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ABB 4500V / 3600 A reverse
conducting IGCT
Highest power density for most

compact equipment

By Umamaheswara Vemulapati, Tobias Wikstrom and Christian Winter, ABB Semiconduc-
tors Ltd.

With the introduction of its latest Reverse-Conducting Integrated Gate Commuted Thyris-
tors platform (RC-IGCT), ABB sets a new benchmark in high power semiconductor device
performance. The initial RC-IGCT release is a 4500 V, 3600 A device. It is optimized for me-
dium switching frequency applications found with 3-level topologies, and for low switch-
ing frequency variants used in Multi-Level Modular Converters (MMC). The repetitive turn-
off current of 3600 A is a record value in its class. A first-generation asymmetric device
(AS-IGCT) and its discrete antiparallel diode can now be replaced by a single RC-IGCT. For
the converter manufacturer, it means a significantly compact converter design than previ-
ously. The device can be used in many applications including medium voltage drive (MVD),
power grid compensators, wind, rail-intertie and shore-to-ship.

1. Introduction

The advance in power conversion towards high power and high current, driven by renewa-
ble energy, grid stability and industrial drives, calls for compact power semiconductors
with high current capability, low losses and high reliability. IGCT, compared to the ever-
maturing IGBT technology, offers the following advantages:

Low on-state voltage, leading to lower total losses

High current capability without paralleling

Inherent ability to withstand large fault currents without rupturing
Potential for stable short-circuit failure mode after failure

For this inverter type, the IGCT’s low loss advantage was quantified in Reference 1. Depend-
ing on the inverter mode, the losses are 10 — 15 percent lower using IGCTs than IGBTSs.

This new IGCT platform is the culmination of some 20 years of continuous development.

2. Design

A key requirement is to retain the current outer dimensions for compatibility with the ap-
plication and integrated gate unit.
The potential to expand the existing RC-IGCT platform offers:

¢ Increased device diameter through efficient use of raw silicon wafer.

¢ Minimal gate-circuit impedance — achieved by using a gate contact infrastructure at
the device’s periphery and by routing the gate contact through the housing.

e Improved cooling by moving the gate contact to the periphery — now the pole piece
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trenches, used to convey the gate signal, are no longer needed.
¢ Increased maximum controllable current by adjusting the HPT* platform (Reference
2).

The device size has been increased from 91 to 94 mm, corresponding to 7 percent more
area, by improving the respective capability of the manufacturing line.

By improving the thickness tolerance of the housing wall, a larger wafer diameter can be
accommodated without changing the housing’s outer dimensions. As shown in Figure 1, by
moving the gate contact radially outwards, its area consumption increases, provided other
conditions remain the same. To counteract this effect, the device’s centering tolerance is
lowered by more than 50 percent. This results in a 21 percent increase in the active area
available for performing the device’s function. The extra area is given entirely to the diode,
whereas the IGCT area was made slightly smaller than the existing platform.

Figure 1: Left: The conventional RC-IGCT wafer with the gate contact in the separation between diode- and GCT
parts. Right: The newly developed RC-IGCT wafer with the outer ring gate contact.

For turning off large currents, the IGCT is critically dependent on low gate-circuit stray im-
pedance. The inductive impedance has three contributors: wafer, bushing and gate unit.
The wafer and gate unit contributions are low in comparison to the bushing. With the new
platform accommodating the peripheral gate, separation of gate and cathode can be de-
creased by routing the gate and cathode conductors close to each other, as shown in Figure
2.

Figure 2: Cross-sections of the gate-lead bushing of the earlier (left) and new (right) IGCT housing platform. The
red parts show the current paths through the hermetic housing. ABB Switzerland Ltd is an owner of the design
patents for both IGCT housing platforms.

Silicon: Factors affecting the silicon design include resilience to cosmic ray induced failures,
blocking capability and switching behavior, especially of the diode. The diode turn-off be-
havior at low currents and high voltages - the so-called snap-off behavior — governs the
device’s thickness and resistivity. Being fabricated on the same silicon wafer, the thickness
and resistivity cannot be optimized separately for GCT- and diode parts. The device thick-
ness is chosen to minimize the losses both in GCT- and diode parts, while maintaining diode
snap-off and cosmic ray failure rate at an acceptable level (Reference 3).

Package: The new package design (without changing the outer dimensions of the housing)
has eliminated some thermal bottlenecks compared to the previous version, as shown in



Figure 3. Furthermore, the GCT- and diode parts are more connected, thermally, which can
be used in applications where one part is more heavily loaded.

Figure 3: Thermal simulation output of the previous housing platform (left) and of the newly developed housing
(right) at the same heating power density in the silicon wafer. Both GCT- and diode parts generating losses. The
color indicates the temperature in °C, in the simulation. The maximal temperature of the new housing is 15 per-
cent or 30°C lower.

3. Optimization flexibility

Different lifetime tuning technologies enables diverse element optimization depending on
the application’s needs, as shown in Figure 4. Increasing the on-state voltage usually de-
creases the turn-off losses, shown in Figure 5.

This gives the converter designer the flexibility to select the device best suited to the ap-
plication (i.e. low or high switching frequency).
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Figure 4: (Top) On-state characteristics of the 4.5 kV device’'s GCT part, showing the flexibility in tuning the IGCT
for different switching frequencies (Fs). (Bottom) The corresponding on-state characteristics for the diode part.
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Figure 5: Trade-off between static and dynamic losses for both low Fs and high Fs variants of the 4.5 kV RC-
IGCT. (Top) GCT part. (Bottom) diode part.

4. Device performance

The developed platform is subjected to the full range of reliability and electrical qualifica-
tions. In addition to repetitive validation of the device parameters, the robustness of the
switch and diode is extraordinary, for the newly developed

4500 V/3600 A device variants. Figure 6 and Figure 7 show the current handling capability
of a 4.5 kV device in single pulse turn-off measurements.
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Figure 6: SOA waveforms of the 4.5 kV RC-IGCT’s GCT part at Vpc = 3.2 kV. (Top) Tested up to 6.5 kA without
failure at 25°C. (Bottom) The device controls current up to 5.5 kA at 135°C.
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Figure 7: Demonstration of the 4.5 kV RC-IGCT for the diode part, recovering 4.5 kA against 3.9 kV DC at 135°C.

5. Conclusions

This paper highlights the latest developments for the Reverse-Conducting Integrated Gate
Commutated Thyristors (RC-IGCTs) technology platform. The new platform offers a larger
active device area and optimized gate contact design. This results in a higher controllable
current over 6000 A in single pulse operation, improved diode conducting capability and
improved cooling. The new technology platform further offers RC-IGCT variants, respec-
tively optimized for medium and low switching frequency applications.

The RC-IGCT 4500 V/ 3600 A, reported in this study, could be expanded to larger area and
higher voltage devices for any applications, including power grid applications based on
MMC topology.
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