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Design and experimental verification of an ultrafast medium-voltage DC solid-state
circuit breaker using cascaded normally-on SiC JFETs

HE Dong', XU Xingdong', LAN Zheng', WANG Wei’
(1. College of Electrical and Information Engineering, Hunan University of Technology, Zhuzhou 412007, China;
2. College of Electrical and Information Engineering, Hunan University, Changsha 410082, China)

Abstract: The solid-state circuit breaker (SSCB) is a crucial component in the protection of DC distribution networks in
that they facilitate reliable, arc-free, and fast isolation of DC faults. First, a novel medium-voltage DC SSCB topology
based on cascaded silicon carbide (SiC) junction field effect transistors (JFETs) is proposed. When a DC fault occurs,
metal oxide varistors (MOVs) are used to provide driving voltage to the gate-source terminals of cascaded normally-on
SiC JFETs of the SSCB main switch. These can achieve fast DC fault protection. Additionally, the operational
characteristics of the SSCB turn-off and turn-on processes are analyzed in detail, and the design method of key parameters
of the SSCB drive circuit is proposed. Finally, a 1.5 kV/63 A medium-voltage SSCB prototype based on three cascaded
normally-on SiC JFETs is developed, and the effectiveness of the design scheme is verified through short-circuit fault and
fault recovery experiments. The results indicate that the response time for the SSCB to turn off the 250A short-circuit
current is about 20 ps. Fault recovery conduction response time is about 12 ps. This provides a foundation for the
topology optimization design of medium-voltage DC SSCB and the improvement of dynamic and static voltage balance
performance of cascaded normally-on SiC JFETs.
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Fig. 1 Medium-voltage DC SSCB topology based on cascaded normally-on SiC JFETs

KWL FE A BT PR AR R RE R, [FIRHRF 26 SiC JFET 2%
P B UEAR B R FF AL — AN VN . N
0453 AT SSCB 2% Wi Al 538 ok F2 38 47 4 1

2 HETREEEI®B SiC JFET P EER
SSCB F kg5t

2.1 ETLEFEEE SiC JFET B ERE 7 SSCB %

Wit 24

ELACHL X IE #2417, SSCB #EE HLIfi e
FlNfaEistr. HHEMAG KA, SSCB
il G N0 A 0 ) A B LA, SSCB BB HL B
[ BB SiC JFET 28Rk & 16— AN Fa g (1)
15V (WEHBEES, AT, MRS %
Wk . SR B Y SiC JFET 2340 5 T i) #EAE Ak, L
LA 2 B, FEEREEME 3 s,

A

r8 t9 th’ll’lZ ,13 114

[ 2 RELEBEE SiC JFET XA SBAEE L H R FUR
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and turn-on process for the cascaded normally-on SiC JFETs
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Table 1 Main parameters of the SSCB experimental prototype
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Fig. 7 SSCB experimental waveforms during short-circuit fault
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