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Abstract
Voltage overshoot at switch turn-off traditionally limits
the DC operating voltage for inverter systems. Mitigation
methods include snubber capacitors and intelligent gate
control, which add cost and complexity while reducing
efficiency. However, the fundamental first step in overshoot
reduction is actually minimizing the DC link inductance.
The combination of the SBE Power Ring Film CapacitorTM
integrated with an optimized bus structure can achieve a DC
link inductance below 10nH (approaching 5nH), which is
less than typical IGBT half-bridge internal branch values.
This enables safely increasing the DC voltage up to 20%
as compared to standard configurations, thus improving
inverter performance and volume efficiency with existing
IGBT’s.

1. Introduction
Voltage overshoot occurs during IGBT turn-off due to
energy stored in the stray inductance applied across the
die. It is typical to operate at a DC voltage well below the
IGBT limit to avoid catastrophic failure, which reduces
the inverter power. Snubber capacitors can be added to
mitigate overshoot to some degree, but this approach adds
cost, requires additional cooling and has the potential for
creating unwanted resonances. Using intelligent gate control to slow down the turn-off transition is another option,
but this increases the switching losses. Overshoot management must ultimately be addressed at the system level, but
minimizing the stray inductance is clearly the critical first
step to increasing the amount of useable power for a given
investment in IGBT’s.
Inductance contributions are provided by the DC link

capacitor, bus structure and internal IGBT branches.
Conventional DC link capacitors have relatively large
equivalent series inductance (ESL) values [1] and designers traditionally consider this the largest contributor to
voltage overshoot. However, recent advances in capacitor
form factor and terminal optimization have dramatically
altered the situation and capacitors with an ESL of less than
5nH have been demonstrated [2]. With this development,
the DC link bus and particularly the interconnect structure
to the IGBT has become the limiting factor [3].
This paper provides analysis and testing of different IGBT
input configurations and compares “through-hole” and
“tabbed” input styles. Overshoot testing results are correlated with previously presented “ring-out” measurements
[2]. Testing of an optimized single phase prototype capacitor/bus topology demonstrates that the external contribution to ESL can actually be reduced to less than the IGBT
branch inductance of a half-bridge. This substantial reduction of voltage overshoot translates into a 20% increase in
DC operating voltage, and a corresponding improvement in
inverter power using the same IGBT’s.

2. Analysis
Overshoot is determined by the stray inductance looking
back into the DC link from the IGBT die, which has contributions from the capacitor, bus bar, and internal connections of the IGBT module. The interconnection between
the bus structure and the IGBT terminals has a surprisingly
large effect and the Flux3D [4] magneto-dynamic finite
element analysis platform has been used to evaluate the inductance of relevant half-bridge IGBT input configurations.
A laminar bus bar with a 0.5mm spacing between the plates
was selected as the basis for comparison. A “tab” style
scenario was defined based on the input geometry of a
typical 1400A discrete half-bridge module with a respective
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The stray inductance for both setups is measured during turn on according to equation
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For the standard capacitors a voltage overshoot of 448V at 1000A could be detected while
the overshoot for the SBE design is with 348V, which is 100V less at a slightly higher current
of 1046A.

The single phase prototype demonstration unit shown in
Figure 2 was constructed using four 300µF ring capacitors deployed back to back on a laminar bus to achieve a
1200µF DC link. Through-hole connections to the IGBT’s
combined with crown terminal connections to the capacitors
were utilized to minimize the total ESL seen at the switches.
Danfoss Silicon Power has performed testing on the prototype and measured an ESL contribution of 4.4nH for the
capacitor/bus. This is less than half of the 10nH inductance
expected for the half-bridge IGBT branches. The corresponding reduction in overshoot voltage is more than 20%
which means that the DC bus voltage can safely be increased
by the same amount. As such, a 20% increase in inverter
power can be readily achieved with the same investment in
silicon, which is a clear win in the highly competitive alternative energy market space.
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