an

image after flattening which is clearer.

(i Exkey i v [ —— —
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Figure 3.20 Photo of a screen of image flattening
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Figure 3.21 Photo of an image after flattening

3.5 Show 3D image by “3D Image” function. Figure 3.22 shows an
example of 3D image of HGA.
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Figure 3.22 An example of 3D image of HGA

Step 4: Analyze depth by “Seaware” software.

4.1 Open “Seaware” software. Figure 3.23 shows a photo of a screen

of “Seaware” Software.
(ol(@](e]la)la](x](=]m])(n] &z m] e]n]r)=]alls]s]l=]e]];
Figure 3.23 Photo of a screen of “Seaware” Software

4.2 Open file for analysis. File type is .001 file. Interest area was

selected for analysis. Figure 3.24 shows a photo of interest area for analysis.

Figure 3.24 Photo of interest area for analysis.

4.3 Select ¥ to obtain line profile of selected area. Drag a line from
left to measure wear Figure 3.25 shows a photo of line profile of selected

area.
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Figure 3.25 Photo of line profile of selected area

3.5 Wear Characterization

Wear on transducer that occurred from electrical measurement process was

observed by FESEM.

Step 1: FESEM test sample is the same sample for electrical and AFM
measurements. Figure 3.26 shows a photo of FESEM (Carl Ziess; Ultra 55).

<
&
=
=)

Figure 3.26 Photo of FESEM (Carl Ziess; Ultra 55)
[http://rusnanonet.ru/nns/29470/equipment/?page=35149]
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Step 2: Observe wear on pole tip area under FESEM magnification and
accelerated voltage of 2.2 kX and 1.0 kV, respectively. Figure 3.27 shows example of

FESEM image.

Figure 3.27 Example of FESEM image

Step 3: Select output of FESEM image as TIF file.

Step 4: Analyse wear area by Quartz PCl software.

4.1 Open “Quartz PCI” software. Figure 3.28 shows a photo of a

screen of “Quartz PCl” software.

. Quartz PCI - Image Management Syster"

File Database Edit Display Overlay Acguire Process Window Help
il

Figure 3.28 Photo of a screen of “Quartz PCI” software.

4.2 Import file for analysis. File type is TIF file. Figure 3.29 shows a

photo of a screen of file selection for analysis.
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Figure 3.29 Photo of a screen of file selection
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4.3 Start to analyze by select “Measuring tool” tab. Figure 3.30 shows

a photo of a screen of “Measuring tool” for analysis.

line.

% TESTGRID [640x480] Gray 100%

easuring tool

ESHEcE X"

Figure 3.30 Photo of a screen of “Measuring tool”

4.4 Drag a reference line. Figure 3.31 shows a photo of a reference
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E2d TESTGRID [640x480] Gray 100% o5

Uncalibrated

Figure 3.31 Photo of a reference line

4.5 Calibrate reference line. Fill information in a distance box and click

calibrate. Figure 3.32 shows a photo of a screen of calibrate box.

TESTGRID [640x480] Gray 100% = =R

Dx: 20.0 Angle: 0.000
DY 0.0

[+ Draw Line [v Label [~ Arrows CaHbrate
0K Cancel Text ‘ Help

Uncalibrated

Figure 3.32 Photo of a screen of calibrate box

4.6 Select area for analysis by dragging line for x and y axis. Figure

3.33 shows a photo of selected area.



E}8 TESTGRID [640x480] Gray 100%
77.0nm

(Y1g4.0nm X)

Calibrated

Figure 3.33 Photo of selected area

4.7 Calculate wear area by multiplying width (Y) and length (X).

36



CHAPTER 4

RESULTS AND DISCUSSION

This chapter describes the results of head reliability of various HOC
thicknesses. High accelerated stress test (HAST), spin-stand tester, atomic force
microscopy (AFM) and field emission scanning electron microscopy (FESEM) were
used for corrosion, read/write performance, topography and wear resistance
characterization, respectively. Effect of HOC thickness on its reliability was studied

based on the characterization results.

4.1 Effect of HOC thickness on corrosion behavior

First, corrosion on pole tip area was observed. The head was treated by
highly accelerated stress test (HAST) under condition shown in 3.2.1.

After HAST, head was characterized by field-emission scanning electron
microscopy (FESEM) to observe corrosion behavior. Figure 4.1 shows FESEM image of
head around pole tip area before HAST. Head around pole tip area consists of writer

and reader part.

Figure 4.1 FESEM Image around pole tip area before HAST
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The corrosion was determined by the bright spot on the head from FESEM

image.

Figure 4.2 shows FESEM images of HOC 16 A after HAST.

Head 1

Head 4

Figure 4.2 FESEM images of head with HOC 16 A after HAST

A bright needle shape or spot was considered as corrosion and it was marked
as red circle in the FESEM image. There are corrosion occurred on heads 1, 2, 3 and 4
for 10, 9, 11 and 14 positions, respectively. The positions of corrosion of heads 1 and
3 were near reader and the end of pole while head 2 and 4 were near the end of
pole, writer and reader areas. The defect appearance is severe as its moderate
brightness. However, it was considered as non-failure of corrosion as a number of

corrosion positions are in acceptable range.

Figure 4.3 shows FESEM images of HOC 20 A after HAST.
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Head3 #m

Figure 4.3 FESEM images of head with HOC 20 A after HAST

There were bright spots appeared around pole tip area for all heads and they
were considered as corrosion. There are defects occurred on heads 1, 2, 3 and 4 for
5,9, 10 and 10 positions, respectively. The position of defects occurred on heads 1,
3, 4 is near the end of pole and reader area, while that of head 2 is near the end of
pole, writer and reader areas. The defect appearance is non-severe as its less
brightness. However, it was considered as non-failure of corrosion as a number of

corrosion positions are in acceptable range it’s in acceptable range.

Figure 4.4 shows FESEM images of HOC 24 A after HAST.
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Head 1 aum Head 2

Head 4

Figure 4.4 FESEM images of head with HOC 24 A after HAST

There were bright spots appeared around pole tip area for all heads and they
were considered as corrosion. There are defects occurred on heads 1, 2, 3 and 4 for
16, 16, 16 and 18 positions, respectively. The position of corrosion of heads 1, 2, 3
and 4 were near the end of pole, writer and reader areas. The defect appearance is
severe as its high brightness. However, it was considered as non-failure of corrosion

as a number of corrosion positions are in acceptable range it’s in acceptable range.

The results of corrosion characterization of three types of HOCs can
summarize as follows;

(1) HOC 24 A (adhesion layer type B and DLC type D) shows the most severe
corrosion. HOCs 16 (adhesion layer type A and DLC type C) and 20 A
(adhesion layer type B and DLC type C) show relatively same level of
corrosion.

(2) DLC effects on corrosion behaviors. Despite its highest thickness, HOC 24 A
shows the highest brightness and area of corrosion positions, while HOC 20 A

shows the least brightness and area. According to HOC coating condition of
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each head, HOCs 16 and 20 A were prepared by the machine with small
standard deviation but different HOC thicknesses, while HOC 24 A was
prepared by another machine with high standard deviation of film thickness
and film uniformity. Due to the high standard deviation, there is high
possibility of gap/hole formation on DLC film type D, leading to oxidation
reaction between oxygen molecule and magnetic layer and resulting in
corrosion.

The corrosion reaction can be expressed as follows;

aM (s) —» 4M2+(aq) +8e (4.1)
204¢) + 4H,0 () + 8¢ —— 80H (aq) + 8e (4.2)
aM*(aq) + 80H (aq) ——> AM(OH), (s) (4.3)
AM(OH), (s)+ Ox(g) —— 2M,05-2H,0 (s)+ 2H,0() (4.4)

where M is metal element of magnetic layers and 2M,05:2H,0 (s) is corrosion
product.
However, all HOC thicknesses show a number of corrosion positions in

acceptable range, thus it is not significant failure of corrosion.

4.2 Effect of HOC thickness on read/write performance

Normally, thin HOC provides poor reliability because transducer can be
damaged easily than thick HOC. Thus, it is necessary to study read/write performance
of thin HOC.

Electrical measurement is utilized to confirm read/write performance by the
condition described in 3.2.2. First, electrical measurement before head burnishing
was conducted as reference data. Read/write performances parameters are bit error
rate (BER), overwrite (OVW), amplitude and reader resistance (RD_RES). Moreover,
flying output which are power to contact (PtC) and clearance were also
characterized.

Power to contact (PtC) is a power that head required for protrusion to make a

contact with media. The power to contact of HOCs 16, 20 and 24 A are 85.14, 82.52
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and 79.74 mW, respectively. The power to contact value is inversely proportional to
HOC thickness. The thinnest HOC, namely the widest head media spacing, requires
the highest power to contact.

Clearance is a gap between top of media and slider surface when heater is
turned on. The clearance of HOCs 16, 20 and 24 A are 10.69, 10.51 and 10.42 nm,
respectively. The clearance is inversely proportional to HOC thickness but
proportional to the power to contact. The thinnest HOC, namely the widest head
media spacing, provides the highest clearance.

Bit error rate (BER) is the number of bit errors per unit time to determine read
ability of the head. The BER of HOCs 16, 20 and 24 A are -2.13, -2.25 and -2.23
decade, respectively. Since all HOCs were fabricated from the same wafer, thus their
BERs are relatively same value.

Overwrite (OVW) is ability of a writer to write over old data. The OVW of HOCs
16, 20 and 24 A are -35.08, -36.35 and -36.29 dB, respectively. Since all HOCs were
fabricated from the same wafer, thus their OVW are relatively same value.

Amplitude (AMP) is characterized by writing single-frequency patterns and
averaging the peak-to-peak amplitude of the read-back waveform around the track.
The AMP of HOCs 16, 20 and 24 are 13,727, 16,185 and 13,415 uV, respectively. Since
all HOCs were fabricated from the same wafer, thus their AMP is relatively same
value.

Reader resistance (RD_RES) is a resistance of reader stack. The RD_RES of
HOCs 16, 20 and 24 A are 266, 248 and 214 Q, respectively. Since all HOCs were
fabricated from the same wafer, thus their AMP is relatively same value.

All HOCs were fabricated from the same wafer, thus their read/write ability are
relatively similar. However, a slightly offset may come from slider process.

Table 4.1 shows summary of electrical parameter of each HOC thickness

before burnishing.



Table 4.1 Results of electrical measurement before burnishing

HOC Thickness {f\j
Parameters
24 20 16

Power to
Contact 79.74 £ 5.00 82.52 £5.80 85.14 + 3.96
(mW)
Clearance

10.42 + 0.66 10.51 + 0.78 10.69 + 0.54
(nm)
Bit Error 2.23+0.24 2.25+0.28 2.13 +0.17

-2.23 +0. -2.25+0. -2.13 +0.
Rate (dcd)
Overwrite
(dB) -36.29 + 3.35 -36.35+3.23 -35.08 + 1.46
Amplitude
(V) 13,415 + 3509 16,185 + 4801 13,727 + 3711
Reader
Resistance 214.92 + 26.85 248,18+ 39.96 266.28 + 39.16
(Q)
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After electrical measurement, head was treated by burnishing process. Head

was moved to dwell for burnishing at the designated interference. The data of

electrical measurement after burnishing were compared with reference data before

burnishing to calculate degradation of each electrical parameter.

Table 4.2 shows the result of bit error rate and Figure.4.1 shows delta of bit

error rate (BER) of each HOC thickness at various interference levels compared to

reference data.



Table 4.2 Results of bit error rate at each interference level

Interference Level

Figure 4.1 Degradation results of bit error rate

Bit Error Rate (decade)
Interference = 5 5
HOC 16 A HOC 20 A HOC 24 A
Level (nm)
Actual | Delta | Actual | Delta | Actual | Delta
-4 -1.92 0.22 -1.77 0.52 -1.76 0.47
-3.5 -1.98 0.16 -1.83 0.41 -1.92 0.32
-3 -2.01 0.12 -1.96 0.32 -2.01 0.21
-2.5 -2.03 0.07 -1.94 0.31 -2.10 0.15
-2 -2.08 0.02 -2.05 0.22 -2.12 0.12
-1.5 -2.10 0.00 -2.13 0.18 -2.19 0.03
-1 -2.12 0.00 -2.17 0.10 -2.20 0.01
-0.5 -2.15 -0.02 -2.21 0.02 -2.22 0.00
0 -2.13 0.00 -2.23 0.00 -2.21 0.00
0.5 -2.14 0.00 -2.24 -0.01 -2.21 0.01
1 -2.14 0.00 -2.24 -0.01 -2.21 0.00
HOC
Thickness
A HOC 16A
<> HOC 20A
=+ HOC 24A

a4

From Figure 4.1, at plus interference level, namely 0 to 1 level, delta BER of

all HOC thickness was nearly zero. When the interference level increased to minus
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level, the delta BER increased. At the -4 interference level, delta BERs of HOC 16, 20
and 24 A were 0.22, 0.52 and 0.47 decade, respectively.

HOC 16 A shows the lowest degradation while HOCs 20 A and 24 A show
relatively high degradation. HOCs 20 and 24 A have the same adhesion layer (type B)
and thickness but difference in DLC thickness and quality (types C and D,
respectively). HOCs 16 A and 20 A were coated with the same quality and thickness
of DLC (type C) but different thickness and type of adhesion layer (types A and B,
respectively). HOC 16 A based on adhesion layer (type A) with a thinner thickness of
adhesion layer provides a strong bonding between DLC and magnetic layer surface,
resulting in a slow degradation. Form above results, type of adhesion layer is a key
for slow degradation.

Table 4.3 shows the result of overwrite and Figure 4.2 shows delta of
overwrite (OVW) of each HOC thickness at various interference levels compared to

reference data to confirm write ability.



Table 4.3 Results of overwrite at each interference level
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Overwrite (dB)
Interference = 5 5
HOC 16 A HOC 20 A HOC 24 A
Level (nm)
Actual | Delta | Actual | Delta | Actual | Delta
-4 -3255 | 270 | -31.17 | 571 | -31.92 | 4.66
-3.5 -33.36 1.83 | -31.14 | 5.13 | -33.68 | 2.90
-3 -33.61 1.52 | -32.04 | 4.62 | -34.04 | 2.26
-2.5 -34.22 | 0.88 | -32.28 | 3.67 | -35.01 1.84
-2 -34.92 | 0.18 | -33.70 | 2.90 | -34.99 1.71
-1.5 -34.92 | 022 | -34.39 | 256 | -36.47 | 0.08
-1 -34.95 | 0.13 | -35.15 1.24 | -36.25 | 0.03
-0.5 -35.36 | -0.28 | -3594 | 0.22 | -36.22 | 0.06
0 -35.10 | -0.01 | -36.52 | -0.16 | -36.37 | -0.09
0.5 -35.14 | -0.06 | -36.78 | -0.42 | -36.49 | -0.21
1 -35.20 | -0.12 | -36.36 0.00 | -36.15 | 0.13
9
g HoC
7 Thickness
o 5] A HOC 16A
= 5] T~ <> HOC 20A
2 4_: * . \-.,. =+ HOC 24A
EI 3—_ y - \
o 24 e
0 1__ - - \
0] ——
_1__
2
A I A U T
? :"b. .:'b :'L. i-lr :\. Fa E:ﬁ. {:} (::I-

Interference Level

Figure 4.2 Degradation results of overwrite

From Figure 4.2, at plus interference level, namely 0 to 1 level, delta OVW of

all HOC thicknesses was nearly zero. When the interference level increased to minus
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level, the delta OVW increased. At the -4 interference level, delta OVWs of HOC 16,
20 and 24 A were 2.70, 5.71 and 4.66 dB, respectively.

Similarly to BER properties, HOC 16 A shows the lowest degradation while
HOCs 20 A and 24 A show relatively high degradation. HOCs 20 and 24 A have the
same adhesion layer (type B) and thickness but difference in DLC thickness and
quality (types C and D, respectively). HOCs 16 A and 20 A were coated with the same
quality and thickness of DLC (type C) but different thickness and type of adhesion
layer (types A and B, respectively). HOC 16 A based on adhesion layer (type A) with a
thinner thickness of adhesion layer provides a strong bonding between DLC and
magnetic layer surface, resulting in a slow degradation. Form above results, type of
adhesion layer is a key for slow degradation.

Table 4.4 shows the result of amplitude and Figure 4.3 shows delta of
amplitude (AMP) of each HOC thickness at various interference levels compared to

reference data to confirm read ability.



Table 4.4 Results of amplitude at each interference level

Interference Amplitude
Level (nm) HOC 16 A HOC 20 A HOC 24 A
Actual | Delta | Actual Delta Actual Delta
(uv) (%) (uv) (%) (uV) (%)
-4 13684.61 | -3.48 | 15603.92 | -12.88 | 11786.48 | -15.23
-3.5 14008.22 | 1.15 | 16172.19 | -7.66 12462.43 | -11.07
-3 14244.09 | 2.25 | 16717.46 | -4.69 13499.48 -5.10
-2.5 14330.82 | 1.27 | 15549.34 | -3.88 13586.86 -3.32
-2 1440547 | 1.71 | 16522.21 -1.25 13414.72 -1.42
-1.5 14351.43 | 1.12 | 17245.67 0.15 13651.35 0.33
-1 13993.60 | 1.12 | 17137.75 0.17 13715.26 0.35
-0.5 13769.04 | 0.29 | 16628.74 0.04 13661.37 -0.11
0 13690.79 | -0.35 | 16189.98 0.02 13571.53 -0.73
0.5 13654.30 | -0.69 | 16164.32 | -0.14 13502.60 -1.31
1 13649.48 | -0.64 | 16130.88 | -0.37 13637.21 -0.32
10 5 HOC
1 Thickness
— 97 A HOC 18A
5\\- -
Lo L~ + HOC 24A
El —5—- ‘/‘
)
O -104 ¢
1 /7,
A5 #
201
R A A
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Interference Level

Figure 4.3 Degradation results of amplitude
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From Figure 4.3, at plus interference level, namely 0 to 1 level, delta AMP of
all HOC thicknesses was nearly zero. When the interference level increased to minus
level, the delta AMP decreased. At the -4 interference level, delta AMPs of HOC 16,
20 and 24 A were -3.48, -12.88 and -15.23%, respectively.

Similarly to BER properties, HOC 16 A shows the lowest degradation in
amplitude while HOCs 20 A and 24 A show relatively high degradation in amplitude.
HOCs 20 and 24 A have the same adhesion layer (type B) and thickness but
difference in DLC thickness and quality (types C and D, respectively). HOCs 16 A and
20 A were coated with the same quality and thickness of DLC (type C) but different
thickness and type of adhesion layer (types A and B, respectively). HOC 16 A based
on adhesion layer (type A) with a thinner thickness of adhesion layer provides a
strong bonding between DLC and magnetic layer surface, resulting in a slow
degradation. Form above results, type of adhesion layer is a key for slow
degradation.

Table 4.5 shows the result of reader resistance and Figure 4.4 shows delta of
reader resistance (RD_RES) of each HOC thickness at various interference levels

compared to reference data to confirm head burnishing.



Table 4.5 Results of reader resistance at each interference level

Interference Reader Resistance
Level (nm) HOC 16 A HOC 20 A HOC 24 A
Actual | Delta | Actual Delta Actual Delta
Q) (%) (Q) (%) () (%)
-4 282.00 2.38 274.27 3.08 237.29 8.78
-3.5 276.31 1.57 259.80 0.86 232.01 6.31
-3 275.69 1.47 256.99 -0.58 230.83 4.20
-2.5 276.83 0.29 246.20 0.25 225.51 1.98
-2 277.01 0.35 247.46 0.15 220.92 0.28
-1.5 275.61 0.42 254 51 -0.29 217.00 -0.34
-1 272.29 0.82 251.64 0.10 215.34 -0.09
-0.5 267.11 0.32 248.74 0.24 215.88 0.18
0 26720 | 035 | 24656 | 0.45 216.29 0.36
0.5 267.62 0.52 246.08 0.22 216.19 0.33
1 266.89 0.24 24581 0.13 215.98 0.23
14 5 HOC
h Thickness
=12
& A HOC 18A
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Figure 4.4 Degradation results of reader resistance
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From Figure 4.4, at plus interference level, namely 0 to -0.5 levels, delta
RD_RES of all HOC thicknesses was nearly zero. When the interference level
increased above -0.5 level, the delta RD_RES increased. At the -4 interference level,
delta RD_RES of HOC 16, 20 and 24 A were 2.38, 3.08 and 8.78%, respectively.

HOC 16 A and HOCs 20 A show lower degradation while and 24 A show higher
degradation in RD_RES properties. HOCs 20 A and 24 A have the same adhesion layer
type (type B) and thickness but difference in DLC thickness and quality. Adhesion
layer type (type B) does not provide good bonding. DLC film is worn easily. After HOC
was totally worn, reader will directly interact with media. The lower reader resistance
is more sensitive for protrusion and easily to damage by mechanical interaction,
resulted in significant change in reader resistance before and after burnishing (high
delta RD_RES). Low reader resistance is cause for higher delta RD_RES of HOC 24 A,
while high reader resistance is effective for small degradation. Moreover, HOCs 16 A
and 20 A were coated with the same quality and thickness of DLC but different
thickness and type of adhesion layer (Materials A and B, respectively). HOC 16 A
based on adhesion layer (Material A) with a thinner thickness of adhesion layer
provides a strong bonding between DLC and magnetic layer surface, resulting in an
effective DLC film on magnetic layer protection, providing a lower degradation.

From above results, thinner adhesion layer and type of adhesion layer (type A) are
key parameters for lower degradation.

Table 4.6 shows the result of clearance and Figure 4.5 shows delta of
clearance of each HOC thickness at various interference levels compared to

reference data to confirm head burnishing.



Table 4.6 Results of clearance at each interference level
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Interference Clearance (nm)
Level (nm) HOC 16 A HOC 20 A HOC 24 A
Actual | Delta | Actual Delta Actual Delta
-4 12.25 1.72 12.74 2.28 13.35 3.08
-3.5 12.03 1.50 12.61 2.15 12.98 2.71
-3 11.92 1.39 12.27 1.81 12.55 2.28
-2.5 11.71 1.19 11.89 1.44 12.14 1.87
-2 11.63 1.11 11.57 1.11 11.61 1.33
-1.5 11.40 0.88 11.26 0.81 11.16 0.89
-1 11.23 0.71 11.02 0.56 10.75 0.48
-0.5 10.99 0.47 10.75 0.30 10.51 0.23
0 10.59 0.07 10.46 0.00 10.24 -0.03
0.5 10.52 -0.01 10.45 0.00 10.20 -0.07
1 10.53 0.01 10.45 0.00 10.26 -0.01
35
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Figure 4.5 Degradation results of clearance

From Figure 4.5, at plus interference level, namely 0 to 1 levels, delta

clearance of all HOC thicknesses was zero. When the interference level increased to
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minus level, the delta clearance increased. At the -4 interference level, delta
clearance of HOC 16, 20 and 24 A were 1.72, 2.28 and 3.08 nm, respectively.

HOCs 20 A and 24 A have the same adhesion layer type (type B) and
thickness but difference in DLC thickness and quality. Adhesion layer type (type B)
does not provide good bonding. DLC film is worn easily. After HOC was totally worn,
reader will directly interact with media. Low reader resistance is more sensitive for
protrusion. Reader might be severely damaged during mechanical interaction. Low
reader resistance is a cause for higher delta clearance of HOC 24 A. Moreover, HOCs
16 A and 20 A were coated with the same quality and thickness of DLC but different
thickness and type of adhesion layer. HOC 16 A based on adhesion layer (type A)
with a thinner thickness of adhesion layer provides a strong bonding between DLC
and magnetic layer surface, resulting in an effective DLC film on magnetic layer
protection, providing a small degradation.

Table 4.7 shows the result of power to contact and Figure 4.6 shows delta
of power to contact (PtC) of each HOC thickness at various interference levels

compared to reference data to confirm relationship with clearance.



Table 4.7 Results of power to contact at each interference level
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Interference Power to Contact (mW)
Level (nm) HOC 16 A HOC 20 A HOC 24 A
Actual | Delta| Actual Delta Actual Delta
-4 98.01 14.48 99.85 17.82 101.33 22.97
-3.5 96.39 12.86 99.01 16.98 98.56 20.19
-3 95.15 11.61 96.33 14.30 95.09 16.72
-2.5 93.31 9.78 93.32 11.29 92.85 14.48
-2 92.74 9.20 91.04 9.01 88.72 10.35
-1.5 91.10 7.57 88.26 6.24 85.71 7.34
-1 89.48 5.95 86.45 4.4 82.45 4.09
-0.5 87.76 a.22 84.15 2.12 80.42 2.05
0 84.36 0.82 81.80 -0.23 77.98 -0.39
0.5 83.63 0.09 81.75 -0.28 77.78 -0.59
1 83.62 0.08 81.55 -0.48 78.16 -0.20
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Figure 4.6 Degradation results of power to contact

From Figure 4.6, at plus interference level, namely 0 to 1 levels, delta PtC of

all HOC thicknesses was nearly zero. When the interference level increased to minus
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level, the delta clearance increased. At the -4 interference level, delta clearance of
HOC 16, 20 and 24 A were 14.48, 17.82 and 22.97 mW, respectively. This parameters
used for confirm relationship with clearance which all HOC thicknesses show
reasonable relationship between clearance and power to contact.

Table 4.8 shows delta of each electrical parameters at final interference

level (-4nm) of each HOC thickness.

Table 4.8 Delta electrical parameters at final interference level

Delta electrical | HOC 16 A | HOC20A | HOC 24 A
parameters

Bit error rate 0.22 0.52 0.47
(dcd)
Overwrite 2.70 5.71 4.66
(dB)
Amplitude -3.48 -12.88 -15.23
(%)
Reader Resistance 2.38 3.08 8.78
(%)
Clearance 1.72 2.28 3.08
(nm)
Power to contact 14.48 17.82 22.97
(mWw)

The results of read/write performance characterization of three types of HOCs
can summarize as follows;

(1) Adhesion layer type significantly effects on read/write performance and wear
behaviors. Compare between HOCs 16 and 20 A, which was used difference
adhesion layer type, the HOC 16 A shows small degradation. This may due to
adhesion layer type A provide good bonding to DLC layer. Then, DLC is not
easily worn away. Head is effectively protected by DLC during burnishing

when interference level increasing.
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(2) Thickness of HOC has a minor effect on read/write behaviors. In the case of
HOCs 20 and 24 A, which have different DLC thickness and density with the
same adhesion layer thickness, the HOC 20 A shows slightly fast degradation
than HOC 24 A.

From the read/write performance characterization results, HOC 16 A shows the

best condition for read/write performance.

4.3 Effect of HOC thickness on head topography

Wear may occur on the slider surface during read/write process at electrical
measurement. To confirm wear, burnished area of head was characterized by AFM
under condition explained in 3.2.3. Figure 4.7 shows 3D-AFM image of head after

burnishing representing writer (a) and reader (b) areas around pole tip.

Gk im

Figure 4.7 3D-AFM image of head after burnishing

Figure 4.8 shows AFM image of HOC 16 A and its wear depth data were

summarized in Table 4.3
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Head 4

Figure 4.8 3D- AFM image of HOC 16 A after burnishing

Table 4.3 Summary of wear depth of HOC 16 A

Head Number Wear depth at writer area Wear depth at reader area
(nm) (nm)
1 2.196 2.604
2 1.446 1.470
3 1.396 1.366
4 1.326 1.347
Average 1.591+0.406 1.697+0.607

AFM images of all heads show wear depth in write and reader areas as a dark

color. Wear depth of writer (area a) of heads 1, 2, 3 and 4 were 2.196, 1.446, 1.396

and 1.326 nm, respectively, while that of reader (area b) of 1, 2, 3 and 4 were 2.604,

1.470, 1.366 and 1.347 nm, respectively. The average wear depth of writer and reader

is 1.591+0.406 and 1.697+0.607 nm, respectively.
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Head 1 shows the deepest wear depths of both writer and reader. HOC is
likely worn away before final interference level. Reader and writer were damaged
directly by mechanical interaction between head and disk.

Heads 2, 3 and 4 shows a shallower wear depth in write and reader areas.
Heads are not totally damaged by mechanical interaction between head and disk.
HOC should provide protection to head until final interference level.

From wear depth results, HOC 16 A can act as an effective HOC to protect
head from head-disk interaction until final interference level. Head is not totally
directly interacted with disk then less head damage and less wear depth.

Figure 4.9 shows AFM image of HOC 20 A and its wear depth data were

summarized in Table 4.4

Head 3 " Head 4

Figure 4.9 3D- AFM image of HOC 20 A after burnishing



59

Table 4.4 Summary of wear depth of HOC 20 A

Head Number Wear depth at writer area Wear depth at reader area
(nm) (nm)
1 2.330 2,777
2 1.817 1.622
3 1.886 1.418
4 2.332 1.386
Average 2.091+0.278 1.801+0.659

AFM images of all heads show wear depth in write and reader areas as a dark
color. Wear depth of writer (area a) of heads 1, 2, 3 and 4 were 2.330, 1.817, 1.886
and 2.332 nm, respectively, while that of reader (area b) of 1, 2, 3 and 4 were 2.777,
1.622, 1.418 and 1.386 nm, respectively. The average wear depth of writer and
reader is 2.091+0.278 and 1.801+0.659 nm, respectively. The average of wear depth
of writer and reader of HOC 20 A is higher than that of HOC 16 A, showing higher
severe level of wear. HOC is likely worn away before final interference level. Reader
and writer were damaged directly by mechanical interaction between head and disk
especially writer area.

From wear depth results, HOC 20 A cannot act as effective HOC to protect
head from head-disk interaction until final interference level. After HOC totally worn
away, head is directly interacted with disk, resulting in significant wear damage on
writer and reader.

Figure 4.10 shows AFM image of HOC 24 A and its wear depth data were

summarized in Table 4.5
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Head 1

Head 3

Head 4

Figure 4.10 3D- AFM image of HOC 24 A after burnishing

Table 4.5 Summary of wear depth of HOC 24 A
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Head Number Wear depth at writer area Wear depth at reader area
(nm) (nm)
1 2.240 2.157
2 1.324 1.778
3 1.388 2.127
4 2.408 3.617
Average 1.840+0.564 2.720+0.751

AFM images of all heads show wear depth in write and reader areas as a dark

color. Wear depth of writer (area a) of heads 1, 2, 3 and 4 were 2.240, 1.324, 1.388

and 2.408 nm, respectively, while that of reader (area b) of 1, 2, 3 and 4 were 2.757,

1.778, 2.727 and 3.617 nm, respectively. The average wear depth of writer and reader

is 1.840+0.564 and 2.720+0.751 nm, respectively. The average of wear depth of writer

and reader of HOC 24 A is higher than that of HOC 16 A but relatively comparable to

that 20 A, showing higher severe level of wear. HOC is likely worn away before final
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interference level. Reader and writer were damaged directly by mechanical

interaction between head and disk especially writer area.

From wear depth results, HOC 24 A cannot act as effective HOC to protect

head from head-disk interaction until final interference level. After HOC totally worn

away, head is directly mechanically interacted with disk, resulting in significant wear

damage on writer and reader.

Table 4.6 shows the summary result of wear depth of all HOC thickness.

Table 4.6 Summary of wear depth at writer and reader area of each HOC thickness

HOC Thickness | Wear depth at writer area Wear depth at reader area
(nm) (nm)
16 A 1.591+0.406 1.697+0.607
20 A 2.091+0.278 1.801+0.659
24 A 1.840+0.564 2.720+0.751

The results of topography characterization of three types of HOCs can

summarize as follows;

(1) HOC 16 A (adhesion layer type A and DLC type C) shows the shallowest

wear depth, implying the smallest head damage. HOCs 20 (adhesion

layer type B and DLC type C) and 24 A (adhesion layer type B and DLC

type D) shows deeper wear depth than HOC 16 A, implying significant

head damage.

(2) Adhesion layer type effects on topography behaviors. Difference adhesion

material shows difference bonding properties between DLC and magnetic

layer. In the case of HOCs 16 and 20 A, their adhesion layer materials are

different but DLC layers are the same. HOC 16 A shows less wear depth.

This may due to adhesion layer type A provides good bonding to DLC

layer. Then, DLC is not easily worn away until final interference level (-4

nm). Head was protected during burnishing, thus a shallower wear depth

in HOC 16 A of HGA. Adhesion material A shows superior adhesive

property than adhesive material B.
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From the topography characterization results, HOC 16 A shows the best

condition against wear depth.

4.4 Effect of HOC thickness on wear resistance

After electrical measurement and AFM measurement, head was characterized
by SEM to investigate wear resistance, contamination and position of wear by
condition described in 3.2.4.

Figure 4.11 shows FESEM Image of head before burnishing, representing writer

and reader areas around pole tip.

writer

reader

Figure 4.11 FESEM Image of head before burnishing

Figure 4.12 shows FESEM images of 4 heads of HOC 16 A.
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Head 1 10pm Head 2

Head 3 . 10um

Figure 4.12 FESEM Images of head with HOC 16 A

Compare to head before burnishing, there are bright contrast appeared on
writer and reader areas after burnishing. This bright contrast was determined as wear.
To compare the occurred wear of each HOC thickness, the wear area was calculated.

Head 1 shows the brightest contrast on writer and reader areas, implying a
severe wear especially at reader area. This result is coincided with AFM image and
electrical measurement. The wear areas at write and reader are 78.45 and 113.92
pmz, respectively.

Head 2 shows the less bright contrast on both writer and reader areas,
implying a less severe wear. This result is coincided with AFM image and electrical
measurement.

Heads 3 and 4 show similar wears behavior. Slightly bright contrast was found
in only reader area, implying a wear on reader while less wear on writer. The wear
area at reader of heads 3 and 4 are 48.54 and 45.60 pmz, respectively. Due to its
small wear area, the occurred wear is considered as not significant wear. These

results are coincided with AFM images and electrical measurement.



64

From above results, HOC 16 A shows non-significant wear on pole tip. Head

should be protected by HOC until final interference level of electrical measurement.

The wear area of each head of HOC 16 A is summarized in Table 4.1

Table 4.1 Wear area at writer and reader areas of HOC 16 A

Head number Wear at writer area (pmz) Wear at reader area (pm2)
1 78.45 113.92
2 0 0
3 0 48.54
4 0 45.60
Average 19.61+39.22 52.01+46.87

Figure 4.13 shows FESEM images of 4 heads of HOC 20 A

Head 1

Head 3

10um

10um

Contams

Head 4

Figure 4.13 FESEM Images of head with HOC 20 A
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Heads 1, 2, 3 and 4 show the significant bright contrast on writer and reader
areas, implying a severe wear. This result is coincided with AFM image and electrical
measurement. The wear at writer area is 76.14, 35.09, 55.30 and 42.76pm2,
respectively while reader area is 128.20, 78.41, 84.32 and 76.52 pmz, respectively.

From above results, HOC 20 A shows significant wear on pole tip. Head
should not be protected by HOC until final interference level of electrical
measurement.

The wear area of each head of HOC 20 A is summarized in Table 4.2

Table 4.2 Wear area at writer and reader areas of HOC 20 A

Head number Wear at writer area (pmz) Wear at reader area (umz)
1 76.14 128.20
2 35.09 78.41
3 55.30 84.32
4 42.76 76.52
Average 52.32+17.93 91.86+24.45

Figure 4.14 shows FESEM images of 4 heads of HOC 24 A

Head 1 10um

e
e —

10pm

Figure 4.14 FESEM Images of head with HOC 24 A
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Heads 1, 2, 3 and 4 show the significant bright contrast on writer and reader
areas, implying a severe wear. This result is coincided with AFM image and electrical
measurement. The wear at writer area is 111.08, 36.80, 46.08 and 62.14 pmz,
respectively while reader area is 144.84, 79.97, 105.04 and 122.10 pmz, respectively.

From above results, HOC 24 A shows significant wear on pole tip. Head
should not be protected by HOC until final interference level of electrical
measurement.

The wear area of each head of HOC 24 A is summarized in Table 4.3

Table 4.3 Wear area at writer and reader areas of HOC 24 A

Head number | Wear at writer area (me) Wear at reader area (pmz)
1 111.08 144.84
2 36.80 79.97
3 46.08 105.04
4 62.14 122.20
Average 64.02+33.07 113.01+27.40

Table 4.4 shows the summary result of wear area of all HOC thickness.

Table 4.4 Summary of wear area at writer and reader area of each HOC thickness

HOC Thickness | Wear at writer area (pmz) Wear at reader area (pmz)
16 A 19.61+39.22 52.01+46.87
20 A 52.32+17.93 91.86+24.45
24 A 64.02+33.07 113.01+27.40

The results of wear resistance characterization of three types of HOCs can

summarize as follows;

(1) HOC 16 A (adhesion layer type A and DLC type C) shows the smallest
wear area, implying the smallest head damage. HOCs 20 (adhesion layer
type B and DLC type C) and 24 A (adhesion layer type B and DLC type D)

shows larger wear area than HOC 20 A, implying significant head damage.
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(2) Adhesion layer type effects on wear behaviors. Difference adhesion
material shows difference bonding properties between DLC and magnetic
layer. In the case of HOCs 16 and 20 A, their adhesion layer materials are
different but DLC layers are the same. HOC 16 A shows smaller wear area.
This may due to adhesion layer type A provides good bonding to DLC
layer. Then, DLC is not easily worn away until final interference level (-4
nm). Head was protected during burnishing, thus a smaller wear area in
HOC 16 A of HGA. Adhesion material A shows superior adhesive property

than adhesive material B.

From the wear resistance characterization results, HOC 16 A shows the

optimum condition for wear resistance.



CHAPTER 5
CONCLUSIONS AND SUGGESTION

5.1 Conclusions

In this thesis, effect of head overcoat (HOC) thickness of head gimbal
assembly (HGA) for head media spacing (HMS) reduction was investigated. Three
types of HOC thickness were used in this study; HOC 16, 20 and 24 A. HOC consists of
diamond-like carbon (DLC) layer and adhesion layer for bonding DLC and magnetic
layer. The details of each HOC thickness are shown as follows;

HOC 16 A consists of adhesion layer type A and DLC layer type C.
HOC 20 A consists of adhesion layer type B and DLC layer type C.
HOC 24 A consists of adhesion layer type B and DLC layer type D.

Thickness of adhesion layer of type A is thinner than that of type B and
thickness of DLC layer of type C is thinner than that of type D. The reliability of all
HOC thicknesses was characterized in terms corrosion, read/write performance and
wear.

The summary of reliability test results is as follows;

(i) Corrosion behavior: After HAST, all HOCs show a number of corrosion
positions in an acceptable range. This result implies that the adhesion
layer types A and B, and DLC layer types C and D at the thickness
range in this study is effective protection against corrosion.

(if) Read/write performance: Electrical measurement before and after
burnishing at interference level +1 to -4 nm was measured on spin-
stand tester in terms of power to contact (PtC), clearance, bit error
rate (BER), overwrite (OVW), amplitude (AMP) and reader resistance
(RD_RES). The delta of each electrical parameter before and after

burnishing was prepared to determine its reliability.



69

- HOC 16 A shows the smallest delta of electrical parameters at final
interference level (-4 nm). Delta of BER, OVW, AMP and RD RES is 0.22
decade, 2.70 dB, -3.84% and 2.38%, respectively.

- HOC 20 A shows delta of BER, OVW, AMP and RD_RES as 0.52
decade, 5.71 dB, -12.88% and 3.08%, respectively, at final interference level (-
4 nm).

- HOC 24 A shows delta of BER, OVW, AMP and RD_RES as 0.47
decade, 4.66 dB, 15.23% and 8.78%, respectively, at final interference level (-
4 nm.

This result shows that HOC 16 A has the best robustness for
read/write performance, while HOCs 20 and 24 A show the large delta of
electrical parameters, implying degradation in read/write performance. HOCs
20 and 24 A could not provide good protection until the final interference
level.

(iif) Wear topography behavior: Topography of wear depth of HGA after
read/write performance characterization was measured by atomic
force microscopy (AFM).

-HOC 16 A shows non-significant wear depth on both writer
and reader area. Wear depth at writer and reader area is 1.6 and 1.7
nm, respectively.

-HOC 20 A shows significant wear depth on both writer and
reader area. Wear depth at writer and reader area is 2.0 and 1.8 nm,
respectively.

-HOC 24 A shows significant wear depth on both writer and
reader area. Wear depth at writer and reader area is 1.8 and 2.7 nm,
respectively.

This result shows that HOC 16 A has the best protection for
transducer while HOCs 20 and 24 A could not protect transducer till
final interference level.

(iv) Wear resistance behavior: After topography characterization, wear
resistance was characterized by field emission scanning electron

microscopy (FESEM) and its wear area was calculated.
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-HOC 16 A shows non-significant wear. Wear area of writer and
reader is 22 and 54 pmz, respectively.

-HOC 20 A shows significant wear. Wear area of writer and
reader is 52 and 92 pmz, respectively.

-HOC 24 A shows significant of wear. Wear area of writer and
reader is 64 and 113 pmz, respectively.

This result shows that HOC 16 A has the best protection for
transducer while HOCs 20 and 24 A could not protect untill final

interference level.

The summary result of all reliability characterization is shown in Table 5.1

Table 5.1 Summary result of characterization types

Reliability properties Thickness
HOC 16 A HOC20A | HOC 24 A
1. Corrosion Acceptable Acceptable Acceptable

2. Read/write performance

-Delta Bit error rate (dcd) 0.22 0.52 0.47
-Delta Overwrite (dB) 2.70 571 4.66
-Delta Amplitude (%) -3.84 -12.88 -15.23
-Delta Reader resistance (%) 2.38 3.08 8.78
-Delta Clearance (nm) 1.72 2.38 3.08
-Delta Power to contact (mW) 14.48 17.82 22.97

3. Wear depth (nm)
- Writer Area 1.6 2.0 1.8

- Reader Area 1.7 1.8 2.7

4. Wear area (um)

- Writer Area 22.0 52.0 64.0

- Reader Area 54.0 92.0 113.0




From overall reliability properties, HOC 16 A is the optimum condition for
head media spacing reduction. Thin adhesion layer and a good bonding between

DLC and magnetic layer is a key for a good reliability.

5.2 Suggestions for further work

In this study, effect of HOC thickness on HGA reliability was investigated.
However, to optimize HOC for HMS reduction, further studies should be focus on

-Material of adhesion layer

-Bonding between adhesion layer and DLC layer

-Optimum thickness of each adhesion layer

-Optimum thickness of each DLC layer

-Coating process for standard deviation reduction
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Abstract: Effect of head overcpat (HOC) thidmess of head simbal asssmbly (HGA) for head media spacing (HME)
reduction wae investigated HOC: with thicknes of 16, 20 and 24 A wem uad in this study. Ralishility, read/writa
parformanca and active fiy height ware avaluated on spin-stand tester by lactrical measement af designated HGA laval
and wear were characterized by fisld-emizzion elsctron microscops. From slactrical measurements that bemizhing head

from <1 om to 4 nm, HOC 16 A shows the best rslishility as derradation of read write parformance is least derradation ata

imphying no zignificant offact to readwrits paformance. Furthemmors, HOC 16 A has only lisht wear on tranzducsrs. From
gbove rezults, HOC 16 A iz a promizing thickmssz for HWVE reduction with mantaining good ralisbility.

Keywords: Head Creercoat, Head hadia Spacing, Head Gimbal Azzembly, Elactrical Degradation, FESEW

INTRODUCTION

Currentler, duz to 2 need to mersass arsal
density of hard disk drive (HDD), many teckmologiss
have been developed. The main developmant i
focused on transducer desim. Howsver, transducer
design for parpendicular magnstic recording (FAE)
is nearly to raach its limitation, whils Eeclmelogy will
be switchad to hsat assist mapnetic recording
(HAME) i ths near futire. Prior to changing to
HAME techmology, the critical approach to reach
highar arsal densitr for PME teclmologe is head
madia spacing (HMS) reduction. HMS iz head
overcoat mchiding touch down height, clkamnce,
madia lubricant and medis ovarcoat [1]. Thers ars
many techmologies have been developad to raduce
HAS such as air bearing design, thermo meachanical
desien, meadiaovercoat and head overcoat{(HOC) [2].

Currently, HMS is ca. 12-15 mm and flv height
is ca 10 nm To increase amal density, it is astimatad
that the HMS should be lower than 10 mm. A
daeraase i HOC thiclmess is ons faetor for HRIVS
reduction. However, extramalr thinnar HOC might
lead tov poor lome-tarm relishilite, Thus, it &
necassary to mvasticate the optimmmn HOC thiclmess
with good raliability.

HOC i dismond-lke catbon (DLC) laver
inchiding adhasion laver. The function of adhssion
lavar [3] is to provide a good bonding surfacs for
DLC lavar which dapositad on the top. The function
of DLC laver [4] is to protect head from wear and
corrosion Tvpical thicknass rangs of HOC is ca. 20-
10 A, which DLC laver thickmess is ca 15-25 & and
adhesion laver thickmess is ca. 3-8 A. A schematic
vizgw of HOC laver is shownin Figl

In this swdv, tdking a decmase in HOC
thickness as a stratesv for HMS reduction, the affect
of HOC thiclmess on HDD padommancs was

invastizatad.

Media Side

DLC Layer

Adhesion Layer

Fig 1. A schematic view of HOC lnver which consists of DLC
and adhesion layers

DETAILS EXPERINMENTAL

HOCs with 3 various thidknasssas; 16A, 20A
and 24A have bean evalusted. To ifvestigate
readwrite ability of sach HOC thicdmess, slsctrical
megsuranant was dome on spin-stand tester for
reliability test with stressad bumishing.

The test alporittm &5 dwellmg the head
intarfarance by sepping clearance lavel from +1 mm
to <4 nm with a step size of 0.5 mm to monitor
depradation of =zlectrical performancs at zach
intarfarance leval. Flow of test algorithm is shown
Fig.1.

I



STUDY ONHEAD OVERIOAT THICENESS OF HEAD GIMBAL ASSEMBELY FOR HEAD MEDIA SPACING REDUCTION

P o Emcirael

ek s bl T

% D ris

|

[ressrer—r

Fig 1. Test algorithm

Basides iwestigation madfwrite ability of
head bv ealectrical pedommancs, fizld-amission
glactron  microscopy  (FESEM) was utilized fo
invastigate wear and contamination that may coour
during raad writs process. FESEM images wars kan
on air bearing surface and FESEM image of writer
polawas racordadat hish magnification

3 RESULTS AND DISCUSSION

3.1, Electrical Measurement

Bafors burnishing and maasuring read write
padformance, it neads to  conduct elsctrical
messuramant to measurs powsr fo contact and
clearancs o use &5 a efaracs valne The result &=
shownin Table 1.

Table 1: Results of Electrical Measorement before

HOC Thiclmess {1}
Parameters bx| 0 T6
Fower 10
Contact 70742500 52522580  85.14=3 04
(@)
Clearance . P . -
fnm) 1022065  10351=0.78 10690 54
BitErrar = - - -
Rata(doqy 12124 2254028 2134017
EE""*'”E 30282335 -3633%323 3508144
_‘,’:ﬁl;“‘"ﬂe 15415530 161854800 13727711
Reader

Resistance 2149222685 248185995 2662815914
e

Diata of power to contact and clsarancs of
zach thicknass i reasonsble and follows the frend
which HOC 16 A shows the highsst valie whare
HOC 24 A & lowest When head has bean loadad to
over the media on sams machine, head stzvs at the
same point.

After zlectrical messurament, head was
moved to dwell at the designated interferance laval
and the head was bumished. Than the head was
moved back to references track for  electrical
messuramant again.  The data of slectrical
measuramant after bumishing will be compared with
refarance data for caleulating deeradation of sach
elactrical paramatar. Thisrasultis shown in Fig.3.

(2 (o)

-
|:.-1’;

EEE

HH
i
i

¥ve

Fiz 3. Degradation result of lev electrical parameters at any

interference level (8) Contct power, (b) Clearsnce, () Delta

bit error rate (dj Ddta overvrite, (&) Delta amplitude and {f)
Dielta reader resistance.

Powar to contact (PtC) and clearance as
shovn i Fige 3(a) and 3(b) have the same trands
for sach HOC thickmess. Whan mereass ntarfaracs
lewel power to contect and clearance ncrsase and a
change rate is relativalvlinssr.

Readiwrite ability can be descrbad by
deeradation rats of bit error rate (BEE), overwrite
(OVW), ampliuda (HFA) and readsr resistance
(FED FES) (Figadc}3(f)). Wha HOC thiclmess
inereases, depradation inereasss. HOC 16 A shows
just skghtly dagradation whan neresse ntafarance
level to maxirmm intarferance level (-4 nm) for all
kv  zlectrical parsmetas such & by 4%
deeradation of reader resistance. HOCs 20 A and 24
& show high depmdation whan nerase ntafaracs
leval to maximum intarferance level (4 mm). HOC
20A is slightly lass depmdation rate than HOC 24 A
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3.2, FESEM Result

After elactrical messuwramant, head was
characterizad v FESEM to imvestigats wear and
contarnination [3]. Fig4. shows FESEM ifmage of
zach HOC thickness.

HOC Thickness 244

HOC Thickness 20A

HOC Thickness 164

)
Fiz 4. FESEM imszes HOC with thidmess of {s) 24 4, (B) 20 A
and16 4

Weaar was appearsd at pols tip for all
samples. Elsctrical messursmeant simmlatss as head
flving into the media laver so it is reasonabla to s2e
waar on pols tip, mplving that head really contactad
the madis FESEM images show that HOC 16 A and
20 A have licht wesr while HOC 24 A has heavy
waar at pole tip. This result can be =plained by
alactrical paramatars.

This pheomsenon is directly latad with
HOC thiclmess. In the ideal case, thickar thiclmess
should have the least wear, however, m actual
bonding batwean DLC and adhesion lavers of sach
HOC thiclmess might be different FRead'writs
process might lead to make thiclmass thimer a5 poor
bonding then sasily to lost bonding whils head flvine

CONCLUSIONS

Effect of HOC thiclmess on the affact of on
HDD performance was mvestigatad. The lowest HOC
thickness (HOC 16 A) shows the bast relishility than
thicker thickmess (HOCs 20 A md 24 A) with low
depradation rate, more robustmess and light wear
Howavar, lowarmg HOC thickness and bonding
betereen DLC laver and adhssion laver still nsad to
ba further studisd to obkin cptirnmn thidmess for
HMS reduction.
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