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ABSTRACT 
 
The design of a Nuclear Magnetic Resonance (NMR) sensor coil for a GARField NMR system was 
examined. The target design has a diameter about 10 − 20 mm and length 5 − 15 mm tuned to 
frequency of 22 − 23.4 MHz at 50 Ω total impedance. Nine different sets of coils were built with 
different numbers of turns (3, 5, and 7) and different thickness of wire to vary the wire resistance. 
The report was to examine based on the design parameters the best resonant circuit for a GARField 
MRI system. The acquired tuning characteristics from these resonant circuits were interpreted using 
MATLAB scripts and Excel spreadsheet to compare each coil with already existing theory of 
resonators. This was achieved by matching each resonant circuit using a match and tuning 
capacitor to the required frequency (22-23.4 MHz) and to 50 Ω total impedance at resonance. It was 
found that there is no easy method to estimate the inductance of the coil of wire. The result for the 
experimental inductance was found to be 0.5 µF and resistance of 0.4 Ω for a medium coil of wire 
with 5 numbers of turns, diameter of 0.45 and length of 0.7 mm. The initial attempt to fit the 
experimental data to that of the theory failed due to the absence of stray capacitance in the theory. 
However, when stray capacitor with value ranging between 30 − 40 pF was incorporated in parallel 
with the tank circuit, it was found that both the experiment and theory fit as                                 
expected.  
Three coils were tested in the NMR laboratory using a GARField spectrometer to examine the best 
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coil that will be suitable for NMR experiment. Coils were compared on the basis of signal to noise 
ratio (SNR) and P90 pulse length. It was found that medium coil of wire with 3 number of turns has 
the biggest SNR of 177 which is good for NMR procedures. On the other hand, coil with 5 numbers 
of turns has the shortest P90 pulse length of 2.0 µs which is good for spatial resolution. At all rate, 
this research have shown how theories are verified through experiment. 

 
 
Keywords: GARField MRI; tune and match capacitor; CPMG; stray capacitance; signal to noise ratio. 
 

1. INTRODUCTION 
 
The conventional Magnetic Resonance Imaging 
(MRI) has been developing since 1973 [1]. 
Current research is carried out in the area of 
medical physics and diagnosis and is focused on 
finding 3-D anatomical images. These are now 
routinely obtained. One of the major 
considerations is for these images to show high 
contrast in the presence of other tissue types 
based on parameters such as nuclear spin 
relaxation times T1 and T2. However, only rarely 
are these parameters measured accurately and 
quantitatively from the images. One dimensional 
measurement is more often used in materials 
science application of MRI because there is no 
fundamental value in obtaining three dimensional 
images. Therefore, to obtain better spatial 
localisation to analyse either the sample or 
sample process, one would result to quantitative 
measurements in one dimension. In materials 
science, the relaxation times are wanted and 
measured in 1-D more accurately. Planar 
samples are adequately characterised with 1-D 
profiling. Different design of MRI magnets have 
been employed to study planar systems and they 
always have one thing in common: A spatial 
varying magnetic field to provide resolution in 1-
D. The stable magnetic field gradients are 
suitable for planar imaging and are related to 
stray-field of magnets, whether electromagnets, 
superconducting coils or permanent magnetic 
substance. 
 
In the later 1980s and early 1990s, STRAY Field 
Imaging (STRAFI) [2] was one of the methods 
used to routinely and reliably provide profiles and 
images of solid samples. Samples can be 
profiled with resolution on the order of a few 
micrometres to a few tens of micrometres. 
However, its application to planar samples is 
limited since the curvature in the magnetic flux 
across the region of interest in STRAFI 
experiment limits the maximum obtainable 
resolution. The spatial resolution in a STRAFI is 
given by: 

∆� =
∆��

��
             (1) 

 
Where � is the gyromagnetic ratio of the nucleus 
under investigation, and G is the gradient of 
magnetic fields in the z-direction and usually 
parallel to polarizing field Bo, with range values 
G = 50 − 100 Tm-1 [3].This set-back was the 
major reason a permanent magnet was designed 
to give high resolution profiles of planar samples 
[4]. This magnet was named GARField (Gradient 
At Right Angles to the Field). It employs the 
concepts of STRAFI and was later improved. 

 
GARField has been used to build profiles through 
planar samples such as paints [4] and skin [5] 
with a resolution as high as 5 � m. A second 
GARField was introduced [6] to enable large 
sample profiling and used in vivo in imaging of 
human skin [3]. 

 
In addition to that, measurement of NMR signals 
from planar volume-slices near to the surface of 
large samples becomes possible. This could 
either be profiling of too large samples such as 
building concrete [7] or trees. Unsuitable [e.g. 
ferromagnetic substances [8] to be inserted into 
a conventional MRI system offers a different set-
back which has been overcome by unilateral 
NMR magnets. A good example of this type of 
system is the NMR Mobile Universal Surface 
Explorer (NMR-MOUSE) [9]. It is basically 
constructed to perform in-situ investigations of 
rubber products (e.g. car tyres). The fundamental 
NMR-MOUSE is able to examine a few 
millimetres deep into the surface of a sample and 
now makes it possible to study water build-up 
behind frescoes in old churches                        
[10]. 

 
1.1 Problem Statement 
 
Several experiments have been conducted to 
reduce the unwanted sound produced during an 
NMR procedure which is unhealthy to patient and 
their relatives. This research attempts to produce 
resonating coils (through experiments) in an 
NMR machine that will generate less noise by 
using GARField spectrometer. 



1.2 MRI Scanner 
 
One of the most important parts of a MRI 
Scanner is the resonator. It consists of a coil of 
wire that acts as an inductor, a tuning capacitor 
and a second capacitor to match the electrical 
impedance to the spectrometer amplifiers. The 
theory of resonator is well established and easily 
understood but, in reality several practical factors 
make the optimum design difficult to determine
[11]. Hence, this project is to build resonators of 
varying design for a GARField MRI system.
 
GARField resonators are planar in design as 
opposed to more common solenoidal. They 
require very short NMR pulse length and high 
bandwidth at the expense of more usual
excitation field. Parameters to vary include the 
number and spacing of the turns, the 
wire diameter (that affects resistance) and 
whether a series-parallel or parallel
is chosen. 
 

 
Fig. 1. The B1 RF-field is perpendicular to Bo 

(reproduced after [12])
 

A schematic of a medical system with large 
solenoid magnet for Bo and a head RF coil for 
B1for head imaging is shown in Fig. 1.1. Note B
must be orthogonal to Bo. 

 
2. MATERIALS AND METHODS
 
2.1 Materials 
 
Bravo Impedance Meter, Spectrum Analyser (HF 
2025E). 

 
2.2 Methods 
 
The requirement for GARField as a coil of 
diameter about 10 − 20  mm and length
mm tuned to frequency of  23 −
50 � is as follows. 
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field is perpendicular to Bo 
(reproduced after [12]) 

A schematic of a medical system with large 
and a head RF coil for 

for head imaging is shown in Fig. 1.1. Note B1 

2. MATERIALS AND METHODS 

Bravo Impedance Meter, Spectrum Analyser (HF 

The requirement for GARField as a coil of 
mm and length  5 − 15 

23.4  MHz at 

The design of coils commences by ensuring the 
required Perspex tube was in place and with cut 
spiral spacing. The Presence of the cut spiral 
spacing of 0.2 mm (to wind coils on) allows the 
coil to easily align (i.e., to ensure that the centre 
of the wire was positioned in the same dire
for each coil [13] in the same direction without 
closing one another). Coils were made with 
different numbers of turns (3, 5, and 7) and 
different wire thicknesses. This was followed by 
taking measurements of the diameter of each 
wire, with the thin wire having a diameter of 
(0.20 ±  0.01)mm, medium having a diameter of 
(0.45 ± 0.01) mm and thick wire with 
diameter(1.25 ± 0.01) mm, respectively. These 
different sizes of wire were considered in other to 
determine the variation of resistance as the 
diameter changes from thin to thick. 
Furthermore, a masking tape was used to hold 
the copper coil of wire end points to about a 15 
mm diameter Perspex tube and the wire was 
then tightly wind on the spiral groove on the 
Perspex tube to the required number of turns 
taping over it when finished, so it does not 
unwind. In addition to this, the terminals of the 
end of the coil of wire was taking out through   a 
tiny hole on the Veroboard and it was then 
soldered. This was done to ensure firm 
connection of the terminals on the Veroboard. 
The Veroboard has a dimension of 
(40± 0.01) mm x (60± 0.01) mm. The Perspex 
tube was inserted via a bigger hole (inscribed on 
the Veroboard) with diameter equals to that of 
the Perspex tube, respectively. Each Perspex 
tube were labelled with the corresponding 
number of turns written on the surface of the tube 
for easy identification. After winding the wire and 
ensuring that the terminals are well soldered on 
the Veroboard, the capacitors were soldered in 
their appropriate position by considering the type 
of circuit to be build. In this report, the parallel
series circuit was considered in the design. The 
two capacitors used are CT (tune capacitor) and 
CM (match capacitor) as shown in the Fig. 2.
 

The CT capacitor has fixed capacitance w
with a variable capacitance. The function of the 
CM is to match the impedance of the coil to the 
electronic devices [14]. Since the target 
frequency is 23.4 MHz, CT 
connected in parallel to the output terminals of 
the built circuit. The frequency was then 
measured using the Bravo impedance meter. 
Several measurements were taken and each 
time CT was varied until a desirable frequency 
was obtained which in turns gives the target 
frequency. At this point, the frequency read out 
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from Bravo Impedance meter (f_Bravo) were 
read and recorded (see Fig. 3). The inductance 
in the circuit was then calculated using equation 
2. 
 

Fig
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Impedance meter (f_Bravo) were 
read and recorded (see Fig. 3). The inductance 
in the circuit was then calculated using equation 

 

L =  
�

(���� )���
   

 
Fig. 2. Series-parallel tank circuit 

 
Fig. 3. Bravo connection 
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3. RESULTS AND DISCUSSION 
 

Solenoid coils which have frequency with a 
turning range of 22-23.4 MHz were built to match 
total impedance at 50 Ω of a GARField. This was 
carried out using two capacitors (CM and CT) as 
previously explained in methods.   The 
inductance for the 5 turns coil of wire was 
calculated from equation 2. This was carried out 
by connecting a suitable capacitor of known 
value in parallel with the unknown inductor 
creates a resonant circuit. The reflected power 
from the circuit arrangement displayed on the 
spectrum analyser was used to find the 
resonance frequency. The result was found to be 
23.4 MHz. Different set of mica capacitors of 
fixed values, say, 1, 5, 10, 15, 45, 75, 100, and 
200 pF were put in place for making the resonant 
circuit. This was followed with the use of a match 
capacitor to match the impedance of the circuit to 
the required impedance at 50 Ω. As soon as the 
resonance was found and knowing that the CT 
for the 5 turns of coil of wire was 9.68E-11 pF, 
the inductance for the coil was therefore 
calculated using equation 2. The result for the 
inductance was found to be 5.64E-07 µH. 
However, it was found that this inductance does 
not give the expected result when the theoretical 
and experimental data were compared as they 
both did not agree. This was attributed to the 
extra inductance in the circuitry. 
 

3.1 Inductance Estimation 
 

Rosa and Cohen, [15], give results of L 
(inductance) for coils of different size. The results 
are complicated. There is no easy result for a 
short coil of a small number of turns. 
 

Reference [ ∗ ] which is a website, allows an 
approximation to be made. It requires entry of 
number of turns, N; length, Ɩ; radius, r of the coil. 

It uses the formulae given by, L ≈
����

�
. 

A second website [∗∗] makes a slightly different 
approximation with almost similar input 
parameters. It uses the formulae given by, 

L≈
���������

������
.These websites have been used to 

estimate L for coils built in this work. See Table 
1. 
 
From Table 1, it can be seen that two 
approximations are different and are typically 
smaller than the experiment. Hence, L does not 
depend much (if at all) on the wire thickness. In 
the same vein, Rainey et al., [16], in a paper 
titled “Estimation and measurement of flat or 
solenoidal coil inductance for radiofrequency 
NMR coil design”, reported that the use of 
different wire materials or shape does not 
significantly affect the inductance of an NMR 
coils at high NMR frequency. These coils are at 
low NMR frequency. They further stated that, 
reference [ ∗ ] which is a formulae frequently 
encountered for inductance calculation, again, 
does not provide a consistent estimation of 
inductance in the system of NMR solenoidal 
coils. 
 
∗http://hyperphysics.phy-
astr.gsu.edu/hbase/electric/indsol.html [17] 
∗∗http://www.pulsedpower.eu/toolbox/toolbox_ 
inductances.html [18] 

 
3.2 Results for Impedance at 50 Ω from 

Experimental Plot 
 
Fig. 4 shows the results obtained from a 5 turns 
coil of wire. It can be seen that the impedance 
goes to maximum at 23.84 MHz and minimum 
(phase= 0) at 23.4 MHz.The minimum frequency 
at 23.4 MHz corresponds to 50 Ω impedance as 
expected. This impedance at 50 Ω is a 
requirement in order to properly match to the 
impedance of GARField spectrometer. 

 

Table 1. Comparison between measured inductance and literature estimated inductance 
values 

 
Thickness of wire (mm) N Ɩ (cm) ����� (mm) L [∗] (µH) L [∗∗](µH) L measured(µH) 
Thin 3 0.5 7.5 0.399 0.028 2.92 
Medium 3 0.5 7.5 0.399 0.028 2.80 
Thick 3 0.5 7.5 0.399 0.028 2.85 
Thin 5 0.7 7.5 0.793 0.075 5.78 
Medium 5 0.7 7.5 0.793 0.075 5.64 
Thick 5 0.7 7.5 0.793 0.075 5.25 
Thin 7 1.2 7.5 0.907 0.137 8.80 
Medium 7 1.2 7.5 0.907 0.137 8.90 
Thick 7 1.2 7.5 0.907 0.137 11.7 



Fig. 4. Frequency vs. Phase angle for the coil with 5 turns
 

3.3 Results of the MATLAB 
Showing the Comparison 
Theoretical and Experimental Data

 

MATLAB code was used to calculate the 
impedance and phase angle of equation 2.11.
The code also read in experimental data from 
BRAVO.csv file and plots the experimental data 
on the same figure. This code was used to 
produce Fig. 5(a) for the coil with 5 numbers of 
turns (see MATLAB script in Appendix 1
blue dotted line represents the theoretical plot for 
the frequency against phase angle while the solid 
line represents the experimental plot of 
frequency against phase angle, respectively. It 
can be seen that both frequency and phase 
started at the same minimum point at 23.4 MHz 
and increases to maximum at 23.84 MHz with a 
slight variation and finally drops to minimum as 
expected. Similarly, Fig. 5(b) shows the plot of 
frequency against impedance. However, in this 
case, it can be seen that the theore
not agree with the experimental plot. This is 
because neither the two plots meet at minimum 
nor maximum points. However, the theoretical 
plot (Red dotted line) is stillwell defined on the 
plot which is an indication that the theory still 
work. This large variation of experimental data 
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5(b) shows the plot of 
frequency against impedance. However, in this 
case, it can be seen that the theoretical plot does 
not agree with the experimental plot. This is 
because neither the two plots meet at minimum 
nor maximum points. However, the theoretical 
plot (Red dotted line) is stillwell defined on the 
plot which is an indication that the theory still 

rk. This large variation of experimental data 

not fitting with the theoretical data as we 
expected might be as a result of extra resistance 
in the coil added to the circuitry by the cabling, it 
could be due to capacitance arising from the 
inductor or stray capacitance in wire and leads. 
This difference could also have resulted from the 
fact that same inductance measured at different 
frequencies give slightly different values due to 
the distributed capacitance of the inductor.  
Therefore, a STRAY capacitor w
overcome this challenge. This will be introduced 
shortly. 
 

3.4 Calculation of Q-dip 
 
Fig. 6 shows the result for the transmitted power 
for a coil with 5 number of turns. It can be seen 
that the minimum point on the reflected power 
corresponds to resonance frequency (
MHz as expected. The Q-dip from the 
transmitted power was found by applying two 
methods. The first method was measuring width 
of the resonant power curve at half maximum 
(50%). Whereas the second method involve 
measuring the Q-dip one division below the base 
line level (i.e., Q-dip at 10 dB). Therefore, the Q
dip at 50% was found to be 123.7 ± 0.1 and 42.7 
± 0.1 for the Q-dip at 10dB, respectively.
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The results obtained indicate that the method of 
Q

50%
 gave an approximate range of value (123.7 

± 0.1) expected in other to obtained total 
impedance at 50 Ω for the circuit. This is 
because the higher the Q-dip, the sharper the 
resonance, and the better the coil is tuned. 
Hence, this method was accepted on this 
ground. 
 
The results obtained from the nine different coils 
of wire do not show a regular pattern or trends in 
terms of what was expected (see Table 2). It was 
expected that the Q-dip increases with increase 
in diameter and the higher the Q-dip the lower 
the total resistance (impedance) in the circuit. 
This could be attributed to extra resistance that 
exist between two neighbouring wires. It could 
even be due to the extra wire used as extension 

from the circuit to the spectrum analyser. 
However, when this result was compared to that 
of the theory, it shows that the coil with 7 turns of 
thick wire has the maximum Q-dip as expected. 
Also, the coil with 5 turns of wire has a relatively 
good Q-dip at 50% which also corresponds to 
resonance frequency at 23.4 MHz. Table 3 
shows the design parameters used in this 
research. It can be seen that CM≪ CT which does 
not agree with the theory for the requirement of 
resonance condition ( ��

���� = 1 ) to occur. 
However, the resistance decreases with increase 
in thickness of wire with thick coil of wire having 
less resistance as expected. This is important in 
other to allow sufficient power transmission with 
less dissipation of energy during impedance 
matching in the circuit design. 

 

 
(a)                                                                            (b) 

 
Fig. 5. Frequency vs. Phase angle for the coil with 5 number of turns 

 

 
 

Fig. 6. Reflected power displayed for a 5 turns coil of wire observed from a spectrum analyser 

 

Scale: 0.5 

23.
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Table 2. Showing the calculated and theoretical Q-values of the nine different coils with 
different numbers of turns (3, 5, and 7) and different wire thicknesses. 

 

Number of 
Turns 

Coil type Diameter of 
wire (mm) 

Size of 
wire(m) 

Q_dip at 50% Q_10 db Q_theory 

3 Thin 0.20 Thin 156 58.0 163 

3 Medium 0.45 Medium 66.60 33.3 390 

3 Thick 1.25 Thick 117.00 39.0 1040 

5 Thin 0.20 Thin 93.60 52.0 195 

5 Medium 0.45 Medium 123.70 42.7 475 

5 Thick 1.25 Thick 78.00 52.0 110 

7 Thin 0.20 Thin 67.14 27.6 212 

7 Medium 0.45 Medium 117.00 42.5 533 

7 Thick 1.25 Thick 117.00 39.0 1760 
 

Table 3. Showing values for the design parameters 
 

Number of Turns Coil type Diameter of wire (mm) CM (pF) CT (pF) L (µH) R (Ω) 

3 Thin 0.20 20.50 ± 3.6 171.00 0.29 0.26 

3 Medium 0.45 17.70 ± 3.6 212.00 0.28 0.11 

3 Thick 1.25 15.30 ± 3.6 212.00 0.29 0.04 

5 Thin 0.20 13.60 ± 3.6 85.00 0.58 0.44 

5 Medium 0.45 16.00 ± 3.6 96.80 0.56 0.18 

5 Thick 1.25 12.40 ± 3.6 105.00 0.53 0.07 

7 Thin 0.20 11.60 ± 3.6 55.00 0.88 0.61 

7 Medium 0.45 9.43 ± 3.6 61.00 0.89 0.25 

7 Thick 1.25 8.53 ± 3.6 54.00 0.12 0.10 
 

3.5 The Stray Capacitance 
 
It is seen that theory does not agree with 
experiment. However, good results were 
obtained when an extra capacitor CSTRAY was 
included in the circuitry (see Fig. 7). 
 
The modified new equation for the total 
impedance in the circuit is given by 
 

�

������
=

�

��������
+

�

�������

           (3) 

 

∴ ������ =
��������  × ������

��������  � ������
           (4) 

 
��������  is calculated using equation 
 

������ = �
�

�����
+ �����

��

+
��

���
          (5) 

 

For �������
=

��

�������
           (6) 

 
The stray capacitor can be attributed to 
capacitance: 
 

(i) In the co-axial cable and /or 

(ii) Capacitance between wires and leads in 
the circuit 

 
From Farnell database 
(http://www.farnell.com/datasheets/84294.pdf.) 
[19] RG59 co-axial cable has capacitance of 
about 100 pF per meter. In this work, about 15 
cm co-axial cable was used in the design               
which corresponds to 15 pF capacitor. But a 
stray capacitor with values ranging between 
30 − 40  pF was used to properly fit the 
experimental data to that of the theory. 
Therefore, a good fit was obtained when                    
the stray capacitor was connected in parallel              
to the already built tank circuit. This fit the              
theory and experimental data as expected              
(see Table 4 for the values of the design 
parameters). 
 
Therefore, in the present research, it was found 
that stray capacitance play an important role in 
the circuit design, so it was rather not neglected 
but incorporated in the circuit to make it work. 
See below, examples of graphs with good fits 
with the corresponding MATLAB scripts in 
appendix which include the value for the stray 
capacitor. 



Examples of MATLAB code used to calculate 
the impedance and phase angle of equation 
4.3. 
 
The code read in experimental data from 
BRAVO.csv file and plots the experimental data 
on the same figure. This code was used to 
produce Figs. 8, 9 and 10, respectively.
 

3.6 Results for the NMR Experiments
 
The NMR experiment was conducted in the NMR 
lab. Measurements were performed using the 
GARField. The 1H frequency is 
depending on the sample position. This was 
targeted at 23 MHz. The gradient strength of the 
GARField used is 11.6 T/m at 30 MHz. The ratio 
of field gradient to frequency is a constant in 

Fig. 7. Modified circuit showing the connection of stray capacitor in parallel to th

Fig. 8. Best fit obtained with Stray Capacitor for 3 turns medium coil of wire

Table 4. Fit parameters for 3, 5 and 7 turns medium coil of wire

Fit parameters for 3 turn 
medium coil of wire 

Parameter Value 
CT 
CM 
CSTRAY 
R 
L 

82.10 pF 
6.4 pF 
33.00 pF 
0.26229 Ω 
0.53μH 
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code used to calculate 
the impedance and phase angle of equation 

The code read in experimental data from 
file and plots the experimental data 

on the same figure. This code was used to 
produce Figs. 8, 9 and 10, respectively. 

3.6 Results for the NMR Experiments 

The NMR experiment was conducted in the NMR 
lab. Measurements were performed using the 

H frequency is 20 − 30 MHz 
depending on the sample position. This was 
targeted at 23 MHz. The gradient strength of the 
GARField used is 11.6 T/m at 30 MHz. The ratio 
of field gradient to frequency is a constant in 

GARField. Therefore, at 23 MHz the gradie

is
��

��
× 11.6 = 8.9 T/m. 

 
Proton resolution measurements were made 
using a rubber solution contained in a glass test 
tube. The tube was placed inside the medium 
coil of wire with different number of turns (3, 5, 7 
turns) and thickness. The entire sep
rigidly located in the GARField magnet with the 
RF coil in the centre and placed in a Faraday 
cage. Sample position adjustment was carried 
out by adjusting the positioning plate to ensure 
that the sample is in the right position and 
reproducible. CPMG NMR spectrawere acquired 
at this point (see Fig. 11) which shows both the 
real component of the signal (Blue) and 
imaginary componentof the signal 
echoes(Orange), respectively. 

 

 
 

Modified circuit showing the connection of stray capacitor in parallel to th
existing tank circuit 

 

 
Best fit obtained with Stray Capacitor for 3 turns medium coil of wire

 
Fit parameters for 3, 5 and 7 turns medium coil of wire 

Fit parameters for 5 turn 
medium coil of wire 

Fit parameters for 7 turn 
medium coil of wire

Parameter Value Parameter Value
CT 
CM 
CSTRAY 
R 
L 

85.00 pF 
7.60 pF 
40.00 pF 
0.17 Ω 
0.50 μH 

CT 
CM 
CSTRAY 
R 
L 

85.00 pF
8.00 pF
32.00 pF
0.24 Ω
0.50 
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GARField. Therefore, at 23 MHz the gradient 

Proton resolution measurements were made 
using a rubber solution contained in a glass test 
tube. The tube was placed inside the medium 
coil of wire with different number of turns (3, 5, 7 
turns) and thickness. The entire sep-up was 

ARField magnet with the 
RF coil in the centre and placed in a Faraday 
cage. Sample position adjustment was carried 
out by adjusting the positioning plate to ensure 
that the sample is in the right position and 
reproducible. CPMG NMR spectrawere acquired 

this point (see Fig. 11) which shows both the 
real component of the signal (Blue) and 
imaginary componentof the signal 

Modified circuit showing the connection of stray capacitor in parallel to the already 

 

Best fit obtained with Stray Capacitor for 3 turns medium coil of wire 

Fit parameters for 7 turn 
medium coil of wire 

Value 
85.00 pF 
8.00 pF 
32.00 pF 
0.24 Ω 
0.50 μH 



Fig. 9. Best fit obtained with Stray Capacitor for 5 turns medium coil of wire

Fig. 10. Best fit obtained with Stray Capacitor for 7 turns thick coil of wire
 

Table 5. Showing the constant CPMG parameters
 
Parameter 
90 Amplitude 
180 Amplitude 
Acquired time 
Band width 
Dwell time 
Echo time 
Experiment 
Filter 
Number of echoes 
Number of points 
Number of scans 
Receiver gain 

 

The constant CPMG parameters are given in 
table 5. Note 16 echoes were acquired 
averages each. The frequency was changed to 
the coil frequency and the P90 pulse length was 
adjusted for maximum signal in the 2
echoes and about 67% maximum in the 1
This follows procedure in reference 
 

Table 6. Showing the P90 pulse length

Number of turns P90 pulse length (µs)
3 3 
5 2 
7 3.5 
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Best fit obtained with Stray Capacitor for 5 turns medium coil of wire

 

 
Best fit obtained with Stray Capacitor for 7 turns thick coil of wire

Showing the constant CPMG parameters 

Value 
-6 dB 
-0 dB 
0.064 ms 
1 MHz 
1.0 µs 
150 µs 
CPMG 
No 
16 
64 points per echoes 
64 number of averages 
19 dB 

The constant CPMG parameters are given in 
table 5. Note 16 echoes were acquired with 64 
averages each. The frequency was changed to 
the coil frequency and the P90 pulse length was 
adjusted for maximum signal in the 2nd/3rd 
echoes and about 67% maximum in the 1

st
 echo. 

This follows procedure in reference [20]. 

3.7 Results for the 3 Turn Coil
 

The P90 pulse length was 3 µs and is given in 
Table 6. The results are shown in 
coils with 5 and 7 turns were also tested with the 
same parameters (Table 5) and the frequency 
and P90 pulse lengths found (Table 

Showing the P90 pulse length and the B1 frequency for different coils
 

P90 pulse length (µs) B1Frequency (MHz) 
23.3 
23.4 

 23.1 
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Best fit obtained with Stray Capacitor for 5 turns medium coil of wire 

 

Best fit obtained with Stray Capacitor for 7 turns thick coil of wire 

Coil 

The P90 pulse length was 3 µs and is given in 
6. The results are shown in Fig. 11. The 

coils with 5 and 7 turns were also tested with the 
5) and the frequency 

Table 6). 

and the B1 frequency for different coils 



3.8 Analysis 
 

Fig. 12 shows the results for the time plotted as a 
function of the magnitude of the signal. It can be 
seen that there are 16 echoes with the first 
having the lowest signal when compared with the 
remaining echoes as expected. 
 

The signal to noise ratio (SNR) f
coils was calculated using the biggest echo 
signal from the spectrum shown in 
carried out using the equation below
 

SNR =
�

�
    

 
Where 
 
S is the signal given by, 
 

S = ������
� + ����������

�  

 
N is the noise calculated as the average value of 
the baseline signal. 
 

Considering an extract of the third echo signal 
produced by coil with 3 number of turns as 
shown in Fig. 13. The SNR was calculated by 
 

Fig. 11. Spectrum showing the real and imaginary signals for each corresponding coil
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12 shows the results for the time plotted as a 
the signal. It can be 

seen that there are 16 echoes with the first 
having the lowest signal when compared with the 

The signal to noise ratio (SNR) for the whole 
coils was calculated using the biggest echo 

shown in Fig. 12. This 
carried out using the equation below 

          (7) 

          (8) 

N is the noise calculated as the average value of 

Considering an extract of the third echo signal 
produced by coil with 3 number of turns as 
shown in Fig. 13. The SNR was calculated by 

taken 20 echoes points before and after the 
biggest signal (see Fig. 13). These 20 echoes 
points represent the noise in the signal. The 
result for these calculations is tabulated in Table 
5. 
 

3.8 Discussion 
 
The Table 7 shows the results for the calculated 
signal to noise ratio. It is clear from the result that 
3 turns medium coil of wire has the highest SNR 
of 177 followed by 7 turns medium coil with 160 
SNR. Although, 5 turns coil has the lowest SNR 
of 150. Therefore, in terms of SNR, 3 turns coil of 
wire will perform better due to its biggest echoes 
signal to noise ratio. On the other hand, if the 
pulse length is considered, the 5 turns coil of wire 
will perform best in this regards since shorter 
pulse length give better resolution for scanning 
purposes. The pulse length is inversely 
proportional to the selected slice width. The 
shorter the pulse, the wider the excited slice and 
so more human tissue skin depth is seen 
Therefore, short pulse is best. 
indicate that wire resistance has little or no effect 
on the performance of the coils in general. This is 
because CSTRAY seems to dominate the coil Q 
and not R. 

 
Spectrum showing the real and imaginary signals for each corresponding coil

 
Fig. 12. NMR Signals 
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taken 20 echoes points before and after the 
st signal (see Fig. 13). These 20 echoes 

points represent the noise in the signal. The 
result for these calculations is tabulated in Table 

The Table 7 shows the results for the calculated 
signal to noise ratio. It is clear from the result that 
3 turns medium coil of wire has the highest SNR 
of 177 followed by 7 turns medium coil with 160 
SNR. Although, 5 turns coil has the lowest SNR 

Therefore, in terms of SNR, 3 turns coil of 
wire will perform better due to its biggest echoes 
signal to noise ratio. On the other hand, if the 
pulse length is considered, the 5 turns coil of wire 
will perform best in this regards since shorter 

h give better resolution for scanning 
purposes. The pulse length is inversely 
proportional to the selected slice width. The 
shorter the pulse, the wider the excited slice and 
so more human tissue skin depth is seen in-vivo. 
Therefore, short pulse is best.  This results 
indicate that wire resistance has little or no effect 
on the performance of the coils in general. This is 

seems to dominate the coil Q 

 

Spectrum showing the real and imaginary signals for each corresponding coil 

 



Fig. 13. 3
rd

 echo signal from 3 turns medium coil of wire
 

Table 7. Showing results for the calculated SNR

Thickness 
of wire 

Number of 
turns 

3rd Signal 
echo

Medium 3.00 260.00
Medium 5.00 236.00
Medium 7.00 250.00

  

4. CONCLUSION 
 
Several experiments have demonstrated that 
GARField MR profiling is widely used both in 
medicine and industry. It is able to probe the 
surface of the human skin to different depths 
between the stratum corneum and viable 
epidermis of the human abdominal skin tissue 
vivo and in vitro. In this work, nine d
resonant circuit were designed with varying 
thickness and number of turns for a GARField 
system. Each of the circuit was tuned to 
frequency within  22 − 23  MHz to match the 
spectrometer of the GARField. The quality of the 
coils was calculated using the Q-
from the reflected power seen on the spectrum 
analyser and the Q-dip at 50% was found to be 
123.7 ±0.1  as expected in other to match the 
total impedance at 50 Ω to the spectrometer of 
the GARField. However, the resistance was 
found to have little or no effect in all the 
coils. 

 
Three medium coils were tested in the NMR 
laboratory using a GARField spectrometer to 
determine the best coil that could be applied for 
NMR experiment. Two parameters were 
considered for this purpose. The SNR and P90 
pulse length. The coil with 3 number of turns has 
the biggest SNR of 177 (which is good for NMR 
experiment) and coil with 5 number of turns was 
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echo signal from 3 turns medium coil of wire 

Showing results for the calculated SNR 
 

Signal 
echo 

Noise (2nd echo) SNR Pulse length 
(µs)

260.00 1.48 177.00 3.00
236.00 1.54 150.00 2.00
250.00 1.57 160.00 3.50

Several experiments have demonstrated that 
MR profiling is widely used both in 

medicine and industry. It is able to probe the 
surface of the human skin to different depths 
between the stratum corneum and viable 
epidermis of the human abdominal skin tissue in 

In this work, nine different 
resonant circuit were designed with varying 

for a GARField 
system. Each of the circuit was tuned to 

MHz to match the 
spectrometer of the GARField. The quality of the 

-dip observed 
from the reflected power seen on the spectrum 

dip at 50% was found to be 
as expected in other to match the 

total impedance at 50 Ω to the spectrometer of 
the GARField. However, the resistance was 

ve little or no effect in all the               

Three medium coils were tested in the NMR 
spectrometer to 

determine the best coil that could be applied for 
NMR experiment. Two parameters were 
considered for this purpose. The SNR and P90 
pulse length. The coil with 3 number of turns has 
the biggest SNR of 177 (which is good for NMR 

and coil with 5 number of turns was 

found to have the shortest P90 pulse length of 
about 2.0 µs which is good as well. Therefore, 
medium coil of wire with 3 and 5 number of turns 
will perform better for NMR/MRI procedure based 
on the Secriteria’s (SNR and 
length). 
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