Wydawnictwo UR 2020 http://www.ejcem.ur.edu.pl/en/
ISSN 2544-1361 (online); ISSN 2544-2406 European Journal of Clinical and Experimental Medicine
doi: 10.15584/ejcem.2020.1.5 Eur J Clin Exp Med 2020; 18 (1): 24-27

REVIEW PAPER

Adrian Truszkiewicz © 'A8°SP, David Aebisher ® '®8¢h Zyzanna Bober © 19,
tukasz Oz6g © '®%), Dorota Bartusik-Aebisher © 2A8DGH

Radio Frequency MRI coils

' Department of Photomedicine and Physical Chemistry, Medical College of Rzeszéw University, Rzeszéw, Poland
2Department of Biochemistry and General Chemistry, Medical College of Rzeszéw University, Rzeszéw, Poland

ABSTRACT

Introduction. Magnetic Resonance Imaging (MRI) coils technology is a powerful improvement for clinical diagnostics. This in-
cludes opportunities for mathematical and physical research into coil design.

Aim. Here we present the method applied to MRI coil array designs.

Material and methods. Analysis of literature and self-research.

Results. The coils that emit the radiofrequency pulses are designed similarly. As much as possible, they deliver the same
strength of radiofrequency to all voxels within their imaging volume. Surface coils on the other hand are usually not embed-
ded in cylindrical surfaces relatively close to the surface of the body.

Conclusion. The presented here results relates to the art of magnetic resonance imaging (MRI) and RF coils design. It finds par-
ticular application of RF coils in conjunction with bore type MRI scanners.
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Introduction expressed in the terms of the vector and scalar poten-
Radio Frequency (RF) coil is commonly used in con- tials.'*!s

figurations for MR imaging ' The RF signal emitted by -

tissue is detected by monitoring the alternating volt- VXE =— 6_B

age induced in antenna wires near the patients.'” These ot

coils may be used also as to transmit the radio frequen- = oF

cy pulses that are applied to the patient, or that sepa- VXB =puj+ e (Equ. 1).

rate coils may transmit the radio frequency emitted by

the tissue may be detected using receive only coils.' eV-E=p

The theoretical basis for the electromagnetic analysis is
the solution of Maxwell equation for the electric field V-E=0
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Maxwell’s equations form the basis for any electro-
magnetic field analysis. They describe them in an ex-
haustive way and allow for full analysis. The Lorenzt
gauge condition is used to eliminate the scalar potential
and with harmonic time dependence.'*'® B, component
is symmetric along the XZ, YZ, and XY planes there-
fore static B, field characteristic, static coil geometry and
vector current density is defined.

BO = Boz'\, i.e.le, B]_y (Equ. 2).

The goal is to find the appropriate current densi-
ty distribution which will generate a static field compo-
nent along the X, Y and Z directions with the specified
uniformity. In order to generate B, component of the RF
field, the current density distribution is viewed as a vector
superposition of two components, along the z-direction
and the other along the azimuthal direction.”** Thus, the
general expression of the current density distribution is:

Je@) = [je(@, 2@y + j2(0,2)a,|6(p — a) (Equ. 3).

The expression for both components of the current
densities can be written as:

Jo(@,2) = cos g Z Cpsink, z  (Equ. 2.4),
n=1

L
where |z| < >

(Equ. 2.5);

Where C, is the Fourier coefficient and kn is factor
given as

_(@n-Dm

I (Equ. 2.6).

ky,

The RF field can be expressed in terms of radial B,
and azimutal B, components of the magnetic field:

B, =B, cos¢ - B, sing (Equ.2.7).

Receiving coils needed to be designed and posi-
tioned so that they are maximally sensitive to emitted
radio frequency signals, that is so that they have the
largest possible voltage induced in them by the radio
frequency signals emitted by the tissue.?®

The approximation is made as accurate as neces-
sary by increasing the number of such monopoles. Any
two consecutive monopoles are defined as a V-shaped

dipole over which a testing function is defined. Satisfy-
ing the boundary conduction that the current vanishes
at both ends of the dipole. The n-th testing function is
non zero only when the V-shaped dipole corresponds
to the V-shaped dipole and zero otherwise. The analysis
of electromagnetic fields in today’s era is carried out by
specialized software packages (Fig. 1).2** The enormous
development of numerical methods, which has become
possible as a result of the continuous increase in com-
puting power of computers caused that very complex 3D
objects are analyzed. The project starts with making as-
sumptions and developing a drawing of a 3D object. Next,
each component is assigned material properties and an
analysis area is assumed after which the results are most
often presented in the form of colored graphs or maps of
the distribution of the analyzed parameters.”#

Acceptance of assumptions

A\ 4

Definition of geometry

v

Definition of ownership and
extortion

v
Determination of the analysis area

Necessary (eg boundary values, limit values,
changes and frequency range)
corrections v

Computer analysis

v
Presentation and analysis of results

Do the
results
meet the
assumption

Prototyp

Fig. 1. Simplified computer design scheme

Figure 2 presents two types of birdcage coils. Both
types of coils can be used in magnetic resonance sys-
tems. The proper selection of geometric dimensions as
well as the values of capacities included in the circuit
define the characteristics of the coils. From the point
of view of the principles of operation of magnetic res-
onance systems, the receiving coils are resonant cir-
cuits with strictly defined properties. The fundamental



26

European Journal of Clinical and Experimental Medicine 2020; 18 (1):24—27

i

i

Fig. 2. Birdcage coils, a) high-pass coil, b) low-pass coil, c) quadrature transmit coil
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Fig. 3. Schematic diagram of magnetic resonance magnet

and most important is the resonant frequency f0 which
strongly depends on the geometry of the circuit. An-
other important parameter is the Q quality of the res-
onant system as well as the wave impedance. Birdcage
type coils are practically the most used transceiver de-
vices currently in MR systems. Their structure is based
on two rings connected with conductive rods. The num-
ber of these parallel element’s ranges from 8 to 32. Con-
densers are placed between the conductive elements.
Figure 3 presents an illustrative schematic of the MR
system. The main element is a magnet that generates a
constant magnetic field and induction B0 = 1.5 [T]. In-
side it there are additional coils to generate magnetic
gradients and coils to level the field. Noteworthy is the
BODY coil, which is the most often transceiver-receiving
device and is built into the MR system permanently. The
birdcage coil presented can be both a transmitting and re-
ceiving element. This type of coil allows the reception of a
signal generated by a variable magnetic component in the
X-Y plane. In the drawing, this vector is marked in red.

Conclusions

We discussed the major orations of MRI coils and dis-
cussed the major physical phenomenon involved in
MRI together with RF coil design.
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