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Executive summary

In the manufacture of integrated circuits, there is a need for automatic inspection systems for quality assurance.  In this project, an integrated circuit is segmented into four regions or classes: background, wirebond, inductor, and bonding pad.  To detect these four classes, three feature images were employed: Gabor filter, Daubechies wavelet, and Kurtosis.  The Gabor and Daubechies features included a 3x3 standard deviation after filtering.  In these features, the Gabor feature center frequency of (u,v) = (40,55) cycles/image is tuned to the spatial frequency of the windings of a spiral inductor, and the bandwidth is tuned to allow strong response at corners of the inductor. In the Daudechies wavelet feature, one sub-band is chosen.  The standard deviation is useful in finding the smooth features of wirebonds and bonding pads.  The features are segmented using a neares-neighbor classifier.  N-ary morphological post-processing is used to remove small voids. Fig. 1(a) shows a typical integrated circuit containing all four classes. Fig. 1(b) shows a segmented image with inductor (black), bonding pads (dark gray), background (light gray), and wirebonds (white).
[image: image1.jpg]LR T LT TT 1

(HR IR E





[image: image2.jpg]



Features
A block diagram of the segmentation system is provided in Fig. 2.  In this, the input image f(x,y) is processed to form three feature images, g1(x,y), g2(x,y), g3(x,y).
The first feature is generated by Gabor filtering, followed by a 3x3 standard deviation.  In this, the Gabor filter center frequenct and standard deviation are ….

The second feature is generated by Daubechies-8 wavelet transfom, followed by a 3x3 standard deviation.  In this, the particular wavelet subband is the ….

Classifier Design
 The classifier is a nearest-neighbor classifier using 10 samples from each class….

Post-processing
The post-processing…
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Image Classes

The segmentation system of Fig. 2 decomposes the image into the four classes shown in Fig. 3.   The four classes from left to right in Fig. 3 are: (a) inductor, (b) bonding pads, (c) wirebond, and (d) background.  The background class includes any and all other integrated circuit structures.
Data Source

The data will be obtained from photographs of integrated circuits on the www.xmosis.org website…..
Segmentation Problem

In this project, the objective is to design a system to automatically segment an integrated circuit into four classes: background, wirebond, inductor, and bonding pad….. 
		     (a)						        (b)


Fig. 1.  (a) Image of integrated circuit. (b) Final segmentation showing 4 classes, inductor (black), bonding pads (dark gray), background (light gray), and wirebonds (white).
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Fig. 3.  Image classes:  (a) inductor, (b) bonding pads, (c) wirebond, and (d) background….
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Fig. 2.  System Block diagram. Input image f(x,y) is processed into 3 feature images: standard deviation of Gabor filtered image, standard deviation of a Daubechies-8 wavelet subband, and 3x3 Kurtosis.  The features are classified by a nearest-neigbor classifier into 4 classes:  .  Finally, an N-ary morphological close and open are applied, generating the final output segmented image s(x,y).
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