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ABSTRACT: In order to reduce the switching time and
on-resistance of silicon carbide (SiC) based metal-oxide-
semiconductor field-effect transistor (MOSFET) to improve the
efficiency, it is generally recommended to use lower driving
resistance and higher driving voltage. However, due to the
parasitic parameters in the driving circuit, excessive switching
speed is easy to cause oscillation, which affects the reliability
of the gate and limits the efficiency and security of SiC
MOSFET. In this paper, the single transistor driving circuit of
SiC MOSFET has been taken as the research object, the
transient process of turn-on of SiC MOSFET has been
analyzed, and the mathematical model considering the main
parasitic parameters of the circuit has been established. The
influence of driving circuit parameters, main circuit parasitic
parameters and operating conditions on gate source voltage has
been analyzed quantitatively. The differences and influencing
factors of gate source voltage, test point voltage and driving
voltage have been analyzed. Finally, combined with the
electrical stress and comprehensive loss of SiC MOSFET, an
optimized design method of driving circuit parameters has been
proposed. Experimental results validate the correctness of the

mathematical model and the theoretical analysis.

KEY WORDS: silicon carbide (SiC) based metal-oxide-
semiconductor field-effect transistor (MOSFET); parasitic

parameters; gate voltage; driving parameter design
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Table 2 Circuit parameters and testing data (Vpry=18V)

Lgs/mH Lgiray/nH R/Q VDS(max)/V Eon/p Eon/pJ
3 13.5 421 210.78 29.957

60 17.0 569 187.78 81.901

40 100 19.0 572 190.47 97.740
105 21.0 582 194.02 131.390

260 32.0 641 222.21 310.430

15 12.0 497 188.70 25.689

60 13.0 608 163.65 42.792

20 80 14.0 631 155.68 54.227
95 15.0 640 152.85 69.766

125 17.0 645 148.47 102.050

25 12.0 534 159.94 29.358

50 13.0 578 147.91 42.827

10 75 14.0 606 137.92 56.930
95 15.0 619 131.51 63.844

110 16.0 622 128.49 85.407
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Table 3 Driving parameters and testing data

LGs/l’lH VDR\//V Rg/Q VDS(max)/V Eon/].LJ Eoff/l.lj

15.8 12 639 234.88 39.152
17.2 15 602 197.48 56.987
18.0 17 569 187.78 81.901
0 18.7 19 538 181.85 91.592
19.5 21 520 183.85 119.060
21.0 40 468 290.55 270.850
17.1 12 618 185.59 34.702
18.0 13 608 163.65 42.792
18.6 14 597 157.93 52.501
20 19.0 15 583 154.74 63.532
19.3 16 564 154.00 73.093
21.0 30 479 219.30 198.440
18.0 12 579 163.07 32.859
19.0 13 578 147.91 42.827
19.5 14 564 143.89 48.415
10 20.0 15 543 140.40 58.302
203 16 523 143.04 67.003
21.0 23 480 176.58 134.060
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Table 4 Test conditions of SiC MOSFET

VDc/V I ]_/ A Lgs/ nH VDRV/ vV RG/ Q
400 20 42.52 152 12
400 20 42.52 16.8 14
400 20 42.52 17.6 16
400 20 42.52 18.8 18
400 20 42.52 20.0 20
400 20 42.52 20.0 22
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Fig. 17 Switching waveforms under different driving

parameters combinations (Vpry, Rg)
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SiC MOSFETs provide promising potentials for
high efficiency and power density converter. A proper
driving circuit can drive SiC MOSFET to switch reliably
and quickly.

At present, the design methods of driving circuit for
SiC MOSFET mainly consider driving circuit equivalent
to an RLC second-order circuit, and obtain the balance
between gate reliability and power loss by reasonably
selecting damping factor. However, for SiC MOSFET,
due to its high switching speed, obvious oscillation
caused by parasitic parameters will have a great impact
on the gate-source voltage.

In this paper, based on the double pulse test circuit
model as shown in Fig. 1, the coupling effect of the main
circuit on the driving circuit has been analyzed.
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Fig. 1 Double pulse circuit considering parasitic parameters

Because of the large dv/d¢t and di/dt of SiC
MOSFET, the oscillation caused by main circuit is
coupled to the driving circuit through common source
inductance and junction capacitance. Through the
analysis of the turning on process of SiC MOSFET, not
only the driving circuit parameters affect the oscillation
amplitude of gate-source voltage, but also the main
circuit parameters and working conditions.

When the maximum gate-source voltage is limited
to 21V, the switching energy loss of SiC MOSFET under
different stray inductance has been given, as shown in
Fig. 2. When the stray inductance becomes larger, the
driving resistance needs to be increased to suppress the
oscillation of gate-source voltage, resulting in slower
switching speed. According to the results, the stray
inductance should not be greater than 60nH.

Switching waveforms under different driving
parameter combinations are shown in Fig. 3. Obviously,
the smaller driving resistance, the greater oscillation
amplitude of the gate-source voltage and drain-source
voltage stress. At the same time, the driving voltage also
decreases, which reduces the turn-on current stress.

The loss of SiC MOSFET under different driving
parameter combinations is shown in Fig. 4. The
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Fig.2 Switching energy loss under different stray inductance
?"\? ! ey, 0N o] Do oo e
Q% S %\ ps}Vps N
S
ﬁfg%?‘%&ﬁ%mxfw g SRV 18
S 2oV, 200 52V 120
o= = .w 2
#(40ns/div) #(40ns/div)

(a) Switching-on waveform (b) Switching-off waveform

Fig.3 Switching waveforms under different driving parameters
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Fig. 4 Loss of SiC MOSFET under different driving parameters

reduction of driving resistance reduces the switching
energy loss, but at the same time, it limits the driving
voltage which makes the switching loss increase.
Moreover, with the increase of switching frequency, the
combination of driving parameters with small switching
energy loss has more advantages.

In summary, when the gate-source inductance is
42.52nH, (18.8V, 18Q) is selected as the best
combination of driving parameters.



