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An Improved Gate Control Scheme for Overvoltage Clamping
under IGBT Series Connection
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Abstract - Series connection of power semiconductor devices is selected in high voltage and high power applications.
It is important to prevent the overvoltage from being induced across a device above ratings by the proper voltage
balancing in the field of IGBT series connection. In addition, the overvoltage induced by a stray inductance has to be

limited in the high power circuit.

This paper proposes a new gate control scheme which can balance the voltage properly and limit the overshoot by
controlling the slope of collector voltage under the turn-off transient in the series connected IGBTs. The proposed gate
control scheme changes the slope of cellector voltage by sensing the collector voltage and controlling the gate signal
actively. The new series connected IGBT gate driver is made and its validity is verified by the experimental results for

series connected IGBT circuit.
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Fig. 1 IGBT switching waveform at turn-off.
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Fig. 2 Simple model for series connected IGBTs
at turn-off.

59 2 X8 229 IGBTY 9-220 g 7| EH
ot IGBT B8 FEAE IGBTRS S43 (29
e AAAGR, A AR, W-0Z AD A7 Aol
E TSR e 4% GloE TF WA FEIze
M@ AHZ A 19 33 go] FAS] H-2xs} o] Fof
A gt gebd WA 258 2AE UFel 458 &
Aol Hla) Be AYS RUSA HAm oz As) FHoY B
ol WX 4F® 4x9 B3 QYL 2L AT AL

-1 =

A4Y 2AF0] AN %AW & UuHE]
pd

PHE WY RS ANME A AEA Azl Az
delale BAY AL A7l 718718 BAse] 1 G
et AolE-dny AYgE WHIAZOEA AY FTIE
ol % 9irh

axte) A WY
Qg A Bulsh of
9 % sloh

Gate Drive | o
Circuit

Signal

Gate Deive § |
Circuit

29 3 38 d4%° IGBT €-22% 293 79
Fig. 3 Switching waveforms at turn-off
for series connected IGBTs.
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Fig. 4 Block diagram of the proposed gate drive circuit
for series connected IGBTs.
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Fig. 5 Experimental setup for the proposed
gate drive circuit.
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Fig. 6 Experimental results with the conventional
gate drive circuit.
(a)DUT1 (b)DUT2
(A)Gate-emitter voltage at load current 40A
(B)Collector-emitter voltage at load current 40A
(C)Collector-emitter voltage at load current 140A
(D)Collector current at load current 140A
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Fig. 7 Experimental results with the proposed gate
drive circuit for IGBT series connection.
(a)DUT1 (b)DUT2
(A)Gate-emitter voltage at load current 40A
(B)Collector-emitter voltage at load current 40A
(C)Collector-emitter voltage at load current 140A
(D)Collector current at load current 140A
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