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Abstract. We report an AEC-Q101-qualified 750V, 15 mQ planar SiC MOSFETs with a long short
circuit withstand time (SCWT) of > 9us at Vps=400V and Vs=15V and a low specific on-resistance
(Rox,sp) of 2.1 mQ.cm? at Vgs=15V designed for xEV traction inverter applications. The Rps(on) at
Vs=15V increases from 15mQ at 25 °C to 21 mQ at 175 °C. A low turn-on (Eon) and turn-off (Eorr)
switching energy loss of 95.5uJ and 67uJ at Ips=75A, Vps=400V was measured at 25 °C. The gate
oxide lifetime at worst case operating fields of SMV/cm is >> 20 years.

Introduction

SiC MOSFETs are now the ideal semiconductor choice for high-efficiency xEV traction inverters.
These applications demand SiC MOSFETs with low Rps(n) Which in turn requires low Ron sp to drive
down the die size, improve yields and reduce cost. The design for low Ron,sp in planar MOSFETs
generally requires a thinner gate oxide (tox) and/or shorter channel length — both of which result in
reduced short-circuit withstand times (SCWT). However, in automotive inverter applications, long
SCWT is favored due to possible locked rotor and climb events in a normal drive cycle [1]. The
significantly shorter SCWT of SiC MOSFETs compared to traditional IGBTs has been one of the
major concerns for market acceptance in motor drive applications[2]. Although some circuit design
methods to improve SCWT capability have been recently reported [2], these advanced circuit
methods required for dealing with SiC planar devices might not be needed if such devices were
available with long SCWT.

In this work, we report on an AEC Q101-qualified 750V SiC MOSFET platform that breaks the
traditional low Ronsp vs SCWT trade-off by showing a highly-reliable large area planar SiC
MOSFET with a long SCWT of >9us combined with a very low Ron,sp of 2.1mQ.cm? at Vgs=15V.
These devices a have measured stable Vi, robust UIS capability, and ultra-low switching energies
thus making this device attractive for high-efficiency traction inverter applications.

Experimental Results

Fig. 1 and Fig. 2 show the drain characteristics of the 750V, 15mQ SiC MOSFETs acquired at Vgs
values ranging from 8V to 16V at at 25 °C and 175 °C, respectively. The nominal Rpswon) of the
MOSFET extracted at Vgs=15V, Ips=24A is 15 mQ which results in a low specific on-resistance
(Rox,sp) of 2.1 mQ.cm?. The device is normally-off at VGs=0V with a typical drain to source leakage
current <100nA at Vps=750V at 25 °C. The Rpsn) at Vas=15V increases <1.4X from 25 °C to
150 °C lower than many trench devices. Fig. 3 shows the normalized Rps(on) vs. Junction temperature
at Vps=15V, Ip=24A of this device along with two acquired commercially available MOSFETs
(suppliers C and D) using the same setup. Fig. 4 shows the normalized Vi vs. Junction temperature
for these 3 devices acquired at Vgs=15V, Ip=24A using the same test setup. The Vi of the 750V,
15mQ MOSFETs at Vas=15V and Ip=24mA decreases from 2.5V at 25 °C to 1.9V at 175 °C.
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Fig. 5 shows the short circuit test waveform measured on the 750V, 15mQQ MOSFET in a 4L TO-
247 package at Vas=15V, Vps=400V with an SCWT of 9.6pus recorded. Table I presents a comparison
of the short circuit times measured in this work with prior works. The data corresponding to the
commercially available MOSFETs (suppliers A, B, C, D, E) was acquired using the same test setup
as this work, and the results for devices F and G are from published reports. The short circuit time of
>9 us represents a significant improvement compared to the published reports.

Fig. 6 compares the body diode reverse recovery charge (Qr) of 750V, 15mQ MOSFET with
suppliers C and D at Vbc=400V, [r=50 A, 25 °C, di/dt=2500 A/us, L=30 pH, and Vgs=-5V utilizing
the same setup. The 750V, 15mQ SiC MOSFET shows 1.1X and 1.4X lower Q: than suppliers C
and D.

Fig. 7 shows the turn-on (Eon) and turn-off (Eorr) switching energy loss values measured as a
function of Ips for the 750V, 15mQ SiC MOSFET. It also shows the switching measurements
acquired commercially available suppliers C (650V, 15mQQ) and D (750V, 18m€2) using the same test
setup. The data was acquired at Vps=400V, Raofr =02, Rcon=2Q, VGs=-5V to +15V. Also shown in
this figure are measurements acquired from commercially available suppliers C (650V, 15mQ) and
D (750V, 18mQ) using the same test setup. The Eon of this work is 48% and 30% lower than suppliers
C and D in Ip=100A. Likewise, The Eorr of this work is 68% and 57% lower than suppliers C and D
in Ip=100A.
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Fig. 3. Normalized Ropsen) vs. Junction Fig. 4. Normalized Vi vs. Junction temperature
temperature for 750V, 15mQ MOSFET (this for 750V, 15mQ MOSFET (this work), supplier
work), supplier C (650V, 15mQ), and D (750V, C (650V, 15mQ), and D (750V, 18mQ)
18mQ) acquired at Vgs=15V, Ip=24A using the acquired at Vgs=15V, [p=24A using the same
same test setup. test setup.
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The long-term integrity of the gate oxides of SiC power MOSFETs is a primary concern for
automotive applications. Fig. 8 shows the t63% lifetimes, extracted from time-dependent dielectric
breakdown (TDDB) measurements on this work at 150 °C, plotted as a function of Vgs. The gate
oxide lifetime at its nominal Vgs=15V is >> 20 years. Fig. 9 shows the Vu of the 750V, 15 mQ
MOSFET as a function of stress time during HTGB stress performed at Vgs=+18V, 175 °C for 1000
hours. An increase in Vin of <4% was observed after 1000hrs. These results demonstrate a
manufacturable, rugged, and reliable 750V SiC MOSFET platform that has been developed for

automotive applications.

Fig. 5. Short circuit measurement of 750V,
15mQ at Vgs=15V and Vps=400V. A Short
Circuit time of 9.6us was extracted.
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Fig. 6. Body diode reverse recovery charge (Qrr)
of 750V, 15mQ MOSFET with supplier C
(650V, 15mQ) and D (750V, 18mQ) at
Vpc=400V, Ir=50A, 25 °C, di/dt=2500A/us.
L=30 pH, Vgs=-5V using the same setup.

Table I. Comparison of Short Circuit times for
750V, 15m mQ SiC MOSFET (this work) with

commercial and published reports for
650V/750V MOSFETs.
Device Type Vbs Rpsen) | SCWT
V) | (mQ) | (us)
Supplier A | Trench 650 60 8
Supplier B Planar 650 45 5
Supplier C Planar 650 15 4.3
Supplier D Planar 750 18 2.1
Supplier E Planar 750 23 34
F [3] Planar 650 85 4.4
G [4] Planar 650 7 8
This work Planar 750 15 9.6
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Fig. 7. Eon and Eorr vs. Ips for 750V, 15 mQ
MOSFET (this work), supplier C (650V, 15m£2)
and D (750V, 18mQ) acquired at Vps=400V,
Raotr =0Q, RGon=2Q, Vgs=-5V/+15V using the
same test setup.
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Fig. 8. Lifetimes extracted from TDDB Fig. 9. Shift in Vi vs. time for 750V SiC
measurements on 750V process technology vs. MOSFET during high-temperature Gate Bias
Electric field in the gate oxide. stress test at Vgs=18V at 175 °C.

Summary

An AEC Q101-qualified 750V planar SiC MOSFET platform that breaks the traditional low Ron,sp
vs SCWT trade-off by showing a highly-reliable large area planar SiC MOSFET with a long SCWT
of >9us at Vps=400V, low Ron,sp of 2.1mQ.cm? at Vgs=15V. These rugged and highly reliable planar
SiC MOSFETs with stable Vi, robust UIS capability, ultra-low switching energies, low Ron,sp and
high SCWT are attractive devices for high-efficiency traction inverter applications.
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