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Abstract: A novel resonant gate drive circuit for normally on power device was proposed. The auxiliary
inductor Lr was used to recover the energy stored in the gate capacitor, and it can reduce the gate driving losses. At
the same time, the auxiliary capacitor Cr was used to generate a negative voltage, so that the normally on power
device can be turned off reliably. The operation principle of the proposed resonant gate driver was introduced in
detail, and the main waveforms of the circuit under each mode were analyzed. Finally, the simulation model and
experimental platform of the resonant gate driver were built, and the feasibility of the proposed resonant gate driver
was verified by simulation and experiment.
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Fig.2 I—V characteristics of the normally on GaN HEMT
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Fig.3  The resonant gate driver proposed in this paper

+ u i"
s | OFF b OFF [N
‘ E
s, | OFF ON OFF
s OFF |&N] $0FFR
S| oN il OFF i1 {1 ON
= i
sl \
1)
S~
< 1
i,
- —
I~
(A =
VGS =_VCr
4 A 4 4 t:
t t, t, t, ts tg t t

4 1R IK S H i 2R
Fig.4 The key waveforms of the resonant gate driver
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Fig.5 The operation mode 1 [¢;7—t¢,] of the resonant gate driver
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Fig.7 The operation mode 3 [¢,~—,] of the resonant gate driver
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Fig.8 The operation mode 4 [¢t;,—,] of the resonant gate driver

12

RS 5 [1—t,] RS S TAE R FEANIR 9 FF s L 1,
Bsf 22, S, 25 Ha I 3, R JE R, VAL 2 ) T T E, L B AR
{}lb Eﬁ'{éj‘j S Ll-_Sz’a:F% QAL?EFIE’HLLJ\O

Ve

S I-< VD S, E}\H
—

ME%\ I >
1

G_T\?D (,it\'—_l) GND
P19 IR TR SN o % TARRS S [1,—t]
Fig.9 The operation mode 5 [t,— ;] of the resonant gate driver
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Fig.10  The operation mode 6 [t;,—] of the resonant gate driver
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W PL BT LUE A SO g TR
I TR 3R 2l H i ELA DU R LSRR L D RERE 7 AR
~Ve~0 V Z [ SR S ik e, PROIE 5 T 7 ) R 25
e AT R Y Sl 5 OCBT . 2) LB H U Y T A H
55 5 1 55 L B BN T B AR B I T
DR W7 R B, 4 g TF DG R DB /IN T GBI AE . 3) Hl
B R L, 5T T B 25 e AR 1SR L AT LA IRl A A7
I I8 L5 v R B B, DA 980/ B Bl L B A ()
IF L, AL AT AW WK 3 [0 38 b Y 23 R R TR B 2
R FELJERORT T B0 By ik v g 5

2 IR TR IR Fh W, 74 i

HRAE S 1 A5 IR T A% B 3l i BRASLAS A T, i
P SR L A T A R IS () Ay 0, (RS 1 9 IR ) 2, —
to) , DIFETT OGS 1Y T I 18] Ay 0, (RBE285 2 1Y) RN ]
bt) s TR A R Q0 B FL U U7 H
(8] £, R FF 8 S [ A7 2, 1) — 50 22— , BB it Bl L Jke
L AT DA AT A 2085 1

Viety

= Qg (4 +t10) (1)
[F] B, L, 0435 3 B 45 0 O 8 i I ] 2, /N T
AT LW THI 3% FTLIA

b

L,

t,~w\/L.C,, (2)
L
—<0.03 3
7 (3)

A €8 C A5 TF A T A R R 1 S5 20
B RTHERAE, C XTI SAE BT IR 2
AR/, BT LA, R AT TSR, € T A4S i
AHLEETHR RIS,
AT (2) A= (3) AT AL, L IO i 2 T X

t; 0.037)*  0.03° (4)

_ ot
L = 2c < C T2 C
LI ST LIRS w f7C,,

3 A5 R R A

A% 30 Matlab #5 B 4R 145 3K 3h A9 15 B,
P ESHOE BT :L=120nH,C.=100 nF, V=10V,
FEOATAE 1 MHzo 1R HL R Vs B 05 EL25 SR A0 &
13 7

T T T T
0 03V
=T
28l
9.7 Vi

1 1 1 1
0 0.5 1 1.5 2 2.3
t/us

B3 I R ST

Fig.13  The simulation waveform of the gate voltage V,
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Fig.14  The amplification waveforms of gate voltage
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Fig.15 The hardware platform of the resonant gate driver
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