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Abstract

A characteristic feature of most Magnetic Particle Imaging and Spectrometry systems is the field generator, an
electromagnetic coil that produces the excitation field, which in turn forces the magnetic nanoparticles to produce
their unique fingerprint used in imaging and spectrometry. Effective power transfer from the power source to the field
generator usually demands for an impedance matching network. Due to component tolerances or environmental
conditions, implementation of such an impedance matching can be tedious. Additionally, the impedance matching
might change under working conditions caused by e.g. heating of the components and the resulting change in
their electrical properties. This contribution aims to firstly present a standard procedure for implementation of an
impedance matching network, addressing the difficulties arising from imprecise component values, and secondly a
concept for automatic impedance correction if the electrical properties of system components change. To achieve
those objectives, it is exploited that the conductance of the matching network is invariant under a change of the
parallel capacitance.

| Introduction Il Material and methods

I1.I LCC matching network

The topology of the matching network under considera-
tion is shown in Fig. 1. It consists of the impedance that
is to be matched, which in the case of a magnetic field
generator is an inductance Lg in series to a resistor Rg.
The matching is achieved using two capacitors, hence

Magnetic Particle Imaging (MPI) relies on the generation
of alternating magnetic fields [1]. To effectively trans-
fer power from the power source to a field generator
MPI hardware typically includes an impedance match-

ing network [2,3]. The field generator’s impedance must
be matched to the optimal load impedance Z, . of the
amplifier. Due to imprecise components, the implemen-
tation can be tedious. Furthermore, during operation
the impedance matching can detune, due to i.e. heating
of the components. This contribution addresses both
problems by introducing a standard procedure for im-
plementation and automatic impedance correction.
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the name LCC matching network.
The reactance of the series capacitor Cg is given by

Xcs=+Rsv Zsre —Rs— X5,

while the reactance of parallel capacitor Cp is given by

Xcp=—vRs

ey

Zsrc

— 2
Zsrc - Rs
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Figure 1: The matching network consists of inductance Lg
and resistance Rg, representing the field generator. Adding the
series capacitance Cs to the field generator forms the series
circuit Zg. Finally, adding the parallel capacitance Cp results
in the matching network Z,,y.

and the capacitance values can be obtained from

1

C=——.
wX

3)
Although those equations are mandatory in the initial
design of an impedance matching network, they are in-
convenient in further analyzing the impedance matching
network and its components. Essential for understand-
ing the purpose of the matching capacitors is the analysis
of the admittances instead of the impedances of compo-
nents and sub-circuits.

II.11 Invariance of conductance

In this section, the purposes of the matching capacitors
are discussed. Additionally, the invariance of the match-
ing networks conductance under a change of the parallel
capacitance becomes apparent.

In the following discussion, capacitors are assumed
ideal and the optimal load for the power source is purely
resistive.

In Fig. 2 the admittance plane is shown and it is ev-
ident that the series capacitor is adjusting the conduc-
tance of the matching network to its proper value given
by

1 1

ZSTC RSI‘L‘

Since parallel connections of admittances can be repre-
sented as vector sums in the admittance plane and Cp is
assumed to be ideal and therefore has no conductance, it
follows that the conductance can only be adjusted by the
series capacitor Cs. The conductance Gy, is invariant
under change of the parallel capacitor Cp and the parallel
capacitor can only eliminate residual susceptance.
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Figure 2: The admittance plane shows the purpose of the
series capacitor is to adjust the conductance of the matching
network correctly, whereas the parallel capacitor is supposed
to eliminate all residual susceptances in the matching network.
In this example, the field generator has a resistance of 1.25 Q
and a reactance of 1.25 2 and is supposed to be matched to 2
Q, therefore the conductance must be 0.5 S.

I1.111 Matching procedure

Following the discussions of section I it is straightforward
to propose the following two-step standard procedure
for impedance matching.

1. Change the series capacitor until the conductance
of the matching network G,y equals the reciprocal
of the optimal load impedance of the power source
Z,¢, which is assumed to be purely resistive.

2. Change the parallel capacitor until the reactance
By of the matching network vanishes.

Note that this procedure does not rely on the knowl-
edge of any component values, but only on properties of
the whole matching network, which can be obtained by
measuring voltage and current of the matching network.
Thus, this procedure is suitable for automation when
using variable capacitors. However, capacitance ranges
of variable capacitors are typically quite small which pre-
vents full automation of the process but are sufficient to
correct small changes of electrical properties in the field
generator due to e.g. heating. The capacitance range
can be extended by using switched capacitor arrays as
proposed in [4], however, huge efforts arise from such an
extension. To verify the automatic impedance correction
atestbed was implemented. Fig. 3 shows the testbed and
its components. At its core a StemLab board (RedPitaya
d.d.) is working as signal generator and data acquisition
unit. Variable capacitors (Oren Elliot Products Inc.) are
driven by a NEMA17 stepper motor and a “Silent Stepper
Brick” (Tinkerforge GmbH). To extend the capacitance
range a self-made switched capacitor array, switched by
an “Industrial Dual Relay Bricklet” (Tinkerforge GmbH),
is used. The field generator is a lab-made coil, which is
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Figure 3: The testbed for evaluating the automatic impedance
correction, consisting of StemLab board (a), variable capaci-
tors (b), NEMA17 stepper motor (c), “Silent Stepper Brick” (d),
switched capacitor array (e), “Industrial Dual Relay Bricklet”
(f), field generator (g).

supposed to be matched to an impedance of 50 2 at a
frequency of 500 kHz.

First trials of the automatic impedance correction us-
ing the testbed have shown good results. Matching with
an error of less than 2 Q2 in magnitude (~4 %) and less
than 5 ° in phase could be achieved. However, this preci-
sion might dramatically increase in a more sophisticated
setup including shielded lines and more reliable con-
nections, since the current setup is susceptible to noise,

Results and discussion

10.18416/ijmpi.2020.2009036

electromagnetic interference and other signal degrading
influences.

IV Conclusions

A standard procedure for impedance matching as well
as automatic impedance correction have been proposed
and its working principles discussed. The automatic
impedance correction procedure has been evaluated in a
testbed and yielded good results even though the current
testbed was susceptible to signal degradation.
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