IHFW40N65R5S (infineon

TRENCHSTOP™ 5 Advanced Isolation

Reverse-Conducting IGBT in TRENCHSTOP™ 5 technology with monolithic
body diode in fully isolated package

Features and Benefits: C
TRENCHSTOP™ 5 technology offering

* Best-in-Class efficiency in hard switching and resonant

topologies

* Plug and play replacement of previous generation IGBTs

* 650V breakdown voltage G E

* Low gate charge Q¢

* Very soft, fast recovery antiparallel diode

* Maximum junction temperature 175°C

+ 2500Vrus electrical isolation, 50/60Hz, t=1min

* 100% tested isolated mounting surface

* Pb-free lead plating; RoHS compliant

» Complete product spectrum and PSpice Models:
http://www.infineon.com/igbt/

c

£

Potential Applications:
Fully isolated package TO-247

* Induction cooking
* Inverterized microwave ovens

* Resonant converters ==
‘3 »

Product Validation:

Qualified for industrial applications according to the relevant tests =V

of JEDEC47/20/22 G ree n

@ Halogen-Free

g'/RoHS

Key Performance and Package Parameters

Type Vce Ic Veesat, Tvi=25°C | Tijmax Marking Package
IHFW40N65R5S 650V | 40A 1.5V 175°C H40ER5S PG-HSIP247-3-2
Datasheet Please read the Important Notice and Warnings at the end of this document V21
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Maximum Ratings

For optimum lifetime and reliability, Infineon recommends operating conditions that do not exceed 80% of the maximum ratings stated in this datasheet.

Parameter Symbol Value Unit
Collector-emitter voltage, T,; = 25°C Vce 650 \
DC collector current, limited by Tyjmax
Th=25°C I 61.0 A
Th = 65°C ¢ 49.0
Th=65°C 52.0"
Pulsed collector current, t, limited by Tijmax lcpuis 120.0 A
Turn off safe operating area
Vee < 650V, Ty < 175°C, t, = 1us - 120.0 A
Diode forward current, limited by Tyjmax
Th=25°C I 44.0 A
Th=65°C 40.0
Diode pulsed current, £, limited by Tyjmax Irpuls 120.0 A
Gate-emitter voltage V. 120 v
Transient Gate-emitter voltage (t, < 10us, D < 0.010) GE +30
Power dissipation T, = 25°C P 108.0 W
Power dissipation Th = 65°C ot 79.0
Operating junction temperature Ty -40...+175 °C
Storage temperature Tstg -55...+150 °C
Soldering temperature, °C
wave soldering 1.6mm (0.063in.) from case for 10s 260
Mounting torque, M3 screw
Maximum of mounting processes: 3 M 0.6 Nm
Isolation voltage RMS, f= 50/60Hz, t = 1min? Visol 2500 \%
Thermal Resistance

L. Value .
Parameter Symbol |Conditions : Unit

min. ‘ typ. ‘ max.

Rt Characteristics
IGBT thermal resistance,” .
junction - heatsink Rinen i 1191 1.39 |KW
Diode thermal resistance,” _
junction - heatsink Ring i 3.32 | 3.90 KW
Thermal resistance .
junction - ambient Ring-a) - - 65 |KIW

" Equivalent current rating in TO-247-3 at T, = 65°C using reference insulation material: 152um, 0.9 W/mK, standard polyimide based reinforced carrier

insulator

2 For a proper handling and assembly of the advanced isolation device in the application refer to the note at the package drawing.

3 At force on body F = 500N, Ta = 25°C
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Electrical Characteristic, at T,; = 25°C, unless otherwise specified

. Value .
Parameter Symbol |Conditions : Unit
min. ‘ typ. ‘ max.
Static Characteristic
Collector-emitter breakdown voltage| Vigrices | Vee = 0V, Ic = 0.50mA 650 - - V
Vee = 15.0V, Ic = 40.0A
Collector-emitter saturation voltage | Vcesat T,j=25°C - 150 | 200 | V
T,j=175°C - 1.85 -
Vee = 0V, Ir = 40.0A
Diode forward voltage Ve T, =25°C - 200 | 240 | V
T.,;j=175°C - 2.60 -
Gate-emitter threshold voltage Veewy |lc = 0.40mA, Vce = Vae 3.2 4.0 4.8 V
Vce = 650V, Vee = ov
Zero gate voltage collector current |/ces T.,;=25°C - - 40 | pA
Ty =175°C - 1000 -
Gate-emitter leakage current lces Vce = 0V, Vee = 20V - - 100 | nA
Transconductance Os Vce = 20V, Ic = 40.0A - 88.0 - S
Electrical Characteristic, at T,; = 25°C, unless otherwise specified
. Value .
Parameter Symbol |Conditions : Unit
min. ‘ typ. ‘ max.
Dynamic Characteristic
Input capacitance Cies - 3428 -
. Vee = 25V, Vee = 0V
Output capacitance Coes f= 1000kHz - 34 - pF
Reverse transfer capacitance Cres - 13 -
Vee = 520V, Ic = 40.0A,
Gate charge Qe Ve = 15V - 1420 - nC
Internal emitter inductance
measured 5mm (0.197 in.) from Le - 13.0 - nH
case
Switching Characteristic, Inductive Load
. Value .
Parameter Symbol |Conditions : Unit
min. ‘ typ. ‘ max.
IGBT Characteristic, at T,; = 25°C
Turn-on delay time fa(on) T, = 25°C, - 44 - ns
Rise time t Ve = 400V, fc = 40.0A, - 38 - ns
. Vee = 0.0/15.0V,
Turn-off delay time faof) Roon) = 23.1Q, Rewn = 23.10Q, - 363 - ns
Fall time t Lo = 40nH, Co = 50pF - |27 | - |ns
Lo, Co from Fig. E
Turn-on energy Eon Energy losses include “tail” and - 1.52 - | mJ
Turn-off energy Eui diode reverse recovery. . 0.70 . mJ
Total switching energy Es - 2.22 - mJ
Datasheet 4 V21
2020-07-10

Downloaded from AFfOW.Ccom.


http://www.arrow.com

IHFW40NG5R5S (inﬁneon |

TRENCHSTOP™ 5 Advanced Isolation

Diode Characteristic, at T,; = 25°C

Diode reverse recovery time tr Tj = 25°C, - 103 - ns

Diode reverse recovery charge Qr IVR-:4?)O(())X’ - 2.48 - uC
F= UA,

Diode peak reverse recovery current um die/dt = 900A/us - 39.0 - A

Diode peak rate of fall of reverse

recovery current during f, din/dt - |-1493| - |Alus

Switching Characteristic, Inductive Load

. Value .

Parameter Symbol |Conditions : Unit
min. ‘ typ. ‘ max.
IGBT Characteristic, at T,; = 150°C
Turn-on delay time fa(on) T, = 150°C, - 40 - ns
Rise time t Vee =400V, fc = 40.0A, - 39 - | ns
; Vee = 0.0/15.0V,
Turn-off delay time fa(ofr) Rcon) = 23.1Q, Rom = 23.1Q, - 424 - ns
Fall time t Lo = 40nH, Co = 50pF - | 3 | - |ns
Lo, Co from Fig. E
Turn-on energy Eon Energy losses include “tail” and - 1.64 - | mJ
Turn-off energy Eort diode reverse recovery. - |08 | - |mJ
Total switching energy Ess - 2.50 - mJ
Diode Characteristic, at T,; = 150°C
Diode reverse recovery time tie T; = 150°C, - 149 - ns
Diode reverse recovery charge Qr IVR—=4‘(1)O(())X, - 4.49 - uC
F= UA,
Diode peak reverse recovery current /im dir/dt = 900A/us - 51.0 - A
Diode peak rate of fall of reverse .
recovery current during t, dii/clt - -905 - |Alus
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Figure 1. Forward bias safe operating area Figure 2. Power dissipation as a function of heatsink
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Figure 5. Typical output characteristic Figure 6. Typical transfer characteristic
(T=150°C) (Vee=20V)
3.0 T I
Ic = 20A [l — taeom
— | = 40A | | = =t
S === lc = 60A |~ Ej(on)
(Z) 2.5
E | 1000
P 20 o= 2
= —
%) —— (7]
o - i e - u
L e o s g
= ——— 100
= — o
S 15 2
Ly I e e E— E— e
x l (&) AN o i B e s e s o e ]
@) = N e S TSI e e e e =
5 ; N
w 1.0 (2 S Ee
- 7 -
—
O 10 L
O
§ 0.5
S
0.0 1
25 50 75 100 125 150 175 0 10 20 30 40 50 60
T;, JUNCTION TEMPERATURE [°C] lc, COLLECTOR CURRENT [A]
Figure 7. Typical collector-emitter saturation voltage as Figure 8. Typical switching times as a function of
a function of junction temperature collector current
(Vee=15V) (ind. load, T=150°C, Vce=400V, Vee=0/15V,
Rs=23.1Q, test circuit in Fig. E)
Datasheet 7 V21

2020-07-10
Downloaded from AFfOW.Ccom.


http://www.arrow.com

IHFW40NB5R5S (infineon

TRENCHSTOP™ 5 Advanced Isolation

| |
— tqoff) L — taofn)
1000 (|~ L — 1000 [Tk
H == td(on) —_ — ™" td(on)
[]==e== r 7 []===n= tr
~
/
yd
—_ // —_
g / g
ﬂ 100 = ﬁ 100
= sezoaTor =
= T T =
0] _ar Rt PR O L
Z P =T Z O INOOOE oo aa e
5 | = e S e it
E . =
= ! =
»n »n
< 10 - 10
1 1
0 10 20 30 40 50 60 70 80 90 25 50 75 100 125 150
Rs, GATE RESISTOR [Q] T;, JUNCTION TEMPERATURE [°C]
Figure 9. Typical switching times as a function of gate  Figure 10. Typical switching times as a function of
resistor junction temperature
(ind. load, T=150°C, Vce=400V, Vee=0/15V, (ind. load, Vce=400V, Vee=0/15V, Ic=40A,
Ic=40A, test circuit in Fig. E) rs=23.1Q, test circuit in Fig. E)
6 | 5.0 |
— typ. Eort
= = min. — = Eon
> === max. 45 1| -—- Eq
/|
5 °
< ~. = 4.0 7
= e £ /
- ~ [
o S~ (2] /
> S~ w35 4
9 4 \\\\ 8 /,/
% \\ ~\\\\ ; 3.0 /,’
~L /
I&J ™~ \ \\\ gg ,/ 4
T 3 S N~ N \\ L 25 7 7
— ~- ™ P4 /7 Ve
14 ~ w J R4
L ~O Q] / b
~ "~ z 20 s -
g e T /! //
~ 4
3 oS E 15 p i yd
Ll N g : ,/ /, /
= ~ 7 / v
< \ . /’ / /
(D_ N w 1.0 /', 7 ~ rd
ufj' 1 ',/ //' /
= 0.5 MR
. 7
///
0 0.0
25 50 75 100 125 150 175 0 10 20 30 40 50 60
T;, JUNCTION TEMPERATURE [°C] lc, COLLECTOR CURRENT [A]
Figure 11. Gate-emitter threshold voltage as a function Figure 12. Typical switching energy losses as a
of junction temperature function of collector current
(lc=0.4mA) (ind. load, T=150°C, Vce=400V, Vee=0/15V,
Rs=23.1Q, test circuit in Fig. E)
Datasheet 8 V21

2020-07-10
Downloaded from AFfOW.Ccom.


http://www.arrow.com

IHFW40NG5R5S

(infineon

TRENCHSTOP™ 5 Advanced Isolation

5.0 : 3.0
Eoff Eoff
el =19 — = Eon
45 1| === Es === Eis
7 2.5 ——
q 40 ’,’, q _____ ———'"‘__--—_
E ~ E I
o < o mT
W 35 P w
7 o B 20
O »~ O
= 30 7 -
> o >
O e O S B—
4 / X e e e
W 25 ® = w 15—
P e — Z
L P - 1]
o 7 _ - o
z 20 = Z
T — - T
- "
(E) 1.5 & -~ — (E) 10
-~ e ———
c% - // c%
w 1.0 - )
—_— 0.5
0.5
0.0 0.0
0 10 20 30 40 50 60 70 80 90 25 50 75 100 125 150
Rs, GATE RESISTOR [Q] T;, JUNCTION TEMPERATURE [°C]
Figure 13. Typical switching energy losses as a Figure 14. Typical switching energy losses as a
function of gate resistor function of junction temperature
(ind. load, T=150°C, Vce=400V, Vee=0/15V, (ind load, Vce=400V, Vee=0/15V, Ic=40A,
Ic=40A, test circuit in Fig. E) Rs=23.1Q, test circuit in Fig. E)
4.0 16 ‘ |
Eort y Vee = 130V
— — Eon et — = Vee = 520V / /
35 [{[=7~ Es <~ 14 /
d /
;‘ //, //
/| —
E 30 ad > 12 £
& Vil L /
0 ,// O] /
%) ., R /
Q 25 7 ~ o 10 /
’ (@)
> S 7 = /
o ‘ i o /
% /,, // i 8 /
Z 20 Vi 7 |': / /
[T e Ve =
’ /s = /
O P / w /
Z 15 ’ £ T
T " 7 e =
(@) ,1, Ve <
= 4 // O
0.5+~ 2
0.0 0
200 300 400 500 600 0 20 40 60 80 100 120 140 160
Vce, COLLECTOR-EMITTER VOLTAGE [V] Qce, GATE CHARGE [nC]
Figure 15. Typical switching energy losses as a Figure 16. Typical gate charge
function of collector emitter voltage (lc=40A)
(ind. load, T=150°C, Vee=0/15V, Ic=40A,
Rs=23.1Q, test circuit in Fig. E)
Datasheet 9 V21
2020-07-10

Downloaded from AFfOW.Ccom.


http://www.arrow.com

IHFW40NG5R5S

(infineon

TRENCHSTOP™ 5 Advanced Isolation

|
_—— Cies
1E+4 H= = Coes
[ | Cres
1000 *ﬁ
[y
= 1
L &
O b
P !\
= AN
6 ‘I ~,
< 100 ‘\ ‘;N
% \\ S——
AN i T S
O, TN, T —— e
S ~ee
10
1
0 5 10 15 20 25 30

Vce, COLLECTOR-EMITTER VOLTAGE [V]

Figure 17. Typical capacitance as a function of
collector-emitter voltage
(Vee=0V, f=1MHz)

T
[T
g sy anl
: AL
w 1 i ==ay S
(@) Y/ A |=||3 0
Z — 0.2
<D( g I
o 7l 0.1
2 b | .05
= 1
_ ) 1 ++0.02
< q LU —T] T
s 0.1 0.01
Y y 1 M1
% /L ] _rsingle pulse
= v N I I
= — I I
Z [T R
5 i
o [ I
Z oo " i i "
o ' i -
[ i
s I Cy=t1/Ri_Ca=ts/Rs
z I i
N i il i i
8 1 2 3 4 5 6 7
r[K/W]: 0.034177 2.3111 0.68651 0.28831 0.27698 0.28622 0.0169
Ts]: 1.8E-5 2.2E-4 15E-3 0.018085 0.20635 0.990087 18.58714
0001 1 | HHIIII | IHHHI | IIIIIH} | IIIIHI} | IIIHIII | \IIHIII LIl
1E-7 1E-6 1E-5 1E-4 0.001 0.01 0.1 1

t,, PULSE WIDTH [s]

Figure 19. Diode transient thermal impedance as a
function of pulse width
(D=t,/T)

Datasheet

Downloaded from AFFOW.com.

I
1 =2 =
= 2 Il
g z i
3 d il
m - mi~In - 05
QZ) 1/ o
Z / 3.2
2 i/ 0.1
N — J I
= 01 4 —0-05
1 . —0.02
< — i
= 0.01
5 I o | sl Tl
|:|_: A / Single pulse
F // [
e 1 il
n
0.01 i
Z il R Ry |
= i -- [
j il il
- S Ci=t1 /Ry Ca=talR» ||
< AR w T I
N i I I
it 1 2 3 4 5 6 7
r[K/W]: 0.015257 0.27071 0.29854 0.24739 0.34111 0.20394 0.017347
T[s]: 2.6E-5 3.0E-4 26E-3 0.022827 0.287773 1.293832 18.69534
0001 ! | IHHHI | IHHHl | ||||H|1 | ||||m | \IIHIII | \IIHIII LIl
1E-6 1E-5 1E-4 0.001 0.01 0.1 1 10

t,, PULSE WIDTH [s]

Figure 18. IGBT transient thermal impedance as a
function of pulse width

(D=t,/T)

200 T T

—— Ty =25°C, Ir = 40A
180 . — = Ty = 150°C, Ir = 40A
™ - -

_ 160 T~
g \-,\\N. )
L ~
L 140 ~—_
= \
% 120 ~
u T
O \\
3 100
L
4
L 80
4
L
& 60
4
= 40

20

0
400 500 600 700 800 900 1000

dir/dt, DIODE CURRENT SLOPE [A/ps]

Figure 20. Typical reverse recovery time as a function
of diode current slope
(Vr=400V)

10 V21
2020-07-10


http://www.arrow.com

IHFW40NG5R5S

(infineon

TRENCHSTOP™ 5 Advanced Isolation

6 I I \
— T,y = 25°C, Ir = 40A
— =Ty = 150°C, Ir = 40A
— 5
O ’
= /
P
v -
o -~
< 4 =
T -~
(@) //
& -7
] g
g 3| <
0
o /
m —
% 2 //
2 —
4 —
SAR
0
400 500 600 700 800 900 1000
dir/dt, DIODE CURRENT SLOPE [A/us]
Figure 21. Typical reverse recovery charge as a
function of diode current slope
(Vr=400V)
0 \ I
— T,;=25°C, I = 40A
200 - = Ty = 150°C, Ir = 40A
g N\
<. 400 < N\
= ~
I \\ \
O 600 T\
= ~
i N~
w -800 -
O S
L N
5-1000 N
<¥E-1200
ul
N \
B-1400
)
o
1+5-1600
S
S
-1800
-2000
400 500 600 700 800 900 1000

dir/dt, DIODE CURRENT SLOPE [A/ps]

Figure 23. Typical diode peak rate of fall of reverse
recovery current as a function of diode
current slope
(Vr=400V)

Datasheet

Downloaded from AFfOW.Ccom.

Ir, REVERSE RECOVERY CURRENT [A]

Ir, FORWARD CURRENT [A]

60 I \ \
— T,j=25°C, Ir = 40A .
— = T,;=150°C, Ir = 40A /
/
v
50 7
7
’/
Pyl
7
//
40 7
Ve
Ve
7
Ve
//
30 )7 /
v
20 —
10
0
400 500 600 700 800 900 1000
dir/dt, DIODE CURRENT SLOPE [A/us]
Figure 22. Typical reverse recovery current as a
function of diode current slope
(Vr=400V)
120 T !
— T,=25C ’
— =T, = 150°C /7
/
100 /
/
/
/
/ /
80 /
//
/
/
/
60 7
/
/
/
/
/
40 v
/
7/
'
/
/
V4
20 7
7
/
/
’
0 =4
0 1 2 3 4 5 6

Ve, FORWARD VOLTAGE [V]

Figure 24. Typical diode forward current as a function
of forward voltage

11 V21

2020-07-10


http://www.arrow.com

IHFW40N65R5S infineon

TRENCHSTOP™ 5 Advanced Isolation

4.0 |
Ir = 20A
— = |¢ = 40A
3.5 === Ir = 60A
f’/’
3.0 —oemT
E ,—” e
0 IS -
2 25 ——
= o —
- Lo -
(@) e -
> e
a 20 -
m /
< —
; ///
% 15
L
L
1.0
0.5
0.0

25 50 75 100 125 150 175
T, JUNCTION TEMPERATURE [°C]

Figure 25. Typical diode forward voltage as a function
of junction temperature

Datasheet 12 V21
2020-07-10

Downloaded from AFfOW.Ccom.


http://www.arrow.com

IHFW40NG5R5S

infineon

TRENCHSTOP™ 5 Advanced Isolation

PG-HSIP247-3-2

afineon

E A
A 2
E2 Al 2 E1
P . AT
| _
O o ||° g
| & m T |
o o, /I\ - m —__E: . /T\
| ml 0
+ \/ A M
I puy I LN
o a
o P1
o~
O ) |-
55— ] | — —
: |1
Ty a3” | T
S I I ][]
I A i v
Al | I« AL | | |
| | |- | | HE
I |
! ! AS ) ! ! .
I G- [AREn
| O A A S
I
| I I |
Uy 0
|E| b 3x
. ! ©-0.2500)] A |
|
I ! \ NOTES:
i 1) ABOVE ISOLATION LAYER DIMENSION IS UNDER
\ ! / NON-FORCE APPLIED CONDITION
] 2) MOLD GATE PROTRUSION AFTER DEGATING
ALL METAL SURFACES TIN PLATED EXCEPT AREA OF CUT
DIMENSIONS MILLIMETERS DIMENSIONS MILLIMETERS
MIN. MAX. MIN. MAX.
A - 5.18 e 5.44
Al 4.70 4.90 E 15.70 15.90
A2 2.16 2.66 E1l 13.68 13.88
A3 020 | 0.28 E2 (6.00) Dg;égg\;ﬂo'
Ad 1.30 1.50 E3 3.24 3.44
A5 0.31 0.51 E4 4.39 4.59 REVISION
A6 1.70 | 1.90 E5 (1.45) 01
A7 (0.25) E6 0.76 | 0.96
b 110 | 1.30 L 18.01 | 18.21 SCALE 3:1
bl (2.88) L1 2.26 2.46 01234567 8mm
b2 (1.60) L2 150 | 170 LLiiiii1l
b3 - 0.15 P 3.50 3.70
c 0.50 0.70 P1 5.70 5.90 EUROPEAN PROJECTION
D 22.70 22.90 Q 6.06 6.26 "
D1 16.96 17.16 —G
D2 2.34 2.54
- o
[2)3 10 7n 10 an 28.06.2019

Datasheet

Downloaded from AFfOW.Ccom.

13

V21
2020-07-10


http://www.arrow.com

IHFW40NG5R5S

(infineon

TRENCHSTOP™ 5 Advanced Isolation

Testing Conditions
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Important Notice

The information given in this document shall in no event be regarded as a guarantee of conditions or characteristics
(“Beschaffenheitsgarantie”). With respect to any examples, hints or any typical values stated herein and/or any
information regarding the application of the product, Infineon Technologies hereby disclaims any and all warranties and
liabilities of any kind, including without limitation warranties of non-infringement of intellectual property rights of any third
party.

In addition, any information given in this document is subject to customer’'s compliance with its obligations stated in this
document and any applicable legal requirements, norms and standards concerning customer’s products and any use of
the product of Infineon Technologies in customer’s applications.

The data contained in this document is exclusively intended for technically trained staff. It is the responsibility of
customer’s technical departments to evaluate the suitability of the product for the intended application and the
completeness of the product information given in this document with respect to such application.

For further information on the product, technology, delivery terms and conditions and prices please contact your nearest
Infineon Technologies office (www.infineon.com).

Please note that this product is not qualified according to the AEC Q100 or AEC Q101 documents of the Automotive
Electronics Council.

Warnings
Due to technical requirements products may contain dangerous substances. For information on the types in question
please contact your nearest Infineon Technologies office.

Except as otherwise explicitly approved by Infineon Technologies in a written document signed by authorized

representatives of Infineon Technologies, Infineon Technologies’ products may not be used in any applications where a
failure of the product or any consequences of the use thereof can reasonably be expected to result in personal injury.
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