
1. INTRODUCTION
The development and popularization of hybrid vehicles (HVs) is 
continuing to relieve environmental issues. Power electronics 
components such as the motor, generator, high-voltage battery, and 
power control unit (PCU) are key parts of all environmentally 
friendly vehicles (Fig. 1). In particular, research is currently 
examining ways of reducing the size and loss of the PCU by 
improving the performance of its main power module and silicon (Si) 
power semiconductor components. However, with Si power 
semiconductors close to inherent material performance limits, focus 
has shifted to the adoption of next-generation silicon carbide (SiC) 
power semiconductors.

Figure 1. Hybrid system. configuration

SiC power semiconductors are capable of reducing conduction and 
switching loss compared to conventional Si semiconductors. Using 
this characteristic, SiC is regarded as a promising material for helping 

to improve the fuel efficiency of HVs and other environment-friendly 
vehicles, as well as for reducing the size of power converters such as 
the PCU [1][2].

Extending beyond HV systems, this research studied the installation 
of SiC Schottky barrier diodes (SiC-SBDs) in the boost converter that 
controls the FC voltage of a bus equipped with a new type of FC 
system. This FC bus (called as the Toyota Oiden Bus) started 
operation along a route in Toyota city on January 9, 2015. (Fig. 2, 
Tab. 1)

This paper describes the efficiency improvement of adopting 
SiCSBDs in an FC boost converter supported by the data obtained 
during operation of the FC bus.

Figure 2. New FC bus with SiC power semiconductors.
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Table 1. New FC bus specifications.

2. SYSTEM OUTLINE

2.1. FC System Outline
Figure 3 shows the FC system for a bus that includes two individual 
FC systems. The voltage of the FCs is boosted up to 650 V by the 
boost converters, and it is converted into alternating current (AC) by 
the PCUs to drive the motors.

Figure 3. New FC bus system.

2.2. Boost Converter
Figures 4 and 5 show a simplified circuit diagram and the external 
appearance of the FC boost converter, respectively. In the boost 
circuit, the reactor current generated by the silicon insulated gate 
bipolar transistors (Si-IGBT) in the lower arm flows in the diodes of 
the upper arm.

Figure 6 shows the installed SiC-SBDs and an image of the power 
module. The installed SiC-SBDs (6mm x 6mm) are roughly half the 
area of conventional Si-PiN diodes (Si-PiNDs). Multiple power 
modules were installed inside the FC boost converter upper arms 
shown in Fig. 4. Lower arm diodes are Si-PiNDs, because the role of 
the lower diodes is protection of Si-IGBTs.

This installation method (without changing the control or structure of 
the system) was selected to isolate the effect of the SiC-SBDs.

Figure 4. Electronic circuit diagram of boost converter.

Figure 5. FC boost converter.

Figure 6. Power module and SiC-SBD.

3. TEST RESULTS

3.1. Forward Characteristics
Figure 7 compares the forward characteristics (Vf) of conventional 
Si-PiNDs and the installed SiC-SBDs. Since the variation of Vf of 
SiC-SBD according to current and temperature is smaller than those 
of Si-PiND, the forward conduction loss of SiC-SBDs is 
correspondingly smaller.

Figure 8 shows the temperature characteristics of the forward voltage 
Vf at the rated current. Si-PiNDs have negative temperature 
characteristics, i.e., the Vf decreases as the temperature rises. 
Consequently, the current imbalance between parallel-connected 
devices becomes larger. In contrast, SiC-SBDs have positive 
temperature characteristics, i.e., the Vf increases as the temperature 
rises. As a result, the current imbalance between devices driven in 
parallel is smaller than with Si-PiNDs.
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