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= Fuji IGBT Module U and V Series -

ATj power cycle test method and lifetime curve (technical reference material)
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ATj Power cycling life time curve

*1) The judgment criterion for failure is the point when the test element becomes open

or short.

*2) The radiation fin and module are mounted according to our test standards.
*3) The capacity data in the lifetime curve is the one when the failure rate is 1% in the

Weibull analysis.

*4) The capacity data in the lifetime curve shows the result of multiple models.
*5) The dotted lines show the estimated lifetime, not the guaranteed value.
*6) The IGBT (FWD) chips connected in parallel are not included.
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FUJI IGBT Modules U Series
RBSOA, SCSOA 1200v

+Vee=15V, -Vee=15V, Re2Recommended, Ti=125°C
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FUJI IGBT Modules U Series
High current output-characteristics 1200V Typical value

Conditions: Tj=25/125°C
VGE=1 5V
Not include internal-drop voltage due to internal-resistance of module.
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FUJI IGBT Modules U Series
Short circuit vs Vge characteristics 1200V

Sample: 2MBI150UA-120, 2MBI200UB-120, 2MBI300UD-120
Conditions: Vpc=600V
+Vee=8, 10, 13, 15, 18V
—Vge=15V
Tj=125°C
Rs (Recommended value) =2.2Q (2MBI150UA-120)
3.0Q (2MBI200UB-120)

1.1Q (2MBI300UD-120) Isc
Results: Ve - Isc characteristics -+ Fig. 1
Definition of Isc: Saturated current at short circuit condition
T T T T T T T T T T T
LGOI
| A
1400+----| —m— 150UA-120}- g £ L
1 - 0- 200UB-120 y
1200__ - |--A--300UD-120 A,o_

~ 10007 ' .

< _

% 800 .
600 .
400---- .
200 .

O T T T T T T T T T T T
8 10 12 14 16 1
Ve V)
Fig. 1 Vge - Isc characteristics
Waveforms: 2MBI150UA-120¢ -+ Fig. 2 to Fig. 6
2MBI200UB-120:---++++===- Fig. 7 to Fig. 11
2MBI300UD-120:-+-+-++-x Fig. 12 to Fig. 16
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2MBI150UA-120

Tek SETH 25.0M5/s 1 Acgs

Isc =43A

/L y 4 VcE ; 200V/div.

Ic ; 25A/div.

Ch1 200V 50.0mV M 2.00s Ch1 J 632V 18 )un 2004
09:23:55

Flg 2 VGE=8V

TeK EIJE 25.0M5/s 2 Acgs
-7

Isc =460A

VcE ; 200V/div.

4 Ic ; 250A/div.

T500mv M 2.00ps CRi 7 708V 17 Jun 2004
17:40:18

Fig. 4 Vge=13V

Tek 25.0MS/s 0[Ac15|s
b1

Isc =925A

W q

Ic ; 250A/div.

Chi~ 200V [EH 500mvV W 2.00ls ChT 7 820V 18 jun 2004
09:37:01

Fig.6 Vge=18V

e Vee ; 200V/div.

Tek SEXH 25.0M5/s 0 Acgs

Isc = 180A

7

3 Ve ; 200v/div.

g

Ic ; 100A/div.

Chi~ 200V EH 200mvV M 2.00us Ch1 7 692V 17 jun 2004
17:51:50

Flg 3 VGE=10V

Tek HITH 25.0M5/8 U{A(ﬂs

Isc = 640A

/A -
/Ao ] ver : s0ovidi

Ic ; 250A/div.

Chi~ 200V [©EE 500mv  M2.00us Chi 7 744V 17 jun 2004
17:29:47

Flg 5 VGE=1 5V



2MBI1200UB-120

Tek 25.0MS/s 0 Act1:|s
T

ChT 200V

WGP 50.0mV M 2.00us Chi J 612V

Flg 7 VGE=8V
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Fig.9 Vge=13V
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Fig. 11 V=18V

Isc =29A

VcE ; 200V/div.

Ic ; 25A/div.

18 Jun 2004
11:13:09

Isc =520A

VcE ; 200V/div.

Ic ; 250A/div.

18 Jun 2004
11:24:42

Isc = 1140A

VcE ; 200V/div.

Ic ; 250A/div.

18 Jun 2004
11:34:39

Tek SIMH 25.0M5/5

O{Ag?s

Isc = 168A

49 VcE; 200V/div.

Ic ; 50A/div.
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668V 18 Jun 2004

11:18:53
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Fig. 10 Vge=15V

T808V 18 Jun 2004

11:29:38



2MBI300UD-120

Tek 25.0MS/s 2 Acgs
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Flg 12 VGE=8V
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Fig. 14 Vge=13V
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Fig. 16 Vge=18V
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18 Jun 2004
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Isc =770A

VcE ; 200V/div.
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18 Jun 2004
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Ic ; 500A/div.
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Fig. 15 Vee=15V
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FUJI IGBT Modules U Series
2 in one-package module parallel connection application 1200v

Current imbalance in parallel connection

I Configuration and equation
Von1 Von2 AVon=Von2 — Von(1
i EEK EEK Current imbalance was caused by difference between

Von1 and Von2, current will be divided to I1 and 12
respectively. In this case, the current imbalance rate
is defined as following equation.

1] 12

a=[I1/Ic(ave) — 1] x 100(%)

—a

Current imbalance proportion : a [%]
M
=
¥
5
Q
2]

10 | ~
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AV on [V] (= Von2 —Von1)
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Vce(sat), Ve distribution

count [pcs.]

count [pcs.]

150

B U

S

100

-series 1200V IGBT
L Ave.=1.82V

n=468

.D.=0.030V

50

200

1.5 20 2.5 3.0

VCE(sat).chip [V] (Tj=RT, VGE=15V)

150

U-series 1200V FWD
Ave.=1.64V

S.D.=0.078V
n=468

2.0
VF.chip [V] (Tj=RT)

2.5 3.0

Von distribution

Parallel connection application (Von classification)
Applicable types: 2MBI300UC-120, 2MBI300UD-120, 2MBI300UE-120, 2MBI450UE-120

Spec. Vce(sat) rank VE rank Current Imbalance rate
(Derating rate for parallel connection)
Standard 0.5V 0.5V 20% maximum
Selection 0.3V 0.25-0.3V | 13% maximum
(-03) 1-rank 4-rank

The standard part can be used to parallel connection application with 20% of current imbalance rate.
current imbalance rate is necessary, selection version (-03 at end of type number) is recommended.

case, same rank device must be used to same arm of inverter leg.
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FUJI IGBT Modules U Series
Switching loss, dv/dt vs Cgg, Rg  6MBI450U-120

Reverse recovery dv/dt

Switching loss Eon

Sample: 6MBI450U-120 #38001-11 Y-phase drive Tj=125°C, Vcc=600V, Ic=450A
Tj=25°C, Vcc=800V, Ic=22.5A (5% of rating) Vee=115V, Ls=75nH, Snubber C=0

Vee=%15V, Ls=45nH, Snubber C=0

40 — 400 p——
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Switching loss Eoff Switching loss Err
Tj=125°C, Vcc=600V, Ic=450A Tj=125°C, Vcc=600V, Ic=450A
Vee=%15V, Ls=75nH, Snubber C=0 Vee=%15V, Ls=75nH, Snubber C=0
140 50
—&— Cge=0nF —&— Cge=0nF
Eoff] PV [ i~ 47nF
e 4040F © i
120
é\\
_ i _30 A \
% 1% £ \ \
H - N,
w I} \A\
20
\\\\\“’*«N\\v
\ .
80 T . Tw
10 =
60 : 0
g SRe[0] 10 0 5Relq)] | 10

* In order to reduce dv/dt or oscillation at reverse recovery, additional Cce and smaller Rg are effective.
* In order to keep same switching loss, (Cee as same as Cies) + (0.7 x Rg), or (Cge of 2 x Cies) + (0.5 x Rg) are
recommended. These are same manner also for other 1200V U-series IGBT module.

K;/ e-Front runners



Reverse recovery dv/dt

Sample: 6MBI450U-120 #38001-11 Y-phase drive
Tj=25°C, Vcc=800V, Ic=22.5A, Vee=+15V, Ls=45nH, Snubber C=0

RG[Q] CGe=0nF

47nF

104nF

Tek Run: 2 socs/s[

aversge TR

Tak Run; 1.slcs/s' Avenige (TG

b N NS
E \J 160
0.55 pTT”TﬁN\;//
5 '
8 i
i : i
ThT T00V  MS$0.0m TRIX -T80AY 25 feb 2004 CRT 60V WS008 CFIU ~T80RV 25 feb 2004
QEMM 250V 50.0ms Lo LD 250V 50.0ms 22:30 20
Tok Run: z,socslsl Avenage (TR ) Tek Run: z,socsrsl Average (UK i Tek Run: z.sncsn[ Avenige [ITE ;
1 B N i 2
o v [\/ | g0y
I «
TR YO0V WS0.0m CRZU -9E0MY 25 Feb 2004 URETO0V M$0m CRIC —38TAY 25 feb 2004 TRT 100V MS0.0ns CRE T =350V 25 Feb 2004
7o 250V 50.0ns R LTy 250V s0.0ns et 50V 50.0ns CEHEIEL
Tok BT 2506573 7 Acgs , Tk run: 25065/ aversge IO . Tok fun: 230573 Aversge I .
A M3 Max f w3 Max : W3 Max
375V I ’\/\f/J 0y 745V
i v
: j ‘
m,__,)// B /| ]
i : :
{ 7 :
i : .
ThT T80V MS0.0m CRZL =580V 25 feb 2004 oA FETMY 25 Feb 2004 CRT 100V MET0ms CRIC -3X0MY 25 Feb 2004
250V s0.0ms 221832 250V S0.0ms za7y GEMH 250V S0.0ms 2215:09
Tek Run: z.socs/sl Averige TS i Telz.socs/f 7 ACgs i 'r-kMI1.sncs/[s B ACTS i
. B i L
! i
M3 Max w32 Max | M3 Max
580V 55 v ! S5V
6.8 2:‘*\\ / < T 2T 2 :
Y + +
ThY 100V WS0.6m CRIL 560mV. 25 Feb 2004 THT 100V WS00R CRIC =NETmY 25 reb 2004 ThT IOV MSD0m CRZ T “5ETMY 25 Feb 2004
50V S0.0n8 EoTURl] 50V 50.0n razee OEME 250V 50.0ms R
Tek S 2.50G5/2 9.Acs . Tk B 2.50548 8 Acq ) Tek Run: 2.50s/3 - averge IR .
H :
i i
i M3 Max g W3 Max W32 Max
SISV 530V 470 v
\J Y «
TR T00V W3 0rs CRT L SIEUMU 25 Feb 2004 TRE 100V WS0.0m TRIC =360MV 25 Feb 2004 - CRT T80V MS0.0m CRZU =J60MV 25 Feb 2004
250%  50.0ns 222750 250V S0.0ns 22:26:35 250V 50.0ns w10
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Eon (Latest sample)
Sample: 6MBI450U-120 #38001-11 Y-phase drive
Tj=125°C, Vcc=600V, Ic=450A, Vee=£15V, Ls=75nH, Snubber C=0

Re[Q]

CGe=0nF

47nF

104nF

Tek Run: 100M5/s

Aversge ITY

JO S IS
e
£ Ve i < vax
P : S0R YV
i H
1
5 ) N “
\\{' § e
I\
i
[ 4 \v e o] [
o o0ms 22 Feb 2004 ThT 200V K 00V M S00ns CRIT T TRV 22feh 2004
2 J0ev oras 0a chi 200V 19:45 31
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‘ o T e, Y. Rl
P S ) SN S—— e
3+ /o EN “ e 4 c €l Max
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/ 360V / 0V e v
) i e et i e
R i
1 1 ‘f\‘-.m ;....._..,..W__._.-\.' Tl KRS T
. Wi “ \
\ N ]
I
B
PN & S =
i |
' I
TRT™ 00 VNS00V M 5000 CRIU T3V 22f2b 2004 g i i 22F2b 2004 CAT 200V E S00mvV M 300ms CAZY T TEV 22 Fab 2004
h3 eV 1912123 chy 200V i5%0:03 cha 200V 19:42:54
Tek Run: 100MS/s  Average Tek Run: 100MS/s  Average Tek Run: 100MS/s  Averige
- T venze, Y
P e [ w— BN
5 E
I 3 - / CI M
1 M i T Max ax
7 964 v _// H 920V 312y
‘ A ! J
/ E N ] \ N e
,'l N _—
[ 4 BE- t | et ettt et ]
22Feb 2044 I AT 22Feb 2004 TITV 22Feb 2004
Chapuuel 19:51:48 (e THOT 19:50.45 19:56:13
Tak Run: 100MS/5  Average Tek Run: 100MS/s  Average
rerer, e, 9
5 o <] g ]
3+ E
CIMax 1 Max
i i
6.8 EOSSUN SO i
/ L
R NS
i
i i 22 Feb 2004 I 7 CRETC T ITIRY 22 Feb 2004 THT 200V WIE S00mV M Su0As CHIC ¥OmV 22 Feb 2004
ch3 200V e ch3 200V Y chr 200V T
Tek Run: 50.0MS/s  Average w Tek Run: 50.0MS/s  Average m Tek Run: 50.0MS/s Average "ﬂ
1 3 S f -
T
X B . ///,., : NEEEN
3 4 3+ o i +
R €1 Max i 1 Max <1 M
// o 956V ,’f H 908V / H BEBV
e : [P : — i
i E |
LR BN NS . 30 oo i
12 | d
. § A A
AN SRR /4 S . -
AN o /; 4 /\\ e
/ \ / i \\ N
) * N
= 2 [ Lo w o
. i :
TAT 700V N S00mv M 1005 CRZT S6TmY 22 teb 2004 o ' mY 22 Feb 2004 AT 706V THIE 500mV M 100ps CRZ'L  330MV 22 Feb 2004
ths 2.0V 20:05.49 chs 200V 200143 chi 200V 19:5K:45
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Eoff (Latest sample)
Sample: 6MBI450U-120 #38001-11 Y-phase drive
Tj=125°C, Vcc=600V, Ic=450A, Vee=£15V, Ls=75nH, Snubber C=0

Ra[Q] Cce=0nF 47nF

104nF

Tek Run: 100US/s  Average IM
]

Tek Run: 100M5/s  Average m
[

1.1

i.

=
e ; —————n ;
——l —t
3 X 3+
. €1 Max PN €1 yax
N M2y T 904V
&~ = L= i
TRT 200V WIE Z00mv M S00ms CAZC  345mY 22 Feb 2004 TAT 2537 K 700mV M S007 CRZC J3EMV 22 Feb 2004
€ha 200V 20:22.32 Ch3 200V 20:24 37
Tok Run: 100us/s  Aversge, TR Tok Run: 100Ms/s  Average w Tek Run: 100MS/s  Average W
4 - — T3 L
5 TS 3 Tt
1+ = 2+ =
€1 Max 1 Max [ €1 Max
923V [ NS 1 i T W
R USRS e

-
AT 206 v (N I00mV W S00ns CRZ°C F3TMYV 22 Feb 2004 ) i WY 22 Feb 2004 THT 700V (E 200mV W S00ms CRZU 3¥mY 22 Feb 2004
tha 0.0V 2031 13 Chi 200V 20:20'32 chz 200V 20:27:31
Tek Run: 100M5/s  Average m Tak Run: 100MS/s  Average w Tek Run: 100MS/s  Average m
t il t j t
5 — T i
S e T
N 3+ ™\ 3+ e
CI Max (N €1 Max ' €1 Max
316V e DR B | 11+ i [ R4
T r\ e
(NS t} .
3.3 e e pETTEERRE— [ D LT e . e ey N |
“ J I/ |
{1
i ]
/! |
B I /r
= Lo [ TS - el
¢ ‘ i
5 ! |
TRT 260V HON 200mV M 500rs CAIC 338MV 22 feb 2004 TR0V WK I00mv M 300ns Ch2'C  438mMV 22 Feb 2004 CRT 256V WIE 700mv B S00m ChZ'L  933mV 22 Feb 2004
h3 200V 20.12.57 cha 200V YT Cha 0.0V 20:26:€€
Tek Run: 100MS/s  Average Tok Run: 100US/s  Average Tek Run: 100MS/s  Average
v | Aversge, I} o
€M € Max €1 Max
306V 260V 82V
- -
: ;
m i IFEWV 22 Feb 2004 o o MY 22 Feb 2004 Th1™ 283V [WE 200mv ™ 500ns ChZ TV 22 Fab 2004
ch3 200V 204297 cha 200V 20:40:40 Ch3 200V 20:3844
Tek Run: 100Ms/s  Average w Tek Run: 100MS/s  Average Tek Run: 100MS/s  Average
I 1 “F ‘ 5 1 m‘
R — : — : R :
_“.—\.‘_‘W_M; 5 B o o U e it
= S 1 Max & €1 Max th T e— €1 Max
e O B 147 1RV T wsy
‘ URBEELL ey
3 i
'
i1
Fid
S
- | NSRS = L
TR IV W YO0RY W S00m CRZT SRV 22 F2b 2004 TR 200 v QI T00mV W SB6AT CRZLTIAEMY 22 7eb 2004 TRT 250V WIE J00mV M SO0hs CRZL 33UV 22 feb 2004
th3 209V 20:44-41 ch3 200V 20:46:26 Chl 200V 205118
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Err (Latest sample)
Sample: 6MBI450U-120 #38001-11 Y-phase drive
Tj=125°C, Vcc=600V, Ic=450A, Vee=£15V, Ls=75nH, Snubber C=0

Ra[Q]

CGE=0nF

47nF

104nF

Tek Run: 100MS/5  Average !m
]

Tek Rua: HOOMS/s Avmgel M

r . .
fy
’\«—-—w«*‘--’”‘“wm_ €1 Max fr\—w——“—““"““—”" <1 Max
N Tzy . MY
0.55 ! e
\\}, 5
TRY 200V (WE SO0RV M SB0Rs CRZ U =TW0MT 22 Feb 2004 TRT 700V @IE S00mV M SO0 CRIT =T9TWV 22 feb 2004
219545 211731
Tek X 10CMS/s 4 Acqs Tek {T 10CMS/s D Acqs Tok (DM 100MS/s 5 Acqt
BV - T3 SR
! P
. 5 8 . s
N e ) Max f e e i ] Mg S B L
{. : G ’ 56V { : 555V
— S B e |
: \ v it
! J i J .
1.1 = 1 [ SO ENDZ) S, ST RIS LA [ o ]
d e o s o /, o
\}! \/ ! /
L
i 5 g
TRTI66V M S00mV M S00ns CRIL -T90MV 22 Feb 2004 ! ns ~TIUMY 22 reb 2004 TRIT 200V WIE S00mV M 300ns CRZ'C -T30mMV 22fed 2004
2141 34 21:08:11 21:08 34
Tek Run: 100MS/s  Average M Tek Run: 100MS/s  Average M Tok CHITD | 00MS/s @ Acs.
3 I £7 1
/n—-'-*’““““"“‘””“ Ct Max PO R I 9 I T IS I o S
. 596V s Sa2v /"r/—‘ 592V
=y [ : M—~~—-ﬂ\ '/ ——— /o
i : :
. \ \ / E
: \ \ H
33 - . R e - [~ . ;,/*" -
. ; : Vs \/ :
VA v ‘
, ;
TRT 00V N S00WV B S00m THIU -TI0MY 22 Feh 2004 AT R0V WIE SO0V M S007s CRI'T =1S0MY 22 Feb 2004 G s =THOWY 22 Feb 2004
20:59:37 21:01 36 21:02:26
Tok HITT 1 00MS/s ”cm’ Tek 100MS/s chs} Tek [N 10CMS/s :?(qs}
{ T
|
<1 M I Max s e ) MK
596V S92V :/’ 596 Y
- C. /
\ /:
N/
- « NS i
6.8 = P
1
|
!
Chi 200V W Scomv e ~TIERV 22 Feb 2004 s TSIV 22 Feb 2004 ThT i = =TWOWY 22 reb 2004
212310 21:21:40 2111959
Tek QT 10cMs/s §hea Tek BT 10cMS/s phen Tek QTN 100MS/s ol
T '
T T
{‘ e C) Max s €1 Max H S| C) Max
e 596V T $96V f //’f 596V
14 b
. 7
: \ LS
~ 4
‘\\ 7
. 4 +
12 . = .
TRT 208V I8~ S00mV — M S00Rs CRZ'L -190Mv 22 Feb 2004 ThT 200V E " XCOmV M 500Rs CRIU - TO0MV 22 Feb 2004 m W CRI T 60V 22 Fed 2004
212512 22707 2129 23
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Technical documents|MT5F 13288

Quality is our message

FUJI IGBT Modules U Series
—Vee VS switching loss characteristics 6MBI150UB-120

20.0 |
Conditions :
T;=125°C
Vcc =600V Eoff
Vee = +15V
15.0 — lc = 100A
R = 2.20hm
q on
% 4_/
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FUJI IGBT Modules U Series
Dependence of blocking voltage and junction temp.

For 1700V-U series (Engineering samples), such as 6MBI450U-170 and others.
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FUJI IGBT Modules U Series
Vces VS T) characteristics 1200V
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FUJI IGBT Modules U Series
—dlc/dt vs T, characteristics 1200V, 6MBI450U-120
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FUJI IGBT Modules U Series

Dynamic avalanche voltage vs T; characteristics

1400
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FUJI IGBT Modules U Series
Transient thermal impedance Calculated value

Definition of case temperature position

Tb (case temp. at center position on the edge)

Module

/

Chip position

2MBI150UA-120 Rth(j-c)
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. Rth(j-c) [°C/W ]

Thermal resistance
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2MBI150UB-120 Rth(j-c)
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2MBI300UC-120 Rth(j-

c)

. Rth(j-c) [ °C/W ]

Thermal resistance

2MBI450UE-120 Rth(j-c)
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2MBI300U2B-060 Rth(j-c)

2MBI1400U2B-060 Rth(j-c)
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: Rth(j-c) [°C/W ]

Thermal resistance
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6MBI225U-120 Rth(j-c)
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WARNING

1. This Catalog contains the product specifications, characteristics, data, materials, and structures as of May 2011.
The contents are subject to change without notice for specification changes or other reasons. When using a product listed in this Catalog, be
sur to obtain the latest specifications.

2. All applications described in this Catalog exemplify the use of Fuji's products for your reference only. No right or license, either express or
implied, under any patent, copyright, trade secret or other intellectual property right owned by Fuji Electric Co., Ltd. is (or shall be deemed)
granted. Fuji Electric Co., Ltd. makes no representation or warranty, whether express or implied, relating to the infringement or alleged
infringement of other's intellectual property rights which may arise from the use of the applications described herein.

3. Although Fuji Electric Co., Ltd. is enhancing product quality and reliability, a small percentage of semiconductor products may become
faulty. When using Fuji Electric semiconductor products in your equipment, you are requested to take adequate safety measures to prevent
the equipment from causing a physical injury, fire, or other problem if any of the products become faulty. It is recommended to make your
design failsafe, flame retardant, and free of malfunction.

4. The products introduced in this Catalog are intended for use in the following electronic and electrical equipment which has normal reliability
requirements.
» Computers » OA equipment » Communications equipment (terminal devices) » Measurement equipment
* Machine tools * Audiovisual equipment  + Electrical home appliances « Personal equipment ¢ Industrial robots etc.

5. If you need to use a product in this Catalog for equipment requiring higher reliability than normal, such as for the equipment listed below,
it is imperative to contact Fuji Electric Co., Ltd. to obtain prior approval. When using these products for such equipment, take adequate
measures such as a backup system to prevent the equipment from malfunctioning even if a Fuji's product incorporated in the equipment
becomes faulty.

« Transportation equipment (mounted on cars and ships) * Trunk communications equipment
« Traffic-signal control equipment » Gas leakage detectors with an auto-shut-off feature
» Emergency equipment for responding to disasters and anti-burglary devices « Safety devices

* Medical equipment

6. Do not use products in this Catalog for the equipment requiring strict reliability such as the following and equivalents to strategic equipment
(without limitation).
» Space equipment » Aeronautic equipment * Nuclear control equipment
» Submarine repeater equipment

7. Copyright ©1996-2011 by Fuiji Electric Co., Ltd. All rights reserved.
No part of this Catalog may be reproduced in any form or by any means without the express permission of Fuji Electric Co., Ltd.

8. If you have any question about any portion in this Catalog, ask Fuji Electric Co., Ltd. or its sales agents before using the product.
Neither Fuji Electric Co., Ltd. nor its agents shall be liable for any injury caused by any use of the products not in accordance with instructions
set forth herein.
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