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We studied the process of second harmonic generation in metamaterials responding with a different sign of the refraction index 

to a pump field and to its second harmonic. Characteristics of a second harmonic generation in homogeneous metamaterials

depend on a phase mismatch. In conventional dielectrics, optical fields are periodically varying along the sample if the phase 

mismatch is nonzero.  The fields exhibit monotonic behavior in the ideal case of a zero mismatch.  In the last case the energy 

flows unidirectionally from the pump to the second harmonic wave which leads to high conversion efficiency. The direction 

of energy flow varies along the sample if phase mismatch is nonzero. We demonstrated that in contrast to conventional 

dielectrics, unidirectional energy transfer takes place not only for a single zero value of a phase mismatch but also for an entire 

interval of phase mismatch values. Boundaries of this interval determine critical values of a phase mismatch which separate 

periodic behavior from monotonic behavior.  We studied second harmonic generation in inhomogeneous metamaterials when the 

value of the phase mismatch changes gradually along a sample and crosses its critical value. In this case both regimes of 

second harmonic generation are present in the same sample. We analyzed transient effects, the distributions of the fundamental 

and second harmonic fields, conversion efficiency, and the influence of losses.
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