
The Future of 
Direct Voltage Supply is 

IFC – Ideal Flux Converter

Dipl.Ing.Dr. Lutz Erhartt



LEParadigm Shift in Electrical Power Supply: from AC to DC

July 22 dcdc-innovation.at 2



LEParadigm Shift and the Importance of IFC (1)

Juli 22 dcdc-innovation.at 3

History
Making use of electricity:

Towards the end of the 19th century, the power war broke out as
to whether the DC voltage favored by Edison or the AC voltage
favored by Westinghouse was the more suitable technology for
the large-scale supply of electrical energy to the United States of
America and the construction of power grids. Due to its simple
transformability - for DC voltage, a transformer forms the so-called
saturation short circuit - alternating current has prevailed. The
disadvantage is reactive power losses, the grid construction is
complicated and care must always be taken during grid expansions
that no destabilizing resonances occur.

1960-1990:

With the invention of the bipolar transistor (BT) in about 1960,
power electronics began, which concerned the conversion of
electric energy using switching electronic components. Energy is
transferred in small portions and temporarily stored in filters. The
smaller these portions are, the smaller the transformer and filter

elements become. In DC converters, in which an input DC voltage
is switched alternately in positive and negative direction to the
transformer by means of an inverter (INVT), whose output voltage
is rectified (R) and the rectified output voltage is smoothed by
filter (F), transformer and filter are very advantageously designed,
however, to the switching frequency of the inverter. The
development of the DC power supply is highlighted in color. A DC-
DC converter weighs about a quarter in 1980 and today soon a
fiftieth of an identical 50 Hz transformer DC source.

The modern world (industrial processes, communication and data
processing, drives, lighting,...) is increasingly consuming direct
current, already about a third of the electrical power generated
worldwide, for which transformers connected to inverters (INVTs)
are used in the power range from 100W upwards to already MW+.
In order not to reduce the stability of the network, the
rectification (R) has to be carried out laboriously with a power
factor correction filter (PFC), which accounts for about half of the
production costs, e.g. of a computer power supply, AC-PFC-DC-
INVT-R-F-DC.
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Problem of inverter technology:

The lowest proportion of the transformer primary voltage
generated by the inverter leads to the migration of the magnetic
flux and the saturation of the transformer core. This safety
problem means that the INVT a priori is unsuitable as an actuator,
especially since it is in the nature of voltage regulation that the
control itself can lead to the saturation of the transformer,
especially in the common modulation of the primary voltage pulse
durations (PWM). As if that was not enough, it is difficult to
measure the migration of the magnetic flux.

State of inverter technology: 

1990-Present: 

The current limitation and load short-circuit resistance, as well as
modern industrial processes, in particular powerful
microprocessors and dynamic inverter drives, place the highest
dynamic demands on the power supply and its operational
reliability.

The INVT has only become widely used as an actuator since the

1990s with the introduction of the short-circuit-proof FET and
IGBT transistors. Although the power range has increased from a
few 100W to several kW, it remains limited, because the additional
losses due to the saturation phenomena increase with increasing
power. Two solutions are widely used, the LLC (resonance)
converter and the balancing of the magnetic flux requiring slow
control, by correcting the pulse durations due to the measured
primary current. Since the electrical energy storage system in
particular cannot be arbitrarily enlarged when supplying dynamic
load processes, so-called point-of-load converters are connected
hereafter.

For higher outputs from 10kW to MW+, the safety problem of DC
voltage conversion is solved with an preceded switching regulator
for a material-intensive and control-technically also sluggish
current intermediate circuit. Here, saturation does not cause any
immediate additional losses, but the total effort has roughly
doubled. The applicability is limited to processes that are slow to
regulate. For example, when supplying large computing systems,
correspondingly large energy storage systems must be installed.
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High-voltage direct current transmission already couples three-
phase grids (3AC-3T-3F-3R-HVDC-3INV-3F-3T-3AC), in which the
saturation problem is reduced to a skewed load problem, for
which the three-phase (3AC) transformers (3T) must be designed.
A significant cost factor is the three-phase filter (3F). Today we are
experiencing the gradual conversion to a blackout-proof DC grid, in
which no chain reaction can occur.

With the introduction of the much more efficient WBG transistors,
the converters become even smaller, but with the high switching
frequency, the problem of increasing additional losses has
intensified. In general the control of the output variables can only
be carried out very slowly. To supply dynamic loads, a large
capacity of the buffer and a further control stage are required. The
converters are becoming increasingly complex with increasing
performance and there is still no single-stage solution for high and

highest power levels.

Future:

Significance of IFC:

IFC stands for the English words Ideal, magnetic Flux, and
Converter. IFCs are fully usable DC-DC converters. The share of
direct current consumption continues to rise unabated, up to the
complete conversion to a DC voltage grid, indicated by the dashed
curves of AC and DC power consumption.

PFCs are only needed to protect the three-phase voltage sources
(3AC), (3AC-PFC-DC-IFC-HVDC-IFC-DC). The three-phase
transformers are replaced by single-phase IFCs. The filter located
after the rectifier is advantageously charged with twice the
switching frequency.
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Source: Frost & Sullivan 2016-2018
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Chopper and Current-fed
Converter 

(two-stage solution for 
outputs up to MW+)

Source: MAGNA High Power 

Voltage-fed Converter 
(single-stage solution for 

outputs up to about 10 kW)
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• Doubling of the power density
Efficiency near 100%;
No over-dimensioning; 
No additional components;
Small filter elements L1, C2 (Slide 7A);
Process-optimized regulation;
Pulse-to-pulse current limitation.

• Additional benefits:
The PFC filter is no longer required in direct voltage 
grids;
Reduced motor power in dynamic dcdc-powered 
inverter drives;
Speeding-up automated production;
Blackout security of a direct current network.

PROBLEM converting direct current The SOLUTION is the IFC converter
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https://www.smarterworld.de/smart-
utilities/energieverteilung/umrichter-fuer-die-
hgue.128838.html

The image shows the circuit for the actuator for a HVDC transmitter. In the
IFC converter of a direct current net, the circuit parts shown in blue are not
required.

In the alternating current grid network, overhead power lines can only be
protected against overload by switching off. Further power lines may have to
be switched off and a chain reaction is possible, leading to a widespread
power outage (blackout). Among other things, this leads to corresponding
over-dimensioning and the high level of networking. A DC network with DC-
DC substations or IFC converter stations according to the invention would
behave fundamentally differently and would be significantly easier to
handle. The lines could no longer be overloaded. If, for example, because
lines fail, more power is demanded than can be delivered, this would not
immediately present the threat of a blackout. The network voltage would
decrease regionally, whereupon, for example, lower priority DC-DC supplies
would automatically be switched off until the network voltage has
normalised. A basic supply of electricity could be ensured at little effort.
Network extensions are unproblematic in comparison with the alternating
current network.

The invention contributes to the development of a direct current power
network that would be superior to our alternating current network, not just
in regard to land usage but also in regard to expense and efficiency.
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Proof of functionality already exists!

Novelty:

An initial research brought no result.

Registration:
Documents ready for registration are available. 
Registration can be made at any time as soon as economic exploitation becomes apparent.

Technological leadership for the next two decades!
Main area of application: 
DC current supply from 100W (power supply unit) to GW+ (HVDC transmission)
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An idea is only worth as much, as its 
implementation. 

You want an unrivalled product? 
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