Design and Characterization of an Optical 4H-SiC Bipolar Junction Transistor
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SiC bipolar transistors and thyristors have been introduced in the literature and have shown to have a promising performance [1]- [START_REF] Dheilly | Pulse characterization of optically triggered SiC thyristors[END_REF]. Those applications include but not limited to flexible ac transmission systems (FACTS), high-voltage direct current (HVDC) and wind power [START_REF] Mojab | Low-leakage drive for optically-triggered high-power SiC emitter turn-off thyristors[END_REF]. In this paper, an optical 4H-SiC BJT have been designed and characterized at Ampere Lab and fabricated at L2N. The BJT was designed to withstand a voltage of 10kV. The BJT were fabricated on a 4H-SiC wafer using a 120 μm thick epilayer with a doping concentration of 8×10 14 cm -3 (Fig. 1). After electrical characterization, we obtain a breakdown voltage about 11 kV [START_REF] Ammar | Optimized Junction Termination Extension and Ring System for 11 kV 4H-SiC BJT[END_REF]. For the optical structures, there is no contact and metal on the base fingers. A pulsed (5 ns) laser emitting UV at 349 nm is used to generate electron-hole pairs into SiC. The frequency of the laser is 1 kHz. In order to enlarge the laser beam size, a beam expander is used. Fig. 3 presents the electrical circuit for the characterization of the BJT. Actually, we have fixed the RLoad at 4.7 . The role of the capacitor is to stabilize the input voltage when the BJT switches on.

First measurements have been performed on the structure without metal and P + implantation on the base. We have characterized for two different Powers of Laser and Input voltage. At a given input voltage, we see an impact on the current peak (see Fig. 4, 5 and 6). Regarding the impact of the input voltage, the switching time is the same.

The first goal of our work was to turn-on an optical BJT with a pulsed UV emitting laser and it has been obtained as it can be observed. Now, we need to optimize the PCB design regarding parasitic inductors and integrate the capacitor very closed to the die. Moreover, we need to add a shunt resistor to measure the current. As the pulse duration of the laser is short, an optimization of the voltage and current measurements through the device is mandatory.

In the final paper, we will present results for the different structures of the BJT using our new design of the PCB integrating the Load Resistor, Capacitor and shunt resistor. 

  Four different structures have been implemented in the layout for the optical parameters see on Fig. 2. Three different Base and Emitter lengths have been implemented 10, 15 and 20 µm. The last implemented BJT has got a 20 µm length without Metal on the Base PAD (Fig 2) and no P + implantation on this structure.
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 134 Fig. 1. Cross-section of the optical 4H-SiC BJT Fig. 2 Picture of 4 selected optical BJT with key parameters (Base and Emitter length)