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Abstract--The expansion of electricity networks 
(distribution of energy, telecommunication), strongly 
contributed to increase the risks of appearance of 
defects, such as surge or overload. This multiplicity 
and complexity of electric networks, the need to have 
reliable systems favoured the development of serial 
protection devices. Fuse solution allows an efficient 
and total protection but requires to replace an 
element in case of failure. Therefore, other solutions 
have been investigated. 
Complex systems have been developed, all based on 
serial compensation, such as supra-conductor 
material, GTO MOV combination ...  
Indeed, because of the strong energy appearance 
during a short circuit, it is necessary to limit and to 
dissipate the energy of the short circuit, under high 
bias. This constraint leads to a feasibility study of a 
current limiter in 4H silicon carbide (4H-SiC). 
A VJFET structure was retained focusing on a 
nominal current of IN = 1 A and a nominal voltage of 
VN = 690 V. The device was optimised, taking into 
account SiC excellent physical properties. The 
VJFET was designed checking the trade-off between 
a low on-resistance value, high voltage capability and 
the highest gate transconductance value. A first 
batch of component was made, validating the bi-
directional limitation function in both current and 
voltage mode, (VMAX = 970 V). The efficiency of the 
protection was validated, demonstrating the capacity 
of a component to react very quickly (t < 1 µs). Using 
such a device is very suitable in several applications 
(protection against short circuit, transient over 
current…) as it will allow to reduce transient 
phenomena and thus increase the efficiency and 
lifetime of the whole system. 
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I. INTRODUCTION 

Serial compensation can be done by the 
adjunction in the electrical circuit of an equivalent 
variable resistor that can be supra-conductor 
material, or Gate Turn Off (GTO) Metal Oxide 
Varistor (MOV) combination. 
Numerous strategy can be : 

1 compensation with supraconductive effect 
temperature dependence [1], 

2 adding resistances in serial to reduce the 
current and mechanical switch [2],  

3 polymer based devices also named “Positive 
Temperature Coefficient (PTC) composite” [3],  

4 specific semiconductor current limiters [4], 
[5]. 

Focusing on first system, high cost of such 
components constrain the utilization to power plant 
distribution an no effective commercial systems 
are available [6]. 
Concerning the second point, although name 
“static disjunction”, good performances can be 
expected from this kind of system and some of 
them are actually used. They required high energy 
capacity resistance and GTO devices. Main 
difficulty consist in driving switch to react very 
quickly to a short circuit [2]. 
Third kind of current limiter is related to lower 
power application (low voltage and low current) 
[7]. Current limitation is based on the variation of 
the serial resistance while temperature rise-up by a 
modification of the crystalline structure of the 
composite. The composition change can be due 
either to self heating or to external temperature 
variation. Therefore, such devices can react to a 
short-circuit (current rise up lead to self heating 
and resistance rise-up) or can prevent effect of 
temperature rise-up during a battery charging cycle 
for example [8]. Their advantage is the low cost 
while theirs drawbacks are time need to restore 
original structure and time to react to a new 
electrical default. 



Up to now, few specific semiconductor current 
limiters exist and are limited to very low voltage 
or current applications. Highest capabilities of 
Current Regulative Diode (CRD) for example are 
IN = 5 mA, Vmax = 120 V [9]. Few patents describe 
other solution such as an IGBT based-on structure 
[5]. The main problems of actual current limiting 
devices are the maximal operating temperature of 
silicon and its voltage capabilities. 
“Fig. 1” presents temperature and voltage 
limitations for both silicon and silicon carbide 
current limiters. 
 

 
Figure 1. Comparison between Si and SiC CRD. 
 

The silicon CRD can not reach (due to thermal 
runaway) 200 V while the SiC-CRD overpasses 
600 V. It underlines the high voltage and current 
capabilities of SiC devices. Indeed, because of the 
strong energy appearance during a short circuit, it 
is necessary to limit and to dissipate the energy of 
the short circuit, under high bias. These constraints 
lead to a feasibility study of a current limiter in 4H 
silicon carbide.  
 

II. VJFET BASE CURRENT LIMITER 

A VJFET structure (“Fig. 2”) was retained with 
the following foreseen characteristics of a nominal 
current of IN = 1 A and a nominal voltage of VN = 
690 V. 
 

 
Figure 2. Three terminals fault current limiter device structure. 

 
In normal mode (static state), current flows 

from drain to source using the path between p-
buried layers (gate and source). When a default 
appears in the protected circuit, high voltage is 
applied on the drain. PN junction is thus reverse 
biased, pinching the channel and limiting the 
current flow. The device was optimised, taking 
into account foreseen characteristics and SiC 
peculiarities. The VJFET was designed checking 
the trade-off between a low on-resistance value, 
high voltage capability and a as good as possible 
gate transconductance value. The optimisation of 
device parameters was made using a finite 
elements solver (ISE tcad software). “Fig. 3” 
presents the evolution of an optimal term 
depending on channel length (L) and gate to source 
distance (W). 

 

 
Figure 3. Optimal terms channel length “L” and p-type buried 
layers distance “W” determined by finite element simulations 
 
III. SERIAL PROTECTION DEMONSTRATION 

A first batch of component was made, 
validating the bi-directional limitation function in 
both current and voltage mode, (VMAX = 970 V). 
The efficiency of the protection was validated, 
demonstrating the capacity of a component to react 
in very short time (tr < 1 µs) (“Fig. 4”), while 
plugged in a real electrical system (“Fig. 5”). 
An additional inductance plugged in serial with the 
current limiter was used to check over-voltage 
appearing in the circuit. A 10 time higher inductor 
value only implies a 3.6 time higher over-voltage. 
This measure clearly demonstrates both over-
current and over-voltage reduction using a silicon 
carbide current limiter. Furthermore, no significant 
change of the response time was measured (less 
than 1µs). 
 



 
Figure 4. Experimental short circuit waveforms of the current 
limiter. 
 

 
Figure 5. Description of the electrical circuit used to perform 
switching tests 
 

Using such a device is very suitable in several 
applications such as short circuit protection, 
transient over current reduction, power supply 
factor correction. 
 

III. FORESEEN APPLICATION 

Another appropriate use is electrical motor 
starting phase, allowing soft torque at start up 
without sensitive modifications of the dynamic 
behaviour of a continuous current motor. 
Simulations were carried out using Matlab© to 
check the effect of the adjunction of a serial 
current limiter within the electrical system on the 
dynamic behaviour of the motor. 
Models of a continuous current motor coupled with 
a model of the current limiter (resistor dependent 
on current) were used in a Simulink description of 
the system  
 

A - MATLAB MODEL DESCRIPTION 

A Simulink description of a DC motor is 
presented in “Fig. 6”. 

 
Figure 6. Simulink block describing the transfer function of a 

DC motor. 
 

In order to avoid any numerical instability (due 
to the derivative block) during transient 
simulations, two different models were 
implemented and compute in parallel. The first one 
concern the case of no current-saturation “Fig. 7”. 

 

 
Figure 7. Simulink block describing the transfer function of a DC 

motor in non current-saturation mode. 
 
The other one is used while current-saturation 
occurs (“Fig. 8”). 

 

 
 

 
Figure 8. Simulink block describing the transfer function of a 
DC motor in current-saturation mode. 



Both models were computed in parallel. The 
torque output of each model is used as a 
synchronisation signal whereas the current is used 
to switch the main output between saturated and 
not saturated model outputs. 

 

 
Figure 9. Simulink block describing the whole system. 

A suitable utilisation of such a model can be 
the determination of the most appropriate current 
limiting device (in terms of current ratings and 
maximal mechanical power) with respect to 
dynamic performance.  

 
B - MATLAB MODEL APPLICATION 

As shown in “Fig. 10” and “Fig. 11”, 
simulations permits to estimate both the response 
time and the maximal transient mechanical power 
for given speed reference and current limitation 
values. From this can be extracted optimal 
parameters of a current limiter considering given 
speed requirements, dynamics and mechanical 
limitations. 

 

 
 
Figure 10. Response time of a DC motor to a speed reference 
versus current limitation. 
 

 
Figure 11. Maximal transient power during starting phase of a 
DC motor for given speed reference and current limitation 
values 
 
Using previous model, the speed evolution was 
compared for two different reference speeds (250 
rpm and at t=9 s, 1600 rpm). The maximum current 
set in both case was 480 A. In the first case no 
over-current was observed. For an highest speed 
reference (1600 rpm) an over-current appears. 
Using a current limiter didn’t change the speed 
stabilisation time, but limits considerably the 
maximum transient power as illustrated in (“Fig. 
12”). 
 

 
Figure 12. Transient evolution of speed for two given speed 
reference and a fixed current limitation value (480A). 

 

III. CONCLUSION 

Adding in serial such a device in application 
will allow to reduce transient phenomena, such as 
over-current reduction during starting phase and 
thereby over-torque limitation. This will allows an 
increase of the efficiency and life time of the 
whole system, without the need of a complex 
electronic driver (as the current limiter acts 
without control board). 



The possibility of integration of an internal 
current control system as been demonstrated [10] 
and is the next challenge to get a smart controlled 
current limiter. Further modelling and 
experimental validation will be made to illustrate 
such a benefit. 
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