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Parameter Symbol | Note or test condition Values Unit

Min. | Typ. | Max.

Internal emitter Le 13 nH

inductance measured 5

mm (0.197 in.) from

case

Storage temperature Tstg -55 150 °C

Soldering temperature Teold | Wave soldering 1.6 mm (0.063 in.) from case 260 °C

for10s

Thermal Rth(j-a) 40 K/W

resistance,

junction-ambient

IGBT thermal Rth(j-c) 0.23 0.3 K/W

resistance, junction-

case

Diode thermal Rih(jc) 031 0.4 K/W

resistance, junction-case

2 IGBT

&2 RAXTMEE

Parameter Symbol | Note or test condition Values Unit

Collector-emitter voltage Vee T,;=25°C 650 v

DC collector current, Ic limited by bondwire T.=25°C 160 A

limited by Tyjmax T.2100°C 159

Pulsed collector current,t, | /cpulse 480 A

limited by ijmax

Turn-off safe operating Vee<s650V, tp<1ps, T,j= 175°C 480 A

area

Gate-emitter voltage Vae +20

Transient gate-emitter Ve t,<10ps,D<0.01 +30

voltage

Power dissipation Ptot T.=25°C 498 W
T.=100°C 248

)3 HIEE

Parameter Symbol | Note or test condition Values Unit

Min. | Typ. | Max.

Collector-emitter Veesat  |1c=120A, Vee=15V T,;=25°C 1.4 1.65 v

saturation ~ N

voltage T;=175°C 1.6

(RBETR......)
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2 IGBT
K3 (%) HHEE
Parameter Symbol | Note or test condition Values Unit
Min. | Typ. | Max.
Gate-emitter threshold Voeth  |lc=1.05mA, Ve = Vee 2.9 3.85 4.8 v
voltage
Zero gate-voltage Ices Vee=650V, Vee=0V T,;=25°C 35 HA
collector current T,=175°C 5500
Gate-emitter leakage les Vee=0V, Vee=20V 100 nA
current
Transconductance gfs Ic=120A, Vee=20V 152 S
Input capacitance Cies Vee=25V, Vee=0V, f=100 kHz 6525 pF
Output capacitance Coes Vee=25V, Vee=0V, f=100 kHz 188.9 pF
Reverse transfer Cres Vee=25V, Vee=0V, f=100 kHz 25.8 pF
capacitance
Gate charge Qs Vee=520V, Ic=120A, Vee=15V 244 nC
Turn-on delay time tdon) |Vec=400V,Vee=0/15V, |T,;=25°C, 25 ns
Rg(on): 10 Q, /c: 120A
Ra(off) =10 Q T,=175°C, 23
lc=120A
Rise time (inductive load) t Vec=400V, Vee=0/15V, |T,=25°C, 17 ns
RG(on): 10 Q, /C: 120 A
Raofy =10 Q T,y=175°C, 23
Ic=120A
Turn-off delay time td(of Vee=400V, Vee=0/15V, |T,;=25°C, 175 ns
Reon=10 Q, lc=120 A
Re(off) = 10 Q T=175°C, 195
Ic=120A
Fall time (inductive load) ti Vec=400V, Vee=0/15V, |T,;=25°C, 19 ns
Rg(on): 10 Q, /c: 120A
Ra(off) =10 Q T,=175°C, 23
lc=120A
Turn-on energy Eon Vee=400V, Vee=0/15V, |T,;=25°C, 1.7 mJ
RG(on): 10 Q, /C: 120 A
Re(off) =10 Q Ty=175°C, 2.8
Ic=120A
Turn-off energy Eoff Vee=400V, Vee=0/15V, |T,;=25°C, 15 mJ
Reon=10 Q, lc=120 A
Refof =10 02 Ty=175°C, 2.7
Ic=120A
(RBELTR......)
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Parameter Symbol | Note or test condition Values Unit
Min. | Typ. | Max.
Total switching energy Eis Vee=400V, Vee=0/15V, |T,;=25°C, 3.2 mJ
Reon=10 Q, lc=120 A
Re(off) = 10 Q T=175°C, 5.5
lc=120A
Operating T -40 175 °C
junction
temperature
3 —RE
R4 BRAEEE
Parameter Symbol | Note or test condition Values Unit
Diode forward current, Ir limited by bondwire T.=25°C 160 A
limited by Tyjmax T.2100°C 125
Diode pulsed current, t, Iepulse 480 A
limited by ijmax
Power dissipation Piot T.=25°C 342 W
T.=175°C 189
®R5 HIEE
Parameter Symbol | Note or test condition Values Unit
Min. | Typ. | Max.
Diode forward voltage Ve lr=120A T,;=25°C 1.65 2 Y
T;=175°C 1.55
Diode reverse recovery te Vr=400V, Rgon=10 Q T,;=25°C, 64 ns
time IF=120A
T,;=175°C, 159
lr=120A
Diode reverse recovery QO Vr=400V, Rson=10Q T,j=25°C, 2.8 ucC
charge lF=120A
T;=175°C, 6.9
lr=120A
Diode peak reverse Trem V=400V, Rgon=10Q T,;=25°C, 85.7 A
recovery current IF=120A
T,;=175°C, 132
lr=120A
(BELETR......)
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Parameter Symbol | Note or test condition Values Unit
Min. | Typ. | Max.
Diode peak rate of fall of din/dt | Vk=400V, Reon=10Q | T,;=25°C, -2470 A/us
reverse recovery current le=120A
T;=175°C, -2060
Ir=120A
Reverse recovery energy Erec V=400V, Rgon =10 Q T.,;=25°C, 0.7 mJ
[r=120A
T;=175°C, 2.22
Ir=120A
Operating T -40 175 °C
junction
temperature

AR T RERIZENIEFFRHIAEL, £ CERIIEITF M TEI Z U FHFITBRASE 1EHI80%0
BREREME, BTHELINT,=25Co
BN ELE, FEERL=8nH, FLEEBC,=30pF, FKEEE, FEEWFEEIT HE H_RERM
e,
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Power dissipation as a function of case temperature | Collector current as a function of case temperature
Peot = f(Tc) le=1(Tc)
T\,jS 175°C Vee= 15 V, TVJ‘S 175°C
500 180
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400 7] 140
120 |
300 |
% g 100
o T w0
200 |
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Typical output characteristic

Typical output characteristic

lc=f(Vce) lc = f(Vce)
T,;=25°C T,;=175°C
420 420
360 ] 360 |
300 | 300 |
240 240
= =
- o
180 180
120 | 120 |
60 | 60 |
0 0
0 1 3 4 5 0 1 2 3 4 5
Vee (V) Ve (V)
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Typical transfer characteristic

Typical collector-emitter saturation voltage as a

lc= f(Vee) function of junction temperature
Vee=20V Veesat =f(Ty)
VGE =15V
420 7 25
T,;=25C / —— 1,=50A -
——— T,=175°C / ———l=n20A
360 | 2 [ N | — l=2004
201 7
1 A A A e
240 = JRESSEL
=z k_: ] - -
o juis| -
R I
180
120 | i
1.0
60 |
0 | 0.5 I I I I I I I I
3 4 5 6 7 8 -50 -25 0 25 50 75 100 125 150 175

Gate-emitter threshold voltage as a function of
junction temperature

Typical switching times as a function of collector
current

Veeth = f(Ty;) t="1(l¢)
lc=1.05mA Vec=400V, T;=175°C,Ve:=0/15V,Rc=10Q
5 1000
typ.
4
100 |
3]
= = e
>§ % :_:_::_:?:_7_: _;a--—“lﬁ-—'_“.-’—;_::;-:i:::-_-: :_—_-.-:-.__— :-:-:
AN | =
10 |
l N - lf'fo\
—_——
-------- ti.',L\I'I
________ t,
0 1 I I I I I
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T,00) I (A)
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Typical switching times as a function of gate resistor
t=f(Rg)

Typical switching times as a function of junction
temperature

lc=120 A, Vec=400V, T,;= 175 °C, Vge= 0/15V t=1f(Ty)
lc=120 A, Vec =400V, Vee= 0/15V, Rs=10 Q
1000
1000
100 |
) 100 ] ——_______——"'-_——— - = = -
———————————— "__ﬂ,‘-«-""‘m-ﬁ— 10 |
/’//:;:://—A‘(—— t:‘clf t;:r;rh
= ——— ———
--------- t an) Tt l::o'-l
--------- . B
10 ‘ 1

10 15 20 25 30 35 40 45 50

25 50 75 100 125 150 175

T, €0

Typical switching energy losses as a function of
collector current

Typical switching energy losses as a function of gate
resistor

E=1f(lc) E =f(Re)
Vec=400 V, ij: 175 OC, Vee= 0/15 V, Rs=10Q c=120 A, Vcc=400 V, ij: 175 OC, Vee= 0/15 Vv
11 16

60 90 120 150 180 210 240
W)

EVGEES J
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Typical switching energy losses as a function of Typical switching energy losses as a function of
junction temperature collector emitter voltage

E=f(Ty) E =f(Vce)
Ic=120 A, Vec=400 V, Vee= 0/15 V, Rs=10Q lc=120 A, ij: 175 OC, Vee= 0/15 V, Rs=10Q
5.5

7

5.0 7

4.5

4.0 ]

35 ]

3.0 |

E (mJ)

2.5 |

2.0

15

1.0

0.5

0.0 0 T T T T T
25 50 75 100 125 150 175 200 250 300 350 400 450 500
T °C) Vee (V)

vl

Typical gate charge Typical capacitance as a function of collector-emitter
Vee=f(Qq) voltage

lc=120A C=f(Vce)

f=100kHz,Vee=0V

15

10000

12 7]

1000 ]

C (pF)

100 |~

i 10

0 50 100 150 200 250 0 5 10 15 20 25 30
Q. (nC) V.. (V)
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IGBT transient thermal impedance as a function
of pulse width

Zinj-c) = f(tp)

Diode transient thermal impedance as a function of
pulse width

Zin(j-c) = f(tp)

D=t /T D=t/T
1 1
0.1 0.1
SR : S it
>3 single pulse o single pulse
7 0.01 ———17,(D=001) T 0.01 ———12,(D=001)
N R 2) A R S —— EE z, (D=0.02) N~ L=/ e Z,. (D=0.02)
------------ Z, (D=0.05) ssreseseess 7 (D =0.05)
s—-- 7, (D=0.1) -—- Z,(D=0.1)
—-—-—Z, (D=0.2) —-—-— 7 (D=0.2)
0.001 | . 001+ "
------- z, (D=0.5) 0.00 imemime 7, (D=0.5)
i 1 2 3 4 5 6 i 1 2 3 B 5 6
rlK/W] 003406  0.056888 0.108758 0.089453 0.00313  2.99E-4 rIK/W] 004329 0.082524 0.154687 0.111124 000399  3.4E-4
Tls] 8.3E-5 2.3E-4 0.00446  0.01394  0.40423  12.579 Tls] 798E-5  2.02E-4 0004322 0.01395 04324 12.027
0.0001 T T T T T 0.0001 T T T T T
1E-6 1E-5 0.0001 0.001 0.01 0.1 1E-6 1E-5 0.0001 0.001 0.01 0.1 1
t, (s) t (s)

Typical diode forward current as a function of
forward voltage

Typical diode forward voltage as a function of
junction temperature

= f(Ve) Ve=f(Ty)
420 7 3.0
TWZZSDC / ——— 1,=50A
——— T,=175%C / ——— 1,=120A

360 s T Y | — I=240 A
25 7]

300 |
7 I

P £ R

= =
- >‘— __________________

180 ] | ——

120 |
1.0 |

60 |
0 ‘ ‘ 05
0.0 0.5 1.0 15 2.0 2.5 3.0 -50 -25 0 25 50 75 100 125 150 175
Vi (V) T, (°C)
vj
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Typical reverse recovery time as a function of diode

current slope
trr: f(diF/dt)
Vr=400V, =120A

Typical reverse recovery charge as a function of
diode current slope

er: f(diF/dt)
Vr=400V, ;=120 A

240

T,=25°C
N ——— T,=175¢C

200 AN

160 | =

t (ns)

r

120 |

80

40

1500 2500 3500 4500

di,/dt (A/us)

5500 6500

10

T, =25°C
g4 |——— 71,=175¢

———
p—
——

Q, (uC)

1 I I I I

1500 2500 3500 4500 5500
di,/dt (A/us)

6500

Typical reverse recovery current as a function of
diode current slope

|rrm: f(diF/dt)
Vr=400V, =120 A

Typical diode peak rate of fall of reverse recovery
current as a function of diode current slope

di./dt = f(dir/dt)
VrR=400V, ;=120 A

150

-900
T,=25°C “ T =25°C
i “ ’
— — — T =175°C —_—— TV:175°C
. -1100 j
130 =
//
/s -1300 1
Ve
110 -
v -1500 |
7 m
4 S
= ] Ppid < |
g 90 - g 1700
- d s
7 o
i // -1900 |
70
2100 |
50 | 1
-2300
30 -2500 ‘ ‘ ! ‘
1500 2500 3500 4500 5500 6500 1500 2500 3500 4500 5500 6500
di /dt (Afus) di_fdt (A/ps)
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A fFEE
Typical diode current slope as a function of
gate resistor
die/dt =f(Rq)
Vk=400V, l¢=120A
6500
T,=25°C
——— T,=175°C
5500 |
4500 |
B
<
=]
= 3500 |
2500 |
1500 T T T T T T T
10 15 20 25 30 35 40 45 50
R, (Q)
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NOTES:
PACKAGE SURFACE ROUTE BETWEEN PIN 1 & PIN 2 WILL BE 5.1 mm MIN.
ALL b... AND ¢ DIMENSIONS INCLUDING PLATING EXPECT AREA OF CUTTING
PACKAGE-GROUP  PG-T0247-4-U10
NUMBER:
MILLIMETERS MILLIMETERS
DIMENSIONS MIN. MAX. DIMENSIONS MIN. MAX.
A 4.90 5.10 E 15.70 15.90
A1 2.31 2.51 E1 3.90 410
A2 1.90 2.10 E2 13.10 13.50
b 1.16 1.29 E3 2.58 2.78
b1 1.36 1.49 e 2.54
b2 2.16 2.29 el 5.08
b3 1.16 1.45 H 0.80 1.00
b4 1.16 1.65 N 4
c 0.59 0.66 L 19.80 20.10
D 20.90 21.10 L1 2.55 2.85
D1 22.30 22.50 M 0.97 1.57
D2 15.95 16.55 R 1.90 2.10
D3 1.00 1.35
D4 1.60 1.80
D5 3.24 3.44
1
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—_— 90% V/
. di/dt fr=tat by
/F Orr=oa+Qb
trl'
I [——— ta ———— t -
5 S 10% Ve / F °
\ [€8 = ~ I
Is(t) [ QA-Qy 0% | !
dijdt|v,
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[~ 90% 1, o0 I
el | A 10k - Figure C. Definition of diode switching
characteristics
Vee(®
/\ R q ‘[1 Tz ,.En
r ra Mn
LICDE |
t ]
2 : S "
l‘d(cﬁ] tf rd{cr_Q tr

Figure A. Definition of switching times

Tc
Vee® é)
90% Ve

Figure D. Thermal equivalent circuit
o A10% Ve t Yil,
\

4 L
s DUT
o] (Dlode)’_{@ L Co—/C—
vcc____ hd
Re DUT
O—L 1 | (IGBT)
2% I, .
W t %l
Vee(®) Figure E. Dynamic test circuit
Parasitic inductance LG,
2 parasitic capacitor C,
relief capacitor C,,
& 4 (only for ZVT switching)
E0ﬂ= f Vee X I xdt Eon= f Ve X [ x dt
f - b 2% Vg
t1 t2 « fﬁ t4
Figure B. Definition of switching losses
= 2
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