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Abstract. The paper describes studies dealing with problems of the receive coil for NMR 
scanner connected via a preamplifier with high input impedance. Behaviour of the coil with 
preamplifier after pulses of RF signal was studied and an equation was derived and verified 
for investigation of it. The theory is demonstrated on a one-turn surface coil with rather large 
dimensions. Some parameters of a coil are measureable with difficulties and the derived 
theory can help to determine them more accurately. The technique of the high–impedance 
preamplifiers is seldom in experimental systems, though it can simplify their adjustment.  
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1. Introduction 
Receive coils for experimental scanners based on the nuclear magnetic resonance (NMR) are 
manufactured by users frequently. Mostly the coil is tuned to the working frequency and 
matched to the impedance of the transmission line and the preamplifier. At lower frequencies 
also a preamplifier with high input impedance can be used and the coil adjustment can be 
simplified in the way. Authors [1] introduced interesting solutions of the receiving systems 
with preamplifier with high input impedance. While the solution of Raad and Darrasse [1] 
does not need fine tuning the coil, our system is tuned using a variable capacitor. A square-
shaped one-turn loop coil was selected for the experiments, arranged as a surface coil. Due to 
the high-impedance load the transient response of the coil was studied. The equation 
describing the behaviour of the coil after a signal pulse was derived. The performed 
experiments proved that it increased number of coil parameters and besides of study of the 
ring-down problems [2] also the circuital parameters of the coil can be determined more 
accurately using its help. Authors [3] developed a technique of balancing a receive coil. 
Authors [4] developed a technique of the magnetic field mapping. Purpose of the article is to 
help with design of dedicated receive coils for NMR experiments, mainly using the 
preamplifier with high input impedance. Qualities of the experimental coil system have been 
verified with an experimental NMR scanner equipped with the low static magnetic field. The 
coil system is intended for whole-body measurements or for different bigger samples 
measurements. The solution with the high-impedance preamplifier simplifies tuning and 
matching the coil and such preamplifier can be used for more purposes.  

2. Subject and Methods 
A receive coil of an NMR scanner changes pulses of RF magnetic field induced from a 
sample into an electric signal, usually the voltage. Fig. 1 depicts equivalent circuit diagram of 
a simple tuned coil, connected to the preamplifier with high input impedance. The voltage 𝑉𝑉0 
represents the voltage induced from the measured sample, the voltage 𝑉𝑉𝑔𝑔 is the voltage at the 
input of the preamplifier (with input resistance 𝑅𝑅𝑖𝑖𝑖𝑖) of the receiver. After switching on the 
sample voltage 𝑉𝑉0 the output voltage 𝑉𝑉𝑔𝑔 can be described by the equations 
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Fig. 1. Equivalent circuit diagram of a single tuned coil connected to a preamplifier with high input 
impedance. The coil is switched into electrical circuit in the time instant of t=0. A noiseless preamplifier 
together with voltage and current noise sources simulate noise in the real circuit. In practice the preamplifier 
always has finite input impedance, represented by Rin. 

 

For some calculations it is advantageous to define the following expressions 

𝑝𝑝1 = −(𝐶𝐶𝑅𝑅𝑠𝑠𝑅𝑅𝑖𝑖𝑖𝑖+𝐿𝐿)+𝑦𝑦
2𝐿𝐿𝐶𝐶𝑅𝑅𝑖𝑖𝑖𝑖

,                                                                                                             (2) 

𝑝𝑝2 = −(𝐶𝐶𝑅𝑅𝑠𝑠𝑅𝑅𝑖𝑖𝑖𝑖+𝐿𝐿)−𝑦𝑦
2𝐿𝐿𝐶𝐶𝑅𝑅𝑖𝑖𝑖𝑖

,                                                                                                            (3) 

𝑦𝑦 = �(𝐿𝐿 + 𝐿𝐿𝑅𝑅𝑠𝑠𝑅𝑅𝑖𝑖𝑖𝑖)2 − 4𝐿𝐿𝐿𝐿𝑅𝑅𝑖𝑖𝑖𝑖(𝑅𝑅𝑖𝑖𝑖𝑖 + 𝑅𝑅𝑠𝑠).                                                                     (4) 

If y is a real number, the coil circuit is stabile after pulse of the 𝑉𝑉0 voltage. If it is an 
imaginary number the coil starts its work with oscillations. For stabile work the following 
condition must be fulfilled 

(𝐿𝐿 + 𝐿𝐿𝑅𝑅𝑠𝑠𝑅𝑅𝑖𝑖𝑖𝑖)2 − 4𝐿𝐿𝐿𝐿𝑅𝑅𝑖𝑖𝑖𝑖(𝑅𝑅𝑖𝑖𝑖𝑖 + 𝑅𝑅𝑠𝑠) ≥ 0.                                                                        (5) 

Considering 𝐿𝐿𝐿𝐿 ≅ 1
𝜔𝜔2 and 4𝑅𝑅𝑖𝑖𝑖𝑖2 ≫ 𝑅𝑅𝑠𝑠𝑅𝑅𝑖𝑖𝑖𝑖 the Eq. (5) can be modified to 

𝜔𝜔𝐿𝐿 ≥ 2𝑅𝑅𝑖𝑖𝑖𝑖.                                                                                                                         (6) 

It is the condition for the work without oscillations. Nevertheless the quality factor of such 
coil would be very low (𝑄𝑄 = 𝜔𝜔𝐿𝐿𝑅𝑅𝑖𝑖𝑖𝑖

𝑅𝑅𝑠𝑠(𝑅𝑅𝑠𝑠+𝑅𝑅𝑖𝑖𝑖𝑖)+𝜔𝜔2𝐿𝐿2
) and sensitivity of the measurement would be 

also low. Therefore the conditions must be found under those the oscillations can be 
acceptable. The solution of Eq. (1) can help it. 
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The solution of Eq. (1) is given by 

𝑉𝑉𝑔𝑔 = 𝑅𝑅𝑖𝑖𝑖𝑖𝑉𝑉0�−𝐿𝐿𝑒𝑒𝑝𝑝2𝑡𝑡+𝐿𝐿𝑒𝑒𝑝𝑝1𝑡𝑡−𝐶𝐶𝑅𝑅𝑖𝑖𝑖𝑖𝑅𝑅𝑠𝑠𝑒𝑒𝑝𝑝2𝑡𝑡+𝐶𝐶𝑅𝑅𝑖𝑖𝑖𝑖𝑅𝑅𝑠𝑠𝑒𝑒𝑝𝑝1𝑡𝑡+𝑒𝑒𝑝𝑝2𝑡𝑡𝑦𝑦+𝑒𝑒𝑝𝑝1𝑡𝑡𝑦𝑦�
2(𝑅𝑅𝑖𝑖𝑖𝑖+𝑅𝑅𝑠𝑠)𝑦𝑦

.                                              (7) 

If the expression (2) or (3) has its imaginary part, it represents the angular frequency of the 
oscillations, the real part determines exponential damping of the oscillations. In practice a 
receive coil must fulfill several requirements. Very important requirement is sensitivity of the 
measuring system. Mostly a coil is designed to maximal possible sensitivity and other 
parameters are checked or calculated and the qualities of the measuring sequence are 
accommodated to them. The derived expression can help to do it. 

 

 

Fig. 2. Transient responds of the coil to switching the signal on: (a) the calculated characteristic, Rin=45000 
Ω; (b) envelope of the measured and detected signal, Rin=45000 Ω. The detail comparison of the measured 
and the calculated relaxation of the coil: (c) and (d). The calculated values (c) and the measured values (d) 
are in very good agreement. 

3. Results 
The verification experiments have been performed on an experimental NMR scanner 
equipped with home-made resistive magnet of 0.1 T and the Apollo (Tecmag Inc., Houston, 
TX) console. The coil was made of a copper tube with diameter of 6 mm. Its dimensions are 
30 cm × 30 cm. The coil, including non-magnetic ceramic tuning capacitors was encapsulated 
in a PVC shell. The coil is connected to the preamplifier using a short transmission line which 
is a part of the tuning capacitance. The electrical parameters of the coil are: L=1.066 µH, 
C=1200 pF, Rs=0.2079 Ω. The working frequency of the coil is 4.45 MHz. Figure 2(a) depicts 
transient respond of the coil to switching the signal on, calculated using Eq. (7). The 
oscillations are at the working frequency of the system and after 0.1 ms they are damped to 
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0.0027% of the original value. It can be sufficient for most of applications. The transient 
characteristic of the realized coil was measured using the NMR scanner (the RF hard pulse 
width of 2 𝜇𝜇𝜇𝜇, start of the acquisition min. 10 𝜇𝜇𝜇𝜇 after the RF pulse, the sampling interval of 
100 ns). The measured course is influenced by radiation damping [2] and only its last part can 
be compared with the calculated values (figure 2(b)). While the calculated course is a real 
only signal, the measured signal is a detected signal with its real and imaginary parts making 
possible to depict its absolute value - an envelope of the signal. The real or imaginary parts 
are exponentially damped harmonic curves, their frequency after detection determines the 
frequency deviation between the coil tuning and the working frequency of the scanner. 

4. Discussion and Conclusions 
The purpose of the studies was to show possible problems occurring in experiment with a 
preamplifier with high input impedance and to suggest their solutions. The derived theory and 
the performed experiments proved that such way is possible and the acquired results are 
promising, mainly using the low-field NMR scanners. 

Users needing their own receiving solutions must look for appropriate systems. The article 
can help in their effort. The derived theory also can help to identify electrical parameters of 
the individual parts of the system with higher accuracy, mainly difficultly measureable 
parameters of the coil. 

 

Acknowledgements 

The research was sponsored by the Grant Agency of the Slovak Academy of Sciences, grant 
number VEGA 2/0013/14, by the European Network for Hyperpolarization Physics and 
Methodology in NMR and MRI number COST TD1103, and by the Slovak Research and 
Development Agency, project number APVV-0431-12. 

References 
[1] Raad A, Darrasse L. Optimization of NMR bandwidth by inductive coupling. Magnetic 

Resonance Imaging 10: 55-65, 1992. 
[2] Baudin E, Safiullin K, Morgan SW, Nacher P-J. An active feedback scheme for low field 

NMR experiments. Journal of Physics: Conference series 294: 012009, 2011. 
[3] Décorps M, Blondet P, Reutenauer H, Albrand J P, Remy C. An inductively coupled, 

series-tuned NMR probe. Journal of Magnetic Resonance 65: 100-109, 1985. 

[4] Bartusek K, Dokoupil Z, Gescheidtova E. Mapping of magnetic field around small coil 
using the magnetic resonance method. Measurement Science and Technology 18:  2223-
2230, 2007. 

268 


