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      Abstract—4H-SiC is widely employed in power electronic 
     devices operating under high frequencies, voltages, and 

     temperatures due to its exceptional physical properties. 
However, its inherent high hardness and elastic modulus induce 

    inevitable residual stress during device fabrication. Raman 

      spectroscopy, which leverages lattice dynamics, offers an 
effective,  non-destructive,  rapid,  and  contactless method  for 

    measuring these stresses. Nevertheless, its accuracy critically 
   depends on precisely determining the Raman phonon 

   deformation potential constant. This work investigates 
      mechanically induced Raman shifts in 4H-SiC via first-

   principles calculations and in-situ Raman spectroscopy under 
hydrostatic and non-hydrostatic stress conditions. The E2(TO) 

and  A1(LO)  phonon  modes  exhibit sensitivity  to  hydrostatic 
stress, whereas A1(LO) remains largely unaffected under shear, 

reflecting directional vibrational differences. Theoretical 
predictions and experimental measurements agree well within 

16% error, highlighting the effectiveness of Raman-based stress 
detection for 4H-SiC. This integrated theoretical–experimental 

       approach provides a robust framework for stress and strain 
    analysis, facilitating the design and fabrication of next-

generation 4H-SiC electronic devices. 

   Keywords—4H-SiC, phonon deformation potential, first-

principles calculation, in-situ mechanical–Raman 

I. INTRODUCTION

      4H-SiC is emerging as a promising wide-bandgap 
   semiconductor for high-power and high-frequency 

       applications owing to its superior mechanical and thermal 
      properties[1-4]. However, its high elastic modulus often 

    introduces significant residual stress during device 
manufacturing, leading to surface cracks, structural damage, 

and degraded device performance[5, 6]. Therefore, there is a 
critical need for rapid, non-destructive techniques to detect 

    and quantify stress in 4H-SiC. Micro-Raman spectroscopy 
  fulfills this requirement[7], having successfully revealed 

residual and gradient stress in suspended microstructures of 
the MEMS devices[8] implantation-induced compressive 

    stress[9-11], and stress-free regions generated by 
femtosecond laser processing[12]. It has also been effectively 
used to characterize stress states at crucial interfaces, such as 
Ni/Au–4H-SiC[13] and SiO₂–4H-SiC[14, 15], which are vital 

     for device stability and reliability. Despite its promise, the 
     accuracy of Raman-based stress detection fundamentally 

       depends on a detailed understanding of the phonon-lattice 
response under various stress conditions. 

  The precision of micro-Raman spectroscopy for 
residual stress detection is inherently linked to the sensitivity 
of Raman-active phonons to lattice strain[16-18]. While first-

   principles calculations have reliably predicted Raman 
       phonon behavior under stress for materials such as Si[19], 

GaN[20, 21], and AlN[20, 21], the phonon response in 4H-
    SiC remains inadequately explored, especially under 

different stress states (hydrostatic and non-hydrostatic). This 
research gap poses significant uncertainty and challenges for 
accurately detecting residual stress in 4H-SiC using Raman 

    spectroscopy in device manufacturing. Moreover, the 
reliability of first-principles calculations is highly sensitive to 

   computational parameters, such  as the  plane-wave cutoff 
energy (Ecut) and Brillouin zone sampling grids (Monkhorst–
Pack grids). Under the Born–Oppenheimer approximation (T
≈0 K), optimizing these parameters is essential to accurately 
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