
New drivers with active clamping
for high-power IGBTs
A newly developed series of single-channel IGBT drivers for high-power and high-voltage IGBTs with reverse voltages of
1700V and 3300V is presented. These new drivers are complete ultra-compact plug & play solutions which are fully
matched to the IGBT modules at the works. They include an active-clamping function which solves the turn-off problems
occurring under all load and overload conditions. On the basis of practical measurements with 2400A/1700V and
1200A/3300V modules it is shown that reliable high-speed switching is possible with low losses even at high dc-link
voltages and high currents. Heinz Rüedi und Peter Köhli, CT-Concept Technologie AG.

FRANCAIS   La série de drivers IGBT à canal unique récemment
développée pour les transistors IGBT à grande puissance et à haute
tension avec des tensions inverses de 1700 V et 3300 V constitue une
série complète de solutions plug & play compactes en parfaite
adéquation avec les modules IGBT. Ils sont dotés d¹une fonction de
limitation active qui résout les problèmes de coupure apparaissant dans
toutes les conditions de charge ou de surcharge. Sur la base de
mesures réalisées dans la pratique avec les modules 2400A/1700V et
1200A/3300V, il est démontré qu¹il est possible d¹obtenir une
commutation rapide et fiable avec de faibles pertes, même dans le cas
de liaisons à haute tension continue et de courants élevés. Heinz
Rüedi et Peter Köhli, CT-Concept Technologie AG, Suisse.

DEUTSCH   Eine neu entwickelte Baureihe einkanaliger IGBT
Treiber für Hochleistungs- und Hochspannungs-IGBTs mit
Sperrspannungen von 1700V und 3300V wird hier vorgestellt. Die
neuen Treiber sind vom Werk her vollständig an die IGBT-Module
adaptierte, ultrakompakte „Plug & Play“ Komplettlösungen. Die Treiber
beinhalten eine Active-Clamping Funktion, welche die
Abschaltproblematik unter allen Last- und Ueberlastbedingungen löst.
Anhand praktischer Messungen mit 2400A/1700V sowie 1200A/3300V-
Modulen wird dargestellt, wie auch bei hohen
Zwischenkreisspannungen und hohen Strömen maximal schnell,
verlustarm und sicher geschaltet werden kann. Heinz Rüedi und Peter
Köhli, CT-Concept Technologie AG.

In the sector of low and medium powers, where
large numbers of components can be sold, a very
wide selection of “intelligent” modules (IPM =
Intelligent Power Modules) and subsystems
consisting of non-intelligent modules and
“intelligent” driver circuits with sufficient functions
is now available on the market /1/. Their application
is correspondingly simple (see /2/ and /3/) .

At higher powers, however, developers face an
entirely different situation. On the one hand a very
wide range of high-power IGBT modules is
available on the market. But the picture has so far
been much less rosy for those seeking suitable drive

circuits: the range of solutions on offer was small,
with most solutions developed in the low power
range, at most with extended powers or voltages and
thus only suitable to a limited extent for the tougher
requirements of high-power applications. Truly
“intelligent” solutions were impossible to find.

CT-Concept Technologie AG was the first company
to develop new driver concepts specifically for high
powers /4/. Among these was the Dynamic Gate
Controller (DGC) /5/. This driver was developed in
response to the requirements of traction applications,
but it is an expensive solution due to the complexity
of its circuits. However, most applications do not

require driver features such as �V/�t and �i/�t
regulation. As a result, users requested and applied
very much simpler driver concepts in most cases.

The development of the SCALE HVI driver
(SCALE = Scaleable, Compact, All purpose, Low
cost, Easy to use) (HVI = High Voltage IGBT)
represents a new approach. The development targets
were:

• Simplest possible circuit technology
• Active clamping (over-voltage protection)
• Limitation to those functions which are really

necessary and useful.
• Ultra-compact design with direct mounting on

the IGBT module.
• Complete matching to the “Plug & Play”

concept of the IGBT modules allows them to
be used with zero development effort.

This driver concept was first implemented for
1200A/3300V IGBTs (see Fig. 1) because no
suitable drivers were yet available on the market
specifically for this voltage range, and demand was
correspondingly high. The concept presented in /6/
has been further optimized in the meantime and is
now available for additional IGBT types and voltage
classes.

THE REQUIREMENTS
The most important requirements on a driver for
high-power IGBTs can be briefly characterized as
follows:

• Electrical isolation
• Integrated power supply
• Matched driver power
• Short-circuit detection and protection
• Over-voltage protection (control of turn-off

over-voltages)
• Intrinsic safety
• Status and diagnostic functionsFig. 1 shows the driver mounted on a 1200A/3300V IGBT module



In view of the size of high-power converters and the
problems of interference coupling on longer drive
leads, fiber-optic cables are preferred in these
systems. The SCALE HVI and SCALE HPI (HPI =
High Power IGBT) drivers are thus equipped with
fiber-optic interfaces for the drive signal and status
acknowledgement. The interface functions are
described in /10/.

An integrated DC/DC converter supplies the
required energy to the driver electronics. This
converter was newly developed because existing
solutions could not be used in view of the required
compactness and high isolation voltage.

The correct dimensioning of the driver power to the
IGBT to be switched is usually the first job awaiting
the developer /7/. In the new generation of drivers
described here, this matching is done completely at
the works for the relevant modules and the user
needs do nothing further in this respect.

A short-circuit detection function based on
desaturation monitoring (Vce monitoring) is now a
standard feature and is also implemented in many

low-cost standard drivers /2/. It should be noted that
the saturation voltage is reached much later in high-
power IGBTs and especially so in high-voltage
IGBTs than in fast-switching IGBTs of low power.
However, as the maximum permissible duration of
short circuits is limited to 10µs in all IGBTs, the
voltage threshold must be set correspondingly
higher. This was previously not an option with the
standard drivers available on the market /8/ or only
with the aid of additional circuits which caused
considerable extra effort to the developer. In
contrast, the SCALE HVI (High Voltage IGBT) and
HPI (High Power IGBT) drivers take full account of
the monitoring thresholds required by this
application.

Thus the desaturation monitoring threshold in a
SCALE HVI driver used with a 3300V IGBT is
about 50V.

Intrinsic safety combines requirements such as
monitoring of the driver’s supply voltage and turn-
off of the drivers at under-voltage, as well as low-
resistance termination of the gate in the zero-voltage
state of the driver .

The new drivers naturally satisfy all these
requirements.

PROBLEM: TURN-OFF OVER-
VOLTAGE
The control of turn-off over-voltages under all
operating conditions is one of the most important
tasks to be mastered, as it is directly responsible for
the system reliability.

The over-current and short-circuit turn-off at high
dc-link voltages in particular represent a major
problem.

Figure 2 shows a typical test circuit for a half-
bridge. The stray inductances of the power leads are
also marked.

The stray inductances produce a turn-off over-
voltage that can be calculated from the following
relation:

Vtr =  -Ls * �i/�t

where Vtr is the turn-off over-voltage and Ls the
stray inductance.

Today’s high-power IGBTs can switch currents of
over 1000A at several kA/�s. This already gives rise
to appreciable over-voltages of several 100V with
small but unavoidable stray inductances of several
10nH. At an over-current or short-circuit turn-off,
the over-voltage can attain values which exceed the
maximum permissible collector voltage VCE(max).

Several solutions are available to deal with this
problem. They are compared in /6/. Ground rule
number one remains unchanged: the commutation
circuit of the power section must be designed for
minimum inductance. However, this is not sufficient
for controlling the short-circuit turn-off at high dc-
link voltages, as is shown in Fig. 6. The maximum
reverse voltage of the IGBT has already been
reached when the short-circuit turn-off occurs at a
dc-link voltage of 720V.

At higher dc-link voltages, the IGBT would be
immediately destroyed by the over-voltage in the
event of a short-circuit turn-off. An over-voltage
protection circuit was therefore developed for the
SCALE HVI and SCALE HPI drivers. It is
described in detail in /6/ and will merely be outlined
below in brief.

THE SOLUTION: ACTIVE
CLAMPING
The procedure used in the SCALE HVI and SCALE
HPI drivers to limit the over-voltage is known as
active clamping.

The circuit shown in Fig. 3 illustrates this principle.
The zener diode Dz placed between collector and
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Fig. 5   Bloc diagram SCALE HVI and SCALE HPI drivers
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delay. The losses in the zener diodes are then so
much lower that it is permissible within certain
limits to operate the active clamping function
continuously.

PRACTICAL IMPLEMENTATION
Figure 5 shows the block diagram of the driver
implemented in practice with all its additional
functions. A detailed description of this driver may
be found in /10/.

This driver contains the following features &
functions:

• DC/DC converters for electrical isolation
• 21mm creepage path
• Fibre-optics interfaces
• VCE monitoring (short-circuit protection)
• Under-voltage monitoring
• Blocking time logic
• Edge acknowledgement
• Error acknowledgement
• Active clamping (over-voltage protection)
• �18A output stage
• �15V gate drive voltage
• 4W drive power
• Gate clamping
• Gate resistors Rg(on) & Rg(off)
• Optional gate capacitor Cge

As the drivers are fully matched to the IGBTs, no
development work is required by the user. A normal
screwdriver thus suffices to transform a standard
IGBT module into an “intelligent” module (see
Fig. 1).

DRIVER CHARACTERISTICS
Figure 6 and 7 shows short-circuit the turn-off
characteristic of a 1200A/3300V IGBT in a layout
with a stray inductance of approximately 100nH
with (Fig. 7) and without (Fig. 6) active-clamping.

Figure 8 shows the turn-off characteristic of a
1200A/3300V IGBT at double the rated current and
a 2200V dc-link voltage.

Figure 9 shows the turn-off characteristic of a
2400A/1700V IGBT at double the rated current and
a 1100V dc-link voltage.

In summary, Fig. 7 to Fig. 9 shows the excellent
behavior of the active-clamping circuit under all
circumstances. The over-voltage practically no
longer increases at all.

TRACTION APPLICATIONS
After the pilot series was completed, a number of

3) Assembly of the power section, IGBT, and
driver

4) Measurements, verification

The usually most work-intensive and most
expensive part of the work, i.e. dimensioning,
evaluation /3/ and possibly DEVELOPMENT of the
driver as well as the empirical optimisation of the
combination of driver, IGBT and layout for
observing the SOA criteria is completely obviated.

SUMMARY
A new driver solution was developed which no
longer requires any development work by the user.
As a result, “Plug & Play“ has now become a reality
for the sector of high-power converters.

The SCALE HVI and SCALE HPI drivers allow
optimum utilization of the high-power IGBTs and
offer perfect protection for expensive power
semiconductors against short-circuits and turn-off
over-voltages. These extremely compact drivers give
designers of the power section new degrees of
freedom.

In the first six months since the presentation of the
SCALE HVI driver concept for 3300V IGBTs, this
solution has met with an extremely positive response
from the users. The product was extended by special
features for traction applications and is now
available for additional IGBT module types and for
the 1700V voltage class.
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Fig. 6 1200A/3300V IGBT short circuit turn
off without active-clamping

Fig. 7 1200A/3300V IGBT short circuit turn
off with active-clamping

Fig. 8 1200A/3300V IGBT turn-off behaviour
at 2400A with active-clamping

Fig. 9 2400A/1700V IGBT turn-off behaviour
at 4800A with active-clamping
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suggestions by the users were implemented in the
SCALE HVI and SCALE HPI drivers. Various
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high requirements on vibration resistance (/9/ and
/10/).

DESIGN-IN
The use of SCALE HVI and SCALE HPI drivers
reduces the development work required for a high-
power converter to a few steps:

1) Electrical and thermal calculation of the power
section

2) Design of the power section
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Note: All papers will also to be found on
the internet: www.igbt-driver.com

http://www.igbt-drivers.com/

