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Abstract 

Many reconstruction software are commercially available in the Market, such as TeraRecon®, and 

the reconstruction module in VG Studio® Max 2.1. These software simply reconstruct the circular  

field of view (FOV) defined by the detector size, scanning magnification and rotation axis location, 

but without considering the particular shape and orientation of the object under investigation. This 

in many cases leads to an insufficient reconstruction and a subsequent visualization process in 

inspecting and analyzing planar objects such as multilayered chips.  To overcome these issues, 

SIMTech has developed a unique software, named as PowerRecon®, which can perform both general 

reconstruction and differential reconstruction for planar objects. This software makes use of the 

scanning property of the planar object to automatically determine the object orientation and its 

thickness and location at the start of the scan, and then use these orientation and size information 

to define a slightly larger-than-object reconstruction volume following the object’s determined 

orientation. This finally leads to a concise and well-orientated reconstruction of the planar object. 

The subsequent visualization and measurement also become easier and more credible compared to 

traditional reconstruction manner.  

In this presentation, we will discuss the following main features of the software with actual 

applications. 

� Differential reconstruction for planar objects  

� Layerwise display 

� Layerwise dimensional measurements 

 

 

 

Introduction 
Since the advent of computed tomography, reconstruction algorithms are developed to reconstruct 

the rotating  field-of-view  of a scan. For fan-beam reconstruction, a circular field-of-view is used for 

the reconstruction, which is  formed by a row of detection pixels while rotating the sample (Figure 

1a). The output of the reconstruction is a square matrix which encloses this field-of-view. As for 

cone-beam reconstruction, it reconstructs a cylindrical field-of-view that is virtually formed by an 

area-detector while rotating the sample (Figure 1b). Its output, correspondingly, is a cubic volume.  

In either case, the reconstruction process essentially has nothing to do with the sample itself.  

Traditional reconstruction approach becomes inefficient when reconstructing and visualizing a 

planar object such as a multilayered IC chip. Firstly, for planar object, it occupies a small portion of 

the field-of the view. Reconstructing the whole field-of-view simply means the majority of 

computation time is wasted on reconstructing the meaningless air region.  Secondly, because 

traditional reconstruction doesn’t consider the actual orientation of the object in a scan, in most 

cases, the reconstructed object has a tilted orientation with respect to the dimensions of the 

reconstruction volume, which leads to the subsequent layer-wise visualization time-consuming and 

tedious. 
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Figure 1 Illustration of traditional reconstruction method:  (a) Fan-beam configuration, 

(b) Cone-beam configuration. 

 

 

To solve this problem. SIMTech has developed an algorithm to determine those key geometric 

parameters of the object for the first projection of the scan with the central-beam sinogram of the 

scan, such as the scan-start-angle, axial-tilt-angle, sample thickness, and sample centre location. 

These parameters are then used to define the reconstruction volume which would just enclose the 

object and follow its orientation as well
[1-4]

. Figure 2 illustrates the difference in reconstruction 

results of traditional results and SIMTech’s results. 

 

 
Figure 2 Illustration of the difference of reconstruction results between (a) traditional method 

and (b) SIMTech method.  
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To make this algorithm accessible to general users, we have developed a software package which 

targets at industrial applications (Figure 3). This software include six basic modules: 

� Load/save  images 

� Parameters setting/display 

� Reconstruction (both traditional and differential) 

� Images/CT views display 

� Image Adjustment 

� Measurement 

 

In this paper, we will describe three unique features that is associated with SIMTech’s differential 

reconstruction algorithm, i.e., Reconstruction, Image/CT view display, and Measurement. 

 

 

Figure 3  The interface of the software package with main function modules. 

 

 

 

Reconstruction  

The software provide three reconstruction modes: General (traditional) reconstruction, Differential  

reconstruction for planar object and ROI differential  reconstruction. 

General (traditional) reconstruction 

This mode gives a cone-beam CT reconstruction result that is same to that obtained with a 

commercial software (512^3 or 1024^3 are available). Figure 4 shows the three orthogonal views and 

3D view of the reconstruction. Because the sample is not exactly mounted parallel to the rotation axis 

and the scan is not started with the sample being parallel to the detector, one can note that the object 

is not aligned with the dimensions of the reconstruction volume and all the orthogonal views are 

obliquely sectioned.  
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Figure 4    Inefficiency of traditional reconstruction for planar objects. (a)Top view; (b) Right 

view; (c) Front view; (d)3D view (VG Studio Max 2.1). 

 

Differential reconstruction for planar object (for general planar objects) 

If Planar reconstruction mode is selected. One can immediately start the reconstruction process 

without considering any parameter settings. The algorithm will automatically determine some key 

geometrical parameters such as rotation-of-centre, scan-start-angle, axial-tilt-angle, object thickness 

and object centre. These parameters are required for defining the reconstruction volume that would 

just enclose, and align with, the planar object.  With current version, two reconstruction volume 

(X×Y×Z) are provided, i.e., 512×Y×512 and 1024×Y×1024, where Y is determined according the 

thickness of the planar object. By default, in both cases, the reconstruction resolutions (or voxel size) 

in X and Y are equal (i.e., Rx=Ry), but generally not equal to Rz. However, one can choose Ry=αRx 

(α<1) to enhance the resolution in the thickness direction of the object (this is how differential 

reconstruction comes). This is particularly useful when scanning thin multilayered object such as 

stacked IC, because for these applications, the details on layers or layer-to-layer interfaces are 

generally more important than lateral dimensions in users’ analysis of process-related defects.  

The CT reconstruction of the same data that gives the results in Figure 4 now is shown as Figure 5, 

with the reconstruction volume being 512x54x512 with reconstruction resolution Rx=Ry. One can 

immediately notice that without sacrificing reconstruction resolution, now the volume size is 1/10
th

 

of that with traditional method. In addition, the object now is well orientated within the 

reconstruction volume, which in turn makes layer-wise visualization simple and easy. 

 

(a) (b) 

(c) (d) 
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Figure 5 CT images of the same data for Figure 4. (a) Top view; (b) Right view; (c)Front view; 

(d) 3D view (VG Studio Max 2.1). 

 

 

ROI differential reconstruction for planar object 

There are cases that one has to scan an object with an oblique orientation. For example, we may 

want to see the thin metal layer and the adhesive layer below it which  enclosed in the dotted green 

box. However, due to the dominant absorption of the metal screws below them, a normal 

positioned scan won’t give us a good-quality reconstruction of the whole layers. Instead, one has to 

obliquely mount the object in order to avoid the affection of the screws (Figure 6).  

In this complicated case, before starting reconstruction one needs to define a planar region of the 

ROI (indicated by the two gray lines) for a proper determination of the tilting angle of the object to 

the rotation-axis (i.e., the axial-tilt-angle).  Then one also needs to set the top and bottom limitations 

so that the green-box region can be defined together with the axial-tilt-angle determined.  

 

 
Figure 6 Scan an ink cartridge with an oblique mounting 

 

Top limit 

Bottom limit 

(a) (b) 

(d) (c) 
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Figure 7 shows the reconstruction results. As expected, the three orthogonal views are well aligned 

with the dimensions of the object, and the metal layer can be directly displayed as one of them (the 

image in the central image box). 

 

 
Figure 7 Reconstruction results of the ink cartridge 

 

 

2D/CT Image Display 

Once the reconstruction is done, the three orthogonal views of the CT results (frontal view, top view, 

and axial view) are shown in the left-side three small windows. This is generally the same to most 

commercially available visualization software. However, here what would adds value is the display 

of the original 2D projections. This in many cases not only serves as reference purpose, but also 

provides supplementary information to the CT results.  For each image box, one can click the  ‘+’ and 

‘-‘ buttons to change the images. In addition, any of the four kinds of images can be displayed in the 

central large box for more details by clicking the corresponding  radio button on the top-right corner 

of the large box.  

 
     Figure 8 Display CT views and original 2D projections 

 

It is worthy to highlight one unique feature that is associated with the new reconstruction method, i.e., 

the ability to display any of the interesting layers in an multilayered object.  As indicated in Figure 8, 

Axial View 

Top View 

Frontal  View 2D Image 
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if one click the ‘P’ button under the axial-view box, and then click in the axial view a point that is 

located at the layer of interest, then this layer will be displayed in the central large box.  With this 

function, one can easily and quickly evaluate all the individual layers and their interfaces for possible 

defects. As example, Figure 9 shows the six layers of a multilayered IC obtained by clicking 

respectively six points in the axial view. 

In addition, the software also provides some general image adjustment functions such as pseudo 

colors, brightness/contrast adjustment, zoom, annotation, and so on. These functions are similar to 

that of any commercial software and therefore will not be discussed in detail here.  

   

   

 

Figure 9 The six layers of a 

stacked IC chip, indicated in 

the axial view. 

 

 

 

Measurements 

Another attractive benefit of the unique reconstruction for planar objects is the convenient dimensional 

measurements. With many commercially available visualization software, dimensional measurement is 

generally time-consuming and lacks of credibility due to the fact of  the misalignment of the object orientation 

to the reconstruction volume dimension, as self-explained in Figure 4.   In contrast, SIMTech reconstruction 

method give a well-alignment of the object orientation to the reconstruction volume (as shown in Figure 5), 

which greatly reduces the measurement errors caused by a obliquely-oriented reconstruction. 

Figure 10 demonstrates the measurements of length, angle and ellipse. The measurement results are also 

directly shown beside the corresponding measurement icon. 
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Figure 10 Dimensional measurement of features. 

 

 

Conclusion 

We described the main unique functions of our CT software, including the reconstruction for (ROI) planar 

objects, layer-wise display, and measurements. The bedrock of these uniqueness comes from the  novel 

reconstruction algorithm that gives a well-orientated reconstruction regardless of the actual mounting status 

of the sample.  This software has been tested in our daily CT scan operations and so far found working well.   

Our future workplan is to add more functions to meet the various requirements of industries.  
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