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In brief, the innovations enabled us to meet and exceed contest requirements
are: multi-gapped ferrite toroid inductors, high voltage/high frequency SiC switches,
stacked low voltage/low frequency Si MOSFET switches, and, with less extent, using
miniature low-power ARM microcontroller instead of DSP.
● Power density achieved.
The density of 124.5 W/in³ was achieved at a load of 2kVA resulting from enclosure
dimensions of 6.9 inch x 3.7 inch x 0.63 inch.

● Switch level schematics

The inverter has 3 energy conversion stages:
-

buck DC-DC converter

-

high frequency DC-DC converter from 400Vdc to 240V, 120Hz half-sine voltage

-

low frequency DC-AC converter
The main task of the buck DC-DC converter stage is to provide constant current

at the output to eliminate input ripple down to < 2%. Additionally it controls voltage on
the filter capacitors not exceed 400V as an extra safety measure.
The high frequency DC-DC convertor form a unipolar 240V, 120Hz half-sine
wave voltage. It consists of 2 identical half-bridges working in parallel in interleaved

mode such as an output current pulsated with a double frequency and a 180 degrees
shift. the 2nd stage is built using SiC 900V 65 mOhm MOSFETs and fast Si
freewheeling diodes. The inductors used are custom multi - gapped ferrite toroids with
Litz winding.
The low frequency DC-AC convertor assemble a 60Hz pure sine wave AC
voltage out of 120Hz unipolar pulses of 2nd stage. This stage is built using our
proprietary stacked low-voltage Si MOSFET solution forming four 17 mOhm 400V
switches out of 4.2mOhm, 100V silicon MOSFETs.
● Order of magnitude passive component values
There were electrolytic capacitors used with a capacitance of hundreds microfarads.
In the DC-DC conversion stages inductors were used with the inductance values in
range of tens microhenries.
● Order of magnitude passive frequency values
The order of frequencies are 100 to 180kHz. However due to interleaving operation the
resulting current ripple at the output of DC-DC stage reaching about 360 kHz.
● Semiconductor device types
SiC and Si MOSFETs were employed. Please find more details below in the
Miniaturization section.

● 120 Hz input current/voltage ripple requirement
Although the aluminum electrolytic capacitors are considered to be undesirable
component in the modern inverter they have several benefits:
● highest power density compared to film and ceramic
● no risk of unintended mechanical damage due to sub-optimal mounting like
MLCC cracks
● lowest price
In our design moderate LF energy storage following the Buck stage, made by
connecting in parallel a number of low-ESR ecaps. The measured overheat of such a
structure is about several degrees. In terms of capacitor life it is 10-20yrs.

● Miniaturization of components for DC/AC conversion
● Magnetics. The main challenge in the DC-DC and DC-AC power conversion are
inductive components. They encounter least improvements for the last several
decades.
For the hundred-kilohertz switching at several thousands of Gauss the most
appropriate material is the Mn-Zn ferrite. The conventional solution is the RM or
more modern low profile shapes. However as the magnetic energy is stored
predominantly in the air, i.e in the gaps in the magnetic path. To fully utilize this
feature we use multi-gapped ferrite toroidal cores. An extra benefit of toroids is the
gap(s) are shielded by the wires. Moreover as the transistors are switched in QR
mode with Critical Conduction Mode the multi-layer inductor winding without
increasing EMI is possible as inter-layer capacitance is connected in parallel to
power switches’ Cout and recharged at every switching cycle without significant loss
and EMI.

● Switches. The second important component is the HV switch. We have
evaluated 3 options for the high frequency PWM inverter: SiC MOSFET (Cree and
Rohm), High Voltage GaN HEMTs (GaN Systems) and Low Voltage stacked GaN
FETs (EPC). Ultimately we’ve utilized Cree 3rd Gen SiC MOSFETs, thanks to their
lowest Rdson thermal coefficient, low Cout and affordable price.
For the 120Hz unfolding bridge we use our proprietary custom solution: the stacked
switch consisting of several low-voltage Si MOSFETs connected in series. Si
MOSFETa has a “sweet spot” of FOM at about 100Vbrds
In this design 100V, 4.2mOhm devices from IR were utilized forming the 400V,
10mOhm switch.

● Control board. The Cortex M4 general purpose ARM microcontroller with built-in
FPU was used to ensure minimal space occupied.

● Thermal management
Besides the forced air cooling with fans there are no extra thermal tricks employed
thanks to high conversion efficiency. Moreover the special care was taken to ensure
there is no direct thermal contact of any switching component to the enclosure to
minimize stray capacitance for lowering EMI.

● Electromagnetic Compliance (EMC)
To manage EMC there are 2 approaches exist:
● mitigating electromagnetic interference in the source of generation
● proper filtering and shielding
Both were utilized in the design.
For the power transistors switching loops were minimized. Inner PCB layer was
used as a combined shield and low-impedance return current path with minimal loop
area.
No switching element has direct contact to the metal enclosure (i.e. do not use it as a
heatsink) to minimize stray capacitance.
The quasi-resonant PWM enables ZVS in virtually all range of the loads thus
lowering EMC significantly by extending voltage rise and fall times and eliminating
current spikes during the transistors switching time.
The two inverter legs working in parallel in interleaved mode dramatically
decreasing DM noise. It affects CM noise too as magnitudes of current are 2 times
lower compared to single-leg configuration.
The input filter is pi-type CLC filter consisting of 1 Common Mode choke.
The output filter build of 2 stages consisting 1 DM and 1 CM chokes. CM choke
with their stray inductance adding extra DM suppression too.
Apart the CM chokes for Common Mode filtering the feedtrough capacitors were
employed to eliminate lead inductance effect in the MHz range. Also due to their goof
thermal conductivity it got possible to increase current density in the chokes wires to
increase amount of turns.
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