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Creation Motive
Air conditioning technology is 
an inevitable part of modern 
life, but the environmental 
cost behind its widespread 
use is enormous. According 
to the information provided 
b y  I n t e r n a t i o n a l  E n e r g y 
Agency,  over  one b i l l ion 
tons of CO2 emission is produced worldwide annually 
just to generate enough electricity for air conditioning. 
Therefore, improving the efficiency of air conditioning 
systems is an important part in the mitigation of global 
warming.
Centrifugal compressors, when running at high speed 
with variable speed drive, can be substantially more 
efficient and compact than conventional screw or 
reciprocating (piston) compressors. 25% reduction 
in power consumption and 50% reduction in size in 
comparing with conventional compressors had been 
reported.
In this project, a GaN-FET based three-level variable 
speed inverter intended for driving high speed (up to 
100,000 RPM), ultra compact, highly efficient centrifugal 
compressor/chiller for heat-ventilation-air-conditioning 
(HVAC) application is designed and implemented.

Research Process
The proposed GaN-FET based 
three-level inverter is designed 
in a modular approach, with 
six modules plugged into a 
motherboard. Each module 
contains two GaN-FETs in a 
half-bridge arrangement with all 
necessary gate drivers and signal isolators on-board.
LMG3410 GaN-FET from Texas Instruments (TI) are 

selected because its integrated gate 
driver design effectively eliminates 
spikes and ringing as a result of PCB 
parasitic, which is a issue commonly 
e n c o u n t e r e d  w h e n  d e s i g n i n g 
GaN based power  conver ters . 
Furthermore, the driver included in 
LMG3410 can turn on the device in a 
controlled manner at a user defined 
dv/dt, further reduces spikes and 
ringing.
B e c a u s e  h i g h  s p e e d  H V A C 
compressor is not yet available for 
testing before this report is due, and 
test running a motor at high power & 
RPM in the available lab space poses 
significant safety risk, a scaled down 
test was performed at lower power 
and speed with a smaller motor.

Brief of Work
This project is aimed at designing an inverter that can 
drive an ultra compact, high speed and high efficiency 
HVAC compressor at 100,000 RPM range. To drive an AC 
motor at this speed and implement current and speed 
control loop, the switching (PWM) frequency must be at 
least 50-60 kHz.
Motor drive inverters conventionally based on silicon 
insulated-gate-bipolar-junction-transistor (IGBT) 
technology as IGBTs can handle high voltage with low 
conduction losses. However, silicon IGBTs can only 
switch at up to 10-20 kHz in motor drive applications due 
to high switching losses. Fortunately, emerging wide 
bandgap power semiconductor devices, such gallium 
nitride (GaN) FETs, offer possibilities of switching high 
power at higher frequency. GaN-FETs have the potential 
of switching at over 100 kHz, making GaN-FETs the ideal 
power device for the proposed inverter.

Inverter driven motors typically 
suffers from bearing damage 
as a result of shaft voltage 
discharging through bearings, 
which shortens the life of the 
bearing/motor significantly. 
The source of this detrimental 
shaft voltage is the common 
mode voltage and switching dv/
dt at inverter output. As GaN-
FETs can switch faster than 
silicon IGBTs, if the silicon 
IGBTs in motor drive inverter 
are directly replaced with GaN-
FETs, the shaft voltage and 
bearing damage problem would 
be worsened substantially. In addition, GaN-FETs are 
only available in lower voltage rating, making a direct 
replacement of Si IGBTs with GaN-FETs impossible in 
higher voltage inverters.
To mitigate the shaft voltage and bearing damage issue, 
a three-level inverter topology is chosen for the proposed 
inverter. Three-level switching scheme has inherently 
low common mode voltage and low dv/dt at output in 
comparison with conventional two-level topology. In the 
neutral point clamp (NPC) three-level topology, each 
device only needs to withstand 50% of the input voltage. 
Therefore, NPC three-level topology is ideal for GaN-FET 
based inverters, which otherwise only work with lower 
input voltage.

Predicted Energy Efficiency
The proposed inverter is expected to reach 98% 
efficiency at 10-100% load range. The decentralize 
HVAC system based on proposed inverter and high-
speed centrifugal compressor is expected to offer 20% 
improvements in Seasonal Energy Efficiency Ratio 
(SEER).
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