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(iﬁneon,
Current parameters
B Nominal current (I5,o)

Kollektor-Dauergleichstrom Te =80°C, T,;=120°C IC nam 4350
DC-collector current To=25C T, = 150°C Ig /C\ﬁ[]ﬁ)

I I=

Specified as data code: FF450R17ME3
Nominal current is specified at 80°C, 25°C value is also given as reference

Tc :Tj max  \ VY cesat,max @TJ max ** I:\>thjc)

Calculated value will be higher than datasheet value,
all nominal current is taken as integer

This value just represents IGBT DC behavior, can be a reference of

choosing IGBT, but not yardstick.



infineon
Current parameters Cafineon

B Pulse current (I.gy lreson)

Periodischer Kollektor Spitzenstrom _
repetitive peak collector current o=1ms /'GFM 900 A

sy 1S defined as repetitive turn on pulse current

lrgsoa IS defined as maximum turn off current
Ji=0]
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1ms is just test condition, real pulse width is depend on thermal



infineon
Current parameters (afineon.

B Short circuit current (lg.)

Kurzschlussverhalten Vee <19V, Vee =1000V |
SC data Vegms: = Vees -Lace -dildt b<0ps Ty=125C | = | ]1800 A
| I__ ______.—.-r""'.;iﬁ_____
| | {-I.Il-:l::. lI.I' ! -llr'::'::
e ‘o \./CE | o ; Ve
r : 'll: e _f'f :\--_\"-'l— - e
; l'_ r— | lIf' ;
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'- 1Y Thy HOW MIEOEE thT L | |1:' -;.: *;I'h.iiuut ".l |ucr-l.' R T Wy T 11 :_;.;..5;“1
|, Short before Switch On |, Short after Switch On

The short circuit current value is a typical value. In applications, the

short circuit time should not exceed 10us.



infineon
Current parameters (leen

B Short circuit condition: VGE/
— Vi gate voltage (15V) @
V.~: DC bus volta 'sc /
— Vees ge @

- Ty short circuit start temperature
8 -

SCeurrent ! rated current
da

Vee =11V
T SC-time and current 1200 VIGBT® @ V=720V

0

0 2 4 51 8 10 12 14 16 18 20
max. SC-time [us]

Infineon test short circuit at maximum operation TJ-
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Voltage parameters (Infineon.

B Blocking voltage (Vegs)

Kollektor-Emitter-Sperrspannung _are
collector-emitter voltage Tj=2°C Vees 1700 V

Vces specified at T,=25C. Higher T;, higher blocking voltage

1050

- ] Chip level

750 F/ Module level
z ; Due to stray inductance inside module
] I O At AV =di/dt* L,

00 :

150 4| — I, Modul ;

-== lg, Chip . RBSOA |

L Vg5 IS easiest to be exceed during
h turn off, due to external and internal

00 460 0 600 1000 1200 100 1500 100 stray inductance
CE

Ves can not be violated at any condition, otherwise IGBT would

break thouah
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Voltage parameters (Infineon.

B Saturation voltage (Vcgsar)

Kollektor-Emitter Sattigungsspannung lc=450A Vge=15V T,j=25C v
collector-emitter saturation voltage lc=450 A Vee=15V T,=125C | ‘=

200 | 245
240

= =

Vcesat 1S specified at nominal current, both T=25°C and 125°C are given

00
Tz Infineon IGBT are all positive
e ' | A= temperature coefficient
00 - . / |
g Good for paralleling
E 450 i / ¥ [ {
/1 Ve Value is totally at chip
400 / level, excluding lead resistance
150 f //
i Fa

oo 0L 10 1o 20 25 30 39 40
Ve [V]
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Voltage parameters (afineon
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Ve Is not recommended to use too small, This increases IGBT both

conduction and switching losses
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Voltage parameters (Infineon.

Vot Value is used to calculate conduction losses

VCE :VTO+ RCE* Ic:

R, = AVee _ Vee) ~Veew
E

A.I Al C IC3(2) B IC(1)

Basic data for conduction losses calculation

AVce

0 ! \\? 3 v 5
Vg —= %

Tangent point should set close to operating point

For SPWM control, the conducti(Z)n losses is:
1 l l . 1 >
Pcond,IGBT = E(VTO*;-I_ Re ™ ) ) + m* cosep* (\/TO* 3 + 37[* Re ™ Ip )

m: modulation fact; I,: output peak current; cos ¢ : power factor

For internal use only Page 10
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Switching parameters (Infineon

B Internal gate resistor (Rg;)

Interner Gatewiderstand

internal gate resistor Ty=2C Raint 1.7 0

To realize module internal chip current sharing, module integrate internal gate
resistor. This value should be considered as one part of total gate resistor to
calculate peak current capability of a driver

Page 11
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Switching parameters (Infineon

B External gate resistor (Rge,y)

External gate resistor is what user can set, this value influence IGBT switching

performance
lc =450 A, Vee =900V Ty;j =25°C
Vee=4 Ty =125°C
RGnn = 33 D

The minimum recommended Rgext is shown in the switching test condition

User can get different R, and Ry by a decoupling diode

N Ri I RGon:RL//RZ’RGoﬁ :RZ

R,

:l This is just an example. There are a lot of circuit to realize it

Minimum Rg,, IS limited by turn on di/dt, minimum R is limited by
turn off dv/dt. Too small R; cause oscillation and may destroy IGBT
and diode
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Switching parameters (Infineon

B External gate capacitor (Cgp)

High voltage module is recommended to used external C;c to control gate
turn on speed.

lc =800 A, Vee = 1800 V, dlidt = 4200 Alus  T.;=25°C

Vee=210V, Ls= Ty =125°C
Raen = 3,0 (X Cee=220nF

With external Cgg, turn on di/dt and dv/dt can be decoupled. This help to
realize low turn on losses with limited turn on di/dt

di/zdt
CGE
dv/dt
‘ di/zdt
RG
dv/dt

For internal use only Page 13
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Switching parameters (Infineon

B Rgint limitation
15V

/
PWM R Booml X Y

Vss

15-Vss  _ 15-(-15)

Minimum RGext for IGBT R) + I:\)Gext + I:\)Gint I:\)Gext_datasheet + I:\)Gint
15-Vss <
Minimum R, for Driver capabilit = 1 Omax
cext P Y R) T I:\)Gext T I:\)Gint

If driver capability is not enough, IGBT switching performance will be
seriously influenced



Switching parameters

B Gate charge (Qg)

(infineon

g;f'fﬁaﬂg% Ve =15V +15V Qc 5.10 iC
This value is specified at +/-15V, used to calculate driving power
I Cies’ Cres
E‘Sﬁf‘é‘ggﬁgﬁggt f=1MHz, Ty =25°C, Vee =25V, Vae =0 V Cies 405 nF
Eﬂ%‘?’é”éri%'%%?é‘?ﬁiégiftan o f=1MHz T,; = 25°C, Vee = 25V, Vaz = 0V Cree 130 nF

Cics = Cge + Cqe: Input capacitance (output shorted)
Coss = Cge + Cgt Output capacitance (input shorted)
C

Required gate power at P= Qg 'AVGE - f
switching frequency f: P_ Cies 5. AVGEZ f

es = Cgc: Reverse transfer capacitance (Miller capacitance) Cgc

Go
CGE

Page 15



Switching parameters

B Switching time (ty,, t., tyos to)

(infineon

Einschaltverzégerungszeit (ind. Last) lc =450 A, Vce =900 V Tvj =25°C t 0,28 HS

turn-on delay time (inductive load) Vee =15V Tyj=125°C @on 0,30 Hs
RG{:.F = 3,3 .0

Anstiegszeit (induktive Last) lc =450 A, Vce =900V Ty =25°C t 0,08 s

rise time (inductive load) Vee =215V Tv;=125°C ' 0,10 S
RG{:.F = 3,3 .0

Abschaltverzégerungszeit (ind. Last) lc =450 A, Vce =900V Ty =25°C ¢ 0,81 S

turn-off delay time (inductive load) Vee =215V Ty =125°C | “°F 1,00 us
Raorr =3,30Q

Fallzeit (induktive Last) lc =450 A, Vce =900V Ty =25°C t 0,18 S

fall time (inductive load) Vee=#215V Tv; =125°C ' 0,30 S
Raorr =3,30Q

These values are greatly influenced by 15(Rg), Ic, Vge, Tj- These value can be

used to determine the dead time:

tDT — (((tdoff max +tf max) _tdonmin) T tPHLmax _tPLH min)))* 15

tonL max: dr_iver output high to I_ow delay
o umin- driver output low to high delay

Page 16
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Switching parameters (Infineon

A

Ve 0,9.Vge
A //
// \~\ 0,1.V¢e //
- -
/ X / t
Vee(t)
IC “ ,\ VCE /\_L
Vee ow L 0,91y, ) =
10,9.1c),
\ 0L, 0L, 0,02,V
t t
td(off)\ - il
— N td(on)/
tf
.td(off): °tr :
90%V e to 90%lcy, 10%l ¢, to 90%l .,
°t; - *Tycon):
90%l ), to 10%l, 10%V e to 10%l .,
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Switching parameters

B Switching losses (E,,,, E )

(iﬁneon |

Einschaltverlustenergie pro Puls lc =450 A, Vce =900V Tvj=25°C 96,5 mJ
turn-on energy loss per pulse Vee =215V, Ls =80 nH Tvi =125°C Eon 140 mJ
RGor = 3,3 ﬂ
Abschaltverlustenergie pro Puls lc =450 A, Vce =900V Ty;=25°C 96,0 mJ
turn-off energy loss per pulse Vee =215V, Ls =80 nH Tvj=125°C | Eoss 140 mJ
Raorr =3,3 0
o Ve lc le. Vice I
Vce / Vee
C
Vce Vce
le
011c l 0,02 Ve 0.1 Vce /i 0,02 Ic -
| t
.Eon: .Eoff:

10%l . to 2%V ¢

Infineon define switching losses by “10%-2%" integration limit .

10%V ¢ to 2%l

While some competitors define switching losses by “10%-10%0"
integration limit. This leads to 10 — 25% lower losses value.
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Switching parameters (Infineon

E,n Eor depend on ¢, Vg, driver capability (Vgg, g, Rg), T; and

stray inductance.

on?

We assume that E_ /E i is in proportional with I, and in certain range in
proportional with V. (20%0)

E — E * I C * VCE
on ~— —on_nom | V
C_nom CE _test
E - E * I C * VCE
off = “off _nom | \V/
C_nom CE _test

IGBT switching loss:
Pow = 1:3/\/ * (Eon + Eoff)
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Diode parameters

B Blocking voltage (Vggy)

(infineon

epetive peal v voge |17 25°C Vew | MO0V
Similar definition of Vg at T, 25°C
B Nominal current (Ip)
DR I
Tc :ijax o (\/F,max | F * I:e[hjc)
B Pulse current (l-gy)
epeive peak orard curet tp=1ms P |00 A

Similar definition of Iz, two time of I..
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Diode parameters (afineon

B Surge capability (1%t)

(Grenzlastintegral _ _ _ 4npe
12t - value VR=0V, te=10ms, T,; = 125°C ]2t 20000 AZg

This value define the surge current capability of diode, used to select input fuse.
Fuse I%t value should be lower than diode I%t value, and action time should lower
than 10ms, other wise derating should be applied

We specified I2T value at Tj=125°C, if specified at Tj=25°C, I%t value can be much
bigger. We can judge diode current capability from 12t.

B Forward voltage (Vi)

Durchlassspannung IF=450A Vee=0V Tyj=25°C
forward voltage lF=450A Vee=0V Ty = 125°C

N
Similar definition of V., both T,=25°C and 125°C are given, this
value is used to calculate diode conduction losses

Ve )2,20

P
— —
0w o
>

4
ol eIl

Different from general understanding of diode, some Infineon diode

show positive temperature coefficient above certain current. This is
good for diode current sharing




Diode parameters

B Switching parameters (I, Q,, E,..)

(iﬁneon |

Riickstromspitze Ir =450 A, - dir/dt = 4450 Afps T.j=25°C 525 A
peak reverse recovery current Vr=900V Tej =125°C =T 570 A
Vege=-15V
Sperrverzogerungsladung Ir =450 A, - dir/dt = 4450 Afps T.j=25°C 115 uC
recovered charge Vr=9800V Tej =125°C Q- 195 uc
Vee=-15V
Abschaltenergie pro Fuls Ir =450 A, - dir/dt = 4450 Afps T.j=25°C 60,5 m.J
reverse recovery energy Vr=900V Tej =125°C Erec 110 m.J
Vege=-15V
.'x
',' I'_. - -
wl N : Diode reversy recovery are greatly influenced
! Nl .
b e by IGBT turn on di/dt, I, T;.
| \I"a A, A

Irm and Qr are just test typical value, E .. is
used to calculate diode switching losses

VR
VR_test

E —E *IC*

rec_nom |
C_nom
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Diode parameters (afineon

B Diode SOA s

High voltage module specify the SOA of diode. Not only ?

peak current and voltage is limited, peak power also is 3 " \
restricted. ' N

The instantaneous peak power should never exceed the O’Z / |
limit for the max. power given in the SOA diagram. 0/1000 o

3000 | /

T — |

1000 ::
1000

Q locus ig(t)*Vg(t)
—1000 ' @
[ .
1 0 1000 2000 <3> 3000
VR(t) [V]

IR(t) [A]

o

VR [500V/div] IR [500A/div]

2000 time [400n/div]
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Thermal parameters (afineon

B Thermal resistance:

Input Power Power Loss Output Power >
Chip
snnmnnnnd@rrrrrrnnnannan

----------- é EEEEsEEEEEEEEEEEEEEnEnnnnfennn wus --------------.....................‘.......‘ Junctlon Temp. _ TJ
: Copper Layer
Chip-Case Ceramic (Al203 / AIN) :
Thermal Resistance Copper Chip — Case AT,
- RthJC :
: Base Plate
........... X e e e T e T Tt T e e e e S S e X Case Temp _ TC
Case-Heatsink r Thermal Grease ! :
Thermal Resistance Case — Heatsink AT,
- Rtth ' Y
...........A. ........................... I:.I ........ e e k ............................... A ...... HeatSInk Temp — Th
Heatsink(-Ambient) eatsin
Thermal Resistance Heatsink — Ambient AT,
— Rinna :
V ....................................... @ Y .............. Amb|ent Temp — Ta

TJ- - ATJ-C + AT+ AT+ T,

For internal use only Page 24



Thermal parameters

B R, per IGBT

(iﬁneon |

Innerer Warmewiderstand pro IGBT
thermal resistance, junction to case per IGBT Rinuc 0,085 KW
Ubergangs-Warmewiderstand pro IGBT / per IGBT
thermal resistance, case to heatsink APazte = TWIMK) | Jgreaze = 1T WIm-K) RincH 0,028 KW
H R, per diode
Innerer Warmewiderstand pro Diode
thermal resistance, junction to case per diode Rinic sl L
Ubergangs-Wdrmewliderstand pro Diode / per diode Rors 0.05 KW
thermal resistance, case fo heatsink APasta =T WAM-K) | dgraase = 1 Wim-K) S ;
® R,, per module
Ubergangs-Warmewiderstand pro Modul / per module RercH 0,009 KW

thermal resistance, case to heatsink

hPaste = TWIM-K) [ hgresze = 1 Wi(m-K)

We assume heat sink is isothermal:

jareien £aEn e al-wnn drnbsaint
|.':r.: :L|
T 1
T, =T, +
=] 2 a
—

Rz Ay -

L |

| S—) | I

Fot ™ R

TJ'_IGBT =T, + Pgar * (RthJC_IGBT + RthCH_IGBT)

T, picde = Th * Prioge * (Riuc pioge T Rivcn piode)

Page 25
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Thermal parameters (afineon

per arm

per module

I:\)thCH _arm — I:chCH _module * n

R[hCH _arm RthCH _IGBT I R[hCH _Diode
n is the number of arms per module

If only R,y Per module is given, we can calculate R, -, per IGBT and Diode
in the following way:

B Riuc 1eer + Riuc_biode N

Rivc ieer T Risc biod
Rincn _IGBT Rinch _module RicH _Diode — - = * Rincn _module

R[h.]C_Diode Rthc_ IGBT

Page 26
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Thermal parameters (ofineon

H 1 I I IIIIIII I I I
B Thermal impedance (Z,;c) e —
—zmc IGBT'
Thermal impedance is used to calculate
instantaneous T;
0.1
We provide four-stage partial fraction 3 7
model of Chip thermal impedance. Partial 9 W
fraction coefficients are also listed in h oor | A
datasheet. F
i 1 z 3 4 L
T Tl " DOoantiar 00023es 002807 D099 111
from loss parial raction moded a8
ealeulafian TI thermal equivalent circuil for the 1GET 0.001 || | | ‘ |||||| | | | |H|| | | |
" 0,001 0,01 01 1 10

tis]

5

t

thRCl I:ch| (1 eTI)

ZthJC _ Zth,RCl + Zth,RCZ + Zth,RC3 + Zth,RC4
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Thermal parameters (nfineon

Simulation Result: IGBT Tj under different inverter output frequencies

50 1 1200 it T 1200 T 1200
S0HZ e Tjrectangle| THZ o T rctarg e THZ  eeTj rectangle
—Tsns | 0l —Tjsinuz ol —Tj sinz
—F FEC'I..]I'I-Q'E' - 800 —F regiang|g - BO0 —FP "EGLEI."Q'E - Gl
— P sinus 30 4 —Fsirus a4+ —F sinus
| | E = = -
T 2| = TE0 =2 = T 600 =
— [ — = P
nr T
k*_h n 1= 4 200
aon nd 300 0 4
D T T T T T I] I] T T T T T :| :l I ! I 1 D
000 0,004 2,008 0,0z Lms 0.oo 00 0,05 1,12 0,18 0aa 2,20 240 0,60 0,50
k| teg L

Same output power, but with different output frequency leads to a big
difference of peak T,. For detall calculation, please refer to Infineon IGBT
module simulation software IPOSIM

http://www.infineon.com/cms/en/product/channel.html?channel=ff80808112ab681d0112ab69e66f0362
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infineon_
Module parameters (afineon

B |solation test

|solations-Prifspannung _ - .
insulation test voltage RMS. 1= 350 Hz, t = 1 min. ‘ VisoL ‘ 2.5 [ kv

All modules have passed dielectric test based on IEC1287, except 1200V module
which is for industrial application. 1200V module can fulfill VDEO160/EN50178

The Dielectric test means severe stress to the module. The standard recommends a
reduction to 85% of the initial test voltage, if the test should be repeated at the customer

Teilentladungs Aussetzspannung

partial discharge extinction voltage RMS, 1= 30 Hz. Qro typ 10 pC (ace. to [EC 1287)

WisoL 5.1 kv

High voltage module also apply partial discharge test based on IEC1287. This
guarantee long time working reliability.

For internal use only Page 29



Module parameters

B Internal stray inductance

(iﬁneon |

Modulinduktivitdt
stray inductance module

LecE 20 nH

L.ce defines the module internal stray inductance between power terminals

external connections
(to be done)

external connections
(to be done)

c C C

Single module
G
E = c

FZ..

Dual module with two
independent switches

HalfBridge, 4-PACK,
Six PACK module

PIM Module lﬁ ?i/‘gi ﬁfﬁi

For internal use only

1
; Inductance of whole switch

19

Inductance of one bridge
Specify the loop with
highest inductance

s<c

Inductance from P to N,
with the biggest loop
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Module parameters

B [ ead resistance (Rqciee)

(iﬁneon |

Modulleitungswiderstand,
Anschllisse - Chip ET— .
module lead resistance. Tc = 25°C, pro Schalter / per swilch
terminals - chip

Rco.ee

1,10

m{)

This value means the resistive value of the connection between power terminals

and chips.

This is typical value given for one arm at Tc = 25C

junction case ambient
: Rinsc| Rihcal
) +
R R B
- thJC D thCAD
O

For internal use only

The losses on lead resistance is

added to module case directly
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Module parameters (afineon

B DC stability (Vegp)

Kollektor-Emitter-Gleichsperrspannung = AEs _
DC stability Ty, = 25°C, 100 fit Ve o 2150 W

For high voltage module, cosmic rays effect becomes more serious. The DC
voltage to achieve a neglectable failure rate of 100 fit is defined in the data sheet.

The DC stability voltage is at room temperature and sea level. It is not
recommended to set DC voltage higher than Vg,

VCE

T FIT

Vi

Altitude

r
A failure rate A is defined by the number of failures r during an operation time t of n components: 4 = —t
n.

The unit for failure rates is 1 fit (failures in time) = 1*10-° h-1, meaning one failure in 10° operating hours of a device.

For internal use only Page 32
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