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By coupling light to the charges at metal interfaces,

photons will be manipulated in a way that have been

never done before: at the subwavelength level.

Statement
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Optical fibers and waveguides
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Tx
• E/O convertor

• Laser source

• Modulator

• Multiplexer

• Switch

Rx
• O/E convertor

• Laser Detector

• Demodulator

• Demultiplexer

• Switch

Transmitter 

Electrical System

• Processing Unit

• Memory Unit

Receiver 

Electrical System

• Processing Unit

• Memory Unit

Bottleneck Bottleneck
The Challenges 

• Speed limitation

• Dense integration

• Energy Consumption

The Missions 

• Faster speed

• Smaller Footprint

• Lower power 

Consumption

Conventional optical communications
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Silicon Photonics Circuit

Advantages:

• Low cost mass production.

• good mode confinement.

• Can be integrated with 

electronics IC in the same 

printed circuit board (PCB).

Disadvantages:

• Large footprint.

• Limited bandwidth.

• Diffraction limit.

An optical modulator 

with area about 𝒎𝒎𝟐

Each 1 𝒎𝒎2can  have 

about  100M Transistors

Current Solution: Silicon Photonics
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To achieve faster 
information 

transport

Overcome the 
disadvantages

Size mismatch 
between photonic 
and electronic 
components

Plasmonics
Technology

Silicon photonics are 

limited in size by the 

fundamental laws of 

diffraction to about 

half a wavelength of 

light

Solution
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So that :



Plasmon is a quantum quasi-particle representing the elementary excitations, or

modes, of the charge density oscillations in a plasma.

Photon quantum particle representing the elementary excitations,   or 

modes, of the free electromagnetic field oscillations               real particle.

Polaritons are quasi-paticles resulting from strong coupling of electromagnetic

waves with an electric or magnetic dipole-carrying excitation.

Physics of  Plasmonics
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Plasmonics is the study of interaction of light (photon) and

metal under precise circumstances and the term

“PLASMONICS” is derived from plasmons.



a mixed mode                the energy is shared between: 

the charge density wave (plasmon)          electromagnetic wave (photon), 

Surface Plasmon Polaritons

hν
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Plasmonics: A Most Compact Solution

Surface Plasmon Polariton (SPP)

Silicon waveguide Plasmonics waveguide
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Plasmonics waveguide structures

Metal-insulator interface is

the simplest plasmonic waveguide

Insulator-metal-insulator waveguide 

offers long propagation lengths

Metal-insulator-metal waveguide allows

for very small transverse dimensions
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Plasmonics communications system
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• Detector

• Switch

• Modulator

• Multiplexer

• Memory

• Directional Coupler

Applications
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Structures of the silicon−graphene hybrid plasmonic
waveguide photodetector. a Schematic configuration. b
Optical microscopy image. c SEM images. d Cross-section
of the present silicon−graphene hybrid plasmonic
waveguide.

Conclusion:
When operating at 2 um, the photodetector has a responsivity
of ~70 mA/W and a setup-limited 3 dB bandwidth of >20 GHz.
When operating at 1.55 μm, the present photodetector also
works very well with a broad 3 dB bandwidth of >40 GHz
(setup-limited) and a high responsivity of ~0.4 A/W even with a
low bias voltage of −0.3 V.

Detector



On-chip photodetector structure. (b) Front view of the photodetector device.

Conclusion:
The device performance is quantified by its
responsivity, operation speed, and noise equivalent
power. Its bandwidth exceeds 100 GHz, and it
exhibits a nearly flat photo response across the
telecom C-band. The photodetector responsivity is
as high as 1.4 A/W (1.1 A/W external) at an ultra-
compact length of 3.5 um, which is the most
compact footprint reported for a graphene-based
waveguide photodetector.
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Conclusion:
The proposed switch exhibits excellent performance
in several important categories, including large
extinction ratio (> 28 dB), high bandwidth (BW > 400
nm), low power consumption, and low footprint

Switch

Schematic of the proposed broadband non-volatile 
hybrid electro-optic plasmonic switch



Conclusion:
The modulator has an footprint of 1.8 um x 1 um with
a 100 nm x 100 nm modulating section based on the
hybrid orthogonal geometry.

(a) Three-dimensional geometry of the plasmonic modulator. (b) 

Two-dimensional geometry of the plasmonic modulator.

Modulator



3-dimensional rendering of the 4-channel plasmonic
modulator array.

Conclusion:
A new plasmonic transmitter solution offering 0.8 Tbit/s on an
ultra-compact 90 um × 5.5 um footprint is introduced. The
individual devices achieve data rates of 200 Gbit/s.

(a) 3-dimensional rendering of the plasmonic phase modulator. 
(b) Cross-section along the device. (c) Cross-section across the 
plasmonic slot waveguide. 
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Schematic of the proposed 
unidirectional coupler

Conclusion:
The 1 × 2 multiplexer/ demultiplexer was simulated
for wavelengths of 650 nm and 850 nm. ER > 11 dB at
operating wavelength of 650 nm. crosstalk of − 19 dB
for a wavelength of 650 nm, and − 18 dB for a
wavelength of 850 nm. Schematic of the proposed 

multiplexer/demultiplexer

Multiplexer and Demultiplexer



Schematic of the proposed six-channel 
demultiplexer.

Conclusion:
The simulation results, for two, four, and six channel demultiplexer, 
the maximum transmission values of 56.7%, 54.13%, and 49.62% 
and the average channel spacing values of 233, 137.33, and 99.6 
nm have been obtained, respectively. The simple and compact 
designed demultiplexer structures are promised for integrated 
optical circuits.
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3D and 2D device cross section

Conclusion:
The integration of phase-change materials and
plasmonics into the silicon photonics platform offers a
promising route for the development of fast, low-
power, integrated photonic memory and computing
devices and systems.

Memory



Schematic view of the structure

Conclusion:
a concept of an electrically controllable plasmonic directional
coupler of terahertz signal based on a periodical structure with
an active (with inversion of the population of free charge
carriers) graphene with a dual grating gate and numerically
calculate its characteristics had been proposed.

Directional Coupler



Plasmonic monolithic lithium niobate directional 
coupler switch.

Conclusion:
Extreme confinement allows to achieve a 90% modulation
depth with 20 um-long switches characterized by a
broadband electro-optic modulation efficiency of 0.3 V cm.
The LN plasmonic platform enables a wide range of cost-
effective optical communication applications that demand
um-scale footprints, ultrafast operation and high
environmental stability.
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Thank You 
For 

Listening
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