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Fig. 1. Device of SiC-SBD used in our experiment: (a) Top

view of optical microscope after de-capsulated; (b) SEM

diagram of cross-section.
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Fig. 2. On-line test layout of heavy ion irradiation.
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Fig. 3. Off-state leakage current as a function of time dur-
ing irradiation under different biases Vi (8) Vijs=
100-300 V; (b) Vi = 400 V.
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Fig. 4. EMMI analysis results for the irradiated devices:

(a) SEB K% 1

(a) Device of SEB; (b) device with leakage current increase.
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Fig. 5. SEM images of failure area for SBD device with SEB: (a) Top view; (b)—(f) cross-section image corresponding to the line

1-5, respectively.
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Fig. 6. (a) Back-side EMMI analysis result for the irradi-
ated device with leakage current increase; (b) enlarged view
of 320 pmx432 pm area (Area surrounded by the red dot-
ted line in Fig.(a)).
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Fig. 7. SEM morphology of the device cross-section: (a) The
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irradiated device of leakage current increasing; (b) pristine

device.
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Fig. 8. I-V characteristics of the device with the leakage

current increase before and after irradiation.
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Fig. 9. (a) Transient current density and (b) maximum lattice temperature as a function of time when heavy ion strikes under the

different bias voltages.
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Fig. 10. Simulated electric field as a function of distance along the ion track: (a) V, = 850 V; (b) V, =250 V.
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Fig. 11. Simulation of lattice temperature in SiC-SBD after the heavy ion incidence at different times: (a) 400 ps; (b) 1 ns; (¢) 5 ns;

(d) 10 ns.
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Abstract

In this paper, the failure mode and mechanism of silicon carbide (SiC) Schottky barrier diode (SBD)
irradiated by high-energy tantalum (Ta) ions are studied. The experimental results show that the reverse bias
voltage during irradiation is the key factor causing the failure of SiC SBDs. When the reverse bias of the device
is 400 V, the heavy ions will cause the single event burnout (SEB), and a “hole” formed by the melting of SiC
material appears in the irradiated device. When the reverse bias is 250-300 V, the failure is manifested as the
off state leakage current increases with the ion fluence. The higher the bias voltage of the device, the higher the
leakage increase rate caused by heavy ions. For the devices with increased leakage, the leakage channels caused
by heavy ions are found in the whole active region, based on microscopic analysis. The TCAD simulation results
show that the incidence of heavy ions will lead the lattice temperature to increase in the device, and the
maximum lattice temperature increases with bias voltage increasing. When the bias voltage is large enough, the
local lattice temperature inside the device reaches the melting point of SiC material, resulting in SEB. When
the bias voltage is relatively low, the lattice temperature is lower than the melting point of SiC material, so it
will not cause burnout. However, the maximum lattice temperature in the device is concentrated near the
Schottky junction, and the melting point of Schottky metal is much lower than that of SiC material. This may
lead the Schottky junction to damage locally and eventually produce leakage path.

Keywords: SiC power device, Schottky barrier diode, heavy ion radiation effect

PACS: 61.80.—x, 61.80.Jh, 85.30.—z DOI: 10.7498/aps.71.20220628

* Project supported by the National Natural Science Foundation of China (Grant No. 12075065), the Guangdong Basic and
Applied Basic Research Foundation, China (Grant Nos. 2019A1515012213, 2021B1515120043), and the Science and
Technology Program of Guangzhou, China (Grant No. 202102021201).

1 Corresponding author. E-mail: pengchaoceprei@qq.com

176101-8


http://doi.org/10.1016/j.microrel.2021.114423
http://doi.org/10.1016/j.microrel.2021.114423
http://doi.org/10.1016/j.microrel.2021.114423
http://doi.org/10.1016/j.microrel.2021.114423
http://doi.org/10.1016/j.microrel.2021.114423
http://doi.org/10.1109/TNS.2020.3002729
http://doi.org/10.1109/TNS.2020.3002729
http://doi.org/10.1109/TNS.2020.3002729
http://doi.org/10.1109/TNS.2020.3002729
http://doi.org/10.1109/TNS.2020.3002729
http://doi.org/10.1109/TNS.2016.2616921
http://doi.org/10.1109/TNS.2016.2616921
http://doi.org/10.1109/TNS.2016.2616921
http://doi.org/10.1109/TNS.2016.2616921
http://doi.org/10.1109/TNS.2014.2336911
http://doi.org/10.1109/TNS.2014.2336911
http://doi.org/10.1109/TNS.2014.2336911
http://doi.org/10.1109/TNS.2014.2336911
http://doi.org/10.1109/TDMR.2018.2842253
http://doi.org/10.1109/TDMR.2018.2842253
http://doi.org/10.1109/TDMR.2018.2842253
http://doi.org/10.1109/TDMR.2018.2842253
http://doi.org/10.1109/TDMR.2018.2842253
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.1016/j.nimb.2010.02.091
http://doi.org/10.1016/j.nimb.2010.02.091
http://doi.org/10.1016/j.nimb.2010.02.091
http://doi.org/10.1016/j.nimb.2010.02.091
http://doi.org/10.1016/j.nimb.2010.02.091
http://doi.org/10.7567/JJAP.53.04EP03
http://doi.org/10.7567/JJAP.53.04EP03
http://doi.org/10.7567/JJAP.53.04EP03
http://doi.org/10.7567/JJAP.53.04EP03
http://doi.org/10.7567/JJAP.53.04EP03
http://doi.org/10.1016/j.microrel.2021.114423
http://doi.org/10.1016/j.microrel.2021.114423
http://doi.org/10.1016/j.microrel.2021.114423
http://doi.org/10.1016/j.microrel.2021.114423
http://doi.org/10.1016/j.microrel.2021.114423
http://doi.org/10.1109/TNS.2020.3002729
http://doi.org/10.1109/TNS.2020.3002729
http://doi.org/10.1109/TNS.2020.3002729
http://doi.org/10.1109/TNS.2020.3002729
http://doi.org/10.1109/TNS.2020.3002729
http://doi.org/10.1109/TNS.2016.2616921
http://doi.org/10.1109/TNS.2016.2616921
http://doi.org/10.1109/TNS.2016.2616921
http://doi.org/10.1109/TNS.2016.2616921
http://doi.org/10.1109/TNS.2014.2336911
http://doi.org/10.1109/TNS.2014.2336911
http://doi.org/10.1109/TNS.2014.2336911
http://doi.org/10.1109/TNS.2014.2336911
http://doi.org/10.1109/TDMR.2018.2842253
http://doi.org/10.1109/TDMR.2018.2842253
http://doi.org/10.1109/TDMR.2018.2842253
http://doi.org/10.1109/TDMR.2018.2842253
http://doi.org/10.1109/TDMR.2018.2842253
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.1016/j.nimb.2010.02.091
http://doi.org/10.1016/j.nimb.2010.02.091
http://doi.org/10.1016/j.nimb.2010.02.091
http://doi.org/10.1016/j.nimb.2010.02.091
http://doi.org/10.1016/j.nimb.2010.02.091
http://doi.org/10.7567/JJAP.53.04EP03
http://doi.org/10.7567/JJAP.53.04EP03
http://doi.org/10.7567/JJAP.53.04EP03
http://doi.org/10.7567/JJAP.53.04EP03
http://doi.org/10.7567/JJAP.53.04EP03
http://doi.org/10.1016/j.microrel.2021.114423
http://doi.org/10.1016/j.microrel.2021.114423
http://doi.org/10.1016/j.microrel.2021.114423
http://doi.org/10.1016/j.microrel.2021.114423
http://doi.org/10.1016/j.microrel.2021.114423
http://doi.org/10.1109/TNS.2020.3002729
http://doi.org/10.1109/TNS.2020.3002729
http://doi.org/10.1109/TNS.2020.3002729
http://doi.org/10.1109/TNS.2020.3002729
http://doi.org/10.1109/TNS.2020.3002729
http://doi.org/10.1109/TNS.2016.2616921
http://doi.org/10.1109/TNS.2016.2616921
http://doi.org/10.1109/TNS.2016.2616921
http://doi.org/10.1109/TNS.2016.2616921
http://doi.org/10.1109/TNS.2014.2336911
http://doi.org/10.1109/TNS.2014.2336911
http://doi.org/10.1109/TNS.2014.2336911
http://doi.org/10.1109/TNS.2014.2336911
http://doi.org/10.1109/TDMR.2018.2842253
http://doi.org/10.1109/TDMR.2018.2842253
http://doi.org/10.1109/TDMR.2018.2842253
http://doi.org/10.1109/TDMR.2018.2842253
http://doi.org/10.1109/TDMR.2018.2842253
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.1016/j.nimb.2010.02.091
http://doi.org/10.1016/j.nimb.2010.02.091
http://doi.org/10.1016/j.nimb.2010.02.091
http://doi.org/10.1016/j.nimb.2010.02.091
http://doi.org/10.1016/j.nimb.2010.02.091
http://doi.org/10.7567/JJAP.53.04EP03
http://doi.org/10.7567/JJAP.53.04EP03
http://doi.org/10.7567/JJAP.53.04EP03
http://doi.org/10.7567/JJAP.53.04EP03
http://doi.org/10.7567/JJAP.53.04EP03
http://doi.org/10.1016/j.microrel.2021.114423
http://doi.org/10.1016/j.microrel.2021.114423
http://doi.org/10.1016/j.microrel.2021.114423
http://doi.org/10.1016/j.microrel.2021.114423
http://doi.org/10.1016/j.microrel.2021.114423
http://doi.org/10.1109/TNS.2020.3002729
http://doi.org/10.1109/TNS.2020.3002729
http://doi.org/10.1109/TNS.2020.3002729
http://doi.org/10.1109/TNS.2020.3002729
http://doi.org/10.1109/TNS.2020.3002729
http://doi.org/10.1109/TNS.2016.2616921
http://doi.org/10.1109/TNS.2016.2616921
http://doi.org/10.1109/TNS.2016.2616921
http://doi.org/10.1109/TNS.2016.2616921
http://doi.org/10.1109/TNS.2014.2336911
http://doi.org/10.1109/TNS.2014.2336911
http://doi.org/10.1109/TNS.2014.2336911
http://doi.org/10.1109/TNS.2014.2336911
http://doi.org/10.1109/TDMR.2018.2842253
http://doi.org/10.1109/TDMR.2018.2842253
http://doi.org/10.1109/TDMR.2018.2842253
http://doi.org/10.1109/TDMR.2018.2842253
http://doi.org/10.1109/TDMR.2018.2842253
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.12061/j.issn.2095-6223.2019.010602
http://doi.org/10.1016/j.nimb.2010.02.091
http://doi.org/10.1016/j.nimb.2010.02.091
http://doi.org/10.1016/j.nimb.2010.02.091
http://doi.org/10.1016/j.nimb.2010.02.091
http://doi.org/10.1016/j.nimb.2010.02.091
http://doi.org/10.7567/JJAP.53.04EP03
http://doi.org/10.7567/JJAP.53.04EP03
http://doi.org/10.7567/JJAP.53.04EP03
http://doi.org/10.7567/JJAP.53.04EP03
http://doi.org/10.7567/JJAP.53.04EP03
http://doi.org/10.7498/aps.71.20220628
http://doi.org/10.7498/aps.71.20220628
mailto:pengchaoceprei@qq.com
mailto:pengchaoceprei@qq.com
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

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

EE TERSBNSICHRES 2 —HERHHE
A FEHE KRER MERE BXE RELE #x

Damage mechanism of SiC Schottky barrier diode irradiated by heavy ions

Peng Chao Lei Zhi-Feng  Zhang Zhan-Gang He Yu-Juan  ChenYi-Qiang Lu Guo-Guang

55 K. Citation: Acta Physica Sinica, 71, 176101 (2022) DOI: 10.7498/aps.71.20220628
TEZE [T View online: https:/doi.org/10.7498/aps.71.20220628
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FRFT BRI AR I HA SCEE

Articles you may be interested in

KA IR ST K BB R GaN 1 L4 48 — A BT

Establishment of composite leakage model and design of GaN Schottky barrier diode with stepped field plate
YA 2022, 71(5): 057301  https:/doi.org/10.7498/aps.71.20211917

RS I L, B SCFERT S AIGaN/GaN P F5 3t — A %

Investigation of AlGaN/GaN Schottky barrier diodes on free—standing GaN substrate with low leakage current
PrPReEd. 2022, 71(15): 158503  https://doi.org/10.7498/aps.71.20220161

e ] A Y AR R
Barrier—tunable gallium oxide Schottky diode
PrPezd. 2022, 71(3): 037301 https://doi.org/10.7498/aps.71.20211536

P i P o2k RE B A% i 2R e He A B B A0 R ) 1 ik —
Ge Schottky diode for improving energy conversion efficiency of the receiver of microwave wireless power transfer

PyFEEEAR. 2020, 69(10): 108401  https:/doi.org/10.7498/aps.69.20191415

A SR T2 X R /S CA i 1 A BE 4 2 R 2 O B — VR IR 7

First principle study on modulating of Schottky barrier at metal/4H-SiC interface by graphene intercalation
YrH2E 4. 2022, 71(5): 058102  https:/doi.org/10.7498/aps.71.20211796

BT A A A Sn & S ORI —F02.45 G55 RE R TC L BE T Ge ik 1 4k A%

Huang Yun

A Ge-based Schottky diode for 2.45 G weak energy microwave wireless energy transmission based on crystal orientation optimization

and Sn alloying technology
YrEEEdE. 2021, 70(10): 108401  hitps://doi.org/10.7498/aps.70.20201674


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.71.20220628
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.71.20211917
https://doi.org/10.7498/aps.71.20220161
https://doi.org/10.7498/aps.71.20211536
https://doi.org/10.7498/aps.69.20191415
https://doi.org/10.7498/aps.71.20211796
https://doi.org/10.7498/aps.70.20201674

