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Abstract 

A production process free from defects, with every production step being reproducible and trace able, is the target of quality 

assurance in electronics production worldwide. 

In many cases manual rework processes are not allowed, due to quality related reasons and cost issues.  Manual rework is 

time consuming and cost-intensive, and hidden costs such as productivity rates or personnel training need to be considered.  

Because of this, assemblies with defects often go through the production process a second time.  However, in this case the 

entire board is exposed to the thermal load, not only the faulty solder connections, which can affect the overall product 

reliability. 

An automated zero-fault production concept can provide a cost-effective solution.  Automated process control and integrated 

automated rework enable a soldering process free from defects and completely documented. 

 

Process Challenges:  Compared to other automated processes, selective soldering is considered as particularly demanding.  

Structures with small pitches result in a small process window, variable parameters such as flux quantity,  temperatures or 

wetting time play a decisive role in terms of solder joint quality and reliability.  In addition, material-related influences have 

to be considered.  

The Zero-Fault Production Concept:  A controlled and reliable process is a basic requirement for approaching a zero-fault 

production.  Besides the selective mini-wave soldering process with monitoring and control functions for all process steps, 

the zero-fault production concept incorporates integrated automated optical inspection (AOI) of the  solder joints as well as a 

defined and automated rework soldering process at the fault coordinates, corresponding to the fault classification.  This is an 

advantage from the technical processing point of view as only defective solder joints go through the  process again, not the 

entire board.  As all work stations are linked with a bi-directional data transfer, all process steps are completely traceable and 

reproducible.  In addition, analysis of trend and series faults allows process optimization at an early stage.  This particularly 

applies for component placement and the soldering process, however, design faults can quickly be identified as well.  

 

With a focus on the critical issues in a selective soldering process , this paper will describe all process steps that need to be 

controlled to ensure consistently high product quality.  In addition, it will describe a production concept enabling automated 

rework with minimal thermal exposure for the assemblies. 

 

Introduction 

Selective soldering is considered as particularly demanding.  A constantly increasing complexity of assemblies and 

components with smaller pitches result in a narrow process window and provide less room for potential failures.  Variable 

parameters such as flux quantity, preheat temperatures , solder dwell time and solder temperature play a decisive role in terms 

of solder joint quality and reliability.  In addition, the influences of the related material must be considered. 

 

One of the most frequently experienced solder defects is the formation of solder bridges (Figure 1).  As for many typical 

solder defects, the root cause might be several factors.  Particularly in lead-free applications the reduced wetting-force of the 

solder alloy contributes to a changing flow behavior which may result in bridging.  Solder bridges, however, also might be 

caused by an inadequate quantity of flux applied to the solder joints or insufficient preheating of the assembly. 

 





Control of the Preheat Process 

Monitoring of the preheat temperatures is essential to ensure reproducible temperature profiles which again are required for 

activation of the flux. 

 

One of the most common and most reliable methods to monitor and control the preheat temperature is the use of infrared 

thermometry. 

Depending on the temperature each object emits a certain amount of infrared radiation.  Changing the temperature of the 

object goes along with a change of the intensity of the radiation.  The wavelength range used for infrared thermometry, the 

so-called “thermal radiation”, ranges between 1 µm and 20 µm.  The intensity of the emitted radiation depends on the 

material.  This material-specific constant is described with the help of the emissivity which is a known value for most 

materials. 

 

Infrared thermometers are optoelectronic sensors.  They calculate the surface temperature based on the emitted infrared 

radiation from an object.  The most important feature of infrared thermometers is the measurement of the objects is 

contactless.  Consequently, this helps to measure the temperature of inaccessible or moving objects without difficulties.  

In connection with the appropriate software, the required preheat temperature can exactly be preset for a printed circuit board 

which allows a gradient-controlled preheat temperature profile. 

 

Controlling the Soldering Process  

Particular attention should be given to the soldering area – the heart of the process.  There are many variables which can 

influence the soldering results.  These, for example, are the temperature of the solder alloy and the solder level in the solder 

bath which should be continuously monitored and automatically controlled. 

 

Due to the very small solder nozzle geometries that are used in selective soldering processes , it is important to ensure a 

constant and stable wave height which is decisive for a sufficient energy transfer to ensure a reproducible soldering quality.  

 

Multi-wave systems typically use an eddy current sensor to control the solder wave height and it simultaneously monitors the 

solder level in the solder pot.  A measurement funnel, which has the same level as the solder nozzles, is connected with the 

pump channel.  Based on the principle of communicating tubes, which is an indirect measurement, the same solder wave 

height arises at the solder nozzles and at the measurement funnel.  The signal of the eddy current sensor is continuously 

compared with a nominal value to keep the wave height stable. 

 

The easiest method to measure the wave height in single nozzle mini-wave processes is using a measuring needle made of 

titanium or any other resistant material which performs a contact measurement at the surface of the solder wave  (Figure 3).  

This causes an electrical signal and the pump speed is regulated to the necessary speed to achieve the preset wave height.   As  

the measuring needle only carries out a contact measurement and does not dip into the solder it is important to keep the  

atmosphere stable.  Changes in the surface tension lead to different measurement results. 

 

 

Figure 3: Measuring needle to control the wave height. 



Alternatively, the wave height can automatically be controlled using a laser measuring system.  The measure ment procedure 

is performed simultaneously with the production and therefore there is no influence on the cycle time.  In addition, any 

change of the pump speed affects the measuring signal quickly.  The direct measurement of the wave height additionally 

recognizes soiling in the nozzle system which could affect the soldering results.  The wide measuring range of the sensor and 

the adjustment to zero at the top edge of the solder nozzle enable the use of nozzles with different height.  

 

A newly developed wave height measurement system is a cross sensor that takes over several functions.  On the one hand, 

the wave height in mini-wave soldering processes is precisely controlled.  The measurement is made touchless directly at the 

solder nozzle and it is fully independent from the solder alloy used.  In addition, the cross sensor is also used for automatic 

tool measurement: diameter, height and mounting position of the solder nozzle are automatically controlled, thus excluding 

potential operator errors.  The cross  sensor carries out another task if additional processes such as a brushing process for the 

removal of solder balls, is installed in the selective soldering system.  Here, the cross sensor also monitors the condition of 

the brush and automatically indicates the need for a replacement if the brush is worn to a certain level. 

 

 
Figure 4: Cross sensor for wave height control and automatic tool measurement. 

 

Additional automatic monitoring and control functions help to avoid potential soldering defects or to e liminate operator 

errors.  Such control functions, for example, are the automatic position correction of the x, y and z value for assemblies 

which show misalignment or warpage. Furthermore, an intelligent tool management based on sensors and software tools  

recognizes the current solder nozzle set-up and assures that only printed circuit boards are allowed to enter the selective 

soldering system that are designed to be processed with this set-up.   

 

Due to the comparatively small solder volume that is available for energy transfer, selective soldering processes use relatively 

higher solder pot temperatures up to 320°C.  This of course goes along with an increased risk for oxidation.  Selective 

soldering systems generally are operated in a nitrogen atmosphere.  While the mini-wave in a nitrogen environment shows a 

controlled solder flow, the liquid solder rapidly oxidizes as soon as the inert atmosphere is lost.  The solder flow then can  be 

deflected easily and can hardly be controlled which makes it difficult to produce reliable solder connections.  Various control 

methods can be used to ensure a stable nitrogen atmosphere during the process.  First of all, the quality of the supplied 

nitrogen can be monitored by measuring the rest-oxygen value at the nitrogen feed-in.  This is particularly useful if a nitrogen 

generator is connected. 

 

To ensure a stable atmosphere it is also possible to permanently control the nitrogen quantity at the gas supply of the 

soldering unit.  Here, an individual value that is needed for the specific process can be set in the soldering program (l/min.). 

 

 



Integrated Automated Optical Inspection and Automated Rework 

100 % process control is given with an AOI system that is integrated directly in the selective soldering machine and which 

offers significant benefits in view of the total production line (Figure 5).  Soldering defects will be detected early, analysis of 

trend and series fault information allows process optimization at an early stage to reduce the overall defect rate.  This 

particularly applies for component placement and the soldering process, however, design related defects can quickly be 

identified as well.   

 

 

Figure 5: AOI system integrated in a selective soldering machine. 

 

The inspection of one assembly is performed in parallel to the soldering process of the following assembly to ensure short 

cycle times.  The integrated AOI system allows the inspection of solder joints for remaining solder balls, non -wetting or 

insufficient wetting, missing pins, bridging or removed neighboring SMD components.  As the soldering unit and the AOI 

system are using the same x/y axis system, this solution also provides high efficiency.   

 

In a subsequent separation module, assemblies without defects and assemblies with defects are automatica lly separated.  

Verification and classification of soldering defects is made at a verify work place.  Afterwards the assembly can be processe d 

with another soldering system, or alternatively can pass through the same selective soldering machine a second time.  In both 

cases, an automatic rework process will be performed exclusively at the solder joints that were classified with a defect.  This 

is a large advantage from the technical processing point of view as only defective solder joints go through the pro cess again, 

not the entire board.  As all work stations  of this production concept are linked with a bi-directional data transfer, all process 

steps are completely traceable and reproducible (Figure 6). 

 

 

Figure 6: Concept of an automated “zero-fault production line”. 

 

Conclusions 

To ensure consistently high product quality and finally reach a zero-fault production stage, it is necessary to control all 

process steps.  Manual rework is costly and does not always provide the required quality.  In addition, manual rework is 

difficult to trace.  Automated control functions and – if necessary – automated rework offer both repeatability and traceability 

which are independent from human actions. 
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