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Abstract

Recently, the remanufacturing of electronic products has become of great interest for both the industrial and research 
fields, for the several benefits deriving from the recovery of high added value elements at their end of life. 
In particular, the reballing of BGA (Ball Grid Array) packages is an important process in the rework of PCBs (Printed 
Circuit Boards). In this context, this paper presents two methods for the automated reballing and the corresponding 
tools able to operate different solder spheres. The tasks implemented for the reballing of a target BGA matrix will be 
described and discussed to underline their characteristics and applicability.

Keywords: BGA reballing, reballing device, solder ball, automated rework, pick-and-place, store-and-place 

1.  Introduction

The increasing activity in electronic manufacturing
in industrial sectors such as automotive, ICT, medical 
and aerospace, together with the rising demand of 
miniaturization and the growth in consumer electronics, 
has fostered the development of new solutions and
equipment for the Surface Mount Technology. 
Specifically, the availability of technological solutions 
for automatic and flexible placement, including 
disassembly, repair and rework phases, is needed, in 
order to cope with the high heterogeneity of 
components and an increasing market, expected to be 
worth $4,5 billion by 2020. The small batch production 
and pre-production are often executed manually or with 
semi-automated stations [1, 2]. The available 
commercial automated machines offer high 
performance but they are highly rigid. A great effort is 
needed to obtain systems with improved 
reconfigurability and flexibility for minimizing the set-up
time and processing the high heterogeneity of 
components [3]. 

In this context, a new generation of flexible 
equipment and devices, such as tools to be mounted 
on the end-effector of the motion system, would foster 
the achievement of innovative automated systems. 
Indeed, many specific tools, capable of micron 
resolution, have to be available during the different 
phases of the disassembly process, such as the 
soldering, de-soldering, gripping and release of the 
components. However, the need of a wide set of tools 
introduces several challenges, resulting in a more 
complex, expensive and time consuming process. 

The paper addresses the abovementioned issues 
in relation to a specific phase of the rework of a PCB 
with SMT components, namely the reballing task of 
different types of BGA (Ball Grid Array) packages. It 
basically consists in the manipulation and placement of 
micro solder balls, with variable diameters. 

The paper critically discusses two different 
strategies: the first exploits a vacuum gripper with 
integrated release needle and implements a pick-and-
place (P&P) reballing, while the second approach is 

based on a newly conceived device implementing a 
“store-and-place” (S&P) reballing.

The paper is structured as follows: after an 
overview on the current available approaches to the 
BGA reballing (Section 2), the two devices and the 
developed methods are described in Sections 3 and 4
and then validated in the execution of the BGA 
reballing task (Section 5). Finally, the two approaches 
are compared and critically discussed in Section 6. 

2. Background

The rework of a PCB mounting SMT components 
consists of the following phases: the de-soldering of 
the component from the PCB, the component removal, 
the residual solder removal from the PCB, the solder 
paste application, the placement of a substitute 
component on the PCB and the final component 
soldering. In case the PCB mounts BGA packages, an 
additional phase is included: the BGA reballing. BGA 
packages are used in integrated circuits requiring a 
high number of electrical connections and a 
minimization of the footprint on the PCB. They combine 
different advantages which have spread their use in
numerous electronic products. The BGA package is 
permanently mounted on the PCB by means of a matrix
of solder spheres located on its bottom surface (Fig. 1).

Fig. 1.  Bottom view of some BGA packages with the
connection matrix of solder spheres.

The components on BGA package can show 
malfunctioning due to the deterioration of the electrical 
connections: for example, for excessive thermal shock,
two or more micro-spheres can melt together, causing 
the malfunctioning or even the breakdown of the whole 
PCB. Therefore, among the remanufacturing phases of 
electronic products, a specific role is played by the 
reballing of BGA packages, because it allows to 
recover electronic components with high added value 
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in terms of functionality and cost. It consists in 
positioning new solder balls on the proper pad on the 
BGA bottom surface and reflow them to allow a new 
electric connection [4]. While de-soldering a BGA 
package, the small solder balls enabling the electric 
connection with the board are lost. Obviously, before 
reballing, the component should be de-soldered from 
the PCB, cleaned from the residual solder (the solder 
left from the old connection on the PCB, i.e. the molten 
micro-spheres) and spread with flux (solder paste) on 
the surface where new microspheres will be placed. 
Finally, the spheres are soldered on the BGA pads 
under a proper thermal cycle. Finally, the reballed BGA 
package can be mounted on the PCB.  

Nowadays, the reballing is usually performed 
manually or with semi-automated systems based on 
the use of preforms or stencils [5]. However, few 
automated solutions are currently available based on 
different strategies: pick and place task [6, 7], vacuum 
stencils [8, 9, 10, 11], and laser technology [12, 13].  

In the pick and place strategy, each solder ball has 
to be picked from a common storage by a vacuum 
nozzle that is then positioned over the target pad to 
release the ball. The soldering of all the balls is 
thereafter performed by another device, as an oven or 
a hot gas nozzle, which are very common in the rework 
stations. Therefore, the adoption of this method avoids 
the introduction of different heating technologies (e.g. 
laser sources) in rework stations since keeping low 
cost represents a critical requirement especially in 
small batch production and pre-production. Since the 
pick and place acts on single spheres, any type of BGA 
connection patterns can be easily provided by planning 
the release sequence, resulting in a very flexible 
process. However in the case of high number of solder 
points, this task is highly time-consuming. To increase 
the productivity, a patterned vacuum tooling fixture has 
been proposed to simultaneously pick up all the 
spheres of the BGA and transfer them all over it [8]. In 
this way, the whole BGA can be reballed in one step, 
however each BGA format requires a specific matrix, 
resulting in a very rigid solution. On the other side, the 
laser technology allows simultaneous placing and 
soldering of the ball avoiding the picking phase. In this 
case, a single sphere is dropped onto a pad of the BGA 
while simultaneously reflowing the ball in-place using a 
laser beam with optimized parameters [8, 14, 15, 16]. 
With this method, the reballing task is faster, but any 
slight deviation such as a slight change in the amount 
of solder paste may lead to open or destroyed sphere 
[17]. Other limitations of laser soldering include high 
price and additional cost for safety requirements [18]. 

However, the abovementioned approaches, 
although very efficient on large batches, are not 
sufficiently flexible to deal with the number of different 
sizes and patterns of the PCBs that are typically 
processed in de-manufacturing operations. 
 
3.  Pick and Place Reballing Method 
 

The P&P reballing task is based on a new vacuum 
micro-gripping tool, able to manipulate a variety of 
electronic and mechanical micro-parts, including solder 
spheres (diameters from 0,2 to 1 mm) and to cope with 
the release issues common at the micro-scale [19]. 

Similarly to a standard vacuum microgripper, this 
device consists of a cannula or suction hose connected 
to a vacuum generation system. It integrates an 
innovative mechanical system to assist the release 

phase precisely, reliably and safely [20, 21]. This tool is 
designed to be easily mounted on a robot end-effector. 

The automated reballing of a BGA can be 
executed as a standard pick and place task (Figure 2).  

 

 
Fig. 2.  Pick and Place Method. 

 
4.  Store and Place Reballing Method 

 
S&P reballing considers the elimination of the 

picking phase of the solder spheres adopting a 
specifically designed tool with integrated storage to be 
carried on a robot tool. A consistent amount of identical 
solder micro-spheres is accumulated in a storage. The 
spheres are singularized and placed at high speed 
precisely, when required. This device consists of four 
modules: the holder, the storage, the singularization 
mechanism, and the deposition nozzle. Combining the 
last three modules, different sub-units can be obtained, 
each of them able to sort and place a specific sphere 
dimension. Therefore it is necessary to provide as 
many sub-units as the number of required sphere 
formats. The sub-units are easily interchanged on the 
holder by a suitable automatic tool changer. The main 
technical problem is related to the singularization of the 
spheres from an unordered stock. Indeed, due to their 
small dimension, they tend to stick each other and to 
the surrounding surfaces due to the adhesion forces. 
This is a typical phenomenon at the micro-scale which 
may negatively influence the process, and has to be 
considered when designing the singularization module. 
For this reason, the module integrates two auxiliary 
systems to force (i) the sorting  of a single sphere from 
the storage to the singularization mechanism and (ii) its 
ejection from singularization mechanism to the 
deposition nozzle. Further details will be available after 
the necessary patent steps. 

Preliminary experimental tests on the S&P device 
were performed using spheres with different diameters. 
The results for spheres of 0.6 mm are reported in Table 
1, where T is the total time for a single deposition, Sr 
and So are the number of required and deposed 
spheres respectively, and DoS represents the degree 
of success of the test.  

 
Table 1. 
Results of experimental tests on the S&P tool. 

 
Test No. T [ms] Sr So DoS [%] 

1 1200 30 30 100 
2 700 60 60 100 
3 400 210 190 90.5 
4 300 170 129 75.9 
5 200 150 122 81.3 
6 150 90 78 86.7 

 
The degree of success increases for higher values 

of the time, but  this is not a critical aspect since the 
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singularization can be synchronized and parallelized 
with the robot movement. The time of 700 ms was 
adopted in the experiments described in section 5.3. 

The automated S&P reballing of a BGA is 
summarized in Figure 3. The tool path is considerably 
reduced since the possibility to carry many spheres 
avoids continuous alternated displacements between 
the picking and the release area, limiting the task to the 
release phase only. 

 

 
Fig. 3  Store and Place Method. 

 
5.  Experimental Task Execution 
 

The two methods described above have been 
experimentally validated in the reballing of a BGA 
package exploiting the robotized micro-manipulation 
setup available at ITIA Micro-robotics Laboratory [20]. 
The electrical connection consists of a 11x11 matrix of 
spheres with a diameter of 0.6 mm; the pad has a 
diameter of 1 mm and the pitch is of 2.5 mm. To 
support the reflow task after reballing, a thin layer of 
solder paste was deposed on the BGA bottom surface. 

 
5.1. ITIA Work-cell 
 

The ITIA work-cell is a flexible system that can be 
used for different applications and tasks (see Figure 4). 
It is equipped with a high-precision 4-dof Mitsubishi 
Electric RP-1AH robot (1), a variety of gripping tools 
and proper vision systems allowing bottom and top 
views of the working areas. For the current experiments 
the work-cell was configured to exploit two working 
areas to support the reballing elements. The two 
reballing tools described in Sections 3 and 4 have been 
prototyped to be easily mounted on the ending part of 
the manipulator. 

 
Fig. 4.  ITIA work-cell. 

5.2. Pick and Place Task 
 
The measurements of the position of the reballing 

elements were performed using two suitable 2D vision 
systems. The solder spheres lied on a transparent 
glass substrate on the picking area (7) so that the 
camera (4), fixed on a rigid structure below the robot 
working area, detects from the bottom their position 
(only in the case of the Pick and Place reballing task). 
Ideally, spheres with different diameters can be 
simultaneously present on the picking area. The 
second camera (5) allows instead a top view of the 
release area (8), therefore of BGA pads. A diffuse 
illumination of the scene was adopted, making the 
disturbance of the environment light negligible. 

To perform the P&P reballing task adopting the 
vacuum tool with the release system both the two 
working areas and the two vision systems were used.  

The first operation consists in recognizing the 
barycenter of each pad on the bottom surface of the 
BGA by the vision system of the release area. The first 
vision system identifies the position of the solder 
spheres randomly distributed on the picking area. The 
vacuum tool is moved over a sphere in the picking 
area. Vacuum is applied to the tool to selectively pick 
up a sphere. The presence of the picked sphere is 
verified by the vacuum sensor that provides information 
about the vacuum level in the tool. Since there is a 
difference in the vacuum value when the tool holds or 
not a sphere, a vacuum threshold is set between these 
levels. This threshold is then exploited to detect the 
picking of the sphere and stop the robot downward 
movement. The tool is then positioned over a pad of 
the BGA and lowered to bring the solder sphere into 
contact with the selected pad. Finally, the vacuum is 
turned off and the tool is raised. These steps are 
repeated until the completion of the BGA matrix. It is 
worth to note that the vacuum threshold can also be 
used to detect the loss of the picked sphere during the 
task, then to repeat the picking operation of a new 
sphere. After that, the second camera takes a picture 
of the whole BGA to verify the successful execution of 
the task in terms of no missing spheres and accurate 
sphere positioning. 

The experiments have been executed moving the 
robot at 10% of the maximum velocity, over a distance 
between picking and release areas of about 150 mm, 
and with up and down displacements along the vertical 
direction of 10 mm. The time needed to reball the 
whole BGA was 5445 seconds (45 seconds per ball). 
The error in deposing each sphere results from the 
difference between the robot feedback position and the 
sphere position measured by the vision system. The 
mean, maximum and RMS errors are reported in Table 
2. The task was executed with a degree of success of 
100%. 

 
Table 2. Sphere deposition errors (in μm). 

 
Mean error Max error RMS error
19.5 46.2 12.3 

 
5.3. Store and Place Task 

The execution of the store and place task exploited 
only the second vision system and the release area in 
the work-cell.  

The visual identification of each pad on the BGA 
bottom surface is the preliminary step. The position of 
the barycenters are collected and the tool path along 
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the shortest travel distance is planned. In this case, the 
shortest travel was a zigzag path. The tool is then 
moved just over a selected pad, where a single sphere 
is sorted and placed on it. The tool is then risen of 5 
mm to avoid the collision with the released sphere, 
therefore moved diagonally over the adjacent pad. 
After the release of the last sphere, the vision system 
checks that the BGA has been properly reballed. 

The experiments have been performed moving the 
robot at 10% of its maximum velocity. The execution 
time of the complete task was 242 seconds (2 seconds 
per ball) with a degree of success of 100%. 

 
5.4. Discussion 

 
Both the P&P and S&P methods allowed for a 

successful reballing of the BGA package.  
The P&P method, although more versatile, is 

highly time-consuming. The overall execution time 
however can be optimized increasing the robot velocity 
and appropriately modifying the work-cell set-up re-
arranging the two working areas to be closer and 
reducing the vertical movements. Additionally, the 
sphere identification phase (including image 
acquisition, processing, and communication to the 
robot controller) could be skipped commanding the 
robot to a specific position into a solder sphere 
container or a pallet. On the other hand, the 
simultaneous pick of multiple spheres can occur, due 
to the sticking effect. This issue can affect the reliability 
of the process and should be avoided by suitable 
expedients, such as providing vibrations at the end 
effector to detach the stuck spheres.  

Hypothesizing the pick of the spheres from the 
container, an average distance between the working 
areas of 35 mm, a vertical movement of 5 mm and 
considering an average time for the sphere 
identification of about 1 second, the time for a single 
sphere would be of 2.5 seconds. However, comparing 
the execution time, the S&P task is still one order of 
magnitude faster than the P&P. This is due to the 
shorter path that the robot has to perform, since the 
picking phase is not necessary anymore. 

With this latter method, the throughput can be 
dramatically improved, therefore reducing the total time 
of the whole rework process. This is even more evident 
in case of a high number of spheres to be placed. 

On the other hand, a vacuum micro-gripping tool 
with a specific nozzle diameter can manipulate a wider 
range of solder sphere sizes if compared with a single 
S&P tool, designed to process a chosen sphere 
diameter. However, this apparent lack of flexibility is 
overcome by a modular design of the tool that allows 
the interchangeability among different sorting and 
placing sub-units, therefore different sphere diameters. 

The P&P method seems more suitable for small 
production with low throughput, whilst the S&P seems 
more effective for medium or batch production. 

 
6.  Conclusions 
 

The paper addressed the reballing of BGA 
packages, that is a current topic of interest in the 
industrial remanufacturing field. In particular, two 
methods for both the selective and complete 
automated processes have been presented: the P&P 
and the S&P reballing. For each method, a tool able to 
handle the solder spheres has been used and the 
corresponding task executed to reball a target BGA. 

The results obtained with the two strategies have 
been discussed and compared in order to highlight 
advantages and limitations.  
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