




recommendations described above
must be rigorously applied. It makes
sense to take great care with the exter-
nal parallel conditions, assuming that
internal parallel wiring of the dies within
the module is already optimized. 

The limitations of existing standard
modules are explained in the following.
An example has been taken of a stan-
dard module with 62mm x 108mm, well
known in the industry, used to offer
phase legs both with IGBT and MOS-
FET technologies. Many of these mod-

ules are used in parallel to achieve high
current systems.

Looking at the internal layout and con-
trol signal loop reveals some significant
differences in the way each of the top
and bottom switches are driven. Some
significant differences in the control sig-
nal loop also exist at the same switch
level between all the dice that are paral-
leled together.

First of all, as shown on Fig. 2, gate
and emitter control pins are on the same

side of the module, leading to a much
longer control current path for the bot-
tom switch. In most cases, internal gate
and source connections are made by
wires, and the same wire length is used
both for top and bottom switches. This
matches control signal loops but intro-
duces a significant level of parasitic
inductance that limits the operation of
the module to low frequency. Such
inductance in the gate path makes noise
immunity a real concern when power
devices used are from a very fast type,
resulting in difficulty maintaining the
switches off (due to dV/dt induced turn-
on), even with high value of negative
gate bias. Oscillations induced by the
combination of gate inductance and
device input capacitance are difficult to
cancel except with high gate resistor
values that do not allow utilizing the full
performance of the fast devices. 

Another concern is relative to the
gate-emitter loop at the level of the power
semiconductors. Fig. 2 also describes
the relative gate-emitter loops of each
cell of top and bottom switches. Each
cell is made of two dice in parallel. One
can see that the signal loop is the short-
est for dice located on the top left sub-
strate while it is very long for the ones
located on the bottom left substrate. 
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Figure1. Recommended circuit for parallel connection of power modules.
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Figure 2. Relative gate-emitter loops of each cell of top and bottom switches.
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The dice mounted on these two sub-
strates are supposed to operate in par-
allel while the gate control signal loop of
the bottom left substrate has to go all
along the two right substrates to reach
the module source return terminal. A
less but still very significant loop imbal-
ance is also observed on bottom switch
Q2. If this works in an acceptable man-
ner up to a few kHz, the parasitic induc-
tances will significantly reduce perform-
ance and introduce major switching loss
asymmetries between parallel connect-
ed dice  as switching frequency increas-
es. It is still possible to improve the mod-
ule layout by taking the source return
connections directly on the top of the
dice, but the physical distance forced by
pin-out location makes it impossible to
reduce the total loop length.

APT Europe has engineered a module
based on the same SP6 footprint where
each cell of a given switch has an inde-
pendent gate control signal. Each cell is
located on its own substrate, and perfect
symmetry of the cell design within the
module makes the parallel connection of
several modules straight-forward. This
approach leads naturally to transforming
the original phase leg configuration into
a full bridge construction.

Fig. 4 shows the electrical diagram of
the module with the associated control
signal loops. External gate and emitter
return sharing resistors are used
according to best practice of paralleling
of the two switch cells together. The
other major improvement consists of
placing control gate and source control
terminals on both ends of the module;
each pair of connectors is placed as

close as possible to the power cell it is
dedicated to drive, as shown on Fig. 5. 

The length of the gate and emitter
connections is not only significantly
reduced, but connecting the cells
together reduces gate loop inductance
by a ratio of two. In this way, the control
loop of each cell becomes perfectly
symmetrical, both for top and bottom
switches. Such a module can be used
as a full bridge, but it becomes a com-
ponent of choice when parallel connec-
tion of modules is required to reach high
current capability. Paralleling full bridge
modules is performed the same as for
paralleling the two legs of the same
device. Each die of each cell incorpo-
rates a series gate resistor, either inte-
grated at die level as is often the case
with IGBTs, otherwise it is laid out on the
substrate. For MOSFET operation in the
range of 400kHz and above, it also
makes sense to integrate inside the

module a source return resistor for each
die (instead of only for each cell) to fur-
ther improve dynamic performance,
starting from the elementary die to all
modules switches in parallel. Such a
configuration can be easily realized,
starting from the standard design. 

Being only 17mm in height (instead of
30mm for industry standard modules),
the SP6 module has a very low profile
and offers significant reduction in para-
sitic inductance and resistance of the
power circuit. This is one of the condi-
tions that allows taking full advantages
of very fast devices such as ultra fast
NPT and PT IGBTs and the fastest APT
Power MOS 7 MOSFETs without any
problems with over-voltage spikes at
device turn off. Laminated bus bars
offering excellent coupling between
VBUS and VBUS return are highly rec-
ommended to supply the module or sev-
eral modules in parallel. Filtering elec-
trolytic capacitors are very often sepa-
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Figure 3. APTE SP6 Full bridge 
modules greatly facilitates modules
parallel connection.

Figure 4. Electrical diagram of the module with the associated control signal loops.
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