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Phase control and bi-directionally
controlled thyristors

ABB Semiconductors’ phase control
thyristor has been the backbone of the
high-power electronics industry since its
introduction almost 50 years ago. Its
field of application ranges from kW DC-
drives and MW rated load commutated
frequency converters to GW converters
for HVDC transmission.

Due to the growing demand for energy efficiency, the thyristor
remains at the heart of much of the equipment needed for
energy transmission and distribution, as it allows the best per-
formance in terms of cost, reliability and efficiency.

ABB was the first company to introduce 6” thyristor products
for HVDC applications and offers the most complete range of

high power thyristors. New thyristor products continue to be
developed with focus on minimizing overall losses and
maximizing the power rating of the device.

ABB’s PCT product range (see table 1) includes press-pack
devices with ratings of 1600 V – 8500 V and 350 A – 6100 A
used in demanding applications such as HVDC, FACTS and
DC-drives. These components have set benchmark reliability
records over many years.



Product range for phase control thyristors
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The bi-directionally controlled thyristor
Since many medium and high voltage applications use anti-
parallel connected thyristors as AC controllers, ABB has
introduced the bi-directionally controlled thyristor (BCT) which
consists of two monolithically integrated anti-parallel thyristor
functions on one silicon wafer. The two thyristor halves are
individually triggered and have a separation region enabling the
design of high voltage devices with the dynamic capability of
discrete devices. Figure 1 shows a cross-section of the BCT’s
silicon wafer.

The BCT is designed, manufactured and tested using the same
philosophy, technology and equipment as the well established
PCT, thus reaching the same levels of performance and
reliability. This enables manufacturers of equipment for appli-
cations such as

- SVC
- 4-quadrant DC-drives
- soft starters

to reduce part count and equipment size without jeopardizing
reliability and performance by introducing the BCT instead of a
conventional PCT. Examples show volume improvements and
part count reductions for equipment with BCTs in the magni-
tude of 25 % compared with equally rated PCT-solutions.

The BCT product range includes 2 wafer sizes available in 3
different housings with ratings 2800 V – 6500 V and 3120 A –
5840 A (see table 2). The ratings ITSM, and Rthjc  are given for
one “thyristor-half” of the device. IRMS is the rms-current for a
device operating in an AC-switch application.

Product range for bi-directionally controlled thyristors
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Fig. 1   Cross-section of a BCT
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Fig. 2   Voltage definitions for high voltage PCTs and BCTs

Voltage rating definitions
The development of high-voltage thyristors has lead to
increased values of dissipated power in the off-state (due to
higher voltages) even if the leakage currents themselves have
remained at similar levels to devices with lower blocking
capability. This can cause problems when such devices are
characterised and measured in outgoing inspection at elevated
temperature (eg 125 °C) because the whole device is heated
to a constant temperature (not just the junction) and no
temperature gradient exists to sink the generated heat away
from the junction, resulting in thermal runaway during testing.

Here the applied voltage causes a leakage current and the
product (V x I) heats the device. As the device gets hotter,
leakage current increases exponentially and so does the
heating. If the cooling of the device is not adequate, the device
will get progressively hotter and will ultimately fail. This is in
strong contrast to real-world applications where the junction
temperature may indeed reach a maximum value of 125 °C but
the case temperature never exceeds, say, 110 °C, allowing
leakage current losses to be cooled away across the tempe-
rature gradient between junction and case.

Document number

VDRM, VRRM

VDWM, VRWM

tp1

tp

t

VAK

Table 3   Principal applications documents
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A more realistic method of measuring power semiconductors
is to have a sinusoidal 50 or 60 Hz wave of peak value
VDWM/VRWM and to superimpose a narrow pulse of amplitude
VDRM as per figure 2. This pulse corresponds to repetitive
voltage peaks as typically caused by commutation transients
(though the RC-circuit limiting them should be designed to
give a peak voltage below rated VDRM and VRRM).

By using this method, the voltage capability is tested at
application-like conditions and in conformance with interna-
tional standards, without thermal run-away. This method of
rating is applied to ABB’s high voltage thyristors, VDRM/VRRM >
4500 V. In the data sheets, the level for VDWM/VRWM is selected
as the maximum expected working voltage for a device
chosen according to the recommendations in Application Note
5SYA2051 “Voltage ratings for high power semiconductors”. Documentation

Device datasheets are available on the ABB website
www.abb.com/semiconductors. Additional documentation
required for the reliable application of phase control and
bi-directionally controlled thyristors is also available on the
website and is summarised in table 3.

Phase control thyristors, sections 1 - 5

BCT application note

Design of RC-snubbers for phase control applications

Gate drive recommendations for phase control thyristors

Recommendations regarding mechanical clamping of high power press pack semiconductors

Field measurements on high power press pack semiconductors

Voltage definitions for PCT and BCT

Voltage ratings of high power semiconductors

Surge current for PCTs

Specification of environmental class for pressure contact diodes, PCTs and GTO, storage

Specification of environmental class for pressure contact diodes, PCTs and GTO, transportation

Specification of environmental class for pressure contact diodes, PCTs and GTO, operation industry

Specification of environmental class for pressure contact diodes, PCTs and GTO, operation traction
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