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Abstract 

The mobile and consumer market is the driving force of the electronics assembly sector,this sector historically has been 

associated with early adopters of leading edge surface mount technology (SMT). The main driver for adopting state of art 

SMT is the consumers demand for greater user functionality. Meeting this demand requires integrating more into less, or to 

give its correct term – Miniaturization. 

The assembly community has become used to the introduction of new smaller feature sized devices. The next device that will 

drive this next round of miniaturization is the Metric 0201(M0201). This passive device will measure 250um x 125um and 

offer a 60% reduction in real-estate to its predecessor. The M0201 will be used in both Systems in Package (S.I.P) and 

consumer electronic applications.  

The implementation of the M0201 within the S.I.P application will result in a homogeneous solder paste solution, as a 

consequence the stencil thickness can be chosen to ensure aperture area ratios are well within the IPC recommendations. 

However, the implementation of the M0201 device within the mobile and consumer sector will result in a heterogeneous 

solder paste solution. Within this heterogeneous environment the stencil thickness will be comprised due to the volumetric 

requirements presented by the mixed technology application. The combination of sub 150um apertures and standard stencil 

thickness will lead to area ratios falling below the IPC recommendations.  

Previous research into printing challenging area ratios has focused on an improved method of filling the apertures through the 

utilization of ultrasonic squeegees and novel stencil coatings. Although the filling process is a major element to the printing 

process, the release of the aperture is equally as important to delivering a repeatable solder paste deposit. From a release point 

of view, an aperture is the structure that forms and molds the solder paste deposit. It is also from this aperture that the deposit 

has to release from.   

The incumbent aperture design for passive chip devices has been a regular polygon (rectangle) design, one that traces the 

outline of the device land. Within this study the inclusion of a radius within rectangular aperture geometries will be 

investigated. The influence of a radius will be measured against the resultant volumetric Cp/Cpk values. The study will 

include three aperture designs that are compatible with the next generation devices, each aperture design will include six radii 

profiles. 

The findings from this investigation will show if any process improvements can be associated with the inclusion of a radius 

within a regular rectangular aperture design. 

 

Introduction 

The electronic assemblies being used in today’s mobile devices are pushing the boundaries of what is possible to manufacture 

at high volumes, low cost and high yields – and it is not going to get any easier. 

Passive devices are gearing up for yet another format change, the next generation package sizes which are being touted are 

Metric 03015 (300um x 150um) and an even smaller package, Metric 0201 (200um x 100um). 

 

The inclusion of these devices alongside traditional surface mount package types, such as Connectors, TANT’s, M1005, is 

starting to raise questions of how to print such devices in one heterogeneous process. Solutions such as stepped stencils and a 

two print process have been muted but these solutions raise concerns on both the yield and cost aspect of manufacture. 

The largest roadblock to just printing aperture geometries with one single thickness of stencil is the Area Ratio (AR) rule; the 

current limit for high volume, high yield printing is an AR of 0.5. 



 

The latest development tool for breaking past the 0.5 area ratio limit is an ultrasonic squeegee system [1]. In this system, the 

squeegee assembly contains ultrasonic transducers within its body to assist the deposition process during a print stroke. 

Previous studies indicate that the technique can enhance the print process with stencil aperture area ratios down to 0.4 [2, 3]. 

The ultrasonic squeegee technology increases the action of shear thinning the solder paste material thus allowing the solder 

paste to flow and fill small apertures more efficiently that passive squeegees [4,5].  

 

However the aperture of a stencil printing process has a large impact on the resultant repeatability and accuracy of the 

associated solder paste deposit, therefore the importance of the apertures composition is paramount. In the past the research 

team has investigated fabrication methods; metal alloys, coatings and the impact of aspect ratio to better understand how to 

provide the most accurate and repeatable print process. The next element to be investigated is the impact of a corner radius 

within a regular rectangular aperture design.  The impact of rounding the corner of a rectangular aperture to create a distal 

end will be investigated. The hypothesis of including a radius to the rectangular aperture is the solder paste will not adhere to 

the aperture corner therefore improving the repeatability of the solder paste release.  

 

Area Ratio. 

Stencil printing performance has historically been characterized by the well-known correlation between stencil aperture 

dimensions and the corresponding solder paste transfer that is predictable. The stability of this relationship has allowed the 

standardization of stencil design guidelines published by IPC [6]. 

The definition of aperture Area Ratio (AR) is straight-forward – it is simply the ratio between the surface area of an aperture 

opening to the surface area of the aperture wall, represented by the following equation (Figure 1). 

Figure 1 - Area Ratio Formula 

If the adhesion of solder paste on the aperture wall surface area exceeds that of the aperture opening then the solder paste will 

want to adhere to the aperture wall more than the pad, resulting in an aperture which will exhibit blockage and therefore an 

incomplete solder paste deposit. Equally if the adhesion of solder paste on the aperture opening pad contact surface area is 

greater, then the solder paste willfavour adhesionto the pad rather than the aperture wall, leading to a more complete printed 

deposit. Figure 2 illustrates the concept of how area ratio influences solder paste transfer. 

 

Figure 2 - Area Ratio influence on solder paste transfer efficiency. 

Therefore, it is known that as the stencil aperture area ratio decreases then the chances of successful printing with full 

deposits becomesless likely. 

 

A typical paste transfer efficiency curve representative of where the industry is today is shown in Figure 3 alongside a 

historical curve from around 20 years ago. The positive shift in transfer efficiency capabilities can be attributed to several 

factors including improvements in solder paste materials, stencil manufacturing techniques together with better understanding 

of equipment set up and process parameters [7, 8, 9, 10, 11]. 

 



 
Figure 3   Today’s leading-edge solder paste transfer efficiency capabilities compared to 1994. 

 

Metric 0201 Requirements 

Moving forward, it is clear that there is a very real requirement for print process capabilities down to aperture area ratios of 

0.4 to address imminent roadmap challenges. 

Whilst the industry continues to invest in various material improvements, we have been investigating the benefits of an 

ultrasonic squeegee system to fulfil this requirement. In this system, the squeegee assembly contains ultrasonic transducers 

within its body to assist the deposition process during a print stroke. Previous studies [1, 2, 3] indicate that the technique can 

enhance the print process with stencil aperture area ratios down to 0.40 as shown in Figure 4. 

 

Figure 4 - Near future solder paste transfer efficiency requirements. 

 

Corner Radius Percentage 

The corner radius percentage is derived from the percentage of the rectangular aperture which has been transformed to a 

radius (Figure 5). Within this investigation each aperture design will have six radii treatments applied. 

 

Figure 5 – Corner Radius Percentage 

 

Experimental 



Objective 

The objective of this investigation is to discover if applying acorner radius into an aperture has an impact on the process 

output.  The transfer efficiency of the individual aperture designs will be reported, analysed and conclusions drawn. 

 

SIPOC 

The SIPOC Diagram in Figure 6 identifies the relevant elements used throughout the investigation. 

 

 
Figure 6. SIPOC Overview 

 

Stencil Design 

Table 1 illustrates the stencil dimensions used throughout the investigation. The stencil thickness was 80um and the 

fabrication technique was laser cut with no coating. The area ratios of all the aperture designs were 0.4. 

 

Table 1. Stencil Dimensions 

Aperture 

Dimensions 

(um) 

Radius (%, um) 

0% 

um 

20% 

um 

40% 

um 

60% 

um 

80% 

um 

100% 

um 

128 x 128 0 12.8 25.6 38.4 51.2 64 

142 x 118 0 11.8 23.6 35.4 47.2 59 

154 x 110 0 11 22 33 55 55 

 

 



The stencil designs were laid out as shown in Figure 7. The 5 x 6 array was step and repeated 41 times to create the grouping 

shown in Figure 8.  This grouping was then duplicated and used to populate the printing test vehicle board (Figure 8). The 

final aperture layout provides 82 replicates for each aperture design which are evenly positioned across two large open copper 

surfaces.  

 
Figure 7 - Aperture Layout 

 

 

 
Figure 8 - Aperture Replicas 



Cp = 
USL - LSL 

6 x Sigma 

 

 
Figure 9.Locations (white) of Test Print Apertures 

Discussion 

The Cp and Cpk index will be used to assess the output from the experiment.The formulas are shown in Figure 9a and 9b.  

The process bandwidth used to calculate the Cp/Cpk index was +/- 40%, atarget of ≥1.33 (4 sigma) was applied to the 

analysis. 

 

 

 

Figure 9a. Cp Formula 

 

 

Cpk= min USL-µ, µ-LSL 

          3Ơ 

Figure 9b. Cpk Formula 

 

Results 

The graphical and statistical analysis will investigate if a relationship between the process output and the inclusion of a radius 

exists. For the purpose of statistical analysis the data has been grouped into aperture size and radius. The Cp/Cpk analysis 

includes the aperture data for the 10 board run. 

 
Figure 10. Process Capability Volume % by Radius - 128um x 128um 







 

Figure 14. Regression Analysis for Cpk vs Radius 

 

Discussion and Conclusions 

From the investigation, we can observe the influence of applying an aperture radius with respect to the process output. The 

process capability graphs (Figures 10 to 12) show a variation in process capability as the applied aperture radius is varied. 

The analysis will start with the smallest volumetric aperture (128um x 128um) and work towards the largest volumetric 

aperture size 154um x 110um. 

Figure 10 illustrates the capability graph for the 128um x 128um aperture; thegraph shows that with zero applied radii the 

aperture produces a result that exhibits a bimodal effect. This indicates that the process has in fact two subsets, reflecting the 

presence of two different processes being "mixed" within one aperture design.  The resultant Cp value from this aperture 

design is 0.8; a Cp result below 1.33 indicates a process that is not stable or capable of producing a durable printing 

process.As the value of the applied radius is increased to 20% the data becomes more normal with the standard deviation 

dramatically decreasing and a corresponding increase in Cp (Table 2). This improvement in process capability tracks the 

increase in applied radius until a value of 80% is reached, after this point the process capability starts to decrease (Table 2). 

The previously cited trend was also observed with the two additional aperture designs included within this investigation after 

60% radius. The results from the 142um x 118um aperture designs are illustrated within Figure 11, the tabulated results are 

shown inTable 3. From the results it can be seen that a maximum Cp of 1.47 was achieved with an applied radius of 60%.The 

154um x 110um aperture follows the trend with the 60% applied radius providing the maximum process capability, 

illustrated within Figure 12 and Table 4. 

From the results we can see that the Cpk values for all treatments have not met the 1.33 target. The reason for the failing is 

due to the mean volume of the deposits been lower than the target (70%). For future work the mean volume would be 

increased with process optimisation. 

Figure 13 shows the three aperture designs regressed against the resultant Cp and percentage of corner radius. The regression 

analysis supports the non-linearobservation gained from the Cp results. The fitted line response of applied aperture radii for 

all three aperture designs with respect to the resultant Cp is a quadratic model.The R2 value for the model is 82 indicating that 

82 percentage of the model can be explained by the mathematical equation. The P value for the model is less than 0.05 

indicating that there is a strong relationship between the applied aperture radii and resultant Cp value.  



The quadratic contour of the graph within Figure 13 shows how the Cp peaks as the percentage of corner radius achieves a 

value between 40 and 60%. 

Figure 14 shows the three aperture designs regressed against the resultant Cpk and percentage of corner radius. . The R2 value 

for the model is 70 indicating that 70 percentage of the model can be explained by the mathematical equation. The P value for 

the model is less than 0.05 indicating that there is a strong relationship between the applied aperture radii and resultant Cpk 

value. As with the previous regression analysis the resultant response is quadratic with a peak Cpk value occurring between 

corner radius values of 40 to 60%. 

This investigation was commissioned to determine if applying acorner radius into a rectangular aperture has an impact on the 

print efficiency.The result has proven that the inclusion of a corner radius does impact the process capability although the 

effect is not a linear response. The results have shown that a value of 40 to 60percent corner radius produces the highest Cp 

and Cpk values. 

Therefore to conclude; when implementing a challenging area ratio printing process that requires a rectangular aperture the 

inclusion of a 40-60 percentagecorner radius will improve the process repeatability and accuracy. 
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Introduction

• The next generation passive devices - Metric 03015 and 0201.

• Heterogeneous questions starting to be raised. 

• Current limit for Area Ratio is 0.5.

• Ultrasonic Squeegee Technology aids the heterogeneous requirements -

Minimum Area Ratio to 0.4

• Can the inclusion of a corner radius aid with solder paste release from 

challenging Area Ratio apertures ?











Experiment

Objective :

The objective of this investigation is to discover if 
applying a corner radius into an aperture has an 
impact on the process output. 

The transfer efficiency of the individual aperture 
designs will be reported, analysed and conclusions 
drawn.

























An Aperture Design with zero radius produces a 
bimodal histogram – resulting in low process capability

The regression analysis illustrates the impact  of 
applying a radius within an aperture. The response is 
quadratic in shape. The optimum output occurs when 
the radius is equal to 50%. 

Discussion and Conclusions


