
New IGCT types 5SHY 35L4510/11/12 showing versatile gate-unit for VSI and CSI applications down
to -40°C (5SHY 35L4510) and PWM frequencies of 1000 Hz (5SHY 35L4511). All three types have a
single AC power supply, fiber-optic gate-status feedback, visible LED status indication, are suitable for
series connection and meet IEC 61373 vibration requirements.

In the mid nineties, the only high power ( 15 MW)
switches were GTOs. These devices are relatively
slow and difficult to series connect as required in
equipment such as 100 MW high voltage inverters.
ABB needed to “speed up” the GTO and this was
achieved by integrating the GTO into its gate-unit thus
reducing turn-off time by a factor of 30. It was soon rea-
lised that under these conditions, the GTO could be
designed differently which resulted in the “GCT” – a far
more efficient device with up to 40% lower losses.
Since that time, a family of 14 devices has been deve-
loped as shown in Table 1. The IGCT is a snubberless
switch which turns off like a bipolar transistor (e.g. an
IGBT) but conducts like a thyristor with the lowest con-
duction losses. Fig. 1 shows turn-off at 3000 A. GCTs
are the only high power semiconductors to be supplied

integrated into their gate-units. The user thus
only needs to connect the device to a 20 V
power supply and an optical fiber for on/off
control. Because of the topology in which it is
used, the IGCT produces negligible turn-on
losses. This, together with its low conduction
losses, enables high frequency operation
formerly unobtainable by high power semi-
conductors.

* Electro-Magnetic Immunity:  13 kV/µs common mode
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Approaching Power Switching Perfection with
IGCTs – Integrated Gate-Commutated Thyristors

Lowest on-state voltages
(down to 2 V at 4 kA)

Lowest thermal resistance
(down to 8.5 K/kW)

Lowest cost per kW switched

Snubberless switching

High EMI *

No need for paralleling
(up to 1700 AAVE at TC = 85° C)

Fig. 1
IGCT turn-off exhibits same waveform and losses (Eoff) as Transistor
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The Integrated Gate-Commutated Thyristor is the latest
power switching device for demanding High-Power
applications such as:

- Medium Voltage Drives (MVD)
- Traction
- Co-generation (e.g. Wind Power)
- Flexible AC Transmission Systems (FACTS)
- Solid State Breakers (SSB)
- Power Quality
- Induction Heating

Despite its recent appearance on the market, the IGCT has found its way into a multitude of applications due to
its versatility, efficiency and cost-effectiveness. Today’s 4 kA IGCTs achieve device costs of as little as 0.15 $
per kW switched – equivalent to mass produced 1200 V IGBTs. The same devices, with on-state voltages of
only 2.7 V at 4 kA – the lowest in the industry – also offer the lowest running costs in Energy Management
Systems thanks to inverter efficiencies as high as 99.6%. As can be seen in Table 1, IGCTs are available as
symmetric, asymmetric and reverse blocking devices allowing them to be used in both AC and DC circuits
(e.g. in voltage and current source inverters). Additionally, they can be used in self, line or load-commutated
applications and are now being designed into parallel and series resonant inverters in induction heating
furnaces because of their ability to operate as “zero tQ”, highly interdigitated, fast, high voltage thyristors.
The low losses allow operating frequencies of up to 600 Hz for 6.5 kV devices and 1 kHz for 4.5 kV devices in
the steady state. Both can operate at 25 kHz in burst mode.

Applications

Fig. 2 illustrates the basic IGCT VSI topo-
logy. It can be seen that diode commuta-
tion is controlled by inductance L and not
by turn-on modulation as would be the
case with IGBTs. Though turn-on modula-
tion is a practical approach with low vol-
tage transistors, the engendered losses are
excessive at high voltages. Not only does
the clamp circuit of Fig. 2 eliminate turn-on

energy in the semiconductor by storing it in L, it
actually “recycles” a part of this energy as semiconductor

turn-off losses, thus enhancing system efficiency. This makes the
inductance the most pragmatic fault limitation technique in the event of

catastrophic failure since, as opposed to resistors and fuses, it has the merit of
“already being there”. The press-pack construction of the IGCT, combined with the induc-

tance, makes it resistant to explosion, even when the device’s surge rating is exceeded. Furthermore,
turn-off dv/dt is also not gate-controlled but programmed at the device manufacturing stage by anode design
and lifetime engineering. The lack of dv/dt and di/dt functionality simplifies gate-unit design and allows a high
degree of standardisation.

Fig. 2
Basic IGCT inverter circuit

Fig. 3
38 MVA IGCT Power

Management System



Within 5 years of its introduction, the IGCT has established itself as the power device of choice at high voltage
by offering the lowest costs as well as the highest reliability and efficiency and the highest power densities. With
only 4 standard housing sizes, it covers a power range of 0.3 to 300 MW: a ”dynamic range” of 1000! The
concept of a universal switch has come significantly closer thanks to standardised platforms and components
(standard wafers, housings, gate units, coolers, clamps etc.). Series-connection is simply achieved and is
destined to become simpler still in the foreseeable future. Parallel operation, with its attendant uncertainties,
remains unnecessary. The press-pack, denigrated in recent years, is once again recognised for its simplicity,
reliability, low inductance and inherent standardisation, and the wisdom of decoupling high-energy DC-links
from the switch assembly in VSIs is gaining steady acceptance.

The expansion of power electronics into the new
fields of Energy Management and Co-generation is
driving semiconductor requirements towards higher
frequency, higher voltage and higher efficiency while
increasing reliability and lowering costs. The IGCT
offers the potential for still higher currents, voltages
and frequencies without series or parallel connection
and such future devices are under serious considera-
tion amongst leading semiconductor and equipment
manufacturers for medium voltage conversion at line
voltages up to 7.2 kVRMS. Series connection for very
high voltage will benefit from ”autogenous power
supplies” which, combined with active clamping, will
eventually eliminate the need for external power sup-
plies and sharing snubbers. Ultimately, the IGCT will
become a two-terminal module with a single fiber-
optic communication link.
The use of Diamond-Like Carbon (an inorganic passi-
vation technology now used on all ABB IGCTs) is dri-
ving junction temperatures from historically 115 to
currently 125 to ultimately 140°C (on selected types).
In combination with improved thermal resistances
(reduced by 30% on recent devices), the power and
frequency capability of these latest switches will re-
main unequalled for the foreseeable future.

Outlook

Summary

Product Range

Fig. 4
Power Electronic Building Block with 27 MW/m3 power density

340 A
275 A

Reverse Conducting

38 mmVDRM Si ø
I TGQ

I TGQ

I TGQ

I TGQ

2500 V
4500 V
6000 V

10000 V

Reverse Blocking Asymmetric

640 A
520 A

51 mm

1100 A
910 A

68 mm

2250 A
1820 A

91 mm

/
800 A

51 mm

/
1500 A

68 mm
TBD

4000 A*
3500 A

TBD

91 mm

Type Low on-state losses
(Type 12)

Part No.
Junction temp. range
VTM at 4 kA, 125°C
EOFF at 4 kA, 2.8 kV, 125°C
Typical application

Low total losses
(Type 10)

5SHY 35L4512
-40°C – 125°C
2 V
37 Ws
AC / DC Breakers (SSB)

Table 2 – Overview of the three different types of 4 kA / 4.5 kV asymmetric IGCTs and their typical applications.

Low switching losses
(Type 11)

5SHY 35L4510
-40°C – 125°C
2.7 V
22 Ws
Traction, Energy Management

5SHY 35L4511
10°C – 125°C
3.5 V
17 Ws
High frequency MVDs

Type

800 A
51 mm

Table 1 – Product Range. The 4 kA device * is available in three versions (see Table 2).
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Intertie (100 MW) Swb Synor GmbH ABB (CH) Asymmetric 1996
Stadtwerke Bremen (D)

Intertie (2 x 66 MVA) e-on Netz Bayernwerke, Adtranz / ABB (CH) Asymmetric 1999
Karlsfeld (D)

MVDs (0.3 – 5 MW) ACS1000 ABB (CH) Reverse Conducting 1998

DVR (4 MW) Singapore ABB (CH) Asymmetric 1997

Intertie (19 MVA) DB Energie GmbH (D) ABB (CH) Asymmetric 2000

Interties (2 x 19 MVA) DB Energie GmbH (D) ABB (CH) Asymmetric 2001

MVD (1.5 MW) Silcovert H+ ASIRobicon ( I ) Asymmetric 1998

MVD (5.3 MW / 14 krpm) Silcovert H+ ASIRobicon ( I ) Asymmetric 2000

BESS 18 MVA National Power (UK) ABB (CH) Asymmetric 2000

DVR (2 x 22 MW) Israel ABB (CH) Asymmetric 2000

MVD (9 MW) ACS 6000 ABB (CH) Asymmetric 2000

MVD (0.3 - 5 MW) PowerFlex 7000 RA (CAN) Reverse Blocking 2000

Traction drive (3 MW) Korean HST HHI (KR) Asymmetric 2001

Traction drive (3 MW) Moscow – St. Peters- RAO, “VSM”, Asymmetric 2001
burg HST: SOKOL SET Corp.  (RUS)

Chopper SMES American Super- Asymmetric 1999
conductor (USA)

Intertie (8 x 19 MVA) DB Energie GmbH  (D) ABB (CH) Asymmetric 2001

Statcom / SMES (25 MVA) / Siemens (D) Asymmetric 1999

MVD (9 MW) Silcovert GN ASIRobicon ( I ) Asymmetric 2000

Wind Power (1 MW) Unity PF Converters International Reverse Conducting 2001
Electronics  (E)

BESS (18 MVA) TVA Columbus, MS ABB (CH) Asymmetric 2002

MVD (1 MVA) VECTROL 5000 Poscon (KR) Reverse Conducting 2001

Pulse Power (6 MW) Medical Jaeger Toennies (D) Reverse Conducting 2001

Chopper (300 kW) Trolley Bus, Hradec Skoda Ostrov & Reverse Blocking 2002
Kralove (CZ) Polovodice (CZ)

MVD (5.2 MW) SER Drives Drivecor (ZA) Asymmetric 2002

MVD (1.6 MW) MYVF-6000 Ming Yang (PRC) Reverse Conducting 2002

Static Transfer Switch STSi / IBM Global Thycon Pty Ltd Asymmetric 2000
1.5 MVA Services (AUS)
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IGCT TypeProject SupplierNo. Application Year

ABB Switzerland Ltd
Semiconductors
Fabrikstrasse 3
CH-5600 Lenzburg / Switzerland
Phone  +41 (58) 586 1419
Telefax +41 (58) 586 1306
E-Mail abbsem@ch.abb.com
Internet www.abbsem.com

Worldwide:

ABB Semiconductors Inc.
575 Epsilon Drive
Pittsburgh, PA 15238 / USA
Phone  +1 (412) 967 5858
Telefax +1 (412) 967 5868

North America:
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