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Abstract

With the development of automotive electronics, various devices in the car have
developed into electronic control, such as brake-by-wire and steer-by-wire. The
correctness of the signal has higher requirements than in the past. Compared with the
LAN and CAN, FlexRay is a faster and safer vehicle communication specification. The
application voltage range of a FlexRay system is £60V, so bidirectional high-voltage
electrostatic discharge (ESD) protection is required on the system bus (Bus) to prevent
internal circuits from being damaged by electrostatic discharge, meanwhile do not

affect the normal operation of the system.



Two kinds of ESD protection devices are proposed in this thesis, U2BPNP,
connected by two uni-directional PNPs (uni-directional PNP), and BiPNP, a stand-alone
bi-directional PNP. Both of them met the requirement of the FlexRay application. In
U2BPNP, the TLP Vtl and It2 of U2BPNPs, which consists of uni-directional PNP with
different operating voltages, were compared. In BiPNP, we varied the distance between
the doping layers to achieve an applied voltage of +60V. The relationships between the
size and TLP It2 were also analyzed. In addition, BP and BM of the FlexRay Bus must
pass HBM x6kV and IEC61000-4-2 +6kV, respectively, which are stipulated in the
specification. The HBM and IEC levels of the proposed bi-directional PNPs are also
listed. The results of TLP, HBM, and IEC61000-4-2 showed that BiPNPs have better
area efficiency than U2BPNPs. In addition, according to the measurement results, the
proposed devices have a relationship between the HBM levels (V) is 2~1.7kQ times
TLP 1t2 (A), and IEC levels (V) is 0.6k times TLP It2 (A).

In high-voltage applications, wide bandgap devices, such as silicon carbide (SiC)
and gallium arsenide (GaAs), will be highly developed in the next generation of high-
power devices. In this thesis, we measured the TLP It2 and HBM levels to analyze the
ESD characteristics of SiC PN junction diodes and MOSFETSs. In the SiC PN junction
diode, we found that HBM levels do not correlate with devices size. In addition, the
measurement results of SiC MOSFET show that PMOSFETs have higher ESD
tolerance and Vtl1 than NMOSFETs. It is worth noting that the SIC NMOSFETSs have

no snapback phenomenon, which is different from traditional Si NMOSFET.



