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Switching performance limitations of traditional power device 
packages
Figure 1 shows one of the most widely used traditional packages for 
power transistors: the TO-247. As illustrated in the picture, each leg 
of the device presents a parasitic inductance element. These have 
been added to a very simple representation of a typical gate drive 
circuit. From this representation it can be seen that the inductances 
of the drain and source pins add to the loop inductance in which the 
main current is switched. This causes over-voltage at turn-off and as 
a result the switching speed needs to be limited to ensure that the 
specifications are not exceeded.

The parasitic inductances of the gate-leg and of the source-leg are 
part of the gate-drive loop. This impedance has to be overcome when 
driving the MOSFET. Additionally, oscillations between this inductance 
and any parasitic capacitances in the gate drive circuit can occur. Fi-
nally, because LS is present in both the power loop and the gate loop 
the inductive voltage drop VLS across this inductance during turn-on 
of the MOSFET (as a consequence of increasing IS) reduces the 
effective gate voltage, which slows down the turn-on of the MOSFET. 
This is illustrated in Figure 2.

One approach to improve this situation is the introduction of the so 
called ‘Kelvin Source’ pin to the TO-247 package. This solution offers 
significant improvement by separating the gate-drive loop from the 
power source terminal. Hence, the turn-on is not slowed down by a 
voltage drop due to the rising source current, leading to significant 
reductions in turn-on losses.

Improved switching behaviour in TO-263-7L
ROHM Semiconductor is extending its portfolio of discrete SiC MOS-
FETs with the upcoming release of automotive qualified devices in 
the TO-263-7L SMD package. The benefit of the Kelvin connection to 
the source terminal of the SiC MOSFET provided by the TO-263-7L 
package is illustrated in Figure 3. It can be seen that the main source-
inductance LS is no longer shared by the gate-drive loop and the main 
current path. As a consequence, the device can be turned on faster 
which leads to reduced turn-on loss.

Automotive SiC MOSFETs in 
Low-Inductive SMD Package 

with Kelvin Source
It is widely accepted that modern Silicon Carbide (SiC) MOSFETs can achieve very high 

switching speeds which helps to reduce the energy loss in power electronic converters 
significantly. However, the full potential of the devices cannot always be utilised due to 

limitations of the traditional power semiconductor packages. In this article, some of these 
limitations are discussed and benefits obtained by utilising more suitable packages are 
explored. Finally, the effect of this package level improvement on a 3.7 kW single-phase 

PFC using a totem-pole topology is shown.

By Christian Felgemacher, Felipe Filsecker, Farhan Beg and Aly Mashaly,  
ROHM Semiconductor GmbH and Seiya Kitagawa, ROHM Co., Ltd.
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Figure 1: Traditional power device package and  
its parasitic inductances

Figure 2: VGS’ at chip is reduced during turn-on due to LS

Figure 3: TO-263-7L SMD package and its parasitic inductances
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The additional benefit of the TO-263-7L package is that it has much 
lower stray inductances than the TO-247 package and its variants. 
This reduction in package inductance is achieved because of the 
drain being a large area connection and the source realised by mul-
tiple short leads in parallel. 

To quantify the benefit of the new package for the device performance 
a direct comparison of the turn-on and turn-off process for the same 
SiC MOSFET chip in two different packages and with otherwise com-
parable conditions is shown in Figure 4.

From the switching transients it can be seen that at turn-on, the 
three-lead device is limited in terms of switching speed because the 
inductive voltage drop across the source terminal reduces the effec-
tive gate voltage leading to a long period at the Miller plateau which 
causes significant turn-on losses. For the device in the SMD package 
with Kelvin Source connection to the gate driver this period is much 
shorter and hence the turn-on loss is reduced. The turn-off transient 
shows that in the SMD package a much higher dI/dt can be achieved 
due to the reduced parasitic inductance and hence 
the turn-off loss is also less than in the TO-247 pack-
age.

In the below diagram the switching energies 
achieved for both devices are shown as a function of 
switched current. It becomes apparent that at higher 
current the benefit of increased turn-on speed of the 
device in TO-263-7L is most relevant.

As the above comparison shows the performance advantage of 
the package with kelvin-source connection for the gate-driver and 
reduced overall parasitic inductances is very significant especially 
for high currents and will result in lower overall losses for the same 

switching frequency or lead to an increase in the switching frequency 
if loss reduction is not the primary objective.

Line-up of new SMD devices
In addition to the 1200V, 40mΩ device as mentioned in the above 
paragraphs a full line-up of SiC MOSFETs in the TO-263-7L pack-
age with rated voltages of 650V and 1200V will shortly be released in 
the market. Please refer to Table 1 for the currently planned devices. 
Automotive qualified variants of these devices are also planned.

Applicability of SiC MOSFETs in SMD package for on-board-
charger (OBC)
To illustrate the performance that can be achieved with SiC MOSFETs 
in SMD packages the application example of a 3.7kW single phase 
PFC stage is considered here. A single-phase PFC with such a power 
rating can be employed as the input stage for a single-phase 3.7kW 
on-board charger or as a building-block for an 11 kW three phase 
on-board charging system. In the latter case three single-phase PFCs 
can be combined using a switching matrix at the input to allow for 
either single phase or three phase operation of up to 11kW. This ap-
proach is illustrated in the block diagram in Figure 6.

Possible PFC topologies are shown in Figure 7. The classical boost 
PFC has limits in terms of the achievable efficiency due to the pres-
ence of the diode rectifier at the input. In the two phase bridgeless 
PFC as well as the two variants of the Totem Pole PFC this input 

rectifier is eliminated which reduces the overall conduction losses. 
The two phase bridgeless PFC enables high efficiencies, but has 
the downside that each leg is only utilised during half of the input 
cycle. As a result, large power cycling stress is imposed on the power 
semiconductors and the ratio of peak current to RMS current of each 
devices is high.

Two different types of the Totem Pole PFC can be realised. In the 
simplest case two transistors and two diodes are used. The diodes 
switch at low-frequency and hence devices with low forward voltage 
drop are selected. Since the body-diodes in the transistors are used 
for commutation it is important to select devices with body-diodes that 
can be used in hard commutation. Modern wide-bandgap semicon-
ductors such as SiC MOSFETs have body-diodes that are usable in 
hard-switching and thus these devices are a very good choice for this 
application. Finally, if the highest possible performance is desired the 

Figure 4: Comparison of switching behaviour of 40mΩ 1200V SiC 
MOSFETs 
(TO-247: SCT3040KL, TO-263-7L: SCT3040KW, 800V, ca. 110A)

Figure 5: Comparison of switching losses of 40mΩ 1200V SiC 
MOSFET in 3-pin TO-247 and TO-263-7L package (Gate driver with 
miller-clamp (MC) and anti-parallel SBD on the gate used)

P/N 30mΩ 40mΩ 60mΩ 80mΩ 105mΩ 120mΩ 160mΩ

650 V
SCT30xx-

AW

1200 V
SC-

T30xxKW

Table 1: Planned line-up of Trench SiC MOSFETs in TO-263-7L package  
(currently in development)

Figure 6: Block diagram of 11kW OBC  
built up of multiple 3.7kW PFCs
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losses can be further reduced by replacing the diodes in the low-
frequency leg with active switches such as SJ MOSFETs.

To illustrate the kind of performance that can be achieved in a Totem 
Pole PFC a simulation was carried out. For this simulation, the 
measured switching energies for a 650V SiC MOSFET with 60mΩ 
on-resistance in TO-263-7L were considered. A switching frequency 

of 100 kHz has been assumed and the semiconductor losses of the 
HF leg as well as the LF leg were modelled. For the LF leg only the 
conduction losses of a 60mΩ device were considered, as negligible 
switching losses occur.

The results of this simulation are shown in Figure 8. As can be seen 
the maximum efficiency is in the region of 98.7% at around 60% of 
nominal output power. Additional losses have not been modelled at 
this stage. Of course, losses in the inductor and other passive com-
ponents as well as the control and gate-driving circuits, need to be 
considered for a full analysis. Nevertheless, it becomes apparent that 
a high performance PFC can be realised with the Totem Pole PFC 
using 650V SiC MOSFETs.

Conclusion
In this article we have seen the performance benefits which arise from 
the use of a low-inductive SMD package with a Kelvin-Source pin for 
fast SiC MOSFETs. It was shown that at high currents the turn-on 
loss in the SMD package is significantly reduced as the gate loop is 
not impacted by the dI/dt and the resulting voltage drop across the 
source terminal inductance. The overall reduction in package induc-
tance allows much higher turn-off speeds for the SiC MOSFET. Both 
advantages together result in significant reductions in the turn-on and 
turn-off energy losses. On the system side we have seen that 650V 
SiC MOSFETs with RDS(ON) values in the region of around 60mΩ in 
a Totem Pole PFC result in conversion efficiencies in excess of 98%. 
This enables very compact designs, which are particularly important 
for the development of on-board charging systems in automotive ap-
plications.
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Figure 7: Topologies for single phase PFC

Figure 8: Estimated efficiency for Totem Pole PFC considering only 
semiconductor losses 
(Vin = 230V, Vout = 400V, fSW = 100 kHz, SCT3060AW,  
60mΩ device for LF leg)
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