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Power Distribution Systems have a Diversity of Voltage and Power Needs

• Several systems that rely on power electronic power delivery and 
conversion demand multiple voltage rails.

• Satellite and Spacecraft power systems
• All and More-electric aircraft power systems
• Data Centers 
• Distributed sensing

• To meet voltage and power needs, large systems may contain many 
power conversion circuits.

• Designs are driven by requirements on cost, power density or specific 
power, reliability, and efficiency.

• Various DC-DC converter topologies (isolated and non-isolated) are 
available to enable multi-output voltage rails.
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Fly-Buck Converter Theory of Operation

• The Fly-Buck converter is a buck converter with a 
coupled inductor

• It provides isolated multi-output voltage rails.

• Simple control feedback, small footprint, no 
isolation requirement for control signal.
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Fly-buck Equivalent Circuit Analysis
• To analyze ZVS on QH, derive proper 

equations for the current through QH during 
Interval III (OFF time). 



Fly-buck Equivalent Circuit Equation
• Primary side current through the inductor can be 

derived by solving the following equivalent circuit.
• The equation is in terms of leakage inductance and 

output currents given that other parameters are fixed.

• The derived equation validated through LTSpice 
simulation comparison at different leakage inductance 
and secondary output current.
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Fly-buck ZVS Operation Conditions



Fly-buck ZVS Region and Output Voltage 

Inoperable 
Region

• Whether QH  can turn-on at ZVS depends on leakage inductance and 
output current ratio.

• Thus, very high coupling coefficient can inhibit ZVS operation even at 
large current ratio.

• The inoperable region is determined by the secondary side voltage drop.

• The secondary side voltage drop also depends on the leakage 
inductance and output current ratio.

• The inoperable region is when the secondary side voltage is zero.
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Simulation Validation of ZVS Operation
LTSpice Simulation Validation Results

Turn-ON Voltage
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Experiment Validation of ZVS Operation

Experimental Validation Results
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Summary and Future Work

• Fly-buck converter is an attractive solution for multi-output voltage rails

• Both LS and HS switches can turn-on at zero voltage and highly dependent on the 
leakage inductance and current ratio.

• The ZVS boundary is also determined by the secondary side voltage drop.

• High coupling coefficient inhibit ZVS while small coupling coefficient increases the 
secondary voltage drop.

• ZVS operation has been validated and evaluated through simulation and experiments.

• Future work includes multi-dimensional ZVS analysis with more than 2 output voltages
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