Less is more: Extreme optics with zero refractive index
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What happens as n—0 ?
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n=1.53

Electric Field

In most materials (n > 1) the wavelength is short, compared to free space
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n = 0.66

Electric Field

As the index decreases, the wavelength increases. ..
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Electric Field

As the index decreases, the wavelength increases. ..
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n=0.22

Electric Field

As the index decreases, the wavelength increases. ..
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Electric Field

at zero index, wavelength and phase velocity become infinite
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Wave propagation at zero index
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imaginary index:
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imaginary index:
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imaginary index:
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Can we build a new material?
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Microscopic origins of permittivity
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Microscopic origins of permittivity
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Microscopic origins of permittivity
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Microscopic origins of permittivity
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Microscopic origins of permittivity
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Microscopic origins of permittivity
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Microscopic origins of permittivity
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Polarized atoms act as tiny antennae
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Microscopic origins of permittivity
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Suppose we replace the atoms with nanospheres
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Microscopic origins of permittivity
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Microscopic origins of permittivity
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Engineering the effective permeability, p
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Engineering the effective permeability, p
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Engineering the effective permeability, p
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Engineering the effective permeability, p
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Engineering the effective permeability, p
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Both resonances occur simultaneously

By tuning the size and spacing, we can achieve € = y =0
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Tuning the design toward zero index
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Tuning the design toward zero index

Switch to nanorods

Compute the effective index for a range of sizes and spacings
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Effective refractive index

Real Index at 1550nm A Imaginary Index at 1550nm
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Optimized design for zero index
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Super-luminal velocity
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Super-luminal velocity
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Can we use this phenomenon (n = 0) to enhance
the speed of signal transmission?
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Can we use this phenomenon (n = 0) to enhance
the speed of signal transmission?

1. Yes, because the wave speed is infinite

2. Yes, but only up to the speed of light in a vacuum
3. No, because the signal would get distorted
4

No, because the wave carries no information
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Can we use this phenomenon (n = 0) to enhance
the speed of signal transmission?

4. No, because the wave carries no information ¢
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The phase velocity is infinite for only one wavelength



What happens to a signal pulse?
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What happens to a signal pulse?
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What happens to a signal pulse?
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What happens to a signal pulse?
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Zero index is really about infinite wavelength, not infinite speed
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On-chip zero-index fabrication
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On-chip zero-index fabrication

Si0

1 zero index 2  metamaterials 3 experiment



On-chip zero-index fabrication

Si0

1 zero index 2  metamaterials 3 experiment



On-chip zero-index fabrication

Au

Si0

1 zero index 2  metamaterials 3 experiment



On-chip zero-index fabrication
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On-chip zero-index prism
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On-chip zero-index prism
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On-chip zero-index prism
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On-chip zero-index prism
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On-chip zero-index prism
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On-chip zero-index prism
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Wavelength dependence of refraction angle
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Wavelength dependence of refraction angle

refractive angle a
<

N
(9]
o

|
w
o
°

-45° | |
1480 1520 1560 1600 1640 1680

wavelength (nm)

zero index 2  metamaterials 3 experiment




Wavelength dependence of refraction angle
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Wavelength dependence of refraction angle
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Wavelength dependence of refractive index
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Wavelength dependence of refractive index
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Applications of zero-index metamaterials
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Applications of zero-index metamaterials
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zero-index supercoupling

Applications of zero-index metamaterials
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Optimized design for zero index
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« What about cutoff? Not a sine wave.
 Sine wave to the big bang
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