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Challenges and Solutions

Hardware Prototype 

Experimental Verification

Motivation and Application

High Efficiency 240 Vac to Load Data Center Power Delivery 
Topologies and Control

Traditional data center power factor 
correction (PFC) units boost voltage before 
rectification and step-down

Proposed: A one-stage single-phase ac-dc 
converter (240 Vac to 48 Vdc) with PFC

Metrics Existing Proposed

Peak Efficiency 94 % 97.8 %

Power Density 0.33 
kW/L 7.5 kW/L

Traditional Data Center Architecture Side View

Top View

Displacement current from 𝐶𝐶𝑖𝑖𝑖𝑖 and 𝐶𝐶𝑓𝑓𝑓𝑓𝑓𝑓 leads to a phase 
shift in the input current, degrading the power factor. 
Our improved control algorithm compensates for this 

current to improve power factor [1].

After

Before

Operating Parameters

Number of Levels 6

Switching 
Frequency 40 kHz

Output Current 4.5 A

Current Compensation to Improve Power Factor

Buck: 𝑆𝑆𝐻𝐻 ON, 𝑆𝑆𝐿𝐿 
OFF; 𝑆𝑆 1,2,3,4,5 𝐴𝐴 and 
𝑆𝑆 1,2,3,4,5 𝐵𝐵 modulate

Boost: 𝑆𝑆 1,2,3,4,5 𝐴𝐴 
ON,𝑆𝑆 1,2,3,4,5 𝐵𝐵 OFF; 𝑆𝑆𝐿𝐿 
and 𝑆𝑆𝐻𝐻modulate

Converter will buck or boost 
depending on point in AC 

input line cycle

Flying capacitor voltages vary with 
ac line cycle  unique challenges 

with capacitor balancing

Preliminary prototype 
tests buck functionality, 
so that the converter is 
off when |𝑉𝑉𝑖𝑖𝑖𝑖 | < 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜. 

The converter relies on a 
stiff 48 V at the output 
(i.e. the UPS)
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Performance Specifications

Efficiency 94.8% at 240 Vac, 
250 W

Volume (Box) 2.45 in3

Power Density

163 W/in3 (w/o 
heatsink)

79 W/in3 (w/ 
heatsink)
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Challenges with Bootstrap Solution and Innovations

Charge-Pump Technique

Experimental Verification

Motivation and Application

Advanced Techniques for Driving Floating Switches in 
the Flying Capacitor Multi-level converter

“Cascaded bootstrap” proposed for reduced volume 
and cost

Floating switches need floating power supplies
• Typically use isolated power supply for each switch
• Large volume (due to isolation transformer) and high cost

Oscillator driven charge pump: can be easily 
integrated with existing isolated drivers

Reduced gate-drive supply with high-side 
switches fed by charge-pump

Voltage drops in bootstrap diodes require supply 
significantly higher than gate-drive voltage
• Local regulation necessary for driving GaN-FETs at 5-6V

Synchronous Bootstrapping

Replace bootstrap diodes with FETs 
• Reduced voltage drop, bidirectional power delivery

Can operate at low duty ratios with reduced gate-drive supply
• Higher gate drive efficiency

Synchronous bootstrapping: 
• power delivery from high and low-sides
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Commutation loop rendering. 10-level FCML labelled hardware prototype.
Proposed drivetrain architecture. Ampaire EEL flight.
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Challenges and Solutions [2]

Hardware Implementation [1]

Experimental Results [3]

Motivation and Application

Design and Implementation of a (Flying) Flying Capacitor 
Multilevel Converter

• Start-up auxiliary circuit and control allows for safe start-up at high voltages.
• Careful shutdown control of FCML is demonstrated as to not over stress switches.

• DC-DC boost regulation stage added to hybrid electric 
drive-train architecture to allow variable battery voltage 
and peak inverter operation.

• Partnered with Ampaire and ARPA-E for flight 
qualification of hardware.

• 10-level FCML design is 
light-weight and compact.

• Modified electrically thin 
commutation loop design 
decreases parasitic 
inductance.

Measured efficiency (including 
gate drive losses).

Vibration test set-up.

[1] S. Coday, N. Ellis, Z. Liao, and R. C. N. Pilawa-Podgurski, “A Lightweight Multilevel Power Converter for Electric Aircraft Drivetrain.,” in 2021 IEEE Energy Conversion Congress and Exposition (ECCE), 2021.
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Aircraft Installation
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