
  

  
Abstract—We discuss the potential for creating a room-

temperature tunable continuous-wave terahertz source based on 
nonlinear mixing within the active medium of either a dual-color 
high-power semiconductor laser or a laser amplifier, preferably 
operating at telecom wavelengths. By minimization of the 
terahertz waveguide losses and by enhancement of the second-
order nonlinearity of the active media, our simulations indicate 
that one can expect the output power to reach at least 20 µµµµW at 
an infrared radiation power of 100 mW per color. 

 

ne of the key obstacles in the development of solid-state 
lasers for continuous-wave THz frequencies arises from 

the fact that the thermal energy is comparable with or larger 
than the energy separation between upper and lower laser 
levels. The conventional approach for solid-state lasers 
operating in the THz frequency range (quantum cascade lasers 
(QCLs) or p-Ge-type lasers) followed up to now is to lower the 
thermal energy by operating at cryogenic temperatures. 
Alternatively, several inversionless schemes have been 
proposed for producing coherent THz radiation at room 
temperature. Just to name two of them: Bloch-gain lasing [1-3] 
and frequency downconversion by nonlinear mixing. 
 Here we discuss the latter, i.e., the potential for creating a 
room-temperature tunable continuous-wave THz source based 
on nonlinear mixing directly within a semiconductor laser or 
amplifier. Our main emphasis lies on the identification and 
optimization of THz-emission mechanisms in the active gain 
medium itself, i.e., we do not consider two-section devices 
with a gain region and a conversion region, but explore only 
single-section devices where the population inversion may 
play a central role for the generation of the THz wave. The 
design target is to optimize the device with respect to high 
power of both the dual-color laser radiation and the THz 
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radiation. 
Research towards efficient down-conversion directly in 

laser-active media has been going on already for more than a 
decade. Several device designs have been proposed in the 
literature [4-9], but till now, the estimated power levels of the 
down-converted beams have been too low to have the potential 
for a break-through in practical applications. High free-carrier 
absorption losses at THz frequencies are among the main 
limiting factors. The loss limits the effective nonlinear 
interaction length to the sub-mm range and thus largely 
destroys the advantage of co-propagation of interacting laser 
fields over long distances even if the phase-matching between 
the three interacting waves is optimal.  

We show that mixing in active laser media has the potential 
to produce a THz output power on the order of tens of 
microwatts at a hundred milliwatt of optical radiation. With 
such a value, such an emitter would be competitive with other 
THz sources. The realization of it, however, requires 
simultaneously (i) minimization of the terahertz losses, (ii) 
optimization of the phase-matching of fundamental modes 
(polaritonic phase-matching) [10], and (iii) enhancement of the 
conversion efficiency by quantum engineering. With respect to 
the latter point, we explore two approaches, an electrooptic 
one (involving resonant transitions and coherent wavepacket 
dynamics, and aiming at an enhancement of the second-order 
nonlinearity by at least two orders of magnitude as compared 
with the values of bulk III-V semiconductors), and a 
photoconductive one (based on classical space-charge 
oscillation).  

The literature lists a number of experimental studies devoted 
to the effective generation of THz radiation in various 
nonlinear crystals using short laser pulses.  In the case of 
continuous wave radiation such an approach, however, is very 
inefficient as the interacting fields of focused radiations are 
comparatively low at typical power levels of semiconductor 
lasers. Waveguiding of the laser radiation improves the 
situation, but by itself is not sufficient to ensure high output 
powers. If one performs simulations for the ideal lossless case 
and perfect phase matching, and assumes a waveguide mode 
with a cross section of 20 µm × 1.5 µm, 100 mW of optical 
power (pro color), and a 2-mm-long waveguide, one should be 

Concept of Internal Mixing in Semiconductor 
Lasers and Optical Amplifiers for  

Room-Temperature Generation of Tunable  
Continuous Terahertz Waves 

Alvydas Lisauskas, Mark Dias, Sebastian Belz, Michael Feiginov, and Hartmut G. Roskos 

O 



  

able to generate about 80 nW of THz radiation at 3 THz with 
the bulk nonlinearity of InP.  

Obviously, the bulk second-order nonlinearity does not 
promise sufficiently high continuous-wave THz power levels 
to be competitive with the best photoconductive photomixers. 
The way to go to improve the THz generation efficiency is the 
engineering of the nonlinearity itself. It is well-known that the 
value of the second-order nonlinear coefficient χ(2) increases if 
the wavelength approaches the absorption edge of the 
semiconductor. It can be enhanced further by wavefunction 
engineering. For a high THz conversion efficiency, coupled 
quantum wells or asymmetric single quantum wells enhance 
the resonant or near-resonant nonlinearity significantly over 
the bulk values. In the absorption resonance, a nonlinearity of 
more than 10-8 m/V has been predicted [4], respectively 
estimated from measurements [11].  

We calculate the THz power level under the assumption that 
the quantum wells of the laser gain medium are replaced by 
asymmetric structures which both support dual-color lasing 
and provide a high resonant THz nonlinearity. Our 
calculations show that, if 200 nm of mode volume of the dual-
color laser were filled with a nonlinear medium with χ(2) = 
2⋅10-8 m/V, then a THz power of 38 µW could be achieved 
with a laser embedded into a double-sided plasmon waveguide 
with parameters as given before (with waveguide loss of 10.4 
cm-1). For a loss-optimized surface-plasmon-polariton 
waveguide the estimated THz power levels approach the 
100 µW regime. 

We also propose an alternative way to enhance mixing 
efficiency by a following photoconductive mechanism. It is 
based on classical space-charge oscillations, which, if 
associated with a quasi-static dipole moment, lead to down-
conversion of optical radiation. As is usually the case for III-V 
semiconductors, this requires the presence of a structural or 
field asymmetry [12,13]. In contrast to conventional 
photoconductive mixing, we propose the generation of an 
oscillatory photocurrent in a laser structure with a built-in 
asymmetry on the basis of the modulation of the stimulated 
emission with the beat-note of dual-color operation. Because 
the effect results from photo-depletion of population by 
stimulated emission rather than from photogeneration of 
charge carriers, the resultant space charge oscillation may be 
termed inverse photocurrent. 
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