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1 Abstract

The following information is given as a hint for the implementation of the device only and shall not be
regarded as a description or warranty of a certain functionality, condition or quality of the device. This
Application Note is intended to provide an explanation of the parameters and diagrams given in the
datasheet of industrial IGBT modules. With the Application Note, the designer of power electronic systems,
requiring an IGBT module, is able to use the datasheet in a proper way and will be provided with background
information.

2 Introduction

The parameters listed in the datasheet are values that describe the characteristics of the module as detailed
as possible.

With this information, the designer should be able to compare devices from different suppliers to each other.
Furthermore, the information should be sufficient to figure out the limits of the device.

This document explains the interaction between the parameters and the influence of conditions like
temperature. Datasheet values that refer to dynamical characterization tests, e.g. switching losses, are
related to a specific test setup with its individual characteristics. Therefore, these values can deviate from a
user’s application.

The attached diagrams, tables and explanations are referring to the datasheet of a
FS200R07N3E4R_B11 rev.2.0 from 2011-04-06 as an example. The values and characteristics shown are
not necessarily feasible to be used for design-in activities. For the latest version of datasheets please refer to
our website.

Infineon’s datasheets of IGBT power modules are structured as listed below:
e Summarized device description on the front page as shown in Figure 1

e Maximum rated electrical values of IGBT-chips

¢ Recommended electrical operating conditions of IGBT-chips
e Maximum rated electrical values of diode-chips

e Recommended electrical operating conditions of diode-chips
e NTC-Thermistor if applicable

e Parameters concerning the overall module

e Operating characteristics

e Circuit diagram

o Package outline

e Terms and conditions of usage
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Type Technische Information / technical information Tnfineon
: o IGET Modul d
designation carmeies FO200RO7N3E4R_B11 Q/
EconoPACK ™3 Modu mit TrenchFeldstopp IGBT 4 und Emitier Cortrolled 4 Diode und PressFIT / Technology of
NTC
EconoPACK ™3 module with TrenchFieldstop IGBT4 and Emilter Controlled 4 dode and PressFiT / th em Od L |e
Status of NG
DataSheet { | VoriGufige Daten / preliminary deta |
— T T =
Picture of : Circuit
the module ! ] diagram
Vees = 650V
& e = 2004 [ o = 4004
Typische Amsrendungen Typical Applications TYD|C3|
. Mo rarirebe + Motor Drives app||cat|ons
[ Elekirische Eigenschafien Electrical Feahwes
+ Erhohie Sperspannungsfestighet auf 650V «» Increased blocking vollage capabiity to G50V
Eloghical .~ | |ibluSaeietkatiuien iRk ot bl Uakis S
« Trench IGBT 4 + Trench IGBT 4
features T 180 Tre= 10
- Me chanische Eigenschaften Mechanical Features
* Integnerer NTC Temperatur Sensor « Integrated NT C temperature sensor
Mechanlcal = + Kupfarbodenplatte - Copper Ease Plawe
+ Loterbindungstechnik + Solder Contact Technology
features + PressFIT Verbindung stechnik + PrassFIT Contact Technology
. + Sandardgehbuse + Standard Housing
Module Label Code
Barcode Code 128 | | |I I Content of the Code Digit
EERRER ==
La bel COd e nmm|z_\|.m;nggﬂ.-'n:|»0'u)‘.m Moddie Watenel Mariber oA
DA - Code g Production Ongar Numbes 12.18
@ Datecode (Procucton Year) a8-
Datecode (Producion Week) n.-33

|reesred by AS

ld‘p of publc @ion 0 1-06-06

| Eoomved by RS | mvison 20

| sppmved [E83535) |

\

Date and Rev.
of Datasheet

J \ J
|

Certification

Figure 1: Front page of the datasheet

There are also datasheets for older IGBT modules i.e. BSM100GAL120DLCK, where the front page as
shown in Figure 1 does not exist.
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2.1 Status of datasheets

Depending on the status of the product development, the relating technical information contains:
e Target data

The numbers in these datasheets are target values, which are expected to be achieved. Values from these
target datasheets are useful for the initial calculations and approximations. The information and values of a
target datasheet cannot be guaranteed for the final product. The dimensioning of an inverter should only be
done with values based on a preliminary or final datasheet.

During the development phase, the modules are labeled with their type designation and carry the suffix ENG.
Modules with the ENG designation are supplied with a Sample Release Document. Important information
can be taken from this additional Sample Release Document, e.g. which values of the module are already
fixed and which values can still change during the development phase. ENG module samples are used for
preliminary and functional tests during the early stages of a product development phase. Samples marked as
ENG are not liable to Product Change Notification (PCN).

¢ Preliminary data

The difference between a preliminary and a final datasheet is, that certain values are still missing, for
example the maximum values. These missing values in the preliminary datasheet are marked to be defined
(t.b.d.).

Modules without ENG on the label reached series production status. All quality requirements are completely
fulfilled. If any major change to a module with series production status is necessary, customers must be
informed by means of a PCN containing information about the type and extent as well as the time of the
changes.

This also applies to modules that have preliminary datasheets.

¢ Final data

The final datasheet is completed with the values which were missing in the preliminary datasheet. Major
changes of module characteristics or changes in datasheet values in the series status are accompanied by a
PCN.

2.2 Type designation

The first section of the datasheet begins with the type designation of the module as shown in Figure 2.

FS 200 R 07 N3E4 R B11

T Construction variation
Particularity of the module

Chip Type

Mechanical construction

Blocking Voltage

Functionality

Current Rating

Module Topology

Figure 2: Structure of the type designation
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The following tables give a detailed insight to the type designation of Infineon’s industrial IGBT Modules.
As an example the FS200R07N3E4R_B11 is chosen.

FS 200 | R| 07 N E|4 R B11 Explanations
FF Dual switch
FZ Single switch
FS 3 phase full bridge
FP Power integrated module
FB Power integrated module with single
phase input rectifier
FM Matrix converter module
FR Switched reluctance module
F4 H bridge
F5 Module with 5 switches
Ele/ Chopper configuration
DD Dual diode (for circuit see outline)
F3L 3-Level one leg IGBT module
FS3L 3-level 3 phase bridge
FT Tripack
200 Max. DC-collector current
R Reverse conducting
S Fast diode
T Reverse blocking
06 |07 |12 | 17 Collector-emitter-voltage in 100 V
33 | 45 | 65 07 denotes 650V
K Mechanical construction: module
H Package: IHM / IHV B-Series
| Package: PrimePACK™
M Econo DUAL™
N1..3 EconoPACK™1..3
®) EconoPACK™+
P EconoPACK™4
U1..3 Package: Smart 1..3
V Easy 750
\é\”' EasyPACK , EasyPIM™ 1..3

Fast switching IGBT chip

High speed IGBT chip

SiC JFET chip

Low Loss IGBT chip

Fast Short tail IGBT chip

Low Sat & fast IGBT chip

Fast trench IGBT

OHA|mw(ir|<|Tm

Soft switching trench IGBT

1..n Internal reference numbers

With Emitter Controlled-Diode

Higher diode current

With very fast switching diode

Module in big housing

Integrated cooling

Pre-applied thermal interface material

Reduced numbers of pins

|20 0T |®|MO|0

Low temperature type

1
A

Design with common cathode

B1..n | Construction variation

S1..n | Electrical selection
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BSM100GB120DLx as an Example for the old designation

BSM | 100 | GB 120 | DLx | Explanations
BSM Switch with IGBT and FWD
BYM Diode module
100 Max. DC-collector current (A)
GA Single switch with one IGBT and FWD
GB Half bridge
GD 3 phase full bridge
GT 3 single switches and FWD
GP Power integrated module B6 / Break / Inverter
GAL Chopper module ( diode on collector side)
GAR Chopper module (diode on emitter side)
A Single diode
120 Collector-emitter-voltage in 10V
DL Typ with low Vcegat
DN2 | Fast switching type
DLC | Low loss type with Emitter Controlled-diode
S With collector sense
G Design variation
Exx | Special type

Example for MIPAQ module IFS150B12N3T4

Designation of MIPAQ (Module Integrating Power, Application and Quality)

| FS | 150 |B |12 N3 T |4 Explanations

[ MIPAQ family

FF Dual switch

FZ Single switch

FS 3 phase full bridge

FT Tripack

FP Power Integrated Module

150 Max. DC-collector current in A

With current sensor

With digital current measurement

</unw

With gate driver and temperature measurement

12 Collector-emitter-voltage in 100 V

N1..3 Package: EconoPACK™1..3

P Package: EconoPACK™4

U1..3 Package: Smart1..3

Fast Short tail IGBT chip

Low Sat & fast IGBT chip

Thin IGBT

o mwn

Soft switching IGBT chip

1..n Internal reference numbers

B1..n Construction variation

S1..n Electrical selection
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2.3 Module Label Code

To facilitate the handling of the module from logistic’'s and traceability point of view, all Infineon IGBT
modules are considered as unique and labeled as represented in Figure 3. Each module can be identified
with its material number, serial number, date code and lot number. All IGBT modules follow similar rules for
labeling and identification. Bar code or DMX codes are given on the modules for automated identification.
Test data are stored for eleven years.

Module Label Code
Barcode Code 128 | ||||| ||| " Content of the Code Digit
L] | e
mmmzmmm!mmmﬂmm Madule .r-ﬂatr_—:rlal Mumber 6-11
DMX - Code " Production Crder Number 12-19
& Datecode (Production Year) 20-21
Datecode (Production Week) 22-23

Figure 3: Example of Module Label Code

3 Datasheet parameters IGBT

This section explains the electrical properties of the IGBT chip inside the given IGBT module.

If one of these maximum ratings presented in the datasheet is exceeded, it may result in a breakdown of the
semiconductor, even if the other ratings are not stressed to their limits. Unless specified to the contrary, the
values apply at a temperature of 25°C.

3.1 Collector - emitter voltage Vces

The permissible peak collector - emitter voltage is specified at a junction temperature of 25°C as seen in

. . . . %

Figure 4. This value decreases for lower temperatures with a factor of approximately By__, =~ 0.1 X
Kollektor-Emitter-Sperrspannung — ~ro

collector-emitter voltage Ty=25°C Vces 650 v

Figure 4: Collector - emitter voltage of the IGBT

3.2 Total power dissipation Py

This parameter as shown in Figure 5 describes the maximum feasible power dissipation through the thermal
resistance junction to module case Ryyc.

Gesamt-Verlustleistung

total power dissipation Tc=257C, Ty = 175°C Ptot 600 w

Figure 5: Maximum rating for P
The total power dissipation can be calculated in general to be:

AT
tot — R_ﬂ-_'

(1)
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The considered IGBT module is an EconoPACK™ 3 with a base plate structure. The power dissipation is
related to AT between junction and case and the thermal resistance Ry,c between junction and case as
hinted out in equation (2).

Ty — T:
P = (2)
tot Rrh;c
At a case temperature of 25°C, the power dissipation is specified as a maximum value of:
(175 — 25)K
Ppe = T = 600w (3)
0.25 W

The power dissipation of the diode chips can be calculated the same way as for the IGBTSs, in accordance to
equation(2).

3.3 DC Collector Current Ic

Based on the total power dissipation, the maximum permissible collector current rating of a module can be
calculated with equation (4). Thus, in order to give a current rating of a module, the corresponding junction
and case temperature has to be specified, as shown for example in Figure 6. Please note that current ratings
without defined temperature conditions have no technical meaning at all.

_ ij' — 1"r:
Rtk_i'r ! FCE.sr.'t{ICJ Tu_i'}

Since I¢ is not known in equation (4), Vcesat @ Ic is also not known, but can be found within a few iterations.
The ratings of continuous DC-collector current are calculated using maximum values for Vcgsot to ensure the
specified current rating, taking component tolerances into account.

Ic (4)

Kollektor-Dauergleichstrom Tc=60°C, Ty = 175°C

DC-collector current Ic nom 200 A

Figure 6: DC collector current

3.4 Repetitive peak collector current Icgrm

The nominal current rating can be exceeded in an application for a short time. This is defined as repetitive
peak collector current in the datasheet as can be seen in Figure 7 for the specified pulse duration. In theory,
this value can be derived from the feasible power dissipation and the transient thermal impedance Zy,, if the
duration of the over current condition is defined. However, this theoretical value is not taking any limitations
of bond wires, bus-bars or power connectors into account.

Therefore, the datasheet value is quite low compared to a calculated value based on theory, but it specifies a
safe operation considering all practical limitations of the power module.

Periodischer Kollektor Spitzenstrom

repetitive peak collector current te=1ms Icrm 400 A

Figure 7: Repetitive peak collector current

10



Industrial IGBT Modules Application Note AN 2011-05
[ ' - V1.2 November 2015
Explanation of Technical Information ovember

3.5 Reverse bias safe operating area RBSOA

This parameter describes safe operating conditions at turn-off for the IGBT. The chip can be driven within its
specified blocking voltage up to twice its nominal current rating, if the maximum temperature under switching
conditions is not exceeded. The safe operating area of the power module is limited due to the module’s
internal stray inductances and specified at the maximum temperature under switching conditions as shown in
Figure 8. With increasing currents, the allowed DC-Link voltage is decreased. Furthermore, this derating
strongly depends on system related parameters, like stray inductance of the DC-Link and the current
commutation slope during the switching transitions. The DC-Link capacitor is assumed to be ideal for this
operating area. The current commutation slope is defined via a specified gate resistance and gate driving
voltage. In no event the voltage spike must not exceed the specified voltage of the module at the terminals or
at chip level to keep the RBSOA limits.

Sicherer Riickwarts-Arbeitsbereich IGBT-Wr. (RBSOA)
reverse bias safe operating area IGBT-inv. (RBSOA)

Ic =f (VcE)

Vee = 15V, Reort =2 Q, Tvj = 150°C

480 ) )
——Ug, Modul -
440 - - - uc, Chip /
Module Level
408 === 1
===—T—7_ -
360 \\‘/ﬂi /
4770 . i |
/ Chip Level
320 Sk \ﬂ : P
]
280 /, ' Due to strayinductance
—_ (] I . .
% 240 /’, \ : inside module
— 1 ] .
200 ,.' AV = - L, . i
Il \ : dt
160 : \ :
]
120 ! :
; \,
80 g i
DC-Liink voltage N \l
40 T \:
0
0 100 200 300 400 500 600 700
Vece [V]
Figure 8: Reverse bias safe operating area
3.6 Typical output and transfer characteristics

This data can be used to calculate conduction losses of the IGBT. In order to contribute to a much better
understanding of these parameters, the IGBT device structure as well as it's difference in output
characteristic compared to a power MOSFET is discussed briefly. After this, the datasheet parameters of the
IGBT module are explained.

Figure 9a shows in detail the structure of a trench-field-stop IGBT with a simplified two-transistor equivalent
circuit. The emitter-sided pn-junction of the pnp-transistor resembles the IGBT’s collector side. Like a diode it
leads to a characteristic voltage drop when the IGBT is conducting current. The intrinsic bipolar transistor of
the IGBT is driven by a MOSFET. Therefore, the gate driving characteristic is quite similar to a power
MOSFET. The output characteristic is different, which is illustrated in Figure 9b schematically. It shows the
characteristic of turned-on devices at two different junction temperatures.

The MOSFET as shown in Figure 9b is reverse conducting for negative drain-source voltages due to its
intrinsic body diode. The IGBT has no body diode and thus an anti-parallel diode has to be used, when this

11
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operating mode is required. The advantage is, that the external diode can be optimized independently to suit
the IGBT’s switching characteristics.

In contrast to the MOSFET, that has an on resistance as a dominant parameter, the IGBT has a forward
voltage drop. As a result, at very low load, indicated with 1 in Figure 9b, the MOSFET always has lower
conduction losses than an IGBT.

Both output characteristics depend on the junction temperature. The Rgson) 0f @ MOSFET typically increases
by a factor of about two, when the junction temperature increases from 25°C to 150°C. The temperature
coefficient of an IGBT’s forward voltage is much lower. At low load, the conduction losses even decrease
with increasing temperature, due to the lower voltage drop at the pn-junction as represented in Figure 9b. At
higher currents, the increase of the ohmic resistance is dominant. Due to this, a parallel connection of
several IGBTs is possible and is commonly required for high current IGBT power modules.

a) b)
|
IGBT R
I Ips j11GB f
AL
/Tt
p* Ti1mosFeT .
High load 4
Toowias /P2 oK
p; <" TjomosFET
¢ J ——ieBT 25°C
. (IR IGBT 150°C
n < —— MOSFET 25°C
(substrate) PR MOSFET 150°C
Low load  Pong.iceT@isooc) VCE
< Pcona-icBT(@25°C) V
e DS
(fieldstop) High load
Pcond-lGET(@150“C'

> Pond16BT(@25°C)

Collector p+

Figure 9: Structure of a Trench-Field-Stop IGBT and two-transistor equivalent circuit (a).
Comparison of the output characteristics of power MOSFET and IGBT (b)

The transfer characteristic shows, that the turn-on threshold voltage decreases with increasing junction
temperature as seen in Figure 10.

Obertragungscharakteristik IGBT-Wechselr. (typisch)
transfer characteristic IGBT-inverter (typical)

lg =1 (Voe)
Vee=20V
400 ! . . -
., = 25°C / S
380 H-4- v =125°C P
T Ir, = 150°C i
3204—] / £
) | \GEth Tvi=25°%C/ .
80
= L il N\’ =Y /'_-J','
240 ! g Pp"'
< o) |
- i
. /
1680 +—+ /
120 ! g
7
BD—A‘\
ol s
! =
o ~ i=180°
N Veen @ Tvj=150°C
5 3 7 & ] 0 11 12
! Vae [V]

Figure 10: Typical transfer characteristic

As discussed in chapter 3.6, the output characteristic of the IGBT depends on the temperature of the
junction. Figure 11a shows the collector current in conducting state as a function of the collector-emitter

12
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voltage at different junction temperatures. For currents lower than about 80A, the conduction losses
decrease with increasing temperature. For higher currents, the conduction losses increase slightly. In the
case considered, an increase in conduction losses of about 6% at nominal current 200A and a temperature
increase from 25°C to 150°C can be observed.

Ausgangskennlinie IGBT-Wechselr. (typisch) b Ausgangskennlinienfeld IGBT-Wechselr. (typisch)
a) output characteristic IGBT-inverter (typical) ) output characteristic IGBT-inverter (typical)

Ic =f(VcE) lc = f(Vce)

Vee=15V T = 150°C

400

400

'
'
H
T 7
T, =25°C H — Ve =19V e
360 |[--- Tu=125C ¢ o 260 ||--- vee =17v Loy /
e Ty=50c| v 05 /0 S T e Ve = 15V ;o /
} ©ow© —=Vge =13V . /
320 R o 320 {|—— vee = 11v :
HINC) > -—-— Ve = 9V R -
280 58 280 Ty
H .
: o %— A /
240 v 240 o 7
—_ H — p ,
< ' <
o 20 og : S 20 i 7
0 H {;//Saturation /
160 ®9 | 160 i mode
R H ot e e m ]
120 0_8 C\.S ' 120 '.' ¢ 7
A : 74
80 80 Al 5
P //// Linear mode
H %
40 ' 40 2 3
] 4 -~
0 0
0002040608 1012141618 20222426 00 05 10 15 20 25 30 35 40 45 50
Vee [V] Vee [V]

Figure 11: Typical output characteristic as a function of the temperature (a)
and gate-emitter voltage variation (b)
Figure 11b shows the typical output characteristic for different gate-emitter voltages. The IGBT should not be
operated in linear mode, as this causes excessive conduction losses. If the power dissipation is not limited in

magnitude and time, the device might be destroyed. Using 15V as typical gate drive voltage, this linear mode
only occurs for short periods at the switching transitions, which is a normal operating condition for the IGBT.

3.7 Parasitic Capacitances

The dynamic characteristics of an IGBT are influenced by several parasitic capacitances. These are inherent
parts of the die’s internal structure as represented in Figure 12a. A simplified schematic is shown in Figure
12b. The input capacitance Cis and the reverse transfer capacitance C,.s are the basis for an adequate
dimensioning of the gate driver circuit. The output capacitance C, limits the dV/dt at switching transitions.
Losses related to C,ss can usually be neglected.

The maijor parasitic capacitances inside the IGBT die are:
e Input capacitance Cijes = Cge + Cyes. Cee includes C4,C3,C4 and Ce.
e Reverse transfer capacitance C,s including C, and Cs. C,es = Ccg
e Output capacitance C represented by C;. Coss = Coe + Cres

a) b)
Emitter Gate
i T Collector
Fr &
CG
CZ+ c;# 04% NMOMNP
o/ n_J EA
c-,-#f LCH# P J Gate 4— Cee
Cr#E n CGF
[

Emitter

Collector

Figure 12: Parasitic capacitances of an IGBT, internal structure a), schematic b)
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The values of the parasitic capacitances strongly depend on the operating point of the IGBT. To measure
these capacitances with gate- or collector-emitter voltages applied, dedicated measurement circuits
according to IEC60747-8 have to be utilized.

Input capacitance Cj

This parameter is determined using the setup in Figure 13. Cis is measured across the gate and emitter
connections with collector-emitter connection shorted for AC voltage. The values of the DC voltage across
the gate-emitter and collector-emitter connections are specified with the test frequency. Capacitors C; and
C, must form an adequate bypass at the test frequency. The inductor L decouples the DC supply.

Caparitance [
bridge ] } i
E.g. HP4280A Ve

L + I
: ’ = Ca
VlZJE I |

Figure 13: Basic circuit diagram for measuring the input capacitance Ci.¢

Output capacitance C,g
Coss is measured according to the setup in Figure 14. This value is measured across the collector and emitter

connections with gate-emitter connections shorted for AC voltage. The values of the DC voltage across the
gate-emitter and collector-emitter connections are specified with the test frequency. The capacitors C4, C,
and C; must form an adequate bypass at the test frequency. The inductor L decouples the DC supply.

DUT ||
TR (|
I G
) T L S

H 1 Cpacitance

! : bridge
L | T E.g. HP4280A
A  Ve| ——c, 9

TQ lVCE jfL

*> - * *

Figure 14: Basic circuit diagram for measuring the output capacitance C,s

Reverse transfer capacitance C,
Figure 15 gives details about the measurement setup for the reverse transfer capacitance. C,s is measured

across the collector and gate connections, the emitter connection being connected to the protective screen
of the bridge. The values of the DC voltage across the gate-emitter connection are specified with the test
frequency. Capacitors C; and C, must form an adequate bypass at the test frequency. The inductors L; and
L, decouple the DC supply.

-
L2 le
— Cz |:j| Rz
) Vee
Cpacitance
. b A
. bridge A
E.g. HP4280A '
3

Figure 15: Basic circuit diagram for measuring the reverse transfer capacitance C,

The capacitance meter used for the measurements of Cis, Coss and C,es has to be a high resolution
capacitance bridge with a sufficient measurement range.
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3.8 Gate charge Qg, gate current, internal and external gate resistor

The value of the gate charge can be used to optimize the design of the gate driver circuit. The average
output power that the gate driving circuit has to deliver can be calculated with data of the gate charge, gate
driver voltages and switching frequency as given in equation (5).

Fogr = Qg {VEE[D?!:I - VEE':'?;’-I-:'} fow ®)

Within this formula, Qg refers to the part of the gate charge that is truly active in the given design. What part
is used is depending on the gate driver output voltage; an accurate approximation can be done using the
gate charge curve.

The real gate charge Q' that has to be taken into account results from the diagram in Figure 16, by
choosing the values that correspond to the gate driver’s output voltage:

Typical gate charge diagram 1200V IGBT*
20,00

1500
10,00 /
5,00

000
0po [ 020 030 /,40 050 080 070 080 080 1,00

Ve V]

-10,00

-15,00

-20,00

standardized Qeate/Qoate_nominal [MC]

Figure 16: Typical gate charge curve of an 1200V IGBT

Typical values used in industrial applications include designs with a turn-off voltage Vee=0V as well as
designs featuring negative supply like Vgg=-8V

Qc=0.62+Qc for OV/15V

Qs=0.75+ Qg for -8V/15V

At a switching frequency of f5,=10 kHz and a driver output voltage of +15/ -8V, the required output power of
the gate driving circuit Pgy, can be calculated using the adapted gate charge from Figure 16 and the gate
charge as seen in the datasheet Figure 17.

Pege = 2.154C - 0.75 - (15V + 8V) - 10kHz = 0.37W

Gateladung _
gate charge Vee=-15V .. +15V Qe 2,15 uc

Interner Gatewiderstand

internal gate resistor Ty =25°C Raint 2,0 Q

Figure 17: Gate charge and internal gate resistor

The theoretical gate drive peak current can be calculated according to equation (6), knowing the gate drive
voltages and gate resistances. The gate resistor is the sum of external and internal gate drive resistance.
Figure 17 shows the value for the internal resistance to be considered.
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_ Vagiom — Vn:-:in,r‘f)

fﬂdr__rle.:k - Rﬁert + Rﬁir!r (6)

In practice, this peak current will not be reached, because it is limited by stray inductances and non-ideal
switching transitions of a real gate driving circuit.

The datasheet value given for the internal gate resistor has to be understood as a single resistance and may
result from paralleled resistors inside the IGBT module as illustrated in Figure 18. This usually counts for
larger modules only, especially medium- and high-power types. These internal resistors lead to improved
internal current sharing.

The internal resistance should be considered as one part of total gate resistor to calculate the peak current
capability of a driver.

AC

Figure 18: internal gate resistor of the IGBT

The designer can use the external gate resistor to influence the switching performance of the IGBT.
Minimum Rgo, is limited by turn-on di/dt, minimum Rg5 is limited by turn-off dV/dt. Too small gate resistors
can cause oscillations and may lead to damage the IGBT or diode. The minimum recommended external
gate resistor Rgey is given in the switching losses test conditions as mentioned in Figure 19. The allowed
external gate resistor values are shown in the switching loss diagram of Figure 24b.

Einschaltverlustenergie pro Puls lc =200 A, Vce =300V, Ls =30 nH Tyj=25°C 1,10 mJ
turn-on energy loss per pulse Vee = £15V, di/dt = 5700 A/us (Tyj=150°C) | Tv;=125°C Eon 1,70 mJ
RGen =2,0Q Tyj=150°C 2,00 mJ
Abschaltverlustenergie pro Puls lc =200 A, Vce=300V, Ls =30 nH Ty =25°C 7,90 mJ
turn-off energy loss per pulse Ve = £15 'V, du/dt = 4000 V/ps (Tvj=150°C)| Tv;=125°C Eort 9,40 mJ
Reort =2,0Q Tvj=150°C 9,65 mJ

Figure 19: External gate resistors

3.9 Parasitic turn-on

With the parasitic capacitances of the IGBT, noted in the datasheet as stated in Figure 20, dV/dt induced
parasitic turn-on phenomena can occur. The cause of a possible parasitic turn-on is based on the intrinsic
capacitive voltage divider between collector-gate and gate-emitter.

In consideration of high voltage transients across collector-emitter, this intrinsic capacitive voltage divider is
much faster than an external gate driving circuit that is limited by parasitic inductances. Therefore, even if the
gate driver turns off the IGBT with zero gate-emitter voltage, transients of collector-emitter voltage lead to an
increase of the gate-emitter voltage. If the gate emitter voltage exceeds the gate threshold voltage Vggyh, the
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IGBT will turn on. Neglecting the influence of the gate driving circuit, the gate-emitter voltage can be

calculated by
EEC . CE’E"S

Mg = == Mz 7)
Lgs

Vpe = — 22—
T Coct Coe

The quotient Cs/Cics should be as low as possible. To avoid a parasitic dV/dt induced turn-on, the quotient
Cies/Cres for the FS200R07N3E4_B11 is about 35. Furthermore, the input capacitance should be as low as
possible to avoid gate driving losses; therefore the use of additional gate-emitter capacitance Cge has to be
evaluated carefully.

Eingangskapazitét f=1MHz, T, = 25°C, Vee =25V, Vee = 0V Cies 13,0 nF
input capacitance

Ruckwirkungskapazitat - _ oo - -
reverse fransfer capacitance f=1MHz, Ty; =25°C,Vce =25V, Ve =0V Cres 0,38 nF

Figure 20: Parasitic capacitances of the IGBT

The parasitic capacitances are determined under the conditions given in Figure 20. The gate-emitter
capacitance Cgg as shown in Figure 21 can be approximated to be constant over the collector-emitter
voltage as shown in equation (8).

CEE ~ ':'_[93{251’1:] - Eres{ESV:] (8)

The reverse transfer capacitance C.s strongly depends on the collector-emitter voltage and can be
estimated according to equation (9).

Cres(25V) -4/25V

9)

Cres ':FEE:] B

*.,-"E
100
10
e —
oy
S 1
N — Cee [NF]
n —
0.1 _—
0,01
0 100 200 300 400 500 600 700
Vee [V]

Figure 21: Approximation of Cge and Ccg as function of the
collector-emitter voltage according to equations (8) and (9)

Consequently, the robustness against dV/dt induced parasitic turn-on increases with the collector-emitter
voltage as seen in equation (7).
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3.10 Dynamic behavior

The switching characteristic described in the datasheet provides useful information to determine an
appropriate dead time between turn-on and turn-off of the complementary devices in a half bridge
configuration. For further information about dead time calculation please refer to AN2007-04" available at
Infineon’s website.
e Turn-on delay time t4 on:
Time it takes from getting the gate-emitter voltage to 10% of the rated value to the moment the
collector current reaches 10% of its nominal size
e Risetimet.:
Time which the collector current takes to rise from 10% to 90% of its nominal value
e Turn-off delay time t4 o5
Time necessary from getting the gate-emitter voltage to 90% of the rated value to the moment the
collector current reaches 90% of its nominal size
e Fall time t:
Time which the collector current takes to fall from 90% to 10% of his nominal value

The times in the datasheet are defined as detailed in Figure 22:

Ve
= ( M 90% Vs
10% Ve \

m— S T

—
—_

Y
[ i% fe

" 10% Ig
4 i
o [ t 2% Ip t
Ve &
——
10%
2% Veg 1 E)
- (3 Lt
t
N
Eor
Ean
) _
L1 T

t ta ta ta

Figure 22: Specification of rise and fall times and conditions to calculate switching losses

! Application note 2007-04: How to calculate and minimize the dead time requirement for IGBTs properly.
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These times alone will not give reliable information about switching losses, because voltage rise and fall
times as well as current tail shape are not specified. Therefore, switching losses per pulse are given
separately.

The switching losses per pulse are defined using the integrals:

L
(%) 4
Eﬁ-ﬂzJ‘UEE'IC'dt Enf'zj‘UEE'IC'dt (10)
L
ty 3

The integration limits for the switching losses are given in Figure 22:

e E,, as turn-on energy per pulse from t; to t,

o E. as turn-off energy per pulse from t; to t4
Dynamic behavior and thus energy per pulse strongly depend on a variety of application specific operating
conditions like gate driving circuit, layout, gate resistance, magnitude of voltages and currents to be switched
as well as the junction temperature. Therefore, datasheet values can only give an indication for the switching
performance of the power module. For more accurate values, detailed simulations taking application specific
parameters into account or experimental investigations are necessary.
Typically, switching transition duration and energy per pulse are characterized at nominal operating
conditions for different temperatures as noted in Figure 23.

Einschaltverzégerungszeit (ind. Last) lc =200 A, Vce =300V T.j=25°C t 015 Hs
turn-on delay time (inductive load) Vee=+15V T, =125°C e on 0,16 Hs
Reen=2,00 Ty =150°C 017 Hs
Anstiegszeit (induktive Last) lc =200 A, Vce =300V T.=25C t 0,03 Hs
rise time (inductive load) Vee=+15V T.j=125°C ' 0,04 Hs
Reon=2,00Q Tw=150°C 0,04 Hs
Abschaltverzégerungszeit (ind. Last) lc =200 A, Vce =300V Tyj=25°C £ 0,34 Hs
turn-off delay time (inductive load) Vee=#15V Ty=125°C | = 0,37 us
Reeri =200 T, =150°C 0,38 us
Fallzeit (induktive Last) lc =200 A, Vce =300 V T.j=25°C t 0,06 us
fall time (inductive load) Vee=+15V T.=125°C 0,07 us
Reort =200 T, =150°C 0.07 us
Einschaltverlustenergie pro Puls lc=200A, Vce =300V, Ls =30 nH Tyj=25°C 1,10 mJ
turn-on energy loss per pulse Vee = £15V, difdt = 5700 Alps (T=150°C) T, =125°C Ecn 1,70 mJ
Rgen=2,00Q T, =150°C 2,00 mJ
Abschaltverlustenergie pro Puls lc=200A, Vce =300V, Ls =30 nH Tyj=25°C 7,90 mJ
turn-off energy loss per pulse Ve = +£15V, du/dt = 4000 V/ps (T,=150°C) T.;=125°C Eort 9,40 mJ
Reert =2,00 T, =150°C 9,65 mJ

Figure 23: Switching times and energies

A first estimation of dynamical losses can be done utilizing Figure 24. The diagram hints out typical losses
depending on Rg, Ic and junction temperature T,.. The switching loss diagram Figure 24b and Figure 35b
shows also the allowed external gate resistor values. The left end of the curves in Fig 24b and Fig 35b
specifies the minimum allowed external gate resistor value. The gate resistors must not be lower because
this may lead to a destruction of the device.
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a) schaltverluste IGBT-Wechselr. (typisch) b) schaltverluste IGBT-Wechselr. (typisch)
switching losses IGBT-inverter (typical) switching losses IGBT-Inverter (typical)
Eon =f(lc), Eorr = (Ic) Eon = f (Ra), Eorr = f (Ra)
Vee =15V, Reon = 2 Q, Reorr =2 Q, Vce = 300 V Vee =415V, Ic = 200 A, Vce = 300 V
16 - 16
—— Ean, Ty =125°C L —— Ean, T4 =125°C
-~= Eon, Tyj= 125°C A -~ Ean, Ty =125°C
14 f--eeen Ean, Tyj = 150°C - 14 |- Eon, Tyj = 150°C
— — Ear, Tyj = 150°C 7~ — — Ean, Ty = 150°C

E [mJ]
E[mJ]

0 50 100 150 200 250 300 350 400 0 1 2 3 4

5 6 7 8 9 10
Ic [A] Ra [Q]

Figure 24: Switching losses per pulse as a function of the collector current and the gate resistance

3.11 Short circuit

The short circuit characteristic strongly depends on application specific parameters like temperature, stray
inductances, gate driving circuits and the resistance of the short circuit path. For device characterization, a
test setup as drawn in Figure 25a is used. One IGBT is short circuited while the other IGBT is driven with a
single pulse. The corresponding typical voltage and current waveforms are illustrated in Figure 25b. The
current in the conducting IGBT increases rapidly with a current slope that is depending on parasitic
inductances and the DC-Link voltage. Due to desaturation of the IGBT, the current is limited to about 5 times
the nominal current in case of IGBT3 and the collector-emitter voltage remains on the high level. The chip
temperature increases during this short circuit due to high currents and thus high losses. Because of the
increasing chip temperature the current decreases slightly while operating in short circuit condition.

Within a defined short-circuit-withstand time t.. the IGBT has to be switched off to avoid a device failure.

a) b)

Vee, Ich
4‘ . r Ve
. 7 lo(t) |
Isg !
———— o i
¢ i
) Vee i
4‘ Vce
VGEl 10% Ic (10% Ic >
Ic < -
t=t tsc t=tp t

Figure 25: Short circuit test setup (a) and
typical voltage/current waveforms during short circuit test (b)
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The data of the measured short circuit and the applied parameters are noted in the datasheet as depicted in
Figure 26. All of Infineon's IGBT modules are designed to achieve a short circuit-withstand-time of up to
10us. The IGBT3 600V is an exception as it features a short circuit withstands time of t, = 6us

Kurzschlussverhalten Vee <15V, Vec =360 V tp <10 ps, Ty; = 25°C | 960 A
SC data VCEmax = VcEs -Lsce -dildt tp<10ps, Tyy=150°C | =€ 760 A

Figure 26: Short circuit data

3.12 Leakage currents Ices and lges

Two maijor types of leakage currents as given in Figure 27 have to be considered:
e The maximum collector-emitter cut-off current describes the leakage current between the collector
and emitter, when the IGBT is in blocking mode
o The gate-emitter leakage current gives a hint about the maximum leakage current between gate and
emitter, with collector-emitter short circuited and maximum gate-emitter voltage applied.

Kollektor-Emitter Reststrom _ _ _ Ao
collector-emitter cut-off current Vee =850V, Vee =0V, Ty = 25°C lees 1.0 | mA

gaa;z;alzrnrw:é?rliisatgsérgmrent Vee=0V,Vee =20V, Ty =25°C leEs 400 | nA

Figure 27: Leakage currents

3.13 Thermal characteristics

The values of power dissipation and current ratings as discussed in chapters 3.2 and 3.3 have no meaning
without specification of temperatures as well as thermal resistances. Therefore, in order to compare different
devices, it is also necessary to compare thermal characteristics. More information about the thermal
equivalent circuit can be found in AN2008-037.

When power modules with a base plate or discrete devices are characterized, junction-, case-, and heat sink
temperatures are observed. The thermal resistances of junction to case and case to heat sink are specified
in the datasheet as given in Figure 28. The datasheet value of the Ry,cy with a referenced thermal resistance
of the thermal interface material is a typical value under the specified conditions.

Innerer Warmewiderstand

thermal resistance, junction to case pro IGBT /per IGBT Rinic 025 | KIW
Ubergangs-W armewiderstand pro IGBT / per IGBT

thermal resistance, case to heatsink Wpaste = TWIMK) [ Agrease = 1 WIMK) Rinc 0,085 Kw

Figure 28: Thermal resistance IGBT, junction to case and case to heat sink

The thermal resistance characterizes the thermal behavior of the IGBT module at steady state, whereas the
thermal impedance characterizes the thermal behavior of the IGBT module at transient conditions like short
current pulses. Figure 29a shows the transient thermal impedance Zy,c as a function of the time.

2Application note 2008-03: Thermal equivalent circuit model
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Transienter Warmewiderstand IGBT-Wechselr.
transient thermal impedance IGBT-inverter

Zinsc = (1)
1 | — T
{— z.c:1667]
-
0,1 . ! ) )
g Twl_{ll}_I_{ll}_I_{”}_I_{”}_l
- A
(8}
N ;
0,01
B 1 2 3 4 i
r[K/W]: 0,015 0,0825 0,08 0,0725
Tis]: 0,01 002 005 0,1 HEEN
[T TTI0 11
70,001 0,01 01 y 0

t[s]
Figure 29: a) Transient thermal impedance junction to case and b) transient thermal model

The main power losses of the IGBT module are dissipated from the silicon die to the heat sink through
different materials. Each material within the dissipation path has its own thermal characteristics. As a result,
the thermal impedance behavior can be modeled with the appropriate coefficients of the IGBT module and is
given as diagram Zg,c(t) as shown in Figure 29a. The separate RC-elements from Figure 29b have no
physical meaning. Their values are extracted from the measured heating-up curve of the module by a
corresponding analysis tool. The datasheet includes the partial fraction coefficients in tabular form as shown
in Figure 29a. The values of the capacitances can be calculated by:

C[=

(11)

=

4 Datasheet parameters Diode

This section explains the electrical properties of the diode-chip inside the given IGBT module

4.1 Diode forward characteristic

The maximum permissible diode forward current rating can be calculated with equation (12). To give a
current rating of a module, the corresponding junction and case temperature have to be specified, for
example in Figure 30. Please note that current ratings without defined temperature conditions have no
technical meaning at all. Since I¢ is not known in equation (12), Ve @ I is also not known, but can be found
within a few iterations. The ratings of continuous collector current are calculated with maximum values for Vg
to ensure the specified current rating, taking component tolerances into account.

Lo (T (12)

i Reppe Vel Ie. ij}
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Figure 30 depicts the typical forward characteristic of the implemented diode at different junction
temperatures. A negative temperature coefficient of the diode’s forward voltage drop can be observed, which
is typical for minority-carrier devices. Therefore, the conduction losses of the diode decrease with increasing
temperatures.

Durchlasskennlinie der Diode-Wechselr. (typisch)

forward characteristic of diode-inverter (typical)
Ir =1 (VF)

400

-
360 |{--- Tu

320

280

240

200

IF [A]

160

120

80

40

0 =
0,0 04 08

12 16 20
Ve [V]

Figure 30: Forward characteristic of diode datasheet

4.2 Repetitive peak forward current

The nominal diode current rating can be exceeded in an application for a short time. This is defined as
repetitive peak forward current in the datasheet for the specified pulse duration, for example 1ms as noted in
Figure 31. In theory, this value can be derived from the feasible power dissipation and the transient thermal
impedance Zy,, if the duration of the over current condition is defined. However, this theoretical value is not
taking any limitations of bond wires, bus-bars or power connectors into account.

Periodischer Spitzenstrom _
repetitive peak forward current p=1ms IFRM 400 A

Figure 31: Repetitive peak forward current

4.3 I’t value

This value defines the surge current capability of the diode. The I’t value applied should be lower than the
specified I°t value and t, should not exceed 10ms as mentioned in Figure 32.

2850 A?s
2700 A’s

Grenzlastintegral VrR=0V,tp=10ms, Ty; = 125°C

P2t - value Ve=0V. tr = 10ms, Ty = 150°C "t

Figure 32: Values of the surge capability
4.4 Reverse recovery

To investigate the transient behavior of a diode, the surrounding circuitry as already shown in Figure 8 on
page 11 has to be taken into account. To simplify the circuitry, the output current of the half bridge can be
assumed to be constant during commutation. The remaining stray inductances formed by the current loop

23



Industrial IGBT Modules Application Note AN 2011-05
Explanation of Technical Information

V1.2 November 2015

can now be replaced by just one stray inductance between high-side and low-side switch/freewheeling
diode.

ve[v] §
Ir [A]
10% V, Vo (t = taw)
F=0 / Qr =2% Ipn /
- l:=
Tam 1
Viger(t = tam)
Ve
&
pI’EC [w] EI’EC
1/ >
. £
t Uitaw |

Figure 33: Schematic voltage and current waveform of a soft-recovery diode during turn-off
transition

Figure 33 describes the current commutation from a high-side (HS) freewheeling diode to a low-side (LS)
IGBT.

The commutation is triggered by turning-on the LS-IGBT which will not reduce the blocking voltage to
roughly zero immediately. It will keep a portion of blocking voltage during the commutation. Due to the fact
that the HS-diode is still on, the difference V| = Vg - V,ggt Will drop across the stray inductance causing a
linear change of current. The diode current will reduce in the same way as the IGBT current increases. As
soon as the diode current at t = t' crosses zero, a space charge region within the diode can be formed.
Hence the voltage drop across the diode increases as can be seen in Figure 33.

The voltage drop across the stray inductance will be zero if the sum of diode and IGBT voltage is equal to
the blocking voltage Vg

V, = Viggr — Vg if difdt = 0 (13)

As a result, the peak reverse recovery current Iry is reached. The current commutation is finished and the
reverse recovery current has to be reduced to zero. Any kind of oscillation has to be avoided.

After t > try, the LS-IGBT which is still not fully turned on will reduce its voltage further and the blocking
voltage of the HS-diode will increase to the final Vg. During this last step, the current change from Igy to zero
will result in an overvoltage across the diode; however in this case it will be masked by the increasing
blocking voltage.

The reverse recovery of the diode will lead to additional turn-off losses as well as additional turn-on losses in
the complementary switch. A current and voltage waveform of a soft-recovery emitter controlled diode during
turn-off transition can be seen in Figure 33

The characterized peak reverse recovery current Igy given in the datasheet section on Figure 34, is defined
as the difference between the maximum negative current peak and zero current. The recovered charge
results from:

Qr= | Ig-dt (14)
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The integration limits are defined ast=t; @ I =0 and t=t, @ llz| = 0.02 - Iz, as marked in Figure 33.
The losses due to reverse recovery can be calculated with the recovered energy per pulse. The energy is
determined as defined in equation (15):

E.. = Jvﬂ- I - dt (15)

The integration limits are chosen for the time t'; corresponding to 10% of the diode reverse voltage Vs and
the time t; when the reverse recovery current Igy peak attains 2%.

The recovered charge and thus switching losses caused by the reverse recovery of the diode strongly
depend on junction temperature as well as current slope.

Ruckstromspitze IF =200 A, - dir/dt = 5700 A/us (T\;=150°C) T.;=25°C 160 A
peak reverse recovery current VR =300V Ty =125°C IRM 230 A
Vee=-15V Ty =150°C 240 A
Sperrverzégerungsladung IF =200 A, - dir/dt = 5700 A/us (Ty;=150°C) T =25°C 10,0 uc
recovered charge Vr =300V Tvwj=125°C Q: 17,0 uc
Vee =-15V Ty =150°C 20,0 uC
Abschaltenergie pro Puls IF =200 A, - dir/dt = 5700 A/us (Ty;=150°C) T =25°C 3,00 mJ
reverse recovery energy Vr =300V Tvj=125°C Erec 5,20 mJ
Vee=-15V T =150°C 5,80 mJ

Figure 34: Reverse recovery current, charge and reverse recovery energy
To give an indication of application specific switching losses, the losses per diode turn-off pulse as noted in
the datasheet are a function of diode forward current and gate resistance of the switching IGBT as
represented in Figure 35. The variation in gate resistance is an equivalent to a variation in commutation
current slopes.

Schaltverluste Diode-Wechselr. (typisch) Schaltverluste Diode-Wechselr. (typisch)
switching losses diode-inverter (typical) switching losses diode-inverter (typical)
Erec = f(IF) Erec =1 (RG)
Reon =2 Q, Vce =300V IF=200 A, Vce =300V

9 1 1 L g L L L

—— Eree, Tyj = 125°C . —— Eree, Tyj = 125°C

g |-~ Eree, Ty = 150°C 7 g ||z = Erec, Ty =150°C

7 — // 7

6 - - 6
= 5 = 5 N
£ E .
w 4 . ’ w 4 -~

// / . T~ -
’ . B il P |
3 3 ==
1’ \—“—-‘\
/s

2 2

1 1

0 0

0 50 100 150 200 250 300 350 400 0 2 4 6 8 10 12 14 16 18
IF [A] Ra [Q]

Figure 35: Reverse recovery energy per pulse as a function of
a) diode conducting current and b) gate resistance
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5 Datasheet parameters NTC-thermistor

One of the most important parameters in power electronic devices is the chip temperature. The
measurement of this temperature during operation is very difficult. One approach to estimate the real chip
temperature in steady state is to use the NTC inside the IGBT module. This method is not adequate for
measurement of fast variation of the chip temperature.

The temperature of the chips can be calculated using a thermal model and measuring the temperature at the
NTC. The resistance of the NTC can be calculated as a function of the NTC temperature T2

L L
H, :R:E.'E‘F (r; ~ 1) (16)
The resistance R25 at temperature T, = 298.15K is specified in the datas :et as shown in Figure 36.
With measurement of the actual NTC-resistance R2, the temperature Tz can be calculated with equation

(17).

T, =

(17)

Tl

The maximum relative deviation of the resistance is defined at a temperature of 100°C by AR /R from Figure
36. To avoid self heating of the NTC, the power dissipation inside the NTC has to be limited.

1
l“(;%“) 1
—== +

To limit the self heating of the NTC up to a maximum value of 1K, the current through the NTC can be
calculated according to equation (18). More detailed information how to use the NTC inside the IGBT module
is provided in AN2009-10°

F
o= |—= (18)
max R
4] T2
NTC-Widerstand / NTC-thermistor
Charakteristische Werte / characteristic values min. typ. max.
Nennwiderstand . i
rated resistance Tc=25°C Rzs 5,00 kQ
Abweichung von Rigo - o -
deviation of Rioo Tc =100°C, Rioo =493 Q AR/R -5 5 %
Verlustleistung —Aro i
power dissipation Tc=25"C P25 200 | mW

Figure 36: Characteristic values of the NTC-thermistor

To calculate the NTC resistance as well as temperature more accurately, B-values are required. The B-value
stated in Figure 37 depends on the temperature range considered. Typically a range of 25 to 100°C is of
interest and thus B,s/100 has to be used. In case a lower temperature range is in focus, the B-values Bysgo Or
B.si50 can be used, which leads to more accurate calculation of the resistance in these lower ranges.

3 Application note 2009-10: Using the NTC inside a power electronic module
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gzgﬁé Rz = Rzs exp [Bas/s0(1/Tz2 - 1/(298,15 K))] B25/50 3375 K
E:gﬁg R2 =Rz25 exp [B25/80(1/T2 - 1/(298,15 K))] B25/80 3411 K
E:gﬁ% Rz = R25 exp [B25/100(1/T2 - 1/(298,15 K))] B35/100 3433 K

Figure 37: B-values of the NTC-thermistor

The use of the NTC for temperature measurement is not suitable for short circuit detection or short term

overload, but may be used to protect the module from long term overload conditions or malfunction of the
cooling system.
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6 Datasheet parameters Module

This part covers electrical topics related to the mechanical construction of the IGBT module.

6.1 Insulation voltage

To verify the rated insulation voltage of the IGBT module, all terminals are connected to the high side of a
high voltage source. The base plate is connected to the low side of the high voltage source. This high
voltage source with high impedance must be able to supply the required voltage Vis,. A test voltage is slowly
raised to the specified value determined by equation (19) and maintained at that value for the specified
time t.

U
U, =2-— + 1000V (19)
Va

The voltage is then reduced to zero. Infineon’s IGBT modules are designed to achieve at least the basic
insulation class 1 according to IEC 61140. For IGBT modules with an internal NTC, the functional insulation
requirement is fulfilled between the grounded NTC terminals and the remaining control and power terminals
connected and powered by the high voltage source.

The appropriate insulation voltage depends on the maximum rated collector-emitter voltage of the IGBT.
Most drive applications require an insulation voltage of 2.5kV for IGBT modules up to 1700V blocking
voltage. For traction applications, the required insulation voltage is defined to be 4kV for the same IGBT
blocking voltage of 1700V. Therefore it is important to focus on the application field during the choice of the
IGBT module.

Isolations-Prufspannung RMS. f= 50 Hz. t = 1 min

insulation test voltage VisoL 25 kV

Figure 38: Insulation test voltage

The insulation test voltage in the datasheet as mentioned in Figure 38 is measured before and after reliability
tests of the power module and is furthermore part of failure criteria of such stress tests.

The insulation voltage of the NTC inside the IGBT fulfills a functional isolation requirement only. In case of
failures, for example of the gate driving circuit, a conducting path can be formed by moving bond wires that
change their position during the failure event or by a plasma path forming as a consequence of arcing during
failure. Therefore, if insulation requirements higher than a functional insulation have to be achieved,
additional insulating barriers have to be added externally.

6.2 Stray inductance L;

Stray inductances lead to transient over voltages at the switching transients and are a major source of EMI.
Furthermore, in combination with parasitic capacitances of the components, they can lead to resonant
circuits, which can cause voltage and current ringing at switching transients. The transient voltage due to
stray inductances can be calculated with:

=, % (20)
AV =—Lg-—
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Consequently, the stray inductances have to be minimized in order to reduce voltage overshoot at turn-off
transitions. The value of the stray inductance as given in Figure 39, depends on the IGBT topology and
would be understood as:

e The inductance of single switch modules

external connections external connections
( to be done) (to be done)

.GA...

e The inductance of one switch for modules with two switches

E1 c2
E1 c2
Glo— L.G2
c1
c1 E2
FF...

e The loop with the highest inductance for half bridge, four- and sixpack modules specifies the
inductance of one bridge

external connection

(eétirgglozr:‘t;r)\nectlons n: be done) .
— e — c c
6 Cu Ccv Cw G el
‘ 4%917 P QA g B .

EU Ev ] Ew ]
[

c!
I s X oy 1] cs ) o ey’
PYCR— |‘*4 Gbx_‘ G"yJ G'i_‘ & S 7E i
GB Ex §- Ey I- Ez .
— [ F4...

FS...

i
]
_m\
l

e The largest loop from P to N specifies the inductance for PIM modules

P+
1.—| 54& 9.
2 6-— 10 —
3 7 1
4 8 12

N-

s<c

Modulinduktivitat

stray inductance module Lsce 21 nH

Figure 39: Module stray inductance
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6.3 Module resistance Rcc'+ep’

The lead resistance of the module is a further contributor to voltage drop and power losses. The specified
value in the datasheet characterizes the lead resistance between the power terminals of one switch as
mentioned in Figure 40. According to the equivalent circuit shown in Figure 41, the module’s lead resistance
is defined as:

Recyer = R + Ry’ + Ry (21)

LCL

Modulleitungswiderstand,

Anschlisse - Chip = nEo ; -
module lead resistance, Tc = 25°C, pro Schalter / per switch Rcc:EE 1,80 mQ

terminals - chip

Figure 40: Module lead resistance

shunt
resistor

N a) N b)

Figure 41: Equivalent circuit of module lead resistance a) without integrated shunt resistor,
b) with integrated shunt resistor

If the module is equipped with a shunt resistor at the output terminal, as displayed in Figure 41 b), the
resistance of the shunt resistor Ry is not included in the module lead resistance Reg+ee'.

6.4 Mounting torque M

The torque for the mechanical mounting of the module is specified in the datasheet as noted in Figure 42.
These values are important to ensure the proper clamping force of the module to the heat sink. For modules
with screwable power terminals, an additional mounting torque for terminal connection is given in the
datasheet to ensure a reliable mechanical and electrical connection of bus-bars.

Anzugsdrehmoment f. mech. Befestigung | Schraube M5 - Montage gem. gultiger Applikation Note M 300 ) 6.00 | Nm
mounting torque screw M5 - mounting according to valid application note ’ ’

Figure 42: Module mounting torque requirements
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7 Symbols and Terms

Symbols and terms used in this document are part of the standards specification as listed below:

Symbols Terms

A Anode

C Capacitance, collector

Coten Effective output capacitance, energy related
Cotn) Effective output capacitance, time related
Cies Input capacitance

Coes Output capacitance

Cres Reverse transfer capacitance

Ci Thermal capacitance

Cos Drain-Source capacitance

Cep Gate-Drain capacitance

Cags Gate-Source capacitance

Cui Miller capacitance

Co Stray capacity

D Pulse duty factor/duty cycle D = tp/T
dig/dt Rate of diode current rise

di/dt Rate of current rise general

di,, /dt Peak rate fall of reverse recovery current
dv/dt Rate of diode voltage rise

E Energy

Ea Avalanche energy

Ear Avalanche energy, repetitive

Eas Avalanche energy, single pulse

Eoif Turn-off loss energy

Eon Turn-on loss energy

F Frequency

G Gate

Gis Transconductance

| Current

| Current, instantaneous value

Iar Avalanche current, repetitive

Ib DC drain current

Ibpuis DC drain current, pulsed

Ibss Drain cutoff current

Ibsy Drain cutoff current with gate voltage applied
lc Collector current

lem Peak collector current

Ices Collector cut-off current, gate-emitter short-circuited
lcrm Repetitive peak collector current

lcous Collector current, pulsed

lg Gate current
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Symbols Terms

I General diode forward current

lEsm Diode current surge crest value 50 Hz sinusoidal
l¢ nom, lc Continuous DC collector current

lgss Gate-Source leakage current

lrm Diode peak reverse recovery current
Ism Inverse diode direct current, pulsed
lces Gate leakage current, collector-emitter short-circuited
I Current through inductance

IRrRM Maximum reverse recovery current

K Cathode

L Inductance

L, Load inductance

Ly Parasitic inductance (e.g. lines)

Lo Leakage inductance

Pav Avalanche power losses

Psw Switching power losses

Piot Total power dissipation

Pcon Conducting state power dissipation

Qg Gate charge

Qgs Charge of Gate-Source capacitance
Qcp Charge of Gate-Drain capacitance
Qatot Total Gate charge

Qi Reverse recovery charge

Rbs(on) Drain-Source on state resistance

Rg Gate resistance

Rint, Iq Internal gate resistance

Rae Gate-emitter resistance

Ragon Gate-turn on resistance

Reoft Gate-turn off resistance

Ras Gate-Source resistance

R; Internal resistance (pulse generator)
R, Load resistance

RincH Thermal resistance, case to heat sink
Rinba Thermal resistance, heat sink to ambient
Rinia Thermal resistance, junction to ambient
Rinic Thermal resistance, junction to case
Rinss Thermal resistance, junction to soldering point
S Source

T Cycle time; temperature

Ta Ambient temperature

Tc Case temperature
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Symbols Terms

t Time, general

t4 Instant time

t4 off Turn-off delay time

taon Turn-on delay time

te Fall time

T, Chip or operating temperature

to Pulse duration time

Tyj max Maximum junction temperature

Tyjop Temperature under switching condition

torr Turn-off time

ton Turn-on time

t. Rise time

t Reverse recovery time

Tstg Storage temperature

Tsoid Soldering temperature

\% Voltage, instantaneous value

VN Drive voltage

V(gRr)cES Collector-emitter breakdown voltage

V 8Rr)Dss Drain-Source Avalanche breakdown voltage
Vee Supply voltage

Ve Collector-emitter voltage

Vces Collector-emitter voltage, gate-emitter short-circuited
VEsat Collector-emitter saturation voltage

Veer Collector-Gate voltage

Vbp Supply voltage

Vbar Drain-Gate voltage

Vbs Drain-Source voltage

Ve Diode forward voltage

Vee Gate-emitter voltage

VaEs Gate-emitter voltage, collector-emitter short-circuited
VeE(th) Gate-emitter threshold voltage (IGBT)

Vas Gate-Source voltage

Vastn Gate threshold voltage

Vsp Inverse diode forward voltage

Vpiateau Gate plateau voltage

Zinia Transient thermal resistance, chip to ambient
Zinis Transient thermal resistance, chip to solder point
Zinic Transient thermal resistance, chip to case
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