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Abstract
Perhaps the single biggest challenge in PCB assembly today is voiding under bottom 
terminated components (BTCs), such as QFNs (quad-flat-pack, no-leads), D-Paks, and 
LGAs (land grid arrays). Many bottom terminated components, such as QFNs, have a 
large thermal pad on the bottom side, which provides excellent thermal and electrical 
grounding properties. However, effectively soldering these components to minimize 
thermal pad voiding can be a challenge. Many automotive electronics assemblers are 
increasing this challenge by requiring less than 10% voids to improve reliability. 

The large deposit of printed solder paste required to solder the thermal pad typically 
induces flux entrapment and subsequent voiding during the reflow process. Large 
voids and/or a high number of voids cause decreased thermal conductivity and lower 
the mechanical strength of the resulting solder joints. The large solder paste deposit 
required may also cause the component to float and open up the electrical connections 
around the perimeter of the component. Another factor affecting voiding has been the 
transition to lead-free solder, which has been marked by the use of various SAC alloys. 
Most applications for surface mount assembly use SAC305 (96.5Sn/3.0Ag/0.5Cu) 
with a melting temperature range of 217-220°C. The higher temperatures required 
for lead-free soldering and the increased surface tension of the SAC alloy exacerbate 
the voiding issue. 

This paper will focus on the techniques for optimizing the assembly process for QFN 
components, with a focus on minimizing voiding. Best practices for lead-free reflow 
profiling, stencil aperture design, solder paste volume control, and the importance of 
flux chemistry to minimize void formation will be discussed.

Keywords: voids, QFN (quad-flat-pack, no-leads), BTC (bottom terminated component), 
ground planes

Introduction
Electronics use in the automotive industry 
has been growing at a tremendous rate, 
especially as the age of autonomous 
vehicles draws near. 

The road to automobile autonomy has 
caused an explosion in the number of 
sensors, cameras, radar, lidar, ultrasonics, 
and other such devices to give 360-degree 
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vision around the automobile. Tesla’s hands-free driving and 
GM’s endeavor of combining Lyft and driverless cabs are but a 
couple of examples that autonomous driving is here. The reduced 
costs of electronic components and software to less than 20% 
of the cost from 10 years ago (Figure 1) make the electronic 
proliferation into the automotive market much more palatable 
since cost is a key driver. The result is that greater than 90 percent 
of innovations and new features are in electronic systems. Note 
that these changes do not follow the 3-4 year launch cycle as 
for the automobile itself, but are measured in months instead.

Autonomy, combined with greater customer demand for 
connectivity and media capability with vehicles, has caused 
the number of electronics within the automobile to explode, or 
as some have called it—making the automobile a computer on 
wheels. Is it any wonder that there is tremendous interest and 
growth in electronics and software platforms and designs for 
automobiles? Figure 2 reveals an 11% annual growth rate for 
automotive applications in the semiconductor industry, driven 
by this interest. All these demands require faster processor times 
and greater capability from automotive electronics. 

These higher electronic processor speeds produce higher 
temperatures in the electronic components. To reduce costs, 
many automotive systems are operating with consumer 
electronics instead of hardened electronics. Using these types 
of non-hardened commercial electronics raises concern in the 
automotive world. This concern is easy to understand when 
one considers the high thermal load and harsh conditions that 
exist under the automobile’s hood. Added to this concern is 
the extremely high reliability required in the new world of 
autonomous automobile electronics. 

Components Getting Hotter    
As stated earlier, the clock speeds and computing power of 
integrated circuits is increasing, resulting in higher computer 
temperatures. When the integrated circuit is mounted in a 
BTC that has been assembled with significant voiding, the 
heat generated by the integrated circuit cannot be dissipated 
effectively. This situation exists because the air in the void is 
a very poor conductor of heat. Although the total void area 
affects the total amount of heat transmitted, in some cases it 
can be worse to have all of the void area in one spot, as this 
situation can create a hot spot in the component. 

There is no agreement as to what is an acceptable amount 
of voiding, and there is no IPC specification for it. In the 
past, some have suggested that voiding in the 25% range is 
acceptable. However, 10% or lower is now often the target 
due to integrated circuits increasing computing power, thus 
raising the operating temperatures and increasing concern for 
reliability (Figure 3).

Voiding Mechanisms
As previously discussed, BTCs such as QFNs, D-Paks, and other 
similar component packages, are prone to voiding. Printing solder 
pastes onto the large area of the PWB thermal pad to assemble 
such devices substantially increases the amount and size of voids. 
The reason for void formation is that as the solder coalesces 
under the component, volatiles within the solder paste become 

Figure 1. The electronic content of automobiles is skyrocketing  
(Source: PricewaterhouseCoopers).
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Figure 2. Annual worldwide automotive semiconductor growth is on the rise.
In the semiconductor industry, sales to the automotive industry was US $11 billion 
in 2000. However, that number reached US $25.5 billion in 2012, and by 2017, it 
is expected to reach US $40 billion (annual growth of 11%).
(Source: PricewaterhouseCoopers).
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entrapped within the solder as it solidifies, 
thus causing a void. This flux outgassing 
is perhaps the most common cause of 
voiding, but there are other mechanisms 
that can also cause voiding. 

Solderability is the ability of the solder 
to create an intermetallic bond with the 
joining surfaces. In areas where the solder 
does not create a mechanical bond, a void 
will result. Voids can be formed due to 

contamination or oxidation that is not 
removed by the flux in the solder paste 
on the surfaces to be soldered.  Obstacles 
to good soldering could be in the form 
of organic contamination or excessive 
oxidation, which cannot be removed 
due to insufficient flux activity or poor 
oxidation barrier chemicals in the flux. 
The oxidation barrier chemicals limit 
re-oxidation during the soldering process, 
which helps to minimize voiding. Voids 
can also be created simply by not supplying 
a sufficient amount of solder. To address 
this need, solder preforms are often used 
to increase the solder volume.  

Since a high volume of solder paste 
contains a large amount of flux, it is 
common to reduce solder paste volume 
on ground planes by using a window pane 
stencil design (Figure 4) or other patterns 
to provide avenues within the paste 
deposit, allowing flux vapors to escape. 

As with most approaches, there are 
limitations as to the reduction in the 
amount of solder paste to reduce flux 
volatiles. In addition, reducing the amount 

of solder paste may not provide enough 
solder volume for the solder to spread 
under the component. This situation 
will typically leave a void in those areas 
where the solder paste does not spread. 
Generally, reducing solder paste volume 
by 30-40% and using avenues, such as 
the window pane design to provide flux 
outgassing, provides the best results.

Tin-Lead vs. Lead-Free 
Solders
Due to the higher temperatures associated 
with a lead-free reflow process and 
because of the higher surface tension of 
lead-free solders, voiding is generally 
greater when assembling with lead-free 
solder than when using tin-lead solder. 

Water-Soluble vs. 
No-Clean Solder Pastes
Water-soluble flux chemistries often 
create more voiding than no-clean flux 
chemistries. Sensitivity to moisture 
absorption and the amount of volatiles 
that outgas make water-soluble materials 
more prone to excessive outgassing, thus 
producing more voids.

The ground plane provides thermal 
conduction so areas that are not bonded 
to the component thermal pad, either due 
to contamination, low solder volume, or 
flux outgassing, are of concern for thermal 
reliability. This situation is especially true 
in environments such as in the automotive 
industry, as the components are required 
to perform under harsh conditions and 
for extended periods of time, such as 
10-15 years, versus cell phones or other 
commercial devices with less than 5-year 
lifetimes. Hence, many automotive OEMs 
are pushing for less than 10% voiding. 

Problem Solved

Figure 3. The X-ray image on the left shows voiding of about 35%; this component would likely have reliability 
problems due to high temperature operation. The image on the right has less than 10% voiding and would 
be expected to have a longer life.

Figure 4. To minimize voiding, a window pane stencil 
design is often used to provide avenues for flux 
vapors to escape. 
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Solving the Voiding Challenge
Optimized Solder Paste + Optimized Process + Control Boards and Components + Equipment = Low QFN Voiding

Minimizing voiding on large ground planes is complicated. 
As seen by the title above, it is a combination of approaches. 
The Ishikawa diagram (Figure 5) shows many variables that 
commonly affect voiding, and from this diagram, one can 
quickly see there are a number of stencil design approaches. 
Perhaps one of the most common approaches to minimizing 
voiding is through solder paste reduction on the ground plane by 
using avenues or paths to provide flux outgassing. This approach 
is quite popular and effective at reducing the number and/or 
size of voids. There are also a number of other approaches to 
consider, but the focus of this paper is on flux chemistry, as it is 
a major contributor to the number and size of voids that will be 
produced in the resulting assembly. 

Flux Chemistry
The complex nature of solder paste fluxes is not like sweating 
copper pipe during your weekend plumbing project. Solder paste 
flux chemistries contain a host of chemicals that other fluxes 
do not contain, such as in the sweating copper pipe example. 
These extra ingredients hold the solder powder in a homogenous 
mixture, maintain shelf life and stencil life, and enable the paste 
to roll on the stencil, yet maintain definition once deposited. In 
addition, these chemicals remove surface oxides, as all fluxes 
do, and also provide oxidation barriers. These oxidation barriers 
protect the solder powder and surfaces to be soldered from 
re-oxidation during the reflow process. These are a few of the 
many requirements of a solder paste flux. 

For no-clean flux chemistries, these chemicals generally fall into 
four categories: 

• Rosin/Resin
• Gel Compounds
• Solvents
• Activators

Rosins or resins (resins are modified or synthetic rosins) are 
usually medium- to high-molecular weight compounds that 
are tacky in nature, providing some fluxing activity, as they 
are generally 80-90% abietic acid. Rosins or resins also act as 
oxidative barriers during reflow, protecting the newly “cleaned” 
surfaces provided by the activators.

Rheological additives (sometimes referred to as “gelling” 
materials) affect the adhesive and cohesive properties of the solder 
paste. Adhesive properties are related to external attractions  
(i.e., the solder paste to squeegee blade or stencil). Cohesive 
properties are related to internal attractions (the attractions of 
solder paste particles to one another). In combination, these forces 
define the ability of the solder paste to flow when mechanical 
stress is performed on the material, as well as the resistance to 
flow (or slump) after the paste deposition. These additives also 
define the ability of the paste to release from the aperture, as 
well as tack to hold components in place during reflow. Specific 
rheological additives typically are selected from those materials 
that display thixotropic properties. Thixotropic materials have 
higher viscosity at rest and lower viscosity when stress is 

Figure 5. Large ground plane Ishikawa diagram.
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applied to the paste by physical shearing. 
The viscosity of thixotropic rheological 
additives temporarily decreases as the 
material is sheared by mixing, or by 
paste roll, as the squeegee pushes the 
paste across the stencil. Once the paste 
has been printed, the viscosity quickly 
returns to its original higher value. This 
property ensures sharp print definition at 
the lower viscosity, and low cold slump 
and good tack when the paste returns to 
its higher rest viscosity.

Solvents act as a medium to dissolve the 
other categories of materials in the flux. 

They also aid in creating a homogenous 
mixture and affect paste attributes, such as 
viscosity, tack, and stencil life. Low boiling 
point solvents evaporate easily and cause 
decreased stencil life and increased tack 
inconsistency, so they are seldom used. 

Activators are flux chemicals that prepare 
the surfaces to be joined by dissolving 
metal oxides. The activators should be 
“inactive” at room temperature. This 
property promotes good shelf life and long 
stencil life. Activators should not volatize 
prior to reflow, and should fully activate 
at reflow [1].

The Experiment to 
Evaluate the Effect of Flux 
Chemistry on Ground 
Plane Voids
An experiment, as shown in Table 1, was 
performed by minimizing variables so 
that the focus was on solder paste flux as 
the prime variable. Hence, many trials 
were run with the set conditions in Table 1, 
but with a multitude of different fluxes.

Results
Figure 6 compares the results of the 
experiment discussed above. Simply 
changing pastes with different fluxes 
in a fixed process resulted in voiding 
percentages from 6% to 46%. The ability 
of the solder paste flux to volatize and 
escape from underneath the component 
was greatly impacted by an optimized 
flux chemistry. Thus, voiding was greatly 
reduced by choosing an optimized flux 
chemistry.

Conclusion
There are many factors that affect voiding 
in BTCs. However, a surprising conclusion 
of our experiments found that by selecting 
an optimized solder paste flux, voiding 
could be reduced to less than 10%.
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Factor Attribute 1 Attribute 2 Attribute 3 Attribute 4

Stencil 4 mil laser cut Uncoated Window pane (as 
shown in Figure 4)

0.088” 
squares

QFN 7.75mm Large ground plane

Test Vehicle Jabil Test PCB Cu OSP Cu defined pads

Printer DEK Horizon

Printer Settings Speed: 100mm/s Pressure: 6kg Wipe: wet/dry/vac Wipe: after 
each print

Reflow Oven BTU 8-zone

Oven Settings Air reflow Ramp: 1.1°C/s, 
Ramp to Peak

Peak temp:  
242-245°C TAL: 60-65s

Table 1. The factors in the experiment to determine the affect of different fluxes on void formation.

Average Void Area %
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Figure 6. Voiding results by percent using 16 different solder pastes, including Indium10.1 and 
Indium8.9HF solder pastes.
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