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Since the end of the 1990s, the IGCT 
became the device of choice in applications 
where high power handling capability, low 
losses and high reliability are required. Typi-
cal applications are motor drives, interties, 
breakers and renewables. Reasons for this 
are the very low on-state losses provided by 
the thyristor structure, the negligible turn-on 
losses in the semiconductor and the high 
reliability of the device. The proven field 
experience in the aforementioned applica-
tions points out the IGCT as the ideal switch 
for the latest circuit topologies like modular 
multilevel converters (MMC) especially for 
highest power handling capabilities like in 
high-voltage DC current systems (HVDC).

Efficiency analysis of high-power semi-
conductors for converter ratings >5 MVA

Besides the high device reliability, the low 
device losses are the main advantage of the 
IGCT especially for applications in the range 
above 5 MVA. To demonstrate this, a loss 
comparison through simulation is presented 
between a converter equipped with IGCTs 
and a converter with IGBTs. The com-
parison was done using the ABB simulation 
tool SEMIS which is based on the PLECS 
software. All the semiconductor losses are 
calculated referencing data sheet conditions 

through lookup tables prepared by ABB to 
reflect the latest product specifications.  
A typical 3-level Voltage Source Converter 
(VSC) with diode Neutral Point Clamping 
(NPC) circuit is accounted in inverter mode 
as shown in figure 1, typically used in motor 
drives or wind generator converters.

In each circuit are applied the same DC 
voltage, switching frequency Fsw, power fac-
tor PF, device heat sink to ambient thermal 
resistance Rth and ambient temperature 
parameters for the IGCT and IGBT case, 
respectively. The comparison was done with 
ABB’s well-established 4.5 kV IGCT (5SHY 

35L4520) and IGBT (5SNA 1200G450350) 
devices. Since the simulation accounts for 
one semiconductor per converter position 
as shown in figure 2 and having in mind 
the highest current capability of the IGCT 
compared with that of insulated IGBT mod-
ules, a scaled comparison of the losses was 
evaluated. 
By simulating the clamp circuit operation, the 
losses on the clamp resistor dissipated for 
both upper and lower clamp of the 3-level 
IGCT topology were accounted for 2 options 
of the selected clamp inductor Li. Moreover, 
in the IGCT circuit the ABB press-pack diode 
5SDF 20L4520 optimised for IGCT ap-

plication was chosen for the free-wheeling 
diode (FWD), NPC and clamp positions. 
For the NPC position in the IGBT based 
converter the standard ABB product 5SLD 
1200J450350 was used. To distinguish the 
thermal configuration of the IGCT and IGBT 
based converter concepts, the following 
factors were accounted: The IGCT packag-
ing concept is that of a press-pack device 
with double side cooling while with the IGBT 
we have an insulated module with only the 
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<< Figure 2: Thermal configuration of IGCT and IGBT based topologies >>

<< Figure 3: IGCT2 switching losses (a) PF=0.95, Fsw=450 Hz, (b) PF=0.8, Fsw=750 Hz >>

Figure 2: Thermal configuration of IGCT and IGBT based topologies
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baseplate contacting the heat sink area. The 
FWD part is integrated in the IGBT module in 
the same package whereas for the asym-
metric IGCT selected for this simulation, a 
separate press-pack FWD was used with its 
own double side cooling concept (figure 2).

The operating conditions of the Power 
Electronic Building Block (PEBB) and the 
IGCT / IGBT simulation results are presented 
in tables 1 to 3. They are calculated based 
on a three phase 3-level topology with 12 
controlled semiconductors (IGCT and IGBT, 
respectively) and 12 diodes in free-wheeling 
position and 6 diodes in NPC position. It 
is clear that the power density achieved 
with single devices per converter position 
is double in the case of the IGCT design. A 
high power factor PF was selected close to 1 
to minimise the losses of the free-wheeling 
diodes. In any case for power factors in 
the range of 0.85 to 0.95 the contribution 
of these diodes to the overall losses for 
inverter mode is minimal, i.e. in the range of 
few hundreds of watts in total at maximum. 
Similar considerations apply for the switching 
losses of the controlled element in position 2, 
be it an IGBT or an IGCT. The switch in that 
position experiences virtually no switching 

losses accounting for its duty cycle which is 
continuously conducting and commutates 
to 0 current under zero voltage. This is also 
due to the NPC diode operation applying 0 
voltage across position 2 of an active switch. 
The current of devices in position 2 exhibits 
a smooth continuous shape. The effect of a 
highly inductive power factor and increased 
switching frequency results in appearance 
of very few and negligible switching losses. 
Figure 3 shows scope waveforms of IGCT2 

taken during the simulation which indicate 
this behaviour.

Proportionally the losses in the semiconduc-
tors are much lower in the case of the IGCT 
converter and even with the estimation of 
the additional losses in the clamp circuit 
with the higher clamp inductor Li option they 
are still lower compared to the IGBT based 
converter. It is also interesting to observe the 
pure losses in the controlled semiconductors 

as a ratio to the input power drawn from the 
DC side. This figure shows clearly the perfor-
mance advantage of the IGCT.

Conclusion 
The IGCT is proven over the years as the 
preferred device for high power applica-
tions especially above 5 MVA. Using the 
ABB SEMIS simulation tool a comparison 
was made between IGCT and IGBT based 
concepts for a common 3 level NPC VSC 
circuit. It is evident from the results that 
the IGCT allows for higher power density 
without the need of paralleling devices. At 
the same time it is resulting in proportionally 
lower device and converter losses than IGBT 
based configurations at comparable operat-
ing conditions. From these facts the system 
designer benefits in many ways. The higher 
power density allows for smaller converter 
footprint and simplicity on the semiconductor 
control circuit. The lower losses provide bet-
ter performance and operational cost saving. 
ABB has a long history of evolution for this 
semiconductor element and is currently de-
veloping next generation technologies which 
will allow even higher capabilities.
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Figure 3: IGCT2 switching losses (a) PF=0.95, Fsw=450 Hz, (b) PF=0.8, Fsw=750 Hz

Table 1: IGCT and IGBT PEBB operating conditions

DC side 
Input 
Power
(MW)

AC 
Phase 
Voltage 
(RMS) 

AC 
Phase 
Current 
(RMS)

Power 
Factor

DC 
Voltage
(kV)

Modu- 
lation 
Index 

Switching 
Frequency
(Hz) 

Rth 
(Heatsink-
Ambient) 
(K/kW)

Tamb

(OC )

9.5 1.881 1.771 0.95 2.8 0.95 450 8 45

4.75 1.881 88 0.95 2.8 0.95 450 8 45
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<< Table 1: IGCT and IGBT PEBB operating conditions >>

Total losses in all phase legs – IGCT / IGBT PEBB

Element Position Switching (kW)
IGCT / IGBT

Conduction(kW)
IGCT / IGBT

Combined (Sw+Con) (kW)
IGCT / IGBT

Tj_avg  OC
IGCT / IGBT

1-4 (Outer) 11.64 / 9.16 6.18 / 5.4 17.82 / 14.56 105 / 108
2-3 (Inner) 0 / 0 8.4 / 6.6 8.4 / 6.6 71 / 75
FWD1 0 / 0 0 / 0 0  / 0 45 / 65
FWD2 0 / 0 0 / 0 0 / 0 45 / 54
NPCD5 7.32 / 1.92 4.51 / 2 11.83 / 3.92 79 / 76

<< Table 2: IGCT and IGBT PEBB semiconductor losses >>

PEBB Power 
Handling 
Capability(kW)

Pure IGBT-
IGCT
Losses (kW)

Total Losses IGCT 
with 5uH clamp
(kW)

Total 
Losses/Input 
Power  

Pure IGBT-IGCT 
losses / Input 
Power 

IGBT 4750 22.16 25 0.52% 0.46%
IGCT 9500 26.22 46.5 0.48% 0.27%

<< Table 3: Performance comparison >>

IGCT PEBB: Clamp losses (kW)
IGCT PEBB: Snubber losses (kW)

8.5
5.0
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