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บทคัดย่อ 
 
ในงานวิจัยนี้ได้ศึกษาความหนาของช้ันเคลือบหัวอ่าน (Head overcoat, HOC) ของชุดประกอบ
หัวอ่านและเขียน (Head gimbal assembly, HGA) ส าหรับการลดระยะห่างระหว่างหัวอ่านเและ
แผ่นบันทึกข้อมูล (Head media spacing, HMS) ในการศึกษาได้เตรียมหัวอ่านที่เคลือบด้วย HOC ที่
ความหนาแตกต่างกัน  โดย HOC ประกอบไปด้วยช้ันคาร์บอนและช้ันสารยึดติดส าหรับยึดติดช้ัน
คาร์บอนและแผ่นบันทึกข้อมูล ความหนาของ HOC ที่ใช้ในงานวิจัยมี 3 ชนิด ได้แก่ HOC 16, 20 
และ24 อังสตรอม โดย HOC 16 อังสตรอม ประกอบด้วยช้ันสารยึดติดชนิด A (Adhesion layer) 
และช้ันคาร์บอนชนิด C  HOC 20 อังสตรอม ประกอบด้วยช้ันสารยึดติดชนิด B (Adhesion layer) 
และช้ันคาร์บอนชนิด C  และ HOC 24 อังสตรอม ประกอบด้วยช้ันสารยึดติดชนิด B (Adhesion 
layer) และช้ันคาร์บอนชนิด D โดยช้ันสารยึดติดชนิด A มีความหนาที่บางกว่าช้ันสารยึดชนิด B และ
ช้ันคาร์บอนชนิด C มีความหนาที่บางกว่าช้ันคาร์บอนชนิด D HOC ทั้ง 3 ชนิด ถูกน ามาทดสอบ
สมบัติความน่าเช่ือถือในด้านการกัดกร่อน ประสิทธิภาพในการอ่านเขียน และการเกิดการสึกหรอ 
ส าหรับการทดสอบการกัดกร่อน ได้ท าการทดลองบนเครื่องจักรส าหรับการจ าลองสภาวะที่เร่งเกิด
การกัดกร่อนข้ันสูง (High accelerate stress test, HAST)   พบว่า HOC ทุกความหนานั้น มีจ านวน
ต าแหน่งที่เกิดการกัดกร่อนอยู่ในขอบเขตที่ยอมรับได้ ส าหรับการทดสอบประสิทธิภาพในการอ่าน
เขียน ได้ท าการทดสอบโดยใช้เครื่องจักรส าหรับการวัดค่าทางไฟฟ้าของชุดประกอบหัวอ่าน โดยการถู
หัวอ่าน (Burnishing) ที่ต าแหน่ง +1 นาโนเมตร จนถึง -4 นาโนเมตร โดยค่าทางไฟฟ้าที่ท าการศึกษา
ได้แก่ ค่าก าลังไฟฟ้าส าหรับให้หัวอ่านสัมผัสกับแผ่นบันทึกข้อมูล  ค่าเคลียแรนซ์ ค่าอัตราความ
ผิดพลาดบิต ค่าโอเวอร์ไรท์ ค่าแอมพลิจูด และค่าความต้านทานของส่วนอ่าน พบว่า HOC 16 
อังสตรอม มีค่าการเปลี่ยนแปลงของค่าทางไฟฟ้าต่างๆก่อนและหลังการถูหัวอ่านน้อยที่สุด โดย ณ 
ต าแหน่ ง  –4 นา โน เมตร  มี ก าร เปลี่ ยนแปลงของ ค่าอั ตร าความผิ ดพลาดบิ ต  ค่ า โ
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อเวอร์ไรท์ ค่าแอมพลิจูด และค่าความต้านทานของส่วนอ่าน เป็น 0.22 เดคเคด 2.70 เดซิเบล 3.84 
เปอร์เซนต์ และ 2.38 เปอร์เซนต์ ตามล าดับ แสดงถึงประสิทธิภาพในการอ่านและเขียนที่ค่อนข้าง
คงที่ ส าหรับการทดสอบการสกึหรอ ได้น าหัวอ่านที่ผ่านการถูหัวอ่าน มาวิเคราะห์ด้วยกล้องจุลทรรศน์
แรงอะตอมและกล้องจุลทรรศน์อิเลกตรอยแบบส่องกราด พบว่า HOC 16 อังสตรอม เกิดรอยลึกของ
ส่วนอ่านและส่วนเขียนที่ตื้นที่สุด โดยมีความลึก 1.6 และ 1.7 นาโนเมตร ตามล าดับ นอกจากนี้   
HOC 16 อังสตรอม ยังมีพื้นที่ที่เกิดการสึกหรอน้อยที่สุด โดยพื้นที่ที่การสึกหรอในส่วนอ่านและส่วน
เขียนเป็น 21 และ 54 ตารางไมโครเมตรตามล าดับ จากผลการทดสอบพบว่า ความหนาของช้ัน
เคลือบหัวอ่าน 16 อังสตรอม เป็นเงื่อนไขที่ดีที่สุดส าหรับลดระยะระหว่างหัวอ่านและแผ่นบันทึก
ข้อมูล โดยช้ันสารยึดติดซึ่งมีความหนาที่บางและสามารถสรา้งพันธะที่ดีกับช้ันคาร์บอนเป็นปัจจัยที่ท า
ให้หัวอ่านยังคงสมบัติความน่าเช่ือถือที่ดีไว้ได้ 
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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 Å. HOC 16 Å consists of adhesion layer type A and DLC layer type C. HOC 20 
Å consists of adhesion layer type B and DLC layer type C. HOC 24 Å 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 Å 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 Å. For wear characterization, HGA after burnishing process 
was characterized by atomic force microscopy (AFM) and field emission scanning 
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electron microscopy (FESEM). HOC 16 Å showed the shallowest wear depth of writer 
and reader as 1.6 and 1.7 nm, respectively. Moreover, HOC 16 Å shows the smallest 
wear area of writer and reader as 21 and 54 µm2, respectively. From all reliability test 
results, HOC 16 Å 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. Figure1.1 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 
(HOC).   

 

 
Figure 1.1 Areal density trend [1]. 
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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/in2 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 Å, 
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which included DLC layer with a thickness of ca. 15-25 Å and adhesion layer with a 
thickness of ca. 5-8 Å. 

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 2.1 Schematic of head gimbal assembly (HGA) [5]. 

 

 
Figure 2.2 Schematic of completed HGA  

[www.global.tdk.com].  
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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. 

 

 
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. 
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Figure 2.4 Schematic of head overcoat (HOC).  

 
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 galvanic potential difference. 
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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. 

 

 
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. 
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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 

 

 
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 
Tbits/in2” 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 Tbits/in2”. 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⋅ TPI          (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/in2), for a given BAR: 

HMS (nm) ≈ 15 ⋅ (AD ⋅ BAR)−1/2       (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. 

 
 

As shown in Table 2.1, achieving a 4 Tb/in2 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 

 
 

(I) 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/in2 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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(II) 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. 

 
(III) 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 µm) 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 “Investigation 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.  
 

 
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 Å 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 SiaCbNc 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 Å and DLC layer is 7 to 15 Å. 
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 investigate effect of HOC thickness on 
reliability. There are three types of HOC thickness were used in this study; 16 Å, 20 Å 
and 24 Å. 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 
thickness. 
 

 
Figures 3.1 Schematic view of HOC structure 

 

 
Figures 3.2 Details of HOC for each thickness 
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Table 3.1 The details of HOC for each thickness 
Details of HOC HOC 16 Å HOC 20 Å HOC 24 Å 

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) 
 
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-II). 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)  

[www.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-II) 
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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. 
 

 
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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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. 

 

 
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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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. 
 

 
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  

 
3.6: Select “Group By” for grouping the data to analyze. Figure 3.14 

shows example for data grouping. 
 

 
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).  
 

 
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 µm x 60 µm 

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.  

 

 
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  
 

 
Figure 3.18 Photo of file selection for analysis 

 
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 2nd 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.  

 

 
Figure 3.20 Photo of a screen of image flattening  

 

 
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.  

 

 
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 PCI software.  

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

screen of “Quartz PCI” software. 
 

 
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 

 
4.3 Start to analyze by select “Measuring tool” tab. Figure 3.30 shows 

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

 
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 

line. 
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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. 
 

 
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. 
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Figure 3.33 Photo of selected area  

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

(X) 
(Y) 



 

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 Å after HAST. 
 

 

Figure 4.2 FESEM images of head with HOC 16 Å 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 Å after HAST.  
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Figure 4.3 FESEM images of head with HOC 20 Å 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 Å after HAST.  
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Figure 4.4 FESEM images of head with HOC 24 Å 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 Å (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 Å 
(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 Å 
shows the highest brightness and area of corrosion positions, while HOC 20 Å 
shows the least brightness and area. According to HOC coating condition of 
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each head, HOCs 16 and 20 Å were prepared by the machine with small 
standard deviation but different HOC thicknesses, while HOC 24 Å 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; 

4M (s)              4M2+(aq) + 8e-     (4.1) 

2O2(g) + 4H2O (l) + 8e-             8OH-(aq) + 8e-        (4.2) 

4M2+(aq) + 8OH-(aq)             4M(OH)2 (s)     (4.3) 

4M(OH)2 (s)+ O2(g)              2M2O3˚2H2O (s)+ 2H2O(l)  (4.4) 

where M is metal element of magnetic layers and 2M2O3˚2H2O (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 Å are 85.14, 82.52 



42 
 

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 Å 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 Å 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 Å 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 µV, 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 Å are 266, 248 and 214 Ω, 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. 
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Table 4.1 Results of electrical measurement before burnishing  

 
 
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. 
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Table 4.2 Results of bit error rate at each interference level  

Interference 
Level (nm) 

Bit Error Rate (decade) 
HOC 16 Å HOC 20 Å HOC 24 Å 

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 

 

 
Figure 4.1 Degradation results of bit error rate 

 

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 Å were 0.22, 0.52 and 0.47 decade, respectively.   

HOC 16 Å shows the lowest degradation while HOCs 20 Å and 24 Å show 
relatively high degradation. HOCs 20 and 24 Å have the same adhesion layer (type B) 
and thickness but difference in DLC thickness and quality (types C and D, 
respectively). HOCs 16 Å and 20 Å 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 Å 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.  
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Table 4.3 Results of overwrite at each interference level  

Interference 
Level (nm) 

Overwrite (dB) 
HOC 16 Å HOC 20 Å HOC 24 Å 

Actual Delta Actual Delta Actual Delta 
-4 -32.55 2.70 -31.17 5.71 -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 0.22 -34.39 2.56 -36.47 0.08 
-1 -34.95 0.13 -35.15 1.24 -36.25 0.03 

-0.5 -35.36 -0.28 -35.94 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 

 

 
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 Å were 2.70, 5.71 and 4.66 dB, respectively.   

Similarly to BER properties, HOC 16 Å shows the lowest degradation while 
HOCs 20 Å and 24 Å show relatively high degradation. HOCs 20 and 24 Å have the 
same adhesion layer (type B) and thickness but difference in DLC thickness and 
quality (types C and D, respectively). HOCs 16 Å and 20 Å 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 Å 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.  
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Table 4.4 Results of amplitude at each interference level  
Interference 
Level (nm) 

Amplitude 
HOC 16 Å HOC 20 Å HOC 24 Å 

Actual 
(µV) 

Delta 
(%) 

Actual 
(µV) 

Delta 
(%) 

Actual 
(µV) 

Delta 
(%) 

-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 14405.47 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 

 

 
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 Å were -3.48, -12.88 and -15.23%, respectively.   

Similarly to BER properties, HOC 16 Å shows the lowest degradation in 
amplitude while HOCs 20 Å and 24 Å show relatively high degradation in amplitude. 
HOCs 20 and 24 Å have the same adhesion layer (type B) and thickness but 
difference in DLC thickness and quality (types C and D, respectively). HOCs 16 Å and 
20 Å 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 Å 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.  
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Table 4.5 Results of reader resistance at each interference level  
Interference 
Level (nm) 

Reader Resistance 
HOC 16 Å HOC 20 Å HOC 24 Å 

Actual 
(Ω) 

Delta 
(%) 

Actual 
(Ω) 

Delta 
(%) 

Actual 
(Ω) 

Delta 
(%) 

-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 

0 267.20 0.35 246.56 0.45 216.29 0.36 
0.5 267.62 0.52 246.08 0.22 216.19 0.33 
1 266.89 0.24 245.81 0.13 215.98 0.23 

 

 
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 Å were 2.38, 3.08 and 8.78%, respectively.   

HOC 16 Å and HOCs 20 Å show lower degradation while and 24 Å show higher 
degradation in RD_RES properties. HOCs 20 Å and 24 Å 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 Å, 
while high reader resistance is effective for small degradation. Moreover, HOCs 16 Å 
and 20 Å 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 Å 
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.  
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Table 4.6 Results of clearance at each interference level  
Interference 
Level (nm) 

Clearance (nm) 
HOC 16 Å HOC 20 Å HOC 24 Å 

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 

 

 
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 Å were 1.72, 2.28 and 3.08 nm, respectively.  

HOCs 20 Å and 24 Å 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 Å. Moreover, HOCs 
16 Å and 20 Å were coated with the same quality and thickness of DLC but different 
thickness and type of adhesion layer. HOC 16 Å 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. 
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Table 4.7 Results of power to contact at each interference level  
Interference 
Level (nm) 

Power to Contact (mW) 
HOC 16 Å HOC 20 Å HOC 24 Å 

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 4.42 82.45 4.09 

-0.5 87.76 4.22 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 

 

 
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 Å 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 
parameters 

HOC 16 Å HOC 20 Å HOC 24 Å 

Bit error rate 
(dcd) 

0.22 0.52 0.47 

Overwrite 
(dB) 

2.70 5.71 4.66 

Amplitude 
(%) 

-3.48 -12.88 -15.23 

Reader Resistance 
(%) 

2.38 3.08 8.78 

Clearance 
(nm) 

1.72 2.28 3.08 

Power to contact 
(mW) 

14.48 17.82 22.97 

 
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 Å, which was used difference 
adhesion layer type, the HOC 16 Å 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 Å, which have different DLC thickness and density with the 
same adhesion layer thickness, the HOC 20 Å shows slightly fast degradation 
than HOC 24 Å.  

From the read/write performance characterization results, HOC 16 Å 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.  
 

 
Figure 4.7 3D-AFM image of head after burnishing 

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

summarized in Table 4.3 
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Figure 4.8 3D- AFM image of HOC 16 Å after burnishing 

 
Table 4.3 Summary of wear depth of HOC 16 Å  

Head Number Wear depth at writer area 
(nm) 

Wear depth at reader area 
(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 Å 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 Å and its wear depth data were 
summarized in Table 4.4 
 

 
Figure 4.9 3D- AFM image of HOC 20 Å after burnishing 
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Table 4.4 Summary of wear depth of HOC 20 Å  
Head Number Wear depth at writer area 

(nm) 
Wear depth at reader area 

(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 Å is higher than that of HOC 16 Å, 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 Å 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 Å and its wear depth data were 
summarized in Table 4.5 
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Figure 4.10 3D- AFM image of HOC 24 Å after burnishing 

 
Table 4.5 Summary of wear depth of HOC 24 Å 

Head Number Wear depth at writer area 
(nm) 

Wear depth at reader area 
(nm) 

1 2.240 2.757 
2 1.324 1.778 
3 1.388 2.727 
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 Å is higher than that of HOC 16 Å but relatively comparable to 
that 20 Å, 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 Å 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 
(nm) 

Wear depth at reader area 
(nm) 

16 Å 1.591±0.406 1.697±0.607 
20 Å 2.091±0.278 1.801±0.659 
24 Å 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 Å (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 Å (adhesion layer type B and DLC 
type D)  shows deeper wear depth than HOC 16 Å, 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 Å, their adhesion layer materials are 
different but DLC layers are the same. HOC 16 Å 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 Å of HGA. Adhesion material A shows superior adhesive 
property than adhesive material B. 
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From the topography characterization results, HOC 16 Å 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. 

 

 
Figure 4.11 FESEM Image of head before burnishing 

 
Figure 4.12 shows FESEM images of 4 heads of HOC 16 Å.  
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Figure 4.12 FESEM Images of head with HOC 16 Å 
 

 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 
µm2, 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 µm2, 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. 
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From above results, HOC 16 Å 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 Å is summarized in Table 4.1 

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

Head number Wear at writer area (µm2) Wear at reader area (µm2) 
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 Å 
 

 
Figure 4.13 FESEM Images of head with HOC 20 Å 
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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 42.76µm2, 
respectively while reader area is 128.20, 78.41, 84.32 and 76.52 µm2, respectively. 

From above results, HOC 20 Å 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 Å is summarized in Table 4.2 
 

Table 4.2 Wear area at writer and reader areas of HOC 20 Å 
Head number Wear at writer area (µm2) Wear at reader area (µm2) 

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 Å 
 

 
Figure 4.14 FESEM Images of head with HOC 24 Å 
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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 µm2, 
respectively while reader area is 144.84, 79.97, 105.04 and 122.10 µm2, respectively. 

From above results, HOC 24 Å 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 Å is summarized in Table 4.3 
 
Table 4.3 Wear area at writer and reader areas of HOC 24 Å 

Head number Wear at writer area (µm2) Wear at reader area (µm2) 
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 (µm2) Wear at reader area (µm2) 
16 Å 19.61±39.22 52.01±46.87 
20 Å 52.32±17.93 91.86±24.45 
24 Å 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 Å (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 Å (adhesion layer type B and DLC type D)  
shows larger wear area than HOC 20 Å, 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 Å, their adhesion layer materials are 
different but DLC layers are the same. HOC 16 Å 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 Å of HGA. Adhesion material A shows superior adhesive property 
than adhesive material B.  

 
From the wear resistance characterization results, HOC 16 Å 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 Å. 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 Å consists of adhesion layer type A and DLC layer type C. 
HOC 20 Å consists of adhesion layer type B and DLC layer type C.  
HOC 24 Å 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. 

(ii) 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. 
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-   HOC 16 Å 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 Å 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 Å 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 Å has the best robustness for 
read/write performance, while HOCs 20 and 24 Å show the large delta of 
electrical parameters, implying degradation in read/write performance. HOCs 
20 and 24 Å could not provide good protection until the final interference 
level. 
(iii) Wear topography behavior:  Topography of wear depth of HGA after 

read/write performance characterization was measured by atomic 
force microscopy (AFM).  

-HOC 16 Å 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 Å 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 Å 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 Å has the best protection for 
transducer while HOCs 20 and 24 Å 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 Å shows non-significant wear. Wear area of writer and 
reader is 22 and 54 µm2, respectively. 

-HOC 20 Å shows significant wear. Wear area of writer and 
reader is 52 and 92 µm2, respectively.  

-HOC 24 Å shows significant of wear. Wear area of writer and 
reader is 64 and 113 µm2, respectively. 

This result shows that HOC 16 Å has the best protection for 
transducer while HOCs 20 and 24 Å 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 Å HOC 20 Å HOC 24 Å 
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 5.71 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 (µm) 
- Writer Area 

 
22.0 

  
52.0 64.0 

- Reader Area 54.0 92.0 113.0 
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From overall reliability properties, HOC 16 Å 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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