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Executive Summary:

The stencil market is evolving and so are the demands on stencil manufacturing, reliability
and stencil life. This White Paper is intended to serve as an insight into one aspect of
stencil longevity due to the perceive or real loss of tension over time.

Introduction:

Blue Ring Stencil, LLC contributor: Sven Bock

Sven started his professional career in Germany in Advertising and Marketing and
continued in the USA in the Semiconductor/Manufacturing Industry for Automotive,
Aerospace, Medical, Defense and consumer electronics. He has been with the FCT Group
of Companies, which includes Blue Ring Stencils, for over 10 years.



Blue Ring Stencil, LLC contributor: Greg Smith

Greg has worked in the electronics industry since 1989. He owned a stencil manufacturing
company for 23 years prior to joining Blue Ring Stencils. He is currently the Manager of
Stencil Technology for BlueRing Stencils. Greg writes and presents white papers, works
with customers on stencil design and performs root cause analysis to improve customer
yields.

Watt Laser Team: Elizabeth Shaw and Declan Brannagan

Watt Laser is a fast-expanding Scottish enterprise specializing in advanced laser
technologies and processing solutions. Its growth over the past five years is driven by the
expertise and dedication of the team. Elizabeth applies her extensive experience in Sales
and Marketing to foster industry collaboration and strategic growth. Declan, a key
innovator from the company’s early stages, has played a central role in advancing
technical capabilities, leading the team and shaping the company. Together, they play a
vital role in seizing new opportunities and positioning Watt Laser at the forefront of an
evolving industry.

Problem Statement:

| have spent the last 30 years in the Electronics manufacturing industry and the last 10
years of them heavily involved in Stencil manufacturing. And although the technology
around it has evolved and improved, the performance expectations are never fully
satisfied.

One of those expectations is the desire to predict when a stencil is close to its end of life
and needs to be replaced. Oftentimes, the first indicator is reduced performance showing
up in SPI data. As this can reduce the long-term reliability of the assembly or even lead to
detectable failures requiring costly rework, it would be helpful to establish a way to
measure certain characteristics to predict the upcoming performance reduction.

End customers to the electronics assembly process are particularly interested in such
measurables as product failures impact their reputation and bottom line. This brings us to
the demand of establishing a way to identify performance issues before they impact the
final product. Ideally, just when the process is about to drift.

Since Stencils, along with solder paste, are an important tool to connect components to
PCB'’s, it’s the obvious place to look.

Everybody knows that standard stencils foils are mounted into a frame with pre-existing
tension in the mesh. This mesh tension is standardized and certified by the frame
manufacturer. It is very reliable and repeatable. However, after the foil is mounted, the
mesh tension is no longer measurable as a large part of the mesh is displaced by the foil
mounted to it. The resulting “tension” holding the foil in place is subject to a great number
of variables. The tool used to measure the mesh tension prior to mounting the foil, is a



Tensiometer. Similar to the one depicted below:

The mesh tension for each frame is provided by the frame manufacturer in five locations.
When reviewing the measurements data for about 3000 meshed frames, the results are

very impressive and consistent. The Mesh Tension range is 30-36 Ncm with a nominal of 33
Ncm.

See the histogram below:
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| am often asked if a Tensiometer tool can be used to measure the “foil tension”; so the
customer can take periodic measurements to identify when the foil starts to deflect more,
indicating the need to replace the stencil. Unfortunately, itis not that simple. Foil
deflection cannot be accurately measured with a Tensiometer. There is equipment that
can measure foil deflection; however, every stencil is different and would not yield a result
that can be reliably used in a model or calculation to establish when a deflection value
should trigger a stencil replacement. A 0.005” thick foil will have a considerably different
deflection than a 0.003” thick foil. To make this even more difficult, the number of
apertures-and type of technology (milled foils, chemically etched foils, metal type, welded
steps, apertures size/count/design, etc.) all provide challenges in defining the tension



value that should lead to concern or decision. Frameless stencil technology would have to
have foil tension measured with the foil under tension in the frameless master frame.

I recommend establishing a stencil end-of-life-based on visual inspection for coining,
deformation, damage, positional measurements of apertures and other imperfections as
well as, and this is most important, monitoring of SPI| data to see performance changes
and drifts.

Solution/Proposed Approach by Watt Laser:

Traditionally, stencilinspection has relied on manual visual assessment by operators.
However, as electronic designhs become increasingly complex - with denser patterns and
progressively smaller features - this approach has reached the limits of its effectiveness.

Automated Optical Inspection (AOI) presents a natural evolution in stencil monitoring,
offering a data-driven approach to assessing stencil condition. The Watt Laser QC100 has
been specifically engineered to meet this challenge, providing objective, repeatable, and
quantifiable measurements of stencil integrity. By leveraging advanced data analytics, the
system not only evaluates stencil performance but also predicts its remaining lifespan,
enabling proactive maintenance decisions. This predictive capability helps manufacturers
optimize stencil usage, reduce production downtime, and ensure consistent process
quality.

In contrast to tensiometers, Automated Optical Inspection (AOIl) systems, such as the
QC100, identify the symptoms of tension loss by detecting positional shifts in stencil
apertures.



Upon receipt from the stencil manufacturer, the QC100 performs a comprehensive
inspection, establishing a baseline reference for the stencil. Over time, periodic
inspections allow for comparative analysis against this initial dataset. As multiple scans
are conducted, a detailed lifecycle profile of the stencil emerges, providing insights into its
structural integrity and wear patterns.

The image above presents a heat map visualization of a mobile phone circuit board,
illustrating stencil aperture shifts over time. Red regions indicate apertures that have
shifted inward, while blue regions represent outward shifts. The intensity of the color
correlates with the magnitude of displacement, with deeper shades signifying more
significant movement. These deviations serve as key indicators of tension loss, providing a
clear, quantifiable metric for assessing stencil integrity. When shifts exceed acceptable
thresholds, the system advises stencil removal from production to maintain process
reliability.



For more detailed analysis, the QC100 offers a closer inspection of individual apertures or
components, enabling engineers to assess specific areas of concern. Additionally, trend
graphs track stencil performance over time, providing valuable insights into degradation
patterns and aiding in predictive maintenance strategies. While engineers can leverage
these advanced analytical tools, operators receive a simplified pass/fail (go/no-go)
message following stencil scanning, ensuring an intuitive and efficient workflow.

In addition to monitoring aperture position, the QC100 performs a comprehensive
inspection upon receipt and throughout its operational lifespan. One key feature is
aperture presence verification, which is particularly valuable during goods-inward
inspection to confirm that the stencil meets design specifications upon delivery. The
QC100 also assesses aperture shape, detecting potential obstructions caused by debris.
By measuring aperture size, the system identifies localized damage that could impact
paste deposition accuracy. Furthermore, it performs blockage detection, ensuring
apertures remain free from residual solder paste after the cleaning process.

To streamline workflow integration, the QC100 supports MRP system connectivity, utilizing
barcode scanning to automate file selection and ensure the correct inspection parameters
are applied. Inspection results are then uploaded directly to quality management
databases, facilitating real-time process control and compliance with industry standards.

By detecting minute changes in aperture dimensions and positions over time, the QC100
enables proactive stencil replacement before defects appear in SPI data. This prevents
costly rework, reduces defects, and ensures improved long-term assembly reliability.



The QC100 redefines stencil performance assessment by shifting the focus from indirect
tension measurements to quantifiable aperture integrity analysis. By offering an advanced,
repeatable solution with actionable data, the QC100 enables electronics manufacturers

to optimize stencil utilization, prevent premature failures, and enhance overall production
reliability.

Conclusion:

The electronics assembly industry must transition to quantifiable, repeatable
assessments of aperture condition to determine stencil replacement timing. By
leveraging the inspection abilities of the QC100 and predictive analytics, manufacturers
can reduce defects, improve reliability, and make informed maintenance decisions.
Moving away from tension-based assessments is essential for properly assessing stencil
longevity and ensuring print consistency.



