
JOURNAL OF OPTOELECTRONICS AND ADVANCED MATERIALS                      Vol. 16, No. 11-12, November - December 2014, p.  1400 - 1404 

 

Breakdown Analysis of Normally-Off 4H-SiC Trenched 

and Implanted VJFET 
 

 

T. MUNIR
a*

, M. FAKHAR-E-ALAM
a*

, F. ABBAS
b
, M. ATIF 

c,d
 

a
Physics department, GC University Faisalabad. Pakistan. 

b
Microelectronics Division/Center of Excellence in Solid State Physics, University of the    

 Punjab, Lahore-54590, Pakistan. 
c
Physics and Astronomy Department, College of Science, King Saud University Riyadh 11451, Saudi Arabia 

d
National Institute of Laser and Optronics, Nilore, Islamabad, Pakistan. 

     
 

 
The optimum channel width and temperature is necessary for high and stable breakdown voltage of normally-off 4H-SiC 
based VJFET. The dependence of breakdown voltage on variation of channel width (0.8-0.9 µm) and temperature (300K  to 
773K)  was studied using sentaurus TCAD. The highest breakdown voltage was 2048 V reported at channel width of 0.8 µm 
at 300K. As channel width and temperature increases breakdown voltage decreases due to depletion region width 
decreases. The strong electric field and impact ionization decreases from gates towards drain with increase in channel 
width and tempearture which reduces breakdown voltage.  
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1. Introduction 
 

4H-SiC based devices shows attractive performance 

for high power, temperature and frequency devices due to 

superior intrinsic material properties such as transport 

property, excellent thermal conductivity, high saturation 

velocity, high breakdown electric field [1,2].  

 The normally-off 4H-SiC VJFET is prefered power 

device structure due to uniform electric field distribution, 

low on resistance, high current density and device conduct 

after applying  positive gate voltage and fail safe structure 

[3]. A large number of device edge termination techniques 

have been discovered to control breakdown voltage in 

device technology such as abrupt parallel plane junction, 

planer junction, planer field ring terminations, Junction 

termination extensions. Among theses techniques, 

Trenched and implanted (TI) techniques is prefered in 

VJFET because of its many structural advantages. it does 

not require epitaxial regrowth in the middle of the device, 

accurate adjustment of channel width, low value of 

specific on-resistance due to elimination of internal lateral 

JFET gates [4,5]  

The factors which are responsible for controlling 

breakdown voltage are channel width, temperature, drift 

doping concentration and layer thickness. These factors 

are critical in order to control the breakdown voltage. 

Basically they directly effect the development of electric 

field and impact ionization within the device which in turn 

are related to breakdown phenomena.     

A suitable value of channel width and temperature is 

critically important for high breakdown voltage [6], until 

now lot of research articles published to optimize 

breakdown voltage at different channel width and 

temperature range [7,8]. In this paper, the breakdown 

analysis of normally-off 4H-SiC TI-VJFET was studied at 

various channel width (0.8-0.9µm) and temperature 

(300K-773K) using Sentaurus TCAD. The simulated 

results are in agreement with experimental work [5] and 

highest breakdown voltage 2048 V at 300K was reported 

todate on any normally-off 4H-SiC TI-VJFET. 

 

 
2. Proposed structure and models 
 

Fig.1 shows cross sectional view of TI-VJFET 

structure, the n-type vertical channel and drift layer having 

a doping concentration of 7×10
15

cm
-3

 and 5×10
15

cm
-3

 

respectively.The vertical channel width varies from 0.8-

0.9µm while temperature varies 300K to 773K. Gate is p-

type doped upto 3.5×10
17

cm
-3 

above this gate there is a 

layer of highly doped P
++

 layer for reliable ohmic contact. 

Both drain and source regions have n+type doping of 

1×10
18

cm
-3

. The following models have been used for 

breakdown analysis of TI-VJFET, Shockley-Read-Hall 

(SRH) and  Auger recombination model, avalanche 

generation, bandgap narrowing, Impact ionization, 

incomplete ionization model [9]. 

 

 

3. Results and disscusion 
 

3.1  Electrical characteristics 

 

Fig.2 shows variation of  breakdown voltage  with 

channal width, as expected [7] it was found that 

breakdown voltage decreases with  increase in channel 

widths due to increased path for current flow which 

decreases depletion region width. As a result the effect of 
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electric field is reduced lateral and vertical penetration of 

electric field decreases discussed in next section. The 

optimum breakdown voltage was 2048 V achieved at 

channel width of 0.8 µm which is in close agreement with 

experimental work [5] while least breakdown voltage of 

201 V was obtained at channel width of 0.9 µm.   

Fig. 3 shows breakdown voltage with temperature 

variation (300K-623K) at different channal width (0.8 µm 

& 0.9µm). As expected [8] it was found that breakdown 

voltage decreases with increase in temperature for all 

channel width. At high temperature, most of the impurities 

have been ionized and effect of phonon scattering becomes 

significant which degrades electron mobility and 

consequently decreases breakdown voltage with 

temperature [10]. Due to strong elctric field at small 

channel width 0.8 µm device can operate successfully 

from 300- 623 K while at 0.9 µm channel width the 

operational range became 300- 423 K due to weak electric 

field discused in next section. 

 

 

 
 

Fig. 1. A cross-sectional view of TI-VJFET. 

 

 
 

Fig.2. Effect of channel width on breakdown voltage. 

 

 
 

 
 

Fig. 3. Effect of temperature (300-623K) on breakdown 

voltage (a) Wch  = 0.8µm (f) Wch =0.9µm. 

 

 

3.2 Electric field and impact ionization  

 

 

Electric field variation due to channel width is very 

critical in controlling breakdown voltage. Fig.4(a,b) shows 

variation of electric field with channel width. It is clear 

from results that electric field decreases from gates 

towards drain with incraese in channel width. At small 

channel width electric field is very strong near the gate and 

decreases with the increase in channel widths. The electric 

field penetrates to a much larger depths at small channel 

width, this effect of electric field is critical for breakdown 

analysis. The strong electric field increase the electron 

drift velocity with in depletion width consequently 

increases breakdown voltage. 

Fig. 4(c,d) shows variation of impact ionization with 

channel width. A prominent decrease in impact ionization 

with increase in channel width is clear from the results. 

The regions which are in close vicinity of gate having 

higher electric field and impact ionization because 
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electrons gain high energy and are accelerated more in 

these areas and create more electron hole pairs causing a 

multiplicative process to start. So, impact ionization is  

 

 

high near the gate region for small channel width where 

electric field is strong and decreases away  from the gate 

with increase in channel width due to weak electric field. 
 
 

 

 
 

  
 

(a)                                                                                               (b) 

 
 

 
 

(c)                                                                                           (d) 

 

Fig. 4. Variation of electric field (a,b) and impact ionization (c,d) at 0.8&0.9 µm channel width. 

 

 

Fig.5 (a,b) shows the variation of electric field in the 

whole vertical structure of the device at various channel 

widths (0.8µm & 0.9µm) and wide temperature range 

(330K to 773K). Results clarified that electric field 

decrease with increase in channel width and temperature. 

The electric field increase sharply with in the gate region 

where it is very high. With an increase in vertical 

dimension of the device, going away from gate towards 

drain side electric field decrease sharply to zero on 

approaching drain terminal. At large channel widths and 

temperature electric field falls to zero before the drain 

terminal, thus providing small thickness for impact 

ionization consequently breakdown voltage decreases.    

 

 

 

Fig. 5 (c,d) shows impact ionization with increase in 

channel width and temperature. It was found that impact 

ionization decreases with increase in channel width and 

temperature. The  impact ionization increase sharply in the 

gate region where electric field is high then it becomes 

uniform in the vertical depth of device and decrease 

suddenly on approaching drain terminal. At high channel 

widths and temperature impact ionization decreased to 

zero before approaching drain,therefore depletion region 

width decreases consequently breakdown voltage 

decreases.   

 

 

 

 

 
 

 
 

 
 



Breakdown analysis of normally-Off 4H-SiC trenched and implanted VJFET                                     1403 

 
 

 

 

       
  

(a)                                                                                    (b) 

 
 

       
 

                                                  (c)                                                                                    (d) 

 
 

Fig. 5.Variation of electric field (a,b) and impact ionization (c,d)  with temparature from 300K to 773K  at Wch = 0.8µm  and 

Wch = 0.9µm. 

 
 
4. Conclusion 

 

The dependence of breakdown voltage on variation of 

channel width (0.8-0.9 µm) and temperature (300K-773K) 

was studied using sentaurus TCAD. The highest 

breakdown voltage 2048 V was achieved at channel width 

0.9 µm and 300K. The increase in channel width and 

temperarture decrease breakdown voltage due to decrease 

in depletion region width.The electric field and impact 

ionization showed a high values near the gate region and 

decreased on approaching drain terminal with increase in 

channel width and temperature consequently decreases 

breakdown voltage.   

 

Acknowledgement 

 

The Authors would like to acknowledge School of 

Physical Sciences, University of the Punjab Lahore for 

their help. This  project  was  supported  by  King  Saud  

University,  Deanship  of  Scientific Research, College of 

Science Research Center. 

 

 

References 

 

 

  [1] M. Ghezzo, D.M. Brown, IEEE Elec. Dev. Lett. 13,   

        639 (1992). 

  [2] S. Nakamura, Y. Harada, M. Senoh,  J. Appl. Phys.  

        Lett. 58, 2021 (1991). 

  [3] L. Pelaz, J.L. Orantes, J. Vicente, L. Bailon, J.  

        Berbola, Microelectrnics Journal, 27, 43 (1996). 

  [4] P. Alexandrov, J. Zhang, X.  Li, J.H. Zhao, Electron  

        Lett. 39, 1860 (2003). 

  [5] J. H. Zhao, K. Tone X. Li, P. Alexandrov, L. Fursin,  

        M. Weiner, Proc. IEEE  Circuits Devices Systems,  



1404                                                             T. Munir, M. Fakhar-e-Alam, F. Abbas, M. Atif 

 

        151, 231 (2004). 

  [6] J.H.  Zhao, L. Fursin, P. Alaxandrov, X. Li, M.  

        Weiner, Mater. Sci. Forum, 457-460, 1161 (2004);  

  [7] P. Bhatnagar, A.B. Horsful, N.G. Wright, C.M.  

        Jhonson, K.V. Vessilevski, A.G. Neil, Sol. Stat.  

        Elec, 49, 453 (2005). 

  [8] V. Valiadis, T. Mcnutt, M.  Snook, H. Hearne, P.  

         Potyraj, J. Junghans, C. Scoozie, International  

         journal of Power management Elctronics. 721  

         (2008). 

  [9] Synopsys Sentaurus Device User Guide, V- F- 

        2011.09, September 2011. 

[10] B.J. Baliga, Power Devices. Modern Semiconductor  

        Device Physics. New York: John Wiley, 1997. 

 

 

 

________________________ 

*Corresponding author: tariqmunir@gcuf.edu.pk 

             atifhull@gmail.com  

                                       fakharphy@gmail.com  

                                       fakhar.abbas30@yahoo.com

           

mailto:tariqmunir@gcuf.edu.pk
mailto:fakhar.abbas30@yahoo.com

