
Super-Resolution Optical Microscopy for
Investigations of Defects in Semiconductor Device
Nagendra Prasad Yadav  (  nagendra1nagendra@gmail.com )

Hubei Polytechnic University https://orcid.org/0000-0001-8932-4607
Guozhen Hu 

Hubei Polytechnic University Huangshi China
Zhengpeng Yao 

Hubei Polytechnic University Huangshi China

Research Article

Keywords: Polarization, Light scattering, Optical Diffraction Limit, Semiconductor, Nanoscale Microscopy

Posted Date: June 28th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-565309/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-565309/v1
mailto:nagendra1nagendra@gmail.com
https://orcid.org/0000-0001-8932-4607
https://doi.org/10.21203/rs.3.rs-565309/v1
https://creativecommons.org/licenses/by/4.0/


 1 

Super-Resolution Optical Microscopy for Investigations of Defects in 1 

Semiconductor Device 2 

Nagendra P. Yadav
1
, Guozhen Hu

1
 and  Zhengpeng Yao

1
  3 

1
School of Electrical and Electronics Information Engineering, Hubei Polytechnic University, NO.16 4 

North Guilin Road, Huangshi, Hubei, China
  5 

Email: *Corresponding authors npycn@ieee.org huguozhen@hbpu.edu.cn 6 
 7 

Abstract: 8 

 9 
Ripples scattering of sidewall in pattern devices is efficient and necessary for monitoring the 10 

semiconductor fabrication process. As a step towards improving the imaging quality in terms of 11 

scattering, an attempt has been made to use our recently reported method called Parametric Indirect 12 

Microscopic Imaging (PIMI) for the thin layer of pattern devices. The present study demonstrates that 13 

the resolving power of PIMI imaging for the sidewall of the pattern devices is better than that of the 14 

conventional microscopy techniques. The better resolving power of the present PIMI technique for 15 

imaging the sidewalls paves the (new) way for its industrial application for the inspection of the 16 

integrated semiconductor circuits. For the demonstration, PIMI images have been compared with 17 

AFM, which are very close agreement. 18 

 19 

Keywords: Polarization; Light scattering; Optical Diffraction Limit; Semiconductor; Nanoscale 20 
Microscopy. 21 
 22 

Introductions: 23 

 24 
Gallium nitride (GaN) based semiconductor pattern devices have garnered much attention in recent 25 

years due to their attractive optical and electrical properties [1]. Low-cost and high-resolving power 26 

optical microscope is needed in wide-field scattered imaging for industrial applications [2]. We have 27 

proposed and developed a new type of microscope based on a polarization technique, which is termed 28 

‘parametric indirect microscope imaging (PIMI) [3]. The sidewall of the pattern devices, coated with 29 

metal plays an important role in the modern semiconductor industry [4]. Due to the time 30 

imperativeness and the high demand of measurement efficiency the choice for inspection tool can 31 

only be optical microscopy with super resolution than the simple Atomic Force Microscopy (AFM) 32 

[5], which cannot be useful to carry out the inspection in the production line. The optical microscope 33 

is very easy to handle and not more expensive as compared to SEM and AFM, because both 34 

microscopes are taking more time for scanning and the imaging area is very small. Due to the optical 35 

diffraction limit, resolution that can achieve with a conventional optical microscope is intrinsically 36 

limited to approximately 200 nm in visible light. Realizing higher resolution in scattering fields 37 

especially in semiconductor and metal pattern devices, by developing new type optical microscopes 38 

has been an active area of research [6-8]. As steps towards breaking the diffraction limit, researchers 39 

have been demonstrated the optical imaging based on the structural and scattering information of the 40 
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sidewall layers using optical microscope [9-10]. Recently, a technique for imaging scatterometry and 41 

two designs of scatterometers capable of measuring with nanometric accuracy over field of views up 42 

to cm
2
 has been developed [11]. It has been reported that the dark field illumination can be a better 43 

option for scattering information of the sidewall [12]. Recently, we have demonstrated the use of 44 

PIMI system for the light scattering measurement of Cu2O particle [13]. Yet another work proved the 45 

use of it for sensing the scattering signals from a sub micrometer particle [14]. Further, some of the 46 

researchers have reported the fabrication of GaN-based device structure on a nanoscale patterned 47 

silicon substrate [15]. To the best of our knowledge, this is the first time we reports the PIMI method 48 

for the characterization and resolving of the sidewall ripples in the patterned semiconductor devices. 49 

The study reports that, (PIMI) technique for the scattering of pattern based rough surfaces, pointing 50 

the ripples characteristics sidewall of the pattern devices and the same has been compared with 51 

conventional methods as well as AFM. The present method offers a new direction to get the exact 52 

information of sidewall and edges.  53 

 54 

2. Methods and Experimental Setup: 55 

 56 
Based on the reported theory [3] we proposed a developed polarization (PIMI) system for measure the 57 

scattering of sidewall as shown in Fig.1 (b). It consists of an Olympus reflection microscopic system 58 

BX51M, which provides the basic optical patch. We insert it into a polarization-modulation 59 

mechanics with an angle precision of 0.05°. The CCD in the system was manufactured by Basler 60 

(piA2400-17gm) with the pixel resolution of 3.45 micron and output dynamic range of 12 bits. The 61 

3.45-micron-pixel CCD resolution results in an outmost potential resolving power of 34.5nm if the 62 

diffraction limit is broken and the Nyquist principle is fulfilled in the microscopic system, working 63 

with a 100  objective. We used a sample of semiconductor pattern devices, look like finger patterned 64 

shown in fig.1 (a).  65 

 66 
 67 
Fig.1(a) Sample cross pattern and (b) Scheme of the polarization PIMI for the measurement of the Stokes parameters (ϕ).  68 
 69 
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 Sample Preparation and Description:  70 
The sample has been made like multilayer with adopting a simple etching method. The samples have 71 

been fabricated by using the method of Buffered Oxide Etch (BOE). The process of fabrication can be 72 

described by following six steps: 73 

 74 
Fig.2: (a) Side view and (b) Top view geometry of the finger type pattern device of the sample. 75 
 76 
(1) Deposition on a GaN wafer and then (2) Photoresist coating; (3) Light exposure; (4) Development 77 

of the photoresist,0.4 micrometer SiO2 and 0.1 micrometer SiNx etching (5) Dire and removing 78 

SiNx/SiO2/Au(Mask); (6) Hydrogen annealing [11]. Basically, we have used different methods for 79 

cleaning the sample. The sample has been cleaned by using the solution of (H2SO4+H2O2) and water. 80 

The sample has to be air dry for half an hour before the experiment. One can see from Fig.2 (b), the 81 

pattern looks like five fingers. The dark area is Au and the blue area is SiO2. The width of one finger 82 

and the gap between two fingers are between 80~100 micrometers. Thickness of each fingers are 83 

same as 0.4 micrometer SiO2 + 0.1 micrometer SiNx. The detailed parameters have been described in 84 

Fig.2 (a). 85 

 86 

3.Results and Discussion: 87 

We have examined by using semiconductor sample for the information of optical characteristics of 88 

sidewall, which has been shown in Fig.3.The detailes of the sample can be seen in the Fig. 2. Figs.3(a-89 

d), shows the results of the scattering and structural information on sidewall of the pattern devices. 90 

Fig 3 (b, c) gives the comparison between the conventional and PIMI dark field images recorded with 91 

the same optics. From the figure it is clear that the PIMI parameter ϕ resolves the structural and edge 92 

information of the sidewall in a better way than the conventional microscopic image I00. The sidewall 93 

information in I00 image which is approximately lost, has been visualized quite clearly in ϕ image. A 94 

comparison between the I00 and ϕ image has been shown by plotting the data in a linear graph as can 95 

be visualized in Fig. 3(d). This data has been extracted along the line shown in Fig. 3(b, c). As 96 
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expected, the shape of the intensity profile in conventional microscopy exhibit no peak, whereas 97 

within that area under the peak of the I00, there can be several peaks appeared in case of the ϕ 98 

parameter image of the PIMI. Here, one can see the edge resolution of the sidewall, has been 99 

mentioned through different circle in section (d) of Fig.3. At this point the optical anisotropy is very 100 

strong due to change of polarization status because of fresnel reflection. For the demonstration of 101 

above PIMI results, we have compared with the AFM results, which can be seen in fig.4. Form fig. 4, 102 

one can see the difference between AFM and PIMI images. As proposed, the shape of the intensity 103 

profile in AFM exhibit no peak fig.4 (d), whereas, there can be two peaks appeared in the case of the 104 

ϕ parameter image of the PIMI by extracting the data with the help of an insertion of line on both the 105 

images (Figs. 4 c, e). It can be seen a huge difference in the images of the AFM and the PIMI system 106 

regarding resolving features of the SUT. The full width at half-maximum (FWHM) in the intensity 107 

line profile plot of PIMI is about 50 nm. The structural information of sidewall from the same position 108 

has been extracted from images provided by AFM and PIMI shown in Figs.4 (a)-(b). The edge of 109 

sidewall features has been shown in PIMI image, PIMI resolves the inner sidewall features of SUT, 110 

which are not clear in the AFM, can be compared with a line graph drawn in fig.4 (d).There are many 111 

physical features can be seen in PIMI image indicated by different places which are very close to 112 

AFM image, shown in fig.4 (a-b).These results proved a remarkable resolving power of the PIMI 113 

system. 114 

 115 

 116 

Fig.3(a).Cross-Sectional geometry of semiconductor integrated pattern (sample), (b) information of scattering 117 
and nanocharacteristics on side-walls by using cross a line in image taken by conventional (I00) at 118 
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50 magnification and (c) same information collected by image taken by PIMI parameter ϕ at 50  119 
magnification, (d) variation between number of pixel and normalized intensity with help of data collected by 120 
conventional and PIMI image. The colour scale for orientation is shown on the right-hand side of each image. 121 
 122 

 123 

4.Conclusion: 124 

In summary, the present method demonstrates a new optical approach to measure sub-wavelength 125 

features of sidewall (Scattering of Semiconductor Pattern Surface) with PIMI, which have wide-range 126 

of applications in nanotechnology. The study uses dark field images of the integrated semiconductor 127 

samples. Due to illumination angle, the nanolayers in sidewall of the pattern devices have been 128 

recognized by our system, which was not possible by conventional imaging system. The superior 129 

nature of the PIMI technique in resolving the edge information and scattering of the sidewall with 130 

sub-wavelength information which lacked by the conventional microscopy, compared with AFM 131 

result has been illustrated in the present work. The proposed optical system finds its application in 132 

semiconductor  based electronics devices and other semiconductor manufacturing metrology devices 133 

by paving way to the new generation fabrication with high resolution imaging. 134 

 135 

 136 
Fig.4. PIMI images of sample were taken by the 100  objective bright fields of the N.A (0.90) (b) compared 137 
with AFM image (a) and its intensity profile plotting by drawing a line in the same position of both the images 138 
(d), small part extracted from AFM and PIMI in analyzing the resolving power comparison (c, e). 139 
 140 
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