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Abstract; Enhancing the power density of vehicle-grade power modules is of significance for the performance of
electric vehicles. The two-dimensional layout used in conventional power modules results in large parasitic inductance,
which limits the switching speed and bus voltage and further affects the increase in power density. To solve this problem,
an IGBT power module with EconoDUAL packaging was taken as the research object, and a three-dimensional layout
was designed using the stacked DBC method to develop a 1 200 V/1 200 A IGBT power module. The layout structure of

the proposed power module was introduced in detail. Compared
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with those obtained using the conventional two-dimensional

layout methods, the parasitic inductance decreased by 58%.
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Additionally, electrical performance tests including a double-
pulse test with pulse current of 1 200 A under bus voltage of
800 V were conducted on the power module, thereby verifying
the improved power density of the module. To maintain the

heat dissipation performance while increasing the power density,
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a water-cooled PinFin heatsink was used at the bottom of the power module, and heat dissipation simulation and thermal resistance

test were carried out, revealing an IGBT thermal resistance of 0.084 K/W and a diode thermal resistance of 0.124 K/W. These

results show no significant difference compared with a commercially available 1 200 V/900 A module with the same packaging,

confirming the correctness and effectiveness of the proposed design approach.

Keywords: Power module; electric vehicle; IGBT; parasitic inductance; thermal resistance

B AT TR T B VR AN ] RESL R R A TE AR, L
EIRAAE R —Fh IR H S i 3838 TR IE 7R
R, YIRHUR R B ) R G A,
KRB B AR PEREFTATFEME, EconoDUAL H23£3))
RBLHUE Y K (Infineon ) 23 FIHHE H Y T [7) v 25 2
SRR = b, HAT H A LA B R = B R G B
A&7, Bz N T R LR S AT BhiR 4 TR
B R 220 600 VP,

H i ,800 V iy Rk I I SE B T P i v
(AR, DRI & LT 800 V FRER 5 S R B FE 1Y
TR R Ry T FEL g H 40T ) — T S Bk
i, VPR EET TR R AR, 3
Hh e J2 BT R X T4 R 2 R R I 2
o —FIE R AT R TR SRS A A SR
e LY, 82 A SR DR 1 A A S HOT DL B
EAS, FERZHEZEM T A AR
JES TR B #2585 DBC (direct bonding copper) FlTi
T Z A NG SRR X 2 MG T B AR R
& JF BT DL AR AR S8, Hoh T S 2
#4935 PCB FPCB 1 DBC 25110 25 1% 12637
% AN E SRR R H shfi /it
T AR TS T OGS AT 24

T, AICXF EconoDUAL $2% (1) IGBT 3y
RGP TR, T & REZR LR 800 VT HLTR AT
51200 A BYIIEEE BTES R DR AR 1 )

| EMRERET

& 1 24 EconoDUAL FF 2 Ty Z8 45 B (1) 1L i &
J& |, HET L B KB M 900 A, &l 2 9 FF90OR12M
E7_B11 BIHBURFCHIY , W] LA BIH TAEREL
HLEZ R 600 V, 1248 —4ifi /&5t 3 Fior,
AR R 7 A BRI, 205 15 nH, FEEET 3500

WFLAE J1 0 300 A B F 20 A RSHEER, MELA
PR 22008 AT A R, HAZ DBC @ AE SRR
WMELIER T

1 000 o, 900
L - .'.' 750
= & =25 600
= N I
£ & 450
225 250 300
100 150
0
2010 4 2023 4
ARy

B 1 EconoDUAL #3INEERPBERE R
Fig. 1 Development of current of EconoDUAL

packaged power modules

&

1400 TS f\ 420
1200 Ve J Mhia
-1/ R

1000 |
800
600
400
200 |

LIA VIV
1
f=)
VIV

05 10 15 20 25 30
/s

2 FF900R12ME7_B11 153 817 JF 3¢ gl 2
Fig. 2 Typical switching curves of

FF900R12ME7_B11 module®

3 REZHTGREN
Fig. 3 Conventional two-dimensional layout structure

)z DBC A3 J&y Al LA FH EL IR A T B A1
Ztin R, HA T S5 A sl 4 Fros  JF Hoh T2
T 1JZ DBC, HARAHR R F T A8 i fE A T i
o LA H S ERE 48 R T2 )= DBC A Rtk
B T 6 AME AT 4200 A 1Y IGBT A1
WA, RoF43502 9.7 mm x 11.1 mm #1 5.6 mm x
111 mm, 13 R 45 SR AN 5 fros , Horpe2p R0



74 5 b

Eibd 5502 %

g

6 MIGBT 5 6 M — & ¥ A JuTE DBC BB 5 IK
# DBC 1, LIS B, NS T
%, HILEMIGBT 5 FHM A ELER —
] 5 JISHB DBC 1 3t A 1E AR 3t -, 11 T8 DBC
Ji 2 AN R aS i, T DBC 7 i
Wi, BRI R SR S A A S AR AR
1%, DBC HalZ A ALOs, B AN JCHR 7% 4
T P ) <L SRR AL JE TS DBC,

FRRE 5 A fn g R 445 5] IGBT T34
Hei) =B an &l 6 s o FEIELS: A Ansys Q3D
HEAT 25 AR U R, S AE G A R Xt L TEAS % TR
FRIEOLT, WERARRZEA] R 10.16 nH TREZE
5.89 nH,

AR

!
1

JiEH DBC

B4 &E DBC MELH
Fig. 4 Side structure of stacked DBC

JiEH DBC T DBC

L s
WA
4585
mhiNS

4L

[CI1DBC Ha) )2

5 WRERTE

Fig. 5 Schematic of layout results

o7

[

i

°

W R R
B TR

Bl6 ZASTATIR1 200 V/1 200 A IhEER{FEAER
Fig. 6 Simulation model of 1 200 V/1 200 A power

S T AR

module proposed in this paper

2 BRSNS

XU e S 56 AT LA 3 T SR AR e 1 Hi R B A
. 7 o s B e () R DR AR ) TR A T )
SRR AN 7 DG IR AR A AT
SLi, S R M S X SRR R A T AR, B )
FREHAE NTC IR ESR, TSR 1,
ARSCFT 4 IGBT My A A H S0 5 48 s Z AN 8

P
Q =+ l;

R

s F

Rl
|

-
=

o

EER (R ik
B 7 XAkl B B
Fig. 7 Double-pulse test circuit

®1 LBBYH

Tab. 1 Experimental conditions

E 27 HE
IR Zf L RH/Q 10
HHL %/ H 50
IR HL /v -9~15
Jhk e 6] /s 83+12+12

NTC G2E2
B8 ZAATIR IGBT LhZE{EH )
Fig. 8 Specimen of proposed IGBT power module

ARSCH R IGBT Hy 345 e XU bk il 18 3 7%
K9 fiiz, Al LA AR SO A Y D) R AR BE A 7
BRZGHETE 800 V R, i ks LI 1200 A F
TR AUbK I, B R Y B PR RE  BERT 1%
WA AR,



%5 3 4]

[AIBEAN , 4% . EconoDUAL 3128 R HEJE 800 V H9 1 200 A IGBT IhZti ik it 57 & 75

T4k © ®
o
v @93.28 ps  1.080 kA \
©1180 ps 1.140 kA
A24.77 ps A60.00 A ' —

AR 2

)

IR k(10 V%)
T JR/(250 /%)
HLIAL/(500 A/

—
HLE

/(20 ps/tk)

(a) L4 25 C

06288 be 1020 kA o0

08685 ps 1,
o~ A2297,¢ A100.0 A P M
"%@E (L3537t LN
o= < o HIESSSe—
Too b —
528 S
Eep <
— ¥ P

L

/(20 ps/tk)

(b) 14 150 C

©63.08 ps 1060 kA
08745 ps 1.1

o "/rmzﬂm

AR TL

[ TRk /(10 VAR
/(500 V/%)
/(500 A/KE)

-~
M — —

(20 psit)

(e) T8 25 C

@62.68 b 980 A

087.05
22437 M Alzo 0A

° "’/rmwﬂ

IR K (10 VIAR)
1 J5/(500 V&)
/(500 A/KE)

ity
];[
(

e — I e —

1(20 ps/his)
(d) T 150 C
9 ARICATIR IGBT ThZRAH SRk i iliat il 72
Fig. 9 Waveforms of proposed IGBT power module in
double-pulse test

3 KEEMMBESMIK

R T AR DA R R 7E D) ARG
HJ%T PinFin B{#ER FE /KR BN, 8L MK
454, PinFin FEAAS TT LR 2 4096 A9 FARH , A
ﬁ'ﬁTﬂz T AR Dy A28 BE RN AT SEME TR
1K 7124 CFD (computational fluid dynamics) %K {4 X}

588 30T I HRCER G R AT LI G 1 2 ) B
T 3L, R SR B AR, S0 IGBT #ii#E
A[FIR N

Pr=Pro+Pro=Vesa IRl (Eu+E)fs (1)
. Pr ol IGBT HAFE 5 Pro N IGBT B RFE ; P,
} IGBT JFARAE ; V e NARFNE R 51 24 IGBT
SR LI s Res 4 IGBT Sl HLRH ; £, k7 IGBT JF
WFEE ; E 4 IGBT SEWHRAE 1., WITF AT

CHEFE R RO A
Py=Pooa+Po=Velp+Relp+E.. /o (2)
Py N AR IFE ; Pocons N R B AE

P H WS TF R BRE 3 Ve 0 A IE ] L 5
R WAEIE R L s Ry 0 AR S E A
TS S R S FE

D5 EJ5 1Y IGBT T LIl B2 73 A &l 10 Jir
IR, IR KN 8 Limin, 171 1 B 4R35 g i
JE, KT e B . ATRVE 1 A SO & 1Y)
1 200 V/1 200 A IGBT A5 T 4 () 5 i 45 Ui
24 150 C,

FIfTIREIC
H]=12.5 s AIS10
140.0

120.0
100.0
80.0
60.0
40.0

20.0
vis.l

B 10 {AEEH IGBT WRERBEN T
Fig. 10 Temperature distribution of simulated IGBT

power module
HEAT5 FLSE I (4 [ o W Tl R A S 7
THAPHMNR, & 11 2 IGBT HABHM A L, ZEiat
M T TR AT B A IGBT S, Sl A /N I

TESRA Ve BATIRE IPRE , IS S B A KL
PEAT AN, — BEF E] i Wt S, Pl H AR A it

ek, o m U ER AL BE S L4 . 240 A A
BELES , 75 B2 2 A FL IR R 1), ELAZEM A T T4
By AL R IGBT T,

PBHIRSE SR BE I &l 12 s, HAr s iR
PRI I -5 0 b FL AT, TR P A i g A



76 5 b

= I 5022 %

B FFIE 59T, BB A A 3R A5 Ve ZE R EL
i G AIE FR K TR AL 3t e 225 SR
& 13 fias, Horb IGBT #4BH K 0.084 K/W, — %%

Si @© —o+
G |
LS
Iy Iy 9 VT E =

62 E

B 11 PENK R

Fig. 11 Thermal resistance test circuit

TR AKAE

12 MM KIEIRE

Fig. 12 Experimental environment for thermal

resistance test

0.14

—2024-0122-DIODE-Ch. 0 From Measurement .
0.12 F—2024-0122-DIODE-Ch. 0 From Model R

010 [ /

0.08 I 74

0.06 | /

0.04 [ i

002 | P i

et I 1 L L 1 Il

0
1x10° 1x10° 1x10* 1x10° 1x10? 1x10" 1x10° 1x10' 1x10?
tls

(a) A RS IABH I £

0.09
—2024-0122-IGBT1200A-Ch. 0 From Measurement "
0.08 " —2024-0122-IGBT1200A-Ch. 0 From Model -~

0.07
0.06 [ y i
0.05 | ya
0.04 |
0.03 |
0.02 | ;
001 | BLd

0 1 1 1 1 1 1 1

1x10° 1x10° 1x10* 1x10® 1x10? 1x10" 1x10° 1x10' 1x10*

tls

(b)TIGBT ik A5 ABH il &
13 PMPENKLIEER

Fig. 13 Experimental results of thermal resistance test
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