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• Technological Advancements – Leads to 
Improvement in Assembly Yields
– Stencil Lasers
– Stencil Materials
– Nano-Coatings
– Aperture Registration Accuracy
– Space Saver Frames / Foil Systems

• Root Cause Analysis - Proven solutions for 
increasing assembly yields



• Stencil Lasers
– Previous generation technology:  flash lamp pumped

• Approximate laser beam diameter:  40 microns
• Cutting speed:  approximately 3,000 - 4,000 apertures per hour
• Requires routine maintenance to keep cutting quality optimized

– New technology:  diode pumped
• Single Mode CW Ytterbium Fiber laser (“fiber laser” for short)
• Approximate laser beam diameter:  20 microns
• Laser beam energy density increase:  4X (compared to 40 

micron diameter laser beam)
• Cutting speed:  up to 25,000 apertures per hour
• Virtually maintenance-free





• Stencil Materials
– Commonly Used materials

• “Mill-grade” stainless steel 300 series (301 and 302/304)
• Invar, Alloy 36
• Electroformed nickel

– New materials (301 and 304 series stainless steel specifically 
designed for laser-cutting and solder paste stencil printing)

• Slic™ (SS 304)
• UltraSlic™ (SS 301)

– Comparison
– Standard “mill-grade” SS:  25 µm – 30 µm grain size
– Slic™:  9 µm grain size
– UltraSlic™ FG:  2 µm grain size



• Slic™ and UltraSlic™ surface characteristics
– Cleaner paste release resulting in more prints between cleaning 

cycles
– Improved paste release at lower surface area ratios (SAR)
– More consistent transfer efficiency, lower standard deviations

“Mill Grade” SS Aperture Wall (500X)                   Slic™ Stainless Steel Aperture Wall (500X)



“Mill Grade” SS Aperture Wall (1000X)                  UltraSlic™ Stainless Steel Aperture Wall (1000X)





Stencil Technology Comparison:  Composite Results f or all Solder Paste Types
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• Nano-Coatings
– Definition:  Hydrophobic coating that substantially reduces the 

ability of solder paste flux to stick to the stencil surface
– Designed to chemically bond to the metal surface.  Multiple 

molecules cannot bond to the same location, preventing thickness 
variations during application

– Applied to the board side of the stencil and the aperture walls





• Application



• Performance Gains
• Increase the number of prints between cleaning 

the stencil up to 10X
• Allows for printing smaller apertures without 

reducing the foil thickness
– Preliminary 2010 DOE by FCT Assembly shows 

approximately 65% transfer efficiency at a surface area 
ratio of 0.38

– Ability to print 01005 components using 0.004” Slic™ or 
UltraSlic™ stencils



• Aperture Registration Accuracy
• With miniature components becoming more 

mainstream, stencil aperture registration accuracy 
is becoming more critical





• Criteria that are critical to determining 
stencil quality

1. Aperture wall smoothness
2. Aperture registration accuracy
3. Stencil foil thickness consistency

• Comparison:
• Electroform:  1-excellent, 2-good, 3-good
• UltraSlic™:  1-very good, 2-excellent, 3-excellent
• Slic™:  1-very good, 2-excellent, 3-excellent
• Common materials:  1-good, 2-excellent (cut in the frame), 3-

excellent



Thickness measurements – rolled stencil material



• Space Saver Frames
• 0.5” thick compared to 1.0” and 1.5” thick for 

20”x20” and 29”x29” tube frames, respectively
• Aperture registration accuracy maintained (when 

cut it the frame)



• Space Saver Frames
• Store 2 frames for every one with 20”x20” frames 

and 3 frames for every one with 29”x29” frames



• Foil Systems
• Mechanical tensioning system provides repeatable 

stretching of the foil time-after-time, compared to 
air bladder systems



“After remounting the stretch is 
limited to less than 3um”



• Look for the following when assemblies 
contain miniature components:

• Latest stencil laser technology and the supplier 
expertise to optimize the laser settings

• Latest stencil material technology utilizing 
sheet/rolled material

• Stencils cut in the frame





• Areas where yield problems occur
– Print
– Pick-and-place
– Reflow



• Print
– Release problems

– Bridging





• Copper Weights
– 0.25 oz (0.001” reduction at top of SMT pad)
– 0.5 oz (0.002” reduction at top of SMT pad)
– 1.0 oz (0.003” reduction at top of SMT pad)
– 2.0 oz (0.004” reduction at top of SMT pad





• Alignment between the stencil and PCB
– Any misalignment will reduce the contact area 

between the solder paste and SMT pad 
thereby reducing the surface area ratio of the 
stencil



• Solder paste types and particle sizes
– Type 2 (45 um – 75 um)
– Type 3 (25 um – 45 um):  0.007” (squares), 0.009” (circles)
– Type 4 (20 um – 38 um):  0.006” (squares), 0.007” (circles)
– Type 5 (15 um – 25 um):  0.005” (squares), 0.006” (circles)
– Type 6 (5 um – 15 um)

• IPC rule:  5 side-by-side particles must fit across the 
narrowest dimension of the stencil aperture



• Poor paste release root cause:
– Most likely solution will be to reduce the stencil foil 

thickness.  
– Increase the stencil apertures, i.e. overprint, to get the 

solder volume back



• Poor stencil quality
– If the PCB, printer, and solder paste are fine, there is 

a good chance the stencil is the root cause
• Poor release/no release
• Solder paste bricks have sidewalls pulled up
• Poor print consistency



• Pick-and-place
– Components being thrown during placement
– Placement accuracy problems







• Reflow
– Bridging

– Dewetting
– Voids



• Bridging
– Thermal mass

discprencacy
– Solution

• Bridging problems start to occur when the foot is 25% 
shorter than the SMT pad.  Have seen assemblies 
where the foot is as much as 70% shorter than the SMT 
pad

• 10% volume reduction at 25% shorter
• 25% volume reduction at 50% shorter
• 40% volume reduction at 70% shorter



• Insufficient solder
– Terminal should cover 90%

to 100% of land pad
– Most boards have 

Increased land pad 
lengths to allow for rework

– Insufficient solder
volume can start at
terminal coverage less than 90%

– Solder volume increase of 25% at 50% coverage



• Solder beading



• Voids
– Break the solder paste brick into multiple pieces to 

give the gas the shortest escape route possible (no 
open vias in the thermal pad)



• Voids
– With open or tented vias, the optimal solution is to 

avoid printing solder paste directly over the open vias 
or the tented/soldermask areas



• Tombstone
– The majority of tombstone problems are caused by 

different wetting rates on the chip terminations
– Most solutions involve changes to the reflow profile
– Some solutions may involve a stencil change or a 

stencil and reflow profile change



• The majority of assembly problems can be identified, 
given an analysis of the required data

• Most solutions can be achieved by custom-designing a 
stencil.  A few solutions involve tweaking the reflow oven 
profile

• Yield increases from as low as 0% to as high as 100% 
have been achieved

• Root cause analysis reports
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