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Analysis of the Bird-cage Receiver Coil of a MRI System
Employing a Equivalent Circuit Model Based on
a Transmission Matrix

Hyun Deok Kim'

ABSTRACT

A novel analytic solution has been derived for the bird-cage receiver coil of a magnetic resonance
imaging (MRI) system, which is widely used in 3-dimensional medical imaging, by transforming the
coil into an equivalent circuit model by using a transmission matrix-based circuit analysis. The bird-cage

coil composed of N legs is divided into a cell for which input impedance is to be analyzed and the remaining

N-1 cells, and then a transmission matrix corresponding to the N-1 cells is converted into a circuit to
transform the 3-dimensional bird-cage coil into the 2-dimensional equivalent circuit model, which is
suitable to derive the analytic solution for the input impedance. The proposed method derives directly
the analytic solution for the input impedance at an arbitrary point of the coil unlike the conventional
analytic solution of a bird-cage coil, so that it can be used not only for resonance frequency calculations
but also for various coil characteristics analyses. Since the analytic solution agreed well with the results
of computational simulations, it can be useful for the impedance matching of a coil and the analysis and

the design of a multi-tune bird-cage coil.
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Fig. 1. The configuration of a bird—cage receiver coil.
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Fig. 2. The circuit model of the coil for deriving an ana—
lytic solution,
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Fig. 3. The unit cell model of a bird—cage coil.
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Table 1, The components of the designed bird—cage

coil
=3 (endring) A# A 2(eg) 24
Ce 54 pF Cr 17 pF
Lz 13 nH Lo 146 nH
Rg 0.01 ohm R 0.1 ohm
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Fig. 5. The comparison of the input impedances at the
leg of a coil,
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Fig. 6. The comparison of the input impedances at the
end-ring of a coil,
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Fig. 7. The circuit model for impedance matching.



1028 ZEIDICINES ==X X20A XM7=(2017.7)

F w/o matching

—— w/ matching

100 110 120 130 140
Frequency (MHz)

Fig. 8. The comparison of the S11 parameters with and
without impedance matching circuits,

60

40

a
: .
I3
T oo w
=
g
=
E-20
=9
k5 Analytic Solution

40 — . .

e Simulation
-60 " "
30 80 130 180 230

Frequency (MHz)

Fig. 9. The comparison of the input impedances of a
dual tune bird—cage coil.
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