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4.2 EXPERIMENTAL RESULTS 

To obtain this required radius for the analysis, Image J was appropriately tuned 

and essential settings were done. The appropriate threshold was performed and scaling 

was done accordingly which converts the image format dimension to um. The values 

used were automatically generated and the mean radius was used for the snowball sizes. 

Figure 4.1 shows a typical imported SEM and the processed SEM. 

 

Figure 4.1 Typical Imported  SEM( on the left) and Processed SEM (on the right) 

There are several irregularities with regards to the manner in which the surface 

area for each raw copper foil are obtained using Image J. The scale used to obtain the 

surface area for each copper foil was 1.3E6pixels/1um.2 samples of each raw copper foil, 

both the (matte/drum & the flat side) were taken and tried out several times and both 

returned different surface area results for the flat & the matte side of the copper foil 

which means, the accuracy of the surface area to be obtained is not certain and also 

dependent on the each copper foil being obtained with respect to the same procedures to 

ensure consistencies and also several human errors would also play a role on how 

accurate the obtained result would be. 
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To effectively compare each copper foil, it is required to obtain the same copper 

foil which has the same length and width accurately, and also the SEMs being taken in 

the same angles. 

However, different portion of the same copper foil were also taken and analyzed 

but turned out it might be difficult to obtain the same values for both the number of 

snowballs and the surface area as this varies with every portion of the copper foil taken. 

Going by the obtained results, the MLS (Drum side) copper foils has higher 

Amatte/Aflat compared to the other ones for TOB (Matte Side) which was as a result of 

irregularities experienced using Image J because it is well known that, the matte side 

always have a higher Amatte/Aflat compared to the Drum side. This values were then 

further used to obtain the surface power loss of each copper foils and also showing how 

they differ in performance. The result of each copper foil is stated below. 

4.3 Matte Side 

4.3.1 TYPE132750C TOB III 

The Amatte obtained was 1.52E-10 and the Aflat was 1.24E-10 which further states 

the ratio of the Amatte/Aflat  =1.23 which indicates the roughness of the raw copper foil. The 

snowball sizes were distributed in 10bins from 0.05um to 2um. Figure 4.2, 4.3& 4.4 

shows the result of this specific foil. 

Figure 4.2 shows the dipole snowball surface power loss which involves the 

combination of absorption and scattering parameters. Comparing this specific copper foil 

with the three other foils considered on the matte side, it has losses of a little bit over 2.50 

at frequency of 1THz. Figure 4.3 & 4.4 show details of the impact of the absorption and 

scattering properties in the surface power loss. Scattering properties tend to have 
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more effect when the frequency exceeds 1THz. 

 

                                Figure 4.2 132750C Dipole Snowball Surface Power Loss 

           Figure 4.2 showing the combination of absorption and scattering parameters. It 

shows a result which extends to 1THz and how the increase in the snowball radial sizes 

tend to cause an increase in the surface power loss.  

 

          Figure 4.3 132750C Dipole Snowball Surface Power Loss due to absorption 
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            Figure 4.4132750C Dipole Snowball Surface Power Loss due to scattering 

4.3.2 TYPE 179045B TOB III 

The Amatte obtained was 1.625E-10 and the Aflat was 1.0E-10 which further states 

the ratio of the Amatte/Aflat  =1.625 which indicates a higher roughness of the raw copper 

foil compared to the previously considered foil. The snowball sizes were distributed in 

10bins from 0.05um to 2um. Figure 4.5,4.6,& 4.7 shows the result of this specific foil. 

Figure 4.6 & 4.7 also shows the detailed analysis of the impact of absorption and 

scattering parameters. 

 

              Figure 4.5 179045B Dipole Snowball Surface Power Loss 



39 
 

 

     Figure 4.6179045B Dipole Snowball Surface Power Loss due to absorption 

 

       Figure 4.7 179045B Dipole Snowball Surface Power Loss due to scattering 

4.3.3 TYPE 157379A TOB III 

The Amatte obtained was 1.01E-10 and the Aflat was 1.0E-10 which further states 

the ratio of the    Amatte/Aflat  =1.009. The snowball sizes were distributed in 10bins from 

0.05um to 2um. Figure 4.8,4.9&4.10 shows the result of this specific foil. 
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  Figure 4.8 157379A Dipole Snowball Surface Power Loss 

 

              Figure 4.9 157379A Dipole Snowball Surface Power Loss due to absorption 



41 
 

 

              Figure 4.10 157379A Dipole Snowball Surface Power Loss due to scattering 

4.3.4 TYPE 157017A TOB III 

The Amatte obtained was 1.32E-10 and the Aflat was 1.0E-10 which further states 

the ratio of the    Amatte/Aflat  =1.32. The snowball sizes were distributed in 10bins from 

0.05um  to 2um. Figure 4.11,4.12& 4.13 shows the result of this specific foil. 

 

  Figure 4.11 157017A Dipole Snowball Surface Power Loss 
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Figure 4.12 157017A Dipole Snowball Surface Power Loss due to absorption 

 

  Figure 4.13 157017A Dipole Snowball Surface Power Loss due to scattering 

4.4 Drum Side 

The copper foils on the drum side happen to produce more losses which is due to 

high matte to flat surface area roughness which is in fact, been proven otherwise by the 

industry  and also higher number of snowballs being deposited. 
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4.4.1 TYPE 132772 MLS 

The Amatte obtained was 1.86E-10 and the Aflat was 1.24E-10 which further states 

the ratio of the    Amatte/Aflat  =1.50 . The snowball sizes were distributed in 10bins from 

0.05um  to 2um. Figure 4.14,4.15& 4.16 shows the result of this specific foil. 

 

   Figure 4.14 132772C MLS Dipole Snowball Surface Power Loss 

 

                Figure 4.15 132772C MLS Dipole Snowball Surface Power Loss due to absorption 
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Figure 4.16 132772C MLS Dipole Snowball Surface Power Loss due to scattering 

4.4.2 TYPE 133069C MLS 

The Amatte obtained was 2.05E-10 and the Aflat was 1.0E-10 which further states 

the ratio of the    Amatte/Aflat  =2.05 . The snowball sizes were distributed in 10bins from 

0.05um  to 2um. Figure 4.17,4.18& 4.19 shows the result of this specific foil. The Matte 

to flat surface area ratio was higher than other copper foils considered both on the matte 

and the drum side which indicates higher surface roughness which would definitely lead 

to more losses.  

 

  Figure 4.17 133069C MLS Dipole Snowball Surface Power Loss 
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 Figure 4.18 133069C MLS Dipole Snowball Surface Power Loss due to absorption 

       

 

  Figure 4.19 133069C MLS Dipole Snowball Surface Power Loss due to scattering 

4.4.3 TYPE 133905C MLS 

         With the matte to flat surface area of about 1.730, it has losses which exceeds 3.0 as 

the frequency tends towards 1THz. Figures 4.20,4.21 & 4.22 illustrates the result of the 
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losses for this specific copper foil and the effect of  absorption and scattering parameters.                   

 

    Figure 4.20 133905C MLS Dipole Snowball Surface Power Loss 

 

 

   Figure 4.21 133905C MLS Dipole Snowball Surface Power Loss due to absorption 
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    Figure 4.22 133905C MLS Dipole Snowball Surface Power Loss due to scattering 

4.5 IMPACT OF NI INCREASE ON DIPOLE SNOWBALL SURFACE POWER LOSS 

To further continue with this research, a factor, Ni  increase, was considered to 

know the impact it has on the surface power loss. A specific snowball radius was 

selected(ai=1um) which was made constant and there was increase in the number of 

snowballs( 2x,3x and 4x the initial number of snowballs). The matte to flat surface area 

was made constant for all increases and there was indeed more losses with respect to the 

increase in the number of snowballs. Figure 4.23 shows the result obtained.  It should be 

noted that Amatte = Aflat, and the assumption was that Amatte/Aflat= 1.0. 

 

Figure 4.23 Dipole Snowball Power Loss of Ni increase for snowball radius of 1um 
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It is clear at this point that different copper foils have different losses which will 

definitely affect the performance of devices.  It is also clear how it is difficult to obtain 

the same results for the surface area of the same copper foil because different points on a 

specific  roll of copper foil produces different results.  Also the losses due to scattering 

were mostly experienced beyond a frequency of 1THz which shows scattering parameters 

has negligible effect for frequencies below 1THz.Surface roughness of the copper foils 

before the snowballs were deposited, also played a major role in the losses experienced 

which indicates more emphasis should be placed on maintaining considerable matte to 

flat surface roughness to avoid unnecessary losses experienced. 

            4.6 IMAGE J DATA VALIDATION 

To further validate Image J data, one of the copper foils (Oak-Mitsui 133905C) 

was selected to obtain snowball count and compare with that obtained by Image J. The 

Grid method was used to obtain an approximate snowball count. The Grid consists of 12 

x 16 boxes and each snowball is being counted manually. In total, about 1236 snowballs 

were counted compared to Image J count of 2888 which means that the image J results 

are fairly accurate considering the fact that manually counting the snowballs has errors 

such as, hidden snowballs, snowballs in layers, and missing snowballs in counting. 

                     

                Figure 4.24 Image Grid of SEM to manually count snowballs
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