
INTRODUCTION
In aerospace applications, it is important to have efficient, small, 
affordable, and reliable power conversion units with high power 
density to supply a wide range of loads, including constant-current 
loads. Full-bridge dc-dc converters are very popular in medium and 
high-power applications. Figure 1 shows a full-bridge dc-dc converter 
circuit. Bridge A acts ast a full-bridge network with controllable 
switches and Bridge B operates as a rectifier network. The transformer 
with the turns ration n:1 provide galvanic isolation between the input 
dc bus and the load and if needed, provide a boost to the voltage 
conversion ratio. Inductor L and capacitor C form an output filter 
network.The efficiency and reliability of the converter is dependent on 
the semiconductor switch characteristics and resiliency. The size of the 
converter is mainly determined by the size of the passive components 
such as capacitors, inductors, and isolation transformers.

Figure 1. Full-bridge dc-dc buck converter circuit.

Silicon (Si) technology for power devices is well established and is 
near to its theoretical physical limitations. Because of their high gate 
capacitance and silicon’s thermal properties, Si-based switches in 
dc-dc converters limit the switching frequency and high-temperature 
operation. By increasing the switching frequency, the size of passive 
components may be reduced. This reduction in size comes at the 
expense of increased switching losses in the switches. Soft-switching 
techniques may be used to reduce switching losses, but will increase 
the complexity and size of the converter. Snubber circuits may also 
need to be employed to improve the reverse recovery characteristics 
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of the antiparallel diodes. High-power operation results in high 
operating temperatures for the switches, requiring extensive thermal 
management systems for heat dissipation, which increases system 
complexity and size.

It has been proposed that wide-band gap (WBG) materials such as 
Silicon Carbide (SiC) and Gallium Nitride (GaN) might prove to be 
a better choice for power devices in high power, high voltage, and 
high temperature applications [1][2]. According to Lux Research, 
SiC is expected to displace Silicon (Si) in power converters as early 
as 2020 to better address the emerging needs of power electronic 
performance requirements in electric vehicles [4]. Table 1 shows a 
comparison of the electronic and physical characteristics of Si, SiC, 
and GaN. The wide-energy band gap allows SiC and GaN to operate 
at high-temperature, high-voltage, and high-power conditions. 
However, with the current device manufacturing technology, GaN 
devices can handle breakdown voltages up to 650 V, while SiC 
devices can handle up to 1200 V. SiC devices offer superior thermal 
performance due to their high thermal conductivity and GaN devices 
offer superior switching performance due to their high carrier 
mobility. High thermal conductivity of SiC indicates that it can 
dissipate heat easily, thereby reducing the need for excessive thermal 
management systems for high-power applications. Higher electric 
breakdown field results in thinner drift region and higher doping for 
a given voltage rating, reducing on-resistance of the devices and 
thus, increasing the system efficiency.

Table 1. Electronic and physical properties of Si, SiC, and GaN

Si IGBTs are very popular in high power applications due to their 
high power handling capabilities. Advantages of IGBT are ease in 
control and high input impedance as in a MOSFET and low 
conduction losses as in a BJT. However, due to current tailing in 
IGBTs, switching frequencies are limited to about 70 kHz. 
Antiparallel diodes connected to the IGBT improve its reverse current 
capability and the switching transitions. As SiC technology matured, 
it was evident that the use of SiC Schottky diodes, instead of the 
traditional Si diodes, as the antiparallel diodes for the IGBTs improve 
the switching transition performance by lowering the switching 
losses, although still limited by the switching frequency of the IGBT. 
An increase in switching frequency leads to smaller passive and 
magnetic components, which results in smaller power conversion 

units. To this end, semiconductor devices such as MOSFETs should 
be considered due to its capability to handle higher switching 
frequencies. Si technology for MOSFETs is very well matured. WBG 
devices such as SiC MOSFETs and GaN transistors are gaining 
popularity in such applications due to their high power, high 
switching capabilities.

A 10 kW full-bridge dc-dc buck converter operating in continuous 
conduction mode (CCM) will be designed and a performance 
comparison of state-of-the art power devices in the designed converter 
operating at switching frequencies > 100 kHz will be presented in this 
manuscript. Power devices under consideration include: 

1.	 Si IGBT with Si antiparallel diodes, 
2.	 Si IGBT with SiC antiparallel diodes, 
3.	 Si MOSFETs, 
4.	 SiC MOSFETs, and 
5.	 Enhancement-mode GaN transistors.

DESIGN
Input dc bus characteristics in military aircrafts, as specified in the 
DoD Interface Standards [5], are shown in Table 2. The constant 
current load specifications are shown in Table 3. In the tables, VI is the 
input voltage, VO is the output voltage, PO is the output power, and IO 
is the output current. Full-bridge dc-dc converters are popular in 
medium and high-power applications and provide galvanic isolation 
between the input dc bus and the constant-current load. Also, the 
effective frequency for the design of the inductor and capacitor is 2fs, 
where fs is the switching frequency, which results in smaller 
components. The design procedure for a full-bridge dc-dc buck 
converter operating in CCM adopted from [6] is presented below.

Table 2. Characteristics of the input dc bus [5].

Table 3. Characteristics of the constant current load.
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Assume the maximum duty cycle Dmax = 0.4 and converter efficiency 
η = 1. The maximum turns ratio for the isolation transformer is

(1)

Choose n = 1. Therefore, the duty cycle required is

(2)

Minimum inductance required to operate in CCM is given by

(3)

Choose L > Lmin. Resultant maximum peak-to-peak inductor current 
ripple is given by

(4)

Maximum current through the primary winding is obtained as

(6)

Assume peak-to-peak ripple current through the magnetizing 
inductance Lm of the primary to be

(7)

Therefore, the minimum magnetizing inductance required is

(8)

Choose Lm > Lmmin. If the allowed output voltage ripple is assumed to 
be 10 % of VO, maximum capacitor equivalent series resistance (ESR) 
is obtained as

(9)

Choose rC < rCmax. Thus, the minimum value of filter capacitance 
required is

(9)

Table 4. Design parameters and component stresses for full-bridge converter.

Choose C > Cmin. The voltage stresses on the switches on the primary 
and secondary sides of the transformer are given by

(10)

and

(11)

respectively. The current stresses on the switches on the secondary 
and primary sides of the transformer are given by

(12)

and 

(13)

respectively. Table 4 shows the design parameters and component 
stresses obtained for the full-bridge converter operating at switching 
frequencies fs = 30 kHz and 200 kHz. Based on the calculated 
component stresses, the following state-of-the art semiconductor 
switches were chosen: 
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