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Abstract

This paper analyses a fault operation due to the effect of miller capacitance, which severely influences the
performance of the IPMs based on computer-aided simulations, and also it presents a good solution to solve
that problem A miller capacitance existed between gate and collect is very closely related to the stray
capacitance formed between gate and emitter, and the value of gate resistor. These relationships are proved by
the computer-aided simulation. Based on the PSpice simulation results, a customized IPM employing an
auxiliary circuit is presented to minimize a fault operation. And it is compared to the standard IPM by the
experimental waveform. As a result, it is verified that a customized IPM has a voltage margin to prevent a
fault operation approx. 3 [V].
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effect due to the miller capacitance
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Fig. 8. A simulation circuit for analysis due to
the miller capacitance effect

¥ 32 IGBTS 23] Aol 3 J3
& Al g3 9% S 228 vhehdt IPM W)
Fo] EAshe 714 AYE2E 4 (6)& HiEoR
& o] SYes A3t AJEg o] o]§3}
o, FH9AX 0 wE QY gks § 19 Y}
Wl 3ol SAYes ZAHE dYHE gl

o

IGBT W5 39 &%l 23t

.
4V=1L 7 vl 6

IPM W59 7|14 AgAdsEs E32F IPM
PMIOORSEI20H]| 7% ¥ 29} o] Jehdtl,

¥ 39| 2 E ol&3ld Al § A 722
IGBT7} ©-2.323 ¥ 72 IGBT®] Veert Z7)8k=
AHRE A (Dol o8l By AFI} Vged 47138
& 29 404 B F ka7 4olM & 5 9o
AClE Ago] F45 f7] H& AYE Frisith
EE AlE Mg 28A] k42 [V], EF Alo|E A
g ok 2ul F7 ARS A A48 [VIZ AelE
Hsto] AsstAl "otk wetd AolE xge Mg
g 7 foll " AsjAE L] o3 J¢S HESID
ololl thet th g wk=A] Al9Jof W FAsrjeLe
kol gt 252 A 4= qlrk

k23 1. IPM W5Q| 714 CIHEIA(Ls)
Table 1. Inner stray inductance(Ls) of IPM

PMI100RSE1Z20H
9% a2~ [nH]

53 9%

30
40
58
34
58
70

|
z|z|z|g|<|c

sl<|a|v|u|v
1

B 2. IPM Li¥Q| J[4 FHMAIEIA
Table 2. Inner stray capacitance of IPM

714 AAAE = & [pF] H 3
Cgc 7410 Vee=10[V]
Cge 16590 Vge=0[V]

3% 5& AlolE A gre] wislel wlE Alo|e g}
AulE] Alele] 714 AHHAAA(Cge)d) FFS &
Q1817 #1% PSpice 325 E Yeldth 2 60 ©
Alg A3 F3PozRE AoE A HMAY H¢
IGBT ®12d] w& Cged] J& geldt & gtk
Alo|E &S XFE HFEY 2u), BFEQ 32 27}

Journal of KIIEE, Vol. 17, No.6, November 2003



A7 A B A 47 Azbe] AolE A gtk
vldlatd S/ AT F ok

ERRpEgenass ARE

Y VELELL

a0 vviRgz:2Z:)

o v s! -

vl S N D
@ e v V(L2

wle -3 -] Le "

s
0 v ¢ ¥(Ld1:2)

a4, H-2TA| Y HIAIHA HE
Fig. 4. Miller capacitance(Cgc)effect at turn-off

T1=0 =1

=01 1251

5y
e
T3=15150 81
4715300 40 J
Lo Ry it

.
TS VT VY VOO N T -

A ™ 7oy
i 1oH {Rvar) | :

g T [
| ! 16590pF T |
|
]

R1Laau§ 8

08 5. Rg WA WE Cgell HEE BA51I 2
Bt AIEEI0|M 32

Fig. 5. A simulation circuit for the analysis of
Cge effect according to Rg variation

saoel .

20v

EER I PR LR R
i B B vt ke BRGT
/,ZA 1 . ,_‘ 144 22

o ) Sux 10w
b VA L) 5 VL)

18l 6. Rg 37101 WE Cgell 3}
Fig. 6. Variation of Cge according to the in-
crease of Rg

£y - Mgy =2n M17E e, 2003 119

15us 20us

Sus. 10us
1 n e VOdrival £1:4) ¢ V(ZLIG.EL:4)

a8 7. ©-2A] Cge HAN st Cgel HE
Fig. 7. Effect of Cge by changing Cge at turn-on

29 78 AlE ek 1AL IPM i Cge 7
& 7 BE oM, B0 32 37k NS B9
thalo] Algeold B st SHgelck. Cgedkel 37t
s} wlalale] IGBT ©-& Al 28 1 47 Azt 2
oA Bate] WAIRE ek Aol el
a7k BE gk 47 A7kl o JaEe] S-S
o 4 Uk F, A7 AolE AYe AAY AFolE
IGBT ®-2.32A)] Wej 7AshAelze] o8 2.5 of
Ro} B8 A] BE A #4 A2 ¥l 0E U=

Elole A8s| FZsledof gk

3.2 &y it

vD '
lil T1 ceaa
cras 11 17 ceas
GNDt R3A o & GND2
S 1A
RIA veet) L 2 RgA | D1A e
REG(S)  TH(1 o Quit,
VFO(12)  OUTIH— 4
IN ..,74 SO nie)  ouTa(dsH-| Q2A !
anD 422 ND1(7) SENS(SH 4 paa SU_J
SHANT(22) 93
A8 R10A
GATE(Z0} . et
RO,
ano2(e} EY
cT(11)
I
Can

g 8. Yy HIAIHAN st 253t WX|E 2ist
32T

Fig. 8. Circuit diagram to prevent fault operation
of miller capacitance

AgHold AARRE HES Ha| Adrdx
of &g 25l e ez FEY IPMeME
U5 32 g a9 89 2ol Tt 71EY BE

(37



LY HYNHLY FYO A0 IPMY 2FTY oY

F IPM UiF-ol "4 FEo IGBTe Aeoleds} of
e Alole] HzE RXE PHY F e
MOSFETE #715kdth IGBT ®-2ZA] Q3A
MOSFETE ©-23198 &4Adg HA 4e7) so=z
P A A 20 o3 FAHEHE Vgeol 93 &F
g a4 = Uk

a3 99] WPl HxI2E Qs FE2F P
oA da] AsA-E 2o o3 f7]=HE A 43
Lebdc 23 IPMellA] Alo|E Aol S71d
S ok 1 [V]e] Hgpe] frl=fAiwt &8 #fo] ok 4
(VIS 7igtsid o5t diglA oF 3 [VI9] o+
7} J&-E 1 - Slth

ox Mo £

5 Vidiv. R . .
500 ns/div. -~

. L <
Vge > .'.».n«...x.,mr(».u-«‘w_nmi,w‘;wa.,nou., exor sty d e e
3 2N

N f
R

50 Adiv R
500 ns/div. . &

J S P ‘

c

8 9. U] HIAIEAL 2J&t Vge TIY A&
Fig. 9. Experimental waveform of Vge by miller
capacitance

4. 82 E
2 =RelMe IPMY] 37132 7148 83 TN
el 7HE At d%E F= IPM HF-2 Ue
AdAEzol] o] WYshe L FFel] hate] B4
th E=F Alo]ESt AulE] Alelg] 7)1 AHTA
gl g AR A 23 Ao|E A¥e] 4
& #AIE PSpice A EH IS T3t A8
3 IPMF 252 BAE i3 R 27T A
H F7Y IPM] 49 F33& T T3 PMO|
oF 3 [VIe 25% U e 7HE Fdst
Ak

References

(1) M Chiado Caporet, F. Profumo, R. W. De Doncker, and
A Tenconi, “Low Stray Inductance Bus Bar Design and
Construction for Good EMC Performance in Power
Electronics Circuits,” IEEE Trans. Power Electron, vol. 17,
pp. 225-231, March 2002.

{2) Antonio G, M. Strollo, “A New IGBT Circuit Model for
SACE Simulation,” in Proc. IEEE PESC'97, 1997, pp.
133-138.

(3) Mitsubishi Data Book & Application Note, 2001.

(4} Toshiba Data Book & Application Note, 2001.

{5) Semikron Data Book & Application Note, 2001.

(6) A Boglietti, and et al, “An Accurate High Frequency
Model of AC PWM Drive systems for EMC Analysis,” in
Proc, IEEE IAS'01, 2001, pp. 1111-1117.

(73 S. Momota, M. Otsuki, K. Ishii, H Takubo, and Y. Seki,
“Analysis on the Low Current Tum-on Behavior of I(BT
Module,” in Proc. PSDIC'00, 2000, pp. 359-362.

(8) Masahiro Kimata, Satoru Chikai, Takeshi Tanaka, and
Kazufumi Ishii, “High Performance Gate Drivve Circuit of
High Voltage IPMs (HVIPMs),” in Proc. IEEE PESC'98
Rec., 1998, Vol. 2, pp. 1196-1200.

(9) S. Igarashi, S. Takizawa, M. Tabata, M Takei, and K.
kuroki, “An Active Control Gate Drive Circuit for ICBTs
to Realize Low-noise and Snubberless System,” in Proc.
IBEE {SPSD'97, 1997, pp. 69-72,

(10) Shihong Park, and Thomas M Jahns, “Flexible dv/dt
Control Method for Insulated Gate Power Switches,” in
Proc. IHE IAS'01, 2001, vol.2, pp. 1038-1045.

OX Xt o

EF (wkeE)

1965 39 209 4. 1993 RAdEgR FAYE A7)
T8 £ 2002¢d FAdsa dsd @71
E4MAD. @4 5 dEd A3 GARA.
19939 LG2E Ak #A) OTIS-LG 4ol €
4,

TE=(EmE

19739 99 594, 1998 AA W FHUet A7)
Feta &¢). 20009 2AUstm ostd AsjFetst
Z(MAD). 20034 5 gty A7 Fera SG(Ab.
A AE Ay Ay FE SEdFY.

HEL (28Rm)

1942¢@ 1248 5948, 1969 R oistw F3dE A7)
Feta 9. 19749 48 A7]EAd A
EA(MAD. 19803 48 3 3 diE AsEAF
g3 A ag. 19869 ISR Hrjgsd E4
(22D, @A FAqEn TR AAAFAEE
& &3] o4l

Foug,

Journal of KIIEE, Vol. 17, No.6, November 2003



