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Abstract. Terahertz Time Domain Spectroscopy (THz-TDS) technique has been used to 

characterize two graphene based samples produced by exfoliation and CVD methods. In both 

cases, we find two interesting bands, in both CVD and exfoliated graphene, in the 0.2-2 THz 

range. Quality information can be extracted with this non-destructive technique. The obtained 

values of the conductivity are in the same range of those obtained in the literature.  

1. Introduction 

Graphene based devices are attracting a large interest in nowadays researches due to its unique 

properties. For example, graphene flakes exhibit record electronic mobility at room temperature that 

would permit the development of transparent and flexible devices. Many approaches are used to 

produce ‘graphene’ [1-4] like Hammer, epitaxial and CVD methods along with the basic one: 

exfoliation. However, optoelectronic properties of the obtained samples are far from the incredible 

ones of exfoliated graphene [5]. As graphene fabrication is under intense research, it’s very important 

to find new techniques for identifying and characterizing graphene flakes. Terahertz Time Domain 

(THz-TDS) spectroscopy technique is non-destructive and permits the extraction of different material 

parameters (conductivity, dielectric constant, refractive index…) [6-8]. The possibility to obtain a 

THz-imaging of a big flake and mapping local conductivity has been recently demonstrated [9] which 

could extend the use of TDS-THz technique for quality control of large graphene flakes made with 

different techniques. Here we present THz-TDS transmission measurements on different samples of 

graphene fabricated using two different methods: exfoliated multilayer graphene and monolayer CVD 

graphene. In literature different experiments on CVD graphene [9], epitaxial graphene [10] and 

terahertz spectroscopy can be found but results on the terahertz spectroscopy measurements of 

exfoliated graphene are uncommon [11]. In our measurements, we obtained similar behaviours in 

CVD and exfoliated samples. The optical conductivity was extrapolated from the exfoliated graphene 

measurements. The comparison in terahertz region of graphene produced with different techniques 

with exfoliated graphene could be used to optimize the recipes to obtain better large area graphene 

flakes using CVD and epitaxial techniques. 

2. Preliminary results and discussion 

The first sample was a single large multilayers graphene obtained after a different number of 

exfoliations (from #1 to #10) on Magic tape (see Figure 1(a)). They had an irregular shape and typical 
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size of 7 mm2. The second monolayer graphene sample was prepared by the CVD technique [12] 

deposited on polyimide (PI). Two silver contacts were defined at the extremity of the flake, so that the 

final size of the nude graphene was 0.35*15 mm2 (Figure 1(b)). 

  
Figure 1: (a) Exfoliated graphene samples (Exfoliation from #1 to #10)  (b) CVD graphene flake and 2D/3D microscope 

images of the gap between contacts. 

Figure 2 shows the terahertz pulse intensity versus time delay for the exfoliated graphene samples. The 

reference signal was obtained on magic tape. It can be seen clearly the increase of the transmitted 

intensity as a function of the numbers of exfoliations. Since the signal with graphene samples is in the 

same temporal location, we did not take into account the thickness of graphene in our calculations. 

Figure 3 shows the amplitude spectra of the reference and graphene samples (from #1 to #10) where a 

window from 0.2 to 2.5 THz and water absorption lines (~0.51THz, ~1.1THz,…) are observed. The 

noise floor cuts the signal around 2.3 THz. For this, we focus our study within the range 0.2-2 THz. 
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Figure 2: Terahertz pulse intensity signal vs. delay time for 

different samples (exfoliation #4, #6, #8, #10) and 

reference. 

Figure 3: Amplitude spectra of the reference (magic tape) 

and the transmitted pulse of graphene samples. 

The transmission is obtained as a ratio between the spectra of graphene samples and their respective 

references. Figure 4 shows the transmission signal at different numbers of exfoliations. The reference 

one is obtained as a ratio between the reference signals obtained at the beginning and at the end of the 

experiment to demonstrate the stability of the system. The obtained signal has a constant value around 

1 except for some lines related to water absorptions (Fig. 3). The transmission increased with the 

number of exfoliations, as expected. Two very interesting absorption bands at 0.5 and 1.1 THz are 

observed after a sufficient number of exfoliations, revealing the presence of graphene in the sample. 

These two bands are not related to possible multiple reflection into the magic tape for two reasons. 

First of all no second echo was observed in the temporal response (Fig.2). Second because these two 

bands are not visible neither in the transmission spectra of the thicker graphene (4-6 exfoliations), nor 

in the ratio between the two references. Instead the sharp line at 1.1 THz is related to water absorption 
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lines and not to the graphene (Fig.3). Figure 5 shows the transmission signal obtained in the case of 

CVD graphene. The overall shape is similar to the one of exfoliated graphene. In particular, comparing 

with the exfoliated #6 sample, we can notice a shift of the two bands to 0.3 and 0.8 THz.  
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Figure 4: Transmission signal vs. frequency 

of for different samples (exfoliation #4, #6, 

#8, #10) and reference 
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Figure 5: Transmission signal vs. frequency 

of for CVD graphene. 

From exfoliated graphene, in which the transmission had an absolute value, it is possible to extrapolate 

quantitative information. In particular we calculated the average optical conductivity σa of multilayer 

exfoliated graphene without the use of metal contacts. The same model (thin film Fresnel coefficients 

and the Drude model) was used in the far infrared region [9], [13]. We treated graphene as zero-

thickness conductive film (the thickness of graphene, d, is much smaller than the wavelength) as it was 

explained before. Because of the Fresnel coefficient for the reflection term since possible interference 

terms are negligible, the transmission was given by: 

 

 
          (1) 

 

where Z0= 376.7 Ω was the vacuum impedance, ntape is the index of refraction of the tape (ntape=1.48). 

This model works well for a high number of exfoliations for which zero thickness is a good 

approximation (d<<λ). Taking into consideration the inhomogeneity of the sample, we estimated the 

average conductivity from 0.2 to 2 THz for the samples with #8 and #10 exfoliations. In the case #10 
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these values were between 0.001-0.002 Ω-1, and between 0.004-0.006 Ω-1 for #8. These results are 

comparable with those of Tomaino et al. [9], and two order of magnitude higher than the optical 

conductivity due to interband transitions [14]. So, as for CVD graphene, the intraband transitions are 

predominantly in terahertz region also for multilayer exfoliated graphene. 

Conclusions 

Even if these results are preliminary and it will be necessary a deeper understanding of the meaning of 

the shift and the intensities of bands in the terahertz regions, the obtained results give us both 

qualitative and quantitative information on graphene samples and confirm the THz-TDS technique as 

a method suitable for quality control of production of large area flakes. 
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