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ABSTRACT 

 

The cavity wall angle from Ion Milling etched of Al2O3-TiC had low angle from 

low etch depth below 1000 nm. The cavity wall angle is one parameter contribute to fly 

height of slider head. This study proposes to optimize wall angle in slider head fabrication 

to achieve minimum 25 degree target of cavity wall angle. OFAT is first step to select 

significant parameters which affect to wall angle. The OFAT result shows 3 significant 

parameters at photo resist thickness, Incidence angle of Ion milling etched and etch depth 

target are affect to wall angle. Design of experiment (DOE) with full factorial used to 

analyze main effect and optimized to achieve target at lowest etch depth target 737 nm. 

The best setting parameters to achieve 25 degree minimum of cavity wall angle and no 

etching defect is photo resist thickness at 6 um and incidence angle at 105 degree. The 

results from this experiment are useful for further development to improve cavity wall 

angle in slider head fabrication process. 

 

Keywords: Ion Milling, IBE, wall angle, DOE, slider head, HDD, etch depth 
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CHAPTER 1  

INTRODUCTION 

 

1.1 Background/Rationale 

 

Air bearing surface (ABS) is a very important of slider head which fly over the 

media in hard disk drive. It is consist of perfect patterns and step etched.  The various air 

bearing surface (ABS) is designed for control a total of negative pressure is generated a 

force to pull the slider head towards from disk and positive pressure is generated a force to 

push the slider away from disk. There are balance of pull force and push force on magnetic 

head. It keeps the slider head fly over the disk with a certain distance to perform read or 

write functions
1
.    

In the hard drive, the space between magnetic head and disk are critical parameter. 

This spacing is called “Fly height”. The trend of new magnetic head design is reduction of 

this spacing then the clearance become important
3
. The Air bearing surface is designed to 

minimize variation in fly height. Rotation disk is created a lift force which is balances 

suspension preload. The fly height is controlled by air bearing 
2
.  

The current magnetic head sliders in hard drive manufacturing are become to be 

fabricated with photolithography process and etching process which 2 types at wet and dry 

etched.  

Dry etching is widely used process in manufacturing. It used free radical generated 

plasma to remove substrate from the pattern area indicated by a photo resist for 

photolithography process steps as shows in figure 1.2 and dry etching can control sidewall 

anisotropic etched through plasma etching in integrated circuit manufacturing. (Figure 1.1 

(C) and 1.1(D))
3
. 

 

 
 

Figure 1.1: Plasma etched in integrated circuit manufacturing: (a) example of isotropic 

etched; (b) sidewall etching of the resist mask of anisotropy; (c) illustrate the role of 

bombarding ions in anisotropic etched; (d) illustrate the role of sidewall passivity film in 

anisotropic etched. 
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Figure 1.2:  Deposition and pattern transfer in integrated circuit manufacturing: (a) metal 

deposition; (b) photo resist deposition; (c) stepper alignment with UV light exposure 

through a pattern; (d)   development; (e) plasma etching; (f) removal remaining photo resist  

 

This thesis will optimize cavity wall angle of current photolithography and dry 

etching process. The goal is achieve wall angle at 25 degree minimum for cavity etched 

and maintain good quality of slider for support 1 Tb/in
2
 product. The study will follow 

design of experiment (DOE) method. The photo resist thickness, incident angle (etched 

tilt), Beam current, Beam voltage and etch depth of cavity are interested factors. The 

responses are cavity wall angle, etch rate and slider defect after etched. In addition, the 

slider defect will be analyzed with SEM or AFM analysis. 

 

1.2 Statement of the Problems 

 

1.2.1 Cavity wall angle result showed lower than target at etch depth below 1200 nm  

The side wall angle is one parameter that contributes with fly height sensitivity. It 

has low etched depth was observed does not meet target. New ABS is designed with low 

etch depth target to support small fly height gap at high areal density for magnetic head 

technology in the future. It found cavity wall angle lower than target at etch depth below 

1200 nm.  
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Figure 1.3: Cavity wall angle of slider head with etch depth 

 

 

1.2.2 Cavity wall angle at low value is most contributed to fly height 

 

The slope of low cavity wall angle is steeper than high cavity wall at more 25 

degree. It is concern fly height sensitivity at cavity wall angle below 25 degree which 

impact fly height result. 

 

 
 

Figure 1.4: FH Gap vs Cavity wall angle  
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Figure 1.5: FH gap profile with wall angle 

 

1.3 Objectives of the Research 

1.3.1 Overall Objective 

There is study main parameters affect to the cavity wall angle on ion mill etching 

with AlTiC material. And optimizes main parameters raise up cavity wall angle to meet the 

target. 

1.3.2 Specific Objective 

The specific objectives are including the following; 

 Ion milling etched process analysis at slider head fabrication. 

 Study effect of each parameter to response (wall angle and slider defect). 

 DOE technique is applied for process optimization. 

 Set experiment for confirm optimization parameters and discussion the result. 

 

1.4 Scope 

 

This thesis will focus on slider head process at photolithography and ion milling 

etched which include the following; 

 Data collection from experiment 

 Design model for optimization by use DOE method 

 Interest parameter will be photo resist thickness, incident angle (etch tilt), etch 

depth target, Beam current and Beam voltage 

 The wall angle will be measured by AFM by follow measurement criteria of 

WD 

 The defect parts will be submitted for SEM analysis to see the ABS surface 

after etched 

 The material use Al2O3-TiC of slider head 
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The thesis will not focus on other related factors in ion milling etch process such as  

 Etching parameters  

- Ion milling fixture rotation 

- Chiller temperature 

 Gas   

- Argon was generally used in ion milling at WD 

 Photo resist  

- AZP-4620 is generally used in photolithography at WD 

- Soft bake of photo resist is use 110
o
C 

The factors are referred current control value which used for support in experiment. 

 

1.5 Limitation 

 

There are some limitations on this research. 

 Wall angle of ion milling etched has round shape which came from physical 

technique at ion milling dry etching 

 Wall angle metrology is calculate at 85% total depth which refer WD’s standard 

 Ion milling etched has low etch rate that impact to long time etching with the target 

 Ion milling tilt angle is adjustable which impact surface qualify and throughput 

 Spin coat for wet photo resist AZP-4620 has minimum thickness at 5-10 um 

 

1.6 Organization of Thesis 

The thesis is organized as following; 

 Chapter 1: provides information about background, objectives, scope, limitation 

and organization of thesis. 

 Chapter 2: provides literature reviews about slider head, slider fabrication process, 

basic concept of photolithography, etching process and AFM measurement concept. 

 Chapter 3: gives the experiment method, machine concept and methodology of 

this experiment include design of experiment of etching parameter by select 

significant parameters and study result. 

 Chapter 4: provides experiment results and discussion.  

 Chapter 5: provide conclusion and recommendation  
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 Introduction of Slider head in Hard Disk Drive 

 

Hard disk drives (HDD) are magnetic data storage on rotating platters.  A movable 

head, called a slider, mechanically moves along the platter’s radial position as it spins.  The 

head contains a reader and writer element. Properties of the slider help reduce the 

frequency of collisions.  As the platter spins under the slider, the slider is held at a 

relatively constant height due to an upward force called air bearing.  Aerodynamic 

properties of the slider topography influence the fly height, pitch, roll, head-media spacing, 

and other important features.  These aerodynamic features range in size from nanometer 

size to millimeter size and control the flight height of the slider to sub-nanometer levels
4
. 

 

Figure 2.1: Inside HDD 

 

2.2  Introduction of Slider head fabrication process 

 

 After wafer process completed, the wafer is sliced to slider head. Firstly, the wafer 

is sliced to row bars with contain 54 sliders in each row bar. The row bar is lapping 

carefully by follow ABS target. The row bar is attached with the tooling for lapping at 

ABS area. After finished lapping on the row bars, many row bars are coat with DLC 

(diamond like carbon) thin film for corrosion protected on magnetic head. Secondly, the 

row bars is bond bar to bar on round fixture for indentify ABS pattern on row bars after 

thin film disposition. Photolithography and etching are selected for process by start from 

photo resist coated on round fixture and soft bake then created ABS pattern by use stepper 

to expose by UV-light from mask into row bar. Thirdly, developer solution is use for 

remove unwanted pattern. Then etching use for indentify 3-dimension pattern from ion 

milling etched which physical etched technique. Fourthly, photo resist remaining is 

removed out by strip chemical. If ABS design had more 1 process cycle on ABS pattern, 



 

7 

 

the second cycle is started again at photo resist coating. After completed ABS pattern 

created, round fixture is process to row bars separation and cutting row bars to individual 

sliders. Finally, individual sliders is inspection for submit good sliders to customer. 

 

 

Figure 2.2:  Slider head fabrication process flow 

 

 
  

Figure 2.3:  Slider head diagram 

 

2.3  Fly Height 

 

Currently, slider head is designed for support high areal density which need small 

fly height gap between head and media. The air bearing surface (ABS) design is also 

important parameters for flying height.  

Magnetic head compose of slider and a magnetic head element for writing and 

reading data on magnetic recording medium. Slider is made from AlTiC material which is 

including of soft matter such as Al2O3 and hard matter such as TiC. A slider includes an air 
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bearing surface which is face to the disk surface. As the disk rotate, an air bearing causes 

the slider to fly over the magnetic recording medium
5
. 

As the disk rotate, an air bearing causes the slider to fly over the magnetic 

recording medium. The Slider carries the magnetic head element across the magnetic disk. 

Fly height between recording element and disk is controlled by an air bearing surface. 

Rotating the disk create a lift force which is balance suspension preload. Fly height must 

be uniform regardless of variation of flying condition. Air bearing is designed to minimize 

variation of fly height such as speed variation from inside track to outside track, variation 

of environment, skew caused by rotary actuator, variation of fabrication. 

 

Figure 2.4: Flying height definition 

2.4 Air Bearing Surface (ABS) 

Slider has three distinct areas with complex shapes designed to achieve a consistent 

head-to-disk floating height across the disk as well as minimal height loss under high-

altitude (low-pressure) conditions. The shallow etch area creates a stepped air inlet 

allowing airflow to create a positive pressure under the air-bearing surface that lifts the 

slider away from the disk. The deep etch area creates an opposite negative pressure pocket 

that simultaneously pulls the slider closer to the disk surface. The combination of positive 

and negative pressures is designed to balance the force of the suspension arm pushing the 

slider toward the disk, while keeping the slider at the desired floating height away from the 

disk surface. The balance of positive and negative pressures stabilizes and reduces the 

floating height variations commonly found in older slider designs.  

Typically, there are two of depths on the air bearing surface which are called shallow 

depth and cavity depth.  

- Shallow etch depth is 100-250 nanometer  

- Cavity is 700-1500 nanometer 

  

Figure 2.5: Air bearing model 
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2.5 Lithography process 

Photolithography is a process in micro fabrication to selectively remove parts of a 

thin layer. It uses UV light for transfer a geometric pattern from mask to photo resist 

polymer on the substrate.  

Normally, the photo resist image has the exactly shape of the designed pattern into 

substrate with vertical walls through the photo resist thickness. Moreover, the final photo 

resist pattern is binary parts of the substrate which covered with photo resist. The sequence 

of lithography process steps for a typical photolithography process is as follows: substrate 

preparation, photo resists with spin coat, prebake, stepper exposure, post-exposure bake 

and development. The resist strip is process with functional to remove the rest photo resist. 

This sequence is shows diagrammatically in figure 2.6. 

 

Figure 2.6: Typical sequence of lithography process steps 

2.6  Etching process 

 

In term of create ABS on sliders, photolithography and etching process are used in 

semiconductor manufacturing.  There are 2 types of etching process which used transfer 

lithography pattern on the integrated circuit or three-dimensional micro or nano machines. 

Etching is pattern transfer by chemical or physical removal of material from the substrate. 

The pattern is defined by protect mask layer such as photo resist. 

1. Wet etching where the wafer is immersed in a solution that reacts with the 

exposed film to form soluble by product. The mask often is highly resistant to attach by 

etching solution. Wet process still used for noncritical processes, wet chemical etching is 

difficult to control, has tendency to high defect levels due to solution particulate 

contamination
6
, cannot be use for small features, and produce produces large volumes if 

chemical waste. Wet etching is purely chemical process that can be serious problem such 

as a lack of anisotropy, poor process control, and excessive particle contamination
7
. 

2. Dry etching where a material which is a solid surface is etched in the gas phase. 

Physical etched by ion bombardment and chemically by combined physical and chemical 

mechanism or by chemical reaction through reactive ions. 



 

10 

 

In this paper is used dry etching with Ion milling etched or Ion Beam Etching (IBE) 

to experiment. 

2.6.1  Dry Etching technique  

Dry etching is a method used in semiconductor processing, which arose from the 

need to define circuit features smaller than 3 microns.  Although the processing steps are 

similar in the two techniques, dry etch differs fundamentally from wet etch processing by 

the manner in which the etchant is introduced.  In wet etch; the wafer is immersed in a tank 

of liquid etchant.  In dry etch; the wafer is exposed to the etchant in a gaseous state 

suspended in RF energized plasma under vacuum.  By design, dry etch methods provide 

more control over the factors which influence etching than wet etch methods can 

afford.  Dry etching process provide directional control of etch, anisotropic profiles, and 

greater control over the process parameters (e.g., pressure, temperature, gas flow, power). 

This control over the etch process allows very detailed and specific etching to be 

performed.  Moreover, because gases are the primary etch medium in dry etch processes, 

human exposure to dangerous solvents and chemicals is limited.  However, the equipment 

required for dry etching. 

There are four basics low-pressure plasma commonly used to remove material from 

the substrate surface. 

(a)  Sputtering and Ion-Beam etching 

(b)  Pure chemical etching 

(c)  Ion energy driving etching 

(d)  Ion inhibitor etching 

  
 

Figure 2.7: Schematic of etching processes (Flamm and Herb, 1989) 

 

 

 

Ion Beam Etching or Ion Beam Milling
 8
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Ion beam etching is process that plasma source for ion etching is separated from the 

substrate. The plasma can be an RF discharge or a dc source. Control of the energy and 

flux of ions to substrate in the substrate happen independently. In ions milling, inert gases 

are generally used, as they are exhibit higher sputtering yields due to heavy ion and avoid 

reactive action. The argon pressure in the upper portion of the chamber can be quite low 

(10-4Torr).The discharge voltage in ion beam etching must be larger than the gas ionization 

potential (15.7 eV for argon) and typically is operated at several time of this value (about 

40 to 50 V) to establish a glow discharge. Ion are extracted from the source by extraction 

grids, form into a beam, accelerated, and fired into another chamber which substrate is 

located. Achieve ion energy range from about 30 eV to several keV. Beam divergence 

through collisions with residual gas molecules in the substrate chamber. Usually, the 

lowest practical ion energy is a few hundred eV. Selectivity is poor. The use of extraction 

grid also raises the potential of contaminating the ion beam with sputtering grid material. 

When inert gases are placed with the reactive ions, reactive ion beam etching 

(RIBE) occurs. The ions not only transfer the momentum to the surface, they also react 

directly with the surface, which means that a chemical/physical mechanism is involved. 

The radical is generated in plasma usually dominate the chemical reaction at the surface. 

In IBE, the substrate can be tilted relative to the direction of ion bombardment. The 

ion energy and at the substrate and the angle of incidence are know, fundamental 

information such as sputter yields can be obtained.  

 

2.6.2 Etching performance 9 

Etch has specific requirements it must meet in replicate the mask pattern on the 

substrate surface material. Important performance for etch are: 

- Etch rate 

- Roughness 

- Etch profile 

- Etch Selectivity 

- Uniformity 

- Residues 

- Polymer formation 

 

Etch rate 

Etch rate is speed at which material is removed from the wafer during etching. It 

usually measured in A/minute. The depth of etched opening is known as the step height. 

The etch rate is determined by process and equipment variable such as the type of material 

being etch, reactor configuration, gas used for etch and process parameter settings. The 

etch rate is calculated by the following formula: 

 

Etch _ rate = ΔT/t 

 

Where, ΔT = amount of material remove (A or um) 

t = time escaped during etch (typically minutes) 
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Figure 2.8: Etch rate 

 

Etch rate is generally proportional to the concentration of etchant. Factors such as 

substrate surface geometry can affect the substrate-to-substrate etch rate. Substrate with 

significant surface area for etching will deplete the etchant concentration and etch slower, 

whereas substrate with small surface for etching will etch faster. This condition is referred 

to as loading effects. 

 

Surface roughness 
10

 

Roughness is texture measurement of surface. It is vertical deviations of a real 

surface from its ideal form. If these deviations are large, the surface is rough. If they are 

small the surface is smooth. Amplitude parameters characterization for the surface based 

on the deviations of the roughness profile from the mean line. Ra is meaning for the 

arithmetic mean deviation. The average roughness or deviation of all point from a plan fit 

to the test part surface.  

 

 
 

Figure 2.9:  Roughness 

 

 

Etch profile 

Etch profile refer to the shape of the sidewall of the etch feature. There are two 

basic etch sidewall profile: isotropic and anisotropic.  

An isotropic etch profile etches at the same rate in all direction (laterally and 

vertically), leading to under cutting of the etched material under the mask. This action 

result in an undesirable loss of line width. Wet chemical etching is usually isotropic in 

nature, which is primary reason why wet etching is not used for selective pattern etching of 

submicron devices. Some dry etching plasma is also capable of providing an isotropic etch 

profile. Anisotropy etch is achieves with most dry plasma etching. 
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Figure 2.10: Etch profile 
11

 

 

Measure of directionality of etch rate are; 

 

Anisotropy     A = R vertical - R lateral 

                                                           R vertical 
Where, R vertical = vertical etch rate 

 R lateral = lateral etch rate 

A=1 corresponds to the perfect anisotropic 

A=0 corresponds to isotropic etch 

 

Etch Selectivity 

Selectivity represents how much faster one film etched than another film under the 

same etched condition. It is design as the etch rate of the material being etched relative to 

the etch rate of another material. High selectivity means that etching only occurs on the 

desired layer and protective photo resist is not etched. It is necessary to ensure critical 

dimension and profile control. 

The selectivity, SR, for the material undergoing etch and mask (photo resist) can be 

calculated from the following formula, 

SR = Ef 

       Er 

 

Where, Ef = the etch rate of the film undergoing etch 

 Er = the etch rate of the masking layer (e.g., photo resist) 

 

Uniformity 

Etch uniformity us measure of the capability of process to etch evenly across the 

entire surface area of the substrate, across the entire substrate lot and from lot to lot. It 
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maintained the uniformity across the substrate surface is the key to ensuring consistence 

manufacturing performance. 

 

2.6.3 Wall angle 

  

After completed lithography and etching process. ABS pattern had wall angle 

between ABS surface and etching surface with angle shape follow etching technique. In 

this thesis use Ion milling for etch samples, so the wall angle has round shape from ion 

bombard AlTiC substrate.   

 

 
 

Figure 2.11: Wall angle definition 

Metrology for wall angle measurement use Atomic Force Microscopy (AFM) to 

measured. It is the one of Scanning Probe Microscopy which consists of very sharp needle 

called a probe or tip which scans over the surface of a material.  AFM provides a 3-

dimension profile of the surface on a nano-scale which measuring forces between a sharp 

probe (less than 10 nanometers) and surface at very short distance (0.2-10 nanometers 

probe-sample separation). The probe or tip is gently touches on the surface and records the 

small force between probe and substrate surface as shows in Figure 2.12. 

 

Figure 2.12: Schematic of AFM  
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CHAPTER 3 

METHODOLOGY 

 

3.1 Photo resist 

This thesis use wet photo resist to study by spin coat for control photo resist 

thickness and soft bake. The machine is EVG model for spin coat wet photo resist at AZP4620 

and soft bake at 110
o
C. The pattern for photo mask is transferred to substrate with stepper 

machine at Model UT 190E and photo mask number 3710 

       

Fig 3.1: Spin coat for photo resist                        Fig 3.2: Stepper UT190E 

3.2 Photo on Mill machine introduction and parameter  

This study use ion mill etching machine on experiment is manufactured by AVP 

technology model 5200-SL. It is dry etching technique with ion beam etched on AlTiC 

slider material to follow ABS pattern design. The system was shown in Figure 20.  

 

 
                     Figure 3.3: Ion Mill Etching system 
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In ion milling or etching, material is removed from the surface to be etched by gas 

ions that strike the surface (target) material. The ions generated in a plasma chamber, and 

are propelled toward the target by an electric field. The impact knocks off surface atoms by 

breaking the forces that bond the atoms together.  

The ion milling etched machine has 3 steps to create ions gas for strike the surface 

material 
12

. 

 

1. Ion Formation 

The source start-up process begins with the pump down of the process chamber in 

which the source is housed. When the chamber pressure reaches approximately 7 x 10
-6

 

torr, the etch gas supply valve opens, and gas is drawn through the source into the chamber 

cavity. The pressure in the chamber is allowed to rise to approximately 3 x 10-4 torr due to 

the inflow of gas into the system. The pressure in the source rises higher than pressure in 

the chamber, due to the grid set conductance barrier. This pressure differential also tends to 

contain the plasma within the source chamber prior to turning on the beam. The source RF 

power turns on and creates the electrical field needed to maximize ion collision with the 

process gas. 

 

The Plasma Bridge Neutralizer (PBN) turns on to supply electrons. An inert gas 

(Argon) flows through the PBN's housing. A discharge is produced between the cathode 

(or filament) and the PBN body, creating a plasma within the PBN housing. The electrons 

are extracted through a small hole in the PBN housing by the application of a negative bias 

to the PBN and emitted into the ion beam. Next, the beam grid power supply turns on to 

supply the energy needed to attract the electrons into the quartz chamber to ultimately 

create plasma. After the plasma density is fully established, the ion beam can be turned on. 

The beam is started by applying power to both the suppressor power supply and to the 

beam power supply. 

  

 
Figure 3.4: Ion formation 

 

 

2. Ion Extraction and Acceleration 

Ion extraction from the plasma and the formation of the beam is done through the 

grids. The potential difference between the beam and suppressor grids establishes a 

powerful electric field that pulls the ions from the plasma can, and accelerates them in a 
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collimated manner through the optically aligned holes in the grids. The third grid is 

grounded to protect the suppressor grid against sputtering by neutralizer ions. The electric 

field strength is controlled by the voltage on the beam grid. The total accelerating field is 

set up by the difference between the beam voltage and the suppressor voltage. The field 

extracts and provides the starting velocity that propels the ion toward the substrate. After 

the ions pass the suppressor, they are subjected to the pull of the electric field that exists 

between the accelerator voltage and the substrate at ground potential. The energy at 

collision with the surface of the substrate is therefore directly related to the beam voltage. 

 

 
Figure 3.5: Ion Extraction and Acceleration 

 

 

3. Neutralization 

The Plasma Bridge Neutralizer (PBN) injects electrons into the beam which act to 

cancel the current of positively charged ions to the substrate. This prevents the build-up of 

positively charged ions on the substrate. Since the ion beam is positively charged and tends 

to spread (like charges repel), injecting electrons into the beam also assists in keeping the 

ion beam collimated. The electrons provided by the PBN do not reenter the grid set due to 

the negative potential on the suppressor grid. 

 

 
    Figure 3.6: Neutralization 
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This thesis aims to study effect of etching parameters such as milling tilt angle, ion 

energy, and beam density to optimize etching rate, surface roughness and sidewall angle. 

Due to AlTiC substrate consist of two phase, Al2O3 and TiC, Some phenomenon of etching 

anisotropy will different from a single phase substrate. The effect of etching on surface 

roughness will be analyzed by AFM. 

 

This experiment is prepared in bars form and then put them on the stainless round 

fixture by using the adhesive. The round fixture is put in the carrier. The interface between 

round fixture and round carrier has the grease that use for heat transfer between fixture and 

carrier to the hot plate. The temperature is controlled at 50 degree Celsius. 

 

  
 

Figure 3.7: Fixture in ion milling machine 

3.3 Samples preparation 

3.3.1 Put bars form on this stainless round fixture (Tip) by using adhesive and cure with 

UV (1 round fixture contain 50 bars as shown in Figure 3.8) 

3.3.2 Study cavity wall angle on slider head follows current process of photolithography 

and etching as shown in Figure 3.9. 

3.3.3 The bar number 20, 30, 40 are sample for wall angle measurement 

 

 
 

Figure 3.8: Sample preparation 
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Figure 3.9: Micro fabrication on slider head 

3.4  Interested factors for experiment 

 

Use one factor at a time (OFAT) to study significant parameters which effect to 

response. The main parameters of micro fabrication process will be selected 5 parameters 

as follows; 

 

3.4.1 Photo resist thickness 

It was studied by vary photo resist thickness and fix the rest main parameters are 

milling tilt angle is 110 degree, Etch depth is 1092 nm, beam current is750 mA and beam 

voltage is650 V. The photo resist is varied thickness by set condition as below; 

- Photo resist thickness: 5 um, 6 um, 7 um and 8 um 

3.4.2  Milling tilt angle 

It was studied by vary milling tilt angle and fix the rest main parameters are photo 

resist thickness is 7 um, Etch depth is 1092 nm, beam current is750 mA and beam voltage 

is650 V. The milling tilt is varied etch angle by set condition as below; 

- Milling tilt angle: 100 degree, 110 degree and 120 degree 

3.4.3 Etch depth target 

It was studied by vary etch depth target and fix the rest main parameters are photo 

resist thickness is 7 um milling tilt angle is 110 degree, Etch depth is 1092 nm, beam 

current is750 mA and beam voltage is650 V. The etch depth is varied target by set 

condition as below; 

- Etch depth target: 650 mA, 750 mA and 850 mA 

3.4.4 Beam current 

It was studied by vary beam current and fix the rest main parameters are photo 

resist thickness is 7 um milling tilt angle is 110 degree, Etch depth is 1092 nm and beam 

voltage is650 V. The beam current is varied target by set condition as below; 

- Beam current: 650 mA, 750 mA and 850 mA 
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3.4.5 Beam voltage 

It was studied by vary beam voltage and fix the rest main parameters are photo 

resist thickness is 7 um milling tilt angle is 110 degree, Etch depth is 1092 nm and beam 

current is 750 mA. The beam voltage is varied target by set condition as below; 

- Beam voltage: 600V, 650V and 700V 

3.5 Output parameter 

3.5.1 Wall angle 

3.5.2 % defect after etched 

3.5.3 Etch rate (nm/min) 

3.6 Measurement Tools 

The cavity wall angles on experiment will measurement by Atomic Force Microscope 

(AFM). Metrology for wall angle measurement use Atomic Force Microscopy (AFM) to 

measured. AFM provides profile of the surface which measuring forces between a sharp 

probe and surface at very short distance. The probe or tip is gently touches on the surface 

and records the small force between probe and substrate surface. 

  

               
 

Fig 3.10: AFM measurement 
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3.6 Checking the response 

3.7.1 Check the wall angle was measured by AFM as procedure; 

 Scan wall angle by using normal configuration 

 Modify picture. (Flatten and Plane fit) 
 Do section analysis. 

 

 
Figure 3.11: Wall angle measurement by AFM 

 

 Find actual step depth by placing first marker on the top edge, fixed marker (point 

no.1 in picture) and second marker on flat bottom area (point no. 2 in picture). 

Horizontal distance between both markers is 15 micron. Using step depth at this 

point calculate step depth at 85% 

 Drag the second marker and drop at specific location calculated, 85% of step depth.  

 In case of can’t put 2
nd

 marker at right position as calculated value. Let’s place at 

the most nearby location. 

 The total wall angle will be calculated and shown in Nano Scope.  

 

 

 
Figure 3.12: Wall angle definition 

 

Definition of wall angle  

Total wall angle is 0-85% of depth2.     
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3.7.2 Verify masking defect after etched; the sliders were inspected by high 

magnification microscope inspection. The percent defect can be defined as follows: 

 (%) [ ] 100
reject

Defect
reject good

 


 

 And the defective parts are further analyzed by using SEM or AFM technique. 

 

3.8 Optimization 

After main effect parameter to response were selected. The main effect will be 

optimized by full factorial design of DOE technique with response surface methodology 

(RSM). The response is minimized at 25 degree of wall angle and no defect after etching. 

 

3.9 Confirm with production material 

 
The optimized parameter will be introduced to mass production for confirm the DOE 

result. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

 

4.1 The Experiment result for one factor at a time (OFAT) 

 

4.1.1 The result of photo resists thickness 

 

Tilt angle 
Etch 

depth 

Beam 

current 

Beam 

voltage 

Photo 

resist 

thickness 

Wall 

angle 
% defect 

110 1092 750 650 5 33.86 0.00% 

110 1092 750 650 6 27.83 0.00% 

110 1092 750 650 7 22.80 0.00% 

110 1092 750 650 8 17.20 0.00% 

 

Table 4.1: The result of wall angle and % defect by vary photo resist thickness 

  

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.1: The main effect plot of photo resists thickness to wall angle 
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Fig 4.2: One-way ANOVA of photo resist thickness to wall angle 

 

The wall angle result by vary photo resist thickness was dramatically decreased 

trend when increased photo resist thickness. The photo resist thickness is significant 

parameter which affect to wall angle. In this experiment, the defect after etched no 

observed when increase photo resist thickness at 5 – 8 um. 

 

 

4.1.2 The result of milling tilt angle 

 

Tilt angle 
Etch 

depth 

Beam 

current 

Beam 

voltage 

Photo 

resist 

thickness 

Wall 

angle 
% defect 

100 1092 750 650 7 28.24 0.00% 

110 1092 750 650 7 20.77 0.00% 

120 1092 750 650 7 13.91 0.00% 

 

Table 4.2: The result of wall angle and % defect by vary milling tilt angle 
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Fig 4.3: The main effect plot of milling tilt angle to wall angle 

 

  
 

Fig 4.4: One-way ANOVA of milling tilt angle to wall angle 

 

 

The wall angle result by vary milling tilt angle was dramatically decreased trend 

when increased milling tilt angle. The milling tilt angle is significant parameter which 

effect to wall angle. In this experiment, the defect after etched no observed when increase 

milling tilt angle at 100-110 degree. 
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4.1.3 The result of etch depth target 

 

Tilt angle 
Etch 

depth 

Beam 

current 

Beam 

voltage 

Photo 

resist 

thickness 

Wall 

angle 
% defect 

110 737 750 650 7 16.53 0.00% 

110 1092 750 650 7 22.12 0.00% 

110 1524 750 650 7 33.69 0.00% 

 

Table 4.3: The result of wall angle and % defect by varied etch depth target 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig 4.5: The main effect plot of etch depth target to wall angle 
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Fig 4.6: One-way ANOVA of etch depth target to wall angle 

 
 

The wall angle result by vary etch depth target was increased trend when decreased 

etch depth target. The etch depth target is significant parameter which effect to wall angle. 

In this experiment, the defect after etched no observed when increase etch depth target at 

737 – 1524 nm. 

 
4.1.4 The result of beam current 

 

Tilt angle 
Etch 

depth 

Beam 

current 

Beam 

voltage 

Photo 

resist 

thickness 

Wall 

angle 
% defect 

110 1092 650 650 7 22.98 0.00% 

110 1092 750 650 7 22.10 0.00% 

110 1092 850 650 7 22.90 0.00% 

 

Table 4.4: The result of wall angle and % defect by vary beam current 
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Fig 4.7: The main effect plot of beam current to wall angle 

 

 
Fig 4.8: One-way ANOVA of beam current to wall angle 

 

The wall angle result by vary beam current was slightly stable when increased 

beam current. The beam current is not significant parameter for wall angle. In this 

experiment, the defect after etched no observed when increase beam current at 650 – 850 

mA. 
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4.1.5 The result of beam voltage 

 

Tilt angle 
Etch 

depth 

Beam 

current 

Beam 

voltage 

Photo 

resist 

thickness 

Wall 

angle 
% defect 

110 1092 750 600 7 22.02 0.00% 

110 1092 750 650 7 22.87 0.00% 

110 1092 750 700 7 22.74 0.00% 

Table 4.5: The result of wall angle and % defect by vary beam voltage 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.9: The main effect plot of beam voltage to wall angle 

 

 
 

Fig 4.10: One-way ANOVA of beam voltage to wall angle 
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The wall angle result by vary beam voltage was slightly stable when increased 

beam voltage. The beam voltage is not significant parameter for wall angle. In this 

experiment, the defect after etched no observed when increase beam voltage at 600 – 700 

V. 

 

4.2 Summary one factor at a time (OFAT) result 

 

Parameters unit 
Parameters 

Study 

P- value 

(wall angle) 
Result 

Photo resist thickness um 5, 6, 7, 8 0.000 Significant 

Milling tilt angle degree 100, 110, 120 0.000 Significant 

Etch depth nm 737, 1092, 1524 0.000 Significant 

Beam current (BC) mA 650,750,850 0.496 Not significant 

Beam voltage (BV) V 600, 650, 700 0.733 Not significant 

 

Table 4.6: OFAT summary result 

 

 

4.3 Select significant main effect parameters for optimization 

 

 After completed OFAT result, the main parameters significant were selected for 

optimization at 3 parameters which showed P-value ≤ 0.05 from one-way analysis at table 

6. 

4.3.1 Photo resists thickness 

4.3.2 Milling tilt angle 

4.3.3 Etch depth target 

 

The responses are wall angle and % defect after etched. In this thesis is use DOE 

technique with full factorial to optimization at 2 levels with low and high as detail in table 

7. The rest parameters are not significant are fixed values. 

 

Parameters Level Level value 

Photo resist thickness ( um) 2 5, 6 

Milling tilt angle (degree) 3 100, 105, 110 

Etch depth target (nm) 3 737, 915, 1092 

 

Table 4.7: DOE parameters setting 
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4.4 Optimization 

 

 This thesis use DOE technique with full factorial for optimization run via Minitab 

program. It used 3 factors, multilevel and 2 replicates. The responses are wall angle, etch 

rate (nm/min) and % defect after etched. Total run is 36 runs. 

 
Fig 40: Full factorial design from Minitab 

 

StdOrder RunOrder PtType Blocks 

Photo 

resist 

thickness 

Milling 

Tilt angle 

Etch 

Depth 
Wall angle 

Etch rate 

(nm/min) 
% defect 

28 1 1 1 6 100 737 30.16 13.19 0 

23 2 1 1 5 105 915 32.67 14.15 0 

1 3 1 1 5 100 737 34.85 13.36 0 

14 4 1 1 6 105 915 29.88 14.46 0 

26 5 1 1 5 110 915 27.45 14.89 0 

5 6 1 1 5 105 915 32.44 14.06 0 

20 7 1 1 5 100 915 36.99 13.42 0 

8 8 1 1 5 110 915 26.79 14.70 0 

11 9 1 1 6 100 915 32.33 13.56 0 

15 10 1 1 6 105 1092 33.02 14.36 0 

2 11 1 1 5 100 915 36.54 13.35 0 

4 12 1 1 5 105 737 30.52 14.49 0 

36 13 1 1 6 110 1092 25.92 14.90 0 

3 14 1 1 5 100 1092 39.31 13.21 100 

12 15 1 1 6 100 1092 37.21 13.48 100 

31 16 1 1 6 105 737 25.91 14.08 0 

29 17 1 1 6 100 915 32.11 13.11 0 

13 18 1 1 6 105 737 26.70 14.40 0 

18 19 1 1 6 110 1092 25.79 14.78 0 

16 20 1 1 6 110 737 17.76 14.93 0 

7 21 1 1 5 110 737 25.72 14.84 0 

35 22 1 1 6 110 915 23.20 14.72 0 

10 23 1 1 6 100 737 30.83 13.42 0 

9 24 1 1 5 110 1092 30.54 14.81 0 

32 25 1 1 6 105 915 30.89 14.26 0 

24 26 1 1 5 105 1092 34.75 14.40 0 

33 27 1 1 6 105 1092 32.87 14.16 0 

27 28 1 1 5 110 1092 29.44 14.85 0 

19 29 1 1 5 100 737 33.38 13.31 0 

6 30 1 1 5 105 1092 35.64 14.36 0 

21 31 1 1 5 100 1092 38.45 13.55 100 

30 32 1 1 6 100 1092 36.43 13.16 100 
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StdOrder RunOrder PtType Blocks 

Photo 

resist 

thickness 

Milling 

Tilt angle 

Etch 

Depth 
Wall angle 

Etch rate 

(nm/min) 
% defect 

17 33 1 1 6 110 915 23.50 14.70 0 

34 34 1 1 6 110 737 18.02 14.81 0 

22 35 1 1 5 105 737 29.51 14.22 0 

25 36 1 1 5 110 737 25.13 14.99 0 

 

Table 4.8: Full factorial design table and result for each run 

 

4.4.1 Residual plot for wall angle and etch rate 

 

The residual plot for wall angle and etch rate are in fig   show all data is in normal 

probability and the histogram also shows normal population of the data. 

The etched defect observed at milling tilt 100 degree with etch depth 1092 nm at 

100% rejected for rough surface in cavity etch surface. 

 

 
 

Fig 4.11: Residual plot for wall angle 
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Fig 4.12: Residual plot for etch rate 

 

 

4.4.2 Analysis of variance of wall angle  
 

 
 

Fig 4.13: Analysis of variance for wall angle 
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Fig 4.14: Analysis of variance for etched rate 

 

The analysis of variance for wall angle shows main factors and interaction action of 

photo resist thickness, milling tilt angle and etch depth are significant parameters affect to 

wall angle.  The analysis of variance for etched rate shows main factors at tilt angle only 

which significant parameters affect to etch rate. 

 

4.4.3 Main effect plot of wall angle, etch rate and % defect    
 

 The main effect plot as fig 45 show main parameter which are photo resist 

thickness, milling tilt angle and etch depth have effect to wall angle. The etch rate of main 

effect had milling tilt angle only which affect and % defect observed on low milling tilt 

angle and high etch depth only. 

 
 

Fig 4.15: Main effect plot for wall angle 
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Fig 4.16: Main effect plot for etch rate  

 

 

 
 

Fig 4.17: Main effect plot for % defect 
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4.4.4 Interaction plot of wall angle, etch rate and % defect   

  The interaction plot as fig 48 show relation between etch factor which affect to wall 

angle etch rate and % defect after etched. Cavity wall angle and etch rate are not 

interaction from main factor but % defect after etched showed high percentage at 

interaction between milling tilt angle and etch depth (low milling tilt angle and high etch 

depth). 

 
Fig 4.18: Interaction plot for wall angle 

 
Fig 4.19: Interaction plot for etch rate 
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Fig 4.20: Interaction plot for % defect 

 

 
Fig 4.21: Response optimizer 

 

The response optimizer graph as fig  at the best value of etch factor was selected to 

get cavity wall angle at minimum 25 degree target and maximize etch rate for high 

throughput. The limitation of photo resist thickness at 5 um showed margins at etch depth 

target at 381 nm. If etch depth over 381 nm, there may be risk to defect with etch through 

which came from other clean room process at high volume production. 
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 The optimized factors are showed a below; 

1. Etch depth target: 737 nm 

2. Photo resist thickness: 6 um 

3. Milling tilt angle: 105 degree 

 

4.4.5 Defect characterization after etched   

DOE result in some run observed high defect after etched with rough cavity surface 

which image under microscope showed cavity etch area with black surface with compare 

with other run. After AFM analysis on cavity etched surface roughness at milling tilt angle 

100 degree comparison, the result on high defect with rough surface showed surface 

roughness higher than other run. The high roughness on cavity etched is impact with 

contamination stuck on this area which passes other process until slider level at finished 

good. This defect is potential risk on contamination issue on drive failure or reliability of 

magnetic head which customer feedback. 

 Milling tilt angle 100 degree is not acceptable to optimization in next step with high 

defect risk at etch depth target over 1000 nm. 

 

 

PR thickness Etch depth  Tilt angle AFM image Rq 

5 737 100 

 

13.00 

5 915 100 

 

16.16 

5 1092 100 

 

26.35 
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PR thickness Etch depth  Tilt angle AFM image Rq 

6 737 100 

 

12.50 

6 915 100 

 

17.98 

6 1092 100 

 

24.75 

 

Table 4.9: AFM measurement on cavity roughness 

 

4.4.6 Confirm optimization in normal production line 

  

  After completed optimization result, the setting parameters were introduced to 

production line for confirmation. There are 20 tips which contain 40 good bars for audit 

defect after etched were selected from production line to confirm optimization parameters. 

The 20 tips were process with setting condition by use same condition and tools as normal 

production line.  

Wall angle is measured from AFM with sampling and % defect after etched is 

reported by use 100% visual inspection under 10X microscope. The result of setting 

parameters optimization and current setting are shows as table. 

 

 

Condition: 

Parameter setting Optimized parameters Current parameters 

Photo resist thickness (um) 6 7 

Milling tilt angle (degree) 105 110 

Etch depth (nm) 737 737 

Sample size (tip) 20 20 

Response 

Wall angle 

% defect 

Etch rate 

Wall angle 

% defect 

Etch rate 

 

Table 4.10: Table of confirmation run 
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Fig 4.22: One-way ANOVA of parameter setting to wall angle 

 

 

 
 

Fig 4.23: One-way ANOVA of parameter setting to etch rate 
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After confirmed the select optimize parameters in production line. The result shows 

wall angle higher than current production line at 25.94 degree and 17.80 degree 

respectively. % defect after etched no observed at optimized parameters group and current 

parameters. In additional, the etch rate of optimize parameters is decreased from 14.58 

nm/min to 14.22 nm/min which impact to throughput decreased at 2.47% from current 

parameters. 

 

Parameter setting 
Optimized 

parameters 

Current 

parameters 

Photo resist thickness (um) 6 7 

Milling tilt angle (degree) 105 110 

Etch depth (nm) 737 737 

Sample size (tip) 20 20 

Wall angle (degree) 25.94 17.80 

% defect 0% 0% 

Etch rate (nm/min) 14.22 14.58 

 

Table 4.11: Table of compare optimized parameters and current parameters 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATIONS 

 

5.1  Conclusion 

 

This study and optimization on cavity wall angle in slider head fabrication. Cavity 

wall angle lower than 25 degree target found at etch depth below 1200 nm with current 

process. So photolithography and etching process were introduced to solve this problem 

with minimize cavity wall angle at low etch depth to target with good quality and maintain 

throughput. 

 First step of this study is one factor at a time (OFAT) method was introduced to 

select the main parameters and setting value of each parameter in difference conditions of 

photolithography and etching process. The 5 main parameters at low and high value of etch 

parameter setting were selected at photo resist thickness, milling tilt angle, etch depth 

target, beam current and beam voltage. 

 Second step of this study is optimization by DOE technique was selected 

significant parameters from OFAT. The response is wall angle, %defect after etched and 

etch rate. After optimization by use response surface method (RSM), the best setting 

parameters were selected which are; 

- Photo resist thickness: 6 um 

- Milling tilt angle: 105 degree 

- Etch depth: 737 nm 

The final step of this study was introduced to confirm run in production line. The 

result shows cavity wall angle improvements from 17.80 degree to 25.94 degree which 

achieve to 25 degree target at lowest cavity etch depth of WD products. In additional, % 

defect after etched no observed at this step which shows good quality. Moreover, the etch 

rate of etching process decreased from 14.58 to 14.22 nm/min which impact production 

throughput dropped to 2.47% which use for further improvement. 

The wall angle result can meet requirement at 25 degree target and no defect 

observed after etched. The results from this experiment are useful for further development 

to improve cavity wall angle in slider head fabrication process. 
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5.2  Recommendation for further study 

 

5.2.1 The wall angle optimization was studied with some variation of photolithography and 

etching process. Other parameters recommend to be optimizing such as machine model or 

photo resist type at photolithography and gas type or gas feed rate of etching machine. 

 

5.2.2 The data from this experiment is useful for production line which required high 

cavity wall angle which avoid defect after etched with new ABS design in the future. The 

further development can be studied to get high wall angle and improve etch rate to increase 

throughput. 

 

5.2.3 The data from this experiment is useful to confirm at fly height with FH model. The 

further development at ABS design can use this data to plug in FH model at new ABS 

design for new product in the future. 

 
 

 

  



 

44 

 

REFERENCES 

 

 
1
 B. Liu, S. Yu, M. Zhang, L. Gonzaga, H. Li, J. Liu, Y. Ma, Air Bearing Design towards 

Highly Stable Head-Disk Interface at Ultralow Flying Height, IEEE Transactions on 

Magnetics, Vol. 43, No 2, February 2007. 

 
2
 Mingsheng Zhang, Yuet Sim Hor, Guchang Han, Bo Liu. Dry Etching of AlTiC With 

CF4 and H2 for Slider Fabrication. IEEE Transactions on Magnetics 2003; 39(5):2486-

2488. 

 
3
 C. Pakpum, P. Limsuwan, A Deep AlTiC Dry Etching for Fabrication of Burnish and 

Glide Slider Head, Science Direct (2012) 1037-1042. 

 
4
 Mooney,Marcus, NanoMaterials and Magnetic Recording Heads, IDTechEx. Recording 

Head Operations, Londonderry, Ireland. 01 May 2007. 

 
5
 B. Liu, S. K. Yu, W. D. Zhou, C. H. Wong, and W. Hua, Low Flying-Height Slider With 

High Thermal Actuation Efficiency and Small Flying-Height Modulation Caused by Disk 

Waviness, IEEE Transactions on Magnetics, Vol. 44, No. 1, January 2008. 

 
6
 Stephen A. Campbell, The Science and Engineering of Microelectronic Fabrication, 2

nd
 

ed, Oxford University press 2001.  

 
7
 Joydeep Dutta, Lecture of Wet Etching, AT75.01, Microelectronics Fabrication 

Technology, Asian Institute of Technology, 2007. 

 
8
 Marc J. Madou, Fundamental of Micro fabrication: the science of miniaturization, 2

nd
 ed, 

Florida: CRC Press, 2001. 

 
9
 M. Quirk, J. Serda, Semiconductor Manufacturing Technology, New Jersey, Prentic Hall, 

2001. 

 
10

 Zygo Corporations, MetroProTM Surface Texture Parameters, OMP-0514A 06/2005, 

2005. 

 
11

 Alexsandra Fridman, Plasma chemistry, Cambridge University Press, 2008. 

 
12

 Veeco Instruments Inc., RF350s user manual, 1997. 

 

 

 

 

 


