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Abstract 
In this work, an investigation of the top-side aluminium (Al) metallization modification, under repetitive 

short-circuit (SC) type I measurements, was carried out for 650 V IGBTs. These measurements were 

performed far beyond the safe operating area (SOA). The presence of current density filaments at the 

collector side during SC leads to a local temperature increase that reconstructs the emitter metallization 

and thus leads to a modification of the top Al surface. Here, the optical microscope was used to observe 

the change in emitter surface metallization. For 650 V IGBTs, a uniform Al modification pattern was 

observed irrespective of DC-link voltage and SC pulse width, which is in contrast to the results of 1200 V 

and 1700 V IGBTs. The computer-aided TCAD simulations were performed using a simplified front-side 

IGBT structure to understand the uniform Al modification on all the measured DC-link voltages.    
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INTRODUCTION 

 

 

IGBTs are one of the frequently used power 

semiconductor devices in the field of power electronics. 

One of the important properties of the IGBT is SC 

robustness. Even though the IGBT has many 

advantageous features, it requires a detailed investigation 

regarding its physical limit during SC operation beyond 

the safe operating area (SOA).  

 

The short-circuit safe operating area (SC-SOA) for 

different voltage classes ranging from 1200 V to 6500 V 

has been investigated in [1-6]. The results shown in [6], 

explain that IGBT SC destruction can be due to the 

formation of current filaments occurring at the collector 

side. These current destructions occur far beyond the 

SOA [7]. Further experimental investigations, carried out 

in [8], showed that it is possible to observe the current 

filaments in the IGBTs using Thermo-Reflectance 

Microscopy (TRM) under repetitive SC operation. A 

wide range of non-destructive current filaments was 

observed for IGBTs and these current filaments occur in 

a regular pattern [8]. The current filaments generate a 

similar pattern imprint visible as local Al modification 

under repetitive SC conditions. Hence, the optical 

microscope was used to study the local Al modification 

as an indicator of current filaments in 1200 V and 1700 V 

IGBTs [9-11]. Generally, for lower DC-link voltages, 

non-destructive current filaments can be observed under 

repetitive SC measurement. As the applied DC-link was 

increased, the filament pattern became finer, and 

transformed into a substantially homogeneous current 

distribution [11].  

  

In the present work, repetitive SC measurements were 

performed on 50 A - 650 V class IGBTs with trench 

technology using an open, encapsulated chip soldered on 

a direct copper bonded (DCB) substrate. The repetitive 

SC measurements show a uniform Al modification of the 

emitter metallization irrespective of the DC-link voltages 

and collector current. Even though the SC pulse width 

was reduced, the Al modification remains uniform for all 

the measured SC conditions. These results were contrary 

to 1200 V and 1700 V IGBTs. Hence, TCAD simulations 

were carried out for 650 V IGBTs to study the reason for 

the homogenous Al modification at different DC-link 

voltages.  

 

 

 

ALUMINIUM MODIFICATION THEORY  

 

 

The study about Al surface modification on silicon due 

to thermal cycling was recorded in [12]. During power 

cycling, the change in the Al metallization was observed 

due to periodic stress [13]. This modification of the Al 

metallization due to compressive and tensile stress during 

heating and cooling phases leads to the protrusion or 

cavitation of single Al grains. Thereby, the roughness and 

electrical resistance of the Al metallization increases [13, 

14, 15].  
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SETUP FOR REPETITIVE SHORT-CIRCUIT (SC) 

MEASUREMENT  

 

 

 
Fig. 1: Schematic of a SC type-1 measurement setup. 

 
A schematic measurement setup used to measure the 

short-circuit of an IGBT is shown in Fig. 1. The 

protection IGBT and the device under test (DUT) were 

connected in series close to the DC-link capacitors to 

reduce the parasitic inductance of the SC path. A parasitic 

inductance Lpar of the whole SC was 30 nH. The 

protection IGBT was used to limit the failure current in 

case of a DUT failure at the level of the SC current of the 

protection IGBT. Two gate drive units (GDU) were used 

to control the gate voltages VGE of the DUT and the 

protection IGBT. 

 

MEASUREMENT OF THE DESTRUCTIVE 

BOUNDARY LINE FOR 650 V IGBT 

 

Before explicating the repetitive SC measurements, the 

destruction boundary limit of the 50 A - 650 V IGBTs 

was measured for two different temperatures (Fig. 2). For 

fixed VCE = VDC, the destruction current limit was 

measured by increasing the VGE in steps of 0.25 V. 

The critical collector current IC as a function of VCE of the 

last non-destructive SC type-1 pulse is plotted at 

 

 
Fig. 2: Measured destruction limit of 650 V IGBTs far above 

the datasheet SC-SOA with measurement conditions Lpar = 

30 nH, RG,ON = 150 Ω, RG,OFF = 270 Ω.  

 

300 K and 400 K in Fig. 2. An SC pulse width of 4 µs 

was set for all the last passed collector current 

measurements. For both temperatures, the minima of the 

destructive line occur at 400 V. In Fig. 2, the decrease in 

SC robustness far above the SC-SOA from 200 V to 

400 V is due to the higher energy dissipation. Above 

400 V, the SC capability increases due to the 

homogenous current distribution in the IGBT as the 

space-charge region covers the whole drift region with 

higher applied voltage and higher collector current [7]. 

For DC-link voltages of 200 V and 300 V, the 

destruction of the IGBT occurred during the SC turn-off, 

and for 400 V and 500 V during the SC pulse. A similar 

failure type occurs at higher temperatures. However, 

there is a significant reduction in the SC robustness of the 

IGBT device.  

 

 
Fig. 3: Measured destruction limit of 650 V IGBTs for different 

parasitic inductances with measurement conditions RG,ON = 

150 Ω, RG,OFF = 270 Ω, Tstart = 300 K.  

 

The parasitic inductance (Lpar) is one of the important 

parameters under SC stress. The SC behavior of the 

IGBT can vary depending on Lpar. For two different 

parasitic inductances, the critical SC collector current of 

the IGBT is plotted in Fig. 3. For higher Lpar 

measurements, the failure types are similar to lower 

parasitic inductance, except at 500 V. The reduced 

collector current at 200 V can be explained due to an 

increased SC turn-off voltage peak, which is shown and 

compared in Fig. 4(a) and (b). For a DC-link voltage 

200 V and higher Lpar, the maximum voltage during SC 

turn-off increases to 418 V compared to 234 V for lower 

Lpar. Apparently, the turn-off peak voltage induced by the 

parasitic inductance Lpar worsens the situation, so that the 

IGBT mostly fails during turn-off for lower DC-link 

voltages. For the non-destructive, last passed pulse, the 

critical energy will be higher for 240 nH in comparison 

to 30 nH. At higher Lpar, the critical energy decreases 

with critical SC current showing that the turn-off 

overvoltage is an accelerating parameter [7]. Also, for 

higher parasitic inductance and at 500 V, the last passed 

collector current reduces due to a higher SC turn-off 

voltage peak. As this voltage peak is close to the rated 
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voltage of the device, thermal runaway of the device can 

occur. 

 

 
(a) 

 
(b) 

Fig. 4. SC in IC-VCE phase space diagram for last passed and 

destructive pulse at VDC = 200 V, RG,ON = 150 Ω, RG,OFF = 

270 Ω, Tstart = 300 K. (a) Lpar = 30 nH (b) Lpar = 240 nH. 

 

 

RESULTS OF REPETITIVE SHORT-CIRCUIT 

MEASUREMENTS 
 

Fig. 5 displays an overview of the repetitive SC 

measurements carried out within the IC-VCE phase space. 

The black squares show the critical collector current as a 

function of VCE of the last non-destructive SC pulse for 

the case that only single SC pulses were applied and the 

gate-emitter voltage was gradually increased until 

destruction occurred.  

 

The scattered points in Fig. 5 indicate the operating 

conditions of the investigated IGBTs under repetitive SC 

events. The IGBT chips measured close to the destruction 

boundary line were able to survive few tens to hundreds 

of repetitive SC pulses. The devices which were 

destroyed during the repetitive SC pulses are marked 

with red squares along with the number of SC pulses 

survived. The blue stars represent the working samples 

after several hundreds or thousands of SC pulses away 

from the destructive boundary line. 

 

 
Fig. 5: Critical SC current of the last non-destructive pulse of a 

650 V IGBT (black line), and test points for repetitive SC 

measurement in IC-VCE phase space (scattered points). 

 
In order to observe the aluminium modification on the 

emitter metallization for defined conditions, the 

repetitive SC measurements were interrupted after a 

certain number of pulses. The optical microscope is used 

to observe the change in emitter-surface metallization. 

This technique can be used without additional effort on 

the measurement setup, and gives information about the 

Al modification. However, this method does not give any 

information about the temperature on the top-side 

metallization. This approach provides indirect 

information about the current distribution during SC. An 

initial picture of the top side of the unstressed IGBT was 

taken using an optical microscope before starting the 

repetitive SC events. For the defined measurement 

condition at a constant gate-emitter voltage (VGE) and 

collector-emitter voltage (VCE), the repetitive SC event 

was interrupted after a certain number of SC pulses, for 

example, 500 pulses, to take another picture of the top-

side Al metallization. Afterwards, the next set of SC 

pulses was applied, and the measurements were repeated 

for several thousand SC pulses.  

 

Before After 2000 SC  pulses 
 

  
Fig. 6: Aluminium emitter surface analysis using optical 

microscope for a 1200 V IGBT at VDC = 300 V, VGE = 40 V, 

IC = 300 A, tSC = 4 µs, tgap = 1 s, RG = 220 Ω, RG,OFF = 270 Ω, 

and Lpar = 45 nH [10]. 
 

The Al modification occurs during repetitive SC events 

due to a certain temperature swing [14]. When the device 

is subjected to the repetitive SC event, and if sufficient 
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temperature swing is generated due to the dissipated 

energy, the grain structures of the Al metallization 

modify. However, this process needs a certain amount of 

repetitive cycles as e.g. shown in Fig. 6. The 1200 V 

IGBT shows a clearly inhomogeneous aluminium 

modification as an indicator of current filaments as 

shown in Fig. 6 at DC-link voltage of 300 V [10]. 

 

 Before SC After 250 SC pulses 

  

After 500 SC pulses After 1000 SC pulses 

  
(a) VDC = 200 V, VGE = 25 V, IC = 1000 A, tSC = 4 µs, tgap 

= 1 s, RG,ON = 150 Ω, RG,OFF = 270 Ω, and Lpar = 30 nH 

 

Before SC After 1000 SC pulses 

  

After 2000 SC pulses After 4000 SC pulses 

  
(b) VDC = 200 V, VGE = 25 V, IC = 1000 A, tSC = 2 µs, tgap 

= 1 s, RG,ON = 150 Ω, RG,OFF = 270 Ω, and Lpar = 30 nH 
Fig. 7: Aluminium surface of a 650 V IGBT before and after 

series of SC pulses using optical microscope for different SC 

pulse width for given SC conditions (a) tSC = 4 µs (b) tSC = 2 µs. 

 

The results in Fig. 7 show the Al modification compared 

for two different SC pulse widths for the same SC 

conditions. For tSC = 4 µs, the 650 V IGBT shows a 

homogenous Al modification after 500 repetitive SC 

pulses. The change in temperature during the SC (ΔTSC) 

will be higher for the 650 V IGBTs, compared to HV 

IGBTs, due to the smaller drift region [16]. Hence, the 

SC pulse width was halved to reduce the overall energy 

deposition during the SC and to make possible current 

filaments more visible in the metal imprint. Even though 

the SC pulse width was reduced to 2 μs during repetitive 

SC events in order to reduce the overall temperature 

influence on the emitter surface, no distinct metal-color 

change was visible. However, for tSC = 2 µs, a higher 

number of repetitive SC events was required to modify 

the Al uniformly compared to the 4 µs pulse width. 

Furthermore, the collector current was reduced from 

1000 A to 875 A for a SC pulse length of 4 µs in Fig. 8. 

The emitter metallization shows still a homogenous 

modification of Al after 1000 SC pulses. 

 

Before SC After 1000 SC pulses 

  
VDC = 200 V, VGE =  22.8 V, IC = 875 A, tSC = 4 µs, 

tgap = 1 s, RG,ON = 150 Ω, RG,OFF = 270 Ω, and 

Lpar = 30 nH 
Fig. 8: Aluminium surface of a 650 V IGBT before and after 

series of SC pulses using an optical microscope with reduced 

collector current at VDC = 200 V. 

 

Before SC After 500 SC pulses 

  

After 1000 SC pulses After 2000 SC pulses 

  
Fig. 9. Aluminium surface analysis of a 650 V IGBT using an 

optical microscope before and after series of SC pulses at VDC 

= 300 V, VGE = 20.8 V, IC = 800 A, tSC = 2 µs, tgap = 1 s, RG,ON 

= 150 Ω, RG,OFF = 270 Ω, and Lpar = 30 nH. 

 

Fig. 9 exhibits the Al modification at 300 V and a 

collector current of 800 A. Here, a similar pattern to the 

repetitive measurements carried out at DC-link voltage of 

200 V can be observed. The whole emitter metallization 

changes into a darker color with an increased number of 

SC pulses.  

For both DC-link voltages at 200 V and 300 V, no clear 

local or inhomogeneous Al modifications for 

650 V IGBTs were observable in contrast to the high-

voltage class IGBTs (e.g., Fig. 6 in [9-11]). As 

650 V IGBTs have a smaller base width, the high 

temperature from the back-side can reach the emitter 
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surface during a SC event with higher values. The 

temperature is more homogenous and higher throughout 

the emitter surface. These reasons can lead to a 

homogenous Al modification on the emitter side in 650 V 

IGBTs. 

 

Before SC After 2000 SC pulses 

  
VDC = 400 V, VGE =  19.5 V, IC = 700 A, tSC = 2 µs, tgap 

= 1 s, RG,ON = 150 Ω, RG,OFF = 270 Ω, Lpar = 30 nH 

Fig. 10: Aluminium surface of a 650 V IGBT chip at VDC = 

400 V and VGE = 19.5 V. 

 

Before After 500 SC  pulses 
 

  
Fig. 11: Aluminium surface of a 650 V IGBT chip after a few 

hundred SC pulses at VDC = 500 V and VGE = 21 V. 

 

Fig. 10 shows the Al modification development at 

VDC = 400 V and VGE = 19.5 V during 2000 SC pulses. 

The Al modification became stronger, and is distributed 

evenly after 2000 SC pulses. The SC duration was set to 

2 µs for each pulse. Fig. 11 exhibits a similar Al 

modification after several hundred repetitive SC pulses at 

VDC = 500 V and VGE = 21 V. In both cases, a uniform Al 

surface modification appeared. The homogenous Al 

modification at 400 V and 500 V is in accordance with 

high-voltage class IGBTs under repetitive SC 

measurements [9-11].  

 

 

ELECTRO-THERMAL SHORT-CIRCUIT 

SIMULATION RESULTS  

 

In this section, electro-thermal SC simulations are shown 

for 650 V and 1200 V IGBTs using Sentaurus TCAD. 

This simulation result helps to understand the reason for 

homogenous Al modification irrespective of DC-link 

voltages for 650 V IGBTs. The device simulation was 

carried out to study the current filament formation and to 

estimate the surface temperature during a SC pulse with 

current filaments in the chip. A simplified front-side 

IGBT structure was used to investigate the current 

filament behavior under different VDC and IC conditions 

[6]. This IGBT structure is 200 µm wide. A simple time-

dependent SC current pulse was simulated with a 300 K 

starting temperature (Tstart), Lpar =30 nH and with a 

constant DC-link voltage. For the SC simulation, the 

Phillip’s unified mobility model, University of Bologna 

avalanche model, Shockley-Read-Hall (SRH) and Auger 

recombination models and Slotboom model for effective 

intrinsic density were utilized. For the SC simulation, 

self-heating was considered with a thermal boundary 

condition at the drain contact and a thermal resistance of 

3.22 K/W. For simulation at 1200 V IGBT structure in 

[9], the SC pulse width was set to 4 µs, which was also 

used for this paper. However, the pulse width was 

reduced to 2.5 µs for 650 V IGBT during SC simulation 

in order to reduce the deposited energy during the SC. 

 

 

 
Fig. 12: (Top) Transients of the maximum and the average 

current density and the transient of the maximum temperature 

from electro-thermal short-circuit simulation at VDC = 400 V, 

IC = 235 A, Tstart = 300 K (Bottom) current density distribution 

at 4.5 µs for 1200 V IGBT. 

 

For 1200 V IGBTs, a clear local Al modification under 

repetitive SC stress using microscopy has been observed 

as shown in Fig. 6, and explained through simulation in 

[9,10]. The SC simulation was performed for 1200 V 

IGBT class at VDC = 400 V, IC = 235 A, Tstart = 300 K and 

SC pulse length (tSC) of 4 µs. In Fig. 12, the top picture 

shows the transients of the average and maximum current 

densities and the transient of the maximum temperature 

during the SC event for the above mentioned SC 

condition. The rise time and fall time was set to 0.5 µs. 

The bottom picture in Fig. 12 shows the absolute total 

current density in the IGBT at 4.5 µs. The average and 

maximum current densities were extracted from a 

window near the n-base/n-field-stop junction. The 

maximum temperature was extracted from the whole 

silicon region. At 1.8 µs, the average and maximum 

current densities start to split. The current flow becomes 

inhomogeneous. The slope of the maximum temperature 

transient increases slightly after 2 µs. For the simulated 

structure of 200 µm, there are one and a half current 

filaments at 4.5 µs during SC as shown in bottom Fig. 12. 

The edge-to-edge lateral distance between the current 

filaments is 110 µm.  
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Fig. 13: Lattice temperature distribution in a 1200 V IGBT 

during SC simulation at VDC = 400 V, IC = 235 A, Tstart = 300 K 

at 4.5 µs, for cuts ref. to Fig. 12 (bottom). Inset: IGBT lattice 

temperature distribution at 4.5µs. 

 

 

The lattice temperature distribution of the 1200 V IGBT 

during SC simulation at 4.5 µs is shown in Fig. 13. The 

positions of the vertical cross sections are inside and 

outside the current filament and marked in Fig. 12 

(bottom). The temperature reaches a maximum value of 

630 K inside the current filament, and a value of 490 K 

outside the current filament at the collector side. The 

temperature at the emitter-side reduces as the 

temperature propagates from back-side to front-side. The 

temperature at the emitter surface above the filament area 

shows a value of 366 K, which is 15 K higher than the 

emitter surface above the non-filament area as shown in 

Fig. 13.   

 

The short-circuit simulations were carried out for 650 V 

IGBTs with tSC of 2.5 µs. In Fig. 14 (top) the picture 

shows the transients of the average current density, 

maximum current density and maximum temperature 

during the SC event at VDC = 200 V, IC = 1500 A, and 

Tstart = 300 K. The average and maximum current 

densities were extracted from the window shown in the 

current density distribution bottom picture in Fig. 14. As 

soon as the average and the maximum current density 

start to split at 2.75 µs, the current flow becomes 

inhomogeneous. The current distribution at time point 

3.1 µs is depicted in the bottom picture in Fig. 14. There 

are four and a half current filaments for the 200 µm 

simulated structure. These filaments have an edge-to-

edge lateral distance of 30 µm ± 6 µm. Hence, there are 

more current filaments for 650 V IGBTs in comparison 

to 1200 V IGBT (see Fig. 12) for the given area. 

Furthermore, the increase in simulated SC pulse width 

leads to higher homogenous distribution at the emitter 

side.  

 

Fig. 15 shows a vertical cross section of the absolute 

value of the electric-field strength, electron density and 

hole density in the IGBT structure at time point 3.1 µs. 

 

 
Fig. 14: (Top) Transients of the maximum and the average 

current density and the transient of the maximum temperature 

from electro-thermal short-circuit simulation at VDC = 200 V, 

IC = 1500 A and Tstart = 300 K (Bottom) current density 

distribution at 3.10 µs for 650 V IGBT. 

 

 
Fig. 15: Absolute value of the electric-field strength, electron 

and hole density distribution in IGBTs during SC simulation at 

VDC = 200 V, IC = 1500 A, Tstart = 300 K at 3.1 µs, vertical cuts 

marked in Fig. 14 (bottom). 

 

The positions of the vertical cross sections are marked 

inside and outside the current filament in Fig. 14 

(bottom). For 650 V IGBTs, the electric field strength 

remains approximately the same inside and outside the 

current filament. However, the electron and hole density 

varies in the filament and non-filament area. As the 

current constricts in the current filament, the electron and 

hole densities are two times higher in comparison to the 

outside filament cut. From the simulation, there is a 

correlation between the lateral distance between the 

filaments and the width of the quasi-plasma region. The 

width of the high-field region defines the diameter of the 

current filament [11], see Fig. 14 (bottom). For 650 V 

IGBTs, the drift region is smaller, hence a smaller high-

field region leads to a higher number of current filaments. 
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Fig. 16: Lattice temperature distribution in a 650 V IGBT 

during SC simulation at VDC = 200 V, IC = 1500 A, 

Tstart = 300 K at 3.1 µs, for cuts ref. to Fig. 14 (bottom). Inset: 

IGBT lattice temperature distribution at 3.1µs. 

 

For 650 V IGBT, the lattice temperature distribution 

inside and outside the filament area is plotted in Fig. 16 

at 3.1 µs during the given SC conditions. At the collector 

side, the temperature difference between inside and 

outside filament is 10 K. The temperature at the emitter 

surface above the filament area is 450 K. The emitter 

surface temperature above the non-filament area is 

similar to the temperature found in the emitter region 

above the filament area. The temperature difference 

between these two emitter areas is 0.3 K. For 650 V 

IGBTs, the emitter surface temperature is very high and 

the difference in the emitter surface temperature between 

inside and outside filament position is approximately the 

same. This may be the reason for homogenous Al 

modification at 200 V DC-link. 
 

In Fig. 17 (top) the picture shows the transients of the 

average current density, maximum current density and 

maximum temperature at VDC = 300 V, IC = 855 A during 

SC. Under these conditions, even weaker filaments are 

seen with slightly increased lateral spacing between two 

neighbouring filaments as shown in Fig. 17 (bottom). 

The average and maximum current densities were 

extracted from the window shown in the current density 

distribution bottom picture in Fig. 17. The maximum 

temperature during the SC is 565 K at 3.4 µs. For DC-

link voltage of 300 V, the number of filaments has 

reduced to four in comparison to 200 V. The edge-to-

edge lateral distance between current filaments is 35 µm 

± 5 µm. 
 

The vertical cross section of the absolute value of the 

electric-field strength, electron density and hole density 

in the IGBT structure at time point 3.0 µs for given SC 

conditions is shown in Fig. 18. The positions of the 

vertical cross sections are marked inside and outside the 

current filament in Fig. 17 (bottom). The electric field 

strength remains approximately the same inside and 

outside the current filament as shown in Fig. 18. The 

electron and hole density varies in the filament and non-

filament areas.  

 

 
 

Fig. 17: (Top) Transients of the maximum and the average 

current density and the transient of the maximum temperature 

from electro-thermal short-circuit simulation at VDC = 300 V, 

IC = 855 A and Tstart = 300 K (Bottom) current density 

distribution at 3.00 µs for a 650 V IGBT. 

 

 

 

 
 

Fig. 18: Absolute value of the electric-field strength, electron 

and hole density distribution in a 650 V IGBT during SC 

simulation at VDC = 300 V, IC = 855 A, Tstart = 300 K at 3.0 µs, 

vertical cuts marked in Fig. 17 (Bottom). 

 

 

The temperature distribution inside and outside the 

filament region is approximately the same as shown in 

Fig. 19 for 650 V IGBT at 300 V DC-link voltage. A 

slightly lower temperature of 434 K is seen on the emitter 

surface in comparison to 200 V SC conditions. 

 

The current distribution became homogeneous above 

400 V. The SC simulation results at 500 V is exemplified 

in Fig. 20. The split in average and maximum current 

density was very small. The current flow is uniform 

throughout the device.  
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Fig. 19: Lattice temperature distribution in a 650 V IGBT 

during SC simulation at VDC = 300 V, IC = 855 A, Tstart = 300 K 

at 3.0 µs, for cuts ref. to Fig. 17 (bottom). Inset: IGBT lattice 

temperature distribution at 3.0µs. 

 

 

 
Fig. 20: (Top) Transients of the maximum and the average 

current density and the transient of the maximum temperature 

from electro-thermal short-circuit simulation at VDC = 500 V, 

IC = 820 A and Tstart = 300 K (Bottom) current density 

distribution at 3.00 µs for a 650 V IGBT. 

 

 

CONCLUSION 
 

 

In 650 V IGBT short-circuit measurements, the 

dependence of the critical collector current as a function 

of DC-link voltage is similar to that of the high voltage 

IGBT class. As the DC-link voltage increases, the 

collector current decreases and increases after reaching a 

minimum. In repetitive SC measurements, homogenous 

Al modifications were observed at 200 V and 300 V DC-

link voltage. Generally, the appearance of current 

filaments is expected at these DC-link voltages, which is 

supported by the performed electro-thermal SC 

simulations. Furthermore, the 650 V IGBT shows a 

higher amount of these current filaments during SC for 

the simulated structure width of 200 µm in comparison to 

the 1200 V IGBT structure due to the smaller quasi-

plasma region. Even though the SC pulse width was 

reduced to 2.5 µs during the SC event, the 650 V IGBTs 

show a much higher emitter surface temperature in 

comparison to the 1200 V simulated IGBT due to the 

smaller base width. However, whereas the temperature 

difference at the emitter surface between the filament and 

non-filament region is 15 K for 1200 V IGBT, it is 

significantly smaller for a 650 V IGBT structure. This 

explains why the homogenous Al modification on the 

emitter metallization of 650 V IGBTs occurs although 

current filaments are present at the collector side.  
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