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Thermal resistance junction to case Ry per diode
The thermal resistance junction to case Ruyjc describes the passage of heat between diode chips
(index j) and module base plate (index c).

233 Diagrams

Following the sequence of the datasheets, this chapter will give some hints concerning IGBT
datasheet diagrams. In cases where the diagram concerned is detailed in other chapters, this will
be referred to.

Maximum total power dissipation Py of IGBT module versus casetemperature Tcase
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Figure2.12 Maximum total power dissipation

Based on the maximum total power dissipation per IGBT (or per free-wheeling diode)
Piotesec) = (Tjmax — 25°C)/Rujc which is limited to Teae = 25°C per definition, the function
depicted in the diagram describes derating at a higher case temperature.
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Turn-on/ turn-off energy Eon, Eoif per pulse of an IGBT as function of the collector current
lc
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Figure2.13 Turn-on/ -off energy dissipation as function of I

The turn-on/-off energies Eon, Eot determined from a measuring circuit under ohmic-inductive
load are indicated versus different collector currents Ic (e.g. chip temperature T; = 125°C,
collector-emitter supply voltage Vcc = 600 V) with specified control parameters.

Switching losses may be determined by multiplying dissipation energy and switching frequency
f:

Pon =f+ Eon Pott = f + Eor.

Eon and Eq are indicated for IGBT at rated current (1@ Tcasee = 80°C) in the characteristic values
of the datasheet.

Turn-on and turn-off energy Eon, Eoif per pulse of an IGBT as function of the gate series
resistors Rg (Reon, Reoff)

see chapter 3.5.2

Maximum safe operating area during switch operation (SOA)

As explained in chapter 1.2.3 the IGBT has to manage an almost rectangular characteristic
i = f(u) between Ve and I in case of hard switching.

The SOA (Safe Operating Area)-diagrams indicate to what extent this may be realized during
different operations without risk of destruction:

- SOA for switching, on-state and single pul se operation

-  RBSOA (Reverse Biased SOA) for periodic turn-off

- SCSOA (Short Circuit SOA) for non-perdiodic turn-off of short circuits (chapter 3.6.2)

The SOA islimited by the following parameters:

- maximum collector current (horizontal limit);

- maximum collector-emitter voltage (vertical limit);

- maximum power dissipation or chip temperature (diagonal limits) see Figure 2.14;

Maximum safe operating area during pulse operation (SOA)

Figure 2.14 shows the maximum curve Ic = f(Vcg) during switching and on-state for different
pulse durations t, at a double logarithmic scale.
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It is important that the maximum ratings are valid at a case temperature T, = 25°C and for single
pulses, which will not heat the IGBT over the maximum chip temperature T; = 150°.

Although the lowest of the depicted diagonals represents the hyperbola of the maximum
stationary power losses Py, IGBT modules may only touch the linear characteristic area with
approximately Vce > 20V or Ve < 9V during switching operation. Analogous operation over a
longer period of time is not permitted, since asymmetries due to variation among the chips as
well as negative temperature coefficients of the threshold voltages might cause thermal
instability.
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Figure 2.14 Maximum safe operating area | = f(Vcg) during pulse operation (SOA)

Turn-off safe operating area
Figure 2.15 shows the turn-off safe operating area of an IGBT.
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Figure2.15  Turn-off safe operating area (RBSOA)
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During periodic turn-off the IGBT may effect a hard turn-off of Icy@80°C = Tc¢ for Tjma and
defined driver parameters, provided that vce (chip) has reached V ces-level (influence of parasitic
inductances and driver parameters, see chapters 3.4.1 and 3.5.2).

Safe operating area at short circuit
see chapter 3.6.2

Derating of collector current versus case temperature
see chapter 2.6; analogous to Figure 2.23b

Forward output characteristic lc = f(Vcg)

Figure 2.16 shows the output characteristics for T; = 25°C and 125°C (typical values) with
parameter Vg, also see chapters 1.2.2.2 and 2.6.
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Figure 2.16 Typica IGBT output characteristic | ¢ = f(Vcg) with paramter Ve
a) Tj=25°C b) T; = 125°C

Transfer characteristic lc =f(Veg)

The transfer characteristic (Figure 2.17) describes the behaviour of the IGBT within the active
areaat Vce = 20 V and t, = 80 ns (linear operation). The collector current is coupled with the
gate-emitter voltage viatransfer transconductance: Ic = grs * (Vee-Voe(h))-
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Figure2.17 Typical transfer characteristic Ic =f(Vgg)

Gate charge characteristic
see chapter 1.2.3

I nternal capacitances ver sus collector -emitter voltage
see chapter 1.2.3

Switching times ver sus collector current

Figure 2.18 shows typical dependencies of switching times tyon) (turn-on delay time), t; (rise
time), tyom (turn-off delay time) and t; (fall time) on the collector current Ic during hard
switching of inductive loads.
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Figure 2.18 Typical dependency of switching times on collector current (inductive load)

The dlightly overproportional increase of t, verifies that dic/dt does not increase to the same
extent as |c when the collector current rises.
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Switching times ver sus gate resistor
see chapter 3.5.2

CAL diodeforward characteristic
see chapter 1.3.1.1

Diode tur n-off energy dissipation

Figure 2.19 demonstrates the dependency of the diode turn-off energy Esp on the diode current
| conducted before turn-off, and on the turn-on speed of the IGBT determined by gate resistance
Rg, during current commutation between free-wheeling diode and IGBT (hard switching).
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Figure 2.19 Diode turn-off energy dissipation Eqp versus collector current | and gate resistance Rg

As expected, the diode turn-off losses increase with the forward current as well as with the rate
of rise of commutation current due to a simultaneous rise of storage charge and reverse current
amplitude (see chapter 1.3.1.3).

Transient thermal impedancesof IGBT and free-wheeling diode
see chapter 3.2.2.3

Free-wheeling diode rever se recovery current asfunction of forward on-state current

Figure 2.20 shows typical values of the peak reverse recovery current Igrm Versus forward
current | and di/dt determined by the gate resistance Rg = Roon.
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M100GB12.XLS-22
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Figure 2.20 Typica peak reverse recovery current Igry Of free-wheeling diode versus I and Rg

As expected, the peak reverse recovery current is higher, the faster the IGBT is switched on
(lOW RGon)-

At first, the reverse recovery current will increase together with rising forward current. If high
collector currents are applied, the share of charge carriers in the CAL-diode drift area, which
already re-combine during commutation, will increase with the duration of commutation;
therefore, Irrm Will again drop in the high current range.

Free-wheeling diode rever se recovery current asfunction of dig/dt

Figure 2.21 depicts the typical dependency of the free-wheeling diode reverse recovery current
Irrm ON di/dt, determined by control of the given gate resistances Rg = Rgon Of the IGBT on the
measuring conditions indicated.
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Figure 2.21 Typical free-wheeling diode reverse recovery current |ggy versus di/dt and Rg

The reverse recovery current increases amost linearly to di/dt.

125



	Application Manual
	Preface
	Table of contents
	0 Operation principle of power semiconductors
	0.1 Basic switching processes
	0.2 Operation principle of power semiconductors
	0.3 Power electronic switches

	1 Basics
	1.1 Application fields and today’s application limits of IGBT and
	1.2 Power MOSFET and IGBT
	1.2.1 Different structures and functional principles
	1.2.2 Static behaviour
	1.2.2.1 Power-MOSFET
	1.2.2.2 IGBT

	1.2.3 Hard switching behaviour of MOSFETs and IGBTs
	1.2.4 New developments in MOSFET and IGBT technology

	1.3 Free-wheeling- and snubber-diodes
	1.3.1 Demands to free-wheeling and snubber-diodes
	1.3.1.1 Reverse voltage and forward voltage drop
	1.3.1.2 Turn-on behaviour
	1.3.1.3 Reverse recovery behaviour
	1.3.1.4 Demands on free-wheeling diodes used in the rectifier and inverter mode of voltage

	1.3.2 Structure of fast power diodes
	1.3.3 Characteristics of fast power diodes
	1.3.3.1 Forward and blocking behaviour
	1.3.3.2 Turn-on behaviour
	1.3.3.3 Turn-off behaviour
	1.3.3.4 Dynamic ruggedness

	1.3.4 Modern diodes with optimized recovery behaviour
	1.3.4.1 Emitter conception
	1.3.4.2 Controlled Axial Lifetime (CAL) - conception
	1.3.4.3 The concept of hybrid diodes

	1.3.5 Series and parallel connection of fast power diodes
	1.3.5.1 Series connection
	1.3.5.2 Connection in parallel


	1.4 Power modules: special features of multi-chip structures
	1.4.1 Structure of power modules
	1.4.2 Features of power modules
	1.4.2.1 Complexity
	1.4.2.2 Heat dissipation capability
	1.4.2.3 Isolation voltage/ partial discharge stability [275]
	1.4.2.4 Power cycling capability
	1.4.2.5 Internal low-inductive structure
	1.4.2.6 Internal structure-adapted to EMC
	1.4.2.7 Defined safe behaviour in case of module failure
	1.4.2.8 Non-polluting recycling

	1.4.3 Assembly and connection technology: types of cases
	1.4.4 SEMIKRON code designation system for SEMITRANS- and SEMITOP-power

	1.5 Examples for new packaging technologies
	1.5.1 SKiiPPACK
	1.5.2 MiniSKiiP
	1.5.3 SEMITOP
	1.5.4 New low-inductive IGBT module constructions for high currents and voltages

	1.6 Integration of sensors, protective functions, drivers and intelligence

	2 Datasheet parameters for MOSFET, IGBT, MiniSKiiP- and
	2.1 General
	2.1.1 Letter symbols, terms, standards
	2.1.2 Maximum ratings and characteristics

	2.2 Power MOSFET modules [264], [265]
	2.2.1 Maximum ratings
	2.2.2 Characteristics
	2.2.3 Diagrams

	2.3 IGBT-modules [264], [265]
	2.3.1 Maximum ratings
	2.3.2 Characteristics
	2.3.3 Diagrams

	2.4 Special parameters for MiniSKiiPs
	2.5 Special parameters for SKiiPPACKs
	2.6 Temperature dependency of static and dynamic characteristics of
	2.7 Reliability

	3 Hints for application
	3.1 Dimensioning and selection of MOSFET, IGBT and SKiiPPACK
	3.1.1 Forward blocking voltage
	3.1.2 Forward current
	3.1.3 Switching frequency

	3.2 Thermal behaviour
	3.2.1 Balance of power losses
	3.2.1.1 Single and total power losses
	3.2.1.2 Power losses of a step-down converter
	3.2.1.3 Power losses in pulsed voltage source inverters/rectifiers with sinusoidal currents

	3.2.2 Calculation of the junction temperature
	3.2.2.1 General hints
	3.2.2.2 Junction temperature during short-time operation
	3.2.2.3 Junction temperature under pulse operation
	3.2.2.4 Junction temperature at fundamental harmonics frequency

	3.2.3 Evaluation of temperature characteristics with regards to module life

	3.3 Cooling of power modules
	3.3.1 Cooling devices, coolants and cooling methods
	3.3.2 Thermal model of the cooling device
	3.3.3 Natural air cooling (free convection)
	3.3.4 Forced air cooling
	3.3.5 Water cooling
	3.3.6 Heatsink ratings for SKiiPPACKs on standard heatsinks
	3.3.6.1 Forced air cooling


	3.4 Power design
	3.4.1 Parasitic inductances and capacitances
	3.4.2 EMI/mains feedbacks
	3.4.2.1 Processes in the converter
	3.4.2.2 Causes of interference currents
	3.4.2.3 Propagation paths
	3.4.2.4 EMI suppression measures

	3.4.3 Power units ready for installation

	3.5 Driver
	3.5.1 Gate voltage and gate current characteristics
	3.5.2 Influence of driver parameters on switching features
	3.5.3 Driver circuit structures and basic requirements on drivers
	3.5.4 Integrated protection and monitoring functions of a driver
	3.5.5 Time constants and interlock functions
	3.5.6 Transmission of control signal and driving energy
	3.5.6.1 Control data and feedback
	3.5.6.2 Driving energy

	3.5.7 Driver circuits for power MOSFETs and IGBTs
	3.5.8 SEMIDRIVER
	3.5.8.1 OEM-drivers [ [225], [264], [272]
	3.5.8.2 SKiiPPACK-drivers [112], [264]


	3.6 Fault behaviour and protection
	3.6.1 Types of faults
	3.6.2 Behaviour of IGBTs and MOSFETs during overload and short-circuit operation
	3.6.3 Fault detection and protection
	3.6.3.1 Detection and reduction of fault currents
	3.6.3.2 Overvoltage limitation
	3.6.3.3 Overtemperature detection


	3.7 Parallel and series connection of MOSFET, IGBT and SKiiPPACK
	3.7.1 Parallel connection
	3.7.1.1 Problems of current sharing
	3.7.1.2 Module selection, driver circuit, layout
	3.7.1.3 Parallel connection of SKiiPPACK modules

	3.7.2 Series connection
	3.7.2.1 Problems of voltage sharing
	3.7.2.2 Module selection, driver circuit, snubber networks, layout


	3.8 Soft switching in ZVS or ZCS-mode / switching loss reduction
	3.8.1 Requirements and application fields
	3.8.2 Switching loss reduction networks
	3.8.3 Soft switching
	3.8.3.1 Typical current and voltage characteristics / power semiconductor stress
	3.8.3.2 Requirements on semiconductor switches and their drivers
	3.8.3.3 Features of switches
	3.8.3.4 Conclusions


	3.9 Handling of MOSFET, IGBT, MiniSKiiP and SKiiPPACK modules
	3.9.1 Sensitivity to ESD and measures for protection
	3.9.2 Mounting instructions
	3.9.3 SKiiPPACK: thermal testing ex works [ [265] ], [ [93] ], [233]

	3.10 Dimensioning software
	3.10.1 Model levels of mathematical circuit description
	3.10.2 SEMIKRON software service


	4 References

