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The femtosecond lasers allows one to generate 

via various nonlinear processes pulsed terahertz wave 

radiation (0.1-10 THz) with unique characteristics: 

subpicosecond duration containing only one-two peri-

ods of oscillation and extremely wide spectrum. 

These terahertz pulses are in demand for different 

applications which is supported also by sensitive opti-

cal methods of coherent detection. In recent years, 

great progress was made in the laser-to-terahertz pulse 

conversion efficiency using highly nonlinear organic 

materials and lithium niobate (LN) crystal structures 

[1, 2]. In spite of high conversion efficiencies ob-

tained during generation process there is a lack of data 

about efficient use of this crystals and crystal struc-

tures as detectors. The main reason is that their appli-

cation in the most popular standard electro-optic (EO) 

detection set up based on Pockels effect [3] is hin-

dered by decoherence of the laser polarization com-

ponents because of high natural birefringence of these 

crystals [4]. In this work we perform the detection 

methods suited to be used with EO crystals with vari-

ous natural birefringence and test experimentally their 

applicability with different EO crystals and crystal 

structures. 
When the laser pulse interacts with THz in EO 

crystal not only its polarization ellipticity but also its 

energy could be changed [5, 6]. These changes de-

pend on the amplitude and phase of the THz over-

lapped with the laser pulse and can be used for te-

rahertz time-domain measurements [5, 6]. The meth-

od based on energy changes can separately measure 

the energies of the orthogonal polarization compo-

nents of the laser pulse and, in contrast to techniques 

based on ellipticity changes, does not require main-

taining coherence between the polarization compo-

nents and thus, can be used with birefringent crystals.   
The sensitivity of both the “energy-based” meth-

od and the standard “ellipticity-based” one can be 

improved if the laser pulses with the edge-cut spec-

trum are used. As we shown theoretically [7, 8] the 

relative changes of spectral energy density and ellipti-

city at the frequencies corresponding to the edge-cut 

of the laser pulse spectrum could be much higher than 

when a laser pulse with Gaussian spectrum is used. 

To realize this in experiment an edge filter can be 

positioned before the EO crystal to produce the high 

gradient of the spectral energy density of the laser 

pulse and the laser pulse after interaction with THz in 

the EO crystal can be decomposed in the frequency 

spectrum by a diffraction grating or can be passed 

through another edge filter transmitting only the opti-

cal waves with frequencies corresponding to the slope 

of the first filter [7, 8]. 

These techniques were tested in our experiments 

with a number of crystals [7-10]: with ZnTe and GaP 

- commonly used for EO sampling, and with birefrin-

gent ones – periodically-poled LN (PPLN) and 

DSTMS crystals. All of them demonstrated an ap-

plicability of being used with the suggested methods. 

 
Fig.1. THz wave form and amplitude spectrum measured by 

DSTMS crystal. 

In its easiest configuration the technique based on 

the total laser pulse energy changes demands even 

fewer optical elements than the standard one. It was 

tested as for narrow band detection with PPLN crys-

tal, which allows one to achieve optical-THz syn-

chronism at various terahertz frequencies and laser 

wavelengths. Application of this method with 

DSTMS crystal led to significant broadening of the 

detection bandwidth. The THz waves with frequen-

cies up to 15 THz could be measured by the laser 

pulses with duration of 50 fs (Figure 1). However, for 

the same crystal – ZnTe or GaP this technique 

demonstrates the lower sensitivity than the standard 

one. 
To improve the sensitivity of measurements the 

techniques with edge-pass filters were used [7, 8]. At 

high frequencies they demonstrated more than an or-

der higher sensitivity comparing with the standard 

detection technique when the same ZnTe and GaP 

detection crystals were used. Further improvement of 

the detection sensitivity and bandwidth was achieved 

with the PPLN (Figure 2) and DSTMS crystals. The 

use of DSTMS crystal also demonstrated higher 

bandwidth comparing with the use of GaP crystal. 

The sandwich structures with LN core demon-

strated previously the high optical-terahertz conver-

sion efficiency [11]. The use of these structures for 

noncollinear EO sampling was demonstrated previ-

ously basing on the spatial modulation of the laser 

power density [12]. However, due to the less sensi-

tivity of this technique the signal was lower 
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Fig.2. Fourier amplitude spectra of time dependences meas-

ured by the standard measurement scheme with the GaP 

crystal (black-solid line); by the scheme with edge filters 

and the GaP crystal (blue-dashed line) and with the PPLN 

crystal (red-dotted line, highest curve). 

 

comparing with the standard one. Our future plan is to 

combine such structures with the detection methods 

described above. Due to the noncollinear detection 

scheme with a Si prism coupling it is possible to 

achieve a broadband optical-THz synchronism in LN 

and reduce the wavelength absorption. The detection 

sensitivity significantly depends from the probe pulse 

width. However, for the suggesting method with the 

edge filters we can take only the part of the optical 

beam after the crystal and reduce by this way the ef-

fective transverse area of the optical-THz interaction. 

As is seen from the Figure 3, the detection bandwidth 

and detection sensitivity could be much higher than 

the ones of the standard detection technique with the 

ZnTe crystals of various thicknesses. The calculation 

results of the detection sensitivity at different probe 

beam diameters will be also presented in the report.  

 
Fig.4. Calculation of the EO response on the same signal of 

the standard detection technique with the ZnTe crystal and 

energy detection technique with LN sandwich structure of 

various lengths (probe beam width 15 µm). 
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