
Monolithic Optical Modulator

Article Overview

Monolithic optical modulators are integrated photonic devices that modulate light on a single chip, enabling

high-speed, compact, and scalable optical communication systems.

Overview

A monolithic optical modulator is a photonic device fabricated on a single substrate, typically silicon or

silicon nitride, that modulates the amplitude, phase, or polarization of light. Unlike hybrid modulators,

monolithic designs integrate all active and passive components on the same chip, improving compactness,

stability, and manufacturability for high-density optical circuits .

Types and Materials

o 

Silicon Nitride Modulators: Recent research demonstrates that silicon nitride can exhibit a second-order

electro-optic (EO) effect through optically-assisted poling, achieving a long-term effective nonlinearity of 1.2

pm/V and a bandwidth of 4 GHz . This approach avoids high-temperature processing and enables compact

microring resonator modulators.

o 

Silicon Mach-Zehnder Modulators (MZM): High-speed monolithic silicon modulators use lateral PN-junction

rib-waveguide phase shifters to achieve fast refractive-index modulation. These devices support coherent

communication at bit rates up to 128 Gb/s per wavelength channel and are compatible with

polarization-division multiplexing .

o 

CMOS-Integrated Modulators: Monolithic modulators fabricated in 300-mm CMOS silicon photonics

foundries can achieve EO bandwidths of 60 GHz, supporting 200 Gbps PAM-4 transmissions with low

transmission degradation and high extinction ratios . These modulators are suitable for datacom and

high-speed optical interconnects.

Key Performance Metrics

o Electro-Optic Bandwidth: Determines the maximum modulation speed; silicon nitride modulators can reach

several GHz, while CMOS silicon modulators can exceed 60 GHz .

o Extinction Ratio (ER): Measures the contrast between on/off optical states; high ER improves signal quality

in digital modulation.

o Insertion Loss: Low-loss integration is critical for long-haul and high-density photonic circuits.
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o Integration Density: Monolithic designs allow compact layouts, enabling large-scale photonic integrated

circuits.

Applications

Monolithic optical modulators are essential for:

o High-speed optical communication: Supporting coherent and PAM-4 modulation formats.

o Datacenter interconnects: Enabling 200 Gbps and beyond per wavelength.

o Integrated photonic signal processing: Compact modulators in silicon nitride or silicon platforms allow

on-chip optical computing and sensing.

o Long-haul fiber transmission: Polarization-multiplexed quadrature phase-shift keying (QPSK) signals can be

transmitted over 1000 km using monolithic modulators .

Advantages

o Compactness and stability due to single-chip integration.

o High-speed operation enabled by optimized EO effects and PN-junction designs.

o Scalability for mass production in CMOS-compatible processes.

o Reduced thermal and mechanical constraints compared to hybrid modulators. Monolithic optical modulators

represent a critical technology for next-generation photonic systems, combining high-speed modulation,

integration density, and compatibility with silicon photonics platforms for both datacom and long-haul optical

networks .

Chip-scale lithium niobate electro-optic modulators that rapidly convert electrical to optical signals and use

CMOS

Electro-optic (EO) modulation is a key functionality to have on-chip. However, achieving a notable linear EO

effect in

In this work, we show for the first time optically-assisted poling of a silicon nitride microring resonator,

removing the

Electro-optic transmitters with high bandwidth can be created by monolithically integrating bipolar CMOS

electronics

In-phase/quadrature (IQ) electro-optic modulators are underpinning devices for coherent transmission

technology.
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This Perspective discusses and compares several different approaches to the design of high-bandwidth,

low-voltage

Here the authors showcase a monolithic photonic chip for efficient THz-optical interaction,

To demonstrate its functionality, we first validate on-chip 2D vector multiplication (~9-bit precision) and then

construct

In this work, we investigate the slow-light enhancement in an optical resonator and present a comprehensive

Abstract: Monolithic BaTiO 3 electro-optic devices were fabricated from commercially available wafers of

BaTiO 3 /SiO 2 /Si. The

To develop a new generation of high-speed photonic modulators on silicon-technology-based photonics, new

Herein, an overview of current silicon modulator types and modern integration approaches is presented

including

Latest computational and experimental studies on high-speed monolithic silicon-based Mach-Zehnder optical

modulators are studied

Download Citation | On Apr 14, 2025, A. Posadas and others published Ultra-compact electro-optical

modulators based on monolithic

In this study, we propose an eight-channel monolithic optical transmitter using silicon electro

We present silicon photonic integrated circuits (PICs) based coherent optical transmitters and receivers for

high-speed
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