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DC-biased semiconductor superlattices (SLs) can operate in the regime of negative 

differential conductivity due to excitation of the electron Bloch oscillations [1]. This potentially 

could lead to a high-frequency Bloch gain resulting in an amplification of GHz-THz signals [2]. 

The SL devices can work at room temperature which is inherently different from the available 

THz quantum cascade lasers that still require low temperatures.  The ac signal amplified in the  

SL can be either a transverse electromagnetic wave (optical gain) or a longitudinal space-

charge wave (plasmonic gain). The physical mechanisms of the plasmonic gain effects in SLs 

are still poorly understood, and this encompasses the main area of our interest.  

Here, following the seminal work [3], we calculate and analyze the complex 

eigenfrequencies (𝜔 = 𝜔 + 𝑖𝜔 ) of the transverse plasma modes (~𝑒𝑥𝑝(−𝑖𝜔𝑡)) in dc-biased SL. 

The behaviour of the modes is mainly  

governed by two parameters: 𝜔 𝜏 and 𝜔 𝜏  (Bloch and 

plasma frequencies and the scattering time - 𝜏). When 

𝜔 𝜏 > 1 and 𝜔 𝜏 > 1, the Bloch and plasma oscillations 

are excited and hybridized into a high-frequency 

“hybrid Bloch-plasma  mode”. Simultaneously, the 

low- frequency “relaxation mode” becomes unstable. 

Our computations show good correspondence with 

the approximate analytic solutions found in [2] in the 

limit 𝜔 𝜏 ≤ 1. Moreover, we consider the interesting 

limit of 𝜔 𝜏 ≫ 1 corresponding to the heavily doped SL 

devices [4], and find a very large increment of the 

unstable mode which appearance coincides with a 

significant increase of the hybrid mode decay rate [see 

Fig. 1]. Our findings provide useful insights into the 

understanding and development of novel active 

plasmonic devices. 

Fig. 1 Increment (𝜔 >0) of the unstable 

relaxation mode (blue) and decrement of 

the stable hybrid mode (orange) for two  

values of the plasma parameter: 𝜔 𝜏=2 

(dashed) and 𝜔 𝜏=20 (solid).  
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