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Fig. 1. (a) SiC MOSFET cell structure; (b) schematic diagram of heavy ion experiment.
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Fig. 2. During irradiation: (a) Leakage current monitoring; (b) burn-out current monitoring; (c¢) pulse current monitoring.
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Fig. 3. Transfer characteristic curve and output characteristic curve of SiC MOSFET before and after irradiation.
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Table 1.  Threshold voltage offset and current

change of SiC MOSFET before and after irradiation.
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Fig. 4. After irradiation: (a) Gate leakage currents charac-

teristics; (b) drain leakage currents characteristics.
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Fig. 5. Diagram of ion strike positions.
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Fig. 8. The distribution of lattice temperature in device after heavy ion incident of (a) 1 ps, (b) 10 ps, (¢) 100 ps, and (d) 1 ns.
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Fig. 7. The distribution of electric field in gate oxide under heavy ion strike at Vpg;,, = 200 V.

650
600
550

450

/K
3400
3085
2770
2455
2140
1825
1510
1195
880
565
250

(a) 1 ps, (b) 10 ps, (c) 100 ps Al (d) 1 ns J5 21 PR A% 6L 20 A 14

107k 135

t 130 7
_ 106 0
T o105k 125 7,
g g
; 104 F 12.0 5
N 1, 2
P 103 F 1.5 =
] 102k 110 %
| ]
101 F J 105 =
100k 10 =

b , , , , , N R

10 0 2 4 6 8 10 12 0.

¥ /pm

PO e T AR BR AR L 37 0 B2 R AR P B R Y 40 A 7
Fig. 9. Evolutions of impact ionization and electronic in-

density along the ion track.
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Abstract

In this paper, experiments on 208 MeV Ge ion irradiation with different source-drain bias voltages are
carried out for the double-trench SiC metal-oxide—semiconductor field-effect transistors, and the physical
mechanism of the single event effect is analyzed. The experimental results show that the drain leakage current
of the device increases more obviously with the increase of the initial bias voltage during irradiation. When the
bias voltage is 400 V during irradiation, the device has a single event burned at a fluence of 9x10* ion/cm?, and
when the bias voltage is 500 V, the device has a single event burned at a fluence of 3x10* ion/cm?; so when the
LET value is 37.3 MeV-cm?/mg, the SEB threshold of DUT does not exceed 400 V, which is lower than 34% of
the rated operational voltage. The post gate-characteristics test results show that the leakage current of the
device with a bias voltage of 100 V does not change significantly during irradiation. When the bias voltage is
200 V, the gate leakage and the drain leakage of the device both increase, so do they when the bias voltage is
300 V, which is positively related to bias voltage. In order to further analyze the single particle effect
mechanism of device, the simulation is conducted by using TCAD tool. The simulation results show that at low
bias voltage, the heavy ion incident device generates electron-hole pairs, the electrons are quickly swept out,
and the holes accumulate at the gate oxygen corner under the effect of the electric field, which combines the
source-drain bias voltage, leading to the formation of leakage current channels in the gate oxygen layer. The
simulation results also show that at high bias voltage, the electrons generated by the incident heavy ion move
towards the junction of the N drift layer and the NT substrate under the effect of the electric field, which
further increases the electric field strength and causes significant impact ionization. The local high current
density generated by the impact ionization and the load large electric field causes the lattice temperature to
exceed the melting point of silicon carbide, causing single event burnout. This work provides a reference and
support for studying the radiation effect mechanism and putting silicon carbide power devices into aerospace

applications.

Keywords: SiC double-trench metal-oxide-semiconductor field-effect transistors, heavy ion irradiation, single

event burnout
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