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R Front runmers | GBT module development Road-map
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Fuji IGBT Spectrum
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Concept
Development of the IGBT Module for ‘ Ecology Electronics

1) Lower power dissipation loss
2) Smaller package and easy to use
3) Higher reliability

Features
1) Low-loss : More than 20% reduction compare with conventional
by using 5th Gen. IGBT technologies .

2) Soft and fast reverse recovery by SAS-FWD.

3) Wide Line-up : 600V/10-600A, 1200V/10-3600A, 1700V/150-3600A,
Small, standard, Econo-family, HPM package will be
available.

4) Package compatibility with conventional.

5) Large-current support : New-Package for parallel-using is applied.

(EconoPACK-Plus)

6) Higher reliability : higher power cycle capability by Sn-Ag solder

under the power chip
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== ronnes — Development road map of U-series |GBT modules

Road map of U-series IGBT modules
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Progress of Fuji’s 600V | GBT chip design

U2-series Next Gen.
NPT - FSTrench
Structure Structure
2004
C C
N-series S-series
Fine Pattern
Jan. ‘95 Mar. ‘99
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Progress of Fuji’s 1200/1700V | GBT chip design structure
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SAS diode structure

Anode

=X t Advantages

shallow P-layer | ower anode injection

" soft and fast recovery
Positive Temperature Coefficient
N* uniform current distribution
Cathode
SAS FWD
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600V 5" Gen.(U2-series) L oss comparison

600V IGBT Eoff-VCE(sat) Trade-off

10
600V /100A device
8 Vcc=300V
Ic=100A
. RG=24Q
2 4th Gen. f VGE=+/-15V
2 6 A
S S-series
E ~ \ 3rd Gen.
a Sa N-series
o ~ %
£ Q
g " /V*'- ~
S -
[ O 5th Gen. S
U-series
2 L
O Tj=25C
& Tj=125C
0 \ .
1.4 1.6 1.8 2 2.2 2.4 2.6
VCE(sat) [V]
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20% lower |osses

Simulated Inverter Power Loss (fc=10kHz, 100% load)

350
300 g Turn-on loss
O Turn-off loss
Vsat loss
250 g ] 1
200 — 1
150 —
100
50
0
U-series S-series N-series

600V / 400A device

3 arm modulation
fc=10kHz

fo=50Hz
l0=225Arms(45kW)
cos$=0.9

A=1
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600V 5" Gen.(U2-series) Static Charactristics

Output charactristic (400A/600V)
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600V 5 Gen.(U2-series) Switching Waveforms
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1200V 5t Gen.(U-series) L oss comparison

1200V / 50A device
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VCE(sat) [ V] at 125deg.C
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30% lower |0osses
389W

Eoff

VCE(sat)

4th Gen 5th Gen.
(S-series) (U-series)

Parameters:

1200V /200A-devices

40kW-inverter

Tj=125°C / Vin=400VAC
10=180Arms(180% load)

fc=10kHz / fo=50Hz / cosp=0.9/ A=1
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1200V 5t Gen.(U-series) Output characteristics

|GBT-Part FWD-Part
400 400 ‘
VGE=+15V VGE=0V
_ 300 *+ Tj=257C .<_E. 300 Ti=25 /‘/
< mn
Z i = Tj=125
5 5
= 200 + Tj=125¢C % 200
i :
S 100 + 2 100 /
0 . . 0 —J . | ) )
0.0 1.0 2.0 3.0 4.0 1 2 3 4
Forward on voltage : VF [ V]
Collector-Emitter voltage : VCE [V]
150A/1200V-device/ VCE(sat)=1.95V , VF=2.0V at 125deg.C
o FL1ulJ1
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Rever se Recovery characteristics at low-current& high voltage

Conventiona
' VCEP=1120V
> | 'I I il
% ! III I| § Il. II |
TS e S A, 310 Y BV LIRS
HE— 1 —— L'-;I |
S Conditions:
S 1200V/450A Devices
—
lcl) Tj=RT / IF=45A(rating/10)
(&)
> VGE=+,-15V / RG=1.1ohm
Ls=65nH
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5t Gen. (U-series)

- VCEP=1025V
200|‘I‘IV. MéU.OI‘IS ChZ —E72I‘I‘IV
VCEP=1200

200mv M 50.0ns ChZ v —152mV :

Math3 250 v 50.0ns

Soft-switching
isour design

concept.

Chl or Math3:Vak
Ch2:IF
(100mA/div=100A/div)
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1200V 5t Gen.(U-series) Switching wavefor ms

Turn-on Turn-off Rever se Recovery

_.-*""ﬁ"cl-n_..-‘““vh i g ] —

ER ...J_,-"J-. . . : . . . -. o ‘—\-n.,]l I
oo { ] T T T !
i ,«ﬂ..-—w i, I
Ir - {ﬁqx‘-—'—'_ e k I
-.-.-.--uq-'?——w—1'llllll + e .....\\.../.\-\_::—--_"--- _-\_.\-_-:__-_-:__
II I'|_‘__h ------ ‘- 7\ 2] Ill': / __.'__
7\5 . 1 . . . : T . . h .-'f r o L . "
! I | PR
fh | L ' ‘”I\</ |
= ; - SR : = — ! B !
uqmg 2000 HiE ) chl 206V w : " )
450A/1200V-device

T)=125deg.C / Vcc=600V / 1c=450A(rating) / VGE=+,-15V / RG=1.1ohm / Ls=80nH
Ch1l:VCE / Ch2:1¢(250A/div) / Ch3:VGE
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1700V 5t Gen.(U-series) L oss comparison
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1700V/150A-Device

Tj=125deg.C
Vce=900V , Ic=150A
VGE=+/-15V
Rg=recommend value

\

NPT

A

5th Gen.
U-series
FS-Trench

Technology

2 3
VCE(sat) [V] at 125deg.C
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Dissipation Power Loss [W]
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345W

Eoff

VCE(sat)

5th Gen.
(U-series

Parameters:

)

1700V/200A-devices

40kW-inverter

Tj=125°C / Vin=690VAC

| 0=104Ar ms(180%
fc=10kHz / fo=50H

load)
z/cosp=0.9/ A=1
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1700V 5t Gen.(U-series) Output characteristics

Foward Current : IF [A]

750

500

250

FWD-Part

6MBI1450U-170

|
- VGE=0V
i Ti=RT /
~
R \\ -
i Tj=
) 125deg.C

I | I - ‘—'/I | I | | I | | I | | I |
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Foward Voltage : VF [V]

FLilJ

|GBT-Part
70 ‘ 6MBI1450U-170
- VGE=+15V
% 500 ///
‘.qc'j : Tj=RT™
% 950 / \125degC
8 L
0 Ll 1111 1111 | I I | 1111
0.0 0.5 1.0 2.0 2.5 3.0
Collector-Emitter Voltage : VCE [V]
450A/1700V-device/ VCE(sat)=2.55V , VF=2.0V at 125deg.C
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1700V 5t Gen.(U-series) Switching wavefor ms

Turn-on waveforms Turn-off waveforms
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oy
Chi 2000 Chl 200V

ohi 20

450A/1700V-device
T)=125deg.C / Vcc=900V / 1c=450A(rating) / VGE=+,-15V / RG=1.1ohm / Ls=80nH
Ch1:VCE / Ch2:1¢(200mA=100A) / Ch3:VGE
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Share- strain: A v (%)

N

0.1

X

103

104 105 106

Number of cycle : Nf

107

O : Sn-Pb solder
(Ref. Fatigure of solder
Morris E, Fine Symp. Detroit Mid )
@ : Sn-Pb solder (experimental)
[ : Sn-Ag solder (experimental)

Mechanical property of the newly development solder alloys

Sn-Ag Sn 3.5 Ag Pb-based
(developed) (conventional)
Yield strength (MPa) 53 38 22
Elongation (%) 19 18 25
Creep rate (%.-h) 0.09 0.20 1.30
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High Yield strength and Cow Elongation
decrease the sharing stress of solder joint.
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5th Gen. IGBT Module (U-series) Line-up Plan

:’Standard (General purpose) :lHigh performance I:IOptional
Ic rating
VCES | PKG 10A 15A 20A 30A 50A  75A 100A 150A 200A 300A 400A 600A 800A 1200A 1600A 2400A 3600A
(5.5kW) (11kW) (22kW) (40kW)
Small [ smal-PIM, -Pack [smallPack
600V | PIM EP2 EP3
6inl NewPC2| NewPC3 |
2in1 [ M232 [ M 233 [ M247 |
Ic rating 400A
10A 15A 25A 35A 50A  75A 100A 150A 200A 300A 450A 600A 800A 1200A 1600A 2400A 3600A
(5.5kW) (11kW) (22kW) (40kW) (75kW)
Small [ small-PIM, -Pack | Small-Pack |
PIM | EP2 |
I EP3 |
6inl New PC2 with NTC
1200V [ NewPC3withNTC |
[ EconoPack-Plus (6in1) |
2in1/1in1 [ M 232 | M 247
M233 M138
M234 M 249 M 142 [ M 143
[ M 235 M 127 |
PIM/6in1 For Vector Control [ NewPC3 (with Shunt R) |
1700V | 6inl | NewPC3with NTC | EconoPack-Plus (6in1)
2in1 M 234(M 249) M248
[ M 142 [ M 143
uality is our message FLLn
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U-series ( PC-Pack )

Line-u
Lihe-tp Type Name VCES [IC(DC) Type Name VCES | IC(DC) Package
6MBIS0UA-120 1200V | 50A NewPC2(M636)
6MBI75U2A-060 600V | 75A |6MBI75UA-120 1200V | 75A NewPC2(M636)
6MBI75UB-120 1200V [ 75A NewPC3(M633)
6MBI100U2B-060 | 600V | 100A |6MBI100UB-120 | 1200v | 100A NewPC3(M633)
6MBI150U2B-060 | 600V | 150A |6MBI150UB-120 | 1200V | 150A NewPC3(M633)
Outline and Equivalent Circuit
New PC2(M636) New PC3(M633)
1075 122
0 10
CAe DN I — )

20.5

I

1516

o) o o
:OJ B4 ] OJ 2122 HOJ 1920

161718

o 17 B
0

0 19 20

2728

1314

— 1
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Ra_ comtrunners  U-series  ( PC-Pack with Shunt Resister for Vector control)

Line-u
Type Name VCES | IC(DC)| Shunt-R Package

6MBI75UC-120 1200v | 7584 | 24mQ | NewPC3with Shunt R(M632)
6MBI100UC-120 | 1200V | 100A | 15mQ | NewPC3 with Shunt R (M632)
3MBI150U-120 1200V | 150A - NewPC2(M634)

3MBI150UC-120 | 1200V | 150A | 24mQ | NewPC3 with Shunt R (M635)

Outline and Equivalent Circuit

6inl 3inl 3inl
NewPC3 with Shunt R(M632) NewPC2 (M634) NewPC3 with Shunt R(M635)

122 1075 12
95

[ @ & e B @@ mn [ E @ @
|

i 0 L 00
31.320 01516 ‘
1617,18 131415 10,11,12
R 330 R, 2124 1920 EOJ

O1314
s 78,9

Quality is our message

June 18, 2004



U-series ( EP2/EP3)

Type Name VCES | IC(DC) Package
7MBR50U2A 060 600V | 50A EP2(M711)
7MBR75U2B060 600V | 75A EP3(M712)
7MBR100U2B060 600V | 100A EP3(M712)
7MBR25UA 120 1200V | 25A EP2(M711)
7MBR35UA 120 1200V [ 3BA EP2(M711)
7MBR35UB120 1200V | 35A EP3(M712)
7MBR50UB120 1200V | 50A EP3(M712)
7MBR75UB120 1200V [ 75A EP3(M712)

Outline and Equivalent Circuit

EP2(M711) EP3(M712)
107.5 122
a3 110

foer mer mer meeaar

Quality is our mes

Converter ] [ Brake ] [ Inverter ] [ Thermistc
22(P1
210 20 [ Con [ Brake ] [ Inverter ] Ther
3 9 21() 22(P1)
20 18 16 ©
ER R ¢RI
1® | 20 | 3(M
19 (Eu), 17 (Ev), 15 (Ew),
7(8) 4(U) 5(V) 61 1R |26 |3
7(8)
14(Gb, 13 (6x), 12 (Gy), 11 (G2 O_J
14(Gb)
b 2300 24(N) 10 (En)
saqe 23 () 24(N1) 10 (En)
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= < ront runers U-series ( Econo PACK+ ™

Li ne'U|Q EconoPACK+™ is a trademark of eupec GmbH,Warstein
Type Name VCES | IC(DC) Package
6MBI225U-120 1200V | 225A
6MBI1300U-120 1200V | 300A
6MBI1450U-120 1200V | 450A
6MBI150U-170 1700V | 150A Econo PACK-Plus (M629)
6MBI225U-170 1700V | 225A
6MBI300U-170 1700V | 300A
6MBI450U-170 1700V | 450A

Outline and Equivalent Circuit

u \ W

,—@ﬁ @/ @ [Inverter] [Termistor]
= & B &

—®—O(ChH —®—o0(C3 —e—o0(]
= T1

ol Alle Tmle &)

88|89 o o o
= (S — vo——3 Wo——1 T2

ZN LG6 VAN LG4 VAN LGZ

()
N2

77@ - @ @ A ; —i‘—OEG —;D—OEAI —i‘—OEZ
T O e E

162 22

. FuJ1l
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== ronnes _U-series (1in 1 Module

Line-up
Type Name VCES [ IC(DC) Package
1IMBI600UB-120 1200V | 600A M138
1IMBI800UB-120 1200V | 800A
1MBI1400U-120 1200V | 400A M127
1IMBI600U-120 1200V | 600A
Outline and Equivalent Circuit
24+0.2 20+0.2 29:0.2 426.5
913]:13 4-86 S g 8
1306, 2146 29:0.6 {1:%
24 e 8|4
AN ol
g - ‘
@ /L 108+t
Terminals Terg?i}é
;:J‘Mg Smin e ; /
] Tl .= ] :
E 5 | | | =

M138

Quality is our message (110*80*35mm)

M127
(108*62*35mm)
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U-series (1in 1 High Power Module )

Line-u VCE(sa)| VF
Type name vces Ic (DC) 125G yp., PKG
1MBI1200UC-120 1200V 1200A 2.0V 1.8V M142
1MBI1600UC-120 1200V 1600A 2.0V 1.8V M142
1MBI2400UD-120 1200V 2400A 2.0V 1.8V M143
1MBI3600UD-120 1200V 3600A 2.0V 1.8V M143
1MBI1200UC-170 1700V 1200A 2.4V 2.0V M142
1MBI1600UC-170 1700V 1600A 2.4V 2.0V M142
1MBI2400UD-170 1700V 2400A 2.4V 2.0V M143
1MBI3600UD-170 1700V 3600A 2.4V 2.0V M143
Outline and Equivaent Circuit
130x140 140x150
[ { . " -
& [] 5 @)1 [l | :[&] o & "
[0 &) \ﬁ e
HE % - 5 7N 5] P
) ) < jT‘ 4.0 deep L: ) ) ‘E\Jr
e S| L7 [ v [, R
2.5 deep E; ﬂ@ﬁ 4 51 @7 6[& @ N
) %) E.Ej W 2025
JLL mmB 6 10.35 L s | AL 1@ %
T r%‘% s
%:‘ T i/a . — t == + 7
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@f.;-.-u_-;: FLMNErs U-Sel’leS

Line-u

2in1 High Power Module

VCE(sat) |

VE

Outline and Equivalent Circuit

Quality is our message

Type name vces Ic (DC) 125 G typ. PKG
2MBI 600UG-170 1700V 600A 2.4V 2.0V M248
2MBI 800UG-170 1700V 800A 2.4V 2.0V M248
2MBI1200UG-170 1700V 1200A 2.4V 2.0V M248
140 x 130 mm
FLuJ1
EE T2 1
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ors _U;sAerj.esg_Smau_Eaﬂcg

Line-u
Type name vees Ic (DC) PKG Type name vces Ic (DC) PKG
6MBI10UE-060 600V 10A M716 6MBI10UF-120 1200V 10A M716
6MBI15UE-060 15A M716 6MBI15UF-120 15A M716
6MBI20UE-060 20A M716 6MBI25UF-120 25A M717
6MBI30UE-060 30A M716 6MBI35UF-120 30A M717
6MBI50UF-060 50A M717
Outline and Equivalent Circuit
M716 M717
56.9 04
406
2
12
1.7
45
.
b =
|z P1
|~ |co |« —} | F - = i i ; 3 f‘ oJ oJ DJ
2|=|= <2 J . | .,l _@’ ’ 2973 Gi GC Gw . -
t [ . o o o
A g 'cy’ RS o o o Gx 0y Gz
a wA o " e,
| i i Ex By fz
mil [ oo N e T 6!
= I ! 1 S
e 3 | Ex Ey fz =1
i | . EN
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U To Ao (1101 0 R —

M716

34 104
8
7

Line-u
Type name vces Ic (DC) PKG Type name vces Ic (DC) PKG
6MBR10UEA060 600V 10A M716 6/7TMBR10UF120 1200V 10A M717
6/7MBR15UF060 15A M717 6/7TMBR15UF-120 15A M717
6/7TMBR15UFA060 15A M717
6/7MBR20UF060 20A M717
6/7MBR20UFA060 20A M717 P TMBR**UF***
6/7MBR30UF060 30A M717 Gu GV
m 1
Outline and Equivalent Circuit N el
M717 !
pop BMBR** UF***
s Gu“J G o ] o . .
ol U v W ’
ey
Gx“J Gy o Gz o
N Ex £y fz
5
g AR 7MBR** UFA060
S=[sEED gs”|2
6MBR1OUEA060

20.5 1
17 03
12

Quality is our message

205 #

17 $03
12

e o o o
B U v W
o oo Gy o 6
b Ex £y

-
@4«
=

June 18, 2004



4le ne-u Type name vces Ic (DC) PKG Type name \ces Ic (DC) PKG
2MBI1150U2A-060 600V 150A M232 2MBI75UA-120 1200V 75A M232
2MBI200U2A-060 200A M232 2MBI100UA-120 100A M232
2MBI300U2B-060 300A M233 2MBI150UA-120 150A M232
2MBI400U2B-060 400A M233 2MBI1150UB-120 150A M233
2MBI600U2E-060 600A M238 2MBI200UB-120 200A M233

2MBI200UC-120 200A M234
. . . . 2MBI200UD-120 200A M235
Outline and Equivaent Circuit MBI300UC120 300A N34
2MBI300UD-120 300A M235
c1 | ] B9 2MBI400UC-120 400A M249
i 2MBI300UE-120 300A M238
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