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All-optical signal processing and computation is often hailed as the breakthrough technology 
for the next generation of computation and communication devices.  The efficiency and the 
dimension of such a device depend critically on the nonlinear optical response of the 
material. For example, the strength of the intensity-dependent refractive index, a third order 
nonlinear optical response of a material, determines how much phase shift a control beam 
can impress on a signal beam while both beams propagate over a finite distance through that 
material. Due to the perturbative magnitude of such a nonlinear interaction, all-optical active 
devices necessarily require a propagation distance orders of magnitude larger than the 
wavelength. This requirement limits the maximum integration density, which is many orders 
of magnitude smaller than the state-of-the-art electronic integrated circuits.  
 
We have recently demonstrated 
that the nonlinear contribution to 
refractive index in an epsilon-
near-zero material can be larger 
than the linear index [1]. The 
nonlinear refractive index 
coefficient in this material can 
be almost 100 times larger than 
that of other known materials.  
 
In this talk we will present 
experimental and theoretical 
results of a 50 nm thick meta-
surface design using an epsilon 
-near-zero material and plasmonic 
dipole antenna array to engineer  
a record nonlinear refractive index. 
Specifically, we will demonstrate that the metasurface exhibits an ultrafast nonlinear index 
150 million times larger than that of silica glass and a total nonlinear change of the real part 
of the effective refractive index larger than 3.50 at 1300 nm wavelength (Fig. 1) with sub-
picosecond recovery time. 
 
Furthermore, we will present a set of generalized design principles for spectral tailoring of 
large nonlinear refraction with femtojoules of energy using a sub-100 nm thick structure.  
 

1. Large optical nonlinearity of indium tin oxide in its epsilon-near-zero region, M.  
Zahirul Alam, I. De Leon, R. W. Boyd, Science 352, 795 (2016). 

Figure 1 The nonlinear contribution to refractive 
index as a function of peak intensity. 

Peak power (MW/cm2) 

Δ
n e

ff 


