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ABSTRACT 

 
Zincblende semiconductors (GaAs, GaP) show great potential for quasi-phase-matched (QPM) THz generation because 
of their small (20 times less than in lithium niobate) absorption coefficient at terahertz frequencies, small mismatch 
between the optical group and THz phase velocities, high thermal conductivity, and decent electro-optical coefficient. 
Terahertz-wave generation was demonstrated recently in QPM GaAs, using optical rectification of femtosecond pulses. 
Here we report on a new efficient widely tunable (0.5-3.5 THz) source of THz radiation based on quasi-phase-matched 
GaAs crystal. The source is based on difference frequency generation inside the cavity of a synchronously pumped near-
degenerate picosecond OPO and takes advantage of resonantly enhanced both the signal and the idler waves. THz 
average power as high as 1 mW was achieved in a compact setup.  
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1. INTRODUCTION 

There is a potential for using terahertz (THz) waves (1 THz = 1012 Hz) for numerous applications including real-time 
imaging (THz waves have, in many occasions, much smaller scattering than the optical waves and thus can penetrate 
many materials) and rotational-vibrational spectroscopy, both in condensed and gaseous phase, because of richness of 
absorption spectra in the THz range. Parametric frequency down-conversion of optical pulses1 is an established, but 
inefficient so far, way of generating terahetz radiation. Potentially, it allows attaining compact tunable THz emitters 
working at room temperature, by using wall-plug-efficient diode-pumped laser sources (most likely fiber lasers) with 
different temporal formats: from continuous-wave to femtosecond (fs) pulses.  This technique can generate quasi- 
monochromatic THz radiation using difference frequency generation (DFG) with two laser input beams 1-6, or through 
THz-wave parametric oscillation7-9 with a single fixed-frequency optical pump.  Alternatively, broadband THz transients 
can be generated by means of optical rectification (OR) of ultrashort (typically fs) laser pulses. 10-13 

 
There are however two significant factors which limit THz conversion efficiency in both OR and DFG, namely (1) 

conventional crystals used for THz generation (LiNbO3, ZnTe) have high absorption at THz frequencies 
(characteristically 10-100 cm-1), (2) there is a mismatch between propagation velocities of the THz wave packet and of 
the optical pulse which limits (especially in the OR case) the useful length of the crystal.  As a result, optical-to-THz 
conversion efficiencies achieved so far are low14, typically 10-6-10-9, even with femtosecond pump pulse energies as high 
as 10 mJ 15. In order to enhance the optical-to-THz conversion efficiency, larger interaction lengths with collinear 
interaction of THz and optical waves is desirable. A way to solve the problem of propagation velocity mismatch and 
increase the interaction length, by means of using the tilted-front pump pulses, was demonstrated recently16. The authors 
reported conversion efficiency of 5x10-4 and achieved 240 µW THz average power from a bulk lithium niobate crystal 
when pumped by optical pulses from a Ti:Sapphire oscillator -  regenerative amplifier system with 500 mW of average 
power at 1 kHz. Another approach to increase the efficiency of OR is to use quasi-phase-matched (QPM) nonlinear 
materials, as was first demonstrated with periodically-poled lithium niobate crystals (PPLN) 17,18. The authors used 
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