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Abstract — Magnetic Resonance is a powerful imaging 

modality which relies on arrays of detector coils to collect weak RF 
signals. Parasitic coupling between array elements degrades 
imaging system performance and greatly complicates array design 
process. In this work we show how to significantly reduce 
interaction between array elements by employing a modified high-
impedance coil structure and combining it with a noise-matched 
low-input-impedance LNA.  

The approach is verified experimentally by designing a two 
element array for Magnetic Resonance Imaging (MRI) of 
carbon-13. The fabricated detector demonstrates over 35 dB 
decoupling between array elements. Imaging experiments in a 
3 tesla MRI scanner showed very low variation of noise correlation 
between channels in the array. The coils utilize flexible conductors 
and suitable for construction of flexible arrays conformal to 
different patient sizes. 

The presented approach is useful in the design of antenna 
arrays and RF detector arrays where channel-to-channel 
interaction creates a significant problem. 

 
Keywords — biomedical electronics, air coils, detectors, low-

noise amplifiers, magnetic resonance imaging, mutual coupling. 

I. INTRODUCTION 

The recent trend in MRI detector development is using 
multichannel arrays. They offer better sensitivity and allow for 
parallel data acquisition, which leads to higher resolution and 
faster scan times compared to more traditional volume detectors. 
The detectors are typically constructed from loop coils which 
sense RF magnetic field. The coils in vicinity of each other 
couple magnetically, which results in detuning and detection 
sensitivity degradation. Magnetic coupling can be compensated 
by partially overlapping the coils, which works well for 
neighbor array elements but is not possible for next neighbor 
[1]. Recently, self-resonant, so called, high-impedance coils 
have been suggested promising better decoupling between array 
elements [2]. They are constructed from a coaxial cable and 
their resonance frequency is strictly defined by the coil loop size 
and dielectric properties of the cable insulator. This dependence 
is not always convenient, since the coil size is typically chosen 
based on the size of the object to image. Several methods have 
been suggested to tune the coil while keeping the coil size fixed 
in order to increase the design flexibility [3] and make the 
technology more suitable for a wider range of MRI systems and 
nuclei. Most of these methods are better suitable for increasing 
the operating frequency. MRI of low gyromagnetic ratio nuclei 
using standard clinical scanners typically requires lowering the 

resonance frequency of the high-impedance coil if a standard 
50 Ω coaxial cable is used. One method to decrease the 
operating frequency is to use multi-turn coils [3]. The approach 
leads to high quality factor coils, while impairs their mechanical 
flexibility.  

In this work we propose a different approach to construct a 
high-impedance coil, which allows tuning the coil to virtually 
any frequency using a standard 50 Ω coaxial cable while 
preserving a high Q-factor. This is achieved by including a 
lumped capacitor Ct in the gap in the outer conductor of the 
coaxial cable, as shown in Fig. 1. 

 
Fig. 1.  A modified high-impedance detector coil in combination with 
preamplifier decoupling circuit. 

To further increase decoupling properties of the detector 
coil, it is connected to a low noise amplifier (LNA) through 
impedance transformation network. The network transforms the 
output impedance of the coil, Rc, to the optimal noise impedance 
of the LNA, Zn,opt, and, at the same time, transforms the input 
impedance of the LNA, Za, to low impedance at the terminals 
of the coil, Rs, maximizing the decoupling. 

II. HIGH-IMPEDANCE DETECTOR 

A. Structure 

The high-impedance detector coil is a self-resonant 
structure consisting of a loop shaped coaxial cable, where the 
inner conductor is used as detector terminals and a gap is 
introduced in the outer conductor on the opposite side from the 
terminals of the loop. The self-inductance of the inner 
conductor resonates with the capacitor formed by the outer and 

Ct 

Matching/ 
Decoupling 
Circuit 

LNA to Rx

Detector 
coil 

Coaxial 
cable 

Za Zn,opt 

Rc

Rs



inner conductors separated by the cable insulator. In a 
simplified form the coil can be modelled as a parallel resonator 
formed by this inductance and capacitance, which, at resonance 
frequency exhibits a high output impedance. Therefore it is 
often referenced in the literature as a high-impedance coil [2]. 
In this work, it is proposed to tune the resonance frequency of 
the coil using hybrid integration of lumped components in the 
coil structure. Several topologies are possible, which will lead 
to reducing the resonance frequency: including a parallel 
capacitor at the output terminals of the coil; inserting an 
inductor instead of a short circuit in the outer conductor at the 
side of the output terminals; inserting a capacitor in the gap as 
shown in Fig. 1; or a combination of all above mentioned. Full-
wave electromagnetic analysis of all suggested topologies  
showes, that the arrangement in Fig. 1 is the most efficient of 
the options when implementing a coaxial cable with a typical 
loss level.  

B. Design Approach 

The design approach of this detector is straightforward. First, 
the diameter of the loop is chosen from imaging considerations. 
The response of the coaxial loop can be modelled either in the 
3D EM simulator, or in a circuit simulator using two sections 
of a coaxial cable of the corresponding length l (l ≈ πr, where r 
is the radius of the loop). The loop coil exhibits inductive output 
impedance below the self-resonance frequency. The 
capacitance Ct can then be chosen to resonate the loop at the 
desired frequency. 

To sustain the efficiency of the detector, the output 
impedance of the coil, Rc, must be transformed to an optimal 
noise impedance of the LNA, Zn,opt=Rn,opt+jXn,opt. This is 
achieved with the matching and decoupling circuit, as can be 
seen in Fig. 1. To minimize the influence of the loop coil on 
other array elements, its output terminals can be short circuited. 
In practice, this is achieved by transforming input impedance of 
the LNA, Za=Ra+jXa, to the lowest possible impedance Rs. 
Assuming the matching and decoupling network is lossless, the 
level of mismatch at the coil and LNA terminals will be the 
same [4] and in this case can be estimated from Za and Zn,opt 
parameters of a given LNA. The achievable level of Rs can be 
calculated as:  
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The LNA can then be chosen by comparing the achievable 

Rs. 

III. DESIGN EXAMPLE 

A two element array for imaging of carbon-13 in a 3 T 
medical scanner was developed and tested to demonstrate the 
design approach. The operating frequency, f0, is in this case 
32.1 MHz. 

A. Coil Construction 

The 8 cm diameter of the coil is chosen to be the same as 
the diameter of a standard low-impedance reference coil for 
these applications [7]. A flexible 50 Ω coaxial cable of 1 mm 
outer diameter is used to construct the coil. In order to resonate 
the coil at the desired frequency, f0, a capacitor Ct=121 pF 
(120 pF and 1 pF capacitors in parallel) is implemented, which 
was found by EM simulations and verified by measurements of 
the resonance frequency with a VNA. The resulting output 
impedance of the coil, Rc, at f0 when placed next to the phantom 
is 2 kΩ.      

B. Matching/Decoupling Circuit and LNA 

An off-the-shelf LNA from ElCry [5] has been used with 
the following parameters: Za≈64-j647 Ω and Zn,opt≈116+j19 Ω. 
Substituting these parameters into eq. (1) leads to Rs≈36 Ω. This 
is not a very low impedance by conventional standards, but it is 
much lower than Rc, which leads to a high level of decoupling, 
as it will be shown below. The matching and decoupling circuit 
is designed by solving a system of equations from circuit theory 
relating circuit elements and input/output impedances of the 
circuit [6]. As described above, the following conditions are 
imposed on the circuit: for minimum noise, the output 
impedance of the circuit connected to the detector coil must be 
equal to Zn,opt; for maximum decoupling, the input impedance 
of the circuit connected to LNA must be equal Rs. The solution 
leads to a three element network [6]. One element was 
neglected due to its low value and for the sake of simplicity of 
circuit realization. The resulting matching and decoupling 
network consists of a 6 pF parallel capacitor and a 3 μH series 
inductor, as shown in Fig. 2 together with achieved impedances 
of the LNA combined with the matching and decoupling circuit. 

 
Fig. 2.  Impedances at the input terminals of the matching and decoupling circuit 
(normalized to Rc). 

Though the resulting impedances are not ideal due to 
simplifications and loss in the 3 μH inductor, they are relatively 
close to values providing optimal noise (in the center of the 
Chart) and decoupling conditions (closer to the short-circuit). A 
photograph of the fabricated prototype is shown in Fig. 3. 

The decoupling properties of the detector were measured 
with a double-loop probe connected to a vector network 
analyzer [2], [6]. 
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Fig. 3.  A photograph of the fabricated flexible detector prototype. 

 Normalized amplitude of S21 for the tuned and detuned 
states are shown in Fig. 4. 

 
Fig. 4.  Decoupling measurements: red – response of the high-impedance 
resonator; blue – resonator connected to decoupling network. 

38 dB difference between the states is taken as a measure of 
decoupling level. 

The minimum noise condition is evaluated by observing the 
noise voltage Vout,n at the output terminals of the LNA in Fig 1. 
The resulting noise voltage spectrum is shown in Fig. 5. 

 
Fig. 5.  Noise voltage at the output of the LNA. 

As can be observed, there is a local minimum at f0. Due to 
earlier described simplifications in the matching and 
decoupling circuit, the response is also not symmetric. 

IV. IMAGING EXPERIMENTS 

The viability of the proposed method was studied by 
conducting imaging experiments in a 3 T MRI scanner. 

A. Single Element Test – Efficiency Evaluation  

The imaging properties of the detector were compared to a 
more traditional low-impedance detector based on the same 
coaxial cable as well as rigid copper low-impedance detector 
[7]. All three detectors are based on loops of the same diameter. 

Signal-to-noise (SNR) map for the detector using a 
cylindrical phantom [8] is shown in Fig. 6. 

 
Fig. 6.  Imaging. SNR map for high-impedance self-resonant detector. Cross-
section through the phantom perpendicular to the plane of the loop: Anterior-
Posterior (A-P) and Right-Left (R-L) axis. 

As expected, the map follows the intensity of the magnetic 
field inherent to a loop coil. Similar maps were acquired for the 
two reference detectors. The resulting SNR profiles are shown 
in Fig. 7.  

 
Fig. 7.  SNR profile comparison. 

The coil is positioned at -100 mm. One can note signal 
below -100 mm related to a relatively large voxel size required 
for imaging of low abundance nuclei, such as 13C. 
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Fig. 8. SNR maps for two element array with different spatial separation. Cross-
section through phantom perpendicular to the plane of the coils: Anterior-
Posterior (A-P) and Right-Left (R-L) axis. 

Obviously, the rigid copper wire has lower conductor loss than 
the flexible wire which leads to higher SNR. Interesting to note 
that among flexible realizations, the self-resonant detector 
exhibits higher SNR.  

B. Two Element Array – Decoupling Evaluation 

The results of imaging using two element array placed on a 
cylindrical phantom [8] for three different coil separations are 
shown in Fig. 8. In order to evaluate decoupling, the noise 
correlation between two elements in the array was also 
calculated and listed in Table 1. 

Table 1.  Noise correlation  

Overlapped Side to side Separated 50 mm 
0.206 0.213 0.181 

 

The noise correlation between the two elements shows 
small variation for different separations. 

V. CONCLUSION 

A self-resonant high-impedance detector can be tuned by 
hybrid integration of lumped elements in the coaxial loop 
structure. Among the variety of different hybrid topologies, 
using a capacitor in the gap in the outer conductor of the coaxial 
cable results in the most efficient detector realization. 
Combining this structure with a noise-matched low-input-
impedance LNA circuit results in lower interaction between 
elements in the array. Imaging experiments reveal small 
variation of the noise correlation between channels in the array 
for different spatial arrangements. 
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