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High-harmonic generation (HHG) is a phenomenon resulting from the strongly nonlinear, non-perturbative 
interaction between intense electromagnetic pulses and matter. It has been intensively investigated ever 
since its first observation with optically excited noble-gas atoms in the late 1980s [1]. The HHG effect is 
not only widely applied in table-top, coherent X-ray sources but is also the key for the generation of intense 
attosecond pulses [2]. Gases and atom clusters are the most intensively employed materials for HHG. 
Recently, HHG has also been observed in bulk crystals [3], which has triggered a surge of research interest 
in HHG from solids [4].  

Here, we extend our earlier work [5], and report the observation of HHG from weakly p-doped Si up to the 
fifth order upon pumping by intense FELBE THz pulses, and up to seventeenth order upon pumping by 
intense TELBE THz pulses. The frequency of the FELBE THz pulse is 1.27 THz, and the frequency of the 
TELBE THz pulse is 0.3 THz. The sample is boron-doped bulk Si and the experiments were carried out at 
a temperature of 4 K.  

At low temperature, the holes lies at their ground states instead of the valence band. Upon the irradiation 
of an intense THz pulse, the holes are first excited to the valence band, and then accelerated to reach a high 
momentum and experience changes of their effective mass and scattering time. The observed HHG are 
attributed to the non-parabolicity of the valence band and the energy-dependent carrier scattering time [6]. 
We simulated the harmonic process with FDTD calculations based on the Drude model, in which the 
effective mass and the scattering time depends on the strength of the radiation field at any given moment 
in time (values derived by Monte Carlo simulations). Quantitative agreement between simulation and 
experiments were derived. 
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