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Abstract: 
High-order harmonic generation (HHG), a non-perturbative nonlinear light-matter interaction 
resulting in coherent emission of high-frequency light, has demonstrated promise as an optical 
probe of carrier dynamics, structural symmetries, and other properties of solids. HHG from bulk 
solids in transmission geometry, however, is influenced by nonlinear propagation of the driving 
laser, which leads to spectral skewing and temporal phase variations in the harmonic emission. 
These effects obscure the microscopic underlying physics, making HHG-based spectroscopy of 
bulk solids difficult to interpret. HHG in few-to mono-layer materials, however, avoids strong 
nonlinear propagation effects, and can provide novel material properties for HHG studies. 

In this work, I compare HHG driven by femtosecond mid-infrared laser pulses in bulk and thin film 
solids. First, HHG generated from epitaxial ZnO thin films grown using different preparations is 
compared with HHG from bulk ZnO. I identify spectral signatures that result from nonlinear 
propagation in bulk samples, while thin films generally yield clean harmonic spectra with features 
that depend on the crystal growth and preparation. Specifically, I find that as-grown plasma ALD 
(atomic layer deposition) samples yield monocrystalline polar films, which is modified by 
annealing. The dependence of the harmonic yield on thickness of the nano-meter scale films was 
also experimentally measured, and found to agree with simulations which incorporated nonlinear 
conductivity and linear propagation effects. Next, I examine the carrier envelope phase (CEP) 
dependence of HHG from bulk and thin-film ZnO. I observe a stronger-than-expected sensitivity 
of the HHG from bulk ZnO to CEP, which results from nonlinear self-compression of the pulse to 
single-cycle durations. Finally, experimental studies of HHG from novel van der Waals crystals 
are presented. Together, these results suggest novel frontiers for HHG from few-layer materials. 
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