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Commonly held preconceptions about wave soldering are mostly the result of its highly complex process 

controls 

“Wave Soldering is in no way a dying art!” 

 

Ersa, with its newly introduced nitrogen-inerted wave soldering system “POWERFLOW e N2”, goes 

to bat for the wave soldering technology! At the same time, Ersa is removing a number of 

commonly held preconceptions against this soldering process. 

 

With the development of SMT components about 30 years ago, most “experts” predicted that the use of 

leaded THT components would rapidly decline. Yet, despite this prediction, THT components still play an 

important role in today’s electronic manufacturing environment. Jürgen Friedrich, manager of applications 

technology at Ersa, states that, despite all the prophecies of the imminent demise of wave soldering, it 

should not be considered a dying art. While it is true that the wave soldering process is not as easily 

controlled as that of Reflow soldering – a fact, adding to the negative image of wave soldering - these 

perceived difficulties have led, over the years, to a number of preconceptions: 

One of the misconceptions, for example, states that the wave soldering process – whether with leaded or 

unleaded solder – will always entail the possibility of bridging at critical locations. Not even an excellent 

layout would be able to completely eliminate this danger. But how is this viewed by the designer of the 

system? » The parameters which influence the occurrence of solder bridging are found in the layout and 

design of the assembly as well as by the process control made available by the system«, explains Friedrich. 

In the design of an assembly, parameters controlled should be the orientation of the components, the size 

of the solder pads and their spacing, the length of the components leads as well as the metallization of the 

solderable surfaces. In the wave soldering process, parameters which may cause bridging are: solder alloys, 

fluxes and the amount of flux dispensed, preheat temperatures, contact time in the wave and the 
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atmosphere in the solder module. From this list of parameters influencing the quality of the wave soldering 

process, it can easily be seen that the interactions that can lead to bridging are of a complex nature, since 

each parameter in it can influence the quality. Friedrich outlines: »If bridging cannot be eliminated, after 

having exhausted all the possibilities and the wave soldering system is optimally set up, then, as a rule, the 

cause for the bridging lies in the design of the board«. If components with very small contact spacing are 

being used, then it is most likely that the solder pads are placed too close together, so that the solder 

cannot adequately drain from the solder joint. The attendant high wetting forces, solely due to the total 

surfaces areas of the pin and the pad, are preventing the separation. »The surface tension of the solder in 

combination with the high wetting forces inevitably leads to the formation of solder bridges, since the 

weight force of the solder, which is the only downward-acting force, is not sufficient to pull the solder away 

from the solder joint. “Whoever is the stronger, wins”, and in this case the PCB is the stronger «.  

Yet, the causes can also be of a more trivial nature: From time to time, incorrect solder programs may be 

loaded into the system. If an assembly is processed with incorrect soldering parameters, so that, for 

example, insufficient flux is dispensed, or the preheat temperature is too low respectively the contact time 

over the wave is too short, solder bridges can be the result, even though the layout of the assembly is 

correct.  

»To sustainably eliminate the causes for bridging, comprehensive process knowledge is required. If an 

operator changes, in order to improve an unsatisfactory quality situation, process parameters in an 

uncoordinated and uninformed way, the quality of the product may deteriorate further. This is unavoidable, 

if the operator does not fully understand the correlations and the reciprocal effects these changes may 

have», notes Friedrich. 

 

 

Ersa’s POWERFLOW e N2 stores all relevant soldering parameters for 

each assembly in solder programs, starting with the board size, flux 

volume, preheat temperature profile, wave heights, and clearance 

height over the solder nozzles. Also recorded are the individually 

adjustable conveyor speeds in the preheat as well as the soldering 

sections. 

 

Friedrich knows of the reservations by the users when the subject turns to lead-free soldering. »But lead-

free, more specifically RoHs conforming solder alloys and wave soldering do not, as a rule, exclude each 

other. With lead-free alloys, quality standards known to be achievable with tin-lead solders can also be 

achieved«. The commonly applied IPC A 610 can therefore be applied to lead-free solder joints as well. 

What drastically is changing, notes Friedrich, is the process window that is available in lead-free soldering. 

»The process window in the lead-free process is, when compared to that of tin/lead solders, frequently 

smaller. As a result, lead-free processes need to consider in much closer detail the individual requirements 
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of a specific assembly. As a general rule, it can be stated that with any increase in the need for thermal 

energy of an assembly, the demands on the process increase«.  

Falling into the realm of thermal management, the possible lack of capillary rise on THT components is one 

quality attribute frequently encountered. In the wave soldering process, the working temperatures of the 

tin/lead (approx. 250 °C) and lead-free (approx. 260 °C) solders are on a similar level. The melting points of 

the solders though vary by up to 48 °C from each other. This causes lead-free solder to solidify much 

quicker than tin-lead solder, since during the cool down cycle the solidification temperature is reached 

earlier. This means, that the thermal capacity of a solder joint greatly influences the ability of the solder to 

rise up through the plated-through hole. »When processing components and/or assemblies with high 

thermal capacities, it is imperative that the board is designed such that the solder joint itself is thermally 

decoupled from the surrounding area. The transfer of thermal energy from the solder joint to the 

surrounding assembly has to be reduced as much as possible«, explains Friedrich. Needless to say – the 

soldering system itself has to be capable to supply the energy required. 

For these and other reasons, the demands on modern wave soldering systems are very high, as is 

demonstrated by Ersa’s POWERFLOW. Systems on the leading edge of technology store all relevant 

soldering parameters, on a board level, in separate soldering programs. Board size, flux volumes deposited, 

preheat profiles, wave heights, clearance height at the solder waves, conveyor speeds in the preheating 

and the soldering section, all the parameters are recorded for future reference. For lead-free soldering, the 

preheating process is of very high importance, since a substantial portion of the heat required to form the 

solder joints is to be provided already in this module. Depending on the structure (number of layers, for 

example) of the assemblies to be processed on the system, the preheat section should be configured by 

type of preheat and by length of preheat to suit the range of boards to be processed. The length of the 

preheat section of the POWERFLOW e N₂ goes from 1,4 m up to 2,6 m, and it can be furnished with a 

variety of heater types. Available are short- and medium wave length IR preheaters, as well as convection 

heating modules.  

For assemblies with a very high demand on thermal energy, such as are found in the field of power 

electronics, the preheat section can additionally be equipped with top side preheaters. The assemblies are 

then heated up, in a sandwich like fashion, equally from the top and from the bottom. This provides for a 

homogeneous penetration of the thermal energy, while minimizing the loss of heat by radiation through 

the top side of the assembly. The solder module may be equipped with a number of nozzle geometries, 

each geometry being adapted to the specific requirements of the board. »The different nozzle geometries 

available, in conjunction with the RPM-controlled solder pump drives, assure absolutely stable and 

repeatable soldering results», states Friedrich. 
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Jürgen Friedrich, Ersa: »Wave soldering should be the process of choice 

whenever assemblies have a large portion of through-hole components, 

and the surface mount population is found on the top side of the board.« 

 

 

In the end, though, the soldering system is only half the story. The crux is applying a correct process, since if 

the process does not fit the demands, the system will be fighting a losing battle. Therefore, and to make 

our customers aware of the complexity of the processes, Ersa offers each year numerous training sessions 

for operators and seminars for technicians on the subject of soldering processes. In these, Ersa’s soldering 

specialists detail the correlation between component, printed circuit board and soldering process. »Only if 

the staff of our customers understands these correlations, will they be able to take corrective action when 

the process is not up to par«. Of special importance, so Friedrich, is the support during the start-up of a 

system: Since the right feeling for the system and its performance is not yet present at the operator or 

technician of the customer during the start-up, it is especially difficult for him to define the optimal process 

window for the individual board assemblies. With the goal being to produce the best quality on the system 

right from the start, knowledgeable staff and adequate support from the system supplier has to be secured. 

When does Friedrich recommend the wave soldering process and when not? »Wave soldering is practical, 

when the assembly has a large portion of THT components and, ideally, any SMD population is only found 

on the top side of the board«, advises Ersa’s expert. Should assemblies be populated on both sides with 

SMD’s, alternatives exist: 

In the first, SMD’s are placed on a glue dot on the wave solder side and mechanically fixed by the glue. 

Then the board is turned over, and the THT’s are inserted. Finally, both SMD’s and THT’s are wave soldered 

in one pass. This method is still used in today’s production, but it is slowly being eliminated because the 

shapes of modern SMD packages (BGA’s, QFN’s, etc.) generally do not permit wave soldering.  

In the alternative method, the assemblies pass through two reflow processes, meaning that the SMD’s are 

placed on the first side and soldered, then the board is turned and again the components are placed and 

soldered. To wave solder the THT’s, the assemblies are transported over the wave in solder masks where 

the SMD’s are covered by the mask material, with apertures where through hole components are present. 

Contact with the wave is only made by the areas where the mask material is not present, thereby wetting 

and soldering only the THT’s. 

Definitely not suitable is the wave soldering process, notes Friedrich, when the population density of the 

SMD’s on the wave solder side of the board is that high, that the clear space around the THT’s is insufficient 

to cover the SMD’s by the solder mask. He also does not recommend soldering densely populated SMD 

boards on the wave, since the quality achieved will not be comparable to that possible in a reflow process.  
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For soldering occasional THT components found on highly integrated HDI assemblies (HDI: High Density 

Integration), it is customary to employ an automated selective soldering process. This process assures – 

while operating under reproducible conditions – a very high, reproducible quality level.  

Is a wave soldering process with zero defects at all possible? »Principally yes, but the costs and the effort, 

to monitor and control all influencing factors, would be simply too high«, responds Friedrich evasively. 

Instead of excessively monitoring and controlling the wave solder process, it is more effective to specify the 

quality of the components and the boards received, to audit the suppliers and monitor the production 

processes. Following this road, it becomes possible to note deviations or quality issues very quickly, to 

intervene in the chain of processes and act before they lead to problems in the final product. »In the 

manufacturing environment, the 6 Sigma processes are the venue to assure that the total failure rate does 

not exceed 3 DPMO (defects per million opportunities) «. A higher requirement for rework on account of 

the wave soldering process is not seen by Friedrich: »To the contrary – both the wave soldering as well as 

the reflow soldering are very safe mass soldering processes. But, since the wave soldering process is 

influenced by many more parameters, the danger to introduce errors is larger here than in the reflow 

process. The statistical probability to require rework after wave soldering could therefore be just a bit 

higher«. When the design is not optimized, or when the processes in the soldering systems are not stable, 

rework could result. But this is true for all soldering processes, not only for the wave. 

»Seen from this perspective, it becomes obvious that board assemblies can be produced very cost 

effectively on a wave soldering system«, Friedrich is convinced. »Particularly in low-labor cost areas, where 

electronic products for the consumer market are manufactured in high volumes, the wave soldering 

process is very common. Consumer electronics products, usually not having a high component density on 

the assembly and being very much cost driven, utilize much more frequently THT components, as these are 

lower priced than the corresponding SMD’s«.  

According to Friedrich, wave soldering is a low-cost process. The solder is available in bars or pellets, the 

flux is brought to the system in the original containers. »These forms of delivery are, when compared with 

solder pastes for reflow or wire solder for hand soldering, the lowest priced. In addition, when a decision 

has been made in favor of the wave soldering process, the need for solder pastes, printers and stencils is 

eliminated, which means that there are no further capital investments for the printer and the stencils 

necessary, and operating costs and the cost for servicing the printer and the stencils are also not present«. 

In regards to energy consumption, the wave soldering process can keep pace with the other soldering 

processes. The exact amount of energy consumed by a system is obviously dependent on the configuration 

of the system and the level of options installed. Ersa has provided its new soldering systems – wave as well 

reflow – with new energy saving functions. As in a PC, the systems can be placed in “stand-by” as well as in 

“sleep mode”. In stand-by mode, temperatures of certain heaters and the RPM’s of certain drives are 

reduced. If the system returns to the operating mode, the lowered temperatures and the RPM’s are raised 

again. This procedure takes but a few minutes, and then the system is again fully operational. »This mode is 

suitable for short down times, for example, when the operator resets the system for a new product or 

when he remedies a malfunction«, explains Friedrich. When the down time is going to be of an extended 

period, the system can be put into the sleep mode. Here, certain heaters and drive are completely shut 
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down. The sleep mode as well as the stand-by mode can be terminated by the operator by a mouse click. 

The system will automatically return to the operating mode. 


