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ABSTRACT 

 
The evolution of optical communication systems has facilitated the required bandwidth to meet the increasing data rate 
demands. However, as the peripheral technologies have progressed to meet the requirements of advanced systems, an 
abundance of viable solutions and products have emerged. The finite market for these products will inevitably force a 
paradigm shift upon the communications industry.  Monolithic integration is a key technology that will facilitate this 
shift as it will provide solutions at low cost with reduced power dissipation and foot-print in the form of highly-
functional optical components based on photonic integrated circuits (PICs).  In this manuscript, we discuss the 
advantages, potential applications, and challenges of photonic integration. After a brief overview of various integration 
techniques, we present our novel approaches to increase the performance of the individual components comprising 
highly functional PICs. 
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1 INTRODUCTION 
 

ERAHERTZ carrier frequencies characteristic of lightwave communication systems have enabled the necessary 
bandwidth to meet the increasing demand for higher data rates. Furthermore, optical communication systems in 

the 1.30µm to 1.55µm wavelength range offer desired low dispersion and loss characteristics allowing for high-bit-rate 
long-distance transmission with reduced repeater spacing over that of electrical coaxial lines1. The finite market in the 
telecommunications industry coupled with an abundance of chip vendors offering unique solutions creates intense 
competition2. The prevailing technology in this competition will not only fulfill the required performance specifications 
for the application, but will also be low cost and possess additional desired characteristics such as a compact foot print 
and low power consumption. Monolithic integration of optoelectronic components is the answer to this challenge.  The 
generation, detection, modulation, switching, and transport of light on chip not only enables cost reduction, but also 
allows for a new generation of high functionality photonic integrated circuits (PICs) with reduced size and power 
dissipation.   
 
The majority of optoelectronic components comprising modern day communications systems are discrete in nature.  
Several of these discrete components with differing functions are then interconnected using fiber splices in a 
configuration to provide the required system functionality.  The underlying advantage of this method is that each 
component is optimized for one specific function, enabling deployment of state of the art components. However, there 
are several shortcomings involved with this method.  The difficulty in efficiently coupling light on and off each discrete 
chip is great.  Advances in the coupling between the semiconductor chip and optical fiber using mode converters is a 
significant step in reducing the coupling loss, yet coupling is still a dominant source of optical loss.  Another draw back 
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to discrete components is the expense involved with packaging each component individually. This is the major expense 
as devices are taken from fabrication to deployment.  A reduction of the packaging cost can be accomplished by using 
co-packaging of optoelectronic components although device-to-device coupling is still an issue.  
 
The monolithic integration of the optoelectronic devices on a single chip offers the potential to completely eliminate the 
device-to-device coupling problem. This can provide a significant reduction in packaging cost and package size as well 
as increased reliability and reduced power dissipation.  Increased reliability results from the elimination of possible 
mechanical movements amongst the elements of an optical train and the reduced driving currents allowed by the 
reduction in optical coupling loss between elements.  The reduction in required drive currents subsequently results in 
decreased device power consumption. 
 

1.1 The Challenge of Monolithic Integration 
 
There are several examples of high functionality PICs where multiple active components are placed on a common chip.  
Widely-tunable transmitters, photocurrent driven wavelength converters (PD-WC), and transceivers are three such 
examples, as these devices will facilitate enabling technologies in wavelength division multiplexing (WDM) 
applications such as dynamic provisioning, reconfigurable optical add/drop multiplexers (ROADMs), wavelength 
routing, and optical packet switching3.  The latter two devices require the monolithic integration of widely tunable light 
sources such as the sampled-grating DBR laser (SG-DBR) with modulators, semiconductor optical amplifiers (SOA), 
and photodiodes. 
 
The widely-tunable electroabsorption modulator (EAM) based PD-WC making using of a receiver ridge parallel to a 
transmitter ridge is a viable architecture for single chip wavelength conversion3,4. The PD-WC is a particularly 
challenging device since the individual components comprising the PIC necessitate unique waveguide architectures for 
optimum performance.  Low threshold, high efficiency lasers require high optical confinement QW active region 
architecture for maximized modal gain5. Integrated QW EAMs utilizing the quantum confined stark effect (QCSE) for 
high efficiency, necessitate a QW band-edge that is blue-shifted from that of the laser or SOA operation wavelength for 
reasonable insertion loss/extinction properties. State of the art SOAs employ measures for reduced photon density in 
gain region such as low optical confinement QWs, so high saturation powers can be achieved6.  Finally, high 
performance photodiodes employ a bulk absorber region and can make use of unique waveguide or internal structure 
design for high photocurrent/high speed operation7. The unique characteristics required by each component for optimum 
performance clearly poses significant difficulty in realizing a high performance single-chip wavelength converter. 

1.2 Guidelines for Monolithic Integration 
 

There are some general requirements that must be fulfilled when monolithically integrating optoelectronic components.  
First, each integrated component must function as intended.  The performance of each integrated component must 
operate at a level that will enable the PIC as a whole to achieve its specified performance level.  Clearly, as these levels 
are increased, the performance demands of the individual integrated components will also be increased.  The second 
requirement is that the operation of one component must not adversely effect the operation of another.  That is, each 
component should be isolated from the other components on chip and function as if it were discrete.  These requirements 
allow for the design of PICs using an optoelectronic building blocks approach such that discrete components sharing a 
common growth and processing platform can be combined in a way that creates a higher functionality device or PIC. 
When implementing a method for monolithic integration, the trade-off between fabrication difficulty and device 
optimization capabilities should be carefully weighed since added processing steps and growth complexity can lead to 
increased manufacturing costs and yield reduction.  Additionally, the method should not be prohibitively time 
consuming or expensive. A review of some of some integration methods are given in the following section. 

2 INTEGRATION TECHNOLOGIES 
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