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The prospect of terahertz-band quantum cascade laser (THz QCL) on being compact and high-emission-power 

THz source has been proved in recent decades. Although watt-level emission has been achieved by edge-emitting 

THz QCL with Fabry–Pérot cavity, its energy conversion efficiency is still stay at a low level, besides, the 

far-field pattern is not good enough for real application too. We proposed to design and fabricate surface emitting 

QCL (SEQCL) with distribute feedback structure, which according to reports, both the luminous efficiency and 

far field pattern will be significantly improved [1]. We applied 3-dimensional coupled wave theory (3D CWT) to 

simulate the operating characteristics of SE THz QCLs. 

3D CWT can give accurate simulation results with clear physical picture. And it consumes little time and 

computing power comparing with finite-difference time-domain (FDTD) or plane-wave expansion method 

(PWEM) [2]. Here we used single plasma waveguide QCL working at 1THz with photonic crystal structured 

active region as a simulation sample (shown in Fig. 1(a), (b)). The diameter of air node d=0.6a. Although it is an 

initial rough attempt, the structure also has shown nearly 1% radiative efficiency (radiative energy/guided mode 

energy), which can be improved further with structure optimization. The result demonstrated the potential of 

surface emitting THz QCL as a improvement direction over the conversional ones. 

 

Fig 1.Simulated SEQCL’s structure sketch and its photonic crystal structued QCL layer are shown in (a) and (b). (d) and (e) are 

guided mode vertical optical profile and surface radiation intensity curave with foundimental modes’ pattern are shown in (f). 
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