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Technical Approach: Interleaved, Folding, Interpolating dual-path
Adiabatic Autotransformer based power converter
Overview
Our approach centres around two identical autotransformers driven adiabatically 90° out of
phase with each other. Both transformers contribute to the power conversion, ensuring that at
any one time at least one of the transformers provides a continuous power path from the input
supply to the output.

Figure 1: Overall architecture. Voltages shown for 2kW loading; these are the nominal voltages used throughout the document.

Each autotransformer is composed of a series of windings (each having an inductance of 8.2µH)
that are connected in series through transistors in H-bridge arrangements (see figure 2),
effectively making the transistors an integral part of the transformer. Excitation voltages are
applied by switching the polarity of each winding, rather than the transformer as a whole,
allowing the output taps to be DC. The polarity switching is performed adiabatically—the Hbridges are turned off, the voltages across each winding are allowed to reverse naturally due to
the demagnetisation of the core and the H-bridges are turned on in the opposite polarity at the
moment when there is no voltage across the driving transistors, so there are no switching
losses; this is in complete contrast to conventional hard switching, in which switching losses
dominate. The inter-winding capacitance works as a charge pump when there is unbalanced
load on the windings, helping to keep the tap voltages stable.
A toroidal isolating transformer (1.2µH) is used to drive the H-bridge transistor gates, with one
secondary winding per transistor (see figure 3). This allows the gate charge to be recovered,

eliminating this source of power loss, too. This makes the size of the gate capacitance irrelevant
for efficiency, so several transistors are used in parallel to reduce conduction losses. Low
voltage MOSFETs are used as each winding is switched by far lower voltages than the input
voltage, bringing advantages of size reduction, lower on resistance and lower cost.
The toroidal transformers, and hence the autotransformers, are switched at frequencies
between 320kHz and 600kHz. This is controlled by an FPGA, as are all other timings in the
circuit.
Each transformer has a main multiple-tapped winding
and two isolated centre-tapped auxiliary winding,
which provide floating supplies for fine adjustment of
the output voltage and for charging and discharging a
capacitor bank for ripple elimination. Output shaping
consists of a coarse/fine approach, with one of the
main taps being selected, using a tree structure of
MOSFETs (which allows lower voltage components to
be used), to give a coarse voltage (nominally 100V
steps) and the floating supply being pulse width
modulated and added to or subtracted from this
coarse voltage by a blender circuit. The fine
adjustment winding is centre-tapped, providing
floating supplies of nominally 25V and 50V. This circuit Figure 2: Autotransformer configuration; each
switch represents a half H-bridge
topology enables the pulse width modulation to be
performed at far lower voltages than would normally
be used, again allowing the use of lower voltage MOSFETs.
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Figure 3: Timing of H-bridge driving toroidal transformer primary winding, resulting signal on the secondary windings that drives
the gates of the autotransformer H-bridges and the autotransformer winding voltage reversing while floating

A final H-bridge reverses the output to give the negative half of the sinusoid.
The dimensions of our enclosure are 3.9 in x 1.5 in x 1.2 in, giving a volume of 6.9 in3, resulting
in a power density of 290 W/in3 at 2kVA with a resistive load. Due to project timescales and
budget constraints silicon MOSFETs were used throughout; simulation shows that use of GaN
transistors may double the power density.

120Hz Ripple Reduction
The ripple compensation winding of each autotransformer is used in conjunction with the two
highest taps as a supply for charging and discharging a bank of ceramic capacitors (150µF total),
to maintain a constant overall load to eliminate input ripple. The charging and discharging is
performed actively, using pulse width modulation, allowing far better ripple reduction than a
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passive approach. This gives an energy reservoir of up to 2 𝐶(400V 2 − 200V 2 ) = 9J, which is
equivalent to a 1875µF capacitor attached to the input with 3% ripple voltage present. This
approach allows a much smaller capacitance to be used, giving a size and cost reduction, and
ripple elimination rather than just reduction.

Miniaturisation of Components
The autotransformers are manufactured to a high quality to reduce leakage inductance to ultralow levels—each winding is made using multiples of three fine wires twisted together to
minimise inductive losses and a ferrite core is used with air gaps. MOSFETs are integral to the
construction of the transformers’ main windings, serially linking together individual turns. The
polarity of each smaller winding is switched, rather than the chain as a whole, which maintains
a constant voltage between neighbouring turns, eliminating capacitive losses. Hence the
transformer operates in dual mode—autotransformer mode and switched capacitor mode.
The topology allows much lower voltage rated components to be used in most places, giving
gains in terms of component size and on resistance (allowing denser packing of components
due to lower heat dissipation).
Adiabatic switching of transformer windings eliminates switching losses as the transistors are
turned on and off when there is zero voltage across them. Adiabatic switching of MOSFET gates
eliminates power losses associated with charging the gate capacitances, as this energy is
efficiently recovered by the transformer.
Conduction losses in the MOSFETs are reduced by using multiple transistors in parallel. The
number of components in parallel in each situation is chosen to balance the gain in component
packing density with the increased circuit size.

Moving the energy storage for ripple reduction from the input to a lower voltage tap of the
transformer and actively charging and discharging allows far more effective use of capacitance,
reducing the size of the capacitor bank through both reduced overall capacitance and reduced
capacitor voltage rating.

Thermal Management
Due to the very high efficiency achieved, the heat dissipated is in the region of 10W at 2kVA, so
thermal management is straightforward. The device is fully enclosed in a copper housing with
apertures only for cables, the toggle switch and the LED. This spreads any local hot spots on the
surface while affording excellent EMC shielding.

Electromagnetic Compliance
The enclosure consists of folded sheet copper, soldered at the seams, with apertures only
where required for cables, the toggle switch and LED. This gives excellent shielding against
radiated emissions.
High frequency PWM is used to shape the output voltage, giving accurate results, so a small LC
filter (e.g. 2.5µH and 10µF) is all that is required on the ac output to reduce conducted
emissions to acceptable levels.
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