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1. Introduction

The automotive industry is rapidly transitioning toward electrification due to rising demand for sustainable
transportation, which has led to an increased need for high-performance power electronics in electric
vehicle (EV) applications. The main drivers for adopting new technologies in EVs are the improvement of
efficiency and power density in power electronic systems. The three-phase inverter topology dominates
traction inverters and e-compressors used in electric vehicles due to their high efficiency and simple control
requirements, as shown in Fig. 1. The 1200V silicon carbide (SiC) MOSFETs are gaining significantly
popularity for traction inverters, and the e-compressors, which are indispensable power conversion
systems that ensure efficient thermal management, extend battery life, improve charging efficiency, and
driving range, and maintain a comfortable environment for electric vehicles [1]. SiC MOSFETs are also
optimized for bridge topologies such as three phase B6 and CLLC/DAB (Dual Active Bridge) topologies
due to, which are essential for bidirectional power conversion, a key trend in onboard chargers (OBC) for
800V battery system in EVs. These devices provide system level benefits, including lower power losses,
reduced system volume, weight and cost advantages for high voltage battery-powered systems. For motor
drive applications, short-circuit robustness is a key requirement for power semiconductor devices. Silicon
IGBTs are still preferred due to their cost-effectiveness, reasonable efficiency, and good short-circuit
capability (approximately 10 us). However, recent advancements in SiC MOSFET technology have
enabled improved efficiency and power density, as these devices exhibit superior thermal performance,
higher switching frequencies, higher power density, and lower on-resistance and switching losses
compared with Si IGBTs. Despite these advantages, SiC MOSFETs have a significant drawback that is
limited short-circuit capability. This limitation arises from the higher electric field at the P-N junction, lower
heat capacity and smaller die size compared to Si IGBT with same voltage and current ratings. The inferior
short-circuit capability of SiC MOSFETs can lead to catastrophic failures such as gate oxide failure or
thermal runaway during short-circuit events [2]-[3]. Therefore, short-circuit protection (SCP) is crucial to
prevent device failure. The protection circuit must respond within few microseconds under fault conditions
to ensure safe and reliable operation, particularly short-circuit (SC) events. To enhance short-circuit
ruggedness, many studies have proposed such as reducing channel/JFET density, lowering source doping,
or using lower gate bias [4]-[6]. However, these approaches typically increase the specific on-resistance

(Rsp).
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This application note presents a new generation of 1200V silicon carbide (SiC) MOSFETs (eS8iC, M2), which
employ a novel device technology that significantly mitigates the trade-off between the figure of merits (FOMs) and
short-circuit withstand time (SCWT). Compared to the previous generation, the new 1200V eSiC M2 MOSFET
series exhibits a 20% reduction in on-resistance (Rsp), a 15% improvement in SCWT, and a 45% reduction in
switching losses. Furthermore, it provides a comparison of key characteristics, including short-circuit ruggedness
and switching performance, with planar and trench 1200V SiC MOSFETs.

2. 1200V e SiC M2 MOSFET Technology

For SiC MOSFETSs, the channel resistance contributes significantly to the total on-resistance (Ros(on)) due to the low
channel mobility compared to that of Si MOSFETs. One effective way to reduce channel resistance is to decrease
the cell pitch. However, when the cell pitch is reduced, the JFET width must also decrease inevitably, which increases
the JFET resistance by narrowing the current path within the JFET region. To mitigate this, additional heavy doping
in the narrow JFET region can be applied to lower the JFET resistance. The new 1200V e8iC M2 MOSFET features
a novel device structure that simultaneously reduces key figures of merit (FOMs) and enhances short-circuit
withstand time - two characteristics that are typically in trade-off with each other. This improvement is achieved by
reducing the cell pitch and narrowing the JFET width, thereby optimizing specific on-resistance (Rsp) and short-circuit
ruggedness.

2.1. Improved Turn-on/Turn-off Switching Loss by Low Gate-Drain Capacitance

Gate-to-drain capacitance, Cop (Crss), also known as feedback or the reverse transfer capacitance, plays a crucial
role in switching performance. When Css is large, the drain current takes longer to rise even after the gate is turned
on, and the falling current is similarly delayed when the gate is turned off. This parameter greatly affects the switching
speed. As shown in Fig. 2, Crss is proportional to the width of the JFET region. By narrowing the JFET width, Ciss of
the new 1200V e8iC M2 MOSFET under high voltage conditions was significantly reduced (M1: 9pF, M2: 4pF at Vbs
= 800V) compared to the with previous generation 1200V e8iC M1 MOSFET as shown in Fig. 3. Fig. 4 shows the
total gate charge measurement of the new 1200V, 40mQ e8iC M2 MOSFET and the previous generation under the
same conditions (Vbs=800V, Vaes=-3~10V, and 1b=30A). The total gate charge (Qc) and gate-drain charge (Qcp) of
new 1200V, 40mQ e8iC M2 MOSFET are reduced by 40% compared to those of the previous generation.
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Figure 2. Capacitances for the vertical power MOSFET structure
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In hard—switching applications, the MOSFET channel conducts a higher current than load current during turn—on,

because of the additional discharging current from the output capacitance. Therefore, Eoss of the MOSFET during
turn-off is internally dissipated through the MOSFET channel during turn—on. The stored energy in output capacitance,
Eoss of the MOSFET, is especially critical in hard—switching applications, such as power factor correction (PFC),
particularly at light loads, because it is fixed and independent of the load current. The reduction in Qoss is critical for
achieving zero-voltage switching (ZVS), the dead time between the high side and low side MOSFETs in the same
leg must be long enough to allow the voltage transition. The new 1200V, 40mQ eSiC M2 MOSFET has approximately
33% less stored energy in the output capacitance (Eoss) and charge on the output capacitance (Qoss) than those of
the previous generation under same conditions as shown in Fig. 5.
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Figure 3. Comparison of capacitance characteristics (Ciss and Crss) of the new 1200V eS8iC MOSFET
M2 and previous generation (M1).
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Figure 4. Comparison of gate charge (Qg) of the new 1200V eS8iC M2 MOSFET and previous
generation.
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Figure 5.

The new 1200V e8iC M2 MOSFET has improved key figures of merit (FOMs) such as Rpson)Qg, Ros(on) Eoss and

Ros(on)Qoss by 33% to 40% compared to the previous generation. It also offers excellent switching performance,
achieving 44% lower switching losses compared to the previous generation through significantly lower gate charge
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2.2. Short-Circuit Withstand Time (SCWT) Capability

To effectively reduce the peak current in SiC MOSFETs during short-circuit conditions, it is crucial to enhance the
JFET effect within the p-body regions. A narrower JFET region helps to limit the saturation current at high drain
voltage bias and improves the short circuit capability. The saturation current is predominantly influenced by the
channel design. Although reducing the channel length and increasing gate driving voltage can reduce on-resistance,
they also increase the saturation current, resulting in a reduced short circuit withstand time (SCWT). In the new
1200V e8iC M2 MOSFET structure, the short circuit current is limited by the narrow JFET region under high-voltage
short-circuit conditions. This new design enables improved SCWT performance. Fig. 7 presents the short-circuit
waveforms of the previous generation and the new 1200V e8iC M2 MOSFET under Ves=15V, Vbp=800V and Rs=50Q.
The peak drain current in the new 1200V e8iC M2 MOSFET (262A) is reduced by 33% compared to that of the
previous generation SiC MOSFET (389A), resulting in 11% improvement in short circuit withstand time (SCWT) due
to the effect of its narrow JFET width. The trade-off between figure of merits (FOMs) is significantly improved by
applying a channeling implantation technique. Consequently, the new 1200V e8iC M2 MOSFET not only improves
on-resistance and switching performance, but also enhances short circuit robustness.

SCWT = 3.8us SCWT = 4.2us

lscmax = 262A |

{ Time : 1ps/div. |

e e U,
Time : 1ps/div. |

(a) Previous generation (b) New 1200V SiC MOSFET

Figure 7. Short-circuit waveforms comparison of previous generation and the new 1200V SiC MOSFETs
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3. Performance Benchmark of 1200V e8SiC M2 MOSFET

Table 1 presents a comparison of the key parameters for the new 1200V e8iC M2 MOSFETs. The 1200V e8iC M2
MOSFET (PCZ120N40M2) offers several advantages, including lower switching losses, extended short-circuit
withstand time, and enhanced avalanche capability, all of which contribute to improved system efficiency and
reliability.

Specification PCZ120N40M2 Comp. A Comp. B Comp.C
(Planar) (Planar) (Planar) (Trench)

BVoss [V] 1200 1200 1200 1200

Io [A] 57 66 54 55

Ves_op [V] -3/+18 -4/ +15 -3/+18 0/+18

Ves_max [V] -10/+22 -8/+19 -10/ 422 -10 / +23(pulse)

Ros(on) [MQ] (typ) 40 40 40 39

V1u [V] 20/3.0/45 1.8/27/3.6 20/29/44 35/42/52

Q¢ [nC] 62 94 66 50

Eon [pJ] @ I0=40A, Rc=6.8Q 241 406 339 282

Eorr [pJ] @ 10=40A, Rc=6.8Q 176 308 290 245

Eovn [uJ] @ Vop=800V 5.3 7.5 5.3 6.0

las [A[ @ L=1mH, Rc=25Q 41 46 34 40

SCWT [us] @ Vop=800V, Ves=15V 4.2 2.2 2.6 5.0

Table 1. Key Parameter Comparison of Power Master Semiconductor’s 1200V, 40mQ e8iC M2 MOSFET
(PCZ120N40M2) and Competitors

3.1. Switching Characteristics

Fig. 8 shows a comparison of the measured switching losses for the 1200V, 40mQ eS8iC M2 MOSFET
(PCZ120N40M2) and competitor devices (planar and trench). The switching measurements were conducted with
Vop=800V, Ves=-3V/+18V, Rc=6.8Q, under various Io conditions. The experimental results show that turn-on loss
(Eon) is reduced by 15% and 41%, while the turn-off loss (Eo) is reduced by 28 % and 43 % for the 1200V, 40mQ
e8iC M2 MOSFET (PCZ120N40M2) compared to that of competitor C (trench) and competitor A (planar), respectively,
under the same conditions.
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Figure 8. Comparison of switching losses - 1200V, 40mQ e8iC M2 MOSFET vs. competitors under
Vop=800V, Ves=-3V/+18V, Rc=6.8Q), free-wheeling diode: Same DUT

3.2. Short-circuit capability (SCWT)

During the device operation, unexpected faults can occur in bridge type circuits, where failures often happen by short
circuits in the high side and low side devices. In such cases, the device channel may accidentally conduct current
while the device withstands the high drain-source voltage. This leads to high current density within the device, which
can ultimately result in device failure. Short-circuit events can occur in a variety of ways in various motor drive
systems used in both industrial and automotive applications. Approximately 38% of inverter failures are caused by
power device failures due to short-circuit (SC) stresses. The short-circuit performance under the same conditions is
determined by device design and manufacturing processes. 1200V, 40mQ SiC MOSFETs listed in Table 1 were tested
under short-circuit conditions to evaluate their short-circuit capability. A gate-source voltage is applied to the gate
terminal of the device under test (DUT), and the short-circuit duration is controlled by adjusting the pulse width. The
short-circuit duration gradually increases until the device reaches a failure point. The short-circuit waveforms, shown
in Fig. 9, were measured under the following conditions: The gate-source voltage (Ves) = 15V. bus voltage = 800 V,
with the short-circuit time increased by 0.2us steps until failure occurred. According to table 2, the maximum current
of the new 1200V e&8iC MOSFET M2 is 33% to 37% lower than those of competitor A and B, resulting in a reduction
in junction temperature and a small positive feedback effect. The short-circuit withstand time (SCWT) for the new
1200V e SiC MOSFET M2, competitor A, B and C are 4.2us, 2.4pus, 1.8us and 4.6ys, respectively. The new 1200V
e/ SiC MOSFET M2 demonstrates an improvement in short-circuit capability, being approximately 1.8~2.3 times better
than those of competitor A and B, respectively, thanks to its novel design. The higher peak currents observed in
competitor A and B lead to increased energy dissipation, resulting in a faster rise in junction temperature and a
corresponding decrease in SCWT.
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Figure 9. Comparison of short-circuit waveforms (SCWT) - 1200V, 40mQ e8iC M2 MOSFET
(PCZ120N40M2) vs. competitors under Vpp=800V, Vss=-15V, Rc=50

Package DUTs SCWT [us] Isc [A]
PCZ120N40M2 4.2 262
Comp. A (Planar) 2.4 389
TO-247-4L
Comp. B (Planar) 1.8 413
Comp. C (Trench) 4.8 238

Table 2. Short-circuit current (Isc) and withstand time (SCWT) comparison of Power Master Semiconductor’s 1200V,
40mQ e8iC M2 MOSFET (PCZ120N40M2) and Competitors.

4. Conclusion

The new 1200V e8iC M2 MOSFET technology achieved both lower figure of merits (FOMs) and improved short-
circuit withstand time (SCWT) by employing a reduced cell pitch with a narrow JFET width, where the doping is
uniformly applied across the entire JFET region. The new 1200V e8iC M2 MOSFET offers substantial system-level
benefits, including smaller size, reduced weight, higher efficiency, lower cooling requirements, and enhanced
reliability. These advantages stem from significantly lower power losses and improved short circuit ruggedness,
making it ideal for a wide range of power conversion applications.
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6. 1200V 2SiC MOSFET M2 Product Portfolio & Nomenclature

6.1. 1200V eSiC MOSFET M2 Product Portfolio

Table 1. 1200V eSiC MOSFET M2 Product Portfolio

Bare Die D2PAK-7L TO-247-3L TO-247-4L TR TSPAK-DBC TSPAK-LF
Package Notch

Rbs(ony typ

* B & 0 S <
Industrial PCO120N16M2 PCW120N16M2 PCZ120N16M2 PCZN120N16M2
16ma Automotive PCO120N16M2A PCZN120N16M2A
Industrial PCO120N21M2 PCZ120N21M2 PCZN120N21M2
#ma Automotive PCO120N21M2A PCBF120N21M2A PCZN120N21M2A PCRZ120N21M2A PCR120N21M2A
Industrial PCO120N31M2 PCZ120N31M2 PCZN120N31M2
Sima Automotive PCO120N31M2A PCBF120N31M2A PCZN120N31M2A
Industrial PCO120N40M2 PCW120N40M2 PCZ120N40M2 PCZN120N40M2 PCRZ120N40M2 PCRZ120N40M2
Automotive PCO120N40M2A PCBF120N40M2A PCZN120N40M2A  PCRZ120N40M2A PCR120N40M2A
Industrial PCO120N60M2 PCZ120N60M2 PCZN120N60M2
Automotive PCO120N60M2A PCBF120N60M2A PCRZ120N60M2A PCR120N60M2A
Industrial PCO120N80M2 PCZ120N80M2 PCZN120N80OM2
soma Automotive PCO120N80M2A PCBF120N80M2A

For more product information, please visit https://www.powermastersemi.com
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6.2. Nomenclature
Device part number contains a lot of information such as technology, package, voltage rating and generation, etc.
Fig. 10 shows Power Master Semiconductor’'s e/ SiC MOSFET nomenclature

P CZ120 N 16

2 A
I N OSFET / Grade

A : Automotive Grade
« None : Industrial Grade
= W : Wafer Level Burn-In

MOSFET / Generation

= M1:Gen1
= M2:Gen2
+ M3:Gen3

g Roson) Typ [mQ]
g Channel Polarity
g Voltage Rating ( x10)

Package

= BF:D2PAK-7L + R:TSPAK-LF

« T:TOLL = RZ: TSPAK-DBC

« P :TO-220-3L * O :Wafer (Unsawn )
= W:TO-247-3L * OS: Wafer ( Sawn )
+ Z :TO-247-4L

= ZN: TO-247-4L, Notch

SiC Technology
PMS Semiconductor

»
P

Figure 10. e SiC MOSFET nomenclature scheme

7. Document Revision History

Major changes since the last version

Date Description of change

22-October-2025 First Release
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Important Notice

Power Master Semiconductor reserves the right to make changes to the information in this document and related
Product without notice.

e This document and any information herein may not be reproduced without prior written permission from
Power Master Semiconductor

« This document is subject to change without notice.

» The products described herein and this document are subject to specific disclaimers

e Though Power Master Semiconductor works continually to improve quality and reliability, product can
malfunction or fail. Customers are responsible for complying with safety standards and for providing
adequate designs and safeguards for their systems.

» Customers are solely responsible for all aspects of their own product design or applications, including but
not limited to determining the appropriateness of the use of this product, determining the applicability of any
information contained in this document.

Power Master Semiconductor — All rights reserved
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