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For those reasons, power electronics has experi-
enced, for quite some time now, an enormous 
boom. Today, the possibilities that open up 
through the use of new, high-performance 
components in combination with intelligent 
processor controls allow for highly energy effi-
cient controls and systems, frequently in com-
bination with a high integration density. But 
with this boom of power electronics, some very 
special challenges surfaced for the designers 
and for the staff on the production floor. 
On power electronic assemblies, high currents 
have to be handled which, due to physical con-
straints, necessitate larger than usual cross sec-
tions of the conductor paths. Similar applies to 
the cross section of the connection pins of 
power components such as semiconductors, 
chokes, electrolytic capacitors, etc. For the 
printed circuit boards, the usual copper thick-
ness of 35–70µm for the tracks is no longer suf-
ficient. For power electronic applications, PCB 
technology offers today multi-layers boards 
with inner layers of up to 4 x 400µm and outer 
layers of up to 2 x 100µm, with a total thickness 
of 4 to 5mm. In cases where the thickness of the 
copper layer is not sufficient to handle the cur-

rent, heavy bus bars, which need to be soldered 
to the PCB, have to be used. A common mistake 
repeatedly being made is that during the design 
of the PCB, the basic design rules for standard 
components of little mass are also applied for 
the heavy solder joints of power electronic com-
ponents. What is represented on the CAD sys-
tem of the designer as a simple connection 
point is actually a solder joint possessing a very 
high heat capacity. This has to be reduced to a 
minimum, if the demands placed on the solder 
joint are to be met without damaging the PCB 
during the soldering process.  

Demands for the assess-
ment of solder joints  

To ensure the reliability of such solder joints and 
to allow for an accurate visual assessment, the 
minimum requirements placed on the solder 
joints can easily be defined. The rise of the 
solder in the through-hole should be 100% 
and, very importantly, a fillet should be visible 
on the portion of the pin extending above the 
board. If these criteria are achieved, visual in-
spection of the solder joint is a safe procedure, 

and there is no room for interpretation.  
In practice, though, confrontation with the spe-
cification of IPC A610 arises, which considers – 
for class 3 assemblies – a rise in the through-
holes of 75% as sufficient. This definition poses 
great difficulties for the visual inspection, since 
how can you judge, sitting at a microscope, 
whether a capillary rise is indeed 75% of a 
plated through-hole? This judgment is exclus-
ively dependent on the subjective impression of 
the inspecting employee, since it is not directly 
measurable and therefore subject to a large tol-
erance range. To eliminate this uncertainty, the 
demand for a 100% hole-fill has been imple-
mented as the rule. If the capillary rise of the 
solder in the plated through-hole is less than 
100%, there is the danger that the pin of the 
components may not be fully wetted. Through 
this non-wetting, the cross section of the solder 
joint through which the current flows is re-
duced. If a high current flows through such a 
solder joint, a voltage drop can be observed. 
This power dissipation causes the solder joint to 
warm up, a condition which in turn raises the 
resistance and increases the power dissipation 
in the solder joint even further. In the worst 
case, this can lead to the thermal destruction of 
the solder joint and to the complete failure of 

Modern power electronics is the key to energy efficiency. Viewed against the background of ever increas-
ing prices for raw materials and energy, and the limited availability of the fossil fuels, it becomes obvious 
that our society will be forced to expend more care in its dealing with the resources of our planet as it has 
done in the past. Particularly for those countries that have limited resources of raw materials and fossil 
fuels, the sustainable consumption of these valuable commodities will gain in importance. The devel-
opment of alternatively generated energy from regenerative sources, the efficient use of electrical energy, 
as well as the creation of totally new mobility concepts can only be realized with a high proportion of 
leading-edge power electronics.  
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the board assembly.  

Layout of solder joints in 
power electronic assemblies 

After having defined the demands placed on 
the solder joints, the next step is to clarify which 
technical rules should be used when designing 
the solder joints, and to establish which of the 
two available solder processes and which para-
meters should be used.  
To even have a chance to achieve the required 
fill of the plated through-hole, it will be necess-
ary to reach, both at the copper pad on the top 
side of the board and on the pin of the compo-
nent, a temperature which is higher than the 
melting point of the solder alloy used. For lead-
free solders, this temperature is in the range of 

245°C or higher! Only if this 
condition is met, the require-
ment for wetting being able to 
occur is fulfilled. This means, 
that within the few seconds of 
the soldering cycle an appropri-
ate rise in the temperature of 
the board and on the com-
ponent lead has to take place. 
The transfer of heat which 

leads to this rise in temperature is effected in 
two steps during the process. During preheat-
ing, the board assembly is being heated up to a 
basic temperature level, from where, in a sec-
ond step, the liquid solder of the wave adds the 
still missing amount of heat. From this it is ob-
vious, that for the soldering process the pre-
heating function is of immense importance, 
and that the additional use of upper preheaters 
can assist to ensure a uniform and effective 
heating of the upper side of the board as well as 
of components such as chokes and bus bars.  
When the liquid solder of the wave contacts a 
pad on the board, the solder rises in the capillary 
gap between the plated surface of the through-
hole and the component pin. In the process of 
rising, the solder transfers its heat to the wall of 
the through-hole and the pin, heating up the 

Thermally destroyed PCB 

Electrolytic capacitor acting as heat shield  
over the solder joint 

Sample layouts of  
heat traps 

wall and the pin. The excellent heat conduction 
characteristic of the copper allows the solder to 
rise up the upper side of the board. A crucial 
parameter is the dimension of the capillary gap 
between the plated through-hole and the pin. 
The larger that gap, the larger the volume of 
solder able to rise, and therefore the larger the 
amount of heat transferred to the barrel.  
If the barrel of the plated through-hole is con-
nected to a heavy inner layer, then the thermal 
energy delivered by the liquid solder quickly 
flows to the inner layers. This heat lost is no 
longer available for heating the remaining 
length of the barrel. As a result, the solder in the 
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