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INSULATED GATE BIPOLAR TRANSISTORWITH

VCES — 600V ULTRAFAST SOFT RECOVERY DIODE
c
lc =50A, T¢c =100°C
tsc = 5ps, TJ(maX) =175°C o
\Y typ.=1.60V @ |- = 35A
CE(on) YP C E TO-247AC TO-247AD
n-channel IRGP4650DPbF IRGP4650D-EP
Applications
¢ |ndustrial Motor Drive GGt c ”C n E I.Ett
e Inverters ate ollector mitter
e UPS
* Welding
Features —> Benefits

Low V¢gony and Switching Losses

frequencies

High efficiency in a wide range of applications and switching

Square RBSOA and Maximum Junction Temperature 175°C

Improved reliability due to rugged hard switching performance
and higher power capability

Positive Ve on) Temperature Coefficient

Excellent current sharing in parallel operation

5us short circuit SOA

Enables short circuit protection scheme

Lead-Free, RoHS compliant Environmentally friendly
Standard Pack
Base part number Package Type Form Quantity Orderable part number
IRGP4650DPbF TO-247AC Tube 25 IRGP4650DPbF
IRGP4650D-EPbF TO-247AD Tube 25 IRGP4650D-EPbF
Absolute Maximum Ratings
Parameter Max. Units

Voes Collector-to-Emitter Voltage 600 Vv
Ilc @ Tc = 25°C Continuous Collector Current 76
Ilc @ Tc = 100°C Continuous Collector Current 50
lom Pulse Collector Current, Vge = 15V 105 A
Iim Clamped Inductive Load Current, Vgg = 20V @ 140
IF@ Tc=25°C Diode Continous Forward Current 76
IF @ Tc = 100°C Diode Continous Forward Current 50
lem Diode Maximum Forward Current ® 140
Vae Continuous Gate-to-Emitter Voltage +20 \

Transient Gate-to-Emitter Voltage +30
Pp @ Tc = 25°C Maximum Power Dissipation 268 W
Ppo @ Tc = 100°C Maximum Power Dissipation 134
Ty Operating Junction and -55t0 +175
Tsta Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Mounting Torque, 6-32 or M3 Screw 10 Ibf-in (1.1 N-m)
Thermal Resistance

Parameter Min. Typ. Max. Units

Raic (IGBT) Junction-to-Case (IGBT) @ — — 0.56
Rec (Diode) Junction-to-Case (Diode) @ I — 1.0 oW
Racs Case-to-Sink (flat, greased surface) —_— 0.24 —_—
Rasa Junction-to-Ambient (typical socket mount) — — 40
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IﬂR IRGP4650DPbF/IRGP4650D-EPbF
qW

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. Typ. Max. Units Conditions
VBR)cEs Collector-to-Emitter Breakdown Voltage 600 — — Vv Vge = 0V, Ic = 100uA ®
AVgrices/AT, | Temperature Coeff. of Breakdown Voltage — 1.3 — mV/°C |Vge = 0V, Ic = 1mA (25°C-175°C)
— 1.60 1.90 lc =35A, Vge =15V, T, =25°C
Vee(on) Collector-to-Emitter Saturation Voltage — 1.90 — \Y Ic = 35A, Vge = 15V, T, = 150°C
— 2.00 — lc =35A, Vge = 15V, T, = 175°C
Ve Gate Threshold Voltage 4.0 — 6.5 \' Vce = Vgg, Ic = 1.0mA
AVgemy/ATJ | Threshold Voltage temp. coefficient — -18 — mV/°C |Vce = Vg, Ic = 1.0mA (25°C - 175°C)
gfe Forward Transconductance — 25 — S Vce = 50V, Ic = 35A, PW = 60ps
lces Collector-to-Emitter Leakage Current — 1.0 70 WA |Vge = 0V, Ve = 600V
— 770 — Vge = 0V, Ve =600V, T, = 175°C
Vem Diode Forward Voltage Drop — 2.0 3.0 \ Ir = 35A
— 1.4 — le=35A,T,=175°C
lges Gate-to-Emitter Leakage Current — — +100 nA |Vge = 20V
Switching Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. Typ. Max. Units Conditions
Qg Total Gate Charge (turn-on) — 69 104 Ic = 35A
Qqe Gate-to-Emitter Charge (turn-on) — 18 27 nC |Vge=15V
Qqe Gate-to-Collector Charge (turn-on) — 29 44 Ve = 400V
Eon Turn-On Switching Loss — 390 508 lc = 35A, Ve = 400V, Vge = 15V
= Turn-Off Switching Loss — 632 753 ud Rg = 10Q, L = 200pH, Lg = 150nH, T, = 25°C
Eiotal Total Switching Loss — 1022 1261 Energy losses include tail & diode reverse recovery ®
ta(on) Turn-On delay time — 46 56 Ic = 35A, Ve = 400V, Vge = 15V
t, Rise time — 33 42 ns |Rg=10Q, L=200uH, Ls = 150nH, T, = 25°C
Yot Turn-Off delay time — 105 117
1 Fall time — 44 54
= Turn-On Switching Loss — 1013 — Ic = 35A, Ve = 400V, Vge=15V
E it Turn-Off Switching Loss — 929 — ud Rg=10Q, L=200pH, Ls=150nH, T, = 175°C
Erotal Total Switching Loss — 1942 — Energy losses include tail & diode reverse recovery ®
taton) Turn-On delay time — 43 — Ic = 35A, Ve = 400V, Vge = 15V
1, Rise time — 35 — ns Rg = 10Q, L = 200pH, Ls = 150nH
Ly Turn-Off delay time — 127 — T,=175°C
1 Fall time — 61 —
Cis Input Capacitance — 2113 — pF  |Vee=0V
Coes Output Capacitance — 197 — Ve = 30V
Cres Reverse Transfer Capacitance — 65 — f =1.0Mhz
T, =175°C, Ic = 140A
RBSOA Reverse Bias Safe Operating Area FULL SQUARE Ve = 480V, Vp <600V

Rg = 10Q, Vge = +20V to OV

SCSOA Short Circuit Safe Operating Area 5 . . us Ve = 400V, Vp <600V
Rg = 10Q, Vge = +15V to OV
Erec Reverse Recovery Energy of the Diode — 304 — ud T,=175°C
o Diode Reverse Recovery Time — 120 — ns Ve = 400V, I = 35A
I Peak Reverse Recovery Current — 25 — A Vge = 15V, Rg = 10Q, L =210uH, Ls = 150nH
Notes:
©) VCC =80% (VCES)s VGE = 20V, L= 19|JH, RG =10Q.
@ Rgis measured at T, of approximately 90°C.
® Referto AN-1086 for guidelines for measuring V safely.

. . . . (BR)CES
® Pulse width limited by max. junction temperature.

® Values influenced by parasitic L and C in measurement.
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Fig. 1 - Maximum DC Collector Current vs.
Case Temperature
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Fig. 3 - Forward SOA
Tc=25°C, T, < 175°C; Vge =15V

140 T T
VGe =18V
120 VGE = 15V
/[_———\I/GE=12IV
100 I/ /YG_E=1O.V
Vep = 8.0V
- ~ /\GE
L
© 60 ~
40

ol JL/
L

0 2 4 6 8 10

Vce (V)
Fig. 5 - Typ. IGBT Output Characteristics
T, =-40°C; tp = <60ps
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Fig. 6 - Typ. IGBT Output Characteristics
T, =25°C; tp = <60us

- www.irf.com © 2014 International Rectifier

Submit Datasheet Feedback

November 17, 2014



www.irf.com
http://ec.irf.com/v6/en/US/adirect/ir?cmd=LogDatasheetFeedback&sku=IRGP4650DPbF&date=20141117
http://www.irf.com/product-info/reliability

1&2R 20 PR I e T

140 , 140
Vag = 18V/7 / /
GE =]
120 [FVge=15V 120 /
Vgg =12V
GE =]
100 fvgg=1ov o 100 /
Vop=8.0V ?/ -40° //
g o [ - 80 250/
< \ < 175°&34/
NG LL
L 60 = 60 / //
40 /4 40 /
/ //
20 20
0 0
0 2 4 6 8 10 0.0 1.0 2.0 3.0 4.0
Vo V) VE )
Fig. 7 - Typ. IGBT Output Characteristics Fig. 8 - Typ. Diode Forward Characteristics
Ty=175°C; tp = <60pus tp = 80ps
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Fig. 9 - Typical Vg vs. Vge Fig. 10 - Typical Vgg vs. Vge
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Fig. 11 - Typical Vgg vs. Vge Fig. 12 - Typ. Transfer Characteristics
T,=175°C Vce = 50V; tp = 60us
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Fig. 13 - Typ. Energy Loss vs. Ic Fig. 14 - Typ. Switching Time vs. Ig
T, =175°C; L = 200uH; Vg = 400V, Rg = 10; Ve = 15V T, =175°C; L = 200uH; Ve = 400V, Rg = 10Q; Ve = 15V
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Fig. 15 - Typ. Energy Loss vs. Rg Fig. 16 - Typ. Switching Time vs. Rg
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Fig. 17 - Typ. Diode Igg vs. If Fig. 18 - Typ. Diode Igg vs. Rg
Ty=175°C T,=175°C
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Fig. 19 - Typ. Diode IrR vs. dig/dt
VCC = 400V, VGE = 15V, ||: = 35A, TJ =175°C
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Fig. 23 - Typ. Capacitance vs. Vg
Vge= 0V; f = 1MHz
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Fig. 20 - Typ. Diode QgR vs. dig/dt
Ve = 400V; Vge = 15V; T, = 175°C
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Fig. 22 - Vg vs. Short Circuit Time
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Fig. 24 - Typical Gate Charge vs. Vg
Icg = 35A; L = 740uH
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Fig. 26. Maximum Transient Thermal Impedance, Junction-to-Case (DIODE)

- www.irf.com © 2014 International Rectifier

Submit Datasheet Feedback

November 17, 2014


www.irf.com
http://ec.irf.com/v6/en/US/adirect/ir?cmd=LogDatasheetFeedback&sku=IRGP4650DPbF&date=20141117
http://www.irf.com/product-info/reliability

1&2R 20 PR I e T
"

S
|+ 80 V |+
= VCC 1T
o Th 1
1K DUT VCC
Rg

v v

Fig.C.T.1 - Gate Charge Circuit (turn-off) Fig.C.T.2 - RBSOA Circuit

N
O
C
_|
=
1l

diode clamp /
DUT
9 |
(O vee -5V I
(‘} [} DUT / = VCC
DRIVER T
Rg
SCSOA \Y
Fig.C.T.3 - S.C. SOA Circuit Fig.C.T.4 - Switching Loss Circuit
C force
o

R = vce

\/\/\/\)‘CNI % 100K

—[>|—’\/\/\/——° C sense

il =L vee
inl mﬁ_@a DUT T K & foroent ﬁBDUT 000750

V 0 E sense

o
E force
Fig.C.T.5 - Resistive Load Circuit Fig.C.T.6 - BVCES Filter Circuit
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1&2R

TO-247AC Package Outline

Dimensions are shown in millimeters (inches)

- A2 NOTES:

DIMENSIONING AND TOLERANCING AS PER ASME Y14.5M 1994.
DIMENSIONS ARE SHOWN IN INCHES.

CONTOUR OF SLOT OPTIONAL.

DIMENSION D & E DO NOT INCLUDE MOLD FLASH. MOLD FLASH SHALL NOT EXCEED .005" (0.127)
PER SIDE. THESE DIMENSIONS ARE MEASURED AT THE OUTERMOST EXTREMES OF THE PLASTIC BODY.

THERMAL PAD CONTOUR OPTIONAL WITHIN DIMENSIONS D1 & Ef.
LEAD FINISH UNCONTROLLED IN L1.

9P TO HAVE A MAXIMUM DRAFT ANGLE OF 1.5 * TO THE TOP OF THE PART WITH A MAXIMUM HOLE
DIAMETER OF .154 INCH.

8 QUTLINE CONFORMS TQ JEDEC QUTLINE TO-247AC .

AZX EZ

P> Pl -

2x b2

~— DIMENSIONS
SYMBOL INCHES MILLIMETERS
MIN. MAX. MIN. MAX. NOTES
A 183 209 465 531
o w Al 087 102 221 259
A2 059 098 1.50 2.49
b .039 .055 0.99 1.40
b1 039 053 0.99 1.35 LEAD ASSIGNMENTS
b2 085 094 1.65 2.39
A oanat b3 ,065 ,092 1,65 2,34 HEXFET
K - b4 102 135 2.59 3.43
" b5 102 133 2.59 3.38 1.— GATE
?;:< ) ¢ 015 .035 0.38 0.89 2.— DRAIN
cf 015 ,033 0.38 0.84 3.— SOURCE
\\j Ia D 776 815 19.71 20.70 4 4.~ DRAIN
| D1 515 - 13.08 - 5
e o | D2 020 .053 0.61 1.35
. | E 602 625 15.29 15.87 4+ 1GBTs. CoPACK
£l 530 - 1346 -
o £2 178 216 452 549 ;‘: CD?)IELECTOR
A e .215 BSC 5.46 BSC 3 EMITTER
ok 010 0.25 4.~ COLLECTOR
VEW A=A L 559 634 14.20 16.10
L1 146 169 3.71 429
oP 140 144 3.56 366 DIODES

oP1 - 291 - 7.39

s o v Q 209 224 5.31 5.69 1.~ ANODE/OPEN
& x fostes h5*7/ s 217 BSC 5.51 BSC 2.— CATHODE
= N 3.~ ANODE
ﬁ !
d
}

b on v —]

SECTION C—C, D-D, E-E

VIEW B

TO-247AC PartMarking Information

EXAMPLE: THIS IS AN IRFPE30

WITH ASSEMBLY PART NUMBER
LOT CODE 5657 INTERNATIONAL
ASSEMBLED ON WW 35, 2001 RECTIFIER IRFPE30
I LOGO o TSR 135H
INTHE ASSEMBLY LINE "H" 56" o ‘~\
/ DATE CODE
Note: "P" in assemby line position ASSEMBLY YEAR T = 2001
' indicates "LeccHFree! LOT CODE WEEK 35
LINE H

TO-247AC package is not recommended for Surface Mount Application.

Note: For the most current drawing please refer to IR website at http://www.irf.com/package/
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IS [IRE 02 7 RS

TO-247AD Package Outline

Dimensions are shown in millimeters (inches)

A
c A .
o L . NOTES
i “‘ b 1. DIMENSIONING AND TOLERANCING AS PER ASME Y14.5M 1994
L f 2. DIMENSIONS ARE SHOWN IN INCHES.
¢ E @ | CONTOUR OF SLOT OPTIONAL.
i A DIMENSION D & E DO NOT INCLUDE MQOLD FLASH. MOLD FLASH SHALL NDT EXCEED .0057 (0.127)
i b PER SIDE. THESE DIMENSIONS ARE MEASURED AT THE OUTERMOST EXTREMES OF THE PLASTIC BODY.
A @ [ A
Ix E2
: THERMAL PAD CONTOUR QPTIONAL WITHIN DIMENSIONS D1 & E1.
% {b? \ LEAD FINISH UNCONTROLLED IN L1,
i 9P TO HAVE A MAXIMUM DRAFT ANGLE OF 1,5 * TO THE TOP OF THE PART WITH A MAXIMUM HOLE
A (]l \ /A
g DIAMETER OF 154 INCH.
‘ A= 8. OUTLINE CONFORMS TO JEDEC OUTLINE TO-247AD.
| : s &
‘ DIMENSIONS
! T SYMBOL INCHES MILLIMETERS
E— ~— MIN. MAX I, NAX. | NOTES
2% b2 ‘—j b A .183 .209 4.B5 5.31
*ee T T X- Al 087 102 221 2.59
bt —] IR A2 059 098 1,50 2.49
b 039 .055 0.99 1.40
> lg b1 .039 .053 0.89 1.35 LEAD ASSIGNMENTS
- b2 085 094 1.65 2.39
b3 065 .092 1.65 2.34 HEXFET
b4 .102 135 2.59 3.43
b5 .102 133 2.59 3.38 1.— GATE
c o015 035 038 089 2.~ DRAIN
A cl .015 .033 0.38 0.84 3.— SOURCE
EErEha s - D 776 815 19,71 20.70 4 4.— DRAN
X 4[“2 D1 515 - 13.08 - 5
— 02 020 053 0.51 1.35
ﬁ};\< £ 602 625 15.29 15.87 4 1GBTs. CoPACK
£l 530 - 13.46 -
& 2 | s 216 452 549 A iR
YN e 215 BSC 5.46 BSC 3~ EMITTER
v o 010 0.25 4,- COLLECTOR
e oo 1 L 780 827 1957 21.00
. X 146 169 371 4.29
- aP .14D 144 3.56 3.66 DIODES
9Pt - 291 - 7.39
L_‘H - a 209 224 5.31 5.69 1.— ANODE /OPEN
A S .217 BSC 5.51 BSC 2.— CATHCDE
3.- ANODE
GEEarm] N
VIEW A—A
e
s N\
Jj (c)
| L
L_ e (o b2 b8
SECTION C—C, D-D, E-F
VIEW B
EXAMPLE: THIS IS AN IRGP30B 120KD-E
WITH ASSEMBLY PART NUMBER
LOT CODE 5657 INTERNATIONAL ,
ASSEMBLED ON WW 35, 2000 RECTIFIER —___ || IRGroBiaDE
,
nyn LOGO ™ I€2R 035H
INTHE ASSEMBLY LINE "H % s \
/-’ DATE CODE
T ; o ASSEMBLY YEAR O = 2000
Note: "P" in cssembly line position LOT CODE WEEK 35
indicotes "Lead-Free'
LINE H

TO-247AD package is not recommended for Surface Mount Application. VooV

Note: For the most current drawing please refer to IR website at http://www.irf.com/package/
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ISR 75 SR R

Qualification Information®

Industrial
Qualification Level

(per International Rectifier's internal guidelines)
Moisture Sensitivity Level TO-247AC N/A

TO-247AD N/A

RoHS Compliant

Yes

T Qualification standards can be found at International Rectifier's web site: http://www.irf.com/product-info/reliability
11 Highest passing voltage.

Revision History

Date Comments
1/17/2014 ¢ Added note @ to Irv Diode Maximum Forward Current on page 1.
¢ Added note ® to switching losses test condition on page 2.

International
TSR Rectifier

IR WORLD HEADQUARTERS: 101 N. Sepulveda Blvd., EI Segundo, California 90245, USA
To contact International Rectifier, please visit http://www.irf.com/whoto-call/
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