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In the showroom… 

With the rising cost of fuel, increasingly strict regulations for fuel efficiency, and the growing public 
sentiment towards embracing green behavior, it’s no surprise that global demand continues to 
strengthen for hybrid electric vehicles (HEVs), plug-in hybrid electrical vehicles (PHEVs) and battery 
electrical vehicles (BEVs). With more models appearing on the market each year and competition 
between manufacturers just beginning to intensify, it won’t be long before automobile manufacturers 
start pitching their EV’s performance against those of other EV manufacturers, as opposed to just 
against standard combustion-engine vehicles. Once public acceptance is accomplished, the next step for 
manufacturers is to squeeze out additional efficiency gains from their existing systems in order to 
remain at the top of the pack of the increasing pool of available EVs. 

Multiple opportunities for performance improvement exist within the electromechanical systems that 
govern the behavior of the hybrid and electrical components of a typical EV. In an HEV, sophisticated 
power electronics manage the energy flow between wheel demand, the combustion engine, and 
storage devices. Battery chargers are also a key component of EV acceptance since plug-in owners want 
fast charging from easily accessible outlets, and hybrid owners want reliable battery-charger systems 
with long lifetimes. The keys to fast charging of EV batteries are high efficiency power conversion, high 
operating temperature capability, and high DC charging voltage [1,2].  

Since these systems are all controlled using power electronic converters, it’s no surprise that the design 
of advanced high efficiency AC/DC and DC/DC converters are the next step to improving overall vehicle 
efficiency. Most EVs employ conventional power conversion systems consisting of silicon devices with 
limited voltage and power handling. To get to the next level of performance and efficiency, these 
systems require wide bandgap semiconductors with high power density, high breakdown voltage, better 
thermal conductivity, and smaller leakage currents. Implementing wide bandgap semiconductors will 
lead to higher power efficiency by enabling the conversion systems to run at higher voltage and at 
higher frequency [1]. Even though the component cost of wide bandgap semiconductors tends to be 
higher than conventional silicon devices, they have the effect of reducing overall system costs; in part 
because the higher thermal conductivity of wide bandgap materials results in devices that can use 
smaller heat sinks and, in some cases, may not even require fans.  

Silicon carbide (SiC) is one of these wide bandgap semiconductors, and has been available for some 
time. The performance advantages of SiC are well established, with proven high voltage capability, high 
surge resistance, and higher thermal conductivity. These properties enable SiC to be used as the 
semiconductor material in unipolar Schottky diodes at high voltages (>1kV); alternatively, silicon diodes 



must use a bipolar structure above 300V. The most important advantage provided by this unipolar diode 
structure is a zero reverse recovery characteristic [3], which means that SiC Schottky diodes exhibit 
minimal losses during switching and can be switched extremely quickly. Therefore, SiC Schottky barrier 
diodes (SBDs) are the natural choice for higher efficiency in fast switching applications, such as those 
required in EV electronic power management.  

 

Figure 1: Cree’s C4D Z-Rec® family of 1200V Schottky diodes are being utilized to great success in EV 
chargers. 

Existing DC/DC converters built with silicon power diodes must be split into several phases to allow 
lower current power devices to be used in each phase, and to eliminate the cumbersome design 
problem of potential thermal runaway conditions that can occur when paralleling multiple silicon 
devices [4]. Silicon carbide devices do not have this problem; thus, by converting silicon diodes to SiC 
SBDs, the number of phases can be reduced, resulting in a significantly smaller and simpler system while 
increasing overall reliability. 

In one recent study, a team at Global Power Electronics swapped out the silicon PiN diode in the buck-
boost converter of a 6.6kW charger and replaced it with a SiC SBD to form an insulated-gate bipolar 
transistor (IGBT) – SiC SBD hybrid booster power module [5]. This conversion resulted in a system 
efficiency increase of approximately 2 percent when compared to an all-silicon module, with a 
maximum observed conversion efficiency of 96.4 percent. Additionally, the zero recovery of SiC SBDs 
means that switching losses have no temperature dependency, so the Si/SiC hybrid module also 
experienced little change in efficiency when running at higher operating temperatures. This is not the 
case for all-silicon modules, which experience significant increases in switching losses with increasing 



temperature. The performance improvements achieved just by using the Si/SiC hybrid are considerable 
for a drop-in replacement part. 

The use of silicon carbide doesn’t just benefit the charging and power management systems. EV battery 
systems also require a great deal of space in the vehicle. Space and weight saved elsewhere in the 
vehicle, including the power control system, will ultimately result in greater vehicle efficiency and 
potentially even more passenger space; while the improved thermal characteristics, lower component 
count, and smaller component size associated with using SiC devices will result in overall smaller 
systems. A recently announced prototype motor drive system from Mitsubishi incorporates a built-in SiC 
inverter, resulting in one of the smallest EV motor drive systems available [6]. 

Cree offers a full portfolio of SiC Schottky diodes ranging from 600V to 1700V, and already has several 
EV charger design wins that are now in production using its C4D product line of 1200V diodes. Cree is 
one of the few SiC Schottky diode manufacturers to design their devices with a Merged PiN Structure 
(MPS) [3], providing extreme surge resistance against the most intense fault events. For example, Cree’s 
C4D10120A 10A, 1200V diode with MPS has demonstrated surge resistance above 700A at 25˚C under a 
10-microsecond pulse. 

 

Figure 2: Forward surge current resistance of Cree’s C4D10120A Schottky diode versus surge pulse time, 
showing the impact of the Merged PiN Structure on surge resistance 

On the racetrack… 

Hybrid efficiency improvement isn’t restricted to commercial vehicles. For the 2014 season, the FIA 
(Federation Internationale de l’Automobile) has introduced drastic changes to the regulations for 
Formula 1® racing. One of the most significant changes is a reduction in total permissible fuel 
consumption by 33 percent [7], meaning that race teams need to develop a powertrain that is 33 
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percent more efficient. Part of the efficiency improvement comes from reducing the engine size from a 
2.4-liter naturally-aspirated V8 to a 1.6-liter turbo-charged V6; however, a good portion of the efficiency 
improvement has to come from the Energy Recovery System (ERS). This revolutionary addition to the 
F1® power plant is designed to harvest energy that would normally be lost during conversion at the 
wheels and turbocharger, and save it for later use. 

 

Figure 3: Regulations for Formula 1® racing now require a 33% reduction in total fuel consumption. 

There are three core components to the ERS system. The “Motor Generating Unit – Kinetic” (MGU-K) is 
similar to the regenerative braking systems used in commercial hybrids and EVs. The MGU-K acts as a 
generator by harvesting energy during braking, and then acts as a motor by delivering additional power 
to the wheels during acceleration.   

The “Motor Generating Unit – Heat” (MGU-H) acts as a generator, harvesting excess energy from the 
turbocharger. It then acts as a motor to deliver additional power for rapid spooling and reduced lag from 
the turbocharger.  

The Energy Store (ES) is a storage location for excess energy captured by the MGU-K and MGU-H. It is 
capable of storing up to 4 MJ of energy as an electrical charge via either battery or capacitor. If all of this 
stored energy were to be transferred directly to the wheels it would provide 120kW of power for 33.33 
seconds, resulting in a temporary bump of 161 horsepower [8]; however, this is not the ideal scenario 
since the key to sustained efficient performance is to properly manage the energy as it is harvested and 
consumed. For example, energy collected at the MGU-K while braking could be sent directly to the 
MGU-H to spool up the turbo to prepare for immediate acceleration, while a small portion is sent to the 
ES for storage. There are seven different pathways for energy redirection, and the smartest vehicles will 
use all seven in an optimized fashion. 



 

Figure 4: In the new Energy Recovery System, energy collected while braking is sent directly to spool up 
the turbo for immediate acceleration. 

It is in this optimization that silicon carbide devices can provide a competitive advantage. The 2014 F1® 
racing regulations state that peak voltages up to 1000V are permissible; consequently, the ERS power 
management system must be capable of rapidly switching high-power electrical pulses among its seven 
power paths with minimum losses. It must also be able to deliver a large amount of electricity at a rapid 
rate, with portions of the system needing to block up to 1000V. This is a tall order for silicon, but not for 
silicon carbide. Since Cree’s new CPW5 family of Z-Rec® Schottky diodes are rated for 50A of current, 
with blocking voltages of 650, 1200, or 1700V, they are ideally suited for the complex high-power 
requirements of this ERS environment. These advanced SiC diodes deliver superior performance 
compared to silicon devices and even compared to other SiC SBDs as well. No other commercially 
available SiC SBDs are rated for power levels as high as those of the Cree® CPW5 Z-Rec family.  

 



Figure 5: These new CPW5-1700-Z050B Z-Rec® Schottky diodes from Cree are rated for 50A of current 
and 1700V blocking voltage, offering unprecedented and unparalleled performance in SiC rectifiers. 

A representative of the Mercedes AMG Petronas® F1 racing team was recently quoted as saying that the 
new Formula 1 racing regulation changes are “putting the ‘motor’ back in ‘motorsport’ “[9]. There can 
be no doubt that these advanced ERS systems will play a significant role in deciding battles between 
drivers, and ultimately who is first to the checkered flag. By minimizing energy losses and maximizing 
switching speed, SiC diode devices in the ERS would rapidly deliver more energy to each component 
than is possible with silicon devices. In F1 racing, every little bit of power delivery counts, so the choice 
of SiC over silicon could mean the difference between winning and losing. The racing teams that 
embrace SiC technology in the design of their power management systems will likely be the ones 
standing on the podium at the end of each race. 
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