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Study on Turn-on Loss Reduction for SiC-MOSFET in Wide Current Range by Active Gate Drive with Slew Rate Control
Shogo Ito*, Hadi Setiadi, Hidemine Obara,

Tomoyuki Shimono, Atsuo Kawamura (Yokohama National University)

In this paper, we apply a slew rate control (SRC), which is a method of active gate drive, to SIC-MOSFET for further reduction

of the switching loss. In SRC, the switching speed can be finely controlled by active adjustment of the gate current with input

signals. Switching tests up to 20 A were performed under two input voltage conditions of 120 and 280 V. It was verified that SRC

gate drive reduces the turn-on loss by 30% to 50% compared with the conventional gate drive method with only gate resistor.
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Fig. 1. Active Gate Drive with Slew Rate Control.
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Table 1. Parameters of SCT3017AL.

Drain-Source voltage Vps(max) 650 V
Gate-Source voltage Vessmax) -4t022V

Gate threshold voltage Ves(th) 27t056V

Static on-state resistance Rpson) 17 mQ (Ves =18 V, T,=25 °C)
Gate input resistance Rg(int) 4Q

Input capacitance Ciss
Output capacitance Coss
Reverse capacitance Crss

2884 pF (Vps =300 V)
148 pF (Vos =300 V)
65 pF (Vos =300 V)
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Table 2.  Parameters of each gate-drive circuit.

Circuit name Gate drive method Gate drive parameters Gate driver IC
GR Only Gate Resistor Reae = 5.0 Q
GRC Gate Resistor and Capacitor Reae = 1.8 Q, Cext = 1000 pF BMOI0SFW-LBZ
SRC1 Rsense = 0.5 Q, Cext = 680 pF, Rpamp = 0.5 Q2
SRC2 Slew Rate Control Rsese = 0.33 €2, Cext = 300 0r 100 pF, Roam = 1.0 IEDS201128V
#3 SRC AUk 25— MER L~
Table 3. Gate Current Level in SRC Method VCC2
Level Vrs[V] Gate current
Lv.1 0.197 20% RSENSE
Lv. 2 0.287 28.9%
Lv. 3 0.376 37.8% ON
Lv. 4 0.466 46.7%
Lv.5 0.556 55.6% GATE
Lv. 6 0.645 64.4%
Lv.7 0.735 73.3% OFF
Lv.8 0.825 82.2% SOFF
Lv.9 0.912 91.1% 1EDS.SRC CND
Lv. 10 1.003 100%
Lv. 11 1.543 157% 2 SRC FRUT & B 57— FEEEE] RO

4. SRC A~ — FEREIRIERDRET

A2 & [, SCT3017AL(Rohm)IZxt L SRC R~ — b
EREh O3 H A BRETT 5, AR /NT X — Z BREOFER A LA
Tk, #2140 %n%mmﬁmuﬁ%mﬁottb,q-
B>EITHR A7) 77— 2 MERRICEA L Tix, i e Dt
BOBLE D G ARGRSTTIHHEH LT,
41y EUREROHRE X 2 (278 % SRC 77— HBE
B TUX, B2 AR e D Wl B V3 — 72 D K 91T,
7 — ~ K Z A4 /% IC(IEDS20112SV) %3 4} £ i MOSFET
(BSD314SPE) & #illil4 2% = & T, ¥ —> A HMIc—ES —

NEWE FEBLT D, Ryl 2L DT, 7 — MERO LT L
ICR 3 DOIITED LNV D BIEEITZED S 720, Hilx
X, 5~F%ﬁvNW%LHOk§ELﬁ&%Kl
Vel O[VIE 2 2 Kozl &g, K 1bIZEbND X —
AUV O—ES— b Ea,{)lulG(On) TR TEXLNS,

Toon) = & ®)
Rense

TIo(ony B & DR lF, XU =T A AR REIZ S — > A
TEDLIVICRIRT DIMER DD, WL ONDRg, FHAL
fo & 2 A, —UGRIEEIEE(SRCIHIZIUN TR, =0.5[Q], 7 —
MERE Lv.10 LRRE LT & &, FERIEICIBV TR, =1.8[Q,
Cex=1000[pF] &L RE L7/ L REDZ — A K L 72
oz, YRR T, HMEE S R#EESNTE LT,
Z— NEREN R AT DR — T DEEA BT R R
BREE 20, ZhED AL v F o 7 OmEd A AR A hE
Tholc, TNEBEEZ, “IRAIETIE, F—rvFr - #—

Fig. 2. Gate Drive Circuit with Slew Rate Control.
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Fig. 3. Measurement System of Switching Characteristics.
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Table 4. Measurement System Details.

Oscilloscope Wavesurfer 3024 (Lecroy)
Analog bandwidth DC to 200 MHz
Sample rate 2 GS/son 4 Ch
Passive prove +500 V, 500 MHz,
(Chl: V) 10 MQ, 10 pF

Differential prove
(Ch2: Vo)

+2000 V, 120 MHz,
10 MQ, 2.5 pF

Rogowski coil prove
(Ch3: Ig)

200 mV/A, 30 A(peak),
116 Hz to 30 MHz

Rogowski coil prove
(Ch4: 1y or ls)

100 mV/A, 60 A(peak),
67 Hz to 30 MHz

1.2 mH, 8.0 mQ(max)
3900 pF, 400 V
320V, 5 A, 400 W(max)
Time resolution: 0.1 ns
Vee =18V, Vee= —2V

Load inductor
Bus capacitor

Input DC source
Pulse generator
Gate drive source
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Fig. 4. Turn-on characteristics by Damper Capacitor.
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Fig. 5. Turn-on Characteristics by Gate Current Level.
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(b)  SRC2: Reae=0.33 €, Camp=300 pF
X8 & — A WIE(Vos=120 V, I=20 A)
Fig. 8. Turn-on Waveforms on Vps=120 V, =20 A.



