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A Gate Drive IC for Power Modules with Shoot-Through Immunity
Dae-won Seo, Jun-sik Kim, , Shihong Park
Dankook University

Abstract : This paper introduces a gate drive IC for power modules with shoot-through immunity. A new approach uses
a bootstrap diode as a high-side voltage bias and a level shift function at the same time. Therefore, the gate drive
circuit becomes a simple and low-cost without conventional level shift functions such as HVIC(High-Voltage IC),
optocoupler and transformer. The proposed gate drive IC is designed and fabricated using the Dongbu-Hitek’s 0.35um
BD350BA process. It has been tested and verified with IGBT modules.

Key Words : Gate Drive IC, Floating Power Supply, Level Shift, Bootstrap diode, Module With Shoot-Through Immunity

1. A B (Va).c High, High-side driver EZ(VG H)2 Low &M
BT NS OIHEIN Halfbridge TEJN €2l AL o High-side switch(Sw off j*iu' ja"kﬁ_!iiiifi
2 UCh 22 Halfbridge Inverter FE0I CHIREJ} & ig'lo i;(v"“;);?wi;:zaom e =
Switch AIOIOI MZE SIZCIO A, Low-side switchSl 2o [ =0n= Sl T HAMAIECt S
CHOZAE)D Highside swiche] NOIEE @zapol o O Highside driverS) Floating HUSS ASECH
Shoot-Through BIAIS BICYI0l HO2 HXsHs Atorat e .
B PEIN AT ED UCH[] O MBS BT A e —__ Dive T
AXNTE DUY, DS AN ¥ ES AYE Fhis S : R
H8 O MY TSI MOSFET(Metal  Oxide { AR e o
Semiconductor Field Effect Transistor)2t IGBT(Insulated Gate ,' : Fow
bipolar Transistor)?t 22| AAR ECH[2-3] Hos J Vout
2 =20As A0 BXE 280 HEsD 2o ny T 1Y
0 EE Floating MH0ILI Level Shift 812 20| DX b RW?L;{ l
SEAEY 0I2S([Dp)E OIE5I0 HighsideZE TS0 Vin S _priver |7 Hjh- b P
= ICE &, A% 2 AZSHAC. WRE ICE Cadence P S S
A2l Custom IC Design ToolsE AMBSI0 SAIGIACH, M ‘
AFES BHE E28510/219 0.35m BD3SOBAS 0123 TB 1 4D WKS 95D WS DAY HESm
ACH
2.2 B
—avy,

2-1. 3|12% SF

O 13 18 22 AU gXg IS HE IR
IC2 HETE LIEHLE

a8 13 J8 200M  LIEFLSO0] Hjetst RE
Low-side2 &ISE UMY REALAEY CHOILE(MD)E
St0d High-side switch(Sy)E " S8HCH L8 High-side|
EAEY HMAIEH(CHE Z=II6IM, highside 7EE
Floating & & FEIRALCL

a) Y& S(Vin) High & T

J8 10iM LEILERO0l 2= AS(Viny= High, Low-side
switch(S )= on &0, Low-side Driver® &2 4ISIH N 8 2, HOE L8 EE0 MeHE MHICY HEXP)

28 REAEY U0IRE(Dy)E Sl High-side driver L&

AN

——————

—'
Vout

o 41 om rr

_81_



b) YHAS(Vin) Low € O

8 204 UEILISO0l YZEAS(Vin)= Low, Low-side
switch(S )= off &I, B8 REAEY 0I2EDe)%
Al2lE ToI2EMDs)2F AEA0l B0 2 T2 HER2)M
oI5 High-side driver 22(Va)2 Low, High-side driver &
2(VG_H)2 High V&M High-side switch(Sy)= on L}
DA afcter 28 282 £ (Vout)2 High?t ECHL

2-2. AbE UIE s FE6D /8 IS IC

a) Low-side driver

Low-side driver= IGBT®} MOSFETW 22 #% JOIE
AXE S ESole WY ICEM Sourcing 8 F 24, &
CH Sinking &5 4A2 XEE F*S& ICOICH. UVLO(Under
Voltage Lock Out), Matched delay outputs J|s S= LHZE
St UACH

IN[J— Input [ Delay >

8 2. Low-side driver2 2% ClOI0{ O

b) High-side driver

High-side driver= Holl DY REAEH (0|2
EMHV_Diode)E FII6I0 L9 FE 210! OHH 28
2| High-sideE T&S06t0| I8t II¥ ICEM Sourcing R

1e
Jo

24, ZO sinking ME 4A9 HEA PSR 1C0ICH
UVLO, Matched delay outputs JISs S2 UWHTIL U204

ez SA B

—» UVLO PVH
] '

OUTH

> Delay h Output _GOUTL

8 42 08 52 28 mHE2 28 13 I8 204
LIENH JHBEE AEE Sol0 LIEtY Z0IC A
ZH2ZE Cout = 4700uF, Vpc = 300V, L_in2 USBeeZ2
0V ~ 4VE FUL) Fine SPNI LSMNMO| & H=E &
oHE H2XNE ZEE MECIULL el CE EBA(Pulse
width = 50us)& FO MBS FF6IACH

38 401 VG_LEZ2 Lowside HOE &Y, VG _HE

High-side HI0OIE M2, VOUT2 ZES £ HYs 2
LIEFWCH VG L Y2 0V ~ 147V, VGH Ng
floating® 0V ~ 310V2Z 22+ QIJf § 1 Atchet gty
259 xE 2 IIE(VOUT)2 0V ~ 296.8VS M2

=2
SXES ¢ & YL D 5= 0 42 AW 2RA)
=
=2

E

wure FingmCd) P2IcHCI) Prtos) PatopiCas
Sa0.00v 26.00

S
VG_L  vouT ™'y > zasmey

il
I
Ho
=2
x
mr
0
e
e
0
=

2EE F#S0I FE

Sourcing current

2A, Sinking current 4A2] MEBEEL2ZE Z X9 Floating &
& HVIC (High-Voltage Integrated-Circuit), Opto-coupler,
Transformer S2| Level Shift 3/& &0 AtHE 98 2

E0 HE, 48S S0 & ¥ FESACL

[1] Shihong Park, "An Augmented Phase-Leg Configuration
(APLC) with Shoot-through Immunity for Insulated
Gate Power"”, University Of Wisconsin-Madison, 2004,
p. 39-42.

[2}] B. J. Baliga, "Power Semiconductor Devices", PWS
Publishing Company, 1995, pp. 387-395.

31 I. R. Corp.,, "Use Gate Charge to Design the Gate
Drive Circuit for Power MOSFETs and IGBTs", IR
Application Note AN-944.

_82_



