




As seen in Figure 1 there is 0 swell for Image 1.  This means that the relief etch pocket edge was designed to line up with the 

edge of the apertures in the 1
st
 stencil.  No etch compensation was used for this relief pocket.  When the pocket is etched it 

not only etches down but it also etches out making the pocket larger.  The increase in pocket size depends on how deep the 

pocket is etched.  The increase in pocket size is about ½ of the depth of the relief pocket.  As an example in the case of the 

175 um (7 mil) thick stencil with a relief pocket 125 um (5 mils) deep the increase in size of the relief pocket is 64 um (2.5 

mils).  The layout of the 1
st
 print stencil is shown Figure 2.   

 
Figure.  1

st
 Print Stencil showing aperture sizes and aperture position 

 

A photograph of the 1
st
 print E-FAB stencil is shown in Figure 3.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.  1
st
 Print E-FAB Stencil 



Figure 4 shows a picture of the 2
nd

 print stencil, a Laser-Cut / Chem-Etch stencil, showing the apertures along with the relief 

pockets. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.   2
nd

 Print Laser-Cut Chem-Etch Stencil 

 

Print Results  

The test boards used in this experiment were bare copper clad FR4 with 3 fiducials for registration between the 1
st
 print and 

2
nd

 print stencil.   

 

Table 2 Printer Set-Up 

Printer: Speedline Momentum 

Squeegee: E-Blade Electroformed blade 

Board: Blank Copper Clad FR4 with Fids  

Print Speed: 1 inch / sec 

Print Pressure: 11 lbs. 

Paste: Type 5 Heraeus BD72 SAC 305 

Print Sequence: Print 1
st
 print stencil then immediately print 

2
nd

 print stencil while 1
st
 print still wet 

 

A Speedline Momentum printer, along with E-Blade Electroformed squeegee blades was used.  The printer set-up and 

Printing test procedure are shown in Table 2.   

 

Figure 5 shows solder bricks printed with the 1
st
 and 2

nd
 stencil for Image 1 with 250 um (10 mils) spacing between the 1

st
 

and 2
nd

 print.  This print sequence used a 50 um (2mil) thick E-FAB 1
st
 print stencil and a 175 um (7 mil) Laser-Cut / Chem-

Etch with a 125 um (5 mil) relief pocket 2
nd

 print stencil.   

 

 

Note that the spacing between the .3 mm uBGA and the RF shield is 250 um (10 mils).  Figure 6 shows the same print 

sequence but for the 01005 chip component solder bricks next to the FR shield solder brick.  Spacing is 250 um (10 mils) but 

a slight smearing of the 01005 solder brick can be seen.   

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.   Solder Bricks .3 mm uBGA Image 1   Figure 6.   Solder Bricks 01005 Image 1 

 

Figure 7 shows a close up of the 2
nd

 print stencil which is 175 um (7 mils) thick with a 125 um (5 mil) deep relief pocket.  

Notice that the spacing from the wall of the relief pocket is 175 um (7 mils) to the RF shield aperture.  This is as expected for 

the Image 1 since the relief pocket increased about 64 um (2.5 mils) from the original starting position of 250 um (10 mils) 

from the RF shield aperture.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.   Relief Pocket for .3 mm uBGA Image 1 
 

Figure 8 shows the same print sequence for Image 2, where the 0.3 mm uBGA apertures were spaced 500 um (20 mils) from 

the RF shield aperture.  There is no hint of smearing for this configuration. 
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Figure 8.   Solder Bricks .3 mm uBGA Image 2 

 

Solder Paste Volume Results 

The solder paste volume measurements were performed at Speedline using a Koh Young paste volume-measuring machine.   

The author wished to extend a special thanks to Vatsah Shah for making the measurements.   

 

Table 3 

Paste Volume Measurement Summary 

 

1
st
 Print Stencil 

 

Component      Number of Solder Bricks Measured 

 

01005                                                                                             406  

0.3 mm pitch uBGA                                              2048    

0.4 mm pitch uBGA                                                                       2048      

0201                                                                                                480     

        

2
nd

 Print Stencil 

 

Component      Number of Solder Bricks Measured 

 

5 pin Connector                                                   16 

RF Shield 1                                                                                  24       

RF Shield 2                                               28  

 

Table 3 summarizes the solder bricks measured for each component type in the 1
st
 print stencil and the 2

nd
 print stencil.  

Figures 8 through Figure 11 show a comparison of the 50 um (2mil) thick E-FAB stencil and the 75 um (3 mil) thick E-FAB 

stencil for total solder paste volume, % solder paste volume compared to theoretical volume of the stencil aperture, % 

standard deviation of the solder paste volume from the mean value, and solder paste height.  It is noteworthy, as seen in 

Figure 9, that for the smallest component, 01005 chip components with 178 um (7 mil) apertures, the volume of solder paste 

for the 50 um (2 mil) thick stencil is almost as much as for the 75 um (3 mil) thick stencil.   



Figure 9.   Paste Volume Comparison 2 vs. 3                     Figure 10.    % Paste Volume Comparisons 2 vs. 3 

 

Figure 10 shows that the % paste release is greater for all four components for the 50 um (2 mil) thick stencil compared to the 

75 um (3 mil) thick stencil.  As seen in Figure 11, the % standard deviation is also smaller for the 50 um (2 mil) stencil than 

for the 75 um (3 mil) stencil; especially for the 01005 chip component solder paste.  Figure 12 shows the solder paste height 

comparison.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11.  % Standard Deviation Comparison 2 vs. 3      Figure 12.   Paste Height Comparison 2 vs. 3 

 

Similar solder paste volume measurements were recorded for the 175 um (7 mil) thick stencil and the 200 um (8 mil) thick 

stencil.  These results are shown in Figures 13 through Figure 16.   
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