
 i 

 

A Study of Magnetic Recording Head Defects and Auto Classification 

 

 

 

 

by 

  

 

 

Mongklon Lerttaveevit 

 

 

 

 

A thesis submitted in partial fulfillment of the requirements for the  

degree of Master of Science in  

Mechatronics 

 

 

 

 

Examination Committee: Dr. Mongkol Ekpanyapong (Chairperson) 

Dr. Matthew N. Dailey (Member) 

 Mr. Tirawat Tarawatcharasart (External expert) 

Mr. Danai Lohwithee (External expert) 

 

 

 

 

                      Nationality: Thai 

              Previous Degree: Bachelor of Science in Chemistry 

 King Mongkut’s university of Technology Thonburi 

 Thailand 

 

          Scholarship Donor: Western Digital-NECTEC, Thailand-AIT Fellowship 

 

 

 

 

 

Asian Institute of Technology  

School of Engineering and Technology 

Thailand 

May 2015 



 ii 

Acknowledgements 

 

First and foremost, I would like to express my sincere gratitude to my thesis 

advisor, Dr. Mongkol Ekpanyapong for, his invaluable help, and continueous 

encouragement throughout the course of this thesis research.  

Besides my advisor, I would like to thank to my committee members, Dr. Matthew 

N. Dailey, for the useful comments, his guidance and willingness to share his knowledge.  

I would like to thank Khun Tirawat Tarawatcharasart, the expert in Metrology from 

Western Digital company for taking interest in my work, the analysis equipment, and 

spending his time to be one of my committee members.  

I would like to thank Khun Danai Lohwithee, the specialist in software 

development from Western Digital company, his experience is one of the most contributors 

to my thesis success with providing me very good support, knowledge in software 

development and willing to be my committee. 

 Further more, I would like to express my special thanks to my friends in Western 

Digital company for very good supports. Also the friends around me, who have always 

been the supporter until the completion.  

In particular, I would like to express my siscere gratitude to my company, Western 

Digital company and NECTEC Thailand with precious supports and giving me the 

opportunity to study until graduation from AIT.  

Finally, I most gratefully acknowledge my parents and my friends for all their 

support throughout the period of this research.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 iii 

Abstract 

 

The propose of this Thesis was to study surface roughness of magnetic recording 

head defects in order to improve accuracy of defect classification by using 2D image, 

which was done by human. 

The study was processed by using surface profiles of slider head defects from AFM 

analysis. Information of profile, e.g., color, number of pixel, and defective location were 

studied to determine criteria of each defect for classification. The evaluation required 

simulation software that was developed for studied parameters called that auto defect 

classification or ADC. The performance was compared to two manual methods, optical 

microscope inspection and inspection on monitor screen. The classification of both manual 

methods depends on human’s skill  

The results of the study showed that accuracy of classification by optical 

microscope is the 82%, on monitor screen inspection is 91%, and ADC is 100%.  

From the comparison of three methods, classification that is based on using 

information of surface roughness has the best performance. It can improve accuracy in 

classification and it is an independent method from using human skill.  

 

Keywords: Inspection, Classification, AFM, Surface Profile, Defects, Hard Drive, Surface 

Roughness. 
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1. CHAPTER 1  

INTRODUCTION 

1.1 Background of the study 

 

Magnetic recording head, Magnetic Read-write head, Magnetic slider head are 

names of an electronic component that has function of reading and writing data to 

magnetic recording disc in hard drive. In fabrication process, the head slider is prepared 

from rounded wafer and passed thought mechanical processes to the final inspection that 

has function to screen defects before delivery of good sliders to drive assembly process. 

However, it is found that some of defect still escaped to customer and impacts to 

reliability. The previous study shows cause of problem that is from manual visual 

inspection; this method depends greatly on operator’s skill. In order to improve escape rate 

of defect, the automated visual inspection or AVI is selected and implemented to 

production line. This alternative technology eliminates weak points of human for 

inspecting head slider nevertheless it needs more effective improvement in term of 

inspection accuracy and classifying defects to perform human’s abilities. 

 

Inspection is the one of the important processes of head slider fabrication. It involves 

the measurement, screening and segregation, which are applied to certain characteristics of 

defect on head slider such as scratches, strains and contamination. The results are 

compared to specified requirements from customer and standards. There are two kinds of 

inspection used in head slider fabrication process, manual visual inspection; it’s 

implemented at many stages through the manufacturing process. The operator inspects 

many thousands of sliders by high power microscope and applies criteria to screen defects 

to deliver good product to customer. Not only level of operator’s skill that is an important 

cause of defect escape from inspection but also level of error trapping for long periods of 

time. Within fifteen minutes of the start of an inspection shift, the error-trapping capabi1ity 

of the inspector can be reduced drastically. Another kind of inspection is the automated 

visual inspection; machine is designed to simulate human’s abilities. It is able to perform 

most of the visual checks performed previously by manual operators and allows a single 

skilled operator to monitor, maintain operation and reducing the number of operators 

required to run a shop floor. AVI has high consistency of operation, high output capability 

and high accuracy, which need good software and hardware design. 

 

To prevent defective sliders escape to customer, manual visual inspection is the 

common method that is used in head slider fabrication processes. It is good for low volume 

inspection. In contrast, big volume of head slider production requires the effective tools to 

support high output and quality so AVI is a choice however it still needs further 

development to achieve requirements in manufacturing process.     
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1.2 Statement of problem 

 

Defects at final inspection of slider head manufacturing process can be mainly 

classified by characteristics, e.g., abnormal body of magnetic head slider; chip, crack, 

incomplete pattern development on air bearing surface (ABS), Cosmetic defect, surface 

color change, and contamination from environment attached on magnetic head slider. On 

hand technologies of AVI used for inspection are pattern recognition and matching under 

gray image, it’s able to differentiate good slider and defect but it cannot identify 

characteristics of defects as a result of failure in defect mode classification. So it’s good to 

study to find a technique to improve current system. 

1.3 Objective of study 

 

1. The main goal of this thesis is to study surface roughness of magnetic head defects 

by AFM to classify defects to codes. 

2. To study characteristic of surface profile of defects and algorithm for classification. 

3. To study correlation between captured image and surface profile of slider. 

4. To study correlation of defect classification of using surface profile, optical 

microscope, and monitor screen.  

1.4 Hypothesis 

 

Surface roughness can be used to classify magnetic head defects 

 

1.5 Scope and limitation 

 

1. Study on defective slider head, pole tip zone  

2. Use Atomic Force Microscope for roughness analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 3 

2. CHAPTER 2  

LITTERATURE REVIEW 

2.1 Hard disk drive and Major components  

 

A hard disk drive is the computer equipment used for storing and retrieving data. It 

has a metal or more disks coated with magnetic material that rotates when operating. The 

magnetic head connected to arm is controlled by actuator and moved in any positions on 

magnetic disk to read or write the data. Data is accessed in a random manner, this means 

that each sector of data can be written or read in any order rather than the sequentially. The 

main components of hard drive are as follows  

 

2.1.1 Platters 

 

The platters are the round magnetic discs inside the hard drive where the 1s and 0s 

that create files are stored. Platters are made from aluminum, glass or ceramic and have a 

magnetic surface in order to permanently store data. The higher capacity, more platters are 

added to increase the drive capacity. A platter requires two read/write heads for each side. 

Data is written on the platters and organized in tracks, sectors and cylinders. 

 

2.1.2 The Spindle motor 

 

The spindle motor keeps the platters in position and rotates them as required. The 

revolutions-per-minute rating determines how fast data can be written to and read from the 

hard drive. A typical internal desktop drive runs at 7,200 RPM, though faster and slower 

speeds are available. The spindle keeps the platters at a fixed distance apart from each 

other to enable the read/write arm to gain access. 

 

2.1.3 The Read/Write Arm 

 

The read/write arm controls the movement of the read/write heads, which do the 

actual reading and writing on the disk platters by converting the magnetic surface into an 

electric current. The arm makes sure the heads are in the right position based on the data 

that needs to be accessed or written; it's also known as the head arm or actuator arm. There 

is typically one read/write head for every platter side, which floats 3 to 20 millionths of an 

inch above the platter surface. 

 

2.1.4 Actuator 

 

The actuator or head actuator is a small motor that takes instructions from the 

drive's circuit board to control the movement of the read/write arm and supervise the 

transfer of data to and from the platters. It's responsible for ensuring the read/write heads 

are in exactly the right place at all times. 
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2.1.5 Read-write heads 

 

Read/write heads are the small parts of a disk drive, that move above the disk platter 

and transform the platter's magnetic field into electrical current (read the disk) or vice versa 

– transform electrical current into magnetic field (write the disk). 

 

 

 

 
 

Figure 2.1 Hard disk drive components 

 

2.2 Slider Fabrication 

 

Slider fabrication is the process of parting wafer containing thousands of recording 

heads into a form factor called slider, with each slider embodying one recording head. The 

main process starts from cutting from round wafer to slider bar and pass to lapping that is 

the process prepares slide head surface for air baring surface (ABS) development, and 

activate the function for writing and reading. Thin film deposition is the process for to 

make the patterns of ABS for flying over the media disc with distance less than 10 

nanometers. All sliders are diced from bar to single sliders and sent to inspection process to 

screen defects  

 

 

 
 

Figure 2.2 Slider fabrication process flow 

 

 

 

Spindle motor 

Magnetic Disk  

( platters ) Slider Head  

and suspension 

Actuator Arm 

Actuator 

Base Casting (Body) 

Power and Interface connectors  

MaskingLappingWafer Slicing Dicing Inspection



 5 

2.3 Inspection 

 

In manufacturing, inspection relates to the measurements, gages applied, and 

testing to specific characteristics of object or activity. The results are usually compared 

with standards for determining whether the item or activity is in line of specification.  

 

2.3.1 Visual Inspection 

 

Visual inspection is a method used in quality control. It’s the process of using the 

human eye, as the sensing mechanism to object and. It combines with two major processes. 

The first process is searching that, in visual inspection, uses most of the senses of the 

inspector. Another process is a process of combining relevant knowledge, sensory input, 

and pertinent logical processes to identify the output. 

 

2.3.2 Automated Visual Inspection 

 

The automated visual inspection process involves observing the same type of object 

repeatedly to detect anomalies. The process starts with imaging the object to be inspected 

by a sensor (or sensors) from which visual data are collected and sent to the processor for 

analysis. 

 

 
 

Figure 2.3 Automated Visual Inspection flow 

 

a) Image capture  

It’s the process of lighting reflection of object passes through optical instruments to 

image sensor that has millions of photo diode before converting to digital data to store in 

memory. 

b) Detection 

The images of object will be analyzed by specific software to determine good and 

bad object. 

c) Classification 

Once possible defect sites have been identified, the task of the inspection system is 

to classify these defects as belonging to one of a known set of defect types. 
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2.4 Atomic Force Microscopy (AFM ) 

 

The atomic force microscope is a type of scanning probe microscopes (SPM). It’s 

designed to get the physical properties of surface such as height, magnetism, and friction, 

with a probe or sharp tip. To get an image, the AFM raster-scans the tip over the area of 

interest on the sample to measure the property simultaneously and creates the output as the 

surface profile image. 

 

 

 
 

Figure 2.4 AFM schematic diagram 

 

 

In AFM analysis, the interactive force of tip and surface of sample which are 

located as close as 0.1 to 100 nm is measured during raster scanning to create three 

dimensional image or topography. The Z distance between sample and probe is maintained 

by measuring force with the light lever sensor before inputting the signal to the feedback 

control electronic circuit to control moving of piezoelectric ceramic in Z direction.  The 

motion of probe in X and Y directions over the surface is controlled by another set of 

piezoelectric ceramics  
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2.5 Magnetic Head defects in manufacturing 

 

In magnetic head slider manufacturing process, slider is fabricated from wafer that 

is launched through production processes. There are many causes during production to 

make head slider fail the criteria and judged as defect for example, e.g., improper operation 

method machine setting, or even though handling. Indirect material used in production 

process can be cause of contamination. These defects are the unwanted product. It needs to 

be removed from product before drive assembly process. 

In general, defects on slider head can be found on zone of Air bearing surface 

(ABS) that has role to maintain fly height constant as the head move over the surface of 

disk, and on zone of Pole that is the small area on ABS, it’s used for reading and writing 

digital data to media disc. 

 

 

 
 

Figure 2.5 Air bearing surface (ABS) 

  

2.5.1 Defect mode 

 

Defects on ABS zone can be classified into major types according to their 

characteristics as following 

 

a) Corrosion 

Pole tip is made from ferrite material it’s composed of iron (Fe), and combined 

chemically with one or more additional metallic elements. It can be corroded when it 

expose to the air and humidity 

 

b) Scratch  

Scratch is the major pole defect that can reduce electrical performance of head. It’s 

generally found in production. Many causes can make scratch on pole, e.g., handling, 

tooling fixture, and mechanical processes.  
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c) Abnormal pole shape 

Pole is the main component of slider head that is fabricated to have specific design 

at wafer fabrication step. One rounded wafer has eighty thousands of sliders will be made 

in form of slider by, less than one percent of pole shape abnormality will be screened out at 

finishing step. 

 

d) Contamination 

Slider fabrication process requires clean room to minimize contamination from 

environment to product. Although it can to prevent contamination to product at the certain 

level but fabrication must face to another problem; the materials used in production to 

fabricate slider, e.g. solvents, lapping slurry, adhesive gel are direct factors need well 

controlling to reduce contamination on slider head.  

 

e) Chip and Crack 

As previously mentioned, magnetic head slider is fabricated from rounded wafer 

that is made from crystalline silicon. It’s very hard material but brittle; handling in 

production is the main cause of chip and crack creation on it.  

 

f) Incomplete ABS pattern (masking defect) 

One of the most important factors of slider fabrication is ABS masking; the Photo 

Lithography and etching are required to complete pattern on ABS to fly over the media 

disc with a distance, however there are some of factors in process make deviation to output 

slider result in abnormal masking for example contamination, template alignment, etc.   

 

g) Embedded metal 

Most of tooling fixtures used in manufacturing process are made from stainless 

steel, improper handling creates a chance of surface to surface rubbing between slider head 

and fixtures as result of metal stuck into the slider. 
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2.6 RGB Color 

 

RGB (red, green, and blue) refers to a system for representing the colors to be used 

on a computer display. Red, green, and blue can be combined in various proportions to 

obtain any color in the visible spectrum. The red, green and blue use 8 bits each, which 

have decimal numbers from 0 to 255 (256 levels for each color), equivalent to the range of 

binary numbers from 00000000 to 11111111, or hexadecimal 00 to FF. The total number 

of available colors is 256 x 256 x 256, or 16,777,216 possible colors. 

 

 

 
 

Figure 2.6 Level of RGB color 

 

2.7 Grayscale color 

 

Grayscale is a range of shades of gray without apparent color. The darkest possible 

shade is black, which is the total absence of transmitted or reflected light. The lightest 

possible shade is white, the total transmission or reflection of light at all visible wavelength 

s. Intermediate shades of gray are represented by equal brightness levels of the three 

primary colors (red, green and blue) for transmitted light 

 

In the case of transmitted light (for example, the image on a computer display), the 

brightness levels of the red (R), green (G) and blue (B) components are each represented as 

a number from decimal 0 to 255, or binary 00000000 to 11111111. For every pixel in a 

red-green-blue (RGB) grayscale image, R = G = B. The lightness of the gray is directly 

proportional to the number representing the brightness levels of the primary colors. Black 

is represented by R = G = B = 0 or R = G = B = 00000000, and white is represented by R = 

G = B = 255 or R = G = B = 11111111. Because there are 8bits in the binary representation 

of the gray level, this imaging method is called 8-bit grayscale. 

 

 

 
 

Figure 2.7 Level of gray scale 
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2.8 Color of AFM profile 

 

Color of AFM profile is consisted of mixing the RGB color from 0 to 255 level or 

8bits of color depth that result in 512 intensities level of AFM color.  

 

Color levels of RGB used for mixing AFM colors are as follows 

 

AFM color profile Red Green Blue 

0 -128 0 -128 - - 

129-255 129-255 0 -128 - 

256-383 255 129-255 0 -128 

384-511 255 255 129-255 

 

Table 2.1 Mixing ratio of RGB color for AFM color 

 

 
Figure 2.8 AFM color shade  
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3. CHAPTER 3 

METHODOLOGY 

The main focus of this thesis is to study surface roughness of magnetic recording 

head defect in order to improve ability of defect classification by captured image. The 

study will be processed by using surface profiles of slider head defects from AFM analysis 

to develop software and validation to prove hypothesis and also compare performance to 

current methods, which are optical microscope, and on screen inspection. The steps of 

working are listed as below diagram  

 

 

 
 

Figure 3.1 Flow of auto defect classification 
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3.1 Magnetic recording slider head preparation 

 

In this study, defective sliders sample that have different patterns are well prepared 

by optical microscope inspection. It requires two skilled operators to inspect and confirm 

to reduce variations. Types of defective sliders sample used in this experiment are pole 

defects that are corrosion (P1), scratches (P4S), Pit on pole (W3), Pit beside pole (WTH), 

Contamination, and Good sliders. After complete preparation, all samples except 

contamination are cleaned in the hot Acetone to remove contamination that can interfere 

the result of experiment. 

 

3.2 Image Capture 

 

Image capture by human is a common method to get image from sample. It needs 

to set the tools, high power microscope, and camera kit carefully to make the same 

condition to all sliders. The very small size of interested area on slider head that is pole 

zone and a number of sample need to be captured, automated image capture machine can 

support and deliver output same as manual method but it has benefit in term of speed and 

consistency to reduce chance of variations. The quality of output image is 1600 by 1200 

pixels with 8 bits per a pixel, gray scale image, and file type is bitmap.  

 

 

 
 

Figure 3.2 Capture image of slider head on pole area 
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3.3 Surface profile by AFM 

 

The slider head will be analyzed by AFM machine to get surface profile of pole 

with condition of operation is non-contract mode, source type is topography, scanning size 

of area is 40 by 40 microns, and frequency is 1 Hz. The output surface profile will be 

generated to 2D image that has resolution 1214 by 824 pixels with 24 bits per a pixel, color 

image, and file type is PNG. The color level of integrated tab relates to height of surface of 

scanned area.  

 

 
 

Figure 3.3 Surface Profile of slider head on pole area 

 

3.4 Classification 

 

After getting both captured images and AFM surface profiles, it needs classification 

software that is developed base on many criteria to differentiate sample to modes. Main 

work focuses on qualification of AFM surface profile, e.g., color, number of pixel, and 

location of defective point. 

 

3.4.1 Classification Software  

 
Each sample of magnetic slider head has individual pattern of surface roughness, 

AFM analysis shows this information in term of color profile. The maximum color of 

AFM image is 24bits RGB, 512colors, it represents level of surface height. The color 

intensity, number and location of pixel are determiners of defect type. 

 
 
 
 
 



 14 

3.4.2 Parameter Setting 

 

To make software understand about characteristic of defect modes so that it can 

identify defect correctly, the parameters of each defect needs to be set with the optimized 

value. The important parameters are  

 

a) Location of defect; the different defect mode has different location. This 

setting helps software to scope to point of interest and improve accuracy 

b) Pixel color that can be set from 0 to 512 to show surface level from lowest to 

the highest level 

c) Number of pixel; it relates to defect size, some kind of defect has similar 

appearance but size is a factor that can help to differentiate it.  

 

3.4.3 Working steps of classification software 

 

 

 
 

Figure 3.4 Working diagram of classification software 

 

 

a) Get captured image, and surface profile 

b) Search for Alumina line on slider head to set inspection area of first defect on 

AFM surface profile. 

c) Evaluate color and number of pixel to setting 

o Condition meets to setting; sample will be defined by a defect code of 

used parameter. 

o Condition cannot meet to setting; it has no defect.   

d) Repeat checking of next defect at step b to c 

e) Complete all defect check, result is identified for that sample 

f) No any criteria meet, it’s will be defined as good slider head 

g) Captured image refer result from analysis result from surface profile   
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3.5 Evaluation of auto defect classification 

 

This step is evaluating software by loading captured image and AFM surface 

profile to software and run to check result. Number of Sample used should be enough to 

reduce variations of defect however it depends on availability of sample from production 

line and capability of AFM machine to analyze sample. The success rate of defect 

classification is considered by modes and overall result in percent. 

 

3.6 Image correlation 

 

To check correlation of captured image and AFM surface profile of slider head. 

Captured image and surface profile of the same sample are prepared. The qualification of 

both images is difference. It needs to be processed to have the same resolution, position of 

interested area and color profile. After that information of color will be transformed to 

digits that represent the intensity for calculation  

 

Following steps can do correlation between Captured image and surface profile of sliders 

  

a) Size of captued Image by AVI is 1600x1200 pixel, 8bits grayscale and Size of  

AFM image is 1214x824 pixel, 24bits RGB. 

b) Align and Crop both image to have the same image postion  

c) Resize both images to 380x143px 

d) Convert color of AFM image from 24bits RGB to 8bits grayscale 

e) Transform pixel intensity of AFM image and captured image to digit that start 

from 0 to 255 level of gray  

f) Calculate correlation coefficient from and interpret result  from table 3.1 

 

 

 
 

X is intensity value of pixel of captured image and Y is for AFM image  

 

 

 
 

Table 3.1 Interpretation of Correlation coefficient 

 

 

 

 Value of the Correlation Coefficient Strength of Correlation  

1 Perfect  

 0.7 - 0.9 Strong  

 0.4 - 0.6  Moderate 

 0.1 - 0.3  Weak 

0 Zero 
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3.7 Inspection Correlation 

 

To evaluate performance of inspection in term of accuracy of defect classification 

between two manual methods, which are done by human with optical microscope to check 

the real sample, inspection from captured 2D image on monitor screen and to auto defect 

classification or ADC. 

 

3.7.1 Optical microscope and inspection  

 

A microscope is an instrument used to see objects that are too small for the naked 

eye. There are many types of microscopes. The most common is the optical microscope, 

which uses light to image the sample. Standard magnification to inspect magnetic slider 

head is 200 times for pole tip area. Lighting, focus plane are manually adjustable, it 

depends on seeing of inspector on the object. Result of defect judgment is based on their 

skill. Repeating five times with different operators to inspect each sample prepared as 

condition of item#3.1. Evaluate success rate of type identification of all samples and each 

defect type in percent. 

 

3.7.2 On screen Inspection 

 

After complete evaluation of optical microscope inspection, AVI machine is used 

to capture image of slider head sample and show on 21 inches LCD (liquid crystal 

displays) monitor. Inspector inspects all slider heads from the image and do judgment that 

use same method as optical microscope. The image magnification is 1500 times of the real 

object. Brightness and darkness of image can be adjusted by software to support visibility 

of inspection and confirmation. Inspection result is compared with optical microscope. 

 

3.7.3 Auto Defect classification software (ADC) 

 

The classification software from item#3.4 is a tool designed by considering surface 

roughness of slider head to make the inspection result. Its performance depends on 

parameter design and optimization. It has high consistency of work, high output product, 

but it requires hardware and operator to work. Samples for evaluating optical microscope 

and on screen inspection are also used to evaluate ADC. It is analyzed by AFM to get the 

surface profiles of defective area. After that both all surface profile and captured are loaded 

to ADC to evaluate inspection result that its performance is compared with optical 

microscope and on screen inspection. 
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4. CHAPTER 4 

RESULT AND DISCUSSION 

This chapter shows the validation result of auto classification software, captured 

image to surface profile correlation and performance of classification of two manual 

inspections; optical microscope, and image inspection to auto classification software. 

 

4.1 Auto classification software 

 

 
 

Figure 4.1 Auto classification software (window of captured image) 

 

 
 

Figure 4.2 Auto classification software (window of surface profile image) 

 

  The user interface of classification software is simply designed. It consists of two 

windows of captured image and surface profile. The window of captured image needs 

image form AVI to show for visual inspection, another window is for surface profile, it 

requires image from AFM analysis, roughness information, e.g. X/Y coordinate profile, 
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color intensity bar, and image are shown on this window. Menu for parameter setting; 

color, number of pixel, area of interest is included, and it covers effective classification. 

After loading images to software, the result will be shown and operator can cross check the 

output result to AVI image on fist window. 

 

4.1.1 Evaluation Result 

 

Defect types and number of sample are prepared as Table 4.1. The result shows 

success rate of defect code identification of each type is 100%. Only W3 defect, success 

rate is 90%. Overall result, success rate of defect code identification is 98%. 

 

 
 

Table 4.1 Classification Result of ADC by defects 

 

 (*) Investigation result of W3 failure shows that invisible contamination is on pole 

tip, it cannot be observed on captured image at step of sample preparation but this kind of 

contamination appeared on surface profile by AFM so the possible kinds of defect of this 

sample are contamination, W3, and P1 that is similar to W3 but it has smaller size. In case 

of multi-defects are found defect code prioritization is set. Priority of contamination is 

higher than W3 and P1 so ADC selects the right code for this sample and success rate can 

be revised from 90 to 100% 

 Overall performance of auto defect identification can identify the defect code to 

samples correctly. 

 

  

 
 

Figure 4.3 Comparison of contamination of captured image and surface profile 

 

 

 

Success Failure Success (%) Failure (%)

Good 8 8 0 100% 0%

P1 9 9 0 100% 0%

P4S 11 11 0 100% 0%

W3 10 9 1 90% 10% (*)

WTH 6 6 0 100% 0%

Contamination 6 6 0 100% 0%

Total 50 49 1 98% 2%

Codes Slider (pcs)
Code Identification Code Identification (%)

Captured image W3, P1 AFM surface profile 

contamination 
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4.1.2 Defect Profiles 

 

 Analysis Result, captured images of defects and individual profiles are as follows 

 

 
 

Figure 4.4 Evaluation result of ADC (Good slider) 

 

 
 

Figure 4.5 Evaluation result of ADC (Corrosion, P1) 

 

 
 

Figure 4.6 Evaluation result of ADC (Scratch, P4S) 
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Figure 4.7 Evaluation result of ADC (Pit of pol, W3) 

 

 

 
 

Figure 4.8 Evaluation result of ADC (Pit on alumina, WTH) 

 

 
 

Figure 4.9 Evaluation result of ADC (Contamination) 
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4.2 Image correlation result 

 

 
 

Figure 4.10 Correlation steps of captured image and surface profile 

 

 

 
 

Figure 4.11 Scatter plot of color intensity, captured image VS surface profile 

 

 

Calculation result shows correlation coefficient 0.2996 it can be interpreted that 

correlation between captured image and surface profile is weak 

 

 

 

 

 

Captured image Surface profile

1) The qualification of images
• Captured image  : Size 1600x1200px, 8 BBP (gray)

• Surface profile : 1214x824px, 24 BBP (RGB)

2) Crop and align to have the same position

3) Make the same size
• Resize to 380 X 143px

4) Make the same color scale
• Convert AFM from 24 BBP (RGB) to gray 8BBP 

5) Convert all pixel color to digit and calculate 

correlation of AVI VS AFM image
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4.3 Inspection correlation result 

 

 

Table 4.2 Classification result Optical inspection, Image inspection, and ADC 

 

The experiment shows overall success rate of optical inspection is 82%, which is 

from 100% success rate to identify good slider, scratch (P4S), pit on alumina (WTH), 80% 

of corrosion (P1), 64% of pit on shield (W3), and 30% of contamination. For image 

inspection, overall success is 91%, result is similar to optical inspection it’s meant that 

identifying code to good slider, scratch and pit on alumina can hit 100%. It performs better 

percent of success rate for contamination (80%), pit on shield (82%) and P1 (80%) has no 

difference. Auto inspection by auto defect classification software has the best performance; 

it can achieve 100% for all modes as result of overall success rate can hit 100%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Contamination

Good

P1 (corrosion)

P4S (scratch)

W3 (pit on shield)

WTH (pit on alimina)

Overall

Defect Codes
Optical 

Inspection

Image 

inspection

Auto 

Inspection

Optical 

Inspection

Image 

inspection

Auto 

Inspection

30 9 24 30 30% 80% 100%

45 45 45 45 100% 100% 100%

45 36 36 45 80% 80% 100%

55 55 55 55 100% 100% 100%

50 32 41 50 64% 82% 100%

45 45 45 45 100% 100% 100%

270 222 246 270 82% 91% 100%

Success rate ( sldier head ) Success rate ( Percent )
Sample 

(slider head)
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5. CHAPTER 5 

CONCLUSION AND RECOMMENDATION 

5.1 Conclusion 

 

From the study of surface roughness for defect classification, overall performance 

of auto defect identification can identify the defect code to samples correctly; the surface 

profile of sample from AFM can be used to classify defect codes by information of color, 

number of pixels and position of defective point, the classification software checks 

information of unknown sample and evaluated by designed parameters for all defects 

before assigning code, the invisible defect on captured image can be detected by surface 

profile result in accuracy improvement of classification. 

The correlation between captured image and surface profile is weak; the correlation 

efficient is 0.3, the both images are developed by different methods and have different 

outputs, captured image cannot give information of surface roughness as surface profile of 

AFM. It means that captured image cannot be used to differentiate defect that has similar 

image with different surface roughness 

The study of three-classification methods shows that defect classification by 

surface roughness can improve accuracy of optical inspection and image inspection; the 

improvement is from increment of success rate of contamination, corrosion and pit on 

shield 

Finally, it can be concluded that surface roughness is the effective parameter for 

defect classification; it help to improve weak point of inspection methods that use human 

skill for judgment and  

 

5.2 Recommendation  

 

Although the classification by surface roughness is successfully tested and delivers 

good result, this tool is suitable for lab scale because of high time consuming of AFM 

analysis. In order to implement to the large scale or mass production, it’s necessary to find 

other techniques that have efficiency to support high output rate. This study is done by 

small a group of sample that has less variation and specific sample to prove the 

assumption. In real production, there are many kinds of defects; it has high variations, and 

difficulty to design parameter to cover all detect type however the key point used for 

parameter design for defect modes is specific characteristic of each defect that need to 

study.  
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