ISSN: 1863-5598 1Z1K_§164717

Bodo s Power sysiens

Electronics in Motion and Conversion November 2021

4th Generation SiC MOSFETs and
Application-Level Support Tools




ROHM IN EUROPE:
WE SHAPE INNOVATIONS FOR THE FUTURE

Our past experience paves the way for your future innovations. Since 1971, we have been assisting
our customers all over Europe with our strong competence in analog and power technologies.
ROHM'’s experts enable you to realize your product ideas: based on market insights and our broad
portfolio, we individually support you from start to finish, from choosing the best product to the
final design-in phase. With decades of expertise, we are a valuable partner in the automotive and
industrial sectors. Thank you for your trust during all those years!

www.rohm.com

— X
=== Sesees: | 1
P Eeer e

Bo00pan / | \

nANNNNN




26 Cover Story

November 2021

bodospower.com

Bodo’s Power Systems®

4th Generation SiC MOSFETs and
Application-Level Support Tools

High performance devices supplemented with system solution support

In 2010, ROHM has introduced its first commercial SiC MOSFET into the power semiconductor
market. Within the decade that has passed since then a lot of development has occurred.
The SiC MOSFET is now firmly established as the most common SiC transistor in the voltage range
of 650to 1700 V.

By C. Felgemacher, F. Filsecker, V. Thayumanasamy, C. Fuentes,
M. Murata, M. Terada, S. Kitagawa, A. Mashaly, ROHM Semiconductor

In 2015, ROHM introduced the first commercial SiC Trench MOS-
FETs and is now ready to launch its newest generation into the mar-
ket. In this article, the performance benefits of this new generation
will be shown and various support tools will be introduced. These
tools are intended to support power electronic converter designers
in their mission to build the most efficient, robust and cost-effective
power converters with ROHM SiC MOSFETSs.

Key Advantages of ROHM's 4th Generation SiC MOSFETs

One key parameter in the development of the 4th Generation SiC
MOSFET was the further reduction of area-specific on-state resis-
tance. As can be seen from Figure 1, that shows a comparison of
the on-resistance for two ROHM SiC MOSFETs with equal chip size
from the 39 and 4th generation, this goal has been achieved. Fur-
thermore, it can be seen from the Rpg(on Vs. Vg plot that the 4th
generation SiC MOSFET has a much flatter gradient between a gate
voltage of +15V and +18V. Thus, operation at +15V as well as +18V
is possible with only a small difference in Rpg(on)-
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Figure 1: On-state behaviour of 1200V 3rd and 4th gen. devices (same
chip area) compared.

In addition to the improvements in Rpg(on) @nd, hence, a reduc-
tion in conduction loss for devices with the same chip area, the
4th generation also offers an improved switching performance.
To illustrate this improvement, the total switching energy values
for two 1200V SiC MOSFETSs in the same TO-247-4L package with
comparable Rpg(on) at 25°C are shown in Figure 2. At the selected
gate drive configurations, di/dt at turn-on as well as at turn-off was
comparable for both components. The results show that the 4th
generation offers a switching loss reduction of up to 45%.

For the 4th generation the ratio of device capacitances was opti-
mized to minimize unwanted effects. Most notably, the ratio of
the capacitance between gate and drain (Cgp) and the capacitance
between gate and source (Cgs) is now much larger. Consequently,
the high-speed voltage transient (dVp/dt) applied on a SiC MOSFET
by another very fast switching SiC MOSFET in, for example, a half-
bridge, has minimal impact on the gate source voltage V. This re-
duces the likelihood of accidental parasitic turn-on of a SiC MOSFET
by positive Vg spikes and mitigates the occurrence of negative Vg
spikes that could harm the SiC MOSFET.

Total swiching losves £ V.- 200V
T .".....'IILI' AT

. - [OPORE FET 1 130 e v

o . UIYEPS, T 1B AL 0 1 -
. e IS KT ML X : =

Carroni /&

Figure 2: Switching loss comparison of 1200V SiC MOSFETSs in TO-247-4L
(379 vs 4th gen.)

Overall, with the upcoming 4th generation of SiC MOSFETs, ROHM
will introduce devices with both improved performance and im-
proved ease of use for the customer. The devices will be released
both as bare die devices for use in power modules as well as in
discrete packages, such as TO-247, TO-247-4L and TO-263-7L, for
the voltage classes of 750V and 1200V.

Support Tools Offered by ROHM

ROHM is also providing a portfolio of tools to support design engi-
neers in their mission to build the most efficient, robust, and cost-
effective power converters. These range from several simulation
tools to device-centred as well as topology-focused evaluation kits
(EVKs) and publications containing technical information.

Tools to Support Simulation Activities

As in many other areas of engineering the design efficiency in de-
veloping power electronic systems can be greatly improved using
simulations. ROHM offers various tools, which can be used in dif-
ferent stages of development. The offered simulation ecosystem
consisting of simulation models and the ROHM Solution Simulator
is summarized in Figure 3.
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To support detailed transient simulations, ROHM offers device
SPICE models that can be used to investigate switching waveforms
or to study the effect of parasitic elements around the power de-
vices. Such models are available for power devices as well as IC
products, enabling the simulation of interactions between compo-
nents, such as gate drivers and power semiconductors. In addition,
simulation circuits of the basic circuit topology for SiMetrix can be
downloaded from the ROHM website. Also, an expanded line-up of
PLECS models is available.

ROHM Solution Simulator

Power Device Solution

+ For component pre-selection in
early design stage

Evaluation of device losses and
waveforms at steady state in basic
circuit topologies.

Circuit Topology Simulation

+ For design investigation of actual
power stage circuits.

Reference Design / EVK
Power Stage Simulation

Accurate switching waveforms with
the PCB equivalent model.
Power IC Solution

+ For design investigation of actual
power stage circuits

Application Circuit
Simulation

Frequency Response
Transient Response

Simulation Models

Power Devices | SPICE models

| PLECS models

ICs SPICE models. Behavioural model (encrypted/unencrypted)

Figure 3: ROHM simulation ecosystem

ROHM offers the ROHM Solution Simulator, a simulation environ-
ment that can be run on the ROHM website [1]. The ROHM Solution
Simulator provides simulation circuits for power electronics using
ROHM's products, allowing users to perform simulations simply by
setting some operating conditions. Simulation circuits that include
power devices such as SiC MOSFETs and power supply ICs such as
switching regulators are available.

In addition, ROHM's reference designs and power stage circuit
simulations of EVK's are provided in the ROHM Solution Simulator.
A power stage board consists of power devices, gate drive circuits,
and protection circuits. The simulation circuit is designed to repro-
duce the switching waveforms on the actual board. The circuit op-
eration and waveforms are affected by the parasitic inductance de-
termined by the gate drive circuit and physical factors of the board
design. To improve the accuracy of the simulated waveforms, elec-
tromagnetic field analysis of the board was performed to extract
the parasitic inductances of the patterns and reflect them in the
simulation circuit.

Figure 4: Half-bridge evaluation board for TO-263-7L components

Evaluation Kits (EVKs) for Power Devices

Half Bridge Evaluation Board (HB-EVK)
For customers to be able to evaluate ROHM's 4th generation SiC
MOSFETs in SMD package (TO-263-7L), a simple and user-friendly

half-bridge evaluation board is under development (see Figure 4).
The performance of the SiC MOSFET along with optimal gate driv-
ing conditions can be analysed using this evaluation board. The iso-
lated gate driver IC BM61M41RFV-C - a single channel driver with
3.75 kVrms isolation and integrated active Miller clamping function
- is used in this board. Other necessities, such as a compact iso-
lated power supply generation circuit for gate drivers and an LDO
for the 5V supply of the gate drivers, are available on the board.
Turn-on positive rail voltages of 15V/18V and turn-off voltages of
0V/-2V/-4V are easily configurable.

The dimension of the board is 120mm x 100mm. With the devices
in a half-bridge configuration, several power electronics applica-
tions can be studied. Individual analysis of SiC MOSFETs in a form of
double pulse tests as well as simple continuous operation tests in
topologies such as synchronous buck/boost, asynchronous buck/
boost and inverter mode can be performed at low current/power.
To operate continuously at higher power the user can add a heat-
sink to the bottom of the PCB.

ROHM's 4th generation SiC MOSFETs (1200V, ca. 70mQ) have been
tested using this EVK. Figure 5 shows the turn on and turn off
waveforms of the low-side device at a dc-link voltage of 800V, a
load current of 26A, gate turn-on voltage of 18V and turn-off at OV.
The evaluation board offers the possibility to measure device cur-
rents either with a Rogowski coil or with a coaxial shunt. In this
measurement example a Rogowski coil has been used to measure
the device current and a high voltage probe to measure the device
voltage.

The half-bridge evaluation board shown here provides a platform
to analyze the behaviour of devices, such as 4th generation SiC
MOSFETs, at different operating conditions and gate driving con-
ditions. Other essential parts of the board, such as isolated sup-
ply generation circuit, can serve as a reference for the designers to
implement similar circuits in their designs. The evaluation board
HB-EVK thus is a support tool for customer to realize an efficient
and robust application design.
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Figure 5: Switching waveforms measured on HB-EVK

Totem Pole PFC EVK

As an example of a more topology-focused support tool, an EVK for
a Totem Pole PFC is shown here. This board integrates not only the
power devices (4th generation SiC MOSFETs and Si S) MOSFETs) and

Figure 6: Totem Pole PFC EVK
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gate driver ICs, but also all sensing, control and additional circuitry
required in a typical industrial power supply based on the Totem
Pole topology. Figure 6 shows a picture of the EVK with outer di-
mensions of ca. 210 by 90 by 55mm and a power rating of approxi-
mately 3 kW at an input voltage of 230 V AC.

This board can be used to investigate the implemented topology in
detail and to perform application specific benchmarking for exam-
ple to check the impact of selecting different power semiconduc-
tors on the efficiency achievable in this circuit. As an example, the
efficiency measured using 750 V SiC MOSFETs with ca. 50mOhm
and Si S} MOSFETs with ca. 38 mOhm at a switching frequency of
the SiC MOSFETs of 100 kHz is shown in Figure 7.
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Figure 7: Efficiency of Totem Pole PFC (fg: 100 kHz, V;,,: 230/110V, V0
400v)

Support Material and Technical Support Teams

Aside from evaluation boards and simulation tools a continuous-
ly growing set of application notes and further documentation is
available to support design activities around ROHM power devices.
Many of these give practical advice, e.g. for performing measure-
ments in power circuits with very fast switching devices, such as
ROHM SiC MOSFETs. For an overview of other support materials
please refer to [2]. Finally, teams of experienced FAEs and AEs with
lab resources in Europe as well as in Japan are happy to provide
customers the application-level support they expect.

Conclusion

This article revolved around various technical benefits of ROHM's
upcoming 4th generation of SiC MOSFETs for 750V and 1200V. In
addition, a selection of ROHM tools for design engineers were high-
lighted. These include

+ simulation models suitable for SPICE based simulations or simu-
lations in tools such as PLECS, as well as the ROHM System Solu-
tion Simulator,

+ upcoming EVKs both to evaluate devices in a simple, but highly
relevant, half-bridge type circuit and an application-level circuit
of a Totem Pole PFC

technical information available through application notes and
expert support.

With the combination of high-performance components and a wide
set of support tools ROHM aims to support designers in creating
feasible and energy-efficient solutions for tomorrow's power elec-
tronic systems.

[1] www.rohm.com/solution-simulator
[2] https://www.rohm.com/power-device-support
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