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ABSTRACT 

 

In hard disk drives, there is always a need to increase areal density or to pack more data per 

area on a given recording media. Hard disk areal density growth is essential for storing 

digital contents. Traditional Perpendicular Magnetic Recording (PMR) has nearly reached 

its threshold in terms of areal density growth. A potential technology to replace PMR is the 

Heat Assisted Magnetic Recording, HAMR. 

 

HAMR requires Laser Diode bonding on a heat sink called submount to the slider body. 

The submount is then attached to the slider body through a soldering process. The bonding 

of the submount to the slider body approximates flip chip bonding. Unfortunately, the 

bonded submount also deforms the slider body. Bonding requires heating to the solder. 

Differences in the coefficient of thermal expansion between the slider body and submount 

causes the slider body to expand 3 times more than the submount during heating. When 

cooling, the rigid body of the submount and the harden solder prevents the slider from 

shrinking back to its original form. Therefore, internal stresses in the slider body were 

created. This stress than creates a momen that bows the slider body downwards. The 

deformed slider body would affect the slider flying stability in the hard disk during reading 

and writing. This thesis proposes 2 solutions to minimize the camber of the slider body ; by 

reducing the solder pad width and changing the composition of the solder joints. The 

smaller the solder width, the lower the changes in the slider camber. The higher percentage 

the AuSn composition is formed in the solder joint, the less stiff the joint. This allows the 

slider body to retract back its original form after bonding. Therefore, the camber of the 

slider body is less.  

 

 

Keywords: Heat Assisted Magnetic Recording, Laser Diode, Submount, slider, internal 

stresses, momen, camber, solder joints, composition solder, solder joint width, bonding. 
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CHAPTER 1  

INTRODUCTION 

 

1.1 Background 

 

Many technology had been deployed to increase areal density for hard disk drives. The 

current technology is still perpendicular magnetic recording. However, for almost two 

decades this technology that was used to pack more storage data is approaching its limits in 

terms of areal density growth. The areal density growth now is dependent on incremental 

addition and improvement of current technology. There is a need for a new breakthrough. 

 

There are several technologies that could increase hard disk storage memory. Helium filled 

drive is one of them. One of the limitations to increase storage memory in a hard disk is 

due to its mechanical tolerances. Helium drives solves one of this mechanical problems in 

a hard disk drive. A Helium filled drive could reduce frictions created by the spinning 

platters of media. This technology allows packing more platters in the same hard disk drive 

using the same Perpendicular Magnetic Recording, PMR Technology. Helium gas reduces 

the friction of spinning platters. However, there is only so much platters of media that 

could be packed without changing the thickness of the hard drives significantly. To add to 

the complexity, the mechanical tolerances of each stacks requires tighter and tighter 

dimensional controls to the point of almost impossible to manufacture at high volume 

Error! Reference source not found. (Fig 1.1). 

 

 

 
 

Fig 1.1 Using Helium Gas instead of Air, more platters are able to be packed in hard 

drives. Reproduced from Error! Reference source not found.. 

 

Aside from increasing the platters there is also work to increase the areal density within a 

given platter too. Another technology that also allow magnetic areal density to grow is 

Shingles Magnetic Recording, SMR. SMR allow areal density to grow by another 25% or 

more to 1 Terabit per square inch. It is expected that the SMR technology could increase 

storage up to 20 terabyte by the year 2020. Again this could be done by increasing the 

number of platter in the SMR drives. 

 

Conventional PMR writes a track and keeps a guard space between each tracks to prevent 

the adjacent data track from being corrupted by stray magnetic fields from the write 

transducer [2] (Fig 1.2). In SMR drives, the tracks are actually squeezed and stacked up 

similar to a tiled rooftop [2] (Fig 1.3). Since the writer is larger than the reader, the tracks 

could be stacked up layers upon layers without sacrificing the data integrity or reliability. 
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Fig 1.2 Conventional write tracks using Perpendicular Magnetic Recording, PMR. The 

tracks requires a guard space that reduces useful area for data densification. Reproduced 

from [2]. 

 

 
 

Fig 1.3 Shingles Magnetic Recording, SMR. The tracks are squeezed and stacked to 

increase area for data densification. Reproduced from [2]. 

 

If a new set of data requires to be rewritten, SMR drives would actually rewrite the whole 

track and the adjacent track [2] (Fig.1.4). This is because the writer width is larger than the 

trimmed track width. Later on, the data and the particular whole track will need to be 

rewritten. SMR would have to overwrite the data tracks again and again until the end of the 

drive circumference. 

 

 
 

Fig 1.4 Writer overlap on trimmed tracks when new data is rewritten. Reproduced from 

[2]. 

 

In order to increase the efficiency of the Shingle drives, the tracks are grouped into bands. 

The bands are divided where the shingling process stops [2] (Fig 1.5). This would enable 

the SMR drive to manage the rewrites. It also improves the drive’s write performance. The 

bands optimize the number of tracks that need to be rewritten. 

 



 

3 

 

 
 

Fig. 1.5 SMR Band Structure. Data must be rewritten later on until the end of the band. 

Reproduced from [2]. 

 

At lower areal densities, shingled writing may be used with one reader. However, as the 

areal densities increases, two-dimensional reading of the stored data is needed. A single 

reader will no longer be able to handle the magnetic signal interference coming from 

adjacent tracks. Two Dimensional Magnetic Recording, TDMR is then introduced to 

maximize the signal from the trimmed tracks. Instead of one conventional reader in a head, 

two readers are built onto the same head. The read back magnetic signals are an aggregate 

of the trimmed tracks. This method actually maximizes the signal to noise ratio, SNR of 

the magnetic tracks. 

 

Again there are limitations for this technology since there is a finite size that the track 

width can be trimmed. As the track width reduces to the size of a few compositional 

magnetic grains, the bits would have thermal instability and could be flipped easily even in 

room temperature. The data that were previously stored could be easily corrupted and the 

error rate increases.  

 

This phenomenon is called super paragmagnetism. This phenomenon describes what 

happens when the magnetic pull alone between each bits on a platter surface actually flip 

the adjacent bits randomly from one to zero or vice versa. Therefore, there is a need to 

increase the thermal stability of these bits to prevent super paramagnetism from occurring. 

One of the ways is to increase the anisotropy energy of the bits. 

 

Anisotropy energy is the energy level that needs to be overcome to flip the magnetic bits. 

From magnetic theory, the product of the first magnetic anisotropy constant, Ku, multiplied 

the volume of a given particle V, represents the energy barrier for demagnetization. From 

Equation 1.1 below, the time period expected which a particle can retain its magnetization 

is related to the attempt frequency, f , and the ratio between the energy barrier, Ku · V and 

the thermal agitation k · T where [5] : 

 

                                                  
    

  
 
                                  |Equation 1.1 

  

As mentioned, when the magnetic bits are small enough, it is possible to flip the magnetic 

bits by normal thermal fluctuations. That energy barrier is defined by k · T, where k is the 

Boltzmann’s constant and T is the absolute temperature. The norm is for the magnetic 

hardness Ku · V to be at least 40 times greater than k · T. It is to assure the stability of the 

magnetic bits for a minimum period of 10 years at 300 K. Therefore, when we reduce the 

size of the magnetic grains, there is also a need to increase the magnetic anisotropy energy 

[5]. 
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The condition to have smaller magnetic particles is allowed by having a large uniaxial 

anisotropy. The minimal radius of a stable particle follows the below equation: 

 

                                                 
    

  
  

 

                                   |Equation 1.2 

 

Therefore it is shown from Equation 1.2, that in order to achieve small grain sizes that 

could increase areal densities in hard disk, a material with a large anisotropy, Ku is 

desirable. 

 

However there is a flip side on increasing the magnetic anisotropy. It is not possible to 

write with the current magnetic field in such a small space. It unfolds that we have come 

upon a set of limitations for areal density growth. Most often, these limitations of 

perpendicular recording is described above is often characterized by competing 

requirements which are Readability, Writeability and Stability. These set of competing 

requirements are called the Magnetic Recording Trilemma.  

 

Anisotropy energy happens to be a temperature dependent property. When the temperature 

rises, anisotropy reduces. This brings us to heat assisted magnetic recording (HAMR). 

HAMR uses this technique to temporarily reduce the magnetic anisotropy or coercitivity. 

HAMR still uses the magnetic field to write by flipping the magnetic grain bits. A small 

laser is used to temporarily create a tiny heat spot where the magnetic head induces a field 

to write. When the temperature of the area is raised above the Curie temperature, the 

magnetic medium losses much of the coercitivity. Now, the magnetic field is sufficient to 

write the data on the media. Because only small area of the media is heated at a time, once 

the laser is turned off, the heated part cools quickly. 

 

HAMR could potentially increase the magnetic recording density with a factor of 100. This 

could result in storage capacities as great as 50 terabits per square inch [6]. The power 

consumption for the laser is low with only a tenths of mili-watts which is around 1% of the 

common 5 to 12 watts in active use of large 3.5 inches hard disk drives. Below is the 

roadmap released by Advanced Storage Technology Consortium which graphically show 

the projected areal density and the technology needed for its growth [1] (Fig 1.6).  
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Fig 1.6 Advance Storage Technology Consortium (ASTC) Roadmap on Areal 

Density Growth and supporting technologies. Reproduced from Error! 

Reference source not found.. 

 

 

1.2 Statement of Problem         

 

In HAMR drives, the heat assisted energy comes from the laser diode that is attached to the 

back of the slider. The laser diode is activated when there is a current passing through the P 

and N junction of the laser. Current being fed to the laser increases the temperature of the 

laser. The higher temperature the laser, the less efficient the laser gets. More current is 

needed to generate the same output power. Therefore, there is a need to cool down the laser 

by attaching a heat sink that could channel the heat away from the laser body when it is 

working. The heat sink can be made of any thermally conductive material. In this study, 

the heat sink is made of silicon coated with gold and is called submount. The submount is 

attached to the laser as shown in the diagrams below [7] (Fig. 1.7) :  
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Fig 1.7 Figures showing laser diode being attached to submount and then to slider. 

Reproduced from [7]. 

 

The submount surface that has to be bonded to the laser diode has a deposited solder pad. 

The submount is then bonded to the laser diode by heating up the solder above the melting 

temperature and pressing the laser diode while the solder is solidifying. This laser diode 

and submount assembly is called the Chip on Submount Assembly. 

 

After that, a secondary bonding would be performed to bond the COSA to the slider body. 

Again, there is a deposited solder pad on the slider body that allows the COSA to be 

bonded. The bonding here also require heat from an external laser source. It is important to 

note that the solder pad on the slider body would only contact the submount surface. The 

laser diode should not come into contact with solder. There are three reasons for this. First, 

it is because design of the solder pad dimensions that is smaller than the submount surface. 

Second, the solder is thin with a thickness of about 3 um. This prevents the solder squeeze 

out excessively and avoids contact to the laser entirely. Finally there is the under bump 

metallurgy (UBM) that is covered with a thin layer of gold and it acts as a wetting surface 

that would limit the solder from flowing out of the UBM [7] (Fig 1.8).  
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Fig 1.8 Image of the slider back after the COSA is removed. The image shows solder pad 

are smaller than submount dimensions. There is also UBM underneath the solder pad. This 

design of the solder pad and UBM prevents solder squeeze out to the laser diode surface. 

Reproduced from [7]. 

 

The base material for submount is Silicon and the base material for slider is Aluminum 

Titanium carbide, AlTiC a type of composite. Because the Coefficient of thermal 

expansion for these materials are different, the expansion rate during heating for the 

Submount and slider are different. As indicated on the below table, Silicon has coefficient 

of thermal expansion (CTE) of 2.6 ppm / K and Alumina Titanium Carbide, AlTiC has 

CTE of 7.6 ppm / K [7]. Because AlTiC has nearly 3 times the CTE compared to Si, AlTiC 

expands 3 times faster than Si during heating process to reflow the solder. 

 

When the bonding laser is turned off, cooling and shrinkage occurs for both the submount 

and the slider body. The shrinkage for AlTiC is 3 times more significant compared to 

submount. In the same time, the solder is solidifying while holding both the submount and 

slider which are still trying to shrink as they are releasing the heat energy from the bonding 

laser. This imbalance of shrinkage between the submount and slider and the rigid body of 

the solder that holds these 2 objects together are what caused residual stress. The stresses 

induces a momen that wraps the slider body downwards [7] (Fig 1.9). 

 

 
 

Fig 1.9 Images shows the momen induced camber change for the slider body. Flatness of 

the slider is important to the flyability of the slider. Reproduced from [7]. 

 

The magnitude that the slider body warps is called camber. It is measured on the slider air 

bearing surface by using light interferometer. The camber changes from an average of -1.3 

nm to -4.6 nm with a standard deviation of 1.1 nm. This gives an average delta of -3.3 nm. 

Ideally we would like to keep the changes as close to the target as possible [7]. 
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From the current slider fly height modelling for this particular air bearing surface design, 

the camber shows significant sensitivity to fly height and should be controlled to the target 

of below -1.5 nm and standard deviation below 1.27 nm [7]. 

 

1.3 Objectives of Research : 

 

1.3.1    Overall objective: 

 

The objective of this research is to find ways to reduce the changes of camber after the chip 

on submount assembly bonding on the slider body. The reduction of camber of the slider 

body would be targeted on the delta camber average of below 1.50 nm while keeping the 

sigma of below 1.27 nm. 

 

1.3.2    Specific objectives:  

 

In order to achieve a reduction of change for the slider body camber, the following steps 

were done: 

  

 Use statistical software such as Jump to define the biggest contributor to camber 

change. 

 Design experiments to isolate impacts of bonding parameters and solder pad 

dimensions. 

 Design experiments that isolate other more difficult to quantify but significant 

contributor to camber change such as submount gold thickness. 

 Recommend steps that can be implemented to the chip on submount assembly and 

slider bonding. 

 Maintain Chip on Submount Assembly (COSA) bonding strength > 0.300 kgF. 

 

1.4 Scope 

 

While it is true that there are many other parameters that could reduce the change of 

camber on the slider body such as the thickness of the slider body, depth of the air bearing 

surface and also dimensions of the submount, these parameters would not be included in 

this research. This is because these parameters cannot be changed and are set for the 

specific slider and submount design. Changes of these parameters can affect other slider 

parameters such as fly height and also fixtures that were designed to handle specific sizes 

of the submounts and lasers.  

 

Also there is a possibility to change the submount material and slider material to reduce the 

mismatch between the coefficient of thermal expansion for these 2 materials. But this are 

also a limitation as we could not change the base materials of both of these components as 

they have already been decided base on the coefficient of thermal conductivity.  

 

On the other hand, bonding machine design that could reverse the vector of the camber to 

the opposite direction before the bonding of the COSA on slider could not be done too 

because the bonding machine has already been built and is currently being used in 

production line. 

Another way is to induce post bonding heat treatment to the bonded slider, integrated slider 

assembly to release the stress build up could be another way to reduce the camber change.  
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However, there is a penalty that there would be an added process to the already long and 

complicated fabrication steps to the HAMR sliders. Introduction of another heat treatment 

involves cost and potentially impact to the post bond accuracy of the lasers that has to be 

targeted on the specific features on the sliders. Other ways with less impact to cost and 

risks are preferred.  

 

With this being said, there are certain freedoms that are allowed for changes such as the 

bonding parameters and also the design of the solder pad on the slider body. 

 

1.5     Hypothesis 

 

From current understanding, the change of camber on the slider involves residual stresses 

on the slider body after the COSA were bonded. To reduce the change of the camber, we 

have to reduce the residual stresses on the slider body. As stated above there are many 

ways to achieve this but there are also limitations of what can be done to reduce the 

residual stress. 

  

Since both the submount and slider has a coefficient of thermal expansion mismatch, the 

solder joint that holds these two parts together must play an important role in transferring 

the residual stress to each other. The back of the slider body must be under tension and the 

submount body must be under compression for the slider body to warp in a negative 

camber direction. 

 

If the solder joints could be less rigid or has a smaller contact area with both the slider and 

submount, then the residual stresses could be reduced and the change of camber reduced. 

The change of solder compositions within the joints would affect its rigidness after it has 

solidify. 

 

The bonding temperature could play a role on the solder joint composition if the different 

metals in the solder were not melted sufficiently for them to intermix. The bonding 

temperature is controlled by the bonding laser power. The higher the bonding laser power, 

the higher the bonding temperature would be. So bonding laser power should be a factor to 

control homogeneity of the solder metal mixes during bonding and therefore the rigidness 

variation for the solder joint and the resulting camber.  
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Introduction 

 

Eutectic gold tin alloy has been used in the optoelectronics industry as an alternative to 

lead based solder. It is also commonly used for soldering laser diodes to heat sinks. The 

main reasons for this is because it allows the soldering of optoelectronic components 

without flux. Flux, even after removal would cause contamination on the optical devices. 

These contamination would impact performance and reliability of optoelectronic devices. 

Due to the sizes of most modern day optical devices, the solder is used as a preform and 

has to be placed on solder pads prior to die bonding. Typically, the preforms are fifty or 

twenty five microns in thickness and have the size that approximates the die [8]. 

 

However for the HAMR chip on submount assembly bonding, the solder thickness is 

around 3 ± 0.3 microns of thickness. This is a fraction on what is typically being used in 

the optoelectronics industry. The size of the die which in this case is the laser diode and 

submount is 500 microns wide and 380 microns long. The thickness of the submount is 

only 200 microns [7](Fig 2.0). This is a challenge for most pick and place machine to align 

and bond these parts at high speed. 

 

 

 
 

Fig 2.0 Images shows the dimensions of the submount and slider. Reproduced from [7]. 

 

2.2 Solder pad formation 

 

The solder pad is also pre-formed and it is consist of 5 layers which is composed of 

Titanium, Platinum, Gold, Tin and again Gold. Titanium works as an adhesive or seed 

layer to the body of the slider which is Aluminum Titanium Carbide. Platinum is then 

deposited on top of Titanium as an inert isolation layer from Tin. And then gold is 

deposited on top of the Platinum with a thickness of 0.1 microns. After that, tin is 

deposited onto the gold with a smaller dimension. It is this tin that would interact with the 
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gold from the front facet metallization of the submount. The earlier mentioned Titanium, 

Platinum and Gold forms the under bump metallurgy. Finally the tin above the UBM is 

coated with another layer of gold to prevent oxidation with thickness of 0.15 microns. The 

tin here would form gold tin alloy and act as adhesive that holds the submount body and 

the laser on the back side of the sliders. The solder pad here are deposited through 2 

different evaporation processes. The cartoon images of the solder pad on top of the slider 

body and the submount front facet is shown as below [7] (Fig 2.1). 

 

 
Fig 2.1 Images shows a crossed section solder pad on top of the slider body and front facet 

metallization of the submount. Reproduced from [7]. 

 

As shown in the (Fig. 2.1), the submount front facet metallization also has Platinum and 

Titanium with the same purposes. The substrate of the submount is silicon and it is coated 

with Titanium as a seed layer that act as an adhesive layer for the other metals to the 

silicon substrate. Platinum is then coated on top of Titanium as an inert isolation barrier 

from Gold. Gold is the final layer that is deposited on the surface of the Platinum.  

 

The pattern of the Under Bump Metallurgy is formed with photolithography processes. 

Several papers [8], [9] and [10] describes stacks of a few layers of Au and Sn through 

evaporation process. However, Georg et al describes that pattern layers could achieve a 

thickness of 5 µm. This was in 2003 and right now we have achieve a thickness of 3 um 

and with a controlled alignment tolerance of ± 5 µm instead of ± 10 µm. The combination 

of photolithography and lift off are used to make the preform solder pad. 

 

2.3 Gold Tin alloy formed during bonding 

 

During the bonding process of the submount to the slider body, the gold from the 

submount front facet metallization would form a gold tin alloy with the tin from the solder 

pad on top of the slider body. The tin on top of the solder pad is 3 microns thick with a 

uniformity of ± 0.3 um. The thickness of the gold is 0.6 microns. Referring to Georg et al 

calculation for film thickness ratio of  gold tin on thin film solder layers assembly, this 

would give the weight percent of Sn at 57.2% and weight percent of Au at 42.8% [8].  
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Calculation Au/Sn Mass ratio is as below :  

 

   

   
  

       
       

 

|Equation 2.1 

 

And From there a derivation of Weight percent of Sn is derived from below equation :  

 

                     
   

   
 + 1) 

|Equation 2.2 

 

And also weight percent of Au is derived from below equation because this is a binary 

alloy system of AuSn :  

 

                           
|Equation 2.3 

 

Where d : film thickness 

m: Mass 

ρ : Density, ρAu = 19.3 gcm
-3

, ρSn = 7.3 gcm
-3

 

 

From the below phase diagram and following the lever rule, we can derive the composition 

% of this AuSn mixture [7]. The calculated estimates from the Tin and Gold weight % 

should put the melting temperature of the alloy at around 320 to 340°C and with a mix 

solder composition of 90% AuSn2 and 10% AuSn4. 

 

 
Fig 2.2 AuSn Binary phase diagram. Reproduced from [11]. 
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Fig 2.3 Lever Rule. Reproduced from [7]. 

 

      
  

      
   

|Equation 2.4 

 

W1 = Weight % of composition 1 and W2 = Weight % of composition 2. 

L1 = Length of composition 1 and L2 = Length of composition 2. 

 

Fig 2.4 shows a SEM image taken after the solder joint have been crossed section. As 

calculated theoretically as above, the current solder joint should be AuSn2 rich. 

 

 
 

Fig 2.4 : Current solder joints are mainly AuSn2 and followed by AuSn4 [7]. 

 

From the Table 2.1 referenced below, we also know that AuSn2 has high hardness with the 

hardness value, H of 2.9 GPa compared to both AuSn and AuSn4. The AuSn4 compound on 

the other hand is also brittle [12]. We understand that the problem of this change in camber 

on the slider body is due to the residual stress from the slider trying to shrink back into its 

original size after heating. It would make sense if we could reduce the rigidity of the joints 

between the submount and slider by increasing the gold % in the solder joints. The 

resulting composition would have more of AuSn and AuSn2 without AuSn4. 

 

Table 2.0 : Properties of AuSn compounds. Reproduced from [8]. 
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In theory, the gold metal thickness on the surface of the submount could be added to the 

point of AuSn5 and AuSn is formed with different composition %. Generally Au80Sn20 

has been used for years in optoelectronics bonding industry for years [12]. But because 

there is a limitation in terms of what the submount supplier could do at this moment 

without compromising their visual yield significantly, we would only add the gold 

thickness to 0.8 um from the current 0.6 um. In the future and if this no longer a constraint, 

further development work to reduce the camber changes can be proposed. 

 

By changing the submount gold thickness from 0.6 um to 0.8 um, the AuSn composition 

and the mechanical properties would shift. Again by using equations 2.1 to 2.3, we could 

calculate the AuSn composition is now changed to Sn wt % of 52% and Au wt % of 48%. 

This would give 15% AuSn and 85% AuSn2. We do not expect much change in terms of 

hardness or rigidity of the solder joint since the hardness of AuSn and AuSn4 is very 

similar, differing only by 0.1 GPa in terms of hardness. However, the solder joint 

reliability should be more reliable since it is less brittle without AuSn4 [12]. 

 

Referring to the phase diagram shown on Fig 2.5, the melting point of the solder joint now 

increases to around 380 to 400°C. By using Solidworks simulation, we estimated the 

maximum laser bonding temperature to be at 418°C. The bonding temperature should be 

sufficient but still needed to be studied experimentally. 

 

 
 

Fig 2.5 Simulated bonding temperature of Slider & Submount in the ISA bonding machine 

using Solidworks. Reproduced from [7]. 

 

We do expect that there would be a temperature gradient that would melt the solder pad 

and submount differently since the integrated slider assembly bonding machine uses a laser 

spot heating. The size of the heating spot is around 200 um wide in diameter whereas the 

solder pad is 330 um. A larger solder pad size would have a higher thermal gradient effect. 

The current solder pad design with a width of W x L, 330 x 150 um would have the 

bonding heat profile that would have to be spread across a dimension nearly 1.7 times 

larger of that 200 um laser spot size.  
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Table 2.1 : Values and parameter setting for Spot Heating Thermal Dynamic Model 

Reproduced from [7]. 

 

 
 

The Table 2.2 shows the values that were used for the spot heating thermal dynamic 

model. The modelling was carried out by using Solidworks.   

 

2.4 Residual stress simulation from FEA. 

 

The current simulations done by using Finite Element Analysis, FEA shows that the 

change of the camber values approximates more to pseudo plastic. However an accurate 

results that matches the current measurement results of the change of camber could not be 

obtained with FEA modelling alone. Actual changes for camber should be derived 

experimentally. 

 

Below graph, Fig.2.6, shows that Plastic Shear stress (σv) behavior with increasing solder 

joint width. The equation derived from FEA modelling is a quadratic equation. The higher 

the solder joint width, the higher the values of the shear stresses within the joints. The 

resulting shear stress is at the minimum, 0 when the solder width is 70 um. The current 

solder width size is 330 um and the corresponding value of plastic shear stress is at 0.572. 
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Fig 2.6 : Plastic Shear Stress changes with Solder Joint Width. Reproduced from [7]. 

 

By using the above equation (Equation 2.5), and additional information from Table 2.1, 

Fig. 2.7 is plotted to show the delta camber expected with various composition of AuSn 

formed in the solder joint [7]. As shown on Fig 2.7, camber increases with increasing 

solder width. The 3 possible compositions of Gold and Tin that could be formed within the 

solder joints are : AuSn (δ), AuSn4 (η) and AuSn2 (ε).  

 

Plastic Shear Strain, σv = 5E
-06

 x
2
 + 0.0002 x – 0.0384                                        Equation 

2.5  

 

By using the binary phase diagram from Fig. 2.2, it is shown that AuSn (δ) is formed when 

Tin composition is around 38 to 55 %. AuSn2 (ε) is formed with Tin composition above 55 

%. The AuSn4 (η) composition is formed when Tin composition is from 55 % to 72 %. 

From the calculation shown in Equation 2.2 and 2.3 it is shown that the composition 

formed with 0.6 um gold thickness should be around 90% AuSn2 and 10% AuSn4. 

 

Therefore, the AuSn2 composition being about 90% of the solder joint composition should 

result in delta camber of around 5 nm. The results from previous experiments [7], the 

average delta camber is around 4.6 nm which is quite close to the theoretical figure. 
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Fig 2.7 Composition mix of AuSn, AuSn2 and AuSn4. The resulting delta camber for these 

compositions should be ranged from 2.1 to 5.8 nm. Reproduced from [7]. 

 

From the graph above, we could actually reduce the delta camber by using two methods. 

We could either reduce the solder joint width or we can reduce the AuSn2 composition in 

the solder joint. AuSn2 composition could be reduced by increasing higher Tin content 

closer to Au30Sn70 to produce more AuSn4 (η) or by increasing the gold content closer to 

Au80Sn20 to produce more AuSn (δ). The percentages are derived from Fig. 2.2 ; AuSn 

Phase diagram.  

 

As shown by Fig 2.6 with the current solder joint width of 330 um, it is possible to half the 

delta camber from 4.6 nm to around 2 nm following the method shown above. But this 

could compromise on the solder joint strength as there is now less surface area holding the 

slider and submount together. 

 

On the other hand, if we increased too much gold Au80Sn20 in the solder joint 

compositions, there is a very steep temperature curve around this eutectic joint. This means 

that if there are small variation of gold tin ratio within the solder joint composition, it 

would require a very high temperature to produce a complete solder joint reflow. The 

problem occurs when the current submount supplier could only control the gold deposition 

by a ± 20% tolerance. 

 

If we choose to increase the Tin content to Au30Sn70 and have a solder joint rich with 

AuSn4 (η), it would have a detrimental impact to the reliability of the solder joint. This is 

because solder joint rich with AuSn4 (η) are more brittle [12]. 

 

Therefore, it would be much easier to reduce the solder joint width. And to achieve an 

average delta camber of below 1.50 nm, the final solder joint width of below 200 um 

should be sufficient.  
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So what about the dilemma for having smaller the solder width but resulting in a weaker 

solder joint strength? Currently there is no mathematical model to explain the relationship 

between solder joint widths and solder joint strength. The solder width size should not be 

reduced to a point that is lower than the accepted joint strength limit for the integrated 

slider assembly. In order to derive a mathematical model for the low camber change and 

the acceptable solder joint strength, a design of experiment is carried out.  

 

2.5  Summary 

 

Finite Element Analysis shows that actual average of delta camber of 4.6 nm is close to the 

estimates 5 nm. From literature review solder joints with AuSn4 composition are more 

brittle which could mean that the joints would have lower solder joint reliability.  

 

One way to increase the solder joint strength is by avoiding the AuSn4 composition and 

have a gold rich AuSn solder composition instead. This can be done by increasing the 

submount gold thickness to 0.8 um from 0.6 um. However with this increased composition 

of AuSn so would the melting temperature from 360 to 400°C. Modelling work from Solid 

Works shows the current bonding laser heating could achieve sufficient melting 

temperature of 418°C with 4 W. 

 

In order to achieve a low slider camber change with an acceptable solder joint strength, 

solder composition and solder joint width would be varied in a design of experiment. 
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CHAPTER 3 

METHODOLOGY 

 

3.1 Concepts 

 

As mentioned in pervious chapter, the FEA simulation has shown that the main 

contributors to delta camber are the solder width and the joint composition. The numbers 

predicted in the delta camber which is 5 nm, approximates the actual delta camber 

measured which is an average is 4.6 nm.  

 

To separate the numerous contributing parameters to camber, experimental flows are 

divided into 2 parts.  : 

3.1.1 First step is determine the solder pad width and machine settings to be used 

that has minimal changed in camber but still acceptable shear strength. 

3.1.2 Second is to select the gold (Au) thickness that forms the gold tin alloy 

composition to the solder with the minimal camber change. 

 

These flows are separated according to Western Digital’s internal process and supplier’s 

external processes. The internal processes includes bonding laser settings and solder 

widths. The external processes here refers to the submount supplier’s process. The 

submount supplier will deposit the gold thickness of the submounts. In theory, all the 

bonding laser settings, solder width and gold thickness are parameters that are free to 

Western Digital to define. However in practice, it is easier to fix the internal process 

parameters such as solder width and bonding machine settings first before finding the 

appropriate gold thickness for the submount. This is to prevent repeated iterations of 

internal processes if the gold thickness keeps changing. 

 

 
 

Fig 3.0 Experimental flow to determine solder pad width and the submount gold thickness 

selection. The flows are divided into two to understand the internal process parameters and 

the external parameters such as the gold thickness effect to the slider camber. 

 

3.1.1. Solder Pad Selection & Laser Power Design of Experiment. 

 

In order to define the internal process settings, an experiment is designed using 4 varying 

solder width sizes to determine the impact of solder widths on camber and joint shear 
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strength. The solder pad widths are 150, 210, 270 and 330 um. The bonding laser power 

are varied from 4.0, 4.3 and 4.6 W. The submounts are from the same batch made in the 

supplier’s factory. The gold thickness for this batch is targeted at 0.6 um thickness. 

 

The slider camber are measured first with a light interferometer prior to bonding the 

submount to slider. The submounts are then bonded during the same period of time with 

the same machine and operator. Once the slider has been bonded, the parts are sent to be 

measured by the under a light interferometer for slider camber change. The term used for 

the change in the camber measurement before and after bonding is called delta camber. 

The delta camber is shown as below in equation 2.6. 

 

Slider delta camber = Measured Camber after Submount bonding – Measured Camber 

before submout bonding.                                                                           

Equation 2.6 

 

After bonding, some parts are selected based on the camber values in accordance to solder 

pad width are sent to do cross sectioning. After cross sectioning the integrated slider 

assembly, the parts are washed thoroughly and are sent for SEM EDX to sample the solder 

joint composition. The remainder of the parts are sheared to measure the shear strength of 

the joints using a shear strength tester. 

 

3.1.0. Gold Thickness Selection. 

 

The main purpose of this portion of the experiment is to determine the gold coating 

thickness direction that should be used. This means that from current 0.6 um gold 

thickness, whether thicker gold or thinner gold should be explored for future use. With the 

availability for submount material, there are 3 different gold thickness for the submount, 

0.4 um, 0.6 um and 0.8 um. These 3 thickness would provide a contrast on the gold 

thickness effect on slider camber and joint composition. In the future, a wider range of 

submount gold thickness could be made with this study as a reference.  

 

The sliders are measured under a light interferometer to determine its camber values. The 

sliders are then sent for submount bonding. Once these parts are bonded with a fixed 

bonding laser power, the integrated slider assembly would be sent for slider camber 

measurement again using the same light interferometer. Some parts were sent to do cross 

sectioning. Those cross sectioned parts would be cleaned thoroughly and imaged inside a 

SEM. Later it would be EDX on to understand the composition of the solder joints for 

these parts. This would give us a direction of goodness for the submount gold thickness to 

explore later on.  

 

The remainder of the parts would be sheared with a shear strength tester to measure the 

shear strength of the solder joints formed. 
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3.2 Measurement tools 

 

Before running the experiments, it is important that we understand the metrology involved. 

There are a few measurement tools used to measure slider camber, shear strength and 

solder joint composition. Table 3.0 shows the measurement tools used to measure the 

parameters that we are trying to understand. 

 

Table 3.0 Summary of measurement tools being used and the related parameters. 

 

Measurement Tools Measures 

(3.2.1) Light Interferometer - Wyko Slider Camber  

(3.2.2) Shear Strength Tester  Shear Strength 

(3.2.3) Scanning Electron Microscopy 

(SEM) 

To magnify solder joint composition up to 

50,000 Times Magnification. 

(3.2.4) Energy Dispersive X-ray 

Spectroscopy (EDS) 

To estimate the weight percent for AuSn 

solder joint composition. 

 

3.2.1 Light Interferometer – Wyko 

 

The wyko measures the slider camber using light interferometry. The interferometer is 

basically a measurement tool that is constructed with a set of optical lenses and filters that 

transmits and reflects white light from a halogen lamp onto the surface of the measurement 

samples and back to a detector. A simplified diagram in Fig. 3.1 shows the setup for the 

Wyko [13]. 
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Fig 3.1 Optical setup for Wyko measurement tool that uses light interferometry. 

Reproduced from [13]. 

 

The light source is a white light halogen lamp. The light passes through filters and 

apertures to produce monochromatic red lights. The resulting monochromatic red light is 

then reflected and transmitted through a beam splitter towards the microscope objective 

and the detector array. 

  

The emphasis should be the light that passes through the Mirau Interferometer. The 

diagram from Fig. 3.2 shows the optical setups of the Mirau Interferometer [13]. Red light 

passes through the microscope objective and then passes through a glass and is reflected 

back by a beam splitter that bounces the light back to the reference surface. 

 

The remaining light from the beam splitter is transmitted and reflected by the samples. 

With these 2 sources of light from both the sample and the reference, a light interference 

profile would be transmitted back to the detector array. 

 
 

Fig 3.2 Optical setup for the Mirau Interferometer. Reproduced from [13]. 

 

This light interference profiles are called fringes. Fig 3.3 explains the interference pattern 

that are formed from the 2 beams; the tested beams and reference beam being 

superimposed   to each other. The dark stripes occurs when the wave front cancels each 

other and are called destructive points. The bright stripes occurs when the wave front 

increases the amplitude and are called constructive points. The distance of the 2 peaks is 

actually the wavelength from the filtered red light. With this, it is actually possible to 

calculate the distance of each peaks on the surface of the samples because the microscope 

objective is refocused with a piezo actuator.  
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Fig 3.3 The formation of the interference pattern or fringes are the result of the Tested and 

Reference Beam being superimposed. Reproduced from [13]. 

 

The camber of the sliders are measured using interferometer using the previously explained 

principles. The Region 2 are defined as the reference plane. The average deviation of 

Region 7, 3, 4 and 9 are the measured camber. 

   

 
 

Fig 3.4 Shows a sample image of the slider surface being analyzed by the Wyko 

Interferometer. Reproduced from [7]. 
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With this tool, it is possible to measure the slider camber before and after bonding. The 2 

measurements then could be calculated in order to relate the change of the slider body 

camber and the solder pad width after the submount has been bonded on the slider. 

 

Each of the camber measurements for each integrated slider assembly would be grouped 

respectively to their solder pad widths and statistically analyzed with a software for 

comparisons. 

 

3.2.2 Shear Strength Tester 

 

The shear strength tester is a tool to measure the solder joint bonding strength that holds 

the submount and slider body in the Integrated Slider Assembly. This tool is mainly used 

in the integrated circuit industry mainly to test wire bond strength. It has been adapted to 

measure integrated slider assembly bonding using the same principles of wire bond ball 

shear testing [15].  

 
 

Fig. 3.5 Image of the shear tester machine to measure the shear strength of the Integrated 

Slider Assembly. Reproduced from [15]. 

 

The above Fig. 3.5 shows the image of the shear tester machine [15]. The setup of the 

slider body after submount bonding is shown as below in Fig 3.6 [7]. The shear tip would 

push or shear the submount body from a 20 um distance above the slider body. The slider 

body would be clamped on the sides to prevent the slider body from moving or tilting 

during the shear process. The tip is set to travel with a speed of 250 um per second.  
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Fig. 3.6 Shows the setup on how the submount are sheared from the slider body. The shear 

tip is 20 um above the slider body. Reproduced from [7]. 

 

 
 

Fig 3.7 Image shows the shear result of a single Integrated Slider Assembly. The highest 

point indicating 0.364 kgF. Reproduced from [7]. 

 

The read out of each integrated slider assembly are recorded according to their respective 

solder pad width groups. The shear strength of each groups would be statistically analyzed 

with a statistical software later. 

 

3.2.3 Scanning Electron Microscopy (SEM) 

 

A scanning electron microscope (SEM) is used for imaging purposes of the cross sectioned 

joints of the integrated slider assembly. From the cross sectioned images, it is possible to 

understand the microstructure shapes that formed from the bonding process. Since solder 

joints are formed primarily from only Tin and Gold, it is easy to calculate the weight 

percent as shown in the earlier equations from 2.1 to 2.3. The SEM however would give a 

qualitative representation to understand if both of these gold and tin compositions are 

mixing well to form the desired joints based on the contrast of the tin rich or gold rich 

areas shown in a SEM micrograph. 
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Fig 3.8 Shows a simplified diagram of the major components’ function in a Scanning 

Electron Microscope (SEM). Reproduced from [16]. 

 

The scanning electron microscope has an emitter or electron gun that fires stream of 

electron to the specimen that we would like to observe. As the stream of electron interacts 

with the samples, secondary electrons are generated from the surface of the specimen.  

 

The secondary electrons have low energy that are typically less than 50 eV because they 

are formed by inelastic scattering [17]. A positively charged grill that is placed in front of 

the electron detector would attract the secondary electrons. The electrons are then 

converted into photons through a scintillator. It is then amplified in a photomultiplier 

before being converted into electrical signals. The signals are then shown on the viewing 

screen. 

 

The electron from the emitter gun uses a scanning system that is guided by two pairs of 

electromagnetic deflection coils in order to direct the electron beam do a rectangular raster 

scan. The electron stream would travel point by point and line by line. The first pair of 

scan coils would bend the beam off the optical axis and the second coil bends the beam 

back onto the axis at the focus point of the scan. 

 

It is important to note here that typically scanning electron microscope uses secondary 

electrons as the source of imaging [17]. However because we would like to differentiate 

the gold and tin rich alloy composition formed in the solder joints of the integrated slider 

assembly, we choose to observe the joints using back scattered electrons. Back scattered 

electron beams are high energy electron beams that have energy larger than 50 eV [17]. 

The incident electrons are ejected back from the specimen and collected by a back scatter 

detector. 
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The images formed by the back scattered electrons are shown as below on the bottom left 

of Fig 3.9 [17]. As a comparison, the bottom right photo is from secondary electron image. 

The contrast between different elements are higher on the backscattered electron images. 

This is because the heavier elements actually allows higher concentration of electrons to 

return back to the backscatter electron receiver. Therefore, heavier elements actually looks 

brighter in contrast compared to lighter element. This feature is useful especially to 

differentiate between the Gold and Tin elements in the solder joints. The Tin rich particles 

would be expected to appear darker and the brighter spots are most probably gold rich 

particles.  

   

 
Fig 3.9 Image shows a comparison for backscattered and secondary electron images. The 

backscattered images shows better contrast. Reproduce from [17]. 

 

Fig 3.10 shows that a cross sectioned solder joint actually confirms this theory as it is cross 

examined with Energy dispersive X-Ray Spectroscopy [7]. The brighter region on the 

solder joint is actually more gold rich AuSn2 as compared to the Tin Rich AuSn4. 

Unfortunately the image from the backscattered electron could not give a quantitative 

measurement of the solder joints in terms of its composition. For that we require the use of 

Energy Dispersive X-Ray Spectroscopy. 

 

 
 

Fig 3.10. A Backscattered SEM micrograph showing a cross sectioned solder joint. The 

contrast between the regions actually shows the Gold and Tin Rich areas. 

 



 

28 

 

 

 

3.2.4 Energy Dispersive X-Ray Spectroscopy (EDX) 

  

In this study Energy Dispersive X-Ray Spectroscopy (EDX) is used extensively to measure 

quantitatively, the solder joint composition and weight percent. The understanding of the 

composition change could explain the changes that is occurring within the solder joints 

after the bonding occurs as we vary the gold thickness of the submount bonding surface. 

This method is used for sampling only. The insights gained should complement and 

explain the observations seen in the measurements from the camber change and shear 

strength. 

 

The EDX uses the X-Ray spectrum that are emitted by the sample as they are bombarded 

with a stream of electrons from the electron gun. It allows a localized chemical analysis. 

Elements with atomic number 4 (Be) to 92 (U) can be detect using this principle [21].  The 

range of the atomic number the EDX can detect includes the atomic number of Tin, Sn 

which is 50 and Gold, Au which is 79.  

 

The quantitative analysis to determine the concentrations of the elements present in the 

samples requires a comparison of the measuring line intensities with a known calibrations 

standards. Fortunately nowadays, it is possible to compare with an existing database due to 

the vast improvement in the EDX field [21]. 

 

The cross sectioned integrated slider assembly were first coated with some thin film carbon 

around 10 Angstrom to allow conductivity of the electrons and were later scanned with an 

electron beam. The scan follows a raster scan and the intensity of a selected X-Ray Line, 

would show the element distribution images or “Maps” that could be produced. The 

installed software in the EDX helps to calculate the stoichiometry of the AuSn composition 

and also the percentage of AuSn, AuSn2 and AuSn4.  

 

3.2.5 Average, Standard Deviations and Process Capability 

 

In manufacturing practicce, we need to describe a given set of data distribution by average, 

standard deviation and process capability. Take for example, the shear strength average is 

calculated based on the sum of the total joint shear strength divided by the number of 

samples taken for the group. Equation 3.0 shows the formula that is used to describe the 

population mean [18]. 

 

                                                                   
   
 
   

 
                                               Equa 3.0  

Where  

n = The number of data points 

i = Sample Count 

  = Value for data count i 

  

The group standard deviation which describes the spread of the measured data points away 

from the group average is shown in the Equation 3.1 [18].  
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                               Equa 

3.1 

Where  

n = The number of data points 

i = Sample Count 

  = Value for data count i 

   = average all the values in the data set. 

 

The group process capability is measured by Cpk which is an index to indicate whether the 

population is within product specifications. This means that the parts produce within a 

certain batch would have its variation and average within a specification [19]. The higher 

the number, the better. For example if the Cpk is 0.5, the yield for a given population is 

only 50% within specifications. If the Cpk is 1.0, the yield for a given population will have 

93.3% of the parts within specification. And if the Cpk number is 1.33, than the yield 

would actually be 99.4% within specifications [Appendix 3, 20]. 

 

The formulations to calculate process capability, Cpk is shown in Equation 3.2 

 

Cpk = The minimum of Cpl or Cpu 

 

Where Cpu = Process capability based on the upper specification limit as shown in 

Equation 3.2. 

 

                                              
       

  
                                             Equa 3.2 

 

And Cpl = Process capability based on the lower specification limit as shown in Equation 

3.3. 

 

                                              
      

  
                                                Equa 3.3 

 

Where n = The number of data points 

USL = Upper Specification Limit 

LSL = Lower Specification Limit 

   = average all the values in the data set. 

σ = Process Standard Deviation 
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CHAPTER 4 

RESULTS AND DISCUSSION 

 

4.1 Solder pad selection and bonding laser power design of experiment. 

 

4.1.1 Delta camber & Shear Strength Results 

 

The 1
st
 part of the experiment involves four different solder pad widths were compared by 

bonding submounts using different bonding laser powers to understand the interaction to 

slider camber change or Delta camber. The result shows that the change of camber is 

smallest with the smallest laser power and the smallest solder pad width. Although the 

results does not match the model predicted from the Finite Element Analysis, the measured 

datas for the delta camber are actually close. 

 

Fig 4.0 shows that the predicted model would have a higher slope increase in delta camber 

with the increase of solder joint width. Whereas the actual data from the experiment shows 

that the increase of the solder joint would not increase significantly as the model because it 

also depends if there is sufficient energy to melt the solder. The heat energy here comes 

from the bonding laser power. The actual data makes sense because the bonding laser 

power would have limited energy and with the ever expanding solder width, there would 

be a point where the bonding laser power would not have sufficient energy to melt all the 

solder and allow a good joint to form. A good joint here means that all the solder dissolves 

and form a bond with the slider. 

 

 
 

Fig 4.0 Comparing actual data from experiment and predicted data from Model. It shows 

although the actual range predicted are close to each other, the actual trend are actually 

different. 

 

Each point of the data above on the left graph in Fig. 4.0 represents the average delta 

camber for 10 pieces of integrated slider assembly. It is also shown that the higher the 

bonding laser power, the higher the delta camber. 

 

Table 4.0 shows the sheared sliders backside that confirms low bonding laser power, 4.5 

W, does have not enough energy to melt the solder and make a good joint. In contrast, the 

laser power of 5.1 shows better melting of the solder to form a good joint. The final width 

with lower laser power, 4.5 W is actually smaller than the final width bonded with a higher 

laser power. This explains the reason for the trend observed in Fig. 4.0 that shows lower 

bonding laser power has lower average delta camber. 
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Table. 4.0. Sheared images of the slider body after the COSAs are removed with the 

shear tester machine. The images are taken with a magnification of 50x. 

 

  
 

With the trend in Fig. 4.0 it is shown that with low laser power and small solder pad width, 

it is possible to achieve the average delta camber of less than 1.50 nm. However the shear 

strength of the joint is rather weak the bonding laser power of 4.5 W. The average of the 

bonding strength of the solder joint is only 0.035 kgF slightly higher than the specification 

limit of solder joint shear strength which is 0.300 kgF. Fig. 4.1. It is shown as the bonding 

laser power increases, the average shear strength also increases with a higher slope. 
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Fig 4.1 Shows the average shear strength of the solder joint according to different width 

groups and bonding laser power. 

 

This means that the shear strength and delta camber will both increase if we increase the 

laser power and solder width. If the bonding laser power is too low then the bonding shear 

strength would also be weak and dominated by noise. The horizontal red line drawn above 

for the Laser Power 4.5W is for reference only and not a fitted plot. 

 

The average shear strength and average delta camber results are plotted to show the 

increase of delta camber average and the solder shear strength. The purpose to plot this 

graph is not to explain the cause and effect. The 2 parameters, average shear strength and 

average delta camber are the results of interest in this study. Fig 4.2 helps to graphically 

show which laser settings could achieve both the desired effects for shear strength and 

camber change. However, there is a need to find the reason for the low change in delta 

camber and also average shear strength when the bonding laser power is low. The answers 

can be found in the solder joint composition result. 

 

 
 

Fig. 4.2 Shows that delta camber average and average shear strength are both increasing 

with the increase of laser power. It shows the laser power required in order to achieve both 

the average delta camber and shear strength requirement. 



 

33 

 

4.1.2 Solder Joint Composition 

 

Three pieces of bonded integrated slider assembly were selected from the solder width of 

150 um and each bonded by different laser powers of 4.5, 4.8 and 5.1 W were sent for 

cross sectioning. After that images of the crossed sectioned parts were taken with a 

scanning electron microscope. Energy dispersive X-Ray Spectroscopy were then used to 

measure the atomic percent of the Gold and Tin composition at 2 different points of the 

solder joints for each set of solder joints. These samples represents the solder joint 

composition formed.  

 

Referring to Fig. 4.3 below, the images actually shows that lower (4.5 W) and medium (4.8 

W) bonding laser power results in the solder joint composition of AuSn2. However, the 

joints have very low strength and were easily broken as seen on the cracks and voids in the 

SEM micrograph images. In contrast with solder joints bonded with high (5.1 W) bonding 

laser power, the joints are uniform and void-free. It has AuSn and AuSn2 composition. This 

indicates that the bonding is more complete and results in higher shear strength.  

 

Combining the results from Table 4.0, we now know that a more complete bonding also 

results in higher camber change. Therefore it is possible that the low areas of the solder 

joints and also the cracks in the joints would result in lower shear strength and lower 

camber change due to less internal stress build up when the sliders is trying to shrink itself 

back to its original form after thermal expansion. 
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Fig. 4.3 Shows SEM images of cross sectioned images of the solder joints for 6 different 

solder joints with increasing bonding laser power. 

4.1.3 Conclusion for Solder Pad design and Bonding Laser Power. 

 

Table 4.1 : Summary of results from solder width and laser power selection. 

 

 
 

There are actually 3 settings that passes the requirements that we needed which is indicated 

in the Table 4.1 above :  

 

i) Bonding laser power of 4.5W and solder mask 150 x 150 um.  

ii) Bonding laser power of 4.5W and solder mask 210 x 150 um. 

iii) Bonding laser power of 4.5W and solder mask 330 x 150 um. 

 

The common denominator here is the low laser power 4.5 W which in fact does lower the 

camber change to an acceptable level. This parameter alone could achieve the desired 

target of 1.50 nm for the average delta camber change and the sigma of 1.27 nm. So for 

this purpose of the experiment, the objective has been achieved. 

 

If the focus were to achieve the lowest camber change, the configuration choice would be 

solder width of 150 um that could achieve the change of camber ~ 1.0 nm and the lowest 

sigma of 0.36 nm. However the shear strength average only slightly passed the passes the 

requirement of higher than 0.300 kgF. This in turn poses a risk for the solder joint long 

term reliability. 

 

The second portion of the experiment which is to determine whether in the future, the 

integrated slider assembly should have a thicker or thinner gold coating thickness. This 

experiment would also allow us to understand the impact of changing the gold thickness 

and its affect to delta camber and shear strength. 
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4.2 Submount gold thickness Selection 

 

The purpose of this experiment was to determine the direction of goodness for the gold 

thickness metallization on the bonding surface of the submount. There are 3 type of gold 

thickness which are divided into groups of 0.4 um, 0.6 um and 0.8 um gold thickness. The 

previous experiment results are obtained by using only 0.6 um gold thickness to determine 

the solder pad width of 150 um is the best configuration for bonding. 

 

Initially, the integrated slider assembly were bonded with 4.5 W laser power for all 3 sets 

of gold thickness. However, the results shows that the groups with thicker gold 0.8 um did 

not have good solder melting. The laser power have to be increased up to 5.1 W in order to 

have an acceptable solder melting after the joints are sheared. If the solder joints are not 

fully bonded, the bonding is deemed incomplete and the camber change however small is 

the result of smaller solder width or solder joints with cracks. The low camber changes in 

the sliders are not actually due to the change of the gold thickness in the submount bonding 

surface.  

 

Table 4.2 shows the results of sheared slider images bonded with submount 0.8 um gold 

thickness. It indicates that in order for the solder joint to fully melt, at least 5.1 W laser 

power is needed. From this result all other groups of gold thickness are bonded with the 

same laser setting which is 5.1 W. 

   

Table. 4.2. Sheared images of the slider body after the COSAs are removed with the 

shear tester machine. The images are taken with a magnification of 50x. 

  

 
 

This observation is explained from the AuSn Binary phase diagram that was shown in Fig. 

2.2 earlier [11]. The melting temperature of the Gold thin alloy actually increases from 320 

to 380°C. The higher the bonding laser power, the higher the bonding temperature. 

Therefore, a higher laser power is needed to fully melt the solder joints to form a good 

solder joint between the slider and the submount body. 
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4.2.1 Delta Camber & Shear Strength Results  

 

As shown below in Fig. 4.4, the results shows that the lower gold thickness 0.4 um, the 

higher the average delta camber. The thicker the gold thickness of the submount bonding 

surface, 0.8 um, the lower the average delta camber. Statistically, the average change in the 

camber is significant as shown in the P-Value (> 0.05) in Fig.4.6. 

 

The average camber change for 0.6 um submount gold thickness is 2.10 um which is 

comparable to 1.85 um from the earlier experiment to determine the solder width using the 

same settings for Laser power 5.1 W and Solder width of 150 um. 

 

 

 
 

Fig. 4.4 Shows the trend between average delta camber and Submount gold thickness for 

the bonding surface.  

 

A check of the solder joint melting is required to determine if the solder were actually fully 

melted and the solder width form is not smaller than the originally intended solder width. 

From the results showed in Table 4.3, it is concluded that the change in delta camber 

would be entirely up to the composition change of the solder joints with different gold 

thickness on the bonding surface of the submount. 
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Table. 4.3. Sheared images of the slider body after the COSAs are removed with the 

shear tester machine. The images are taken with a magnification of 50x. 

 

 
 

The Fig. 4.5 shows the average of the shear strength for the solder joints formed also trends 

linearly with the change of gold thickness on the bonding surface of the submount. The 

higher the gold thickness, the lower the average shear strength. The lower the gold 

thickness on the bonding surface, the higher the shear strength. However statistically, the 

change in the average shear strength is not significant as shown in the P-Value (> 0.05) in 

Fig.4.5. 
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Fig. 4.5 Shows the relationship between Average Shear Strength and Submount gold 

thickness for the bonding surface. 

 

4.2.2 Solder Joint Composition 

 

From previous data, it was shown that the gold composition affects the delta camber 

average and the shear strength. The cross sectioning process as shown in Fig 4.6 for an 

integrated slider assembly were later sent for Energy dispersive X-Ray spectroscopy for 

analysis to determine the composition formed in the solder joints as we vary the submount 

bonding surface gold thickness. Fig 4.7 shows the 3 different locations of the solder joints 

where the EDX is done. A total of 6 pieces of cross sectioned integrated solder joints with 

2 pieces of samples from each gold thickness groups were analyzed using EDX for the 

solder joint compositions. Each piece of samples were measured in 3 different locations 

across the solder joint.  
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Fig. 4.6 Shows the setup for Integrated Slider Assembly being cross sectioned by lapping it 

on a spinning lapping plate. 

 

 
 

Fig. 4.7 Shows a SEM micrograph image of an integrated slider assembly that has been 

cross sectioned. The image also shows the 3 different locations on the solder joints where 

EDX were done. 
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From the results of the Energy dispersive X-Ray Spectroscopy, a bar graph is constructed 

and shown in Fig. 4.8. The weight % of the solder joints is arranged in accordance of the 

submount bonding surface gold thickness. The higher the gold thickness, the higher the 

gold weight % that was measured in the solder joints. The lower the gold thickness in the 

initial surface, the higher Tin Weight % in the solder joints. 

  

 
 

Fig. 4.8 Shows the measured weight % of Gold and Tin by SEM EDX with increasing gold 

thickness on the bonding surface of the submount. 

 

Table 4.4 shows the measured weight % as compared to the calculated weight % using the 

formula in the expressed equations 2.1, 2.2 and 2.3. The margin of error is actually really 

small 7%. This indicates that the bonding laser power of 5.1 W and the initial Gold Tin 

from both the slider solder and submount mixed really well. It would then be interesting to 

look at the % composition or the solder joints stoichiometry for different gold thickness 

groups. 

 

Table. 4.4. Shows the measured Average weight % compared to the Calculated 

Average weight % 

 
 

The Fig 4.9 shows the results of the solder joints composition from the 6 pieces of the 

samples and are shown in a Mosaic graph. The higher the Gold thickness on the bonding 

surface of the submount the higher, the percentage the AuSn is formed.  
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Fig. 4.9 Shows the solder joint composition of AuSn and AuSn2 % Composition measured 

by SEM EDX with increasing gold thickness on the bonding surface of the submount. 

 

The measured percentage of the AuSn and AuSn2 formed in the joints actually deviates 

significantly from percentages calculated by using the lever rule in Equation 2.4. The gold 

thickness of 0.8 um which results in Au weight % 48 and Sn weight % 52 should produce a 

composition around 15% AuSn and 85% AuSn2. However, the actual percentage of 93% 

AuSn is far higher about 6 times than the calculated composition. The 7% AuSn2 is far 

lower than the calculated 85%. This deviations could be the result of rapid cooling and the 

AuSn and AuSn2 phases could formed as predicted in the AuSn phase diagram. In a way, 

this serves as a benefit to us because AuSn are more ductile and potentially able to reduce 

the internal stresses induced by the thermal expansion of the slider body up to 3 times. This 

has already been shown in Fig. 2.6 in Chapter 2 [7], the higher the AuSn composition, the 

lower the delta camber. 

 

 
 

Fig 2.6 Composition mix of AuSn, AuSn2 and AuSn4. The resulting delta camber for these 

compositions should be ranged from 2.1 to 5.8 nm. Reproduced from [7]. 

 

Table 4.5 shows the images of the cross sectioned parts for reference. The gold thickness 

of 0.8 um appears to have larger area of white surfaces indicating higher gold particles 
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present in the solder joints. In contrast, the lower gold thickness which is 0.4 um shows 

larger region with darker surfaces indicating larger regions of Tin rich particles within the 

solder joints. This observation actually matches the measured AuSn and AuSn2 

composition % shown in the Table 4.5.  

 

Table. 4.5. Summary of results from submount gold thickness direction. 

 

 

 
 

4.2.3 Conclusion for Submount bonding surface gold thickness effect. 

 

Table 4.6 Summary of results from Submount gold thickness selection. 
 

 
 

From the results, there is another set of parameters that matches the requirement for 

average delta camber, sigma and also average shear strength. The setting with the gold 

thickness of 0.8 um is actually the best gold thickness so far. Further optimization with 

higher gold thickness could present further opportunities to reduce camber change without 

sacrificing too much of the shear strength. However, it is expected that the bonding laser 

power would also have to be increased. 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATIONS 

 

5.1  Conclusion 

 

5.1.1 Effects to slider camber change 

 

In this study, it was shown that AuSn, AuSn2 and AuSn4 composition in the solder joint 

and the solder width plays a very important role to the camber change. The addition of 

gold percentage as a result of increasing the gold thickness on the bonding surface of the 

submount actually helps reduce the change in the slider camber. This is because of the 

composition change of higher AuSn % that are actually more ductile and would reduce the 

internal build up stress from the thermal coefficient of thermal expansion between the 

slider body and the submount body. Although a thickness of 0.8 um of gold thickness is 

sufficient to achieve the requirement of the integrated slider assembly right now, future 

works to study the gold thickness further could be useful to explore the effects to slider 

camber change. 

 

The higher the solder width, the higher the slider camber change. The slider camber also 

changes drastically as the bonding laser power increases. It is an indirect indicator of the 

bonding temperature. The reason for this can be seen when the actual solder joints actually 

fully melts resulting in a higher post bond solder width. The SEM micrographs also 

indicated that the low bonding laser powers actually results in the solder joints that have 

cracks and the mixture of Au and Sn is quite sparse. 

 

 

5.1.2 Effects to slider shear strength 

 

The solder width actually helps increases the Bonding shear strength. The higher the solder 

width, the higher the solder shear strength if there is sufficient energy to fully reflow all the 

solder. Although this is a good thing, it does have an increasing effect with the slider delta 

camber. The higher the shear strength, the higher the change of the slider camber. This is 

not an entire cause and effect relationship. Meaning these 2 effects are actually caused by 

the increase of the laser power which actually widens the final and effective solder width 

and also creates a more completely melted solder joint.  Therefore, it is observed in this 

experiment that the delta camber actually increases as the actual melted solder joint 

actually increases. If the solder joint width could somehow by limited and fully melted, 

such a relationship would not be seen as shown on the 2
nd

 part of this experiment where the 

initial solder width of 150 um is used and the bonding laser power is fixed at 5.1 W.  

 

The higher the gold thickness on the bonding surface of the submount, the lower the shear 

strength for the solder joints. The higher % of AuSn which is more ductile as compared to 

AuSn2 actually allows the stresses to be released as evident in the reduction of the slider 

camber change. However, it is also slightly weaker but not statistically significant. 

 

 

 

 

 

 



 

44 

 

 

5.2  Short Comings 

 

Table 5.0 is constructed to summarize the expected behaviors for the camber change and 

shear strength as both the solder width and solder composition is varied. 

 

The solder width will generally increase the delta camber and shear strength. However, the 

limitations for this experiment is there are groups with low bonding laser power and higher 

solder width would have partial melting for the solder and therefore, the conclusion for 

these groups could be misleading. One way to overcome this is to apply minimum bonding 

laser power that ensures all the groups to melt. Alternatively, we could measure the solder 

width after bonding. In this way, the relationship between solder width and the change of 

the slider camber would be more accurate. However that would require a better 

measurement system because the melted solder shapes are highly irregular as can be seen 

on some of the sheared sliders.  

 

Another factor is the final solder width that is larger than the initial actual solder mask 

width. With current design limitations where the under bump metallurgy is actually larger 

than the solder width, the fully melted solder tends to extend larger than the intended 

solder mask width. These solder width extensions tend to contribute as noise in this 

studies. In the future, the study could be conducted for solder width with the same size and 

the under bump metallurgy so there is no additional noise coming from the uncontrollable 

solder squeeze out. 

 

Initially, the increase of the gold thickness on the bonding surface of the submount resulted 

in poor melting of the solder joints and very low shear strength. From the learnings for the 

earlier experiment to vary the solder width, it is decided that the bonding laser power 

applied should be sufficient for all groups especially the thickest gold, 0.8 um. Once the 

bonding laser power is sufficiently increased to 5.1 W, the increase of gold in the solder 

composition after the solder joints are formed are shown to result in higher composition of 

AuSn. When the bonding laser power is sufficiently high, the Gold and Tin mixes really 

well and matches the weight % calculated theoretically. However stoichiometry of AuSn 

and AuSn2 is highly different from the theoretical values calculated from the level rules. 

This could be due to the rapid cooling of micro sized solder joints that prevents the most 

stable state of AuSn composition %. Rapid cooling here means extremely quick loss of 

kinetic energy that prevents rearrangement of the AuSn composition to reflect the results 

shown in the AuSn phase diagrams. 
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Table 5.0 Summary of the Camber and bond strength behaviors as solder width and 

solder composition is being varied. 

 

 
 

 

5.3 Future Recommendations 

In this studies, the final solder width could not actually be measured. We know that the 

solder final solder width actually impacts both the shear strength and camber. The 

measurement of the solder width after bonding could actually establish a more accurate 

model that could explain the variation seen within the change of camber and shear strength 

as the solder width changes. 

 

Also the solder mask and under bump metallurgy should be redesigned to be of the same 

size to limit the uncontrollable solder squeeze out to remove noises from this type of 

studies. 

 

Another interesting area to study would be impact to camber and shear strength as the gold 

thickness increases beyond 0.8 um. The reduction on the camber change could be further 

enhanced without sacrificing too much of the solder shear strength. 

 

5.4 Recommendations 

 

In conclusion, the main method to achieve low delta camber is by reducing the solder 

width. 

However, the submount bonding shear strength also reduces as we decrease the solder 

width. One way to compensate for this is to increase the AuSn composition in the solder 

joint by increasing the solder thickness in the submount bonding surface. 

  

In this set of studies, there are actually 4 sets of combinations for the bonding parameters 

and configurations that allow the integrated slider assembly to pass the required 

specifications. They are shown in Table 5.1. The lower bonding laser powers could 

generally allow lower camber change but the average shear strength might be a bit lower 

around 0.330 kgF. The resulting solder joints might not be as strong and a high number of 

the populations would be lower than the specifications of 0.300 kgF. Therefore, it might 
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not be the most suitable set of configurations for the HAMR Integrated Slider Assembly 

bonding application. 

 

The final configuration that is recommended from this research is to the submount gold 

thickness of 0.8 um, laser power of 5.1 W and the solder width of 150 um. It would 

produce an average camber change of less than 1.5 nm which is actually around 1.2 nm. It 

has the highest average shear strength of 0.510 kgF. Because of the high shear strength, the 

process capability Cpk is close to 1.00 (0.99 actual). Not only does this configurations 

fulfills the requirement of slider camber change but the solder joints should be harder to 

break. It is estimated that 93% of the population should have shear strength higher than 

0.300 kgF. 

 

Table 5.1 Table showing the four sets of parameter combinations to allow the 

Integrated Slider Assembly to fulfill all the specifications. 
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APPENDICES 

 

Appendices follow the list of references. Number or letter appendices and give each a title 

as if it were a chapter. 

 

Appendix 1: HAMR Air Bearing Surface Camber requirement. 

 
 

Appendix 2: Solder composition Table for the results showed in Fig 4.9 and 4.10. 

 

Sample 
No. 

Area of 
Interest 

Gold 
Thickness Au  Sn Compositions 

1 Location1 0.40 um 31.59 68.41 AuSn2 

1 Location1 0.40 um 28.72 71.28 AuSn2 

1 Location2 0.40 um 44.12 55.88 AuSn 

1 Location2 0.40 um 37.83 62.17 AuSn2 

1 Location3 0.40 um 43.64 56.36 AuSn 

1 Location3 0.40 um 37.05 62.95 AuSn2 

2 Location1 0.40 um 30.97 69.03 AuSn2 

2 Location1 0.40 um 50.27 49.37 AuSn 

2 Location1 0.40 um 50.84 49.16 AuSn 

2 Location2 0.40 um 34.55 65.45 AuSn2 

2 Location3 0.40 um 29.10 70.90 AuSn2 

2 Location3 0.40 um 48.44 54.56 AuSn 

1 Location1 0.60 um 49.10 50.90 AuSn 

1 Location1 0.60 um 50.37 49.63 AuSn 

1 Location2 0.60 um 47.45 52.55 AuSn 

1 Location3 0.60 um 39.93 60.07 AuSn2 

1 Location3 0.60 um 34.50 65.50 AuSn 

2 Location1 0.60 um 51.29 48.71 AuSn 

2 Location2 0.60 um 43.07 56.93 AuSn 

2 Location2 0.60 um 35.09 64.91 AuSn2 

2 Location3 0.60 um 33.08 66.92 AuSn2 

1 Location1 0.80 um 49.24 50.76 AuSn 

1 Location1 0.80 um 48.55 51.45 AuSn 
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1 Location2 0.80 um 49.77 50.23 AuSn 

1 Location2 0.80 um 50.36 49.64 AuSn 

1 Location2 0.80 um 49.10 50.90 AuSn 

1 Location3 0.80 um 49.81 50.19 AuSn 

1 Location3 0.80 um 48.76 51.24 AuSn 

1 Location3 0.80 um 51.21 48.79 AuSn 

2 Location1 0.80 um 50.51 49.49 AuSn 

2 Location1 0.80 um 48.74 51.26 AuSn 

2 Location1 0.80 um 49.41 50.59 AuSn 

2 Location2 0.80 um 45.37 54.63 AuSn 

2 Location2 0.80 um 49.93 50.07 AuSn 

2 Location3 0.80 um 36.10 63.60 AuSn2 

2 Location3 0.80 um 49.82 50.18 AuSn 
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Appendix 3: Respective defective parts per million, long term sigma, yield and process 

capability Cpk [20]. 

 

 


