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Fig. 1. (a) SiC DTMOSFET cell structure; (b) photo of real
device.
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Fig. 2. Under the irradiation condition of Vg = 0V, the
transfer characteristic curve of SiC DTMOSFET changes
with the total dose.

e FIRFERE [ A T WS H 37 58 X SiC
DTMOSFET #4458 BB AL )52, FFJ T AN ]

056101-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 74, No. 5 (2025) 056101

WHEMME (Vo = -5, 0, +5 V) T IR w5 A8
S, 1K 3 s SiC DTMOSFET #% 14 16 58 18
F A 150 krad(Si) WA [FIHHAR O B H Hs T 4@ IR
HIJG I RRA P 2 G R BT 3 s i 4 1ok
&, WG, SRR SRR A TR
T AL, (R He g sl )M B A U 4R
KEET B, Y Ve = 0 VI, fIEXT 2R
/N, WY Ve = +5 VI, IS8R5
e 5 Sy Y 48, I {1 P, s ) 728 A S B 7T 56 82%, 8
FAEG - mRER L ik MOSFET MR e Ve =
+5 V, 58I 500 krad(Si) BB R 43%
(14 A5 Al i (14, 3k 3 A U700 9 760 248 4 T 25 5 % 31|
SRR SR SE R, 31X A] BESE TR LR B i
B 2E. NF 1 AT LR, AN TR O 5 s A
[F) 4% B F SiC DTMOSFET #$ 14 i) 13 1 v, J &
AL (A V). SRR, TEEGR R IR b, Bl
Rt 00 X 1) O L R i A O R 4 Ml 7 2R

— Fresh Vo=-5V
80F — Vo=+45V 0.03
— V=0V
60 - —
« {0.02 ¢
g £
= 40 @
5 =
20l 0.01 &

0F

Bl 3 AEFIESN 150 krad(Si) fIB 44T, SiC DTMOSFET
A B R AR e T 2k A B s 1 728 s 3

Fig. 3. Transfer characteristic curves of SiC DTMOSFET
varies with gate bias under the irradiation dose of
150 krad(Si).
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Table 1. The amount of threshold voltage vari-
ation for double-trench SiC MOSFET devices with
different gate voltages and irradiation doses.

LWEIE Ve=0V Vg=5V Vg=+45V
50 krad(Si) 058 V “1.27V 152V
100 krad(Si)  -1.07 V 154V 215V
150 krad(Si)  -1.36 V ~2.36 V 328V
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Fig. 4. Physical mechanism of device performance degrada-

tion after irradiation.
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Table 2.  The oxide trap charge density and interface
trap charge density at different voltages when the irradi-
ation dose is 150 krad(Si).

N,/ (101 cm 2) 7.63 12.70 20.10
N;/(10% cm2) 28.90 5.75 133.00
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Fig. 5. Low frequency noise characteristics of SiC DTMOS-
FET: (a) The variation trend of low frequency noise charac-
teristics of SiC DTMOSFET with total dose under Vg =
0V irradiation; (b) the variation trend of low-frequency
noise characteristics of SiC DTMOSFET with gate bias un-
der the irradiation dose of 150 krad(Si).
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Fig. 6. Transfer characteristic of double-trench SiC MOS-
FET devices before and after annealing. The illustration in
the figure is a partial enlargement of the transfer characteri-

stic curve.
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Fig. 7. Device structure diagram.
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Fig. 8. (a) Transfer characteristic curves; (b) output charac-
teristic curves of SiC DTMOSFET device obtained by ex-
periment and TCAD simulation.
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Fig. 9. The gate oxide introduces different concentration of
oxide fixed charge, which causes the drift of the transfer
characteristic curve of SiC DTMOSFET device.
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Abstract

In this work, the influence of %°Co-y ray irradiation on double trench SiC metal-oxide-semiconductor field-
effect transistors (MOSFETSs) is investigated under different conditions. First, the effects of the total ionizing
dose (TID) on the electrical performance of the device at different gate bias voltages are studied. The results
indicate that at 150 krad(Si) irradiation dose, the threshold voltage of the device after being irradiated
decreases by 3.28 and 2.36 V for gate voltages of +5 and —5 V bias, respectively, whereas the threshold voltage
of the device after being irradiated decreases by only 1.36 V for a gate voltage of 0 V bias. The threshold
voltage of the device after irradiation drifts in the negative direction, and the degradation of the electrical
performance is especially obvious under the positive gate bias. This is attributed to the increase in the number
of charges trapped in the oxide layer. At the same time, room temperature annealing experiments are performed
on the irradiated devices for 24, 48, and 168 h. The shallow oxide trap charges generated by irradiation are
annealed at room temperature, while the deep oxide trap charges and interface trap charges are difficult to
recover at room temperature, resulting in an increase in the threshold voltage of the devices after being
annealed, indicating that the electrical properties of the devices can be partially recovered after being annealed
at room temperature. In order to characterize the effect of ®°Co-7 ray irradiation on the interfacial state defect
density of the devices, low frequency noise (1/f) tests are performed at different doses and different gate bias
voltages. The 1/flow frequency noise testing shows that under different bias voltages, the density of irradiation
defects in the device increases due to the presence of induced oxide trap charges in the oxide layer of the device
after being irradiated and the interfacial trap charges generated at the SiO,/SiC interface. This results in an
increase of 4-9 orders of magnitude in the normalized power spectral density of the drain current noise of the
irradiated device. To further ascertain the irradiation damage mechanism of the device, a numerical simulation
is carried out using the TCAD simulation tool, and the results show that a large number of oxide trap charges
induced by irradiation in the oxide layer cause an increase in the electric field strength in the gate oxide layer
close to the trench side, which leads to a negative drift of the threshold voltage of the device and affects the
performance of the device. The results of this work can provide important theoretical references for investigating
the radiation effect mechanism and designing the anti radiation reinforcement of double trench SiC MOSFET

devices.
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