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ABSTRACT 

Digital image processing is increasingly influential in the inspection of industrial products. For microelectronic 

industry, the pattern examination required for photolithographic masks can be facilitated by the image segmentation. This 

work demonstrates that arrays of rectangular chromium films on photolithographic masks are effectively detected by the 

gradient-based edge detection. The RGB micrographs are successively converted to grayscale and binary images. The 

closing morphology algorithm is then applied to reduce noise in the images before the application of the Canny edge 

detector. After subsequent steps of fill area and remove small objects, the area of each rectangle can then be computed. 

This image processing procedure gives rise to less than 0.8% difference from the one-by-one inspection and the ratios of 

rectangular areas confirmed the high accuracy. The standard deviations in number of pixels averaged from 10-17 

rectangles in three images are 0.81-1.89% indicating the precision of photolithography and image processing. The 

brightness used in this optical microscopy has no apparent effect but the precision and accuracy are significantly reduced in 

the image with low magnification and different illumination. 
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1. INTRODUCTION 

Digital image processing is increasingly used 

with images for a variety of purposes including medical 

diagnosis, geographical analysis, engineering inspection 

and material characterization. Image segmentation is the 

most important process to separate interesting objects from 

the background. The segmentation process consists of the 

grouping of the object pixels and the edge pixels [1]. In 

the gradient-based edge detection, the intensity in the 

image is measured and the contours with large intensity 

gradients are identified as the edge of objects. Edge 

detection is used to detect the boundaries between objects 

and background. Pixels representing the object can then be 

analyzed once their boundaries are located. 

In the satellite image, various geographical 

features such as craters can be detected by using the 

circular Hough transform edge detection [2]. With the 

magnetic resonance imaging (MRI), the segmentation 

process is carried out to extract the features for the tumor 

classification [3] and to quantify of cartilage thickness for 

knee osteoarthritis [4]. In the diabetic retinopathy, the 

FCM algorithm is used to detect the secretion of retinal 

images [5]. In addition to radiological and 

histopathological images, fluorescence microscope images 

are often analyzed in clinical applications [6]. Acid-fast 

bacilli in bacilloscopies can be detected and counted to 

diagnose pulmonary tuberculosis (TB) [7]. In the 

ultrasonography examination, the age of the fetus and 

uterine diameter from low-resolution image were 

measured by employing the image morphology and edge 

detection in the segmentation process [8]. 

In the machine vision system, the dark spots, 

molds or peeling skin of mangoes were identified by using 

the edge detection [9]. A Canny edge detector was also 

used to extract the edges of the recyclable materials for 

waste classification by a machine vision system [10]. In 

rice grading, the rice internal cracks were examined with 

different methods of the edge detection to differentiate and 

the degree level of rice were analyzed [11]. In marker-

based augmented reality, edge detections such as Roberts 

cross operator, Sobel operators and Prewitt operators were 

used for reading and detecting the edge in the marker [12]. 

Image processing is effectively implemented on 

optical microscope images for material characterizations. 

Examples are crack inspections on concrete by using the 

pixel intensity distribution [13] and metallurgical process 

monitoring by using the adaptive median filter with local 

contrast enhancement [14]. For electron microscope 

images, a large number of nano- and microscopic objects 

can rapidly be assessed by electron microscope image 

processing with superior accuracy to one-by-one human 

inspections [1], [15-17]. It is suggested that a similar 

procedure can be used for both scanning electron 

microscope (SEM) and transmission electron microscope 

(TEM) images [18]. 

Microelectronic devices are fabricated by the 

process of masked irradiation. A photoresist layer is 

coated on a silicon wafer, then partially covered by the 

mask and finally irradiated by ultraviolet light to transfer 

pattern in photolithography. Repeated features have 

usually been implemented as array of sensing, magnetic 

and photonic elements. Since any deviations in shape and 

position from regular patterns inevitably affect physical 

properties of the devices, inspections of lithographic mask 

and pattern are mandatory. Image processing effectively 

examined defects in structures patterned by laser beam 

[19], electron beam [20] and nanoimprint lithography [21]. 

In this work, optical micrographs of 

photolithographic masks are analyzed by imaging 

processing to increase accuracy and decrease time of the 

inspections. Adapted from the procedure used with SEM 

and TEM images [16, 17], features in microscope images 
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were extracted from the background by the gradient-based 

edge detection. The Canny operator is selected based on 

the comparison with Laplacian of Gaussian, Roberts 

Cross, Prewitt and Sobel edge detectors and previously 

implemented in pattern inspection of X-ray lithographic 

pores in SEM [16] and self-assembled nanoparticles in 

TEM [17] images. 

 

2. MATERIALS AND METHODS 

Three chromium-coated glass plates were 

patterned by the photolithography. Each lithographic mask 

comprised arrays of 10030 m
2
 chromium films 

alternated with smaller (1030 m
2
) ones. The width of 

the gap between large and small rectangles is varied as 2, 

16 and 32 m. six microscopic images were taken by an 

optical microscopy (Nikon Eclipse ME660L) and used as 

test images. Figure-1a was taken from the first mask (2 

m gaps) by adjusting the illumination to enhance 

visibility of smaller rectangles. Figure-1b to Figure-1d is 

from the same mask with 16 m gaps between the 

rectangles. For the third mask (32 m gaps), the brightness 

was varied in photographing Figure-1e and Figure-1f. All 

images were in .jpg format with the resolution of 

1280960 pixels. 

 

 
(a) 

 
(b0 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

 

Figure-1. Six test images of three photolithographic masks obtained by optical microscopy. 
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Figure-2. Flowchart with MATLAB script for gradient-based edge detection. 

 

The microscope image processing procedure 

operated on MATLAB 7.11 (R2010b) is summarized in 

Figure-2. The initial step was to convert the RGB inputs 

into grayscale images. Each grayscale image was then 

transformed to a binary image by using the Otsu’s 

thresholding. The threshold value was derived from the 

intensity difference between the chromium and the glass 

areas. Each individual rectangle was then detected by 

using the Canny edge detector in the Image Processing 

Toolbox of MATLAB. The detected outputs from the edge 

detector were then filled because the intensity of pixels 

surrounding them was non-uniform. The pixel was added 

from one side to the other until the area was enclosed by 

pixels of comparable intensity. Subsequently, the small 

unfilled objects of less than 150 pixels were removed. 

Incomplete rectangles on the top and bottom of the images 

are omitted. Finally, the number of detections and the 

detected area of each chromium rectangle were 

determined.  

Start 

Step1: Read RGB Image 

I = imread(filename);  

 

Step2: Convert RGB image to grayscale image 

I = rgb2gray(I); 

Step3: Convert grayscale image to binary image by using Otsu’s method 

I = im2bw(l,graythresh(I)); 

 

Step4: Canny edge detection 

BW1 = edge(I,‘canny’); 
 

Step5: Fill area 

BW_filled = imfill(BW1,‘holes’); 

Step6: Remove small objects less than 150 pixels 

rebw = bwareaopen(BW_filled,150); 

 

Step7: Count area and centroid  

regions = regionprops(rebw,‘Area’); 
centroids = regionprops(rebw,‘Centroid’); 

 

Step8: Display area and centroid of all objects then show result 

plot(centroids(:,1), centroids(:,2), ‘b*’); 
text(centroids(:,1), centroids(:,2), num2str(b(:)),… 

‘VerticalAlignment’, ‘bottom’, ‘HorizontalAlignment’,… ‘center’, ‘FontSize’, 8); 
 

End 
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                                                                                           (a)                                                  (b) 
 

Figure-3. Outputs from each stage in microscope image processing of 

(a) Figure-1b and (b) Figure-1e. 

 

3. RESULTS AND DISCUSSIONS 
The outputs from image processing of Figures-1b 

and Figures-1e are successively shown in Figure-3. The 

conversion from grayscale to binary image provides a high 

contrast between black objects and the white background 

according to the global thresholding value obtained by the 

Otsu’s method. The output from the Canny edge detection 

shows the edges as white pixels and the rest in black. All 

rectangular chromium films in every micrograph are 

detected with some discontinuity. The areas become white 

area after filling process and noises are eliminated in the 

small object removal. The center is identified and the area 

is computed for each rectangular chromium film in final 

results. 

 

Table-1. Areas of rectangular chromium films averaged from microscope image processing. 
 

Image 

Small rectangles (1030 m
2
) Large rectangles (10030 m

2
) The ratio of large 

to small 

rectangles Number 
Average Area 

(Pixels) 
Number 

Average Area 

(Pixels) 

1a 

--- 

15 

--- 

215±18 

--- 

15 

--- 

2599±64 

--- 

12.08 

--- 

1b 15 1691±32 10 16977±150 10.04 

1c 17 1693±23 12 17010±215 10.05 

1d 

--- 

15 

--- 

1691±15 

--- 

10 

--- 

16935±138 

--- 

10.01 

--- 

1e 24 1664±32 18 16984±194 10.21 

1f 15 1676±44 10 16983±95 10.13 

 

The pixels of detected islands were averaged and 

shown with standard deviations in Table-1. Firstly, Figure-

1b to Figure-1d from the same mask under the same 

illumination is compared. The average areas of small 

rectangles in three images are nearly equal ranging 

between 1691-1693 pixels. To assess the accuracy of the 



                                  VOL. 16, NO. 2, JANUARY 2021                                                                                                             ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2021 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                155 

method, these values are compared to the one-by-one 

inspection. The number from the manual pixel counting is 

1680. The areas of larger rectangles are also accurately 

determined by the image processing with only 0.1-0.3% 

difference from the one-by-one inspection. Moreover, the 

ratios of large to small rectangles are remarkably close to 

10. For each image, the standard deviations in the range of 

0.81-1.89% indicate the precision of photolithography and 

microscope image processing.     

In the case of Figure-1e and Figure-1f, the 

precision is not much varied by the difference in 

brightness. Image processing results in shown Table-1 are 

close to the one-by-one inspections of both large (16992 

pixels) and small (1656 pixels) rectangles. The ratios of 

large to small rectangles, slightly higher than those 

obtained from Figure-1b to Figure-1d, from both methods 

are in very good agreement. Interestingly, the largest ratio 

over 12 obtained from image processing of Figure-1a 

significantly differs from the expected value (10) and the 

one-by-one inspection (11.5). A substantial decrease in 

accuracy is likely due to the lowest magnification which 

also results in the large standard deviations in both large 

(2.46%) and small (8.37%) areas in this image. The low 

magnification was used to cover a comparable number of 

rectangles separated by very large gaps. Small rectangles 

are not clearly separated from the background and the 

efficiency of edge detector is predictably reduced. In the 

case of micrographs with low contrast, the preprocessing 

is required prior to the intensity-based image 

segmentation. To enhance the contrast during the 

inspection by the optical microscope, a different 

illumination Figure-1a is used but become another source 

of the reduction in precision and accuracy. Highly 

magnified images, albeit with smaller number of objects, 

are preferred in the characterization by the gradient-based 

edge detection.      

 

4. CONCLUSIONS 

Optical micrographs of photolithographic masks 

were efficiently analyzed using image processing process. 

With the incorporation of Canny edge detector in 

MATLAB, images of rectangular partially etched 

chromium films on glass plates are captured and the area 

can be computed to assess the pattern deviations. The 

thresholding, edge detection, hole filling and area opening 

steps are also needed to reduce noise and construct the 

shape of all objects in the image. The photolithography 

and image processing in this work were highly 

reproducible. The precision and accuracy were 

significantly reduced in the case of image with low 

magnification and different illumination. 
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