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Research context and motivation Novel contributions
» The context of the research activity is the use of Gallium Nitride wide bandgap * The model of the GaN FET has been built. It comes from the base model of a typical
semiconductor transistors and integrated circuits in motor drive applications ranging from MOSFET and it is a modified property. Non-linear capacitance characteristics of GaN FET
0.1 to 100 kW. Applications may include electrical mobility, automated warehouses, devices are modelled using semi-empirical fits to measured capacitance vs voltage data.

collaborative robots and heavyweight lifter systems. o5~ 5 o - [ E==EsR=—==, The drain current value is modelled by a controlled current source as function of the gate

 The aim of the research is to find the most NELEEL L voltage(Vg), the output drain-source voltage (Vys) and the temperature (8). The model
competitive and advanced solutions in terms Rogron, 3.6 MO _g' _'g' = ; = can represent also the reverse conduction operation. The model has been validated by
of topology, component counts, reliability, Ip, 60 A W e e comparing the simulation waveforms Wlth those of a GaN based Buck converter
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lifetime, power density and weight. Particular
attention is given to simplified thermal solutions and multi-level topologies.
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* The increasing switching frequency using GaN FETs . - ~— 7~
allows to reduce the input filter size. In this way, is :' = | \_/
possible to use only the more reliable ceramic or S o T
tantalum capacitors rather than the electrolytic ones. - X B g . -

 The efficiency and power density improvement of power switching converters play a crucial
role in energy conversion. In the field of motor control, this requires an increase in the
converter switching frequency together with a reduction in the switching legs’ dead time.
The state of the art in power converter is based on devices as IGBT and MOSFET. GaN |
devices have appeared in the switching device arena in recent years and feature much , L (@) Electrolytic capacitor (b) Ceramic capacitor

Cf =660 WF Cf =22 pF

more favorable static and dynamic characteristics compared to pure Si devices. The decrease in dead time Is a cone equence of the T —p—————
Zero reverse recovery charge and it leads to a o2

« Parallel connection of GaN FETs increases the current capability of the power converter , , , Tenen
but the design of the PCB layout is challenging. sinusoidal current of the motor closer to the ideal =

« GaN FETs devices are relatively recently introduced in the wide-band-gap semiconductor tone. This Ie[wetrs lthe nl()tf[)r: Iot?]ses atpd lmakes the
(WBG) power electronics market. For this cause, the models available are not numerous Orque constant closer 1o ine theoretical one.
and still in development.

* Ininverter leg supplying sinusoidal current, S
GaN FET reverse conduction behave . I s
AdOpted methOdOlOgieS differently depending on the current ]
| amplitude and sign and the voltage slope sign. : —
« LTspice simulations have been carried out in order to understand the effects on current, When the device turns-on with positive current (a), tdi<—>T N
voltage caused by parasitic impedances. reverse recovery always lasts as the dead time. LSoff _ HSon HSoff ' LSon
« Peak current and thermal response when connecting in parallel more GaN FETs have When the device turns-off with positive current (b), reverse recovery is present only for
been investigated. The PCB topology with its parasitic impedances has proven to cause high current magnitude. The dual behaviour happens with negative current values.

voltage ringing on the devices and an unequal subdivision of the load current between
them. Moreover, the threshold voltage has proven to be the most problematic parametric m
spread for parallel connection of GaN FETs. Current peak and junction heating make the

device with lower threshold voltage the most stressed. Remaining below a certain| |* Design of a board with GaN FETs connected

switching frequency and using an appropriate number of devices is mandatory. in parallel is in progress for investigating the
reliability of thermal and electrical limits.

, unctio: to- amlent soemperature S0 of the Ga FET withiniu Vot as = 504 * Design of a board for validating the GaN FET
model also for thermal behaviour.

* Implementation of a dead time reduction strategy
for GaN-based inverter in motor drive system
aiming to reduce reverse conduction losses.
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