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Abstract. We propose a design for high efficiency narrow-band terahertz 
generation using multiple stages with dispersion compensation. Terahertz 
efficiency of a few percent could be achieved.   

1 Introduction  
 
High energy multi-cycle (narrow band) terahertz pulses can be utilized for linear electron 
acceleration [1]. This brings possibilities of developing table-top X-ray source [2]. Due to 
the finite damage threshold of periodically poled Lithium Niobate (PPLN) crystals, 
absorption of the material at terahertz frequencies and low quantum efficiency, generation 
of terahertz radiation with high energy is extremely challenging. 

Our simulations suggest that with a pulse-train format input pump pulse [3], the 
efficiency of a single PPLN stage η=1.04% can be obtained at the optimal pump pulse 
duration τFWHM 150 ps with input fluence 0.83 J/cm2 and terahertz absorption α (0.3 
THz)=1.3/cm (80 k) [4].  

Here, we consider a consecutive arrangement of PPLN stages (see Fig. 1.), which 
recycles the pump pulse for further terahertz generation.  The arrangement increases the 
effective length (Leff) and circumvents excessive terahertz absorption through the 
outcoupling of the terahertz pulse after each stage. 

 
Fig. 1. Schematic illustration of the multi-stage system. QC represents the quartz coupler. 
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2 Results 
 
2.1 Pulse recycling with dispersion compensation 
 
With a 4-stage system, terahertz spectra and the corresponding efficiencies are shown in 
Fig. 2(a) and Fig. 2(c), respectively. One can see that the terahertz conversion efficiency 
reduces subsequently after each stage. Due to the dispersion, different frequency elements 
in the pump spectrum pick up different phases. Consequently, the terahertz radiation 
generated from different spectral ranges of the pump pulse carries different phases, leading 
to partial destructive interference. This leads to the reduction in efficiency. In order to 
mitigate the efficiency reduction due to the dispersion effect, we compensate the Lithium 
Niobate (LN) dispersion of the pump pulse accumulated by propagation before the pump 
pulse is recycled to the next PPLN stage. One can see that the dispersion compensation 
significantly enhances the terahertz conversion efficiency (see Fig.2(b,d)).  
 

 
Fig. 2. (a,c) show the terahertz spectrum and the efficiency of a 4-stage system by direct pump 
recycling. (b,d) show the terahertz spectrum and the efficiency of a 4-stage system with dispersion 
compensation.  
 
 
2.2 Pump pulse spectral dynamics 
 
In order to further analyse the dispersion effect on the terahertz generation process, we 
perform the short time Fourier transform (STFT) of the output pump pulse after a single PPLN stage. 
The STFT reflects the pump pulse spectral distribution with respect to time (i.g instantaneous 
spectrum). As shown in Fig. 3(b), the pump pulse spectrum versus time forms a 'U' shape 
due to the cascading effect. The maximum cascading occurs where the maximum intensity 
locates and thus causes maximum spectral down shift forming the 'U' shape. This drastic 
spectral variation in time domain reduces terahertz generation. 
 

 



Fig. 3. (a) represents the temporal profile of the input pump pulse. (b) represents the temporal profile 
of the output pump pulse after one 25 mm PPLN crystal  (c) represents the temporal profile of  (b) 
after the dispersion compensation. The coloured 2-D plots correspond to STFT. 
 
 
Adding the opposite propagation dispersion smooths the 'U' shape as shown in STFT in 
Fig.3(c). The spectral variation in time reduces, and thus terahertz generated locally in time 
can add up coherently leading to higher efficiency. 
 
3 Conclusions  
 
We show that the pump pulse recycling scheme could enhance the terahertz generation 
efficiency. Additionally, by implementing the dispersion compensation, the generation 
efficiency can be further enhanced. 
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