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SiC-BJTs with their superior characteristics, including low on-state resistance and their elevated 
breakdown voltage is very suitable for high-voltage and high-temperature applications with a greater 
efficiency in sectors [1]-[2]. However, temperature can change the conductivity of the semiconductor 
material thus affecting its performance [3]-[4]. In this paper static and dynamic electrical 
characterization are carried out on 4H-SiC BJTs at Ampere Lab. The BJT were fabricated on a 4H-SiC 
wafer with an epilayer layer of 120 µm thick and doping concentration of 8´10+14 cm-3 (Fig.1). A 
maximum breakdown voltage of 11 kV was obtained in vacuum conditions with a high voltage source 
[5]. 

Fig.2 shows three distinct configurations of BJTs with their respective finger length and active area, 
incorporated to optimize the electrical parameters. Two different finger lengths were implemented (420 
µm and 640 µm) both with active area of 15.6 mm2 and 2.12 mm2 for large and small devices 
respectively as describes in Table 1. 

The large and small BJTs exhibit a similar on-state resistance per unit area as seen in Fig.3, and are both 
seen to have approximately 55 A.cm-2 for collector current density with the same base-current density 
(3.3 A.cm-2 to 3.2 A.cm-2) corresponding to different base current (0.5 A and 70 mA respectively). We 
can deduce that the active area has no strong impact on its electrical characteristics regarding the current 
density. 

From Fig. 4, we can observe a very similar current gain, b, between the large and small BJTs (420 µm 
finger length, 15.6 mm2 and 420 µm finger length, 2.12 mm2). A similar behavior is observed between 
the large BJTs (640 µm and 420 µm finger lengths, both 15.6 mm2). However large BJTs with same 
finger length of 420 µm, 15.6 mm2 exhibit a significant difference in current gain but localize at a 
different position on the wafer. That can be due to very small variation in the fabrication process and 
inherent material properties (as doping level and thickness) across the wafer. Therefore, b is similar with 
different finger lengths probably due to the low effect of the depolarization along the finger length. 

The current gain of the large BJTs tends to increase with decrease in temperature as a result of a decrease 
in the recombination rate of charge carriers due to lower thermal energy as seen in Fig.5. This implies 
that a smaller base current is required to control a given collector current, thus effectively increasing its 
amplification capacity. 

In the final paper, we will present results for the switching characteristics of the BJT using a double 
source test bench. 
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Fig.1 Cross-section of the studied 4H-SiC 10 kV 
BJT 
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Fig. 2 Picture of 3 selected BJT with finger length 
of 640 µm and 420 µm 

  
Fig. 4 Extracted b for 4 different BJTs (finger 
length and area) at 25°C 

Finger Length (µm) Die area (mm2) 
420 2.12 
420 15.6 
640 15.6 

Table 1: Summary of the different BJT 
configurations, square dies 

  
Fig. 3 JC (VCE) for different JB at 25°C for a small 
(open symbol) and large (closed symbol) BJT, 
finger length of 420 µm 

 
Fig. 5 Extracted b for the large BJT (finger length 
420 µm, from square symbol on Fig. 4) for a 
temperature range of -50°C to 150°C  

 


