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All-optical logic gates on chip &3
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»A gap exists between numerical calculation & experiment
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What makes experimental implementation difficult? %<

Small robustness

Input power fluctuations

Design complexity

Different cavity designs
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Required characteristics >
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Motivation N

Scalable / robust all-optical logic gate

v'Same input / output wavelength
v'Simple design: Single cavity design

v’ Study the effect of input power fluctuation
v'Study fabrication error tolerance



Calculation model - cavity - &3
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B High quality factor (Q~1 x 10°).
B[ arge nonlinear refractive index
E | (ny, = 2.5 x 107 >cm?W™1)
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< Modelling: Coupled mode theory
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Basic operation
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NAND gate design NS

Design parameters:

Output 1, Drive 1,
gap (nm) Qcouple
C1 406 1.8 x 10°
C2 375 1.2 x 10°
C3 445 3.0 X 10°
C4 445 3.0 x 10°
C5 375 1.2 X 10°

. »All cavities have the same design
Drive 4, ‘

»Two inputs and one output have
the same wavelength

Copyright © Keio University | 9 75&1"”—-3
Kebo Univensity



NAND gate operation
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NAND gate operation
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NAND gate operation N
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NAND gate operation N
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Output power (mW)

Power fluctuation tolerance
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Power fluctuation tolerance NS
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Power fluctuation tolerance
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Power fluctuation tolerance
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Deriving Q

couple
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Error rate

Gap distance flucturation

Variance ¢ (nm)
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Resonant wavelength flucturation NS

spectral width(HWHM)
> 5.0 pm

Fluctuation: 1.5 pm
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Summary & Future works NS

>Desighed a scalable NAND gate.
>Studied the robustness: power / structure

» Error-free when the gap fluctuation is <5 nm
» 50% error when the resonant wavelength
fluctuation is 1.5 pm

Strong coupling will increase the tolerance

Our message:
Analysis on tolerance is important to put

numerically study into practice
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