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Introduction
Subsurface harm of 4H-silicon carbide (SiC) wafers, which is inconvenient 

to the presentation and lifetime of SiC-based photoelectric gadgets, is handily 
incited during surface machining process because of their specific mechanical 
and actual properties. A non-destructive and powerful portrayal method is 
fundamental for great items in the wafer fabricating process. A technique in 
light of the Mueller Matrix Spectroscopic Ellipsometry (MMSE) is proposed 
to recognize the nanoscale subsurface harm of 4H-SiC wafers initiated by 
crushing and cleaning. The Mueller grid components which are touchy to the 
harm data have been distinguished through both reproduction and analysis. 
The harm layer and its harshness are considered in optical displaying at 
various handling stages. The outcomes show that both the surface and the 
harm layer add to the Mueller framework values. The fitting thickness of the 
harm layer is reliable with the worth from transmission electron magnifying lens 
(TEM); the refractive list of the harm layer matches the surface components 
examination result from X-beam photoelectron spectroscopy (XPS). The 
outcomes propose that the MMSE-based technique could offer a promising 
nondestructive strategy to identify worldwide wafer subsurface harm and 
its advancement during crushing and cleaning, which ultimately could help 
process enhancement in the entire wafer producing process.

4H-silicon carbide (SiC) is considered as one of the most encouraging 
third-age semiconductor materials with applications in many state of the art 
fields, like semiconductor hardware, optics, and graphene development. The 
cutting edge SiC gadget structures are as of now become on the 4H-SiC 
off-pivot cut wafers, which can stop the engendering of stringing abandons 
in epilayers. Contrasting with C-face, Si-face is more valuable for epitaxial 
film development. Conductive SiC (n-type doped) substrates are utilized for 
homoepitaxial gadget constructions like Schottky diodes and MOSFETS. 
The reason of those applications is the accessibility of reasonable, superior 
grade, enormous breadth SiC substrates. Be that as it may, SiC is a regular 
challenging to-machine material because of its high hardness and solid 
compound idleness. The subsurface harm (SSD) is effectively caused during 
substrate handling, which will impede the mechanical, electronic, and optical 
properties of materials. Hence, the portrayal of subsurface harm is helpful for 
cutting edge applications.

Description
The handling stream of SiC substrate primarily incorporates unpleasant 

crushing, fine crushing, and synthetic mechanical cleaning (CMP). Generally, 
harsh crushing will leave huge surface and a mass of subsurface harm. Albeit 
those harms can be slowly taken out by ensuing fine crushing and CMP, the 
time has come consuming. Hence, observing the profundity of harm will give 
a helpful file to the quality control of SiC wafer creation chain and the handling 
innovation advancement, particularly for wafers with enormous distances 
across, which is a pattern with the improvement of material development. A 
nondestructive and exact strategy for estimating the thickness of the SSD layer 
is basic.

A few disastrous and nondestructive strategies have been utilized to 
recognize the SSD. The disastrous techniques, for instance, cross-sectional 
microscopy, tighten cleaning, synthetic scratching, magnetorheological 
getting done (MRF) cleaning, the inductivity coupled plasma strategy, and 
TEM microscopy can gauge different harm profundities from cutting to CMP. 
These disastrous techniques are tedious and decrease creation productivity 
and inflate cost. The nondestructive techniques incorporate miniature Raman 
spectroscopy, optical rational tomography, photoluminescence, and laser 
dispersing strategy. Notwithstanding, their location precision or productivity is 
restricted, or unseemly for precisely estimating the thickness of the extremely 
dainty harm layer.

As a nondestructive methodology, the Mueller Matrix Spectroscopic 
Ellipsometry (MMSE) is regularly used to gauge the thickness and refractive 
file of slender movies and gem with astounding precision. Recently detailed 
refractive ellipsometric portrayals in SiC wafers have been done yet were 
restricted in single-sided cleaned wafer without rear reflection or treated the 
harm layer as a SiO2 film. Our gathering took twofold sided cleaned n-type 
6H-SiC wafer with posterior reflection and the harm layer into account in 
view of incomplete wave intelligence hypothesis. Be that as it may, actually 
evaluating the harm layer in the unpleasant phase of crushing or cleaning was 
avoided. In the meantime, the fitting system was mind boggling and tedious. 
Yao proposed a semi Brewster point innovation to rapidly assess the cleaning 
quality covering unpleasant and fine-cleaning stages utilizing a variable point 
ellipsometer, however the thickness of the harm layer was not possible. In this 
manner, quantitative and precise estimation of the harm layer is fundamental 
in various handling stages (harsh crushing, fine crushing, and CMP). There are 
three central points of contention that should be tended to. To begin with, the 
optical constants of SiC should be known well. Second, the responsiveness of 
the Mueller network to the harm layer and surface should be explored. Third, 
the capacity of MMSE to describe the harm layer during the course of harsh 
crushing, fine crushing, and CMP should be checked.

In this paper, the harm layers prompted by harsh crushing, fine crushing, 
and CMP 4H-SiC off-hub cut wafers are portrayed by MMSE. The subsurface 
quality in the wafer handling is imagined. The paper is organized. The technique 
to remove optical constants of uniaxial 4H-SiC gem is given. The optical stack 
models are laid out as indicated by the harm attributes. The Mueller network 
awareness for the harm layer is mimicked and confirmed by analyze. Likewise, 
Mueller lattice awareness for the course of surface is explored. The exact 
optical constants of 4H-SiC gem are shown. The thicknesses and refractive 
lists of harm layers are investigated and contrasted and those given by TEM 
and XPS.

In this review, a nondestructive location strategy in light of Mueller lattice 
spectroscopic ellipsometry is proposed to assess the subsurface harm 
of 4H-SiC wafers in harsh crushing, fine crushing, and CMP stages. The 
components of the Muller lattice are delicate indictors of the harm layer and the 
surface. Particularly, the difference in M34 is altogether prompted by the harm 
layer. Whenever the surface heading is opposite to the occurrence plane, the 
Mueller network can get most extreme reaction from the harm and connection 
point. As per reenactment and examination, the optical model even can be 
streamlined to overlook the rear reflection [1-5].

Conclusion
There is an extraordinary understanding between SE exploratory 

and fitting information of the handled SiC wafers. The fitting thickness and 
refractive file of the harm layer are confirmed by TEM and XPS. This gives a 
potential technique to accomplish quick quality appraisal of SiC wafer in the 
whole presentation line. It is basically significant for the handling advancement 
of huge size SiC wafers and the improvement of resulting epitaxial quality. As a 
determination, this study gives a manual for the designing uses of ellipsometry 
in the harm layer assessment. The impact of episode point and the light 
reflection qualities at various frequencies can be considered from here on out.

mailto:Amitabha.basuray12@gmail.com
mailto:Amitabha.basuray12@gmail.com


J Laser Opt Photonics, Volume 09:02, 2022Basuray A

Page 2 of 2

Reference
1. Jiang, Hao, Haiyan Peng, Guannan Chen and Honggang Gu, et al. "Nondestructive 

investigation on the nanocomposite ordering upon holography using Mueller matrix 
ellipsometry." Eur Polym J 110 (2019): 123-129.

2. Arteaga, Oriol. "Useful Mueller matrix symmetries for ellipsometry." Thin Solid Films 
571 (2014): 584-588.

3. Tomiyama, Takeo and Hiroshi Yamazaki. "Optical anisotropy studies of silver 

nanowire/polymer composite films with Mueller matrix ellipsometry." Appl Surf Sci 
421 (2017): 831-836.

4. Martin, Alexander T, Shane M Nichols, Melissa Tan and Bart Kahr. "Mueller matrix 
modeling of thick anisotropic crystals with metallic coatings." Appl Surf Sci 421 
(2017): 578-584.

5. Hansen, Poul-Erik, Morten H Madsen, Joonas Lehtolahti and Lars Nielsen. 
"Traceable Mueller polarimetry and scatterometry for shape reconstruction of 
grating structures." Appl Surf Sci 421 (2017): 471-479.

How to cite this article: Basuray, Amitabha. “Mueller Matrix Ellipsometric 
Characterization.” J Laser Opt Photonics 9 (2022): 09.

https://www.sciencedirect.com/science/article/pii/S0014305718314824
https://www.sciencedirect.com/science/article/pii/S0014305718314824
https://www.sciencedirect.com/science/article/pii/S0014305718314824
https://www.sciencedirect.com/science/article/pii/S0040609013017124
https://www.sciencedirect.com/science/article/pii/S0169433217301642
https://www.sciencedirect.com/science/article/pii/S0169433217301642
https://www.sciencedirect.com/science/article/pii/S0169433216322401
https://www.sciencedirect.com/science/article/pii/S0169433216322401
https://www.sciencedirect.com/science/article/pii/S0169433217304531
https://www.sciencedirect.com/science/article/pii/S0169433217304531

