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Abstract: Plasmonic modulators essentially support only transverse magnetic mode. A plasmonic modulator con-
sisting of hybrid plasmonic waveguides in both vertical and horizontal directions is proposed to reduce the polariza-
tion-dependence. In a combined waveguide, surface plasmon polariton (SPP) modes polarized in the vertical and
horizontal directions exist in the correspondingly oriented hybrid plasmonic waveguide. The light modulation is in-
vestigated by tuning the carrier density of the accumulated layer where occurs at the dielectric-ITO interfaces. In an
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optimized structure, a Aler (a difference between the extinction ratios of two polarization modes) under 0.01 dB/um is
demonstrated at ITO “ENZ"-state by simulation. The energy flux clearly shows the polarization-selective coupling
between the polarized guided modes in the feeding silicon waveguide and those in the combined waveguide.
Coupling efficiency above 74% is obtained for both polarizations. The proposed plasmonic combined modulator has
a potential application in guiding and processing of light from a fiber with a random polarization state.
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Fig. 1 3D view of the proposed EA plasmonic modulator.
Inset is the cross-section of the modulator
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Fig. 2 Electric field profiles E, and E, of the modulator for (a), (b) “ON” state, and (c), (d) “OFF” state, respectively
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Fig. 5 The field distributions of E, for the TE mode (a),(b) and E, (c), (d) for the TM mode along the y-cut and x-cut of the Si
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3D view of the proposed EA plasmonic modulator. Inset is the cross-section of the modulator

Overview: Photonic integrated circuits (PICs) have made remarkable progress in the past few decades with the devel-
opment of applications in the fields of optical communication, sensing, and imaging. Si photonics is deemed to be a
promising solution for future high-speed on/off-chip optical interconnections. Typical Si waveguide modulators leve-
rage electrically altering either the refractive or the absorptive properties of a material to modulate the transmission of
light through a device. Due to the weak plasma dispersion effect of Si and the diffraction limit of the Si waveguides, the
Si MZI modulators suffer from large footprints of ~103 um?~104 pm? Plasmonics provides an approach to miniaturize
optical devices beyond the diffraction limit. Alternatively, fully CMOS-compatible plasmonic modulators using Si as an
active material are demonstrated. Relying on the manipulation of the transverse magnetic (TM) mode excited on the
metal-dielectric interface, most of the previous demonstrations are designed to response only for specific polarization
state. In this case, it will lead to a high polarization dependent loss, when the polarization sensitive modulator integrates
to a fiber with random polarization state. Herein, we propose a plasmonic modulator utilizing a metal-oxide- indium tin
oxide (ITO) wrap-around the silicon waveguide and investigate its optical modulation ability for both the vertical and
horizontal polarized guiding light by tuning electro-absorption of ITO with the field-induced carrier injection. ITO was
reported to have much larger variation of its dielectric constant. Similar to Si based field-effect, MOS device where car-
rier accumulation is formed under an applied voltage bias, carrier density (NITO) can be tuned at the ITO/dielectric
interface with an applied bias. When the real part of the permittivity of the ITO material is tuned to near zero, at a cer-
tain NITO, which is referred as the “epsilon-near-zero” (ENZ) state, while it has the maximal absorption loss due to the
strong confinement of the guided mode. By simultaneously optimizing the mode field confinement and the ITO carrier
dispersion effect in these stacks, similar optical modulation performance can be achieved for both polarizations, which
has not been reported in the previous work. In an optimized structure, a AER (a difference between the extinction ratios
of two polarization modes) about 0.005 dB/pm is demonstrated at ITO “ENZ”-state by simulation. The energy flux
clearly shows the polarization-selective coupling between the polarized guided modes in the feeding silicon waveguide
and those in the combined waveguide. Coupling efficiency above 74% is obtained for both polarizations. The proposed
plasmonic combined modulator has a potential application in guiding and processing of light from a fiber with a ran-
dom polarization state.
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