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Both e and m are complex and their real parts can be negative.

What happens when Ree and/or Rem is negative?
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To find n (passive materials):

1. Draw line that bisects e and m 
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Q: If n = 0, which of the following is true?

 1. the frequency goes to zero.
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but  m ≠ 1 requires a magnetic response!
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use array of dielectric rods

Engineering a magnetic response
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incident electromagnetic wave (leff  ≈ a)
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produces an electric response…
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adjust design so electrical and magnetic resonances coincide
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adjustable parameters
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adjustable parameters

d = 422 nm,  a = 690 nm,  n = 1.57 (SU8)

Engineering a magnetic response
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at design wavelength (1590 nm)
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below design wavelength (1530 nm)
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above design wavelength (1650 nm)
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How to fabricate?
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On-chip zero-index prism
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50 µm l = 1570 nm
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50 µm l = 1570 nm
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50 µm l = 1570 nm
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Wavelength dependence of index
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Wavelength dependence of index
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Wavelength dependence of index
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Zero-index metamaterials

PHASE-CHANGE MATERIALSMulti-level memory
MID-INFRARED SOURCESPowerful pulse train

OPTICAL COMPUTINGAnalog approach

NOVEMBER 2015  VOL 9  NO 11www.nature.com/naturephotonics

More info: download paper!



Where do we go from here?
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Where do we go from here?

Need to eliminate losses in metal mirrors
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Where do we go from here?

Removing mirrors causes radiative losses
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Where do we go from here?

Radiative losses can be steered…
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Where do we go from here?

Radiative losses can be steered…
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Where do we go from here?

…or arranged to cause focusing…
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Exciting applications ahead

SHG = 2

k = 0

at zero index

k'

k'

supercoupling NLO quantum optics
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