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Abstract— The study of the dynamic behavior of the JFET 

Normally-off based on 4H-SiC (1200V-17A) will be presented in 

this paper. The evolution of the switching characteristics of the 

JFET has been studied and compared with the results found by 

simulation using PSPICE. According to the forms of 

experimental and simulation waves, we have able to extract the 

switching time: turn-on Ton and turn-off Toff which is low (of the 

order of 10-6s) and still proves the rapidity of the switching speed 

of these transistors. But the influence of the many characteristic 

values limited the performance of this device and appears to be 

responsible for the failure.  
 

Keywords— JFET- SiC; switching characteristics; leakage 

current. 

I.  INTRODUCTION  

The potential of vertical JFET were highlighted especially for 

power applications and present themselves as good candidates 

for use in high temperature environments. They combine the 

quick switching of the unipolar transistors (eg MOSFETs), the 

ability to switch high current densities and the excellent 

thermal properties of the materials silicon carbide [1] [2]. The 

VJFETs are 100% unipolar which favors the parallel easier to 

switch high current of the order of hundreds of ampere [3]. 

Thanks to the vertical structure of the channel, the SiC 

VJFETs allow greater integration density, very low on-state 

resistance and easier fabrication with low cost [3] [4]. Unlike 

the MOSFET, the SiC VJFET is based on the modulation 

width of the channel by the PN junction who prevents 

degradation of the component at elevated temperatures in the 

oxide gate of MOSFETs.  

Several research projects are directed towards the best solution 

for reducing the switching losses: either reduces the switching 

frequency (which seeks to increase further to reduce the 

volume of components liabilities) or to reduce the switching 

time (fast semiconductors). 

We will study a SemiSouth 1200V 17A SiC JFET [5] a 

vertical channel structure manufactured (VJFET), which is 

characterized by a very low state resistance, low gate charge 

and low intrinsic capacitance [6]. To fully exploit the potential 

of the SiC normally off JFET and to make sure that it can also 

be used in power electronic converters with high switching 

frequencies, the dynamic simulation of characteristics is given. 

The results are validated using experimental results under 

inductive switching conditions.  

II. DESCRIPTION OF THE EXPERIMENTAL SETUP  

A. Test Bench  

The figure 1 shows the bench test used for measurement in 

commutation of the JFET Normally -Off (1200V -17A). 

 

Fig. 1. Photograph of the test bench used for the measurement of switching 

JFET-SiC load RL 

 

 

 

 
 

 

 
This circuit consists of a DC voltage source VDC, the JFET 

transistor, a load resistor R and inductance L. The JFET 

transistor is voltage- controlled at its gate by a pulse voltage 

source. In practice there is a gate driver which was fixed 

resistance RG and the supply voltage as function of test JFET. 

A control board generates the control signal driver. 

Voltage source VDC 
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The dynamic experiments were performed at ambient 

temperature. Switching measurements were also performed at 

elevated temperatures (up to 100°C), but it was found that the 

switching waveforms at different temperatures were 

undistinguishable. For this reason only ambient temperature 

switching experiments are included. 

B. The test circuit used in the simulation 

The model of the switching cell used in the simulation with 

PSPICE software is given in figure 2. We choose small values 

of Rg since it is advisable to avoid large gate resistors values 

with SiC components to avoid damaging their transient 

performance [7]. The specific resistance has a significant 

influence on the switching characteristic of the JFET.  

 

Fig. 2. Switching test circuit used in the simulation of the SiC JFET. 

 

 
               

The dynamic simulations were performed also using the 

specific on resistance model. It was found that the results were 

quite similar. That was expected, since switching waveforms 

are mostly affected by device capacitances. 

Fig. 3. Experimental and simulation waveforms (a) of the voltage VDS and 

(b) of the current IDS in the opening of SiC-JFET. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The switching waveforms for our device are shown in fig. 3 

((a)-(b)). The experimental switching waveforms and obtained 

by simulation are comparable. Thus waveforms were a good 

indication of the excellent switching properties of the device. 

Considering the presented measurement results, the 1200V 

direct-driven SiC JFET is perfectly suited for use in 

photovoltaic inverters. 

The table Ι summarizes the main parameters of our switching 

transistor, the oscillation frequency is order of 1MHz and 

presents  a rise time tr  of the order of 640 ns and a fall time tf 

of the order of 9 ns which its demonstrating the switching 

speed. 

TABLE I.  TRANSIENT PARAMETERS OF THE STUDIED JFET-SIC. 

 
 Id 

(A) 

tr 

(ns) 

tf 

(ns) 

td,on 

(ns) 

td,off 

(ns) 

ttot 

(ns) 

fmax 

(MHz) 

Experimental 3 640 9 275 15 939 1.065 

Simulation 2.9 907 30 110 5 1052 0.95 

 

According to the summary table of switch settings t-on and t-

off show that the experimental results and those found by 

simulation are almost identical, the t(on.exp) is about of 275ns 

twice compared to that found by simulation t(on.sim) = 110ns, 

whereas the t(off exp) = 15ns and the t(onsim) = 5ns are closer. 

Early switching, experimental decreases much faster pace than 

that determined by the simulation. This may be related to the 

inductive effect, the influence of the energy dissipated, where 

mainly the change of the temperature inside the chip, which is 

the physical cause of the failure. Other characteristic values 

appear to be responsible for the failure (such as the leakage 

current of the gate-source junction through the voltage drop in 

the gate resistor). 
 

III. EFFECTS THAT ACCELERATES THE FAILURE OF SIC JFET 

 

The VJFETs based on 4H-SiC (2A-600V) were studied by 

Merret [8], with different voltages pinch VT0. The devices are 

designed such that the threshold voltage may be positive or 

negative in decreasing or increasing the nominal width of the 

channel. Generally, more the JFET is conductive (ON), plus 

its specific resistance is low. On the other side, more the 

pinch-off voltage VT0 is negative, plus it will be necessary to 

have negative VGS to pinch the channel especially at high 

drain voltage. The JFET Normally Off require only a very low 

gate voltage to block voltage but generally suffer from lower 

saturation currents compared to the Normally On, for a given 

gate-source voltage as we noticed in the case of our transistor. 

Merret et al. [8] tested the operation of this type of transistors 

at high temperatures up to 523K and the curves were 

extrapolated to 573K. In our case the transistor is tested up to 

423K and we observed the same behavior, the saturation 

current of 6.4A to 4A decreases when the temperature 
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increases from 300K to 420K and this because of reduced 

electrons mobility with temperature. The results show that the 

drain current is 30% of 573K to 298K in the case of transistors 

tested by Merret compared with our transistors the drain 

current is 38% of the 300K to 420K. As for the leakage 

current in off state measured by the Merret, it has doubled in 

298K to 573K but still acceptable even to 600V. 

We tried to follow the evolution of the reverse leakage current 

of our transistor. The gate leakage current, IGS is measured 

from the inverse characteristic of the junction gate source. The 

latter is treated as a reverse polarized diode that by applying a 

voltage VGS ranging from -15V to 0V (with the Keithley 

SMU). The diagram block of the circuit characterization and 

evolution of the reverse current of the junction gate/source are 

represented in Figure 4. Monitoring of the evolution of the IGS 

JFET can be an indicator of aging grid junction source and 

condition of the metal contacts at the gate and source. 

Fig. 4.  (a) Schematic diagram of the measurement of the gate current, (b) 

Evolution of the leakage current as a function of gate voltage VGS of SiC 

JFET. 
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We also sought to estimate the leakage current when the JFET 

drain is blocked. We apply across the gate source junction 

voltage -15V. To measure very low intensities, we chose to 

perform these measurements using Keithley SMU. The 

applied drain-source voltage is limited to 100V, a value much 

lower than the breakdown voltage between drain and source of 

the transistor and which is 1200V. The evolution of the 

leakage current of SiC JFET drain (Figure 5(b)) shows that the 

current is very low (about 70 pA) and this peak (172 pA). This 

current could be an indicator of aging of the metal / 

semiconductor layer interface has been indicated by 

Moumen[9]. 
 

 

 

Fig. 5.  (a) Schematic diagram of the measurement of the drain leakage 

current, (b) Drain leakage current of the SiC JFET versus time (VDS = 100 V). 
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We studied the switch performance of the JFET as function of 

the temperature. Cheng [10] studies the stability over time of 

the characteristics of VJFETs (8A-600V) in thermally stressful 

at room temperature 548K. The results show that the drain 

current decreases during the first few hours and then remains 

unchanged. We applied the same process on our JFETs in 

thermally stressful at T = 423K and we found that the drain 

current of 4.6A to 5A decreases after three hours and then 

stabilizes at this value. This reduction is higher drain voltage 

and higher gate. This may be related to the fact that defects in 

the material are driven by a strong electric field at high 

temperature, which affects the resistance in the on state and 

the depletion width of the channel. This result shows the 

advantage of JFETs with respect to MOSFET by eliminating 

the problem of movement of the load gate oxide for a long 

operation time. 

IV. CONCLUSION 

The study of 1200V-4H-SiC normally-off JFET showed the 

waveforms rich in information (fmax oscillation is 1.065KHz 

and a tr is about 640 ns and a tf  in the order of 9 ns) which 

favors a better extraction of the dynamics parameters in 

modeling. Given the results measures presented, the JFET- 

SiC 1200V is perfectly suited for use in photovoltaic inverters 

and high temperature applications and high frequencies. 

To highlight the importance and effects of changes in 

temperature on the JFETs Normally Off based 4H-SiC vertical 

structures, we sought to estimate, by experimental 

measurements, the leakage current between drain and gate as a 

function of temperature and linking such waveforms and the 

drain current observed when switching voltages, this to better 

understand the cause of the failure. 
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To retard degradation, solutions solder with intermetallic 

diffusion for the postponement chip / substrate have been 

implemented to improve the lifetime of the power components 

semiconductor, particularly for applications requiring higher 

temperatures operation. 

References 
 

[1] C.E. Weitzel, J.W. Palmour, C.H. Carter Jr., K. Moore, K.K. Nordquist, 
S. Allen, C. Thero and M. Bhatnagar: IEEE Trans. Electron Devices vol. 
43 No. 10, pp. 1732-1741, 1996. 

[2] C.-M. Zetterling, S.-M. Koo, E. Danielsson, W. Liu, S.-K. Lee, M. 
Domeij, H.-S. Lee, M.Ostling « Challenges for High Temperature 
Silicon Carbide Electronics », Proceedings of the spring meeting of the 
Materials Research Society, San Francisco, California, 2003, p.C1.4, 
Vol. 764, USA. 

[3] L.Cheng, « High-Temperature Operation of 50 A (1600A/cm2), 600V 
4H-SiC Vertical-Channel JFETs for High-Power Applications », 
Materials Science Forum, vol 600 - 603, 2009. 

[4] J.N.Merrett et al., « Silicon Carbide Vertical Junction Field Effect 
Transistors Operated at Junction Temperatures Exceeding 300° C », 
Proceedings of IMAPS International Conference and Exhibition on High 

Temperature Electronics (HiTECH 2004), May 17-20, 2004, Sante Fe, 
N. Mex. 

[5] SemiSouth Laboratories Inc, SJEP120R100 Normally-OFF Trench 
Silicon Carbide Power JFET. 2009: www.semisouth.com. 

[6] A. Ritenour, D.C. Sheridan, V. Bondarenko, and J.B. Casady, 
“Performance of 15 mm2 1200 V Normally-Off SiC VJFETs with 120 A 
Saturation Current”, Materials Science Forum Vols. 645-648 (2010) pp 
937-940.   

[7] Régis Meuret, Olivier Berry, Fabien Dubois, Youness Hamieh, Stéphane 
Raël, Farid Meibody-Tabar, Dominique Bergogne, Sonia Dhokkar and 
Hervé Morel, "SiC Inverter Optimization for High Temperature 
Applications, 27TH International Congress of the Aeronautical Sciences 
(ICAS 2010). 

[8] J.N. Merrett, « Silicon Carbide Vertical Junction Field Effect Transistors 
Operated at Junction Temperature Exceeding 300°C », Proceedings of 
IMAPS International Conference and Exhibition on High Temperature 
Electronics (HiTEC ), USA, (2004). 

[9] Sabrine MOUMEN, " Etude de la robustesse de transistors JFET à base 
de SiC vis-à-vis de stress électriques", Thèse de doctorat, Ecole Normale 
Supérieure de CACHAN, (2012). 

[10] L.Cheng, P.Martin, « High-Temperature reliability of 4H-SiC Vertical-
Channel JunctionField Effect Transistors (VJFETs) for Power 
Conditioning System Applications », HITEC 2006. 

 

 

 

 

 

../../Downloads/www.semisouth.com

