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This article describes the measurement of the relation between input and output signals using two techniques: with a signal generator and 
with the thermal noise of a known resistance. Each of the techniques has its advantages and disadvantages. Both methods are tested and the 
results are compared. The input signal of the receiver is known in volts, while the output signal is in ADC (analogue-to-digital converter) 
units. It is the main difference versus the gain. Knowledge of the relation enables recalculation of the output signal into the input of the 
receiver or vice versa. It is important in some experiments. The method with the harmonic signal requires a suitable NMR spectroscopic 
console, generator of the harmonic signal and an attenuator, the method with the noise requires only the NMR console. It indicates that both 
methods are simple and cheap. The measured data are processed on a standard PC using common programs.  
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1.  INTRODUCTION 

Reference [1] describes a new technique of the NMR 
receiver noise figure measurement using an NMR console. 
For successful data processing the receiver must be 
calibrated, it means the relation between input and output 
signals must be known. The relation has been determined 
using harmonic signal from a suitable signal generator. It is 
an example of an experiment where the receiver must be 
calibrated. Using an NMR receiver, the noise voltage can be 
rather simply measured. On the other hand, the noise voltage 
can be rather accurately calculated if parameters of the 
receiver are used in a proper theory. The basic theory of 
processing the noise signals is described in [2], [3]. Signal 
from an NMR experiment is rather small. Many authors 
studied the condition for a quality result of an acquisition [4], 
[5]. A quality coil system can solve many problems [6], [7]. 
If using a commercial NMR scanner, the RF coils are the only 
facility which can be changed [8], [9]. Experiments may be 
based on presentation of a new technique which solves 
problems independently of the scanner or it can be part of it 
[10]-[13]. Authors [14], [15] have analyzed operations with 
gradients pulses. The processing of the measured data is 
discussed elsewhere [16], [17].   

Both techniques, with the signal generator and with the 
noising known resistance, are rather simple and cheap. They 
do not require special instrumentation or expensive material. 
Accuracy of the acquired results depends on accuracy of the 
used instruments.  

2.  SUBJECT & METHODS 
A simplified circuit diagram of the calibration with a signal 

generator is presented in Fig.1. Besides a generator with 
accurate signal values, it contains an attenuator, e.g., a 
variable attenuator. The investigated NMR receiver is basic 
equipment. Signal of generator is adjusted so that it is not 
truncated at the output of the receiver. A suitable parameter 
of the signal, e.g., magnitude of the harmonic signal, is taken 
off at the receiver input in, e.g., volts and at the receiver 
output in ADC (analogue-to-digital converter) units. The 
output data have the form of series of time samples. A ratio 
of the input signal (voltage) and output data (or vice versa) is 
calculated (what is suitable) and the resulting coefficient C 
can be utilized where necessary. It is obvious that this way of 
calibration is suitable mainly if the generator, the attenuator 
and the receiver are matched. 

A simplified circuit diagram of the calibration with a known 
resistance is presented in Fig.2. Actually, this circuit is 
simpler than the previous circuit. Only a resistor with a 
known resistance and the investigated receiver are necessary. 
Noise at the output of the receiver can be described by, e.g., 
equation (1). 

 

���4𝑘𝑘𝑘𝑘𝑅𝑅𝑔𝑔_50∆𝑓𝑓𝑅𝑅𝑖𝑖𝑛𝑛/�𝑅𝑅𝑔𝑔_50 + 𝑅𝑅𝑖𝑖𝑛𝑛�𝐶𝐶�
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+ 𝑉𝑉𝑟𝑟𝑟𝑟𝑟𝑟2 = 𝑉𝑉50  (1) 
 

k is the Boltzmann constant, 𝑘𝑘 = 1.38 × 10−23 J/K 
T is absolute temperature of the known resistance 
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𝑅𝑅𝑔𝑔 is known resistance; e.g., 𝑅𝑅𝑔𝑔_50 = 50 Ohm 

∆𝑓𝑓 is noise bandwidth 
𝑅𝑅𝑖𝑖𝑛𝑛 is the characteristic impedance of the preamplifier 
C is the calibration coefficient [ADC unit/V] 
𝑉𝑉𝑟𝑟𝑟𝑟𝑟𝑟  is RMS noise voltage of the receiver (depends on ∆𝑓𝑓) 
[ADC unit] 
𝑉𝑉50 is RMS noise voltage at the output of the receiver 
(depends on ∆𝑓𝑓) [ADC unit] 
 

 
 

Fig.1.  Simplified block diagram of the calibration with a harmonic 
oscillator. 

 

 
 

Fig.2.  Simplified block diagram of the calibration with noise of a  
known resistance. The ADC is a part of the receiver. 

The left side of (1) contains analogue quantities, the right 
side is an RMS voltage calculated from the series of 
frequency samples 𝑉𝑉2_𝑛𝑛 measured by the receiver. 𝑉𝑉2_𝑛𝑛 is 
given by (2) 
 

𝑉𝑉2_𝑛𝑛 =  𝑉𝑉2_𝑛𝑛_1 ÷ 𝑉𝑉2_𝑛𝑛_𝑁𝑁                           (2) 
 

The RMS voltage at the output of the receiver, 
corresponding to 𝑅𝑅𝑔𝑔_50 = 50 is given by (3) 
 

𝑉𝑉50 = 𝑉𝑉2_n _𝑟𝑟𝑟𝑟𝑟𝑟 = ��1
𝑁𝑁
�
2
∙ ∑ �𝑉𝑉2_𝑛𝑛_𝑖𝑖�

2𝑛𝑛2
𝑖𝑖=𝑛𝑛1

          (3) 
 
where 1 ≤ n1 < n2 ≤ N. Spectrum between 𝑛𝑛1 and 𝑛𝑛2 should 
be considered constant. The noise bandwidth ∆𝑓𝑓 must 
correspond to this limit. For calculation the calibration 
coefficient C in (1) must be measured two times with two 
different values of 𝑅𝑅𝑔𝑔. It is suitable if one of the 𝑅𝑅𝑔𝑔 values is 
0. Consider 𝑅𝑅𝑔𝑔 = 𝑅𝑅𝑔𝑔_50 = 50 Ω. The measurement yields a 
system of two equations given by (4) 
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One of the possible solutions of (4) is (5), (6) 

 
𝑉𝑉𝑟𝑟𝑟𝑟𝑟𝑟 = 𝑉𝑉0                                   (5) 

 

𝐶𝐶 =
−i�𝑅𝑅𝑔𝑔_50+𝑅𝑅𝑖𝑖𝑖𝑖��𝑉𝑉0

2−𝑉𝑉50
2

2𝑅𝑅𝑖𝑖𝑖𝑖�𝑑𝑑∆𝑓𝑓𝑘𝑘𝑅𝑅𝑔𝑔_50𝑘𝑘
                        (6) 

 
Where: 

i = √−1, 
𝑑𝑑 = 𝑛𝑛2 − 𝑛𝑛1, 
Δ𝑓𝑓 = 𝑑𝑑

𝑁𝑁𝑘𝑘𝑠𝑠
, 

𝑘𝑘𝑟𝑟 is the sampling time interval. 
 

It is obvious that the measurement can be done for different 
values of 𝑅𝑅𝑔𝑔 without special requirements on instruments. 

The processed data were measured under the following 
conditions: 
operation frequency of the scanner: f0 = 4.45 MHz 
sampling interval: Ts = 100 μs 
frequency bandwidth of the receiver: B = 10 kHz 
temperature of 𝑅𝑅𝑔𝑔: T = 296 K 
original number of samples: N = 500,000 
number of samples after cropping: d = 300,000 
 
3.  RESULTS 

Verification experiments were performed on an 
experimental NMR scanner equipped with a home-made 
resistive magnet of 0.1 T and the Apollo spectroscopic NMR 
console (Tecmag Inc., Houston, TX) was utilized for 
imaging, operated at a frequency of 4.45 MHz. Console 
calibration was performed using the GFG-3015 function 
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generator (Good Will Instrument Co., Ltd., New Taipei City, 
Taiwan). The broadband preamplifier AU-1579 (MITEQ, 
Hauppauge, NY) with 50-Ohm input and output impedances 
and NF = 1 dB (a catalogue datum) was used. For calibration 
with harmonic signal (Experiment 1) the instruments were 
connected according to Fig.1. and the harmonic signal was set 
on the function generator. Magnitude of the 4.45 MHz signal 
was 5 mV. The signal from the generator proceeded into the 
attenuator of 60 dB. Magnitudes of the input and output 
signals have been compared and the ratio has been calculated. 
For calibration with noise of a known resistance 
(Experiment 2) the instruments have been connected 
according to Fig.2. RMS noise voltages 𝑉𝑉0 and 𝑉𝑉50 have been 
measured and calculated for 𝑅𝑅𝑔𝑔 = 0 Ω and 𝑅𝑅𝑔𝑔 = 50 Ω. The 
calibration coefficient has been calculated using (6). The 
results can be read in Table 1. It is obvious that using the 
technique, the receiver does not have to be matched; it means 
𝑅𝑅𝑔𝑔 may be different than 50 Ω. However, the experiments 
revealed that the value of C is a bit different for different 𝑅𝑅𝑔𝑔. 
 

Table 1.  Results of verification. 
 

Experiment f0 

[MHz] 
Coefficient 

1 
Coefficient 

2 
1 4.45 4.96639

× 109 
 

2 4.45  5.17949
× 109 

 
4.  DISCUSSION / CONCLUSIONS 

The purpose of this study was to test the techniques for the 
calibration of the NMR spectrometer receiver. The 
calibration has been carried out with two techniques and the 
results have been compared. The endeavor was to use only 
widely available or cheap instruments and materials. It was 
managed mainly with the second method using thermal noise 
of a known resistance. The calibrated NMR receiver can be 
utilized in several experiments. The calibration coefficient is 
the  next feature of the NMR data. The first technique – with 
a signal generator – is advantageous mainly for matched 
components. The second technique – with noise of a known 
resistance – is suitable also for an unmatched receiver. 
Nevertheless, the calibration coefficient changes slightly with 
changing resistance. It can be a complication when applying 
the coefficient in an experiment and the ability of the 
unmatched operations may not be so significant. Not every 
receiver can be calibrated. Thus, proper console selection is 
also important. Difference between results of experiments 1 
and 2 is approximately 4 %. Taking into account tolerances 
of the used devices, it is a good result. 
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