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Narrowband Thermal Emission from an ENZ film

Electrically Tunable Strong Coupling

Perfect Absorption in Ultra-thin Films

Ellipsometer measurement

Ultra-thin ENZ layer
(~ 30 nm n-GaAs, 5.5e18)

(ENZ film: 60 nm n-InAs, 1.13e19)

SEM image

Experiment (RT FTIR)
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• Novel strong coupling between Metamaterial and ENZ mode

• Highly tunable optical strong coupling
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Experiment (RT FTIR)

• Deplete the doped ENZ layer (i.e. reduce ENZ layer thickness)

• Electrically control coupling between MM resonance and ENZ 
modes

• Previous studies: using permittivity change in a thick doped 
substrate

- Y. C. Jun et al, Opt. Express 20, 1903 (2012)

- Y. C. Jun et al, J. Opt. 14, 114013(2012)

30 nm Al0.4Ga0.6As Barrier

5 nm GaAs cap

Depletion region WD

Dotted lines (theory)

• IV, CV measurement with a test contact 
device (250 μm x 250 μ m in size)

• Leakage current is very small

• Depletion width gradually increases

Y. C. Jun et al, to be 
submitted

• Berreman mode (leaky mode), ENZ mode (bound mode)

• SRR provides near-field components with vary large K||

• Perfect absorption: Destructive interference of reflected light  (A = 1 – R – T)

• Critical coupling: 	�internal = �radiation

• ITO has the ENZ frequency in the near-IR (~ 1300 nm)

Dispersion relation of the TM mode in a 3-layer

Numerical solution in complex domain

(assuming complex freq, real K)
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ENZ  (i.e.  doped semiconductor)

Substrate

d = 30 nm

d = 60 nm

d = 200 nm

Light line

d

K|| [cm-1]

ω
[c

m
-1

]

• Ellipsometer measurement of n+ GaAs (5.5x1018 cm-3) epilayer

• Large field enhancement in n+ GaAs can be obtained when Re[ε] ≈ 0  
(780 cm-1)

• At the n-GaAs / GaAs Interface:  KENZ = |EENZ/EGaAs|
2 = |εGaAs/εENZ|2
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(Airy’s formula)

Exp. (interpolated) Theory (TMM)
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tion

24 nm 1.307 1.143 75.5 0.9979

53 nm 1.297 1.153 56.9 0.9998

88 nm 1.298 1.173 47 0.9996

137 nm 1.318 1.220 38.4 0.9996

Experiment
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ND = 5.56x1018 cm-3
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p-polarized, d = 60 nm
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A s-polarized, d = 60 nm
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Ap-polarized, d = 500 nm
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Angle- and Polarization-resolved thermal emission measurements
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TMM calculation of Absorptivity (A = 1 – R – T)

(when Re[ε] → 0, i.e. Epsilon-Near-Zero)
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