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Abstract. In this paper, a first demonstration of the optical triggering of a 10 kV 4H-SiC Bipolar
Junction Transistor is reported. A laser emitting UV (349 nm) has been used for the generation
electron-hole pairs within the device. A current density of about 20 A.cm has been obtained. This
low value in comparison with 100 A.cm™ for “conventional” BIT is due to the narrow pulse width (5
ns). The current waveform shows the effect of the carrier lifetime in the base and collector regions.
From these measurements, we have extracted the Ic (Vce) characteristics for different laser optical
power and the switch-on time which is about 1 ps.

Introduction

SiC bipolar transistors and thyristors have shown to have promising performances [1]-[2]. Their
applications include but are not limited to Flexible AC Transmission Systems (FACTS), High-
Voltage Direct Current (HVDC) and wind power [3]. 4H-SiC is also well known to the development
of High Voltage devices [4]. At high voltage, it is very interesting to rely on an optical transmission
for the control of the device. One way to achieve that is to combine an optical-triggered transistor
with an optical emitter for the control of the former. In this paper, the turn-on of an optical controlled
4H-SiC Bipolar Junction Transistor is reported. After a short presentation about the layout and design
of the manufactured device followed by a description of the experimental setup, results and analyses
of our first characterization of the switch-on BJT will be discussed. Perspectives will then be proposed
at the end of the paper.

Structure

The 4H-SiC BJT have been designed and characterized at Ampere Lab and fabricated at L2N. The
BJT were designed to withstand a voltage of 10 kV and were fabricated on a 4H-SiC wafer using a
120 pm thick epilayer with a doping concentration of 8x10** cm™ (Fig. 1). Eleven photolithographic
levels have been processed during the fabrication of the NPN BJT as described in [5]. There is no
contact and metal on the base fingers as the latter will behave as optical windows in the optically-



triggered BJT. The optical BJT layout is shown in Fig. 2. The die area is 2.1 mm?. Electrical BJTs
have also been implemented thanks to the same mask set. metal on fingers and pad base have been
deposited. They have the same geometrical parameters (finger length, die area, emitter and base
width).
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Fig.1. Cross-section of the studied 4H-SiC 10  Fig. 2. Picture of a selected optical BJT with key
kv BJT parameters (Base and Emitter length)

After electrical characterization, we obtain a breakdown voltage of about 11 kV [5]. For the optical
structures, there is no contact and metal on the base fingers.

Experimental Setup

A pulsed (5 ns) UV laser emitting at 349 nm is used to generate electron-hole pairs within the SiC material.
The frequency of the laser pulse is 1 kHz. To be in the same order of magnitude of the die size, we need to
enlarge the laser beam. A diameter of about 2.4 mm is obtained using a beam expander. Fig. 3 presents the
electrical circuit used to characterize the BJT and Fig. 4 the photo of the test-bench. Actually, we have fixed
the Ricad at 4.7 Q (TO220 device). Rioag limits the maximum current through the Device Under Test (DUT).
Rsnunt 1S Used as a sensor for the current measure (Coaxial Device with the red label). Its value is 25.64 mQ.
Its main advantage is to mitigate parasitic inductors. Since the laser pulse duration is only 5 ns, we do not have
a circuit with high parasitic inductors. The role of the electrolytic capacitor C; (blue device) is to stabilize the
input voltage when the BJT switches on. For C2, it is the same role but at high frequency. The range of the
Input Voltage, Vin is from 1V to 40V. A MDO3024 Tektronix oscilloscope is used for the testbench. A
differential voltage probe (ref. TDP0500) has been operated for DUT voltage drop (Vce) measurements and a
150 MHz passive voltage probe for Vn. In the next part, the experimental results will be detailed and discussed.
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Fig. 3. Electrical schema of the testbench to Fig. 4. Photo of the Testbench. Transistor are in the

switch-on the 4H-SiC BJT lower right corner



Results and Analysis

The first verification that must be checked is the variation of Vin. In Fig. 5, Vin is on CH2. A small
damped oscillation can be observed with a frequency of about 125 MHz. The peak maximum is 1 V
and is equal to 5% of the variation. We observe another oscillation on Vce at higher frequency (312,5
MHz). These oscillations may come from the small parasite inductance of the PCB. In Fig. 6, we
observe that we have Ic and Vce peaks. This is probably due to a capacitive current coming from the
dV/dt applied to the transistor. After that, the decrease of the voltage corresponding to the increase
of the current can be observed.

Fig.7 illustrates the global waveforms for Vin and Vcg, and Ic. The decrease of the current depends
on the carrier lifetime of electrons in the collector region and the carrier lifetime of holes in the base
region. The extracted carrier lifetime is about 5 ps. This value is in agreement with the work
developed by T. Kimoto in Japan [6]. Due to the narrow laser pulse width, the maximum current
looks like a peak. We should then focus our interest in increasing the optical pulse width to see
whether or not the current peak still increases at a given laser power. The pulse width is probably too
short to obtain the maximum of current capacity of the transistor. With the same wafers and
technological process, we have implemented “conventional” electrical BIT. With the same area and
same design of the emitter and base fingers, the current level is about 2A corresponding to a current
density of 100 A.cm™ [5].

Fig. 5. Waveform of Vce (CH1- Fig. 6. Waveform of Vce (CH1), Fig. 7. Waveform of Vce (CHL),
yellow), Vin (CH2 -blue) and Ic Vv (CH2) and Ic (CH3) 200 ns VN (CH2) and Ic (CH3) 4 ps per
(CH3 - purple) 4 ns per division per division Vin =20V at 120 mW  division Vi = 20V at 120 mW for
Vin = 20V at 120 mW for laser for laser power laser power

power

From this current peak, Vce and the time have been extracted. Measurements have been performed
in a large V\n range (from 1V up to 30V) for six different laser powers. At its lowest power (<16
mW), the transistor does not switch-on. This is probably due to an insufficient light absorption
producing a too low generation of holes in the base. Fig. 8 exhibits Ic versus Vce for different laser
powers. These characteristics are similar to a “conventional” BJT. The current density of the optical
devices (20 A.cm™) is lower than the “conventional” BJT [5] as a current density of 100 A.cm? is
recorded, the difference is probably due to the narrow pulse width as previously discussed. These
results are of some interest because a demonstration has been done for the switch-on of a 10 kV 4H-
SiC BJT. We can also observe that the current decreases for the measures at higher Vce values for
different laser power. Classically, this is due to the increase of the temperature but in this case the
current density is very low so, this is probably due to the recombination of the carriers in the base
region of the BJT.

0,4 ——120 mW (Laser Power) 19.2 3,0E-06 --120 mW (Laser Power)

102 mw 1
—— — 102 mW
0.35 82 mw P 16.8 23,5606 N
03 60 mW _ 14.4 \ 82 mf
025 ~3mW s 1205 2,0E-06 R 60 mwW
T gy UMW 56 & % 1,5E-06 N 24 mWy
oo - 3 ’ —
X ore P 223 B —_ 16 mw
/ s " 1,0£-06 —————————
0,1
0,05 / 2.4 5,06-07
0 00 0,0E+00
0 5 10 15 20 25 30 0 5 10 15 20 25 30
VQE (v} VTF (V]

Fig. 8. Ic versus Vce computed for different laser Fig. 9. Switch-on time versus Vce for different laser
power from 16 mW to 120 mW power from 16 mW to 120 mW



Switch-on times have been also extracted. These values have been obtained when the current is
maximum. Fig. 9 illustrates the switch-on time versus Vce for different laser powers. These curves
show that switch-on time tends to decrease with the Vce increase. This is likely due to the increase
of the space charge region width around the Base/Collector junction accelerating the circulation of
the electron-hole pairs. The second tendency, we can observe is the decrease of the switch-on time
with laser power. The diameter of the spot is larger than the active area of the device. The
metallization of the Emitter fingers decreases the effect of the laser. In the base, the lateral diffusion
of the hole due to electron-hole generation is not optimized for a low laser power. At higher laser
power, the lateral diffusion increases so the time to switch-on the transistor decreases with the
increase of the laser power.

The result and analysis have been focused on only one transistor design. For this one, there is no
metal on the pad and finger Base. The results obtained for the other layout are very similar. Due to
the narrow laser pulse width, we think that a conclusion about the layout cannot be drawn.

Summary

From this study, we have demonstrated for the first time the optical triggering of a 10 kV 4H-SiC
Bipolar Junction Transistor. The current density is lower than a “conventional” BJT with an electrical
control on the base. This is probably due to the narrow pulse width that does not generate enough
electron-hole pairs. This setup could be improved using a lens to focus the laser spot on the die, the
idea being to optimize the laser surface power density to switch-on the BJT. Another method using
UV-LED to generate optically electron-hole pairs could be investigated too. UV-LED source could
probably increase the pulse width of the electron-hole pairs generation and improve the collector
current density of the device thus increasing the pulse lenght.
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