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Abstract
The µRaman spectroscopy measurements were used to study the resistivity in 4H-SiC samples 

by intercalibrating with Eddy Current measurements (eddy-current probe that accurately 

measures bulk resistivity of wafers). The position and line width associated with the Raman 

Longitudinal Optical Phonon-plasmon Coupled (LOPC) mode were used since their variation 

from the reference values of a material in the absence of dopant-generated defects is 

proportional to the amount of the free carrier concentration in the conduction band present in 

the semiconductor. 

Using wafers of known resistivity to calibrate the model and deconvolving the individual 

recorded spectra, a multi-variable model was created to predict the resistivity of individual map 

points. Resistivity was thus predicted in a pointwise manner resulting in maps of 92 points over 

a 6-inch diameter area of a wafer, from which false-colour images were created showing the 

spatial distribution along the X and Y axes, and in the bulk, along the Z axis of the resistivity. 

The analysis procedure was automated by creating suitable R-language codes that extract the 

necessary information on the individual aspects of the analysis and create the images described 

above from a single dataset.  

1. Introduction
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Silicon carbide (SiC) has emerged as an innovative semiconductor material, transforming 

devices that require high voltage capability and excellent performance even at high 

temperatures. SiC offers several advantages over traditional silicon-based semiconductors due 

to its remarkable properties, including its wide band gap, high electrical breakdown range, 

saturated electron velocity and excellent thermal conductivity25. These properties enable SiC-

based devices to achieve higher switching frequencies, greater energy conversion efficiency 

and withstand higher voltages, currents and operating temperatures than conventional devices1. 

SiC components also have a significantly higher critical breakdown voltage and lower turn-on 

resistance, which results in higher efficiency through reduced power loss. The advantages of 

SiC over conventional silicon-based devices, combined with the potential for reduced power 

consumption and environmental impact, make it a strong choice for a wide range of 

applications2. Delving deeper into SiC technology and its implications for semiconductor 

applications, it is clear that SiC is destined to play an essential role in shaping the future of 

power electronics. For mapping the surface wafer defects that could impair device operation, 

several non-destructive approaches have been used such as: (i) TeraHertz time-Domain 

Spectroscopy (THz-TDS)3; (ii) Solid-state light sources LED diodes4 (UV-C LEDs); (iii) Optical 

techniques5; (iv) Optical techniques applied to neural networks6; (v) Density-Based 

Clustering-based defect pattern analysis method7 (DBC) and (vi) four-point microprobes8 

(M4PP). 

The µRaman is a powerful method for characterizing silicon carbide crystals because an 

appropriate choice of excitation laser causes the energy of the electronic band gap of SiC to 

be greater than the energy of the Ar-ion laser and thus the Raman measurement of a-SiC in 

the visible region is not disturbed by the presence of luminescence; exceptions are highly 

doped samples9. An example is reported in Tseng et al.9 where an excitation laser in the 

visible region (532 nm, 2.33 eV) is used rather than lasers in the UV-C region (244 nm, 5.08 

eV) chosen in a previous study11; in this case, the excitation energy is significantly lower than 

the band gap of 4H-SiC12, which is 3.24 eV. The low photon energy at 532 nm not only 

prevents the generation of photoluminescence but also avoids surface damage (alterations) 

to 4H-SiC by overexposure. 

Furthermore, Liu et al.19 have experimentally verified that no increase in carrier concentration 

due to photo-generated carriers happens when using a 532 nm laser, or even a 325 nm laser 

at low power.

In the presence of dopants such as nitrogen, defects are generated with which LO phonon-

plasmon coupled (LOPC) are associated, where the LOPC mode is observed when, in a 

polar semiconductor, a plasmon i.e., the collective excitation of free charge carriers, interacts 

with the LO phonon via electric fields, generating a Raman-active response11. In a LOPC 

defectivity situation, the LO signal at position 964 cm-1 decreases and broadens 



asymmetrically18. The first-order Raman bands decrease in intensity as the amount of free 

carriers increases, and broad bands activated by the disorder appear. The position and line 

widthline width associated with LOPC are modified proportionally to the amount of n-type 

dopant used in the semiconductor13,19. The Raman line shape of the LOPC mode changes 

significantly with the density of free carriers14 (n). The present manuscript aims to develop a 

method for determining the resistivity in different areas of a SiC wafer by Raman analysis, 

exploiting the ability of free charge carriers to promote current flow, and therefore their effect 

on the resistivity of the material. The goal is to create a rapid and simple method, which, 

through analysis without direct contact with the material surface, allows the evaluation of the 

device's homogeneity or inhomogeneity from an electrical point of view.



2. Experimental
2.1 Materials and methods

We performed this study on samples provided by Global Wafers, they are 6-inch 4H Silicon 

Carbide wafers from different bowls, which have resistivity values between 12.5 and 27.3 

mΩcm. The complete list of samples is reported in Table 4-SI.

A typical 4H-SiC Raman spectrum obtained from the literature in the absence of defects, is 

in the wavenumber range of 100-1200 cm-1 (Fig.1A). It is possible to calculate the symmetry 

of the vibration modes, through the vector x = q/qB where x is the reduced wave vector of 

the phonon modes (Tab.1)11; for 4H-SiC in the low-frequency region below 266 cm-1 sharp 

bands which corresponding to the phonon modes in the Transverse Acoustic branches (TA) 

can be observed. Doublet structures are observed for the Folded modes of Transverse 

Acoustic (FTA); the splitting of the doublets is between 3 to 6 cm-1 and the extent of splitting 

depends on the experimental setup15. The splitting at forward scattering geometry is smaller 

than for backscattering geometry. This dependence arises from the dispersion of the FTA 

mode. The Folded modes of the Axial Acoustic branch (FLA) appear as a weak signal and 

are visible at 610 cm-1. In SiC-4H polytype the Transverse Optic mode (FTO) is split into two 

signals located at 776 (intense) and 796 (weak) cm-1, while the Axial Optic mode (FLO) shows 

an intense signal11 at 964 cm-1 Fig. 1).
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Fig. 1: Typical 4H-SiC Raman spectrum in the 

frequency range 1200-100 cm-1; adapted from 

S. Nakashima11 et al.)

Table. 1: Raman spectra measured with 

a quasi-back scattering geometry for 4H-

SiC; adapted from S. Nakashima11 et al.

Micro-Raman analyses were performed by using a LabRam HR Evolution microscopic 

confocal Raman spectrometer from Horiba (Horiba Ltd., Kyoto). Micro-Raman spectroscopy 

was excited by a 532 nm continuous-wave (CW) Nd:YAG laser. The laser beam was focused 

on a spot whose size was about 0.4 μm2 in diameter. The samples were placed on an XYZ 

stage with 1 μm spatial resolution with an automatic movement system on both x and y-axes 

as well as z-axes SiC has fairly weak absorption coefficients in the visible region and gives 



large penetration depth for Raman probe lasers. The literature reported that penetration 

depth d is roughly evaluated by:

                                                                      (1)
𝑑 =

1
(2𝑎)

where a is the absorption coefficient. In the context of 4H-SiC at 3.3 eV, and utilising the 

reported absorption coefficients for high-purity samples, a typical value of d = 2 mm is 

obtained for visible lasers at a wavelength of 500 nm (2.5 eV photon energy).)16. In addition 

to this theoretical discussion; to ensure that the penetration depth of the excitation light is 

limited to the surface region, Tseng9 et al. suggest gradually decreasing the laser power using 

this approach; the data reported for an intensity of 1 and 100% indicate a depth of 0.245 and 

3.830 µm, respectively, where the power of the light incident at an intensity of 0.12% was the 

threshold power needed to generate Raman signals. Furthermore, when the depth of light 

penetration decreases the surface region of the wafer will make a greater contribution to the 

Raman signal. One way to vary the depth of analysis is also to change the optical 

magnification; in optical microscopy, the depth resolution (df) of a microscope is proportional 

to28:

          (2)
𝑑𝑓 =

 𝜆

𝑁𝐴2

Where λ is the wavelength of laser light and NA is the numerical aperture lens, conventionally 

indicated on the optical lens (Tab. 1-SI). Using df  (2) we calculated the different depths of 

analysis penetration along the Z-axis of the wafer, modifying the magnification, by varying 5 

optical lens (100; 80; 50; 20; 10X) shown in Tab.1-SI; it is important to remember that this 

constitutes an approximation since the formula does not include the type of material used. 

Based on these considerations, we selected a fixed laser power of 10% to obtain spectra 

with an acceptable signal-to-noise ratio, which allows us adequate numerical treatment on 

the recorded data sets, for all reported analyses, choosing to always work at the same depth 

of analysis. Instead, for analyses along the Z axis, we decided to continue to keep the laser 

power fixed and to vary the NA. The Raman microprobe is very useful for measuring the local 

area of a sample. Using an NA numerical aperture lens, the diameter of the laser beam 

focused on the sample surface is given by:

                                                                             (3)
𝐷 =

1.22 𝜆
𝑁𝐴

For λ 532 nm and NA0.75 , we obtain D = 0.9 mm. This implies that Raman spectra can be 

measured with a mm or sub-mm spatial resolution. For Raman microprobe measurement, 



the experimental geometry is limited to a backscattering geometry; however, the morphology 

of the sample surface can influence the Raman signal intensity in fact at the same line width 

considered, a smoother surface will amplify the signals, while rougher surfaces 17, such as 

those of raw wafers or in the early stage of processing, will show weaker signals. In contrast, 

surface morphology does not affect the relative ratios between signals in the same spectrum; 

in fact, all bands will be attenuated or intensified, with the same intensity17. For this reason, 

absolute intensities will not be considered, but the ratio of each individual band to the most 

intense band in the spectrum. Instead, since the focus of this work is resistivity, the effects of 

any surface defects were not considered. 

The instrumental parameters used are: laser type 532 nm green light, laser power 10%, 

magnification 80X, bore 100, grating 1800, acquisition time 20 sec, accumulation 2 while the 

area section sampled during a single analysis corresponds to the laser spot diameter (0.7 

μm).

For the purposes of data analysis, we utilised the R software environment (an open-source 

statistical computing and graphics platform, developed under the auspices of the R Project 

for Statistical Computing).

2.2 Instrument calibration
To perform the µRaman instrument calibration of the 532 nm laser, a certified silicon wafer 

(Horiba Ltd., Kyoto) with 100x magnification whose spectrum presents an intense band 

centred at 520 cm-1 is conventionally used. In addition, an internal standard can be used to 

make the analysis sessions performed in different working sessions comparable, the 

spectrum of which must present at least one intense signal with a peak in or near the spectral 

range of interest, but whose signals must not overlap with those of the sample. 

Fig. 2: Raman spectra of selected Neon band at 1702 cm-1, within 4H-SiC spectrum.



For this purpose, the spectral range of analysis was extended for all recorded spectra up to 

1850 cm-1 (Fig. 2), and the band at 1702 cm-1 generated by a neon diode was used as the 

internal standard. 

2.3 Analysis procedure
The Raman bands of SiC are included in the range between 1200 and 100 cm-1. The 

spectrum of a sample of SiC-4H wafers (Pol01) recorded in the range between 100 and 1850 

cm-1 is shown in Fig.2; it can be observed that all typical signals are present, but compared 

with those reported by Nakashima11, a shift of about 8 cm-1 is observed. This behaviour has 

been observed to be constant for all bands, and it is hypothesised that this could be due to 

unconsidered factors, such as environmental conditions (e.g. temperature), or instrumental 

setup. However, these factors are not mentioned in Nakashima's work. Information on 

resistivity was extracted from all recorded spectra using a curve-fitting procedure and a linear 

regression model applied to the three components found (see Fig.2-SI). The parameters 

considered are: the Raman shift which provides information about the position of the band 

associated with a specific vibrational mode; the relative intensity (i.e., normalized for the most 

intense peak of the spectrum) of the band used to compare the intensities of the same bands 

in different spectra and the width of the signal measured at half height or FWHM (full width 

at half maximum).

The LOPC (Longitudinal Optical Plasmon Coupled) Raman band in SiC wafers is correlated 

with the material's resistivity; this correlation arises because the LOPC mode reflects carrier 

concentration and mobility, which are directly influenced by doping levels and, consequently, 

the resistivity. Liu et al19 show that as carrier concentration increases, the LOPC band shifts 

due to plasmon-coupled interactions with lattice vibrations. As an illustration, Raman analysis 

in SiC has been employed to extend measurements of carrier concentrations down to 5*1015 

cm-3, thereby facilitating a more comprehensive understanding of the resistivity and uniformity 

of the material. The curve fitting procedure was performed with the open-source software 

Fityk for brevity; the complete procedure is reported in SI. In order to detect any differences 

in resistivity, 6-inch silicon carbide wafers, which are commercially available, were employed. 

The resistivity was then analysed in relation to specific aspects of production, including the 

variation on the surface of the wafer (X, Y axes) and the variation of resistivity with respect 

to sampling depth (Z axis). Furthermore, the variation of resistivity at different processing 

steps was taken into consideration. To evaluate the variation of resistivity on the wafer 

surface, 92 analysis points distributed uniformly over the surface were chosen and a distance 

from the edges of 5 mm and a distance between individual points of 10 mm was considered 

(Fig. 4). To study the resistivity in bulk, the penetration depth of the Raman laser source was 

varied through the use of different magnifications since the laser penetration depth (d) is 

related to the lens employed, via the numerical aperture (NA) parameter (Eq. 1 and 2). By 



increasing the magnification, from 10 to 100X, it is possible to analyse the crystal bulk along 

the Z axis by varying the sampling depth from 0.2 to 4 µm. Finally, to map the slice processing 

chain, 41 samples with three different processing stages were selected: i) as-cut; ii) grinding; 

iii) polished slices (SI - Tab. 2). Non-uniformity of substrate resistivity is a critical problem for 

4H-SiC substrates used for power devices as it would lead to a variation of the turn-on 

resistance of SiC power devices26; therefore, it is of crucial importance to accurately detect 

this variation in 4H-SiC crystals 11,15. 

Initially, the bulk resistivities of the wafers were measured by a noncontact technique using 

eddy-current probes (more details are reported in the S.I.), and the results are shown in Table 

2. The data were subsequently employed to calibrate the measurements obtained through 

the utilisation of Raman methodology, which was developed to measure resistivity through 

the implementation of co-calibration between the two techniques. To this end, resistivity has 

been correlated with the intensities and widths of the LOPC band between 1010 and 980 

cm-1 and the FLO band in the range 976-965 cm-1. Concerning the LOPC, a multivariate linear 

regression (MLR) model was employed, utilising Monte-Carlo cross-validation. At each 20% 

of the data was omitted and used to assess the model's predictive capabilities, thereby 

identifying the model with the optimal prediction performance and subsequently the lowest 

root mean squared error (RMSE). Additionally, the coefficients of determination (R²) in cross-

validation and fitting (simple data description) were estimated. 

For a preliminary assessment of the homogeneity of the resistivity values in the wafers, we 

measured the resistivity through the Eddy current and Raman technique on 17 points from 

the centre outwards along a straight line with a distance between each point and the previous 

one is 3.75 mm (Fig. 3A). As an example, the resistivity values on Pol 01 wafer obtained by 

Eddy Current measurement are shown in Tab. 2-SI in the S.I.

A

B
Fig. 3: Eddy Current measurement points (A) and resistivity value vs position of the 

measurement in the wafer Pol 01 (B)



We developed a MLR regression model to correlate resistivity by Eddy current and 4 

variables of the Raman spectrum on LOPC mode; using intensity and FWHM the RMSE in 

prediction is equal to ca. 0.80 mΩcm, while the coefficient of determination R2 is equal to ca. 

0.96 both in cross-validation and in fitting (full values are reported in SI), leading to good 

performances both in description of the data employed to train it and at predicting the 

resistivity value for new, unknown samples. This model is written using R and making use of 

the caret framework3 to perform cross-validation; note that the data were previously 

autoscaled, i.e. the mean value of each predictor variable was subtracted from each value, 

and then they were divided by the standard deviation of each variable to remove any scaling 

effect, thus making them comparable. It should be pointed out that many different models 

were trained using various combinations of LOPC bands, including intensities, widths and 

even positions of their maxima, by applying the same procedure described above (MLR with 

cross-validation), to find the one with the best performances. In the end, the best model was 

the one just described, which does not consider the positions of the LOPC band, which 

contributes to an increase in the uncertainty in prediction, leading overall to worse 

performance.

Fig. 4: Score plot of observed Vs predicted resistivity values (A) and Residual Vs predicted 

resistivity values (B). 

Four single points were selected from the 17 measured points, chosen in the region where 

the resistivity values are constant for any wafer, to increase the level of statistical significance. 

In particular, the values at 11.25, 15.00, 18.75 and 22.50 along the Y-axis of measurement 

were used to calculate an average value. Figure 4 illustrates that the predicted values are 

approximately aligned with the bisector of the plot, indicating a high degree of similarity with 

the observed (actual) resistivity values. Conversely, the residuals exhibit a uniform and 

random distribution, lacking any discernible trends. This observation suggests that the 



regression model is of satisfactory quality, free from any critical issues such as the omission 

of relevant factors or heteroscedasticity. This model allows us to convert the values 

associated with the variables of the LOPC band of the Raman spectra into resistivity values 

and to predict the resistivity within the linearity range between 12 and 25 mΩcm.

In order to test the efficacy of this model, a comparison was conducted between the 17 Eddy Current 

analysis points and the Raman analyses performed on the same points on a wafer that was excluded 

from the construction of the model (test set). The results demonstrated a prediction R2 of 0.89 and 

an RMSE prediction error of 0.60 mΩcm-1. The figure 6 shows a good overlap of the predicted 

resistivity values, for higher values (between 19.5 and 20 mΩ cm-1), while at lower values (between 

18.5 and 17 mΩcm-1) the error is larger. The analysis point furthest from the centre of the wafer 

(point 17) shows a low prediction since it is located near the edge of the sample, whereas in this 

area the Eddy Current technique shows low measurement precision.

Fig. 5: Resistivity value vs position of the measurement with Eddy Current and Raman 

analysis in the wafer of the training set.

3. Results and discussion 
As seen above, it has been reported that the shape of the line and the peak frequency of the 

longitudinal optical phonon-plasmon coupled mode (LOPC) show noticeable changes when 

the carrier concentration in 4H-crystals SiC changes11. LOPC deconvolution band shows two 

bands respectively 838 and 964 cm-1 here called p5 (axial mode) and P6 (planar mode); to 

evaluate the resistivity in SiC wafers, let’s consider changes in band intensity, band position 

(shift) and full width half maximum (FWHM). In this instance, it is important to note that the 

intensity of the band under consideration is not taken as absolute; instead, it is relative in 

nature. This relative intensity is determined by the ratio between the band of interest and the 

FTO band at 784 cm-1 (referred to as p3). The selection of the p3 band as the reference point 

is due to its status as the strongest band in the spectrum, with its intensity being constant. In 

fact, the FTO modes are not primarily sensitive to changes in resistivity because being 

structural in origin, do not directly correlate with changes in dopant concentration or free 



carrier densities that alter resistivity22. As an illustration, contemplate a slice of the polished 

sample (Polished wafer 01) from the production chain (Fig.5). On the right side of the device, 

there is a dark area on the wafer surface, which, as reported by Zaho20, who discusses the 

impact of doping variations including colour changes, could indicate an inhomogeneity in the 

amount of nitrogen. The slice maps in Figure 6 were created using 92 analysis points and 

are polished slices with a smooth and shiny surface. The values obtained from Raman 

analysis are reported in Tab. 2. Position and FWHM measurements are expressed in terms 

of difference from the reference value (Δ [cm-1]) and intensity measurements are expressed 

as a ratio to other intensities (p3, more intense band) and are therefore pure numbers. 

Resistivity led to significant changes in the shape and position of the longitudinal optical 

phonon (LOPC) 11 and was attributed to changes in the peak position, spectral shape, and 

width. Resistivity is inversely related to free carrier concentration. As resistivity decreases 

(indicating higher carrier concentration), the LOPC band shifts to higher wavenumbers and 

broadens due to stronger plasmon-phonon coupling21; oppositely, higher resistivity causes a 

decrease in intensity and a shift towards lower wave numbers in this band, while also 

reducing the width of the FWHM parameter, which is marked by blue areas in maps.

SiC Wafer Polished 01 P5 band adjusted 
position

P5 band intensity P5 band FWHM

Mean = 723.7 cm-1 ; SD = 0.86 cm-

1

Mean = 0.04 cm-1 ; SD = 0.004 cm-

1

Mean = 19.57 cm-1 ; SD = 1.5 cm-1

P6 band adjusted 
position

P6 band intensity P6 band FWHM

Mean = 707.7 cm-1 ; SD = 2.2 cm-1 Mean = 0.02 cm-1 ; SD = 0.001 cm-

1

Mean = 40.09 cm-1 ; SD = 4.3 cm-1

Fig. 6: Maps of SiC wafer Polished 01 to evaluate resistivity, based on position, FWHM and 

intensity of p5 and p6 bands



Height p5 Height p6 FWHM p5 FWHM p6Wafer 
SiC

N. 
points mean SD means SD mean SD mean SD

Pol 03 91 0.02 0.02 0.012 0.006 44 14 93 30
Pol 02 92 0.046 0.004 0.022 0.002 20 2 43 6
Pol 01 91 0.048 0.004 0.024 0.002 20 1 40 4

Tot 274 0.039 0.008 0.020 0.003 28 6 59 13

Table. 2: Average parameter values of the p5 and p6 bands associated with the resistivity

The regression model facilitates reasoning about resistivity variation because LOPC modes are 

associated with it. Currently, each wafer is associated with a single resistivity value obtained 

from a single eddy current analysis carried out on the central point of the wafer; the use of the 

linear regression model on the average of the four Raman analysis points closest to the wafer 

centre point showed similar resistivity values (Tab.3). Raman analysis, through creating false 

colour maps (Fig. 7), reveals that resistivity is not uniform throughout the wafer. The variation 

detected in the samples is between roughly 1-2 (central blue and yellow areas) and 7-8 mΩcm-1 

(blue areas). By way of example, in Fig. 7 we show a comparison between the map in false 

colour of three polished wafers (Pol 02-03-04), of expected resistivity, with that associated with 

the band p5, which turned out to be the most compatible. As you can see the intensity of the 

band p5 and resistivity show a direct correlation; further, the study also confirmed that resistivity 

values vary from wafer to wafer.

Wafer
SiC

Resistivity 
Mean

[mΩcm-1]
Eddy 

Current
Raman

Pol 03 17.64 12.51

Pol 02 19.37 19.04

Pol 01 20.07 19.58

Table. 3: Average resistivity measured with Eddy Current vs resistivity values predicted 

with the regression model.



Pol 02 p5 Intensity Pol 02 Predicted resistivity

Mean = 0.05 cm-1 ; SD = 0.004 cm-1 Mean = 18.98 mΩcm ; SD = 0.97 mΩcm

Pol 01 p5 Intensity Pol 01 Predicted resistivity

Mean = 0.05 cm-1 ; SD = 0.004 cm-1 Mean = 19.62 mΩcm ; SD = 0.73 mΩcm

Pol 03 p5 Intensity Pol 03 Predicted resistivity

Mean = 0.02 cm-1 ; SD = 0.015 cm-1 Mean = 13.5 mΩcm ; SD = 3.3 mΩcm

Fig. 7: The 92-point maps obtained with the linear regression model; p5 band intensity vs 

predicted resistivity.

The resistivity with the Eddy current technique was measured only along the 4 collinear points, 

but through the regression model, it is possible to detect the resistivity on each point of the wafer 

with a non-contact Raman measurement. In addition, the measurement with Raman and the 

resistivity predicted by the MLR model provide a more accurate value; the false-colour maps 

allow us to make some considerations. For example, the Pol 02 wafer map shows a blue area 

on the right side where the resistivity values are lower (14-15 mΩcm-1 blue area) than the other 

areas (19-20 mΩcm-1 yellow area). In the area on the right, the upper side of the slice shows 

slightly lower resistivity than the lower half (17-18 mΩcm-1); this indicates a non-homogeneity of 

resistivity in different areas of the slice surface.



As an example, we have also reported the slice Pol 03 which shows, curiously, a marked 

inhomogeneity of the resistivity, higher along the circumference of the slice (yellow areas 

approximately 19-20 mOhmcm-1) compared to the rest of the slice (blue areas approximately 

12-13 mOhmcm-1); moreover, this is the reason why this slice presents a large SD in the 

measurements (Table 3). 

It is important to note that while the unit of measurement of the colour scale of the maps is 

relative to each individual map, as the parameters of each band vary individually, the scale of 

the predicted resistivity maps varies in the range of 12 to 25 mΩcm-1, which are the minimum 

and maximum values, respectively, detected at the samples under investigation. It was also 

observed that the resistivity changes concerning the side of the wafer; the investigation 

conducted on the two sides of the Pol 04 polished wafer (laser up/down) showed different 

behaviour for the p5 values of position intensity and FWHM within the 0.4-µm surface layer and 

variations in the layers between 0.4 and 4 μm below the surface (SI - Fig. 6). 

As a result, the resistivity is both different and distributed differently on the two sides of the same 

wafer; Fig. 8 shows a comparison of the intensity p5 (Fig. 8A and B) and resistivity (Fig. 8C and 

D) value maps of the two sides of the Pol 03 wafer.

A        p5 intensity Laser 
down

B      p5 intensity Laser up

Mean = 0.03 cm-1 ; SD = 0.03 cm-1
Mean

=0.02 cm-1 ; SD=0.01 cm-1

C      Resistivity Laser down D   Resistivity Laser up

Mean = 16.17 mΩcm ; SD = 4.6 mΩcm Mean = 13.5 mΩcm ; SD = 3.3 mΩcm

Fig. 8: The 92-point maps of the predicted resistivity 

calculated with the linear regression model vs the p5 

intensity band of the two different sides of the polished 

wafer Pol 03



The predicted values of the resistivity and p5 band are in line with the behaviour of the LOPC 

region of the spectra recorded at different measurement depths. Specifically, analysis was 

carried out at five different depths, as previously explained in the Materials and methods section. 

This was achieved by varying the optical magnification of the microscope at two different points 

on the polished wafer Pol03. The values of df and the corresponding resistivity, calculated using 

the model, are shown in Table 4.

Optical 
magnificati

on
NA

Depth of resolution 
(df)

[µm]

Predicted 
Resistivity
point 1-8 
[mΩcm]

Predicted 
Resistivity
point 5-2 
[mΩcm]

100 X 0.90 0.66 18.07 19.49
80 X 0.75 0.95 17.99 19.81
50 X 0.50 2.13 18.51 20.06
20 X 0.40 3.32 18.49 20.70
10 X 0.25 8.51 17.58 20.62

Table. 4: Optical magnification, the numerical aperture of the lens (NA), calculated depth of 

analysis along Z, and predicted resistivity, calculated using our model, for two points (1-8 and 

5-2) on the polished wafer Pol03.

This technique allows monitoring along the Z-axis of the wafer; as expected, also in this case 

we obtain a variation of the resistivity values of about 1 mΩcm at different depths, 

nonprogressive, from the surface to the bulk of the material. This demonstrates that the 

inhomogeneity of the resistivity is present in the three dimensions. The potential of the technique 

makes it a measure not only of the surface but also of depth and potentially allows us to 

investigate the bulk and to make predictions when the surface of the wafer is consumed/eroded. 

Furthermore, the method was employed exclusively for regions of the wafer comprising the 4H-

SiC polytype, due to the fact that distinct polytypes (e.g. 6H or 15R) encompass additional 

bands, which precludes the applicability of our model. If resistivity varies along the thickness of 

the wafer, several problems may arise for the performance of electronic devices; a non-uniform 

distribution of resistivity can affect the internal electric fields causing an uneven distribution of 

the current through the material, reducing the efficiency and reliability of the device. 

Furthermore, a non-uniform distribution of resistivity can lower the breakdown voltage, a crucial 

parameter for high voltage applications. A non-homogeneity in resistivity could also lead to 

thermal management problems: inside SiC, known for its high thermal conductivity, essential 



for dissipating heat in power devices, a variability of resistivity can locally modify this property, 

creating hot spots and thermal instabilities generating localized overheating23, 24.

4. Conclusions
The research work undertaken has enabled relevant information to be obtained on SiC wafers. 

μRaman analysis combined with Eddy Current measurements and the analysis of the data 

allows one, through pointwise analysis, to obtain information and to generate false-colour maps 

of resistivity, as evidenced by the change in the LOPC signal between 838 and 964 cm-1. Using 

those components, it was possible to obtain information about the distribution of resistivity in 

the wafers in the form of false-colour images. Through the development of a resistivity 

calibration line related to a specific component of the μRaman spectrum, it was possible to 

create false-colour resistivity maps of individual wafers, in which each mapped point is assigned 

a resistivity value. Relevant R-language codes have been generated that allow the automation 

of the curve fitting of the obtained spectra, for the automatic generation of false-colour images 

for each individual wafer analysed. The false-colour maps confirm the inhomogeneity of 

resistivity in the wafers, and transform these variations into a numerical value of resistivity per 

cm, in the range between 12 to 25 mΩcm. The variation in resistivity was also observed in the 

bulk of the slices; in fact, opposite sides of the same slice show different resistivity values, 

distributed non-uniformly along the Z axis. It is important to be able to diagnose these 

discrepancies to quickly and accurately evaluate the non-conformity of these devices; finally, all 

this information is gathered through a single µRaman analysis of the wafer, which is a non-

contact analysis, thus allowing the measured surface area of the wafers not to be altered. It is 

imperative to acknowledge the limitations of the model and the conclusions drawn by the 

authors. The validity of the model is constrained to the experimental analysis conditions utilised, 

namely the wavelength and power of the selected laser, the analysis time, and the room working 

temperature (25°C). Subsequent investigations may be conducted in the future to expand the 

parameters, encompassing variations in laser type and power, as well as different working 

temperatures.   Indeed, the present method may be subject to restrictions due to the possibility 

of hopping transport (which is dominant at low temperatures)27, and further studies are required 

to explore this possibility, although these are outside the scope of the present paper. 
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