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How the tool can be used to advance MRI research

The toolis a calculator for MR receive coil matching networks, which is a supplement to one of
our presentations at this year's ISMRM, "Studying Bandwidths of Balancing Preamplifier
Decoupling Networks". It will also be a supplement to a paper regarding these balancing
preamplifier decoupling networks, which is currently in the process of being revised.

These novel matching network topologies extend matching networks that provide noise
matching and optimal preamplifier decoupling [1] such that they also provide common-mode
rejection. Preamplifier decoupling is a technique that reduces coupling between coil elements,
which can be implemented while simultaneously achieving optimal SNR through noise
matching. The novel networks also provide common-mode rejection such that unwanted
radiation from common-mode currents along transmission lines is mitigated. Integrating
common-mode rejection with the matching network is anticipated to reduce the need for
separate balun stages and cable traps.

There are currently freely available tools to design traditional power matching networks, such
as the website at https://rftoolbox.dtu.dk/rfcalc/PowerMatch.html. However, there does not
seem to be any open-source tools that implement calculations for preamplifier decoupling
receive coil matching networks. This tool aims to simplify the procedure for designing receive
coil matching networks by automatically calculating component values for receive coil
matching networks, displaying circuit diagrams for the networks and providing estimates of
their performance in terms of noise figure, decoupling and common-mode rejection.

This tool supports both high and low impedance coils. It can also be used to design matching
networks for coils for arbitrary Larmor frequencies, hence it is not constrained to specific nuclei
or field strengths. However, at high field, greater parasitic effects will need to be accounted for
when implementing these networks. This tool is anticipated to further enable the development
of X-nuclei by simplifying the procedure of creating coils for different Larmor frequencies.

Future directions for the development of this tool include extending the modelled matching
networks to improve their bandwidths and to enable multifrequency X-nuclei coils, and to
improve interoperability by supporting other input formats such as Touchstone files.
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The tool’s functionality and capabilities

The repository contains:

e A main Jupyter notebook for designing novel common-mode rejecting matching
networks and traditional matching networks for a given coil/preamplifier configuration;

e A Python package for programmatically interacting with these matching networks,
which has also been published to PyPI at https://pypi.org/project/mr-recv-coil-match-
networks; and

e Jupyter notebooks showing the derivations of novel preamplifier decoupling networks
that provide common-mode rejection.

The installation instructions for the tool are described in the README file in the root of the
repository, which consists of installing the Python package for the tool and installing extra
dependencies to enable circuit diagram rendering.

highZin=True

Figure 1: Example inputs for the main Jupyter notebook
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The primary interface for the tool is the main Jupyter notebook, which provides a semi-graphical
user interface for the matching network calculator. This notebook can be used by specifying
inputs for the coil and preamplifier to calculate component values. Optional noise parameters

and component Q-factors can be specified to enable performance estimates. Example input
values are presented in Figure 1.

Xc, Rout, Xout, Ra, Xa, highZin)

.calculate_ideal zin(Rc, Xc, Rout, Xout, Ra,

print (complex(Ro

(45.74+29.5257)

mum_preamplifier _decoupl:
mum_preamplifier_decoupl

Figure 2: Example intermediate results in Jupyter notebook

The notebook prints initial intermediate results, including the impedance parameters from
Wang et al. [1], the ideal input and output impedances of the matching networks and the ideal

bounds for the preamplifier decoupling provided by lossless matching networks, as shown in
Figure 2.

Solution 1

Figure 3: Example displayed circuit design



Circuit diagrams and ideal reactances and component values are also displayed for balancing
and single-ended matching networks. An example of this output for one matching network
solution is displayed in Figure 3. If component Q-factors are provided, performance estimates
for the noise figure, preamplifier decoupling and common-mode rejection ratio are printed.
These performance estimates are provided to help inform the user which matching network
solutions will provide better performance compared to other solutions. To determine the actual
noise figure, preamplifier decoupling and common-mode rejection ratio of a network, circuit
simulations or EM simulations would need to be performed. Circuit diagrams are rendered by
Lcapy [2] and performance estimates use Lcapy, scikit-rf [3] and an auxiliary tool for other
lumped-element baluns [4] to analyse electrical networks.

The repository also exposes a Python API that allows for other programs to use the calculations
for designing the matching networks. The API consists of two modules, a “wang2023” module
which provides an implementation of the formulae in [1], and a “topology” module that models
various matching network topologies. The “wang2023” module exposes functions for
calculating the ideal impedance parameters for a preamplifier decoupling network and
associated quantities.

Figure 4: Example of a circuit being modelled by its SPICE netlist

Jupyter notebooks have also been included to show how the design equations for the balancing
preamplifier decoupling networks were derived. These notebooks model matching network
topologies using SPICE netlists with Lcapy [1] as presented in Figure 4. Three-port and
differential-mode two-port representations are then determined to find symbolic expressions
for their common-mode rejection ratios with the methods described by Kurokawa [5] and
Bockelman and Eisenstadt [6], and differential-mode impedance parameters. This enables
design equations for the element reactances to be found such that noise matching, optimal
preamplifier decoupling and common-mode rejection are simultaneously provided.
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