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Abstract 

Accuracy in solder balls and joint void detection is very important.  If voids are incorrectly identified, board yield will be 
affected by incorrect scrapping and rework.  Voids are difficult to detect using manual inspection alone.  One current solution 
to make voids visible involves the use of a 2D x-ray system to image the boards.  Some existing x-ray inspection systems 
have void detection algorithms that require the use of intensive, time consuming, fine tuning operations.  These algorithms 
typically use two different global thresholds to segment the balls or joints and the voids using operator trial and error.  
However, using global thresholding over the entire image is invalidated due to varying image brightness.  Existing methods 
also eliminate balls or joints that are partially occluded by other components due to difficulties in segmentation.  The results 
are that many voids that can be easily observed by the human eye are missed by the existing automated methods.   
  
In this paper, a robust, accurate, and automatic void detection algorithm is proposed.  The method is applicable to either Pre 
SMT solder balls or post SMT solder joints.  For simplicity, the term balls will be used throughout the document. The 
proposed method is able to detect voids with different sizes inside the solder balls, including the ones that are occluded by 
board components and under different brightness conditions.  The proposed method consists of segmenting individual balls, 
extracting occluded balls, and segmenting voids inside the solder balls.  The segmentation of the individual balls is achieved 
by using the proposed histogram and morphological based segmentation method.  A voting procedure is used to segment the 
occluded balls where the pixels inside the occluded area are checked to obtain candidate pixels representing the occluded 
joint’s or ball’s centroids.  An independent edge detection procedure is used to get candidate voids inside individual balls.  
Mathematical morphology operations are used to locate all possible valid voids and remove non-void areas.  The proposed 
algorithm was applied to 3 different Intel products. The results of the proposed method were compared to the results obtained 
by an automated algorithm in an existing state-of-the-art 2D x-ray inspection system, the results obtained by trained operators 
from 2D x-ray images, and the results obtained by trained operators from 3D CT scan images.  The results (pre SMT solder 
balls) show that the proposed method is capable of successfully locating all possible visible voids inside the solder ball even 
the ones that were missed by using other methods as well as those that are hard to see by the human eye.  The results also 
show a high correlation with ground-truth data obtained from 3D CT scan and experienced operators. The algorithm is fully 
automated, benefits the manufacturing process by reducing operator effort and provides a cost effective solution to improve 
output quality.   
 
1. Introduction 

Voids are one of the major defects in solder balls and joints and are defined as cavities formed inside the solder joint due to 
the amount of out-gassing flux that gets entrapped in the solder joint during reflow.  Some causes of voids are trapped flux 
that has not had enough time to be released from the solder paste, and contaminants on improperly cleaned circuit boards.  
Voids in solder balls and joints are also caused by the reduction or metallic oxides by the soldering fluxes [1]. Voids appear 
as a lighter area inside the solder balls and joints on a 2D x-ray image and are typically found randomly throughout the 
package [2].  Previous studies show that the existence of voids decreases the solder joint life validated through mechanical 
testing and thermal cycle testing  [3].  In [4], the authors concluded that smaller voids grow much more slowly than the 
bigger voids.  The extensive use of solder balls and joints on printed circuit boards (PCB) necessitates reliable, void detection 
in the balls and joints to prevent infant mortality failures.  The Institute for Printed Circuits (IPC) and the Joint Electron 
Device Engineering Council (JEDEC) have developed standards for inspecting assemblies of electronic products.  
IPCA610D specifies a 25% or less cumulative voiding percentage in post SMT solder joints.  JEDEC void inspection criteria 
are based on the size of the void and the cumulative percentage of voiding in an individual ball. A new JEDEC guideline for 
void inspection criteria is in preparation by the JC14-1 committee. 

A solder ball has a spherical shape as shown in Fig.1(a). Voids are distributed randomly inside the solder ball as shown in 
Fig. 1(b) which gives a cross-sectional view inside the spherical solder ball. The 2D top view of the spherical solder ball is 
shown in Fig.1(c).Voids are hard to locate inside solder balls and joints using manual inspection tools. 2D x-ray machines are 
used to make the voids inside the solder balls and joints visible to the operator as shown in Fig. 2. The output of the x-ray 
machine is shown in Figs. 2(a)-(d) which represents the 2D images of different products. Figs. 2(e)-(h) show a zoomed image 



for balls that are highlighted in Figs. 2(a)-(d), respectively. The images in Figs. 2(e)-(h) are enhanced for visual clarity to 
show all possible voids inside the highlighted solder balls in Figs. 2(a)-(d).  One of the methods used to locate voids inside 
solder balls is to use existing image enhancement software to examine the x-ray images manually after changing the image 
brightness and contrast. The operator must then detect and measure each observed void manually. A skilled operator takes 
around 4 minutes to locate and measure one void inside a solder ball which makes the manual process very tedious and time 
consuming.  The process is also highly variable due to the difference in training, skill and other human characteristics of 
operators.  
 
The necessity of getting a robust and reliable automated void detection algorithm is important.  Before discussing existing 
void detection methods let us address the main challenges that are observed in the acquired 2D x-ray images. These 
challenges can be summarized as follows: (i).poor image contrast at some balls that make the voids difficult to detect by the 
human eye; (ii).interference of other components in the unit such as void-like artifacts, die bonds, vias (plated through holes), 
and overshadowing capacitors; (iii).irregular shapes (non-circular) caused by the fact that there can be overlapped voids 

(a)                                                                 (b)                                                                    (c)                                                                      (d) 

(e). Voids inside highlighted ball in (a)     (f). Voids inside highlighted ball in (b)          (g). Voids inside highlighted ball in (c)        (h). Voids inside highlighted ball in (d)     

 
Fig.2: Example of 2D x-ray images that show voids inside solder balls in different product lines. 
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                   (a). 3D image of solder ball                          (b). Cross-section in 3D image that shows voids inside solder ball                  (c). Voids distribution in 2D image 
 

Fig.1:  Solder ball shape in 3D and the distribution of voids in both 3D and 2D images. 



present in 2D images that do not conform to the predominant circular void shape; (iii). missing or overlapped voids not 
visible in the 2D x-ray images compared to the details obtained from the 3D CT scan images. Fig. 3 shows some examples of 
the aforementioned challenges in the 2D x-ray images. Most of the existing void detection systems do not provide solutions 
to tackle these issues which result in missed and false called voids and thus inaccurate detection.  

Using a 2D x-ray machine is much faster and less expensive to measure each ball as compared to a 3D or multi-
dimensional x-ray machine, but at a loss of some accuracy as mentioned above. Some existing 2D x-ray machines have 
embedded inspection systems that include void detection algorithms. However, the existing void detection algorithms that are 
used in 2D x-ray machines require intensive preprocessing steps and manual fine tuning. An example of the steps of image 
acquisition and void detection in 2D x-ray machine with an embedded void detection algorithm are as follows: 
- The first step is to set up the 2D x-ray machine to make sure that there is visible gray scale difference between the solder 

balls, background and voids. The operator manually uses different gray scale levels for solder ball, background and voids 
depending on the intensity of the void level. The setting of the gray scale level is achieved by changing the current and 
voltage of the x-ray beam. 

- The second step is to set up the void detection software. A typical software setup includes defining the expected solder ball 
size and additional inspection features. Some of these features can include segmentation threshold values such as the 

 (a).Contrast-enhanced input image 1 with voids               (b).Output of embedded algorithm in 2D x-ray machine.     (c). Voids inside highlighted ball in (a)     (d). Missed Voids inside highlighted ball in (b)  

    (e).Contrast-enhanced input image 2 with voids             (f). Output of embedded algorithm in 2D x-ray machine.        (g). Voids inside highlighted  ball in (e)     (h). False Voids inside highlighted ball in (f) 
 

Fig.4: Results using 2D x-ray machine with an embedded void detection algorithm. 
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Fig. 3:  Examples of some Challenges in the 2D x-ray images. 
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threshold to identify the gray scale difference between a solder ball 
and background area, and the threshold to identify the difference 
between voids and solder ball. Threshold values are determined by 
the operator by trial and error. After using the selected threshold to 
segment the solder ball from the background, some feature 
parameters such as predefined size (area) of a solder ball are used to 
decide which one of the segmented regions should be processed and 
which one should be ignored. A global thresholding method cannot 
be optimized to provide sufficient adjustment to capture all voids 
with the lighting variations typically encountered in an x-ray image. 
In addition, this method is unable to segment the balls that are 
occluded by overshadowing components. 

- The third step involves detecting the voids in the considered set of 
images using the software with the selected threshold values and 
inspection features.  

An example of void detection using the above system is shown in Fig.4. The results shown in Fig.4 show that the 2D x-ray 
machine with an embedded void detection algorithm misses voids, detects many false voids and fails to process balls that are 
occluded by overshadowing capacitors.  The system is also troubled by vias under the balls and classifies the vias as voids. In 
addition, this system requires a lot of manual operations and parameter tuning for each new product line.   

 
This paper is organized as follows. Section 2 presents the steps of the proposed void detection algorithm. Performance results 
and comparison with existing methods are presented in Section 3. A conclusion is provided in Section 4. 
 
2. Automated Void Detection Method 

The main goal in this paper is to provide a reliable, highly accurate, and fully automated scheme for void detection in 2D x-
ray images. The proposed algorithm is designed to be robust to the challenges that are present when dealing with 2D x-ray 
images as discussed in Section 1. In this section, we present more details about the proposed void detection algorithm which 
is capable of detecting voids with different sizes inside the solder balls and under different brightness conditions.  

  

Fig. 5 shows the block diagram of the proposed automated void detection method. The block diagram summarizes the steps 
of the proposed method including solder ball segmentation, the extraction of solder balls that are occluded by overshadowing 
capacitors, the extraction of candidate regions inside each segmented solder ball, the selection of feature parameters, and the 
classification of the candidate regions inside the solder ball in order to exclude all non-void regions. Fig. 6 illustrates the 
steps of the proposed method. More details about the individual solder ball segmentation and the candidate void detection 
and classification are given in the following subsections.  

 
2.1. Individual Solder Ball Segmentation  

Due to the fact that the 2D x-ray images suffer from inconsistent lighting, in order to segment the solder ball area, it is 
important to use an adaptive threshold value which is based on the image intensity distribution instead of using a fixed 
threshold value. In the proposed method, an automatic thresholding value based on the image histogram analysis is applied to 
the original image to segment the solder balls. Fig. 6(b) shows the histogram of the 2D x-ray image shown in Fig. 6(a) where 
the histogram contains two main cluster regions represented by two distinct peaks: the solder ball and background regions. In 
order to segment the solder balls regions (ROIs) from the background region, the segmentation threshold is determined 
automatically based on the distribution (histogram) of the considered image. From the distribution of the input image, the 
mean of the image is computed and is used as the initial segmentation threshold value. The distribution range is then divided 
into two parts, also referred to as clusters, corresponding to pixel values below and above the current threshold, respectively.  
The threshold value is efficiently refined by computing the cluster means directly from the input image distribution without 
the need to segment the image. The updated threshold estimate is set to be the average of the two cluster means. This 
refinement step is repeated until the two cluster mean values no longer change, resulting in the final threshold estimate.. This 
procedure converges in an average of 4 to 6 iterations. Fig. 6(c) shows the results after applying the above adaptive 
segmentation threshold computation procedure. Incomplete balls that are touching the image border are excluded from 
further void location processing. The removal of those incomplete balls is achieved by comparing each incomplete ball’s area 
(Ai) with respect to the area of the individual complete ball (Ab), where Ab is taking as the median area of the segmented 
regions’ areas inside the input image. Fig. 6(d) shows the results of excluding incomplete balls that are touching the image 
border and have an incomplete ball area less than 0.7 of the individual complete ball area (Ab).  

Previous methods such as embedded algorithms in x-ray machines are unable to process balls that are occluded by 
overshadowing components, even though some of these balls may have high void percentages. In the proposed method, a 
voting procedure is devised to extract the occluded balls by locating their centroids. This can be achieved by exploiting the 

Individual Segmented Ball 

Fig 5. Block diagram of the proposed method for void 
detection inside solder balls. 
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segmented region into void or non-void region. 
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fact that the solder balls are aligned along different directions, including  as shown in the input image in Fig. 
6(a). The extraction of the occluded balls’ centroids using the proposed voting procedure is done as follows: (i).locate the 
occluded regions as the segmented regions whose area is greater than 1.2 of the individual ball’s area Ab; (ii). calculate the 
centroids of the individual complete balls outside the occluded regions; (iii). check the alignment of each pixel inside the 
occluded region in the directions of with respect to individual balls’ centroids outside the occluded region; 
(iv).keep only those pixels that match at least two directions inside the occluded region; The results of this step produce 
isolated regions consisting of clusters of connected pixels, (v). calculate the centroid of each region using an image labeling 
procedure [5]; (vii). extract each occluded ball by drawing a circle centered at that extracted centroid with a radius 

, where Ab is the previously determined complete solder ball area, (viii). remove any false centroids by checking 
the distance between neighboring balls’ centroids (remove if distance is less than 1.2 of the individual ball’s diameter). The 
result of the proposed scheme after locating the occluded balls is shown in Fig. 6(e) which represents the final segmentation 
mask. Using the final segmentation mask, one can easily extract each individual complete ball from the original input image 
including the balls occluded by overshadowing capacitors as shown in Fig. 6(f). 
  
2.2. Feature Extraction and Void Detection   

Locating voids inside each segmented solder ball requires a robust classification procedure to detect actual voids and 
remove non-void regions. There are many challenges when it comes to automatically detecting actual voids and excluding 
non-void regions inside solder balls such as: lighting variation, die balls and via interference. It is thus important to process 
each individual ball independently to locate voids. This is needed in order to tackle the lighting variation and die ball 
interference issues. In the proposed scheme, each ball is extracted and treated independently by using an image labeling 
procedure [5]. To locate the contours of all possible regions inside the segmented solder ball for further processing, an edge 
detection procedure [6-11] is applied to the segmented solder ball. In our implementation, a simple Laplacian of Gaussian 
(LoG) edge detection method was found to produce accurate results [10-12]. The edge detection output can however result in 
some open contours. Closed contours are obtained by applying a morphological dilation operation [5, 13] using a structuring 
element of size 1. Each area inside a closed contour is then extracted by using an image labeling procedure [5]. Fig. 6(h) 
shows the results of edge detection and region extraction for the ball shown in Fig. 6(g). Each extracted region inside the 
solder ball should be classified as a void or non-void region. However, some artifacts (such as vias and die bonds) have void-
like properties. Therefore, the devised classification method should be robust to such artifacts in order to detect actual voids 
and exclude suspect voids. For this purpose, the proposed automated classification method makes use of feature parameters 
that well describe the actual voids and are robust to artifacts such as vias and other interferences in the segmented ball. The 
employed features exploit the following properties of the void region: (i). voids are brighter compared to surrounding area 
(some vias are brighter as shown in Fig. 6(g)); (ii).voids have shapes close to a circular shape (can have irregular shape if the 
2D image has overlapped voids).  Consequently, the proposed feature parameters that are used for classification consist of an 
adaptive and automated classification threshold which is adaptively determined based on the brightness of each region and its 

(a). Input image (b). Histogram distribution and ROI Segmentation 
threshold value.

(c). Output after applying ROI 
Segmentation threshold value. 
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Fig. 6.  Steps of the proposed void detection method. 



surrounding contour, and which can be used to remove non-void regions, and of a  compactness factor [6] which can be used 
to exclude region with irregular shapes. The compactness factor of a considered segmented region is computed as 

,where  represent the perimeter and the area of the considered region.  If the region has a shape 
close to a circular shape, its compactness factor is close to “1”, otherwise it’s larger.  

The proposed classification consists of  3 main stages: (i) the 
first stage is used to keep all candidate regions with void-like 
characteristics by using the aforementioned adaptive 
classification  threshold and a large compactness factor filter; (ii). 
the second stage is used to refine the results of the first stage and 
eliminate more non-void regions (false calls) by using adaptive 
dilation to obtain a regulated shape followed by a smaller 
compactness factor filter (dilation removes small gaps inside the 
void that cause small shape irregularities); (iii). the third stage is 
used to remove vias while keeping all possible voids by using 
two feature parameters that are based on the area and the 
principal axis ratio of the segmented region. Fig. 6(h) shows all 
detected void and non-void regions inside the solder ball of Fig. 
6(g) before applying the proposed classification procedure, while 
Fig. 6(i) shows the resulting detected voids inside the solder ball 
of Fig. 6(g) after using the proposed classification method.  

3. Simulation Results 

The proposed method was applied to different Intel product lines: A, B, and C. Each one of these product lines has different 
challenges in addition to die bond interference and inconsistent lighting such as: (i). product line A has limited via 
interference, and has a low void density per ball,  (ii). product line B has limited via interference, and has a high void density 
per ball, and (iii).product line C has more via interference and medium void density per ball.  The results of the proposed 
algorithm were compared to the results obtained from the existing latest 2D x-ray void detection algorithms that are provided 
as part of the x-ray imaging machine, the results obtained from 2D x-ray images by a trained operator, and the results 
obtained from 3D CT scan x-ray images which represents ground truth data. 
 
3.1. Comparison with the data obtained from 2D X-ray embedded algorithm 

The existing void detection algorithm in the 2D x-ray machine was applied to the three Intel products lines: A, B, and C. 
The performance of the algorithm shows satisfactory results in product line A, unsatisfactory results in product line B and 
produces a complete failure for product line C. Fig. 7 shows an example that illustrates the performance results of product 
line B for both the proposed method and the existing embedded algorithm that is provided with the 2D x-ray machine. From 
Fig. 7(b), it can be clearly seen that the existing embedded void detection algorithm produces false voids, misses a lot of 
voids, and does not process balls occluded by overshadowing components. In comparison, Fig. 7(c) shows that the proposed 
method outperforms the existing embedded void detection algorithm of the 2D x-ray machine and is able to detect voids in 
the occluded balls in addition to the ones in the non-occluded balls. 
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(a).Input image with enhanced contrast for void visibility    (b).Void detection results using existing algorithm        (c).Void detection results using the proposed algorithm 
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Fig. 7. Comparison between existing void detection algorithm in 2D x-ray machine and proposed void detection algorithm in product line B. 
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3.2. Comparison with the data obtained from 2D X-ray images by trained operator 
Voids in many random balls in product lines A and B, were measured manually by trained operators. The operator takes 4 

minutes to locate and measure one void in the ball. The operator locates and measures the void percentage by manually 
changing the 2D x-ray image intensity and contrast using an image processing program and then manually using a mouse to 
determine the extent of a void. The actual void percentage is the ratio of void area to the solder ball area. However the 
operator measures the void percentage by  where   is the solder ball diameter and  is the 
average of void width ( and void height (  as illustrated in Fig. 8(a). The operator method is accurate if the void has a 
circular shape, but it is not accurate if the void has an irregular shape such as the one shown in Fig. 8(b). In this latter case, 
the operator method produces an error equal to 2.7% of the actual void percentage value. The data obtained by the trained 
operators was compared to the data obtained by the proposed algorithm. The proposed method results in a correlation squared 
value with the operator data of 96% and 93% for product lines A and B, respectively, with no significant bias. It should be 
noted that a correlation squared value greater than or equal to 75% with no significant bias corresponds to well correlated 
data.  

 
3.3. Comparison with Data Obtained from 3D CT Scan by Trained Operator 

Using 2D x-ray images does not give information regarding the void’s depth within the ball. Furthermore, the use of the 2D 
images will produce inaccuracies in the case of overlapping voids. Using a 3D CT scan allows the operator to have 2D 
images at different layers (depths) of the solder ball which helps to see the isolated voids clearly without the interference of 
vias and die balls. Fig. 9(a) shows the 2D x-ray image where 4 visible voids around the via are present while Figs. 9(b) and 
(c) show the 3D CT scan images at the solder ball’s tip and package interface, respectively. Figs. 9(b) and (c) show 8 
different voids which are seen as 4 voids in the 2D x-ray image due to the via interference which occludes a portion of those 
voids. The trained operators measure the visible voids in the 3D CT scan images using a manual calculation which produces 
less error in this case due to the fact that the voids do not overlap and have circular shapes. Voids in many random balls in 
product lines A, B, and C were measured manually by the trained operators. The data obtained by the trained operator from 
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Fig. 10.  3D and Algorithm Cumulative Voiding Comparison 

Fig. 9. 2D x-ray images versus 3D CT scan images. 
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the 3D CT scan images is used as ground truth and is used for comparison with data from the proposed algorithm applied to 
the 2D x-ray images. The proposed method results in a correlation squared with the ground truth data of 97%, 91%, and 77% 
for product lines A, B, and C, respectively, with no significant bias as shown in Figures 10(a), (b), and (c), respectively. It 
should be noted that, for product line C, balls with voids occurring on top of vias were excluded from the statistics. 

 
The mismatch between results obtained from 2D x-ray images and the results obtained from 3D CT scan images is due to 

the missing information in the 2D x-ray image as compared to the 3D CT scan images, especially if there are overlaps or via 
interference in the image. These are the limitations of processing 2D x-ray images. The following examples show the 
limitations of the proposed method when applied to 2D x-ray images. Fig. 11(a) shows the 2D x-ray image where 4 voids can 
be seen clearly. Figs. 11(b) and (c) show the images from the 3D CT scan images at the solder ball’s tip and package 
interface, respectively. Figs. 11(b) and (c) show 5 different voids where 2 voids at different depths overlap and are seen as 
one void in the 2D x-ray image. The result of the proposed method is shown in Fig. 11(d). It can be seen that the proposed 
algorithm detects all visible voids in the input 2D x-ray image of Fig. 11(a). The proposed method gives a total void 
percentage equal to 13.89% versus 16.02% from the 3D CT scan ground truth data. The error between the two different 
methods is 2.34% which is due to the overlapped voids and the human tolerance error of the operator. The proposed method 
detects the voids that are visible inside the 2D x-ray images and it cannot detect the overlapped void due to the limitations of 
the 2D x-ray image. Another example is given in Fig. 12 which illustrates the limitation of the 2D x-ray images when the 
voids lie on top of the via which makes it hard to segregate the voids from the via due to the similarities of the gray level 
values in both the voids and the vias. 

 
Fig. 13 shows the comparison between the results obtained by the proposed algorithm and trained operators. Many trained 

operators were asked to calculate the void percentage for the largest void in an image manually for some random solder balls 
in product line C. The operators’ results are compared with each other and show a 7% inconsistency. The result of two 
experienced engineers were averaged and given in Fig. 13 as “CNTRL”. The result from the proposed algorithm (“Auto” in 
Fig. 13) compares well to the experienced engineer (“CNTRL” in Fig. 13). The proposed algorithm not only saves time, but 
also produces consistent results when compared to operators’ results. 

 

Fig. 11. Comparison between the results obtained by the proposed method from 2D x-ray images and the results obtained by trained operator from the 
3D CT scan images. 
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Fig. 12. Limitations of processing the 2D x-ray images. 
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4. Conclusion  

 A robust automatic void detection scheme is presented in order to allow automated inspection and automated manufacturing 
quality assessment. The proposed method is fully automated and can benefit the manufacturing process by reducing operator 
effort and process variability. The method has been implemented in a standalone PC that is configured to receive images 
from a 2D x-ray system. The proposed method can enable compliance to IPCA610D for cumulative voiding of 25% or less in 
post SMT solder joints and the proposed JEDEC guideline in preparation by the JC-14-1 committee for cumulative voiding in 
a single solder ball not to exceed 15%.  
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Problem Statement

• Extensive voiding inside solder balls 

and joints can result in poor or 

degraded performance or even infant 

mortality

• Detection and identification of individual 

void size and cumulative voiding 

percentage are important to determining 

potential failure areas, rework and scrap



Limitations – Existing 2D X-ray 

Void Detection Algorithm

Background washed Image Image after processing Original image of highlighted ball Missed voids

Background washed Image Image after processing Original image of 

highlighted ball

False and Missed Voids

Missed Voids and Vias are Key Issues!



Operator Variability
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Operator Measurements

• 1 Denotes results prior to training; 2 denotes results after training

• Even after training operator’s results demonstrate wide variability

Wide Operator Variability for Void Inspection!



Inspection Methods
Method Pros Cons

2D x-ray Relatively inexpensive 

equipment

Readily available

Enables manual or automated 

inspection

Some voids are obscured by 

overlapping

3D x-ray Accurate void inspection 

possible with trained operator

Time consuming – hours for 

scanning + image stitching 

and operator inspection

Very costly equipment

Manual Lots of manual software 

packages to assist operator to 

examine images

High Variability in results

Accuracy issues

Training 

Human factors

Low Cost and High Speed Drive 2D X-Ray Use



2D X-Ray Image Challenges 1

Poor Image Contrast Overshadowing Component

Die Joint Interference Via Interference

Wide Variety of Challenges to Algorithm Development!



Automated Void Detection 

Method

Un-occluded solder ball* 

segmentation

Localization and 

extraction of occluded 

solder balls

Segmentation of non-homogenous regions inside 

each solder balls area

Feature extraction and classification of each 

segmented region into void or non-void region

Void percentage (ration of void area to ball area) 

computation inside each individual ball

Individual segmented ball

*Pre SMT solder ball examples are shown in this presentation.  

The method is also applicable to solder joints post SMT.

2D X-ray image



Un-occluded Solder Ball 

Segmentation 1

Input Image

P
ix

e
l 
S

a
m

p
le

Gray level

Background Joint

Threshold

Image after 

threshold 

iteration

Threshold iteration gives 

an accurate image of un-

occluded solder balls



Un-occluded Solder Ball 

Segmentation 2

• The area of individual balls is checked

• Balls with less than 0.7 of the average ball area are 

removed

Image after 

threshold iteration

Image after removing 

partial solder balls

Cum Void accuracy is enhanced by only processing 

whole balls



Automated Void Detection 

Method

Un-occluded solder ball* 

segmentation

Localization and 

extraction of occluded 

solder balls

Segmentation of non-homogenous regions inside 

each solder balls area

Feature extraction and classification of each 

segmented region into void or non-void region

Void percentage (ration of void area to ball area) 

computation inside each individual ball

Individual segmented ball

*Pre SMT solder ball examples are shown in this presentation.  

The method is also applicable to solder joints post SMT.

2D X-ray image



Occluded Solder Ball Localization 

and Extraction 1

Image after removing 

partial solder balls

Occluded balls are 

extracted

• Centroids of the segmented whole balls are shown in red 

• Centroids of the occluded balls are located by applying existing 

distances and angles to whole balls

• Average diameter of balls shown in the image is applied to 

centers

Centroid location for 

occluded balls

Variation in solder ball size are easily accommodated



Occluded Solder Ball Localization 

and Extraction 2

Image after removing partial solder 

balls and extracting occluded balls

Final ball segmentation from 

original image

Solder Ball Extraction Examples

Extraction works successfully for different backgrounds



Automated Void Detection 

Method

Un-occluded solder ball* 

segmentation

Localization and 

extraction of occluded 

solder balls

Segmentation of non-homogenous regions inside 

each solder balls area

Feature extraction and classification of each 

segmented region into void or non-void region

Void percentage (ration of void area to ball area) 

computation inside each individual ball

Individual segmented ball

*Pre SMT solder ball examples are shown in this presentation.  

The method is also applicable to solder joints post SMT.

2D X-ray image



Non-Homogenous Region 

Segmentation 

Ball with Visible Voids Edge Detection Results Using LoG

1. Gray scale differences and edges are used to 

locate regions of interest for further 

processing

2. Contours are closed using a morphological dilation 

operation with structuring element of size 1

3. Each area inside a closed contour is then extracted 

by using an image labeling procedure 

Closing the Contours

Labeling the 

Features

Accurate extraction is key to void classification and measurement



Automated Void Detection 

Method

Un-occluded solder ball* 

segmentation

Localization and 

extraction of occluded 

solder balls

Segmentation of non-homogenous regions inside 

each solder balls area

Feature extraction and classification of each 

segmented region into void or non-void region

Void percentage (ration of void area to ball area) 

computation inside each individual ball

Individual segmented ball

*Pre SMT solder ball examples are shown in this presentation.  

The method is also applicable to solder joints post SMT.

2D X-ray image



Feature Extraction and 

Classification

1. Filter for regions with void-like characteristics using threshold and 

large compactness factor

2. Adaptive dilation to obtain a regulated shape followed by a smaller 

compactness factor filter

3. Remove via interference by using filters for feature parameters 

based on area and principal axis ratio

Filters are customized to filter for a circular void shape



Automated Void Detection 

Method

Un-occluded solder ball* 

segmentation

Localization and 

extraction of occluded 

solder balls

Segmentation of non-homogenous regions inside 

each solder balls area

Feature extraction and classification of each 

segmented region into void or non-void region

Void percentage (ration of void area to ball area) 

computation inside each individual ball

Individual segmented ball

*Pre SMT solder ball examples are shown in this presentation.  

The method is also applicable to solder joints post SMT.

2D X-ray image



Void Percentage Calculation

• Void percentage is calculated directly using the ratio of the total 

voided pixel area to the ball pixel area

• Individual void data is also available

Original Image Processed Output Image

Void Percentages are calculated and put in a spread sheet 

for easy access



Limitations Caused By 2D X-ray

• The voids at the ball package interface typically appear brighter 
than those at the ball tip 

• Tip and interface voids can overlap, causing some percentage 
of the void area to be obscured

• The algorithm converts the percentages based on the package 
interface area and finds a lower percentage of cumulative 
voiding

Solder Ball Image 3 D Ball Tip Image 3D Package Interface Algorithm Results

Overlapping or overshadowing voids are a limitation for 

2D X-ray image use



Limitations Caused By Via 

Interference

• Reflections can occur inside the via as well as outside of the via

• Reflections are generally the same intensity as the voids

• Via boundaries can also obscure portions of a void

2D X-ray image 3D Ball Tip Image 3D Ball Interface 

Image

Algorithm Output 

applied to 2D X-

ray image

Vias are a limitation that need special treatment 



Algorithm Vs. Operator Comparison

• Operator results for the same set of images after training still shows highly 
variable results

• Algorithm performance limits variability and provides consistency over the same 
images every time

The Algorithm is More Consistent



Algorithm Vs. 3D X-ray

Row Number
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• R2 = 0.9697

• Slope = 0.99

• No significant bias

• R2 = 0.9120

• Slope = 0.97

• No significant bias

Product A Product B

• Accurate results can be obtained consistently

• Overlapping is not normally a major factor

• Via reflection and small false voids are still being worked

Algorithm Performance Validated



Summary

• The algorithm provides reliable, accurate void 
detection automatically from a 2D X-ray image.

• The algorithm provides consistent, less variable 
results when compared to an operator.

• The algorithm operates automatically without any 
operator intervention.

• The statistics show that the algorithm performs 
comparably with 3D X-ray within limitations.

• The algorithm is easy to implement and can save 
cost and time.
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