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Abstract—THz –TDS is used for a myriad of purposes. Still 

today, the usual way to compare different system in terms of 

signal to noise ratio is to look at the dynamic range. We propose 

here a more reliable method based on statistics and will show 

results on two systems (Toptica and Menlo). 

I. INTRODUCTION 

HE goal of every spectroscopy is to extract information 

from the recorded data. This information lies in models 

fitting a transfer function from a measured reference to a 

measured sample [1, 2, 3]. This comparison is straightforward 

in frequency-domain spectroscopy since the transfer function 

is used in a multiplication. In addition, the noise is often an 

uncorrelated white noise of which envelop serves as weighing 

function for the fit. 

 However, as well explained in [4, 5], the specificity of 

THz-TDS, the data are in the time domain and the models are 

still the same: in the frequency domain. It follows that the 

multiplications by the transfer function in the frequency 

domain become convolutions by a transfer function in the time 

domain. Therefore, the non-correlated hypothesis for noise is 

never true. E.g. for a slab sample, the model transforms the 

reference pulse into several Fabry-Perrot echoes, each of them 

getting the same, consequently correlated, noise. Thus, the 

weighting function does not apply any more, but one needs to 

use the noise correlation matrix as weighting in the fit. It 

means that the knowledge of the noise both correlated and 

uncorrelated is extremely important. 

Impact of the noise  on THz-TDS measuremnts is a long 

haul effort [6] and we propose here to use a very common but 

still not standardized methods based on statistics and 

repetition of the measurements. 

II. RESULTS 

The datasheet of the THz-TDS systems includes dynamic 

range data that compare the signal at the peak frequency to the 

noise at frequency where the system does not operate. This 

clearly help making the difference from a first generation 

system with the new ones. However, it is not a clear figure on 

how reliable will be your measurements. To go  further 

towards this direction, we propose a statistical approach in 

measuring several time traces and compare their mean value 

(signal) and standard deviation (noise) in the time (fig. 1 ) and 

frequency domain (fig. 2). 

As seen on fig. 2, the dynamic range vision tremendously 

underestimate the noise in the range of high signal to noise 

ratio. Here we plotted the raw and corrected data from 

measurements of five 100 ps time long traces (5000 average). 

One of the reason is that noise does not only come from the 

variation of current from the detector but as well from 

imprecision on the delay line [7], parasitic low frequency 

emission and variation of the power of the excitation laser. To 

take it into account, we corrected the time traces from a fixed 

delay (mean square optimization) after a low frequency 

filtering (1
st
 correction), and further away using a correction 

term proportional to the signal and to its second derivative to 

take into account the variation of the laser (2
nd

 correction). 
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This shows that first the noise cannot simply be considered 

as a dark noise uncorrelated one. In addition, it shows that 

after few corrections it is possible to decrease the noise 

tremendously even bellow the usual dynamic range vision.  
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Fig. 1. Time domain signal (mean value) and noise (standard deviation) 

of TDS measurements without correction (no correction), with a delay 

shift correction after a high pass filter ( 1st correction), with in addition 

a correction term proportional to the signal and the second derivative of 

the signal (2nd correction).  
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SUMMARY 

THz-TDS is one of the major assets of the THz range 

thanks to the compactness, robustness, broadband and high 

signal to noise ratio of this system. Today the use of the 

dynamic range as standard for signal to noise ratio does not 

meet the requirement for a qualitative information extraction 

from the recorded data. We proposed here a classic statistical 

method to compare two systems and show that additional 

corrections can improve the signal to noise ratio by more than 

50 dB. 
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Fig. 1. Time domain signal (mean value) and noise (standard deviation) 

of TDS measurements without correction (no correction), with a delay 

shift correction after a high pass filter ( 1st correction), with in addition 

a correction term proportional to the signal and the second derivative of 

the signal (2nd correction).  


