
� High-power IGBT modules
have now been on the market for
several years and the diversity of
the products on offer as well as
their power density continues to
increase. Relatively simple dri-
ver circuits provide sufficient
performance in the low-end
sector; advances here are driven
essentially by the push towards
ever greater integration and
user-friendliness as well as cost
pressure. However, the layout 
of high-power converters still
represents a technical challenge
for converter designers. 

Although many other criteria
must be considered, the control
of turn-off over-voltages under
all operating conditions is one of
the most important functions, as

it directly affects system reliabil-
ity. The over-current and short-
circuit turn-off at high link-
circuit voltages in particular
represent a major problem.
Today’s high-power IGBTs can
switch currents of over 1000A at
several kA/ms. This already gives
rise to appreciable over-voltages
of several 100V with small but
unavoidable stray inductance of
several 10nH. At an over-cur-
rent or short-circuit turn-off,
the over-voltage can attain val-
ues which exceed the maximum
permissible collector voltage
VCE (max). Several solutions are
available to deal with these prob-
lems. They will result in the
practical implementation of
SCALE HVI drivers. The SCALE
HVI (SCALE HVI = Scaleable,

Compact, All purpose, Low-cost,
Easy to use, High Voltage IGBT)
driver represents a truly com-
plete solution, as no external
components are required. The
drivers are matched to the IGBTs
and optimised at the works, so
that no special user know-how is
now required and any associated
development work is obviated.
This driver contains the follow-
ing features and functions:
DC/DC converters for electrical
isolation, 20mm creepage path,
fibre-optics interfaces, VCE
monitoring (short-circuit pro-
tection), under-voltage monitor-
ing, blocking time logic, edge
acknowledgement, error ac-
knowledgement, active clamp-
ing (over-voltage protection), 
+/- 18 A output stage, +/- 15 V
gate drive voltage, 4 W drive
power, gate clamping, gate resis-
tors Rg(on) and Rg(off), optional
gate capacitor Cge. Figure 1
shows the block diagram of the
driver. 

The driver circuits were
matched to 1200 A / 3300 V
IGBTs from the leading manu-
facturers listed and tested exten-
sively with these: 
FZ1200R33KF1 (eupec),
FZ1200R33KF2 (eupec),
GP1200ESS33S (Mitel),
CM1200HB-66H (Mitsubishi). 

Figure 2 shows the turn-off
characteristic of a 1200A /3300V
IGBT at double the rated current
and a 2200V link-circuit voltage.
The entire stray inductance in
the commutation circuit is
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Figure1: Block diagram SCALE HVI driver
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approximately 50nH (measure-
ment circuit without current
transducer). Figure 3 shows the
turn-off characteristic of the sys-
tem in a layout with a stray
inductance of approximately
100 nH (measurement circuit
with current transducer). The

over-voltage practically no
longer increases at all. 

Figure 4 shows the characteris-
tic at short circuit. The link-cir-
cuit voltage is also 2200V in this
case. All measurements were
made at the minimum permissi-

ble gate resistance in line with
the manufacturer’s specifica-
tions. The (unlimited) turn-off
over-voltage at the IGBT is
(practically) proportional to the
collector current and to the
stray inductance in the commu-
tation circuit. The effect of the
active clamping function starts
from a voltage of approximately
2400V. The thermal stress on
the driver components thus
depends on the link-circuit volt-
age, the collector current, the
stray inductance of the commu-
tation circuit and naturally on
the switching fre-
quency. Figure 5
shows the operating
range of the drivers
as a function of the
link-circuit voltage
and the switching
frequency at a stray
inductance of 50nH
in the commutation
circuit. The switch-
ing losses of today’s
3300V IGBTs mean
that the switching
frequencies shown
in figure 5 cannot be
utilised. The limit is set by the
losses of the IGBTs and not those
of the drivers. 

The SCALE HVI driver reduces
the necessary development work
to a few steps: 
1) Electrical and thermal calcu-

lation of the power section, 
2) Design of the power section,
3) Assembly of the power

section, IGBT, and driver, and 
4) Measurements, verification. 

The usually most work-intensive
and most expensive part of the
work, i.e. dimensioning, evalua-
tion and possibly development of
the driver as well as the empiri-
cal optimisation of the combina-
tion of driver, IGBT and layout
for observing the SOA criteria 
is completely obviated. 

A new cost-effective driver solu-
tion was developed which allows
the utilisation of high-voltage
IGBTs. The SCALE HVI driver
protects the IGBTs from short
circuits and turn-off over-

voltages. This compact driver
(figure 6) gives designers of the
power section new degrees of
freedom. The solution will be
adapted to other IGBT types
available on the market and will
be extended to create a whole
product family. The same princi-
ple will also be used for high-
power IGBTs of other voltage
classes. �
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Figure3: Turn-off characteristic at 2400A @ 100nH

Figure2: Turn-off characteristic at 2400A @ 50nH

Figure5: Thermal limits of the driver

Figure4: Short-circuit turn-off characteristic

Figure6: Driver screwed onto
a IGBT module 1200A /3300V
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