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In atomic gases, multiphoton ionization creates an electron wave packet in the continuum and a time 

dependent current.  Two sources of high harmonics arise from this fundamental process.  Low 

harmonics of the driving field (approximately H1-H7) result from the time dependent current while the 

electron-ion re-collision that often follows the creation of the wave packet produces high harmonics and 

attosecond pulses.  Each mechanism has a characteristic frequency-dependent spectral phase.    

Analogous processes appear when a solid is irradiated with infrared or THz light.  In solids, multiphoton 

excitation creates an electron in the conduction band and hole in the valence band, but now the 

electrons and holes move on non-parabolic bands that are characteristic of the solid.  As with gases, 

spectral phase measurements can help us identify the mechanism(s) responsible for harmonics from 

solids.   

Using ZnO and Si as test cases, we study the spectral phase of the harmonics produced by intense IR 

light.  We find that the spectral phase of the harmonics from these important semiconductors is similar 

to that from gases and therefore characteristic of re-collision.  In addition, we find that the harmonics 

can be manipulated by very weak control fields.  In contrast, the spectral phase is very different for SiO2, 

indicating a different origin of the harmonics   

 

Extreme nonlinear optics in solids has important implications as a source of light and as a new diagnostic 

of materials.  For example, solids can be perturbed, patterned, doped, or structured and each impresses 

its signature on the harmonics as they are created.  The accompany figure shows the spatial pattern of 

the 5th harmonic emission of 2 micron light controlled by a square array of gold dipole nano-antennae 

(right figure) on silicon.  The left image show the pattern of the emitted light when the polarization of 

the fundamental field was parallel to the long (resonant) axis of the antennas.  The central figure shows 

data when the fundamental field was polarized in the perpendicular direction. We find that nano-

plasmonic antennas enhance the harmonic emission efficiency by up to ~ 10.000 times. Thus a surface 

patterned with nano-plasmonic antennas controls the harmonic emission. 

We also observe changes to the harmonic emission created by perturbing fields that are small enough to 

be applied by conventional electronics.  Thus, high harmonics are not only be controlled by electronics, 

but the internal fields in electronic circuits can be monitored through their influence on the harmonic 

emission – and with spatial resolution characteristic of the highest harmonic frequency.  In the talk we 

will also discuss how harmonic emission presents a new approach for diagnosing material properties 

such as band structure and dynamics.   
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