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Background 
In recent years, we've witnessed the development of automotive technologies, which has led to the 
creation of PCB boards that are both more complex and smaller. As PCBs shrink, it becomes increasingly 
challenging to incorporate test points for in-circuit testing. Bead probes are one way to increase the test 
coverage of the PCB. 
 

Implementing Bead Probes 
The most crucial factor influencing the success of bead probes implementation is to deposit sufficient 
solder volume to create a reliable electrical contact onto the trace so that it is robust enough to withstand 
repeated probing without compromising quality, such as solder balls and excess flux. 
 

Design of Experiment 
It is evident that the solder paste’s metallic composition; metal load; powder type; flux, stencil design, and 
other PCB factors do play critical roles, but the factory decided to stick with a lead-free SAC305 formula 
they’re familiar with and varied experimentations on stencil aperture, and fixture probe style to validate 
the optimum parameters.  

With reference1 to Chris Jacobson et al. 2006 paper, the stencil openings tested were: 

Aperture Stencil thickness Solder mask opening Trace width 
D E  W L  

0.25mm/10mils 0.65mm/26mils 
0.13mm/5mils 0.28mm/11mils 0.60mm/24mils 0.11mm/4mils 0.25mm/10mils 0.25mm/10mils 

0.30mm/12mils 0.30mm/12mils 
 

 

Figure 1. Board, solder mask, and solder stencil layer stack-up 
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Observations on aperture variation 
 Aperture   Observation 

0.25mm x 0.65mm 
10mils x 26mils 

Too much flux residue on PCBA. It has adverse effects on the long-term functional 
reliability of the board 

0.25mm x 0.25mm 
10mils x 10mils 

Missing beads have been observed. The Area Ratio of 0.48 is too small for efficient 
paste transfer (See figure 2) 

0.3 mm x 0.3 mm 
12mils x 12mils 

Paste deposits are of acceptable quality, even though the Area Ratio of 0.58 is 
below the general guideline (0.66 or greater) (See figure 3) 

 

 

Area Ratio =
Area of Aperture

Area of Aperture Walls 
=

LxW
2x(L + W)xT

 

 
 

 

Figure 1. Missing deposits from 0.25mm x 0.25mm aperture 

 
Figure 2. Solder beads from 0.3mm x 0.3mm aperture 
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Observations on fixture spring probe style 
 Probe Style  Observation 

Flat, 25mil diameter The probe either missed the target or did not sufficiently deform solder beads for 
good electrical contact. This mode of failure is around 10% (Figure 4) 

Flat Star, 36mil diameter 
This probe is larger in diameter and equipped with more aggressive styling. It can 
compensate both bead and fixture lateral offsets while maintaining a reliable 
electrical connection. The non-connect rate is less than 1% (See Figure 5) 

 

 
Figure 4. 25mils, 1.5N Flat Spring Probe 

 
Figure 5. 36mils, 1.5N Flat Star Spring Probe 

Result of repetitive probing 
The Flat Star probe with 1.5N spring force can be applied repeatedly without major bead deformation. 
After 20 cycles, the bead still holds a 0.1mm height with good electrical contact and did not shear off any 
bead targets due to misalignment. 
 

New Bead 10x Probing 

  
  

5x Probing 20x Probing 

  

Figure 6. Result of repetitive probing 
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Comparing with Theoretical Calculations 
Bead height  
The theorical bead height based on 0.3mm x 0.3mm (12mil x 12mil) stencil opening is around 0.08mm 
(3mil) but in practice the customer had an actual measurement of 0.11mm (4mil). 

The guideline made some general approximations, such as 50% of paste volume would be evaporated in 
the reflow process. The bead height calculation would change depending on multiple variables such as 
the paste formula’s flux ratio, alloy content, type of solder powder size, solder mask thickness, various 
tolerance and paste transfer efficiency.  

Using the “Bead probe dimension checker”, we can simulate a 0.0254mm/1 mil change in both stencil 
opening (D) and solder mask opening (L), the result is a ~22.6% change in final bead height.  

In practice, these estimations are sensitive to minute changes and real-world measurement tolerance, 
this could be one of the possible reasons why the actual measurement is different from calculation. As a 
rule, always validate these dimensions with a design of experiment, one good measurement of success is 
to ensure that these beads are not contributing to false rejects. 
 

 

Figure 6. Bead probe dimension checker 
 

Probe style 
Available bead probe papers referenced to flat spring probes; can other styles be used? 

From observation, a flat style generates more compression to crush solder beads, useful in a situation where 
the flux is hard and brittle. Comparatively a flat star will cut through solder with minimal impact to overall 
solder bead height. Depending on your production, choose head style that is suitable for your process.  
 

 
Figure 7. Flat style probe 

 
Figure 8. Flat star probe 
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Conclusion 
The bead probe handbook does not specify exactly what dimensions to set. This is to cater for differences 
in variable factors like solder paste composition, reflow profiles, trace widths, etc. The guide is good for 
general implementation of bead probes in production. Specific experiments need to be done to optimize 
the parameters just like what is done for normal production introductions through the prototyping phases 
until mass production.  
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For more information 
• To learn more about i3070 bead probe technology, watch this video here  

• To find out more about i3070 and In-circuit test, go to: www.keysight.com/find/ict 
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