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Abstract— Major recent developments in growth 

expertise related to the cubic polytype of Silicon Carbide, 

the 3C-SiC, coupled with its remarkable physical 

properties and the low fabrication cost, suggest that within 

the next five years, 3C-SiC devices can become a 

commercial reality. It is therefore important to develop 

Finite Element Method (FEM) techniques and models for 

accurate device simulation. Furthermore, it is also needed 

to perform an exhaustive simulation investigation with 

scope to identify which family of devices, which voltage 

class and for which applications this polytype is suited. In 

this paper, we present a complete set of physical models 

alongside with our developed set of material parameters 

for bulk 3C-SiC aiming Technology Computer Aided 

Design (TCAD) tools. These are compared with that of 4H-

SiC, the most well developed polytype of SiC. Thereafter, 

the newly developed material parameters are used to 

assess 3C- and 4H-SiC vertical power diodes, PIN and 

Schottky Barrier Diodes (SBDs), to create trade-off maps 

relating the on-state voltage drop and the blocking 

capability. Depending on the operation requirements 

imposed by the application, the developed trade-off maps 

set the boundary of the realm for those two polytypes 

which allows us to predict which applications will benefit 

from an electrically graded 3C-SiC power diodes.  

Keywords— 3C-SiC, FEM simulations, TCAD model, material 

parameters, semiconductor physics, vertical diodes, SBD, PiN.   

I.  INTRODUCTION. 

Wide bandgap semiconductors have advanced electrical 

characteristics compared to silicon, which means they can 

induce a step improvement for power converter systems. 

During the past decade, there has been a remarkable effort to 

overcome issues related to the reliability of 4H-SiC devices in 

particular. As a result, a number of devices are now readily 

available in the market. Schottky Barrier Diodes (SBDs) with 

blocking voltages of 600–1700 V are now commercially 

available and have already demonstrated substantial reduction 

of power loss in various power conversion systems [1]. At the 

same time, the interest for high voltage power rectifiers has 

led to the design of SiC Schottky diodes blocking voltages of 

as high as 15 kV [2]. However, the resulted degraded material 

quality and limitations induced by current packaging 

technology hindered their suitability for use in commercial 

applications. It is however important to stress the significant 

progress achieved in this area. This includes the fabrication of 

Schottky diodes rated for 4.9 kV [3]. Higher-voltage, up to 6.5 

kV, SiC majority carrier devices have also been demonstrated 

[4] [5]. Bipolar switches are preferred in high voltage 

applications to keep the on-losses low. According to [10] the 

boundary between unipolar and bipolar devices is located at 3 

kV–6 kV in the case of SiC technology. A PiN rectifier based 

on 4H-SiC semiconductor technology with breakdown voltage 

of 8.6 kV is discussed in [3]. Further, the fabrication and 

characterization of 6 kV and 10 kV rated PiN devices is 

studied in [7]. 

There are no 3C-SiC devices available for commercial use. 

However, there is an increase in the community that focuses in 

making the necessary improvements in the processes that 

relate to the material development that could soon allow that. 

Although there are published works in literature denoting the 

interest of modelling 3C-SiC power devices [8] [9] and 

simulating [10] [11] with Monte Carlo method, yet, to the best 

of the authors knowledge, no reports on the complete 

parametrization of the cubic SiC polytype for accurate FEM 

analysis are present. Taking into consideration that this certain 

semiconductor technology is in a constant development 

process, the absence of the material parameter information 

inhibits the capability to investigate 3C-SiC power devices 

This work has the prospect of offering a global baseline for 

accurate and, under conditions, more realistic TCAD physical 

modelling of the 3C-SiC compound semiconductor. Thus, 

performance optimization of the cubic silicon carbide power 

devices, along with performance comparisons to other 

technologies, can be achieved. The fact that no 3C-SiC wafers 

are yet commercially available [12], it enhances the 

importance of this effort. 

Moreover, the application requirements for power devices 

characterized by higher blocking voltages are usually met 



using long drift regions to keep the electric field moderate in 

reverse operation, in the cost of increasing on-state loses. The 

investigated TCAD physical model of 3C-SiC technology is 

compared to the market favorite, 4H-SiC at device level. The 

aim of this work is to provide a map in deciding which power 

diode technology suits better each application needs, 

depending on the demands of forward voltage drop and 

blocking capabilities in the range of 200 V up to 6.5 kV. 

The remaining part of this work is organized as follows. In 

section II, the parameter file of 3C-SiC is structured for TCAD 

tools. In section III, 3C-SiC power diodes are compared to 

4H-SiC in terms of breakdown voltage and on-state voltage 

drop. Finally, in section IV the conclusions are presented.  

 

II. PHYSICAL MODELLING OF 3C-SIC 

In the following sub-sections we discuss the parameter sets 

that fully describe the 3C-SiC compound semiconductor 

resulting in an accurate physical model for TCAD simulations. 

The corresponding values of the already existing and well-

studied parameter file for 4H-SiC are also presented for direct 

comparison purposes. Further, each physical mechanism 

presented is accompanied with the corresponding identified 

limitations.  

A. Bandgap parameters for 3C-SiC 

TCAD tools model the lattice temperature dependence of 

the band gap as described in (1), where  0
g

E  is the band gap 

energy at 0 Kelvin and ,   are material parameters [13]. 

     2
0

g g
E T E       (1) 

 

The 3C-SiC is an indirect semiconductor and the energy band 

gap is defined as the minimum distance of maximum valence 

band (Γ15) to minimum conduction band (X1C) resulting in 

15 1
2.39

u c
X eV   . The electron affinity is the energy 

separation between the conduction band and the vacuum and 

can be considered as well as temperature dependent affected 

by bandgap narrowing. Considering bandgap narrowing 

splitting equally between conduction and valence bands, the 

parameter ‘Bgn2Chi’ in Table I, is set to the 0.5 value. The 

main difference of the bandgap models is how they handle 

bandgap narrowing (2). 
0 Fermi

bgn g g
E E E     (2) 

where
0

g
E  is determined by the particular bandgap narrowing 

model used, and 
Fermi

g
E  is an optional correction to account 

for carrier statistics. In this work we consider Maxwell–

Boltzmann statistics when investigating the dynamics of a 

collection of carriers. For power devices that their size is 

relatively large, compared to the de Broglie wavelength of 

electrons, this is a quite good approach. Thus, it is safe to 

assume that this correction term is negligible.  According to 

(1) and the published results in [14] the parameter set for the 

bandgap of 3C-SiC semiconductor material is summarized in 

Table I. The value of energy band gap for 3C-SiC is smaller 

compared to that of 4H-SiC, which in turn causes a lower 

critical field value.  

 

Table I: 3C-SiC parameter set related to Bandgap. 

Parameters Description 
Parameter 

Name 
3C-SiC 4H-SiC 

Electron affinity (eV) Chi0 3.83 3.24 

Bandgap narrowing 

coefficient 
Bgn2Chi 0.5 0.5 

Eg(0)(eV) Eg0 2.39 3.29 

α alpha 6x10-3 3.3x10-2 

β beta 1200 1x105 

 

According to [15], power devices that contain layers with 

different doping profiles may affect their behavior by leading 

to band-edge displacements. These displacements representing 

potential barriers, influence carrier transport phenomena in the 

device and their interactions. Lindefelt [15] proposes a model 

for the band-edge displacements of n-type 3C-SiC material, 

valid for majority carriers concentrations typically above 
18 3

10 cm


. This model essentially constitutes an extension of the 

Jain-Roulston (J-R) theory [16] implemented in TCAD tools 

for describing the doping dependence on bandgap narrowing. 

In (3) the A, B, C, and D are material dependent coefficients. 

 
0 1 3 1 4 1 2 1 2

g tot tot tot tot
E A N B N C N D N          (3) 

 

Making some basic computation and following the work in 

[15] we can set the values of the parameters in J-R model for 

the 3C-SiC.  

In addition, from [14] [17], the static dielectric constant of 

the cubic SiC is defined as ε0=9.72 whereas for 4H-SiC is 

ε0=9.66. 

 
Table II: 3C-SiC band gap narrowing doping dependence. 

Lindefelt model 

coefficients 

3C-SiC semiconductor material 

n-type p-type 

A -1.48x10-8 1.3x10-8 

B 1.75x10-7 -1.5x10-7 

C -3.06x10-12 1.43x10-12 

D 6.85x10-12 -6.41x10-13 

   

B. Density of States in conduction and valence band 

 According to literature, computing the effective carrier 

mass as a function of temperature-dependent Density of States 

(DoS) is an option that best suits the parameters for 3C-SiC. 

Thus, taking into account the work in [18], the (4) can be 

utilized. 

 

   
33

15 322

0
4.82 10 / (cm )

ccN T M m m T


      (4) 

3
15 322.23 10 (cm )vN T


    (5) 

 exp 2
i C V g

n N N E kT   (6) 



where, M=3 the number of equivalent valleys in the 

conduction band, 
0

0.35
c

m m  the effective mass of the density 

of states in one valley of conduction band, 
0

0.72
cd

m m  the 

effective mass of density of states. In the same sense we 

exploit the expression from [19] and [20] to get (5). The 

parameter values for these sets are summarized in Table III. 

Further, the intrinsic carrier concentration (
i

n ) expressed in 

(6), is determined by the thermal generation of electron-hole 

pairs across the energy bandgap [20] [21]. Thus, the wide 

bandgap 4H-SiC, having lower intrinsic carrier concentration, 

can maintain semiconductor characteristics at much higher 

temperature than 3C-SiC semiconductor. 
 

C. Mobility mechanisms and dependences 

In TCAD simulations the most frequently used model to 

describe the doping dependence of carriers mobility in the 

semiconductor is the Masetti model. The Caughey – Thomas 

(C-T) expression [22] approximates this model and can be 

utilized in order to determine the mobility doping dependence 

parameters under low applied field conditions. The C-T 

formula is shown in (7) where, N is the total doping 

concentration, 
max

  is the mobility of undoped or 

unintentionally doped samples, 
min

  is the mobility in highly 

doped material, refN  is the doping concentration at which the 

mobility is halfway between its minimum and maximum value 

and   is a measure of how quickly the mobility changes in 

this range. However, in [23] it is stated that this model fails for 

the case of 3C-SiC as there does not appear to be a definite 

value for 
min

 . Thus a model that behaves like the C-T 

expression for low doping and like Powel’s [24] for high 

doping is proposed.  

 In this work, the authors target to investigate the behavior 

of 3C-SiC power diodes that include junctions formed 

between regions lightly or heavily doped. As a consequence, 

the doping effect on carrier mobility is important. 

Experimental data available in [23] are employed and various 

values for the minimum mobility are investigated utilizing the 

C-T expression in MATLAB. For the range of doping 

concentrations from 1x1014 cm-3 to 1x1021 cm-3 a minimum 

mobility value of 40
2

cm / Vs  is determined approximately.  

 Moreover, the Fermi level measured from the conduction 

band changes with temperature and so do all the parameters 

involved in the mobility description. The temperature 

dependence for the low-field mobility parameters is described 

by (8), where Par is the parameter of interest from (7) and 

0
Par  is the value of the parameter at 300 Kelvin.  

    min max min0
1

ref
N N



        (7) 

 0 300Par Par T K


   (8) 

The 3C-SiC mobility experimental dataset processed in 

[25] is exploited in MATLAB by curve fitting of (8) results in 

min 0.5   for the 
min

  parameter. Taking into account the 

variance of Fermi level with temperature, presented in [25], 

different carrier concentrations are calculated to evaluate their 

dependence on the mobility for a range of temperatures. The 

C-T model is utilized along with the value of
min

 determined 

in this work. The results are shown in Fig. 1 and are consistent 

to the experimentally measured Hall mobility with 

temperature plotted in [18]. On the contrary, the alternative 

model proposed in [23] significantly deviating from the 

expected mobility values when the temperature of the power 

device differs from the value of 300K. Consequently, the 

parameters determined in this subsection are suitable for 

investigating 3C-SiC power devices in a wide operational 

temperature range. The low field parameters for 3C-SiC, 

supplemented with values for holes [18], are summarized and 

presented in Table IV. Note that the temperature dependencies 

omitted for some parameters, are considered to be zero.   

 
Fig. 1. Carrier mobility dependence on doping concentration for 

temperatures in the range of 10 – 1000 K. Solid lines correspond to the C-T 
model utilized with the mobility parameters presented in this work. Dashed 

lines show the dependencies, for the same concentrations, utilizing the 

alternative approach discussed in [23] with the absence of minimum 
mobility value. 

 
Table IV: 3C-SiC parameters for low Field mobility and coefficients used to 

express temperature dependence. 

Parameter 
3C-SiC 4H-SiC 

electrons holes electrons holes 

μmax [cm2/Vs] 650 20 950 125 

γmax -2.5 -2.5 -2.4 -2.15 

μmin [cm2/Vs] 40 15 40 15.9 

γmin -0.5 -0.5 -1.536 -0.57 

Nref [cm-3] 3x1016 3x1016 1.94x1017 1.76x1019 

α 0.8 0.8 0.61 0.34 

 
For the high field case, the Canali mobility formula is used 

in TCAD as shown in (9), where E is the electric field 
strength.  

Table III: 3C-SiC temperature dependent Density of States. 

Parameters 

Description 

Parameter 

Name 
3C-SiC 4H-SiC 

NC (300K) Nc300 1.559x1019 1.719x1019 

NV (300K) Nv300 1.159x1019 2.509x1019 

Intrinsic carrier 

concentration (cm-3) 
ni 0.83x101 5.64x10-9 
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The first parameter to be defined is the one describing the 
temperature dependence  . Consequently, following the (8), 

the values of 0beta  and beta  should be determined. The next 

parameter to be specified is the saturated velocity satv  and its 

value is determined indirectly by using (10). According to 
[26], the nonlinear dependence of the electron drift velocity on 
electric field for SiC polytypes can be initially approached 
with the one used for Si-technology, (11), and still be valid. 
Utilizing all the necessary parameters for mobility from Table 

IV along with the value of 
7

2.5 10 /
sat

v x cm s [26] and (11), 

the parameter 
,expsatv  from (10) can be easily fitted. The 

parameters for the high field mobility dependence are assumed 
to be the same for both carrier types and are summarized in 
Table V. Evaluating the determined parameter values in this 
subsection for various temperatures using MATLAB, the 
resulted Fig. 2 is in very good agreement with data presented 
in [27].  

 

Fig. 2. Steady state carriers velocity vs electric field by evaluating the high 
field parameters presented in this work for operating temperatures of 300, 

600 and 900 K. 

Table V: 3C-SiC parameters for high Field mobility and 

coefficients used to express temperature dependence. 

Parameter 
3C-SiC 4H-SiC 

electrons holes electrons holes 

beta0 1.251 1.251 1.2 1.2 

γbeta 1.2 1.2 1.0 1.0 

vsat 2.5x107 2.5x107 2.2x107 2.2x107 

vsat,exp 1.55 1.55 0.44 0.44 

     

D. Impact Ionization 

The main parameters needed for calculation of the 

breakdown voltage and critical electric field are ionization 

coefficients of electron and holes, that are considered constant 

and material dependent. It is found [28] that the impact 

ionization coefficients of bulk 3C-SiC are relatively 

insensitive to temperature variations in the range of 

300 500K T K  . In TCAD tools the “van Overstraeten de 

Man” model [29] [30]  can be used for impact ionization. 
Regarding 3C-SiC, ionization coefficients have been 

determined for holes and there is the assumption that they are 

the same for electrons [31]. Following the (12) and (13), the 

ionization coefficients for electrons and holes at room 

temperature for 3C-SiC summarized in Table VI [32]. The 

factor   with the optical phonon energy op  expresses the 

temperature dependence of the phonon gas against which 

carriers are accelerated, where 0 300T K and avaF the driving 

force for impact ionization, namely the applied electric field 

on the power device.  

 
 

0tanh 2

tanh 2

op

op

kT

kT




   (12) 

   expava avaa F b F    (13) 

 

Table VI: 3C-SiC impact ionization coefficients. 
Parameters Description Parameter Name 3C-SiC 

Ionization coefficients for electrons 

and holes 

an,p 1.07x107 

bn,p 1.12x107 

Low field range up to this value E0 4x105 

Optical phonon energy op  
0.120 

0.098 

 

E. Incomplete Ionization 

On TCAD tools, the phenomenon of incomplete ionization 

can be included by implementing traps. Depending on the 

dopant solubility in the semiconductor, various shallow energy 

levels are formed. This is a first approach of taking into 

account the existence of shallow defects in the semiconductor 

affecting the Fermi-level and describing the available charge 

carriers needed for conductivity [33]. Following the published 

works in [34], [35], [36], [37] and [38], we come up with the 

values of Table VII, that presents the main impurities in 3C-

SiC material due to different specific donor and/or acceptor 

species.  

 
  Table VII: 3C-SiC impurities / Shallow traps due to doping. 

Impurity Species Type 
Energy Levels (eV) 

3C-SiC 4H-SiC 

Nitrogen donor a 0.057 0.071 

Vanadium donor a 0.660 0.800 

Aluminum acceptor b 0.260 0.265 

Gallium acceptor b 0.343 0.300 

Boron acceptor b 0.735 0.293 

a. The formed energy level is considered from the Conduction band (EC). 

b. The formed energy level is considered from the Valence band (EV). 

F. Auger Recombination in 3C-SiC 

The Auger mechanism is used to describe the band-to-

band non-radiative recombination, namely the process that 

includes the emission of a phonon. The band-to-band Auger 

recombination rate in (14) decreases with increasing carrier 



density because of the screening Coulomb interaction [39]. 

The Auger recombination rate is found to be an order of 

magnitude lower in 3C-SiC with respect to 4H-SiC, as can be 

seen in Table VIII. 

  2

,

A

net n p i eff
R C n C p np n    (14) 

According to [39], it is safe to assume that in 3C-SiC the 
temperature dependence and the influence due to different 
carrier concentrations of Auger recombination coefficient is 
negligible and hence, a constant value, namely the one 
measured in Table VIII, is adopted. 

Table VIII: 3C-SiC Auger recombination rates. 

Parameter 3C-SiC 4H-SiC 

Electron coefficient (Cn) 0.3x10-31 5x10-31 

Holes coefficient (Cp) 0.2x10-31 2x10-31 

   

G. Schockley-Read-Hall (SRH) Recombination 

Generation and recombination mechanisms, are very 
important in power device physics, in particular, for bipolar 
devices. The SRH expression describes these recombination 
processes, that are considered dominant for semiconductors 
with indirect bandgap [40], as can be seen in (15). 

   

2

1 1

SRH

net

i

p n

np n

n n p p
R

 



  
  (15) 

 
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,0 ,01
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 







   
(16) 

Table IX: 3C-SiC SRH lifetimes parameter set. 

Parameter 
3C-SiC 4H-SiC 

electrons holes electrons holes 

τmin 0 0 0 0 

τmax 2.5x10-6 0.5x10-6 2.5x10-6 0.5x10-6 

Nref [cm-3] 1x1017 1x1017 3x1017 3x1017 

γ 0.3 0.3 0.3 0.3 

     

The doping dependence of the SRH lifetimes is modelled 
in TCAD tools with the Scharfetter relation shown in (16). 
Carrier’s lifetime vary in literature for 3C- with best reported 
measured values of 10-15μs [41]. Additionally, authors in [42] 
claim lifetime values equal to 0.5μs, though without  
specifying the corresponding doping concentration. These 
values are strongly dependent on the quality of each unique 
heteroepitaxially grown material layer and are expected to 
lower due to electrical active traps. Hence we adopt the values 
existing for 4H technology, as in all sources they are 
approximately of the same magnitude. Inspecting the values 
given in [42], lifetime in 3C-SiC is slightly higher than 4H-
SiC, thus we determine a lower reference doping 
concentration (Nref). However, introducing deep levels in the 
physical model of 3C-SiC will have a great affection on the 
lifetimes. 

III. 3C-SIC VS 4H-SIC POWER DIODES COMPARISON 

In this section, results from multiple FEM simulations, 

utilizing TCAD tools, regarding the I-V characteristics of 

power diodes, namely Schottky and PiN structures, are 

compared in order to obtain a performance map for each 

device in respect to the on-state voltage drop. The rated 

voltage of power devices can be an indication as to which 

applications can be better served by them. The rated voltage of 

power devices can be an indication as to which applications 

can be better served by them. Therefore this map can also be a 

useful tool when trying to identify whether an application in 

the market would benefit from the developments on 3C-SiC 

technology. 

3C-SiC does not exist freestanding, but it can be grown on 

heavily doped Si substrates. For simplicity, for this work, we 

suppose that the Silicon substrate does not induce extra 

resistance; also, the effect of interface traps at the 

heterojunction between Si/SiC is ignored. This resembles to an 

ideal scenario assuming that the technology has made a 

progress equivalent to a low defect electrical graded material. 

Hence, in these devices the doping and thickness of the 

epitaxial layer is what determines their resistance and 

breakdown voltage [3]. The on-state voltage drop is primarily 

determined by the metal-semiconductor junction barrier height 

that depends on the workfunction of the metal utilized. 

Schottky barrier diodes were initially designed for 

simulations. For this work, the Schottky contact is assumed to 

have a workfunction of 5.65eV, which resembles Platinum 

(Pt) metal. The SiC epitaxial layer thickness, considered for 

the designs in this work, is in the range of 5-100um. The 

SBDs are designed to be Punch Through (PT) and feature a 

buffer layer that is 1μm thick. For the PT designs, the electric 

field distribution in the device is allowed to insert the buffer 

area and defuse, resulting in a more rectangular shape and thus 

greater breakdown voltage. On the contrary, due to the 

absence of the buffer layer, in the NPT design the distribution 

of the field should not cross the drift region limits, otherwise 

early breakdown may occur.  

When developing 3C-SiC over Si epitaxial layers the 

process involves a nitrogen rich environment which 

unintentionally dopes the grown material epilayers. The 

current state-of-the-art technology does not allow 

development of very low concentrations for the SiC drift 

region. The range of doping concentrations considered for the 

simulations in this work, range from 9x1014 up to 1x1016 cm-3. 

This is consistent with the range of values reported in the 

literature [43].  

Fig. 3, depicts the breakdown voltage of 3C-SiC and 4H-

SiC Schottky power diodes as a function of voltage drop at 

25A/cm2.  This resembles a low load condition. The 3C-SiC 

Schottky devices demonstrate lower voltage drop for 

breakdown voltage application requirements up to 3 kV. For 

higher blocking capability, the 4H-SiC is preferable as the 

voltage drop compared to 3C-SiC is lower. Considering higher 

loads, as shown in Fig. 4, the breakdown boundary changes 

and becomes 1.8-2 kV.  

A similar methodology was followed with PIN diodes. The 

investigated ranges of drift region doping concentration are 

1x1013 up to 5x1016 cm-3. The drift region thicknesses 

considered range 5 to 200μm. The simulation results for 



100A/cm2 load conditions are shown in Fig. 5. As shown, 3C-

SiC is a more attractive solution for power diodes when rated 

reverse voltages of 200-2200 V are considered. On the other 

hand, the 4H-SiC PiN offers greater blocking capabilities for 

the same device dimensions in the cost of increased voltage 

drop during on-state as can be seen in Fig. 5. It should also be 

noticed that even after deciding in one technology, there still 

are optimal solutions for some certain values of breakdown 

voltages, in terms of minimizing the on-state voltage drop by 

changing the doping concentration and the thickness of the 

drift region. For the PT design trapezoidal field distribution is 

supported in the device when blocking. As a result, by 

increasing the thickness, more voltage can be accommodated 

within the drift region. However, when the doping 

concentration is high, the material critical electric field is 

reached whilst the shape of electric field is still triangular. 

Consequently, any further increase in the drift length does not 

improve the breakdown capability. This explains why the 

equi-doping lines in Fig. 5 stay flat for doping concentrations 

of 5x1015 cm-3 or higher after a certain thickness is reached.  
 

 
Fig. 3. Breakdown voltage of 3C-SiC and 4H-SiC Schottky power 

diodes as a function of voltage drop at 25A/cm2. The equi-doping lines 
resemble a constant doping concentration for various values of thickness. 

The left most point in each equi-doping line corresponds to lower drift 

region thickness value whereas the right most point denotes increased 
thickness. 

 

 
Fig. 4. Breakdown voltage of 3C-SiC and 4H-SiC Schottky power 

diodes as a function of voltage drop at 100A/cm2. The equi-doping lines 

resemble a constant doping concentration for various values of thickness. 
 

 

The same behavior is noticed for higher application loads 

in Fig. 6. Assuming that the value of 5x1015 cm-3 is the 

normally achievable minimum doping concentration for the 

drift region, devices with blocking capabilities of more than 

1.2 kV cannot be fabricated with 3C-SiC material. Hence, 

applications requiring more than 1.2 kV should be 

accommodated by utilizing 4H-SiC power diodes.  
 

 
Fig. 5. Breakdown voltage of 3C-SiC and 4H-SiC PiN PT power diodes as a 

function of voltage drop at 100A/cm2. The equi-doping lines resemble a 

constant doping concentration for various values of thickness.  
 
 

 
Fig. 6. Breakdown voltage of 3C-SiC and 4H-SiC PiN PT power diodes as a 

function of voltage drop at 250A/cm2. The equi-doping lines resemble a 
constant doping concentration for various values of thickness. 

 

IV. CONCLUSIONS 

In this paper, we present the developed parameter file of 

the promising 3C-SiC compound semiconductor. This enabled 

us to successfully model and simulate SBDs and PIN 

structures with 3C-SiC as the material of choice, something 

that was previously not possible. Further, we performed a 

comparison between the 3C-SiC and the 4H-SiC which 

allowed us to understand the realm of each material. We 

conclude that 3C-SiC can win over the 4H-SiC for 

applications requiring up to 1.2 kV blocking voltage, e.g. 

when used in the automotive industry. However, to obtain a 

comprehensive picture of the material behavior, evaluation of 

the switching loses should also be considered. Introducing 



traps in the validated 3C-SiC physical model is also necessary. 

The latter two are currently being pursued by the authors.  
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