Infineon

pcim

ASIA SHENZHEN

Design Considerations for Gate Driver Active Gate Control: Voltage
Peak Suppression and Turn-off Loss

Jaewon Chol, Kyusik Ma, Dongsoo Kim, Jungdoo Kim, Jeongmin Son,
Kyoungdeok Kim
Infineon Technologies AG, Republic of Korea

Background Active Gate Control

Conventional control
(single resistance) g
\J |

Adjustable gate resistance control

« XEV traction inverter

» Efficiency §58
. SiC MOSFET

Gate-source
voltage

3
g-n..
Q:
n ¥
LI
.Sa
S
Q

Adjustable gate
resistance control
. 12Q 2 30Q,|tys gern,=100nS

J d
i .: |
s o
vgs': I
V Hﬂi' - |
d Eh H'-u.-.__..,q..,..:_.- I dS
> I j e — I

voltage

SiC MOSFET Switching

Drain-source

Lower gate resistance Higher gate resistance 0 s the key R P
Off_delay : : off loss
- Fast switching - Slow switching barameter to optimize AW
= Higher di/dt = Lower di/dt between overshoot voltage et _h
- Voltage overshoot 1 - Switching loss 1 and switching loss s

E:-ff I=:nss= 491 mJ

Adjustable Control Method Considering the Operating Condition
Load current dependence Operating Conditions

T,= 25°C

Temperature dependence

120 30Q 120 30Q |,.=600A - Optimal toff_delay = 200ns ot st = 14009 = 2200
« Miller plateau varies with = 2Ro = 0
L v :r‘ 25 ‘ | y: ! 140 ‘ tosf ety  140ns  160ns  180ns  200ns  220ns
junction temperature and e b by -
; | IS A V, ... [V] 925 926 927 927 959
load current lgs .. L AT P
I ' | Eoff 1o . . . . .
+ Optimal t,y 41, Should be N Eoff[mJ] 79.1 75.2 70.5 56.6 44.3
o HEVAN
selected considering the ,@_ : iJ ~— ,.=1000A > Optimal toﬁ_delay = 160nS
operation conditions - Ve poak =947V
;dsﬂea:;}‘;o;;j E.iee= 115.9mJ toff_delay 140 ns 160 ns 180 ns 200 ns

Vo peak [V] 940 940 955 1011
E,e[mj] 1433 = 127.4  105.3 80. 6

T;=25°C -2 optimal t ¢ 46,y = 160NS —————

Operating Conditions
V4= 830V,
|4 = 1000A,
toff_delay 140 ns 160 ns 180 ns 200 ns tofr detay = 140NS — 220ns

' onclusion
E[m)j 1433 ~ 1274 1053  80.6

» Adjustable gate resistance control reduces Eoff without increasing

T;=140°C - optimal t,¢ 4.,y = 180ns

overshoot
toff delqy 140ns  160ns  180ns  200ns 220 ns » Optimal t,; 4e10y Must be aligned with the end of the Miller plateau,
Vis peak [V] - 926 926 947 997 which varies with junction temperature and load current.
Ee[mJ] _ 153 4 139.3 115.9 91.8 * The proposed scheme provides a practical and scalable solution

for SIC MOSFET-based xEV traction inverters.
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